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Foreword

George Hall

Evidence-based medicine has become the new religion for many in the healthcare
professions. It is greeted by the believers as the answer to all their clinical problems
while the sceptics view this new upstart with grave suspicion and delight in finding
discrepancies between the conclusions of evidence-based medicine and large
randomised controlled trials. Like many new ideas in medicine, evidence-based
practice has matured over the past decade so that a more balanced view of the
strengths and weaknesses of this technique is now possible. Ann Megller and Tom
Pedersen are authorities in evidence-based medicine as applied to anaesthesia and
in this book have assembled a group of distinguished authors.

The first part of the book describes the underlying principles used in evidence-
based medicine with a critical evaluation of potential errors and pitfalls. The teaching
of evidence-based medicine is a particularly important topic as it is used increasingly
in undergraduate medicine. There remains fierce debate over its role in education.
The second part of the book explores the use of evidence-based anaesthesia. Many
key topics in the specialty are covered and the authors have published extensively in
their areas of expertise. Thus this book not only covers the theoretical basis of the
subject but also provides practical help for the anaesthesiologist. Unfortunately for
the editors and the authors I have no doubt that a second edition will be essential in
only a few years time. The “evidence” is always evolving and older studies are found
to be no longer relevant to modern anaesthesia.

Ann Moller and Tom Pedersen are to be congratulated on this tome. Although
I am unconvinced by all the arguments for, and analysis of, evidence-based medi-
cine I have little doubt that the book will be a sine qua non for all departments of
anaesthesiology and for many anaesthesiologists.

George M Hall

Chairman and Professor of Anaesthesia,
St George’s Hospital Medical School
London, UK
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Introducing evidence-based anaesthesia

Ann Mgaller! and Tom Pedersen?

'The Cochrane Anaesthesia Review Group, Department of Anaesthesiology, Herlev University Hospital,
Herlev, Denmark

2The Cochrane Anaesthesia Review Group, Centre of Head-Orthopaedics, University of Copenhagen,
Rigshospitalet, Copenhagen, Denmark

Every year, more than two million new papers are published in scientific medical
journals. To keep updated even in a small field or speciality takes an ever-increasing
amount of time. The main purpose of evidence-based medicine (EBM) is to aid
busy clinicians in making decisions based on scientific evidence. The goal of EBM
is to produce systematic reviews and clinical guidelines that summarise scientific
knowledge about a topic in a single publication that preferably is updated regularly.

So why should you read (and buy) this book? Because today’s clinical anaesthesi-
ologists are faced with an ever-increasing amount of work and new challenges. We
have to handle our patients in both a safe and high-quality manner and at the same
time adopt new scientific developments. On top of this, we have to teach our skills to
those who will succeed us: the trainees. All in all, time is short and our duties are many.

The aim of this book is to meet the needs of health professionals in anaesthesi-
ology as medicine moves to be evidence-based. Our aim is that this book should be
a tool to understand the basic and advanced use of evidence-based methodology. It
should integrate the results from research articles into useful, clinically orientated
summaries of diagnosis, treatment and patient management in anaesthesiology and
critical care medicine. Hopefully this book will become both a resource for clinical
decision-making, and for decisions concerning the implementation of new tech-
nologies or interventions. This book is aimed at practising clinicians, trainees, other
health professionals, medical students, teachers in evidence-based anaesthesia and
EBM and, last but not least, politicians, managers and decision-makers. The chapters
make clear what we know, what we think we know and what we do not know.

The book has been organised into two parts. The first 12 chapters provide the
basics of EBM. They introduce EBM, critical appraisal and meta-analysis to identify
and/or minimise bias. Other chapters explore clinical and statistical heterogeneity,
how papers can be read and their results interpreted. Integrating the principles of
EBM into daily practice is an important but often difficult task. Although we are faced
with obstacles caused by lack of knowledge, skills and resources, many tools exist to
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help us teach and learn EBM. This book attempts to provide, you, the reader with the
highlights of educational programmes in EBM, which have been shown to change the
behaviour of clinicians; improve critical appraisal skills and the implementation of
EBM in the clinical workplace.

Established educational activities, such as journal clubs, can be modified in such
a manner as to place EBM at their core. Strategies to disseminate evidence, such as
educational programmes, clinical decision support systems and audit, can be use-
ful tools for changing the practice of our colleagues.

The final 14 chapters of this book detail how to practise EBM in preoperative
evaluation, regional and general anaesthesia, fluid therapy and the use of antiemet-
ics; and how to use EBM in the subspecialities in anaesthesia, postoperative pain
therapy, critical care and emergency medicine. These chapters deal with a selection
of topics, which currently are of practical and scientific importance to clinicians.

We hope that this book will provide an exciting agenda for research and clinical
work in the field of evidence-based anaesthesia.



How to define the questions

Ann Mgller

The Cochrane Anaesthesia Review Group, Department of Anaesthesiology, Herlev University Hospital,
Herlev, Denmark

The practice of evidence-based medicine (EBM) begins with the formulation of a
clinical question. Defining the clinical question forces you to think about what you
really want to know. Clinical questions consist of three parts: the patient or popula-
tion, the interventions to be compared and the clinically relevant outcomes. The
clinical question can be about a single patient, or any group of patients. It can be nar-
row and thus specific, or it can be wide and sensitive. The intervention can be com-
pared to nothing, to a placebo or to any other relevant intervention or interventions.
The outcomes should be clinically relevant; all important outcomes should be con-
sidered. Spending time on the question helps the researcher focus on what is import-
ant. A well-defined question is a good starting point for finding relevant literature.

Introduction

In our practice, we come across clinical questions many times a day. These clinical
questions may arise from several sources: the patient asking for information; your
colleagues seeking advice; or from you, simply asking yourself what to do in a clinical
situation. The question will often start off as open ended and poorly defined, such as:
is propofol better than sevoflurane?

If you want to use an evidence-based approach to finding the answer to your ques-
tion, your question needs to be well defined. The question can be about diagnosis,
prognosis or management. The purpose of this chapter is to describe a strategy for
formulating answerable clinical questions. That strategy can help you make consci-
entious, explicit and judicious use of the current best evidence for making decisions
about the care of an individual patient, or a group of patients.

Formulating the question

A well-defined clinical question has three core elements:
1 The patient/population/problem

Key words: clinical question, systematic reviews, outcomes.
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2 The interventions/exposures considered

3 The relevant outcomes

Formulating the clinical questions has several purposes. The process of formulating the

question helps you consider what you really want to know; several choices have to be

made within this process. Once the question has been formulated, it will be a great aid

in the process of searching and evaluating the results (as described later in this book).
The formulation of the clinical question is the starting point; whether you intend

to use EBM in the handling of an individual patient, if you are writing a clinical

guideline for the department you work in, or you are preparing a systematic review.

The patient/population/problem
The patient population can be described from basic factors such as age, sex, race
and educational status, or by the presence or absence of a clinical condition such as
obesity, chronic heart disease or the need for a specific surgical procedure. Other
factors used to describe the patient could be whether they are outpatients or
inpatients; whether they live in urban or rural surroundings. The list is endless.

When choosing the patient population, one must be aware that a very narrow and
well-defined population description will provide a very precise result (i.e. if a result
can be found). An example of this could be: male patients aged between 50 and
70 years, with coronary heart disease scheduled for colorectal cancer surgery. This
detailed description is likely to produce very specific results, but only for the narrow
group in question. If the next patient is not like the first (i.e. is older, younger or a
woman), problems may arise when trying to extrapolate the result.

On the contrary, choosing a wider group of patients will probably yield more
results, and these results will cover a much larger group of patients. An example
could be: all patients scheduled for knee arthroscopy. This group will include ath-
letic, fit people in their 20s as well as older people with multiple co-existing diseases.
With a broader group, there is always the risk that some subgroups of patients will
react differently to the intervention. However, the results are much easier to extrapo-
late. The decision whether to use a narrow or broad question has to be placed within
sound clinical judgement on the composition of the patient group.

When performing a systematic review, the approach could be to include a
wide group of patients and if plausible, plan some subgroup analysis in advance if
there is a suspicion that some groups will be different from the others (e.g. children,
ASA3+, etc.).

The interventions/exposures considered
The intervention is something we consider “doing” to the patient. It could be a medi-
cation, surgical procedure or lifestyle counselling. An intervention could also be
anaesthesia, intensive care, ventilatory support or fast tracking. The exposure could
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be a toxin, tobacco smoke, or any other substance or incident that “happened” to the
patient. The handling would be the same, except usually we find no randomised
controlled trials (RCTs) dealing with exposure.

It is important when trying to focus our clinical question to consider which inter-
ventions we would offer the patient. If the hospital cannot offer a specific treatment,
we may not need to look for it. On the other hand, if the literature search finds that
a specific treatment does have a beneficial effect, we may after all wish to consider it
to be introduced.

A treatment can be compared to another treatment (surgical versus medical treat-
ment, or comparison of two different surgical methods), to placebo (mostly pharma-
ceutical trials) or to no treatment.

If feasible, more than two interventions can be compared. Again, this depends
on the purpose of the search and how generalised or specific we wish the results
to be.

A thorough description of the interventions will help the researcher find relevant
papers and appraise their quality.

The relevant outcomes
The definition of, and dealing with, relevant outcomes are described elsewhere in
this book (Chapter 6).

However, clinically relevant outcomes are outcomes that the patients feel, function
or survive. Other relevant outcomes are for example: costs, length of stay in hospital
or intensive care unit and ease of practice. When comparing different interventions it
is important to take all relevant outcomes into consideration: even when information
on these specific outcomes is likely not to be found.

As in the other part of the question, it is important to define the outcome meas-
ures carefully. This will often be a source of heterogeneity between trials. A straight
definition will help overcome this problem.

Practice points

1 The formulation of the clinical question helps focus the question. It is the basis of lit-
erature search and helps the researcher appraise the papers critically.

2 A clinical question consists of three parts:
The patient/population/problem
The interventions/exposures considered
The relevant outcomes

3 A narrow question yields specific results that are hard to extrapolate. A broad ques-
tion yields sensitive results that are easier to extrapolate, but carries the risk of over-
looking differences in subgroups.
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Conclusion

Spending time and energy, formulating the clinical question before undertaking the
literature search, and appraisal, is likely to improve the outcome of the process. By
concentrating on the problem, one can “straighten” the search and make the critical
appraisal more focused.

SUGGESTED READING

1 Sackett DL, Straus SE, Glasziou P, Richardson WS, Rosenberg W, Haynes RB. Evidence Based
Medicine. Churchill Livingstone: London, 2005.

2 Chalmers I (ed.) et al. Systematic Reviews. BMJ Publishing Group, London 2002.

3 Higgins J, Green S. (eds). Cochrane Handbook for Systematic Reviews of Interventions 4.2.5. The
Cochrane Library. Chichester, UK: John Wiley & Sons Ltd, 2005.
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Developing a search strategy, locating
studies and electronic databases

Tom Pedersen

The Cochrane Anaesthesia Review Group, Centre of Head-Orthopaedics, University of Copenhagen,
Rigshospitalet, Copenhagen, Denmark

This chapter shows how to conduct a comprehensive, objective and reproducible
search for studies. It can be the most time-consuming and challenging task in prepar-
ing a clinical question for a project or a systematic review. Yet it is also one of the most
important. Identifying all relevant studies, and documenting the search for studies
with sufficient detail so that it can be reproduced, is after all, largely what distinguishes
a systematic review from a traditional narrative review in evidence-based medicine.
This chapter explains how, and where, the reviewers should look for studies that may
be eligible for inclusion in The Cochrane Library, MEDLINE, EMBASE and other rel-
evant databases that identify appropriate MeSH terms (Medical Subjects Headings).
Although currently it is necessary to search multiple sources to identify relevant pub-
lished studies, it is envisioned that the Cochrane Central Register of Controlled Trials
(CENTRAL) in The Cochrane Library will become a comprehensive source for pub-
lished studies, thus reducing the searching burden for authors. Identifying ongoing
studies, however, will continue to remain a challenge until a comprehensive, search-
able, ongoing trial register is produced to track, organise, and disseminate reports for
ongoing studies, as CENTRAL in The Cochrane Library does for reports of studies that
have been published.

on

How do you find studies that meet your review’s inclusion criteria?

You could do a very quick search of one electronic database and find a couple of
relevant articles that meet your review’s inclusion criteria. At the other extreme
you could try to find every single study that has ever been done which addresses
your review’s question. As you might expect, there are problems with both these
approaches. If you do not look very hard, the studies you do find are unlikely to

Key words: Search Strategy, The Cochrane Library, MEDLINE, EMBASE, CENTRAL.
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be representative of all the studies done on the subject. The reasons for this are
explained in detail in Chapter 8 (section “Publication bias”). For the moment, you
just need to know that studies with dramatic results are much easier to find than
studies that do not have dramatic findings. Another problem with only looking for a
few studies is that you end up with less information. This can limit the precision of
the results of your review, and restrict the conclusions you can make. However, is it
feasible to find absolutely every relevant study that has ever been done? It is certainly
not easy and might not be possible in most reviews. Many studies are never pub-
lished, and those that are, may not be indexed in places, such as MEDLINE, that you
would normally look. At some point, the effort required to find more studies
becomes too much, but there is relatively little evidence on exactly when we need to
stop searching. So, for now, most people adopt a pragmatic approach: look as far and
as wide as possible, taking care to look in such a way that we take account of what we
know about the biases in finding studies.

Search strategy for the identification of studies

Databases should include: The Cochrane Library, MEDLINE, EMBASE and all other
relevant databases that identify appropriate MeSH terms and include the optimally
sensitive. A common problem with search terms is inadequate indexing in MEDLINE
and other databases. For example, random allocation was first introduced as a
descriptor term in 1978; randomised controlled trial (RCT) was not introduced as a
descriptor term until 1990 and did not appear as a publication type until 1991. All
efforts should be made to search conference proceedings of important meetings and
abstracts and contact experts in the field in order to identify unpublished research and
trials still underway. Any speciality journals that have been hand searched should be
identified and referenced. The name of the journal should be entered in full. Your
search strategy must be reproducible, and not limited by language or publication
status.

How to develop a search strategy?
It is always necessary to strike a balance between comprehensiveness and precision
when developing a search strategy. Increasingly the comprehensiveness of a search
entails reducing its precision and retrieving more non-relevant articles. Developing
a search strategy is an iterative process in which the terms that are used are modified,
based on what has already been retrieved. There are diminishing returns for search
efforts; after a certain stage, each additional unit of time invested in searching returns
fewer references that are relevant to the review. Consequently there comes a point
when the rewards of further searching may not be worth the effort required to iden-
tify the additional references. The decision as to how much time and effort to invest
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in the search process depends on the question the review addresses, and the resources
that are available to the reviewer.

CENTRAL serves as the most comprehensive source of records related to con-
trolled trials. As of January 2006, the register contained 463 763 citations to reports
of trials and other studies potentially relevant to Cochrane Reviews. CENTRAL
includes citations to reports of controlled trials that might not indexed in
MEDLINE, EMBASE or other bibliographic databases; citations published in
many languages; and citations that are available only in conference proceedings or
other sources that are difficult to access [1].

Boolean operators: “OR” and “AND"

An electronic search strategy should generally have three sets of terms: (1) terms to
search for the health condition of interest; (2) terms to search for the intervention(s)
evaluated and (3) terms to search for the types of study design to be included (typic-
ally randomised trials). The exception to this is CENTRAL, which aims to contain
only reports with study designs possibly relevant for inclusion in Cochrane Reviews,
so searches of CENTRAL should be based on health condition and intervention only.
A good approach to developing an electronic search strategy is to begin with multiple
terms that describe the health condition of interest and join these together with the
Boolean “OR” operator. This means you will retrieve articles containing at least one
of these search terms. You can do likewise for a second set of terms related to the
intervention(s) and for a third set of terms related to the appropriate study design.

These three sets of terms can then be joined together with the “AND” operator.
This final step of joining the three sets with the “AND” operator limits the retrieved
set to articles of the appropriate study design that address both the health condition
of interest and the intervention(s) to be evaluated. A note of caution about this
approach is warranted however: if an article does not contain at least one term from
each of the three sets, it will not be identified. For example, if an index term has not
been added to the record for the intervention or the intervention is not mentioned in
the title and abstract, the article would be missed. A possible remedy is to omit one
of the three sets of terms and decide which records to check on the basis of the num-
ber retrieved and the time available to check them. An example of Boolean operators
is given in Table 3.1.

In the pulse oximetry review [2] the objective was to assess the effect of periopera-
tive monitoring with pulse oximetry and to clearly identify the adverse outcomes
that might be prevented or improved by the use of pulse oximetry. We searched
MEDLINE (1966 to January 2005) using the following search strategy (Table 3.2).

It is helpful to approach an information specialist for help in suggesting suita-
ble terms for the health condition and intervention. (We consulted the Cochrane
Anaesthesia Review Group’s Trials Search Co-ordinator.) In general, both controlled
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Table 3.1. Example of search strategy for identifying reports of studies about propofol and
sevoflurane in relation to postoperative nausea and vomiting (PONV) and complications in
The Cochrane Library

Search strategy in text words
#1 propofol

#2 sevoflurane

#3 #1 OR #2

#4 PONV

#5 Complications

#6 #4 AND #5

#7 #3 AND #6

Search results: 1 Cochrane Review and 54 records in CENTRAL. For more information see:

http://www.mrw.interscience.wiley.com/cochrane/cochrane_search_fs.html

Table 3.2. Search History in MEDLINE to identify perioperative adverse outcomes using
pulse oximetry

#23 #6 and #13 and #20 and #21 and #22 (184 records)
#22 #14 or #15 or #16 or #17 (16 572 records)

#21 #7 or #8 or #9 or #10 or #11 or #12 (3 063 655 records)
#20 #18 or #19 (1584938 records)

#19 #1 or #2 or #3 or #4 or #5 (1582 123 records)

#18 explode “Postoperative-Complications” in MIME, MJME (94 776 records)
#17 spo2 (900 records)

#16 desaturation* (4116 records)

#15 anox?em* (6408 records)

#14 hypox?tem* (9665 records)

#13 an?esth* (279578 records)

#12 blind* (132561 records)

#11 mask* (28 347 records)

#10 control* (1670827 records)

#9 trial* (306 176 records)

#8 compar* (1583124 records)

#7 random* (290202 records)

#6 pulse near ox?met* (3161 records)

#5 surg* (1484592 records)

#4 intra?op* (60436 records)

#3 posttop* (350479 records)

#2 peritop* (26 679 records)

#1 operation (133 660 records)
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vocabulary terms and text words (i.e. those found in the title or abstract) should be
used. You should assume that earlier articles are harder to identify. For example,
abstracts are not included in MEDLINE for most articles published before 1976 and,
s0, text word searches will only apply to titles. In addition, few MEDLINE indexing
terms relating to study design were available before the 1990s. In designing a search
strategy, it may be helpful to look at published papers on the same topic and check
the controlled vocabulary terms and text words. Although a research question may
address particular populations, settings or outcomes, these concepts are often not
well indexed with controlled vocabulary terms and generally do not lend themselves
well to searching.

The Cochrane highly sensitive search strategy for MEDLINE [3] was developed
specifically with the needs of Cochrane Reviews in mind. The earliest version of this
search strategy was developed in 1994 and subsequent versions have been developed,
each with a different syntax, specific to the version of MEDLINE being searched.

We applied the first phase of the pulse oximetry strategy to search MEDLINE for
all years from 1966 to 2005. We downloaded, printed out and classified the results of
our search as definite or possible randomised or quasi-randomised trials, or not
using the information in the title and abstract. If no abstract was available, our deci-
sion was based on the title alone. Because identification relies solely on the titles
and, where available, the abstracts, some relevant articles may not be identified.
Therefore, it may still be worthwhile for authors to search MEDLINE using the
Cochrane highly sensitive search strategy and to obtain and check the full reports of
possibly relevant citations.

Developing a logical approach to searching

In developing your search strategy, there are a few principles. Your search should:
(i) be sensitive: trying to find as many studies as possible;

(ii) minimise bias;

(iii) be efficient.

Search strategies in the Cochrane Anaesthesia Review Group for the

identification of studies
Published RCTs and clinical-controlled trials (CCTs) of interventions within the
scope of the Cochrane Anaesthesia Review Group (CARG) (http://www.carg.dk) are
identified by systematically handsearching specialist journals, relevant conference
proceedings and abstracts, and by systematically searching electronic databases such
as the Cochrane Register of Controlled Trials (CENTRAL), MEDLINE and EMBASE.
We encourage authors to design search strategies specifically for their own review. In
Table 3.3 is shown the specific search strategy used for CARG’s specialised register.
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Table 3.3. The specific search strategy used for CARG's specialised register is
quoted below

Electronic searches
MeSH terms

1 Anaesthesia

2 Anaesthetics

3 Analgesia

4 Analgesics

5 Critical care
Critical illness
Emergency treatment

Emergency medical services

o 0 NN

Emergency medicine

10 Intensive care

11 Fluid therapy

12 Perioperative care

13 Preoperative care

14 Postoperative complications

15 Postoperative period

Key and text words

ANAESTHE*

ANALGESI*

Prehospital

Critical care

Intensive care

Emergency (treatment or medical services or medicine)

Recovery room

NN N U W N =

Fluid therapy

Locating studies

Systematic reviews of the effects of health care interventions generally focus on
reports from RCTs, when such data are available, because of the general acceptance
that this study design will lead to the most reliable estimates of effects. A compre-
hensive search for relevant RCTs, which seeks to minimise bias, is one of the essen-
tial steps in doing a systematic review, and one of the factors that distinguishes a
systematic review from a traditional review.

A quick search of, for example, MEDLINE is generally not considered adequate.
Studies have shown that only 30-80% of all known published RCTs were identifi-
able using MEDLINE (depending on the area or specific question). Even if relevant
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records are in MEDLINE, it can be difficult to easily retrieve them. A comprehen-
sive search is important not only for ensuring that as many studies as possible are
identified but also to minimise selection bias for those that are found. Relying
exclusively on a MEDLINE search may retrieve a set of reports unrepresentative of
all reports that would have been identified through a comprehensive search of sev-
eral sources. For example, the majority of the journals indexed in MEDLINE are
published in English. If studies showing an intervention to be effective are more
likely to be published in English, then any summary of only the English language
reports retrieved through a MEDLINE search may result in an overestimate of
effectiveness due to a language bias [4-7]. In addition, the results of many studies
are never published, and most of these probably remain unknown. If studies show-
ing an intervention to be effective are more likely to be published, then any sum-
mary of only the published reports may result in an overestimate of effectiveness
due to a publication bias [8—15].

Electronic databases

Where to look for studies?

A search for relevant studies generally begins with health-related electronic biblio-
graphic databases. Searches of electronic databases are generally the easiest and least
time-consuming way to identify an initial set of relevant reports. Some electronic
bibliographic databases, such as MEDLINE and EMBASE, include abstracts for the
majority of recent records. Often a researcher can determine an article’s relevance to
a review based on the abstract, and can thereby avoid retrieving the full journal art-
icle, if the reported study is clearly not eligible for inclusion. Another advantage of
these databases is that they can be searched electronically, for either words in the title
and abstract, or using standardised subject-related indexing terms that have been
assigned to the record. For example, the MEDLINE indexing term RANDOMISED-
CONTROLLED-TRIAL (Publication Type) was introduced in 1991 and allows a
user to search for articles describing individual randomised trials.

Hundreds of electronic bibliographic databases exist. Some databases, such as
MEDLINE/PubMed and EMBASE, cover all areas of health care and index journals
published from around the world. Other databases, such as the Australasian Medical
Index, the Chinese Biomedical Literature Database, the Latin American Caribbean
Health Sciences Literature (LILACS), and the Japan Information Centre of Science
and Technology File on Science, Technology and Medicine (JICST-E) index journals
published in specific regions of the world. Others, such as the Cumulative Index of
Nursing and Allied Health (CINAHL) and AIDSLINE, focus on specific areas of health.
The Cochrane Collaboration has been developing an electronic database of reports of
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controlled trials (CENTRAL) that is now the best single source of information about
records that relate to studies, which might be eligible for inclusion in Cochrane
Reviews. Details of other databases that might contain eligible records are available
in the Gale Directory of Online, Portable and Internet databases (http://www.
dialog.com). The three electronic bibliographic databases generally considered as the
richest sources of trials —- CENTRAL, MEDLINE, EMBASE — are described in more
detail below.

This register is part of The Cochrane Library. The idea behind this register is that it
should be a central place to put all the reports of controlled trials identified through
the work of The Cochrane Collaboration. This means that it contains the results of
searching MEDLINE, EMBASE, some other databases and a long list of journals,
books and conference proceedings. Many of the reports of studies on the register
have been included because they might be reports of trials, based on reading the
title and abstract (if there was one). The content of CENTRAL changes all the time,
as does the indexing of entries and retrieval methods. Guidance on searching
CENTRAL has been prepared as part of the CENTRAL Management Plan
(http://www.cochrane.us/central.htm). Many of the records in CENTRAL have
been identified through systematic searches of MEDLINE and EMBASE.

MEDLINE and EMBASE

Index Medicus (published by the US National Library of Medicine, NLM) and
Excerpta Medica (published by Elsevier) are indexes of healthcare journals that are
available in electronic form as MEDLINE and EMBASE, respectively. MEDLINE
indexes about 4600 journals. PubMed is a free, online MEDLINE database that
also includes up-to-date citations not yet indexed (http://www.ncbi.nlm.nih.gov).
EMBASE, which is often considered the European counterpart to MEDLINE, indexes
nearly 4000 journals from over 70 countries.

The overlap in journals covered by MEDLINE and EMBASE has been estimated
to be approximately 34% [16]. The actual degree of reference overlap depends on
the topic, with reported overlap values in particular areas ranging from 10% to
75% [17-20]. Studies comparing searches of the two databases have generally con-
cluded that a comprehensive search requires that both databases be searched.
Although MEDLINE and EMBASE searches tend not to identify the same sets of
references, they have been found to return similar numbers of relevant references.

MEDLINE and EMBASE can be searched using standardised subject terms
assigned by indexers employed by the publishing organisation. Using the appro-
priate standardised subject terms, a simple search strategy can quickly identify art-
icles pertinent to the topic of interest. This approach works well if the goal is to
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identify a few good articles on a topic or to identify one particular article. However,
when searching for studies for a systematic review the precision with which subject
terms are applied to references should be viewed with healthy scepticism. Authors
may not describe their methods or objectives well, indexers are not always expert
in the subject area of the article that they are indexing, and indexers make mis-
takes, like all people. In addition, the available indexing terms might not corres-
pond to the terms the searcher wishes to use. The controlled vocabulary search
terms for MEDLINE and EMBASE are not identical. Search strategies need to be
customised for each database. One way to begin to identify controlled vocabulary
terms for a particular database is to retrieve articles from that database, which meet
the inclusion criteria for the review and to note common text words and the terms
the indexers had applied to the articles, which could then be used for a full search.

Assuming that search results from each database are of approximately equal value,
the choice of which to search first may often be a matter of cost, with MEDLINE typ-
ically being the less costly option. As noted earlier, PubMed provides free online access
to MEDLINE. Other databases, including AIDSLINE, and HealthSTAR are being
phased out and their unique journal citations are migrating to PubMed. A new data-
base, called the Gateway (http://gateway.nlm.nih.gov/gw/Cmd) searches PubMED,
OLDMEDLINE, LOCATORplus, MEDLINEplus, DIRLINE, Health Services
Research Meetings, and Space Life Sciences Meetings.

Sources to be searched to identify randomised trials for systematic reviews
* The Cochrane Controlled Trials Register (CENTRAL)

* MEDLINE and EMBASE

* Other databases as appropriate

* Journals

* Conference proceedings

¢ Reference lists

* Sources of ongoing and unpublished studies

Should we continue to handsearch?

Despite the considerable efforts described above to identify reports of controlled
trials by searching electronic databases, it is still necessary to “handsearch” journals
to identify additional reports. For example, MEDLINE and EMBASE only go back
to 1966 and 1974, respectively and despite the efforts to extend MEDLINE back
further in time; many earlier reports will never be indexed. Similarly, not all jour-
nals published in more recent years are indexed in electronic databases and even
for those that are; it is not always possible to tell from the electronic record that the
report is a trial.
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Personal communication
People who have been working in a particular topic area may know of studies that
you have not yet found. Reviewers commonly send a list of the studies they have
found to the authors of those studies, asking if they are aware of any other relevant
studies. Another approach is to write to the manufacturers of relevant drugs or
devices and ask if they are aware of any other studies.

Document your search
It is very important to keep an accurate record of what you have searched, when
you searched it and how you searched it. This record will help you avoid having to
repeat searches and it will also help people using your review to appraise how well
they think you have minimised bias.

Keeping it under control
Keeping track of searches can be a challenge. You may find several reports of the same
study, and you will probably find the same report of a study in several databases. So
you need some way of keeping track of the references you have looked at, and then
some way of grouping together all the reports of a single study. You might like to keep
a record of where you found each study, so that you can report how useful different
sources were. Some people use reference management software to do all this, such as
ProCite, Reference Manager, EndNote or IdeaList. If you like working with databases
this is great, and can save time typing in references later on. Other people prefer print-
ing out citations and writing on them. What ever system you choose to use, you will
need some system for keeping track of which references you think are relevant, which
ones you have ordered from the library, which ones you have received the paper for,
etc. It is a good idea to keep a note of which studies you have found and rejected. You
may well come across them again later and it can be very frustrating to re-read irrele-
vant records.

Practice points

* The main advice is simply to get some help from an expert.

* Look at the terms used to index and describe a few studies you already know are
relevant to your review, and use these terms in your search strategy.

* Add new terms to your search strategy and then pilot them on part of the database
to see whether you get relevant material, before you run it on the whole database.

* Use date limits for your search if appropriate. For example, if drugs, anaesthetic tech-
niques or diseases have only been around since a certain date, there is no point
searching before then.

 Other relevant material about search strategies are found in: “Systematic Reviews in
Health Care” [21].
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Conclusion

It is discussed in this chapter how and where the reviewers should look for studies
that may be eligible for inclusion such as The Cochrane Library, MEDLINE, EMBASE
and other relevant databases that identify appropriate MeSH terms. The inclusion

of all relevant studies in projects and systematic reviews is crucial to avoid bias and

maximise precision. Furthermore it is discussed which sources there should be

searched to identify RCTs for systematic reviews.
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Retrieving the data

John Carlisle
Department of Anaesthetics, NHS Torbay Hospital, Torquay, Devon, UK

In this chapter, I will discuss the methods of data retrieval and storage that help you
to subsequently extract and analyse outcomes, bias and confounding factors, with
particular reference to the systematic review of experimental studies.

There has been very little empirical research on how different methods of data
retrieval and storage affect the results of systematic reviews. Most research has
focussed on variables in the early part of the process, such as blinding data extractors
to the authors, institute and publishing journal of each trial.

Because of the paucity of evidence I have written a pragmatic chapter based upon
my own experience as an author and editor of Cochrane systematic reviews.
Therefore you should not accord my conclusions with the same weight you would
give to conclusions in other chapters that are based upon more evidence.

Introduction

Stop

19

Your aim is to find out what results your patient can expect from an intervention
and how reliable are the effects. To do this you have to retrieve data from studies
accurately without introducing bias. You determined the participants, interventions
and outcomes for which you want to retrieve data when you planned your protocol
(Chapter 2). Your search strategy determined the studies that you found (Chapter 3).
In this chapter I will explain how best to retrieve data from those studies.

You have found studies but you have not yet retrieved data from them. Before pro-
ceeding you should review your clinical question and check that the information
that you intend to retrieve will answer that question. You should avoid altering your
methodology after you have started to retrieve data. The later you make changes, the
more likely it is that you will be changing your question to match your results. If you
do make changes later on you should make this clear, to yourself and others. One of

Key words: Electronic bibliographies, search strategies, bias, systematic review, outcome.
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the tasks of The Cochrane Collaboration’s editorial teams (Chapter 9) is to look for
differences in the methodologies between a submitted review and the protocol.

u “start”

Begin by planning, piloting and redrafting your data extraction form. Read Chapter 8
in the Cochrane Handbook for Systematic Reviews of Interventions [1]. More than one
person should retrieve data (see section “Getting the data wrong”). You are trying to
develop a data extraction form that best promotes precision, accuracy and reliability
so that your answer is valid.

Recording retrieved data

Why extract data?

Why record

What data?

The data you want is already recorded in the studies you have found. However it is
difficult to accurately identify, remember and analyse the data you want if you do
not unburden them from everything in the study that you do not need. If you do
not explicitly extract the data your analyses may be inaccurate, difficult to check
and you may fail to identify bias.

extracted data electronically?

You can retrieve the data for each study into a separate paper record and then com-
pare the results and integrate them, usually systematically by transferring the
extracted data into a program like RevMan [2]. However if you first retrieve data
from each study into software (such as Microsoft’s Excel or Access programs) you
can make your analyses more complete and easily verified (see below).

1 Unique identifiers
Most electronic bibliographies (such as MEDLINE) assign a unique identifying
number to each record in that database. In addition the reference (journal, year,
volume, issue, pages) is usually unique. You can take the opportunity to formu-
late your own unique identifier that reflects the source(s) in which you found the
study. If you exclude the study you can modify the identifier to reflect the stage of
exclusion. This helps you populate the QUORUM statement algorithm [3].

2 Search strategies
The electronic retrieval form is a convenient place to record your search strat-
egies. You can Hyperlink the search strategy to some bibliographic databases that
will update your search when you link to them. You can also annotate Figure 4.1
with the search strategy that resulted in the studies you retrieved.
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Potentially relevant RCTs identified
and screened for retrieval (n=...)

.| RCTs excluded, with
reasons (n=...)

A 4

RCTs retrieved for more
detailed evaluation (n=...)

_| RCTs excluded, with
reasons (n=...)

A 4

Potentially appropriate RCTs to be
included in the meta-analysis (n=...)

.| RCTs excluded from meta-analysis,
" with reasons (n=...)

A4
RCTs included in
meta-analysis (n=...)

.| RCTs withdrawn, by outcome,
with reasons (n=...)

A 4
RCTs with usable information,
by outcome (n=...)

Figure 4.1 QUORUM statement algorithm. RCT: randomised controlled trial

3 Inclusion and exclusion criteria
You must verify that you can use the results of a study to answer your question
(before you expend time extracting data). For each study you should record the
presence of all your inclusion criteria and the absence of any exclusion criteria for:
participants, interventions, outcomes, study methodology (e.g. randomly allo-
cated placebo-controlled trials).
4 Intervention
Record the number of participants allocated to each intervention, not the num-
ber assessed (intention-to-treat analysis). Verify that the controls are adequate
enough to be categorised as placebo.
5 Outcomes
5.1 Dichotomous outcomes — “it did or did not happen” — are recorded as pro-
portions; the number of participants experiencing an outcome divided by the
number allocated to that intervention. Ensure that the unit of analysis corres-
ponds with the unit of allocation: this means that a participant can only be
recorded as experiencing an outcome once. If you record each number in
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different cells you can copy and paste as text into the comparison tables in
RevMan.

5.2 Continuous data — “how much did it happen” — are recorded as the number
of participants, the mean and the standard deviation (of the outcome meas-
urement) for each of the allocated groups.

6 Descriptive variables

You should record the presence or value of variables even if you do not intend to

use subgroup analyses to assess their association with the efficacy of the inter-

vention. Subgroup analyses are difficult to interpret (see other chapters).
7 Bias within studies

7.1 Selection bias depends on two features of a study’s methodology: the success
of concealing the allocation sequence (for instance telephone allocation) and
the unpredictability of the allocation sequence (random sequence).

7.2 Performance bias depends on both selection bias and blinding of everyone
who could alter the incidence of the outcomes, including the patient and the
anaesthetist.

7.3 Attrition bias depends on the previous biases and upon unintended conse-
quences of the interventions (thus the preference for intention-to-treat
analyses).

7.4 Detection bias depends on the preceding biases.

Record separately the quality of each study’s attempts to reduce each bias. Then
you can assess the impact of each independently of the other biases.

Recording retrieved data electronically

Size

Backup

¢ I included 763 randomised controlled trials in my systematic review. The paper
pile of single data retrieval sheets would weigh nearly 4 kg and occupy a volume
of 5 litres. My flash drive weighs a few grams and fits on a key ring. I extracted
data from each study into between 40 and 100 columns in Excel (see below) — my
writing would have to be very small to fit this information on one side of A4.
I also needed to share the data retrieval forms with colleagues who verified the
extracted data: it is expensive to transport 4 kg by post to another country.

It is both easy to copy and to (accidentally) erase electronic files. A simple solution

to keeping track of multiple versions of your file on various media is to name each

saved file with the date and place that it is stored.

* My systematic review kept me occupied for over 2 years. I must have spent thou-
sands of hours and nearly £6000 sterling (retrieving studies that were not free).
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This sort of investment disciplined me to habitually copy my files. I even e-mailed
the latest version to colleagues when I went on holiday in case of drowning or
burial in an avalanche!

Program
* I chose to extract data to Microsoft Excel [4] because:

1.1 I was familiar with it.

1.2 Most computers I access have it installed (as an anaesthetist I work in many
different places — it is time-consuming to arrange installation of novel soft-
ware on hospital computers).

1.3 Export of data to other programs is usually easy although occasionally labori-
ous (there are instructions in Excel, RevMan, STATA [5] and other programs).

1.4 Many programs have been devised to work with data in Excel, including
programs that allow you to compare two Excel sheets (see section “Getting
the data wrong”).

Manipulating retrieved electronic records

If you have found only a few studies you will probably be able to manipulate the
data that you have extracted as easily with paper sheets as with an electronic format.
But you will find it very difficult to perform the same tasks manually if you have lots
of studies to assess.

Counting
Each row is numbered sequentially in Excel, so you know how many studies there
are. Excel tells you how many studies you select (or “filter”) from the total. If the
program does not tell you how many you have selected (it will display the words
“filter mode” Figure 4.2).

» o« » o«

Go into “Tools” “Options” “Calculation” and mark “Manual” (instead of

“Automatic”)

Calculations
You can add subgroups (see Filter and PivotTable) and you can do other calcula-
tions in many software programs. Most of the meta-analytic calculations will be

R e (=

29 | Ly 15
M4 Tw [wil', REST

Filter Mode

"'Sta'tl | & (2 » |I@M“ Figure 4.2 Counting: filter mode
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Figure 4.3 Tool option

performed after you have entered your extracted data into RevMan, STATA or
another program.

Annotating and linking
You can mark certain records by changing font or by inserting a Comment.
You can insert a Hyperlink to another sheet in Excel, to another file (perhaps
Word or pdf [6]), or to a web page (perhaps the full text or abstract of the
study).

Filter and PivotTable
These two functions allow you to rapidly count how many participants are in a sub-
group in one column or in a combination of columns. In this case I had one column

“age” with each study categorised as “adult”, “child” and “both”, and another column
“sex” categorised as “male” and “female”.

Other factors that affect the validity of your answer

Duplication
Your answer will be skewed if you include the same data more than once. Sometimes
duplicate publication is easy to identify because the same authors publish the same
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Figure 4.4 Annotating and linking

study (participants, interventions, outcomes) with small variations in the text.
Sometimes data are common to multiple studies yet details will be different and the
authors will be completely different. This is most likely to occur during or following
multicentre studies when authors report results from their own hospitals. It can also
occur when results are published during and after completion of a study. You can
use Filter, PivotTable and Find to identify authors of more than one paper. If you
use 26 columns for surnames beginning with each letter of the alphabet you can use
these functions to identify authors who have published together. You can then look
for patterns in results.

Author networks and hubs or nodes

You can also start to identify “networks”. A network of authors may indirectly con-

nect two other authors who have not published together. Networks analysis allows

you to:

¢ Identify duplicated data when studies have no authors in common.

¢ Identify possible “hubs” of influence that may affect the methodology and results
of studies.
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You can measure the degree of “relatedness” between different studies. You can use
this measure to order a set of studies and see whether the result (for instance the
antiemetic effect of dexamethasone) correlates with the strength of association
between studies (in RevMan or in STATA).

If you want to assess network influences on your answer you may need to use
social network mapping software. There is freeware available on the web [7].

Getting the data wrong

You will make some errors, both when you retrieve data from studies, and when you
transfer it to your record. You can repeat data retrieval on a separate record and
then compare the data with the original record. In addition someone else should
extract data for two reasons:

1 They are likely to make different errors to you.

2 There is a subjective element to qualitative categorisation of studies.

You can then compare retrieval records manually or if they are electronic, automat-
ically. If you analyse your results, you find extreme (outlying) values, go back to the
original papers and check the data retrieval form for extraction errors, such as trans-
posing the placebo results with the intervention results.

Difficult data

Outcome summaries but no details

You are most likely to have problems retrieving outcomes when a study does not
present the raw outcome data. For instance there may only be odds ratios, relative
risks, differences, standard errors, 95% confidence intervals and so on. Sometimes
you can derive the original outcome values or incidences from these data but you are
likely to require the assistance of a statistician (see the Cochrane Handbook for
Systematic Reviews of Interventions 4.2, Chapter 8).

Percentages

Solutions

A percentage makes the result look more impressive if it exceeds the incidence. It is
very easy to make the mistake of retrieving the percentage rather than the incidence.
A percentage incidence may be reported that makes no sense, for instance “22% of
34 patients experienced PONV”. This equals 7.48 participants! You may only have
a graph labelled “%” on the Y-axis from which to estimate the incidences.

You should decide before retrieving data what you will do when confronted with such
problems to avoid your solution favouring a result towards which you are biased. You
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should be conservative if you have to estimate the value of a result that you include.
This means that you should use the value that reduces any difference between the
intervention and control groups.

Summary and practice points

* Logical reasoning, in the absence of contradictory empirical evidence, suggests that
you should plan, prepare and pilot your data extraction form. As a minimum this
includes all your inclusion and exclusion criteria, methodological variables, outcomes
(and their values), subgroup variables and a unique identifier.

* You will makes assumptions. Spend time identifying these assumptions and ques-
tion whether they are valid (supported by reliable empirical evidence). Your assump-
tions will bias your results and how you handle issues of dispute.

* Are you sure that electronic data extraction and storage will not help you? Unless
you are confident that you will only find a few simple studies you should spend time
learning to use an electronic format.

* Consider exporting your electronic data to programs that could help you detect sub-
tle biases and data duplication, perhaps through network analyses.

Research agenda

* The sensitivity of your results and the answer of your clinical question, may depend
on how data is extracted and stored.

* There has not been much research into this aspect of systematic reviews.

* Would you like to begin?

RESOURCES

1 http://www.cochrane.dk/cochrane/handbook/hbook.htm
2 http://www.cc-ims.net/RevMan

3 http://www.consort-statement.org/QUOROM.pdf

4 http://office.microsoft.com

5 http://www.stata.com

6 http://www.adobe.com/products/acrobat/readstep2.html
7 http://www.insna.org
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The critical appraisal of studies and the succinct presentation of study details are
essential aspects of evidence-based anaesthesia. Their primary role is to guide the
interpretation of evidence from studies in terms of its validity and applicability. It is
necessary to be aware of potential sources of bias that may impact on the reliability
of study findings. Similarly, it is important to consider key study characteristics that
may affect the relevance of study findings to clinical practice. Formal procedures,
such as the use of forms itemising criteria to judge study quality and for the collec-
tion of study details, are important to make the process objective and repeatable.
There is an underlying need for transparency in methods and reporting.

Introduction

The critical appraisal of studies and the systematic presentation of study details are
key components of an evidence-based approach. Both require methodical processes,
which should be pre-specified and, where appropriate, piloted. The importance of a
written protocol, which includes details of these, cannot be overstated. The prepar-
ation and piloting of forms to assess study quality and to gather study details and
results are of immense help (see Chapter 4). Similarly of benefit is an outline, which
may include draft tables, of what you want to report.

This chapter focuses mainly on the critical appraisal of randomised controlled
trials of treatment or preventive interventions and the presentation of study details
from these in systematic reviews. Some mention will be made of the similar
processes for systematic reviews of tests of diagnostic accuracy.

Critical appraisal

In the context of evidence-based medicine, critical appraisal is the systematic evalu-
ation of the aims, design, conduct, analysis and interpretation of a study in order to

28
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assess its value in terms of its relevance (to the question being considered), validity
(proximity to the truth) and applicability (usefulness in clinical practice). This evalu-
ation is usually hindered by the inadequate reporting of studies [1]. Given this,
reviewers should consider contacting trial investigators for key information missing
from trial reports.

Critical appraisal of study reports for systematic reviews is generally a two-stage
process. Firstly there is “study selection” where potentially eligible studies are checked
to see if they meet the pre-specified inclusion criteria of the review. Then there is
“quality assessment” of and data collection from the studies that meet the inclusion
criteria.

Study selection

Study selection may involve an initial filtering to exclude those studies that are clearly
ineligible, and then a more formal selection process for the remainder. The inclusion
criteria for systematic reviews of treatment interventions usually encompass study
design, patient population, interventions and outcomes recorded, but may also
restrict inclusion to studies reported in full publications or in specific languages.
Where practical, the independent assessment by two or more people using forms or
some other means of recording their decisions and reasons is recommended.
Processes to resolve disagreement should also be stated.

Quality assessment

Upon selecting studies that conform to the review inclusion criteria, the systematic
assessment or critical appraisal of study quality is an essential next step. While study
“quality” is hard to define absolutely — opinion varies, the essential role of quality
assessment is to assist the interpretation of the evidence from a study in terms of its
reliability (validity) and, usually, its usefulness (applicability). The results of quality
assessment can also be used to decide the inclusion of the results of a study in meta-
analyses and as a means to explore heterogeneity, such as in key aspects of study
methods, between otherwise similar studies (see Chapters 7 and 8).

Most quality assessment of studies involves an appraisal of aspects of internal and
external validity. These are described below.

Internal and external validity

Study validity, also termed “internal validity”, is the extent to which the study design
and conduct, including analysis, are likely to prevent systematic errors or bias. Four
types of systematic bias that could affect the findings of controlled clinical trials are
those of selection, performance, detection and attrition (see Box 5.1; also Chapters 7
and 8).
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Box 5.1. Sources of systematic bias in controlled clinical trials that can undermine
a trial’s potential to provide reliable evidence of the effectiveness of anaesthesia
interventions under test

Selection bias

Systematic differences between the comparison groups. Random allocation, with prior
concealment of allocation, of sufficiently large numbers of trial participants to the trial
interventions should prevent this. Where there are sufficient numbers, randomisation
should balance both known and unknown confounders (factors other than the interventions
under test that influence outcome). The secure concealment of allocation, preventing
foreknowledge of trial intervention assignment at randomisation, has been shown to be

crucial for preventing selection bias [2].

Performance bias

Systematic differences in care provided apart from the intervention being tested. This can
be avoided or diminished by the blinding to trial interventions of those providing and
receiving care, and by ensuring comparable care programmes (other than the trial
interventions) to all interventions groups. Blinding may not be feasible in trials evaluating
some anaesthetic techniques. The standardisation of care protocols is often a challenge: for
example, an imbalance in the choice of surgical technique or important differences in
postoperative care. Similar training and expertise of health care providers can be an issue
here; for example, some allowance needs to be made for the learning curve for new

techniques.

Attrition bias (exclusion bias)

Systematic differences between the comparison groups in the loss of participants from the
study. These losses could result from protocol deviations (e.g. inappropriate admission into
study), participant withdrawals (no longer willing to participate) and exclusions (e.g.
because of adverse effects or non-compliance) and dropouts (loss to follow-up). Intention-
to-treat analysis where the outcomes of all trial participants are analysed according to the

group to which they were allocated at randomisation protects against this bias.

Detection bias (assessment, ascertainment or measurement bias)

Systematic differences in outcome assessment. Blinding of assessors (including trial
participants) of outcome is one of the best ways to guard against this. This is not always
practical, particularly for trials of physical techniques, but should be possible for at least
some outcomes. Nonetheless, independent assessors and the systematic and active follow-

up of all trial participants should be possible.

“External validity”, also termed applicability or generalisability, is the extent to
which the results of a study are applicable outside the study, such as in routine clinical
practice.

Various parallel but also different systematic biases pertain to other study designs.
For instance, crucial to systematic reviews is “publication bias”, where the inclusion of
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published research only may result in an overestimation or an otherwise incorrect
summary of the true effect of an intervention. Indirectly, publication bias and the fail-
ure to take into account existing evidence is important also to primary research [3].
An example of bias in diagnostic reviews, where cohort studies are the norm, is “par-
tial verification” where only a selected sample of people evaluated with the “index test”
is verified by the “reference standard”. A comprehensive summary of the sources of
bias and variation in diagnostic studies is provided in Whiting et al. [4].

Quality assessment tools

Many quality checklists and scoring schemes or “tools” have been devised, some of
which are quite complex and time consuming to perform. Most “tools” focus on
specific types of study design such as controlled trials, diagnostic studies and sys-
tematic reviews [5]. Many of the individual items of these tools are in common and
reflect generally perceived biases for the different study designs.

There is, however, only limited empirical evidence of a relationship between trial
outcomes and a few of the specific criteria generally used to assess the risk of system-
atic bias in randomised controlled trials. The main finding is that trials with inad-
equate concealment of allocation tend to result in larger estimates of effect than
randomised controlled trials with adequately concealed allocation [2]. Additionally,
there is some evidence of an effect from blinding of trial participants, investigators
and outcome assessors [6,7]. While there are many aspects in the design and conduct
of diagnostic accuracy studies that can lead to bias or variation, there is again only
limited evidence about the size and effect of individual aspects [4]. For both types of
review, the extent and perhaps direction of bias are likely to be context specific to
varying degrees. An underlying difficulty in these investigations and one that applies
generally to evidence-based activities is that we do not know the “truth”, only that the
conforming to good research methods is theoretically more likely to bring us closer
to the truth.

Choice of quality assessment tool

When choosing a quality assessment tool, often with a view to adapting it for your
own use, it is helpful to consider what aspects of internal and external validity and
other features of trial methods are being covered. Given the empirical evidence of a
potential effect on study results, essential items of internal validity for randomised
controlled trials are concealment of allocation, blinding and, though still unproven
but theoretically convincing in terms of an effect, conducting an intention-to-treat
analysis.

Some quality assessment and data extraction tools are combined. This can be
helpful as various quality criteria may serve as useful prompts to note specific details
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of study methods rather than to specifically rate these in terms of quality. An easy to
use and understand quality assessment tool has obvious advantages. This supports
tools with few items and in a checklist (Yes, No, Don’t know/Unknown) format.
Examples include the Delphi list [8] for randomised controlled trials and QUADAS
[9] for diagnostic tests studies. Both of these were devised by consensus methods.
Many quality scoring schemes are also practical and can be simple to use. However,
summary scores where the scores of individual items are totalled are “problematic” in
that they do not reliably distinguish between high and low quality studies [10]. Given
this, it is recommended the reporting of quality assessment and any analyses based on
the quality assessment should be confined to individual aspects of trial methodology
[10,11]. Although the Jadad score [12] is one of the few scores that have been vali-
dated for inter-rater and intra-rater consistency, objections to this popular score
include its use of a composite score, its over-reliance on reporting accuracy and its
restriction to items of internal validity. However, if the assessment of internal validity
of a trial indicates it to be seriously flawed, then assessing its external validity may be
pointless.

External validity is frequently rated in specific items of other quality tools. This
includes the sufficient description of the interventions (for treatment reviews) or
diagnostic tests (for diagnostic accuracy reviews), and may also include an appraisal
of outcome assessment. Blinded outcome assessment, especially relevant for “soft out-
comes”, has already been covered in terms of internal validity, but in conjunction with
this is the need for active and systematic follow-up. Reliance on retrospective collec-
tion from medical records and the failure to assess outcome at set times risks missing
important findings, such as adverse events, and hiding or distorting the real effects of
interventions or accuracy of diagnostic tests. As well as collecting clinically important
outcomes and those that matter to patients, ascertainment of outcome needs to be
within an appropriate time frame and thereby sufficient to evaluate longer-term
consequences (see Chapter 6).

Performing quality assessment

Consistency in rating or scores can be assisted by explicit formulation of guidelines,
such as a list of robust methods that ensure allocation concealment [13]. Where prac-
tical, the independent assessment by two or more people using forms or some other
means of recording their decisions and reasons is recommended. Masking of authors’
names and other identifying information, is costly and time-consuming and may
not be worthwhile [14]. Processes to resolve disagreement should also be stated. If
necessary, another person could be enlisted to arbitrate.

While the above shows quality assessment to be a scientifically imprecise process,
it remains important to undertake a systematic appraisal of study methods and find-
ings. Indeed, it can be viewed as irresponsible to report on trial findings without any
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consideration or reporting of the biases that might have affected these. And by a for-
mal process, with pre-specified criteria, the assessment of study quality can provide
a more rigorous and objective examination of these biases and enable exploration of
their potential effects.

Other potentially important sources of bias not usually featuring in a formal
appraisal arise from conflicts of interest.

Conflicts of interest and fraud

Readers and reviewers of medical literature need to be aware of the issues of con-
flicts of interest and of medical fraud.

Important bias may result from conflicts of interest of trial investigators, authors
and sponsors. Conflicts of interest arise in clinical trials where decisions and actions
of individuals or organisations are or may be taken for personal or corporate benefit
or for similarly inappropriate reasons than the interests of patients. While journals
are increasingly requiring disclosure of conflicts of interest, it remains difficult to
judge whether a conflict of interest, actual or perceived, affected study design, con-
duct or reporting. There is, however, empirical evidence of the influence of the drug
industry on the research agenda (such as choice of inappropriate comparators) and
research findings (such as selective publication and reporting of results favourable to
company interests) [15,16].

A conflict of interest can lead to medical fraud where there is deliberate misrep-
resentation of the results of research. Fraud may even entail fabrication of data
[17]. Other types of fraud are selective publication, such as multiple publications
without cross references or active suppression of reports of unfavourable results,
and selective reporting which comprises such activities as the intentional omission
of data on adverse outcomes and deliberately ignoring intention-to-treat analysis
and presenting the more favourable “per protocol” analyses only [16].

The implementation of reporting standards and the full pre-registration of trials
should help not only the critical appraisal of trial methods but also to ensure “fair
conduct and reporting” of clinical trials [18].

Reporting standards

Various initiatives have taken place to raise and set the standards of reporting of dif-
ferent types of studies. The CONSORT statement (www.consort-statement.org),
endorsed by a growing number of medical journals, provides a detailed breakdown of
the essential information required in reports of randomised controlled trials [1,19]. A
recent update augmented the guidance for reporting harms-related data [20]. Other
statements include those for reporting diagnostic studies [21], non-randomised
evaluations [22] and reviews [23].
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Clinical trial registration

The requirement to publicly register clinical trials before patient recruitment is gain-
ing momentum [24]. Registration together with the mandatory completion of a
“minimal registration data set” should help to avoid selective reporting of trials and
trial results [25]. For example, prior identification of primary outcomes may avert
outcome reporting bias where other outcomes, more often those attaining statistical
significance, are reported [26].

Presentation of study details

The format and content of text and tables presenting the details of studies included in
literature reviews and other work depend on the aims, destination and readership of
the intended report. A proven format is the presentation of text summaries of the
characteristics of the included studies and tabulation of the details of individual stud-
ies. Compilation of the table(s) of study characteristics is facilitated by a data extrac-
tion form designed with the table in mind. Once complete, the table(s) will help the
preparation of the text summaries. Extensive duplication between text and tables
should be avoided.

Desirable properties of the table(s) are:

* Consistent and systematic presentation of key information.

* Compatible with review protocol and transparent processes (e.g. mention of key
unpublished information received from trial investigators).

¢ Concise provision of sufficient details, pertinent to the review, that avoids the
reader needing, within reason, to consult the original reports or reference books

(e.g. abbreviations and acronyms should be defined, preferably in the table

footnotes).

¢ Clear and neat structure and format.
The structure of the “Characteristics of included studies” table of Cochrane (inter-
vention) reviews allows an effective presentation of the key details of individual
studies (see Table 5.1). Readers should note that though the location of informa-
tion is similar in most Cochrane reviews, there is generally acceptable variation in
the inclusion and display of study details. Study details tables in systematic reviews
in other publications are similar though these often present trial results.

The corresponding table for Cochrane reviews of diagnostic tests is still under
development at time of writing. Such a table would probably present concise
descriptions of the study design (type of study including whether retrospective or
prospective and whether consecutive recruitment, blinding of test interpreters, loss
to follow-up or other exclusions, etc.), the study population (sample size and basic
characteristics, presenting conditions, eligibility criteria, clinical setting, referral
routes, etc.), the index test(s) and comparator or reference test(s), the sequence and



35

Critical appraisal and presentation of study details

Table 5.1. Structure of and comments on the “Characteristics of included studies” in
Cochrane (intervention) reviews

Study identity
This is the unique identifier for the study, often comprising the surname of the first author and

the year of publication of the main report.

Methods

Key aspects — typically including the method of randomisation, blinding and intention-to-treat
analysis — of study design and conduct are described. Particular aspects of study designs such as
for cross-over trials or where the unit of randomisation is not individual patients (such as
randomisation of fingers or different limbs, or of groups of people as in “cluster” randomised
trials) should also be stated. Quality assessment results or scores may be presented here or in a
separate table.

Participants
The overall number of study participants (importantly, the actual number of people randomised)
and their basic characteristics (e.g. sex, age, ASA* score, reason for and type of operation, important
comorbidities) relevant to the review question. Limited descriptive statistics (e.g. percentage males,
mean age and age range) can aid the reader’s understanding of the study population.

Concise account of study inclusion and exclusion criteria.

The number of participants included in the trial analyses or lost to/available at follow-up
may be listed here or, sometimes, in the preceding section.

Brief details of setting or context (primarily country and trial timing) are reccommended.

Interventions

The interventions, and their mode of delivery, should be described sufficiently. Thus for trials of
pharmaceutical agents, route of delivery, doses, timing and duration should be recorded. For
trials of anaesthetic techniques and strategies, information on who delivered the intervention(s)
and setting(s) are often pertinent. Where possible, details of “usual” or “standard” care or what
was given to the control group should be provided.

Details of co-interventions and other aspects of care provided to all treatment groups (e.g. use
of antithrombotic agents, sedation) and timing. In a review of “Early extubation for adult cardiac
surgical patients”, separate tables detailed premedication, induction and maintenance [27].

Generic drug names (e.g. adrenaline) should be listed instead of or as well as reported drug

names.

Outcomes
A list of the reported outcome measures, preferably structured in accordance with the categorisa-
tion of outcomes (such as primary and secondary outcomes) given in the protocol and results.
Consideration should be given to the explicit documentation of the non-availability of key
outcomes, such as adverse effects, and conversely to the minimal reporting of the surrogate
or intermediate outcomes (e.g. partial oxygen pressure data, pH values): see Chapter 6.

A statement of the overall length of follow-up and interim follow-up times, should the main
outcome data collection apply to these, is reccommended.

(Continued)
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Table 5.1. (Continued)

Presentation of further details of the actual measures used should be considered where there

is scope for ambiguity: for instance, the scale and direction of VAS'-based outcome measures.

Notes
Pertinent information could be whether the study was reported only in a conference abstract;
translation obtained of a non-English publication; and important information obtained from

trial authors.

Allocation concealment (code)
This specific feature of Cochrane reviews stresses the pivotal role of allocation concealment in

the prevention of bias.

*ASA: American Society of Anesthesiologists’ physical status classification; T'VAS: visual

analogue scale.

timing of testing, diagnostic criteria, the methods of test interpretation and any
recording of adverse effects. Description of the target condition(s) and reference
standard(s) may feature also.

Overall summaries in the text of the studies and study populations will generally
draw from the information provided in the study details table(s). Separate sections
on “Description” and “Methodological quality” form the preliminary results sections
in Cochrane reviews. For multiple comparison reviews, the first section usually pre-
sents a breakdown of the trials by comparison as further presented in the main results
section. Essentially, the main role of these summaries is to provide information that
will inform on the availability, quantity, validity and applicability of the evidence for
the review topic.

Summary

The critical appraisal of studies and the succinct presentation of study details are
essential components of evidence-based anaesthesia. Both assist the interpretation
of the evidence from studies in terms of its validity and, if valid, its applicability.

The formal assessment of study quality should include items that reflect key biases
and potential sources of bias, such as the selection bias shown to be associated with
failure to conceal allocation before assignment of interventions in randomised con-
trolled trials. Other items may reflect aspects that are likely to have a major impact on
the relevance and applicability of study findings.

These considerations also apply to the presentation of study characteristics. A con-
sistent approach using pre-specified methods aiming at objectivity and repeatability
is similarly required.
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People should not lose sight of the underlying aim of the systematic review

process — to identify, assess and summarise the available evidence using systematic,

objective and transparent methods in order to inform, where possible, choices in

clinical practice.
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When making decisions in health care all relevant outcomes should be considered.
Clinically relevant outcomes are patient orientated, and measure directly how a
patient feels, functions or survives. Examples of clinically relevant outcomes in
anaesthesia could be mortality, postoperative morbidity, postoperative nausea and
vomiting (PONV) and postoperative pain. Other relevant outcomes relate to
length of stay in hospital, intensive care admittance, quality of life measures, and
costs.

Different types of trials measure different types of outcomes, and trial quality is
an equally important factor in estimating treatment effectivity. Surrogate out-
comes are sometimes used instead of the real outcome in question, because they save
time, money and number of patients. Surrogate outcomes are, however, not very
reliable and extreme care should be taken if a surrogate outcome measure is used
as the base of clinical decisions.

Introduction

39

When we consider the implementation of an intervention in health care practice,
we want to know how this affects our patients. The randomised controlled trial
measures the effects of the intervention in question on the outcomes decided by
the investigators. The optimal clinical trial explores the effects of a well-described,
well-defined, clinically relevant intervention on all relevant outcomes, including
benefits and harms, costs and ease of practice. However, this ideal situation is rarely
the case. When a systematic review is being prepared, it is often revealed that very
few studies have patient relevant outcomes, often outcomes are poorly defined and
studies evaluating costs and ease of practice are very rare.

This chapter will describe types of outcome data, deal with evaluation of out-
come data, and explain the difficulties with the use of surrogate outcomes.

Key words: Outcome measure, endpoint, surrogate outcome measures, randomised controlled trial, clinical
relevance, POEMs.
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Clinically relevant outcomes

A clinically relevant outcome measures directly how a patient feels, functions or sur-
vives [1]. Clinically relevant outcomes are generally subject to direct patient interest;
those are endpoints that patients will often ask about. (Will I survive this operation,
doctor?) Typical clinically relevant outcomes in the field of anaesthesia could be
perioperative mortality, major postoperative complications such as respiratory fail-
ure, myocardial infarction, infections and surgical complications needing secondary
surgery. Postoperative pain and PONV would also be considered clinically relevant
outcomes.

Some other outcomes may be of relevance to patients as well as the health
care staff. Length of stay in postoperative care unit (PACU), intensive care unit (ICU)
or in hospital may be very relevant for patients, staff and hospital administrators.

Another relevant outcome could be “ease of practice” When different interven-
tions are compared, one can be much easier to perform than the other. This could
be exemplified in trials comparing different types of nerve blocks, catheter inser-
tion, etc., but it could also be of direct relevance to patients (as one drug adminis-
tration per day compared to four). Whenever relevant, this outcome should be
included in trials.

Whether costs should be considered a relevant outcome has been discussed a lot.
In countries, where patients have to pay for their treatments, this is definitely a
patient relevant outcome. In countries, where health care is free, this may not be of
direct relevance for patients, but it certainly is relevant for hospital administrators,
and should be included when weighing the pros and cons at specific treatment.

Patient satisfaction

Patient satisfaction can be measured in multiple ways and results can be surprising.
Nevertheless, the success of an intervention is dependent upon how the patients feel
and think about it. So patient satisfaction measures will always be relevant in clinical
trials [2,3].

Other considerations

Outcomes can be positive or negative. Mortality is negative and survival is positive.
A postoperative complication is a negative outcome and a patient case with no
complication is positive. Tradition tells us to count the “bad happenings” — but it
could be argued, that the number of successful patient cases could be just as good
a measure.
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Rare outcomes, such as death during anaesthesia or other rare complications
are difficult, or even impossible to deal with in randomised controlled trial — even
in non-randomised clinically controlled trials it might be difficult to get enough of
the rare outcomes to show a difference or relationship. These types of outcomes
are best described in large cohort studies:

At its most extreme, the intervention might improve one aspect of the disease —
level of symptoms or patient satisfaction — while other aspects deteriorate — lead-
ing to serious complications or even death.

Outcomes exemplified

Mortality

Morbidity

As a dichotomous outcome and the most final endpoint of all, mortality is often con-
sidered the hard outcome of all. This is true indeed. Fortunately, however, mortality
is rare in anaesthesia trials, and trials will have to be extensive to show a difference in
mortality. Nevertheless, mortality should most often be included as an outcome of
trials and systematic reviews.

Examples of morbidity related outcomes in anaesthesia will be the common post-
operative complications, such as respiratory failure, myocardial infarction, infections,
wound complications, etc. In some cases more rare outcomes may be relevant, most
often such that are directly related to the surgical procedure in question or the type of
anaesthesia (as the incidence of post-spinal headache after spinal anaesthesia). All
of these examples are also dichotomous — meaning that they are either there or they
are not.

Other anaesthesia related clinical outcomes

Examples of continuous outcomes related to anaesthesia are PONV, postoperative
pain, postoperative cognitive dysfunction and quality of life measures. These can
all be measured on a continuous scale and require specific statistical handling (see
Chapter 7).

Other relevant outcomes

Other relevant outcomes that are not directly clinically relevant are related to dur-
ation of stay in hospital or in ICU, re-admissions to hospital, emergency visits and
related to costs; cost per patient per day or cost per episode of care.

Of relevance to the clinician are outcomes like ease of practice, time consump-
tion, etc.
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POEMs

POEMs is short for Patient Oriented Evidence that Matters, and was first described
by Shaughnessy et al. in 1994 in The Journal of Family Practice [4]. The concept of
POEM:s has mostly been used in journals and articles about general practice, but
the idea can be transformed to other specialities as well. The major idea is that
articles about primary care topics that measure patient oriented outcomes (mor-
bidity, mortality and quality of life) should change practice, if the reported results
are valid.

Types of trials

The randomised controlled trial

The randomised controlled trial focuses on the intervention, and the effect of the
intervention on the chosen outcomes. The process of randomisation has the pur-
pose of keeping all other factors than the intervention equally distributed between
the groups, trying to isolate the effect of the intervention. In other words, the base-
line risk is the same in the two groups. The intervention, however, may affect more
than one outcome. For example brain surgery for epilepsy may improve the symp-
toms of epilepsy in some patients, but cause loss of vision in some patients as well.
Mortality may be different between the groups. The costs are definitely not the
same and quality of life may be affected. When deciding to perform an operation,
the clinician will have to consider all the relevant outcomes. It can be a good idea
to produce a list of benefits and harms, or pros and cons.

This is true for most clinical interventions. The randomised trial is about effect
of intervention and does not explain why or how an intervention is working, or
why it is not.

The cohort study (epidemiological research/regression analysis)

The regression analysis or multivariate analysis is about relations. The typical analy-
sis starts with the outcome, mortality for example. A number of factors the inves-
tigators think may be of importance are chosen, and the relations analysed. The
results will show whether there is a statistic correlation between the outcome and
the factor in question. The multivariate analysis “cleans” away the influence the
factor may have on each other. It is very important to stress that though this type
of research is about relations it does not show cause relationship. The major use of
these studies is in the generation of hypotheses. A cohort study may show that
patients with 80% oxygen during surgery have fewer infections than those with a
lower oxygen percent. However, a randomised trial will be needed to see if raising
the oxygen content to 80% will change the infection risk.



43

Outcomes

Qualitative research

Qualitative research is very different from the traditional quantitative research in
more than one way. In qualitative research there is no numbers or calculation. The
methodology is, however, a very useful supplement to the quantitative trials. The
qualitative research is very much about “how” and “why”, and gives us information
on why patients prefer one intervention to the other, how they feel about what is
being done to them, and eventually what they would like to change. In this type
of research the individuals being researched give us their ideas of what they con-
sider relative outcomes to be.

Outcome related bias

Different types of bias are related to outcomes in clinical trials:

1 Outcome bias: Outcome bias occurs when there is a selective reporting of posi-
tive outcomes in a trial. The example is that a multitude of outcomes has been
measured, and at the end of the trial, the investigators choose to report only the
outcomes that showed significance. This is extremely common, especially in trials
with many physiological measurements (surrogates). This type of bias is over-
come by strict adherence to the protocol, and favourably publishing the proto-
col prior to the trial performance.

2 Detection bias: This type of bias occurs when the outcome assessors hope for a
specific result of the trial or have strong beliefs that the intervention either works
or does not work. This type of bias is best overcome by having blinded outcome
assessors with no relation to the trial performance.

Surrogate outcome

A surrogate endpoint can be defined as a laboratory or physiologic measurement
used as a substitute for an endpoint that measures directly how a patient feels, func-
tions, or survives. Surrogate endpoints have several drawbacks. Firstly, a change in
the surrogate endpoints does not itself answer the essential questions: What is the
objective of treatment in this patient? Secondly, the surrogate endpoint may not
closely reflect the treatment target. Thirdly, the use of a surrogate endpoint has the
same limitations as the use of any other single measure of the success or failure of
treatment — it ignores all the other measures. Reliance on a single surrogate endpoint
as a measure of therapeutic success or intervention success usually reflects a narrow
or naive clinical perspective [5]. When flipping through a variety of anaesthesia jour-
nals one will find surprisingly many articles, which measures only surrogates [6].

So why would investigators continue to perform trials that measure only surro-
gates, such as blood pressure, cardiac output, central venous pressure or a variety
of laboratory findings?
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The reasons are many. These trials are much easier to perform. Patients can be
included, anaesthetised, outcome measured within one day and at a minimal cost
and effort — even during the performance of daily clinical work. Being an anaes-
thetist makes you familiar with the registration and interpretation of various clin-
ical signs. But beware. What is a great help in keeping the anaesthetised patient
stable and safe may well mislead you, if new interventions should rely on trials with
just one, or a few clinical signs as outcomes.

In order to rely on a surrogate outcome as a substitute for the true outcome in
question, there has to be a very strong correlation between the surrogate and the real
outcomes. And this correlation has to go both ways. That is the surrogate should be
present in all patients with the true outcome, and all the patients in whom the sur-
rogate is present should suffer (or obtain) the true outcome. This is only very rarely
the case — and in many instances, the relation between the surrogate and the true
outcome has not been investigated [7].

Trials with surrogate outcomes should be considered preliminary or hypoth-
esis generating and should never be the basis of a clinical decision, let alone the

Examples of former trials with surrogate outcomes

* Bone density was used as a measure of bone strength and fracture rate in osteo-
porotic women in trials investigating the effect of fluoride on the fracture rate. In
1990 Riggs demonstrated that even fluoride increased bone density, the fracture rate
and increased skeletal fragility [8].

* Ventricular ectopy is associated with sudden cardiac death. Encainide and flecainide
effectively reduce ventricular ectopy and were used for years in order to prevent car-
diac death in patients with ventricular ectopy. In 1991 Echt et al. demonstrated that
there was an excess of deaths due to arrhythmia and deaths due to shock after acute
recurrent myocardial infarction in patients treated with encainide or flecainide [9].

Practice points

1 A clinically relevant outcome measures directly how a patient feels, functions or sur-
vives. A trial or systematic review should try to include all clinical relevant outcomes.

2 Trial design depends on the type of outcome in question. Typical trial types are
randomised controlled trial, cohort study and qualitative trials.

3 A surrogate endpoint can be defined as a laboratory or physiologic measurement
used as a substitute for an endpoint that measures directly how a patient feels,
functions or survives. Trials with surrogate outcomes must be considered preliminary
and results taken with extreme care.

4 Large, definitive trials with clinically relevant outcomes should always be performed
before new interventions are accepted.
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implementation of new interventions. Large, definitive trials with clinically rele-

vant outcomes should always be performed before new interventions are accepted.

Conclusions

In conclusion, the major purpose of clinical trials is to support decision-makers in

health care with reliable documentation of high scientific and methodological qual-

ity. In order to do so the trial must be large enough, well performed and address all

clinical relevant outcomes as well as other relevant outcomes.
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Meta-analysis (MA) uses numerical tools to synthesise effect measures from the data
discovered in the literature search of randomised controlled trials (RCTs) for a sys-
tematic review (SR). An effect measure is a single number that contrasts the results of
two different treatments. Commonly used effect measures for binary data are the risk
ratio (RR) or the odds ratio (OR); the one or the other is calculated for each included
study. Statistical methods for an MA are straightforward. A summary effect measure
for data from all included studies is the desired output of the MA and is displayed in
a forest plot. It is critically important to minimise bias in estimating this value.
Techniques in MA to identify and/or minimise bias include the funnel plot, the explo-
ration of clinical and statistical heterogeneity and the use of sensitivity analysis.

on

Suppose that an anaesthesiologist reads an SR of most improbable research studies
comparing cyclopropane versus diethyl ether general anaesthesia for aortic valve
surgery. The conclusion offered is that the cyclopropane is favoured because the
summary RR for mortality is 0.6 (95% confidence interval (CI) 0.45 to 0.8) with an
I? statistic of 80%. From whence did these numbers appear? What do they mean?
A fundamental distinction must be drawn between an SR and an MA. Most com-
monly an SR is the result of a predetermined and orderly process for retrieving pre-
viously published RCTs comparing outcomes from two treatments for a specific
disease or clinical problem. After the retrieval of these publications, the characteris-
tics and results of each study are extracted and entered into a database. What has
been done and reported — the discovered clinical trials — might vary considerably
from the best methods of clinical trial methodology for studying an intervention
under all relevant circumstances. While each study used in an SR is an RCT, an SR
is observational research; the literature search of an SR can only discover what has
been done and reported. Methods for a mathematical synthesis of the observed

Key words: Bias, clinical heterogeneity, effect measures, forest plot, quality assessment, RR, OR, sensitivity
analysis, statistical heterogeneity.
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results have been developed; these methods are known as MA. It is possible, but not
mandatory, that an MA be performed to calculate from the results of all studies a
single summary estimate of treatment effect.

SR data: study characteristics

The characteristics to be extracted from the report of a study include the nature of
the participants, the specifics of the interventions, the types of outcomes reported,
and the details of experimental design and study methods. These characteristics are
the determinants of including or excluding a study in an SR. The nature of the
participants include demographics and diseases; for example, if an SR is oriented
to anaesthesia for children, then the maximum age of patients in each study should
exclude adults. In a study of postoperative pain management, an example of the
specifics of the interventions might be the pharmaceutical agents (fentanyl versus
morphine), the routes of administration (oral versus intravenous), the protocol for
administration (time contingent versus on-demand), the doses, etc. The outcomes
could be mortality, morbidity (myocardial infarction, postoperative vomiting, neu-
rological complications, etc.), and variables reflecting the process of anaesthetic care
(time to awakening postoperatively, hospital charges, pain scores, etc.). For each SR,
outcomes are specified as primary or secondary; if a study meets all other inclusion
criteria, but does not report any designated primary or secondary outcomes, it will
be excluded from the SR. Besides using the nature of the participants, the specifics of
the interventions, and the types of outcomes reported to include or exclude studies
within an SR, these characteristics may prove useful later in the MA for performing
sub-group analyses.

The MA of an SR should be conducted to minimise bias — bias being any devi-
ation of the results from the true state of nature. The history and development of
clinical trials in medicine has prompted statisticians to discover multiple flaws in
study design that allow or promote bias. The sources of bias in clinical trials have
been labelled:

1 Selection bias: systematic differences between the patients receiving each treatment.

2 Performance bias: systematic differences in care being given to study patients other
than the preplanned treatments being evaluated.

3 Attrition bias: systematic differences in the withdrawal of patients from each of
the two treatment groups.

4 Detection bias: systematic differences in the ascertainment and recording of the
outcomes.

There are extensive lists of various specific examples of bias within these four broad
categories. At present the main focus of bias detection in an SR is to grade studies by:
(1) the randomisation process for allocation of patients to treatment groups; (2) the
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concealment of the allocation process from the patients and the study recruiters;
(3) the blinding (masking) of patients, physicians, nurses, and outcome assessors con-
cerning the assigned treatment; and (4) the analysis of results from patients dropped
from the study. A part of MA is to test the sensitivity of the summary estimate of treat-
ment effect according to the biases present in the studies included in the SR by asking
the question: “Do the results differ between studies with and without evidence of
bias”? [1] This is known as sensitivity analysis.

Sub-group analyses are another aspect of an MA. Suppose that a substantial litera-
ture exists comparing two antiemetics for prevention of postoperative emesis. In some
studies the investigators included only teenagers while in other studies all patients
were octogenarians. If all studies used good experimental methods, then there is no
bias in their results. However, it may be more meaningful to combine separately stud-
ies of teenagers and studies of octogenarians. This is sub-group analysis [2].

SR data: observed study outcomes

Anaesthesia research studies report the data of things that vary — the variables, for
example blood pressure, age, sex, ASA physical status score, etc. Readers of medical
research have become familiar with the importance of properly categorising the types
of data before undertaking an analysis. Broadly speaking, data is either categorical or
quantitative. Categorical data types include binary variables (yes/no, sometimes
denoted dichotomous; e.g. mortality), ordinal variables (an ordered outcome; e.g.
maximal dermatomal level of spinal anaesthesia), and nominal variables (categories
not allowing ranking: e.g. ethnicity, eye colour, etc.). Quantitative data is most com-
monly called a continuous variable, such as height, heart rate, plasma propofol con-
centration, etc. Quantitative data also includes counts (the number of episodes of
nausea) and time-to-event (days of life following surgery). While there appears to be
a similarity between an ordinal variable such as Mallampati score and a continuous
variable such as mean pulmonary artery pressure, strictly speaking an ordinal variable
is only defined at previously specified levels (Mallampati score: 1, 2, 3, or 4) while
mean pulmonary artery pressure can be measured to an arbitrarily chosen precision.

Because an SR is always focused on comparing two treatments, the study out-
comes are stored in specialised tables such as Table 7.1 that shows binary outcomes
from an SR published in The Cochrane Library [3]. Binary outcomes are usually of
greater interest than are continuous variables in an SR.

The table headers precisely identify the comparison treatments and the exact
outcome being collected; the outcome for binary data can be either an adverse or
a beneficial event. The first column indicates the last name of the lead author and
the year of publication of the included study. It is also possible to include sub-
categories; in Table 7.1, there are 14 studies of a new treatment versus 1 of 4 different
other treatments — here denoted A (7 studies), B (3 studies), C (4 studies), and
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Table 7.1. Typical SR data. The data in this table are taken from Ref. [3]. The first column
indicates the last name of the lead author and the year of publication of the included
study as cited by Zaric et al.

Comparison: Lidocaine versus other local anaesthetics

Outcome: Transient neurologic symptoms (adverse event)

Lidocaine Other local anaesthetic

Study Events (rate %)  Sample size  Events (rate %)  Sample size

Sub-category A (lidocaine versus bupivacaine)

Hampl (1995) 9(32) 28 * 0 (0) 16
Pollock (1996) 16 (15) 107 * 0 (0) 52
Hampl (1998) 4(27) 15* 0(0) 30
Salmela (1998) 3(20) 15* 0(0) 30
Keld (2000) 9 (26) 35% 1(3) 35
Aouad (2001) 0 (0) 100 0(0) 100
Philip (2001) 1(3) 30 2(7) 28 *
Sub-category B (lidocaine versus mepivacaine)

Salmela (1998) 3(20) 15 11 (37) 30 *
Liguori (1998) 6 (22) 27 % 0 (0) 30
Salazar (2001) 1(3) 40 3(8) 40 *
Sub-category C (lidocaine versus prilocaine)

Hampl (1998) 5(33) 15* 1(3) 30
Martinez-Bourio (1998) 4(4) 98 * 1(1) 102
de Weert (2000) 7 (20) 35% 0 (0) 35
@stgaard (2000) 7 (14) 49* 2 (4) 50
Sub-category D (lidocaine versus procaine)

Hodgson (2000) 11 (31) 35% 2 (6) 35
Le Truong (2001) 8 (27) 30 % 0(0) 30

* Treatment with higher event rate.

D (2 studies). Some studies have more than two treatments relevant to the SR. In
such cases it may be appropriate to subdivide data of a study into two or more sub-
categories (Salmela, 1998: sub-category A and B; Hampl, 1998: sub-category A and
C). The table displays the number of events, the number of patients (sample size)
and the event rate. It is easy to identify the studies showing higher rate of adverse
events for the new treatment (e.g. Hampl, 1995: 32% versus 0%) and the other
treatment (e.g. Philip, 2001: 3% versus 7%). Similar tables are used for quantitative
data. The “Other Treatments” group might well be those receiving a placebo or
standard active treatment.
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Effect measures

Two contrasting statistical approaches to reporting outcomes must be appreciated to
understand an MA. Most journal articles comparing two treatments perform hypoth-
esis testing. A null hypothesis of no difference is created and the observed sample val-
ues are used to calculate a test statistic; if the value of the test statistic is sufficiently
improbable, the null hypothesis is rejected and the alternative hypothesis is accepted.
For example, Keld, 2000 (Table 7.1) has event rates of 26% (9 events in 35 patients)
versus 3% (1 event in 35 patients) for the lidocaine versus bupivacaine. Typically, a
Pearson chi squaned test would be calculated to test the null hypothesis that the
two treatments and the adverse event rates are independent. For Keld, 2000, the test
statistic (Pearson chi squared) has a value of 7.5 with one degree of freedom; the
associated probability value being less than 0.01, the null hypothesis of independence
would be rejected. The alternative hypothesis that there is a relationship between
treatment and adverse events would be accepted; this would conform to an intuitive
appreciation that a rate of 26% is much more than a rate of 3%.

In an MA, the statistical approach is known as parameter estimation. A parameter
is an unknown number that characterises a population; parameters cannot be meas-
ured, but are estimated from sample values. In an MA, the sample values of outcomes
from the two treatment groups are combined to create an effect size for each study.
This is done whether or not the original publication included a calculation of effect
size. The effect size is a single numerical estimate that contrasts the effects of the two
treatments. Four types of effect sizes are in common use for binary outcomes; all
express the outcome in one group relative to the outcome in the other group (Box 7.1).

Risk is a frequently used term in medicine; it is the probability of an outcome —
a number between 0 and 1. If the risk is 0.1, then for every 100 patients the event
occurs in 10 patients. Odds is a concept from gambling, but is used also in medi-
cine. If there are 10 patients with an event and 90 without an event, the odds are 1
to 9 (written as the ratio 1:9 or as the decimal fraction 0.111...). Risk and odds are
mathematically convertible:

odds odds = risk
1+ odds’ 1—risk

Risk and odds for the two treatment groups may be combined in four ways.

risk =

The RR describes the multiplication of risk that occurs with the use of the new
treatment whereas the OR describes the multiplication of odds that occurs with the
use of the new treatment. The RR is more easily understood than the OR. In Keld,
2000, patients in the new treatment group were nine times more likely to experience
an adverse event (Box 7.2; RR = 9.00 (1.20, 67.31)); this was statistically significant
since the 95% CI did not span 1.00. It is apparent that the RR must be interpreted in
light of the event rate in the group receiving the standard or placebo treatment. An
RR of 2 is possible with a risk pair of 0.30 and 0.15 and a risk pair of 0.04 and 0.02.
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Box 7.1. Methods for calculation of binary effect measures
These formulas are used by the software RevMan version 4.2.8.

The data from a study can be redisplayed as a 2 by 2 table:

Count of events Count of non-events Total counts
New treatment a b a+b
Other treatment c d c+d

where a, b, ¢, and d are the count of patients with each outcome.

Four treatment effects can be calculated:

RR = a/(a+b);
c/(c+d)
ad
OR = —3
be
RD = a —L;and
a+b c+d
NNT = (a+Db)c+d)

alc+d) —cla+Db)

The RR is the risk of an event in the new treatment group (a/(a + b)) divided by the risk
of an event in the other treatment group (c/(c + d)).

The OR is the odds of an event in the new treatment group (a/b) divided by the odds of
an event in the other treatment group (c/d).

The RD is the difference of risks for the two treatment groups.

The NNT is the number of patients receiving the new treatment necessary to produce
one more event; it is the inverse of the RD.

The precision of the estimates is given by a 95% CI which is derived from the standard

error; the standard error is calculated by common statistical formulas. For example, the

standard error of the log RR is 1 + r_r 1 .
a ¢ (a+b) (c+d

If no events are reported for the treatment groups, then the RR and OR are
declared not estimable. Essentially there is no information for creating ratios of
outcomes; this is also the case for the calculation of the OR if all patients have an
event. For Aouad, 2001 (Table 7.1), 200 patients had no adverse events; the RR and
OR cannot be calculated. If there are no events in the control group but events
occurred in the new treatment group or vice versa, the calculation of an RR and
OR is still possible. By statistical convention, a small value (0.5) is added to all cells
of the 2 by 2 table. Thus for Hampl, 1995 (Table 7.1), the RR is 11.14 (0.69, 179.55)
and the OR is 16.08 (0.87, 297.61); neither is statistically significant.

An MA should list or display the calculated effect measure for each study. In
Table 7.2 the treatment effects and weights have been added. The lack of precision
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Box 7.2. Calculation of binary effect measures
The data in this box is taken from Ref. [3]. The data from Keld (2000) (Table 7.1) is listed in
a2 by 2 table.

Count of events Count of non-events Total counts
Lidocaine a=9 b=26 a+b=235
Bupivacaine c=1 d=34 ctd=35

_alla+b) _9/35 _

c/(c+d) 1/35

OR == =2"""=1177
be 26 X1
a+b c¢c+d 35 35 35
NNT = (a+b)c+d) _ 35 X 35 - 435,

alc+d) —cla+b) 9X35—-1X35

For Keld (2000), RR = 9.00 (1.20, 67.31); OR = 11.77 (1.40, 98.85); RD = 0.23 (0.07,
0.38); NNT = 4.35 (2.63, 14.29). For RR and OR, if the 95% CI does not span 1, the RR
and OR are declared to demonstrate a statistically significant treatment effect. For RD, if the
95% CI does not span 0, the RD is declared to demonstrate a statistically significant
treatment effect. For Keld (2000), the RR, OR, and RD all show a treatment effect. The

interpretation of the NNT is more complicated.

for estimates of RR in small studies is readily apparent. The RR of Hampl, 1995
(Table 7.2) is slightly over 11, but the 95% CI is very broad: from 0.69 to 179.55;
this treatment effect would be declared not statistically significant. The overall
impression of the 16 RRs (3 studies with RR < 1, 12 studies with RR = 1, 1 study
with RR not estimable) in Table 7.2 is for values considerably above 1; however,
only 4 studies have RRs with a 95% CI not spanning 1 (sub-category A: Keld, 2000;
sub-category C: Hampl, 1998; sub-category D: Hodgson, 2000, Le Truong, 2001).
The risk difference (RD) is always calculable even if no events occur. It is an
absolute measure of treatment effect. For Aouad, 2001 (Table 7.2) the RD is 0.00
(—0.02, 0.02). The RD must also be interpreted in light of the typical number of
events in the standard treatment group. An RD of 0.02 could be from a study with
risks of 0.60 and 0.58, or it could be from a study with risks of 0.03 and 0.01.
Arguments among statisticians persist about the most meaningful effect meas-
ure for binary variables. The RR is usually favoured for ease of interpretation, con-
sistency, and mathematical properties [4,5]. The number needed to treat (NNT)
may have some utility for summarising the results, but does not have statistical
properties necessary for summary and is very vulnerable to misinterpretation
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Table 7.2. Typical SR data: individual study effect sizes. The data, weights, and RRs in this
table are taken from Ref. [3]. Weights are calculated by a fixed effect model for all studies.
RRs and weights are estimated by the software RevMan version 4.2.8

Comparison: Lidocaine versus other local anaesthetics

Outcome: Transient neurologic symptoms (adverse event)

Study Lidocaine Other Weight (%) RR (95% CI)
Sub-category A (lidocaine versus bupivacaine)

Hampl (1995) 9/28 0/16 2.8 11.14 (0.69, 179.55)
Pollock (1996) 16/107 0/52 3.0 16.19 (0.99, 264.78)
Hampl (1998) 4/15 0/30 1.5 17.44 (1.00, 304.11)
Salmela (1998) 3/15 0/30 1.5 13.56 (0.75, 246.76)
Keld (2000) 9/35 1/35 4.4 9.00 (1.20, 67.31)
Aouad (2001) 0/100 0/100 No weight Not estimable
Philip (2001) 1/30 2/28 9.2 0.47 (0.04, 4.87)
Sub-category B (lidocaine versus mepivacaine)

Salmela (1998) 3/15 11/30 32.6 0.55(0.18, 1.67)
Liguori (1998) 6/27 0/30 2.1 14.39 (0.85, 244.06)
Salazar (2001) 1/40 3/40 13.3 0.33 (0.04, 3.07)
Sub-category C (lidocaine versus prilocaine)

Hampl (1998) 5/15 1/30 3.0 10.00 (1.28,78.12)
Martinez-Bourio (1998) 4/98 1/102 4.4 4.16 (0.47, 36.60)
de Weert (2000) 7/35 0/35 2.2 15.00 (0.89, 252.96)
Dstgaard (2000) 7/49 2/50 8.8 3.57 (0.78, 16.35)
Sub-category D (lidocaine versus procaine)

Hodgson (2000) 11/35 2/35 8.9 5.50 (1.31,23.03)
Le Truong (2001) 8/30 0/30 2.2 17.00 (1.03,281.91)

All (lidocaine versus bupivacaine, mepivacaine, prilocaine, and procaine)
94/674 23/673 100.0

CI: Confidence interval.

because of varying baseline risk [6]. For continuous data such as blood pressure,
the effect size is the mean difference — also known as the weighted mean difference
(WMD). This is calculated from the mean and standard deviation of each treat-
ment group in a study; a 95% CI of the WMD is also calculated.

Summary effect measures and heterogeneity

MA is a two-stage process. After the estimation of the individual study treatment
effects, a summary treatment effect estimate is calculated as a weighted average of the
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treatment effects of each individual study. Compared to the difficulty of choosing
which studies to include in an SR, the statistical methods for the summary treatment
effect estimate are well established [7]. In a general form, the equation of the weighted
average is:

sum of (estimate X weight) _ S TW,
sum of weights Sw

weighted average =

The weights are chosen to reflect the amount of information contained in each study.
It must be emphasised that the summary treatment effect estimate is not calculated by
simply summing the events and patient counts for all studies (Table 7.2; 94/674 ver-
sus 23/673). As a simple example, the weighted average of the integers 4, 7,and 7 is 6,
not 5.5. The WMD, RR, OR, and RD all may be used for the calculation of a summary
treatment effect estimate. The exact forms of the T; and W; depend on the type of
treatment effect variable and on the details of the statistical model used to create the
summary effect. For example, the W; may be a function of the number of patients in
a study or may be the standard error of the individual study treatment effect. In the
presentation of the results of MA, the weights of the individual studies are normalised
to a percentage so that the total weight sums to 100%. In Table 7.2, the weights range
from a lowest value of 1.5% to a highest value of 32.6%; since Aouad, 2001 does not
have an estimable RR, it has no weight at all. With the calculation of the summary
treatment effect, a standard error is also calculated. The standard error is then used to
compute a z statistic as a statistical test of overall effect and to calculate a 95% CI on
the summary treatment effect.

Clinician readers of the medical literature recognise that every study comparing
treatments has unique features. Thus, in assembling a pool of studies comparing the
same treatments, inevitably there is variability. Any kind of variability among studies
in an SR may be termed heterogeneity. There is the clinical diversity of the participants
(age, gender, associated illnesses, etc.), the implementation of the interventions (dose,
route, associated therapies, etc.) and the measurement of outcomes (hospital mortal-
ity, 30 day mortality, etc.); this is described as clinical heterogeneity. There is also vari-
ability in trial design and quality (sometimes called methodological heterogeneity).

Concerning the role of heterogeneity, two points of view may be adopted in the
statistical calculation of the summary effect; these are called a fixed effect model
(FEM) and a random effects model (REM). In the FEM it is believed or assumed that
every study has the same true effect of treatment in both magnitude and direction;
any observed differences are due solely to chance variation. If the observed variation
of treatment effect among studies becomes large, then a different assumption may be
chosen. In an REM it is assumed that the various studies are not measuring an iden-
tical treatment effect, but rather these are similar, related treatment effects that have
a distribution of values (usually assumed to be Gaussian). Heterogeneity (clinical or
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Table 7.3. Typical SR Data: summary treatment effect sizes. The weights, RRs, and
heterogeneity statistics in this table are taken from Ref. [3]. RRs, weights and
heterogeneity statistics are estimated by the software RevMan version 4.2.8

Comparison: Lidocaine versus other local anaesthetics

Outcome: transient neurologic symptoms (adverse event)

FEM REM
Weight (%) RR 95% CI Weight (%) RR95% CI
Lidocaine versus 22.5 7.60 (3.00,19.30) 33.8 6.65 (2.05, 21.56)

bupivacaine (n = 6)

Heterogeneity chi squared = 6.30, df = 5, P = 0.28; I = 20.6%.
Lidocaine versus 48.1 1.09 (0.50, 2.38) 22.9 1.05 (0.15, 7.45)
mepivacaine (n = 3)

Heterogeneity chi squared = 5.78, df = 2, P = 0.06; P = 65.4%.
Lidocaine versus 18.3 6.14 (2.31,16.32) 285 5.62 (2.07,15.23)
prilocaine (n = 4)

Heterogeneity chi squared = 1.21, df = 3, P = 0.75; I* = 0.0%.
Lidocaine versus 11.1 7.80(2.19,27.77) 14.8 6.94 (1.94, 24.86)
procaine (n = 2)

Heterogeneity chi squared = 0.52, df = 1, P = 0.47; I* = 0.0%.
Lidocaine versus all other  100.0 4.23 (2.71, 6.60) 100.0 4.36 (1.99, 9.56)
local anaesthetics (n = 15)

Heterogeneity chi squared = 28.10, df = 14, P = 0.01; I* = 50.2%.

CI: Confidence interval.

methodological) that cannot be explained may be incorporated into the summary
effect size by using the REM.

A chi squaned test for statistical heterogeneity exists and is usually reported within
an MA. In the typical SR this chi squared test lacks power to detect heterogeneity.
There is a variation of the chi squaned statistic (known as the I? statistic) that allows
quantification of heterogeneity; this describes the percentage of variability that is
due to heterogeneity rather than sampling error [8]. I” ranges from 0% to 100%; a
value of I greater than 50% is often considered to indicate substantial heterogeneity.

Table 7.3 displays the summary RRs and weights for the four sub-categories of
Table 7.1. The summary RRs are different for the two models; for example, in the sub-
category lidocaine versus bupivacaine the RR for an FEM is 7.60 and the RR for an
REM is 6.65. The difference of the summary RRs between the models is solely due to



56

Nathan Pace

the difference in weighting; the RR for each study is identical for both models. A main
consequence of the REM is to widen the 95% CI. For the sub-category lidocaine ver-
sus mepivacaine, the 95% CI has grown from (0.50, 2.38) to (0.15,7.45) for REM. The
I statistic shows that there is substantial statistical heterogeneity for the sub-category
lidocaine versus mepivacaine (65.4%) and for the overall summary RR (50.2%).

Managing heterogeneity

What should be done if there is substantial statistical, clinical and/or methodological
heterogeneity? Of course simple errors in data extraction and data entry must be
excluded. A change to a different effect measure may reduce the heterogeneity, for
example using RR in place of RD. In the extreme case, the authors of an SR may
decide that the studies have extremely disparate results in both the magnitude and
the direction of treatment effect; they may forsake the inclusion of an MA. With such
a disproportion of study results, an averaged value for the treatment effect could be
very misleading. Heterogeneity may also ensue from bias in the included studies. It
has been empirically demonstrated that if studies with a lower methodological qual-
ity such as failure to conceal random allocation are included in an MA, the treatment
effect will be overestimated by about 30% [9].

Heterogeneity of an MA may be explored by seeking factors in some studies that
systematically modify the treatment effect. This is called sub-group analysis. For
example, are there certain types of patients, variations in the interventions, differences
in concomitant care, or the timing of outcome assessment that produce true varia-
tion? [2].If such factors can be identified, then studies with these characteristics might
be removed from an overall summary treatment effect with a resulting reduction or
elimination of statistical heterogeneity. There are statistical tests of interaction for
comparing summary treatment effects [10]; this test can be used to compare the RRs
of two sub-categories. In the sub-categories of Table 7.3, the RR for the lidocaine ver-
sus mepivacaine comparison is significantly different from the RRs for the other three
comparisons (mepivacaine: 1.09; and bupivacaine: 7.60, prilocaine: 6.14, procaine:
7.80). With such large differences in the magnitude of the RRs (Table 7.3), it is rea-
sonable to eliminate the three studies comparing lidocaine versus mepivacaine from
the MA; the overall summary RR increases from 4.23 to 7.13 and the heterogeneity I*
statistic shrinks from 50.2% to 0%.

If statistical heterogeneity cannot be explained, one analytical approach is to report
the results using an REM. As previously noted, the CI of summary treatment effect
under an REM will be wider as it incorporates both statistical error and statistical het-
erogeneity. There is a difference in interpretation between an FEM and an REM. For
an FEM the fixed effect estimate and its CI addresses the question “what is the best
estimate of the treatment effect”? The random effects estimate and its CI address the
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question “what is the average treatment effect”? The CIs for both an FEM and an REM
treatment effect estimate give precision bounds on the weighted average. The CI for
REM does not describe the variability of treatment effect among the studies.

Graphical tools

An MA produces a large quantity of description and analysis. As seen in Tables 7.1-7.3
these elements include: (1) the treatments being compared, (2) the outcome (event)
of interest, (3) an abbreviated citation for each included study including the year of
publication, (4) the counts of events and sample size for the two treatment groups,
(5) the identity of the chosen effect estimate and the calculated value for each study
with CI, (6) the model (FEM versus REM) and weight for each study, (7) the sum-
mary treatment effect estimate — both for sub-categories and all included studies,
(8) the heterogeneity statistics — both for sub-categories and all included studies, and
(9) the statistical test for overall effect — both for sub-categories and all included
studies. The “forest plot” — a CI plot — is a highly developed graphical method for
displaying simultaneously a table and a figure as shown in Figure 7.1.

This has been particularly well implemented in the freely available software
(RevMan) used by The Cochrane Collaboration [11]. Each study is represented by a
square (sized by the study weight) with a horizontal line extending to either side of
this block representing the CI. There is a vertical line at the value of identical effect.
The eye can easily discern which studies are statistically significant in that the CI line
does not cross the line of identical effect. Diamonds represent the summary effects
for sub-categories and for all studies; the width of diamonds represents the CI.
Figure 7.1 omits the lidocaine versus mepivacaine studies. In the bottom part of the
graph the tally of events (84 in 592 lidocaine patients and 9 in 573 other local anaes-
thetic patients), the summary RR value (7.13), the graphical display of the diamond
of the summary RR being well away from the value of identical effect (RR = 1), and
the high value of the z statistic (z = 6.44, P < 0.00001) mutually reinforce the con-
clusion that the adverse event transient neurologic symptoms is much more likely
after lidocaine spinal anaesthesia. The I statistic (> = 0.0%) shows an FEM without
statistical heterogeneity.

Since many SRs have several primary outcomes, multiple secondary outcomes,
and safety data of adverse events, an SR may have multiple forest plots. Other plots
may also appear in an SR. For example, a funnel plot is a commonly used graphi-
cal display for appraising the possibility of bias in the retrieval of studies [12,13].

Resources, problems, and promises

Of the hundreds of publications concerning SRs, a smaller number specifically focus
on techniques for MA. These include monographs by statisticians and handbooks
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Review: Transient neurologic symptoms following spinal anaesthesia with lidocaine versus
other local anaesthetics

Comparison: Lidocaine versus other local anaesthetic (excluding mepivacaine)

Outcome: 01 Transient Neurologic Symptoms

Lidocaine Other local Relative risk Relative risk
Study n/N n/N (fixed) 95% ClI Weight (%) (fixed) 95% CI
Bupivacaine
Aouad (2001) 0/100 0/100 0.0 Not estimable
Hampl (1995b) 9/28 0/16 E E— 5.4 11.14 (0.69, 179.55)
Hampl (1998) 4/15 0/30 EE— 2.9 17.44 (1.00, 304.11)
Keld (2000) 9/35 1/35 e 8.6 9.00 (1.20, 67.31)
Philip (2001) 1/30 2/28 +—— 17.7 0.47 (0.04, 4.87)
Pollock (1996) 16/107 0/52 EE— 5.7 16.19 (0.99, 264.78)
Salmela (1998) 3/15 0/30 S E— 2.9 13.56 (0.75, 246.76)
Subtotal (95% Cl) 330 291 ——— 43.3 7.60 (3.00, 19.30)

Total events: 42 (Lidocaine), 3 (Other local)
Test for heterogeneity chi-square = 6.30, df = 5, P = 0.28, [> = 20.6%
Test for overall effect z = 4.27, P = 0.00002

Prilocaine
Hampl (1998) 5/15 1/30 e 5.7 10.00 (1.28, 78.12)
Martinez-Bourio (1998) 4/98 1/102 —t > 8.4 4.16 (0.47, 36.60)
de Weert (2000) 7/35 0/35  EE— 43 15.00 (0.89, 252.96)
@stgaard (2000) 7149 2/50 T 17.0 3.57 (0.78, 16.35)
Subtotal (95% Cl) 197 217 —_— 35.3 6.14 (2.31, 16.32)

Total events: 23 (Lidocaine), 4 (Other local)
Test for heterogeneity chi-square = 1.21, df = 3, P = 0.75, I? = 0.0%
Test for overall effect z = 3.63, P = 0.0003

Procaine
Hodgson (2000) 11/35 2/35 —ap 17.1 5.50 (1.31, 23.03)
Le Truong (2001) 8/30 0/30 —> 4.3 17.00 (1.03, 281.91)
Subtotal (95% Cl) 65 65 ——— 21.4 7.80 (2.19, 27.77)

Total events: 19 (Lidocaine), 2 (Other local)
Test for heterogeneity chi-square = 0.52, df=1, P=0.47, I> = 0.0%
Test for overall effect z= 3.17, P = 0.002

Total (95% CI) 592 573 — 100.0 7.13 (3.92, 12.95)

Total events: 84 (Lidocaine), 9 (Other local)
Test for heterogeneity chi-square = 8.13, df = 11, P = 0.70, 12 = 0.0%
Test for overall effect z= 6.44, P < 0.00001 L | | L

0102 051 2 5 10
Favours treatment  Favours control

Figure 7.1  Typical SR data: the forest plot. This is figure 2 from Ref. [3]. Copyright Cochrane Library,
reproduced with permission.

by The Cochrane Collaboration [14-16]. Several journals regularly publish papers
on MA methods including the British Medical Journal and Statistics in Medicine.

In the past MA has been criticised as a silly synthesis of disparate data. This criti-
cism continues. Specific examples of discrepancies between meta-analytic summary
statistics and subsequent large RCTs have been noted; in one report about one-third
of the outcomes in the latter trials were discordant with the previous MA [17]. This
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has led some prominent statisticians to still favour the narrative review [18]. Other
statisticians have emphasised the need for a careful exploration of heterogeneity by
sub-category and sensitivity analyses in every MA [9]. It may be necessary in some
SRs to use advanced statistical methods to avoid bias [19].

There are statistical issues that remain unresolved. Since the methodological
quality of research articles vary and since articles of poorer quality tend to exag-
gerate treatment benefit, should a research quality score be used to weight the sum-
mary statistic? If so, how? [1] Meta-analytic methods are being extended to SRs of
observational studies, studies of prognosis, and studies of diagnostic tests; these
methods are still under development.

To recapitulate, MA is a set of techniques to calculate summary treatment effect
statistics from the data of two or more RCTs comparing two treatments. While the
performance of an SR with MA is original research, this is observational research.
The data elements come from what has been done — which may differ from what
should have been done. The MA results are tentative and provisional. Each updat-
ing of an SR may require revision of the MA if additional relevant studies are
found. MA can provide relevant evidence for policy decisions in medicine [20].

Summary

MA of RCTs has been criticised as an incautious synthesis of disparate data. Also,
there are specific examples of discrepancies between meta-analytic summary statis-
tics and the results of subsequent large RCTs evaluating the same therapies. The MA
of an SR is a research tool; it is transparent and available. It can be used correctly or
incorrectly. There must be a careful exploration of clinical heterogeneity in every MA
which can provide relevant evidence for policy decisions in medicine by estimating
summary effect measures contrasting treatment choices. While the performance of
an SR with analysis is original research, this is observational research. The data elem-
ents come from what has been done — which may differ from what should have been
done. The results of MA are tentative and provisional. Each updating of an SR may
require revision of the MA if additional relevant studies are found.
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This chapter is divided into two sections: (1) Bias within single studies and (2) bias
between studies in systematic reviews. The general concept of bias is discussed in
the beginning. Particular forms of bias like selection, attrition or detection bias are
presented together with potential answers to the problem. The association between
potential bias and trial quality is illustrated, as well as the impact of realisation ver-
sus reporting and the assessment of trial quality. The first part ends with special
considerations regarding bias and quality assessment in diagnostic studies. The
main part related to bias at the between-study level contains a description of pub-
lication bias and related biases, how it happens, how it may be prevented, and how
to deal with it. Further biases like those resulting from choice of databases, biased
inclusion criteria, differentially delayed publication, publication language and
analysis are also discussed.

Introduction

61

Traditional narrative reviews were frequently criticised for giving a potentially
biased view of a topic [1]. Systematic reviews aim at avoiding many of the biases
contained in traditional narrative reviews, but nevertheless there is still potential
for numerous biases even in elaborate systematic reviews.

Dealing with biases and compiling systematic reviews belong together. A well-
known definition of systematic reviews says [2]: the application of scientific strate-
gies that limit bias by the systematic assembly, critical appraisal and synthesis of all
relevant studies on a specific topic. Noteworthy this definition already contains the
term bias.

Key words: Selection bias, information bias, CONSORT, trial quality, STARD, publication bias, language bias,
delayed publication.
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A general definition of bias, “bias stands for any systematic error in the design,
conduct, analysis or interpretation of a study that result in conclusions that are dif-
ferent from the truth”. The two basic forms of bias are:

1 Selection bias (differential exclusion or absence of participants),

2 Information bias (differential accuracy of measurements).

Bias can appear in many situations and was hence characterised with numerous
different terms. Many of these terms are explained in detail below. Nonetheless, all
these distinct forms can be finally ascribed to the two basic forms of selection and
information bias.

Component parts used for systematic reviews are studies of individual patients or
participants. Unit of analysis of the primary studies are individual persons, and a
number of biases may occur at this level. Systematic reviews itself can be described as
clustered studies. The respective unit of analysis is at the level of the published stud-
ies, representing clusters of individual persons. A number of potential biases may
operate at this level, too. Systematic reviews may contain all usual forms of biases
within the clusters, but in addition, there is also potential for bias between the clusters.

Within-study biases/trial quality

If biased studies are summarised, the bias may remain unchanged. Therefore a sys-
tematic review is not a good means to remove bias from the studies itself. The lower
trial quality, the higher is the chance for potential bias. Unfortunately almost all stud-
ies bear a potential for bias to some extent. More perturbing is the empirical evidence
that the quality of many clinical trials is generally weak, and that this affects its con-
clusions [3]. Therefore trial quality is crucial. If the findings are flawed the conclu-
sions of systematic reviews may be invalid. Formal assessment of trial quality is a
major part of systematic reviews to estimate the potential for bias.

Moreover, study quality is not a simple concept. Quality may relate to internal valid-
ity as well as to external validity [4]. Internal validity is determined by design, conduct
and analysis of the study and is a matter of bias. On the other hand, external validity
is related to the generalisability of the study results to the actual clinical situation. It
depends on the population studied, the kind and details of the intervention, the setting
of the study as well as the outcome modalities, like definition of the outcomes or tim-
ing of follow-up, and must always be judged in context. However, with regard to this
chapter trial quality is primarily related to internal validity and hence potential for bias.

Bias and quality assessment in randomised controlled trials

Randomised controlled trials (RCTs) are considered the potentially most unbiased
form of clinical epidemiological study designs if conducted appropriately. Further-
more randomisation may avoid measurable and non-measurable confounding.
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The process of randomisation should enable us to ascribe an effect directly to the
examined intervention, because ideally the intervention group and control group are
equal in all aspects except the intervention.

Nevertheless, there is always potential for bias in RCTs. Typical and specific
forms of bias found in RCTs includes the following.

Selection bias: biased allocation to intervention or control group

The major aim of randomisation is to make the comparison groups similar in all
aspects apart from the intervention. Therefore confounding and selection can be
averted, and changes in the outcome can with some restrictions be attributed to the
intervention. To facilitate random allocation of the intervention, the allocation
sequence must be unpredictable (random) and this sequence must be concealed to the
participant and the enrolling investigator. Knowledge about the sequence may lead
to selection of patients according to other prognostic factors. Hence an observed
effect cannot be attributed to the intervention alone any more.

Allocation concealment is known to be a major quality item in the appraisal of RCTs.

Performance bias: unequal care for the intervention and control group
A good means to avoid performance bias is the introduction of blinding investigators
and participants to the intervention. A number of additional advantages can be
achieved: participants comply better (attrition bias less likely), and also measures to
blind the outcome assessor are much easier (reduce information bias). However blind-
ing of the intervention is not always possible, and ethical concerns were raised when
sham operations were performed to blind the control arm of an arthroscopy study [5].

Information (Detection) bias: different outcome assessment in the comparison groups
Knowledge of the intervention may influence the assessment of the outcome, in par-
ticular if it includes judgement of the assessor. The more subjective an outcome meas-
ure is, the more it is prone to detection bias. Results may be biased, if the quality or
extent of outcome assessment differs between the intervention and control group.
Blinding the outcome assessor to the intervention is important to reduce this form of
bias. Unlike blinding of the intervention, it is theoretically possible to blind the out-
come assessor in any situation. Lack of blinding may be associated with an inflation of
the effect, therefore this is regarded as another important quality criterion.

Attrition bias: differential loss to follow-up or handling of protocol deviations
This flaw is a form of selection bias and happens if participants from the inter-
vention or control group are differentially selected or lost at the stage of outcome
assessment.
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Protocol deviations that may lead to exclusions of participants may include pro-
tocol deviations or non-adherence to treatment. Loss to follow-up may arise due to
unrecognised deaths of patients, non-compliance, moving away, etc. Many of the
factors associated with protocol deviations and loss to follow-up are also associated
with prognostic factors like socioeconomic status, educational status and health con-
sciousness. A useful rule of thumb is that if loss to follow-up is less than 20% then
attrition bias is not very likely. If loss to follow-up or exclusion of participants
exceeds these 20%, results must be judged with caution.

Further, if protocol deviations occur it is important that the analysis is performed
according to the intention-to-treat principle to maintain the advantages of random
allocation. The effect demonstrated by an intention-to-treat analysis is usually more
conservative (closer towards the null) than per protocol analyses, but it is less
biased.

The empirical evidence

There is empirical evidence underlining the influence of such biases on the reported
effects of interventions. They are, however, not entirely consistent and they may
depend on the underlying condition, the interventions and the nature of the out-
come. For example information bias will not be a major problem if the outcome is all
cause mortality. On the other hand there is potential for information bias if assess-
ment depends highly on the judgement of an investigator who has already an idea of
the studied effect [3,6].

Realisation versus reporting

Design, conduct and analysis are not necessarily identical with reporting of the
methods. A well-performed study can be badly reported and vice versa. In fact badly
reported studies usually contain a number of flaws, and well-reported studies tend to
have a better quality. Bad reporting was empirically shown to be associated with bad
methods [3]. Therefore the principle of “guilty until proven innocent” [7] is gener-
ally applied.

As a consequence to the implications of low quality of reporting the CONSORT
statement was published [8], which aims to standardise reporting of RCTs. This
statement contains a number of items related to the methods of RCTs, and can be
used to systematically present the quality of trials included in a systematic review, for
example, in the form of a table. This statement should improve the quality of report-
ing, reduce bias, and make it easier to judge which biases are to be expected. This is
important, because when dealing with a systematic review we must always be aware,
that our raw material is the reports of studies and usually not the raw data of the
studies itself.



65

Bias in systematic reviews

Assessing trial quality of RCTs

There are currently two methods to assess study quality: (1) composite scales and
(2) the component approach.

Composite scales yield to produce a summary value describing the quality of a study.
Numerous composite scores are published, where different weights are given to the
core items: Randomisation, Blinding, Follow-up. Jiini et al. [9] examined the relative
effect of 25 different quality scores and found that the different scores yielded very
contradictory results. Therefore the composite approach seems to be of limited value.

Accordingly it is current practice to assess each component of study quality sepa-
rately. Proposed components are allocation concealment, blinding of the outcome
assessor and intention-to-treat analysis [7]. These items may be classified as (a) ade-
quate; (b) unclear or (c) inadequate.

The information collected on study quality should then be used to perform sensi-
tivity analyses. The procedure is explained in detail in Chapter 7. These analyses aim
to examine whether the summary effect is robust to varying study quality, that is, see
whether a summary effect changes if only studies with, for example adequate blind-
ing of the outcome assessor are included. Incorporating study quality scores to
weight studies in a meta-analyses is not recommended.

Omission of low-quality studies

As study quality may affect conclusions of systematic reviews, it might be tempting
to assemble only studies of satisfactory quality and omit weak studies to avoid bias in
systematic reviews. However, this strategy is prone to introduce selection bias at the
between-study level itself and is therefore discouraged. Additionally, too rigorous
standards of quality bear the potential to obscure adverse events and harmful effects
of interventions [10]. It is necessary to carefully balance the benefits of a wider spec-
trum of studies when including also unpublished reports and data from observa-
tional studies to the disadvantages of potential biases.

Quality assessment of abstracts

Usually papers are presented as abstracts first. However, only half of these abstracts
are followed by a full publication [11]. To obtain the full picture it is preferable to
include such abstracts. However, it is usually not possible to sufficiently judge the
quality of such abstracts, unless study authors can provide more details.

In summary assessment of trial quality should be a routine procedure in sys-
tematic reviews.

Bias and quality assessment in diagnostic studies

RCTs are appropriate to evaluate diagnostic tests, but they are employed infre-
quently in this context. If randomised controlled studies of diagnostic tests are to be
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quality assessed, the above criteria should be considered. Most studies evaluating
diagnostic tests are cohort, case—control and cross sectional studies. These studies
are subject to numerous forms of bias additionally to those found in RCTs. The
potential for bias is much larger, and for each study type there are some crucial points
where bias may arise.

Specifically signified biases are as follows.

Spectrum bias
A form of selection bias which arises if the sample is not representative of the popu-
lation of interest leading to a distortion of the diagnostic value of a test. Stratified
analysis can abate this problem. However it is related to the spectrum effect, which is
a varying performance of a diagnostic test in subgroups of patients according to their
clinical presentation and severity of the disease. There are methods to determine in
which situations this spectrum effect may lead to a spectrum bias [12].

Selection bias in case—control studies
If the cases are not representative of all cases in the population (e.g. very sick patients
from teaching hospitals) there may be selection bias.
A similar situation arises if controls are not representative of the population that
produced the cases.

Ascertainment bias
Ascertainment bias represents a form of information bias and arises if the refer-
ence standard is not applied with the same rigour in test positive and test negative
participants.

Incorporation bias
Incorporation bias may appear if the test of interest and the reference standard are
not independent, for example when the test of interest is part of the diagnostic
criteria that are used to confirm the disease status.

Verification bias

Verification bias is a form of selection bias which happens if not all participants
undergo reference testing. A well-known example is the use of prostate biopsy as
reference standard in a study of prostate specific antigen (PSA) to diagnose prostate
cancer. Biopsy was not performed in all men PSA negative, hence it is not clear how
many of the PSA negative men indeed had prostate cancer. There are however statis-
tical methods to deal with this problem [13].

A treatment paradox may be introduced if participants may receive treatment
between the first test and the reference test.
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The empirical evidence

There is empirical evidence for the effect of these design-related biases on the diag-
nostic test characteristics [14]. The relevant design items associated with a distor-
tion of diagnostic test characteristics are:

* Using a case—control design (versus cohort study).

* Different reference standards depending on test result.

* Unblinded assessment of the test and reference standard.

Further Lijmer described that the quality of reporting influenced the diagnostic
characteristics; lack of describing the test of interest, the reference standard or the
study population resulted in distortions of the diagnostic test characteristics.

In general, there are more diagnostic studies per topic in systematic reviews of
diagnostic tests as compared with systematic reviews of interventions. However, the
quality of diagnostic trials is frequently low. Following the study of Lijmer and the
successful development of the CONSORT statement it was aimed to develop a stan-
dard for reporting as a first step to improve trial quality. The Standards for Reporting
of Diagnostic Accuracy (STARD) initiative was established. Complete and accurate
reporting should allow the reader to detect the potential for bias in the study.
Current versions of this statement can be downloaded from http://www.consort-
statement.org/Statement/revisedstatement.htm. Bias at the between-study level:
Publication bias and related biases, “Between-study bias” can be considered to have
three stages [15]:

1 Prepublication bias occurs in the performance of research.

2 Publication bias refers acceptance or rejection of a manuscript.

3 Postpublication bias occurs in publishing interpretations, reviews, and meta-
analyses of published clinical trials.

Between-study bias can be categorised as selection bias and information bias. Selec-

tion bias may arise if the studies included in a systematic review do not represent all

studies performed on this topic or if they are selected according to the outcome.

Information bias may occur for example if the quality of extraction of study results

depends on the risk factor. Post hoc definitions of outcome variables to be extracted

may suffer from information bias, because frequently more than one result is pre-

sented for an outcome in the original studies.

Publication bias

Publication bias is defined as the publication or non-publication of research find-
ings, depending on the nature and direction of the results [16].

In a survey Dickersin et al. found that up to 20% of all RCTs and 14% of com-
pleted trials remain unpublished. Significantly less unpublished trials favoured a
new therapy than published trials did [17].
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Sutton et al. found publication bias in about half of 48 meta-analyses examined
from The Cochrane Database of Systematic Reviews [18]. Inferences changed in
around 10% of reviews after the bias was adjusted for.

Studies with significant results are more likely to get published than studies
without significant results, leading to publication bias [17,19-26].

Publication bias does appear in the classical field of clinical medicine, but also in
reports of complementary medicine [27]. Since trials that show positive effects are
more likely to be published, systematic reviews based on published studies can give
misleading conclusions about treatment effectiveness, and patients may thus be
exposed to useless or even harmful therapies [28].

Publication bias may have several sources: Investigators, authors, peer reviewers,
editors, sponsors and funding bodies may all be responsible for the existence of pub-
lication bias, but some evidence suggests that authors and investigators are the main
source [26]. A study of manuscripts for a highly cited medical journal indicated, that
there was no major impact of the editorial process on the selection of significant stud-
ies for publication [29].

There are several methods to detect publication bias, including simple graphical
(funnel plot) and more complex statistical methods. Both are described in detail in
Chapter 7.

Prevention of publication bias

Registries of clinical trials

Soon after publication bias was recognised by the medical scientific community,
a priori registration of clinical trials was considered a way to enhance publication
regardless of the results [19]. This strategy was considered the most effective meas-
ure to reduce publication bias. Many trial registers are set up now [30], but there are
still many unsolved issues. In member states of the European Union there is now a
compulsory registration of clinical trials of interventions to a database (EudraCT)
since 2004 EudraCT has been established in accordance with the EU-Directive
2001/20/EC [31]. Additionally major medical journals require how a trial registry
number at submission of manuscripts.

Medical editors’ trial amnesty

To encourage authors to publish controlled clinical trials the editors of nearly 100
international medical journals called for the “Medical editors’ trial amnesty”. This
initiative against publication bias was to increase the number of published trials
with non-significant results [32], but was not as successful as expected [33].

Peer-reviewed electronic journals

Another aspect of publication bias is the space limitation and need to be newsworthy
of conventional paper journals. Peer-reviewed electronic journals without limitation
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of space might provide a solution to this paradox. To maintain the integrity of med-
ical publication, editorial policy needs to be changed to accept clinical trials for pub-
lication, based only on the methodological criteria and not on the impact of their
findings [34].

Yielding at peer reviewers and editors Newcombe suggested that biasing deci-
sions on a posteriori power does not eliminate the publication bias, but a priori
power should be the criterion of choice [35].

In summary prevention may be due to electronic journals without space restric-
tions, changed editorial policies stressing quality more than impact of the findings,
and prospective registries for trials [26].

Retrieval bias

Choice of databases

Nieminen and Isohanni have noted and empirically defined coverage bias against
European journals in the MEDLINE database. This bias can lead to lower citation
counts of European research [36]. Articles published in non-indexed journals are
rarely located, and hence may be missing in systematic reviews if they are based on
MEDLINE only. EMBASE on the other hand is incomplete, too. The actual degree
of reference overlap between MEDLINE and EMBASE depends on the topic, with
reported overlap values in particular areas ranging from 10% to 75%, although they
have been found to return similar numbers of relevant references [37]. This is dis-
cussed in more detail in the Cochrane Handbook for Systematic Reviews of Inter-
ventions [37]. Retrieval bias may be introduced when omitting one of these large
databases if some studies are covered by a database selectively more frequent accord-
ing to the outcome.

There may also be variations between disciplines, like an under-representation of
specialities in high-impact journals. On average only 1 in 15 of the main research
reports published in some leading non-specialist medical journals were surgical.
A potential for a speciality based publication bias was postulated, as such papers
are more difficult to locate [38]. Searching the major databases (MEDLINE and
EMBASE) alone may therefore not be sufficient. In some fields an extended search-
ing of specialised databases and trial registries identified an important number of
additional RCTs [39].

Grey literature

Many trials are published at conferences as abstracts or elsewhere. However, these
results can differ significantly from those presented later in paper publications [11].
The grey literature is therefore an important source of information for systematic
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reviews. Results from systematic reviews of full paper publications tended to give
more favourable results than those that also included the grey literature [40]. In
contrast the quality of data usually cannot be assessed in reports from the grey
literature unlike for fully published papers. Again the reduction of between-study
biases is at the cost of potentially uncontrolled introduction of within-study biases.
In summary it is recommend that all systematic reviews should at least attempt to
identify trials reported in the grey literature.

Unpublished studies

Location of unpublished studies is an important issue in systematic reviews (see
Publication bias). It may be performed by contacting leading authors, experts in the
field or specialist medical associations, or searching trial registries. A failure to locate
such studies would lead to a bias summary effect. On the other hand there is an asso-
ciation between publication status and trial quality [41]. Inclusion of unpublished
studies may therefore introduce bias itself. To date, however, inclusion of unpub-
lished studies is encouraged rather than discouraged.

Biased inclusion criteria

Selective inclusion of studies depending on the nature and direction of the results
due to manipulation of inclusion criteria may lead to a flawed systematic review
[16]. Predefined inclusion criteria are a means to reduce this bias. Moreover, there is
evidence that using at least two reviewers has an important effect on reducing the
possibility that relevant reports will be discarded [42].

Time lag bias

Another aspect of between-study bias was the notion of differential delay in the pub-
lication of studies according to the results. In a survey Stern and Simes found that
median time to publication in studies yielding a P << 0.05 was 4.7 years as compared
to 8.0 years in studies with non-significant results [25]. Comparable results were
found for multicentre studies [43]. Delay in publication does appear to involve active
withholding of results, which are not at random [44] and therefore underline the
potential for bias. Evolvement over time including contradiction of original find-
ings can be found also in highly cited high-impact research [45]. This has important
implications for systematic reviews, because for new areas of research positive studies
may dominate the literature and the full picture will be visible with a delay of several
years. Regular updates of systematic reviews are therefore necessary, as is done in
Cochrane reviews.
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Multiple publication bias

The problem of multiple publications of the same data has been an issue for a long
time [46]. Publication of several reports from one study happens frequently and may
lead to an overestimation of treatment effects [47]. Duplicate publication appears to
be more than simple copying. Different patterns of duplicate publication could be
identified according to the presented sample and the chosen outcome [48]. One-third
of duplicates were sponsored by the pharmaceutical industry. The number of authors,
the impact factor of the publishing journal and the citation rate were virtually the
same for original and duplicate publications, whereas the names of the authors
were different between publications in two-thirds of the studies. In contrast to
the above time lag bias, duplicates were published with a median delay of only 1 year
[48]. Accordingly, duplicate publication may be difficult to detect, but as studies with
significant results are more likely to be duplicated this may inflate treatment effects in
systematic reviews.

Citation bias and reference bias

This bias may arise if a search is based only on contacting experts in the field and
checking the reference lists of other studies and reviews [49]. It has been a major
problem for narrative non-systematic reviews. Analysing narrative review articles
that discuss interventions against house dust mites for people with asthma Schmidt
and Getzsche found evidence for severe reference bias. In 90% of the narrative arti-
cles interventions were recommended, which were shown to have no effect in a sys-
tematic Cochrane review [1]. As described above it is not unusual for highly cited
publications to be challenged and refuted over time [45]. A review based on refer-
ence lists alone can therefore not be called systematic, and will have a high potential
for bias.

Language bias

Publishing research reports in non-English language dramatically limits the inter-
national readership. Therefore for significant results English language publication is
preferably sought. Consequently there are more reports of significant results found
in English language journals as compared with non-English language journals
[50,51]. The quality of non-English articles was found to be comparable to English
language articles [52]. Restriction of studies according to publication language was
frequently observed in the 1990s [53], because translations can be tedious and
costly. As the potential effects of language bias are understood now, the general
advice of The Cochrane Collaboration is to avoid any language restrictions [37].
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“Place of publication” bias

In the field of tropical medicine authors from countries with a low development
index are under-represented. An imbalance of international representation exists
among editorial and advisory boards of the ISI referenced journals on tropical
medicine. Only 1.7-7.7% of the articles published in the six leading tropical medi-
cine journals in 2000-2002 were generated exclusively by scientists from countries
with a low human development index [54].

Outcome reporting bias

This bias is sometimes referred to as “publication bias in situ”. More than one out-
come is frequently reported in original studies, and sometimes more than one
method is used to describe effects or differences. This term describes the selective
reporting of results and selective use of favourable types of statistical methods
according to the nature or direction of the expected effect [55]. Predefined data
extraction rules and analysis protocols for systematic reviews may help to avoid
this form of bias.

Practice points

What we know

There is empirical evidence that biases can significantly distort reported effects of
interventions and diagnosis in single studies. Bad reporting is associated with bad
methods.

Publication bias can be found frequently. Many trials remain unpublished or are
delayed depending on significance of results. Inferences of reviews can change after the
bias was adjusted for. MEDLINE and EMBASE overlap and cover many studies, but
both are incomplete. Unrestricted search strategies using as many sources of studies,
independent duplicate searching and inclusion of studies, predefining data to be
extracted, employing extraction forms and independent duplicate data extraction are
means to reduce between-study biases.

What we think we know

For trial quality assessment compound methods appear better than composite scales.
Authors and investigators may be the main source of publication bias. There is some
empirical evidence for the importance of citation bias. Limited evidence exists for the
impact of outcome reporting bias, duplicate publication bias, language bias and
database bias.
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What we do not know

Direction of some biases may be unpredictable depending on the actual situation. Details
of publication and related bias remain open, hence standards to identify unpublished
work are lacking. Inclusion of unpublished studies may introduce bias because they may
be of poor quality, but incompleteness of reviews produces bias, too.

Summary

There is empirical evidence that studies with significant results are published or
cited earlier and more frequently than those with non-significant or unfavourable
results. There is some empirical evidence for the existence of citation bias. Limited
evidence exists for outcome reporting bias, duplicate publication bias, language bias
and database bias. Investigators, peer reviewers, editors and funding bodies may all
be responsible for the existence of publication bias, but some evidence suggests that
authors and investigators are the main source [26]. Unrestricted search strategies
using as many sources of studies, independent duplicate searching and inclusion of
studies, predefining data to be extracted, employing extraction forms and independ-
ent duplicate data extraction are means to reduce between-study biases when pro-
ducing a systematic review. As for primary studies, the quality of a systematic review
can only be judged if reporting is appropriate. Readers of systematic reviews have to
consider the possibility of inherent biases; therefore it is reasonable to use standards
for reporting. Well-recognised resources are the Cochrane Handbook for Systematic
Reviews of Interventions [37], the QUOROM statement for systematic reviews of
RCTs, and the MOOSE statement for systematic reviews of observational studies
(http://www.consort-statement.org/Initiatives/complements.htm).
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The Cochrane Collaboration is an international non-profit and independent organisa-
tion, dedicated to making up-to-date, accurate information about the effects of health
care readily available worldwide. It produces and disseminates systematic reviews of
health care interventions and promotes the search for evidence in the form of clinical
trials and other studies of interventions. The major product of the Collaboration is The
Cochrane Database of Systematic Reviews, which is published quarterly as part of The
Cochrane Library. Those who prepare the reviews are mostly health care professionals
who volunteer to work in one of the many Collaborative Review Groups (CRGs), with
editorial teams overseeing the preparation and maintenance of the reviews, as well as
application of the rigorous quality standards for which Cochrane reviews have become
known. In 2000 the Cochrane Anaesthesia Review Group (CARG) was established and
is situated in Copenhagen. The scope covers anaesthesia, perioperative medicine,
intensive care medicine, resuscitation and emergency medicine. CARG published 24
reviews in The Cochrane Library, Issue 4, 2005.

What is The Cochrane Collaboration?

77

The Cochrane Collaboration is an international non-profit and independent
organisation, dedicated to making up-to-date, accurate information about the effects
of health care readily available worldwide. The Cochrane Collaboration is the largest
organisation in the world engaged in the preparation and maintenance of systematic
reviews. The Collaboration aims to help people make well-informed decisions by
preparing, maintaining and promoting the accessibility of systematic reviews of the
effects of interventions in all areas of health care. The Cochrane Collaboration was
founded in 1993 and named after the British epidemiologist, Archie Cochrane. It is
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comprised of 50 CRGs; 11 Field Groups; 11 Methods Groups; 12 Cochrane Centres
and The Cochrane Collaboration Steering Group.

The Cochrane Collaboration is supported by hundreds of organisations from
around the world, including health service providers, research funding agencies,
departments of health, international organisations and universities. There are cur-
rently 13000 people contributing to the work of The Cochrane Collaboration in
almost 100 countries. This involvement continues to grow at a rapid rate. The num-
ber of people involved in the Collaboration has more than doubled since 2000.

Although there is a great deal of work that remains to be done, much has already
been accomplished. The Cochrane Database of Systematic Reviews, the main pro-
duct of The Cochrane Collaboration, now contains the full text of 2435 completed
Cochrane reviews, each of which will be kept up-to-date as new evidence accumu-
lates and other ways of improving them are identified. There are also 1606 pub-
lished protocols for reviews in progress, and hundreds more at a pre-protocol
stage. Several hundred newly completed reviews and protocols are added each year
to The Cochrane Library; and several hundred reviews are updated.

It has been estimated that approximately 10000 Cochrane reviews are needed to
cover all health care interventions that have already been investigated in controlled
trials, and these reviews will need to be assessed for updating and updated, if neces-
sary, at the rate of 5000 per year. If the growth in The Cochrane Collaboration con-
tinues at the pace of the last few years, there will be 10000 Cochrane reviews during
the next 10 years. However, this will require continuing and evolving partnership and
collaboration. The Cochrane Collaboration will need to continue to attract, and sup-
port, the wide variety of people who contribute to its work, and make it easier for
these people to contribute.

The Cochrane Collaboration is a major focus of activity, and a rich source of
information within the evidence-based medicine (EBM) movement. The term EBM
originated at McMaster University in Canada. EBM has been defined as “the consci-
entious, explicit and judicious use of the best evidence in making decisions about the
care of individual patients” [1-3]. Thus, to practise EBM is to integrate clinical
expertise with the best available external evidence from systematic research. The
practice of EBM is described by David Sackett [3]. The use of EBM in anaesthesia
and perioperative medicine was recently overviewed [4-6].

In 1972, the British epidemiologist Archie Cochrane published his view of the
principles on which the delivery of health care should be based [7]. He wrote: “It is
surely a great criticism of our profession that we have not organised a critical sum-
mary, by specialty or subspecialty, adapted periodically, of all relevant randomised
controlled trials” Cochrane’s criticism is still relevant, in that people wanting to
make well-informed decisions about health care are often confronted with hundreds
of thousands of potentially relevant research reports. No one can be expected to sift
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through these mountains of evidence to discover which forms of health care are
more likely to do good than harm. Put simply, Cochrane stated that limited resources
should be used equitably to provide care of proven benefit. Cochrane promoted ran-
domised controlled trials as the most reliable source of evidence on which to base
decisions about the effectiveness of health care interventions. He advocated the com-
pilation of a comprehensive catalogue of definitive reviews of scientifically valid clin-
ical trials for each speciality. These regularly updated reviews could be consulted to
assist with clinical decision-making. Medical interventions would thus be scientifi-
cally based on properly planned and executed clinical trials (distilled where possible
into equally scientifically valid reviews) rather than on anecdote, habit, selective
experience, faulty memory or a skewed sample of the relevant clinical trials as is often
the case. The impact of Cochrane’s book [7] Effectiveness and Efficiency was not
fully recognised at the time, but it captured the essence of today’s EBM movement.
Cochrane’s vision of a reliable, comprehensive and accurate medical database, The
Cochrane Library, is approaching reality.

Structure of the Collaboration

CRGs

The main work of The Cochrane Collaboration is carried out by 50 CRGs, within
which the Cochrane reviews are prepared and maintained. The members of these
groups: researchers, health care professionals, people using the health services
(consumers) and others, have come together because they share an interest in gen-
erating reliable, up-to-date evidence relevant to the prevention, treatment and
rehabilitation of particular health problems or groups of problems.

To become part of The Cochrane Collaboration, each CRG is required to prepare
a plan outlining how it will contribute to the Collaboration’s objectives. This plan
describes who will have responsibility for planning, co-ordinating and monitoring
the Group’s work (a co-ordinating editor, supported by an editorial team). It also
describes how the Group will identify and assemble in a specialised register as high a
proportion as possible of all the studies relevant to its declared scope; and who, draw-
ing on the studies in this register, will take responsibility for preparing and main-
taining which reviews. Every Group appoints an individual to organise and manage
the day-to-day activities of the Group: a Review Group Co-ordinator. The primary
task of a CRG is to conduct and regularly update systematic reviews of prevention
and health care issues within the scope of its group. Each CRG creates a specialised
register of methodologically sound controlled studies, relevant to their group, of
both published and unpublished studies in all languages to avoid publication bias,
which means that journal appears to favour trials with positive results [8].
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THE COCHRANE
COLLABORATION®

The Cochrane Collaboration Logo: lllustrates a systematic review of data from 7 randomised
controlled trials (RCT) comparing one health care treatment with a placebo. Each horizontal
line represents results of one trial. The shorter the line means the more certain the result.
The diamond is the combined result, if it is to the left then treatment is beneficial. If a
horizontal line touches the vertical one then the trial found no clear difference between the
treatments. If the horizontal line is to the right, or the diamond is to the right of the vertical
line then the treatment is not good, and may do more harm than good

The work of CRGs is supported by people working in Methods Groups, Fields,
the Consumer Network and Centres (Figure 9.1).

Methods Groups

The science of research synthesis is still relatively young and evolving rapidly.
Methods Groups have been established to develop methodology and advise the
Collaboration on how the validity and precision of systematic reviews can be
improved. For example, the Statistical Methods Group is assessing ways of handling
different kinds of data for statistical synthesis. The Applicability and Recommen-
dations Methods Group is exploring important questions about drawing conclu-
sions regarding implications for practise, based on the results of reviews.

Fields

Fields focus on dimensions of health care other than health problems, such as the
setting of care (e.g. primary care), the type of consumer (e.g. older people) or the
type of intervention (e.g. vaccines). People associated with Fields search specialist
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sources for relevant studies, help to ensure that priorities and perspectives in their
sphere of interest are reflected in the work of CRGs, compile specialised databases,
co-ordinate activities with relevant agencies outside the Collaboration, and com-
ment on systematic reviews relating to their particular area.

Consumer Network

The Cochrane Consumer Network provides information and a forum for net-
working among consumers involved in the Collaboration, and a liaison point for
consumer groups around the world.

Centres

The work of CRGs, Methods Groups, Fields and the Consumer Network is facil-
itated in a variety of ways by the work of a dozen Cochrane Centres around the
world. They share responsibility for helping to co-ordinate and support members
of the Collaboration in areas such as training, and they promote the objectives of
the Collaboration at national level. The work of CRGs, Methods Groups, Fields/
Networks and the Consumer Network is facilitated in a variety of ways by the work
of more than a dozen Cochrane Centres around the world. They share responsibil-
ity for helping to co-ordinate and support members of the Collaboration in areas
such as training, and they promote the objectives of the Collaboration at national
level.

Steering Group

All registered CRGs, Methods Groups, Fields, the Consumer Network and Centres
are eligible to vote in the election of members to the Collaboration’s Steering Group,
and at its annual general meeting. The Steering Group meets twice a year, once dur-
ing the annual Cochrane Colloquia and on one other occasion. In between its two
main meetings, the Steering Group’s various working groups hold regular meetings
by teleconference. Steering Group decisions are guided by goals and objectives set
out in the Collaboration’s Strategic Plan. The Cochrane Collaboration’s work is
based on 10 key principles (Table 9.1).

The Cochrane Database of Systematic Reviews

An important contribution of The Cochrane Collaboration is the identification of
controlled studies and creation of a specialised register. This register houses the
identified trials that can be accessed to conduct systematic reviews. The reviews



82 Tom Pedersen and Ann Meller

Table 9.1. The 10 key principles of The Cochrane Collaboration

1 Collaboration by internally and externally fostering good communications, open decision-
making and team work.

2 Building on the enthusiasm of individuals by involving and supporting people of different
skills and background.

3 Avoiding duplication by good management and co-ordination to maximise economy of
effort.

4 Minimising bias through a variety of approaches such as scientific rigour, ensuring broad
participation and avoiding conflicts of interest.

5 Keeping up-to-date by a commitment to ensure that Cochrane reviews are maintained
through identification and incorporation of new evidence.

6 Striving for relevance by promoting the assessment of health care interventions using
outcomes that matter to people making choices in health care.

7 Promoting access by wide dissemination of the outputs of the Collaboration, taking
advantage of strategic alliances, and by promoting appropriate prices, content and media to
meet the needs of users worldwide.

8 Ensuring quality by being open and responsive to criticism, applying advances in
methodology, developing systems for quality improvement.

9 Continuity by ensuring that responsibility for reviews, editorial processes and key functions
is maintained and renewed.

10 Enabling wide participation in the work of the Collaboration by reducing barriers to

contributing and by encouraging diversity.

prepared within the Collaboration are published in The Cochrane Database of
Systematic Reviews, and can be revised and updated every 3 months if necessary.
All outcomes from The Cochrane Collaboration are published electronically on
CD-ROM and via the Internet. For a more detailed introduction to the Cochrane
Collaboration: http://www.cochrane.org/docs/newcomersguide.htm

The Cochrane Library

The Cochrane Library is a unique source of reliable and up-to-date information on
the effects of interventions in health care. Published on a quarterly basis, the
Cochrane Library is designed to provide information and evidence to support
decisions taken in health care and to inform those receiving care. It provides a
database of other identified completed reviews; a register of bibliographic infor-
mation on over 250 000 controlled trials and information about the CRGs (Table 9.2).
The Cochrane Library is widely acknowledged as the best single source of evidence
about the effects of health care interventions. It contains the Cochrane Controlled
Trials Register, which is now recognised as the most comprehensive bibliography of
published reports of controlled trials available.
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Table 9.2. The Cochrane Library EBM databases

The Cochrane Library consists of a regularly updated collection of EBM databases. The
databases and the current numbers of records in 2005 are:

Database Total records
The Cochrane Database of Systematic Reviews (Cochrane reviews)* 4041
Database of Abstracts of Reviews of Effects (DARE)** 5340
The Cochrane Central Register of Controlled Trials (CENTRAL) 454449
The Cochrane Database of Methodology Reviews (Methodology Reviews)*** 20
The Cochrane Methodology Register (Methodology Register) 7059
Health Technology Assessment Database (HTA) 4620
NHS Economic Evaluation Database (NHS EED) 15884
About The Cochrane Collaboration and the Cochrane CRGs (About)$§ 90

*Comprises 2435 Complete Reviews and 1606 Protocols. **Comprises 4540 Abstracts and 800
other reviews. ***Comprises 11 Reviews and 9 Protocols. §The Cochrane Collaboration, 1;
CRGs, 50; Fields, 11; Methods Groups, 11; Networks, 1; Centres, 12; Possible Cochrane entities, 4.

CARG

The idea of forming the CARG first arose in 1997. CARG was established in February
2000 in Copenhagen. The main goal of CARG is to conduct systematic reviews of
randomised controlled trials and other controlled clinical trials of interventions [5,6].
CARG'’s scope covers anaesthesia, perioperative medicine, intensive care medicine,
resuscitation and emergency medicine. The individual tasks of the editorial office are
described in Table 9.3.

The editorial process

Titles

A review is initially registered by a CRG in the Cochrane Title base as a title. That title
will then become a protocol, which prospectively sets out what is being tested, why,
and how it will be done. The complete systematic review adheres to the protocol in
order to maintain uniformity and minimise bias. Systematic reviews performed by
CARG are reviews of studies in which evidence has been systematically searched for,
studied, assessed and summarised according to predetermined criteria.

To register a title with CARG, a potential author needs to submit a registration
form (available from either the CARG’s web site: http://www.carg.dk or on request
from the Review Group Co-ordinator: jane_cracknell@yahoo.com). The completed
registration form should include: authors’ contact details, a preliminary title and
a synopsis describing the background, participants, interventions, outcomes and
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Table 9.3. The tasks of the Cochrane Anaesthesia Review Group (CARG)

The Co-ordinating Editors have overall responsibility for CARG. They assure the quality of all
publications and make the final decision on whether a title is registered; a protocol or review is
published. The other responsibilities includes:

* Manage the development and growth of the Group.

¢ Disseminate The Cochrane Library through the Group.

¢ Provide information on group activities and performance.
* Ensure the effectiveness and efficiency of the Group.

® Represent the Group and The Cochrane Collaboration.

* Help the Steering Group attain its objectives.

The Review Group Co-ordinator (RGC) is responsible for the smooth daily running and
effectiveness of CARG. The other responsibilities includes:

¢ Liaises with, and supports authors, editors and peer reviewers.

* Co-ordinates the production of a review from title registration, through the editorial
process, to publication in The Cochrane Library.

¢ Submits approved module (all approved reviews) to the publisher.

¢ Communicates with publishers.

® Recruits new members.

The Trials Search Co-ordinator is a full-time paid member of staff. He is responsible for trial
identification and manages the CRG’s specialised register (database of trials). The other

responsibilities includes:

¢ Submits the register for inclusion in The Cochrane Library’s Controlled Trials Register.
* Helps authors with searching.

¢ Co-ordinates the hand-searching process.

* Maintains the members’ directory.

® Provides secretarial support to the editorial base.
The Consumer Co-ordinator

¢ Recruits consumers to comment on all CARG protocols and reviews;
® Collects and collates the consumer comments.
¢ Liaises with and supports CARG’s consumers and the RGC.

¢ Liaises with the Cochrane Consumer Network.
The Handsearch ¢ Communication Co-ordinator

* Hand-searching process.
¢ Fundraising.
¢ The CARG web site and the newsletter.




85

The Cochrane Collaboration and the CARG

key words. After the title has been approved by all CARG’s editors, and the Review
Group Co-ordinator has excluded any potential duplication of work or conflicts of
interest with other Cochrane Groups, the title is registered. The author is then sent
guidelines for writing a systematic review “Tips for authors” [9] advised to down-
load (http://www.cochrane.org/cochrane/hbook.htm) and read the Cochrane
Handbook for Systematic Reviews of Interventions [10] and glossary and sent
details of Cochrane training workshops.

Protocols and reviews

Updating

Protocols and reviews are prepared using The Cochrane Collaboration’s Review
Manager, Software Review Manager (Revman 4.2) [11] (which can be downloaded
from http://www.cochrane.org/cochrane/revman.htm). Authors who do not have
the computer capability to access RevMan 4.2 should contact the editorial office.
The Review Group Co-ordinator acknowledges receipt of the protocol in the
editorial office, and forwards the protocol, along with guidelines for editing (see
http://www.carg.dk: “Tips for editors and peer referees”) to the assigned CARG
content and statistical editors, two peer referees and a consumer panel. The editor
and peer referees evaluate and comment on the review title, background, objec-
tives, selection criteria, search strategy, methodology and the language of the
protocol. The protocol and later the systematic review (the principal output
of the Collaboration) will be published electronically in successive issues of
The Cochrane Library’s Database of Systematic Reviews. The CARG published, in
Issue 4, 2005 of The Cochrane Library Issue 4, 2005, 24 reviews and 48 protocols in
The Cochrane Library.

Authors are expected to include new trials and update their reviews every 2 years, or
in response to criticism from readers. Those updates will then be published elec-
tronically in The Cochrane Library. The editorial office will provide each author with
additional annual references within the scope of the review from the specialised regis-
ter. The updated review will be edited by the same editorial team. If the author does
not update the review, it may be re-allocated or withdrawn.

Specialised register

The CARG maintains a register of more than 25000 randomised controlled trials
and clinical controlled trials related to anaesthesia, perioperative medicine, inten-
sive care medicine, pre-hospital medicine, resuscitation and emergency medicine.
The register is maintained on ProCite software, and searches for trials are executed
quarterly. Trials included in the register are tagged SR-ANAESTH, and the tag term
may be searched in The Cochrane Library. Access to the register is available to
authors and other members of the CARG.
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Consumer representation

One of the goals of The Cochrane Collaboration is to make Cochrane evidence
accessible to consumers through The Cochrane Library. CARG is liaising with other
Review Consumer Groups in order to set up good communications and learn how
to successfully involve the public within our group. At present, the CARG has only
a few consumers but we are in the process of collaborating with other consumer
groups. More information is given in the Cochrane Consumers Network’s web site
(www.cochraneconsumers.com).

Practice points

The Cochrane Collaboration is an international organisation that aims to help people

make well-informed decisions about health care by preparing, maintaining and

promoting the accessibility of systematic reviews of the effects of health care

interventions.

* The major product of the Collaboration is the Cochrane Database of Systematic
Reviews, which is published quarterly as part of The Cochrane Library.

* One of the aims of the CARG is to conduct systematic reviews of randomised con-
trolled trials and other controlled clinical trials of interventions in anaesthesiology.

Conclusion

The necessity of The Cochrane Collaboration and EBM has become widely recog-
nised by health professionals and lay people alike. This is for several reasons. Firstly,
hard evidence to support many treatments is simply not available because properly
designed studies have not been performed. Secondly, the evidence may exist, but may
not be easily accessible to those making the decisions. Thirdly, even when available,
the evidence may not be accepted by those delivering care, particularly if it seems to
be in conflict with perceived wisdom or personal experience or if it threatens a vested
interest. The vision statement of The Cochrane Collaboration for the future is:
Health care decision-making throughout the world will be informed by high qual-
ity, timely research evidence, and The Cochrane Collaboration will play a pivotal role
in the production and dissemination of this evidence across all areas of health care.
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Integrating the principles of evidence-based medicine (EBM) into daily practice
is an important but often difficult task. Despite the obstacles due to lack of know-
ledge, skills and resources, many tools exist to help learn and teach EBM. Educa-
tional programmes in EBM have been shown to change the behaviour of clinicians,
improving critical appraisal skills and improving the implementation of EBM in
the clinical workplace. Established educational activities, such as the journal club,
can be modified to place EBM at their core. Access to sources of evidence at the
point of delivering care to patients can assist evidence-based decision-making. Sources
of pre-appraised evidence, including evidence-based guidelines, can speed up the
process of applying evidence to practice. Strategies to disseminate evidence, such
as educational programmes, clinical decision support systems and audit, can be use-
ful tools to help change the practice of colleagues.

on

The principles of evidence-based medicine (EBM) are well described [1] and the
integration of these principles into practice is an important part of the daily work
of clinicians [2]. However, three conditions need to be satisfied before EBM will
work in practice. First, practitioners need the motivation to look for the evidence
base for their work. The benefits of EBM have been outlined previously in this
book, but for us, keeping up to date with relevant research is primarily a matter of
professional pride. Second, people also need the opportunity to practise EBM. While
clinical medicine and nursing are full of such opportunities, we do not always take
them. Some of the reasons for this are explored in the next section. Lastly, we need
to be equipped with the tools and skills to enable evidence-based practice. This chapter

Key words: Critical appraisal, journal club, implemenation of evidence.
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will explore some of the obstacles to these conditions, and offer some strategies and
practical suggestions to help learn and teach evidence-based anaesthesia.

The process of practising EBM can be summarised in five steps [3]:

formulate the clinical problem into an answerable question,

efficiently locate the best evidence with which to answer the question,

appraise the evidence to assess its validity and usefulness,

implement the results of the appraisal process in our clinical practice,

(O 2 B S O B S R

evaluate our performance.
Although this summary of the process is succinct, practising clinical medicine in
this way presents challenges. Problems may arise at each step, and can vary with the
type of question being asked, the environment in which we are working, the extent
of our knowledge of the subject and the patient we are applying the answer to. It
can be helpful to have some idea of the obstacles that lie between our desire to
practise EBM and our ability to do so.

We will examine:
« difficulties in applying research evidence to practice,
* approaches to teaching evidence-based practice,
* strategies for implementing evidence-based anaesthesia (and EBM in general)
and the evidence to support such strategies.

What prevents clinicians from using evidence more often?

The following is a consideration of some important obstacles to evidence-based
practice [4,5].

Lack of awareness of a gap in personal knowledge
Practitioners need to be aware of gaps in their knowledge in order to be able to for-
mulate clinical questions. Without this insight, the process of seeking the best
available evidence to support a given course of action cannot begin.

Lack of ability to formulate a clinical question

A clinical question needs to be properly formulated to allow a structured search for
evidence to be undertaken. If the question is vague, or does not adequately relate
to the clinical problem, the resulting search for information to answer the question
will be more difficult. For example, the question “How can I relieve shoulder pain
after an arthroscopy”? would be harder to answer with a literature search than the
question “Are opioids as effective as an interscalene block for the relief of pain fol-
lowing shoulder arthroscopy”? Not only does formulating a precise question help
focus the literature search, the discipline of having to specify it carefully helps us to
think more clearly about the clinical problem.
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Lack of access to information resources

The search for information with which to answer a clinical question depends on
access to appropriate resources. These exist in a variety of formats, both printed
and electronic, including textbooks, journals and bibliographic indices of the med-
ical literature. The internet has revolutionised the availability of information, but
problems with information retrieval still occur.

Lack of computers with internet access in the workplace is a major barrier to
evidence-based practice. Slow or unreliable computers, organisational blocks on
access to appropriate web sites, or lack of institutional subscriptions to the required
resource also hinder the search for the best available evidence.

If the scope of the available resources is limited, then other problems arise. The
resources may be out of date, may contain incorrect information or may be incom-
plete. Most of us will have endured the frustration of discovering that the required
journal volume is the only one missing from the library shelf!

Lack of skills in retrieving and interpreting information

from available resources

A well-formulated clinical question and access to high-quality resources are only
of value if an appropriate search strategy is employed to find the necessary infor-
mation. The amount of information available and the multiple ways in which it is
presented can be bewildering, and an inadequate search may lead to information
being missed and subsequent failure to answer the clinical question correctly.

A lack of skills to interpret and synthesise many pieces of evidence, some of
which may have contradictory conclusions, can be another barrier to evidence-
based practice. When faced with a complex collection of information, it may be
easier to abandon the attempt to answer a clinical question, rather than process the
information and draw a conclusion based upon the best evidence.

Difficulty in changing clinical practice in the light of evidence

Finding an answer to a clinical question does not automatically lead to a change in
practice by an individual or within an organisation. It may be that the resources,
financial or otherwise, are not available to implement the desired change. Key per-
sonnel may object to the changes, for many reasons. Current practice may be too
entrenched to allow change to occur. The practitioner who wishes to instigate
change may occupy a relatively junior position in the hierarchy of the organisation
and therefore may not be in a position to influence policy. This is especially true of
nurses.



91

Integrating clinical practice and evidence

Lack of time

Studies describing the barriers to evidence-based practice have reported lack of
time as a major concern to many clinicians [4,5]. The demands of modern medical
practice, particularly the “production pressure” on the part of managers, limit the
amount of time available for educational activities, and many clinicians feel that the
time spent in systematic pursuit of the answers to their clinical questions is a luxury
they cannot afford. However, we feel that this is a rather blinkered view and suggest
that it is time that clinicians exert conflicting pressure on management to empha-
sise that promoting effective, high-quality care by using the best available evidence
may take time in the short term but that this time is well spent in the longer term.

The above issues represent some of the barriers to evidence-based practice.
However, these difficulties can be successfully overcome, and the process of imple-
menting EBM can be very rewarding.

Strategies for learning and teaching evidence-based practice

The objective of teaching programmes in EBM is to improve the skills and know-
ledge of participants in the programme, thereby helping them to improve their
clinical decision-making abilities, and so, improve patient outcomes. Such teach-
ing is effective. A systematic review [6] and a study using a validated questionnaire
[7] have demonstrated significant increases in knowledge and skills of participants
in EBM courses. Furthermore, educational approaches that integrate EBM skills
teaching with daily clinical work have been found to be more effective at changing
behaviour than classroom-based courses [6].

However, providing good quality educational opportunities can be difficult.
Some problems that may arise include:
¢ lack of adequately trained faculty,
¢ lack of resources for educational materials,
¢ lack of time in the educational programmes of the target group.
Additionally, support for evidence-based skills teaching may be lacking at an organ-
isational level because it is difficult to demonstrate an improvement in patient out-
comes following educational interventions to improve skills in EBM [8,9].

How then should we go about creating opportunities for learning and teaching
EBM? Many resources are available, for instance:
¢ dedicated courses run in specialist centres,
* distance learning courses delivered via the internet,
* integrating teaching sessions within existing educational programmes,
¢ delivering teaching in the clinical workplace.
Dedicated courses in specialist centres are likely to be expensive and will only have
the capacity to teach a minority of practitioners, but can provide a core group of
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individuals with knowledge that they can disseminate. Distance learning courses
may be more cost effective, and be available to more people. Participants may lack
the self-discipline to complete the course, but can work at their own pace, in their
own time. Integrating critical appraisal skills teaching with existing educational
programmes may be time and cost effective, but the lack of suitably qualified fac-
ulty to provide the teaching may be a problem. Delivering teaching in the clinical
workplace may be an effective technique for changing behaviour [6], but may pres-
ent time management challenges within the demands of a large clinical workload.
The approach taken will depend on many factors, including financial resources
available, the presence of skilled tutors locally, the number of people that need to
be taught and the time available for such teaching.

However, the ideas of EBM are simple, and a little knowledge together with a lot
of enthusiasm for using available opportunities will go a long way.

Practical techniques for learning and teaching EBM

General

It is important to regard the process of EBM as an integral part of clinical practice
and education, rather than it being an “optional extra”. There are numerous exist-
ing structures, which can be easily adapted to incorporate EBM techniques. Perhaps
the most powerful influence is the experience of seeing a colleague whom one
respects trying to “live out” EBM in practice. Further, if they are not yet expert at
it, but are clearly still learning for themselves, this is even more impressive, as it
demonstrates both humility (in that they recognise the limits to their knowledge
and skills) but also the commitment to lifelong learning which characterises the
most highly-regarded anaesthesia teachers [10].

Another vital behaviour we encourage is that of asking for help. This sometimes
requires courage as it shows up an individual’s ignorance. However, if we can over-
come this, it allows us to gain from the knowledge and skills of others.

Generating and formulating questions

The heart of EBM is asking questions inspired by problems in clinical practice. These
occur frequently, but often remain unanswered as they are not followed up. One stra-
tegy for making sure that these learning opportunities are not missed is to set up a
“clinical question bank”. Anyone can submit a question to the bank, and selected ques-
tions can be used to initiate the search for “Critically Appraised Topics (CATs)”,
described in more detail below, or to provide the topic and material for deeper
appraisal in the journal club (see below). The bank of questions can be maintained
by the departmental administrator and, to provide an incentive, individuals can be
ranked at the end of each year on how many questions they have posed!
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A more immediate technique is for teachers to issue an “educational prescription”
[11] when the question first arises. These specify the clinical problem that gave rise
to the question, the question to be answered, who is to answer it, and when it is to be
done by. The learner is then given the task of “filling” the prescription. Another vari-
ant allows learners to issue prescriptions for their seniors. As well as reinforcing the
impression that everyone is learning together, this helps prepare trainees for their
future role as teachers too.

Information access in the workplace

Appraisal

Teaching critical appraisal skills in the clinical workplace has been shown to
improve knowledge and change behaviour of participants [6].

The provision of high-quality sources of information (the “evidence cart”) in the
workplace to facilitate critical appraisal skills teaching has been described [12]. This
resource consisted of printed and electronic materials available on a trolley, on the
ward, for immediate access by the medical team. The presence of the “evidence cart”
was found to increase the extent to which clinicians sought evidence to answer their
clinical questions. Therefore, access to information sources in the clinical workplace is
useful for the teaching and implementation of evidence-based practice. The provision
of internet linked computers in the operating theatre suite can be very useful. Clinical
questions that have been raised during preoperative assessment rounds can be investi-
gated before, or between, cases. Similarly, access to electronic information sources on
intensive care units can help anaesthetists to search for evidence in their daily practice.

Critical reading of research articles is nothing new. It has been a central skill in aca-
demic life and journal editing for many years. What is new is the idea that practising
clinicians should learn to make sense of the evidence themselves, instead of relying on
expert opinion. The aim now is to use research evidence to make us better clinicians
rather than better researchers (though reading the reports of others’ work often brings
a good understanding of the research process too). While this sounds democratic, it
means that we all need at least some understanding of critical appraisal techniques.

Critically appraised topics

CATs are summaries of evidence-based answers to clinical questions, and can be a
useful tool to help teach EBM skills [11]. A CAT consists of the following components:
¢ abrief summary of the question,

* the steps taken to find the evidence (the search strategy),

* a brief synthesis of the evidence,

¢ the conclusion, or clinical “bottom line”.
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The questions for CATs can be made relevant by basing them on problems encoun-
tered in daily practice. For example, during a preoperative assessment of a patient
for an elective abdominal aneurysm repair, the use of perioperative beta-blockade
may be considered. However, it may be that neither the consultant nor the trainee
anaesthetist is sure about the evidence for the risks and benefits of this interven-
tion. This problem can form the basis of a CAT:

¢ The problem is formulated into an answerable clinical question: Does the use of
perioperative beta-blockade reduce the postoperative morbidity and/or mortal-
ity for abdominal aneurysm repair?

¢ An appropriate search strategy is devised (see Chapter 3), possibly with the assis-
tance of the medical librarian.

* Once identified and retrieved, the relevant studies are subjected to critical
appraisal. This process can be undertaken as a group exercise as part of the jour-
nal club (see below).

* The evidence is synthesised into an answer to the clinical question, and pres-
ented as the clinical “bottom line”.

* A short summary of the process is written, given a date for review, and added to
the collection of CATs previously written. This process can also be done as part
of an educational meeting.

By using commonly encountered problems as the basis for CAT writing, the prac-

tical benefits of EBM readily become apparent. Requiring participants in an edu-

cational programme to prepare CATs based on questions generated by their
clinical experiences can be a valuable way to disseminate critical appraisal skills.

Also, a collection of up-to-date CATs can form a bespoke evidence-based resource,

tailored for local use, for future reference.

Teaching critical appraisal skills using the journal club format

The journal club is a familiar event in most postgraduate medical education pro-
grammes. Traditionally, it consists of a group of doctors and other practitioners
who listen to a colleague present a summary of a paper from a recent journal. The
presentation is followed by a discussion of the paper and its strengths and weak-
nesses. The extent to which the paper is subject to critical appraisal and consider-
ation of its likely impact on clinical practice depends on the skills of those present.

The traditional journal club provides a forum for appraisal of published research
and has the advantage of being a timetabled and established educational activity.
The format of the journal club can be modified to allow skills of critical appraisal
and EBM to be taught [13].

A programme of critical appraisal skills teaching using the journal club format
is undertaken by one of the authors of this chapter in a busy anaesthesia depart-
ment. The weekly timetabling of the journal club provides a relatively protected
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time when members of staff, both consultant and trainee, are able to attend. The
course consists of ten 1 h sessions, with a curriculum based around four modules.

Level 1: Basic principles of critical appraisal

This introductory module aims to give trainees (and any experienced clinicians
who also want to take part) an understanding of the basic principles of critical
appraisal. A good place to start is with randomised controlled trials (RCTs) as these
are familiar to most anaesthetists and it is possible to compare them against well-
known standards for trial reporting (see for instance the CONSORT guidelines at
www.consort-statement.org).

Level 2: Increasing relevance to practice
Once participants understand how to deal with published evidence, it is rewarding to
put it to use in answering clinical questions, using the techniques described above.

Level 3: The anatomy of the anaesthesia journal

Whilst the RCT tends to predominate in clinical anaesthetic research, and this is a
good starting point, journals contain other types of writing too. The focus of this
module, then, is to understand the functions and structures of these different
pieces. Exploration of the different types of paper, such as systematic reviews, tradti-
onal reviews, case-control and cohort studies, can be made, as well as considera-
tion of the role of editorial pieces and correspondence.

Level 4: The nature and limits of evidence

This advanced level module can also be tied into clinically relevant material. A use-
ful starting point is a sharing of ideas on the clinical topic of the paper, which
introduces the notion that the same anaesthetic problem can be successfully man-
aged in a number of ways, and there is often no single “textbook” technique. This
leads on to a discussion of the evidence base and theoretical justification for each
option, which in turn paves the way for exploring the relationship between know-
ledge and practice more generally. It is often instructive to choose an older, “classic”
paper as it can be surprising how poorly conducted such studies can be by modern
standards.

The programme was evaluated [14]. Participants felt more confident about crit-
ically appraising the literature after the course and self-reported understanding of
terms relating to EBM also improved. The course also demonstrated that, with the
availability of a suitably experienced tutor, critical appraisal skills teaching could
be integrated into the existing programme of medical education of trainee doctors
without additional financial resources.
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Practical suggestions for running a journal club are given in the Box.

Practice points: Running a journal club session

* Organisation is important. It is best if a timetable is prepared for a few months in
advance and the topics to be addressed are publicised beforehand.

* Journal clubs are social occasions as well as educational ones and drinks and pos-
sibly also food should be provided. This will encourage attendance, especially if you
are planning to hold the session early in the morning or at lunchtime.

* A supportive senior clinician should lead the session. Setting the right tone is
important — participants should not be afraid to contribute, even if this means show-
ing their lack of knowledge. Enthusiastic trainees may lead the session but this
should be in the presence of, and under the supervision of, their senior.

* Clinically relevant papers should be chosen wherever possible. The choice of topics
will depend on the interests and needs of those present, but less specialised clinical
material allows very junior anaesthetists to contribute and may therefore influence
clinical practice more widely in the department of anaesthesia.

* We suggest that each person should have his or her own copy of the paper. These
should be made available at least a few days before the meeting so that everyone
can read the article through carefully before the meeting starts. Whilst some journal
clubs encourage presenters to summarise articles, this can introduce a bias and we
think it is better to read the authors’ original words. In addition, each participant
then has a reminder of what has been discussed to take away and keep.

* Sometimes, games may be used to enliven the session. For instance, splitting the
participants into two teams, who take turns to debate the pros and cons of the art-
icle, referring to the text as they do so, can be fun, especially if a “referee” is
appointed, complete with football shirt, whistle and stopwatch!

Integrating evidence into practice

Using pre-appraised evidence
The process of implementing evidence-based practice can be made easier by using
sources of pre-appraised evidence that present summaries of critically appraised
evidence, systematic reviews and other collations of information. Examples include
The Cochrane Database of Systematic Reviews (www.thecochranelibrary.com), Clin-
ical Evidence (www.clinicalevidence.com) and the UK National Institute for Health
and Clinical Excellence (NICE) (www.nice.org.uk). Readers need to be aware, how-
ever, if such publications represent pure “evidence” or, in the case of some NICE
guidance, the evidence “interpreted” by consensus groups. Whilst this is quite accept-
able, it should always be made clear. The use of such sources can make the work of
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implementing evidence-based practice easier because they provide extensive critical

appraisal of the medical literature. Other advantages include:

* they are easy to access,

¢ they are updated frequently,

* their contents are peer reviewed.

Disadvantages include:

¢ they are not comprehensive; not all clinical questions will have been addressed
by all, or indeed any, of the sources,

* the clinical questions addressed may not be applicable to individual practice or
patients,

* internet access is required for the latest versions.

Pre-appraised evidence sources do not remove the need for clinicians to have crit-

ical appraisal skills. The conclusions of some systematic reviews are controversial,

and not universally accepted. Systematic reviews may have methodological flaws

and may draw the wrong conclusions. Clinicians need to have critical appraisal

skills and be able to make their own judgements about the validity of evidence, and

about its applicability to individual patients in their own practice.

Clinical guidelines

Clinical guidelines can be another useful tool for implementing evidence-based
practice. Guidelines are defined by the World Health Organisation [15] as:

“systematically developed evidence-based statements which assist providers, recipients and other
stakeholders to make informed decisions about appropriate health interventions.”

As well as guideline documents, this definition also encompasses protocols,
consensus statements, expert committee recommendations and integrated care
pathways.

From a public health and policymakers’ perspective, guidelines offer various
benefits [16]. They can:
* reduce variations in practice,
* discourage outdated and inefficient practice,
* highlight areas where gaps in evidence exist and so guide the research agenda,
* be used as standards against which clinical performance can be measured,
 improve the efficiency of health care delivery, freeing valuable resources.
By these means, the goals of improving practice and patient outcomes can be
realised [17].

There are also disadvantages associated with guideline use:
* they may not be evidence based,
* harm can be done if a guideline makes the wrong recommendation,
¢ they may be difficult to apply to individual patients,
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¢ local circumstances may not allow implementation of the guideline due to lack
of resources among other factors,

¢ they may limit professional judgement by being too prescriptive.

Guidelines with a sound and explicit evidence base, compatibility of recommen-
dations with existing values and no requirement for extra resources, skills or knowl-
edge are more likely to be implemented [18]. Evidence based, robust guidelines
that are transparent to critical appraisal are more likely to be used and are a valu-
able tool for evidence-based practice.

Practice points: the key principles of guideline writing

e systematic review and synthesis of the evidence,

¢ explain the methodology of the guideline clearly to allow the guideline to be crit-
ically appraised,

* make recommendations in a clear, accessible way that allows flexibility and applica-
tion of the guideline to individual circumstances,

* periodically review and update the guideline.

Organisations exist which produce evidence-based guidelines, such as the Scottish
Intercollegiate Guidelines Network (www.sign.ac.uk) and the National Institute
for Health and Clinical Excellence (www.nice.org.uk). An appraisal tool from
the Appraisal of Guidelines for Research and Evaluation collaboration (www.
agreecollaboration.org) can be used to assess the quality of guidelines.

Strategies to change behaviour
Applying the process of EBM to our clinical practice often leads to the conclusion
that our practice must change, and consequently we need to consider ways in which
we can influence the practice of others. The provision of high quality, well presented,
robust evidence is the first step in this process. Once we have the evidence, there are
many ways in which changes in behaviour can be encouraged in others [19].

Educational interventions
Various educational methods can be used to influence clinical practice:
¢ distribution of educational materials,
* conferences, courses and small group teaching,
* educational outreach,
« use of local opinion leaders.
Distributing educational materials such as booklets, posters or audiovisual media is
relatively inexpensive, and may be useful as one part of a wider process. Courses and
conferences, although useful, are generally less effective at changing behaviour than
workshops [20]. Educational outreach, defined as a personal visit by a trained person
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to a health care provider in his or her own setting, can also be an effective method of
changing behaviour [21]. The use of local opinion leaders, defined as health profes-
sionals nominated by their colleagues as being educationally influential, to dissem-
inate advice, is less well supported by evidence [22], possibly because it is not always
clear how to identify local opinion leaders. However, as we noted above, it is quite
possible that a respected colleague who tries to practice EBM will be, or will become,
a local opinion leader.

Clinical decision support systems

Clinical decision support systems are electronic or non-electronic systems designed
to aid in clinical decision-making. Examples include electronic prescribing systems
that issue reminders about drugs, including interactions, toxicity profiles and the
need to monitor levels. Other systems may suggest certain investigations for a par-
ticular set of circumstances, or attach reminder notes to an anaesthetic chart. The
purpose of these systems is to allow evidence-based recommendations to be deliv-
ered at the point of patient care, tailored to individual patients. They can be effect-
ive instruments for improving the quality of care that we deliver [23].

Other interventions

Other techniques can be employed to help to implement change. Audit and feed-
back, financial interventions and mass media campaigns have all been used with
generally positive effects [19].

Some of the techniques outlined will be beyond the reach of most clinicians, but
some are relatively simple tools to aid in the implementation of evidence-based prac-
tice. For example, small group teaching, printed educational materials and audit and
feedback processes are low-cost and low-technology interventions that can yield
improvements to practice. In general, combinations of different techniques to change
behaviour are more likely to be successful than techniques used singly.

Practice points: changing behaviour

* Persuading others to change their practice relies on the provision of robust evidence
that is clinically relevant: pre-appraised evidence sources can make finding the evi-
dence a more manageable task.

* Implementation strategies are more likely to succeed if a combination of techniques
is used.

* Low-cost, low-technology strategies can work well!

* Clinical decision support systems can be a useful way of bringing evidence directly
into the clinical workplace.

* Audit processes can give encouragement to the change process by demonstrating
the benefits of the implemented changes.
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Summary

This chapter has explored some of the obstacles to the teaching and practice of

evidence-based anaesthesia and suggested some solutions. The difficulties encoun-

tered are far from insurmountable, and the environment in which anaesthetists

work can be favourable for both teaching and implementing evidence-based

practice:

¢ The diversity of clinical conditions that anaesthetists manage provides an excel-
lent opportunity for asking clinical questions.

* Operating theatre work offers many opportunities for high-quality teaching and
exploration of clinical questions.

¢ Critical care medicine provides a more traditional ward environment for clinical
workplace teaching.

 Anaesthetists’ working environments are increasingly provided with internet
linked computers.

* Teaching programmes are usually well organised and can incorporate critical
appraisal skills teaching.

* Protected time for journal clubs can allow this educational activity to become an
important part of EBM skills teaching.

* Anaesthesia is a large speciality, and can therefore exert influence within organ-
isations to bring about evidence-based practice.

The integration of pre-appraised evidence, clinical guidelines and clinicians’

own appraisal of the literature can be implemented into a rational practice by

using a variety of techniques to change our own behaviour and that of our

colleagues.
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READING

1 The UK Centre for Evidence-Based Medicine, based in Oxford, has an excellent web site that
provides a large number of EBM resources. (www.cebm.net)

2 David Sackett’s book “Evidence Based Medicine — how to practice and teach EBM” [11] is a
very readable general introduction to EBM.
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This chapter sets out to emphasise the place for patient-centred care with provi-
sion of the relevant information and effective communication that forms the basis
of informed consent to, and preparation for, an occasion of anaesthesia. Patient-
relevant outcomes are important to consider in clinical research that sets out to
inform best practice and health care management in the anaesthetic environment.
Many patients do want to be informed in a way that allows them to prepare for an
episode of anaesthesia and to work toward improving outcomes.

Introduction

103

Receivers of health care, also termed consumers or patients, are involved in the sys-
tematic review process within The Cochrane Collaboration. This is in line with
thinking that the best systematic reviews of health care interventions are those pro-
duced by teams comprising users, practitioners and researchers [1].

The Cochrane Collaboration defines a consumer as an individual who has unique
personal experiences that allow him or her to provide an effective health care user or
receiver perspective to a systematic review question. The term is used more broadly
than for patients actively under treatment and the role of consumers in Cochrane
Review Groups (Pregnancy and Childbirth, Breast Cancer, Haematological
Malignancies) is the subject of a number of publications [2—4]. Consumers are also
actively involved in the editorial process of the Cochrane Anaesthesia Review Group
(CARG).

People have a right to be involved in decisions that involve their own bodies
and their own value systems as well as financial commitments to health care, both

Key words: Patient-centred care in anaesthesia, shared decision-making, well-informed decision, patient-
relevant anaesthesia outcome measures.
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individually and by health systems. Large amounts of health care information, of
varying quality, are available through the media, the internet, corporate organisa-
tions and health care providers. Yet in many ways consumers are increasingly on
their own in the quest to make the right health decisions for themselves and their
family and to identify sources of information knowing the role of vested interests
around profiting from illness. To make a well-informed decision requires aware-
ness (obtained from evidence-based, relevant and up-to-date information) of the
potential benefits, uncertainties, physical risks, and psychological, moral, social
and financial costs involved.

This chapter sets out to highlight the concept of the informed patient who takes
an active role in shared decision-making with their health care providers, in the con-
text of anaesthesia. Patient-centred care is considered in the sense that an individual
has the right for information about their health care in the context of their own med-
ical history, physical and psychological characteristics, personal and social values.
These personal inputs have an important role in informed consent, reducing anxiety
and optimising health outcomes and increasing patient and provider satisfaction.

The informed patient and shared decision-making

If a patient wishes to be actively involved in their health care and to understand the
options open to them then shared decision-making is an important process. A well-
informed patient is able to discuss openly with their physician the benefits and pos-
sible harms of treatment together with any alternatives. The end decision is passed
through a filter of the patient’s knowledge, personal characteristics, beliefs and values
[5]. A consultation between a patient and physician is often seen as part of a ritual
that involves a large degree of trust on the part of the patient. Many patients believe
they have to be “good” for the doctor. This is interpreted as not questioning the
physician’s judgements in any way, which prevents them asking questions, no matter
how important to them. They may feel obliged to accept the physician, his manner,
and the treatment he proposes and delivers without querying options or stating any
discomfort and concerns [6].

A physician generally has, limited time for consultation. Prior to an anaesthetic
occasion of service, this may take place in an environment that is lacking in terms of
space, convenience, privacy free of interruption and availability of necessary equip-
ment. Under these circumstances a patient is often ill or under stress so that they
may not be clear headed, rational nor ready to hear about risks, costs and the rela-
tive benefits and harms of one procedure or treatment compared with another,
especially if the consultation takes place the day before, the morning of, or immedi-
ately before a required procedure. These factors can introduce a high degree of ten-
sion into the interaction.
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Patients differ in how involved they want to be in decision-making about their
health care. The same patient may also feel differently under different circum-
stances. Nevertheless, it is important that accessible information is made available,
with the time to discuss it or for an individual to peruse that information on their
own in private. A better understanding of a person’s health care and the decisions
about treatment and care may be particularly important for procedures such as
joint replacement or coronary angioplasty. For example, a study of a group of
patients requiring angioplasty showed that an education and counselling pro-
gramme, as well as the conventional ward care and education provided to the con-
trol group, helped those patients with anxiety about the procedure. This benefit
passed on to their caregivers so that everyone coped better in the longer term [7].

Entwistle in an editorial [8] explained that a patient is likely to feel safer and more
able to engage in an open discussion about treatment options when he or she is con-
fident that the health professional will listen to their concerns. They want their
questions to be answered honestly and in a way that respects their views. Studies
report a clear relationship between patients’ trust in their physicians and their pref-
erence for involvement in treatment decision-making. Those who preferred an
active role were likely to have moderate to high levels of trust in the patient—
physician relationship. Patients with high levels of trust played a passive role [9-11].
A physician’s motivation and orientation towards patients is important ethi-
cally, socially and psychologically for the patient. This is no more so than with
interventions requiring an anaesthetist, where a person is indeed vulnerable.

Patient-centred care

When we talk about patient-centred health care we are referring to a relationship
in which the values of the patient, their family and carers are incorporated into the
decision-making process about which intervention(s) are to be used and the devel-
opment of an agreed care-management plan. The required principles and concepts
are: communication, balanced information and consideration of patient-centred
values and outcomes [12]. Most studies on patient-centred care are based in pri-
mary care and outpatient clinics; and patient-centred care is an important issue in
the treatment of chronic conditions [13].

Communication and information

Information and effective communication are crucial to informed patient consent
and shared decision-making that incorporates a sense of feeling respected and able
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to make a meaningful contribution to the decision-making process [14-16]. It is
important that the process of obtaining consent is adapted to match a person’s
ability to comprehend information [17]. Many patients do not know what infor-
mation might be relevant to their clinical situation — so it is the physician’s respon-
sibility to provide the appropriate information. In this way physicians are able to
guide patients to decisions as well as making recommendations. Similarly, patients
do not always want detailed information when giving informed consent, particu-
larly for decisions that are inevitable, involve life or death or when only one med-
ically reasonable option exists [18].

Decision aids (http://decisionaid.ohri.ca/AZinvent.php) have been developed to
inform choices in health care and to improve the process of informed consent [19].
It may be that patients reach the same decision as their physician but they are more
comfortable with it [20,21].

Systems of care

Medical intervention is aimed at increasing the length and quality of life. Yet our cul-
ture today is often driven by technological imperative — bigger and better equipment,
more measurements, faster and more efficiency. Unfortunately treatment may result
in little benefit or even adverse events and hospitalisation in itself can cause harm. In
this environment a place remains to encourage patients to have realistic expectations
of health care and of their personal role in it. Within clinical governance, administra-
tors and staff take responsibility to ensure that appropriate structures, processes and
monitoring systems are in place to ensure clinical safety and quality, on a collective
and individual level. Population health, health equality and the responsiveness of the
health system to the legitimate expectations of the population are considered as
human rights. We expect respect for personal dignity, autonomy of the individual to
make choices about health, confidentiality of personal health information, prompt
attention to health needs with basic amenities (clean waiting rooms, adequate beds
and food in hospitals) as well as access to social support networks, choice of institu-
tion and individual providing care (World Health Organisation Framework for
Health System Performance Assessment 2000).

Anaesthesia and surgical procedures have improved dramatically over the years
in terms of drugs, materials, equipment, training and standards of care. Anaesthesia
is relatively safe and methods of anaesthesia used largely depends on physician
preferences and hospital practice. In an environment of escalating health care
costs, systems of care are also changing with reduced lengths of stay in hospital fol-
lowing procedures under anaesthesia, increasing use of endoscopy and laser surgi-
cal techniques and wide use of day surgeries. When presenting at a health care
facility on the morning of a procedure under anaesthetic or sedation in order to
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return home on the same day (or to an aftercare facility for social, administrative
or clinical reasons) the turnaround time, recovery and comfort in the immediate
postoperative period, and patient discharge become very important.

Evidence-based practice

Outcomes

Evidence-based health care is dependent on an effective transfer of information
(evidence) and its incorporation into practice. The values of patients, their families
and carers and service providers form an inherent part of evidence-based practice.
Clinical practice guidelines are developed to improve health outcomes for patients
as well as to improve the quality and consistency of health care.

Providing information to patients is aimed at improving health outcomes. For a
patient before surgery this may result in a reduction in the number of complica-
tions, length of stay in hospital, reduced need for pain relief (where they are less
stressed because they know what to expect), and increased confidence and sense of
satisfaction about their health care [22]. Yet “bottom line” clinical variables are often
used as the measures of effectiveness of clinical care. These include: death, especially
if untimely; incidence of disease (strokes and cardiac episodes); use of health care
systems and cost effectiveness. Clinical controlled trials often use surrogate meas-
ures that are easy to follow over a short period of time (e.g., blood pressure, bone
mineral density, blood and biochemical markers) but their relationship to the bot-
tom line variables or patient well-being is not well defined. Subjective experience of
illness; discomfort, which includes pain, nausea, breathlessness, fatigue; disability,
loss of function in activities of daily living, work or recreation and independent liv-
ing; dissatisfaction and emotional reaction to disease or its care and destitution; loss
of financial or social status as a result of illness are other commonly used outcome
measures in clinical studies [23].

A mismatch of the concerns and needs of consumers and what is determined in
health care research [24-26] has led to consumer input into health care decision-
making, policy and funding of research proposals [27]. Outcomes of importance to
consumers and patient groups are vital for health research as a measure of quality of
life and well-being [16]. In the systematic review process the study outcomes are inte-
gral to the relevance and quality of Cochrane reviews. These are limited by the design
and process of included studies and are measured in a way that enables statistical
analysis and meta-analysis, that is, a consistent way of measuring outcomes across
studies. Kelson [28] concluded that Review Groups varied considerably in the extent
to which they involved consumers in developing reviews and that there was no appar-
ent consensus on the importance attached to patient-defined outcomes.
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The individual patient: health care provider role in anaesthesia

Many people want to know more about what is happening to their bodies with
health care including in the anaesthetic environment. Can the patient have the
opportunity to play an active role in decision-making and is there a place to prac-
tise this in the time and space that is available? Are outcomes of direct interest to
patients reported in the relevant research?

The preanaesthetic consultation

The preanaesthetic consultation is a crucial time for someone who wants to have
an interactive role in their health care. It is here they are able to discuss the process,
risks and possible options for interventions and techniques and arrive at informed
consent. It ideally takes place when an individual is not sedated, only minimally
stressed or anxious, has support — for example with a carer — and in a suitable envir-
onment with adequate privacy and at an appropriate time. The consultation ideally
provides sufficient time to ask any questions, consult notes and previous records
and have the required medical examinations and tests to ensure safety and quality
experience while promoting patient satisfaction.

The consultation is preferably conducted by the attending anaesthetist respon-
sible for anaesthesia care. The aim is to ensure that the person feels comfortable
that they are physically and mentally prepared for anaesthesia, for example by sat-
isfying and reassuring them if they are already on medications, have an existing
medical condition that may affect their response to an anaesthetic and a history of
less than optimal previous anaesthetic experiences.

* The perspective that “the patient” brings away from the consultation is import-
ant for the comfort of the individual, the value of the informed consent and in
improving communication.

Other relevant issues for consumers are: the place of care (or setting); duration
of stay; the provision of care in terms of health providers available; whether the
surgery is emergency or elective; how they can (or must) prepare for surgery and
any precautions they can take, especially if they have co-existing conditions or dis-
abilities; and the information that is made available to them. The purpose is to
reassure, rather than alarm, and to be aware of possibilities so that an individual
can better prepare physically, psychologically and emotionally for the episode of
health care.

The immediate preanaesthesia period
The immediate preanaesthesia period is a time when it is important to confirm
that informed consent (with awareness of risks and techniques to be used) has
been given and that it is documented. Prophylactic anti-emetic treatment is given
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to individuals with a history of postoperative nausea and vomiting; adequate peri-
operative management of current medications is confirmed; any adverse incidents
relating to administration of preoperative medication recorded and given to the
patient for future reference. These processes of care management can all involve
the individual and serve to reassure the patient.

Surveys of patient perceptions of the quality of information and communica-
tion provided are important, as reflected in the following input from consumers.

“In our system they give you the information in advance when they do the pre-
operation examinations, in order to get you to sign consent, but they again go over
it all when you are on your operating theatre bed, 5 min just before the operation.
They verify that you really do know what is about to happen and what the risks are —
just to be sure! This is because sometimes the people that prepped you in advance
are no longer the ones about to do the deeds, because the shift has changed. Every
individual has to be sure that you have received the information. I can see the
rationale from their point of view, but it is awful for the patient”

“Preadmission education seems to be the ‘norm’ now for anything other than
emergency surgery given hospital stays, etc. Unfortunately, I think the level of infor-
mation given varies greatly — even within the same institution iatrogenic errors and
other errors are never mentioned in my experience in spite of the fact that both evi-
dence and literature inform us that these are very, very common”.

Furthermore, an e-mail was sent out (July 2005) to a number of different cancer
survivors (ovarian, breast and colorectal cancer) in Canada asking them about the
level of information or counselling on the risks of anaesthesia they had received
before a surgical procedure. The response from 31 women indicated that more
than half (61%) did not recall receiving such information either before or on the
day of surgery (most experiences after the year 2000). A number of those who con-
firmed a “Yes” response indicated that they did not understand what they were
being told (Sandi P, personal communication).

The intraoperative period

The intraoperative period is a “lost time” for the patient (hopefully but not always
the case as is shown by legal actions in Victoria, Australia [29]). What is important
is that a person is not aware of activities at any time when they are meant to
be “under” a general anaesthetic (many people’s nightmare) and that they are ade-
quately monitored by appropriately trained staff. It is also important for the
patient that an adequate record is kept and any untoward events (particularly
life-threatening physiological events) recorded (perioperatively and during imme-
diate postoperative recovery) and that these are available to the patient to inform
future anaesthetic procedures; and that they are satisfied with the quality of their
recovery.
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The immediate postoperative period
The main trend today is to make the postoperative period as comfortable as pos-
sible for the patient and to facilitate the anaesthetist’s workload. This is an attitude
that also benefits the patient.

Pain management
Management of acute pain and any untoward reactions or events as a result of pain
management (or lack of) are reflected in patient satisfaction. Patients benefit from
effective pain management as they are more ready to actively participate in rehabili-
tation (e.g., with coughing, and physically moving about). Awareness by staff of pain
intensity and provision of adequate attention and care has a large impact on a per-
son’s postoperative care.

Day surgery

Day surgery anaesthesia also requires consultation by an anaesthetist for medical
assessment, at an appropriate time and in adequate consultation facilities. In this
setting patients are required to meet specific discharge criteria prior to separation.
It is important that these criteria are clear to and discussed with the patient —in a
way that reassures patients about safety, patient care and efficiency of the health
care facilities. Concerns for a patient include the waiting time from arrival to pro-
cedure; total fasting time; rushed and unexpected tests; cancellation of procedure
and any adverse or unplanned events. The facility has a duty of care to the patient;
this too needs to be explained to the patient and their carer ahead of time so that
they are able to make appropriate arrangements with realistic expectations.

Return to normal daily function and optimising recovery
Areas that an individual may want information on and which are components of
informed consent are age considerations; possible postanaesthetic effects; pain and
anxiety management; any special care and considerations around aggravation of
co-existing conditions.

What consumers want to know about anaesthesia
As an initial step in finding out more about what the patient wants, we asked members
of The Cochrane Collaboration Consumer Network, best described as informed
consumers, what their main concerns are about anaesthesia. This was possible
through an e-mail discussion list with around 270 members (26 July 2005) of
whom 25 responded (Figure 11.1). It is apparent from this informal e-mail
survey that people do want to have relevant information conveyed to them. The
purpose is to help them be informed in a way that facilitates mutual satisfaction
and so that they know what to expect, both as part of coping and to plan social
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Figure 11.1 What consumers want to know about anaesthesia

support. An idea of the duration of possible postoperative effects, for example
cognitive effects and the ability to be involved in choices about anaesthesia is
important. These consumers were concerned about the postoperative recovery
period, in terms of residual effects of the anaesthetic and how long these are likely
to persist.

People also wanted to receive a report on their response to an anaesthetic. This
was for future reference, to be able to gain the relevant information from an anaes-
thesia episode to inform future requirements for anaesthesia.

In the light of ever-increasing use of day surgery, laser and endoscopic tech-
niques, consumer concerns are likely to increase in significance and the impact of
anaesthesia to be more apparent to the individual and their carers.

Outcomes measured in Cochrane anaesthesia protocols

To investigate the outcomes looked at in research, the authors selected review proto-
cols from the Cochrane Anaesthesia Review Group, Cochrane Library module,
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blinded to the specified outcomes. Other reviews in The Cochrane Library that relate
to anaesthesia but are under condition-specific Review Groups were not considered.

Anaesthesia and medical diseases
Outcomes of the selected protocols [30,31] related strongly to cardiovascular
events and death, and the safety of the drug interventions; quality of life was meas-
ured in both. Length of stay was measured in [31] and can be seen as a system’s
outcome that relates strongly to provision of beds, use of resources and costs.

Drugs in anaesthesia

The review of Walker et al. [32] related specifically to day surgery with system’s
outcomes aimed at the turnaround time of patients. The review of Delgado et al.
[33] covered procedures (endoscopy, radiological) also without hospital admis-
sion. The outcomes had a strong emphasis on the providers, their ability to suc-
cessfully carry out the procedure and safety considerations for the patient. Length
of stay and costs were considered. The outcomes pain tolerance to procedure
adverse effects (including low oxygen levels, amnesia) related strongly to the serv-
ice provider and system outcomes. Patient satisfaction was an important patient-
orientated outcome. One of the reviews in children [34] was in a related setting
and similarly had a strong provider perspective in terms of tolerance of the chil-
dren to the procedure and its successful completion and any adverse events or
safety issues. Parent satisfaction was considered. The paediatric review by Cardwell
et al. [35] sets out to specifically look at a potential side effect of the intervention
being considered. These outcomes translated into length of stay.

Perianaesthetic
A paediatric review by Cyna et al. [36] used outcomes of effectiveness against pain;
any complications or adverse effects and outcomes were set against system’s out-
comes of delayed discharge/readmission, use of equipment, length of stay and
overall costs. Procedural time was particularly relevant to service provider as well
as the health facilities. One outcome was specific to the procedure.

The protocol by Werawatganon and Charuluxanun [37] described outcomes
relating to the effectiveness of the intervention work balanced by possible adverse
effects, pain and failure of the intervention. System-orientated outcomes were opi-
oid consumption and length of hospital stay. The outcomes listed in Price et al.
[38] related specifically to “did the intervention work and were there any adverse
effects or safety issues”?

The review by Lee and Done [39] related in practice to older people. Deaths and
complications were important outcomes. Patient well-being and return of func-
tion were also listed as was cognitive dysfunction after anaesthesia, an important
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consideration for patients and their caregivers. Readmission was the system’s out-
come considered.

Postanaesthetic unit
Death was the primary outcome in the review by Miillner et al. [40]. Patients were
considered in terms of levels of anxiety and depression and quality of life; other
outcomes related to requirements from the health services and subsequent costs.
The review by Khan et al. [41] was specific to a clinical event and its adverse con-
sequences. Outcomes related to death, cardiovascular events and increased use of
hospital facilities.

Practice points

* What we know: is that “consumers” could be much more involved in setting the

research agenda, so that they are given the opportunity to say what they feel is rele-

vant to them as “patients”.

What we think we know: is that consumers are starting to participate in studies with

very interesting results. Consumers are even in the early stages of writing their own

systematic reviews. We hope this will be a growing trend.

* What we do not know: consumer information needs to be widely publicised before it
can become a powerful instrument. Consumers need to know how, and why, they
are so important in the development of research.

Research agenda

* Individuals have the right to information about their health care in the context of
their own medical history; physical and psychological characteristics; personal and
social values. This information plays an important role in informed consent, reducing
anxiety and optimising health outcomes and increasing patient and provider satisfac-
tion. More attention needs to be paid to it when research is in the planning stage.

* The increased accessibility of information adds to the importance of involving con-
sumers in research. Consumer participation helps make research results more read-
ily understandable.

Closing comments

Outcomes specified in review protocols that are of direct relevance to an individual
patient’s concerns about anaesthesia are reflected in a very limited way in the CARG
module of The Cochrane Library. Consumers, or users of health care, are, therefore, less
able to contribute to a meaningful dialogue in shared evidence-based decision-
making in this area of health care as it now stands and in a way that promotes
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human values. In anaesthesia, clinical governance and financial management are
vital factors in the availability and practice of effective health care. Cochrane sys-
tematic reviews play an important part in directing research and a considered view
of the outcomes that are measured is important.

With the development of electronic patient records patients will have access to
their medical information. As an example, in Denmark a person who has a digital
signature can go to the internet and find valuable personal information that they
can utilise to prepare for their next meeting with the health care system.

We hope that future research will strive to firmly establish consumer perspec-
tives. Quality of life is very difficult to use as an effective measure of individual
well-being. Similarly length of stay is a complex issue. The circumstances around
discharge from a health care organisation influence patient satisfaction as well as
having system and economic implications. We look forward to collaboration on
developing consumer-identified outcomes and patient indicators of satisfaction in
the area of anaesthesia and recovery in the future.
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This chapter focuses firstly on the differences between the West and the Third World,
such as poverty, age of the population, disease burden, lack of skilled staff and
equipment. Is simple equipment the best for resource-poor countries?

The importance of teaching evidence-based medicine to medical students is
discussed, and the difficulties for the teachers of non-physician anaesthetists due
to the lack of studies on the outcome of anaesthesia from non-physicians.

The Third World has huge research potential, but the major Western journals
carry few studies from Third World workers. However some excellent work has
been done especially when Western funding and expertise has joined hands with
local workers. This is illustrated by the studies in mother to child HIV transmission
carried out in Sub-Saharan Africa.

on

A BBC reporter was interviewing a highly trained chest surgeon at a chest hospital in
Afghanistan. There was no water supply, and the now unused theatre was filthy. The
supply of drugs in the dispensary was minimal. The reporter did not understand
what they were, but noticed that one box of tablets was 14 years old. The surgeon told
how she had returned from the West to help rebuild her country, but the supposedly
millions of dollars worth of aid never reached their hospital, so what use was she? At
this point the surgeon was called to see a casualty, a road accident victim with a lung
perforation. She called for a chest drain. There were none. The suggestion was they
could do nothing. I found myself shouting at the radio. “Use a condom, you fool”. You
make a small slit on the end. The air will come out but not go in. Every Third World
doctor should know this. This surgeon was trained in the West [1].

We live in a global village indeed, and we will survive or go under from global
warming together. But on the ground we do live in different worlds. Our priorities
are different. Our practice of medicine is different. The patients we try to care for are
different.
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Figure 12.1 The champagne glass of world poverty. Work: Editor's choice BMJ 1999; 318 (10 April).

Reproduced with kind permission from the BMJ Publishing Group

Each Third World country is unique. Each has its own problems and needs. The
comments that follow focus on Africa, and more specifically Sub-Saharan Africa,

and in particular Zimbabwe.

Poverty

Poverty is the first and most obvious difference. The patients who attend the gov-
ernment hospitals are poor, and much has been written in the last two decades
about how this alone leads to an increase in ill health [2]. Because of their poverty
especially in rural areas they are likely to present late to the hospital, or not at all.
Transport may be an insuperable problem. My own gardener’s wife ruptured an
ectopic pregnancy in a rural homestead 4 km from the road. They pushed her to the
bus stop in a wheelbarrow. But the bus driver thought she might die in his bus and
refused to take her. They got a message to me, and after a 500-km drive, she had suc-
cessful surgery. Her story is probably repeated daily all over rural Africa, but for
most of the patients no rescue by landrover is available. The lucky ones reach hos-
pital but with their condition far advanced. There may be further delays if the rela-
tives do not have enough money for the admission fee, or are sent out to buy drugs.
Figure 12.1 illustrates the extent of global poverty [3].
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Figure 12.2 Outlook for survivors of childhood in Sub-Saharan Africa: adult mortality in Tanzania. Adult
Morbidity and Mortality Project. Reproduced with kind permission from the BMJ Publishing
Group
Age of population

The Third World has a predominantly young population. Birth rate is higher than
in the West, but there is high mortality amongst the under 5 years old, and since the
HIV/AIDS epidemic a high mortality in early middle life [4].

Distribution of age at death (percentage) and population structure in Dar es
Salaam (Tanzania) was compared with distribution of age at death and population
structure in England and Wales (Figure 12.2).

Life expectancy at birth in Zimbabwe has dropped to 37 years. It declined by
14 years between 1995 and 2001 [5]. There is a practical outcome of this range of
population for anaesthetists. In Britain, paediatric anaesthesia is only administered
by super-specialists. In Africa every trainee must learn quickly how to maintain a
paediatric airway.

Disease burden

We see different diseases. There is an overlap of course. The killers in Sub-Saharan
Africa are HIV/AIDS, TB, malaria and indeed road accidents, all of which occur in
the West. There is plenty of diabetes, obesity and high blood pressure. We have the
old age diseases and cancer too, but they take second place. The killers are infec-
tions predominantly HIV/AIDS [6].

It is important to remember that the collection of statistics in a Third World
country may not have the accuracy of the West. Also many deaths are undiagnosed
(Figure 12.3).
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Figure 12.3 Leading causes of death in Africa 2000. Source: World Health Report (WHO) (2001),
Zimbabwe Human Development Report (UNDP) (2003). Reproduced with kind
permission from the University of Zimbabwe

Something must be said here about the disease burden of pregnancy. Where med-
ical services are in short supply a higher percentage of work than in the West is with
woman’s problems. A study in Malawi showed that in rural hospitals in that country
Caesarean section comprised 75% of all major surgery [7].

Maternal mortality in Britain is 13.1 per 100 000 [8]. In Zimbabwe maternal mor-
tality is estimated to be 1100 [6]. Some of these are again AIDS related, but much
stems from poor maternal care, late presentation and the unavailability of blood and
the requisite drugs.

Trained health workers

Despite many efforts to train local students not only in medicine, but also to special-
ist medical standards, numbers of doctors are grossly inadequate (Table 12.1).
Outside the main cities health care is usually provided by nurses and clinical officers.
These too may be in short supply.

Inadequate training programmes may not be the main reason for these
deficiencies.

There is an inevitable movement of skilled people from poor to rich countries,
dubbed the brain drain. In 2005 it was reported that 100 of the first 203 graduates
of Malawi’s 12-year-old medical college were outside the country [10]. The poor
country funds the training, but does not benefit from the product. A nurse trained
to give anaesthetics will not be offered a job to do this in the West, but she will be a
very useful member of an operating theatre team.
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Table 12.1. Comparison of number of anaesthetists in First and Third Worlds [9]. (Figure 4
modified from the original generously supplied by lain Wilson and reproduced with
permission of Anaesthesia News; the newsletter of the Association of Anaesthetists of
Great Britain and Ireland.)
Country GDP US$  Physicians/100000  Physician anaesthetists/population (million)
UK 29600 164 12000/64
Rwanda 1300 2 5/8.5
Eritrea 900 5 0/4.5
Afghanistan 800 19 10/28
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Figure 12.4 Statistics from Malawi [11]. Deaths from HIV/AIDS among health workers in Malawi,
1990-2000. Reproduced with kind permission from the WHO; from The World Health
Report 2004 - changing history, Chapter 4: Health systems: finding new strength
A second reason for the shortage of health workers is the death of skilled health
workers from the scourge of HIV/AIDS (Figure 12.4).
Equipment

Good medical care now requires first-class well-maintained tools. This is particu-
larly so in anaesthesia. The advent of the pulse oximeter, the capnograph and other
monitoring tools has impacted positively on anaesthetic mortality. Many Third
World anaesthetists ask donors to give them the latest state of the art anaesthetic
machines and monitoring devices. When the equipment fails it is realised that there is
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no technician with the skills to repair it, and no budget. This situation was appreciated
as long ago as 1974 when the Fourth Commonwealth Medical Conference arranged a
survey of medical technical training in a large number of developing countries. Only
Papua New Guinea was reported to have a college with training in general electronics
and medical instrument technology. It was part of the Posts and Telegraph Technical
Training College. A novel and practical approach to the problem has been successfully
introduced in East Africa by Dr Henry Bukwirwa [12]. Only the simplest of equip-
ment, an oxygen concentrator and draw over vaporiser, is used. Anaesthetists are
taught to carry out their own routine maintenance, releasing the technicians for more
complex problems. The spin-off is that the technician skilled in giving a long life to an
EMO ether vaporiser is not, sadly for him, marketable in the West.

Teaching evidence-based medicine

With this background should we be teaching medical students evidence-based medi-
cine? We know that drugs and equipment shown to be the best are not available due
to inadequate finance. “Inadequate finance” is preferable to “financial constraints”.
The latter has the suggestion that someone has produced a budget on the best way
to spend the little money available. This is very unlikely as this has to be a trained
“someone”, supported by a trained staff able to implement his decisions. Such lead-
ers and their teams are, like doctors, very thin on the ground.

Evidence-based medicine starts with a clinical problem, and with the formation of
a question regarding optimal care. A literature review follows. In the Third World the
search is more likely to be of the local pharmacies to see what is available. So should
we teach students what should be done knowing that most of the time it cannot be
done?

The answer is “yes”. There are two reasons. Firstly, all medical students must be
taught the principle of literature search to answer a clinical question. “We always do it
this way here” is not always the best. Even if there is little chance of using the latest
methods and drugs, a student needs to know the latest developments in medicine
because these help him to a better understanding of the disease process. Only with this
knowledge can he devise the best possible care for his own patients, and assess the cost
effectiveness of his care. Later in his career he may be in the position to have input into
the management of the available budget. Then he will need to be well informed.

A second reason for teaching evidence-based medicine is that most Third World
countries have a smattering of rich people for whom private hospitals, often centres of
excellence, are in place. The Steve Biko film was made in Zimbabwe. Before the con-
tracts were signed the film company inspected the private medical facilities to make
sure they were good enough should the actors or film team become ill. They were.
At that time there were plenty of doctors trained up to the best Western standards.
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The argument against training doctors to the highest possible standards is that
they are then able to compete for employment all over the world. As we have shown
the “brain drain” is a devastating reality in Third World countries. But in practice
there is no way of holding back people of high intelligence if they decide to emigrate
to greener pastures. Some, now with hands-on experience in Western medicine, will
return home. Most will move into private practice staffing the available centres of
excellence. A few will return to a career in teaching the next generation.

An important point to make here is that, though the teaching of anaesthetics to
the highest standards to physicians should always be attempted, most anaesthetics in
the Third World are given by non-physicians. These non-physicians may be trained
nurse anaesthetists or clinical officers but could also be the theatre orderly. Training
to the best of evidence-based Western standards is not an option. If you are working
in rural Africa, often without electricity let alone a telephone line and a computer, a
literature search is not possible. The best results are often obtained from training by
rote. The commonest major operation is Caesarean section. Clearly the anaesthetic
trainer must know what studies have shown the safest method of anaesthesia for this
procedure. This is what he teaches.

So where does this trainer look for his evidence? Let us see him as an experienced
doctor himself, with a sound education, and access to the Internet. He can consult
the journals and follow the pyramid of evidence right up to the meta-analysis. But he
then notices that all the papers he has found were written in the West. Are they applic-
able for his non-physician trainees? Fortunately for his lecture on anaesthesia for
Caesarean section he has found one Third World study which corroborates what he
has already found that spinal anaesthesia is safer than general anaesthesia for this
procedure [13]. But what about the failed spinal? The trainee in the West is taught to
put the mother on oxygen, and call for help if he now sees a difficult intubation
ahead. No help is available for the clinical officer in rural Sub-Saharan Africa. Does
the trainer teach general anaesthesia with a laryngeal mask if necessary, (if there is a
laryngeal mask), or pure local anaesthesia? He would like to look for evidence, but
can find none.

Research in Third World countries

Not many papers from the Third World find their way into the major journals.
Keiser et al. [14] found that only 5% of editorial and advisory board members from
12 referenced tropical medicine journals were from “countries with a low human
development index”, and only 13% of authors were from such countries. Raja and
Singer [15] reviewed the contents of four leading medical journals and found that
only 15% of articles were relevant to developing countries. The Lancet and British
Medical Journal scored over 20%, but the Journal of American Medical Association and
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New England Journal of Medicine only 5%. Priorities for pharmaceutical research,
funded by the Dutch Government, were studied by WHO researchers Kaplan and
Laing [16]. The detailed and scholarly report covers not only the common Third
World killer diseases but also the rare “neglected” diseases like Huntingdon’s chorea,
and possible pandemic killers like severe acute respiratory syndrome (SARS). This
report will be the basis for the European Union’s research funding.

So our young doctor, trained in the principle of evidence-based medicine, even if
he has electricity, a telephone line and a computer, may not find help for some of his
clinical dilemmas. Fortunately this is not the case for the main condition he will be
handling if he is practising in Sub-Saharan Africa. In Zimbabwe 30% of the popula-
tion are HIV positive, but the percentage of the hospital population is much higher.
Much research has been carried out on HIV/AIDS both in the West and in Third
World countries.

Prevention of mother to child HIV infection
Prevention of mother to child HIV infection can be used as an example.

Mother to child transmission (MTCT) has been shown to occur in utero, during
birth, and from breast milk. So in the West zidovudine during pregnancy, Caesarean
section and no breastfeeding are de rigueur. Costly Caesarean section is not an
option in the Third World, and all Mothers expect to breastfeed. The use of antiretro-
viral drugs (ARV) in pregnancy and around the time of delivery to reduce MTCT of
HIV was first demonstrated in 1994 by the PACTG 076 Study Group [17] and evi-
dence that short-course combination ARV treatment can be effective was demon-
strated subsequently in both Thailand and West Africa [18,19]. However the study
which led to real expansion of prevention of MTCT programmes was conducted in
Uganda. This showed that a single dose of nevirapine given to mothers at the onset
of labour followed by a single dose of the same drug to their babies within 72 hours
of delivery reduced MTCT by 47% [20]. Similarly excellent studies clear up the ques-
tion of what advice to give regarding breastfeeding to Mothers who do not have the
facilities for safe formula feeding. If the baby only feeds on breast milk, the risk of
HIV infection at six months is 1.3% [21]. There are many studies, and a meta-analy-
sis is possible.

The MTCT studies for Sub-Saharan Africa can only be done in the Third World
situation. They are now being implemented, and many lives will be saved. But they
are irrelevant for the situation in the West. They show that evidence-based medicine
is as essential for the poor countries as for the rich. But it must be based on research
carried out in those countries. For HIV-related issues there has been much funding
and other input from the West. But is it the same story for malaria, and what about
Ebola? The marvellous opportunities and the need for research in the Third World
are a clarion call.
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Research agenda

* Research done in the West is often inappropriate for Third World conditions.

* The potential for valuable work is enormous in the Third World.

* Caesarean section is the commonest major procedure.

* Many more mortality and morbidity studies are needed, focusing on areas where
anaesthesia is given by non-physicians with no medical help available.

* Should local anaesthesia be recommended for the failed spinal with a potentially dif-
ficult airway?

* Does sophisticated equipment rather than the precordial stethoscope and sphygmo-
manometer improve outcome?

* For hospitals with intensive care and qualified anaesthetists more work is needed on
when to ventilate, and when not to ventilate patients with advanced AIDS.

* In many fields excellent work has resulted from collaboration between local and
Western workers, with Western funding.

Summary

The teaching of evidence-based medicine to medical students is just as important in
the Third World as in the West, despite the fact that it is often impossible to imple-
ment due to lack of personnel and resources. The teaching of non-physician anaes-
thetists, who give the majority of anaesthetics in many countries, is often hampered
by the absence of any studies as to what is the best in the conditions in which they are
working. Studies from the West do not fit the situation and few of the wide circula-
tion Western journals publish work from the Third World. The need for more
research in many fields is enormous. Fortunately there is increasing evidence of suc-
cessful collaboration between Western funding and expertise and local researchers.
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Preoperative anaesthesia evaluation
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Preoperative assessment encompasses surgical and anaesthesia evaluation, pre-
operative testing, patients’ preparation for surgery and obtaining informed consent.
It is an everyday routine for anaesthesiologists, and sometimes it is taken as a bor-
ing and time-consuming chore, but it is vital for safe and appropriate patients’
perioperative care. Scope of the present paper is to review available evidence on
anaesthesia preoperative evaluation (who, when and how to conduct it) and its
relevance to clinical practice, together with indications for future research.

Introduction

127

Preoperative assessment is a large and complex process, which includes multiple
professional involvements: nursing, anaesthesiology, different surgical specialties,
laboratory medicine, at times cardiology, pulmonology, radiology, and others. This
results in a very large production of scientific literature (approximately 5000
papers over the past 10 years) [1]: unfortunately, from such a vast knowledge base
very little evidence is available, leaving professionals with a large portion of uncer-
tainty, even if we will limit to the anaesthesia preoperative evaluation for elective
procedures, defined as “the process of clinical assessment that precedes the delivery
of anaesthesia care for surgery and for non-surgical procedures” [2].

The intent of the present paper is not to be another systematic review of origi-
nal research, but its scope is to present a summary of published evidence-based lit-
erature (systematic reviews, meta-analyses, clinical practice guidelines, health
technology assessments) on the subject, which have been revised using the same
methodology of the AGREE instrument [3].

Approximately 20 years ago, with expansion of surgical activities and growing
concern over patients’ safety, on one hand, and rising costs of health services and

Key words: Preoperative care, anaesthesia, evaluation.
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Table 13.1. Summary of practice guidelines published by Anaesthesia National Societies,
in chronological order of appearance

Country Society Year of publication Reference
France SFAR 1991, revised 1994 [13]
Germany DIMDI 1998 [12]

Italy SIAARTI 1998 [14]
Belgium BSAR - BPASAR 1998 [15]

UK AAGBI 2001 [16]
USA ASA 2002, amended 2003 [2]
Canada CAS/SAC 2004 [17]

limitation of available resources, on the other, a number of publications appeared
in the western literature (I refer to “Western” world only for accessibility of published
material) [4-9]. Their main focus was the identification of safe and effective clin-
ical pathways in the process of preparation of patients to scheduled surgery, accom-
panied by stringent limitation to laboratory and instrumental investigations, at
that time a major source of increasing costs in the preoperative phase.

During the following decade, health professionals’ attention swung towards the
appropriateness of the service provided to patients, and a few excellent health tech-
nology assessment reports were published [10-12]. Their goal was to further the
cost-benefit ratio of ordering, and performing, preoperative testing of patients,
avoiding at the same time inappropriate exposure of patients to the hazards of
false-positive or -negative results.

Many national anaesthesia societies have published clinical recommendations
and guidelines on the matter (Table 13.1), in order to help fellow anaesthesiolo-
gists improve their practice through the application of evidence-based criteria in
performing preoperative patients’ assessment.

What is the evidence?

All these documents, independently from the source, agree in affirming that an
anaesthesia preoperative evaluation should be performed, even though systematic
avoidance of such an evaluation versus performing it (as is the standard through-
out the world) has never been studied. This is probably because not performing the
evaluation would expose anaesthesiologists to legal and contractual issues.

Such an evaluation should involve review of available medical records, patient’s
interview(s) and history collection, and physical examination, which should com-
prise airway, pulmonary (including auscultation of the lungs), and cardiovascular
examination [2]. The collection of anaesthesia history can be facilitated by a
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structured, ad hoc questionnaire [18]: its use is strongly encouraged by the Italian
[14] and British [16] Society Guidelines.

Essential component of preanaesthesia evaluation is the assessment of patient’s
risk [2,13-17].

Who should perform it?

This is a highly controversial issue, and in real life economical and political reasons
become clearly superimposed to scientific evidence. Properly trained nurses within
anaesthesia departments are probably invaluable in performing at least a consis-
tent portion of the evaluation [19-21], particularly in the psychological preparation
to surgery [22]. Primary care physicians are also ideally fit to concur in the preopera-
tive assessment of their patients [23], relieving anaesthesia departments of a heavy
burden.

In any case, all anaesthesiological societies recommend that a physician anaes-
thesiologist would at least conclude this process [2,12-17].

When should it be performed?

There is no evidence of any influence of the timing of anaesthesia evaluation (per-
formed either before or on the day of surgery) on outcome from anaesthesia. In clin-
ical practice, the timing is influenced by customs, professional habits, regulations,
and type of practice (prevalence of day surgery, which strongly favours assessment
on the day of surgery). It is generally recommended [2,16] that the timing would be
at minimum influenced by the invasiveness, hence the risk, of surgical procedure.

Preoperative testing

Preoperative tests should be ordered only after the patient’s assessment, and only
those relevant to the particular case [6,10,24-26]. Recently, a very exhaustive evalu-
ation of the available evidence on the subject has been published by the National
Institute for Clinical Excellence (NICE) in the UK [27].

It is suggested that in preoperative test ordering anaesthesiologists keep in con-
sideration patient’s age, physical status (Table 13.2), extension of planned proced-
ure (Table 13.3) and presence of co-morbidity (particularly from cardiovascular,
respiratory and renal disease).

Specific situations

Co-morbidity, particularly from cardiovascular disease, is a great concern to the clin-
ical anaesthesiologist, leading to the preparation of specific recommendations [30].
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Table 13.2. ASA physical status classification [28]

A normal healthy patient

A patient with mild systemic disease

A patient with severe systemic disease

A patient with severe systemic disease that is a constant threat to life

A moribund patient who is not expected to survive without the operation

A U1 R W N

A declared brain-dead patient whose organs are being removed for donor purposes

Table 13.3. Classification of surgical interventions in different intensity (and risk)
categories; some examples for each category [29]

Grade 1 (minor) Excision of lesion of skin; drainage of breast abscess; carpal tunnel

release; nasal septum correction

Grade 2 (intermediate) Primary repair of inguinal hernia; excision of varicose vein(s) of leg;
tonsillectomy/adenotonsillectomy; knee arthroscopy; endoscopic

bladder procedures; eye lens substitution

Grade 3 (major) Total abdominal hysterectomy; endoscopic resection of prostate;
lumbar discectomy; thyroidectomy; diaphragmatic hernia repair;

operations on trachea; prosthetic femora head replacement

Grade 4 (major+) Total joint replacement; lung operations; colonic resection; radical

neck dissection; organ transplantation
Neurosurgery

Cardiovascular surgery

However, any coexisting disease or alteration of health status (i.e. acute respira-
tory illness) should be carefully evaluated, in order to assure the maximum safety to
the patient with the minimum derangement of surgical activity [2,12-17].
Different age groups, particularly children, deserve specific attention. If there
were little available evidence on the matter for adult preoperative evaluation, even
less can be found on paediatric settings [31], and see specific appendix of Ref. [14].

Practice points

* All patients subject to anaesthesia should undergo anaesthesia preoperative
evaluation.

* Patient assessment should consist of review of available medical records, patient’s
interview(s), physical examination and necessary additional testing.
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* Any assessment should be concluded by an anaesthetist physician, but initial screen-
ing and in many cases the majority of the patient’s work-up could be conducted by
nurses or primary care physicians.

Ideal timing of assessment is not defined; however, it should be performed earlier in
the process as more compromised were the patient and/or more invasive were the
procedure, in order to allow time for further necessary investigations.

Additional tests should be ordered weighing the benefits of obtaining more detailed
information about the health status of a single patient against the cost of performing
them and the potential harm stemming from false-negative or -positive results; in
any case the extent of additional testing should be guided by patient’s age, physical
status and co-morbidity, and by invasiveness of planned procedure.

Research agenda

* The value of nurses and primary care physician participation in the process of pre-
operative assessment should be better defined.

* Further investigation is needed in defining the ideal timing of patient assessment.

* Ways for better decision making in ordering additional tests should be investigated,
in order to reach a viable algorithm for the preparation of correct clinical pathways
for specific patients’ age and surgery class groups.

Conclusions

The abridged version of the NICE Guidance [32] presents possible combinations of
the four dimensions (patients’ age, physical status, grade of surgery and coexisting
disease) as a series of lookout tables, in which appropriateness of a number of tests
(Table 13.4) is evidenced, using the metaphor of the traffic light: the document is
very compact, and easily accessible on the Internet.

Table 13.4. Examples of preoperative tests [32]

¢ Plain chest radiograph

* Resting electrocardiogram

¢ Full blood count

* Haemostasis including prothrombin time, activated partial thromboplastin time and
international normalised ratio

¢ Renal function including tests for potassium, sodium, creatinine and/or urea levels

Random blood glucose

Urine dipstick tests for pH, protein, glucose, ketones, blood/haemoglobin

Arterial blood gases

Lung function including peak expiratory flow rate, forced vital capacity and forced

expiratory volume
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It is of invaluable help not only to the individual anaesthesiologist, but also in

preparing clinical pathways for categories of patients and of type of surgery, an

approach to the preoperative evaluation, which is favoured by a number of anaes-

thesia societies [2,14-17], in order to assure consistency and quality control to the

process.
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The question whether regional anaesthesia improves postoperative morbidity and
mortality is complex. The answer would differ depending on the patient, the sur-
gery, the method of regional and general anaesthesia, and the quality of periopera-
tive care. We will start this chapter by discussing issues that construct the complexity
of this question, such as heterogeneity and discrepancy between old and recent tri-
als. Then we will assess current evidence of regional versus general anaesthesia on
selected specific topics — hip fracture surgery, carotid endarterectomy, Caesarean
section, ambulatory orthopaedic surgery, and postoperative cognitive dysfunction
in elderly patients after non-cardiac surgery.

on

The debate over the theoretical superiority of regional over general anaesthesia has
persisted throughout most of the twentieth century, and there is still no satisfactory
answer to the question of whether avoidance of general anaesthesia saves lives or
reduces morbidity. But the answer eludes us only because the question is complex,
and there is probably no simple answer. Multiple factors, including the patient’s
health status, the surgical procedure, choice of regional anaesthetic, whether regional
is combined with general anaesthesia, and exact choice of general anaesthetic, influ-
ence outcome and effect the balance of benefits and risks. Moreover, changes occur
in clinical practice over time that have an important effect on outcome, and often
alter the balance of benefit between regional and general anaesthesia. It seems it will
never be possible to state that one technique is better than another for all patients;
only that for certain patients, the benefit versus risk analysis may favour one technique

Key words: Regional anaesthesia, general anaesthesia, heterogeneity, meta-analysis, randomised controlled
trial, hip fracture, carotid endarterectomy, Caesarean section, ambulatory surgery, postoperative confusion.
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over the other. This chapter reviews and analyses the evidence supporting an effect
on surgical outcome of anaesthetic choice.

With different surgical procedures and patient populations, an effect or side effect
of anaesthesia can be favourable or unfavourable. For example, sympathectomy and
subsequent vasodilatation under spinal and epidural anaesthesia reduces venous
return to the heart, which results in hypotension. This phenomenon can be devastat-
ing for frail elderly patients. The same phenomenon, however, reduces intraoperative
blood loss by reducing local blood flow to the surgical site. Sometimes avoidance of
general anaesthesia per se can be an advantage. The high risk of acid regurgitation and
aspiration during general anaesthesia for Caesarean section [1] makes this a proce-
dure for which regional anaesthesia is likely to be particularly beneficial. For carotid
endarterectomy, using regional anaesthesia rather than general anaesthesia enables
keeping patients awake during carotid artery clamping. This may reduce morbidity
and mortality by early detection of the onset of intraoperative stroke. Choice of anaes-
thetic will inevitably fall on the characteristics of the patient and the operation, but
the foundation for the choice will be currently available, best evidence.

Neuraxial versus general anaesthesia

Key evidence supporting advantages or disadvantages of intraoperative neuraxial
anaesthesia on postoperative outcomes is summarised in Table 14.1. Here we will
discuss some of the important issues in assessing and interpreting the results listed
in this table.

Heterogeneity of the trials that compared regional versus general anaesthesia

The trials differ in various respects, including the populations under study, and the
way in which the neuraxial anaesthesia is used. Sole neuraxial anaesthesia is not the
same as neuraxial anaesthesia used as an adjunct to general anaesthesia in terms of
likely benefits. First, the surgical procedures for which the two are indicated differ.
The former is used for extremity, body surface surgery, and non-extensive intraab-
dominal and pelvic procedures, while adjunctive neuraxial anaesthesia is used for
major intraabdominal and intrathoracic procedures and postoperative analgesia.
The dense sympathetic blockade provided by intraoperative neuraxial anaesthesia
will provide improved lower-extremity blood flow, diminished coagulability, and
reduced cardiac work — incidences of deep venous thrombosis, pulmonary embolism,
and cardiac events may thereby be reduced. On the other hand, postoperative
epidural analgesia, using low-dose local anaesthetics with opioids, likely has differ-
ent benefits, largely related to superior analgesia, continuous low-dose local anaes-
thetic effects, and avoidance of systemic opioids — improved bowel mobility,
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improved coughing and breathing, earlier ambulation, and consequently a lower
incidence of thrombosis. The many studies that utilise intra- and postoperative
epidural therapy do not allow any separation between the likely benefits arising
from intraoperative epidural anaesthesia versus those arising from postoperative
epidural analgesia.

A 2000 published meta-analysis strongly supports a reduction in mortality asso-
ciated with use of intraoperative neuraxial anaesthesia. Rodgers et al. [2] used meta-
analysis to assess the effect of intraoperative neuraxial blockade (with or without
general anaesthesia) compared to general anaesthesia alone on postoperative mor-
tality and morbidity. Based on their overall conclusion that neuraxial anaesthesia
reduced postoperative mortality by about one third (33%), they recommended
more widespread use of neuraxial anaesthesia. They drew this conclusion from a
meta-analysis that included various kinds of patient populations with many dif-
ferent anaesthesia techniques and surgical procedures. They included studies of
spinal and epidural anaesthesia, thoracic or lumbar catheter placements, used in
combination with general anaesthesia or not, and many types of operations and
patients. Their subgroup analyses showed, however, that significant reduction in
mortality occurred only in specific patient populations with specific types of
regional anaesthetic such as spinal anaesthesia for hip fracture surgery, and spinal
or epidural anaesthesia for vascular surgery — both populations that seemed to do
better in older studies, with no difference shown by newer studies. Therefore,
applying their overall conclusion to every patient can be misleading. Benefit versus
risk assessment should always be population and practice specific.

The discrepancy between recent and old trials

In 1987, Yeager et al. [4] found that epidural anaesthesia and postoperative epidural
analgesia significantly reduced mortality and major morbidity in high-risk surgi-
cal patients when compared to general anaesthesia and postoperative parenteral
opioid analgesia. However, recent large randomised controlled trials (RCTs) that
tried to validate the findings of Yeager et al. failed to reproduce Yaeger’s findings [7,8].
Recent improvements in the management of high-risk surgical patients such as
short-acting drugs, high dependency and intensive care units, new standards of
monitoring and vigilance, better preoperative optimisation, and less invasive sur-
gical techniques, have all contributed to reductions in surgical mortality. These
improvements may have overtaken epidural anaesthesia and analgesia in terms of
improvement in serious morbidity. Moreover, even large trials may not have enough
power to detect differences, as adverse events become increasingly rare.

In the following sections, we will discuss selected topics regarding postoperative
outcome after sole regional anaesthesia versus general anaesthesia. Meta-analysis
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and systematic reviews are cited where available, and emphasis will be given to
RCTs. Observational studies are cited when RCTs are not available, or not suitable
for the research question and/or target population.

Regional anaesthesia versus general anaesthesia for hip fracture surgery

A systematic review [3] compared mortality and morbidity after hip fracture surgery
between regional anaesthesia (spinal or epidural anaesthesia without general anaes-
thesia) and general anaesthesia. The primary outcome was mortality. Pooled results
from eight trials [5,6,32,37—41] showed regional anaesthesia to significantly decrease
mortality at 1 month (risk ratio, RR: 0.69, 95% confidence interval, CI: 0.50-0.95).
At 3 months, mortality was also smaller in the regional anaesthesia group, but the
result was not statistically significant (RR: 0.92, 95% CI: 0.71-1.21). Only two trials
evaluated 1-year mortality, which was not significantly different between regional
and general anaesthesia groups. Regional anaesthesia was associated with a reduced
risk of deep venous thrombosis (RR: 0.64, 95% CI: 0.48-0.96), a decrease in opera-
tive blood loss (I-squared difference —85mlL, 95% CI: —162 to —9mL), and a
reduced risk of acute postoperative confusion (RR: 0.50, 95% CI: 0.26-0.95).

However, as the authors suggested, a weakness of this meta-analysis was that
many of the included trials were old (seven out of eight studies were more than
15 years old). They may not represent current practice nor account for the advances
in safety in the field of anaesthesia today, because of the reasons we discussed in the
previous section. With the benefit of interventions such as pharmacological throm-
boprophylaxis and beta-blockade [42,43], the benefit of neuraxial anaesthesia in
terms of improvement in serious morbidity seems to become less important. When
the authors excluded the oldest trial with very high mortality in the general anaes-
thesia group [5], the difference in 1-month mortality was no longer significant.

There are several reports suggesting that better management of surgical patients
contributes to improved surgical outcome. Parker et al. [44] prospectively observed
3025 patients who had acute hip fracture over a 1-year period to evaluate the effec-
tiveness of their hip fracture service, in which they designated specific staff to treat
hip fracture patients and encouraged early discharge with community nursing serv-
ice. Mortality at 30 and 120 days after fracture decreased from 21% and 35% (year
1986) to 7% and 15% (year 1997). Unfortunately, they did not present data on the
anaesthetic technique used or whether they used any method of thromboembolism
prophylaxis.

According to a multicentre audit published in 1995 [10], only 46% of 580 patients
admitted for femoral neck fracture received pharmacological thromboembolic pro-
phylactic agents. A significant reduction in fatal pulmonary emboli was identified
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among patients who received thromboembolic prophylaxis. One of the hospitals
included in this audit showed a higher-survival rate. This was thought to be due to
the multidisciplinary team-based care, which utilises early assessment and surgery,
routine thromboprophylaxis and early mobilisation; plans for discharge began almost
immediately after surgery.

It is difficult to conduct large RCTs on a long-term basis. Carefully designed
observational studies are valuable because this study design allows for the inclusion
of a larger numbers of patients for longer time periods. Gilbert et al. [14] prospect-
ively observed the effect of anaesthetic technique (spinal versus general anaesthesia)
on long-term (2 years) morbidity and mortality in a large cohort (n = 741) of
elderly (over 65) patients with acute hip fracture who had surgery from January
1990 to June 1991. After controlling the effect of demographics and baseline medical
and surgical factors, there was no significant difference in mortality between patients
who received spinal anaesthesia or general anaesthesia, or in the incidence of seri-
ous morbidity (pulmonary embolism, myocardial infarction, bowel obstruction, or
pneumonia).

Current aggregated evidence suggests that intraoperative neuraxial anaesthesia
reduces mortality and morbidity after hip fracture surgery during the first month
after surgery. Yet the weight of evidence supporting this conclusion is old, and the
overall conclusion may not be true of present-day practice. There is less support for
improved morbidity and mortality in terms of long-term outcome. RCTs based on
current standard of practice are needed. Such trials should clearly state what kind of
thromboprophylaxis is used, and observe patients on a longer-term basis.

Regional anaesthesia versus general anaesthesia for carotid endarterectomy

Debate on the anaesthesia method for carotid endarterectomy raises several specific
points. The advantage of regional anaesthesia is that it enables accurate neurologi-
cal assessment during carotid clamping. Early detection and reversal of intraopera-
tive brain ischemia may improve postoperative morbidity and mortality. However,
being conscious during surgery may be stressful for both patients and surgeon, and
the incidence of myocardial ischemia may increase as a result of increased distress
and pain. Currently, most surgeons prefer general anaesthesia [45].

Rerkasem et al. [46] performed a systematic review on this topic. They included
both non-randomised trials and randomised trials since not many randomized
trials were found. They analysed randomised and non-randomised trials separately.
The results from 41 non-randomized trials showed better outcomes among patients
who received regional anaesthesia; significantly lower mortality (odds ratio, OR: 0.67,
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95% CI: 0.46-0.97), significantly lower perioperative stroke (OR: 0.56, 95%
CI: 0.44-0.70), and significantly lower risk of myocardial infarction within 30 days
(OR: 0.55, 95% CI: 0.39-0.79). However, these results may overestimate the benefit
of regional anaesthesia. Many of the trials were retrospective, and consecutive
patients were not always included. Such trials are susceptible to publication bias and
patient selection bias. On the other hand, the results from RCTs were underpowered.
Only seven randomised trials including 554 operations were identified. None of the
outcomes above were significant in the meta-analysis of randomised trials, and the
results had wide 95% ClIs. Because of the remaining uncertainty, a large multicentre
RCT of 5000 patients is underway to determine whether the choice of anaesthesia
(regional versus general) influences postoperative mortality and morbidity after
carotid endarterectomy [47].

Regional anaesthesia versus general anaesthesia for Caesarean section

A large audit of obstetric anaesthesia between 1993-2003 including 377 159 deliveries
in England was published recently [1]. It showed a significant increase in the Caesarean
section rate from 13.6% (1993) to a high of 26.0% (2000). If the choice of anaesthesia
affects outcome after Caesarean section, it can therefore affect many pregnant women
and their babies. Both regional anaesthesia and general anaesthesia are used for Cae-
sarean delivery with different advantages and disadvantages. Advantages and dis-
advantages must be considered both for the mother and the fetus.

The maternal risks of general anaesthesia include increased incidence of pulmonary
aspiration of gastric contents and failed endotracheal intubation (the incidence was
1:238 in the previously mentioned audit) [1]. They are the major causes of maternal
morbidity and mortality. Of course, maternal changes resulting from such outcomes
as hypoxia and hypotension affect the outcome of the fetus. Use of halogenated
volatile agents may be associated with a greater risk of maternal blood loss [48]. On
the other hand, the advantage of general anaesthesia would be faster induction than
regional anaesthesia in an emergency situation when fetal distress prompts urgent
delivery.

The chief disadvantages of spinal and epidural anaesthesia are the potential for
profound hypotension, and post-dural puncture headache (PDPH). Among parturi-
ent women, the risk of accidental dural puncture with epidural insertion is estimated
as approximately 1.5%, of which half will result in PDPH. For spinal anaesthesia, the
estimated incidence of PDPH is 1.7% [49]. From 1993 to 2003, significant decreases
in the use of general anaesthesia for both elective (24.7-3.7% of total Caesarean sec-
tions) and emergency (43.6-11.1%) Caesarean sections were observed in the previ-
ously mentioned audit [1].
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There are not many randomised trials of general versus regional anaesthesia
for Caesarean section. A published meta-analysis therefore chose to include both
randomised and non-randomised trials [50]. They conducted a meta-analysis on the
effects of different anaesthesia methods (general, spinal, or epidural) on fetal/neonatal
outcome. Their primary aim was to compare spinal anaesthesia with general anaes-
thesia. They performed two analyses: an analysis including all the trials, and an analy-
sis including only RCTs. Umbilical artery pH was significantly lower and base deficit
significantly higher in the group receiving spinal anaesthesia compared to the group
receiving general anaesthesia in both analyses. This systematic review concluded that
choice of spinal anaesthesia might not add advantage on fetal/neonatal outcome.
Although significant heterogeneity and inclusion of non-randomised trials interfere
with drawing solid conclusions, consistency between results from both random-
ised and non-randomised trials was seen, which strengthen the evidence. As they
suggested, it is difficult to obtain consent from patients to randomly allocate them to
very different anaesthesia methods — for example, sleeping or awake during the pro-
cedure. Careful evaluation of non-randomised trials therefore was inevitable and
important in this situation.

Maternal outcome was not evaluated in the above systematic review. The advan-
tage of spinal anaesthesia for maternal outcome may outweigh its possible advan-
tage or disadvantage toward the fetus. A Cochrane systematic review is underway,
which plans to evaluate both maternal and neonatal outcomes between using
regional versus general anaesthesia [51].

Regional versus general anaesthesia for ambulatory orthopaedic surgery

Improvements in surgical and anaesthesia techniques over the past several years
have led to an increase in the number and types of surgeries being performed in
outpatient settings. Seventy percent of all surgical procedures performed in the
United States are currently done on an ambulatory basis [52]. In ambulatory
orthopaedic surgery, regional anaesthesia techniques are utilised extensively [53].
Regional anaesthesia provides excellent analgesia with reduced risk of opioid side
effects such as nausea, vomiting, and drowsiness, which can frequently delay dis-
charge or result in the patient being admitted [54,55].

Orthopaedic surgery has been shown to be one of the most painful procedures
performed in ambulatory settings [56]. A recent study by Watt-Watson et al. [57]
reported that 55% of ambulatory shoulder surgery patients had severe pain 7 days
after discharge. The use of outpatient peripheral nerve blocks is frequently criti-
cised, because intense pain may follow after the analgesic effect diminishes at home
[58]. It is also suggested that long-acting peripheral nerve blockade results in
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elevated risk of injury as the result of loss of proprioception and the protective
reflex of pain. In ambulatory surgery, substantial pain with limited function can still
be a problem 7 days after discharge [59]. As Klein et al. reported, a large percentage
of patients (17—27%) who receive regional anaesthesia with long-acting local anaes-
thetics, still used opioids at 7 days following upper or lower ambulatory orthopaedic
surgeries [53].

Whether the type of anaesthesia affects long-term postoperative outcome such
as pain and function after discharge is still unknown. Future study should look at
outcomes after discharge from ambulatory surgery, with long-term basis.

Regional versus general anaesthesia: postoperative cognitive dysfunction in
elderly patients after non-cardiac surgery

Postoperative cognitive dysfunction is common in elderly patients. Moller et al.
prospectively observed 1218 elderly patients who underwent non-cardiac major
surgery under general anaesthesia. They found that long-term cognitive dysfunc-
tion after surgery was common; the prevalence was 25.8% and 9.9% respectively at
1 week and 3 months after surgery [60]. They also suggested that long-term cogni-
tive dysfunction correlated with decreased levels of activities of daily living.

It is believed that acute postoperative confusion and disorientation are less com-
mon after regional anaesthesia than after general anaesthesia. Parker et al. [3] showed
asignificant reduction in acute postoperative confusion in the regional anaesthesia
group compared to the general anaesthesia group (RR: 0.50%, 95% CI: 0.26-0.95) in
their meta-analysis of hip fracture patients. Current evidence does not support signifi-
cant differences in longer-term cognitive dysfunction [30-33,61]. Rasmussen et al.
[62] studied 438 patients over 60 years old undergoing major non-cardiac surgery.
Participants were randomised to receive either general or regional anaesthesia (spinal
or epidural, light sedation with propofol was permitted). The majority of participants
underwent orthopaedic (hip and knee) and gynaecological procedures. The incidence
of postoperative cognitive dysfunction was greater in the general anaesthesia group at
1 week after surgery. The difference was marginally significant. However, the dif-
ference did not exist after 3 months. A low-recruitment rate and poor adherence to
the allocated anaesthetic by surgeons and anaesthetists underpowered and obscured
the results.

For other trials, the sample size was small [30-57,61]. They used different meth-
ods for evaluating the level of cognitive dysfunction (use of different neuropsy-
chological tests, comparing two treatment groups rather than looking at score
change in individuals), which precluded combining data quantitatively. Moreover,
the study population in these trials was almost exclusively orthopaedic, making it



145 Regional anaesthesia versus general anaesthesia

difficult to apply the result to other patient populations. Further study should pre-
define postoperative cognitive dysfunction and include patients with various types
of surgery.

Summary

The effect of regional anaesthesia on postoperative major morbidity and mortality
is still unclear. Evidence suggests the possibility of reduced mortality among several
specific patient populations such as hip fracture surgery under spinal anaesthesia.
However the evidence supporting this is relatively old, and may not reflect out-
comes of present-day practice. Evidence on long-term morbidity and mortality is
too limited to draw any conclusions. There are not many RCTs comparing regional
(without general anaesthesia) versus general anaesthesia, and most of them are small.
Reasons may include the difficulty in obtaining consent from patients to randomly
allocate them to very different anaesthesia methods — sleeping or awake during
the procedure, and convince surgeons and anaesthetists to adhere to the allocated
anaesthetic. Large, well-designed RCTs on a longer-term basis are necessary to draw
solid conclusions. If it is not practical to perform such RCTs, carefully designed
observational studies which address any possible confounding factors, and include
large numbers of patients for longer time periods, would help evidence-based deci-
sion making.

Practice points

* A systematic review of trials assessing regional (versus general) anaesthesia for hip
fracture surgery showed reduced risk of death and deep venous thrombosis.
However, many included trials were old and may not represent current practice. For
example: thromboembolism may have been a greater risk before modern thrombo-
prophylaxis, with greater benefit from regional.

* Combined non-randomised trials of regional (versus general) anaesthesia for carotid
endarterectomy show reduced incidences of death, perioperative stroke, and
myocardial infarction. These differences are not shown by combined RCTs.

* Results of a systematic review of trials assessing fetal outcome after regional versus
general anaesthesia for Caesarean section are inconclusive.

* For ambulatory orthopaedic surgery, regional (versus general) anaesthesia provides
superior pain relief and opioid sparing early in the postoperative course.

* Immediate postoperative cognitive function in the elderly is improved by regional
(versus general) anaesthesia, at least in orthopaedic cases. There is no evidence to
support longer-term benefit.
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Research agenda

Trials of anaesthesia for hip fracture surgery should clarify the type of thrombo-
prophylaxis used.

A large multicentre RCT (5000 patients) assessing regional versus general anaesthe-
sia for carotid endarterectomy is in progress.

A Cochrane review is underway to assess the effect of regional versus general
anaesthesia on both maternal and neonatal outcomes.

Trials of anaesthetic options for ambulatory surgery should follow patients after
discharge from hospital.

Trials assessing postoperative cognitive dysfunction should predefine cognitive
dysfunction, incorporate different surgical models, and include long-term
assessments.

Well-designed observational trials may be useful when randomisation is impractical.
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Despite hundreds of laboratory and clinical studies, the choice of intravenous (IV)
fluid, the volume of fluid to be administered, and the timing of fluid administration
remain controversial. Based on the evidence from clinical trials and meta-analyses,
a statistically significant reduction in mortality or relevant adverse clinical out-
comes amongst surgical or critically ill adult or paediatric patients has not been
found with the use of any particular IV fluid.

Restrictive fluid regimens may decrease perioperative morbidity in adults under-
going elective intra-abdominal surgery but the results cannot be generalised to
other populations or procedures. The effect of restricted versus liberal fluid regi-
mens on clinical outcomes in patients undergoing minimally invasive or ambula-
tory procedures is still inconclusive.

Although there is a trend in fewer deaths with delayed fluid resuscitation of
patients with penetrating trauma, the data are insufficient to draw guidelines. Large
multicentre randomised controlled trials (RCTs) of fluid regimens with clinically
relevant outcomes are still needed to address important questions in this field.

Introduction

The use of IV fluids for volume resuscitation and fluid replacement in the surgical
or critically ill patient has been studied and practiced for nearly 90 years. Despite
hundreds of laboratory and clinical studies, the choice of IV fluid, the volume of
fluid to be administered, and the timing of fluid administration remain controver-
sial. In this chapter, we have presented the evidence available to answer the follow-
ing questions:

* Does the choice of IV fluid make a difference to clinical outcomes?

¢ Does the amount of IV fluid make a difference to clinical outcomes?

* Does the timing of IV fluid administration make a difference to clinical outcomes?

Key words: Colloid, crystalloid, randomised controlled trials, albumin.
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We have focused on patients in the critical care or perioperative settings. This
chapter discusses neither fluid therapy in the obstetrical setting (covered in
Chapter 18) nor alternatives to allogeneic blood transfusions. Some details regard-
ing patients undergoing abdominal surgery and critically ill patients can be found
also in Chapters 19 and 25, respectively.

Whenever possible, we have presented the evidence from specific populations
(e.g. paediatrics, trauma, burns, cardiac surgery). We have relied on the evidence
from systematic reviews and meta-analyses. When such evidence was unavailable,
the results from RCTs have been presented.

Does the choice of IV fluid affect clinical outcomes?

Nineteen systematic reviews [1-19] compared different IV fluids with regard to
clinical outcomes. Of these, two [1,2] were older versions of updated systematic
reviews. With the exception of one review of the data from animal studies of
trauma [3], all systematic reviews focused on human data. Ten systematic reviews
[4-13] included children, but only two [4,5] were exclusive to the paediatric popu-
lation. Adult populations that have been studied include critically ill patients
(especially those with burns, trauma, or hypoalbuminaemia) and surgical patients
(including patients undergoing cardiopulmonary bypass). The results from the
meta-analyses are summarised in Table 15.1.

Isotonic crystalloids versus colloids
Four systematic reviews [1,14—16] have pooled data from RCTs comparing iso-
tonic crystalloids to colloids in clinically heterogeneous populations. Statistically
significant differences in mortality [1,14-16] or pulmonary oedema [16] were not
detected regardless of the manner in which the data were pooled.

Hypertonic crystalloids versus isotonic crystalloids
One systematic review [7] pooled data from 14 RCTs comparing hypertonic crystal-
loids to isotonic crystalloids in 654 trauma patients (six RCTs), 72 burn patients
(three RCTs), and 230 surgical patients (five RCTs). Hypertonic saline was compared
to Ringer’s lactate and normal saline in 11 and three RCTs, respectively. All-cause
mortality rates were not significantly different between hypertonic crystalloids and
isotonic crystalloids.

Hypertonic crystalloids versus colloids
One systematic review [6] has examined the data from three RCTs comparing
hypertonic crystalloids to albumin, hydroxyethyl starch (HES), or gelatin. Only one
RCT [20] reported any deaths amongst its 38 patients and the numbers (3, albumin
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Table 15.1. Meta-analyses of RCTs of different IV fluids and their effect on clinical outcomes

Reference

Population

Number of patients

(studies; years)

Outcome

Effect size
(95% CI)?

Colloids versus isotonic crystalloids
Schierhout and  All critically ill

Roberts [1]

Choi et al. [16]

Trauma

Burns

Surgery

All critically ill
Trauma
Non-trauma

Surgery

1315 (19; 1966—1996)

636 (6; 1977-1993)
416 (4; 1966-1983)
191 (7; 1979-1996)
180 (65 1979-1990)
86 (2; 1981-1983)
94 (4; 1979-1990)
68 (3; 1979-1990)

Hypertonic crystalloids versus isotonic crystalloids

Bunn et al. [7]

Trauma
Burns

Surgery

Albumin versus isotonic crystalloids

Alderson
etal. [10]

Russell
etal. [13]

All critically ill
Hypovolaemia
Burns
Hypoalbuminaemia
Cardiopulmonary
bypass
Cardiopulmonary
bypass
Cardiopulmonary
bypass
Cardiopulmonary
bypass
Cardiopulmonary
bypass

HES versus isotonic crystalloids

Roberts
etal. [6]

All critically ill

Dextran versus isotonic crystalloids

Roberts
etal. [6]

All critically ill

Gelatin versus isotonic crystalloids

Roberts
etal. [6]

All critically ill

651 (6; 1992-2004)
89 (3; 1978-1996)
230 (5; 1987-1992)

8452 (32; 1973-2004)
7652 (195 1977-2004)

163 (3; 1978-1995)
637 (105 1973-1997)
353 (7; 1989-2002)
410 (9; 1981-2002)
276 (7; 1981-1993)

514 (10; 1981-2002)

219 (4; 1985-2001)

374 (10; 1983-2001)

834 (9; 1978-1997)

346 (7; 1993-2001)

All-cause mortality
All-cause mortality
All-cause mortality
All-cause mortality
Pulmonary oedema
Pulmonary oedema
Pulmonary oedema

Pulmonary oedema

All-cause mortality
All-cause mortality

All-cause mortality

All-cause mortality

All-cause mortality

All-cause mortality

All-cause mortality

Platelet drop on
bypass

COP drop on
bypass

COP drop
postoperative

On-bypass fluid
balance

24h weight gain

All-cause mortality

All-cause mortality

All-cause mortality

RR: 1.19 (0.98, 1.45)
RR: 1.30 (0.95, 1.77)
RR: 1.21 (0.88, 1.66)
RR: 0.55 (0.18, 1.65)
RR: 0.84 (0.28, 2.45)
RR: 3.66 (0.59, 22.8)
RR: 0.47 (0.19, 1.19)
RR: 0.74 (0.26, 2.07)

RR: 0.84 (0.69, 1.04)
RR: 1.49 (0.56, 3.95)
RR: 0.51 (0.09, 2.73)

RR: 1.04 (0.95, 1.13)
RR: 1.01 (0.92, 1.10)
RR: 2.40 (1.11, 5.19)
RR: 1.38 (0.94, 2.03)
WMD —23.8
(—42.8, —4.7)°
WMD —3.6

(—4.8, —2.3)°
WMD —2.0

(—2.9, —1.1)¢
WMD —584
(—819, —348)¢
WMD —1.0

(—0.6, —1.3)¢

RR: 1.16 (0.68, 1.96)

RR: 1.24 (0.94, 1.65)

RR: 0.54 (0.16, 1.85)

(Continued)
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Table 15.1. (Continued)

Number of patients Effect size

Reference Population (studies; years) Outcome (95% CI)*

Hypertonic saline/dextran versus isotonic crystalloids

Roberts Trauma 1238 (8;1990-1994)  All-cause mortality ~ RR:0.88 (0.74, 1.05)
etal. [6]
Wade et al. [17] Trauma 1233 (8; 1990-1994)  Survival rate OR: 1.20 (0.94, 1.57)
Wade et al. [19] Traumatic 223 (6; 1990-1994) 24 h survival rate OR:1.93 (0.97, 3.84)
brain injury
Traumatic 223 (6;1990-1994)  Survival to discharge OR:2.12 (1.01, 4.49)
brain injury
Albumin versus HES
Bunnetal [11] All critically ill 1029 (20; 1982-1997) All-cause mortality ~ RR: 1.17 (0.91, 1.50)
Wilkes Cardiopulmonary 653 (16; 1982-1998) Postoperative SMD —0.24
etal. [12] bypass bleeding (—0.40, —0.08)
Albumin versus gelatin
Bunnetal [11] All critically ill 542 (4;1987-1996)  All-cause mortality =~ RR:0.99 (0.69, 1.42)
Gelatin versus HES
Bunnetal [11] All critically ill 945 (11; 1994-2001) All-cause mortality ~ RR: 1.00 (0.78, 1.28)

CI: confidence interval; COP: colloid oncotic pressure; OR: odds ratio; RR: relative risk; SMD: standardised
mean difference; WMD: weighted mean difference.

 For ORs and RRs, a value <1 indicates the outcome is lower in the first group; a value >1 indicates the
outcome is higher in the first group. For standardised and weighted mean differences, a value <0 indicates
the outcome is lower in the first group and a value >0 indicates the outcome is higher in the first group. The
effect size is statistically significant (P < 0.05) if the 95% CI does not include 1 for OR and RR and does not
include 0 for SMD and WMD.

b Units are in X10°L~".

¢ Units are in mmHg.

4 Units are in mL.

¢ Units are in kg.

group; 0, hypertonic saline group) were too small to detect a statistically significant
difference.

Albumin or plasma protein fraction
Human albumin has received the most attention and controversy amongst IV fluids.
Nine meta-analyses [2,5,6,8—10,13] have reviewed the data from RCTs [11-13]
comparing albumin or plasma protein fraction to crystalloids or other colloids.
Reviewers from the Cochrane Injuries Group had initially found a statistically signifi-
cant increase in mortality amongst critically ill patients with hypovolaemia, burns, or
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hypoalbuminaemia from the use of albumin or plasma protein fraction compared to
crystalloids [2], but this effect was not statistically significant after the results of a large
multicentre RCT, the Saline versus Albumin Fluid Evaluation (SAFE) Study [10], was
included in a subsequent update of their meta-analysis. Reviewers from Hygeia
Associates have found similar results for mortality when data were pooled from stud-
ies of surgery, trauma, burns, hypoalbuminaemia, ascites, or high-risk neonates [8].
One qualitative systematic review [9] has reported decreased fluid requirements
and pulmonary and intestinal oedema amongst patients undergoing non-cardiac
surgery from the use of albumin compared to crystalloids. Morbidity was also
decreased amongst patients with hypoalbuminaemia, ascites, sepsis, or burns [9].
In cardiac surgery, pump priming with albumin reduced the on-bypass drop in
platelet counts, the decline in colloid oncotic pressure, the on-bypass positive fluid
balance, and the postoperative weight gain compared to pump priming with crys-
talloids [13]. Postoperative bleeding was statistically lower amongst patients receiv-
ing albumin compared with HES during cardiopulmonary bypass although the
difference in pooled mean blood loss was not clinically significant between patients
receiving albumin (693 * 350 mL) and patients receiving HES (789 * 487 mL) [12].
Despite similar results, the recommendations from different reviewers have been
discordant. The reviewers from the Cochrane Injuries Group have suggested that
“albumin should only be used within the context of [sic] well concealed and
adequately powered randomised controlled trial” [10]. In contrast, the reviewers
from Hygeia Associates, who were funded by the Plasma Protein Therapeutics
Association and the American Red Cross, concluded that their “findings should
allay concerns about the safety of albumin” [8]. The opposing conclusions, based on
fairly similar findings on mortality, are confusing. Furthermore, critics have pointed
out the clinical heterogeneity of the patient populations, the interventions, and the
co-interventions (including changes in practice over time) amongst the RCTs
pooled in the various systematic reviews [21], the potential of publication bias, and
the risk of false-positive findings when data from small studies are pooled; all of
these threaten the validity and applicability of using meta-analysis in this situation.
The lack of a clear answer regarding the effect of albumin on mortality amongst
critically ill patients led to a large, multicentre, double-blind RCT, the Saline versus
Albumin Fluid Evaluation (SAFE) Study [22]. The SAFE Study randomised 6997
patients who had been admitted to the intensive care unit (ICU) to receive either
human albumin (3497 patients) or normal saline (3500 patients) for intravascular
fluid resuscitation during the 28 days after randomisation. The study had 90%
power to detect an absolute difference of 3% from a baseline mortality of 15%. There
were no significant differences between the two groups in 28-day all-cause mortality
(primary outcome) or in length of ICU stay, hospital stay, mechanical ventilation,
or renal-replacement therapy (Table 15.2). The results suggested that any potential
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Table 15.2. RCTs of fluid therapy that have not been pooled in meta-analyses

Reference Population

Interventions

QOutcome, Results, and
Effect Size (95% CI)?

Albumin versus isotonic crystalloids
SAFE Study [22] Critically ill adult patients
requiring fluid

resuscitation

Liberal versus restrictive fluid administration

Fortune et al. [27] Trauma patients with

class ITI-TV haemorrhage

Dunham et al. [28] Hypotensive adult

trauma patients

Dutton et al. [29]  Hypotensive trauma

patients

Brandstrup
etal. [31]

Adult patients undergoing
elective colorectal
resection with

epigeneral anaesthesia

4% albumin versus

0.9% saline

Blood transfusion to
maintain haematocrit
at 0.30 versus 0.40

RBC, FFP, platelets,
and crystalloids: large
volumes versus small

volumes

RBC, FFP, and
plasmalyte to maintain
SBP of 100 mmHg
versus 70 mmHg

Liberal intraoperative
fluid therapy: 0.5L HES
preload +0.5L NS
maintenance
+NS 7mLkg 'h™!
(0-1h), 5mLkg 'h™!

(>1-3h),3mLkg 'h™!

(>3h) third space

replacement +1 —1.5L
NS (EBL < 0.5L), HES

(EBL > 0.5L), blood
transfusion (EBL >
1.5L) versus restrictive
intraoperative fluid
therapy: 0.5L 5%

glucose in water

28-day mortality rate
726/3497 (albumin) versus
729/3500 (saline) RR: 0.99
(0.91, 1.09)®

3-day mortality rate

In-hospital mortality rate

5/20 (liberal) versus 5/16
(restrictive)

RR: 0.80 (0.28, 2.29)

PT: 14.8 s (liberal) versus
13.9s (restrictive)

PTT: 47.3 s (liberal) versus
35.1s (restrictive)

In-hospital mortality rate

4/55 (liberal) versus 4/55
(restrictive)

RR: 1.00 (0.26, 3.81)

30-day postoperative
complication rate

44/72 (liberal) versus 28/69
(restrictive)©

RR: 1.51 (1.07,2.12)

(Continued)
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Table 15.2. (Continued)

QOutcome, Results, and

Reference Population Interventions Effect Size (95% CI)?
maintenance + volume-
for-volume HES up to
0.5L + blood
transfusion
(EBL > 1.5L)
Holte et al. [32]  Adult patients undergoing  Intraoperative fluid Pulmonary function
elective laparoscopic therapy: 40mLkg ™! over first 24 h after
cholecystectomy LR versus 15mLkg ! LR surgery
FVC and FEV, better in
liberal group at 2h
postoperatively; FVC better
in liberal group at 4h
postoperatively
Readiness for hospital
discharge on day of surgery
23/24 (liberal) versus 16/24
(restrictive)d
Nisanevich Adult patients Intraoperative fluid In-hospital postoperative
etal. [33] undergoing elective therapy: 10mLkg™! complication rate

intra-abdominal surgery

Early versus delayed fluid resuscitation

Blair et al. [34] Patients with acute
gastrointestinal
haemorrhage

and hypotension

Bickell et al. [35] Adult patients with
penetrating trauma

and hypotension

bolus +12mLkg 'h™!
LR versus
4mLkg_1h_1 LR

Early versus delayed
blood transfusion

Pre-hospital early versus
delayed crystalloid

fluid resuscitation

23/75 (liberal) versus 13/77
(restrictive)®

In-hospital mortality rate
2/24 (early) versus 0/26
(delayed)

RR: 5.4 (0.3,107.1)

PTT: 48s (early) versus
41 s (delayed)

WMD 7.0 (6.0, 8.0)
In-hospital mortality rate
116/309 (early) versus 86/289

(delayed)

RR: 1.26 (1.00, 1.58)

PT: 14.1s (early) versus

11.4s (delayed)

WMD 2.7 (0.9, 4.5)

(Continued)
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Table 15.2. (Continued)

Qutcome, Results, and

Reference Population Interventions Effect Size (95% CI)?

PTT: 31.8s (early) versus

27.5s (delayed)
WMD 4.35 (1.7, 6.9)
Turner etal. [36]  Hypotensive adult Early versus delayed 6-month mortality rate
trauma patients fluid resuscitation 73/699 (early) versus 60/610
(delayed)

RR: 1.06 (0.77, 1.47)

CI: confidence interval; EBL: estimated blood loss; FEV: forced expiratory volume in 1 s; FFP: fresh frozen
plasma; FVC: forced vital capacity; LR: lactated Ringers; NS: normal saline; PT: prothrombin time;

PTT: partial thromboplastin time; RBC: red blood cells; RR: relative risk; SBP: systolic blood pressure;
WMD: weighted mean difference.

? For RRs, a value <1 indicates the outcome is lower in the first group; a value >1 indicates the outcome is
higher in the first group; and a value of 1 indicates no difference. For weighted mean differences, a value <0
indicates the outcome is lower in the first group and a value >0 is higher in the first group. The effect size is
statistically significant (P < 0.05) if the 95% CI does not include 1 for RR and does not include 0 for WMD.
> P =0.87.

¢P=0.013.
dp<0.02.
¢ P = 0.046.

difference in all-cause mortality between the two IV fluids would be less than 3%. The
study was not powered to draw conclusions on potential subgroups of critically ill
patients who may benefit either from albumin or from normal saline.

Hydroxyethyl starch

HESs are synthetic IV colloids derived from modification of amylopectin [23].
Commercial products in North America have molecular weights (MW) that are
either high (450-480kDa; e.g. hetastarch) or medium (130-200kDa; e.g. pen-
tastarch). Products in Europe are more varied and include HES with low MW
(40-70kDa) [23]. A number of RCTs have compared high- or medium-MW HES
with other IV fluids. The pooled data did not show any significant differences in
mortality when HES was compared with crystalloids [6], albumin or plasma pro-
tein fraction [11], or gelatins [11]. As noted earlier, in patients undergoing car-
diopulmonary bypass, there was a significantly larger difference in bleeding with
HES compared with albumin but the difference in pooled mean blood loss was not
clinically significant [12].
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Dextrans are glucose polymers with a mean MW of either 40 kDa (dextran 40) or
70kDa (dextran 70); however, only dextran 70 is used in fluid resuscitation. As of
November 2005, dextran 70 will no longer be available in Europe. Pooled data from
nine RCTs [6] did not show any significant differences in mortality when dextran
70 was compared with isotonic crystalloids amongst critically ill patients.

Wade and colleagues have pooled most of the mortality data on 7.5% hyper-
tonic saline -6% dextran 70 (HSD) in trauma patients [17—19]. There was no dif-
ference in survival rates after fluid resuscitation using HSD compared with isotonic
crystalloids. When data from individual patients of the eight RCTs were obtained
and pooled (individual patient meta-analysis), the survival rate to hospital dis-
charge was significantly higher in the HSD group compared with the isotonic crys-
talloid group, but the results were based on data from only 604 of the original 1233
patients [18]. Similarly, individual patient meta-analysis [19], based on data from
223 patients (103 in HSD group; 120 in isotonic crystalloid group) in six RCTs,
revealed no difference in the 24 h survival rate between HSD and isotonic crystal-
loid. Relative to isotonic crystalloids, HSD increased the survival rate to discharge
[19]. For both outcomes, the Glasgow Coma Scale score (>8 versus <8) was the
most important factor to influence survival [19].

Amongst patients with penetrating injuries requiring surgery, initial fluid resus-
citation with HSD, compared with isotonic crystalloids, appears to increase the
survival rate to hospital discharge; however, this result was based on a subgroup
analysis of an individual patient analysis [18]. A subsequent evaluation of the efficacy
of HSD for fluid resuscitation in patients with penetrating injuries was reported as a
meta-analysis [24], but the results are based on the individual patient data from a
subgroup of patients in a previous RCT [25]. Overall, there was no difference
between the survival rate of patients receiving HSD (99/120) and the survival rate
of patients receiving 0.9% saline (83/110; P = 0.189) [24].

The effect of gelatins on all-cause mortality has been examined in two systematic
reviews [6,11]. No difference was seen in mortality between gelatins and crystal-
loids [6], albumin or plasma protein fraction [11], or HES [11]. Two RCTs have
compared gelatin with dextran 70, but there were no deaths [11].

Does the amount of IV fluid make a difference
to clinical outcomes?

Kwan et al. [26] reviewed the effect of volume of fluid administration (blood products
with or without crystalloids) for trauma patients with bleeding but were unable to
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pool the data due to the heterogeneity between the three RCTs [27-29]. There was
no significant difference in mortality between the group administered larger vol-
umes compared with the group administered smaller volumes in all three RCTs
(Table 15.2). The small number of patients precluded any conclusions.

Holte and Kehlet evaluated the effect of compensatory fluid administration
for preoperative dehydration in a qualitative review [30]. In nine RCTs with 1390
patients undergoing elective surgery, <1 L oral fluid (150-500 mL) versus none or
little oral fluid (10 mL) was studied: preoperative thirst was reduced in the former
group but there was insufficient data to draw conclusions on nausea, vomiting,
headache, or pain. In eight RCTs with 1046 patients undergoing minor surgery,
>1L IV fluid (1-2L) versus no or little IV fluid (2mLkg™") was studied: postop-
erative drowsiness and dizziness were reduced in the former group but the effect
on nausea, vomiting, and thirst remained unclear [30].

Since Holte and Kehlet’s review, three other RCTs have compared liberal versus
restricted fluid administration [31-33]. In a multicentre, assessor-blinded RCT,
Brandstrup et al. allocated 172 adult patients undergoing elective colorectal resec-
tion with epigeneral anaesthesia to either a “standard” fluid regimen (>2 LIV crys-
talloids and >500 mL IV HES) or a restricted fluid regimen (500 mL oral fluids
and <500 mL IV HES). One hundred and forty-one patients completed the RCT.
Restricted fluid administration significantly reduced postoperative complications
but did not affect mortality significantly (Table 15.2) [31]. Similarly, in a single-
centre, assessor-blinded RCT, Nisanevich et al. randomised 152 adult patients
undergoing elective intra-abdominal surgery, excluding liver resection, with general
anaesthesia and epidural analgesia to a liberal fluid regimen (IV lactated Ringer’s
10 mL kg~ ! bolus followed by 12 mLkg ™ 'h ™! infusion) or a restricted fluid regimen
(IV lactated Ringer’s 4mLkg 'h™! infusion without an initial bolus). Restricted
fluid administration resulted in fewer perioperative complications than liberal fluid
therapy; no deaths were seen in this RCT (Table 15.2) [33].

In contrast, Holte et al. randomised 48 adult patients undergoing elective laparo-
scopic cholecystectomy to either liberal (40mlkg™!) or restrictive (15mLkg™!)
fluid administration. Liberal fluid administration improved postoperative pul-
monary function at 2 and 4 h after surgery; decreased the stress response, nausea,
thirst, dizziness, drowsiness, and fatigue; and increased the chance of meeting dis-
charge criteria on the day of surgery (Table 15.2) [32].

The discordant results amongst the RCTs may be due to differences in their sur-
gical populations, surgical procedures, durations of follow-up, and study out-
comes. At this time, the evidence suggests that restrictive fluid administration may
be beneficial for elective major intra-abdominal surgery. Whether liberal fluid
therapy improves clinical outcomes amongst patients undergoing minimally inva-
sive or ambulatory procedures is still uncertain.
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Does the timing of IV fluid administration make a difference
to clinical outcomes?

Kwan et al. [26] reviewed the timing of fluid administration for patients with bleed-
ing but were unable to pool the data due to the heterogeneity between the three RCTs
[34-36]. There was no significant difference in mortality between the group receiv-
ing early fluid resuscitation compared with the group receiving delayed fluid resusci-
tation in all three RCTs although the trends favoured delayed fluid therapy (Table
15.2). Differences in coagulation times were not statistically significant in either of the
two RCTs in which haematological parameters were examined (Table 15.2) [34,35].
The small number of patients studied to date precluded any conclusions.

Paediatric IV fluid resuscitation

Neonates

Children are different from adults in a number of important ways: absence of
myocardial disease and atherosclerosis, faster rates of biotransformation, relatively
increased volumes of distribution per unit of body weight or surface area, and
greater diversity in haemodynamic response to fluid resuscitation are just a few
examples. Much of the management of paediatric fluid resuscitation is based on
experience and research from adult populations. RCTs done in the paediatric popu-
lation have either been excluded from consideration in systematic reviews [16] or
indiscriminately included with adult data [6].

With the exception of early volume resuscitation or albumin administration for
low serum albumin in preterm infants [4,5], high-level evidence is not available for
guiding fluid administration in infants and children. The lack of high-level evidence
does not necessarily indicate the absence of any evidence. For example, the risk of
perioperative cerebral injury associated with hyponatraemic encephalopathy as a
consequence of perioperative hyponatraemic fluids is well described and is much
more likely to occur in prepubertal children than adults [37,38]. With the multitude
of IV fluids available, we do not need to await the outcome of RCTs before restrict-
ing the use of hyponatraemic fluids to avoid the risks of perioperative cerebral
injury associated with hyponatraemia in children in the perioperative setting.

Two systematic reviews [4,5] have summarised the evidence in neonates from RCTs.
One [4] pooled the data from RCTs comparing early volume expansion with normal
saline, fresh frozen plasma, albumin, plasma substitutes, or blood versus no treat-
ment or another form of volume expansion in preterm infants less than 32 weeks
gestation or less than 1500 g. The evidence did not support the routine use of early
volume expansion in very preterm infants without cardiovascular compromise.
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There was insufficient evidence to determine whether infants with cardiovascular
compromise benefit from volume expansion in the prevention of respiratory distress
syndrome, mitigation of asphyxia, or treatment of hypotension. The other system-
atic review [5] assessed the effect of albumin infusions in preterm neonates with
low serum albumin and did not find sufficient evidence to support its routine use.

Studies in any of the reviews that included children were few and often impossible
to analyse separately from the adult data (Table 15.3). Studies during surgery and
post-cardiopulmonary bypass [39-41] did not show any difference between albu-
min compared to HES on coagulation or outcome or any benefit of albumin over
saline. Four RCTs [20,42—44] compared colloid or hypertonic saline to crystalloids
or lower doses of colloid in the treatment of children with burns. Increased doses
of colloid and hypertonic saline reduced the amount of weight gain but did not
affect outcome. One study [45] did show lower intracranial pressure, fewer com-
plications, and reduced ICU stay in children treated with hypertonic saline com-
pared to Ringer’s lactate.

Current limitations and future research

A large number of RCTs have been conducted in the field of fluid therapy; how-
ever, most of them have been small and not powered to detect differences in clin-
ical outcomes. Attempts to pool the data have been thwarted by the clinical
heterogeneity amongst the studies even in the absence of statistical heterogeneity.
As well, the risk of false-positive findings, when studies with small sample sizes are
pooled, limits the strength of the findings of meta-analyses in fluid therapy. For
example, the initial conclusion, from one meta-analysis, that albumin increased
mortality compared to crystalloids has not been borne out by a subsequent large
multicentre RCT. To date, a paucity of high-level evidence exists to guide our fluid
management in surgical and critically ill patients (see Research box). Our decisions
will continue to depend mainly on our understanding of the pharmacology of
fluids, the physiological state of the patient, economic considerations, and clinical
and patient preferences.

In spite of the gaps that remain in our knowledge, the advances in this millen-
nium are promising. Recent RCTs on fluid therapy have been more rigorous and
tended to address clinical outcomes. The publication of the SAFE Study has demon-
strated the feasibility of conducting large multicentre RCTs to answer questions on
fluid therapy. Currently, there are several other RCTs in progress in Europe and
North America that may provide answers to questions in this field.
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Table 15.3. RCTs of fluid therapy in children

Reference Population Intervention Result
Surgery
Hausdorfer Children <I6year = Volume replacement with No differences in serum creatinine,
etal. [39] of age undergoing albumin 14 mLkg ™! PTT, or thromboelastogram
surgery versus HES 14 mLkg ™!
(15 patients per group)
Boldt Children <3 year Pre-cardiopulmonary No differences in antithrombin-III,
etal. [40] of age undergoing bypass volume loading fibrinogen, platelet count,
primary repair of with 6% HES 12 mLkg ™! postoperative blood loss, or COP
congenital heart versus 20% albumin
lesions 8.5mLkg ! (15 patients
per group)
Brutocao Children =1 year Post-cardiopulmonary No differences in coagulation
etal. [41] of age undergoing bypass volume replacement ~ parameters (PT, PTT, TT, fibrinogen,
elective repair of with 5% albumin (n = 18)  platelet count) or amount of
congenital heart versus 6% HES in 0.9% replacement fluids required
lesions saline (n = 20)
Burns
Hall and Adults with >15%  Fluid resuscitation with No difference in mortality: 18/86
Serensen [42]  BSA and children dextran 70 versus LR (dextran 70) versus 16/86 (LR)
with >10% BSA
thermal/corrosive
burns (mean age
20 year)
Caldwell and  Paediatric patients IV HS 2mLkg ™! % BSA HS resulted in significantly lower
Bowser [43] (mean age 9.5 year)  burn”!in first 24h + water load over first 48 h post-burn;
with =30% IVHS 0.6mLkg ' % BSA  no difference in sodium balance.
BSA thermal burns ~ burn™! and oral Haldane’s No difference in mortality: 1/17
solution in second 24 h (HS) versus 1/20 (LR)
versus IV LR 2mLkg ™! %
BSA burn~!and IV 5%
dextrose replacement fluid
in first 24h + IV
LR 1 mLkg ™! % BSA
burn~! and IV 5% dextrose
in second 24h
Bowser- Patients 5 months— IV HS 2mLkg ™! % BSA LR colloid resulted in significantly
Wallace and 21 year of age with ~ burn™!in first 24h + IV higher fluid balances and more
Caldwell [20]  =30% BSA HS 0.6 mLkg ™! % BSA weight gain than HS

(Continued)
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Reference Population Intervention Result
thermal burns burn~! and oral Haldane’s No difference in mortality: 3/19 (LR
solution in second 24 h colloid) versus 0 /19 (HS)
versus IV LR mLkg ™! %
BSA burn™!in first 24 h +
IV Plasmanate
0.5mLkg ™! % BSA
burn~!and IV
5% dextrose in
second 24h
Greenhalgh Children 1-18 25% albumin to maintain Maintenance of high serum
etal. [44] year of age serum albumin between albumin was expensive: US$ 51,115
with >20% 25and 35gL~! (high) (high) versus US$ 2,470 (low)
BSA burns versus 25% albumin to No difference in mortality: 7/34

Other critically ill patients
Children (age
<16 year) with

severe traumatic

Simma
et al. [45]

brain injury and
Glasgow Coma

Scale score <8

Ngo etal. [46] Children 1-15 year
of age with dengue
haemorrhagic
fever = circulatory
failure (tachycardia,
and pulse pressure

<20mmHg)

maintain serum
albumin >15gL? (low)

72 h fluid therapy with LR
versus HS to keep ICP
<15mmHg

Fluid therapy with dextran
70 (n = 55) versus 3%
gelatin (n = 56) versus
LR (n = 55) versus

normal saline (n = 56)

(high) versus 3/36 (low)
No difference in length of stay
45.7 * 6.2 d (high) versus
48.7 * 7.3d (low)

HS increased serum sodium and
decreased ICP.

No difference in mortality: 2/17 (LR)
versus 0/15 (HS)

Trend towards fewer complications
with HS: 14/17 (LR) versus
7/15 (HS)?

ICU length of stay was shorter
with HS: 11.6 = 6.1 d (LR) versus
8.0 *2.4d (HS)

Colloid therapy showed a trend
towards more rapid recovery in

patients with low pulse pressures.

BSA: body surface area; HS: hypertonic saline; ICP: intracranial pressure; LR: lactated Ringer’s;

PT: prothrombin time; PTT: partial thromboplastin time; TT: thrombin time.

ap=0.08.
b p=10.04.
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Research box

* RCTs in fluid therapy require a sufficiently large sample size to detect biologically
plausible differences in clinically relevant outcomes such as all-cause mortality,
perioperative morbidity (by organ system), and fluid-related adverse events.

e Study populations need to be homogeneous (e.g. specific critically ill populations
and surgical populations). Studies need to focus on adults and children.

* With the exception of albumin, studies on the type of IV fluid are still needed.

* Studies comparing restrictive versus liberal fluid therapy are still needed.

e Studies comparing early versus delayed fluid therapy are still needed.

Summary

* A statistically significant reduction in mortality or relevant adverse clinical out-
comes amongst surgical or critically ill adult or paediatric patients has not been
found with the use of any particular IV fluid.

* Current evidence suggests that restricted fluid regimens may decrease peri-
operative morbidity in adults undergoing elective intra-abdominal surgery but
the results cannot be generalised to other populations or procedures.

* The effect of restricted versus liberal fluid regimens on clinical outcomes
in patients undergoing minimally invasive or ambulatory procedures is still
inconclusive.

Although there is a trend in fewer deaths with delayed fluid resuscitation of
patients with penetrating trauma, the data is insufficient to draw guidelines.

* Large multicentre RCTs of fluid regimens with clinically relevant outcomes are
still needed to address important questions in this field.
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In this chapter I will discuss three groups of interventions that reduce the number
of people who experience postoperative nausea or vomiting (PONV). The first
group is changing the anaesthetic method to reduce risk. The second group is giv-
ing preventative drugs or acupoint P6 stimulation to reduce risk. The third group
is drug treatment to shorten the duration or reduce the severity of established
nausea or vomiting.

It is obvious that if no one experiences PONV there is no benefit in either
changing anaesthetic technique or giving drugs to prevent PONV. It is also obvi-
ous that if everyone experiences PONV then everyone has a chance of benefit-
ing from either intervention. The majority of people in a population in which less
than 50% have PONV cannot benefit from prophylaxis. It is therefore crucial to
know the incidence of PONV to calculate the risks and benefits of antiemetic
prophylaxis.

We know the likelihood of reducing PONV for many drugs. We know the likeli-
hood of common minor side effects. We do not know the likelihood of rare serious
side effects.

emetic stimuli

Perioperative emetic stimuli are usually assumed to operate through particular
characteristics of: the patient, the surgery and the anaesthetic. Only a few factors,
in just a few studies, have been shown to independently predict PONV: sex, history
of smoking, motion sickness or PONV, duration of operation, opioid administra-
tion [1-3]. Few of these predictors can be modified in randomised controlled trials
(RCTs). Surgical technique has rarely been assessed in RCTs that report PONV.

Although anaesthetic factors are not included in risk scores, meta-analyses of
RCTs show that modification of anaesthetic technique can reduce PONV.

Key words: Nausea, vomiting, antiemetic, postoperative.
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Fasting and nasogastric tubes

There is no convincing evidence from meta-analyses that the duration and type of
perioperative fast, or the insertion of nasogastric tubes, affect PONV [4-9].

General anaesthetic agents

Induction

There is no meta-analysis that compares all intravenous induction agents. One
meta-analysis showed that the incidence of PONV is less after induction with
propofol than with sevoflurane [10]. One other meta-analysis combined all stud-
ies that assessed various induction agents versus propofol so the meaning of the
result is unclear [11]. These analyses did not adequately explore heterogeneity and
publication bias. The relative risk (RR) for PONV after propofol compared to
sevoflurane may be about 0.8.

Maintenance

Analgesia

There is no meta-analysis for the RCTs that compare the maintenance of anaesthe-
sia with different inhalational agents.

There is no meta-analysis for the RCTs that compare the maintenance of anaes-
thesia with different intravenous agents.

Maintenance of anaesthesia with intravenous propofol decreases PONV com-
pared to an amalgam of inhalational agents. It is unclear what the size and uncer-
tainty of the effect is for each inhalational agent versus toropofol because they are all
analysed together: both analyses compare propofol with a composite of all inhala-
tional agents [11,12]. A conservative estimate of the RR of PONV following main-
tenance with propofol compared with one of the inhalational agents is possibly
about 0.50. A thorough assessment of publication bias might suggest that the dif-
ference between propofol and inhalational agents is less than this; that is, the RR
may be more. The meta-analyses report the effect as odds ratios (ORs) and num-
bers needed to treat (NNTs) rather than RRs. It is possible to derive the RR from
the OR, but I was unable to determine the incidence in the control group that
would have allowed me to make this calculation.

Two more meta-analyses with similar limitations review the effect on PONV of
nitrous oxide (N,0) [13,14]. The RR of PONYV after general anaesthesia that omits
N,O may be about 0.85 compared to a general anaesthetic that includes it.

Regional techniques

Three Cochrane meta-analyses report no difference in the RR of PONV between
epidural and systemic analgesia [15-17]. One Cochrane meta-analysis reported a
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reduction in nausea with epidural (caudal) analgesia but commented that this result
is unreliable [18].

One meta-analysis assessed the effect of adding epidural opioid and one assessed
the effect of adding intrathecal fentanyl [19,20]. Both are limited by few included
studies and methodological limitations. There was no evidence that intrathecal
fentanyl affected PONV and limited evidence that epidural morphine increases
PONYV, perhaps with an RR of about 1.3.

Oral analgesics
A series of 11 Cochrane meta-analyses assessed the effect of oral analgesics given
for postoperative pain [21-31]. Rofecoxib was associated with a reduction in post-
operative vomiting but not nausea: if there is a difference the RR would possibly be
between 0.8 and 1 [28]. Oxycodone was associated with an increase in PONV with
an RR of between 1 and 1.6 [29].

Cholinesterase inhibitors (with or without antimuscarinic agents)
Two meta-analyses [32] assessed the effect on PONV of combinations of a
cholinesterase inhibitor (edrophonium or neostigmine) and an antimuscarinic
(atropine or glycopyrrolate). Our meta-analysis assessed these combinations and each
drug alone. Neither meta-analysis provides evidence that any of these drugs, either
alone or in combination, reliably alter PONV. The earlier meta-analysis presented a
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Figure 16.1 Each dot is an outcome from one study. Nausea: * (RR 3.80; 0.95-15.16). Vomiting: * (RR
3.89; 0.79-18.99). Nausea or vomiting: * (RR 3.19; 1.71-5.93). The outcomes of dots
closer to the top (SE 0.0) are more certain.
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composite outcome for neostigmine from studies that combined it with atropine or
glycopyrrolate, compared to either placebo or no treatment [33]. We identified fun-
nel plot asymmetry (possible publication bias) for studies of neostigmine that makes
the calculated emetogenic effect of neostigmine an overestimate (Figure 16.1). Neo-
stigmine may increase the chance of PONV with an RR of between 1 and 2. The deci-
sion to administer cholinesterase inhibitors should be determined by the need to
reverse neuromuscular blockade, not by concerns about PONV.

Counteracting emetic symptoms: prevention of PONV

I will concentrate on the eight drugs that reliably reduced PONV from the 60 we
assessed in our Cochrane Systematic Review. I will list the drugs in order, with
the drug that has the most certain antiemetic effect first and the drug that has the
least certain antiemetic effect last. Please note, we found substantial asymmetry in
the funnel plots for comparison of one drug with another (probably due to publi-
cation bias). This means that there is no reliable evidence that one of these drugs is
more effective than any other. This contrasts with the conclusions of previous
meta-analyses that did not rigorously explore this bias, that sometimes indirectly
compared the effects of one drug versus another rather than directly comparing
them, and that often used composite comparators (for instance all 5-HT; receptor
antagonists). I quote the results of our systematic review and I have also referenced
other systematic reviews of each drug.

Drugs versus placebo

Droperidol [34-37]
The RR for PONV after droperidol is probably between 0.65 and 0.70 after publi-
cation bias is taken into account.

Metoclopramide [36-38]
Metoclopramide showed the least funnel plot asymmetry (Figure 16.2). The RR is
probably between 0.75 and 0.85.

Ondansetron [36,39-44]
The funnel plot asymmetry for ondansetron was similar to the severity that we
plotted for droperidol. The adjusted RR possibly exceeds 0.65.

Tropisetron
The RR for PONV is probably between 0.70 and 0.80.
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Figure 16.2 Each dot is an outcome from one study. Nausea: * (RR 0.82; 0.76—0.88). Vomiting: * (RR
0.75; 0.70-0.81). Nausea or vomiting: * (RR 0.76; 0.70-0.82). Rescue antiemetic: * (RR
0.78; 0.69-0.88). Vertical lines mark the summative RR for each outcome. The outcomes
of dots closer to the top (SE 0.0) are more certain.

Dolasetron
The funnel plot was very asymmetric — the RR for PONV is probably between 0.80
and 0.90.

Dexamethasone [36,39,45-47]
The RR for PONV is probably between 0.55 and 0.65.

Cyclizine
The data for cyclizine are sparse, but the RR is probably between 0.70 and 0.85.

Granisetron [48]
The RR is probably between 0.65 and 0.75. Figure 16.3 shows severe funnel plot
asymmetry and compares the majority of studies authored by Fuji et al with stud-
ies published by other authors.
We identified 12 other drugs that have uncertain antiemetic effects: alizapride,
diazepam, dimenhydrinate, dixyrazine, ginger, hyoscine, lorazepam, midazolam,
perphenazine, prochlorperazine, promethazine and ramosetron.
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Figure 16.3 Each dot is an outcome from one study. RRs are coloured grey from studies authored by

Dose

Fujii and black from other authors. Vertical lines mark the summative RR for each
outcome, those calculated for Fujii always being less than those for other authors: nausea
0.39 (0.31-0.49) compared with 0.68 (0.62-0.75); vomiting 0.34 (0.29-0.40) compared
with 0.49 (0.43-0.55); nausea or vomiting 0.36 (0.31-0.42) compared with 0.65
(0.58-0.74); rescue 0.19 (0.14-0.25) compared with 0.50 (0.41-0.61). The outcomes of
dots closer to the top (SE 0.0) are more certain.

We found that the assumption that “more drug is more effective” is probably true
for droperidol, dexamethasone and ondansetron, and possibly true for metoclo-
pramide. Halving the dose of each drug reduces antiemetic effect by about 1.2. A
maximum dose above which there is no further antiemetic effect was not reliably
demonstrated for any drug.

Side effects

We found only a few minor side effects in our meta-analysis: droperidol was slightly
sedative (RR about 1.3) and prevented headache (RR about 0.8); ondansetron
increased the incidence of headache slightly (RR 1.1). Between two and four
people in every hundred will be affected.

Context sensitivity

We performed a subgroup analysis of studies that gave one of these drugs alone
and studies that gave a drug with another antiemetic drug. We found that the
antiemetic effect (RR) of a drug was not affected by co-administration with another
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antiemetic drug. The IMPACT study [50] similarly failed to find synergy or antag-

onism between antiemetic drugs. We also did not find an effect of age (adults ver-

sus children), sex (males versus females), surgery (11 subgroups) or timing of drug

administration (preoperative, induction, intraoperative, postoperative).

* Drugs act independently. In combination the RRs of drugs multiply — for instance
dexamethasone (RR about 0.65) and metoclopramide (RR about 0.75) given
together will reduce the risk of PONV by 0.65 times 0.75, which is about 0.5.

Drug versus drug
There are 28 possible head-to-head comparisons of two drugs from the eight we
listed. Eleven of these comparisons have been assessed in RCTs. Three comparisons
have been assessed in numerous studies. We found no reliable differences in the
efficacy of these eight drugs.

Droperidol versus metoclopramide
Twenty-six studies compared these two drugs. The calculated difference in effect
depends upon the asymmetry in the funnel plot (probably publication bias). There
is no reliable difference between these two drugs.

Droperidol versus ondansetron
Forty-five studies compared these two drugs. The calculated difference in effect
depends on the asymmetry in the funnel plot. There is no reliable difference between
these two drugs.

Metoclopramide versus ondansetron
Forty-two studies compared these two drugs. The calculated difference in effect
depends upon the asymmetry in the funnel plot. There is no reliable difference
between these two drugs (Figure 16.4).

P6 acupoint stimulation
Two published meta-analyses by the same authors assessed prevention of PONV
by stimulation (skin puncture, skin pressure, injection, electrical current, laser
light) of the P6 acupoint on the wrist [51,52]. The asymmetric funnel plot suggests
that the calculated antiemetic effect versus sham is an overestimate, the adjusted
RR being about 0.9 (Figure 16.5). There were insufficient studies comparing
P6 stimulation with individual drugs to draw reliable conclusions.

Counteracting emetic symptoms: treatment of PONV

The only treatments that have been assessed in a meta-analysis for nauseated or
vomiting postoperative patients are drugs [53]. There is less known about the
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Figure 16.4 Each dot is an outcome from one study. Nausea: * (RR 1.22; 1.01-1.47). Vomiting: * (RR
1.48; 1.23-1.77). Nausea or vomiting: * (RR 1.28; 1.03-1.58). Rescue antiemetic: * (RR
1.12; 0.99-1.27). Vertical lines mark the summative RR for each outcome. The outcomes
of dots closer to the top (SE 0.0) are more certain.
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Figure 16.5 Each dot is an outcome from one study. Nausea: * (RR 0.72; 0.59-0.89). Vomiting: * (RR
0.71; 0.56-0.91). Rescue antiemetic: * (RR 0.77; 0.60-0.99). Vertical lines mark the
summative RR for each outcome. The outcomes of symbols closer to the top (SE 0.0) are
more certain.
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effects of drugs used to treat PONV than there is about drugs used to prevent
PONV. For instance, 1091 participants were recruited into RCTs that assessed the
ability of ondansetron to stop PONV, but 17 958 participants have been recruited
into RCTs that assessed the ability of ondansetron to prevent PONV. In addition
multiple publications of the same data distort results in favour of drugs. This is
apparent for both the treatment and prevention of PONV by drugs.

Practice points

* Informed patients should help to decide what type of anaesthetic and drugs they
have.

Maintain a current database of the incidences of PONV in your patients to estimate
the likelihood of PONV for various subgroups, for instance women having laparo-

scopic cholecystectomies, and to formally recalibrate published scoring systems.

The incidences of important rare side effects caused by interventions are not avail-

able from RCTs and available observational evidence provides uncertain causation

and incidences.

Maintenance of anaesthesia with propofol rather than a volatile agent probably halves

the incidence of PONV. The PONV risk after inhalational anaesthetics maintained with

N,O is about 1.15 times the incidence without N,O. Techniques that avoid opioid

administration may reduce PONV although the evidence for this is sparse.

If you give an antiemetic drug to a population in which the incidence of PONV

would otherwise be 5/100, 2 people will benefit and 98 will not. If you give two

drugs 3 people will benefit (97 will not).

* If you give an antiemetic drug to a population in which the incidence of PONV would

otherwise be 50/100, 17 people will benefit and 83 will not. If you give two drugs

29 will benefit (71 will not) (Figure 16.6).

If you stimulate acupoint P6 for all 100 people in the second population you will

increase the number who benefit from 29 to 31 (and reduce the number who do

not from 71 to 69).

The incidence of side effects will increase with more antiemetics. It is not known

whether drugs interact to increase the incidence or severity of side effects more than

expected (synergism) or less than expected (antagonism). It is unclear to what
extent some people may suffer from side effects more than others.

The cost of preventing PONV depends on: the incidence of PONV without drug(s);

the cost of the drug(s); the interaction between increasing effect and increasing cost

with combinations of drugs.

* The most cost-efficient preventative antiemetic is metoclopramide followed in order
by: cyclizine and metoclopramide combined; cyclizine alone; dexamethasone and
metoclopramide combined; cyclizine, dexamethasone and metoclopramide com-
bined; dexamethasone alone; cyclizine and dexamethasone combined; ondansetron;

granisetron.
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Number of people out of 100 who benefit from drug prophylaxis
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Figure 16.6 There are two series on this graph: three drugs with an RR of 0.75 for PONV; three drugs
with an RR of 0.65 for PONV

Therefore every patient given PONV drug prophylaxis should receive metoclopramide
unless there is a specific contraindication (Figure 16.7).

Treatment cannot reduce the incidence of PONV although it may reduce the duration
and severity of PONV.

* We do not know how many patients can expect to benefit from treatment.

* An economic evaluation of the best strategy (prophylaxis, treatment or both) would
have to use all costs (not just drugs) associated with nausea and vomiting and would
require reliable data on the efficacy of treatment that is not currently available.

Research points

* You should collaborate in multinational research to determine the incidences and
severities of important side effects of antiemetic prevention and treatment, drug and
non-pharmacological.

e Although there may be minor differences in the effectiveness of prophylactic
antiemetic drugs these are not important. If research shows that important side
effects are not synergistically increased by co-administration of antiemetic drugs
then PONV can be best prevented by the combination of two or more antiemetics.

Summary

All strategies used to limit and reduce the burden of PONV have other effects,
some wanted and some unwanted. The decision to use anaesthetic techniques that
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Drug cost (£) to prevent one person experiencing PONV
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Figure 16.7 Drug prices listed in the British National Formulatory (March 2005) for the following
intravenous doses: metoclopramide 10 mg; cyclizine 50 mg; dexamethasone 10 mg;
granisetron 1 mg; ondansetron 4 mg.

limit PONV, drugs and non-pharmacological methods to prevent PONV, and
drugs to treat established PONV must take into account all of these effects.

Omission of N,O from the inhalational maintenance of anaesthesia reduces
PONV. Maintenance of general anaesthesia with intravenous propofol instead of a
volatile agent reduces the risk of PONV. Eight drugs reliable reduce the risk of
PONV to about 0.7: droperidol, metoclopramide, ondansetron, tropisetron,
dolasetron, dexamethasone, cyclizine and granisetron. There is no reliable direct
evidence for differences in the efficacy of these eight drugs. The more drugs given
the less the risk of PONV. Acupoint P6 stimulation reduces the risk of PONV by
about 0.9.

There is less direct evidence for using regional analgesia instead of systemic anal-
gesia and reducing opioid use, although there is substantial indirect evidence that
this limits PONV. It is unclear what the dose-responses are for the eight antiemetic
drugs, both for the wanted reduction in PONV and the unwanted increase in side
effects.
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Anaesthesia for day-case surgery

Kevin Walker and Andrew Smith

Department of Anaesthetics, Royal Lancaster Infirmary, Lancaster, UK

The practice of day-case surgery has grown substantially over the last 20 years. It
presents some clinical and organisational challenges, as patients are discharged
home promptly after surgery. This chapter summarises the results of a systematic
literature search published between the dates of 1990 and July 2005. We have con-
centrated on clinical aspects of day surgery, which we feel are most relevant to
anaesthetic personnel. Whilst we have attempted to concentrate on practice specific
to day surgery, we have reported on studies which have included inpatients when we
felt this was either relevant or the only evidence available. We have made it clear
throughout which work is not restricted to day surgery.

When day surgery was first introduced, it was felt that only healthy patients
without systemic disease were suitable. The evidence which we have summarised
suggests that although patients with systemic illness have a higher incidence of
minor intraoperative events, they are not at increased risk of unexpected hospital
admission or major morbidity and mortality.

Otherwise healthy patients are often subjected to a series of preoperative tests. We
have found that routine testing, even when abnormal results are found, is unlikely
to alter clinical management or improve outcome. We have suggested simple guide-
lines for testing in patients who are elderly or have systemic disease.

There is a lot of published work looking for the ideal anaesthetic agent for day sur-
gery. Particular concerns include speed of recovery and prevention of postoperative
nausea and vomiting (PONV). We found propofol to be the intravenous (IV) induc-
tion agent of choice for day surgery, with induction agents having a greater influence
on awakening than maintenance agents. Early and intermediate recovery were faster
with sevoflurane or desflurane compared with isoflurane or propofol, however the
clinical differences are small.

Postoperative pain is a common problem following day surgery and a multi-modal
approach to analgesia is recommended. The oral route is effective, comparable to
parenteral administration and should be used where possible. Wound infiltration and
peripheral nerve blocks are useful adjuncts.
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Although PONV is frequent in day surgery, routine prophylaxis is not effective.
The emphasis should be on choosing a technique which keeps the risk of a PONV to
a minimum, and providing effective treatment when it occurs. Prophylaxis is, how-
ever, warranted in high-risk cases and should consist of a multi-modal approach.

Discharge criteria should be in place to allow effective discharge from day surgery
units (DSUs). Numerical scoring systems can be used and may allow safe delegation
to other members of staff.

Introduction

Day-case surgery — known as ambulatory surgery in North America — has grown
substantially in the last 20 years. (The two terms are used interchangeably in this
chapter.) The prospect of spending less time in hospital tends to be popular with
patients, and the associated reduction in costs is popular with those who fund
health care. However, it presents some clinical and organisational challenges.

The fact that patients must be discharged home promptly throws postoperative
problems into sharper relief. In particular, postoperative pain and nausea need to
be controlled before discharge and provision must be made for continuing treat-
ment at home where necessary.

As day-case surgery is a relatively new development, there is a fair amount of
published evidence on clinical aspects. Organisational issues tend to be less closely
evaluated, springing as they do from experience. Many are published as guidelines
by professional and managerial bodies [1,2]. In this chapter we focus only on the
clinical aspects of day-case surgery most relevant to anaesthetic personnel.

The chapter summarises the results of a systematic literature search of The
Cochrane Database, Medline and EMBASE for material published between 1990 and
July 2005, with scrutiny of reference lists of retrieved papers for further relevant work.

We have also tried to be explicit not only about the nature and strength of the
evidence we have found but also about practice contexts, as practices vary between
hospitals and between countries. This is shown even in the definition of a “day
case”, which can vary from a patient who spends less than 4h in hospital to one
who may stay overnight but whose total stay is less than 24 h. It is important to bear
such definitional differences in mind as they can affect the extent to which research
evidence gleaned from one setting can be applied to another.

Patient selection

Despite increasing demand for day-case surgery and advances in surgical tech-
nique, patient selection remains important to reduce postoperative complications.
Medical, surgical and social factors influence suitability for day-case surgery.
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Originally only patients graded I or II on the ASA (American Society of Anesthe-

siologists) physical status classification were considered suitable. However, sys-

temic disease is no longer thought to contraindicate day-case admission.

Evidence

We found a number of studies tracking the progress of patients with co-existing

medical disease through day-case surgery. These are summarised in Table 17.1.

Note that we have assumed that the conditions are optimally treated before the

patient is admitted for surgery. Where risk is increased, each case should be dealt

with on its individual merits.

Table 17.1. Co-existing medical conditions in day surgery

Condition

Studies

Conclusion

Physical Status
(ASA grade)

Obesity

Hyper-reactive
airway disease

Diabetes

1

In a retrospective case-controlled study of

896 ASA III day-surgery patients, there was no
significant increase in unexpected admissions
compared with ASA I and II controls (admission

rate 2.6% ASA IIT; 1.9% ASA I-1II) [3]

In a prospective study of 38 598 ambulatory patients,
incidence of severe morbidity (myocardial infarction,
central nervous system deficit, pulmonary embolism
and respiratory failure) was distributed equally between
ASA grades I-1I1. 24% of cohort were ASA III [4]

In a cohort of 17 683 patients, 2779 patients were
defined as obese (BMI >30). No increase in
cardiovascular events. Increased risk of respiratory
events (OR: 3.89; 99.9% CI: 1.14-13.3)[5]

Increased risk of lower respiratory events in cohort of
6914 patients (RR: 5.4; P < 0.01) [6]

In a prospective cohort of 17 683 ambulatory patients,
there was an increased risk of postoperative respiratory
events in asthmatics (OR: 4.61; 99.9% CI: 1.18-18.0)
and smokers (OR: 3.84; 95% CI: 1.11-13.3) [5]

A cohort of 6914 ambulatory patients found increased
risk of perioperative lower airway events in patients
with asthma (RR: 7.2; P < 0.01) and

COPD (RR: 10.1; P < 0.01) [6]

A retrospective analysis of 16411 ambulatory patients
showed no association between respiratory disease and
length of stay in recovery [7]

Diabetes not an independent predictor of morbidity
following ambulatory surgery [5]

No increase in admission
rate of major morbidity
with ASA III patients.

Increased risk of
perioperative respiratory
events

Increased risk of
perioperative and
postoperative respiratory
events

No increased risk of
perioperative events
(Continued)
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Table 17.1. (Continued)

Condition Studies Conclusion
2 Diabetics increased risk of unanticipated admission
following ambulatory surgery (OR: 2.0; 95%
CI: 1.3-2.2). However, was not significant when other
variables accounted [8]
3 A Cochrane Review of 176 RCTs showed no episodes of
lactic acidosis in over 35000 patient-years of treatment
with metformin [9]
Smoking 1 Ina cohort of 489 ambulatory patients, Smokers had Smokers are at increased
increased risk of respiratory complications (OR: 1.71; risk of respiratory and
95% CI: 1.03-2.84) and wound complications (OR: 16.3; wound complications.
95% CI: 1.58-175). Smoking cessation <4 weeks This risk falls if smoking
preoperatively resulted in adverse effects similar to stopped at least 4 weeks
non-smokers [10] preoperatively
2 An RCT of 120 patients undergoing joint arthroplasty
showed smoking cessation 6—8 weeks preoperatively
reduced wound complications (number needed to
treat: 4; 95% CI: 2-8) [10] (not ambulatory)
Coronary 1 A prospective study of complications in 38 598 Low risk of adverse
artery disease ambulatory patients, 14 had a myocardial infarction intraoperative or
within 1 month (rate 1:3220). No details about incidence postoperative events
of coronary artery disease in study population [4]
2 In a prospective cohort of 17 683 patients, when corrected
for age, sex, duration and type of surgery, history of
angina or myocardial infarction were not predictors of
intraoperative or postoperative adverse events [5]
Hypertension 1 Ina prospective cohort of 17 683 patients, increase in Increased risk of
cardiovascular events (OR: 2.47; 95% CI: 1.37-3.58) perioperative
and all intraoperative events (OR: 2.21; cardiovascular
99.9% CI: 1.37-3.58) [5] complications
2 No prediction of postoperative events in cohort study
of 544 patients >70 years for non-cardiac surgery
(not ambulatory) [12]
Cardiac failure 1 12% increase in postoperative stay (relative length of Increased risk of
stay 1.11; 99.9% CI: 1.0-1.23) [13] postoperative
complications
2 In a prospective cohort of 17 683 patients there is 11.1%
incidence of intraoperative adverse cardiovascular events,
but not significant predictor when corrected for age, sex,
duration and type of surgery [5]
Gastroesophageal 1 Ina prospective cohort of 17 683 patients, eight fold Increased risk of
reflux increase in intubation related adverse effects intubation
(OR: 8.0;99.9% CI: 1.17-54.6) (5] complications

OR: odds ratio; RR: relative risk; CI: confidence interval.
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Practice points

* Patients with pre-existing medical conditions need not be excluded from day surgery.

* Patients of ASA physical status grade Il do not appear to be at greater risk of
unanticipated hospital admission, mortality or major morbidity than those of
grade | or Il

* Patients with systemic disease do, however, have a higher incidence of minor intra-
operative adverse events and we suggest that these more challenging patients be
cared for by experienced anaesthetic personnel.

Preoperative testing

Evidence

Preoperative testing may be divided into tests which are “routine”, where they are
used as a screening tool in all patients, and “indicated”, where the decision to test is
directed by findings from clinical history or examination. Test results are assumed
to show a statistically normal distribution. As reference ranges usually include 2
standard deviations around the mean, some normal healthy people will, by defin-
ition, have results which fall outside those reference ranges. The usefulness of a
test must be questioned when an abnormal result is unlikely to influence clinical
management.

The role of routine tests in otherwise asymptomatic patients in the absence of any
specific clinical indication has been considered in a systematic review (search date
1996) [14]. All studies included were results of case series as no randomised trials have
been published. This review was not specific to day-case surgery and the studies
included a variety of surgical specialities. The results are summarised in Table 17.2.

In 2003, the UK National Institute for Clinical Excellence (NICE) published
guidelines for routine preoperative testing [15]. A systematic search was conducted
for evidence published since the search conducted for the above review. The results
from the systematic review confirmed the previous work’s conclusion that there is
no evidence that routine preoperative testing either improves or worsens outcome.
However, the resulting guidance does not reflect this entirely, as the guidelines were
drawn up by a consensus of interested stakeholders. They are comprehensive and
detailed and attempt to stratify patients by ASA grade, type of operative procedure
and cardiovascular, respiratory or renal disease. Table 17.3 shows some of the doc-
ument’s suggestions for testing in healthy older patients and patients with some
medical conditions, though it must be emphasised that there is no evidence that
testing healthy patients of any age improves outcome.
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Table 17.3. Suggested routine preoperative investigations [15]

Full blood count ~ Renal function  Electrocardiogram  Chest X-ray

ASA T >60 years No >80 years No
ASA TI-1IT
Cardiovascular ~ >60 years Yes Yes No
Respiratory >60 years No >60 years No
Renal >60 years Yes >60 years No

Practice points

* We suggest that healthy patients should not be submitted to routine preoperative
tests as the results, even if abnormal, are unlikely to alter clinical management and
testing has not been shown to improve outcome.

* Older patients, or those with systemic disease, may warrant specific tests and simple
guidelines are shown above.

Preoperative fasting and premedication

Evidence

It has been shown in one study that day-case patients have a higher preoperative
gastric volume than inpatients [16]. However, six studies gathered by a qualitative
non-systematic review found no difference in residual gastric volumes between
ambulatory patients and inpatients [17]. There also may be reluctance to give
anxiolytic premedication to day-surgery patients for fear of delaying recovery or
discharge.

A Cochrane systematic review of randomised controlled trials (RCTs) has assessed
fasting before surgery (search date 2003) [18]. This was not restricted to day-case
anaesthesia and included 22 trials, generally in healthy adults not at risk of regurgi-
tation or aspiration. The trials used surrogate outcomes rather than the incidence of
aspiration or regurgitation. There was no evidence of difference in volume or pH of
gastric contents when a shortened fluid fast was compared with a standard fast.
Patients allowed water preoperatively had statistically but not clinically significant
lower gastric volumes (weighted mean difference 2.5ml, 95% CI: 0.42—4.6). While
this review is well conducted, it relies, of necessity, on the outcome measures of the
primary studies on which it is based. As none featured clinical outcomes, the evi-
dence is at best supportive of shortened fluid fasting rather than conclusive.

A Cochrane review has considered anxiolytic premedication in adult patients
undergoing day-case surgery (search date 2002) [19]. Fifteen RCTs published since
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1990 were included. The primary outcome used was time to discharge; most stud-
ies were designed to assess the sedative effect of the premedicants preoperatively
using psychomotor tests and where these tests were repeated postoperatively, this
was used as a secondary outcome for the review. A wide range of drugs was used,
including benzodiazepines, beta-blockers and opiates. Premedication was not
found to delay time to discharge in any study. Out of four studies which used psy-
chomotor tests to assess recovery, three showed impaired recovery after premedi-
cation with benzodiazepines. However, in the studies which used a combination of
clinical criteria and psychomotor tests, none showed a delay in discharge.

A task force of the ASA reviewed the evidence on the use of pharmacological
agents to reduce the risk of pulmonary aspiration [20]. The studies were perfor-
med on healthy patients undergoing elective procedures and are not exclusive to
ambulatory procedures. Whilst there was evidence to support reduced gastric acid-
ity and volume with H, receptor antagonists and proton pump inhibitors, there was
insufficient evidence to support routine use to reduce frequency of aspiration or
reduce morbidity/mortality following aspiration.

Practice points

* Day-case patients should be fasted for 6 h following light meal (8 h following fatty
meal) and allowed clear fluids up to 2 h preoperatively.

* We do not recommend routine use of acid prophylactic medication preoperatively in
day-case patients with no risk factors for regurgitation or aspiration.

* Anxiolytic premedication can be given to day-surgery patients and does not delay
discharge.

Anaesthetic technique

The ideal anaesthetic for day-case surgery would provide rapid recovery, quick
return to “street fitness” and be free of side-effects. Other considerations include
turnover times and cost-effectiveness.

Recovery can be defined as a three-stage process — Phase I: extends from end of
anaesthesia until maintenance of protective reflexes and motor function; Phase II:
return to home readiness; Phase III: full recovery to preoperative status. In the con-
text of day surgery, Phase I usually occurs in the postanaesthesia care unit (PACU),
Phase II in the DSU and Phase III at home. Stages of recovery following general
anaesthesia can also be described as Early (eye opening or tongue protrusion to com-
mand); Intermediate (orientation) and Late (walk unaided, discharge). Psychomotor
recovery and unwanted side-effects (PONV, pain and anxiety) can also be measured.
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General anaesthesia

We found two systematic reviews comparing recovery from different anaesthetic
agents in ambulatory surgery [21,22]. We found a further four meta-analyses assess-
ing recovery profiles [23-26], although these included both day cases and inpatients.

A systematic review of clinical outcomes after different anaesthetic techniques for
day-surgery patients (search date 2000) was published in 2002 [21]. Eighty-nine pri-
mary studies, mostly of high quality, were included. Recovery was assessed in stages
as described above (early/intermediate/late/psychomotor/unwanted side-effects). A
further systematic review (search date 2002) found an additional 27 studies [22]. The
studies are summarized in Table 17.4. The “practice points” box draws practical rec-
ommendations (see below).

These findings are supported by a further four meta-analyses which also included
inpatient studies [23-26].

Regional anaesthesia

Monitoring

We found no systematic reviews comparing regional and general anaesthesia. One
RCT compared general anaesthesia with spinal anaesthesia for inguinal hernia
repair [27]. Thirty-four patients were included in the study, which randomised
patients to general anaesthesia with propofol or spinal anaesthesia with hyperbaric
lignocaine. Total time to discharge was a little longer in the spinal anaesthetic group
(average 285.4min; 95% CI: 251-317 min) compared with general anaesthesia
(261.7 min; 95% CI: 223-293 min). Patients in the spinal group spent less time in
the operating room and in Phase I recovery (159 min versus 188 min), but longer in
Phase II recovery (129 min versus 78 min). Patient and surgeon satisfaction with
anaesthetic technique was high in both groups. A further RCT compared general
anaesthesia with desflurane and spinal anaesthesia for outpatient knee arthroscopy
[28]. The study included 64 patients who were randomly allocated into two groups.
Patients in the spinal group received 4 mg (0.8 ml) of hyperbaric bupivacaine and
were positioned in a lateral decubitus position. Spinal anaesthesia was inadequate in
two patients who were converted to general anaesthesia and excluded from the
study. Time to home readiness was similar in both groups (spinal anaesthesia:
median 114 min, range 31-174; general anaesthesia: 129 min, range 28-245).

A meta-analysis compared Bispectral Index (BIS) monitoring and standard prac-
tice in ambulatory surgery patients (search date 2004) [29]. Eleven RCTs were
included involving 1380 patients. The use of BIS monitoring reduced anaesthetic
consumption by 19%, reduced nausea and vomiting (32% versus 38%) and
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reduced time in the recovery area by 4 min (45.2 min versus 49.1 min). There was
no significant difference between groups in time to hospital discharge. Cost analy-
sis showed that minor savings in anaesthetic agents, time in PACU and prevention
of PONV were offset by the costs of the BIS electrode.

Practice points

* Propofol is the IV induction agent of choice in day-case anaesthesia and has more
influence on awakening than the choice of maintenance agent.

* Sevoflurane and desflurane provided faster early and intermediate recovery when
compared to propofol or isoflurane. The differences are small and clinical advantages
will be dependant on infrastructure of the DSU (see “fast-tracking” below).

* When interpreting these results it is important to remember the structured protocol
for each anaesthetist in a trial does not allow clinical experience to influence how a
drug is used. Careful timing in ending anaesthesia may greatly influence awakening
times regardless of what agent is used.

* Recovery from spinal anaesthesia compares well with general anaesthesia in the
day-case setting, though more work is needed to establish the best technique for
day surgery.

* Whilst BIS monitoring reduces anaesthetic drug consumption, it does not improve
time to discharge or reduce costs of anaesthesia.

Analgesia

Postoperative pain is one of the most frequently occurring adverse events after day-
case surgery. A prospective study of 10008 day-surgery patients found the incidence
of severe pain was 5.3% in the PACU, 1.7% in the DSU and 5.3% at 24 h despite stand-
ard analgesia [30]. Increased body mass index and greater duration of anaesthesia
were predictive factors for severe pain. In another study of ambulatory surgical
patients, the procedures most associated with severe pain at 24 h were orchidectomy/
hydrocele repair (26.3%), shoulder arthroscopy (22.3%), laproscopic cholecystec-
tomy (18%), microdiscectomy (17.9%) and knee arthroscopy (15.5%) [31]. Uncon-
trolled pain was cited as the reason for 12.1% unanticipated admissions following
day surgery [32].

Evidence

Pre-emptive analgesia
One systematic review was found concerning pre-emptive analgesia (search date
2000) [33]. Eighty studies were included and involved both minor and major surgi-
cal procedures. No distinction was made about day surgery. There was no evidence
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of additional benefit from pre-emptive non-steroidal anti-inflammatory drugs
(NSAIDs), opioids or preincisional wound infiltration.

Postoperative analgesia
A systematic review of oral analgesia attempted to compare the effects of commonly
used oral analgesics with morphine and with each other. This was not restricted to
the day-case setting but as oral analgesia is the mainstay of postoperative analgesia
in ambulatory surgery it is highly relevant [34]. This is summarised in Table 17.5.
One meta-analysis was found reviewing incisional local anaesthesia for abdom-
inal operations (search date 1997) [35]. Twenty-six studies were included with
1211 patients which were separated into inguinal herniotomy (five RCTs), hys-
terectomy (four), open cholecystectomy (eight) and a variety of procedures (nine).
Following inguinal herniotomy pain scores were consistently lower from 2-7h
postoperatively. One study found reduced pain scores up to 24 h and one found a
difference up to 48 h. Four of the studies found a significant reduction in time to
first analgesic request.

Table 17.5. Summary of recommendations from systematic review of analgesia in day
surgery [34]

Interventions of 1 Includes standard oral analgesics (standard doses) — paracetamol;
proven value ibuprofen; diclofenac; tramadol; dextropropoxyphene
2 Single dose oral NSAIDs are effective and provide comparable
analgesia to 10 mg intramuscular morphine (NNT 50% pain relief:
Ibuprofen 400 mg 2.7 (95% CI: 2.5-3.0); diclofenac 50 mg 2.3 (95%
CI: 2.0-2.7); morphine 10 mg intramuscular 2.9 (95% CI: 2.6-3.6)
3 Paracetamol and codeine combinations appear effective (NNT 50%
pain relief): paracetamol 1000 mg 4.6 (95% CI: 3.9-5.4); paracetamol
600 mg/Codeine 60 mg 3.1 (95% CI: 2.6-3.9); Paracetamol
1000 mg/Codeine 60 mg 1.9 (95% CI: 1.5-2.6)

Interventions of 1 Injecting morphine into knee joint — has small analgesic effect lasting
doubtful value up to 24 h but no evidence of clinical value
2 Pre-emptive analgesia — no more effective than standard methods
3 Injectable or rectal NSAIDs in patients which can swallow — are no
more effective

4 Administering codeine in single dose — has poor analgesic efficacy

Ineffective 1 TENS (transcutaneous electric nerve stimulator) in acute
interventions postoperative pain
2 Local injections of opioids at sites other than knee joint

3 Dihydrocodeine 30 mg

NNT: number needed to treat; CI: confidence interval
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Intra-articular techniques for analgesia following knee arthroscopy have been
considered in two systematic reviews [36,37]. A systematic review of intra-articular
local anaesthesia for analgesia following knee arthroscopy (search date 1998)
included 20 studies; 12 of the studies showed improved pain parameters and in 10
studies pain scores were significantly lower (reduction in visual analogue score of
10-35mm). Most studies only showed an early postoperative effect, from 1-4h.
The effect of intra-articular morphine was considered in a systematic review (search
date 2004). Out of the nine studies which were included in analysis, seven showed
no benefit from intra-articular morphine; 23 RCTs were excluded due to low scien-
tific quality.

No systematic reviews or large RCTs were found evaluating peripheral nerve
blocks in day surgery. Three randomised trials were found, however the number of
patients in each was small (30-55), and will just be mentioned in summary. The
addition of ilioinguinal and hypogastric nerve blocks to patients having inguinal
hernia repair under local anaesthesia resulted in lower pain scores in PACU and less
oral analgesia after discharge [38]. In another study, paravertebral nerve blocks pro-
vided equivalent analgesia to ilioinguinal-hypogastric nerve blocks, but no compari-
son was made to a control group [39]. Following outpatient arthroscopic anterior
cruciate repair, femoral nerve block with 0.25% or 0.5% bupivacaine provided up to
24 h of analgesia [40].

Practice points

* There appears to be no additional benefit from pre-emptive analgesia, although
preoperative timing of analgesia may be convenient for short procedures and allow
oral route of administration.

* Oral analgesia should be used whenever possible. Oral NSAIDs are as effective as
injectable or rectal NSAIDs and give equivalent analgesia to intramuscular morphine.

* Wound infiltration is effective at reducing early postoperative pain and should be used
where possible. It may “buy time” to establish effective oral analgesia postoperatively.

* Peripheral nerve blockade may help with postoperative analgesia but there is insuffi-
cient evidence to comment on its efficacy.

Postoperative nausea and vomiting

PONV is an important cause of morbidity following day surgery and along with
pain is a major cause of unexpected admission. One systematic review found the
incidence of nausea to be 17% (0-55%) and vomiting to be 8% (0-16%) [41].
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PONV was included in a systematic review of anaesthetic agents [20]. Out of 48
studies involving propofol TIVA (total IV anaesthesia), 21 showed a lower incidence
of PONV in the propofol group. PONV was less after induction with propofol when
compared with thiopentone or inhalational agents. PONV was greater with TIVA in
only two studies and in the remaining 25 there was no difference. Four studies con-
sidered PONV following nitrous oxide. Three found no difference and one found
increased PONV with nitrous oxide.

A systematic review including 22 studies assessed PONV prophylaxis in day sur-
gery [42]. Overall incidence of post-discharge nausea was 32.6% and post-discharge
vomiting 14.7%. Prophylactic metoclopramide and droperidol were no different
to placebo in preventing post-discharge nausea and vomiting. Ondansetron, dexa-
methasone and combination treatment reduced post-discharge nausea (number
needed to treat: ondansetron 4 mg: 12.9; dexamethasone: 12.2). The total incidence
of postoperative vomiting in the treatment group was 14.6% compared with 26.5%
in the placebo group.

In general, management of PONV should be directed towards reducing the risk
(by using propofol for maintenance and by omitting nitrous oxide). Specific prophy-
laxis of PONV is likely to be less worthwhile that treating the symptoms when they
occur [43]. For patients at high risk of PONYV, baseline risk should be reduced as
above and a combination of antiemetics should be used as single agents are not
effective. Although these studies were not restricted to day-case patients, we sug-
gest that the results are largely transferable.

Practice points

* Routine PONV prophylaxis is not effective and day surgery is not in itself a valid
reason for routine prophylaxis.

* Emphasis should be focused on reducing baseline risk of PONV (consider using
propofol TIVA and omitting nitrous oxide) and effective treatment of symptoms
when they do occur.

* No single agent is effective in prophylaxis for PONV and in high risk patients a
balanced combination approach should be followed.

Discharge criteria

Criteria which must be satisfied before patients can be allowed home have been
developed in many day-case units. Some have been published. One well-known set
of criteria is shown below (see Table 17.6).
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Table 17.6. Guidelines for safe discharge after ambulatory surgery [49]

Vital signs must have been stable for at least 1 h

The patient must be:
Orientated to person, place and time
Able to retain orally administered fluids
Able to void urine
Able to dress

Able to walk without assistance

The patient must not have:
More than minimal nausea and vomiting
Excessive pain

Bleeding

The patient must be discharged by both the person who administered anaesthesia and the
person who performed surgery, or by their designates. Written instructions for the postoperative

period at home including a contact place and person must be reinforced

The patient must have a responsible “vested” adult to escort them home and stay with them

at home

Numerical scoring systems have also been developed, which assign values to
such criteria and allow progression from one phase of recovery to the next when
certain scores have been reached [44,45].

Although scoring systems are widely used to help decide when it is suitable to
transfer a patient from one phase to the next, they have never been formally evalu-
ated. There are some differences between them, the main one being the need to keep
oral fluids down, and void urine before being allowed home.

Fast-tracking involves bypassing the PACU, with early recovery occurring in the
operating theatre then the patient being transferred directly to the DSU. It is depend-
ent on the use of anaesthetic drugs with short duration of action and fast offset [46].

No systematic reviews were found comparing different discharge criteria.

We found one RCT comparing fast-tracking to a standard day-surgery tech-
nique [47]. Patients in the fast-tracking group were awakened in the operating
theatre and transferred directly to the DSU, thus bypassing the PACU. A scoring
system was used to assess sufficient recovery to allow fast-tracking. Patients in the
standard group were not transferred to PACU until they opened their eyes to com-
mand. Two hundred and seven day-surgery patients undergoing hysteroscopy,
arthroscopy or laparoscopy were randomised. The mean time to discharge was less
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in the fast-tracking group (17 min less) but there was a significant difference
between the different surgical groups (hysteroscopy 43 min; arthroscopy 35 min;
laparoscopy 2 min). They found little difference between nursing workload, meas-
ured by nursing interventions and care hours, or significant cost savings between
the two groups. There were differences between the surgical groups in both success
in meeting fast-track criteria and reduced time to discharge and certain procedures
may be more suited to this technique.

A prospective observational study assessed anaesthetic and non-anaesthetic fac-
tors which influenced discharge times in 1088 day-surgery patients [48]. After
anaesthetic technique, the most influential factor was found to be the nurse adminis-
trating Phase II care (13% variability in discharge time). System factors accounted
for the majority of delays in Phase II discharge (41%) and of these, 53% were due
to lack of an immediate escort for the patient.

Practice points

* Patients should meet defined criteria before discharge from DSU. Numerical scoring
systems may allow safe delegation to other members of staff but there is insufficient
evidence that they allow safer or more effective discharge than simple guidelines.

* ‘Fast-Tracking’ reduces, but does not remove, the need for a PACU and has not been
shown to offer clear advantages in terms of work load or costs. Releasing the poten-
tial of ‘fast-tracking’ will depend heavily on structure and practice of individual
day-case units.

Research agenda

Although differences between general anaesthetic agents have been well studied, RCT
evidence using important clinical outcomes is lacking for many aspects of day-case
anaesthesia. In particular, preoperative fasting, the use of preoperative tests, and the
application of discharge criteria have not been formally tested.

List of abbreviations

ASA: American Society of Anesthesiologists
BIS: Bispectral index monitoring
CL Confidence interval

COPD:  Chronic obstructive pulmonary disease
DSU: Day-surgery unit

NNT: Number needed to treat

NSAIDs: Non-steroidal anti-inflammatory drugs
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OR: Odds ratio
PACU: Postanaesthesia care unit

PONV:  Postoperative nausea and vomiting

wul

7

oo}

10

11

12

13

14

RCT: Randomised controlled trial
RR: Relative risk
TENS: Transcutaneous electrical nerve stimulation
TIVA: Total intravenous anaesthesia
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Neuraxial analgesia (epidural, and combined spinal-epidural techniques) effectively
relieves labour pain. Whether or not these modalities affect progress of labour has
been controversial. This chapter discusses the effect of neuraxial analgesia on cae-
sarean section rates, instrumental delivery rates and the duration of labour. There is
strong, homogeneous evidence to show that neuraxial analgesia does not increase
the caesarean section rate. There is also strong, consistent evidence to show that there
is an increase in the incidence of instrumental vaginal delivery in patients who have
neuraxial analgesia. Further, there appears to be a dose—response relationship —
parturients exposed to high concentrations of local anaesthetic are at higher risk
for instrumental vaginal delivery than those exposed to low concentrations. While
there appears to be a prolongation of the second stage of labour with neuraxial
analgesia, these results are inconsistent and dependent on the obstetric protocol at
a particular institution. In conclusion, neuraxial analgesia does not cause an increased
incidence of caesarean section but may increase the incidence of instrumental
vaginal delivery. This effect can be reduced by reducing the concentration of local
anaesthetic. The effect on the length of first and second stage of labour is variable
but is likely clinically unimportant.

on

Since the introduction of anaesthesia to obstetric practice by James Young Simpson
in 1847, there have been controversies concerning its use. In addition to the larger
issue of the use of any medical intervention during normal childbirth, the lay pub-
lic and medical community continue to struggle with the balance between the ben-
efits and risks of analgesia and anaesthesia to the mother and fetus during labour
and delivery.

During the past 20 years, there has been a major improvement in the quality of
evidence that has become available to answer questions pertaining to obstetrical

Key words: Analgesia, obstetric, caesarean section, instrumental vaginal delivery, analgesia, epidural.
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analgesia and anaesthesia. Practices and attitudes that were previously defended
dogmatically or emotionally have been tested in well-conducted randomised con-
trolled trials (RCTs). Of interest, some of the early work on physiological animal
models in the early 1960s may prove not to be applicable to humans.

In this chapter, I will discuss the effect of neuraxial labour analgesia on the
progress of labour. This question has been addressed by well-designed RCTs, high-
quality trials of other designs, meta-analyses and systematic reviews.

Neuraxial analgesia (epidural, and combined spinal-epidural techniques) effect-
ively relieves labour pain and is often chosen by parturients because of the known
efficacy of the technique. However, some authors express concern about potential
adverse effects of neuraxial analgesia on the progress of labour. In particular, there
is concern that it may lead to an increase in the incidence of caesarean section and
instrumental delivery. These questions have been addressed by numerous clinical
trials and synthesised in meta-analyses and systematic reviews [1,2]. Whether or
not neuraxial analgesia prolongs labour has also been discussed.

Caesarean section

Search strategy

Quality

The initial search has been reported elsewhere [1] and has been updated for this
review. Of note, because of ethical considerations, there were no clinical trials that
compared neuraxial analgesia to a placebo. Therefore, RCTs comparing neuraxial
analgesia to parenteral opioid analgesia were sought in MEDLINE (1966 until 11
August 2005), and EMBASE (1980 until 11 August 2005) using text terms (with alter-
nate spellings, synonyms and appropriate wild card characters) analgesia, obstetrical;
analgesia, epidural; caesarean delivery; analgesics, opioid. Hand searches were per-
formed on the abstracts from major anaesthesia meetings, and the International
Journal of Obstetric Anesthesia. Reference lists from major textbooks, review art-
icles and retrieved articles were searched. There was no language restriction.

Although in most cases, RCTs are the strongest study design in the sense that, when
properly performed, they result in the least amount of bias, there are a number of
barriers to consider when studying labour analgesia. First, it is not possible to blind
the patients or the caregivers involved in these studies. Since there is some subjec-
tivity in deciding the need for and timing of caesarean or instrumental vaginal
delivery for dystocia (the main outcomes of most of the studies), knowledge of
patient treatment group by the caregivers could introduce bias. A second concern is
that women with a definite desire for or against epidural analgesia do not enrol in
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these trials. A large proportion of women make this decision before the onset of
labour, eliminating many parturients from study participation. This may reduce the
applicability of the results to the general obstetrical population. Finally, patients may
not follow their group assignment. If patients are randomised too early, they may not
require any analgesia and may refuse group assignment. Assigning the group when
the patient requests analgesia can reduce this problem. Later, if the analgesia is inade-
quate, the patient may choose to “cross over” and receive the alternate treatment.
Usually this occurs when the patient has not been assigned to the epidural group. If
enough patients change groups, the randomisation may be threatened.

Retrieved studies

Results

In spite of these difficulties, random allocation to epidural versus parenteral opioid
labour analgesia was reported in 15 studies enrolling 4624 healthy patients [3—17].
In addition, 1223 patients in a single study were randomised to receive either par-
enteral meperidine or subarachnoid analgesia followed by a continuous epidural
infusion (combined spinal-epidural, CSE) [18]. Finally, there were 854 pre-
eclamptic patients in two studies [19,20]. Intention-to-treat data on one of the
studies [13] has become available in a review article [21].

The study characteristics are shown in Table 18.1. All of the studies were rated
for quality using the Jadad Scale [22]. Since none of the studies could be blinded,
the maximum score was 3. Most of the patients were enrolled in high-quality stud-
ies. Appropriate blinding of allocation was explicitly described in seven of the
studies of normal patients, and both studies that involved hypertensive patients.
Nulliparous and multiparous as well as hypertensive patients are represented. In
addition, there is extensive geographical diversity.

The obstetric and anaesthetic protocols are shown in Table 18.2. There was a wide
diversity in the descriptions of the conduct of labour among the studies. Most of the
studies used either meperidine or fentanyl for the opioid group. There was wide vari-
ation in the concentration of local anaesthetic used among the studies. Further, dif-
ferent methods were used for maintenance of analgesia for both groups. These
included both clinician and patient-controlled techniques. It should be noted that,
in some studies, there was a large number of patients who were assigned to the
parenteral group that received epidural analgesia because of inadequate pain relief.

The incidence of caesarean section is shown in Figure 18.1. In all cases, intent-to-
treat data were used. Although there were differences in the populations studied the
obstetric protocols and the analgesic protocols, there was very little heterogeneity in
the data. When all the data is pooled, the caesarean section rate is 8.8%. The odds
ratio (OR) for the difference in caesarean section rates is 1.03 (95% confidence
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Epidural Opioid OR (random) OR (random)
Study n/N n/N 95% CI 95% CI
Normotensive patients
Robinson (multiparous) 0/17 0/18 -
Robinson (nulliparous) 0/28 0/30 -
Nikkola 0/10 0/10 -
Clark 15/156 22/162 —s 0.68 (0.34, 1.36)
Sharma (1997) 13/358 16/357 —— 0.80 (0.38, 1.70)
Sharma (2002) 16/226 20/233 — 0.81(0.41, 1.61)
Howell 13/175 16/178 — 0.81 (0.38, 1.74)
Loughnan 36/304 40/310 —a— 0.91 (0.56, 1.47)
Halpern 12/124 12/118 —_— 0.95 (0.41, 2.20)
Ramin 43/664 37/666 —r— 1.18 (0.75, 1.85)
Muir 1996 3/28 2/22 1.20 (0.18, 7.89)
Jain 7/43 11/83 —_—t— 1.27 (0.46, 3.56)
Philipsen 1989, 1990 10/57 6/54 —_— 1.70 (0.57, 5.06)
Bofill 5/49 3/51 —_—t 1.82(0.41, 8.06)
Thorp 12/48 1/45 —= 14.67 (1.82, 118.22)
Subtotal (95% CI) 2287 2337 1.00 (0.80, 1.24)
Total events: 185 (Epidural), 186 (Opioid)
Test for heterogeneity: (P = 0.44)
Test for overall effect: (P = 0.97)
Hypertensive patients
Lucas 63/372 62/366 1.00 (0.68, 1.47)
Head 10/56 7/60 1.65 (0.58, 4.67)
Subtotal (95% CI) 428 426 1.06 (0.74, 1.52)
Total events: 73 (Epidural), 69 (Opioid)
Test for heterogeneity: (P = 0.38)
Test for overall effect: (P = 0.75)
CSE versus opioid
Gambling 39/616 34/607 1.14 (0.71, 1.83)
Subtotal (95% CI) 616 607 1.14 (0.71, 1.83)

Total events: 39 (Epidural), 34 (Opioid)
Test for heterogeneity: not applicable
Test for overall effect: z= 0.54 (P = 0.59)

Total (95% ClI) 3331 3370 1.03 (0.86, 1.22)
Total events: 297 (Epidural), 289 (Opioid)

Test for heterogeneity: (P = 0.60)

Test for overall effect: (P = 0.75)

T T T T
0102 05 1 2 5 10
More events in the More events in the
opioid group epidural group

Figure 18.1 Epidural versus parenteral opioids: Caesarean section rate. The incidence of caesarean
section is shown for the epidural and opioid group for all studies. The OR and 95% Cl are
illustrated with a Forest Plot on a logarithmic scale. The squares are proportional to the
effect sizes in the meta-analysis. (Modified with permission Blackwells Publishing from
Figure 2.1 in Leighton BL, Halpern SH. Epidural analgesia and the progress of labor. In:
Halpern SH, Douglas MJ (eds). Evidence Based Obstetric Anesthesia. Blackwell publishing,
2005, pp. 10-22.)
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interval (CI): 0.86—1.22). The absolute risk difference is 0.3% (95% CI: —1-2%).
The results are similar in all subgroups.

There have been two additional meta-analyses published on this topic [23,24]. Lui
et al. studied the effect of low concentration epidural analgesia on the incidence of
caesarean section [23]. They excluded all studies that used 0.375% or higher concen-
trations of bupivacaine [11,12,14]. They also excluded studies that did not report
intent-to-treat data [13]. However, they included a large randomised trial that com-
pared epidural analgesia to “continuous midwifery support” control rather than
“opioid analgesia”. In this study, the control group was encouraged to ambulate and
to use parenteral pethidine or inhaled nitrous oxide for analgesia. Patients also
received 1:1 nurse to patient care throughout labour. In total 2962 patients were
included in this meta-analysis. Although the population of studies was different
from the analysis above, the incidence of caesarean section was similar between
groups (OR: 1.03;95% CI: 0.71-1.48). Sharma et al. [24] studied data from their own
institution using individual patient data. The patients were all nulliparous and were
reported in previous studies [13,15,16,18,20]. Pooled analysis of patients in these
studies showed that the incidence of caesarean section was very similar between
groups (OR: 1.04; 95% CI: 0.81-1.34). Because this group of patients constitutes a
large proportion of patients in the primary meta-analysis, some authors have ques-
tioned the generalisability to other centres. When the patients from Texas Southwest
Medical Center were excluded, there were 10 studies comprised of about 2000 patients.
There was still no significant difference in the incidence of caesarean section (OR:
1.09; 95% CI: 0.79-1.51). There was also no significant heterogeneity.

The greatest threat to validity of the RCTs was crossover from the opioid group to
the epidural group. However, there was a subgroup of seven studies, comprised of
about 2300 patients in which the crossover rate was <10% [7,11,12,16,17,19,20]. In
this subgroup, there was no significant difference in the caesarean section rate. The
OR was 1.15 (95% CI: 0.76-1.17; P = 0.48).

The conclusion that epidural analgesia does not cause an increased incidence of
caesarean section is reinforced by other observations. A rapid change in availabil-
ity of epidural analgesia in an institution may represent a special type of “historical
control”. Unlike other investigations of this type, the whole population is studied,
rather than an unspecified or selected sample. This type of study may be appropri-
ate in settings in which it is difficult to recruit to randomised trials. Further, it elim-
inates the “cross-over” problem because epidural analgesia was simply not an option
for a portion of the study period. In order to be valid, the following criteria should
be fulfilled: 1) There is a stable population. For example, the hospital continues to
attract the same types of patients. 2) Treatments are stable. In this case, the criteria
for obstetric intervention should not change. 3) There is stable evaluation. 4) There
is stable preference. There should be no “bias” introduced by advertisement to
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consumers or publicised scientific reports. 5) The effect of the intervention on out-
come does not change. In this case, there should be no required “learning curve”.
Finally, the transition should be rapid (<2 years) [25]. Segal et al. reviewed and
pooled the results of nine studies, comprised of about 39000 patients, in which
there was a rapid change in the availability of epidural analgesia to a population of
obstetric patients [26]. There was no change in the incidence of caesarean section
between the two-study periods.

Instrumental vaginal delivery

Results from RCTs comparing neuraxial analgesia to opioid

All of the studies that reported the incidence of caesarean section also reported the
incidence of instrumental vaginal deliveries. However, intent-to-treat data was not
available from one of the studies and therefore those patients who were “protocol
compliant” were reported [13]. There were a total of 6199 patients in the 17 studies.

There was a statistically significant increase in the instrumental delivery rate in
patients who received epidural analgesia compared to those that did not (Figure 18.2).
The OR was 1.92 (95% CI: 1.52-2.42). The absolute risk 16% in the epidural group
and 10% in the opioid group (risk difference: 6%; 95% CI: 4-9%, P < 0.00001).
However, there was significant heterogeneity in the data, probably because of dif-
ferences in obstetric practices.

From these data it is not possible to tell whether epidural analgesia caused an
excess of instrumental vaginal delivery because of a biological effect (change in
muscle tone, reduction in the urge to “push” in second stage) or because of changes
in physician behaviour. For example, it should be noted in one study, the authors
explicitly stated that elective forceps were more common in the epidural group for
the purpose of resident training [3].

In order to determine whether epidural analgesia causes an increase in forceps
delivery for biological reasons the studies must, at least potentially, be blinded. As
mentioned above, it is not possible to blind a “neuraxial versus no neuraxial” study.
However, it is possible to study different concentrations of local anaesthetic in a
blinded fashion. If a dose-response relationship is present, there is evidence for
causation.

Instrumental vaginal delivery: the effect of local anaesthetic concentration

Search strategy

In order to do this, RCTs that compared a “low concentration” to a “high concen-
tration” of local anaesthetic were sought. RCTs were sought in MEDLINE (1966
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Epidural  Opioid OR (random) OR (random)
Study n/N n/N 95% CI 95% ClI
Normotensive patients
Philipsen 1989, 1990 14/57 14/54 —_— 0.93 (0.39, 2.19)
Loughnan 88/304 81/310 —-— 1.15(0.81, 1.64)
Clark 24/156 20/162 —t— 1.29 (0.68, 2.45)
Halpern 36/124 25/118 I 1.52 (0.85, 2.74)
Sharma (1997) 26/358 15/357 T— 1.79 (0.93, 3.43)
Howell 55/175 36/178 — 1.81(1.11, 2.94)
Thorp 9/48 5/45 —_—t 1.85 (0.57, 6.00)
Bofill 39/49 28/51 —_— 3.20 (1.32,7.78)
Ramin 41/432 13/437 — 3.42 (1.81, 6.48)
Jain 12/43 8/83 —_— 3.63(1.35,9.74)
Sharma (2002) 26/226 7/233 —_— 4.20 (1.78, 9.88)
Robinson (1) 17/28 8/30 —_— 4.25 (1.40, 12.88)
Robinson (2) 5/17 118 s E—— 7.08 (0.73, 68.61)
Nikkola 4/10 0/10 —— 14.54(0.67, 316.69)
Subtotal (95% ClI) 2027 2086 L 4 2.04 (1.52, 2.74)
Total events: 396 (Epidural), 261 (Opioid)
Test for heterogeneity: (P = 0.01)
Test for overall effect: z= 4.75 (P < 0.00001)
Hypertensive patients
Head 3/56 3/60 — 1.08 (0.21, 5.56)
Lucas 51/372 27/366 —e 1.99 (1.22, 3.26)
Subtotal (95% CI) 428 426 - 1.90 (1.18, 3.04)
Total events: 54 (Epidural), 30 (Opioid)
Test for heterogeneity: (P = 0.48)
Test for overall effect: z= 2.67 (P = 0.008)
03 CSE versus Opioid
Gambling 51/616 34/616 —=— 1.55 (0.99, 2.42)
Subtotal (95% ClI) 616 616 o 1.55 (0.99, 2.42)
Total events: 51 (Epidural), 34 (Opioid)
Test for heterogeneity: NA
Test for overall effect: z= 1.90 (P = 0.06)
Total (95% CI) 3071 3128 L 4 1.92 (1.52, 2.42)
Total events: 501 (Epidural), 325 (Opioid)
Test for heterogeneity: (P = 0.04)
Test for overall effect: z = 5.49 (P < 0.00001) ) ) ) ) ) )
T T T T T T
0102 05 1 2 5 10
More events in the More events in the
opioid group epidural group

Figure 18.2 Epidural versus parenteral opioids: Instrumental vaginal delivery. The incidence of
instrumental vaginal delivery is shown for the epidural and opioid group for all studies.
The OR and 95% Cl are illustrated with a Forest Plot on a logarithmic scale. The squares
are proportional to the effect sizes in the meta-analysis. (Modified with permission
Blackwells Publishing from Figure 2.2 in Leighton BL, Halpern SH. Epidural analgesia and
the progress of labor. In: Halpern SH, Douglas MJ (eds). Evidence Based Obstetric
Anesthesia. Blackwell publishing, 2005, pp. 10-20.)
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until 30 September 2004), and EMBASE (1980 until 30 September 2004) using text
terms (with alternate spellings, synonyms and appropriate wild card characters)
epidural analgesia, labour analgesia, local anaesthetic concentration, forceps deliv-
ery, caesarean section. We included all RCTs that compared low concentration to a
higher concentration of local anaesthetic for labour analgesia in the induction
dose, maintenance or both. In order to avoid the debate concerning equipotent
concentrations of local anaesthetic, only studies that compared the same local
anaesthetic with (or without) the same additives were included. There was no lan-
guage restriction.

In total 17 studies in 15 manuscripts, comprised of about 2200 patients, that met
the inclusion criteria [27-41]. The study characteristics are shown in Table 18.3.
All but four of the study had a score of 3 or more on the Jadad scale and seven expli-
citly mentioned blinding of allocation. Ropivacaine was used in five of the studies,
bupivacaine was used in the remainder. Both nulliparous and mixed populations
are represented but all patients were at term and at “low risk”. Patient-controlled
epidural analgesia (PCEA) was used in four studies, continuous infusion in 10 and
clinician topups in three. In three of the studies, different concentrations of local
anaesthetic were combined to form either the low concentration or high concen-
tration group [30,35,37] and in one, three different regimens of the same concen-
tration were combined for each concentration [27].

These studies show a statistically significant increase in the rate of instrumental
vaginal delivery in the high concentration group (OR: 1.45; 95% CI: 1.19-1.76,
P =0.0002). There was little heterogeneity (P = 0.51) among the studies in spite
of significant clinical heterogeneity in the type of local anaesthetic, concentration
of local anaesthetic, type of maintenance, geographical, and temporal differences.
It should be noted that the incidence of caesarean section was similar between
groups (OR: 0.89; 95% CI: 0.69-1.15, P = 0.38). In addition, there was no signifi-
cant difference in maternal analgesia as measured by pain scores, clinician work-
load as measured by the number of unscheduled clinician topups, or neonatal
outcomes [42].

These results also agree with other studies. Angle et al. reported a meta-analysis
of four studies that compared patients who received bupivacaine at 0.125% or
higher, compared to <0.125% [43]. This analysis was comprised of different studies
because the use of different additives was not an exclusion criterion. This analysis
was also different because studies were excluded if bupivacaine concentrations of
>0.125% were used at any time in the low concentration group. There were four
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studies that met these criteria [37,44—46] comprised of about 2000 patients. Only one
of the studies in this meta-analysis was included in the analysis above [37]. In this
meta-analysis there were more instrumental deliveries in the high concentration
group compared to the low concentration group (OR: 1.31; 95% CI: 0.93-1.83,
P = 0.10), but this was not statistically significant. In a third analysis, Reynolds et al.
[47] reported the combined results of five studies [48—52] over a 3 year period in the
same institution. Although there was no difference in instrumental vaginal delivery,
patients were less likely to experience a spontaneous vaginal delivery if they were in
the high concentration group. Logistic regression showed that there was a statis-
tically significant incidence of obstetrical intervention as the dose (in milligrams) of
local anaesthetic increased.

There was no change in the incidence of instrumental vaginal delivery in centres
that rapidly acquired or lost an epidural service [26].

Duration of labour

The duration of first and second stage of labour has been compared in RCTs in
patients who received neuraxial analgesia and opioid analgesia controls. These
outcomes are not precise because there are no agreed criteria for the time intervals
between measurements of cervical dilatation during labour. Further, the time that
labour begins is sometimes difficult to determine. However nine studies (in eight
manuscripts), comprised of about 2000 patients report a comparison of the dur-
ation of the first stage of labour [3,4,6-8,14,16,17]. In these studies, the mean
duration of first stage of labour was between 274 and 676 min. The weighted mean
difference between the groups was 25 min (95% CI: —5-54 min; P = 0.09). There
was marked heterogeneity in the results, primarily because of the inclusion of both
nulliparous and multiparous patients. The heterogeneity also reflected the diffi-
culty in determining the beginning and end of the first stage of labour.

There were 11 studies (in 10 manuscripts), comprised of about 2400 patients, that
reported the difference in duration of second stage of labour [3-8,11,14,16,17]. The
mean duration was between 18 and 121 min. Of note, the study that reported a mean
duration of 18 min consisted only of multiparous patients [14]. The weighted mean
difference in duration of second stage was 17 min (95% CI: 10-23 min; P = 0.003).
There was significant heterogeneity among the studies. This was likely due to the rea-
sons outlined above concerning first stage of labour. An additional factor may have
been a change in obstetric practice that allowed second stage of labour to last longer
than 1h. This change took place in many institutions between 1985 and 1995.

There were 6 studies, comprised of about 660 patients, that compared the dur-
ation of the first stage of labour in parturients who received low or high concentration
of local anaesthetics [28,29,31-33,40]. There was no difference between groups
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(weighted mean difference 14.4 min; 95% CI: —39-10 min; P = 0.26). Similarly,
there was no difference in duration of second stage in the 4 studies that reported
this outcome (weighted mean difference 5min; 95% CI: —18-8 min; P = 0.44)
[28,31,33,40].
Practice points
* Neuraxial analgesia is the most effective means of alleviating labour pain.
¢ Whether or not neuraxial analgesia is detrimental to the progress of labour has been
controversial.
* Recent evidence shows that neuraxial analgesia does not increase the incidence of
caesarean sections.
¢ The incidence of instrumental vaginal delivery may be increased by neuraxial analge-
sia. This appears to be a dose related phenomenon and may be decreased by
decreasing the concentration of local anaesthetic.
® Currently, it is recommended that the lowest concentration of local anaesthetic be
used to achieve analgesia.
Research agenda
Current research is directed at:
* Determining the appropriate dose of local anaesthetic.
* Determining the role for adjuvants such as opioids
* Determining the role of spinal opioids for initiation of analgesia.

Conclusions

Over the past 25 years, the effects of neuraxial analgesia on the progress of labour
have become better defined. There is clear evidence that there is no effect on the
incidence of caesarean section. This has been established by examining numerous
RCTs as well as well-designed historical cohort studies. Further, in studies that
compared low concentration to high concentration local anaesthetics, there was no
difference in the caesarean section rate.

Conversely, neuraxial analgesia may cause an increase in the incidence of instru-
mental vaginal delivery. This is particularly true if high concentrations of local
anaesthetics are used. Neuraxial analgesia does not prolong the first stage of
labour. The second stage of labour may be prolonged by approximately 17 min,
although this difference is unlikely to be clinically significant.

When deciding which type of analgesia to offer a parturient, the benefits and
risks must be assessed. Neuraxial analgesia provides the most complete analgesia
when compared to any other mode of treatment. Using the lowest concentration of
local anaesthetic compatible with patient comfort can reduce its impact on progress
of labour.
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There is good evidence that epidural analgesia provides slightly better analgesia
when compared with intravenous (IV) opioid regimens; incisional local anaesthetic
infiltration has minimal analgesic effectiveness; supplemental IV fluids improve
patient comfort, but a restrictive fluid regimen promotes return of gastrointestinal
(GI) function; normothermia prevents shivering and wound infection, prophylactic
antibiotics prevent infections; heparin and graduated compression stockings reduce
thromboembolism; nasogastric drainage has no benefit, but early enteral feeding
reduces postoperative infection and hospital stay, and may have other benefits after
abdominal surgery. There is inconclusive evidence that supplemental IV fluids
improve postoperative nausea and vomiting (PONV), headache and pain; a restrict-
ive fluid regimen reduces postoperative complications and hospital stay; choice of IV
fluid has any clinically important effects; optimisation of tissue oxygen delivery with
inotrope therapy improves outcome; supplemental oxygen reduces serious compli-
cations; nitrous oxide reduces wound infection and pneumonia; and whether or
not beta-blockers reduce cardiac mortality.

Major abdominal surgery includes many types of GI, as well as hepatobiliary, aor-
tic, renal, and prostatic surgery. Naturally there are specific anaesthetic consider-
ations inherent in each of these procedures, and some institutions will have unique
issues for the anaesthetist to consider, such as innovative surgical techniques or
the extent of hospital resources available for the perioperative care of the patient.
However, despite these understandable modifiers of anaesthetic technique, there is

Key words: Morbidity, mortality, surgery, epidural analgesia, local anaesthesia, fluid therapy, colloid, oxygen
delivery, transfusion, supplemental oxygen, nitrous oxide, normothermia, beta-blockade, alpha,-agonists,
thromboembolism, nasogastric drainage.
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good evidence that variations in surgical and anaesthetic practice occur [1], and
these could have a substantial impact on patient outcome [2].

The major issues confronting anaesthetists caring for patients undergoing major
abdominal surgery include effective pain relief, optimisation of respiratory function,
and avoidance of serious complications and death. Choice of general anaesthetic
agent appears to have little effect on outcome [3-5], although overall rates of death
and serious complications are very low and so the ability for trials to identify clinically
useful treatments is limited [6]. In this chapter we describe many evidence-based
interventions relevant to anaesthesia for abdominal surgery.

Pain relief

Observational studies suggest that an integrated approach to perioperative care of
abdominal surgical patients that includes minimally invasive surgery, optimal pain
relief (with or without epidural analgesia), early oral nutrition, and active mobilisa-
tion, leads to shorter hospital stays and, possibly, reduced postoperative complica-
tions. However, this has yet to be confirmed with large randomised trials, although a
small trial has found some benefits of epidural analgesia in enhancing quality of life
after colorectal surgery [7]. Analgesic studies typically use a visual analogue scale
(VAS) to measure pain intensity; a clinically useful reduction in pain is a reduction
in VAS score of at least 1520 mm [8].

The two most common analgesic therapies after abdominal surgery are patient
controlled analgesia (PCA) and epidural analgesia. These techniques have been com-
pared after abdominal surgery in a systematic review (SR) that included nine ran-
domised trials with 711 patients [9]. Epidural analgesia provided better pain relief as
assessed by VAS pain scores at 6,24, and 72 h after surgery: weighted mean difference
(WMD) 1.74 (95% confidence interval, CI: 1.30-2.19), 0.99 (95% CI: 0.65-1.33),
and 0.63 (95% CI: 0.24-1.01), respectively. The incidence of pruritus was lower in
the PCA group (odds ratio,OR: 0.27, 95% CI: 0.11-0.64), but there was insufficient
evidence of other possible benefits or risks of these two techniques in this setting. An
earlier SR which focused on serious complications and mortality found no signifi-
cant effect of neuraxial blockade in the abdominal surgery sub-group [10], but the
pooled estimates had wide CIs and so further trials are required before definitive
conclusions can be made. A large randomised trial in abdominal surgical patients
found that postoperative epidural analgesia was associated with lower pain scores
during the first three postoperative days, as assessed by VAS scores [11]. However,
the magnitude of the effect lost clinical significance (VAS score difference <15 mm)
after the first 24 h.

An SR comparing epidural local anaesthesia with opioid-based regimens to
assess postoperative GI function, PONV, pain and complications found that most
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Review: Patient controlled intravenous opioid analgesia (PCA) versus continuous epidural analgesia (CEA)
for pain after intra-abdominal surgery

Comparison: 01 Efficacy (continuous)

Outcome: 01 Pain VAS: Early phase

PCA Mean CEA Mean WMD (fixed) Weight WMD (fixed)
Study N (SD) N (SD) (95% Cl) (%) (95% Cl)
01 Resting pain: Early phase (cm)
Allaire 1992 29 3.30 (1.70) 39 2.00 (1.90) I~ 23.8 1.30(0.38, 2.22)
Bois 1997 59  3.30(2.80) 55 1.40 (1.90) = 26.3 1.90(1.03, 2.77)
Boylan 1998 21 2.10 (3.70) 19 1.30 (2.10) T 5.9 0.80(-1.04, 2.64)
Kowalski 1992 9 5.40 (2.20) 9 4.90 (3.10) —T 3.3 0.50(-1.98, 2.98)
Tsui 1997 54  4.47 (2.19) 57 2.33(1.50) = 40.7 2.14(1.44, 2.84)
Subtotal (95% ClI) 172 170 * 100.0 1.74(1.30, 2.19)

Test for heterogeneity: y2 = 4.21,df=4, P=0.38, 12 =5.1%
Test for overall effect: z= 7.63, P < 0.00001

02 Dynamic pain: Early phase (cm)

Boylan 1998 21 4.00 (6.00) 19 3.00 (4.00) —r— 6.1 1.00(-2.13, 4.13)
Tsui 1997 54  5.86(2.17) 57  4.11(2.12) [ 93.9 1.75(0.95, 2.55)
Subtotal (95% Cl) 75 76 > 100.0 1.70(0.93, 2.48)

Test for heterogeneity: x2 = 0.21, df = 1, P = 0.65, /2 = 0.0%
Test for overall effect: z = 4.32, P < 0.00002

-10 -5 0 5 10
Favours PCA Favours CEA

Figure 19.1 PCA versus epidural analgesia for pain relief after abdominal surgery. The forest plot
illustrates differences in pain score at about 6 h after surgery (see Werawatganon and
Charuluxanun [10], Copyright Cochrane Library, reproduced with permission from Elsevier.
© 2005 Elsevier Ltd)

trials involved a small number of patients, had poor methodology, and the sub-
sequent meta-analyses had marked heterogeneity [12]. However, one consistent
result was earlier return of GI function in the epidural local anaesthetic group
compared with groups receiving systemic or epidural opioid, 37h versus 24h,
respectively. Postoperative pain was comparable (Figure 19.1).

Epidural analgesia is superior to opioid PCA in relieving postoperative pain in patients
after abdominal surgery, but is associated with a higher incidence of pruritus. The
analgesic benefit is small and transitory (<24 h). Administration of epidural local
anaesthetics to patients undergoing abdominal surgery assists return of Gl function
compared with systemic or epidural opioid regimens. There is no evidence of other
benefits of epidural analgesia in abdominal surgery patients.

Further research is needed, with studies focusing on major complications such as
respiratory failure, pneumonia, and mortality.

An SR of 26 trials with 1211 patients evaluated the analgesic efficacy of incisional
infiltration with local anaesthetic after abdominal surgery [13]. The study popula-
tions included inguinal hernia repair, hysterectomy, and cholecystectomy. There
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Comparison: 01 Postop pain (0-24 h)
Outcome: 08 Abdominal pain (0-2 h)

Local
anaesthetic Mean Placebo Mean WMD Weight WMD
Study n (SD) n (SD) (95% Cl random) (%) (95% CIl random)
Jiranantaratetal. 39 3.18 (2.64) 41 3.40 (2.70) 33.9 -0.22 (-1.39, 0.95)
Lepner et al. 20 2.11(1.83) 20 2.68(2.00) 33,5 -0.57 (-1.76, 0.62)
Pasqualuccietal. 14 0.08 (0.28) 14 2.31(2.35) = 32.6 -2.23 (-3.47,-0.99)
Total (95% Cl) 73 75 100.0 -0.99 (-2.19, 0.20)

Test for heterogeneity: y2 = 5.98, df = 2, P = 0.05
Test for overall effect: z= 1.62, P = 0.10 . . . .
T T T T T
-10 ) 0 5 10

Favours treatment ~ Favours control

Comparison: 01 Postop pain (0-24 h)
Outcome: 09 Abdominal pain (2-6 h)

Local
anaesthetic Mean Placebo Mean WMD Weight WMD
Study n (SD) n (SD) (95% Cl random) (%) (95% Cl random)
Jiranantaratetal. 39 3.00(2.02) 41 3.68(2.85) 34.1 -0.65 (-1.73, 0.43)
Lepner et al. 20 2.62(1.70) 20 2.05(2.26) 32.6 0.57 (-0.67, 1.81)
Pasqualuccietal. 14 0.99 (1.04) 14  3.36 (1.96) = 33.3 -2.37 (-3.53, -1.21)
Total (95% Cl) 73 75 100.0 -0.83 (-2.45, 0.79)

Test for heterogeneity: y2 = 11.74, df = 2, P = 0.0028
Test for overall effect: z= 1.00, P = 0.3 . . . .
T T T T T
-10 ) 0 5 10

Favours treatment Favours control

Figure 19.2 The early analgesic efficacy of local anaesthetic infiltration after laparoscopic cholecystectomy
(reprinted from Practice and Research Clinical Anaesthesiology, Ref. [14] With permission
from Elsevier. © 2005 Elesevier Ltd)

was marginal evidence of benefit in some of these settings, but the authors con-
cluded that further clinical trials were needed before recommendations could
be made. A subsequent meta-analysis, restricted to laparoscopic cholecystectomy,
was completed recently [14]. A total of 31 trials with 2116 patients were identified,
and once again only small differences were found. The authors noted that post-
operative pain was generally mild to moderate after this type of surgery, suggesting
that additional analgesic interventions had limited capacity to improve analgesic
effectiveness. Importantly, they reported toxic plasma concentrations of local
anaesthetics in some patients, and recommended that if local infiltration is to
be used, the dose should be monitored closely to avoid toxicity (Figure 19.2).

Incisional infiltration with local anaesthetic has marginal analgesic effectiveness after
abdominal surgery.
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Fluid therapy

Traditional anaesthetic teaching has encouraged liberal IV fluid administration in
the perioperative setting, in a belief that this will restore hydration status and tissue
perfusion. Yet there are conflicting reports in the literature regarding the effect of
various IV fluids and the optimal volume of administration during and after surgery.

Preoperative fasting leads to a fluid deficit of about 1L and is likely to contribute
to preoperative thirst, perioperative discomfort, patient dissatisfaction, and, possibly,
morbidity. Holte and Kehlet [15] did an SR of 17 trials in 2002 comparing no fluids
with correction of the preoperative fluid deficit. Low-volume fluid therapies reduced
preoperative thirst, and larger volumes (at least 1 L) reduced postoperative drowsi-
ness and dizziness, but there was insufficient data to draw conclusions on outcomes
such as PONV, headache and pain.

Several small trials have found that balanced electrolyte solutions result in better
clinical outcomes when compared with saline-based fluids [16—-18]. This is most
apparent in patients undergoing minor surgery, mostly in the ambulatory setting,
where higher-volume fluid regimens improve early recovery measures such as dizzi-
ness, nausea, and thirst [16-19], and may improve pulmonary function, exercise
capacity, and shorten hospital stay [17,18].

In patients undergoing minor surgery the routine administration of about 1L of IV fluid
improves patient comfort before and after surgery. There is insufficient evidence to
draw conclusions for an effect on PONV, headache and pain.

However, the results of such trials may not be applicable to patients undergoing
major abdominal surgery in which substantially larger fluid shifts, and a complex
inflammatory response occurs [20]. Recently, the effects of different fluid regimens
on outcome were evaluated in this setting, where three trials in abdominal surgical
patients concluded that a restrictive fluid regimen improves outcome [21-23].
However, a more recent trial was not able to replicate these findings [24].

Lobo et al. [21] did a randomised trial of salt and water restriction on recovery of
GI function after elective colorectal surgery. They randomised 20 patients to either a
standard postoperative fluid regimen (about 3 L and 154 mmol sodium per day) or a
restrictive fluid regimen of about 2 L and 77 mmol sodium per day. They found that
GI function (gastric emptying, passage of flatus) was improved in the restrictive
group. Patients in the restrictive fluid group had fewer complications (P = 0.01),and
their median hospital stay was shorter (6 days versus 9 days; P = 0.001). Brandstrup
etal. [22] did a randomised trial comparing similar fluid regimens in 172 colorectal
surgical patients. The restrictive fluid group had fewer postoperative complications
(33% versus 51%; P = 0.013), and there were no deaths in the restrictive group
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compared with four deaths in the standard group (P = 0.12). Nisanevich et al. [23]
did a randomised trial comparing restrictive and liberal fluid regimens in 152
patients undergoing a broader range of abdominal surgical procedures (gastric, small
bowel, pancreatic, colorectal). Once again, the restrictive group had fewer complica-
tions (P = 0.046), shorter durations of ileus (P < 0.001), and shorter hospital stay,
8 days versus 9 days (P = 0.01). The latter trial is notable in that the study population
included a broad range of patients, many of whom were judged to be at increased risk
of postoperative complications. However, Kabon et al. [24] did a randomised trial
comparing similar fluid regimens in 253 colorectal surgical patients, with the pri-
mary outcome being wound infection. There was no difference in the rates of wound
infection, restrictive fluid group 14% versus liberal fluid group 11% (P = 0.46).

We did a meta-analysis of relevant trials to evaluate the effect of fluid restriction
on hospital stay, major morbidity and mortality (Figure 19.3). This suggests there
may be some benefit of fluid restriction, though a large definitive trial is warranted
to confirm any beneficial effect on major morbidity or mortality.

In patients undergoing major abdominal surgery, a restrictive fluid regimen promotes
return of Gl function, and may reduce postoperative complications and hospital stay. In
addition, there may be reduced mortality. Further studies are warranted.

Although a large trial in a critical care setting found no difference in outcome between
colloids and crystalloids [25], choice of IV fluid therapy in abdominal surgery has
been investigated in small trials only. One of the best compared three solutions, 6%
hetastarch in saline, 6% hetastarch in balanced salt, or Ringer’s lactate, in a randomised
trial in 90 patients undergoing major abdominal, gynaecological, or urological sur-
gery [26]. Fluid administration was directed at maintaining standard haemodynamic
goals. Both colloid groups had a significantly lower incidence of tissue oedema,
PONYV, and severe pain [26]. An SR of nine trials with 412 patients compared differ-
ent IV fluids in abdominal aortic surgery [27]. Endpoints of interest included various
surrogate markers of cardiac, respiratory, haematological, and nutritional status. Ten
fluids were studied, but no single fluid was found to be superior to any other.
However, each trial compared different fluids and so there was limited ability to iden-
tify any clinically important effects. The authors of this review concluded that further
trials with sufficient sample size and power are required, and that the effect of fluid
choice in aortic and other abdominal surgery is currently unclear.

There is insufficient evidence to draw conclusions as to whether choice of fluid —
crystalloid or colloid, balanced salt or normal saline — has any clinically important
effects in abdominal surgery.
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Review: Fluid restriction
Comparision: 03 Mortality
QOutcome: 01 Mortality

Study or Restrictive  Control OR (fixed) Weight OR (fixed)
sub-category group (n/N) n/N (95% Cl) (%) (95% ClI)
Lobo 0/10 110 _ 24.66 0.30 (0.01, 8.33)
Brandstrup 0/69 4/72 +—=— 75.34 0.11 (0.01, 2.07)
Kabon 0/124 0/129 Not estimable
Nisanevich 0/77 0/75 Not estimable
Total (95% Cl) 280 286 el 100.00 0.16 (0.02, 1.37)
Total events: O(Restrictive group), 5(Control)
Test for heterogeneity: 32 = 0.21, df= 1 (P = 0.65), 12 = 0%
Test for overall effect: z= 1.68 (P = 0.97) . . . .
T T T T
0.01 041 1 10 100
Favours treatment ~ Favours control
Review: Fluid restriction
Comparision: 02 Complications
Outcome: 01 Complications
Study or Restrictive  Control OR (fixed) Weight OR (fixed)
sub-category group (n/N) n/N (95% Cl) (%) (95% ClI)
Lobo 110 7/10 <+— 10.17 0.05 (0.00, 0.56)
Brandstrup 21/69 40/72 —_— 43.95 0.35 (0.18, 0.70)
Kabon 14/124 11/129 —=— 15.43 1.37 (0.59, 3.14)
Nisanevich 13/77 23/79 — 30.45 0.49 (0.23, 1.07)
Total (95% Cl) 280 290 <& 100.00 0.52 (0.34, 0.79)
Total events: 49(Restrictive group), 81(Control)
Test for heterogeneity: x2 = 10.05, df = 3 (P = 0.02), /2 = 70.2%
Test for overall effect: z = 3.08 (P = 0.002) | | | |
T T T T
0.01 0.4 1 10 100
Favours treatment Favours control
Review: Fluid restriction
Comparision: 01 LOS
Outcome: 01 Hospital length of stay (days)
Study or Restrictive Control WMD (fixed) Weight WMD (fixed)
sub-category N group mean (SD) N mean (SD) (95% ClI) (%) (95% ClI)
Lobo 10 6.00 (2.00) 10 9.00 (2.00) —_ 18.71 -3.00 (-4.75, -1.25)
Brandstrup 69 8.00 (8.00) 72 9.00 (18.00) _— 2.76  -1.00 (-5.57, 3.57)
Kabon 124 7.30 (4.00) 129 7.00 (5.30) — 43.17 0.30 (~0.85, 1.45)
Nisanevich 77 8.00 (3.75) 75 9.00 (4.25) — 35.35 -1.00 (-2.28, 0.28)
Total (95% Cl) 280 286 B 100.00 -0.81(-1.57,-0.05)
Test for heterogeneity: 2 = 9.84, df = 3 (P = 0.02), 12 = 68.9%
Test for overall effect: z= 2.10 (P = 0.04) . . . .
T T T T

-10 -5 0 5 10
Favours treatment ~ Favours control

Figure 19.3 The effects of restrictive fluid therapy on mortality, complications and hospital stay after

major abdominal surgery (for the Kabon study, wound infection only and this does not

account for variations in hospital discharge practices)
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Goal-directed therapies

It has been suggested that a strategy of targeting tissue oxygen delivery, so-called
“optimisation” or “goal-directed” therapy, can improve postoperative outcome. One
of the most compelling sources of evidence is a trial by Wilson et al. [28], who did a
randomised trial to test the effect of inotropic therapy to enhance oxygen delivery
in 138 patients undergoing major elective surgery. Two groups received invasive
haemodynamic monitoring, fluid, and either adrenaline or dopexamine to increase
oxygen delivery. Inotropic support was continued during surgery and for atleast 12 h
afterwards. The third group (control) received routine perioperative care. Mortality
was reduced in the groups receiving inotropic support, 3% versus 17% (P = 0.007).
There were no differences in mortality between the two inotropic therapy groups,
but 30% of patients in the dopexamine group developed complications compared
with 52% of patients in the adrenaline group (difference 22%, 95% CI: 2—41%)
and 28 patients (61%) in the control group (31%, 95% CI: 11-50%). The use of
dopexamine was associated with a decreased hospital stay. These beneficial findings
may be due to the inotropic treatment, or may have resulted from the improved
postoperative care in a high-dependency environment. Interestingly, support for
positive inotropic therapy seems to contradict the supposed beneficial effect of
perioperative beta-blockade [29-31].

Boyd et al. [32] randomly allocated 107 surgical patients to a dopexamine infu-
sion or a standard care group, with the dopexamine infusion titrated to increase
oxygen delivery index to >600 mL min~'m 2 The dopexamine group had a 75%
reduction in mortality, 5.7% versus 22.2% (P = 0.015), and a 50% reduction in
postoperative complications (P = 0.008). However, an SR of goal-directed ther-
apies in the critical care population found equivocal results [33].

There is some evidence that optimisation of tissue oxygen delivery with inotrope
therapy may improve outcome after abdominal surgery, but further confirmatory trials
are required before definitive recommendations can be made.

Some small trials have found some benefits of oesophageal Doppler-guided fluid
optimisation in patients undergoing elective major surgery [34,35]. This and other
technologies designed to optimise tissue oxygen delivery may be beneficial, but
given they may lead to increase fluid administration and possibly more complica-
tions (Figure 19.3), definitive large multicentre randomised trials are required
before they are adopted into routine practice.

McAlister et al. [36] did an SR to investigate the effect of red cell transfusion in
patients undergoing cancer surgery. A meta-analysis of 17 studies, only six of which
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were randomised trials, found no evidence of increased mortality (risk ratio,
RR: 0.95, 9% CI: 0.79-1.15), cancer recurrence (RR: 1.06, 95% CI: 0.88—1.28), or
infection (RR: 1.00, 95% CI: 0.76—1.32). However, this meta-analysis was limited
by heterogeneity, and dependence on small trials and other uncontrolled studies.

To date there is no evidence that blood transfusion increases the risk of serious
complications or death in patients undergoing cancer surgery.

Respiratory therapies

Overend et al. [37] did an SR comparing incentive spirometry with a variety of
less complex interventions (including early mobilisation) to reduce postoperative
pulmonary complications. Most studies were of poor methodological quality, with
only 10 of 85 being suitable for inclusion, and they found no beneficial effects in
abdominal surgery. One of the best trials comparing incentive spirometry, deep
breathing, and intermittent positive-pressure breathing found they were equally more
effective than no treatment in preventing pulmonary complications after abdominal
surgery [38].

Supplemental oxygen therapy

Wound infection is a common complication of surgery and has significant cost
implications because of greater resource utilisation and increased hospital stay [39].
The use of high-inspired oxygen concentration during the perioperative period has
theoretical benefits because of improved tissue oxygenation and bacteriocidal activ-
ity. Two trials with conflicting results have been published.

Greif et al. [40] enrolled 500 patients undergoing colorectal surgery, and ran-
domly allocated them to receive 30% or 80% oxygen during surgery and for 2 h after-
ward. The supplemental oxygen group had a 50% reduction in the incidence of
wound infection, 5.2% versus 11.2% (P = 0.01). Pryor et al. [39] did a similar study,
but this time in a broader range of abdominal surgical procedures and with less spe-
cified perioperative care, aiming to reflect routine practice. It thus can be considered
an effectiveness trial. They randomly allocated 165 patients to receive either 80% or
35% oxygen during surgery and for the first 2 h after surgery. Unlike the earlier trial
[40] in which nitrogen made up the remainder of the inspired gas mixture, in this
study both groups were administered nitrous oxide, 20% or 65%, respectively. The
incidence of infection was significantly higher in the supplemental oxygen group,
25% versus 11%, P = 0.02. Given the conflicting results, further large trials are
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required to determine whether some surgical groups may benefit from supplemen-
tal oxygen therapy.

Another purported benefit of supplemental oxygen is a reduction in PONV [41].
In an analysis of 231 patients from the study of Grief et al. [40], use of 80% oxygen
was associated with a reduction in early PONV, 30% versus 17% (P = 0.02). A more
recent study enrolled 240 patients undergoing gynaecological laparoscopy, and ran-
domly allocated them to one of three groups: 30% oxygen, 80% oxygen, and 30%
oxygen plus ondansetron 8 mg [42]. The overall incidence of PONV within 24 h was
44%, 22%, and 30%, respectively. The difference between 30% and 80% oxygen
groups was statistically significant, but not between other groups. However, another
trial has failed to replicate these findings in 100 patients undergoing gynaecologic
laparoscopy [43].

There is insufficient evidence to draw conclusions as to whether supplemental oxygen
reduces serious complications after abdominal surgery. Supplemental oxygen may
reduce early PONV.

Induction of anaesthesia in obese patients

Obese patients have reduced functional residual capacity and so oxygen stores are
quickly depleted with apnoeic episodes during induction of anaesthesia. The effect
of preoxygenation with the patient in the 25° head-up position was tested with a
randomised trial in 42 morbidly obese patients undergoing laparoscopic gastric
banding [44]. The head-up position group took 45s longer to desaturate to 92%
(P = 0.023), and so this simple technique provides a greater safety margin during
induction of anaesthesia in obese subjects.

Avoidance of nitrous oxide

An SR of 24 trials with 2478 patients completed in 1997 found that avoidance of
nitrous oxide with anaesthesia reduced the risk of PONV [45], and a practice guide-
line has been produced [46]. Whether or not nitrous oxide has other major adverse
effects has been unclear [47]. Fleischmann et al. [48] evaluated the effect of nitrous
oxide in a randomised trial in 418 colorectal surgical patients. Patients were ran-
domly assigned 65% nitrous oxide or nitrogen (both groups FiO, 0.35) with a
remifentanil-isoflurane anaesthetic. The incidence of wound infection was similar
in both groups, nitrous oxide 15% versus nitrogen 20% (P = 0.21). In contrast, we
have recently completed a large, multicentre randomised trial, comparing 70%
nitrous oxide in oxygen (FiO, 0.3) with a nitrous-free anaesthetic (FiO, 0.8—-1.0), in
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2050 patients, of which two-thirds underwent abdominal surgery [49]. We found
that patients receiving nitrous oxide had a significant increased hospital stay and
intensive care unit (ICU) stay, and increased risk of postoperative wound infection,
severe vomiting, atelectasis, and pneumonia (all P < 0.05). There was no evidence
of a confounding effect of FiO, in this study. Thus nitrous oxide could be associated
with a number of serious complications after surgery and its routine use should
be questioned.

Nitrous oxide is associated with increased risk of postoperative complications, including
severe vomiting, and possibly wound infection and pneumonia. The routine use of
nitrous oxide in patients undergoing major abdominal surgery should be questioned.

Maintenance of normothermia

Both general and major regional anaesthesia impair central thermoregulation and
will result in core hypothermia (<<34°C) unless preventative measures are imple-
mented [50]. Patients undergoing major abdominal surgery are particularly at risk
of hypothermia, because of the potential for significant heat loss. There is substan-
tial evidence in the literature that maintenance of normothermia during major
abdominal surgery may lead to improved outcomes.

Wound infection and wound healing

Kurz et al. [51] studied 200 patients undergoing colorectal surgery, randomly
allocating them to routine care or active forced-air warming. The incidence of post-
operative wound infection was significantly higher in hypothermic patients, 19%
versus 6% (P = 0.009). Hypothermia also affected several measures of wound heal-
ing, and the duration of hospitalisation was prolonged, 15 = 6.5 days versus 12 = 4.4
days (P < 0.001).

Blood loss and blood transfusion

Coagulation and platelet function are both temperature-dependent physiological
functions [52] with important implications for surgical outcome. Bock et al. [53] did
a randomised trial of active warming in 40 patients undergoing major abdominal
surgery. Intraoperative blood loss was greater in hypothermic patients, 1.1 = 0.8 ver-
sus 0.6 = 0.5, and they received more blood products, 0.5 = 0.8 versus 0.1 = 0.3L
(both P < 0.05). These data confirm two previous reports in patients undergoing
major joint replacement surgery [54,55]. However, increased blood loss and transfu-
sion requirement have not been linked to any longer-term adverse outcomes.
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Myocardial ischaemia and infarction

Mild hypothermia is associated with activation of the sympathetic nervous system,
inducing vasoconstriction, shivering and the release of stress hormones [56], all of
which have been postulated to increase the likelihood of myocardial ischaemia and
infarction in at-risk patients undergoing surgery. Frank et al. [57] randomly allo-
cated 300 patients undergoing abdominal (46%), thoracic (13%), or peripheral vas-
cular (41%) surgery, to passive or active warming and reported hypothermia was
an independent risk factor for morbid cardiac events (unstable angina/ischaemia,
cardiac arrest, and myocardial infarction) in multivariate analyses (RR: 2.2, 95%
CI: 1.1-4.1), P = 0.04. Length of ICU stay was significantly longer in patients suf-
fering a myocardial event, but hospital stay and mortality were not affected.

Recovery from anaesthesia

Shivering

Recovery room stay potentially may be prolonged in hypothermic patients, by mech-
anisms including prolonged anaesthetic drug effects, cardiovascular instability, the
need to treat shivering and the need to meet discharge requirements that include core
temperature [52]. Two randomised trials have demonstrated prolonged recovery
room stays in hypothermic patients following major abdominal surgery [53,58].

Postoperative shivering is a troublesome complication of hypothermia, that can
impair quality of patient recovery [59]. Skin warming [60] and a wide variety of
drugs [59] effectively abolish shivering. Kranke et al. [61] did an SR of 20 ran-
domised trials comparing drug therapies with placebo. The short-term efficacies of
pethidine 25 mg, clonidine 0.15mg, ketanserin 10 mg, and doxapram 100 mg were
reported in at least three trials and all were more effective than placebo, with NNT
(number needed to treat) 2. Long-term outcomes were not reported and adverse
event reporting was infrequent. Ten of these studies included patients having major
and minor intra-abdominal surgery. The applicability of these data to major abdom-
inal surgery patients, who are more prone to hypothermia, therefore may be limited.

Evidence supports maintenance of normothermia, and drug treatment of shivering to
prevent adverse outcomes, following major abdominal surgery.

Benefits of beta-blockers and alpha,-agonists

Perioperative cardiac events, such as myocardial infarction, cardiac arrest, and car-
diac death, represent a great burden on health care resources in developed nations.
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Study or Beta-blocker Control Relative risk Weight Relative risk
sub-category (n/N) (n/N) (95% ClI) (%) (95% ClI)
Jakobsen® 118 0/18 5.29  3.00 (0.05 to 185.13)
Wallace® 3/99 5/101 — 16.38  0.61 (0.10 to 3.88)
Bayliff® 2/49 3/50 —  m 12.74  0.68 (0.07 to 6.74)
Poldermans®’ 2/59 18/53 — = 16.27  0.10 (0.02 to 0.64)
Raby®® 0/15 111 5.36  0.25 (0.00 to 14.93)
Zaugg®® 0/43 3/20 5.98  0.07 (0.00 to 3.15)
Urban’® 1/60 3/60 B 9.08  0.33(0.02 to 6.29)
Yang”" 19/246 22/250 - 28.90 0.88(0.41 to 1.90)
Total 589 563 100.00  0.44 (0.16 to 1.24)
Total events: 28 (B-blocker), 55 (Control)
Test for heterogeneity: x2 = 12.07,
df=7,P=0.10, 12 = 42.0%

Test for overall effect: z= 2.05, P = 0.04 ] . . . . |

T T T T T T

0.001 0.01 0.1 0 10 100 1000
Favours treatment ~ Favours control

Figure 19.4 Relative risks for major perioperative cardiovascular events (cardiovascular death, non-

fatal myocardial infarction, or non-fatal cardiac arrest) in non-cardiac surgery (provided by
PJ Devereaux)

Perioperative beta-blockade has been the subject of many randomised trials, sev-
eral SRs (29-31), and an influential clinical practice guideline [62]. This guideline,
revised in 2002, made a Class I recommendation for perioperative beta-blockade
in patients with documented ischaemia having vascular surgery and a Class Ila
recommendation for patients with, or at risk of, ischaemic heart disease having non-
cardiac surgery, despite acknowledging that the trials “do not provide enough data
from which to draw firm conclusions” [62].

Earlier SRs [29,30] included only 5 and 11 trials, respectively. These reviews have
been supplanted by the recent review of Devereaux et al. [31] that included 22 trials
with 2437 patients. Eleven of the trials included patients having major abdominal
surgery. The recently completed DIPOM study of beta-blockade in diabetic patients
having non-cardiac surgery, which had a negative result, was not included [63].

Perioperative beta-blockers did not affect any individual outcome and had a mar-
ginal statistically significant beneficial effect on cardiovascular mortality, non-fatal
myocardial infarction, and non-fatal cardiac arrest combined (RR: 0.44, 95%
CI: 0.20-0.97). The authors argued that because the cumulative Z value did not reach
the Lan-deMets sequential monitoring boundary, the current evidence is inconclu-
sive [31]. The relative risks for bradycardia (2.27; 95% CI: 1.53-3.36) and hypoten-
sion (1.27; 95% CI: 1.04—1.56) needing treatment reached statistical significance. A
randomised trial in 10000 at-risk patients having non-cardiac surgery (the POISE
study) is underway (Figure 19.4).

Fewer randomised trials have evaluated the effects of alpha,-agonists. Nishana
et al. [72] included seven trials of clonidine to prevent perioperative myocardial
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events in an SR, but none included abdominal surgical patients (cardiac surgery,
n =5, vascular or orthopaedic surgery, n = 2). Clonidine reduced myocardial
ischaemia (OR: 0.49, 95% CI: 0.34-0.71). Stevens et al. [30] restricted their SR to
non-cardiac surgery and included six trials of clonidine or mivazerol. The effect
of alpha,-agonists on myocardial infarction was not significant (OR: 0.85, 95%
CI: 0.62-1.14), but there was a significant reduction in cardiac deaths (OR: 0.50,
95% CI: 0.28-0.91). Further large-scale randomised trials were advocated [30,72].

There is promising but inconclusive evidence supporting the routine use of beta-
blockers and alpha,-agonists to prevent perioperative cardiac events in at-risk patients
presenting for major abdominal surgery.

Antibiotic prophylaxis

The Centers of Disease Control (CDC) Hospital Infections Programme produced
a comprehensive evidence-based guideline for prevention of surgical site infection
in 1999 [73]. Most major elective abdominal operations may be considered as
clean/contaminated, where cefazolin provides an adequate spectrum of activity.
Cefoxitin and metronidazole are recommended for colorectal surgery. Antibiotic
prophylaxis should be given before the first skin incision is made and bactericidal
concentrations should be maintained until closure of the wound (but not beyond).
There is also evidence presented in the guideline supporting the use of mechanical
bowel preparation to prevent wound infection in colorectal surgery.

Two subsequent SRs on antibiotic prophylaxis during abdominal surgery are
reported in the Cochrane database, although neither involved “major” surgery.
Catarci et al. [74] examined six trials with 974 patients undergoing laparoscopic
cholecystectomy, and did not demonstrate a significant effect of antibiotic prophy-
laxis on wound infection (OR: 0.82, 95% CI: 0.36—1.86), P = 0.63. However the
authors believed that the number of patients enrolled to date was insufficient to rule
out a type II error and that a large trial was required. A more recent SR [75] evalu-
ated the effectiveness of antibiotic prophylaxis with appendicectomy. Nineteen stud-
ies with 2191 patients found single-dose antibiotic prophylaxis had beneficial effects
(OR: 0.34, 95% CI: 0.25-0.45).

An SR and meta-analysis of 28 trials with 4694 patients evaluated whether anti-
biotic prophylaxis can reduce the risk of postoperative infective complications after
transurethral resection of the prostate (TURP) [76]. Prophylactic antibiotics decrease
the incidence of post-TURP bacteriuria, fever, bacteraemia, and additional antibiotic
treatment.
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Appropriately chosen and administered antibiotics should be prescribed prophylactically
for all patients undergoing major abdominal surgery. If possible, these should be given
before the first skin incision.

Venous thromboembolism prophylaxis

Major abdominal surgery patients, in particular cancer patients, are at relatively
high risk of deep venous thrombosis (DVT) and pulmonary embolism [77].
Numerous randomised trials and several SRs have compared various pharmaco-
logical and mechanical preventative measures, alone or in combination, with
placebo or each other in general surgical patients.

Mismetti et al. [78] evaluated 51 studies (32 in abdominal surgery) comparing
low-molecular-weight heparin (LMWH) with unfractionated heparin (UFH) and
8 studies (5 in abdominal surgery) comparing LMWH with placebo. LMWH sig-
nificantly decreased the risk of DVT compared with placebo (RR: 0.28, 95%
CI: 0.14-0.54), P < 0.001, but not compared with UFH (RR: 0.90, 95% CI: 0.79-1.02),
P = 0.1. The authors concluded that the optimal-dose regimen of LMWH for this
indication requires further investigation. Wille-Jorgensen et al. [79] did a meta-
analysis of 19 randomised trials in colorectal surgery patients. They concluded that
any type of heparin was better than no treatment or placebo (OR: 0.32, 95% CI:
0.20-0.53). UFH and LMWH were equally effective (OR: 1.01, 95% CI: 0.67-1.52).
The combination of graduated compression stockings and LMWH was better than
LMWH alone (OR: 4.17,95% CI: 1.37—-12.70). The data were insufficient to evaluate
the effectiveness of intermittent pneumatic compression against heparin or no treat-
ment. Another SR that included eight trials in patients having major gynaecological
surgery [80] found that heparin (OR: 0.30, 95% CI: 0.12-0.76) and warfarin
(OR: 0.22, 95% CI: 0.06—0.86) decreased the risk of DVT compared with placebo,
including in patients with malignancy. There was no difference between UFH and
LMWH (Figure 19.5).

Prophylaxis against thromboembolism should be instituted in all patients undergoing
major abdominal surgery, with a combination of heparin and graduated compression
stockings.

Nasogastric tubes

Routine nasogastric drainage after abdominal surgery is intended to reduce gastric
distension, hasten the return of bowel function, and hopefully reduce the risk of
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Review: Heparins and mechanical methods for thromboprophylaxis in colorectal surgery
Comparison: 03 Thromboembolic events (TE). LDH versus no treatment or placebo

Outcome: 03 DVT and/or PE.

LDH No treatment/ Peto OR Weight Peto OR

Study n/N  placebo n/N (95% Cl) (%) (95% ClI)
Covey 1975 3/9 1711 —_—t—> 6.8 4.22 (0.49, 36.09)
Gallus 1976 5/44 13/46 — 29.8 0.35(0.13, 0.98)
Joffe 1976 2/8 3/6 < 7.0 0.36 (0.04, 3.06)
Kosir 1996 0/3 0/7 0.0 Not estimable
Lahnborg 1974 0/11 2/8 +— 3.8 0.08 (0.00, 1.45)
Negus 1980 0/14 6/19 <« 10.1 0.13 (0.02, 0.74)
Rem 1975 4/19 712 <+—F— 14.3 0.21 (0.05, 0.91)
Tomgren 1978 7141 11/34 —_—— 28.2 0.44 (0.15, 1.26)

Total (95% Cl) 149 143 - 100.0 0.35 (0.20, 0.62)

Total events: 21 (LDH), 43 (No treatment/placebo)

Test for heterogeneity: 2 = 8.07, df = 6, P = 0.23, |2 = 25.6%

Test for overall effect: z= 3.65, P = 0.0003 | | | | | |

Figure 19.5

0102 05 1 2 5 10
Favours treatment Favours control

The effect of low-dose heparin (LDH) on venous thromboembolism (deep vein thrombosis
or pulmonary embolism); see Wille-Jorgensen et al. [79], Copyright Cochrane Library,
reproduced with permission

anastomotic leakage and shorten hospital stay. An earlier meta-analysis found no
evidence that routine nasogastric decompression is efficacious [81]. A recent Cochrane
review has been published [82]. The authors included patients having any type
of emergency or elective abdominal surgery. They identified 28 trials with 4194
patients. Patients not having routine nasogastric drainage had an earlier return of
bowel function (P < 0.001), and possibly decreased pulmonary complications
(P = 0.07); however, there could be an increased risk of wound infection (P = 0.08).
Anastomotic leak was no different between groups (P = 0.70). There were also
possible beneficial effects on patient comfort, PONV, and hospital stay, but the
heterogeneity of these data limited definitive conclusions (Figures 19.6-19.8).

Routine postoperative nasogastric drainage has no demonstrable beneficial effects in
abdominal surgery.

Nutrition

Although nutritional status is considered to be a marker of health and is likely to
impact on perioperative risk, the clinical benefits of early postoperative nutrition
in patients undergoing elective abdominal surgery are unclear. Traditional surgical
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Review: Prophylactic nasogastric decompression after abdominal surgery

Comparison: 01 Time to flatus

Outcome: 01 Does postoperative nasogastric decompression hasten recovery
of gastrointestinal function?

Tube Mean No tube Mean WMD (fixed) Weight WMD (fixed)
Study N (SD) N (SD) (95% Cl) (%) (95% Cl)
Cheadle 1985 100 3.10(1.84) 100 2.50 (2.26) —— 2.1 0.60 (0.03, 1.17)
Colvin 1986 44 5.10(2.10) 46  4.03(1.40) — 1.2 1.07 (0.33, 1.81)
Cunningham 1992 50 4.17 (2.60) 52  3.08 (2.60) — 0.7 1.09 (0.08, 2.10)
Friedman 1996 40 4.90 (1.65) 40  4.10(1.39) — 1.5 0.80 (0.13, 1.47)
Koukouras 2001 50 4.10 (1.40) 50  3.40 (1.40) —— 2.2 0.70 (0.15, 1.25)
Lee 2002 70 3.80(0.90) 66  3.50 (0.90) = 7.4 0.30 (0.00, 0.60)
Montgomery 1996 37 4.33(2.23) 39 4.51(0.25) s 1.3 —0.18(—0.90, 0.54)
Nathan 1991 97 3.40(0.69) 100 3.34(0.75) L 16.6 0.06 (—0.14, 0.26)
Olesen 1983 46 3.20(0.98) 51  2.70(0.95) —— 4.5 0.50 (0.12, 0.88)
Ortiz 1996 95 4.30(2.07) 95  4.70 (2.07) — 1.9 —0.40(-0.99, 0.19)
Pearl 1996 55 4.30(1.70) 54  3.60 (1.30) —— 2.1 0.70 (0.13, 1.27)
Racette 1987 28 4.00 (0.36) 28  3.90 (0.36) Ll 18.9 0.10 (—0.09, 0.29)
Sakadamis 1999 500 3.25(1.11) 500 2.72(1.11) EH 35.6 0.53 (0.39, 0.67)
Savassi-Rocha 1992 57 3.40 (1.50) 52  3.70(1.50) — 2.1 —0.30(—0.86, 0.26)
Sitges-Serra 1984 22 3.40 (1.34) 22 4.50(1.34) — 1.1 —-1.10(-1.89, —0.31)
Wolff 1989 274 3.92 (0.00) 261 3.92 (0.00) 0.0 Not estimable
Wu 1994 37 4.30(2.30) 37 4.20(1.90) 0.7 0.10 (—0.86, 1.06)
Total (95% Cl) 1602 1593 [} 100.0 0.31(0.23, 0.39)
Test for heterogeneity: y? = 58.82, df = 15, P =< 0.0001, /2 = 74.5%
Test for overall effect: z= 7.40, P < 0.00001 | | | |

-40 -2.0 0 2.0 4.0
Favours NG tube Favours no tube

Figure 19.6 The effect of postoperative nasogastric drainage on recovery of Gl function (days), as

assessed by time to flatus after abdominal surgery (see Nelson et al. [82], Copyright
Cochrane Library, reproduced with permission)

practice has been to “drip and suck” after major abdominal surgery, but recent
observational studies and some randomised trials have questioned this practice.
Early enteral feeding may improve tissue healing and reduce complications after
GI surgery.

Lewis et al. [83] did an SR and identified 11 trials with 837 patients comparing
enteral feeding started within 24 h after surgery with nil by mouth management in
elective GI surgery. Early feeding reduced the risk of any type of infection (RR: 0.72,
95% CI: 0.54-0.98), P = 0.036, and hospital stay, 0.84 days (95% CI: 0.36-1.33 days),
P = 0.001. There were non-significant reductions in anastomotic dehiscence, wound
infection, pneumonia, intra-abdominal abscess, and mortality. The SR did not include
trials using parenteral nutrition, and when later trial data [84] are considered, it
provides additional support for early enteral nutrition.

A subsequent randomised trial [84] compared enteral nutrition with parenteral
nutrition in 317 patients with GI cancer who were malnourished, and measured
postoperative complications and hospital stay. Postoperative complications were



240

Paul Myles and Kate Leslie

Review: Prophylactic nasogastric decompression after abdominal surgery
Comparison: 02 Pulmonary complications
Outcome: 01 Does postoperative nasogastric decompression diminish the risk

of pulmonary complications?

Tube No tube Relative risk Weight Relative risk
Study n/N n/N (random) (95% ClI) (%) (random) (95% ClI)
Adekunle 1979 20/84 11/86 —— 9.9 1.86 (0.95, 3.64)
Bashey 1985 3/26 4/26 — 41 0.75 (0.19, 3.03)
Cheadle 1985 11/100 5/100 T 6.3 2.20 (0.79, 6.10)
Cunningham 1992 2/50 0/52 s I e—— 1.1 5.20 (0.26, 105.62)
Hyland 1980 3/30 1/30 —_— 1.9 3.00 (0.33, 27.23)
Koukouras 2001 10/50 6/50 s 7.1 1.67 (0.66, 4.24)
Lee 2002 2/70 3/66 —_—T 2.8 0.63 (0.11, 3.64)
Miller 1972 24/47 12/42 —— 11.5 1.79 (1.03, 3.11)
Montgomery 1996 1/37 0/39 —_—1 1.0 3.16 (0.13, 75.16)
Nathan 1991 6/97 8/100 —— 6.3 0.77 (0.28, 2.15)
Olesen 1983 2/46 2/51 —_—t 24 1.11 (0.16, 7.55)
Pearl 1996 12/55 16/54 —— 10.2 0.74 (0.39, 1.41)
Petrelli 1993 15/40 5/37 —— 7.3 2.78 (1.12, 6.88)
Racette 1987 5/28 13/28 —— 7.5 0.38 (0.16, 0.94)
Reasbeck 1984 8/45 3/52 T 4.7 3.08 (0.87, 10.92)
Sakadamis 1999 10/500 6/500 -+ 6.5 1.67 (0.61, 4.55)
Savassi-Rocha 1992 8/57 1/52 — 2.2 7.30 (0.94, 56.39)
Sitges-Serra 1984 2/22 5/22 — 3.5 0.40 (0.09, 1.85)
Yoo 2002 4/64 3/57 —T 3.8 1.19 (0.28, 5.08)
Total (95% Cl) 1448 1444 > 100.0 1.35(0.98, 1.86)
Total events: 148 (Tube), 104 (No tube)
Test for heterogeneity: x> = 27.49, df = 18, P = 0.07, 12 = 34.5%
Test for overall effect: z= 1.83, P = 0.07 | | | |

0.01 0.1 1 10 100
Favours treatment  Favours control

Figure 19.7 The risk of pulmonary complications with postoperative nasogastric drainage after abdominal
surgery (see Nelson et al. [82], Copyright Cochrane Library, reproduced with permission)

reduced in the enterally fed group, 34% versus 49% (RR: 0.69, 95% CI: 0.53-0.90),
P = 0.005. Length of stay was also reduced, 13 days versus 15 days (P = 0.009).
Adverse effects, which consisted mainly of abdominal distension and cramps, were
more common in the enteral group, 35% versus 14% (RR: 2.50, 95% CI: 1.61-3.86),
P < 0.001. Another study was published by this group [85], which focused on
metabolic and economic advantages of enteral nutrition, but it is unclear how much
of the data had been included in previous publications. They found no significant
differences in surrogate nutritional and inflammatory markers between the two
groups, nor in complications or hospital stay [85].

Early enteral feeding reduces postoperative infection and hospital stay, and may have
other benéefits after abdominal surgery.
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Review: Prophylactic nasogastric decompression after abdominal surgery
Comparison: 03 Wound infection
Outcome: 01 Does postoperative nasogastric decompression diminish the risk if wound infection?

Tube No tube OR (fixed) Weight OR (fixed)

Study n/N n/N (95% ClI) (%) (95% Cl)
Adekunle 1979 0/84 4/86 at 6.7 0.11 (0.01, 2.05)
Bashey 1985 1/26 2/26 < 2.9 0.48 (0.04, 5.65)
Cheadle 1985 10/100 11/100 —— 15.0 0.90 (0.36, 2.22)
Cunningham 1992 2/50 3/52 4.3 0.68 (0.11, 4.25)

% Hyland 1980 0/1 0/1 0.0 Not estimable
Koukouras 2001 1/50 1/50 < > 1.5 1.00 (0.06, 16.44)
Lee 2002 0/70 2/66 <+ 3.9 0.18 (0.01, 3.88)
Miller 1972 6/47 2/42 e e— 2.8 2.93 (0.56, 15.37)
Montgomery 1996 2/37 1/39 > 1.4 2.17(0.19, 25.01)
Nathan 1991 8/97 9/100 —— 12.3 0.91 (0.34, 2.46)
Pearl 1996 17/55 27/54 —— 28.4  0.45(0.20, 0.98)
Reasbeck 1984 3/45 11/52 +—F— 14.4  0.27 (0.07, 1.02)
Sakadamis 1999 1/500 2/500 < + 3.0 0.50 (0.05, 5.52)
Savassi-rocha 1992 4/57 0/52 L 0.7 8.83 (0.46, 168.14)
Yoo 2002 3/64 2/67 + 2.8 1.60 (0.26, 9.89)

Total (95% Cl) 1283 1287 - 100.0 0.72 (0.50, 1.04)

Total events: 58 (Tube), 77 (No tube)

Test for heterogeneity: y2 = 13.62, df = 13, P = 0.40, I = 4.6%

Test for overall effect: z= 1.74, P = 0.08 | | | | | |

0102 05 1 2 5 10
Favours treatment  Favours control
Figure 19.8 The risk of wound infection with postoperative nasogastric drainage after abdominal
surgery (see Nelson et al. [82], Copyright Cochrane Library, reproduced with permission)

TURP

Spinal anaesthesia is commonly used for TURP, but there is no evidence that it
improves outcomes [11,86]. An earlier SR which included 952 urological surgical
patients found no significant effect of neuraxial blockade on mortality [11].
A matched cohort study compared spinal with general anaesthetic in 261 patients
after TURP [87], and although there was a higher incidence of some minor adverse
events in the general anaesthesia group, back pain was more common after spinal
anaesthesia. Major complications were comparable.

Conclusions

There is a large amount of evidence derived from randomised trials and meta-
analyses of trials in abdominal surgical practice to guide anaesthetic practice. In
many cases however there is a need for definitive large trials investigating major
morbidity and mortality as primary endpoints.
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This chapter covers selected topics which illustrate the basis for modern general
paediatric anaesthesia practices. Sub-specialty topics have not been covered. It is
generally agreed that detailed preparation of children and families is vital for suc-
cess. This includes providing better information upon which consent and assent is
gained. Behavioural management decreases psychological upset and reduces the
need for sedative premedication. Parental involvement in the pre- and post-
operative periods is usually helpful. Many paediatric procedures can be undertaken
on a day case basis which has tremendous benefits for children and families. Fasting
rules for elective surgery are generally accepted. Topical local anaesthesia prior to
venous cannulation for intravenous induction is well-established practice. Sedative
premedication has a place and oral midazolam is the most commonly used. Inhal-
ational induction of anaesthesia has undergone a renaissance with the introduction
of sevoflurane, although maintenance with sevoflurane can result in emergence delir-
ium. Desflurane maintenance may be particularly useful for neonates. Intravenous
induction with propofol is also very common practice and total intravenous anaes-
thesia (TTVA) and TCI techniques are still being developed for children. Tracheal
intubation can be performed safely and effectively in children without muscle relax-
ants and cuffed tracheal tubes are now more widely used. The laryngeal mask air-
way (LMA) is very commonly used in paediatric anaesthesia for elective cases and
can also be useful in children with difficult airways. New muscle relaxants have been
evaluated in children and rocuronium is particularly useful for modified rapid
sequence induction. Local and regional analgesia techniques are now routinely used
in paediatric practice and ultrasound guidance may be useful. New local anaesthetics
such as levo-bupivacaine and ropivacaine have improved the safety of both single
injection blocks and continuous infusion techniques. The adjuncts clonidine and
ketamine have been evaluated for caudal epidural blockade and are now in com-
mon use. Safe dosing regimens for opioids, non-steroidal anti-inflammatory drugs
(NSAIDs) and paracetamol have evolved for use in children and are the basis for

Key words: Anaesthesia, analgesia, paediatric, children, neonate, infant.



248

Neil S Morton

analgesia plans organised by acute paediatric pain teams. Postoperative nausea and
vomiting (PONV) prevention by 5SHT3 antagonists and steroids has proven to be
very effective for children at high risk.

Preparation and premedication of children

Information and consent

Preparation begins at the initial outpatient clinic visit. Clear written, verbal and
pictorial information concerning fasting, surgery, anaesthesia, analgesia and post-
operative care are an essential part of obtaining informed consent from parents and
children. Children are much more involved in consent and assent processes nowadays
and so information must be provided in a form appropriate to their developmental
stage and cognitive abilities [1].

Behavioural preparation

A pre-admission programme is very useful in allaying fears and anxieties. Toys,
games, computer games, colouring books, videos and play therapy can all be employed
depending on the child’s age and maturity. Visits to the anaesthetic induction room
and recovery area are very helpful and the types of anaesthesia, pain relief and
postoperative care can be discussed with the parents and child. Pre-admission clin-
ics where physical examination, preoperative screening checks and blood tests are
carried out can be useful in reducing cancellation of cases but the vast majority of
paediatric day cases do not need preoperative investigations or tests. Telephone
contact on the day before surgery is useful and gives an opportunity to re-emphasise
preoperative instructions, to confirm attendance and to rule out last minute reasons
for postponement such as infections, travel difficulties or family problems.

Parental involvement

Day care

Parental involvement in the induction of anaesthesia can be very helpful, particularly
for the pre-school age group. Parents should not be forced to be present if they do
not wish as there is evidence that many parents find this experience very stressful
and excessively anxious parents may transmit this anxiety to their child [2-7].

The multidisciplinary report “Just for the Day” [8] set out 12 quality standards for
care of paediatric day cases. These apply whether children are managed in a specialist
paediatric unit or in an adult unit which has been adapted for children.
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Quality standards for care of paediatric cases
1 Integrate the admission plan to include pre-admission, day of admission and post-
admission care with planned transfer of care to primary care and/or community
services.
2 Prepare the child and parents before and during the day of admission.
3 Give specific written information to parents.
Admit the child to an area designated for day cases and do not mix with acutely ill
inpatients.
Do not admit or treat children alongside adults.
Specifically designated day case staff should care for the child.
Trained paediatric staff should be used.
Organise care so that every child is likely to be discharged within the day.
Ensure that the building, equipment and furnishings comply with paediatric safety
standards.
10 Ensure that the environment is child friendly.
11 Complete essential documents before each child goes home to ensure after care
and follow-up are seamless.
12 Establish paediatric nursing support for the child at home.

S
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The important principles which can be drawn from these standards are that chil-
dren should be managed by staff trained in their care, in appropriate child friendly
and child safe facilities with free parental access to the conscious child. Pre-school
paediatric patients gain particular benefit from well planned and conducted day
care because separation from parents is reduced [9]. For older children and parents
the disruption to schooling and work is minimised.

The following paediatric fasting rules for elective surgery are widely accepted [10]:

* 6h for solids, milk or milky drinks,

¢ 4h for breast fed infants,

* 2h for clear fluids, including non-particulate fruit juices, carbonated drinks,
water, tea and coffee without milk.

The risk of aspiration pneumonitis is low in healthy children [11,12]. Although

many have residual gastric volumes >0.4 mLkg ! with pHs <2.5, this is unaffected

by prolonged fasting [10]. Breast milk leaves the stomach twice as rapidly as formula

(25 versus 51 min) [13,14]. Fasting reduces gastric volumes in children presenting

for emergency surgery but does not affect pH. The lowest risk of aspiration is in those

over 10 years of age with superficial injuries [15].
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Pharmacological premedication

Use of topical local anaesthesia
The use of topical local anaesthesia of the skin with EMLA cream or amethocaine
gel allows painless venous access after 60 and 45 min, respectively [16—-18].

Anxiolytics and sedatives

Sedative premedication can be very helpful for selected cases where the child is very
anxious, has previously had a traumatic experience with the induction of anaesthesia,
has a needle phobia or is inconsolable. Oral midazolam, 0.5 mgkg ™! is very effective
when given 20-30 min prior to induction. The standard formulation of midazolam
is very acidic and tastes very bitter so must be disguised by a sweet liquid either by
preparation of a syrup in the pharmacy or by adding the midazolam to a small vol-
ume (1-2mLkg ') of cola, lemonade, or other sweet drink or by mixing with para-
cetamol syrup [19,20]. This presupposes that the child will cooperate in drinking
this solution. The same limitation applies to oral ketamine (up to 10mgkg™'). Other
options such as intranasal midazolam, rectal induction or intramuscular ketamine
are not very satisfactory as they involve a degree of restraint of the child to admin-
ister them, which many find unacceptable. Most children find these routes of admin-
istration unpleasant and upsetting. Oral midazolam does not delay discharge and
may ameliorate postoperative behavioural changes [21]. Recently, melatonin has been
shown to be an effective premedicant [22,23] as has clonidine [24]. Oral transmucosal
fentanyl is associated with a high risk of emesis [25,26].

Induction and maintenance of anaesthesia

Inhalational induction and maintenance
Sevoflurane [27] is now the most often used agent for induction in children because
it is more pleasant and less irritant than the other volatile agents [28—30]. The inci-
dence of PONV is lower than with halothane [31]. Onset is rapid due to low blood:
gas partition (0.66) [32-35]. The minimum alveolar concentration (MAC) varies
with age (<6 months old, MAC is 3.3; >6 months, 2.5; adults, 2.0) [36,37]. Emergence
is rapid [38—40] but may be complicated by delirium [41]. A recent double-blinded
randomised controlled trial showed the same incidence and severity of behavioural
changes after halothane as after sevoflurane anaesthesia [42]. Cardiovascular sta-
bility is good with sevoflurane [31,37,43—47]. Sevoflurane can be used in children
with airway difficulties [48,49] although is less potent than halothane and attaining
and maintaining a sufficient depth of anaesthesia may be a practical problem in
children with severe airway obstruction. Sevoflurane may be used for insertion of a
laryngeal mask [50] or for tracheal intubation [51,52]. Sevoflurane can precipitate
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malignant hyperthermia [53] and may induce seizures in epileptic patients [54] and
epileptiform EEG changes in healthy children [55].

Desflurane [56] has an extremely low blood:gas solubility coefficient (0.42) but
is not suitable for induction as it is very pungent and irritant, commonly causing
severe coughing, laryngospasm or breath-holding [57-59]. It may increase heart rate
and systolic and pulmonary blood pressures if the inspired concentration is rapidly
increased [59]. Desflurane is useful for maintenance of anaesthesia in neonates, babies
and children and maintains haemodynamic stability during surgery [58]. Recovery
is rapid [60], but emergence delirium has been reported [61]. In ex-premature babies,
desflurane may be associated with lower incidence of postoperative apnoea com-
pared with halothane or sevoflurane [62].

Intravenous induction and maintenance

Intravenous induction is thought to be less psychologically disturbing to children
than inhalational induction [63,64]. Intravenous induction with propofol, 4 mgkg !
with added lignocaine, 0.2 mg kg ™! [65-68] is very effective and results in a slightly
earlier recovery than thiopentone induction [69]. TIVA may be used in children
[70-73] but the dose of propofol is twice that of adults (ED95 of 10.5mgkg 'h ™!
compared with 5mgkg™'h™!) when combined with an alfentanil infusion at
50 wg kg~ 'h™! [74]. TCI systems have been used successfully in children [75-79].

Airway control

Tracheal intubation

Recent evidence supports various techniques of tracheal intubation without
muscle relaxants in children [33,51,52,80—-83] and the use of cuffed tracheal tubes
in infants and children [84-86].

The laryngeal mask airway

The airway anatomy of babies and children makes LMA insertion and positioning
more problematic than in adults [87-91]. The LMA is particularly useful in chil-
dren with abnormalities of the airway in whom intubation is difficult. It can be
used in place of a tracheal tube or to facilitate intubation by acting as a conduit for
fibre-optic bronchoscopy and delivery of oxygen and volatile agents during intub-
ation of the trachea [48,92]. The reinforced LMA is very useful in paediatric sur-
gery of the head and neck and for dental, ophthalmology and ENT procedures.

Newer non-depolarising muscle relaxants in children

Cisatracurium has an onset time of 2 min and a duration of action of 30 min after a
dose of 80-100 pgkg ! [93]. Rocuronium 0.6 mgkg !, produces good intubating
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conditions at 90s and has a duration of action of 24 min. Increasing the dose to
0.8 mgkg™! allows earlier intubation (at about 28's) but prolongs the duration of
block to 32 min [94]. The onset of action is more rapid in children compared with
babies or adults. Rocuronium can be used for rapid sequence induction, providing
intubating conditions comparable to suxamethonium at 1 min [95].

Analgesia

Local and regional analgesia

Regional anaesthesia produces excellent postoperative analgesia and attenuation of
the stress response in infants and children [96-101]. Epidural anaesthesia can
decrease the need for postoperative ventilation after tracheo-esophageal fistula
repair [102] and reduce the complications and costs following open fundoplica-
tion [103,104].

An overall incidence of complications of 0.9 in 1000 blocks, with no complications
of peripheral techniques has been reported [105,106]. Descriptions of the tech-
nical aspects of regional anaesthesia and management of the child with a block are
readily available [107-112]. Pharmacokinetics of local anaesthetics in infants and
children have been comprehensively reviewed recently [113]. The technique of
threading catheters from the sacral hiatus to position the tip at thoracic or lumbar
level [114] reported success rates of 85-96%, particularly in small children but a
review of radiographs in babies younger than six months of age [115] found that
only 58 catheter tips were considered optimal (67%); 10 were too high (12%) and 17
were coiled at the lumbo-sacral level (20%). Alternatives are use of electrocardiog-
raphy [116] or stimulating epidural catheters and evaluating muscle contractions.

Ultrasound guidance can be helpful for infraclavicular brachial plexus blockade
[117], lumbar plexus block [118], caudal and epidural blocks [118,119].

Continuous catheter techniques are becoming popular in children for femoral,
brachial plexus, fascia iliaca, lumbar plexus and sciatic blockade [120-123].

Safe dosing guidelines for racemic bupivacaine in children have been defined
[124,125] although racemic bupivacaine is gradually being replaced by ropivacaine
or levo-bupivacaine. There is now sufficient paediatric data to recommend either
of the new agents [120,126-137]. For continuous epidural levo-bupivacaine the
use of a 0.0625% solution appears optimal [130]. For single injection caudal block-
ade ropivacaine and levo-bupivacaine provide similar postoperative analgesia
compared to racemic bupivacaine with slightly less early postoperative motor
blockade [126,138,139] with no discernable differences between ropivacaine and
levo-bupivacaine [126,132,139]. The esterase systems in tissues, plasma and red
blood cells are mature in early life and ester local anaesthetics such as amethocaine
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(tetracaine) and 2-chloroprocaine are particularly applicable in neonates
[18,140-142].

A recent systematic review of paediatric caudal adjuncts has been published
[143]. Caution is required in neonates as sedation and apnoea have been noted.
Caudally administered preservative-free S(+)-ketamine is more potent than racem-
ate and may reduce neuro-psychiatric effects [144—147]. The same dose given
systemically produces a much shorter duration of analgesia [148]. When used for
single injection S(+)-ketamine has been found to be more effective in prolonging
postoperative pain relief than clonidine [149]. The combination of S(+)-ketamine
1 mgkg ™! and clonidine 1 pgkg ! without the concomitant use of local anaesthet-
ics for caudal blockade produced approximately 24 h of adequate postoperative
analgesia compared to only 12 h for plain S(+)-ketamine [150]. Adjunct clonidine
in the dose range of 1-2 ugkg ! for single injection caudal blockade will typically
double the duration of analgesia compared with plain local anaesthetics [151,152]
and addition of approximately 0.1 wgkg™'h™! will enhance the effect of continu-
ous epidural blockade [153]. The systemic effect of clonidine might be more
important than the local action [154]. The routine use of opioids as additives for
postoperative analgesia has recently been critically challenged [155]. Although
there is a risk of respiratory depression, less dramatic side effects such as itching,
nausea and vomiting, urinary retention, and decrease gastrointestinal motility are
more troublesome [156,157]. A recent comparison of plain levo-bupivacaine with
levo-bupivacaine combined with fentanyl for postoperative epidural analgesia in
children, failed to show any major benefit of adjunct fentanyl [130]. Neuraxial
administration of opioids still has a place where extensive analgesia is needed, for
example after spinal surgery or liver transplantation [158,159] or when adequate
spread of local anaesthetic blockade cannot be achieved within dosage limits [140].

The potential benefits and risks of regional anaesthesia for paediatric cardiac
surgery have recently been investigated and reviewed [160-163]. Single doses of
intrathecal opioids with or without local anaesthetic or continuous spinal anaes-
thesia using a micro-catheter technique appear particularly promising for open
heart surgery, while epidural or paravertebral techniques seem to offer benefit for
closed procedures. The main concern is that of local bleeding at the site of sub-
arachnoid or epidural puncture in the heparinised child [160].

Systemic analgesia

Recent evidence has produced more logical dosing guidelines for opioids, NSAIDs
and acetaminophen (paracetamol) in children [164-175].

Morphine infusions of between 10-30 wgkg™'h™! provide adequate analgesia
with an acceptable level of side effects when administered with the appropriate level
of monitoring [110]. Morphine clearance in-term infants >1 month of age is
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comparable to children from 1-17 years old. In neonates aged 1-7 days, the clearance
of morphine is one-third that of older infants and elimination half-life approxi-
mately 1.7 times longer [176,177]. In appropriately selected cases, the subcutaneous
route of administration is a useful alternative to the intravenous route [178,179].
The subcutaneous route is contraindicated when the child is hypovolemic or has
significant ongoing fluid compartment shifts [180]. Patient-controlled analgesia
(PCA) is now widely used in children as young as age 5 years and compares favourably
with continuous morphine infusion in the older child [181]. A low dose background
infusion is useful in the first 24h of PCA in children, and has been shown to
improve sleep pattern without increasing the adverse effects seen with higher back-
ground infusions in children and in adults [182]. Most regimens for nurse or
parent-controlled analgesia use a higher level of background infusion with a longer
lockout time of around 30 min [110,150,183-186].

Tramadol, oxycodone, hydromorphone may have applicability as alternatives to
morphine in the postoperative period [164,187,188]. Pethidine (meperidine) is not
recommended in children due to the adverse effects of its main metabolite, nor-
pethidine. Fentanyl, sufentanil, alfentanil and remifentanil may have a role for major
surgery and in intensive care practice. Remifentanil is very titrateable, has a context-
insensitive half-time with extremely rapid recovery due to esterase clearance but
transition to the postoperative phase is difficult to manage and may be compli-
cated by acute tolerance. It may have a particular role in intraoperative stress con-
trol and in neonatal anaesthesia [189—193]. Sufentanil and fentanyl have long
context-sensitive half-times but give a smoother transition to maintenance anal-
gesia. Alfentanil has a rapid onset, is titrateable, and is relatively context-insensitive
after 90 min with a relatively smooth transition in the postoperative phase. The
potent opioids may be best delivered by target-controlled infusion devices and
paediatric pharmacokinetic programs have now been developed.

NSAIDs are important in the treatment and prevention of mild or moderate
pain in children [194]. NSAIDs are highly effective in combination with a local or
regional nerve block, particularly in day case surgery [194,195]. NSAIDs are often
used in combination with opioids and the “opioid sparing” effect of NSAIDs is
30-40%, as reported for adults [196,197]. This produces a reduction in opioid-
related adverse effects, especially ileus, bladder spasms and skeletal muscle spasms,
and facilitates more rapid weaning from opioid infusions or PCA [110,183,198-200].
NSAIDs in combination with acetaminophen (paracetamol) produce better anal-
gesia than either alone [194,197,201]. Novel formulations of NSAIDs as eyedrops
have found application after strabismus correction or laser surgery to the eye [174].
Pharmacokinetic studies of NSAIDs have revealed a higher than expected dose
requirement if scaled by body weight from adult doses [165,202]. NSAIDs should
be avoided in infants <6 months of age [194,203], children with aspirin or NSAID
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allergy, those with dehydration or hypovolemia, children with renal or hepatic fail-
ure, coagulation disorders or peptic ulcer disease and where there is a significant
risk of haemorrhage. Concurrent administration of NSAIDs with anticoagulants,
steroids and nephrotoxic agents is not recommended. The most commonly reported
adverse effects of NSAIDs are bleeding, followed by gastrointestinal, skin, central
nervous system, pulmonary, hepatic and renal toxic effects. Other serious side effects
have been reported, including oedema, bone marrow suppression, and Stevens-
Johnson syndrome [175,194,204].

NSAIDs and tonsillectomy

Two recent meta-analyses have considered the role of NSAIDs in post-tonsillectomy
haemorrhage [205,206]. One included studies of aspirin which is not recommended
in children [206]. The other showed a small increased risk of re-operation for bleed-
ing in patients receiving NSAIDs [205]. However, the authors discuss why clear
recommendations cannot be drawn from the evidence as the patients receiving
NSAIDs benefited from good pain control and reduced PONV [205]. Thus, for every
100 patients, 2 more will require re-operation if they receive a NSAID than if they do
not but 11 will not have PONV who otherwise would [205]. These meta-analyses
also did not include studies of COX-2 inhibitors.

NSAIDs and asthma

Provocation of bronchospasm by NSAIDs is thought to be due to a relative excess
of leukotriene production. Aspirin sensitivity is present in about 2% of children
with asthma and around 5% of these patients are cross-sensitive to other NSAIDs
[194]. Caution is required in those with severe eczema or multiple allergies and in
those with nasal polyps. It is important to check for past exposure to NSAIDs as
many asthmatic children take these agents with no adverse effects [204]. A recent
study found no change in lung function in a group of known asthmatic children
given a single dose of diclofenac under controlled conditions [207].

NSAIDs and bone healing

Concerns have been raised by animal studies showing impaired bone healing in the
presence of NSAIDs [194]. For most orthopaedic surgery in children, the benefits
of short-term perioperative use of NSAIDs outweigh the risks but limitation of use
is recommended in fusion operations, limb-lengthening procedures and where
bone healing has previously been difficult [194].

COX-2 inhibitors in paediatrics

Several COX-2 inhibitors have recently been evaluated in paediatrics although the
situation has been complicated by the withdrawal of rofecoxib from worldwide
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markets [208]. Some early studies used too low a dose [209] and pharmacokinetic
studies are now informing dosing schedules and intervals in children [210-212].
The studies show equal efficacy to other analgesic interventions with non-selective
NSAIDs or acetaminophen (paracetamol) and a morphine-sparing effect, but
trials have not been large enough to confirm reduced adverse effects such as bleeding
[213-215].

Acetaminophen (paracetamol)

On its own, acetaminophen can be used to treat or prevent most mild and some
moderate pain. In combination with either NSAIDs or weak opioids, such as codeine,
it can be used to treat or prevent most moderate pain [197,216]. A morphine-
sparing effect has been demonstrated with higher doses in day cases [197,217].

Although the site of action of acetaminophen is central, dosing is often based on
a putative “therapeutic plasma concentration” of 10-20 mg mL ™!, It is important to
realise that the time to peak analgesia even after intravenous administration is
between 1 and 2 h. The time-concentration profile of acetaminophen in cerebrospinal
fluid lags behind that in plasma, with an equilibration half-time of around 45 min.
There is evidence that a plasma concentration of 11 pgmL™! or more is associ-
ated with lower pain scores. In a computer simulation, a plasma concentration of
25 pgmL ™! was predicted to result in good pain control in up to 60% of children
undergoing tonsillectomy [166—169,197,218]. Dosing regimens for acetaminophen
have been revised in the last few years on the basis of age, route of administration,
loading dose, maintenance dose and duration of therapy to ensure a reasonable
balance between efficacy and safety. In younger infants, sick children, and the pre-
term neonate, considerable downward dose adjustments are needed.

Analgesic doses for children

Table 20.1 shows suggested maximum dosages of bupivacaine, levo-bupivacaine, and
ropivacaine in infants and children, Table 20.2 shows opioids: relative potency and

Table 20.1. Dosages of bupivacaine, levo-bupivacaine, and ropivacaine

Single bolus injection Maximum dosage
Neonates 2mgkg !

Children 2.5mgkg ™!
Continuous postoperative infusion Maximum infusion rate
Neonates 0.2mgkg 'h~!

Children 0.4mgkg th™!
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dosing, Table 20.3 shows context-sensitive half-times of opioids in children, and
Table 20.4 shows acetaminophen (paracetamol) dosing guide.
Table 20.2. Opioids: relative potency and dosing
Potency relative
Drug to morphine Single dose Continuous infusion
Tramadol 0.1 1-2mgkg ™!
Morphine 0.05-0.2 mgkg ™! 10-40 pgkg 'h™!
Hydromorphone 5 0.01-0.03 mgkg ™!
Alfentanil 10 5-10 pgkg ! 1-4 pgkg 'min~! or
use TCI system
Fentanyl 50-100 0.5-1 pgkg ™! 0.1-0.2 pgkg 'min~!
Remifentanil 50-100 0.1-1 pgkg™! 0.05-4 pgkg 'min~!
or use TCI system
Sufentanil 500-1000 0.25-0.5 pgkg ™! Use TCI system
Table 20.3. Context-sensitive half-times of opioids in children (minutes)
Infusion Duration
(min) 10 100 200 600
Remifentanil 3-6 3-6 3-6 3-6
Alfentanil 10 45 55 60
Sufentanil 20 25 60
Fentanyl 12 30 100
Table 20.4. Acetaminophen (paracetamol) dosing guide
Oral Rectal
r et Maximum Duration at
Loading Maintenance  Loading Maintenance daily dose maximum
Age dose dose dose dose oral or rectal dose
Pre-term 20mgkg ' 15mgkg 'up 20mgkg™' 15mgkg 'up 35mgkg 'day! 48h
28-32w to 12 hourly to 12 hourly
Pre-term 20mgkg™! 20mgkg 'up 30mgkg ! 20mgkg lup 60mgkg 'day ! 48h
32-38w to 8 hourly to 12 hourly
0-3m 20mgkg™! 20mgkg 'up 30mgkg™! 20mgkg lup 60mgkg 'day ! 48h
to 8 hourly to 12 hourly
>3m 20mgkg™' 15mgkg 'up 40mgkg™! 20mgkg 'up 90mgkg 'day’! 72h
to 4 hourly to 6 hourly
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Postoperative nausea and vomiting
Ondansetron 100 g kg ™' prevents nausea and vomiting more effectively than placebo
or droperidol [219-222]. Granisetron is more effective in children than droperidol
or metoclopramide especially when given with dexamethasone [223-225].

Practice points

* Oral midazolam is the most commonly used as premedication.

* Inhalational induction of anaesthesia has undergone a renaissance with the intro-
duction of sevoflurane.

* Desflurane maintenance may be particularly useful for neonates.

* Tracheal intubation can be performed safely and effectively in children without
muscle relaxants and cuffed tracheal tubes are now more widely used.

* The LMA is very commonly used in paediatric anaesthesia for elective cases and can
also be useful in children with difficult airways.

* New muscle relaxants have been evaluated in children and rocuronium is particu-
larly useful for modified rapid sequence induction.

* Local and regional analgesia techniques are now routinely used in paediatric practice
and ultrasound guidance may be useful.

* New local anaesthetics such as levo-bupivacaine and ropivacaine have improved the
safety of both single injection blocks and continuous infusion techniques.

* The adjuncts clonidine and ketamine have been evaluated for caudal epidural block-
ade and are now in common use.

* Safe dosing regimens for opioids, NSAIDs and paracetamol have evolved for use in
children.

* PONV prevention by 5HT3 antagonists and steroids has proven to be very effective
for children at high risk.

Conclusion

The topics selected in this review have been chosen to illustrate changes in clinical
practice in the last 15 years. Although formal evidence-based systematic reviews or
meta-analyses are relatively few, there is now a fairly robust basis for modern paedi-
atric anaesthesia techniques and practices.
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Anaesthesia for eye, ENT and dental surgery
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We endeavoured to look at the best available evidence to support some of our cur-

rent practices in areas of ENT (ear, nose and throat), eye and dental anaesthesia.

Endotracheal anaesthesia has been the standard for anaesthesia for tonsillectomy.
Laryngeal mask airway (LMA) is used more often for the procedure than in the
past. We look at the safety of this transition.

Many surgeons use local anaesthesia for better postoperative analgesia after tonsil-
lectomy. In spite of lack of supportive evidence this practice is still common.
There is a belief that non-steroidal anti-inflammatory drugs (NSAIDs) might
increase posttonsillectomy bleeding and newer COX2 inhibitors are devoid of
this problem. We look at the evidence for such contention.

We explore for any generally accepted way of providing safe anaesthesia for surgery
for the human papilloma virus (HPV) of the larynx.

There is considerable difference of opinion on fasting before cataract surgery under
local anaesthetic blocks and on the indications for sedation during eye blocks.
Opinion varies on the use of LMA for outpatient dental surgery. Evidence is sought
for all the above from available literature.

Anaesthesia for ENT surgery

Anaesthesia for ENT surgery has to specifically address the problems of a shared

airway, perioperative bleeding and postoperative pain and discomfort.

Endotracheal tube or LMA for tonsillectomy?

Tonsillectomy is one of the common operations. Endotracheal anaesthesia has been

the standard for many years, but this trend has changed since the introduction of

Key words: Laryngeal mask airway, tonsillectomy, posttonsillectomy bleeding, HPV of the larynx, fasting and
cataract surgery, sedation for eye blocks, dental anaesthesia.
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reinforced LMAs. Avoiding endotracheal intubation in favour of a LMA can min-
imise some of the problems of tracheal intubation in the mainly paediatric popula-
tion, but often the question is raised, “Is this a safe practice”?

Two surveys looked at the frequency of use of LMA for tonsillectomy. In 1996 in a
French survey [1], only 2% respondents used LMA for tonsillectomy whereas later
in 1999 a British survey [2] found that 16% of anaesthetists routinely used LMA for
tonsillectomies in children and 33% had used LMA for tonsillectomies at some time.
There are also some useful reviews on this topic [3]. One study in 1993 commented
on the ease of insertion of a prototype armoured LMA in a paediatric population
undergoing tonsillectomy [4] and reported difficulty in 18% of cases. However it
is unlikely that such high incidence is seen now since LMA is used much more
frequently for anaesthesia.

Incidence of conversion from LMA to an endotracheal tube (ETT) is reported in
three studies [4-6] as around 9.5%. These studies were mostly in the paediatric popu-
lation though one of the studies included adults [6]. Conversion was usually at the
time of insertion, or because of ongoing obstruction by the Boyle Davis gag. Some
studies commented on the ease of surgical access, but failed to state how this was
assessed [4,5]. One study [6] used a visual analogue scale to assess this, and found
that there was better surgical access with the ETT than with the LMA.

A fibreoptic scope has been used to look for evidence of tracheal soiling during
tonsillectomy using LMA. Two studies in children [5,7] looked for blood in the lar-
ynx (LMA group) or in the trachea (ETT group). Prior to emergence from anaesthe-
sia there was evidence of blood in the larynx in two patients in the LMA group and
in the trachea in 20 patients in the ETT groups (odds ratio, OR: 0.16, 95% confidence
intervals, Cls: 0.06, 0.38, P = 0.0001). This was supported by another study [4],
which found no evidence of laryngeal contamination in 18/19 patients in the LMA
group that were subjected to endoscopy prior to emergence from anaesthesia.

The use of LM As avoids the dilemma of extubation either under deep anaesthesia
with an unprotected airway, or with the patient awake, with increased potential risk
of coughing, laryngospasm or postoperative bleeding. Recovery room problems
appear to be lower in patients who have LMA for tonsillectomy rather than an ETT
[4,5,7]. The incidence of laryngospasm during the immediate recovery period was
significantly lower in the LMA group (OR:0.31,95% ClIs: 0.15,0.63, P = 0.001). The
presence of blood in the lower airway of children with ETTs may be associated with
the increase in coughing during recovery period (OR: 0.01, 95% ClIs: 0.04, 0.25,
P < 0.0001). In children, maintenance of an unobstructed airway may be easier with
the LMA [5] and recovery room nurses were happier with the airway control
(P < 0.05) with the LMA. Currently there are a number of anaesthetists who rou-
tinely and successfully use the reinforced LMA for tonsillectomy both in adults and
children; they resort to the use of ETT when they cannot get in LMA to fit or where
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the Boyle Davis gag obstructs the airway. This practice has supporting evidence in
the literature.

Local anaesthesia for pain control following tonsillectomy

Posttonsillectomy pain is regarded as the primary cause of failure to discharge paedi-
atric day case tonsillectomy patients, as it results in reluctance to swallow and may
result in inadequate oral fluid intake. Some surgeons advocate the administration of
local anaesthetic agents into the operative field either just before or after the removal
of the tonsils.

The Cochrane Ear Nose and Throat Disorders group published a systematic review
on this topic in 1999. This review [8] analysed six randomised controlled trials of
mostly adult patients, undergoing tonsillectomy and concluded that there was no
evidence for the use of perioperative local anaesthetics in patients undergoing
tonsillectomy to improve postoperative pain control. A number of other studies have
been reported in the literature since 1999 with differing methodology. Injection of
local anaesthetic agents was studied in the adult population [9-12] and in children
[13,14]. Topical application of local anaesthetic was also used in some studies
[15-17]. Injection of local anaesthetic either before or at the end of tonsillectomy
did not give any significant advantage except in the immediate period following the
operation. Similar findings were noted in children. Topical application of local anaes-
thetic also offered some benefit, but only in the immediate postoperative period.

There is no evidence supporting the use of perioperative local anaesthetic to
improve pain control after tonsillectomy.

Use of NSAIDs for tonsillectomy

The common drugs used for pain control following tonsillectomy are opioids
(parenteral or oral), paracetamol (oral or rectal) and NSAIDs (parenteral or oral).
The Royal College of Anaesthetists’ Guidelines for the Use of Non-steroidal Anti-
inflammatory Drugs in the Peri-operative Period concludes that NSAIDs are effective
alternative to opioids with less nausea and vomiting. This guideline has recom-
mended that NSAIDs should be avoided for patients undergoing tonsillectomy
where increased blood loss or reduced platelet function pose particular risk [18]. This
raises the question, “Is it safe to give NSAID:s fo patients undergoing tonsillectomy™?
There are a number of reports in the literature addressing this issue. Of note are
one meta-analysis [19] and two systematic reviews [20,21]. The meta-analysis [19]
identified seven trials but the authors used a somewhat limited search of MEDLINE
publications. This report included data on 1368 patients, mostly children. The results
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suggested that overall risk for posttonsillectomy bleeding was not different for
NSAIDs (diclofenac, ibuprofen or aspirin) compared to control treatments. But
aspirin (which the majority of the subjects received as an analgesic) gave a statis-
tically significant increase in bleeding compared to the control treatments, which
included tramadol, paracetamol, codeine or placebo (OR: 1.94, 95% Cls: 1.09-3.42).

A Cochrane Review [20] (updated 2005) identified 13 trials having met the inclu-
sion criteria (955 children comparing NSAIDs with another analgesic or placebo).
The results suggested no significant alteration in the perioperative bleeding requir-
ing surgical intervention (OR: 1.46, 95% Cls: 0.49—4.40). Another systematic review
[21] did a similar database search and used 25 randomised controlled trials (1853
patients, 970 receiving NSAIDs and others receiving other analgesics such as codeine,
paracetamol or placebo). This review did not identify any differences between the two
treatments in terms of intraoperative or postoperative bleeding after tonsillectomy.

There are only a few randomised controlled trials in the literature attempting
to compare non-specific NSAIDs (COX1 inhibitors) and COX2-specific NSAIDs.
Refocoxib was compared to placebo in 45 children undergoing tonsillectomy in one
study [22]; there were no differences in the intraoperative blood loss. Another study
of 118 adult patients undergoing tonsillectomy [23] compared celecoxib with either
ketoprofen or placebo. Even though there were no significant differences between the
groups in intraoperative blood loss, larger number of patients who received keto-
profen as a postoperative analgesic required surgery for secondary haemorrhage
(P = 0.026) compared to patients who received celecoxib. However the method-
ological quality of these trials may be questioned. Both these studies looked at pain
control as the main outcome of interest and hence further studies are required to
establish any benefit for COX2 inhibitors in reducing posttonsillectomy bleeding.

It may be concluded that there is insufficient evidence that NSAIDs may increase
posttonsillectomy bleeding.

Anaesthesia for surgery for recurrent respiratory papillomatosis

Infection of larynx and the respiratory tract with HPV is a rare condition, but
anaesthetists are called to provide anaesthesia for surgical removal of the warts.
This condition is the most common benign neoplasm of the larynx in children.
The disease is often diagnosed at 2—3 years of age [24,25]. Surgery is the mainstay
of treatment for this condition and repeated surgical interventions are necessary
because of the high incidence of recurrence of this condition.

There are no randomised controlled trials on the best form of anaesthesia for this
condition. A survey of Pediatric Otolaryngology Members’ experience of this con-
dition [26] describes the practice amongst the members in USA, France, Canada
and Australia who were dealing with 700 active patients. Microdebrider and carbon
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dioxide laser were the two main surgical methods used, microdebrider being a
slightly more preferred option than carbon dioxide laser by the participants of this
survey (53%). The majority (64%) chose a spontaneous breathing or apnoeic ven-
tilation technique. Twenty-four per cent chose jet ventilation and a small number
(10%) chose laser safe ETTs. Tracheostomy is indicated in patients with extensive
spread in the respiratory tract.

The choice of anaesthetic technique varies with the experience of the team. There
are only case reports on anaesthesia for surgery for recurrent respiratory papillo-
matosis. The aim of surgery is to provide removal of as much lesion as possible,
whilst at the same time minimising the damage to the surrounding normal tissues.

Tubeless spontaneous respiration anaesthesia [27] involves a spontaneously
breathing patient, but with the vocal cords sprayed with local anaesthetic agent. The
anaesthetic agents are delivered at the end of the laryngoscope, but fire risk and lack
of scavenging of both anaesthetic gases and surgical plume are problems. This may
be minimised by total intravenous anaesthesia [28]. The apnoeic anaesthesia method
[29] uses anaesthesia with the smallest possible ETT, and intermittent removal of the
tube during the use of the laser. The patient is paralysed and hyperventilated before
the periods of apnoea. Anaesthesia may also be delivered via the intravenous route.
This allows 2-3 min of operation time before further ventilation. Jet ventilation
with intravenous anaesthesia is popular for microsurgery of the larynx [30], supra-
glottic jet ventilation being a popular technique, with minimal fire hazard. How-
ever there is a theoretical risk that it may deliver the laser plume deeper into the
lung and cause pulmonary spread of the papilloma, though clinical evidence for
this is lacking.

There is insufficient evidence in the literature to recommend any one way of
anaesthetising for this procedure. It appears that jet ventilation is gaining popularity,
anaesthesia being maintained with intravenous propofol, with or without a short
acting opoids and non-depolarising muscle relaxant. What is generally appreciated is
the fact that an experienced team gets better results, with minimal complications.

The reinforced LMA is safe in tonsillectomy. There is no evidence for use of local
anaesthesia for tonsillectomy and NSAIDs do not affect posttonsillectomy blood loss.
There is little information regarding anaesthetic technique for laser surgery for HPV of
the larynx.

Anaesthesia for eye surgery

Cataract surgery is one of the main areas where anaesthetists are involved in oph-
thalmic surgery. The majority of patients presenting for cataract surgery are elderly,
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with multiple co-morbidities requiring multiple medications. Cataract surgery is
usually done under a regional block.

Is there a need to starve before cataract surgery under local anaesthesia?

Unfortunately there are no controlled trials addressing this topic, even though this
subject has been discussed in the literature. It is important to recognise that many
patients undergoing cataract surgery have multiple medical conditions, including
diabetes mellitus. In 1993 a correspondence in the British Journal of Anaesthesia [31]
reported that the authors and their colleagues followed a regimen of no change in
dietary or medication routine prior to cataract surgery in 30 000 patients with no
incidence of any adverse outcomes, even though 14 of their patients lost conscious-
ness during the procedure due to a number of reasons. None of their patients received
heavy sedation or required conversion to general anaesthesia.

A survey of the anaesthetic practice for cataract surgery in the UK [32] suggested
that the majority of hospitals surveyed (84%) had a fasting policy before cataract
surgery under local anaesthesia and nearly half of these (44%) involved no restric-
tions of food or drink. However, the majority (74%) was not prepared to supplement
the local anaesthetic block with sedation in patients who were not fasted. The general
consensus was that critical incidents were rare in non-fasting patients undergoing
cataract surgery under local anaesthesia. A document by the Royal College of
Anaesthetists and the Royal College of Ophthalmologists [33] in 2001 agrees with
the practice of continuing usual preoperative medications and diet in patients
undergoing cataract surgery under local anaesthesia, especially those with diabetes.

It appears that there is really no need for fasting before cataract surgery done
under local anaesthesia. The evidence for this is based on case reports and experi-
ence of anaesthetists and ophthalmologists involved with this procedure.

Is intravenous sedation useful for cataract surgery under local
anaesthetic block?

Pain and consequent movement during the block, particularly during retrobulbar
or peribulbar blocks is not desirable. A number of randomised controlled trials
are identified in the recent literature in an attempt to address this issue, but the
methodological quality of the trials is not high. Four trials compared sedative
drugs (midazolam, propofol, alfentanil or remifentanil or a combination) with con-
trols during the placement of the block [34-37]. Deep sedation or respiratory depres-
sion was recorded in 20/138 treated cases and none in 72 controls (OR: 5.33, 95%
ClIs: 1.79, 15.87, P = 0.003). A drop in oxygen saturation (below 90%) was noted
in 11/200 sedated cases and in none of the 77 controls (OR: 4.19, 95% Cls: 1.04,
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16.82, P = 0.04). Many other studies looked at combinations of drugs, had various
premedications, differing depths of sedation or lacked control groups, thus mak-
ing it difficult to compare them. None of the sedation techniques described appear
to cause major risks to the patients, though the reasons for such sedation tech-
niques is found wanting. The increasing use of the sub-Tenon’s block, which is rel-
atively pain free and is devoid of some of the risks of retrobulbar or peribulbar
blocks such as haemorrhage and accidental subdural injection, have made sedation
during cataract surgery under local anaesthesia somewhat unnecessary.

The increasing use of topical anaesthesia for cataract extraction has caused renewed
interest in analgesia and sedation during cataract surgery. A recent study has showed
that small doses of fentanyl compared to placebo improved patient comfort during
cataract surgery performed under local anaesthesia and reduced the need for sup-
plemental intraoperative fentanyl [38]. Yet another study [39] suggested that intra-
venous midazolam did not significantly alter patient satisfaction for those having
cataract surgery under topical anaesthesia.

There is some evidence that low-dose benzodiazepine premedication prior to
cataract surgery may be useful to reduce anxiety without compromising the safety
[40,41]. It is important to recall the recommendations of the Royal College of
Anaesthetists and the Royal College of Ophthalmologists [33] that conscious sed-
ation during cataract surgery should not be a tool to deal with an inadequate block.

Intravenous sedation during local anaesthetic blocks cataract surgery is not rou-
tinely practised, but it may have a role in a selected group of patients when used
appropriately.

There is probably no need to fast patients prior to cataract surgery done under local
anaesthesia. There may be a limited role for sedation in some patients undergoing
cataract surgery.

Dental anaesthesia

The majority of dental anaesthesia is done as a day case procedure and have similar
problems to anaesthesia for ENT surgery. Dental anaesthesia aims to provide an
unrestricted operating field, a safe stable airway and protection from aspiration of
blood and fluid from the mouth.

Has LMA replaced ETT in day case dental anaesthesia?

Oral surgery with a LMA can challenge anaesthetic requirements for a secure airway
and adequate surgical access and requires co-operation between the anaesthetist



278

Mathew Zacharias and Robyn Chirnside

and the surgeon. The reinforced LMA was specifically designed for use in oral sur-
gery, and has extra flexibility and increased length than the classic LMA.

There are only few randomised controlled trials comparing the reinforced LMA
with nasal or oral ETTs for dental surgical procedures, though there are a number
of reports on the topic in the literature. A randomised, prospective trial [42] of 100
patients found no difference in the ease of positioning of the LMA and ETT (OR:
1.71, 95% ClIs: 0.41, 7.21, P = 0.46). There was however an increase in partial
obstruction to breathing due to the LMA (OR: 8.04, 95% ClIs: 1.34,48.12, P = 0.02).

In a large case report [43] of 1201 intellectually handicapped patients (predom-
inantly young adults) undergoing dental comprehensive treatment, 249 had an ETT,
826 had a LMA and 122 had a nasal mask. It is unclear whether the ETT was placed
nasally or orally. The mean duration of procedure was approximately 60 min. Of
those with a LMA 1.7% had low oxygen saturation during the procedure, whereas
none with ETT had low oxygen saturations. It is of note that 38.5% of those who
had a nasal mask technique had low oxygen saturations during the procedure. Two
patients who had ETTs and none who had a LMA, experienced laryngeal spasm
following the surgery. Even though this report is a review of cases, it points out to
the fact that LMA is reasonably safe in dental anaesthesia.

Some studies have looked for evidence of tracheal soiling following oral surgery
by observing for any evidence of aspiration using a bronchoscope. One trial [42]
showed no evidence of laryngeal soiling in the LMA group, whereas blood was
found in three cases after endotraceal intubation, but without any negative outcome
(OR:0.13,95% CIs: 0.01, 1.28, P = 0.08). Another study [44] in 51 patients looked
only at evidence of laryngeal soiling following LMA using a coloured dye. Twenty
per cent cases showed some evidence of soiling at the end of operation, but the
methodological quality of this study was poor, with no control group. There were
no adverse postoperative sequelae in any patient.

Many anaesthetists currently use reinforced LMA successfully for common
dental procedures.

Summary

We endeavoured to look at the best available evidence to support some of the com-
mon practices in the areas of ENT, ophthalmological and dental anaesthesia. The use
of the reinforced LMA for tonsillectomy has supporting evidence in the literature.
There is no evidence to support the use of perioperative local anaesthetic to improve
pain control after tonsillectomy or for the avoidance of NSAIDs for the fear of increas-
ing posttonsillectomy bleeding. There is no clearly superior way of anaesthetising
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patients with HPV of the larynx, though it appears that jet ventilation is gaining pop-
ularity. There is no need for fasting before cataract surgery done under local anaes-
thesia. Intravenous sedation during local anaesthetic blocks for cataract surgery is
not routinely recommended, but it may have a role in a selected group of patients.
There is only limited evidence regarding the use of reinforced LMAs for dental pro-
cedures.

Most anaesthetists are called upon to provide anaesthesia for ENT, eye and

dental cases. We plan to look at a few common issues in these areas and look for the
available evidence for specific management strategies. A broad search strategy of
MEDLINE, EMBASE and EBM databases was used for this purpose.

Future research options

* Safe anaesthetic techniques for treatment of HPV of the larynx.
* Fasting prior to cataract surgery under local anaesthesia.
* Role of sedation for cataract surgery done under topical anaesthesia.
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Anaesthesia for neurosurgery
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The practice of neuroanaesthesia is unique in that the target organ of both the
surgeon and the anaesthetist is one and the same. Thus, the surgical goals have a
profound impact on the constraints that the anaesthesiologist must work within.
In order to appropriately anaesthetise the patient for neurosurgery, an understand-
ing of the interrelationships of neurophysiology, pathophysiology and pharmacol-
ogy is important. This chapter will review: (1) basic neurophysiological principles,
(2) specific approaches to the management of intracranial pressure (ICP) as they
relate to clinical neuroanaesthesia, and (3) intraoperative management of the
patient with a supratentorial mass lesion.

Basic principles of neurophysiology

There are six interrelated components that are important to the practice of neu-
roanaesthesia. They are maintenance of cerebral perfusion pressure (CPP), cerebral
blood flow (CBF), cerebral blood volume (CBV), intracranial pressure (ICP), CO,
responsiveness (CO,R) and cerebral oxygen metabolism (CMRO,).

Cerebral perfusion pressure

282

CPP is the difference between mean arterial pressure (MAP) and intracranial pres-
sure (ICP) (CPP = MAP — ICP), although in the occasional patient where central
venous pressure (CVP) is higher than ICP, CPP = MAP — CVP. Both intracranial
pathology and drugs may compromise CPP through effects on MAP and/or ICP.
CPP is usually >70 mmHg. An optimal CPP has not been defined but in the con-
text of head trauma, a CPP <60 is associated with a poorer outcome; a benefit of
higher CPP has not been shown [1].

Key words: Cerebral blood flow, autoregulation, mannitol, hyperventilation, traumatic brain injury, brain
tumour, barbiturate coma, anaesthetic effects.
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Cerebral blood flow

The average CBF is ~40-50 mL/100 g min~' with grey matter having a higher flow
than white matter (60 mL/100gmin~' and 20 mL/100 g min ™! respectively). CBF is
autoregulated — that is, blood flow is maintained over a wide range (~50-150 mmHg)
of perfusion pressures in order to avoid ischaemia when blood pressure is reduced
and oedema or haemorrhage at higher blood pressures. Static autoregulation refers to
changes in flow that occur slowly (minutes) in response to changes in blood pressure
and dynamic autoregulation is used to describe changes that occur within seconds.
The autoregulatory range and the relationship between CBF and perfusion pressure
can change rapidly as one would want from a homeostatic response. When sympa-
thetic tone is reduced the entire response can shift to lower pressures and when tone
is increased such as during stress it moves to a higher-pressure range. With hyperven-
tilation the response shifts to lower CBF and covers a wider perfusion pressure range
while an increased CO, results in a narrower range at a higher CBE.

Volatile anaesthetics affect CBF both indirectly and directly. When cerebral meta-
bolism (CMRO,) is decreased, vasoconstriction occurs to appropriately reduce CBE.
However, direct vasodilation also occurs in a dose-dependent fashion [2—5] but may
not manifest as increased CBF except at higher concentrations. Evidence from both
animal and humans suggest that the increase in CBF is more pronounced with des-
flurane and least with sevoflurane [2, 6-8].

Both static and dynamic autoregulation remain essentially intact with both
sevoflurane and isoflurane up to 1 MAC [9,10] but preservation is better and persists
to a higher concentration with sevoflurane [11]. Desflurane >1 MAC abolishes
autoregulation [10]. Static autoregulation also appears to be intact in children under-
going non-neurosurgical procedures with doses of sevoflurane up to 1.5 MAC [12].
The effect of volatile anaesthetics on cerebral haemodynamics including CBF and
autoregulation has been well reviewed [6,8].

Propofol, barbiturates and etomidate are potent cerebral vasoconstrictors reduc-
ing CBF secondary to decreasing CMRO, [13—15]. The effect on CBF is greater with
propofol and thiopental than etomidate. Propofol and thiopental do not alter
autoregulation [10].

Opioids have minimal effect on CBF [16].

Cerebral blood volume

Approximately 15% of CBV is in the arterial tree and ~15% in the major venous
sinuses. The remainder is in the capillary and venous systems. CBF is often incor-
rectly used as a surrogate for blood volume, probably because it has been easier to
measure. Changes in CBF and CBV are generally proportional to one another but,
for instance, changes in head position from standing to supine to head down can
increase CBV without changing CBE.
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Propofol decreases CBV in humans and sevoflurane increases it but less than
isoflurane [17,18].

Intracranial pressure

Maintenance or reduction of ICP (normal value ~10mmHg) of ICP is one of the
important aims of neuroanaesthesia. ICP is a critical determinant of CPP and by exten-
sion CBF and brain function. As ICP increases above ~20 mmHg, focal reductions in
CBF occur and further increases eventually result in global cerebral ischaemia. The
three major components of the intracranial cavity are brain (~80%), cerebrospinal
fluid (CSF) (~10%) and CBV (~10%). If one component increases its volume, it must
be compensated for by a decrease in another to prevent ICP from increasing.

CO, responsiveness

CO,R of the cerebral arterial tree is important in that hypercarbia results in vaso-
dilation and increased CBV. Conversely, hyperventilation causes cerebral arterial
vasoconstriction, decreased CBF & CBV and a decreased ICP. While the reduction
in ICP is beneficial, the reduced CBF can result in ischaemia so that caution must be
exercised with the extent and duration of hyperventilation (see below).

CO, reactivity is maintained with both sevoflurane and isoflurane up to 1.5 MAC
in adults [3,19,20] and with sevoflurane, isoflurane and halothane up to 1.0 MAC in
children [21,22]. Intravenous (IV) anaesthetics do not influence CO,R significantly.

Cerebral oxygen metabolism
CMRO,; is a key determinant of the risk of ischaemic insult. If metabolic rate is
high, then a reduced CBF is more likely to disrupt neuronal function and integrity.
This is the rationale behind decreasing CMRO, in order to prevent ischaemia.
While this notion is appealing in its simplicity, there are no clinical trials in neu-
roanaesthesia to support such a practice and animal studies indicate that any ben-
efit from anaesthetics probably reflects both intra- and extra-cellular effects [23].
IV anaesthetics potently reduce CMRO,. As CBF is closely coupled to CMRO,,
CBF is reduced in parallel with an associated reduction in CBV and ICP which
makes them very useful agents in patients with intracranial hypertension. Volatile
anaesthetics in contrast reduce CMRO, but increase CBF through direct effects on
the vasculature. Although often referred to as “uncoupled,” experimental studies in
rats suggest that flow and metabolism continue to track in the same direction but
with CBF at a higher “set point” [24].

Clinical neuroanaesthesia

The common types of neurosurgery can be divided into excision of intracranial
mass lesions, especially supratentorial tumours, decompressive procedures in



285

Anaesthesia for neurosurgery

major head trauma and aneurysm clipping. This review will focus on managing
elevated ICP as this is a problem common to all types of intracranial surgery and
then specifically the management of supratentorial masses.

Management of intracranial pressure

ICP may be affected by four major variables in the operating room — hyperventila-
tion, anaesthetic drugs, diuretics such as mannitol, and head position.

Hyperventilation

Hyperventilation constricts the cerebral arterioles with concomitant decreases in
CBF and CBV. The effect takes place rapidly and may be especially useful for decreas-
ing ICP in situations in which ICP is critically elevated or the surgeon is having
difficulty with brain bulk. However, cerebral vasoconstriction may lead to critical
hypoperfusion and brain ischaemia with no improvement or worsened outcomes
especially with prolonged use [25-28].

Therefore, current recommendations are that hyperventilation: (1) Should not be
used prophylactically in the traumatically brain injured patient and should only be
used for brief periods to manage significant increases in ICP not responsive to alter-
nate treatments [25,26]. (2) Similar concerns prevail in the operating room although
no trials have addressed outcomes in this context. In either case, unless neurosurgi-
cal conditions demand it, ventilation to moderate levels of hypocapnia (PaCO,
32-35 mmHg) rather than severe (PaCO, < 32 mmHg) should be used.

Anaesthetic drugs

Volatile anaesthetics produce direct vasodilation and thus have the potential to
increase ICP. However the effect on ICP, in both paediatric and adult patients with
space-occupying lesions is clinically insignificant when anaesthetic concentrations
are maintained below 1.2 MAC and if the ICP is not critically elevated [4,29-32].

Propofol, barbiturates (thiopental) and etomidate have minimal effect or decrease
ICP [32]. Few randomised controlled trials have compared IV and inhalation agents
and their effect on ICP. In a trial of 117 patients with supratentorial tumours under-
going elective resection, subjects received propofol or isoflurane or sevoflurane as
well as a fentanyl infusion (2-3 pgkg™'h™'). ICP was lower, brain swelling less, and
CPP better preserved in the propofol group [33]. An earlier trial on 121 patients
undergoing elective removal of supratentorial tumours found no difference in mean
ICP amongst propofol/fentanyl, fentanyl/nitrous oxide, or isoflurane/nitrous oxide
[34]. However, there were significantly more patients in the isoflurane/nitrous oxide
group that had an intraoperative ICP = 24 mmHg.

The benefits of high dose barbiturate coma in the management of elevated
ICP have not been demonstrated while deleterious outcomes including increased
mortality have been shown [35].
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Opioids do not increase or decrease ICP [36]. However, when blood pressure
decreases, the cerebral vasculature dilates to maintain CBF; this dilation may
increase ICP if it is critically increased [16].

Mannitol has become the mainstay of ICP management protocols. An osmotic
diuretic, mannitol draws water from the brain and other tissues into the intravascu-
lar compartment. Mannitol may also lower ICP by decreasing blood viscosity and
expanding plasma volume which increase CBE. When autoregulation is intact this
prompts vasoconstriction to restore CBF towards normal [37].

A small, randomised trial concluded that there may be a mortality benefit to
using mannitol instead of barbiturate infusion in cases of elevated ICP [35]. Other
prospective, randomised studies evaluated long-term outcomes in TBI patients. In
each study, one group received early, preoperative treatment of high-dose mannitol
whereas the other group did not. The early, high-dose mannitol groups had clinical
reversal of impending signs of brain death, better postoperative control of ICP, and
better cerebral perfusion [38—41]. Thus current guidelines advocate use of high-
dose mannitol boluses for elevated ICP as long as hypovolaemia and excessive serum
osmolalities (>320 mOsm) are avoided. The use of mannitol to reduce brain bulk
in the OR has not been as well investigated; current practice guidelines are drawn
from the head trauma literature.

Hypertonic saline is being investigated as an alternative to mannitol [42]. It has
been suggested that by using a hypertonic saline solution, a similar ICP lowering
effect to mannitol may be achieved with better outcomes, better preservation of
MAP and a potentially longer duration of effect [42,43].

Head-up position

Head-up position is an effective intervention to reduce ICP although there is con-
cern that MAP and consequently CPP would drop. There have been two cohort
craniotomy trials examining 10 degree head-up position. One involved 40 patients,
the other 15. Head-up position of 10 degrees significantly decreased ICP and MAP
but left CPP unaffected [44]. Similar results have been found in head trauma patients
subjected to 30 degree head up [45].

Anaesthesia for a patient with a supratentorial mass

The most common mass is a supratentorial tumour. Resection of the tumour requires
maintenance of adequate cerebral perfusion to prevent ischaemia while ensuring
that ICP is not dangerously elevated. Timely wake-up is desirable in order to facil-
itate neurological evaluation soon after surgery.
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Preoperative evaluation

Monitors

Besides the routine assessments the patient should be assessed for signs of elevated
ICP (nausea/vomiting, papilloedema, headache, visual changes, altered mental sta-
tus, altered breathing patterns, hypertension, bradycardia) and the neurological
deficits documented. It is better if the anaesthesiologist does his/her own examina-
tion but the neurologist or neurosurgeon’s examination may be more complete. The
diagnostic imaging should be seen so as to identify the type of tumour, its location,
vascularity, evidence of midline shift and presence of hydrocephalus. Often, patients
are taking steroids and anti-epileptic medications which can have an impact on glu-
cose homeostasis and pharmacodynamics of neuromuscular blockers respectively.
Pre-medication for anxiolysis may be offset by sedation which may hamper neuro-
logical assessment and hypercarbia which may increase ICP. In most patients, a care-
fully titrated dose of IV benzodiazepine can safely be given if needed.

Monitors consist of standard monitors. Continuous blood pressure measurement,
preferably via peripheral artery catheter is useful in detecting and treating abrupt
haemodynamic changes that might compromise CPP or ICP. Core temperature
should be monitored and kept in the normal range. A Foley catheter is important
if diuretics are to be used or the surgery will be long.

Induction of anaesthesia

Induction of anaesthesia is a critical time because of the highly stimulating effects of
direct laryngoscopy and intubation which is followed a short time later with pinning
the head for optimal positioning which is painful. Excessive increases in blood pres-
sure and coughing should be avoided. The most common induction agents are
propofol or thiopental with etomidate or ketamine occasionally used in the haemo-
dynamically unstable patient. These are supplemented with an opioid such as fentanyl
2-3 pgkg ! or a remifentanil infusion [46]. In addition 1-1.5 mg kg ™! lidocaine IV or
esmolol 5-10 mg IV may help blunt the haemodynamic effect on ICP but the effect
may be incomplete [47]. Either succinylcholine or a non-depolarising muscle relaxant
may be used. There has been controversy about succinylcholine in patients with ele-
vated ICP but the effects are usually of short duration and can be buffered by some
additional propofol. The efficacy of lidocaine has not been demonstrated [48]. Level
2 evidence exists to support use of a defasciculating dose of a non-depolarising relax-
ant to blunt the increase in ICP with succinylcholine [49]. Expeditious intubation fol-
lowed by oxygenation and hyperventilation is much preferred to the avoidance of
succinylcholine but with a delayed and problematic intubation. Neuromuscular
blockade may not be needed during the procedure but should be used during posi-
tioning and head pinning.
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Maintenance of anaesthesia

Recovery

There needs to be constant attention to the balance between ICP and CPP together
with adequacy of anaesthetic depth. Attention to ICP is especially important before
the dura is opened; once the dura is open, ICP is effectively zero. Another important
consideration is the need for neuromonitoring, for example, somatosensory or
motor evoked potentials which are used with increasing frequency during neuro-
surgical procedures. Good communication between anaesthesiologist, neurosur-
geon and monitoring technician is essential as local preferences tend to dictate drug
choices. This is especially true for direct stimulation of the motor cortex as there is a
paucity of clinical studies to support the use of one drug over another. Somatosensory
evoked potentials (SSEPs) are only minimally influenced by total intravenous
anaesthesia (TIVA) and are suppressed by inhalational agents in a dose dependent
manner although good signals can be obtained with <0.75 MAC vapour.

A typical maintenance anaesthetic might consist of a vapour anaesthetic at <1
MAC and an opioid (fentanyl, sufentanil or remifentanil) infusion or alternatively
a TIVA. The latter is especially appropriate where ICP is markedly elevated or there
is acute decompensation.

If the patient is to be extubated at the end of surgery, the anaesthetic drugs should
be appropriately tapered as the scalp is sutured. If fentanyl or sufentanil have been
used by infusion, these are usually terminated at dural closure. Remifentanil
should be continued until scalp closure and transitional analgesia such as fentanyl
50—100 g is given [46]. The goal is a comfortable patient in whom a neurological
examination can be conducted early after the surgery.

Summary and recommendations

Management of the patient for neurosurgery requires a good understanding of the
interrelationships of neurophysiology, pathophysiology and pharmacology. Good
data (mostly level 1) exist to describe the effects of volatile and IV anaesthetics on
cerebral haemodynamics (CBF, autoregulation, CBV, CO, reactivity). Based on this
data, one would recommend using <<1 MAC sevoflurane or isoflurane over desflu-
rane in adults with elevated ICP with a slight preference for sevoflurane. In children,
a similar recommendation can be made. For patients with critically elevated ICP, a
TIVA anaesthetic may be preferred. Most studies, however, have used physiological
measurements such as CBF or ICP intraoperatively. No level 1 study exists which
measured clinical outcomes.

Induction of anaesthesia may be achieved with IV agents normally used (e.g.
propofol, thiopental or etomidate). There is level 2 data to support pre-treatment
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with lidocaine to minimise elevation in ICP (Grade B recommendation). There is
also level 2 data to support the use of a defasciculating dose of non-depolarising
muscle relaxant if succinylcholine is to be used.

The clinical data for management of ICP come mostly from studies of patients
with head trauma. Level 2 data (Grade B recommendation) support the use of the
head-up position for significantly reducing ICP without compromising CPP. With
respect to hyperventilation and mannitol, this data has been subjected to formal
Cochrane reviews and review by the Brain Trauma Foundation. There are Grade A
recommendations for the use of: (1) brief, moderate hyperventilation (PaCO,
32-35mmHg) in cases of acutely elevated ICP, and (2) high-dose mannitol
(1.2-1.4gkg™") in place of conventional dose mannitol (<1gkg™') for the treat-
ment of acutely elevated ICP (in comatose patients). These guidelines can be
applied to the OR for non-head trauma patients. More randomised control trials
that explore these interventions for elevated ICP specifically in this setting are
needed.
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Much of the practice of cardiothoracic anaesthesia and critical care developed with-
out an evidence base. However, in recent years there have been an increasing number
of randomised controlled trials (RCTs). In some areas their findings have been incon-
clusive often because their sample size has been too small. Where there are a sufficient
number of such studies, some areas of research have been subjected to meta-analysis.
Some of these have been inconclusive because of a lack of good quality studies upon
which to base them. Others, such as atrial fibrillation (AF) prophylaxis, have clearly
identified efficacious therapy yet they have been found to have no influence on
important clinical outcomes. Remarkably, there are yet others that have been ignored
whilst researchers continue to undertake trials to establish the veracity of that which
is already known, as is the case with aprotinin to reduce blood loss and transfusion.
Finally, there are those, such as the use of epidural analgesia, where meta-analysis has
informed us of its efficacy in reducing complications but do not and can never
answer the key question “What is the incidence of epidural haematoma”? However,
whilst the literature on evidence practice is steadily increasing, the great majority of
cardiothoracic anaesthesia and critical care remains without any.

on

Not unlike the surgery that it serves, for most of the last 50 years cardiothoracic
anaesthesia, and the associated postoperative critical care, developed largely without
any evidence base [1]. Although there was much research in the area, it was often
focused on surrogate rather than important clinical outcomes. However, the publi-
cation in 1989 of what was to become a seminal RCT, which revealed that the choice

Key words: Surgery, heart valve, coronary artery, thoracic, aortic aneurysm; angioplasty; cardiopulmonary
bypass, hypothermia; colloids; bleeding; blood transfusion; plasma transfusion; erythropoietin; fluid, colloid,
crystalloid; antibiotic; analgesia, postoperative, epidural drug administration, spinal anaesthesia; glucose;
potassium; insulin; cerebral spinal fluid, drainage; arrhythmias, atrial, ventricular; aprotinin, traneximic acid;
aminocaproic acid; desmopressin; endotracheal intubation; physiotherapy.
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of anaesthetic agent had no influence on cardiac outcome, led to a sea change in
research direction [2]. Since then, studies of cardiothoracic anaesthesia and critical
care have been far more clearly focused on clinical outcomes.

Robustly designed and adequately powered RCTs are required to definitively
answer key questions. Notable recent examples concern the use of the COX2
inhibitor, valdecoxib and its pro-drug parecoxib for analgesia in patients undergo-
ing coronary artery bypass grafting (CABG) surgery. The first study confirmed their
analgesic efficacy but identified an increased incidence of serious adverse effects [3].
As there were a number of limitations to the design including its population size, a
second adequately powered study was undertaken that confirmed the association
with serious adverse events, in particular thrombotic events [4]. Clearly, valdecoxib
and parecoxib should not be used after CABG surgery.

Unfortunately, many of the RCTs undertaken have been underpowered to defini-
tively answer the question posed. Meta-analysis and systematic reviews are a tool that
may provide insight where a number of such studies exist. As there have now been a
considerable number of such reviews, this chapter will focus on those that address
adult cardiothoracic anaesthesia and critical care and assess their impact on practice.
As a result, many important aspects, for example trans-oesophageal echocardi-
ography, which have fundamentally changed the character of cardiothoracic anaes-
thesia will not be covered. In addition, where relevant, reference will be made to the
quality of the meta-analyses in regard to the soundness of their methodology as this
is fundamental to their interpretation.

Finally, without a clear understanding of the research that drives surgical inno-
vation and technique, it is not possible to provide a high quality of cardiothoracic
anaesthesia. Therefore, no apology is offered for the inclusion in this chapter of
many areas that might be considered surgical rather than anaesthetic.

Thoracic surgery

Video-assisted thoracic surgery

Remarkably, for a speciality as complex as thoracic anaesthesia, only one relevant
meta-analysis could be identified. Any surgery requiring thoracotomy is a major
form of physiological trespass and video-assisted thorascopic surgery (VATS) greatly
reduces the degree of trespass. A recent meta-analysis found that, in the treatment of
pneumothorax or for minor resections, VATS was associated with a shorter hospital
stay, less pain and less analgesic administration than conventional thoracotomy [5].
The findings were more equivocal for lobectomy and further research is required.
Nevertheless, anaesthetists can expect that, at least for the treatment of pneumo-
thorax or minor resections, VATS will become the standard surgical approach.
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Cardiac surgery

Coronary artery angioplasty and stenting

Stenting has dramatically increased angioplasty’s effectiveness in the treatment of
coronary artery disease and this, combined with the interventionalist’s increasing
ability to tackle more complex patterns of disease, means that the role of CABG sur-
gery is increasingly being questioned. However, meta-analysis would suggest that,
whilst there is no difference in survival between treatments, CABG surgery is asso-
ciated with fewer repeat myocardial re-vascularisations [6,7]. At least for the near
future, CABG surgery will continue to be undertaken, albeit less frequently and
probably for the more complex patterns of coronary artery disease.

Off-pump CABG surgery

Although cardiopulmonary bypass (CPB) was the keystone that enabled CABG
surgery to be undertaken on millions of patients, it has also been blamed for many
of the complications of CABG surgery, including stroke, systemic inflammatory
response syndrome and renal dysfunctions. So as to avoid CPB, surgeons are increas-
ingly undertaking off-pump or beating heart CABG surgery. Many extravagant
claims have been made as to the benefits of off-pump over conventional CABG sur-
gery. Often, these have been made on the basis of non-randomised, cohort studies
using historical controls and with limited attempts to address the many biases that
may result (see Chapter 8). On the other side of the debate, concerns have been
raised that it is not possible, off-pump, to obtain the same quality of coronary anas-
tomosis and that, consequently, the incidence of graft thrombosis is higher.

Several meta-analyses and systematic reviews of off- versus on-pump CABG sur-
gery have been undertaken in recent years. However, the reliability of their conclu-
sions depends on the robustness of their methodology (see Chapter 7). For example,
off-pump CABG surgery has been associated with a significantly lower incidence of
AF. Yet, if only high-quality studies are analysed, the difference in incidence becomes
non-significant [8]. Meta-analysis has found off-pump to be associated with a num-
ber of benefits over conventional CABG surgery including reduced hospital stay and
lower incidences of myocardial infarction (MI), stroke, re-operation for bleeding,
renal failure, wound infection and AF [9]. However, all of these findings should be
interpreted with caution as non-RCTs were included.

Another important limitation of these meta-analyses is that, when only RCTs are
included, they have small populations and so have to use composite outcomes. Even
then, most have — at best — only identified beneficial “trends” that do not reach stat-
istical significance [10,11]. Reassuringly, off-pump CABG surgery appears to be no
worse than conventional surgery with CPB and, as such, it can be assumed that the
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technique is here to stay. However, complete reassurance requires further research
and, in particular, consideration of equivalent long-term outcomes.

Cardiac anaesthesia

Antibiotic prophylaxis

Surgical site infections (SSI) are a common complication of heart surgery and,
importantly, deep mediastinal infection is associated with a high mortality.
Prophylactic antibiotics have been found to confer up to a five-fold reduction in the
incidence of SSI [12]. Traditionally, beta-lactams have been used for prophylaxis,
but growing concern about drug resistance has led to the increased use of glycopep-
tide antibiotics. However, meta-analysis found no overall difference between the
antibiotic groups in incidence of SSI and therefore, in most circumstances, the
standard antibiotic prophylaxis should continue to be beta-lactams [12].

Spinal and epidural analgesia

Currently, by far the most controversial aspect of cardiac anaesthesia is the use of
spinal or epidural analgesia. Many positive benefits, often extrapolated from their
use in other settings, have been claimed for such regional techniques. On the nega-
tive side, there is the unquantified risk of epidural haematoma, and consequent
paraplegia, following high-dose heparin administration and coagulopathy induced
by CPB.

A meta-analysis found that, whilst it modestly decreased systemic morphine use
and pain scores, spinal analgesia had no effect on the incidence of mortality, MI,
supra-ventricular arrhythmias, nausea and vomiting or duration of tracheal intu-
bation [13]. Therefore, although it is an effective analgesic technique, spinal anal-
gesia confers no other outcome benefits and, given the unknown risk of epidural
haematoma, cannot be routinely recommended.

In contrast, thoracic epidural analgesia influences, at least, the short-term out-
comes by reducing the incidences of supra-ventricular arrhythmias and pulmonary
complications as well as allowing earlier tracheal extubation and improved pain relief
[13]. Importantly, epidural analgesia did not lower mortality or reduce the inci-
dence of MI. The lack of effect on mortality and MI may be because the sample size
was too small to detect differences in such low-incidence adverse events. Even if it
has no true effect on mortality and MI, epidural analgesia is clearly an effective anal-
gesic technique that facilitates faster tracheal extubation whilst limiting the inci-
dences of chest infection and supra-ventricular arrhythmias.

What meta-analysis has not established is whether or not epidural analgesia is
associated with an increased incidence of epidural haematoma as even a very low
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incidence of this devastating complication would outweigh any of the short-term
benefits. To establish whether or not it is associated with an increased incidence of
haematoma does not require meta-analysis but, given the very low incidence, the
establishment of a database of epidurals undertaken for heart surgery and epidural
haematomas that occur in order to quantify the numerator and denominator of this
complication.

Glucose, potassium and insulin

Combinations of glucose, potassium and insulin (GKI) have long been advocated to
improve outcome from heart surgery. In recent years there has been a resurgence of
interest in the influence of tightly controlled blood glucose levels in critical care
patients. A recent meta-analysis indicates that GKI improves cardiac index and
reduces the incidence of AF following heart surgery [14]. However, weak method-
ology greatly impairs the quality of this meta-analysis and thus any interpretation of
the findings. Consequently, GKI cannot be currently recommended for routine use.

Cerebral spinal fluid drainage

CPB

Paraplegia has a devastating effect on quality of life and is a dreaded complication
of thoraco-abdominal aortic aneurysm surgery. The drainage of cerebrospinal fluid
(CSF) so as to improve blood flow in the spinal cord during aortic cross-clamping
is an approach to reducing paraplegia. There are two published meta-analyses on
this technique and, whilst they agree to its effectiveness for Type [ and Il aneurysms,
one extends this to Type III and IV as well [15,16]. There are important differences
in the approaches that were used to identify trials and in how the meta-analyses
were undertaken and these are likely to account for the minor discrepancies in their
conclusions (C. Cina, Personal Communication, 2005). So whilst there may be fac-
tors about the technique and how it is combined with other treatments that need
further investigation, CSF drainage is effective and should be used in Type I and II
and most probably, Type III and IV as well.

Hypothermia

Hypothermia has traditionally been combined with CPB for organ protection. The
move towards “fast-tracking” patients in recent years has led to an increasing use of
normothermia so as to avoid the postoperative complications associated with
hypothermia including shivering, haemodynamic instability and coagulopathy.
However, there has been concern that this approach might lead to more neurological
damage. Meta-analysis of pooled adverse events found no evidence to suggest that
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either technique was superior in this respect [17]. Therefore, there is currently insuffi-
cient evidence to advocate one form of thermal management over another.

To initiate CPB, the circuit has to be primed with fluid. Over the years, there has been
ongoing debate as to the relative merits of different priming solutions and most hotly
debated, has been the difference between colloid and crystalloid solutions. Whilst
meta-analysis indicates that using crystalloid solution results in a more positive fluid
balance, it was not able to determine if this translated into meaningful outcomes
such as mortality, adverse events or prolonged stay in critical care units [18].

The choice of colloid solutions has also been debated. Albumin has traditionally
been the preferred colloid but it is expensive and may be a vector for prion trans-
mission. For this reason, the synthetic colloid hydroxyethyl starch has been used in
some centres as an inexpensive alternative colloid. However, there are reasonable
concerns that these solutions may impair coagulation and lead to increased blood
loss and, consequently, more blood transfusion. Indeed, meta-analysis indicates
that hydroxyethyl starch increases blood loss by an average of 14% [19]. Again, this
difference had no effect on important clinical outcomes including re-exploration,
duration of mechanical ventilation, intensive care unit (ICU) stay or blood prod-
ucts usage. Thus, although there are measurable differences between crystalloids
and colloids and between colloids, the current information is insufficient to inform
a change in practice.

Blood loss and transfusion

Considerable blood loss can occur during and after heart surgery and transfusion
with red blood cells and blood products is frequently required, with the attendant
risks of infection, reactions and transfusion related lung injury. For this reason,
pharmacological and mechanical approaches to reducing blood loss and transfu-
sion have been extensively investigated.

Erythropoietin

Preoperative use of erythropoietin to stimulate marrow production of red blood
cells is one approach to reducing the need for blood transfusion. Meta-analysis indi-
cates that, for heart surgery, it is effective in reducing blood transfusion when it is
combined with autologous predonation of blood, but not when used alone [20].
There are also practical limitations to preoperative administration of erythropoi-
etin and autologous blood donation and the clinical effectiveness, cost effectiveness
and safety, compared to other therapies, needs to be evaluated before it could be
recommended for routine clinical use.
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Fresh frozen plasma

Aprotinin

Fresh frozen plasma (FFP) is frequently administered to patients undergoing heart
surgery to reduce bleeding. A meta-analysis found that there had been no thera-
peutic trials of FFP and that the prophylactic intraoperative administration of FFP
was not associated with reduced blood loss [21]. Thus, the administration of FFP,
which is an everyday occurrence, lacks an evidence base.

One of the most fascinating meta-analysis in this area is on the use of aprotinin
[22]. Cumulative meta-analysis indicates that after the twelfth study of aprotinin,
published in June of 1992, aprotinin was found to effectively reduce blood transfu-
sion (Figure 23.1). Results were similar irrespective of whether patients were, or
were not taking aspirin or whether the sternotomy was first-time or re-do surgery.
If only good quality studies were included then the effectiveness of aprotinin was
established by 1990. Despite this, a remarkable 31 good quality but redundant trials
were published between 1990 and 2001.

The motivation for undertaking these additional trials is unclear. Although there
were concerns that aprotinin might cause graft thrombosis, much larger sample
sizes would have been required to investigate this outcome. Perhaps a more likely
reason that so many redundant trials were undertaken is a consistent and unethical
failure to undertake an adequate literature search [22].

Another recent meta-analysis allays concerns regarding graft occlusion, as apro-
tinin has been associated with a lower mortality and incidence of MI [23]. So, whilst
there may remain arguments for using other means, there can be no dubiety that
aprotinin can safely be used to reduce blood loss and transfusion.

Other pharmacological agents

Tranexemic acid is of similar efficacy as aprotinin, but is far cheaper [24]. Epsilon
aminocaproic acid (EACA) may also be effective but meta-analysis was inconclusive
because of scarcity of RCTs. By contrast, meta-analysis of desmopressin found no
associated reduction in blood loss or red blood cell transfusion [25]. Therefore, the
current evidence base means that desmopressin should not be routinely used to
reduce blood transfusion and that there is insufficient evidence to use EACA.
Tranexemic acid should be used to reduce blood transfusion especially where cost is
a factor.

Cell salvage

Cell salvage is a mechanical approach to minimising transfusion and involves
re-infusion of the patient’s own blood following salvage of red blood cells. Washed cell
salvage, that is when the non-cellular matter is removed by centrifuging, but not
unwashed cell salvage effectively reduces blood transfusion [26]. However, the relative



Figure 23.1 A cumulative meta-analysis of 64 randomised controlled trials investigating the effect of
aprotonin on the proportion of patients transfused of one or more units of allogeneic red
blood cells. By twelfth study published in June 1992, it is clear that aprotinin greatly
decreased the need for perioperative blood transfusion with an odds ratio stabilising at
0.25 (P < 107%) [22]. In the next decade, a further 52 trials were undertaken which were
redundant as the efficacy of aprotinin had clearly been previously established. Figure
modified from the original generously supplied by Dean Fergusson and reproduced with
permission of the publisher, Holder and Co
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merits of cell salvage compared to pharmacological methods to reduce blood loss, or
the potential of a combined approach, requires further investigation.

Postoperative care

Fast tracking

Traditionally, elective mechanical ventilation until, at least, the first postoperative
day was the norm. In part, this was a necessity given the widespread use of high-
dose opioid anaesthesia [1]. Burgeoning costs of critical care, most especially in the
USA, combined with the recognition that such high-dose opioid anaesthesia did
not influence outcome [2], led to the concept of “fast-tracking” patients through the
critical care area. Early tracheal extubation, that is within a few hours of surgery, is
a fundamental component of “fast tracking”. A major concern was that fast tracking
would increase adverse events, but meta-analysis has found no evidence of an
increased mortality or morbidity with early tracheal extubation [27]. However,
early tracheal extubation did significantly reduce the average time spent in critical
care and the total hospital stay. Therefore, techniques of anaesthesia and systems of
critical care that facilitate early extubation should be used. The definition of early
extubation as 4-8 h was used in the meta-analysis, which some might now consider
conservative, and research is required to establish safety of tracheal extubation imme-
diately after or within an hour or two of surgery.

Chest drains

Cardiac tamponade is a life-threatening complication of heart surgery. Tamponade is
a consequence of blood collecting in the pericardial space compressing the heart and
so reducing cardiac output. For this reason, mediastinal chest drains are routinely
inserted to assist the clearance of blood from the pericardial space. To prevent chest
tubes from blocking with clots, and so precipitating tamponade, a variety of manipu-
lations are used including milking, stripping, fan folding and tapping. Unfortunately,
meta-analysis could give no insight as to the best approach because there were an
insufficient number of studies comparing the different methods [28]. Thus, we have
no evidence base to inform or guide a common clinical practice.

Physiotherapy

Respiratory physiotherapy is widely used to prevent pulmonary complications, yet
meta-analysis indicates that the usefulness of physical therapy, incentive spirometry,
continuous positive pressure and intermittent positive pressure breathing all remain
unproven [29]. Large RCTs are needed to establish whether any of these costly ther-
apies have a place following heart surgery.
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Arrhythmias

AF is a frequent complication of heart surgery, occurring in about 35% of patients.
Observational studies have associated AF with stroke, prolonged hospital stay and
increased costs. There are a remarkably large number of meta-analyses, many of
high quality, regarding pharmacological prophylaxis that have established that beta-
blockers, sotalol, amiodarone, magnesium and the rate-limiting calcium channel
blockers all reduce the incidence of AF by a similar magnitude [30,31,8,32,33,34,35].
In addition, electrical pacing of the heart has also been found to be effective [36,37].

Given its reputed effectiveness, one might expect prophylaxis to be universally
used, but this is not the case. Indeed, the most recent meta-analyses have failed to
establish an association between prophylaxis and shorter hospital stays, economic
benefits or the reduced incidence of stroke [37,33,35]. Many of the pro-prophylaxis
meta-analyses are based on RCTs from the last 30 years. During this time there have
been major changes in surgery and postoperative care. In particular, pharmaco-
logical treatments, such as amiodarone and sotalol, have been introduced and they
rapidly control the heart rate if not always convert AF to sinus rhythm. Thus any
benefits in preventing AF and the associated adverse outcomes are matched by fast-
acting treatments. Therefore, despite the large volume of high-quality evidence of
efficacy, routine prophylaxis against AF cannot be recommended.

Ventricular arrhythmias are far less frequent than supra-ventricular arrhythmias,
but ventricular tachycardia (VT) and fibrillation (VF) are associated with a very
high in-hospital mortality [33]. However, patients who are successfully resuscitated
have a good long-term prognosis. Only magnesium has been found by meta-analy-
sis to significantly reduce the incidence of ventricular arrhythmias, but this does not
translate into reduced mortality, incidence of MI or hospital stay [33]. Therefore,
magnesium is not routinely recommended for prophylaxis of ventricular arrhyth-
mias and early detection and defibrillation must remain paramount to salvage those
patients who will experience VF/VT.

Summary

Meta-analyses have informed change in the practice of some important areas of car-
diothoracic anaesthesia and critical care, such as pharmacological and mechanical
reduction of blood loss and transfusion. They have also clearly established that some
treatments are highly effective, such as the prophylaxis of AF, yet are of questionable
value. In addition, meta-analyses have failed in other areas because the studies upon
which they are based are too few, poor quality or not focused on important clinical
outcomes, as for example is the case with the choice of prime for CPB. Finally, there
are many important aspects of cardiothoracic anaesthesia and critical care that have
not been subjected to RCTs far less meta-analysis. These aspects remain without an
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evidence base and practice is based on individual and institutional clinical experi-
ence, which is always prone to idiosyncrasy.

Practice points

* VATS is the technique of choice for minor resection.

 Off-pump has equivalent outcomes to conventional on-pump CABG surgery.

* Beta-lactams and not glycopeptides, should be the routine antibiotics used for
prophylaxis of SSL.

Spinal analgesia improves the quality of pain relief but has not been shown to con-
fer outcome benefits.

Epidural analgesia reduces adverse effects following CABG surgery but the incidence

of epidural haematoma remains unknown.

* CSF drainage reduces the incidence of paraplegia associated with thoraco-
abdominal aortic aneurysm surgery.

e Aprotinin, tranexemic acid or washed cell salvage, but not desmopressin, should be
used to reduce blood loss and transfusion.

* Tracheal extubation with 4-8 h of surgery is safe.

* Routine prophylaxis of atrial fibrillation is unwarranted.

Research agenda

* Comparison of long-term outcomes after on- and off-pump CABG surgery.

e Comparison of outcomes for lobectomy using VATS and open thoracotomy.

* Combination of pharmacological and cell salvage techniques to reduce blood loss
and transfusion.

e Establishment of a database to define the incidence of haematoma after epidural
analgesia.

* High-quality studies of GKI regimes.

* Safety of tracheal extubation immediately after, or within 2 h of heart surgery.

* Effectiveness of manipulations to facilitate chest drainage.

* Efficacy and cost effectiveness of physiotherapy techniques to prevent pulmonary
complications.

* Future studies into the prophylaxis of AF should be powered on outcomes such as
stroke, and not its incidence.

* Further research of the safety and efficacy of aprotinin is not required.
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Opioid analgesics have long been the mainstay of postoperative pain management.
Although effective, their usefulness is offset by opioid-related side effects such as
nausea and vomiting, sedation, and bowel and bladder dysmotility, all of which can
delay the return to normal physiologic functioning after surgery. In this chapter we
review alternative and adjunctive modes of delivering postoperative analgesia and
summarise what is known about efficacy and outcome. Current evidence demon-
strates convincingly that epidural analgesia, patient-controlled analgesia (PCA), and
adjuncts (non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen, and
gabapentin) improve postoperative analgesia and patient satisfaction. Each of these
modalities (except PCA) show a measurable opioid-sparing effect, but the reduction
of opioid intake although theoretically beneficial, has not consistently been shown to
improve outcome and recovery. Epidural analgesia does offer a number of distinct
benefits that hasten recovery. Its use has not however been shown to reduce mortal-
ity. It is unclear at this point whether pre-emptive interventions can affect postoper-
ative outcome, but the evidence is increasingly supporting this approach for certain
treatments (epidural analgesia, local anaesthetics, NSAIDs, and gabapentin). The cur-
rent trend in postoperative analgesia is a movement towards a multimodal approach
of treating pain throughout the perioperative period.

In the last two decades efforts have been made to promote evidence-based guide-
lines for postoperative pain management [1]. Opioid analgesics administered by
injection or by mouth have long been the mainstay of postoperative pain control.
Although the effectiveness of this approach cannot be contested, it is clear that
opioid-related side effects such as postoperative nausea and vomiting (PONV), seda-
tion, and bowel and bladder immobility contribute to the delay in recovery and
return to normal function that is sought in our current paradigm for postoperative
management. Much of the evidence in the literature compares newer modalities and
opioid adjuncts with standard opioid management, with an emphasis on whether or

Key words: Postoperative analgesia, pre-emptive analgesia, epidural analgesia, PCA, multimodal analgesia,
gabapentin, NSAIDs.
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not postoperative morbidity and mortality could be affected and opioid intake
decreased. Our focus in this chapter is to present the evidence for the commonly util-
ised analgesic modalities as they pertain to postoperative outcome in light of our
overall goal of rapid return to normal physiologic function after surgery and the
increasing movement towards a multimodal approach to analgesia.

Evidence in support of epidural analgesia

Epidural analgesia can be accomplished by infusing a variety of drugs (typically low
dose local anaesthetics and opioids) into the epidural space. With direct application of
opioids to spinal receptors, overall lower doses are needed so that the central and sys-
temic effects of sedation and bowel immobility are minimised. Conceptually, the pro-
vision of epidural analgesia is an attractive means of minimising opioid requirement
while providing excellent analgesia, thereby promoting recovery after surgery. Does
the evidence support the superior analgesic efficacy of epidural analgesia compared to
systemic opioids, and its ability to promote recovery after surgery with improved out-
comes? A summary of the current literature on the beneficial effects of epidural anal-
gesia is presented in Table 24.1.

Randomised trials and meta-analyses overwhelmingly support the superior anal-
gesic efficacy of epidural analgesia compared with “conventional analgesia” and PCA
administered opioids [1,9]. Early smaller randomised controlled trials [2,26] (RCTs)
even concluded that mortality associated with high-risk patients undergoing major
operations could be reduced with epidural analgesia, but the validity of these studies
has been called into question [27]. Since the initial promising studies suggesting a
mortality benefit, larger well-designed RCTs and meta-analyses have not shown the
same improved mortality from epidural analgesia compared with standard opioid
analgesia [3—6]. Other than an improvement in pulmonary function [3,4], and an
additional improvement in rates of myocardial infarction, stroke, and death in
patients undergoing abdominal aortic surgery [3], the large studies suggest that there
is no benefit in terms of major morbidity and mortality. A recent meta-analysis also
finds no benefit to combined epidural-general anaesthesia (prolonged as epidural
analgesia) versus general anaesthesia with standard postoperative analgesia in terms
of mortality (odds ratio (OR): 0.86; confidence interval (CI): 0.54-1.37) [18]. The
evidence currently suggests, therefore, that epidural analgesia is effective in terms of
analgesia, but fails to influence major morbidity or mortality after extensive surgery.

One of the deficiencies of the contributing studies, which may have led to an
absence of demonstrated benefit, was the variability in epidural management. Many
used primarily opioid rather than local anaesthetic mixtures, which presumably
would more completely block the sympathetic and humoral response to surgical
stress. Level of catheter placement certainly must be congruent with the dermatomes
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affected for a particular surgery with thoracic placement being preferred for thoracic
or upper abdominal procedures [14,18]. The duration of epidural analgesia in the
postoperative period has not been standardised in many trials, but evidence suggests
that epidural analgesia continued for at least 24—48 h postoperatively may be beneficial
[14,28,29].

Remember, though, that our goal is to provide analgesia that promotes rapid
recovery as part of the overall goal of postoperative management which is to restore
normal physiological function as rapidly as possible in order to avoid adverse out-
comes associated with prolonged immobilisation and hospital stay. Epidural analge-
sia has been shown to promote early mobilisation and reduce rehabilitation time,
particularly after joint surgery [22,23,30]. In addition, it has been shown to reduce
pulmonary morbidity [3,4,15,19]; reduce time to extubation of the trachea after major
thoracic and vascular procedures [3,4,7,15,20,21]; reduce cardiac ischemia and dys-
rhythmia in high-risk patients [7,14]; and reduce postoperative ileus thereby reducing
hospital stay [8,12,13]. A meta-analysis by Beattie et al. [14] finds a reduction in myo-
cardial infarction associated with the use of postoperative epidural analgesia (OR: 0.56;
CI: 0.30-1.03).

In summary, the superior analgesic efficacy of epidural analgesia compared to
“conventional analgesia” seems absolutely clear, and benefits in terms of minor mor-
bidity and length of hospital stay (by contributing to an accelerated return to normal
physiological function) have also been demonstrated. It remains unclear whether
epidural analgesia has a role in reducing major morbidity and mortality.

in support of PCA

Although patients and nurses seem to prefer PCA to conventional analgesia, the
questions we must ask are: does PCA result in better analgesia, lower opioid require-
ments, superior patient satisfaction with treatment, fewer side effects and better sur-
gical outcome? Two meta-analyses of PCA versus “conventional analgesia” have been
published, one in 1993 [31], the second more recently in 2001 [32]. Fifteen trials (787
patients) are included in the first analysis, 32 (2072 patients) in the second. The first
meta-analysis was able to show convincingly that patients prefer PCA to conven-
tional analgesia, and that PCA has slightly better analgesic efficacy. The mean differ-
ence in satisfaction is 42% (P = 0.02), while the mean difference in pain score on a
scale of 0-100is 5.6 (P = 0.006). However, there is no difference in opioid usage, side
effects or length of hospital stay. The initial opioid selection does not appear to affect
efficacy or side effects, but certain opioids may be better tolerated in some individ-
uals [33]. Despite the passing of almost 10 years, and the addition of 12 trials (1000
patients) to the first meta-analysis, the results of the second analysis differ very little
from those of the first. Patients’ preference for PCA is confirmed, as is slightly better
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analgesic efficacy. This seems reason enough that PCA analgesia has been established
as the standard of care for routine management of moderate to severe postoperative
pain when epidural analgesia is not appropriate.

Evidence in support of NSAIDs as adjuncts

Multiple studies, and meta-analyses, confirm an average 30-50% opioid-sparing
effect of NSAIDs [34-39]. Whether this reduction in opioid dose with NSAIDs
translates into improved recovery and morbidity is not so apparent. The most recent
meta-analysis of 22 RCTs by Marret et al. affirmed a reduction in PONV and seda-
tion by 30% and 29%, respectively, but effects on urinary retention and respiratory
complications were inconclusive. Individual studies demonstrated reduced incidence
and degree of respiratory depression [34,35,40,41], but improvements in pulmonary
function (less opioid induced suppression of cough, and of hypoxic and hypercapnic
responses), have not been convincingly shown [36]. A limited number of studies
demonstrate accelerated recovery in association with less nausea and sedation,
improved mobility and earlier return of bowel function [42,43] but others fail to
show any benefit in terms of recovery [34,35,44,45]. Since an important goal of post-
operative pain management is to minimise opioid side effects, NSAIDs must be
preferable to systemic opioids when supplementary analgesia is needed and one
study has shown improvements in recovery time after total knee replacement in
combination with epidural analgesia [46].

The issue of NSAID safety in patients undergoing major surgery is important since
these drugs are being used with the explicit aim of improving the safety of another
class of drugs, the opioids. The adverse effects of NSAIDs that cause the greatest con-
cern are bleeding, particularly from the gastrointestinal (GI) tract and renal toxicity.
In a multicentre RCT with 11 245 patients a low occurrence of serious side effects was
found with appropriately administered ketorolac, diclofenac, and ketoprofen after
elective major surgery (0.17% mortality, 1.04% surgical site bleeding, 0.09% acute
renal failure, GI bleeding 0.04%, overall 1.38%) [47]. The route of administration in
this study (intravenous versus oral) did not affect complication rate. Caution is noted
since adverse events do seem to increase with higher doses, prolonged therapy >5
days, and the elderly population [48]. In a systematic review, although the incidence
of gastric irritation was low, pooled data showed that risk does pertain even with
single-dose regimens [49]. With the introduction of NSAIDs that selectively block
inducible cyclo-oxygenase-2 (COX-2), a new therapeutic option has emerged with the
promise of decreased gastric irritation and no anti-platelet effects and therefore no
increase in the bleeding complications observed with non-selective NSAIDs [28,50].
Enthusiasm about the benefits of COX-2 inhibitors has been tempered by the recent
association with cardiovascular complications with their long-term use. This concern
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now extends to the demonstrated deleterious effects of NSAIDs in general on cardiac
function and blood pressure, especially in susceptible patients [51]. The exact rele-
vance of perioperative short-term usage in surgical patients is unknown at this time.

The NSAIDs also have a deleterious effect on the kidneys when used chronically,
and when used perioperatively [35]. Dysfunctional kidneys are at greater risk than
healthy kidneys. Particular risk pertains to the elderly, patients undergoing extensive
surgery with episodes of hypotension and/or hypovolemia, and patients receiving
nephrotoxic drugs [52-54]. Surgeons, particularly orthopaedic surgeons, are also
concerned about the retrospective and animal model evidence that non-selective
NSAIDs suppress bone remodelling perhaps leading to fracture nonunion [55,56]. It
is unclear at present whether this inhibition occurs through COX-1 or COX-2 inhi-
bition, or through an alternative, yet unidentified pathway [57,58]. In the only
prospective randomised study in humans, there was no increased risk of nonunion
with the administration of the COX-2 inhibitor Celecoxib for 5 postoperative days
after spinal fusion, raising the hypothesis that treatment duration and COX selectiv-
ity may have a crucial role in bone healing [59]. At this time it seems many surgeons
still prefer to avoid all NSAIDs when new bone growth is important (e.g. fracture
surgery, non-cemented joint surgery, bone fusion surgery), but this perception may
change if further studies support the safety of perioperative COX-2 inhibitors.

Issues surrounding the timing of NSAID dosing in relation to surgery are not
straightforward. Whether or not there is a pre-emptive effect is debatable, and will be
addressed in a later section of this chapter. In studies that specifically examine the
issue of timing of doses related to their effects, the benefit of NSAIDs was not seen
until 4h or more after initial doses (even intravenous doses), and effectiveness con-
tinued to improve even after this. In some studies, the effectiveness, particularly opi-
oid sparing, could not be demonstrated until 4 or 5h after surgery, which may
explain the relatively low analgesic efficacy observed in the early postoperative
period [34]. In practice, the timing of NSAID dosing tends to be based on safety
rather than on efficacy. Preoperative administration may offer better postoperative
efficacy after short, benign procedures, and is likely to be safe. On the other hand,
there is no clear evidence that early dosing in the case of major surgery is beneficial,
and from the safety standpoint, it is better to avoid NSAIDs until after surgery when
the full extent of surgery and bleeding is known.

Evidence in support of acetaminophen and gabapentin as adjuncts

Acetaminophen, although only weakly analgesic when given alone, has synergistic
effects with opioids for mild pain. But what about its use for postoperative analge-
sia after major surgery? A meta-analysis of 7 RCTs observed a 20% morphine PCA-
sparing effect, but no difference in morphine-related adverse effects or patient
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satisfaction was evident [60]. In the USA, only oral forms of acetaminophen are
available, but recently an intravenous formulation of paracetamol has been intro-
duced in Europe, which may have added utility during the perioperative period.
Caution is advised in patients at risk for liver damage and daily doses should be
kept below 4 g. The generally favourable side effect profile of acetaminophen, and
its ability to decrease opioid requirements, suggests that it should be included in
postoperative pain regimens.

Gabapentin was originally designed as a gamma-aminobutyric acid (GABA) ana-
logue for use as an anti-convulsant. Its anti-convulsant properties were unremarkable,
but gabapentin was found to have a substantial ability to modulate and relieve neuro-
pathic pain presumably through its effects on calcium channels in the dorsal horn of
the spinal cord [61,62]. Recently, several studies have documented the effectiveness of
gabapentin for perioperative analgesic use [63—70]. All eight small RCTs in the litera-
ture showed an opioid-sparing effect with typical doses of 1200 mg orally given as a
single dose 1-2 h prior to surgery. Dizziness and sedation are the most common dose
limiting side effects when gabapentin is used to treat chronic pain. Two trials meas-
ured a small increase in dizziness and sedation with gabapentin, whereas no difference
in the incidence of side effects could be shown in the other six studies. Thus
gabapentin appears to be a safe analgesic adjunct with documented reductions in opi-
oid consumption when used in the perioperative period. More studies will be required
to determine if this opioid-sparing effect translates into improved outcome, analgesia,
or patient satisfaction. Future studies may also address the potential for reductions in
the incidence of chronic pain with pre-emptive dosing of gabapentin.

Pre-emptive analgesia

Does the timing of medication administration affect postoperative pain? Much con-
troversy has surrounded this topic since it was originally demonstrated in animal
models that by blocking stimuli prior to a noxious insult, central sensitization could
effectively be reduced or abolished [71]. Clinically defined, pre-emptive analgesia is
any anti-nociceptive therapy that prevents the establishment of altered central pro-
cessing of afferent input, which amplifies postoperative pain [72]. Practically, the
clinical model used to demonstrate pre-emptive analgesia has largely consisted of
comparing a treatment (epidural, NSAIDs, opioids, local infiltration, and N-methyl-
D-aspartate (NMDA) antagonists) applied prior to surgical incision with the same
treatment administered after surgical stimuli, and comparing short-term outcomes
such as postoperative visual analogue scale (VAS) scores and opioid consumption as
well as chronic postoperative pain. Earlier successful experimental models led to
clinical trials with mixed results. These were summarised in a systematic review by
Moiniche et al. [73]: no benefit could be demonstrated through the pre-emptive



314

Timothy Canty and Jane Ballantyne

administration of epidural analgesia, systemic opioids, NSAIDs, NMDA antagonists,
and local infiltration.

Despite this overall disappointing result, Ong et al. performed another meta-
analysis in 2005, which included 10 newly published RCTs [74]. They used a slightly
different approach for analysing VAS differences, and used the exclusion criteria pro-
posed by The Cochrane Collaboration. This resulted in the inclusion of 66 out of
102 RCTs (Moiniche included 80 of 93 possible RCTs). With added trials and a differ-
ent data analysis, they were able to turn around the negative result of Moiniche et al.,
and showed a significant pre-emptive effect with some interventions. Pre-emptive
epidural analgesia reduced VAS scores by 25% (CI of 10-41%, P value is 0.002) and
total analgesic consumption by 58% (CI of 42-74%, P value is <10~ ®). Pre-emptive
NSAID administration and wound infiltration diminished opioid consumption by
48% (CI of 31-65%, P << 0.001) and 44% (CI of 23-65%, P < 0.001), respectively,
although they did not improve VAS scores. Pre-emptive opioid and NMDA antagon-
ist administration failed to show any positive effect in this study [74]. There was in fact
a trend for pre-emptive opioid administration to cause increased VAS scores in the
postoperative period, which may support the growing body of evidence of opioid
induced acute tolerance and hyperalgesia through central mechanisms [75-77].

Although the literature is unclear at this point, the suggestion by recent studies
and a meta-analysis that some pre-emptively administered interventions may improve
postoperative pain seems reasonable. If not contraindicated (NSAID bleeding risk
with major surgeries) it seems appropriate to administer NSAIDs/COX-2s, epidural
analgesia or local infiltration prior to incision. As concluded by Moiniche, future
studies should focus on assessing the impact of “protective analgesia” aimed at the
prevention of pain hypersensitivity through intensive and prolonged, multimodal
analgesic interventions which may protect more completely against central sensiti-
sation [73]. With this multimodal approach of combining dense perioperative
epidural analgesia with NSAIDs and other adjuncts, a greater ability to block physio-
logically detrimental cascades induced by surgery may be demonstrated.

Practice points

* Patient preference for PCA is overwhelming supported by trials, but analgesia and
surgical outcome are not affected.

* Epidural analgesia provides superior analgesia and additional circumscribed benefits,
yet there is no overall improvement in mortality.

* NSAIDs and acetaminophen should be combined with systemic opioid analgesic reg-
imens unless contraindicated because of their 20-50% opioid-sparing effects.

* NSAIDs should be avoided or used with caution in the elderly and in those patients
at high risk for Gl toxicity, renal toxicity, bleeding, or poor bony fusion.
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* COX-2 inhibitors are as efficacious as non-selective NSAIDs without the increased
risk of bleeding. They also have less impact on bony healing and therefore could be
used for short-term orthopaedic perioperative pain.

* Gabapentin (400-1600 mg daily) preoperatively and perioperatively reduces opioid
consumption with a low incidence of mild side effects. It may also reduce chronic
pain in high-risk procedures, but future studies are needed to provide evidence of
this effect.

* Pre-emptive interventions (NSAIDs, neural blockade and wound infiltration) may be
effective in reducing postoperative pain.

Summary

The focus of postoperative pain trials has been on assessing new modes of analgesia
with particular regard both to their analgesic efficacy and to their ability to improve
surgical outcome. Knowing that opioid side effects can delay recovery, the studies also
assess the ability of the new treatments to reduce opioid usage. The opioid-sparing
effects of epidural analgesia and adjunctive NSAIDs, acetaminophen, and gabapentin
are confirmed. It is not clear, however, whether opioid-sparing per se actually improves
recovery, and the evidence from the literature is equivocal on this issue. It is also
unclear about the existence of additional benefits with pre-emptively administered
treatments. Epidural analgesia offers a number of distinct benefits and appears to has-
ten recovery (largely because of its favourable effects on the bowel). However, although
improvements in morbidity have been demonstrated, analysis of current trials suggests
that epidural analgesia offers no benefit in terms of major morbidity and mortality.
Current evidence demonstrates convincingly that epidurals, PCA, and adjuncts
(NSAIDs, acetaminophen, and gabapentin) improve postoperative analgesia. Epi-
dural analgesia, but not PCA, has the additional benefit of sometimes promoting
rapid recovery after surgery, although an effect on major morbidity or mortality has
not been demonstrated. In the case of PCA, improvements in pain relief are slight
compared to nurse administered opioids, but patients clearly prefer PCA. Epidurals
and PCA are recommended for their demonstrated ability to provide good analgesia,
improve patient satisfaction and, in the case of epidurals, hasten recovery. However,
the need for rational decision-making at an institutional level is respected. Since it has
not been possible yet to demonstrate improvements in major morbidity and mortal-
ity in association with epidurals (or PCA), the question of whether to offer these
advanced pain treatments often turns on cost and feasibility. The use of adjunctive
NSAIDs, acetaminophen, and gabapentin to supplement opioid therapy also has
demonstrated benefit in terms of improved analgesia and opioid sparing, although
the ability of these adjuncts to improve surgical outcome has not been substantiated.
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Trials have tended to segregate treatments, and have not assessed pain treatments as

part of a multimodal approach, or in terms of their integration into accelerated recov-

ery programmes, and a movement for future progress will be assessing multiple inter-

ventions in conjunction [78]. Uncertainty about the benefits of various modes of

analgesia will remain until we can be clearer about the importance of pain control to

the overall goal of restoring normal physiological function as rapidly as possible.
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This chapter will deal with a selection of topics, which are currently of practical and
scientific importance. We discuss respiratory support including indication and condi-
tions requiring respiratory support, examine the choice of artificial airway (tracheal
tube, mask, tracheostoma). We present practical examples of ventilation strategies:
lung-protective ventilation for acute respiratory distress syndrome (ARDS) and
non-invasive ventilation for obstructive lung disease (OLD). Weaning from respira-
tory support will end this part.

Antibiotic therapy can be used as prophylactic therapy or to treat manifest sepsis.
The current concept of initial empirical antimicrobial therapy and de-escalating
strategy will be described. The part dealing with nutrition contains the steps neces-
sary in practice: estimating the required energy, deciding kind of nutrient and route
of administration, and management of problems. We will demonstrate that evidence
regarding Vasopressors is sparse and give some practical information for treating car-
diac arrest and septic shock.

Antithrombotic therapy goes beyond heparin alone. We exemplify this for deep
vein thrombosis and sepsis.

ry support

Indication for respiratory support

321

Some vague guidance is available to decide whether respiratory support should be
provided to the individual patient. Nonetheless it is important to mention here that —
on top of the available evidence — patient centredness, ethical considerations, and
critical assessment of the actual situation are necessary to appropriately supply this
core element of intensive care medicine. Respiratory support can effectively sustain

Key words: Lung-protective ventilation, non-invasive ventilation, ARDS, intensive insulin therapy, sepsis,
heparin, activated protein C, initial empirical antimicrobial therapy, early enteral nutrition, vasopressors, shock.
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vital functions, but it is not a harmless intervention. Some patients are too healthy to
benefit and are exposed to excess risk if respiratory support is provided; some may
well benefit; and others may be too sick so that respiratory support is a desperate deed
only to cover physicians’ feelings of helplessness.

Several conditions typically lead to the initiation of respiratory support in adult
patients. These conditions may be related to the lung itself, like the acute exacerbation
of obstructive lung diseases (OLD), acute congestive heart failure, and acute respira-
tory distress syndrome (ARDS). Non-pulmonary conditions that make respiratory
support necessary include neuromuscular diseases, intoxications, diseases of the chest
wall, and other conditions where patients have compromised airway protection or
inefficient respiratory drive. Respiratory support in patients with ARDS and OLD is
common clinical standard with differing levels of evidence to support its benefit. For
neuromuscular and chest wall diseases the current evidence about the therapeutic
benefit of mechanical ventilation is weak, but it consistently suggests alleviation of the
symptoms of chronic hypoventilation and prolongation of survival [1]. Another
Cochrane Review is currently performed to examine the efficacy of mechanical venti-
lation (tracheostomy and non-invasive ventilation) in improving survival in ALS [2].

Conditions requiring respiratory support
Respiratory support strategies vary to a great extent between the extremes OLD and
ARDS. Bronchospasm and overinflation of the lungs is the major problem in OLD
(hypercapnic failure), whereas a hampered diffusion via the pulmonary membranes
is found in ARDS (hypoxic failure). It is therefore important to keep these two con-
ditions strictly apart because therapeutic strategies are contradictory (Box 25.1).

Choosing the artificial airway

Tracheal intubation
Several strategies and devices have been developed to facilitate respiratory support.
The classical approach is the tracheal intubation, which is considered the gold stand-
ard for airway protection. The early placement of an endotracheal tube is justified to
limit the work of breathing, protect the threatened airway, or prevent respiratory
arrest. All forms of controlled and assisted ventilation can be applied via a tracheal
tube (Box 25.2).

Clinical judgement must be used when making decisions. Many patients have
acute or chronic conditions, therefore values normal for the individual patients
should be considered, as well as trends in the acute course.

There are, however, no randomised trials evaluating endotracheal intubation in
patients with sepsis and acute lung injury (ALI) [8]. Whether oral or nasal endo-
tracheal intubation should be preferred remains undetermined [9].



323

Critical care medicine

Box 25.1. Definitions of typical diseases requiring respiratory support
Definitions of OLD

COPD [3]

“Chronic obstructive pulmonary disease (COPD) is a disease state characterised by airflow
limitation that is not fully reversible. The airflow limitation is usually both progressive and
associated with an abnormal inflammatory response of the lungs to noxious particles or
gases”. (Stages I-IV)

Acute exacerbation of COPD [3]

“Increased breathlessness, the main symptom of an exacerbation, is often accompanied by
wheezing and chest tightness, increased cough and sputum, change of the colour and/or
tenacity of sputum, and fever. Exacerbations may also be accompanied by a number of non-
specific complaints, such as malaise, insomnia, sleepiness, fatigue, depression, and confusion.
A decrease in exercise tolerance, fever, and/or new radiological anomalies suggestive of
pulmonary disease may herald a COPD exacerbation. An increase in sputum volume and

purulence points to a bacterial cause, as does a prior history of chronic sputum production”

Asthma [4]

“Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular
elements play a role. The chronic inflammation causes an associated increase in airway
hyperresponsiveness that leads to recurrent episodes of wheezing, breathlessness, chest
tightness, and coughing, particularly at night or in the early morning. These episodes are
usually associated with widespread but variable airflow obstruction that is often reversible

either spontaneously or with treatment”.

A Definition of ARDS
Currently the American—European Consensus Conference definition is most frequently
used [5].
For the clinical diagnosis of ARDS it requires:
1 Acute onset
2 Evidence on chest radiographs of airspace changes in all 4 quadrants
3 No clinical evidence of left atrial hypertension or pulmonary artery wedge pressure <18
mmHg (if measured)
4 Ratio of PO, to inspired fraction of oxygen (FiO,) of <200
If the other criteria are fulfilled but the ratio of PO, to FiO, is <300, the condition is
referred to as ALL
It may result from pulmonary conditions (mainly pneumonia or aspiration) or
extrapulmonal conditions (mainly sepsis or shock) [6]. Noteworthy, in severely ill patients,

clinical criteria and pathological findings for ARDS are not closely linked [7].
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Box 25.2. Common indications for institution of mechanical ventilation

Indications may include:

* Apnea with respiratory arrest

ARDS

¢ Tachypnea

* Use of accessory respiratory muscles

¢ Refractory hypoxaemia on high levels of inspired FiO,

* Compromised cardiac performance

¢ Life-threatening metabolic acidosis

¢ Altered mental status.

Acute exacerbations of OLD

¢ Clinical deterioration — respiratory muscle fatigue, coma, hypotension, tachypnea or
bradypnea

® Persistent hypoxaemia, marked hypercapnia or acidosis

Neuromuscular diseases

® Decreased inspiratory pressure

* Markedly reduced vital capacity

Importantly, long-term tracheal intubation is related to a number of potential
complications like increased risk of mucosal damage, ventilator associated pneu-
monia, and prolonged intensive care unit (ICU) stay [9]. In about 15-20% cases,
withdrawal from artificial ventilation may be a strenuous process [10].

Non-invasive devices
Due to drawbacks of tracheal intubation other strategies were developed, which
may be summarised as non-invasive airway management. The devices which are
merely used in intensive care medicine are face masks and helmets [11].
Non-invasive devices are effective tools for respiratory support, but they need
good skills in handling. New developments in the shape of masks could overcome
some discomfort and local complications that limited these therapies. Air leakage at
higher ventilation pressure is another major problem with mask ventilation. Finding
a well fitting mask requires an assortment of different masks at hand. In addition
specialised software is available for many ventilators to quantify leakage and allow for
it. Nonetheless it is necessary that both nurses and physicians are familiar with details
of equipment. Professionalism and confidence are important for a good patient —
carer relationship, which is a key for the success of non-invasive respiratory support.
Several modes of ventilation can be applied via non-invasive devices. Commonly
used forms are continuous positive airway pressure (CPAP), pressure support venti-
lations (PSV), volume support ventilations, and biphasic positive airway pressure
(BiPAP) (Box 25.3).
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Box 25.3. Relative contraindications for non-invasive ventilation (see Hillberg
and Johnson [12], Copyright © 1997 Massachusetts Medical Society. All rights
reserved adapted with permission 2006).

® Failure of prior attempts at non-invasive ventilation

¢ Haemodynamic instability

* High risk of aspiration

¢ Impaired mental status

* Inability to use face mask

¢ Life-threatening refractory hypoxaemia (PaO, < 60 mmHg at FiO, 1.0)

The domain of non-invasive ventilation is the treatment of acute exacerbation of
COPD, but it may also be used in cardiogenic lung oedema, in ARDS/ALL and as a
weaning tool. Data from good quality randomised controlled trials (RCTs) show bene-
fit of non-invasive ventilation as first line intervention as an adjunct therapy to usual
medical care in all suitable patients for the management of acute exacerbation of
COPD. Non-invasive ventilation should be considered early in the course of respira-
tory failure [13,14]. The application of non-invasive positive pressure ventilation
(NIPPV) in patients suffering from status asthmaticus, despite some interesting and
very promising preliminary results, still remains unclear [15].

It appears reasonable that NIPPV is also beneficial in acute cardiogenic pulmonary
oedema, but there remain a number of controversies [16]. Currently a Cochrane
Review is underway to investigate whether there is sufficient evidence to generally
recommend this strategy [17].

Tracheostoma

Another option of airway interface is the intubation via a tracheostoma. For patients
who cannot be weaned and when non-invasive methods cannot be used the trans-
laryngeal tube should be replaced by a tracheostoma tube. Earlier placement of
a tracheostoma in critically ill patients does not alter mortality but reduces
duration of artificial ventilation and length of ICU stay and should therefore be
considered [18].

Percutaneous techniques are available as well as a surgical approach to perform
tracheotomy. There are currently only a limited number of small studies prospectively
evaluating percutaneous techniques and surgical tracheostoma. A meta-analysis of
these studies suggests potential advantages of percutaneous techniques compared to
surgical tracheotomy, including ease of performance, and lower incidence of peri-
stomal bleeding and postoperative infection [19].
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Respiratory support can lead to lacking humidification of ventilated air, resulting in
a number of potentially severe complications [20]. Humidification is therefore
essential in respiratory support. There are different systems in use although currently
heat and moisture exchangers are regarded superior to heat humidifiers in order to
prevent ventilator-associated pneumonia [9]. In non-invasive ventilation humidifi-
cation may not be so important, because the humidifying capacity of the upper air-
way is sustained. Nonetheless it is more agreeable for many patients to inhale moist
air instead of dry air. An exception comes about if helmets are used for respiratory
support, because moist air leads to discomforting condensations in the helmet.

Respiratory support in ARDS/ALI: lung-protective ventilation

A major achievement in intensive care medicine was the implementation of lung-
protective ventilation strategy for ARDS/ALI It aims at (1) limited airway pressure
and tidal volume to reduce barotrauma and volutrauma, and (2) medium to high
levels of positive end-expiration pressure (PEEP) to avoid collapse of the alveoli.

Low tidal volume ventilation and permissive hypercapnia: accepting a rise in the
arterial partial pressure of carbon dioxide.

It was proposed that low tidal volume (6 mLkg ™! body weight) and limited venti-
lation pressure (<30 cmH,0) would be able to avoid distension, barotrauma, volu-
trauma and it measurably reduced inflammation. But lowering the tidal volume
is potentially not harmless, because it may be accompanied by rise in PaCO, and
decrease of pH. The clinical consequences of severe hypercapnia and acidosis include
increased intracranial pressure, depressed myocardial contractility, pulmonary hyper-
tension, and depressed renal blood flow [21]. Weighing up the potential benefits of
low tidal ventilation and harms of permissive hypercapnia was the issue of recent
research. A Cochrane Review demonstrates a generally beneficial effect of lower tidal
ventilation, but this result is not unequivocal. Mortality at day 28 was significantly
reduced by lung-protective ventilation in all eligible trials, whereas beneficial effect on
long-term mortality was uncertain. The comparison between low and conventional
tidal volume was not significantly different if a plateau pressure <31 cmH,O in con-
trol group was used. The reviewers’ concluded that intensivists should choose which
technique is most appropriate for each individual patient. Lower tidal volume venti-
lation may be preferable when lung recovery is a priority [22]. Lung protective venti-
lation is contraindicated if hypercapnia has potentially deleterious effects, like in
patients with increased intracranial pressure.

Open lung ventilation (moderate to high PEEP)

A number of factors including failure of surfactant may lead to collapsing of alveoli
and atelectasis in ARDS/ALIL. Shear stress along the lung tissue at re-opening is the
consequence. Moderate to high levels of PEEP are used to facilitate bronchoalveolar
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Table 25.1. Adjustment of PEEP according to required FiO2 in patients with
ARDS/ALI (Copyright © 2004 Massachusetts Medical Society. All rights reserved. Adapted
with permission 2006) [24]

FiO, 03 04 04 05 05 06 07 07 07 08 09 09 09 1.0
PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 18-24
(cmH,0)

patency to avoid deleterious effects of repeated opening and collapsing of the air-

ways. Thereby PEEP may also minimise the need for high oxygen concentrations,

and hence reduces oxygen toxicity. In contrast, too high PEEP may lack additional
recruitment and increase the risk of lung damage, therefore the lowest necessary

PEEP level should be chosen [23].

Two strategies to adjust PEEP levels are commonly used:

1 PEEP according to FiO,: PEEP levels are derivated from the current FiO, require-
ment. To avoid oxygen toxicity FiO, should be regularly adapted and used as low as
possible to fulfil oxygenation goals (PaO, 55-80 mmHg, SpO, 88-95%) (Table 25.1).

2 PEEP according to lung compliance: This procedure involves identification of the
lower deflection point in the pressure—volume curves. This method deserves some
expertise (Table 25.2). Aventilation strategy for patients with ARDS is presented in
Table 25.2.

High-frequency ventilation

High-frequency ventilation is often used to treat patients with ARDS/ALI but there
is not enough evidence to conclude whether high-frequency ventilation reduces
mortality or long-term morbidity in patients with ALI or ARDS [25].

Prone positioning

Some studies have shown that a majority of patients with ALI/ARDS respond to the
prone position with improved oxygenation and lower incidences in ventilator asso-
ciated pneumonia. On the other hand prone positioning may have potentially life-
threatening complications, including accidental dislodgement or obstruction of the
endotracheal tube and central venous catheters. The success of improved oxygen-
ation did not directly translate into improvement in mortality rates [26,27].

According to a recent review prone positioning is of uncertain value but could
be considered in severely diseased patients who are not at high risk for adverse posi-
tional changes and who are in facilities with adequate experience [8]. Another sys-
tematic review which had some methodological limitations arrived at a similar
conclusion [28]. In summary prone position cannot be recommended a routine
procedure to date.
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Table 25.2. A ventilation strategy for patients with ARDS as suggested by the ARDS
network group (Copyright © 2004 Massachusetts Medical Society. All rights reserved.
Adapted with permission 2006) [24]

Inclusion criteria Exclusion criteria

Patients who were intubated Younger than 13 years of age

Sudden decrease in the ratio of PaO, Pregnant
to FiO, < 300 Increased intracranial pressure

Recent appearance of bilateral pulmonary Severe neuromuscular disease
infiltrates consistent with the presence of Sickle cell disease
oedema Severe chronic respiratory disease

No clinical evidence of left atrial A body weight >1kgcm ™! of height
hypertension (pulmonary-capillary wedge Burns over > 40% of their body-surface area
pressure of <18 mmHg, if measured). Severe chronic liver disease

Vasculitis with diffuse alveolar haemorrhage
had received a bone marrow or lung
transplant

Ventilator mode Volume assist/control

Tidal volume 6 mLkg ! predicted body weight

PEEP According to FiO, (see Table 25.1)

Plateau pressure goal <30cmH,0

Ventilator rate and pH goal 6-35min adjusted to achieve pH = 7.30 if possible
LE time 1:1-1:3

Oxygenation goal PaO, 55-80 mmHg, SpO, 88-95%

Weaning attempt by means of pressure support when acceptable oxygenation (at PEEP < 8 cmH,0
and FiO, < 0.4) [24].

Respiratory support in OLD

The common problem in OLD is a hypercapnic respiratory failure due to bronchial
obstruction and a hampered expiration. Dynamic hyperinflation is a consequence of
bronchial obstruction, which increases airways resistance, and causes intrinsic posi-
tive end-expiratory pressure (auto-PEEP) and potentially barotrauma. This auto-PEEP
can be measured by an end-expiratory hold manoeuvre. Respirator settings can be
guided by auto-PEEP, oxygenation goals and PaCO,. Respirator settings should yield
to allow for longer expiration, which can be achieved by lower respiratory rates, and
manoeuvres to gain inspiration:expiration time (I:E) in favour of longer expiration.
In controlled modes and BiPAP I:E can be easily adjusted, but in assisted modes it may
be more complicated and requires more detailed knowledge of the ventilator type in
use. A way to influence I:E in assisted modes is to change termination criteria or shape
of inspiratory flow.

Alveolar hyperinflation can also be allayed by using adequate levels of applied
PEEP. Levels of applied PEEP can be estimated from the measured auto-PEEP. Levels
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Table 25.3. Example of initial respirator settings for acute OLD with non-invasive device

Mode CPAP/PSV

PEEP 6-8 cmH,0

Pressure support 10 cmH,0

FiO, To achieve PaO, 55-80 mmHg, SpO, 88-95%, but as low as possible to

avoid oxygen-induced hypercapnia

Table 25.4. Example of initial respirator settings for acute OLD with a tracheal tube

Ventilator mode Assist/control ventilation

Tidal volume 10mLkg ™! predicted body weight*

PEEP start at 8 cmH,0O*

Ventilator rate 10 min*

LE 1:2-1:4*

FiO, Oxygenation goal: PaO, 55-80 mmHg, SpO, 88-95%

* Adjust to PaCO, and intrinsic PEEP.

of PEEP may be set lower with non-invasive devices, because the unprotected glottis
produces some natural PEEP, and lower pressure protects against mask leakage.
Additionally to PEEP, assisted or controlled ventilation is often necessary in more
severe cases of acute OLD. PEEP and assisted/controlled ventilation reduce work of
breathing, which is often a crucial factor in patients with OLD (Tables 25.3 and 25.4).

Weaning from respiratory support
In many patients weaning from respiratory support is not a big deal at all, but a con-
siderable number of patients are difficult to wean. Withdrawal from artificial venti-
lation may become a strenuous process [10]. More importantly long-term tracheal
intubation is related to a number of potential complications [9] and should be ter-
minated as soon as possible.

There is good evidence, that in clinically stable intubated patients who are arous-
able, without high ventilation, PEEP, or FiO, requirements, daily spontaneous
breathing trials or weaning protocols reduce the duration of mechanical ventilation
[8]. Daily interruption of sedation, may avoid excessive accumulation of sedative
drugs and may avoid prolonged mechanical ventilation [29].

Compared to intuitive approaches, explicit weaning protocols have consistently
performed as well or better [30] (Box 25.4).
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Box 25.4. A proposed screening protocol; the process is divided into two
parts: (1) a screen to determine suitability for weaning and (2) a defined
period of spontaneous breathing (Copyright Lippincott Williams & Wilkins
reprinted with permission)
¢ Consider weaning if

1 Original illness resolving; no new illness
Off vasopressors and continuous sedatives
Cough during suctioning
Pa0,/FiO, > 200
PEEP <5cmH,0

Minute ventilation <15 L min

[ NN B SV S

7 Frequency/tidal volume (F/TV) ratio <105 during 2 min spontaneous breathing test
* Spontaneous breathing trial (T-piece, CPAP (5-10 cmH,O) or pressure support)
Achieving a consistent plateau without criteria for weaning failure*, and cough adequate to
clear excretions, and able to protect airway:
— if all apply: extubate
— if any no: continue mechanical ventilation
*Weaning failure if respiratory rate >35, O, saturation <90, pulse >140 (or
change =20%), systolic blood pressure >180 or <90 mmHg, agitation, diaphoresis, or
anxiety, F/TV ratio >105. Any of the above criteria at any time during the trial represents a

weaning failure.

Example of a weaning protocol for patients with ARSD/ALI [8].

Successful completion of a spontaneous breathing trial for either 30 or 120 min
led to a >80% chance of discontinuation of mechanical ventilation [31].

Modes for weaning
Three modes for weaning from mechanical ventilation have been compared in a sys-
tematic review (good quality but restricted to English language): T-piece, synchron-
ised intermittent mandatory ventilation (SIMV), or pressure support ventilation
(PSV) [32]. Participants from mixed medical-surgical populations and chest trauma
patients required a gradual weaning process from the ventilator (either requiring
prolonged initial ventilation of >72h or a failed trial of spontaneous breathing
after >24h of ventilation). None of the weaning technique was superior (T-piece,
PSV, or SIMV) in the difficult-to-wean patient. However, SIMV may result in a
longer weaning time than either T-piece or PSV. Whether PSV is particularly super-
ior for weaning in COPD patients is currently examined in a Cochrane Review [33].

Non-invasive positive pressure ventilation (NIPPV) for weaning
There is good evidence that the use of NIPPV to facilitate weaning in mechanically
ventilated patients with predominantly COPD is associated with promising evidence
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of clinical benefit. Compared to weaning strategies involving invasive positive pres-
sure ventilation the NIPPV strategy decreased mortality, the incidence of ventilator
associated pneumonia, and hospital length of stay [34].

Antibiotic therapy

Bacterial, viral, and fungal infections remain a common challenge for intensivists, and
treatment of sepsis is one of the focuses in intensive care medicine. Antimicrobial
treatment is therefore of great importance, but good evidence is still missing for a
number of critical questions. The aim of this chapter is to give a short overview of the
principals of antimicrobial therapy.

An increasing number of antibacterial, antifungal, and antiviral agents are avail-
able which enables effective empiric and specific therapy. However, to keep antimi-
crobial resistance low and to maximise efficacy, detailed knowledge of the likely
pathogens in the hospital and community is essential for intensivists [35]. Regularly
updated protocols/standards should therefore be used.

Prophylactic antibiotics

Prophylactic antibiotics are suggested for intensive care patients for a long time,
because infections are an important cause of mortality in intensive care medicine.
After many controversies a large Cochrane Review (36 trials involving 6922 patients)
could demonstrate that a combination of topical and systemic antibiotics reduces
mortality and infections. The use of topical antibiotics alone reduces infections but
does not influence survival [36]. Which combination of antibiotics is preferable
remains open and may be an issue of local circumstances.

Community acquired pneumonia

Community acquired pneumonia is caused by pathogens which are usually referred
to as “typical” and “atypical”. In a Cochrane Review no benefit of survival or clin-
ical efficacy was shown to initial empirical atypical coverage in hospitalised patients
with community acquired pneumonia. This conclusion relates mostly to the com-
parison of quinolone monotherapy to non-atypical monotherapy [37].

Severe sepsis and septic shock

Initial empirical antimicrobial therapy

According to common sense, as early as severe sepsis or septic shock is recognised
appropriate cultures should be obtained. Intravenous antibiotic therapy should be
started early [38]. To achieve that, a system for rapid administration of a rationally
chosen drug when sepsis or septic shock is suspected should be established [35].



332

Harald Herkner and Christof Havel

The choice of appropriate initial empiric therapy is a key factor for outcome [39,40].
Appropriateness of empirical therapy is determined by the likely pathogens (guided
by the susceptibility patterns of microorganisms in the community and in the hos-
pital), by the potential to penetrate into the presumed source of sepsis and by the
patient’s history (including prior prescriptions and intolerances). Initial selection of
an empirical antimicrobial regimen warrants broad-spectrum therapy until the
causative organism and its antibiotic susceptibilities are defined.

De-escalating strategy

Nutrition

Once the causative pathogens are identified, broad-spectrum treatment should be
narrowed appropriately and shorter courses of antimicrobial therapy to prevent
emergence of antibiotic-resistant bacteria [41,42].

Appropriate nutrition is an integral part of critical care. It is made up of (1) esti-
mating the required energy, (2) choosing the route of nutrition, (3) defining the
kind of nutrients, and (4) managing problems.

Estimating the required energy

Basal metabolism (BM) (kcal day!) can be estimated by 25 times body weight (kg).
A better estimate can be derived from the Harris—Benedict equation [43] (Box 25.5).
Currently the best method is indirect calorimetry, although this method is
limited if FiO, > 0.5 [45].
These values of required energy can be adapted for specific conditions: For fever
the energy requirement is multiplied by 1.1 for every degree Celsius above 38°C.
For stress a factor of 1.2-1.6 is used, depending on its intensity.

Route of nutrient administration

There is an enormous body of literature regarding the route of nutrient administra-
tion, including 17 systematic reviews currently. Accordingly, enteral nutrition — if

Box 25.5. Estimating energy: BM (Harris—Benedict equation)
BM (men) (kcal/24h) = 66 + (13.7kg bw) + (5cm height) — (6.7 years of age)
BM (women) (kcal/24h) = 65.5 + (9.6kg bw) + (1.85cm height) — (4.7 years of age)

To allow for the thermic effect of ingestion the value of BM must be increased by the factor

1.2. [44]. “Dw” denotes presumed body weight.
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given within the first 24 h after admission — is equal to parenteral nutrition in terms of
mortality. Enteral nutrition is superior to parenteral nutrition in terms of infectious
complications, length of hospital stay and lower costs [46—48]. This applies to surgical
patients, to medical critically ill patients including those with acute pancreatitis
[49] and head injured patients [50]. Therefore enteral nutrition should be estab-
lished within 24 h as first line management, unless contraindicated (shock, intes-
tinal ischaemia, or intestinal obstruction). Otherwise parenteral nutrition should
be supplied. Potential drawbacks of enteral nutrition are increased rates of diar-
rhoea and vomiting, but less rates of hyperglycaemia compared to parenteral
nutrition.

Kind of nutrient

Depending on the route of administration several commercially available formu-
las are available. Usually they contain 1kcalmL™'. Some nutrients contain addi-
tional amino acids or are enriched with additives. For many of these a beneficial
effect in terms of reduced infections was demonstrated, although there is no evi-
dence for reduced mortality [51,52]. A number of useful software solutions exist

for the prescription of parenteral and enteral nutrition, but it may also be calcu-
lated by hand [44].

Management of problems with nutritional support

Many patients develop diarrhoea during their course of enteral nutrition. Enteral
nutrition is usually administered in 12 h intervals. If diarrhoea appears the more
physiological way of bolus administration may help. Though nutrients may poten-
tially produce diarrhoea, sorbitol-containing drugs, or Clostridium difficile should
be considered causal, too.

Regurgitation may be another problem of enteral nutrition. Laying the patient in
a 45° upright position may attenuate the problem. Jejunal tubes may be applied
instead of usual gastric feeding. However, there is reasonable evidence that post-
pyloric tubes do not influence mortality but delay feeding when used as primary
strategy [53]. Erythromycin (70 mg intravenously) may also be used to enhance gas-
tric emptying [54]. Currently there is no good evidence to support the use of meto-
clopramide to enhance the migration of naso-enteral tubes [55].

Tight control of blood glucose is particularly important in patients with par-
enteral feeding, because hyperglycaemia is a frequent problem. Furthermore there is
some evidence that tight glucose control using an intensive insulin protocol reduces
mortality in critically ill patients (most of them postoperative). Target glucose values
were 80-110mgdL™! [56]. A Cochrane Review is currently underway to further
investigate this topic [57].
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Vasopressors
Vasopressors may be used in many circumstances in medicine, administered either
systemically or topically. This chapter will concentrate on the two indications, which
are common in intensive care medicine: cardiac arrest and septic shock.

Cardiac arrest

The drug of choice in adult cardiac arrest is adrenaline. It is given in repetitive doses
of 1 mg intravenously or 2mg (diluted in 10mL saline) via a tracheal tube [58].
Adrenaline has been used in resuscitation for more than 100 years [59], but the evi-
dence is still sparse. Moreover, it may have deleterious side effects after restoration of
spontaneous circulation. A retrospective study indicates that increasing cumulative
doses of epinephrine are independently associated with unfavourable neurological
outcome [60]. Vasopressin was introduced as an alternative to adrenalin recently
[58]. In an RCT in out-of-hospital cardiac arrest 401U vasopressin or 1 mg of epi-
nephrine was compared, each followed by additional treatment with epinephrine if
required. The effects of vasopressin were similar to those of epinephrine in the man-
agement of ventricular fibrillation and pulseless electrical activity. Only in a sub-
group with asystole vasopressin was superior to epinephrine. Vasopressin followed
by epinephrine could be more effective than epinephrine alone in the treatment of
refractory cardiac arrest [61].

Septic shock

Circulatory shock is usually defined as circulatory failure, where the organ perfu-
sion does not meet oxygen demands. Noteworthy there is no simple parameter to
measure organ perfusion, therefore all variables like blood pressure, serum lactate
or central venous oxygen saturation require clinical appraisal, too. First line ther-
apy of shock is fluid resuscitation [62]. Whether crystalloids or colloids should be
used remains unclear [63]. Currently albumin cannot be recommended for fluid
resuscitation in patients with shock [64].

When an appropriate fluid challenge fails to restore adequate organ perfusion or
if hypotension is too profound during fluid resuscitation, vasopressors should be
started, best via a central venous line [38]. However, evidence from RCTs about vaso-
pressors in shock is sparse and generally limited to septic shock [65]. The vasopres-
sors of choice in septic shock are noradrenaline or dopamine [65].

There is good evidence that low-dose dopamine should not be used for renal
protection as part of the treatment of severe sepsis [66].

Low doses of vasopressin may be considered in patients with shock refractory to
fluids and other vasopressors, although no outcome data on this are available [65].
Vasopressin should be used with caution in patients with cardiac dysfunction, and
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Table 25.5. Commonly used vasopressors to treat circulatory shock. Always adapt dose to

the changing individual requirements (from [44,67,68] and suppliers’ information)

Vasopressor Usual dose Comments

Noradrenaline 0.01-3 pgkg 'min~! o agonist; more potent than dopamine, may
induce ischaemia

Dopamine 1.5-20 pgkg 'min~! Dose-depending 8, B, a agonist; increase in
10-30 min intervals according to effect;
increases cardiac output but may induce
tachycardia

Vasopressin 0.01-0.04 units min ! Direct vasoconstriction, no outcome data yet;
not for patients with reduced cardiac output;
may cause myocardial infarction

Adrenaline 0.01-0.1 pgkg 'min~! « and B agonist; first line in anaphylaxis; not
primarily for septic shock; may induce
tachycardia, impair splanchnic perfusion

higher doses may promote myocardial ischaemia, significant decreases in cardiac

output, and cardiac arrest (Table 25.5).

Antithrombotics

Deep vein thrombosis

Prophylaxis of deep vein thrombosis

Up to 80% of critically ill patients have deep vein thrombosis with a great hetero-
geneity between several patient groups [69]. To prevent deep venous thrombosis
critically ill patients should receive low-dose unfractionated heparin or low molecu-
lar weight heparin. If heparin is contraindicated graduated compression stockings
or intermittent compression device are recommended except for those who have
peripheral vascular disease [38].

Initial treatment of venous thromboembolism

For the initial treatment of venous thromboembolism low molecular weight
heparin is more effective than unfractionated heparin. Low molecular weight
heparin significantly reduces the occurrence of major haemorrhage and overall
mortality [70]. In the intensive care setting a twice-daily application of low molecu-
lar weight heparin is preferable [71].
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Attention must be paid to heparin-induced thrombocytopaenia (HIT), which is
a serious complication of heparin therapy that has a high rate of morbidity and
mortality. Particularly in patients with impaired renal function low molecular
weight heparin should be adapted to anti-Xa activity. For unfractionated heparin
regular measurements of a partial thromboplastin time (PTT) are mandatory.

In severe sepsis, coagulation abnormalities often develop following endothelial dam-
age or organ dysfunction. Recent research activities yield at controlling these abnor-
malities with recombinant endogenous and exogenous anticoagulants.

Heparin is an old [72] and inexpensive anticoagulant, which is commonly used to
prevent deep venous thrombosis or catheter occlusion also in patients with sepsis.
There is an ongoing debate about clinical benefits of heparin in severe sepsis [73,74],
but good evidence from rigorous studies is still missing.

In high-risk patients with sepsis-induced multiple organ failure, septic shock, or
sepsis-induced ARDS activated protein C is recommended if the APACHE II score
is 25 or more and if no contraindications are present [38,75]. Activated protein C
should not be given to patients with severe sepsis who are at low risk for death
(APACHE score <25 or single organ failure), because of increased risk of serious
bleeding complications and the absence of a beneficial treatment effect [76].

Other anticoagulants: currently not recommended

Tifacogin (recombinant tissue factor pathway inhibitor) is currently not recom-
mended in patients with severe sepsis and high international normalised ratio
(INR). In a large phase III study tifacogin had no effect on mortality but was asso-
ciated with an increased risk of bleeding, irrespective of baseline INR [77].

Early high-dose antithrombin III therapy does not reduce mortality in adult
patients with severe sepsis and septic shock. Antithrombin III was associated with
an increased risk of haemorrhage when administered with heparin [78].

Practice points

What we know: Beneficial interventions in critical care include: non-invasive
ventilation early for exacerbated COPD and for weaning; weaning protocols for
mechanically ventilated patients; early broad protocol guided empiric antibiotic therapy
in sepsis followed by a de-escalating strategy; early enteral in favour of parenteral
nutrition; tight glucose control with intensive insulin therapy; thrombosis prophylaxis in
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patients with severe sepsis. A futile intervention is low-dose dopamine for renal failure
in septic shock.

What is undetermined: Interventions which may be beneficial include: lung-protective
ventilation in ARDS; non-invasive ventilation for asthma, cardiac lung oedema or ARDS;
method to find best PEEP; high-frequency ventilation in ARDS; prone positioning in
severe ARDS; enriched nutrients; activated protein C in severe sepsis; vasopressin in
cardiac arrest; vasopressors for septic shock.

What we don’t know: indication for mechanical ventilation, which ventilation mode

is preferable in non-invasive or mechanical ventilation or for weaning; adrenaline for
resuscitation; which antibiotic for empiric therapy in sepsis; valid indicators of shock;
vasopressors for shock other than septic shock; heparin as antithrombotic in sepsis.

Conclusion

Current intensive care medicine includes some key interventions which are merely
related to the therapy of severe sepsis and septic shock, although the spectrum of
intensive care is rather wide. Non-invasive ventilation for acute exacerbation of
COPD, lung protective ventilation for ARDS, tight glucose control using intensive
insulin therapy, activated protein C for severely ill patients with sepsis, early empiric
followed by de-escalation antibiotic therapy in sepsis and early enteral nutrition
are among the most cited ones. Numerous concepts and details for customary
interventions like the use of vasopressors for shock or heparin in sepsis are lacking
sufficient evidence. Research in intensive care is hampered by heterogeneity and
relatively low patient numbers in particular departments, which requires usually
more complicated multi-centre studies. Moreover ethical restrictions are a contin-
uing problem when research is performed in unconscious patients who are unable
to provide informed consent.
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This chapter explores four important practical topics in emergency medicine. The
management of cardiac arrest, drowning, burns and multiple trauma all require
specific knowledge and skills in order to achieve best outcomes. We have provided
an overview of the general principles of management of these four clinical scenarios
and identified a number of specific questions regarding novel or emerging thera-
pies. In attempting to answer these questions we reviewed the evidence and further
identified what is known and what requires further study. Whilst there is some
good-quality evidence to support practice in the areas of cardiac arrest, traumatic
brain injury and some aspects of fluid resuscitation in trauma, there is little evi-
dence to guide clinicians in the choice of burns dressings, management of near
drowning and differing strategies in trauma fluid resuscitation. Opportunities for
further research are highlighted.

Cardiac arrest management

343

The patient in cardiac arrest is the most important time-critical emergency that
the anaesthetist will face. The earliest possible initiation of basic and advanced life
support offers the best chance of patient survival.

In 1997 the International Liaison Committee On Resuscitation (ILCOR) pub-
lished The Universal ALS Algorithm. The updated version is shown in Figure 26.1.
It was designed to be simple, concise and easy to memorise.

In 2000, The American Heart Association (AHA) in collaboration with the ILCOR
developed and published the International Guidelines 2000 for CPR (Guidelines 2000
for cardiopulmonary resuscitation and emergency cardiovascular care: a consensus

Key words: Cardiac arrest, near-drowning, burns, multiple trauma, traumatic brain injury, fluid resuscitation.
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Adult Cardiorespiratory Arrest

BLS Algorithm —
; , e
Precordial if appropriate fF = .
Australian
Thump Resuscitation
for witnessed/ Council
monitored arrest
Attach Defib - monitor
Assess rhythm/pulse
Shockable Non-Shockable
VF/Pulseless VT PEA/Asystole
l During CPR
IF NOT ALREADY DONE
Attem pt Check electrode/paddle position
- . . 1 & contact
Defl brl ||atI0n Attempt/verify/secure |V access
Give adrenaline Tmg & repeat every
1 shock 3 minutes
Manual Biphasic 200J? CORRECT REVERSIBLE CAUSES
Manual Monophasic 360J o Hypoxaemia
* Hypovolaemia
* Hypo/Hyperthermia
* Hypo/Hyperkalaemia & other
‘ metabolic disorders
* Tamponade
. ¢ Tension pneumothorax .
Immediate CPR * Toxins/Poisons/Drugs Immediate CPR
2 Minutes © VS 2 Minutes
-pulmonary/coronary
CONSIDER
Advanced airway
Antiarrhythmic
Amiodarone 300 mg
Lignocaine 1-1.5 mg/kg.
Magnesium 5 mmol
Electrolytes
Potassium 5 mmol
Buffer
NaHCO3; 1 mmol/kg
Atropine(1-3 mg) + Pacing
(for asystole & severe bradycardia)

Note:

1. For witnessed arrest, when using a manual defibrillator, give upto 3 stacked shocks at
first defibrillation attempt. If further shocks are required these should be single shocks.

2. Default biphasic energy.

© Australian Resuscitation Council 2006

Figure 26.1 ALS Universal algorithm figure reproduced with permission of the Australian Resuscitation
Council
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on science. Circulation 102 (Suppl 8): II-1384). These guidelines were evidence based
and serve as a very useful adjunct to the Universal ALS Algorithm.

More recently, there has been much interest in the use of the drugs: vasopressin
and amiodarone in adult cardiac arrest patients; biphasic waveforms for defibril-
lation of ventricular fibrillation (VF) and pulseless ventricular tachycardia (VT)
and finally, the role of therapeutic hypothermia in post-cardiac arrest coma in
adults.

In this section on cardiac arrest management, we will seek to answer the follow-
ing questions:

1 What is the role of vasopressin in cardiac arrest in adults?

2 What is the role of amiodarone in cardiac arrest in adults?

3 How does biphasic defibrillation compare to monophasic defibrillation in patients
with VF or pulseless VT?

4 What is the role of therapeutic hypothermia in post cardiac arrest coma in
adults?

What is the role of vasopressin in cardiac arrest in adults?

Although adrenaline has been used in cardiac arrest management for many years,
there has been recent interest in the use of vasopressin in adult cardiac arrest. A
number of prospective, randomised studies have looked at this and recently a sys-
tematic review and meta-analysis has been published [1]. It looked at 1519 patients
from five randomised controlled trials. All trials studied patients with cardiac
arrest who underwent CPR in or out of hospital. In all studies, the control group
received intravenous adrenaline and the experimental group received intravenous
vasopressin.

The results of this systematic review and meta-analysis showed no significant
differences between the two groups in any of the following:

Parameter Risk ratio 95% Confidence interval
Return of spontaneous circulation 0.81 0.58-1.12
Death before hospital admit 0.72 0.38-1.39
Death within 24 h 0.74 0.38-1.43
Death before hospital discharge 0.96 0.87-1.05
Combination of number of deaths + 1.00 0.94-1.07

neurologically impaired survivors

The largest study had 1186 patients [2] which is 78% of the total patient number. In
this study, subgroup analysis showed a benefit in both survival to hospital admis-
sion and survival to hospital discharge in the subgroup of patients with asystole
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who received vasopressin. This has not been validated prospectively and should be
interpreted with caution until such prospective data is available.

There are two studies currently recruiting patients looking specifically at
whether the addition of vasopressin to adrenaline improves survival of cardiac
arrests [3,4].

What is the role of amiodarone in adults with cardiac arrest?

Historically, lignocaine has been the initial antiarrhythmic drug recommended for
VF or pulseless VT. More recently the question has been asked: is amiodarone bet-
ter than lignocaine in treating adult patients with VF or pulseless VI? The Cochrane
Heart Group is looking at the use of intravenous amiodarone for the treatment of
VT and VE however it is still in the protocol stage [5].

There have been two prospective, randomised, placebo control, double-blinded
studies looking at the use of intravenous amiodarone in adult cardiac arrest. Dorian
etal. [6] compared amiodarone with lignocaine in 347 patients with out-of-hospital
VE. The primary endpoint was the proportion of patients who survived to hospital
admission. After treatment with amiodarone, 22.8% of 180 patients survived to hos-
pital admission versus 12% of 167 patients treated with lignocaine (P = 0.009; odds
ratio (OR): 2.17; 95% confidence interval (CI): 1.21-3.83). There were however no
significant differences between groups in rates of survival to hospital discharge (5%
in amiodarone group versus 3% in lidocaine group).

Kudenchuk et al. [7] compared amiodarone to placebo in 504 adults with pre-
hospital VF or pulseless VT. Once again, the 246 subjects who received amiodarone
were more likely to survive to hospital admission when compared with placebo
(44% versus 34%; P = 0.03; OR: 1.6; 95% CI: 1.1-2.4), however there was no dif-
ference to hospital discharge.

In summary, the only benefit shown from these two well-constructed studies
was survival to hospital admission, not to neurologically intact discharge. The lat-
ter requires further study. Nonetheless, AHA and ILCOR state that amiodarone is
an acceptable alternative to lidocaine in this group of patients [8].

How does biphasic defibrillation compare to monophasic defibrillation in VF and
pulseless VT in adults?

There has been growing interest in the use of biphasic, impedance-compensating
waveforms for defibrillation. The use of less current leads to less cardiac damage.
In adults with VF or pulseless VT, are biphasic waveforms more effective than
monophasic waveforms in achieving successful defibrillation?
No systematic reviews are available to help answer this question. Several pros-
pective, randomised studies have been performed. The most recent of these looked
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at 123 Dutch cardiac arrest patients in VF [9]. In this study looking at out-of-
hospital patients, the primary endpoint was removal of VF after the first shock.
The secondary endpoint was termination of VF at 5s. VF was the initial rhythm in
120 patients, 51 of these received biphasic defibrillation and 69 received monophasic
shocks.

In terms of the primary endpoint, biphasic defibrillation was more successful
than monophasic in removing VF after one shock (69% versus 45%; P = 0.01; OR:
4.01; 95% CI: 1.01-10.0). However, there was no difference between the groups in
terms of return of spontaneous circulation (ROSC) (61% biphasic versus 65%
monophasic), survival to hospital admission (40% versus 48%) or survival to hos-
pital discharge (14% versus 19%).

The next largest prospective, randomised study, the Optimal Response to Cardiac
Arrest (ORCA) study compared biphasic and two types of monophasic shocks in
115 pre-hospital cardiac arrest victims [10]. Biphasic defibrillation was associated with
significantly higher rates of defibrillation after the first shock; ROSC and survival to
hospital admission. However, there was no difference in survival to hospital discharge.

In summary, it would appear that biphasic shocks are more likely to revert VF and
pulseless VT, however there is no proven advantage in neurologically intact survival
to hospital discharge.

What is the role of therapeutic hypothermia therapy in post cardiac arrest coma in adults?
The Advanced Life Support Task Force of the ILCOR [11] made the following rec-
ommendations in October 2002:

* Unconscious adult patients with spontaneous circulation after out-of-hospital car-

diac arrest should be cooled to 32—34° C for 12-24 h when the initial rhythm was VE.
* Such cooling may also be beneficial for other rhythms or in-hospital cardiac arrest.
There have been two sentinel prospective, randomised, controlled trials identified
[12,13]. More recently, a systematic review and individual patient meta-analysis by
a collaborative group including the principal authors of the above two studies has
been published [14]. It identified three randomised trials. The total number of
patients in this systematic review was 385. Analyses were conducted on an intention-
to-treat basis. The major conclusions were that patients treated with hypothermia
had a higher likelihood of discharge in good neurological condition (risk ratio
(RR): 1.68; 95% CI: 1.29-2.07). In addition, being alive at 6 months with good neu-
rological function was more likely in the hypothermia group (RR: 1.44; 95% CI:
1.11-1.76). Table 26.1 gives the data from this systematic review.

Concerns have been raised about how selected the patients were in both trials
and that treating clinicians were not blinded. In the European study only 8% of
patients assessed for eligibility were enrolled (257 of 3551). In the Australian study,
four participating hospitals over 33 months enrolled only 77 patients.
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Table 26.1. Long- and short-term neurological recovery (Figure modified from the original supplied by
Michael Holzer. Copyright Lippincott Williams & Wilkins reprinted with permission)

Trial

Hypothermia (%) Normothermia (%)  RR (95% CI) P-value

Alive at hospital discharge with favourable neurological recovery

HACA [41]° 72/136 (53%) 50/137 (36%) 1.51 (1.14 to 1.89)*  0.006°
Bernard [42] 21/43 (49%) 9/34 (26%) 1.75 (0.99 to 2.43)*  0.052°
Idrissi [49] 3/16 (19%) 0/17 (0%) 7.41 (0.83 to )P 0.15°
Summary estimate 1.68 (1.29 to 2.07)
Alive at 6 months with favourable neurological recovery
HACA [41] 71/136 (52%) 50/137 (36%) 1.44 (1.11 to 1.76)* 0.009?

CI: confidence interval.

2 Random effects models, centre random.

b Fisher’s exact test and exact confidence limits (StatXact), the point estimate was calculated by adding 0.5 to

each cell.

¢ Two patients were transferred under sedoanalgesia to non-participating hospitals; neurological outcome

could not be assessed; it is known that these two patients survived until 6 months.

Further studies are required to determine long-term prognostic data and how

best to cool patients and for how long.

Practice points

At present there is no clear difference between adrenaline and vasopressin for adults
with cardiac arrest.

Amiodarone is an acceptable alternative to lignocaine for VF and pulseless VT.
Biphasic defibrillation is at least as effective as monophasic defibrillation in the adult
cardiac arrest patient.

Hypothermia therapy (32-34°C for 12-24 h) in the patient with post-cardiac arrest
coma is now recommended.

How best to cool patients and for exactly how long is not known.

Research agenda

In relation to vasopressin, two questions need to be answered:

In patients with asystole, does vasopressin confer any benefit over adrenaline in
cardiac arrest?

Is the combination of vasopressin and adrenaline more effective than adrenaline
alone in cardiac arrest?

Though amiodarone appears to be more effective than lignocaine in patients with
VF or pulseless VT in terms of survival to hospital admission, further research needs
to look specifically at the more important outcome of survival to hospital discharge.
In relation to therapeutic hypothermia, future research needs to address how best to
cool patients and for how long.
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Severe burns in adults

Severe burns continue to cause significant morbidity and mortality despite advances

in burns management. Airway burns account for most deaths. Patients with severe

burns are best managed in specialised centres.

The principles of the initial management of the patient with severe burns can be

summarised as below:

1 Stopping the burning process by application of cold water. Prolonged exposure

to cool water however should be avoided to prevent hypothermia.
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2 Assessing and stabilising the airway as part of primary survey. This may involve
early intubation before airway oedema develops. 100% oxygen should be given
to all patients, particularly if carbon monoxide exposure is likely.

3 Assessment of burn surface area (BSA) followed by application of a clean,
preferably sterile dressing to burned skin. Plastic cling wrap is also useful as a
non-adherent temporary dressing.

4 Fluid resuscitation if BSA >15%. Most formulae use 3—4 mLkg ™ '% burn over
24 h. Such formulae are a guide only and haemodynamic status and urine out-
put should be used to determine fluid requirements. Isotonic salt solutions (e.g.
0.9% saline, Hartmann’s solution) are generally used in the first 24 h.

5 Intravenous analgesia.

6 Insertion of urinary catheter and nasogastric tube.

7 Early escharotomy may be required for circumferential burns where the circu-
lation is compromised.

8 Attention to tetanus prophylaxis.

9 Disposition to a specialised burns unit.

10 Chemical burns are treated like thermal burns once decontamination and
administration of specific antidotes has occurred.

In this section we look specifically at the evidence for fluid resuscitation in the

severely burned patient as well as evidence to guide clinicians in deciding which

type of dressing to apply.

Which fluid is best in severe burns in adults?
The fluid management of the patient with severe burns remains controversial.
Several Cochrane Reviews have looked at fluid management in the non-defined
critically ill patient [15-17]. The conclusion from all of these reviews was that in
the subset of these critically ill patients with severe burns, there was no difference
in mortality between colloids and crystalloids [15], hypertonic versus isotonic
crystalloids [16] and with the use of human albumin solution [17].

In terms of what rate fluids should be given, various formulae exist for fluid resus-
citation. Most standard regimes use between 3 and 4 mLkg ™% burn of crystalloid
in the first 24 h. A single randomised study of 50 patients with burns to >20% BSA
compared a control group receiving 4 mL kg™ '% burn over the first 24 h to the study
group where fluids were determined by invasive haemodynamic monitoring [18].
The authors concluded that the control group were significantly hypovolaemic dur-
ing the first 48 h and that haemodynamic monitoring was associated with a signifi-
cant increase in fluid administration. The small study population limits the author’s
conclusion however.

All other studies found in relation to fluid resuscitation in severe burns were ret-
rospective in nature.
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There has been recent interest in the clinical syndrome of abdominal compart-
ment syndrome in the severe burns patient. Raised intra-abdominal pressure (IAP)
correlates with large volumes of fluid. A recently published randomised study com-
pared IAPs in burns patients receiving crystalloids or colloids [19]. Only 31 patients
who had >25% BSA burns with inhalational injury or >40% with no respiratory
tract involvement were studied. Patients who received colloids had significantly lower
IAPs than the crystalloid group and the colloid group remained below the threshold
for complications of intra-abdominal hypertension. Once again, however, the sample
size was very small.

To conclude, in relation to both the type and volume of fluid for severe burns
patients, there appears to very little high-level evidence looking specifically at burns
patients. Resuscitation formulae serve only as guidelines.

Which initial dressing is best in severe burns in adults?

Severely burned patients are particularly at risk of infection as bacteria prolifer-

ate rapidly in burn wounds and the patient’s immune system is impaired. Various

dressings and topical agents have been used in the initial management of the patient

with severe burns. Examples include simple sterile dressings, silver sulfadiazine (SSD)

cream and plastic cling wrap. Though many small studies exist in both human and

animal models, there is currently no high level evidence to guide such management.

There is currently a Cochrane Protocol for a systematic review underway looking at

the evidence for dressings and topical agents in burn wounds [20]. It will try to speci-

fically answer the following questions:

1 Is there any difference in the effectiveness and side-effects of different dressings?

2 Is there any difference in the effectiveness and side-effects of dressings and topical
agents?

3 Is there any difference in the effectiveness and side-effects of different topical
agents?

There has also been interest in the use of hyperbaric oxygen therapy (HBOT) to

treat severe burns. A Cochrane Systematic Review did not find sufficient evidence

to support or refute the effectiveness of HBOT in the treatment of thermal burns.

Practice points

* Very little high level evidence exists for determining both the type and volume of
fluid for severe burns patients. Resuscitation formulae such as the Parkland formula
serve only as guidelines. There appears to be no differences between colloids,
crystalloids, hypertonic solutions and human albumin in terms of mortality.

* Similarly, there is very little high level evidence pertaining to initial dressing types or
topical agents in the severely burned victim.
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Research agenda
* Prospective study looking at various dressings and topical agents in severely burned
patients.
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Near-drowning in adults

There is much confusion surrounding terminology relating to drowning and near-
drowning. The most common definitions are as follows:
(a) Drowning is defined as death by asphyxia due to submersion in a liquid medium.
(b) Near-drowning is defined as immediate survival after asphyxia due to submer-
sion. This includes those patients that later die from complications such as
adult respiratory distress syndrome and hypoxic encephalopathy.
The term “secondary drowning” is no longer used as this simply relates to delayed
lung complications.
The principles of initial treatment of the near-drowning victim is summarised
as follows:
1 Earliest possible initiation of cardiopulmonary resuscitation at the scene.
2 Cervical spine protection if there is any possibility of trauma (e.g. diving accident).
3 Endotracheal intubation in the hypoxic, unconscious patient with IPPV/PEEP.
4 Continuous positive airways pressure (CPAP) in the hypoxic but conscious and
cooperative patient.
5 Intravenous fluids to maintain normovolaemia.
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From an evidence based perspective, there is very little high level evidence looking

at near-drowning. There were no systematic reviews nor good-quality prospective

studies. We have summarised the available evidence for corticosteroids, antibiotics

and therapeutic hypothermia below.

What are the roles of other therapies in adult victims of near-drowning?

(a)

(b)

(c)

Steroids in the management of near-drowning:

There have been no prospective randomised placebo-controlled trials looking
at the role of corticosteroids in near-drowning however there has been a single
prospective study in 10 patients [21]. Based on the current poor evidence, vic-
tims of near-drowning should not be given steroids.

Prophylactic antibiotics in the management of near-drowning:

All studies found looking at this question were retrospective case reports. No
prospective studies were identified nor systematic reviews found. Based on
these four retrospective studies of a total of approximately 350 patients, there
was no evidence of benefit when prophylactic antibiotics were given to near-
drowning victims [22-25].

Therapeutic hypothermia in the management of near-drowning:

The World Congress on Drowning in 2002 recommended that victims of near-
drowning who remained comatosed after restoration of adequate spontaneous
circulation should be treated with controlled hypothermia as a neuroprotective
therapy [26]. ILCOR have also suggested that therapeutic hypothermia may be
beneficial for near-drowning victims [27]. There are no prospective studies,
however looking specifically at this group of patients.

Practice points

1

In adult victims of near-drowning, therapeutic hypothermia may have a neuro-
protective role based on expert opinion only. There is no evidence of benefit from
prophylactic corticosteroids or antibiotics.

The most useful prognostic predictors of favourable outcome include:

less than 5 min submersion time

CPR instituted within 10 min

first spontaneous breath within 30 min of rescue

return of spontaneous circulation prior to hospital arrival.

Research agenda

Newer treatment modalities such as nitric oxide and exogenous surfactant therapy
require further study.
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Multiple trauma in adults

Overview of initial emergency department management

In accordance with the principles of advanced trauma life support, injured patients
are treated in a fashion that establishes priorities based on their presenting vital signs,
mental status and mechanism of injury. The priorities in the treatment of trauma
patients are similar to those in any other life-threatening condition — securing the
airway, maintaining ventilation, controlling haemorrhage and treating shock are
first priorities because of their crucial importance for survival.

In the emergency department (ED) it is preferable to utilise a predetermined
response or trauma team with defined roles so that multiple therapeutic and diag-
nostic procedures can be performed simultaneously. In this model a team leader
assesses the patient, orders and interprets diagnostic studies, and prioritises diag-
nostic and therapeutic concerns using the team to manage particular aspects of
care. The team leader helps the team focus on the injuries that are immediately life-
threatening and formulates the plan for the evaluation of less threatening injuries in
sequence.

A structured approach to the initial management of the multiply injured patient
allows initial assessment, prioritisation of care and resuscitative treatment to pro-
ceed in an orderly fashion.

The most widely adopted approach is that of Advanced Trauma Life Support
Guidelines from the American College of Surgeons [28]. This approach includes
sequential assessment and management in a series of steps with the goal of identi-
fying and treating immediately life-threatening conditions followed by specific
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interventions and laboratory and radiology testing and a final thorough examina-
tion prior to the provision of definitive care for all injuries.

The primary survey identifies the acute life-threatening problems that must be
managed immediately. The secondary survey identifies the remaining major injuries
and sets priorities for definitive management.

Primary survey

Primary survey comprises a rapid assessment of ABCDE with immediate manage-

ment of life-threatening conditions:

1 Airway maintenance with cervical spine immobilisation

2 Breathing

3 Circulation and haemorrhage control

4 Disability/neurological assessment

5 Exposure — where the patients is completely undressed ensuring no serious
injuries requiring immediate care are missed.

Depending upon findings during the primary survey, initial portable radiographs

and indicated procedures such as bladder catheterisation and insertion of a gastric

tube should be performed immediately and not be delayed for the secondary survey.
Relatively routine emergent radiographs in bluntly injured patients are the lat-

eral cervical spine, chest and pelvis.

Secondary survey
The secondary survey is a complete re-assessment of the patient and injuries. A more
complete and traditional history and physical exam is performed. Multiple sources
(friends, relatives, law enforcement and emergency services personnel) often are
required to obtain a complete history. Much can be learned from the mechanism of
injury.

Throughout this portion of the evaluation, the patient’s vital signs of pulse rate,
blood pressure (BP), respiratory rate, and effort and conscious state should be con-
tinuously observed along pulse oximetry and potentially end-tidal CO, monitoring.
If at any time during the secondary survey the patient’s clinical status deteriorates,
the treating team should return to the elements of the primary survey.

Once the secondary survey is completed, more specific imaging and diagnostic
may be performed allowing a full assessment of all injuries and planning for defini-
tive care.

Current issues and controversies in the emergency care of multiple trauma patients
In this section we present a brief overview of evidence relating to a number of
specific interventions and controversies in the management of the multiple trauma
patients.
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These include:

* Fluid resuscitation — timing, amount and type of intravenous fluid for initial
resuscitation of adult multiple trauma patients.

¢ Use of blood substitutes in trauma.

¢ Interventions in acute traumatic brain injury (TBI) — use of hypothermia, man-
nitol, steroids, hyperventilation and calcium channel blockers.

¢ Endpoints and monitoring in trauma resuscitation.

Fluid resuscitation in trauma

When and how quickly?

For the past four decades, the standard approach to the trauma victim who
presents hypotensive from presumed haemorrhage has focused on early aggressive
resuscitation with large volumes of crystalloid, and blood products as deemed
appropriate [28].

The goal of this treatment is to restore intravascular volume and vital signs back
to normal as quickly as possible to maintain vital organ perfusion. This has been the
approach regardless of whether the victim is bleeding from a readily controllable
source such as an extremity, or from an inaccessible injury within the chest or
abdomen. The rationale for this approach is derived from controlled haemorrhage
studies in animals in the 1950s and 1960s in which isotonic fluid resuscitation was a
life saving treatment of severe hypotension due to haemorrhage. Untreated animals
died or suffered irreversible organ damage whilst those animals who received fluids
to restore perfusion to vital organs generally survived [29].

The recommendations for and practice of aggressive fluid replacement to restore
vital signs to normal values in all forms of trauma continues to be questioned with a
number of authorities and studies suggesting that there is a role for limited volume
or delayed fluid resuscitation in some clinical circumstances. In particular inves-
tigators are questioning fluid replacement regimes in patients with uncontrolled
ongoing haemorrhage such as might be seen in a severe penetrating wound of the
torso [30].

More recent animal studies have used an uncontrolled haemorrhage animal
model to better represent the patient rapidly exsanguinating from a major vessel
injury. These studies have demonstrated results opposite to the classic controlled
haemorrhage studies — aggressive fluid resuscitation may be harmful, resulting in
increased haemorrhage volume and increased short term mortality [31-33].

In 1994, Bickell et al. published a randomised trial comparing immediate with
delayed fluid resuscitation of 598 hypotensive patients over 15 years of age with
penetrating torso injuries [34]. All patients had systolic blood pressure (SBP) less
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than or equal to 90 mmHg at the initial on scene assessment and were randomised
to one of two groups — the immediate resuscitation group in which intravascular
fluid resuscitation was given before surgical intervention or the delayed resuscita-
tion group in which intravascular fluid resuscitation was delayed until operative
intervention. The overall rate of survival to hospital discharge was higher in the
delayed resuscitation group than the immediate resuscitation group (70% versus
62%; P = 0.04) despite adjustment for other variables such as pre-hospital scene
to hospital times. Notwithstanding a number of methodological flaws this large
study strongly suggested a more favourable outcome with delayed fluid resuscita-
tion in this selected group of patients and hypothesised that fluids given before
surgical control of bleeding lead to either accentuation of ongoing haemorrhage or
hydraulic disruption of an effective thrombus, followed by a fatal secondary haem-
orrhage. In addition, they raised the possibility that intravenous infusions of crys-
talloid may promote haemorrhage by diluting clotting factors and by lowering
blood viscosity.

The study authors concluded that their findings challenged the notion that
aggressive fluid resuscitation was beneficial in all groups of trauma patients and
made the important point that it is not the value of fluid resuscitation that should
be debated, but rather the volume, timing and extent of that resuscitation for cer-
tain patients.

A second clinical trial evaluating in-hospital mortality in haemorrhagic shock
randomised 110 patients to one of two fluid resuscitation protocols: target SBP >
100 mmHg or target SBP of 70 mmHg. Fluid therapy was titrated to this endpoint
until definitive haemostasis was achieved by either operative intervention or clini-
cal and radiological confirmation of no ongoing haemorrhage [35]. This study
included patients with haemorrhagic shock secondary to penetrating and blunt
injury. In this study, the eventual difference in mean BP between the two groups
was 114 mmHg versus 100 mmHg (p < 0.04) rather than the intended larger dif-
ference as described in the methodology. Infused fluid volumes were not reported.
There was no significant differences in mortality between the low and normal BP
resuscitation protocols though it can be argued that a SBP of 100 mmHg does not
constitute hypotensive resuscitation.

In 2003 a systematic review assessed the effects of early versus delayed, and
larger versus smaller volume of fluid administration in trauma patients with
bleeding [36]. Although this review identified over 4000 reports only six met the
review’s inclusion criteria — three studying the effect of early versus delayed fluid
administration and three studying larger versus smaller volumes of intravenous
fluids. Despite all six trials reporting mortality data it was not possible to perform
a meta-analysis because of their heterogeneity in terms of patient types and fluids
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used. In summary, the authors concluded that they found no evidence for or
against the use of early or larger volume intravenous fluid administration in
uncontrolled haemorrhage.

The best fluid resuscitation strategy in trauma has not yet been definitively
established. Whilst there is a considerable amount of animal data suggesting that
hypotensive or limited resuscitation may be preferable to the current standard of
care, there is still a relative paucity of clinical outcome based studies comparing
different fluid resuscitation regimes in selected groups of patients and as a conse-
quence trauma resuscitation protocols have changed little in the last 10 years.

Large, well-concealed, randomised controlled trials are required to delineate the
optimum fluid resuscitation strategy in our heterogenous trauma population.
It appears clear that one standard regime will not fit all cases — it is most likely that
differing regimes will be required to manage blunt injuries compared with pene-
trating injuries and mild versus severe circulatory compromise. The presence of
head injury and the relationship of cerebral perfusion pressure with mean arterial
pressure will be another factor requiring consideration when choosing between
limited or delayed fluid resuscitation regimes.

Which fluid is best in trauma resuscitation?

There are a large number of studies, systematic reviews and meta-analyses exam-
ining the question of the most appropriate fluid choice in patients requiring fluid
resuscitation. In particular, the choice of crystalloid versus colloid in fluid resusci-
tation has been debated over many years and this subject has been presented in
detail in an earlier chapter of this book.

In relation to trauma fluid resuscitation there is considerable interest in the use
of hypertonic crystalloids as these fluids are considered to have a greater ability to
expand blood volume and improve BP, and can be administered as a relatively small
volume infusion in a short period of time. Additionally, their administration may
be associated with less interstitial oedema formation when compared with isotonic
crystalloid solutions. The use of hypertonic solutions in hypotensive patients with
head injury is being increasingly advocated [37-40].

Reductions in intracranial pressure (ICP) may be achieved by establishing an
osmotic gradient across the blood—brain barrier that draws water from the brain
tissue into the vascular space. Hypertonic solutions, therefore, have the potential to
restore BP rapidly, but without increasing ICP.

A meta-analysis of patients with severe TBI from randomised trials of hyper-
tonic saline (HTS) combined with dextran colloid solution for pre-hospital trauma
resuscitation reported an 11% absolute increase in survival compared with stand-
ard resuscitation fluids [41].
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Cooper et al. published a double-blind randomised controlled trial of 229
patients with TBI who were comatose (Glasgow Coma Score <9) and hypotensive
(SBP < 100 mmHg). Patients were randomly assigned to receive a rapid infusion
of either 250 mL of 7.5% saline or 250 mL Ringers lactate solution in addition to
conventional intravenous fluids and resuscitation protocols administered by
paramedics [42].

The proportion of patients surviving to hospital discharge was similar in both
groups (n = 63 [55%] for the HTS group and n = 57 [50%] for controls; P = 0.32).
The proportion of patients surviving at 6 months was n = 62 (55%) in the HTS
group and n = 53 (47%) in the control group (P = 0.23; RR: 1.17; 95% CI:
0.9-1.5).

In this well-designed study comparing hypertonic and isotonic fluid
resuscitation there were no significant differences between the groups with respect
to the primary study endpoint — the extended Glasgow Outcome Score — or
other measures of functional neurological status at either 3 or 6 months after
injury.

In 2004, 14 trials underwent a meta-analysis in an effort to determine whether
hypertonic crystalloid decreased mortality in patients with hypovolaemia second-
ary to trauma, burns or surgery [43].

The trials compared hypertonic with isotonic and near isotonic solutions and
the principal outcome was mortality from all causes and disability as measured by
the Glasgow Outcome Scale. In the 14 trials reported in the meta-analysis, patients
with burns were included in three (n = 72), patients undergoing surgery in five
(n = 230) and trauma patients in six (n = 654).

Due to the clinical heterogeneity of the different patient groups it was felt to be
inappropriate to pool them; therefore, only the results for the subgroups are given.
The pooled relative risk for death in trauma patients was 0.84 (95% CI: 0.69-1.04),
for patients with burns 1.49 (95% CI: 0.56-3.95) and for patients undergoing
surgery 0.51 (95% CI: 0.09-2.73). Only one trial gave data on disability and the rel-
ative risk for a poor outcome was 1.00 (95% CI: 0.82—1.22).

This review did not provide enough data to be able to say whether hypertonic
crystalloid is better than isotonic crystalloid for the resuscitation of patients with
trauma or burns, or those undergoing surgery. However, the confidence intervals are
wide and do not exclude clinically significant differences between hypertonic and
isotonic crystalloid.

In critically ill patients with hypovolaemia, burns or hypoalbuminaemia sys-
tematic reviews in 1998, and 2004 have reported colloid resuscitation and albumin
therapy to be associated with increased mortality [44,45].

Another systematic review looking at crystalloids versus colloids in fluid resusci-
tation on mortality and pulmonary oedema in a wide group of patient types found
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no apparent differences in these outcomes between the two groups [46]. The strength
of the findings was limited by the amount of data studied as there was not enough
data to generate sufficient power to detect significant differences. Additionally, this
review reported a subgroup analysis of trauma patients which suggested that crystal-
loid resuscitation was associated with a lower mortality than colloid resuscitation.
Again, no firm conclusions should be drawn from such a finding — further study in
trauma patients is strongly recommended to confirm or refute a beneficial effect of
crystalloid fluid resuscitation over colloid.

During November 2001 and June 2003 the Saline versus Albumin Fluid Evalu-
ation (SAFE) study randomised 6997 intensive care unit (ICU) patients to receive
either 4% albumin or normal saline for intravascular fluid resuscitation over a
28-day period [47]. In this heterogenous group there was no significant difference
in 28-day all-cause mortality between the two groups. The group reported a sub-
group analyses of 1186 trauma patients with and without head injury and found
an increased risk of death amongst the albumin group compared with the saline
group of 1.36. This increased risk of death derived from a greater number of
patients with head injury who died in the albumin group (59/241 = 24.5%) com-
pared with the saline group (38/251 = 15.1%). When the trauma group was
analysed without patients with head injury there was no difference between the
groups in mortality. The authors cautioned against placing too much emphasis on
the reported higher risk of death in the trauma group treated with albumin com-
pared with saline. This was a subgroup analysis only and the finding may have
arisen by chance as this subgroup was not adequately powered to establish a signif-
icant difference.

Practice points

* Intravenous fluid resuscitation is a key component in the management of multiple
trauma.

* Optimum fluid resuscitation strategies for differing groups of patients have not yet
been defined.

* In penetrating trauma, over aggressive fluid resuscitation aiming for normal vital
signs prior to operative control of haemorrhage may be associated with worsened
outcomes. In these cases, it is prudent to consider smaller volumes of fluid
resuscitation and maintenance of vital organ perfusion.

* There is no proven difference in outcomes of trauma patients resuscitated with
colloid fluids versus crystalloid fluids. Given this lack of difference, crystalloid fluid
resuscitation may be preferred on the basis of availability and cost.

* Hypertonic saline and hypertonic saline with colloid is increasingly recommended for
initial resuscitation of patients with hypotension and trauma, particularly those with
head injuries.
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Research agenda
Large well-designed outcome studies are needed of differing fluid resuscitation
strategies in trauma.

In particular, differing types of trauma — blunt, penetrating and patients with
associated head injury compared with no head injury should be studied separately as
it is likely that optimal strategies will be different for each of these groups.

Important variables to consider include:
¢ Type of fluid, crystalloid versus colloid, hypertonic versus isotonic.

* Endpoints of resuscitation (e.g. target BP or measurement of perfusion).
* Timing of resuscitation, early versus delayed.
* Total time to definitive care.

Blood substitutes in trauma

There is an increasing focus on the utility and safety of blood substitutes in the
resuscitation of haemorrhagic shock secondary to trauma and in perioperative
transfusion therapy. A successful blood substitute is one that can temporarily
replace the principal functions of transfused blood: volume expansion and oxygen
delivery. Disadvantages of blood transfusion include risk of disease transmission,
incompatibility reactions, immunomodulation combined with a diminishing sup-
ply of donated blood and storage time limitations.

Though blood substitutes have been under development for many years, problems
with unacceptable side-effects including nephrotoxicity, abdominal pain and hepatic
dysfunction has made progress slow. Two general classes of blood substitutes are under
development — perfluorocarbon (PFC) emulsions and modified haemoglobin (Hb)
solutions. PFCs are synthetic fluorinated hydrocarbons that increase dissolved oxygen
in the fluid phase and thus rely on a high FiO, to achieve maximal oxygen carrying
capacity. Modified Hbs are derived from either human or bovine red blood cells or
can be genetically engineered. These Hb based oxygen carriers are cross-linked and
modified in a variety of ways to minimise side-effects whilst optimising the oxygen
carrying and dissociation properties to mimic red blood cells as far as possible [48].

Whilst the majority of trials so far have been testing the safety and utility of blood
substitutes in different clinical settings, a single randomised trial of 44 trauma
patients compared Polyheme® (Northfield Laboratories Inc, Evanston, IL) with red
cells as initial blood replacement after trauma and during emergent operations [49].

The study reported no serious or unexpected adverse events related to the
Polyheme® and no difference in total [Hb] between the two groups. The experi-
mental group also received significantly lower numbers of red blood cell units
through the first 24h (10.4 = 4.2 units in control group versus 6.8 = 3.9 units in
the Polyheme group; P < 0.05) but there was no significant reduction in total
red blood cell units given by the end of day 3. This study illustrated the ability of a
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modified Hb to maintain circulating Hb at a therapeutic level safely in the setting of
urgent haemorrhage. The results of this trial are promising though too small to
properly evaluate clinically relevant benefit or harm as there is no mortality or out-
come data reported. Large randomised controlled trials are certainly required to
delineate the place of these red cell alternatives in trauma resuscitation. A Cochrane
Review examining the evidence for the use of blood substitutes as a means of avoid-
ing allogeneic blood transfusions is underway at the present time [50].

Stabilisation of circulation in multiple trauma/haemorrhagic shock

Primary strategies for stabilization of the circulation in the multiple trauma patient
include fluid or blood administration and control of bleeding source by operative
intervention or pressure/elevation. Additionally, medical anti-shock trousers
(MAST) have been used in cases of haemorrhagic shock or hypotension in the
pre-hospital or ED setting to stabilise patients until definitive care can be provided.
MAST were thought to cause an autotransfusion of blood from the lower extremi-
ties and an increase in systemic vascular resistance which, combined with compres-
sion of blood vessels would cause movement of blood from the lower body to the
brain, heart and lungs. A systematic review of randomised controlled trials was
published in 1999 in an effort to quantify the effectiveness and safety of MAST
usage in patients following trauma [51]. Two studies met the inclusion criteria
(total patients = 1202) and were included in this review [52,53].

In this systematic review the relative risk of death with MAST was 1.13 (95% CI:
0.97-1.32) and there was an increased length of stay in the ICU (weighted mean dif-
ference of 1.7 days; 95% CI: 0.33-2.98) and a longer total hospitalisation. This data
did not support the routine use of MAST in cases of multiple trauma and suggested
there may be a worse outcome with its application. Since this report, the use of
MAST in multiple trauma has dramatically lessened. Notwithstanding the author’s
cautions in drawing conclusions from only two trials, both of which suffered from
methodological flaws, their recommendations that further well-designed ran-
domised trials should be conducted to ensure there is no benefit in trauma has not
been acted upon so we have no further evidence to support or discount their use in
multiple trauma. Having said this, MAST devices are still in use in cases of severe
pelvic and lower extremity injuries and can be helpful for immediate mechanical
stabilisation at an accident scene. “Pre-hospital” personnel can apply these gar-
ments promptly to facilitate transfer to the trauma centre [54].

Practice points

* MAST should not be used routinely in patients with multiple trauma.

* MAST may be useful in the initial care of selected cases of severe pelvic and lower
limb trauma to aid in mechanical stabilisation of fractures in the pre-hospital setting.
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In patients with multiple trauma, including head injury, does induced hypothermia
therapy improve outcome?

Induced hypothermia is defined as the controlled lowering of core temperature for

therapeutic reasons and is commonly used intraoperatively in different procedures.

There is evidence from trials and a systematic review that such cooling therapy fol-

lowing cardiac arrest is associated with improved neurological outcome [55-57] and

there has been renewed interest in the use of induced hypothermia in reducing sec-

ondary brain injury in head injured patients. A meta-analysis of seven randomised

clinical trials involving a total of 668 patients found no benefit from induced

hypothermia for the treatment of traumatic brain injury (TBI) on Glasgow Outcome

Scores or intracranial pressure (ICP) [58]. Nevertheless, because hypothermia is

still being used in a number of centres in posttraumatic head injury, the authors

concluded that additional studies are justified and urgently needed.

Ca channel blockers in TBI

A Cochrane Review published in 2003 reported that there is insufficient evidence to

support the use of calcium channel blockers in an unselected group of patients with

traumatic head injury, although a clinically significant benefit cannot be ruled out

with the data available [59]. There is some evidence to suggest that nimodipine may

be of benefit to a subgroup of patients with traumatic subarachnoid haemorrhage,

however the promising results in this subgroup of patients need to be replicated in

a larger randomised controlled trial before any firm conclusions about the effect-

iveness of the drug can be drawn.

Hyperventilation therapy for TBI

Patient’s with TBI are frequently managed with varying degrees of hyperventilation

to prevent or reduce raised ICP. Hyperventilation reduces raised ICP by causing

cerebral vasoconstriction and a reduction in cerebral blood flow. Hyperventilation

to a PaCO, of 20-30 mmHg during the first few days after head injury has been rec-

ommended widely. The original rationale for the use of hyperventilation following

head injury was first described by Bruce in 1981 [60].

However, more recently, uncertaninty has emerged as to the level of PaCO, that

should be targeted during hyperventilation for head injury, in addition to the opti-

mum timing, duration and indications. Although hyperventilation produces a

rapid reduction in ICP, and high or uncontrolled ICP is one of the most common

precursors of death or neurological disability in traumatically brain injured

patients, there is currently little evidence to suggest that reducing ICP through

hyperventilation improves clinically relevant outcomes.

A Cochrane Review was performed to quantify the effect of hyperventilation on

death and neurological disability following head injury [61].
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Only one suitable randomised controlled study involving 113 patients was found.
This study randomised severely head injured patients to receive standard head injury
therapy (n = 41) versus standard therapy and hyperventilation for 5 days with or
without the co-administration of a buffer [THAM]. The intervention in the hyperven-
tilation (n = 36) and in the hyperventilation-plus-THAM group (n = 36) com-
prised adjusting the respiratory rate and the volume of the ventilator to keep PaCO,
at 24-28 mmHg. For hyperventilation alone, the RR for death or severe disability was
1.14 (95% CI: 0.82, 1.58). The RR for death or severe disability in the hyperventila-
tion-plus-THAM group, was 0.87 (95% CI: 0.58, 1.28).

Owing to the small study size, all of the effect measures were imprecise. The lack
of significant findings of this small randomised controlled trial in severely head
injured patients, not all of whom had raised ICP highlight the need for further
randomised controlled trials to address the question of the appropriateness of this
widely used intervention in order to assess any potential benefit or harm that may
result from the use of hyperventilation.

Current recommendations from the Brain Trauma Foundation [62] include
avoiding prophylactic hyperventilation to PaCO, < 35 mmHg during the first
24 hours post injury because of the risk of worsening ischaemia.

Steroids in TBI

A Cochrane Review examined a heterogenous group of 20 studies to determine the
effectiveness and safety of corticosteroids in the treatment of acute TBI [63]. This
review was first published in 1997 and was updated in 2004 after the publication of
a very large and relevant trial which effectively changed the conclusions of the
review. The largest trial in this group which studied over 10000 participants [64]
contained 80% of all randomised trials participants, and studied the effect of high-
dose intravenous methyl prednisolone on 14 day mortality and complications. The
authors reported a risk ratio of death of 1.18 (95% CI: 1.09-1.27) indicating a sig-
nificant increase in death with steroids and in fact the trial was stopped prema-
turely. The heterogeneity of the studies included in the Cochrane review precluded
the derivation of a pooled risk ratio.

Mannitol in TBI

Mannitol is widely used in the control of raised ICP following brain injury, though
there is uncertainty about the best total dosage, the optimum timing of administra-
tion and duration over which it maintains effectiveness in reducing brain swelling.
A Cochrane Review [65] examined these questions and reported that high-dose
mannitol (1.4 gkg™!) may be preferable to conventional-dose mannitol (0.7 gkg ™ !)
in the acute management of comatose patients with severe head injury. Single trials
examined in the review suggested that mannitol therapy for raised ICP may have a
beneficial effect on mortality when compared to pentobarbital treatment, but
may have a detrimental effect on mortality when compared to hypertonic saline. In
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this review ICP-directed treatment showed a small beneficial effect compared to
treatment directed by neurological signs and physiological indicators.

Interestingly, despite mannitol use in severe TBI being widespread there is little
evidence to direct clinicians in the optimum regime. The authors noted that there are
many unanswered questions regarding the optimal use of mannitol following acute
traumatic head injury. The widespread current use of mannitol, and lack of clarity
regarding optimal administration, present an ideal opportunity for the conduct of
randomised controlled trials.

Current recommendations from the Brain Trauma Foundation [62] recommend
mannitol doses of 0.25-1.0gkg ! are effective in controlling raised ICP. During its
use care should be taken to maintain euvolaemia and avoid serum osmolarity exceed-
ing 320 mOsm L ™! which may lead to renal failure.

Practice points

* The management of raised ICP in TBI is an important factor in reducing secondary
neurological injury.

* Though widely practiced, currently there is insufficient evidence to guide clinicians
in the optimum use of hyperventilation or mannitol in managing raised ICP in the
initial resuscitation phase.

* Hyperventilation (PaCO, < 35) may be associated with worsened cerebral blood
flow in the first 24 h after injury and an increased risk of ischaemia and should not
be routinely used.

e Current clinical practice includes mannitol use in a dose range of 0.25-1.0gkg™".

Research agenda

* Target PaCO, in TBI.

* Optimum timing and duration of hyperventilation in TBI. Researchers should investi-
gate whether groups of patients with differing levels of ICP of patterns of brain injury
should have differing hyperventilation regimes.

* There are many unanswered questions regarding the optimal use of mannitol
following acute traumatic head injury. The widespread current use of mannitol, and
lack of clarity regarding optimal administration, present an ideal opportunity for the
conduct of high-quality randomised controlled trials.

Endpoints of trauma resuscitation: what is the evidence?
A variety of strategies exist to assess circulatory status in traumatic haemorrhagic
shock, including haemodynamic monitoring, tissue perfusion measurement and
the use of serum markers of metabolism.
There are a number of significant developments in the evaluation of differing
methods of assessing the severity of shock and determining the adequacy of
resuscitation in multiple trauma. Attention is being focused on how best to use
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information obtained from non-invasive and invasive monitoring and laboratory
tests to guide therapy and achieve best clinical outcomes. A clinical practice guide-
line was published in 2004 with the goal of reconciling endpoints of trauma resus-
citation with patient outcomes [66].

Shock is defined as circulatory dysfunction causing decreased tissue oxygenation
and accumulation of oxygen debt, which can ultimately lead to multi-organ system
failure if left untreated. In the multiple trauma victim, shock generally occurs due to
hypovolaemia from acute blood loss, making the assessment of haemodynamic status
and perfusion a key principle of the primary survey of trauma patients. Ongoing mon-
itoring to screen for continuing haemorrhage and to assess the efficacy of resuscitation
is vital in avoiding preventable death and significant morbidity in these patients.

Vital signs, such as blood pressure (BP) and heart rate (HR), are the initial parame-
ters used to assess for possible haemorrhage in trauma patients. The early recognition
of shock using vital signs alone may be difficult, even in the presence of significant
blood loss, due to the effect of compensatory mechanisms in otherwise healthy
patients. Interestingly, after normalisation of these parameters (BP and HR), up to 85%
of severely injured trauma victims still have evidence of inadequate tissue oxygenation
based on findings demonstrating an ongoing metabolic acidosis or evidence of gastric
mucosal ischaemia [67]. This condition has been described as compensated shock. The
American College of Surgeons defines four classes of haemorrhagic shock [28].

ClassI  Blood loss up to 15% total circulating blood volume

ClassII  Blood loss 15-30% total circulating blood volume

Class III  Blood loss 30-40% total circulating blood volume

Class IV Blood loss 40% and greater of total circulating blood volume

Only Classes III and IV include a decrease in BP, requiring blood loss of greater
than 30% of the total blood volume. Patients with this severity of illness also begin
to display evidence of multiple organ failure, including alterations in mental status
and a decrease in urine output.

Thus, an important goal of trauma assessment is the early recognition of circu-
latory dysfunction, prior to the development of hypotension and end organ dys-
function. In addition, resuscitation strategies should be designed to optimise tissue
perfusion while avoiding complications of overaggressive volume replacement, such
as the exacerbation of haemorrhage, pulmonary oedema and undesirable increases
in intracranial hypertension following brain injury [68].

Haemodynamic monitoring

The cuff BP is most useful when hypotension is measured in the setting of acute
trauma, as this provides evidence for significant blood loss; however, a normal BP
can be sustained despite loss of up to 30% of blood volume. Thus, the physician must
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consider other sources of information rather than relying exclusively on BP record-
ings to diagnose haemorrhage prior to the development of hypotension. Other clini-
cal assessment tools for blood loss include HR, capillary refill, skin temperature and
colour, mental status and urine output [28]. None of these parameters is ade-
quately sensitive or specific to detect early haemorrhage or allow appropriate ongo-
ing assessment as to the effectiveness of resuscitation.

Measurement of systolic and mean arterial pressures by placement of arterial
catheters in the radial or femoral arteries are generally more reliable than measure-
ments by non-invasive cuff methods and are frequently employed early in the resus-
citation phase.

Thoracic electrical bioimpedance (TEB) is a non-invasive technique for calculat-
ing cardiac output (CO) using the known changes in electrical impedance produced
by blood flow through the aorta [69].

Studies by Shoemaker et al. in critically ill patients (including trauma patients)
have found a high degree of correlation in the measurement of CO between the
non-invasive TEB and invasive techniques, such as pulmonary artery catheter ther-
modilution [69,70].

This promising monitoring technique deserves further study in multiple trauma
patients to evaluate its accuracy, practicality and effect on outcomes.

CO can also be estimated utilising arterial pulse contour analysis but its accuracy
seems to require initial calibration using thermodilution via a pulmonary artery
catheter — an invasive procedure which has limited the use of this technique in the
emergency setting [71,72].

Invasive haemodynamic monitoring by the insertion of a catheter into the pul-
monary vascular system to obtain measurements of CO and function, blood volume
status, peripheral resistance and ventricular end diastolic volumes is commonly used
in the operating room and intensive care setting in the management of multiple
trauma patients, but less so in the ED management of these patients. The practicalities
of inserting and managing pulmonary artery catheters in the ED during the acute
resuscitation phase of a multiply injured patient coupled with significant potential for
complications and a lack of evidence of the efficacy of this form of monitoring means
it is unlikely that this form of monitoring will become common place in EDs [73,74].

Central venous pressure measurement via placement of a catheter placed into
the superior vena cava gives an indication of intravascular fluid status which is a
useful measure to guide ongoing fluid requirements.

Oxygenation and perfusion

Blood flow and haemodynamic variables alone may not be sufficient for assessing a
patient at risk for haemorrhagic shock. Oxygen delivery to tissues may be compro-
mised in the presence of normal CO, mean arterial pressure and cardiac filling
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pressures due to compensatory mechanisms. Determination of oxygen debt that may
be accumulating is critical to appropriately assess the patient, evaluate the effectiveness
of resuscitation and prevent onset of multi-organ system failure. Measurements of
oxygen delivery (DO,) and oxygen consumption (VO,) are used to assess oxygen debt
(imbalance between oxygen delivery and oxygen consumption at the cellular level)
with ongoing debt being linked with increased morbidity and mortality [68,75].

Despite studies in numbers of critically ill patients there is little specific data on
the use of oxygen debt measurement in the early emergency management of mul-
tiple trauma patients.

Serum markers of shock include lactate and base deficit (BD). Both measurements
reflect tissue acidosis and hypoperfusion and are readily available in many laborator-
ies. Not only is the level of lactate associated with morbidity and mortality the reso-
lution of hyperlactaemia also appears to be predictive of survival — particularly with
normalisation of the serum lactate within the first 24 h [76,77]. The increasing avail-
ability of bedside lactate analysers is leading to increased evaluation of the clinical
applications of serum lactate to guide therapy and disposition decisions.

The BD is derived from blood gas analysis and gives an approximation of the global
tissue acidosis, thereby indirectly evaluating tissue perfusion. Multiple studies in
trauma patients requiring fluid resuscitation have demonstrated the ability of an
initial BD to accurately predict the severity of haemorrhagic shock [78-80].

Disappointingly, despite excellent correlation between both BD and lactate in
animal models of haemorrhage, a poor correlation between the two measures was
found in one study in 52 consecutive ICU patients [81,82].

Further investigation is required to determine the relative clinical utility of BD
and serum lactate in both the acute resuscitation and post-resuscitation phases.
Currently there is insufficient evidence to use serum lactate alone as an endpoint
to reflect adequacy of resuscitation [66,68].

Measurement of tissue specific oxygenation and perfusion can also be achieved by
the use of fibre optic sensors placed through the skin, gastric tonometry to reflect
gastrointestinal mucosal perfusion and measures of cerebral oxygen consumption
and perfusion, such as jugular venous oxygen saturation and brain tissue oxygen ten-
sion. These techniques are generally beyond the scope of the early management of
severe trauma but a newer technique for assessing cerebral oxygen metabolism and
regional perfusion — near infrared spectroscopy (NIRS) — may have some applicabil-
ity in management of head injury once its exact clinical applications are better
defined [83,84]. This technique uses the differential absorption spectra of Hb, HbO,
and cytochrome oxidase to assess intracellular hypoxia. The technique is non-inva-
sive, easy to use and provides continuous data, similar to pulse oximetry.

There are multiple strategies to diagnose shock and monitor resuscitation in
multiple trauma patients. Some of these techniques, such as pulmonary artery
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catheterisation and gastric tonometry, are highly invasive and impractical in the
acute resuscitation phase. Other less-invasive techniques, such as tissue PO,, PCO,,
and pH measurements and TEB, are not yet well studied but may eventually offer
viable alternatives in the ED and trauma suites. Other strategies that measure cere-
bral perfusion, such as jugular venous oxygen saturation and NIRS, may offer better
guidance to resuscitative efforts in head-injured patients. Finally, serum markers of
shock, such as BD and serum lactate, can provide rapid assessment of tissue oxy-
gen debt and the need for additional diagnostics or resuscitative measures.

As the technology for assessing haemorrhagic shock improves, additional research
will define the accuracy, clinical application and prognostic value of each technique,
particularly those related to the assessment of the microcirculation.

Practice points

* Pulse rate and BP measurements alone are not sufficiently sensitive to detect shock
or imminent shock in multiple trauma patients.

The accurate assessment of shock and the efficacy of resuscitation require information
from different measures — CO, cardiac filling pressures, measures of oxygen debt and
serum markers of perfusion such as lactate and BD are all helpful in defining the
severity of shock and guiding resuscitation.

Presently, there is no clearly superior single measure for monitoring the efficacy of

resuscitation.

* Newer non-invasive techniques of measuring CO (such as TEB monitors) and tissue
oxygenation and perfusion are promising and have the potential to be used early in
guiding resuscitation.

Research agenda

* Studies looking at the utility and accuracy of newer devices for measuring CO and
tissue perfusion in multiple trauma are required.

* Studies relating these measurments to patient outcomes are required.
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Modified glossaries from the Cochrane Anaesthesia Review Group and The
Cochrane Collaboration. For a more detailed description, see: http://www.mrw.
interscience.wiley.com/cochrane/clabout/articles/ ANAESTH/frame.html and http://
www.cochrane.org/resources/glossary.htm

A

Absolute risk reduction The absolute arithmetic difference in rates of bad out-
comes between experimental and control participants in a trial, calculated as the
experimental event rate (EER) and the control event rate (CER), and accompanied
by a 95% confidence interval (CI). Depending on circumstances it can be reduc-
tion in risk (death or cardiovascular outcomes, for instance, in trials of statins), or
an increase (pain relied, for instance, in trials of analgesics).

Adverse effect  An adverse event for which the causal relation between the drug/
intervention and the event is at least a reasonable possibility. The term adverse
effect applies to all interventions, while adverse drug reaction (ADR) is used only
with drugs. The terms are otherwise used interchangeably, though in the case of
drugs an adverse effect tends to be seen from the point of view of the drug and an
adverse reaction is seen from the point of view of the patient.

Attrition bias  Systematic differences between comparison groups in withdrawals
or exclusions of participants from the results of a study. For example, participants
may drop out of a study because of side effects of an intervention, and excluding
these participants from the analysis could result in an overestimate of the effect-
iveness of the intervention, especially when the proportion dropping out varies by
treatment group.

B

Bias Bias is an asystematic error or deviation in results or inferences. In studies of
the effects of health care bias can arise from systematic differences in the groups that
are compared (selection bias), the care that is provided, or exposure to other factors
apart from the intervention of interest (performance bias), withdrawals or exclusions
of people entered into the study (attrition bias), or how outcomes are assessed (detec-
tion bias). Bias does not necessarily carry an imputation of prejudice, such as the
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investigators’ desire for particular results. This differs from conventional use of the
word in which bias refers to a partisan point of view.

Blinding The process used in epidemiological studies and clinical trials in which
the participants, investigators, and/or assessors remain ignorant concerning the
treatments which participants are receiving. The aim is to minimise observer bias,
in which the assessor, the person making a measurement, has a prior interest or
belief that one treatment is better than another, and therefore scores one better
than another just because of that.

In a single-blind study it may be the participants who are blind to their alloca-
tions, or those who are making measurements of interest, the assessors.

In a double-blind study, at a minimum both participants and assessors are blind
to their allocations.

To achieve a double-blind state, it is usual to use matching treatment and con-
trol treatments. For instance, the tablets can be made to look the same, or if one
treatment uses a single pill once a day, but the other uses three pills at various
times, all patients will have to take pills during the day to maintain blinding.

The important thing to remember is that lack of blinding is a potent source of
bias, and open studies or single-blind studies are potential problems for interpret-
ing results of trials.

C

Case—control study A study that compares people with a specific disease or out-
come of interest (cases) to people from the same population without that disease
or outcome (controls), and which seeks to find associations between the outcome
and prior exposure to particular risk factors. This design is particularly useful
where the outcome is rare and past exposure can be reliably measured. Case—con-
trol studies are usually retrospective, but not always.

CENTRAL (Cochrane Central Register of Controlled Trials, CCRCT) The Cochrane
Collaboration’s register of reports of studies that may be relevant for inclusion in
Cochrane Reviews. CENTRAL aims to include all relevant reports that have been
identified through the work of The Cochrane Collaboration, through the transfer of
this information to the US Cochrane Center. It is published in The Cochrane Library.

Chi-squared test A statistical test based on comparison of a test statistic to a chi-
squared distribution. Used in Review Manager (RevMan) analyses to test the sta-
tistical significance of the heterogeneity statistic.

CINAHL (Cumulative Index to Nursing and Allied Health Literature) Electronic
database covering the major journals in nursing and allied health.

Clinical trial An experiment to compare the effects of two or more health care
interventions. Clinical trial is an umbrella term for a variety of designs of health
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care trials, including uncontrolled trials, controlled trials, and randomised controlled
trials (RCTs).

Clinically significant A result (e.g. a treatment effect) that is large enough to be of
practical importance to patients and health care providers. This is not the same
thing as statistically significant. Assessing clinical significance takes into account
factors such as the size of a treatment effect, the severity of the condition being
treated, the side effects of the treatment, and the cost. For instance, if the estimated
effect of a treatment for acne was small but statistically significant, but the treatment
was very expensive, and caused many of the treated patients to feel nauseous, this
would not be a clinically significant result. Showing that a drug lowered the heart
rate by an average of 1-beat per minute would also not be clinically significant.

Cluster randomised trial ~ A trial in which clusters of individuals (e.g. clinics, fam-
ilies, geographical areas), rather than individuals themselves, are randomised to
different arms. In such studies, care should be taken to avoid unit of analysis errors.

Cochrane Collaboration, The An international organisation that aims to help
people make well-informed decisions about health care by preparing, maintaining,
and ensuring the accessibility of systematic reviews of the effects of health care
interventions.

Cochrane Database of Systematic Reviews One of the databases in The Cochrane
Library. It brings together all the currently available Cochrane Reviews and Protocols
for Cochrane Reviews. It is updated quarterly, and is available via the Internet and
CD-ROM.

Cochrane Handbook for Systematic Reviews of Interventions (previously called
Cochrane Reviewers Handbook) Document containing guidance and advice on
how to prepare and maintain Cochrane Reviews. Accessible on the Collaboration
web site and in the RevMan software.

Cochrane Library A collection of databases, published on CD-ROM and the
Internet and updated quarterly, containing the Cochrane Database of Systematic
Reviews, the CCRCT, the Database of Abstracts of Reviews of Effects (DARE), the
Cochrane Methodology Register, the Health Technology Assessment (HTA)
Database, NHS Economic Evaluation database (NHSEED), and information about
The Cochrane Collaboration.

Cochrane Review Cochrane Reviews are systematic summaries of evidence of the
effects of health care interventions. They are intended to help people make practi-
cal decisions. For a review to be called a Cochrane Review it must be in CDSR
(Cochrane Database of Systematic Reviews) or CMR (Cochrane Methodology
Register). The specific methods used in a Review are described in the text of the
review. Cochrane Reviews are prepared using RevMan software provided by the
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Collaboration, and adhere to a structured format that is described in the Cochrane
Handbook for Systematic Reviews of Interventions.

Cohort study An observational study in which a defined group of people (the
cohort) is followed over time. The outcomes of people in subsets of this cohort are
compared, to examine people who were exposed or not exposed (or exposed at dif-
ferent levels) to a particular intervention or other factor of interest. A prospective
cohort study assembles participants and follows them into the future. A retrospective
(or historical) cohort study identifies subjects from past records and follows them
from the time of those records to the present. Because subjects are not allocated by the
investigator to different interventions or other exposures, adjusted analysis is usually
required to minimise the influence of other factors (confounders).

Collaborative Review Group (CRG) CRGs are made up of individuals sharing an
interest in a particular health care problem or type of problem. The main purpose
of a CRG is to prepare and maintain systematic reviews of the effects of health care
interventions within the scope of the CRG. Members participate in the CRG not
only by preparing Cochrane Reviews but also by handsearching journals and other
activities that help the CRG to fulfil its aim. Each CRG is co-ordinated by an edito-
rial team, responsible for regularly updating and submitting an edited module of
Cochrane Reviews and information about the CRG, for publication in The
Cochrane Library.

Concealment of allocation The process used to prevent foreknowledge of group
assignment in a RCT, which should be seen as distinct from blinding. The alloca-
tion process should be impervious to any influence by the individual making the
allocation by having the randomisation process administered by someone who is
not responsible for recruiting participants; for example, a hospital pharmacy, or a
central office. Using methods of assignment such as date of birth and case record
numbers (see quasi-random allocation) are open to manipulation.

Adequate methods of allocation concealment include: centralised randomisa-
tion schemes; randomisation schemes controlled by a pharmacy; numbered or
coded containers in which capsules from identical-looking, numbered bottles are
administered sequentially; on-site computer systems, where allocations are in a
locked unreadable file; and sequentially numbered opaque, sealed envelopes.

Confidence interval (CI) A measure of the uncertainty around the main finding
of a statistical analysis. Estimates of unknown quantities, such as the odds ratio
(OR) comparing an experimental intervention with a control, are usually pre-
sented as a point estimate and a 95% CI. This means that if someone were to keep
repeating a study in other samples from the same population, 95% of the CIs from
those studies would contain the true value of the unknown quantity. Alternatives
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to 95%, such as 90% and 99% Cls, are sometimes used. Wider intervals indicate
lower precision; narrow intervals, greater precision. (Also called CI.)

Confounder A factor that is associated with both an intervention (or exposure)
and the outcome of interest. For example, if people in the experimental group of a
controlled trial are younger than those in the control group, it will be difficult to
decide whether a lower risk of death in one group is due to the intervention or the
difference in ages. Age is then said to be a confounder, or a confounding variable.
Randomisation is used to minimise imbalances in confounding variables between
experimental and control groups. Confounding is a major concern in non-
randomised studies. See also adjusted analyses.

Controlled (clinical) trial (CCT) This is an indexing term used in MEDLINE and
CENTRAL. Within CENTRAL it refers to trials using quasi-randomisation, or
trials where double blinding was used but randomisation was not mentioned.

Controlled trial A clinical trial that has a control group. Such trials are not neces-
sarily randomised.

Correlation Linear association between two variables, measured by a correlation
coefficient. A correlation coefficient can range from —1 for perfect negative corre-
lation, to +1 for perfect positive correlation (with perfect meaning that all the
points lie on a straight line). A correlation coefficient of 0 means that there is no
linear relationship between the variables.

Critical appraisal The process of assessing and interpreting evidence by systemat-
ically considering its validity, results, and relevance.

Cross-over trial A type of clinical trial comparing two or more interventions in
which the participants, upon completion of the course of one treatment, are
switched to another. For example, for a comparison of treatments A and B, the par-
ticipants are randomly allocated to receive them in either the order A, B or the
order B, A. Particularly appropriate for study of treatment options for relatively
stable health problems. The time during which the first interventions are taken is
known as the first period, with the second intervention being taken during the sec-
ond period. See also carry over, and period effect.

D

Database of Abstracts of Reviews of Effects (DARE) A collection of structured
abstracts and bibliographic references of systematic reviews of the effects of health
care interventions produced by the NHS Centre for Reviews and Dissemination in
York, UK. One of the databases in The Cochrane Library.
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Dependent variable The outcome or response that results from changes to an
independent variable. In a clinical trial, the outcome (over which the investigator
has no direct control) is the dependent variable, and the treatment arm is the inde-
pendent variable. The dependent variable is traditionally plotted on the vertical
axis on graphs. (Also called outcome variable.)

Descriptive study A study that describes characteristics of a sample of individuals.
Unlike an experimental study, the investigators do not actively intervene to test a
hypothesis, but merely describe the health status or characteristics of a sample
from a defined population.

Detection bias Systematic difference between comparison groups in how out-
comes are ascertained, diagnosed, or verified. (Also called ascertainment bias.)

Dichotomous data Data that can take one of two possible values, such as
dead/alive, smoker/non-smoker, present/not present. (Also called binary data.)
Sometimes continuous data or ordinal data are simplified into dichotomous data
(e.g. age in years could become <75 years or =75 years).

E

Effectiveness The extent to which a specific intervention, when used under ordi-
nary circumstances, does what it is intended to do. Clinical trials that assess effect-
iveness are sometimes called pragmatic or management trials. See also
intention-to-treat.

Efficacy The extent to which an intervention produces a beneficial result under
ideal conditions. Clinical trials that assess efficacy are sometimes called explana-
tory trials and are restricted to participants who fully co-operate.

EMBASE Excerpta Medica electronic database. A major European database of
medical and health research.

Epidural anaesthesia Anaesthesia produced by injection of a local anaesthetic
into the peridural space of the spinal cord.

Estimate of effect The observed relationship between an intervention and an out-
come expressed as, for example, a number needed to treat (NNT) to benefit, OR,
risk difference, risk ratio, standardised mean difference, or weighted mean differ-
ence. (Also called treatment effect.)

Evidence-based medicine The conscientious, explicit, and judicious use of current
best evidence in making decisions about the care of individual patients. The prac-
tice of evidence-based medicine means integrating individual clinical expertise
with the best available external clinical evidence from systematic research.
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Evidence-based medicine does not mean “cook-book” medicine, or the unthinking
use of guidelines. It does imply that evidence should be reasonably readily available
in an easily understood and useable form.

F

Fixed-effect model (In meta-analysis:) A model that calculates a pooled effect
estimate using the assumption that all observed variation between studies is
caused by the play of chance. Studies are assumed to be measuring the same over-
all effect. An alternative model is the random-effects model.

Forest plot A graphical representation of the individual results of each study
included in a meta-analysis together with the combined meta-analysis result. The
plot also allows readers to see the heterogeneity among the results of the studies.
The results of individual studies are shown as squares centred on each study’s point
estimate. A horizontal line runs through each square to show each study’s CI —
usually, but not always, a 95% CI. The overall estimate from the meta-analysis and its
CI are shown at the bottom, represented as a diamond. The centre of the diamond
represents the pooled point estimate, and its horizontal tips represent the CI.

Funnel plot A graphical display of some measure of study precision plotted against
effect size that can be used to investigate whether there is a link between study size
and treatment effect. One possible cause of an observed association is reporting bias.

G
Gold standard The method, procedure, or measurement that is widely accepted
as being the best available, against which new developments should be compared.

H

Handsearching, handsearcher Handsearching within The Cochrane Collabo-
ration refers to the planned searching of a journal page by page (i.e. by hand),
including editorials, letters, etc., to identify all reports of RCTs and CCTs. All the
identified trials, regardless of the topic, are sent to the US Cochrane Center, for
inclusion in CENTRAL, and forwarding to the US National Library of Medicine
(NLM) for re-tagging in MEDLINE. Trials that are within the scope of a CRG or Field
go into their specialised register of trials. A handsearching manual is available
through the US Cochrane Center. A journal handsearch registration form must be
completed for each journal title and sent to the US Cochrane Center to avoid
duplication of effort.

Heterogeneity Used in a general sense to describe the variation in, or diversity of,
participants, interventions, and measurement of outcomes across a set of studies,
or the variation in internal validity of those studies.



380

Glossary of terms

Used specifically, as statistical heterogeneity, to describe the degree of variation
in the effect estimates from a set of studies. Also used to indicate the presence of
variability among studies beyond the amount expected due solely to the play of
chance.

Hypothesis An unproved theory that can be tested through research. To properly
test a hypothesis, it should be pre-specified and clearly articulated, and the study to
test it should be designed appropriately. See also null hypothesis.

Hypothesis test A statistical procedure to determine whether to reject a null
hypothesis on the basis of the observed data.

|

P A measure used to quantify heterogeneity. It describes the percentage of the
variability in effect estimates that is due to heterogeneity rather than sampling
error (chance). A value greater than 50% may be considered to represent substan-
tial heterogeneity.

Incidence The number of new occurrences of something in a population over a
particular period of time, for example the number of cases of a disease in a coun-
try over 1 year.

Independent A description of two events, where knowing the outcome or value of
one does not inform us about the outcome or value of the other. Formally, two
events A and B are independent if the probability that A and B occur together is
equal to the probability of A occurring multiplied by the probability of B occurring.

Independent variable An exposure, risk factor, or other characteristic that is hypoth-
esised to influence the dependent variable. In a clinical trial, the outcome (over
which the investigator has no direct control) is the dependent variable, and the
treatment arm is the independent variable. In an adjusted analysis, patient charac-
teristics are included as additional independent variables. (Also called explanatory
variable.)

Intention-to-treat analysis A strategy for analysing data from a RCT. All partici-
pants are included in the arm to which they were allocated, whether or not they
received (or completed) the intervention given to that arm. Intention-to-treat
analysis prevents bias caused by the loss of participants, which may disrupt the
baseline equivalence established by randomisation and which may reflect non-
adherence to the protocol. The term is often misused in trial publications when
some participants were excluded.

Interaction The situation in which the effect of one independent variable on the
outcome is affected by the value of a second independent variable. In a trial, a test of
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interaction examines whether the treatment effect varies across sub-groups of par-
ticipants. See also factorial trial, sub-group analysis.

Interim analysis  Analysis comparing intervention groups at any time before the
formal completion of a trial, usually before recruitment is complete. Often used
with stopping rules so that a trial can be stopped if participants are being put at
risk unnecessarily. Timing and frequency of interim analyses should be specified in
the protocol.

Intervention group A group of participants in a study receiving a particular health
care intervention. Parallel group trials include at least two intervention groups.

L
Local Anaesthesia  Loss of sensation in a limited (and often superficial) area espe-
cially from the effect of a local anaesthetic.

Logistic regression A form of regression analysis that models an individual’s odds
of disease or some other outcome as a function of a risk factor or intervention. It
is widely used for dichotomous outcomes, in particular to carry out adjusted analy-
sis. See also meta-regression.

M

Malignant hyperthermia A rare inherited condition characterised by a rapid,
extreme, and often fatal rise in body temperature following the administration of
general anaesthesia.

Mean An average value, calculated by adding all the observations and dividing by
the number of observations. (Also called arithmetic mean.)

Median The value of the observation that comes half way when the observations
are ranked in order.

MEDLINE An electronic database produced by the US NLM. It indexes millions
of articles in selected journals, available through most medical libraries, and can be
accessed on the Internet.

MeSH (medical subject headings) Terms used by the US NLM to index articles in
Index Medicus and MEDLINE. The MeSH system has a tree structure in which
broad subject terms branch into a series of progressively narrower subject terms.

Meta-analysis A meta-analysis is where we pool all the information we have from
a number of different (but similar) studies. It should not be about adding small
piles of rubbish together to make a big pile of rubbish. It is only worth doing
when individual trials are themselves of sufficient quality and validity. What meta-
analysis does is to give enough size to have the power to see the result clearly, with-
out the noise of the random play of chance.
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Any meta-analysis must have enough events to make sense. Combining small,
poor, trials, with few events will mislead.

The use of statistical techniques in a systematic review to integrate the results
of included studies.

Morbidity Illness or harm.
Mortality Death.

Multivariate analysis Measuring the impact of more than one variable at a time
while analysing a set of data, for example looking at the impact of age, sex, and
occupation on a particular outcome. Performed using regression analysis.

N

Narcotic A drug (as opium) that in moderate doses dulls the senses, relieves pain,
and induces profound sleep but in excessive doses causes stupor, coma, or convul-
sions; a drug (as marijuana or lysergic acid diethylamine, LSD) subject to restric-
tion similar to that of addictive narcotics whether in fact physiologically addictive
and narcotic or not.

Non-randomised study Any quantitative study estimating the effectiveness of an
intervention (harm or benefit) that does not use randomisation to allocate units to
comparison groups (including studies where allocation occurs in the course of
usual treatment decisions or peoples choices, i.e. studies usually called observa-
tional). To avoid ambiguity, the term should be substantiated using a description
of the type of question being addressed. For example, a “non-randomised inter-
vention study” is typically a comparative study of an experimental intervention
against some control intervention (or no intervention) that is not a RCT. There are
many possible types of non-randomised intervention study, including cohort
studies, case—control studies, controlled before-and-after studies, interrupted-
time-series studies, and controlled trials that do not use appropriate randomisa-
tion strategies (sometimes called quasi-randomised studies).

Normal distribution A statistical distribution with known properties commonly
used as the basis of models to analyse continuous data. Key assumptions in such
analyses are that the data are symmetrically distributed about a mean value,
and the shape of the distribution can be described using the mean and standard
deviation.

Null hypothesis  The statistical hypothesis that one variable (e.g. which treatment
a study participant was allocated to receive) has no association with another vari-
able or set of variables (e.g. whether or not a study participant died), or that two or
more population distributions do not differ from one another. In simplest terms,
the null hypothesis states that the factor of interest (e.g. treatment) has no impact
on outcome (e.g. risk of death).
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Number needed to harm (NNH) This is calculated in the same way as for NNT,
but used to describe adverse events. For number needed to harm (NNH), large
numbers are good, because they mean that adverse events are rare. Small values for
NNH are bad, because they mean adverse events are common.

Number needed to treat (NNT) The inverse of the absolute risk reduction or
increase and the number of patients that need to be treated for one to benefit com-
pared with a control. The ideal NNT is 1, where everyone has improved with treat-
ment and no one has with control. The higher the NNT, the less effective is the
treatment. But the value of an NNT is not just numeric. For instance, NNTs of 2-5
are indicative of effective therapies, like analgesics for acute pain. NNTs of about 1
might be seen by treating sensitive bacterial infections with antibiotics, while an
NNT of 40 or more might be useful, as when using aspirin after a heart attack.

o

Observational study A study in which the investigators do not seek to intervene,
and simply observe the course of events. Changes or differences in one character-
istic (e.g. whether or not people received the intervention of interest) are studied in
relation to changes or differences in other characteristic(s) (e.g. whether or not
they died), without action by the investigator. There is a greater risk of selection bias
than in experimental studies. See also RCT. (Also called non-experimental study.)

Odds A way of expressing the chance of an event, calculated by dividing the num-
ber of individuals in a sample who experienced the event by the number for whom
it did not occur. For example, if in a sample of 100, 20 people died and 80 people
survived the odds of death are 20/80 = 1/4, 0.25 or 1:4.

Odds ratio (OR) The ratio of the odds of an event in one group to the odds of an
event in another group. In studies of treatment effect, the odds in the treatment
group are usually divided by the odds in the control group. An OR of one indicates
no difference between comparison groups. For undesirable outcomes an OR that is
less than one indicates that the intervention was effective in reducing the risk of that
outcome. When the risk is small, ORs are very similar to risk ratios. (Also called OR.)

Opiate A preparation (as morphine, heroin, and codeine) containing or derived
from opium and tending to induce sleep and to alleviate pain; a synthetic drug
capable of producing or sustaining addiction similar to that characteristic of mor-
phine and cocaine; a narcotic or opioid peptide.

Original study See primary study.

Outcome A component of a participant’s clinical and functional status after an
intervention has been applied, that is used to assess the effectiveness of an inter-
vention. See also primary outcome, secondary outcome, surrogate outcome.
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P
Participant An individual who is studied in a trial, often but not necessarily a
patient.

Peer review A refereeing process for checking the quality and importance of
reports of research. An article submitted for publication in a peer-reviewed journal
is reviewed by other experts in the area.

Performance bias Systematic differences between intervention groups in care
provided apart from the intervention being evaluated. For example, if participants
know they are in the control group, they may be more likely to use other forms of
care. If care providers are aware of the group a particular participant is in, they
might act differently. Blinding of study participants (both the recipients and
providers of care) is used to protect against performance bias.

Perioperative Relating to, occurring in, or being the period around the time of a
surgical operation (the pre-, intra- and postoperative period).

Per protocol analysis An analysis of the subset of participants from a RCT who
complied with the protocol sufficiently to ensure that their data would be likely to
exhibit the effect of treatment. This subset may be defined after considering expo-
sure to treatment, availability of measurements, and absence of major protocol
violations. The per protocol analysis strategy may be subject to bias as the reasons
for non-compliance may be related to treatment. See also intention-to-treat analysis.

Peto method A way of combining ORs that has become widely used in meta-
analysis. It is especially used to analyse trials with time to event outcomes. The cal-
culations are straightforward and understandable, but this method produces
biased results in some circumstances. It is a fixed-effect model.

Placebo  An inactive substance or procedure administered to a participant, usu-
ally to compare its effects with those of a real drug or other intervention, but some-
times for the psychological benefit to the participant through a belief that s/he is
receiving treatment. Placebos are used in clinical trials to blind people to their
treatment allocation. Placebos should be indistinguishable from the active inter-
vention to ensure adequate blinding.

Power The probability of rejecting the null hypothesis when a specific alternative
hypothesis is true. The power of a hypothesis test is one minus the probability of
Type Il error. In clinical trials, power is the probability that a trial will detect, as sta-
tistically significant, an intervention effect of a specified size. If a clinical trial had
a power of 0.80 (or 80%), and assuming that the pre-specified treatment effect
truly existed, then if the trial was repeated 100 times, it would find a statistically
significant treatment effect in 80 of them. Ideally we want a test to have high power,
close to maximum of one (or 100%). For a given size of effect, studies with more
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participants have greater power. Studies with a given number of participants have
more power to detect large effects than small effect. (Also called statistical power.)

Prevalence The proportion of a population having a particular condition or
characteristic: for example the percentage of people in a city with a particular dis-
ease, or who smoke.

Primary outcome The outcome of greatest importance.

Prospective study In evaluations of the effects of health care interventions, a study
in which people are identified according to current risk status or exposure, and fol-
lowed forwards through time to observe outcome. RCTs are always prospective
studies. Cohort studies are commonly either prospective or retrospective, whereas
case—control studies are usually retrospective. In epidemiology, “prospective study
is sometimes misused as a synonym for cohort study”. See also retrospective study.

Protocol The plan or set of steps to be followed in a study. A protocol for a sys-
tematic review should describe the rationale for the review, the objectives, and the
methods that will be used to locate, select, and critically appraise studies, and to
collect and analyse data from the included studies.

PubMed A free access Internet version of MEDLINE also including records from
before 1966 (old MEDLINE), some very recent records and some other life science
journals.

p-value The probability (ranging from zero to one) that the results observed in a
study (or results more extreme) could have occurred by chance if in reality the null
hypothesis was true. In a meta-analysis, the P-value for the overall effect assesses
the overall statistical significance of the difference between the intervention
groups, whilst the P-value for the heterogeneity statistic assesses the statistical sig-
nificance of differences between the effects observed in each study.

Q

Quasi-random allocation Methods of allocating people to a trial that are not ran-
dom, but were intended to produce similar groups when used to allocate participants.
Quasi-random methods include: allocation by the person’s date of birth, by the day of
the week or month of the year, by a person’s medical record number, or just allocating
every alternate person. In practice, these methods of allocation are relatively easy to
manipulate, introducing selection bias.

R

Random allocation A method that uses the play of chance to assign participants
to comparison groups in a trial, for example by using a random numbers table or
a computer-generated random sequence. Random allocation implies that each
individual or unit being entered into a trial has the same chance of receiving each
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of the possible interventions. It also implies that the probability that an individual
will receive a particular intervention is independent of the probability that any
other individual will receive the same intervention. See also quasi-random alloca-
tion, randomisation.

Random-effects model Statistical models in which both within-study sampling
error (variance) and between-studies variation are included in the assessment of
the uncertainty (CI) of the results of a meta-analysis. See also fixed-effect model.
When there is heterogeneity among the results of the included studies beyond
chance, random-effects models will give wider CIs than fixed-effect models.

Random error Error due to the play of chance. CIs and P-values allow for the
existence of random error, but not systematic errors (bias).

Randomisation The process of randomly allocating participants into one of the
arms of a controlled trial. There are two components to randomisation: the gener-
ation of a random sequence, and its implementation, ideally in a way so that those
entering participants into a study are not aware of the sequence (concealment of
allocation).

Randomised controlled trial (RCT) An experiment in which investigators ran-
domly allocate eligible participants into an intervention group (arm), each of
which receives one or more of the interventions that are being compared. The
results are assessed by comparing outcomes between the arms. (Also called ran-
domised clinical trial, RCT).

Reference Manager A software package designed to manage bibliographic refer-
ences. Sometimes confusingly referred to as RefMan.

Regression analysis A statistical modelling technique used to estimate or predict
the influence of one or more independent variables on a dependent variable, for
example the effect of age, sex, and educational level on the prevalence of a disease.
Logistic regression and meta-regression are types of regression analysis.

Relative risk reduction The proportional reduction in risk in one treatment group
compared to another. It is one minus the risk ratio. If the risk ratio is 0.25, then the
relative risk reductionis 1 — 0.25 = 0.75, or 75%.

Reliability The degree to which results obtained by a measurement procedure
can be replicated. Lack of reliability can arise from divergences between observers
or measurement instruments, measurement error, or instability in the attribute
being measured.

Retrospective study A study in which the outcomes have occurred to the partici-
pants before the study commenced. Case—control studies are usually retrospective,
cohort studies sometimes are, RCTs never are. See also prospective study.
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Review A systematic review.

A review article in the medical literature, which summarises a number of differ-
ent studies and may draw conclusions about a particular intervention. Review arti-
cles are often not systematic. Review articles are also sometimes called overviews.

Risk  The proportion of participants experiencing the event of interest. Thus, if
out of 100 participants the event (e.g. a stroke) is observed in 32, the risk is 0.32.
The control group risk is the risk amongst the control group. The risk is sometimes
referred to as the event rate, and the control group risk as the CER. However, these
latter terms confuse risk with rate. Statistical texts in particular are happy to dis-
cuss risk of beneficial effects as well as adverse events.

S

Safety Refers to serious adverse reactions, such as those that threaten life, require
or prolong hospitalisation, result in permanent disability, or cause birth defects.
Indirect adverse effects, such as traffic accidents, violence, and damaging conse-
quences of mood change, can also be serious. These adverse effects may occur at
various times during a long or a short period of treatment and may be relatively
infrequent. They may or may not be detected in trials (depending on participant
numbers, intensity of monitoring, and length of follow up), and data on such
adverse effects may be available only from non-randomised studies.

Search strategy The methods used by a CRG to identify trials within the CRGs
scope. This includes handsearching relevant journals, searching electronic databases,
contacting drug companies, other forms of personal contact, and checking reference
lists. CRGs must describe their search strategy in detail in the CRGs module. Authors
can refer to the CRGs search strategy when preparing a Cochrane Review, and if nec-
essary supplement this with a description of their own additional searches.

The methods used by a reviewer to locate relevant studies, including the use of
a CRG’s trials register.

The combination of terms used to identify studies in an electronic database
such as MEDLINE.

Secondary outcome An outcome used to evaluate additional effects of the inter-
vention deemed a priori as being less important than the primary outcomes.

Sedative Tending to calm, moderate, or tranquillise nervousness or excitement.

Selection bias ~ Systematic differences between comparison groups in prognosis
or responsiveness to treatment. Random allocation with adequate concealment of
allocation protects against selection bias. Other means of selecting who receives
the intervention are more prone to bias because decisions may be related to prog-
nosis or responsiveness to treatment.
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A systematic error in reviews due to how studies are selected for inclusion.
Reporting bias is an example of this.

A systematic difference in characteristics between those who are selected for
study and those who are not. This affects external validity but not internal validity.

Sensitivity analysis An analysis used to determine how sensitive the results of a
study or systematic review are to changes in how it was done. Sensitivity analyses
are used to assess how robust the results are to uncertain decisions or assumptions
about the data and the methods that were used.

Sequential trial A randomised trial in which the data are analysed after each partic-
ipant’s results become available, and the trial continues until a clear benefit is seen in
favour of one of the comparison groups, or it is unlikely that any difference will
emerge. The main advantage of sequential trials is that they are usually shorter than
fixed size trials when there is a large difference in the effectiveness of the interventions
being compared. Their use is restricted to conditions where the outcome of interest is
known relatively quickly. In a group sequential trial, a limited number of interim
analyses of the data are carried out at pre-specified times during recruitment and fol-
low up, say 3—6 times in all.

Side effect  One type of adverse effect. It is any unintended effect of a pharmaceutical
product that occurs at doses normally used for therapeutic purposes in man and is
related to the pharmacological properties of the drug. While some side effects may be
harmful (and can thus be considered adverse effects), there are also side effects that are
beneficial.

Specificity  (In screening/diagnostic tests:) A measure of a test’s ability to correctly
identify people who do not have the disease. It is the proportion of people without the
target disease who are correctly identified by the test. It is the complement of the false
positive rate (FPR = 1 — specificity). It is calculated as follows: Specificity = Number
without disease who have a negative test/Number without disease.

(In trial searching:) There is no equivalent concept in trial searching, as we do
not know the total number of irrelevant articles in existence. The concept of preci-
sion is usually used instead.

Spinal anaesthesia  Anaesthesia produced by injection of an anaesthetic into the
subarachnoid space of the spine.

Standard deviation A measure of the spread or dispersion of a set of observa-
tions, calculated as the average difference from the mean value in the sample.

Standard error  The standard deviation of the sampling distribution of a statistic.
Measurements taken from a sample of the population will vary from sample to
sample. The standard error is a measure of the variation in the sample statistic over
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all possible samples of the same size. The standard error decreases as the sample
size increases.

Statistically significant A result that is unlikely to have happened by chance. The
usual threshold for this judgement is that the results, or more extreme results,
would occur by chance with a probability of less than 0.05 if the null hypothesis
was true. Statistical tests produce a P-value used to assess this.

Sub-group analysis An analysis in which the intervention effect is evaluated in a
defined subset of the participants in a trial, or in complementary subsets, such as by
sex or in age categories. Trial sizes are generally too small for sub-group analyses to
have adequate statistical power. Comparison of sub-groups should be by test of
interaction rather than by comparison of P-values. Sub-group analyses are also sub-
ject to the multiple comparisons problem. See also multiple comparisons.

Surrogate endpoints Outcome measures that are not of direct practical import-
ance but are believed to reflect outcomes that are important; for example, blood
pressure is not directly important to patients but it is sometimes used as an out-
come in clinical trials because it is a risk factor for stroke and heart attacks.
Surrogate endpoints are often physiological or biochemical markers that can be
relatively quickly and easily measured, and that are taken as being predictive of
important clinical outcomes. They are often used when observation of clinical out-
comes requires long follow-up.

T
t-test A statistical hypothesis test derived from the t-distribution. It is used to
compare continuous data in two groups. (Also called Students t-test.)

TypeIerror A conclusion that a treatment works, when it actually does not work.
The risk of a Type I error is often called alpha. In a statistical test, it describes
the chance of rejecting the null hypothesis when it is in fact true. (Also called false
positive.)

Type Il error A conclusion that there is no evidence that a treatment works, when
it actually does work. The risk of a Type II error is often called beta. In a statistical
test, it describes the chance of not rejecting the null hypothesis when it is in fact
false. The risk of a Type II error decreases as the number of participants in a study
increases. (Also called false negative.)

)

Utility In economic and decision analysis, the value given to an outcome, usually
expressed as being between zero and one (e.g. death typically has a utility value of
zero and a full healthy life has a value of one).
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Vv

Validity The degree to which a result (of a measurement or study) is likely to be
true and free of bias (systematic errors). Validity has several other meanings, usu-
ally accompanied by a qualifying word or phrase; for example, in the context of
measurement, expressions such as construct validity, content validity, and criterion
validity are used. See also external validity, internal validity.

Variable A factor that differs among and between groups of people. Variables
include patient characteristics such as age, sex, and smoking, or measurements
such as blood pressure or depression score. There can also be treatment or condi-
tion variables, for example in a childbirth study, the length of time someone was in
labour, and outcome variables. The set of values of a variable in a population or
sample is known as a distribution.

Variance A measure of the variation shown by a set of observations, equal to the
square of the standard deviation. It is defined as the sum of the squares of devia-
tions from the mean, divided by the number of observations minus one.
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emetic stimuli reduction, 169
anaesthetic agents, PONV, 170
analgesia, 170-171
cholinesterase inhibitor, 171
fasting and nasogastric tubes, 170
PONV
prevention, 171-175
treatment, 175-177
encainide, 44
endotracheal tube (ETT)
and LMA, comparison
in dental anaesthesia, 277-278
in tonsillectomy, 271-273
ENT (ear, nose and throat) surgery, 271
tonsillectomy
ETT and LMA, 271-273
local anaesthesia, for pain control, 273
NSAIDs use, 273-274
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non-depolarising muscle relaxant, 251-252
oral midazolam, 250
parental involvement, 248
PONYV, 258
practice points, 258
sedatives, 250
see also children; neonates
sevoflurane, 250-251
topical local anaesthesia, 250
pain relief, 224-226
epidural analgesia, 224
paracetamol see acetaminophen
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pre-emptive analgesia, 196, 313314
pregnancy, 120
premedication
of paediatric surgery, 250
preoperative anaesthesia evaluation,
127-132
evidence based knowledge, 128-129
NICE Guidance, 131
performance
timing of, 129
practice points, 130-131
research agenda, 131
specific recommendation, 129-130
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