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Practitioners — Regional, Ultrasound, Coagulation, Obstetrics, and Pediatrics

VOLUME 2 deals with major systems.

Recent Advances in Anesthesiology Vol 2: ANESTHESIA: A Topical Update — Thoracic,
Cardiac, Neuro, ICU and Interesting Cases
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keep abreast in all aspects of anesthesia. Over time, every practitioner settles into a daily
practice and keeps current in that area. However, the nature of modern anesthetic practice
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CHAPTER 1

Trauma

Nathaniel McQuay, Jr."
University Hospitals Cleveland, Cleveland, Ohio, USA

Abstract: Trauma is one of the primary causes of death for patients under the age of
44. Traumatic injuries are “time sensitive” where initial interventions are based on
physiological derangements, and classical signs and symptoms which commonly occur
based on the mechanism and pattern of injury. The primary survey focuses on
maintaining life with the assessment of airway, breathing, circulation with hemorrhage
control, and evaluation of neurological disability. Once exposure is obtained and the
patient is stabilized, a detailed history is obtained and a complete physical examination
must be done. This is the secondary survey. Thoracic injury, abdominal, pelvic and
extremity injury are evaluated as well as the possibility of traumatic brain injury. The
initial management of acute traumatic shock follows well established guidelines with
the principle focus being damage control in order to optimize the patient’s likelihood of
a successful outcome.

Keywords: Abdominal compartment syndrome, Adult Trauma Life Support
(ATLS), Airway, Damage control, Glascow Coma Scale (GCS), Hemorrhage
control, Primary survey, Secondary survey, Shock, Trauma, Triad of hypothermia,
coagulopathy and acidosis.

INTRODUCTION

In patients under the age of 44, trauma is the principle cause of death. This has
been true since the seventeenth century B.C.E. as evidenced by the oldest
surviving trauma text — the Edwin Smith papyrus [1, 2]. These “time sensitive”
injuries require prompt evaluation, ongoing resuscitation and early identification
of life and limb threatening injuries with timely definitive care implemented. The
approach to the acutely injured/ill patient is in stark contrast to that of the
traditional medical patient. Instead of emphasis on making the diagnosis prior to
interventions, the approach to the trauma patient is exactly the opposite. Initial
interventions are based on physiologic derangements, clinical signs and symptoms
that commonly occur based on the pattern in injury.
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Therefore, all injury associated information is vital to assist the provider in
recognizing patterns of injury based on mechanism. It is this management
approach that the following paragraphs will focus upon in reviewing the pre-

arrival resource organization (Fig. 1), phases of care (Fig. 2) and injury specific
management as it relates to the anesthesia provider.

« INTRODUCE YOURSELF (NAME/ROLE) ANESTH / RT
* REMAIN SILENT DURING EMS REPORT ED AF REGURED)
« WEAR UNIVERSAL PRECAUTIONS IF RESIDENT
INVOLVED IN DIRECT PATIENT CARE
« IF NOT INVOLVED IN DIRECT PATIENT
CARE, DO NOT ENTER BAY

MONITOR

RN
* VITAL SIGNS
SURGICAL * IV ACCESS
RESIDENT

FLOAT/
RESOURCE
RN

/ ON DECK

EMS * X-RAY
 REPORT *RT
« TRANSFER TEAM
LEADER
RN
RESIDENT ED TRAUMA « DOCUMENTS
STAFF ATTENDING ATTENDING * CROWD

CONTROL

Fig. (1). Trauma resuscitation position diagram.
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PRIMARY SURVEY SECONDARY SURVEY

¢ Airway with C-spine control * Head to toe physical examination
e Breathing and Ventilation e Radiological evaluation

e Circulation with hemorrhage control — AP CXR

e Disability/Deficit — AP Pelvic XRAY

¢ Exposure/Environmental control — FAST

Resuscitation Definitive Care

Fig. (2). Adult Trauma Life Support based phases of care for the acutely injured patient.

PRIMARY SURVEY

Airway Maintenance with Cervical Spine Protection

According to the Adult Trauma Life Support® (ATLS) [3] program, regardless of
the injury, a standardized approach to the initial evaluation and management of
the trauma patient must be undertaken in order to ensure an optimal successful
outcome (Fig. 3). Securing an airway, along with administration of supplemental
oxygen and supporting ventilation, takes priority over all other conditions. The
patient is first evaluated for patency of the airway by assessing his/her ability to
speak. Clear uninterrupted speech is a good indication of airway patency. Caution
must remain as the status of the airway may change and this requires frequent
reassessment. In cases where airway patency is of question, the mouth and
posterior pharynx should be suctioned and cleared of secretions and obstructions.
Meanwhile, supplemental oxygen should be given. If necessary, a jaw thrust or
insertion of an oral airway may be employed to open the posterior pharynx. In
patients with facial fractures 1-5% may have concomitant cervical spine injury so
cervical spine stabilization is done in order to avoid exacerbating a potential
cervical spine injury [4 - 7]. Until the cervical spine has been examined both
clinically and radiologically it is best to maintain cervical spine immobilization.
The presence of airway problems requires definitive airway management — the
placement of an endotracheal tube [2]. If a difficult airway is encountered a
surgical airway must be obtained [3]. Facial trauma may present with violation of
the cranial vault and so it is best to avoid the placement of nasal tubes whether
nasogastric or nasotracheal.

Breathing and Ventilation

Breathing and ventilation in acutely injured patients especially those with severe
facial and thoracic trauma may present challenges with both oxygenation and
ventilation. In the patient requiring respiratory support, it is requisite to support
both oxygenation and ventilation. Effective ventilation is often achieved by use of
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BE PREPARED

Equipment:

Suction, Oy, bag-mask, laryngoscope, gum elastic
bougie (GEM), laryngeal mask airway (LMA),
laryngeal tube airway (LTA), surgical or needle
cricothyroidotomy kit, endotracheal tube, pulse
oximetry, CO2 detection device, drugs

Protect C-spine!

PREOXYGENATE

O2+/-bag mask+/-oral airway+/-nasal airway

Able to oxygenate? NO Definitive airway/Surgical airway

YES

Assess airway anatomy
Predict ease of intubation DIFFICULT
(e.g. LEMON)

EASY

Intubation — drug-assisted

Cricoid pressure Call for assistance, if available

Consider adjunct Consider awake intubation
(e.g. GEB/LMA/LTA)

Definitive airway/Surgical airway
Fig. (3). Airway Decision Algorithm.

bag-valve mask techniques. One and two-person bag valve mask techniques are
described, with the preference for two-person technique whenever feasible [8].
During bag valve mask ventilation, gastric distention may develop putting the
patient at risk for emesis and aspiration. Excessive gastric distension can cause
vagal induced hypotension and bradycardia. If intubation is required, an
orogastric tube should be routinely placed to prevent such complications. In
assessing the hypoxic patient an evaluation of the respiratory system with focus
on a respiratory cause must be done even when airway compromise assumed.
Penetrating injuries should be assessed for trajectory as missiles may arrest in the
neck or thoracic cavity. Blunt injuries in the head, neck or chest may also affect
respiratory efforts. The presence of subcutaneous emphysema should prompt
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further investigation to rule out injury to the upper airway, aerodigestive tract, or
tracheobronchial tree. A supine portable CXR serves as the initial adjunct study
for further assessment of the hypoxic or tachypneic patient. Clinical findings
consistent with a tension pneumothorax (absent breath sound, tracheal deviation,
hypoxemia and hemodynamic lability) require immediate needle decompression
with subsequent placement of thoracostomy tube. Hypoxemia in the stable patient
with evidence of a pneumothorax or hemothorax is managed with placement of a
thoracostomy tube.

Circulation with Hemorrhage Control

Acute hemorrhage continues to be the second most common cause of death in the
trauma population [9]. Fatal traumatic hemorrhage accounts for a large portion of
early deaths, with the majority of exsanguinations occurring within the first 48
hours [10, 11]. Following stabilization of the airway and breathing, circulation
with hemorrhage control is the next priority in assessing acutely injured patients.
The best way to control hemorrhage in the acute setting is with well-placed
direct pressure. This concept is central in the management of the acutely injured
patient with hemorrhage. Following placement of intravenous access, the potential
sites of hemorrhage are assessed to determine the source of blood loss. Common
sites of major hemorrhage include chest, abdomen, pelvis, thighs and
external wounds. Each site is screened with adjunct diagnostic and imaging
techniques for evidence of blood loss. The chest is evaluated with a supine CXR
looking for evidence of major vascular injury or pneumo/hemothorax. Diagnostic
peritoneal lavage historically has been used to evaluate the abdomen, but
currently ultrasonography in the form of the FAST (Focused Abdominal
Sonography for Trauma) is the standard screening modality. The presence of fluid
in the dependent areas of the abdomen is assumed to be blood until proven
otherwise. In addition to the abdominal windows, the FAST also includes a
cardiac view to assess for the presence of pericardial fluid producing pericardial
tamponade. The pelvis is assessed by a pelvic XRAY to identify acute fractures.
The presence of certain fracture patterns is associated with potential
retroperitoneal hemorrhage and therefore, the pelvic XRAY also indirectly
assesses the retroperitoneum for potential hemorrhage source. External sources
for hemorrhage are identified via the physical exam and include scalp lacerations
and facial fractures in addition to open wounds. Scalp lacerations, due to the vast
vasculature of the face, may serve as the sole source of hypotension and therefore
must not be minimized as a potential cause of hypotension. Initial management
includes application of direct pressure and suture control for arterial bleeders.
Scalp laceration in patients on anticoagulants may require the administration of
reversal agents to assist in hemorrhage control. Nasal fractures are often
associated with bleeding. Direct pressure on the nares often controls epistaxis
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from an anterior source. Significant bleeding from a posterior source may require
nasal packing, balloon compression or both to obtain hemostasis. Patients with
complex facial fractures due to either blunt or penetrating trauma have multiple
sites of bleeding that may prove difficult to control. Encompassing the concept of
direct pressure, facial packing and compressive dressing techniques have been
described to achieve hemostasis [12]. Packing of the oropharynx following airway
control is in essence similar to the four quadrant packing of the abdomen in an
attempt to obtain hemorrhage control [13 - 16]. When bleeding is refractory to
compressive methods, angioembolization is employed for definitive control.

Shock, defined as an abnormality of the circulatory system that results in
inadequate organ perfusion and tissue oxygenation, is managed under the
assumption that it is due to hypovolemia until proven otherwise. Although
resuscitation is central in shock management, the provider’s priority remains the
identification of the source of hemorrhage to facilitate early control. Initial
management consists of obtaining adequate intravenous access and the
administration of liters of warmed crystalloids. Large caliber peripheral IV (14-16
gauge) should be placed preferably in the antecubital fossa bilaterally to facilitate
rapid infusion of warmed fluid and blood products. When peripheral access is
unable to be obtained, central venous access (Internal Jugular, Subclavian,
Femoral) is obtained via the standard Seldinger technique. An alternative IV
access is that of the intraosseous catheter. Historically shock classification was
used to assess and guide management. Assessment of the patient’s response to
therapy has now replaced the shock classification method and assists in the
guidance of subsequent interventions (Table 1). Resuscitative strategies
emphasizing large volumes of crystalloids have given way to more current
strategies emphasizing early use of blood and blood products. This will be further
discussed later in this chapter.

Disability

The initial neurological evaluation includes the assessment of the pupillary
response and the computation of the Glascow Coma Score (GCS) [17]. This
rapid evaluation assesses the patient’s level of consciousness, presence of
lateralizing signs and level of spinal cord injury. Unequal pupillary size, abnormal
response and/or a low GCS score indicate the presence of a traumatic brain injury
(TBI) requiring Computed Tomography (CT) scan of the brain for further
assessment.
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Table 1. Response to resuscitation in hemorrhagic shock.

Rapid Response  Transient Response Minimal or No Response
Vital Signs Return to Normal  Transient improvement, Remain abnormal
Recurrence of decreased
Blood pressure and
increased heart rate
Estimate Minimal Moderate and ongoing  Severe
blood loss (10-20%) (20-40%) (>40%)
Need for more Low High High
crystalloid
Need for blood Low Moderate to high Immediate
Blood preparation | Type & Cross Type specific Emergency blood release
Need for operative | Possibly Likely Highly likely
intervention
Early presence Yes Yes Yes
of surgeon

The provider must be vigilant of the possibility of a TBI by continually
reassessing the patient for evidence of neurological deterioration as a lucid
interval can occur in the setting of an epidural hematoma. Spinal cord injuries
present with varying degrees of neurological deficits depending on the level
involved. The patient is to remain immobilized during the assessment period.
Computed Tomographic scan is the diagnostic imaging of choice to further
evaluate the degree of cord injury. When either a TBI or spinal cord injury is
diagnosed, prompt neurosurgical and/or spine surgery consults should ensue.

Exposure/Environmental Control

Exposure of the patient by removing all clothing allows for unobstructed
evaluation for associated injuries. After completion of the examination, warmed
blankets should be used to cover the patient. During the initial evaluation, a
warmed environment should be provided. Although uncomfortable for the
providers, patients exposed to cold environments are prone to the development of
hypothermia. In trauma care the importance of preventing hypothermia cannot be
overemphasized; since hypothermia may contribute to the development of
coagulopathy, thus it is imperative to warm the room and use warmers to warm
the fluids and the patient.

SECONDARY SURVEY

Upon stabilization of the patient after the primary survey, then and only then does
one continue with the process and begin the Secondary Survey. During this stage
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potential life threatening injuries elucidated and defined in order to be
appropriately addressed. A detailed history must be obtained and complete
physical examination performed. It is in the secondary survey that mechanum
of injury and information obtained from prehospital personnel is compiled and
analyzed to form the assessment that will guide appropriate interventions and
care. The AMPLE (Allergies, Medications, Past illness/Pregnancy, Last meal,
Events/Environment) is obtained to assist with establishing the patient’s baseline
physiological status. The importance of the information pertaining to the
mechanism of injury (MOI) and details of the event provided by the pre-hospital
personnel cannot be overstated. The provider should provide time for the pre-
hospital report to be given as patterns of injury are associated with certain MOL.
This relationship often can assist in the formulation of differential diagnosis as
well as anticipate the needs of the patient. The physical examination must be
organized and methodical to minimize missed injuries. Once the examination is
completed, appropriate imaging studies, (CXR, Pelvic XRAY, FAST, CT scan)
are performed.

Traumatic Brain Injury

The early management of TBI involves both prevention and empiric medical
management. The primary focus during the initial management should be the
prevention of hypotension and hypoxia as both have been documented to worsen
neurologic outcomes [18]. The assessment of injury severity in patients with TBI
is performed using the GCS. The injuries are then classified as minor (GCS13-
15), moderate (GCS9-12) and severe (GCS<8). Patients with GCS 8 or lower
require intubation as a definitive airway. This should be performed as soon as
possible and by an experienced provider as poor outcomes have been documented
following poorly performed intubations. Pre-hospital intubation has been
associated with worse outcomes in TBI patients with multiple contributing factors
postulated. Once intubated, pCO, levels should be maintained with targeted range
of 30-40 mmHg as part of the empiric medical management [19]. Patients who
present with clinical evidence of elevated intracranial pressure due to a space
occupying lesion (Unequal pupils), should receive Mannitol.25-1g/kg,
hyperventilation with target pCO, 30-40 mmHg, Phenytoin 1 gm and an urgent
head CT scan. Steroids use in the management of traumatic brain injury has been
demonstrated to worsen outcomes [20] and are no longer recommended.
Maintenance of blood pressure to ensure adequate brain perfusion as episodes of
hypotension below 90mmHg have been associated with worse outcomes [21]. A
systolic blood pressure of at least 90mmHg should be targeted with ongoing
resuscitation. Next, the provider must determine the type of injury present
(diffuse, focal) by obtaining a non-contrast CT when patient’s condition safely
allows.
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ICP Monitoring

Maintain
>60mmHg

Intracranial Hypertension* NO
* Head-of-bed elevation to 30"
* Adequate oxygenation
* Normocapnia
* Deepening sedation/analgesia + paralysis
* Normovolemia, moderate hypervolemia
* Temperature control
* Treatment of seizure

CSF Drainage
(if available)
NO
Intracranial Hypertension*
Acute Hyperventilation Carefully Withdraw
(15-30min) to ICP Treatment
PaCOp, 30-35mmHg
Intracranial Hypertension* NO
Mannitol Can Repeat if
(0.25-1.0g/kg IV over 15-20min) or serum osmolality
Hypertonic Saline Solution <320mOsm/kg (maintain
(NaCl 7.5%: 2mL/kg IV over 15min) patient euvolemic)
NO

Intracranial Hypertension*

YES

Barbiturate Coma Hyperventilation to PaCO2
; i <30mmHg (monitoring SjO2,
fuishiaselhatb i) and/or PbtO2 is recommended)

SECOND LINE THERAPY

*ICP of 20-25mmHg is used as the treatment threshold.

Fig. (4). Traumatic brain injury treatment algorithm.

Intensive care unit management of patients with traumatic head includes
maintenance of ICP, cerebral perfusion pressure (CPP), seizure prophylaxis.
Elevated ICP is managed with hyperosmolar therapy (Mannitol, Hypertonic
Saline), Sedation, Analgesics, Cerebral spinal fluid drainage, and even paralysis
in refractory and recalcitrant cases (Fig. 4). Additional medical management
issues include the assurance of euvolemia, adequate glycemic control, correction
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of coagulopathy and appropriate prophylaxis for the prevention of
thromboembolic events. Both mechanical and chemical prophylaxis offers the
best prevention in this high risk population. Although concerns exist for potential
bleeding associated with chemical prophylaxis, recent data reveal that this
concern is minimized as the use of low molecular weight heparin has been proven
effective as well as safe [22, 23]. Patients who remain refractory to medical
therapies are often candidates for decompressive craniotomy [24].

Thoracic Injury

Traumatic thoracic injuries represent a significant cause of morbidity and
mortality. Most injuries, blunt or penetrating, can be successfully managed
without surgical intervention, but require an astute provider to recognize their
presence and provide timely and appropriate management. The majority of
moderate to serious injuries result in hypoxia, and therefore making the timely
diagnosis and management imperative. The most common injury is that of rib
fractures. Simple fractures usually require analgesics and pulmonary toilet.
Adjuncts such as intercostal blocks and epidural catheters have been proven
effective in attaining the goal of enabling adequate ventilation in blunt thoracic
trauma patients [25]. Patients with multiple fractures who meet criteria for flail
chest (two or more fractures in two or more places) may require more aggressive
support measures as the underlying pulmonary contusion contributes to the
hypoxia. This injury complex results in disruption of the integrity of the chest
wall with paradoxical movement of the flail segment during the respiratory cycle.
Initial management is similar to that for rib fractures. More severe cases require
the patient to be placed on ventilator support to ensure both adequate ventilation
and oxygenation.

Most injuries that are life threatening (Pnuemothorax, Hemothorax, Tension
Pneumothorax) are managed with bedside thoracostomy tube placement. The
provider should be careful as the hypoxia may be attributed to airway difficulty
resulting in the conversion of a simple pneumothorax to a tension pneumothorax.
If a tension pneumothorax is encountered, a large caliber needle decompression
on the affected side is rapidly placed followed by thoracostomy tube placement. A
hemothorax of <1500cc following thoracostomy tube placement serves as
definitive management as bleeding is usually self-limited. Indications for
operative intervention include >1500cc immediate output, 200cc/hr for 2-4hours
or if blood transfusion is required.

Cardiac injuries may result from either blunt or penetrating injuries. But, blunt
injuries are associated with poor outcomes. Penetrating injuries present in various
ways from clinically occult to profound hemorrhagic shock resulting from either
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tamponade physiology or free bleeding into the hemithorax via the associated
laceration of the pericardial sac. Diagnosis of pericardial tamponade requires a
high index of suspicion. Usually wound trajectory in proximity to the heart (below
clavicles, medial to midclavicular lines and superior to costal margins) a cardiac
injury should be excluded. The use of ultrasound has significantly improved the
appropriately trained provider’s ability to diagnose cardiac tamponade in a rapid
fashion. FAST detects pericardial sac fluid with high sensitivity and specificity
[26]. One should be cautious of a negative FAST in the setting of a hemothorax as
the blood could be decompressing into the hemithorax giving a false negative
study [27]. In settings where a qualified surgeon is available, operative
intervention to definitively repair the injury is warranted. If a surgeon is not
readily available, pericardiocentesis can be both diagnostic and therapeutic in the
hands of a skilled provider. Subxyphoid placement of the needle/catheter complex
allows for aspiration of blood contents which relieves the positive pressure within
the pericardial sac facilitating cardiac filling. Placement of a flexible catheter that
is connected to a three-way stopcock allows for intermittent drainage. All patients
with a positive pericardiocentesis in the setting of cardiac tamponade require
surgical exploration to evaluate the heart and repair the injury. These patients are
then transferred to an appropriate facility for definitive care.

Patients with blunt myocardial injury may present as a spectrum of injury
patterns from simple wall contusions to cardiac disruption (cardiorrhexis).
Recently updated guideline recommended workup for cardiac contusions include
a screening 12-lead ECG. Also, all patients are to have a Troponin I obtained. A
normal test sufficiently excludes a cardiac injury and no further testing is
warranted. An abnormal test should prompt admission for 24 hour observation
with telemetry and Troponin I levels followed serially. The development of
dysrhythmia or hemodynamic lability, a transthoracic or transesophageal
echocardiography should be obtained [28].

Abdomen and Pelvic Trauma

Abdominal trauma continues to be a vexing problem to even the seasoned
provider. The abdomen has often been referred to as the “black box” due to the
difficulty in its assessment. Although this issue has been addressed with
technological advancement, abdominal injuries continue to be a common cause of
preventable death in the acutely injured patient. Factors such as intoxication,
drugs, and associated neurological injury can affect the physical exam findings
that may serve as a harbinger of an intra-abdominal injury. Historically diagnostic
peritoneal lavage served as an adjunct to assist the provider is the assessment for
possible intra-abdominal injury in the unevaluable patient. With advancement in
technology, ultrasound (FAST) has supplanted DPL and is routinely used by
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trained providers to identify the presence of fluid which is assumed to be blood.
Advantages of FAST are its noninvasiveness, repeatability and allows for early
diagnosis during either the primary or secondary survey in the trauma
resuscitation area. A hemodynamically labile patient with a positive FAST exam
warrants expeditious exploratory laparotomy as FAST in this scenario is greater
than 95% sensitive. The FAST exam has less of a diagnostic role in penetrating
abdominal trauma. Patients who are hemodynamically stable are safe for travel to
the CT scan for further evaluation. Computed tomography allows for a more
detailed evaluation of injuries resulting in a paradigm shift from operative to
nonoperative management of most injuries [29].

Blunt abdominal trauma, MVC, MCC, Fall, Pedestrian struck, Crush,
Assault, commonly result in injury to the solid organs of the abdomen. Liver,
spleen, kidney and pancreatic injuries that were once managed operatively are
now mostly managed nonoperatively based on established and validated CT
criteria. Computed tomography provides organ specific injury type, extent and the
presence/absence of free or intra-organ hemorrhage. Classification scales grade
injuries from I to V/VI based on severity with high rates of success [30, 31].
Patients are followed clinically with serial abdominal exams and laboratory
values. Development of derangement from baseline exam findings or lab values
indicates failure of non-operative management and the patient is transferred to
either the radiology suite for angiographic embolization or to the operating theatre
for an exploratory laparotomy. Blunt hollow organ injures occur with less
frequency but are more difficult to detect. Double (PO and IV) or triple (PO, IV
and rectal) contrast enhanced abdominopelvic CT scan assists in making the early
diagnosis of hollow viscus and retroperitoneal injuries that are often diagnosis in a
delayed fashion with serial physical examinations.

Penetrating abdominal trauma, GSW, Stab, Impalement, tends to be relatively
straightforward, however the determination of whether there has been peritoneal
violation is sometimes difficult. Wound location is important as Intra-abdominal
injuries can occur with lower chest (Thoracoabdominal) injuries. This is due to
the fact that diaphragm elevation may occur up to the level of the nipple placing
the upper abdominal organs at risk of injury. Recommended diagnostic modalities
that assist in the evaluation of peritoneal violation include CT scan, Diagnostic
Laparoscopy and Exploratory Laparotomy [32]. Computed tomography allows for
determination of trajectory by following the injury tract. Peritoneal violation is an
indication for operative exploration. Diagnostic laparoscopy represents a
minimally invasive modality that not only allows for direct visualization of the
peritoneum, as well as the diaphragm. The use of diagnostic laparoscopy has
resulted in a decrease in the negative laparotomy. Abdominal vascular injuries
mainly result from penetrating trauma and carry a high mortality.
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Cardiopulmonary arrest or hemorrhagic shock is the usual state upon presentation
to the trauma center. Aggressive resuscitative measures, including resuscitative
thoracotomy, and rapid access to operative intervention is crucial to survival. The
recent introduction of Resuscitative Endovascular Balloon Occlusion of the Aorta
(REBOA) to the trauma arena has shown promising results in early studies [33,
34]. Most penetrating injuries are managed operatively, but non-operative
management of certain injuries can be accomplished safely [35, 36].

Pelvic injuries are most commonly due to blunt mechanisms (MVC, MCC,
Pedestrian struck). Pelvic ring disruption results from the application of a large
amount of force. Types of severe pelvic fractures based on patterns of force
include lateral compression, anterior-posterior compression and vertical shear.
When encountered, pelvic fractures are often associated with injuries to
intraperitoneal, retroperitoneal and extraperitoneal structures. Injuries to the
bladder, urethra, rectosigmoid colon, uterus should be common and should be
sought. Extra-peritoneal injuries include axial spine fractures, extremity fractures
and aortic injuries. Patient with associated hypotension should be routinely
assessed for common sources of life-threatening hemorrhage. The pelvis is
palpated for tenderness and stability as these are indirect indicators for the
presence of a severe fracture. An AP pelvic XRAY may be obtained if
appropriate. If the patient’s condition precludes XRAY evaluation, the pelvis is
temporarily stabilized with a bedsheet or a commercial compression device (T-
Pod® Pyng Medical Corp). The purpose is to decrease the volume within the
pelvis that results from the fracture pattern in order to arrest posterior pelvic
venous or internal iliac branch hemorrhage. Definitive management of pelvic
bleeding is obtained in the angiography suite via angioembolization.

Abdominal compartment syndrome (ACS) is often encountered in the surgical
intensive care units and warrants discussion. The World Society of Abdominal
Compartment Syndrome defines ACS as a sustained intra-abdominal pressure
>20mmHg (with or without abdominal perfusion pressure <60mmHg) that is
associated with new organ dysfunction/failure. Abdominal compartment
syndrome is classified as primary, secondary or recurrent based on etiology.
Primary ACS is associated with pathology that originates from within the
abdominal cavity (Hemoperitoneum, Ischemic bowel, Acute pancreatitis, ileus).
Secondary ACS is associated with conditions that do not originate from within the
abdomen (Massive crystalloid resuscitation). Recurrent ACS occurs following
surgical decompression, prior to or after definitive closure. Organ failure develops
as a result of the sustained elevation of intra-abdominal pressure >20mmHg
causing decreased organ perfusion. The elevated pressure can affect any organ
system but commonly involved systems include respiratory (Peak airway pressure
>40mmHg), renal (Acute Kidney Injury), cardiovascular (decrease CO) and
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gastrointestinal (Ileus, splanchnic hypoperfusion). Several intra-abdominal as well
as extra-abdominal risk factors for ACS have been identified. (Table 2) Diagnosis
of ACS is made via the standard method of bladder pressure measurement
utilizing an arterial line transducer [37 - 39]. Pressures in excess of 20-25mmhg in
the appropriate clinical setting is suggestive of ACS [40]. Management options
are broadly categorized as surgical or medical. Surgical options include
percutaneous catheter drainage and decompressive laparotomy. Medical options
include sedation, analgesia, paralysis, body positioning, intestinal decompression,
restrictive fluid administration. Implementation of medical options in conjunction
with serial bladder pressure measurements may prevent the progression of intra-
abdominal hypertension. However, once end organ dysfunction occurs, surgical
decompression is the treatment of choice. High index of suspicion along with
preventive measures in high risk patients are key in improving survival.

Table 2. Clinical and objective risk factors for the development of Abdominal Compartment Syndrome.

Risk Factors for Abdominal Compartment Syndrome

1. Diminished abdominal wall compliance
Acute respiratory failure
Abdominal surgery with tight fascial closure
Major Trauma, Major Burns
High body index, central obesity

2. Increased Intra-fuminal contents
Ileus
(Gastroparesis)

3. Increased abdominal contents
Ascites
(Hemoperitoneum)

4. Early presence
Hypotension
Hypothermia (temp <33YC)
Massive transfusion (>10units PRBC/24hrs)
Coagulopathy (INR >1.5)
Pancreatitis
Sepsis
Damage control laperotomy/Major Trauma
Major Burn

DAMAGE CONTROL

The initial approach in the acute management of traumatic shock follows well
established guidelin.es [3, 41]. Damage control management of severe
hemorrhage represents several phases of care for the patient approaching or in
extremis (Hypothermic, Acidotic, Coagulopathic) [42, 43]. The phases of initial
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resuscitation, operative, critical care and definitive care address both life
threatening injuries and blood loss based on the physiological limitations of the
patient. This physiological embarrassment results from both hemorrhage and
tissue damage. The end result is a maldistribution of perfusion (Shock), anaerobic
metabolism and the development of systemic inflammatory response (SIRS).
Although the various phases occur in isolated environments (Trauma bay, OR,
ICU, IR suite) the approach represents a continuum of care with the goal of
addressing the reversal of the shock state and restoration of equilibrium (Fig. 5).

DAMAGE CONTROL

TRAUMA OPERATING INTENSIVE
BAY THEATRE CARE UNIT
TIME (hrs)

Fig. (5). Damage control management represents a continuum concept that begins shortly after injury and
during all phases of care.

Early identification of the patient in extremis is key in the damage control
approach. Pre-hospital evaluation of the acutely injured patient often provides
information that may serve as early indicators for the presence of shock [44]. The
presence of shock is assumed to be secondary to hemorrhage as this is the most
common cause. Traditional signs (BP, HR, UO) and symptoms have mostly
been replaced with more objective indicators (Base deficit, Lactate) often
referred to as endpoints. These endpoints of resuscitation and more importantly
the time to correction, have been associated with reduced mortality [45, 46].
Advancement in technology now allows for these endpoints to be obtained in the
trauma bay via point of care devices. This information provides evidence of the
depth of shock and assists the provider in recognizing the patient with
physiological exhaustion, i.e. extremis. Aggressive fluid resuscitation is often
employed when signs and symptoms of shock are present. However, this concept
has been noted to contribute to several problems including increasing SIRS,
ARDS, MOF and the promotion of hemorrhage by the dislodgement of formed
clot and the production of a dilutional coagulopathy. These and other resuscitation
induced comorbidities have resulted in several advances in the approach to
resuscitation. Damage control resuscitation strategy includes the combination
of permissive hypotension and blood component transfusion. The transfusion

of thawed plasma in at least a 1:1 ratio with PRBCs, has been increasingly



16 Recent Advances in Anesthesiology, Vol. 1 Nathaniel McQuay, Jr.

employed in the resuscitation management of the patient in extremis due to

exsanguination resulting in a significant survival benefit [47]. While the initial
resuscitation is in progress, the operative phase of care commences with the

primary goal of definitive hemorrhage control.

The trauma laparotomy encompasses two parts: Damage control and
reconstruction. Damage control surgery includes control of hemorrhage, injury
identification and the control of contamination designed to ensure immediate
survival. Trauma deaths that occur in the operating room are mostly due to
uncontrolled hemorrhage [48]. Stone ef al. in 1983 observed the development of
coagulopathy in these severely injured and exsanguinating patients during
prolonged operative procedures [49]. The authors propose abbreviation of the
procedure, reversal of the coagulopathy and return to the theatre at a later time for
definitive repair. These damage control concepts were increasingly applied to the
management of patients with penetrating abdominal injuries. Rotondo ef al. in
1993 reported on their experience with the use of damage control management
and improved survival [50]. Reconstruction, which usually occurs 24-48 hours
after the initial procedure, involves the definitive repair of injuries following
physiologic restoration as patients in extremis lack the reserve to tolerate both
damage control and reconstruction during a single operation. Definitive
procedures should not be attempted as this will only contribute further to the
development of the “bloody vicious cycle” [51]. This concept as evolved from
Halstead's original description of “intrahepatic packing” to the multidisciplinary
approach that is currently used today. Indications for the use of damage control
techniques are well documented [52].

During the trauma laparotomy, the anesthesiologist is responsible for the ongoing
restoration of the patient's physiologic reserve. The triad of hypothermia,
coagulopathy and acidosis is often times not aggressively addressed. Patients
should receive warmed intravenous fluids, including blood products via a Level 1
rapid infuser (Levell Technologies, Marshfield, MA); room temperature should be
approximately 80-85°F and placement of a conductive warming device (Bair
Hugger, Augustine Medical Inc., Eden Prarie, Minn.) to prevent hypothermia.
Serial assessment of endpoints should guide ongoing resuscitation. Acid-Base
imbalances should be managed primarily with fluids and blood products. The
degree of coagulopathy is assessed serially via point of care testing and managed
with aggressive transfusion of FFP and PLTs. The attainment of these goals is
facilitated by the utilization of massive transfusion protocols. This transfusion
concept is initiated during the primary resuscitation by the trauma team leader.
However, it is commonly not practiced during the damage control operative
procedure. This critical and often overlooked portion of the damage control
management is vital in optimizing survival. Recommendations for intra-operative
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fluid resuscitation, ratio based blood component transfusion and acid-base
management have been published [53] (Table 3).

Table 3. Intraoperative goals of resuscitation during damage control surgery.

Resuscitation Goals During Damage Control Surgery*

Systolic blood pressure 900mmHg

Heart rate <120 beats per minute

Pulse oximeter functioning, SaO, >95%

PaCO, <50torr

Urine outpt =0.5ml/kg/hr

pH >7.25

Hematocrit >25%

Lactate stable or decreasing

Ionized calcium >1.0

International normalized ratio <1.6

Platelets >50,000 Normothermia

Deep anesthesia

*Low blood pressure may be tolerated as long as acidosis is not worsening

The critical care phase follows completion of the damage control procedure.
The goal during this phase of care is the continuation of resuscitation (Secondary
resuscitation), optimization of oxygen delivery, and organ system support. The
“bloody viscous cycle” is attenuated by correction of acidosis, reversal of
coagulopathy and reversal of hypothermia [54]. Resuscitative gains are assessed
serially and once the patient's is physiologically captured, the definitive phase can
begin. Timing to planned reoperation is dependent not only upon physiological
restoration, but is also determined by the nature of the injury. Correction of
hypothermia, acidosis and coagulopathy signal the point at which the patient is
safe for reoperation [55]. During the definitive procedure all previously placed
packs are removed, re-exploration occurs to evaluate previous repairs and missed
injuries. Definitive repairs are completed and the abdomen closed when possible.
Unplanned reoperation may occur due to ongoing bleeding or the development of
abdominal compartment syndrome [56].

The damage control management is a multi-staged approach to the patient in
extremis representing a continuum of care. Not only is the surgical procedure of
importance, but ALL phases must be emphasized to optimize patient
outcome. If one critically evaluates all aspects of the damage control
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management, many would agree it is often underutilized. Cold operating theaters,
transfusion of cold blood products, lack of adequate resuscitation in the operating
room are often not emphasized as the primary focus is on the damage control
portion of the trauma laparotomy. The term damage control is added to all phases
of care (Damage control surgery, Damage control resuscitation, Damage control

transfusion, Damage control anesthesiology) to further emphasize the important
contribution of each in the management of the exsanguinating patient.

CONCLUSION

Trauma is one of the primary causes of death for patients under the age of 44.
Traumatic injuries are “time sensitive” where initial interventions are based on
physiological derangements, and classical signs and symptoms which commonly
occur based on the mechanism and pattern of injury. The primary survey focuses
on maintaining life with assessment of airway, breathing, circulation with
hemorrhage control, and evaluation of neurological disability. Once exposure is
obtained and the patient is stabilized a detailed history is obtained and a complete
physical examination must be done. This is the secondary survey. Thoracic injury,
abdominal, pelvic, and extremity injury are evaluated as well as the possibility of
traumatic brain injury. The initial management of acute traumatic shock follows
well established guidelines with the principle focus being damage control in order
to optimize the patient’s likelihood of a successful outcome; where damage
control is multifaceted concept and approach.
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CHAPTER 2

Upper Extremity Blocks

De Q.H. Tran’
McGill University, Montreal, Canada

Abstract: Upper extremity blocks are becoming increasingly popular for Orthopedic
and Ambulatory Anesthesia. Since pain originates from the periosteum, knowledge of
osseous innervation is important for a successful block. Choosing the correct approach
will allow one to successfully operate on the shoulder, clavicle and proximal humerus,
or the distal humerus, forearm and hand. The risks associated with the blocks help
determine the approach used. The interscalene and supraclavicular approaches have a
high risk of diaphragmatic paralysis. The infraclavicular approach has a potential for
vascular puncture and difficulty with external compression due to the depth of the
vessel, and is usually contraindicated in patients with same side cardiac pacemakers.
Axillary blocks should be avoided in patients who cannot abduct their arm.

Keywords: Axillary block, Brachial plexus, Interscalene block, Infraclavicular
block, Neurostimulation, Radial nerve block, Supraclavicular block, Ulnar nerve
block, Ultrasound guidance.

INTRODUCTION

This chapter represents an essential summary of the works [1] by De Q. H.
Tran, M.D., in order to present a concise, useful guide for practitioners in the
areas of Dr. Tran’s expertise — the Upper Extremity Block.

By providing anesthesia and analgesia to the entire upper limb, brachial plexus
blocks have contributed to advances in Orthopedic and Ambulatory Anesthesia.
Furthermore, with the advent of ultrasonography, upper extremity blocks are
becoming increasingly popular. Navigating the plethora of published studies can
be a daunting task. This chapter aims to present a practical discussion of
approaches and techniques for brachial plexus blockade.

The term “approach” will refer to the site where the brachial plexus is accessed
(interscalene, supraclavicular, infraclavicular, axillary). In contrast, the term
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“technique” will refer to the modality (neurostimulation, ultrasonography) or
endpoints (single or multiple injections) employed for a given approach.

CLINICAL ANATOMY OF THE BRACHIAL PLEXUS

The anatomy of the brachial plexus is presented in (Fig. 1). Although its
complexity may appear overwhelming, one should focus on certain key facts:

While textbooks recommend selecting nerve blocks based on the skin innervation
of the surgical site, knowledge of the osseous innervation (Fig. 2) is far more
important, as pain originates from periosteal and not cutaneous trauma.
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Fig. (1). Shoulder nerves and brachial plexus. Image provided by Norm Myers.
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Fig. (2). Upper Extremity Bone Innervation. Image provided by Norm Myers. Reference Source: By
permission - Upper Extremity Nerve Blocks, ©2012 Springer Science + Business Media, LLC.

The medial and lateral pectoral nerves originate from the medial and lateral cords,
respectively. Thus pectoral contraction is an acceptable evoked motor response
for neurostimulation-guided interscalene block. However pectoral contraction
should not be accepted for neurostimulation-guided infraclavicular block since it
could result from direct stimulation of the pectoral muscles.

The suprascapular nerve originates from the superior trunk and supplies the
posterior aspect of the shoulder. For surgical procedures involving the shoulder
joint, it is important to block this nerve prior to its take-off. This is best achieved
with an interscalene or supraclavicular approach.
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The subclavian nerve originates from the superior trunk and is responsible for the
bony innervation of the clavicle. An interscalene or supraclavicular approach will
anesthetize this nerve prior to its take-off.

SELECTING THE RIGHT APPROACH

In order to select the correct approach, one need only to know if surgery will take
place in the area of the shoulder/clavicle/proximal humerus or in the region of the
distal humerus/forearm/hand.

Surgery of the Shoulder, Clavicle and Proximal Humerus

The clavicle and posterior aspect of the shoulder joint/proximal humerus are
innervated by the subclavian and suprascapular nerve, respectively (Fig. 2).
Because they target these nerves prior to their take-off from the superior trunk, the
interscalene and supraclavicular approaches should be selected. Although subtle
differences may exist between the interscalene and posterior cervical
paravertebral approaches, from a practical standpoint, the latter should simply be
conceptualized as a posterior approach to the interscalene block.

Surgery of the Distal Humerus, Forearm and Hand

The supraclavicular, infraclavicular and axillary approaches can be used for
surgical procedures involving the distal humerus, forearm and hand. When
optimal techniques are utilized for each approach, supraclavicular, infraclavicular
and axillary blocks result in similar success rates [1]. In light of the comparable
efficacy, the selection between the 3 approaches should be dictated by potential
adverse events and patient characteristics. For instance, supraclavicular blocks,
and their inherent risk of phrenic paralysis, should be avoided in patients with
pulmonary compromise. Infraclavicular blocks may be contraindicated in subjects
with cardiac pacemakers. Axillary blocks should be avoided in patients whose
fracture precludes comfortable abduction of the upper limb.

INTERSCALENE APPROACH

The Theory

The interscalene approach anesthetizes the brachial plexus at the level of the roots
and trunks. Identification of the plexus in the interscalene groove can be achieved
with nerve stimulation or ultrasonography. Comparison of the 2 modalities has
yielded contradictory results. In one study, ultrasound guidance improved the rate
of surgical anesthesia as well as the onset and offset times [2]. In contrast, another
trial observed no differences in performance time, surgical anesthesia and
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postoperative neural deficits [3].
The Practice: Nerve Stimulation

The patient is supine with the head turned towards the contralateral side. At the
level of the cricoid cartilage, posterior to the sternocleidomastoid muscle, the neck
is palpated to identify the groove between the anterior and middle scalene
muscles. To ensure that the correct groove has been identified, palpation of the
latter above the clavicle should reveal an arterial pulsation (subclavian artery)

(Fig. 3).
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Fig. (3). To ensure that the correct groove has been identified, palpation of the latter above the clavicle
should reveal an arterial pulsation (subclavian artery). Image provided by De Tran, M.D., McGill University.

The skin is infiltrated with local anesthesia (0.3 ml). A 5cm block needle,
connected to a nerve stimulator set at a current of 1.5mA, a pulse width of 0.1ms
and a frequency of 2Hz, is inserted in the interscalene groove. The needle is
oriented in a slight caudad direction to avoid penetration of the intervertebral
foramen. Typically, contraction of the deltoid, biceps, triceps or pectoral muscles
is seen. All 4 constitute acceptable evoked motor responses. If diaphragmatic
contraction (stimulation of the phrenic nerve) is encountered, the needle tip is too
anterior thus should be redirected posteriorly. Conversely, if the needle is too
posterior, stimulation of the dorsal scapular nerve and shoulder elevation
(contraction of the rhomboid and levator scapulae muscles) will occur. After
ensuring that the evoked motor response is still present at a current <0.8mA, 20ml
of local anesthetic are injected. Although currents <0.5mA are commonly
recommended to indicate proximity of the needle tip with the nerve, this threshold
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originates (arbitrarily) from a 1969 case series pertaining to obturator nerve block
[4]. The optimal stimulatory threshold warrants further investigation. In his
practice, the author obtains high success rates with stimulating currents as high as
0.8mA.

Ultrasound Guidance

The patient is placed in a semi-sitting position with the head turned towards the
contralateral side. The supraclavicular area is scanned to locate the subclavian
artery. Typically, the brachial plexus (cluster of trunks and divisions) is situated
superolateral to the latter. Next the plexus is slowly traced cephalad towards the
cricoid cartilage until it becomes a column of hypoechoic nodules (roots/trunks)
(Fig. 4A, 4B). Using an in-plane technique and a lateral to medial direction, the
skin and subcutaneous tissues are infiltrated with local anesthesia. A Scm block
needle is then inserted. The target for this block is situated between the first and
second nodules. A volume of 20ml of local anesthetic is commonly used.

©2018 DE TRAN
McGILL UNIV.

Fig. (4A). The patient is placed in a semi-sitting position with the head turned towards the contralateral side.
The supraclavicular area is scanned to locate the subclavian artery. Typically, the brachial plexus (cluster of
trunks and divisions) is situated superolateral to the latter. Next the plexus is slowly traced cephalad towards
the cricoid cartilage until it becomes a column of hypoechoic nodules (roots/trunks) (Fig. 4A, 4B). Image
provided by De Tran, M.D., McGill University.
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Fig. (4B). Ultrasound image of interscalene groove. Image provided by De Tran, M.D., McGill University.
AS = anterior scalene muscle; MS = middle scalene muscle.

Complications

Due to the proximity of the cervical sympathetic chain and the recurrent laryngeal
nerve, Horner syndrome and hoarseness can occur. These side effects are seldom
problematic. With appropriate technique and equipment, some complications can
be prevented: a slight caudad orientation of the needle will minimize the risk of
dural cuff/vertebral artery/neuraxial puncture. The most vexing side effect
remains the 100% incidence of ipsilateral hemidiaphragmatic paralysis (due to
migration of local anesthetics to the C3-5 roots or the phrenic nerve) [5]. Usually
well tolerated by healthy subjects, it becomes a prohibitive risk in patients with
pulmonary compromise. To date, no preventive measure can reliably sidestep this
adverse event. Even an injectate as small as Sml can result in a 45% incidence of
diaphragmatic paralysis [6]. There exist 2 clinical strategies to tackle pulmonary
patients who require regional anesthesia for shoulder/proximal humerus surgery.
Since the anterior and posterior shoulder joints are supplied by the axillary and
suprascapular nerves, respectively, one can perform selective axillary and
suprascapular nerve blocks [7]. However, the author does not favor this tactic
because it provides no coverage for the posterior aspect of the upper humerus,
which is also supplied by the radial nerve (Fig. 2). A better strategy would be to
combine selective suprascapular nerve block and infraclavicular brachial plexus
block [8]. The latter would anesthetize both the axillary and the radial nerves.

SUPRACLAVICULAR APPROACH

The Theory

The supraclavicular approach anesthetizes the brachial plexus at the level of the
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trunks and divisions. This block can be performed with neurostimulation or
ultrasonography. Compared to neurostimulation, ultrasonography results in a
similar success rate coupled with a lower incidence of phrenic nerve block [9].

The Practice: Nerve Stimulation

Because of the inherent risk of pneumothorax, the author strongly recommends
that ultrasound guidance be employed for supraclavicular blocks.

Ultrasound Guidance

The classic technique remains the “Eight Ball, Corner Pocket” technique,
whereby local anesthetic is injected at the intersection of the first rib and
subclavian artery [10]. The patient is positioned semi-sitting with the head turned
towards the contralateral side. Using a high frequency probe, the supraclavicular
area is scanned to identify a short axis view of the subclavian artery (Fig. 5).
Superolateral to the latter, a collection of hypoechoic structures (trunks/divisions)
can be seen. It is crucial to visualize the first rib underneath the subclavian artery:
it serves as a backstop and prevents pleural breach.

The skin and subcutaneous tissues are infiltrated with local anesthesia (3ml).
Using an in-plane technique and a lateral to medial direction, a 5cm block needle
is directed towards the “corner pocket” i.e. the intersection between the
subclavian artery and the first rib (Fig. 5). A volume of 30-35ml of local
anesthetic is commonly used.

©2018 DE TRAN
McGILL UNIV.

Fig. (SA). The patient is positioned semi-sitting with the head turned towards the contralateral side. Using a
high frequency probe, the supraclavicular area is scanned to identify a short axis view of the subclavian artery
(Fig. 5A, 5B). Image provided by De Tran, M.D., McGill University.
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Fig. (5B). Supraclavicular ultrasound image. Image provided by De Tran, M.D., McGill University. A =
subclavian artery; M = main neural cluster; S = satellite cluster.

Recently, the author has described a new method for ultrasound-guided
supraclavicular block: the “targeted intracluster injection” (TII) technique [11].
The principle is simple. With the “corner pocket” technique, local anesthetic
molecules, deposited at the intersection of the first rib and subclavian artery, are
free to migrate and surround the neural clusters. In contrast, the TII technique
aims to inject local anesthetic directly inside the main and satellite neural clusters
(Fig. 5). As a result, the onset time is significantly shorter.

Complications

Vascular puncture, recurrent laryngeal nerve paralysis and Horner syndrome can
occur after supraclavicular blocks. The risk of pneumothorax can be as high as 6%
with neurostimulation. Because phrenic nerve blockade can occur in 67% of
cases, like its interscalene counterpart, the supraclavicular approach should be
avoided in patients with pulmonary compromise [12].

INFRACLAVICULAR APPROACH

Theory

The infraclavicular approach anesthetizes the brachial plexus at the level of its
cords (lateral, posterior and medial). It can be performed with neurostimulation or
ultrasonography. Comparison of the 2 modalities has yielded mixed results. Two
trials found similar rates of surgical anesthesia and onset times while another
study reported a higher rate of surgical anesthesia and a shorter performance time
with ultrasonography [13 - 15].
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The Practice: Nerve Stimulation

The patient is in placed in the supine position. A point 2cm medial and 2cm
caudad to the tip of the coracoid process is identified (Fig. 6). The skin and
subcutaneous tissue are infiltrated with local anesthesia (3ml). A 5-10cm block
needle, connected to a nerve stimulator set at an initial current of 1.5mA, a pulse
width of 0.1ms and a frequency of 2Hz, is inserted perpendicularly to the skin.
Usually elbow flexion (lateral cord stimulation) is encountered first. Using a
parasagittal plane, the needle tip is redirected in a caudad direction in search of
flexion/extension of the wrist or fingers. In order to minimize the risk of
pneumothorax, the needle should never be directed medially. After ensuring that
the evoked motor response is still present at a current <0.8mA, 30-35ml of local
anesthetic are injected.

©2018
McGILL UNIV.

Fig. (6). The patient is in placed in the supine position. A point 2 cm medial and 2 cm caudad to the tip of the
coracoid process (CP) is identified. Image provided by De Tran, M.D., McGill University.

Ultrasound Guidance

The patient is positioned supine. The arm is flexed so that the forearm and hand
can rest comfortably on the torso. A high frequency ultrasound probe is placed in
the infraclavicular fossa, medial to the coracoid process, to obtain a short-axis
view of the axillary vessels (Fig. 7A). The axillary artery and vein can be found
under the pectoralis major and minor muscles. The pleura can sometimes be seen
under the vessels (Fig. 7B). Local anesthetic (3 ml) is used to infiltrate the skin,
subcutaneous tissues and pectoralis muscles. Using an in-plane technique and a
cephalad to caudad direction, a 10cm block needle is advanced until the tip lies
just dorsal to the artery. Usually, a pop can be felt just before the needle assumes
the correct position. Thirty to thirty-five (30-35) ml of local anesthetic agent are
administered. Injection of the first few ml of local anesthetic will give rise to a
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picture resembling a “double bubble” [16]. The superior bubble represents the
axillary artery in a short axis and the “inferior bubble”, the pool of local
anesthetic. As more local anesthetic is deposited, the inferior bubble will turn into
a U shape, wrapping itself around the artery and the latter will be gently pushed
ventrally. If the artery fails to rise, the needle tip may be too dorsal in relation to
the artery; thus it should be repositioned to lie immediately adjacent to the latter.
Occasionally, 2 axillary veins (cephalad and caudad to the artery) or 2 arteries can
be present. In such a situation, another approach should be selected to ensure
singularity of the target and to avoid vascular puncture.

2018 DE TRAN
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Fig. (7A). The patient is positioned supine. The arm is flexed so that the forearm and hand can rest
comfortably on the torso. A high frequency ultrasound probe is placed in the infraclavicular fossa, medial to
the coracoid process, to obtain a short-axis view of the axillary vessels. Image provided by De Tran, M.D.,
McGill University.

Fig. (7B). The axillary artery and vein can be found under the pectoralis major and minor muscles. The
pleura can sometimes be seen under the vessels. Image provided by De Tran, M.D., McGill University. A =
axillary artery; P = pleura; PM = pectoralis major muscle; Pm = pectoralis minor muscle; * = needle target.
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Complications

Vascular puncture can occur. Because of the depth of the vessels, external
compression can be tricky. Thus caution should be exercised in coagulopathic
patients. Phrenic paralysis can occur in a minority of patients. There have been
anecdotal reports of Horner syndrome and pneumothorax associated with
infraclavicular blocks.

AXILLARY APPROACH

The Theory

The axillary approach anesthetizes the brachial plexus at the level of its 4 main
terminal branches (musculocutaneous, median, radial and ulnar nerves).
Performing this block with fascial clicks, elicitation of paresthesia, trans-arterial
injection and single nerve stimulation yields only modest success rates (70-80%).
Thus most practitioners prefer multiple-nerve stimulation and ultrasound
guidance. Compared to a multiple-stimulation technique, a higher success rate and
shorter onset time have been reported with ultrasonography [17]. However,
another trial found no differences [18].

The Practice: Nerve Stimulation

The patient is positioned supine with the shoulder abducted and the elbow flexed.
The axilla is palpated to identify the axillary artery. The musculocutaneous and
median nerves are usually situated above the artery whereas the radial and ulnar
nerves can be found below the latter. Two distinct puncture sites (above and
below the artery) are required (Fig. 8). The skin is infiltrated with local anesthesia
(0.3ml per puncture site). A Scm block needle, connected to a nerve stimulator set
at an initial current of 1.5mA, a pulse width of 0.1ms and a frequency of 2Hz, is
used. The block needle is first inserted above the artery to locate the
musculocutaneous nerve (elbow flexion). After ensuring that the evoked motor
response 1is still present at a current <0.8mA, 5-7ml of local anesthetic are
deposited.

If elbow flexion cannot be obtained, the musculocutaneous nerve can be blocked
by contacting the humerus and injecting local anesthetic as the needle is pulled
back into the belly of the coracobrachialis muscle. Two or three passes (with
different angulations) are required. Subsequently, the needle is repositioned to
locate the median nerve (above the artery) and radial nerve (below the artery).
Wrist/finger flexion is sought for the former whereas wrist/finger extension is
sought for the latter. For each of these two nerves, a local anesthetic volume of
10-14ml is injected after ensuring that the evoked motor response is still present at
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<0.8mA. Electrolocation of the ulnar nerve is not required for successful
neurostimulation-guided axillary block [19].

Fig. (8A). The patient is positioned supine with the shoulder abducted and the elbow flexed. The axilla is
palpated to identify the axillary artery. The musculocutaneous and median nerves are usually situated above
the artery whereas the radial and ulnar nerves can be found below the latter. Two distinct puncture sites
(above and below the artery) are required. Image provided by De Tran, M.D., McGill University.
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Fig. (8B). Axillary Cutaway. Image provided by Norm Myers.
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Ultrasound Guidance

The patient is positioned with the shoulder abducted and the elbow flexed. The
axilla is scanned with a high frequency, linear ultrasound probe to identify a short
axis view of the axillary artery (Fig. 9A). The musculocutaneous nerve, a
hyperechoic structure can be found anterior and lateral to the artery, in a fascial
plane between the coracobrachialis and biceps muscles (Fig. 9B). Using an in-
plane technique, the skin and subcutaneous tissues are infiltrated with local
anesthesia (3ml). A 5cm block needle is then inserted. The needle is first directed
towards the musculocutaneous nerve. Six ml of local anesthetic are deposited.
Subsequently, the needle is redirected towards the six o’clock position of the
axillary artery [20]. If the needle tip is correctly positioned inside the
neurovascular sheath, injection of a few mL will result in a “silhouette sign”
(blurring of the arterial wall due to the contiguity of anechoic blood and anechoic
local anesthetic).

If a “silhouette sign” fails to form, the needle tip may be too dorsal in relation to
the vessel; thus it should be repositioned to lie immediately adjacent to the latter.
Twenty-five (25) ml of local anesthetic are then injected. This typically results in
the axillary artery being surrounded by local anesthetic (donut sign). In some
patients, the musculocutaneous nerve cannot be visualized between the biceps and
coracobrachialis muscles, as it travels with its median/radial/ulnar counterparts
inside the neurovascular bundle. In such cases, the entire volume of local
anesthetic is injected at the 60’clock position of the axillary artery after obtaining
a “silhouette sign”.

Fig. (9A). The patient is positioned with the shoulder abducted and the elbow flexed. The axilla is scanned
with a high frequency, linear ultrasound probe to identify a short axis view of the axillary artery (Fig.9A).
Image provided by De Tran, M.D., McGill University.
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Fig. (9B). The musculocutaneous nerve, a hyperechoic structure can be found anterior and lateral to the
artery, in a fascial plane between the coracobrachialis and biceps muscles. Image provided by De Tran, M.D.,
McGill University. A = axillary artery; Mc = musculocutaneous nerve; V = axillary vein.

Complications

Transient numbness, vascular puncture, intravascular injection, bruising and
soreness at the injection site have been reported but the overall safety margin for
the axillary approach is very high.

SUPPLEMENTAL BLOCKS

In the event of an incomplete brachial plexus block, missing nerves can be
anesthetized at a more distal location.

Suprascapular Nerve Block

The Theory

In his practice, the author combines suprascapular nerve block with
infraclavicular brachial plexus block to anesthetize the shoulder for patients who
are unable to undergo interscalene/supraclavicular blocks due to pulmonary
compromise. The suprascapular nerve can be blocked with neurostimulation or
ultrasonography. To date, no study has compared these 2 modalities.

The Practice: Nerve Stimulation

Due to the elaborate landmarks required by the neurostimulation-guided
technique, the author suggests using ultrasonography for suprascapular nerve
block.
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Ultrasound Guidance

The patient is positioned in the lateral decubitus position so that the side to be
blocked is uppermost. Using a high frequency, linear ultrasound probe, the area
cephalad to the scapular spine is scanned to identify the suprascapular fossa
(Fig. 10A, 10B). The skin and subcutaneous tissues are infiltrated with local
anesthesia (3ml). Using an in-plane technique, a 10cm block needle is advanced
towards the suprascapular fossa. After bony contact by the needle tip, a volume of
10ml of local anesthetics is deposited in the suprascapular fossa.

©2018 DE TRAN
McGILL UNIV.

Fig. (10A). The patient is positioned in the lateral decubitus position so that the side to be blocked is
uppermost. Image provided by De Tran, M.D., McGill University.

Fig. (10B). Using a high frequency, linear ultrasound probe, the area cephalad to the scapular spine is
scanned to identify the suprascapular fossa. Image provided by De Tran, M.D., McGill University. F =
suprascapular fossa; S = fascia of supraspinatus muscle.
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Intercostobrachialis Nerve Block

Although many textbooks recommend supplementing brachial plexus blocks with
an intercostobrachialis nerve block (subcutaneous infiltration of the medial arm
with 5-7 ml of local anesthetic) for tourniquet tolerance, this step is not necessary.
Tourniquet-related pain stems from muscular compression, which is covered by
the brachial plexus block. In contrast, the intercostobrachialis nerve only provides
sensory innervation to the skin.

DISTAL NERVE BLOCKS AT THE ELBOW

The Theory

The radial, median and ulnar nerves can be blocked at the elbow. To date, no
study has compared neurostimulation and ultrasonography.

The Practice: Nerve Stimulation

Since the distal blocks at the elbow are usually performed to rescue a failing
brachial plexus block, it is paramount that they succeed. With this mindset, the
author suggests to use ultrasonography instead of neurostimulation: in addition to
preventing vascular puncture, ultrasound guidance will ensure circumferential
spread of local anesthetic around the target nerve.

Ultrasound Guidance

Radial and Median Nerve

The patient is positioned supine with the upper extremity abducted. At the level of
the elbow crease, a high frequency, linear ultrasound probe is used. The radial
nerve appears as a hyperechoic crescent (Fig. 11A, 11B). The median nerve is
located medial to the brachial artery (Fig. 12). Using an in-plane technique, a S5cm
block needle is advanced towards the 2 nerves. A volume of 5-7ml of local
anesthetic is deposited around each nerve. If the median nerve cannot be
visualized, a perivascular injection can be carried out medial to the brachial artery.

Ulnar Nerve

The patient is positioned supine. The elbow is flexed and the forearm internally
rotated so that its radial aspect rests comfortably on the torso. A high frequency,
linear ultrasound probe is used to scan the proximal forearm. The ulnar nerve
appears as a hyperechoic structure (Fig. 13A, 13B). Using an in-plane technique,
a Scm block needle is advanced towards the nerve. A volume of 5-7ml of local
anesthetic is deposited around the nerve.
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Fig. (11A). The patient is positioned supine with the upper extremity abducted. Image provided by De Tran,
M.D., McGill University.

Fig. (11B). At the level of the elbow crease, a high frequency, linear ultrasound probe is used. The radial
nerve appears as a hyperechoic crescent. Image provided by De Tran, M.D., McGill University.

Fig. (12). The median nerve is located medial to the brachial artery. Image provided by De Tran, M.D.,
McGill University. A = brachial artery; M = median nerve.
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Fig. (13A). The patient is positioned supine. The elbow is flexed and the forearm internally rotated so that its
radial aspect rests comfortably on the torso. Image provided by De Tran, M.D., McGill University.

Fig. (13B). A high frequency, linear ultrasound probe is used to scan the proximal forearm. The ulnar nerve
appears as a hyperechoic structure. Image provided by De Tran, M.D., McGill University.

Complications

Most supplemental blocks possess a high safety profile. Vascular puncture
(brachial artery) can occasionally occur with median nerve blocks.

SELECTING THE LOCAL ANESTHETIC AGENT (TABLE 1)

In order to select the correct local anesthetic agent, the operator must decide
whether the aim is postoperative analgesia, surgical anesthesia or both.
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Table 1. Local anesthetic dose. Table provided by De Tran, M.D., McGill University.

Local Anesthetic Toxic Dose (mg/kg) Approximative Duration
of Anesthesia (hours)*

Lidocaine 5 2-3

Lidocaine with epinephrine 7 3-6

Bupivacaine 2.5 6-8

Bupivacaine with epinephrine 5 8-10

Mepivacaine 6 2-3

Mepivacaine withepinephrine 7 3-4

Ropivacaine 3 6-8

*The duration of analgesia usually exceeds that of anesthesia.

If the brachial plexus block is performed to maximize postoperative analgesia,
block duration should be the overriding concern. Thus long(est) acting agents
(such as bupivacaine or ropivacaine) should be selected. In his practice, the author
uses bupivacaine 0.25% with epinephrine Sug/ml for the following reasons: 1)
bupivacaine lasts longer than ropivacaine. 2) with technical proficiency and
ultrasound guidance, intravascular injection can be avoided. Furthermore,
incremental injection (with repeated negative aspiration) and the presence of
epinephrine (which signals intravascular injection through tachycardia) impart
additional layers of safety. Thus, though less cardiotoxic, ropivacaine provides
minimal benefits for the author.

If the block is performed to ensure surgical anesthesia, onset time should be the
main concern. Thus quickest(est) acting agents should be selected. In his practice,
the author uses lidocaine 1.5% with epinephrine Spg/ml. However, because of its
short duration, lidocaine provides limited postoperative analgesia.

If the operator wishes to achieve both surgical anesthesia and postoperative
analgesia, 3 options exist. Firstly, the brachial plexus block is performed with
bupivacaine at least 45 minutes before surgery to provide enough soak time. This
strategy requires an induction room as well as an assistant to monitor the patient
while the anesthesiologist blocks the next one. Secondly, the brachial plexus
block is performed with lidocaine (thus ensuring a swift onset) and a perineural
catheter is inserted. Postoperatively, the latter is injected with bupivacaine to
ensure long lasting analgesia. Albeit the most versatile, this strategy is most
demanding in terms of technical skills, performance time and equipment costs.
Finally, a mix of lidocaine 1%-bupivacaine 0.25% (obtained by combining equal
parts of lidocaine 2% and bupivacaine 0.5%) with epinephrine Sug/ml is
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employed. While the mix does not have an onset time as swift as pure lidocaine or
a duration as long as bupivacaine, it represents an attractive option because of its
simplicity. In his practice, the author favors options 2 and 3.

PRECAUTIONARY MEASURES

Irrespective of the approach (interscalene/ supraclavicular/ infraclavicular/
axillary) and technique (neurostimulation/ ultrasonography) used for brachial
plexus blockade, the author recommends implementation of the following
precautionary measures: 1) A peripheral nerve block is an invasive procedure that
carries a risk of complications (nerve damage, local anesthetic toxicity). Thus
adequate training (for the operator) and informed consent (from the patient) is
paramount. 2) While sedation can be provided for procedural discomfort, it should
never obtund the patient’s ability to report paresthesia or reflexic withdrawal to
pain. 3) Local anesthetic injection should always be carried out in a slow,
deliberate manner with negative aspiration between every Sml-increment.
Furthermore, nerve blocks should always be performed in a monitored setting
with ready access to resuscitative equipment and drugs (such as Intralipid). 4)
Toxic doses of local anesthetic agents should not be exceeded.

CONCLUSION

Brachial plexus blocks have contributed to advances in Orthopedic and
Ambulatory Anesthesia. Ultrasonography has made upper extremity blocks more
accessible and more popular Rather than focusing solely on dermatomal — skin
innervation, knowledge of periosteal innervation is important for a successful
block. Choosing the correct approach allows one to successfully operate on the
shoulder, clavicle, proximal humerus, distal humerus, forearm, and hand. This
chapter has aimed to present a practical discussion of approached and techniques
for brachial plexus blockade. The risks associated with the blocks helps determine
the approach used for each individual patient. The interscalene and
supraclavicular approaches have a high risk of diaphragmatic paralysis, Horner’s
syndrome, and vascular absorption. The infraclavicular approach has a potential
for vascular puncture and difficulty with external compression due to depth of the
vessel, a potential for pneumothorax, and is usually contraindicated in patients
who cannot abduct their arm. The duration of anesthesia provided is dependent on
the medication chosen and whether an indwelling catheter is used.
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CHAPTER 3

Paravertebral Block

Roy Greengrass
Mayo Clinic, Jacksonville, Florida, USA

Abstract: The paravertebral nerve block (PVB) allows the blockade of mixed nerve
roots after they leave the intervertebral foramina. This provides anesthesia and
analgesia for a variety of procedures and conditions including: breast surgery, thoracic
surgery (thoracotomies, thoracoscopies, VATS), multiple rib fractures, herniorrhaphies,
abdominal wall procedures; and to provide analgesia and anesthesia in the presence of
severe scoliosis, kyphosis or Harrington rods; and also to treat chronic pain syndromes.
The principal contraindications remaon infection, major coagulopathy, neuropathy of
unknown origin and patient refusal. The use of catheters permits a longer duration of
therapy. Complications include possible pneumothorax, intraneural injection, epidural
spread and local anesthetic toxicity. This is a very useful technique to master.

Keywords: Breast surgery, Herniorrhaphies, Paravertebral catheter, Paravertebral
nerve block (PVB), Rib fractures, Thoracoscopies, Thoracotomy, VATS.

INTRODUCTION

The paravertebral block (PVB) is a very useful block to master, because it allows
one to provide regional anesthesia in situations where an epidural block may not
be possible. The paravertebral block (PVB) blocks mixed nerve roots after they
have exited the intervertebral foramina. Thus one can provide anesthesia and
analgesia for a variety of procedures including: breast surgery (both cancer
surgery — mastectomy and cosmetic — augmentation and mammoplasty), thoracic
surgery (thoracotomies, thoracoscopies, and VATS), herniorrhaphies and
abdominal wall surgeries. Post-surgical analgesia for thoracic procedures open
cholecystectomy, open nephrectomy, appendectomies and rib fractures can be
provided by paravertebral block, as well as analgesia for chronic mastectomy
pain, post thoracotomy pain, post herpetic neuralgia, chronic cancer pain and
refractory angina pectoris.

* Corresponding author Roy Greengrass: Mayo Clinic, Jacksonville, Florida, USA; Tel: 904-953-2000; E-mail:
Greengrass.Roy@mayo.edu
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ANATOMY

The paravertebral space is a well-defined wedge shaped [1, 2] anatomical
compartment which is bounded antero-laterally by the parietal pleura, posteriorly
by the superior costo-transverse ligament, medially by the vertebral bodies,
intervertebral discs and intervertebral foramina, superiorly and inferiorly by the
ribs (Fig. 1). Within the space are the spinal roots dividing into ventral and dorsal
rami, white and grey rami of the sympathetic chain, areolar tissue, fat and blood
vessels. A local anesthetic infiltration thus provides unilateral sensory, motor and
sympathetic blockade.
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Fig. (1). Thoracic Paravertebral Space. Image provided by Roy Greengrass, M.D., Mayo Clinic.
INDICATIONS

PVB can be used both as the primary anesthetic and also to provide post-surgical
analgesia.

PVB can be applied as primary anesthetic for most breast surgeries [3], rib
resections, inguinal hernias [4], procedures in interventional radiology suites such
as liver mass radiofrequency ablation [5], percutaneous transhepatic biliary
drainage [6] and percutaneous nephrolithotomy [7] and gastrostomy tube
placement.
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Post-surgical analgesia can be effectively provided in patients having video
assisted thoracoscopy [8], thoracotomy [9], minimally invasive mitral valve
replacement [10], transapical transcatheter aortic valve replacement [11], open
cholecystectomy [12], appendectomy [13], open nephrectomy [14], percutaneous
nephrolithotomy [15] etc. and for providing analgesia in patients with rib fractures
[16].

Chronic pain patients can benefit from PVB for chronic post mastectomy pain
[17], post thoracotomy pain [17] and post herpetic neuralgia [18]. This can also be
used in chronic regional pain syndrome, cancer pain [19] and refractory angina
pectoris [20].

PVB catheters can be utilized to prolong the duration of analgesia [21].

TECHNIQUE
Equipment

22G Tuohy needle with graduated marking of lcm (B. Braun Medical,
Bethlehem, PA), clear extension tubing, skin marker, antiseptic solution, local
anesthetic for skin wheal (2% lidocaine + 1:200,000 epinephrine), sterile gloves
and gauze is used. For continuous catheters, an 18G or 17G Tuohy is used with an
epidural catheter with a soft tip (Braun). Soft tip catheters stay in the paravertebral
space more reliably.

Levels

Depending on the surgical procedure, the appropriate levels are chosen. For breast
surgery involving the axilla, levels T1-T6 are blocked. For minimally invasive
mitral valve repair, right T3-T7 are blocked. For inguinal herniorrhaphy levels
T11-L1 are chosen.

Anatomical Landmarks (Fig. 2)

The landmarks are placed after positioning the patient in a sitting posture
(preferred over lateral decubitus and prone position) with neck flexed, back
arched out and shoulders relaxed.

The superior aspect of the spinous process is marked and from the middle of this
mark the needle entry is marked 2.5cm lateral to each spinous process ipsilateral
to the site of the surgery. These marks should overlie the transverse process (TP)
of the vertebra immediately caudal to it.

A good guide for anatomical land marks are the C7 spinous process (most
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prominent spinous process felt when the patient flexes the neck) which when
marked, would correspond to the T1 spinal nerve root, the spine of the scapula
corresponds to the T4 spinous process and the inferior tip of scapula
corresponding to the T7 spinous process.

18 ROY G ss
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Fig. (2). Landmarks for Thoracic Paravertebral Block. Image provided by Roy Greengrass, M.D., Mayo
Clinic.

Placement (Fig. 3)

Under aseptic precautions, a skin wheal is raised at the points of insertion that
were marked. Using a graduated 22G, 3.5inch Tuohy needle (B. Braun) attached
via clear extension tubing to a syringe, the shaft of the needle is grasped by the
dominant hand of the operator. To estimate depth to the TP one can assume depth
to the epidural space and subtract 1-2cm since the TP angles posteriorly (thus is
more superficial). In an average adult the TP is usually contacted at a depth of 3-
Scm. Alternatively the depth to the TP can be measured using ultrasound. (See US
section) The needle is inserted through the skin wheal, perpendicular to the skin,
until contact with the TP is made. If bone is not contacted with initial insertion,
the needle is most likely between the transverse processes, and the needle is then
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Insert 22G Tuohy needle perpendicular
to all planes. While looking for TP, a
practitioner grasps the needle at a

4 depth 1cm deeper than expected depth

Note the needle
depth at the
skin when TP
is contacted.

for TP (2-4cm). If bone is not encount-
ered with first needle injection, needle
> is probably between adjacent TPs and a
slightly different entry point or needle
angulation should be used. If this fails,
then slightly deeper insertion is allowed.

b 4
«

-

-~
>

Pull needle back and angle it caudally One may choose to maintain a Stop advancing needle at
to TP (in a strictly parasagittal plane) tight finger grasp of the needle predetermined distance.
and then advance 1cm past TP (“eye shaft Tcm proximal to the depth After negative aspiration,
grasp” on predetermined needle depth at which TP was contacted while inject 3cc Local Anesthetic.
mark). Occasionally, if walking off the withdrawing and advancing
TP caudfxlly is difficult, needle may need the needle. S DY CREERIGHASS
to be reinserted several mm lower. MAYO CLINIC

Fig. (3). Illustration of the classical landmark technique of performing a Thoracic Paravertebral Nerve Block.
Images provided by Roy Greengrass, M.D., Mayo Clinic.

directed caudad then cephalad in an attempt to contact bone. If bone is still not
contacted the needle is grasped 1cm deeper and the process repeated till the TP is
successfully contacted. Once the TP is contacted, the depth is noted which will be
a guide to the approximate depth to subsequent transverse processes. While on the
TP the needle is grasped lcm from the skin, then withdrawn and redirected
caudally off the TP until the fingers contact skin (i.e. walking 1cm caudad off the
TP). A loss of resistance ("pop") is appreciated as the needle passes through the
superior costotransverse ligament. After aspiration, Iml of local anesthetic is
injected (to reduce the risk of intraneural injection of large volume of anesthetic)
followed by another 2-4ml. It is recommended that while performing thoracic
PVB, the provider should start at the lower most marked PVB first and proceed
cephalad as the depth to the TP from the skin increases moving cephalad. It is
important to experience a loss of resistance or subtle “pop” as the needle passes
through the superior costotransverse process in the thoracic region. In the lumbar
region, the transverse processes are very small compared to the ones in the
thoracic area. area. The recommended depth of insertion off the TP in the lumbar
area is 11/2-2cm as the lumber roots are deeper. There is no costotransverse
ligament in this area. If a distinct “pop” is sensed here, then the needle has likely
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punctured the psoas fascia and hence, should be withdrawn to a shallower depth.
Injection for both thoracic and lumbar blocks should be easy and have little
resistance.

Choice of Local Anesthetic

For surgical anesthesia, ropivacaine 0.5%-1% is used, which would also facilitate
post procedural analgesia for 12-24hours. For continuous PVB, 0.2% or 0.3%
ropivacaine at 6ml/hr with or without additional patient bolus of 6ml every hour is
used.

Ultrasound (US) Technique

US can be utilized to complement an anatomic technique by determining the
distance to the TP and directing the needle onto the TP prior to walking off the
TP. US can also be utilized for the entire procedure [22, 23]. A linear or
curvilinear probe may be used, curvilinear preferentially used in obese patients.
The probe is placed transversely on the back and the spines identified and marked
(if not visible). Skin marks are made 2.5cm lateral to the spines. The probe is then
placed parasagitally 2.5cm from the midline to image the lateral aspect of the TP
and the TP rib junction (Fig. 4). The TP is imaged just above the midpoint of the
probe. The block needle is then inserted at the midpoint of the probe paramedially
and directed to contact the TP (Fig. 5). After contacting the TP an anatomic
technique can be used where the needle is walked caudally off the TP to traverse
the SCTL. The needle can also be directed caudally off the TP under US guidance
to traverse the SCTL after which injected local anesthetic may result in visible
anterior displacement of the pleura. The needle may also be imaged and inserted
to pierce the SCTL without contacting the TP. It is recommended the needle
always be directed caudad with all approaches particularly an exclusive US
guided approach, to avoid vessels and nerves which are located in the cephalad
part of the PV space. As with other blocks, hydrodissection can greatly assist US
needle guidance, particularly in patients with difficult anatomy

Nerve Stimulator Technique

A nerve stimulator can be used as an adjunct to the anatomical approach to locate
the nerve root that one plans on blocking however, as mentioned, directing the
needle cephalad to locate the nerve may result in injury to nerve or vessels.

Complications

Pleural puncture, pneumothorax, epidural/spinal spread, extrapleural hematoma,
hypotension, local anesthetic toxicity are the potential complications of PVB.
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Fig. (4). US probe placed 2.5c¢m lateral to midline. Needle will be directed to contact caudal part of TP then
redirected caudally off the TP.

TEST PATIENT, 15 Aug 2017 / 11:58

[+ 3.05cm

SonoSite
f; N

Fig. (5). Measured depth to caudal part of the TP simulating path of needle.

Contraindications to PVB

As with any regional anesthetic, PVBs are contraindicated in patients with local
infection (infected skin, empyema etc.,) coagulopathy, indeterminate neuropathy
and patient refusal.

CONCLUSION

Thus, the paravertebral block is a useful block to have in one’s armamemtorium.
It allows one to provide regional anesthesia in situations not amenable to an
epidural because the paravertebral block (PVB) blocks mixed nerve roots after
they have exited the intervertebral foramina. So, in the presence of severe
scoliosis, hyphosis, or instrumentation such as Harrington rods it is possible to
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provide regional anesthesia and analgesia. In addition, a variety of procedures
including: breast surgery (both cancer surgery — mastectomy and cosmetic —
augmentation and mammoplasty), thoracic surgery (thoracotomies,
thoracoscopies, and VATS), herniorrhaphies, and abdominal wall surgeries can be
covered by paravertebral blocks. PVB’s can provide post-surgical analgesia for
thoracic procedures, open cholecystectomy, open nephrectomy, appendectomies
and rib fractures. The paravertebral block is a useful tool providing analgesia for
chronic mastectomy pain, post thoracotomy pain, post herpetic neuralgia, chronic
cancer pain, and refractory angina pectoris. The principle contraindications are
infection, coagulotherapy, neuropathy of unknown origin and patient refusal.
Although possible pneumothorax, intraneural injection, epidural spread, and local
anesthetic toxicity, the paravertebral block is a very useful technique.
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CHAPTER 4

Lower Extremity Blocks

Roy Greengrass” and Arun Kalava
Mayo Clinic, Jacksonville, Florida, USA

Abstract: Lower extremity blocks provide anesthesia and analgesia for a variety of
orthopedic, vascular and cosmetic procedures involving the hip, the thigh, the knee, the
leg, the ankle and the foot. Lower extremity blocks include the femoral nerve block,
(FNB), the sciatic nerve block, the popliteal sciatic nerve block, the saphenous nerve
block, the posterior lumbar plexus block and the ankle block. A combination of lumbar
plexus and sciatic block provides complete anesthesia of the lower extremity. The
femoral nerve block is among the easiest, safest, and the most successful blocks to
master. This block can provide analgesia for a fractured hip, a femoral fracture, knee
arthroplasty and the harvesting of skin from the thigh. The popliteal block when
combined with the saphenous block provides complete anesthesia below the knee.
When the ankle block is performed above the malleoli, complete anesthesia of the foot
can be achieved. The use of regional-lower extremity blocks helps to avoid the risks of
general or neuroaxial anesthesia especially for those who are frail, debilitated, with
multiple co-morbidities and cardiovascular risk factors. In addition, lower extremities
blocks can provide significant post-operative analgesia. The blocks maybe performed
with the use of the ultrasound or with peripheral nerve stimulation.

Keywords: Adductor canal block, Ankle block, Femoral nerve blocks, Lower
extremity blocks, Lumbar plexus block, Popliteal block, Saphenous nerve block,
Sciatic nerve block.

INTRODUCTION

Lower extremity blocks provide anesthesia and analgesia for a variety of
orthopedic, vascular and cosmetic procedures involving the hip, the thigh, the
knee, the leg, the ankle and the foot. Lower extremity blocks include the femoral
nerve block (FNB), the sciatic nerve block, the popliteal sciatic nerve block, the
saphenous nerve block, the posterior lumbar plexus block and the ankle block. A
combination of the lumbar plexus and the sciatic nerve the sciatic block provides
far complete anesthesia of the lower extremity. The femoral nerve block is among
the easiest, safest and the most successful blocks to master.
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This block can provide analgesia for a fractured hip, a femoral shaft fracture, knee
arthroplasty, and the harvesting of skin from the thigh. The popliteal block when
combined with the saphenous block provides far complete anesthesia below the
knee. When the ankle block is performed above the malleoli, the complete
anesthesia of the foot can be achieved. The use of regional- lower extremity
blocks helps avoid the risks of general or neuroaxial anesthesia especially for
those who are frail, debilitated, with multiple co-morbidities and cardiovascular
risk factors. In addition, lower extremity blocks can provide significant
postoperative analgesia. These blocks may be performed with the aid of
ultrasound or with peripheral nerve stimulation.

ANKLE BLOCK

Anatomy

The foot is innervated by the saphenous, posterior tibial, superficial peroneal,
deep peroneal and the sural nerve. For a successful ankle block, all five nerves
at the ankle have to be anesthetized. A simple and easy way of providing
anesthesia and postoperative analgesia [1] to the foot is by performing an ankle
block above the malleoli (supra-malleolar) [2].

Method

Ankle block is performed using an ultrasound [3, 4] and/or infiltration
technique. The posterior tibial nerve can also be stimulated [5]. After appropriate
sedation, the foot to be anesthetized is elevated using a stack of sheets, (Fig. 1) the
malleolar and supra-malleolar area is prepped with chlorhexidine and a high
frequency linear probe is used to scan and identify individual nerves. Posterior
tibial, deep peroneal and sural nerves are consistently visualized (Fig. 2). The
posterior tibial nerve is visualized in the vicinity of the posterior tibial artery,
posterior to the medial malleolus (Fig. 3). The deep peroneal nerve is visualized
lateral to the anterior tibial artery between the malleoli (Fig. 4). The sural nerve
can be visualized in the vicinity of the small saphenous vein posterior to the
lateral malleolus (Fig. 5). The superficial peroneal and saphenous nerves are
difficult to visualize using an ultrasound and hence, are blocked using the
infiltration technique. The deep peroneal nerve can also be anesthetized
anatomically at the superior malleolar level between the tendons of the extensor
hallucis longus and tibialis anterior. The needle is inserted perpendicular to the
skin to touch bone after which it is withdrawn a millimeter prior to injection. The
needle is then fanned medially and laterally from the initial insertion site. A 25-
gauge hypodermic needle attached via clear extension tubing to a syringe
containing local anesthetic is used to perform the block. Care should be taken to
minimize the number of needle punctures made during the block. The authors




Lower Extremity Blocks Recent Advances in Anesthesiology, Vol. 1 59

suggest using the same puncture site and directing the needle medially and
laterally to inject the local anesthetic. 20ml of local anesthetic (usually 0.5-1%
ropivacaine) is usually sufficient to perform an ankle block.

Complications

As with any regional anesthetic technique, infection, bleeding, nerve injury, local
anesthetic toxicity and compartment syndrome [6] are possible, but rare.

S. Boyd
Mayo 2005

Fig. (1). Positioning for of the leg for an ankle block Supramalleolar placement of the ultrasound probe.
Images provided by Mayo Clinic.
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Fig. (2). Innervation of the Foot and Ankle. Images provided by Mayo Clinic.
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Fig. (3). Ultrasound image of the PT: Posterior Tibial Nerve, A: Posterior Tibial Artery, V: Posterior Tibial
Vein, AT: Achille’s Tendon and MM: Medial Malleolus. Images provided by Mayo Clinic.

Lateral Medial

Fig. (4). Ultrasound image of the N: Deep Peroneal Nerve and A: Anterior Tibial Artery. Image provided by
Mayo Clinic.

Fig. (5). Ultrasound image with LM: Lateral Malleolus and SSV: Short Saphenous Vein. Injection of LA
should be done in the proximity of the SSV for a reliable sural nerve block. Image provided by Mayo Clinic.
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SAPHENOUS NERVE (ADDUCTOR CANAL) BLOCK

The adductor canal block is becoming a more en vogue technique to provide
analgesia of the lower extremity in the saphenous nerve distribution while
theoretically sparing blockage of the motor branches of the femoral nerve;
however, this is debatable [7]. The indications [8] for adductor canal block
include TKA, and to complement sciatic block for procedures below the knee.

Anatomy

The adductor canal or Hunter’s canal is a potential space in the middle
compartment of the thigh that extends from the inguinal ligament to the adductor
hiatus. The canal is bordered by the sartorius muscle anteromedially, the adductor
longus and magnus muscles posteromedially and the vastus medialis muscle
laterally. In addition to the saphenous nerve, the nerve to the vastus medialis and
branches of the obturator nerve are also contained within the canal (Fig. 6).

Ultrasound Technique

Without ultrasound guidance the canal can be reliably accessed with a blind
anatomy technique by identifying the mid-point between the anterior superior
iliac spine and the genu of the knee and the midpoint of the thigh from anterior to
posterior. Where these lines intersect will be the insertion point of the needle.
After aseptic preparation, a short bevel needle is then advanced perpendicular to
all planes encountering two successive “pops” before entering the canal.

These changes in resistance are the facia of the Sartorious muscle. The

capacitance of the canal is quite small, less than 15ml local anesthetic will be
sufficient to fill the space [9].

An ultrasound guided block [10] is also very easily done. Most techniques to
perform adductor canal block identify the sartorius muscle. A linear array probe is
positioned in a transverse plane to the mid-thigh. The sartorius muscle appears as
an oval shape beneath the subcutaneous layer of adipose tissue (Fig. 7). The
femoral artery beneath the muscle is identified. The saphenous nerve is
infrequently seen on the ultrasound image; however, sometimes it is visualized as
a small round hyperechoic structure medial to the artery. A femoral vein
accompanies the artery and saphenous nerve, which are all usually seen at 2-3cm
of depth. A short bevel needle can then be advanced in or out of the plane to
below the sartorius muscle and medial or lateral to the artery before depositing
10-15ml of local anesthetic. A continuous catheter is usually placed to prolong
analgesia.
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QUADRICEPS
MUSCLE GROUP

Fig. (6). Cross-sectional image of the adductor canal SFA = Superficial Femoral Artery, SFV=Superficial
Femoral Vein, GSV = Great Saphenous Vein. Images provided by Mayo Clinic.
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Fig. (7). Ultrasound image of the Adductor Canal with N=Saphenous Nerve, A = Superficial Femoral Artery,
V = Superficial Femoral Vein, SM = Sartorius Muscle, VM = Vastus Medialis and AL/AM = Adductor
Longus and Adductor Magnus. Image provided by Mayo Clinic.

POPLITEAL SCIATIC NERVE BLOCK

Blockade of the sciatic nerve in the popliteal fossa is utilized for surgery
below the knee. When combined with a saphenous block complete anesthesia
below the knee can be achieved.
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Anatomy

The Sciatic nerve descends in the posterior thigh medial to the biceps femoris
muscle and lateral to the semitendinosus before dividing into its separate
components the common tibial (medial) and common peroneal (lateral) nerves,
usually 5-7cm proximal to the popliteal crease [11]. It is here that the popliteal
block is performed (Fig. 8).
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Fig. (8). Popliteal fossa and the approximate needle insertion point at the bifurcation of the sciatic nerve into
Common peroneal and Tibial Components. Image provided by Mayo Clinic.

Technique

Although this block can be performed with NS guidance in a lateral or prone
approach, we usually utilize an ultrasound guided approach at our institution.
The technique described here will be that of Ultrasound guidance.

Positioning can be performed in several ways to optimize visualization of the
tibial and peroneal nerves under Ultrasound. Because of patient body habitus and
risk of possible airway issues, risk with sedation if the patient is positioned prone,
we prefer the patient to be positioned semi lateral with the side to be blocked
uppermost. The non-dependent leg is partially flexed to aid in patient comfort
while the block is performed (Fig. 9).
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Fig. (9). Positioning of the leg and ultrasound probe to perform a popliteal sciatic nerve block in the lateral
decubitus position. Image provided by Mayo Clinic.

A high frequency linear array probe is used for this block although occasionally, a
low frequency probe may be needed because of patient habitus. The probe is
positioned transversely to the path of the nerve about 5-7cm from the popliteal
crease and scanned until the two components of the sciatic nerve at their division
in short axis are seen laterally and more superficial to the popliteal artery (Fig. 3).
This is sometimes referred to as bow-tie sign. If difficulty in visualizing the
structures is encountered, dorsiflexion and plantar flexion of the foot will cause
the sciatic nerve to rock back and forth in a see-saw or teeter-totter pattern unlike
any other structure in the field of view. Alternatively, the tibial nerve can easily
be visualized above the popliteal artery at the popliteal crease and traced
proximally to the point where it joins the peroneal nerve.

Once the ideal image is obtained, (Fig. 10) a 9cm 22 gauge Tuohy needle is
utilized for the block. Alternatively, a 9 cm insulated short bevel needle can be
used particularly if nerve stimulation is necessary for nerve confirmation. The
needle is advanced in plane from lateral to medial position until the nerve is
encountered after which, 20-30ml of local anesthetic can be deposited in a slow
controlled manner with frequent aspirations, inside the common sheath, rather
than outside for quicker onset and better quality of block [12]. Perineural catheters
can be placed easily and the correct positioning of the tip [13] of the catheter
inside the common sheath should be confirmed.

As with all other nerve blocks there is risk of infection, hematoma and potential
nerve injury and rarely pressure ulcers due to insensate extremity [14] or fracture



Lower Extremity Blocks Recent Advances in Anesthesiology, Vol. 1 65

from stumbling [15] when performing this block and care must be taken to
minimize these risks.

Fig. (10). Ultrasound image of the Sciatic Nerve in the popliteal fossa as it bifurcates into CP=Common
Peroneal and T=Tibial components. Also seen is the A=Popliteal Artery. Image provided by Mayo Clinic.

FEMORAL NERVE BLOCK

The femoral nerve block (FNB) is one of the easiest blocks to master and has a
wide range of clinical applications for lower extremity surgery [16]. Aside from
being a relatively simple block it also carries a low risk of complication and very
high success rate [17]. FNB can be utilized for a number of procedures including
femoral shaft fractures, total knee arthroplasty, harvesting of skin grafts, analgesia
for fractured hip [18] etc., For both peripheral nerve stimulator and ultrasound
FNB, identification of the inguinal crease is essential as the femoral nerve
arborizes just below the inguinal crease and a catheter placed below this may not
be functional.

Anatomy

The femoral nerve is the largest branch of the lumbar plexus, arising from
the dorsal divisions of the ventral rami (posterior rami) of nerve roots L2, L.3
and L4. The nerve descends within the iliopsoas muscle before assuming a more
superficial path below the inguinal ligament at which it is lateral to the femoral
artery and beneath the facia iliaca but above the iliacus muscle (Fig. 11). There is
no vested fascial compartment to surround the femoral nerve at this level unlike
that of the femoral artery and vein situated medially. This helps explain why
placing the needle within the vascular fascia will result in a failed block because
the fascia iliaca separates the femoral artery from the nerve (Fig. 12).
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Fig. (11). Anatomical relationships of the femoral nerve at the groin. Image provided by Mayo Clinic.

Fig. (12). Ultrasound image of the N=Femoral Nerve at the inguinal crease. FL = Facial Lata, FI = Fascia
Iliaca, A = Femoral Artery, V = Femoral Vein and PM = Psoas Muscle. Images provided by Mayo Clinic.
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The femoral nerve supplies muscular innervation for the anterior thigh including
the iliacus and pectineus muscle except for the tensor facia lata which is
innervated by the superior gluteal nerve. The femoral nerve also gives cutaneous
innervation to the anterior and medial thigh and anterior knee.

After innervating the muscles and skin of the anterior thigh the anterior branch of
the femoral nerve continues as the saphenous nerve within the adductor canal
(see adductor canal block) and the medial cural cutaneous nerves that supply the
patella and skin of the medial leg.

Peripheral Nerve Stimulator (PNS) Technique

Draw a line above the inguinal crease from the anterior superior iliac spine to the
pubic ramus. At the midpoint of this line the femoral pulse is always palpable.
With the finger of the non- dominant hand on the femoral pulse a needle is placed
just lateral to the pulse directed slightly cranially. After traversing the fascia lata
and iliaca, contraction of the quadriceps is elicited. If a twitch is not elicited the
needle is inserted initially laterally then slightly medially until a twitch is
observed after which incremental injection of up to 20ml of local anesthetic is
injected. If a medial twitch (sartorius) is elicited the needle is moved deeper and
more lateral to elicit a twitch of the quadriceps.

Ultrasound Guided FNB

The Ultrasound transducer is placed parallel to the inguinal crease and moved
laterally and medially till the femoral vessels are appreciated. The nerve or
branches of it may also be appreciated. The probe is positioned so that the artery
is just medial to the midpoint of the probe. A needle is then inserted out of plane
(or in-plane: Fig. 13) lateral to the artery to pass through the facia lata and iliaca.
Iml of local anaesthetic is injected to assure the needle is through the facia iliaca
but not directly into the psoas muscle. Injection 20ml of local anesthetic is then
made incrementally. The nerve will often be more observable after injection of
local as a hyperechoic flat structure. Continuous perineural catheters can be
routinely placed to prolong analgesia.

SCIATIC NERVE BLOCK

The sciatic nerve is the largest nerve in the body and there have been several
methods described on how to best anesthetize it, including Labat [19] in 1922,
Pitkin [20] in 1953, Winnie [21] in 1974 and others. The sciatic nerve block when
combined with a posterior lumbar plexus block can anesthetize the whole lower
extremity.
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Fig. (13). Ultrasound guided in-plane approach to femoral nerve block, n = Needle, N = Femoral Nerve, A =
Femoral Artery, V = Femoral Nerve. Image provided by Mayo Clinic.

Anatomy

The sciatic nerve originates from the ventral rami of L4, 5, S1, 2, 3-S3 and
has two components, the tibial nerve medially and the common peroneal
(fibular) nerve laterally. The nerve exits the pelvis via the greater sciatic
foramen and passes deep to the piriformis muscle before assuming a more vertical
and midline route between the greater trochanter and ischial tuberosity, deep to
the gluteus maximus. Proximal to the popliteal fossa the tibial and peroneal
components of the sciatic nerve separate to form two distinct nerves.

The sciatic nerve innervates all the muscles of the leg and the muscles of the
posterior compartment of the thigh. Cutaneous coverage of the sciatic includes the
posterior thigh and the entire leg except the medial aspect which is innervated by
the saphenous nerve.

Technique

Nerve Stimulator Guidance

The most common method performed to block the sciatic nerve proximally is
the trans-gluteal approach described by Labat and modified by Winnie (Fig.
14a). Other approaches described are parasacral [22] (Fig. 15), gluteal [23], sub-
gluteal [24], Raj’s approach where the sciatic nerve is blocked at the level of the
ischial tuberosity with the patient in lithotomy [25] and the anterior approach
described by Beck [26].
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Fig. (14b). Sciatic — Classic Labat. Image provided by Norm Myers.
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Fig. (15). Parasacral approach to sciatic nerve block (Mansour): Posterior Superior Iliac Spine and Ischial
Tuberosity. Image provided by Mayo Clinic.

We describe the transgluteal approach described by Labat as is the most
common approach we reliably use to block the sciatic nerve. To perform this
block one must identify the surface anatomic landmarks of the greater trochanter
of the femur and the posterior superior iliac spine (PSIS). The patient is
positioned in the Sims position in lateral decubitus, with the side to block up.

The dependent leg is extended and the non-dependent leg is flexed at the hip and
at the knee, while the buttock is rotated anteriorly. A line is drawn to connect the
PSIS and greater trochanter. From the midpoint of this line a perpendicular line is
drawn caudally. Another line is point of needle insertion. This point should
correspond to an intersecting transverse line drawn from the sacral hiatus to the
greater trochanter. Where the line drawn from the midpoint of the PSIS/trochanter
line intersects the latter line is the point of insertion (Fig. 14a and 14b).

Using a 9 cm short bevel insulated needle, the needle is advanced perpendicular to
all planes until the sciatic nerve is stimulated. The needle is adjusted until a twitch
at 0.5mA is elicited following which approximately 15-20ml of local anesthetic is
deposited in small incremental doses.

Complications from this block are rare but can include infection, nerve injury,
hematoma and accidental intravascular injection. It must be noted that the inferior
gluteal vessels are large and multiple in this area and can increase the potential for
complication.
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Ultrasound Guidance

Transgluteal Approach [27]

Owing to the depth of the sciatic nerve a low frequencycurvilinear probe is
usually needed to visualize the nerve and at times is difficult to visualize and the
authors suggest that one should combine use of nerve stimulation while using
ultrasound guidance.

With the patient positioned in the same fashion as for a nerve stimulation guided
sciatic block the Ultrasound probe is positioned mid gluteal. The sciatic nerve is
seen as a flattened hyper echoic structure between the lesser trochanter and ischial
tuberosity (Fig. 16). A 9cm insulated needle can then be passed out of plane to
contact the nerve (and verify via stimulation if desired) and after negative
aspiration 15-20ml of local anesthetic is deposited incrementally with frequent
aspiration.

Infra-Gluteal Approach

A high or low frequency probe is used depending on the body habitus to scan
under the gluteal fold, where sciatic nerve can be seen as a hypo or hypoechoic
structure under the hamstrings (Fig. 17).

e A T T e R

Lateral Medial

Fig. (16). Ultrasound image of transgluteal approach to N=sciatic nerve blockade. Image provided by Mayo
Clinic.
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Fig. (17). Ultrasound image of Infragluteal approach to blockade of N=Sciatic nerve, H=Hamstrings and
F=Femur. Image provided by Mayo Clinic.

Anterior Approach [28]

With patient supine, a curvilinear probe is placed about 8cm below the mid
inguinal point [29] and the nerve is identified medially and posterior to the lesser
trochanter of the femur (Fig. 18). Nerve stimulator guidance usually increases
efficacy. Readers should be aware that the anterior approach (both anatomical or
ultrasound) does not anesthetize the posterior cutaneous nerve of the thigh.

Fig. (18). Ultrasound image of the N=Sciatic nerve, lying below the M=Muscles of the anterior thigh,
postero-medial to the LT=Lesser trochanter of the femur. Image provided by Mayo Clinic.
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Our preferred method of needle insertion for ultrasound guided sciatic nerve
blocks has been an out of plane approach as the needle localization is relatively
difficult when using the in-plane approach.

POSTERIOR LUMBAR PLEXUS BLOCK
Anatomy

The lumbar plexus emanates from the first to the fifth lumbar roots (Fig. 19).
The sacral plexus emanates from the first to the fifth sacral roots. Unlike upper
extremity blocks where a single injection can provide anesthesia and analgesia for
surgery, lower extremity blocks often require a block of both the lumbar and
sacral plexus. Lower extremity blocks can be performed using nerve stimulation,
ultrasound, or a combination of both.
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Fig. (19). Lumbar Plexus. Image provided by Mayo Clinic.
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Posterior Lumbar Plexus Block (PLPB)

PLPB are performed at the level of the roots of the lumbar plexus. Thus single
injection PLPB will successfully anesthetize all nerves of the lumbar plexus
relevant to a lower extremity block. e.g. Musculocutaneus (L2-3), femoral (L2-4
posterior rami) and obturator (L2-4 anterior rami).

PLPB Nerve Stimulation Technique

The PLPB method described by Winnie [30, 31] is the safest and most logical
method to block the lumbar plexus as it provides an anatomical landmark, the
posterior superior iliac spine (PSIS) which compensates for the patients age, size
and gender.

A line is drawn through the most cephalad part of the iliac crests (the intercristal
line) (Fig. 20). This line generally runs through the L3-L4 interspace or the L4
spinous process. A line connecting the lumbar spines is then made. The PSIS is
palpated and a line from the PSIS parallel to the spines is made. Where this line
intersects the intercristal line is the point of needle insertion.

Fig. (20). Positioning for a Posterior Lumbar Plexus Block. Image provided by Mayo Clinic.

The needle is inserted perpendicularly through the skin point and inserted 5-9cm
in adults (depending on the body habitus of the patient) until a contraction of the
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quadriceps is elicited (nerve stimulator set at 1.5mA and turned down to 0.5-
.07mA with an appreciable twitch). The needle is then fixed and 20-30ml of local
anesthetic is incrementally injected. If the lumbar plexus is not stimulated on
initial insertion of the needle the needle is withdrawn to skin and redirected
slightly medial to be at depth approximately lcm closer to midline. This is
repeated if necessary. If the lateral aspect of the transvers process is contacted the
needle is stabilized grasped 2cm from the skin and walked caudally off the
transvers process up to 2cm till a twitch is appreciated.

Note:If a sacral stimulation (e.g. Hamstrings) is elicited the needle has been
inserted too far medially and the chance of significant epidural spread is 30%.

Ultrasound Guided Block

Using a curvilinear probe, a parasacral scan [32 - 34] is performed to define the
sacrum and move cranially to define the forth transverse process which is marked
at the middle of the probe (Fig. 21). The depth to the transvers process can be
measured and the needle can then be inserted out of plane to contact the transverse
process. The needle is then walked caudally off the transverse process a further
2cm (as with nerve stimulation technique) after which local anesthetic is
incrementally injected. Alternatively, the needle can be directed in plane from
cephalad to caudad to contact the transverse process then walked off as before.

Another technique [35] would be by locating the lumbosacral junction (L5-S1
gap) on a paramedian sagittal scan and then counting cranially to locate the
lamina and transverse processes of the L3, L4, and L5 vertebrae. The modified
paramedian transverse scan through the lumbar intertransverse space is then
performed with the transducer positioned 4cm lateral to the midline in the
transverse orientation at the L3-L4 intervertebral level. The needle is then
advanced into the posterior aspect of the psoas muscle until either needle-lumbar
plexus contact is visualized or there is a quadriceps twitch elicited.

It is important to realize that ultrasound techniques which guide the needle onto
the transverse process may direct the needle too medially along the process then
(as with sacral stimulation techniques) the chance of a significant epidural or
intrathecal injection is possible.

Complications

In addition to infection, local anesthetic toxicity and nerve injury [36], PLPB can
result in spinal [37] and or epidural spread [38], transient lumbar plexopathy
secondary to psoas hematoma [39] and renal hematoma [40].
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Fig. (21). Ultrasound image of the lumbar plexus with the probe lateral to the midline, in a transverse position
at the level of lumbar vertebra 4. N = lumbar plexus, QLM = Quadratus lumborum muscle, TP = Transverse
process of L4 and VB = Vertebral body of L4. Image provided by Mayo Clinic.

CONCLUSION

Thus, lower extremity blocks-femoral nerve block, sciatic nerve block, popliteal
block, lumbar plexus block and ankle block, maybe done with the aid of the
ultrasound or peripheral nerve stimulator. The combination of lumbar plexus and
sciatic nerve block provides for complete anesthesia of the lower extremity. The
femoral nerve block which is among the easiest, safest, and successful blocks
provides for analgesia for a hip fracture, a femoral shaft fracture, knee
arthroplasty, and skin harvesting from the thigh. The popliteal block when
combined with saphenous nerve blocks provide for complete anesthesia below the
knee. When the ankle block is performed above the malleoli complete anesthesia
of the foot can be achieved; but, bear in mind tourniquet pain is not covered. In
patients who are frail, debilitated who have multiple comorbidities and
cardiovascular risk factors, regional anesthesia with lower extremity blocks may
help to avoid the risk of subjecting the patient to a general or neuraxial anesthetic.

Contraindications to lower extremity blocks include infection, major
coagulopathy, unknown neuropathy, and patient refusal. Complications include
hematoma formation, introneural injection, intravascular absorption, and local
anesthetic absorption. When performing regional anesthesia one should be
familiar with the anatomy, equipment, anesthetic toxicity, and always use
standard ASA/monitors and have all resuscitative equipment immediately
available, along with enough adequately trained personal.
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Vascular Access
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Abstract: Vascular access is critical in managing the perioperative patient. In critical
situations, establishing adequate vascular access is often difficult, invasive, and carries
significant risks. Ultrasound is an invaluable tool in facilitating efficient and safe
vascular access. Ultrasound helps to verify the presence, position and potency of the
target vessel prior to the needle puncture and provides real time imaging of the needle
throughout the vasculature (puncture process. The following chapter reviews the basics
of ultrasound physics and machine knobology for optimizing image acquisition. The
specifications of establishing central access — internal jugular vein, subclavian vein,
axillary vein, and femoral vein; as well as obtaining arterial access are discussed in
detail. Sources that are useful to continue one’s education are also included.

Keywords: Acoustic impedence, Arterial access, Axillary vein, Doppler effect,
Femoral vein, Refraction, Scattering, Spatial resolution, Subclavian vein,
Ultrasound, Ultrasound for difficult intravenous access, Ultrasound for internal
jugular vein.

INTRODUCTION

Establishing adequate vascular access is crucial to the management of the
perioperative patient. However, vascular access procedures are invasive, carry
serious risks, and are sometimes difficult to perform [1]. Ultrasound technology
has emerged as an invaluable tool for increasing the efficacy and safety of
vascular access procedures [2 - 4]. Ultrasound is used to facilitate vascular
cannulation by 1) “pre-scanning” to verify the presence, position, and patency of a
suitable target vessel before needle puncture, and/or 2) imaging the trajectory of
the needle in real-time throughout the vessel puncture process [2].

This chapter reviews the basics of ultrasound physics and knobology for
optimizing image acquisition, summarizes the literature supporting ultrasound
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use, provides a practical overview of specific ultrasound guided vascular access
procedures, and offers tips for obtaining vascular access in challenging situations.

BASICS OF ULTRASOUND PHYSICS AND KNOBOLGY

Basic Principles of Ultrasound Physics

Ultrasound refers to sound waves with a frequency greater than the human
ear can sense; typically, frequencies greater than 20,000 Hertz (Hz).
Diagnostic ultrasound technology transmits high-frequency (1-12megahertz
(MHz)) sound waves within tissue media of various densities to compose an
image. The ultrasound machine produces electrical signals from an alternating
current that generates vibrations within a set of piezoelectric crystals contained
within the ultrasound transducer. During an ultrasound examination, the
transducer acts as both a transmitter and receiver. When transmitting, an electric
potential is applied to the piezoelectric crystals causing the crystals to
mechanically deform. This deformation engenders the formation of acoustic
waves in a process known as the piezoelectric effect. When the sound waves
encounter a boundary between tissues or structures of varying density, some
waves are reflected and travel back toward the transducer while other waves
continue more deeply to other boundaries before ultimately being reflected. The
amplitude of the returning sound waves (which are proportional to the signal
strength) is sensed by the piezoelectric crystals and reconverted into an electrical
signal. The ultrasound machine’s computer processor analyzes and compiles these
electrical signals into a real-time image based upon the time it takes for the
various sound waves to return to the transducer as well as the strength and
direction of the returning waves. Since the velocity of sound waves in soft tissue
is relatively constant, the time from the emission of an ultrasound pulse and the
reception of a reflected signal is dependent on the distance traveled (the depth of
the reflecting structure).

Two-dimensional ultrasound produces a gray-scale image, the appearance of
which is determined by the interaction of the ultrasound waves with the structures
they encounter. Ultrasound waves interact with tissues in multiple ways. This
interaction is described as ultrasound wave attenuation, reflection,
refraction, or scattering. When ultrasound waves pass through a uniform
medium, the path is a straight line and a uniform image is displayed. When the
medium is heterogeneous and composed of multiple interfaces, the ultrasound
wave path is altered due to one or more of the four possible interactions. Tissue
interfaces that include air and bone are strong reflectors due to minimal
transmission of the ultrasound waves. Strong reflectors appear bright with
ultrasound imaging and are referred to as “echodense”, “hyperechoic”, or



82 Recent Advances in Anesthesiology, Vol. 1 Menzel Ellis et al.

“echogenic.” In tissues such as water, blood, and fat, ultrasound waves are
transmitted with minimal loss of energy or attenuation; hence, they appear dark
and are described as “echolucent” or “hypoechoic.” Structures that allow
complete passage of ultrasound waves appear black on the ultrasound image, and
are described as “anechogenic.”

Acoustic impedance is the resistance of a given tissue to the passage of
ultrasound waves. The mismatch between the acoustic impedance of two tissues
at their interface determines the reflection of sound waves from that interface,
which allows discrimination between different tissue structures. Refraction is a
type of deflection of the ultrasound waves as they pass through structures with
different acoustic impedance and can lead to an image display in a location that
differs from the actual structure location. Scattering occurs when ultrasound
waves encounter structures that are less than one wavelength in their lateral
dimension causing the ultrasound beam to be radiated in multiple directions.

Spatial resolution is the ability to distinguish one object from another and is
categorized as axial (objects aligned parallel to the ultrasound beam) or lateral
(objects aligned perpendicular to the ultrasound beam). Axial resolution is
determined by the frequency of the ultrasound beam when encountering an object.
Higher frequency waves provide better axial resolution. Lateral resolution is
determined by the width of the ultrasound beam when encountering objects; the
ultrasound waves that comprise a narrower beam are closer together, providing
more discrimination and better lateral resolution [5].

Knobology, Image Optimization, And Transducer Selection

Each ultrasound machine has a proprietary configuration of knobs and buttons on
the ultrasound control panel. Here, the control panel of a SonoSite® ultrasound
machine is depicted. The depth control is outlined in yellow. The gain controls,
including the near and far field gain adjustment buttons, are outlined in pink. The
color Doppler controls are outlined in green, and the auto-optimization button is
outlined in blue. The controls for focus, frequency, and several other ultrasound
functions are contained within the upper portion of the image, outlined in white.
These buttons correspond to menu options that are displayed on the ultrasound
screen, allowing the user to toggle through various options for each setting. The
“2D” button, located in the right lower corner of the panel just below the Doppler
controls, can be used to immediately return the ultrasound to default settings.

The ultrasound probe can be moved or repositioned in four distinct ways. To
align the probe, slide or translate it in any direction. To rotate the probe, twist it
around its vertical axis. To tilt the probe, move it along its horizontal axis to
change the angle between the probe and the patient. Finally, sometimes applying
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or releasing downward pressure is useful to optimize the image or to help
identify structures.

When using ultrasound for vascular access procedures it is important to optimize
the image. A major component of image optimization involves correct
transducer selection and use of the correct machine settings. Optimal image
generation is partly accomplished by understanding the impact of acoustic speed,
wavelength, frequency and their relationship to image resolution. Resolution is
the ability to discern the differences between structures of interest and it is
directly related to frequency and inversely related to wavelength. Of these
variables, frequency is the one that is can be modified by transducer selection and
machine settings. Resolution is typically described as axial or lateral, both of
which are constituents of the overall spatial resolution. Axial resolution relates to
the ability to distinguish between structures in the same plane as the ultrasound
wave. Lateral resolution refers to the ability to distinguish between adjacent
structures perpendicular to the ultrasound wave. Typically, there are five
variables that can be adjusted to optimize a given image: frequency, depth,
gain, focus, and Doppler modes (Fig. 1).

Fig. (1). Ultrasound controls. Images provided by Margaret K. Menzel Ellis, M.D., Oregon Health Sciences
University and Neal S. Gerstein, M.D., FASE, University of New Mexico Department of Anesthesiology and
Critical Care Medicine, Albuquerque, New Mexico, USA.
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Frequency

The frequency of the ultrasound wave determines the degree of spatial resolution
and is determined by transducer as well as machine settings. Typical linear
transducers used for vascular access have a frequency range of 6-13MHz. At
a higher frequency, more frequent oscillations of the sound wave are produced
resulting in a greater interaction with tissue interfaces at shallower depths. Hence,
imaging with a higher frequency results in higher resolution images at the expense
of imaging depth, since the frequent oscillations also result in more rapid loss of
energy of the ultrasound waves. The converse principle exists for lower frequency
imaging; lower frequency imaging enables imaging at deeper depths due to less
attenuation but at the expense of lower resolution. In order to achieve the most
optimal image, one should choose a transducer that corresponds to the desired
frequency. High-frequency transducers often have a linear array surface and
are ideal for imaging shallow structures, while low-frequency transducers
often have a curvilinear array surface and provide better imaging of deeper
structures [6]. Variable-frequency transducers allow for adjustment of the
frequency within a narrow high- or low-frequency range to further optimize the
quality of the image [7]. Several different transducers are shown in (Fig. 2).

©2015 FUJIFILM SONOSITE C.

Fig. (2). Ultrasound probes. Large (a) and small (b) 13-6 MHz linear array ultrasound transducers are
pictured here, as well as an 8-13 MHz curvilinear (c) transducer. Images ©2015 FUJIFILM SonoSite, Inc. All
Rights Reserved, used with permission.

Depth

The depth of the vessel of interest should be one of the principle considerations
when choosing a given ultrasound transducer and adjusting the settings. The depth
of the field should be adjusted so that the region of interest and other relevant
structures are visualized in the middle of the ultrasound display. For most bedside
ultrasound systems, centering the structure of interest allows optimal image focus
and resolution of the given structure and other relevant adjacent structures.
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Gain

Increasing or decreasing the gain affects the brightness of the displayed screen
image. Gain is described as a post-processing function, meaning that changes in
gain only affect the image display after the returning ultrasound signals have been
received. In other words, increasing the gain increases the energy of the returning
ultrasound waves (“signal”) after the piezoelectric crystal have received them.
Increasing gain results in an increase in the energy of all returning waves, thus
increasing the brightness of all of the imaged structures and increasing the ratio of
signal to “noise” (background artifact). Decreasing the gain darkens the entire
field and decreases the ratio of signal to noise [5]. In addition to adjusting an
image’s total gain, the gain setting can also be adjusted to diminish or increase the
returning ultrasound signals from varying tissue depths. This function is called
time-gain compensation and allows one to adjust the bright and dark areas of the
field to best provide a clear image of the structures of interest. A gain setting that
permits adequate contrast between the vascular structure of interest and adjacent
structures, without excess brightness or dimness, is typically optimal for
visualizing vascular structures.

Focus

The focal zone is the narrowest portion of the ultrasound beam as it passes
through tissue. Imaging in the focal zone provides the best lateral resolution
because the individual ultrasound waves are closest together in this portion of the
beam. The focal zone is adjusted based on the depth of the structures of interest
within the ultrasound field in order to concentrate the ultrasound beam at the most
appropriate depth. Certain ultrasound machines allow for the focal zone to be
manually adjusted, while other systems automatically adjust the focal zone based
on imaging depth.

Color Doppler

Typically, veins are in close proximity to arteries, hence it is sometimes
challenging to identify the vessel of interest. Color Doppler can be useful in these
situations. Color Doppler mode utilizes the Doppler effect. Doppler effect theory
describes that the frequency of sound waves reflected from a moving object will
change depending on the velocity and direction of the moving object relative to
the observer. For example, a person sitting at a train station hears the approaching
train’s whistle. The whistle produces sound waves at a single frequency.
However, the pitch of the whistle perceived by the sitting person changes based
on whether the train is moving quickly or slowly as well as towards or away from
the person. The change in perceived frequency by the sitting person as compared
to the true whistle pitch is due to the Doppler effect. Analogously, ultrasound
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waves reflected from a moving object exhibit slight differences in the time
required for the wave to be returned to the receiver. These differences can be
measured as time differences or as a phase shift from which the Doppler
frequency is calculated.

In medical ultrasound, the receiver/observer is the ultrasound probe and the
moving object is typically red blood cells. The velocity and direction of blood
travel relative to the transducer generates a Doppler signal which the ultrasound
machine then assigns a color based upon red blood cell velocity and direction.
The color Doppler mode interprets these alterations and typically displays shades
of red (higher frequency, red blood cells moving toward the transducer) and
blue (lower frequency, red blood cells moving away from the transducer).
However, because the color scale can be manipulated, it is important to verify the
direction of flow relative to the color scale being utilized. The pulsatility of flow
can also be assessed with color Doppler, since red blood cells within a pulsatile
blood vessel move at varying velocities depending on the cardiac cycle. During
systole velocity increases, and flow is typically antegrade, while during diastole
flow velocity decreases, and flow may either cease or flow retrograde. Hence, the
color Doppler image of a vessel with arterial flow will have varying color and
velocity during systole and diastole, while venous flow on color Doppler will
likely display a low velocity pattern.

Auto-Optimization

Many ultrasound machines have an auto-optimization option, in which pushing a
single button (such as iSCAN [Philips] and TEQ [Siemens]) results in a balanced
image based upon the computer’s interpretation of the incoming signals. While
this feature does not always provide an ideal image, it often provides a useful
starting point from which further fine-tuning can be done if necessary.

Transducer Orientation

Ultrasound machines have an orientation marker on one side of the transducer that
corresponds to an indicator displayed on one side of the ultrasound screen. When
performing ultrasound-guided procedures, align the transducer marker with the
screen indicator so that the right and left side of the transducer corresponds to the
right and left side of the screen respectively. Once the transducer is oriented
correctly relative to the screen, its position can be adjusted in several ways to
optimize the image (Fig. 3).
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ALIGN ROTATE TILT PRESSURE

Fig. (3). Standard probe movements. Images provided by Margaret K. Menzel Ellis, M.D., Oregon Health
Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico Department of
Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Ultrasound for Central Venous Cannulation

Indications for central venous cannulation during the perioperative period include
administration of vasoactive medications, monitoring of hemodynamic indices
(i.e. central venous pressure), insertion of pulmonary artery catheters or cardiac
pacing leads, performance of temporary hemodialysis, or any other situation
requiring direct access to the central circulation [8]. As compared to the landmark
technique, ultrasound-guided central line placement is associated with a higher
first attempt and overall success rates of cannulation [9 - 12]. Furthermore, the use
of ultrasound guidance rather than landmark-based techniques is advocated by
multiple specialty societies and national organizations [13 - 15].

The utility of ultrasound for obtaining central venous access was first described in
1984, when a technique involving Doppler ultrasound to locate the internal
jugular vein (IJV) was found to be more successful than a landmark-based
technique [16]. Several small studies subsequently compared various ultrasound-
guided techniques to landmark-based techniques, all of which consistently
demonstrated greater success and fewer complications with ultrasound-guided
placement. An early study involving more than 1000 patients, prospectively
compared real-time ultrasound-guided cannulation of the IJV with a landmark
technique and found higher success rates, faster time to cannulation, and fewer
complications with the use of ultrasound [17].
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More recently, numerous additional studies have demonstrated improved safety
and efficacy when real-time ultrasound guidance was used to facilitate
cannulation of the subclavian (SCV) or femoral (FV) veins [3, 9, 18 - 20]. As
medical trainees become more accustomed to and reliant upon ultrasound guided
techniques and as ultrasound technology becomes increasingly accessible and
affordable, ultrasound is rapidly becoming the standard of care for central
venous cannulation [3, 4].

PRINCIPLES OF ULTRASOUND-GUIDED CENTRAL LINE
PLACEMENT

Preparing for the Procedure

Site Selection

The three common anatomic sites for central line placement are the IJV, SCV,
and FV. Anatomic site selection should be based on the clinical situation, relative
risks and benefits of using one site instead of another, and skill and experience of
the operator [21].

Historically, the SCV was associated with the least risk of infection when
compared to the IJV or FV [22, 23]. Femoral venous lines were associated with
the most frequent infectious complications, however the modern day central line
bundle and fastidious line stewardship protocols have improved the safety of this
approach [24 - 26]. Evidence suggests that fewer occurrences of catheter
colonization are associated with SCV lines when compared to femoral lines, but
rates of catheter-related sepsis are equivocal [22, 27]. Recent studies also
demonstrate no difference catheter-related sepsis or catheter-related bloodstream
infection between the SCV site and 1JV site [22, 28].

The risk of mechanical complications (pneumothorax, hemothorax, catheter tip
malposition) and guidewire issues (including kinking, entrapment, knotting,
fracturing, and embolization) was historically considered to be higher with SCV
access as compared to the IJV or FV sites [29]. However, more recent data
suggests that the SCV site is associated with fewer mechanical complications as
compared to the IJ site and fewer thrombotic complications as compared to the
femoral site [22, 30, 31]. Nevertheless, given the multiple case reports
describing aortic injury, hemothorax, and tamponade with IJV and SCV
central venous cannulation, the anesthesiologist should remain vigilant for these
complications following supradiaphragmatic central venous cannulation [21].
Non-infectious complications of femoral lines are uncommon but include arterial
puncture, bleeding, and damage to surrounding structures.
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Safety

Barring an emergency, informed written consent must be obtained before
performing any medical procedure. For central venous cannulation, complications
such as infection, bleeding, and damage to surrounding structures (notably
hemothorax and pneumothorax for SCV and IJV lines) should be discussed. A
procedural ‘time-out’ and appropriate procedural checklists should be
completed and verified prior to commencing with central line placement [32].
Continuous electrocardiography and pulse oximetry monitoring, as well as any
other monitoring appropriate for the patient’s condition, should be used
throughout the procedure.

Following the completion of the procedure, all sharps should be properly disposed
in approved sharps containers. Scalpels should be retracted into their protective
sleeves. Lastly, if more than one central line kit was opened for any reason, ensure
that all guidewires are accounted for. There are case reports involving an
unrecognized guidewire embolus associated with the use of multiple kits [33].

Sterile Precautions

Since performing a central venous access procedure carries the risk of serious
infection, the importance of using universal sterile precautions is paramount.
These precautions include hand washing, wearing a sterile gown and gloves,
surgical cap, mask, and eye protection. Once the patient is positioned, prepare the
skin using an appropriate antiseptic and cover the area with a sterile full body
fenestrated drape. Be sure to include all landmarks within the sterile field. At the
end of the procedure, apply a sterile dressing before removing the drape.

Equipment

Most necessary equipment is found in commercially prepared kits and includes:
skin preparation solution, sterile towels or drapes sufficient to cover the entire
body, 1-2% lidocaine, sterile 4x4 gauze, non-luer lock (“slip-tip”) syringes that
are easy to remove from the needle, #11-blade scalpel, sterile saline or
heparinized flushing solution, catheter with the appropriate length and number of
lumens, compatible skin dilator (usually one French larger than the catheter),
appropriate size needle, guidewire of compatible size which will pass through the
catheter and needle, suture, and needle driver for curved necedles. Sterile
transduction gel, an acoustically transparent sterile transducer sheath, and sterile
rubber bands or clips to secure the sheath around the transducer are also required
and are often packaged together.
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Since there are a wide variety of central venous catheters available, selection
should be based on the indication for and site of line placement. In adults, 7-8
French double or triple lumen catheters of either 15 or 20cm length are most
commonly used. For resuscitation, short, large-bore, single-lumen catheters are
superior because fluid flow is proportional to catheter diameter. Patients who need
central venous access for hemodialysis or plasmapheresis require catheters
designed specifically for these purposes. For children and small adults, 4 and 5
French catheters are available.

When choosing the appropriate ultrasound transducer to use for central line
placement, consider the relative benefits and drawbacks of different transducers.
While linear-array high-resolution vascular transducers are preferred for central
line placement due to their superior resolution for imaging relatively shallow
central veins, low-frequency lower-resolution curvilinear transducers may be
beneficial in patients with large body habitus or with excessive soft tissue at the
procedure site.

The Ultrasound-Guided Seldinger Technique

The basic steps of the Seldinger technique are illustrated here: 1) puncture the
skin and advance the needle into the target blood vessel 2) thread a guidewire
through the needle and into the blood vessel, and remove the needle 3) use a
scalpel to make a small skin incision at the skin entry site of the guidewire 4)
thread a rigid dilator over the wire and through the soft tissue underlying the skin
entry site 5) thread the catheter over the guidewire and into the target vessel,
maintaining control of the external end of the wire at all times, and 6) advance the
catheter over the wire and into the blood vessel, then remove the guidewire and
secure the catheter in place.

Once the target vessel has been located on ultrasound, its depth can be measured.
The skin entry point should be chosen based on the planned angle of approach and
the depth of the target vessel. This figure illustrates the ultrasound probe, with its
plane penetrating the skin and the blood vessel below. By measuring the distance
(a) between the skin and the vessel on the ultrasound screen, and then estimating
the angle between the needle and the skin (x), the length of the hypotenuse of the
resulting triangle (¢) and the appropriate distance between the needle the probe (b)
can be estimated.

In 1953, the Swedish radiologist Sven-Ivan Seldinger pioneered the technique that
bears his name for percutaneous catheter placement. Prior to this time
interventional vascular access procedures either required a surgical cut-down or
were accomplished with large vascular access trocars which had a high rate of
associated complications [34]. The Seldinger technique has since become a
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foundational technique for vascular access procedures; the incorporation of
ultrasound into these procedures has given rise to a modified version of the
Seldinger technique. The vast majority of modern percutaneous medical
procedures, including all of those described herein, are performed using the
Seldinger or modified Seldinger technique, the basic steps of which are illustrated

in (Fig. 4).
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Fig. (4). Basic Seldinger technique. Images provided by Margaret K. Menzel Ellis, M.D., Oregon Health
Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico Department of
Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Preparation

First, establish a sterile field using universal sterile precautions. Next, prepare the
ultrasound transducer. To prepare the transducer, place enough sterile acoustic gel
to cover the transducer surface into a sterile transducer sheath. Next, have an
assistant carefully insert the transducer into the sheath and through the gel. Slide
the end of the sheath toward the assistant, being careful not to break sterility by
touching the assistant’s glove or any portion of the ultrasound transducer. Hold
the sterile sheath containing the ultrasound transducer head as the operator pulls
and lengthens the sheath away from the operator over the transducer wire. The
interface between the end of the sheath and the imaging surface of the ultrasound
transducer should be free of wrinkles and air bubbles to ensure optimal acoustic
coupling. Secure the sheath around the transducer using sterile rubber bands or
plastic clips. To complete acoustic coupling, apply a small amount of sterile
ultrasound gel to the covered ultrasound transducer or to the patient’s skin.
Because the sterilely covered ultrasound transducer is used intermittently
throughout the procedure, it is necessary to identify a convenient sterile area on
which the transducer can be placed when it is not in use. This step should precede
local anesthetic infiltration, because the exact location of infiltration may change
slightly once the target vessel is imaged with the sterile-covered transducer.
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Use ultrasound to visualize the target vein; the details of obtaining an optimal
view of the target vein are specific to the site of the line placement and are
described in detail in subsequent sections of this chapter. Based on the estimated
depth of the most superficial aspect of the vein determined by the ultrasound
image, choose a skin entry point such that the needle tip will reach the target vein
just as it passes through the ultrasound beam (Fig. 5). This ensures that the needle
tip can be visualized as it enters the vein. In a patient who is awake or sedated, use
a small needle to infiltrate the skin overlying the planned insertion site with a
local anesthetic (i.e. 1-2% lidocaine) to help minimize discomfort during
insertion. Flush all lumens of the catheter with saline or heparinized saline, and
then remove the cap from the port through which the guide wire will be threaded.
This is commonly the longest lumen and is frequently designated by a brown-
colored port.

Fig. (5). Skin entry point and ultrasound beam. Images provided by Margaret K. Menzel Ellis, M.D., Oregon
Health Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico Department of
Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Cannulation

Advance a thin-walled 18-gague needle with an attached slip-tip syringe through
the skin, maintaining negative pressure on the syringe at all times. During this
portion of the procedure, watch the ultrasound screen while also frequently



Vascular Access Recent Advances in Anesthesiology, Vol. 1 93

checking for a return of blood in the syringe, signifying needle entry into a vessel.
Once the tip of the needle lies completely within the lumen of the target vein,
blood should be continuously aspirated into the syringe without any resistance.
Once appropriate blood flow is confirmed, carefully place the ultrasound
transducer in a sterile location and disconnect the syringe while stabilizing the
needle. The ultrasound transducer should remain sterile and available throughout
the remainder of the procedure, as it can be useful for troubleshooting technical
issues, including confirming guidewire location within the vessel, assessing for
the presence of a hematoma, and ruling out iatrogenic pneumothorax [35, 36].

Confirming Intravenous Access and Passing the Wire

Confirm that the blood flow is non-pulsatile; bright red pulsatile blood is
suggestive of arterial puncture. However, dark or non-pulsatile blood does not
exclude the possibility of arterial puncture, particularly in patients with
hypoxemia or low cardiac output. Once the vessel is accessed, pass the J-tip of a
flexible guidewire through the needle into the vessel’s lumen. During this and all
subsequent steps, it is imperative to maintain complete control of the external
portion of the wire, as it can be inadvertently lost within the patient if inserted
fully. When passing the wire through the SCV or 1JV, it is also important to watch
for arrhythmias or ectopy on telemetry monitoring, as the wire can pass into the
right heart and cause myocardial irritation and possible hemodynamic instability.
If an arrhythmia does occur, withdraw the wire until it stops.

At this point, ultrasonography should be utilized to confirm intravenous wire
placement; the guidewire within the lumen of the vein should be clearly
apparent on the screen in both cross-sectional and longitudinal views.

If the location or path of the wire is unclear, fluid column manometry or pressure
transduction can be utilized for confirmation. First, advance a small catheter or
angiocatheter (typically 20Ga. x 1-3/4inches (4.45cm)) over the guidewire and
remove the wire. To perform fluid column manometry, attach a short length of IV
tubing to the angiocatheter, and hold the distal end below the level of the patient’s
heart to allow the tubing to fill with blood. Next, elevate the end of the tubing
above the level of the patient’s heart. Free blood flow from the tubing back to the
patient confirms a low intravascular pressure suggesting venous placement;
however, if the blood in the IV tubing is pulsatile or rises continuously through
the IV tubing, arterial placement is more likely. Alternatively, the blood pressure
within the accessed vessel can be measured directly by connecting the
angiocatheter to a sterile pressure transducer. Once the possibility of arterial
placement is excluded, reinsert the guidewire through the catheter and then
remove the catheter while leaving the guidewire in place.
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Some central line kits include an angiocatheter pre-loaded onto the venous access
needle; if this kit is used, advance the angiocatheter over the access needle into
the vein once free blood flow is established, and remove the needle. Perform fluid
manometry or pressure transduction to confirm a low intravascular pressure as
described above, then advance the wire through the angiocatheter and confirm its
intravenous placement using ultrasound visualization.

Dilation and Catheter Placement

Next, withdraw the needle or angiocatheter and leave the wire in place. Using a
scalpel, make a small superficial incision at the wire entry point, taking care not to
cut the guidewire. There should be no skin “bridge” between the wire entry site
and the skin incision. Thread a dilator over the guidewire, being certain to
maintain control of the guidewire at all times, and advance the dilator 1-2cm by
holding it close to the tip and rotating it. It should be noted that the dilator is used
to dilate the soft tissue rather than to specifically dilate the vein itself. Be careful
not to introduce a bend or kink in the guidewire. Remove the dilator (increased
bleeding at the site of puncture is expected) while continuing to maintain control
of the guidewire. A gauze pad can be applied to the insertion site to minimize
blood loss.

Once the dilator is removed, feed the catheter over the guidewire while
maintaining control of the external end of the wire. This typically requires pulling
the guidewire out of the patient until the external end of the guidewire passes
through the length of the catheter, extends out of the catheter hub, and can be
grasped. While grasping the external end of the wire, advance the catheter over
the wire and through the skin using a rotating motion. If resistance is met, the tract
may not have been adequately dilated. In this case, remove the catheter and repeat
the dilation portion of the procedure. Once the catheter passes smoothly over the
wire, insert the catheter to a depth that places the tip at the junction of the superior
vena cava and the right atrium.

Final Steps

Remove the guidewire and check for blood return in all ports. Aspirate all the air
from each catheter lumen, and then flush each lumen with sterile saline. Place
caps on the hubs and suture the line in place, using at least two anchor points to
ensure the line does not become displaced with patient movement. Finally, cover
the insertion site with sterile gauze or a sterile dressing prior to removing the
drapes or breaking the sterile field in any way.
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CHALLENGES IN ULTRASOUND-GUIDED CENTRAL LINE
PLACEMENT

Visualizing the Needle

While visualizing the needle tip on the screen is ideal, it is not always possible.
When a cross-sectional technique is used (target vessels are imaged in cross-
section and appear as circular structures on ultrasound) the needle is also imaged
in cross section and will appear as a small, bright dot on the screen. This makes
the determination of the exact location of the needle tip more difficult, since only
a single cross section of the needle shaft can be seen. However, all attempts
should be made to keep the tip of the needle under direct ultrasound visualization
once it appears as a dot on the ultrasound image.

The use of short in and out or tapping movements may facilitate visualizing the
trajectory of the needle. In addition, the location of the needle tip may be
visualized by tilting the transducer back and forth or by withdrawing of the needle
and realigning it. When the needle passes underneath the transducer, the resulting
soft tissue tenting will also appear on the ultrasound screen; it is most important to
watch the wall of the target vessel invaginate as it is pierced by the needle.

In the cross-sectional (also referred to as “short axis” or “out-of-plane”)
technique, the vessels appear circular on the ultrasound image, and the needle
appears as a small, bright dot in cross-section. Conversely, a longitudinal (also
referred to as “long-axis” or “in-plane”) view of the vein is also possible. In the
longitudinal technique, the vessel appears as an echolucent stripe, with the
anterior wall of the vessel located closest to the transducer. This view can be
achieved by rotating the ultrasound transducer 90degrees after achieving an
optimal longitudinal view of the target vein. While the cross-sectional technique
is often preferred because it allows the vein, artery, and other adjacent structures
of interest to be imaged simultaneously in a single view, a longitudinal technique
may be used to visualize the entire length of the needle as it advances towards and
penetrates the vein. However, the entire length of the needle must lie exactly
within the plane of the ultrasound beam; otherwise, the view of the needle will be
foreshortened, and the tip will still not be visualized.

Regardless, ultrasonography does not necessarily confirm the location of the tip.
A “flash” of blood followed by free, continuous aspiration of blood into the
syringe is the best marker of intravenous needle tip positioning. Challenging
venous access requiring multiple attempts should lead to increased suspicion of
arterial puncture, and should prompt careful confirmation as described above.
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Troubleshooting

Pre-scanning the anticipated site of central line insertion prior to preparation of
the sterile field may identify anatomical issues that could complicate placement.
Pre-scanning may be especially useful in complex patients with concurrent
indwelling central venous hardware, previous central lines, prior chest trauma,
surgery, radiation, or a recent or current upper extremity venous thrombosis [21].
If concerns about the safety or feasibility of line placement emerge after pre-
scanning, consider evaluating a different site.

During the initial venous access portion of the procedure, the tip of the needle
may only compress the wall of the target vessel, rather than puncture it. The
vessel wall may invaginate on ultrasound, but no blood will be aspirated into the
syringe. This is more likely to occur when larger gauge needles are used. In this
situation, a short quick thrust of no more than a few millimeters may be sufficient
for the needle to “pop” through the vessel wall and into the lumen. If the needle
has been advanced to the anticipated depth of the target vessel, but no “flash” has
been seen or blood cannot be freely aspirated, slowly withdraw the needle while
maintaining gentle negative pressure on the attached syringe. In an easily
collapsible vein, entry may only become evident as the needle is withdrawn and
pressure on the vein is relieved. Occasionally, pressure from the ultrasound
transducer may also compress the vein; hence, only the minimal pressure required
for adequate acoustic coupling of the transducer should be applied.

If the guidewire will not thread through the needle, it may be necessary to adjust
the placement of the needle since it may have inadvertently been advanced or
withdrawn during manipulation. If so, adjust the needle and re-aspirate to be sure
that the needle tip is still located within the vessel lumen. If blood flow cannot be
re-established, remove the needle and start over. Finally, presence of a blood clot
in the needle will further complicate assessment of whether the vein has been
successfully entered. If blood has previously been aspirated into the needle,
remove it and flush it thoroughly with saline to clear any obstructing clot before
reattempting placement of the line.

Complications

Central venous cannulation is an invasive procedure that can result in serious or
even life threatening complications, including arterial puncture, vascular injury,
bleeding, hemothorax, pneumothorax, thoracic duct injury (with left SCV
attempts), myocardial injury, arrhythmia, nerve damage, and catheter malposition.

If arrhythmias occur following SCV or 1J catheter placement and guidewire
removal, the catheter might be in the right atrium or ventricle. Always confirm the
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catheter’s position with a post procedure chest radiograph and if necessary pull it
back so that it is ideally positioned in the cavo-atrial junction.

During insertion, it is critical to prevent air entrainment through a needle or
catheter open to atmospheric pressure, as this can precipitate a venous air
embolism (VAE), especially if the heart is lower than the accessed vessel.
Hypovolemia, tachycardia, upright position, spontaneous ventilation, and open
catheter ports are all risk factors for VAE during central line placement [37] If
VAE is suspected, the patient should be administered 100% oxygen and placed in
the left-lateral decubitus and head down position to facilitate right ventricle apex
air trapping and to speed air reabsorption.

Arterial injury is an emergency. Unintended placement of a large bore catheter
into a central artery will be evident by bright red pulsatile blood return from the
catheter. However, in patients with low cardiac output, hypoxemia, and/or
continuous flow ventricular assist devices, it may be difficult to differentiate
venous from arterial blood based on color or pulsatility. Ideally, possibility of this
complication should be recognized early on in the procedure. If arterial placement
is suspected based on ultrasonography, fluid column manometry, or pressure
transduction, do not dilate the vessel or place the catheter. Immediately abort the
procedure, hold firm manual pressure over the insertion site, and only
reattempt line placement once hemostasis is achieved. If the dilator or catheter
is suspected of already being intraarterial, it should be left in-situ, and the need for
surgical arterial repair should be immediately assessed by an appropriate surgeon.

In the case of persistent bleeding at the catheterization site at the end of the
procedure, apply direct pressure, considering evaluating coagulation studies, and
replace blood products as necessary. Persistent bleeding may be another sign of an
arterial injury or an indicator of a venous injury, and a vascular surgeon should be
consulted if the bleeding cannot be controlled with direct pressure and correction
of coagulopathy.

Occasionally, air may be aspirated into the syringe. If this occurs, check the
syringe to be sure that the needle or catheter and syringe are firmly attached. If air
continues to be aspirated during IJV or SCV line placement despite firm
connections, or if the patient develops respiratory distress, immediately remove
the needle or catheter as a pneumothorax may have occurred. In mechanically
ventilated patients, lung injury can rapidly result into tension pneumothorax.
Immediately obtain a chest radiograph and insert a chest tube if necessary. Do not
attempt to place the central line in a supradiaphragmatic location on the
contralateral side because of the risk of contralateral pneumothorax and further
respiratory compromise.
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SITE-SPECIFIC CONSIDERATIONS
Cannulation of The Internal Jugular Vein

Indications and Contraindications

In 1966, a landmark-based technique for locating and cannulating the IJV was
described [38], and it remains a frequent first choice site for central venous access
due to its accessible location and easily identifiable anatomy. In the operating
room, an [JV line is often ideal, since it may be the only site accessible to the
anesthesiologist throughout many surgical procedures. The relatively straight path
from the right IJV to the superior vena cava makes it an ideal site for placement of
large, stiff lines such as hemodialysis catheters. Furthermore, if central access is
needed for pulmonary artery catheter placement, the right IJV site offers the
shortest and most straightforward path to the pulmonary circulation.

Do not place a central line in the IJV if there has been recent surgery, burn, or
infection of the skin overlying the vein, or if surgery is planned that would
involve the 1JV site. The ability of the patient to tolerate a pneumothorax on the
side of line placement should be considered; if pneumothorax would be
catastrophic, avoid IJV line placement. Finally, if manipulation of the neck is
contraindicated, such as in patients with cervical spine instability, proper
positioning for IJV central line placement will not be possible.

Ultrasound Visualization of the Neck Vessels

The large vessels of the right neck are seen here in cross-section. The internal
jugular vein (IJV) appears as a large, hypoechoic, ovoid structure, which is
compressible with application of downward ultrasound probe pressure. The
carotid artery (CA) lies just medial and deep to the IJV. It should appear pulsatile,
and should not be compressible with the ultrasound probe. The
sternocleidomastoid (SCM) muscle can be seen superficial to the vessels in this
view.

Unless clinically contraindicated, position the patient supine, in slight
Trendelenburg position, to increase venous engorgement and minimize the risk of
venous air embolus. Stand at the patient’s head. Next, turn the patient’s head
slightly toward the contralateral side. Avoid turning the head too far as excessive
head rotation can bring the 1JV directly in front of the carotid artery [39, 40].

The IJV lies just lateral to the common carotid artery and is commonly cannulated
within the anatomical triangle bordered inferiorly by the clavicle, and medially
and laterally by the anterior (sternal) and posterior (clavicular) heads of the
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sternocleidomastoid muscle respectively. Once the sterile field, ultrasound, and
equipment are ready, place the ultrasound transducer within the superior aspect of
the triangle, parallel to the clavicle. Ensure proper transducer is alignment; the left
and right sides of the transducer should correlate with left and right on the
ultrasound screen. The 1JV should be readily visible in cross section as a large,
black, oval shaped structure, which can be compressed by applying pressure to the
skin with the ultrasound transducer. The carotid artery is visualized just medial
and deep to the vein and is identified by its muscular vessel wall, pulsatility and
lack of compressibility [41] (Fig. 6). If the transducer is translated closer to the
clavicle, the apex of the lung may be seen as bright, sliding pleura just deep to the
dark shadow cast by the first rib. In order to minimize the risk of iatrogenic
pneumothorax, translate the transducer cephalad to access the vein as superiorly
along its trajectory as possible. Adjust the position of the transducer as needed so
that the IJV is in the center of the monitor screen.

Fig. (6). Ultrasound view of the neck vessels. Images provided by Margaret K. Menzel Ellis, M.D., Oregon
Health Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico Department of
Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Internal Jugular Vein Cannulation

Once the ideal view is obtained and local anesthesia has been administered (if
indicated), puncture the skin with the access needle superior to the ultrasound
transducer, with an entry point perpendicular to the mid-point of the ultrasound
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transducer. Advance the needle, aiming slightly laterally toward the center of the
vein to avoid inadvertent carotid artery puncture. Once the vessel is accessed with
the needle and blood flow is established, the remainder of the procedure is
performed using the Seldinger technique.

Cannulation of The Subclavian Vein, Indications and Contraindications

SCV cannulation may be indicated when conditions that affect the 1J or FVs, such
as occlusion due to thrombosis or scarring, or when the 1J landmarks have been
obscured or distorted by trauma, recent or planned surgery, or other anatomic
anomalies such as goiter or morbid obesity [42]. In patients with significant
cervical spine trauma or instability, accessing the 1J or moving the head and neck
may not be possible, making SCV cannulation the best option. Additionally, in
cardiac transplant it may prudent to choose the SCV to minimize potential
scarring of the 1J, thereby facilitating future cardiac biopsy surveillance.

Specific contraindications for placing a central venous line in the SCV include
infection or significant burns in the area overlying the insertion site, fracture or
trauma to the clavicle or proximal ribs, or occlusion or thrombosis of the target
vein. Coagulopathy, while not an absolute contraindication, should be of
somewhat greater concern when considering the SCV approach as the position of
the clavicle can prevent effective application of pressure to the subclavian vessels
if needed to prevent hematoma formation. The inability to tolerate a
pneumothorax is also a relative contraindication to SCV cannulation, although the
use of ultrasound decreases this risk when compared to a landmark-guided
approach [43].

Based upon current literature, real-time ultrasound-guided SCV cannulation is
likely superior to the use of a landmark-based technique [44]. SCV central line
placement using ultrasound guidance is associated with fewer procedural
complications including a reduction in average access time, fewer placement
attempts, and lower risk of arterial puncture, hematoma, hemothorax,
pneumothorax, brachial plexus injury, phrenic nerve injury, and cardiac
tamponade [9, 11, 14].

Ultrasound Visualization of the Subclavian Vessels

Unless contraindicated, position the patient in a small amount (15-20degrees) of
Trendelenburg position to decrease the risk of air embolism and engorge the SCV.
Placing a small roll under the midline of the patient’s upper back often optimizes
positioning. If possible the patient’s ipsilateral arm should be fully adducted.
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Identify the clavicle (Fig. 7). The SCV most closely approximates the clavicle just
under the middle third of the clavicle, and the artery runs posterior and superior to
the vein. The middle third of the clavicle begins at the point where the clavicle
angles posteriorly and is joined by the costoclavicular ligament.

Probe placement for subclavian central line placement.

—

Fig. (7). A: Surface anatomy of the clavicle; the * indicates the junction of the lateral and medial thirds of the
clavicle. B: The appropriate starting position of a linear ultrasound probe placed perpendicular to the junction
of the lateral and medial thirds of the clavicle. Figs. (7A and 7B) provided by Margaret K. Menzel Ellis,
M.D., Oregon Health Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico
Department of Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Once the sterile field, ultrasound, and equipment have been prepared, place the
ultrasound transducer inferior and perpendicular to the middle third of the
clavicle, and direct the transducer marker cephalad (Fig. 7). A cross-sectional
image of the SCV and SCA should be readily identifiable; however, it may be
necessary to translate the transducer slightly cephalad to achieve this view. In that
case, a portion of the ultrasound transducer may overly the clavicle. The clavicle
is identified as a bright echogenic line at the left of the screen; however, the
acoustic shadow cast by the clavicle is frequently seen rather than the clavicle
itself. This shadow will appear as a dark area lateral (on the left side of screen)
and adjacent to the SCA. If the surface of the transducer footprint is completely
inferior to the clavicle, only the SCV, SCA, and pleura will be visualized on the
ultrasound screen (Fig. 8). Tilting the transducer medially and laterally may
further optimize the view.

The SCV will be located towards the right of the screen and deep to the clavicle.
The SCA is typically between the clavicle (or its shadow) and the SCV. The
pleura appears as a thin, echogenic, linear structure below and to the right of the
SCV and SCA (Fig. 8). When distinguishing between the artery and vein, it is
useful to note that the SCV is typically larger, more compressible, and non-
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pulsating, while the SCA should be smaller, pulsatile, and more difficult to
compress. To ensure the patency of the vein, gently compress the vein with the
transducer; minimal pressure should be sufficient to collapse the lumen. In a
situation in which the identity of the artery and vein is unclear, location and
patency can be further assessed with color flow Doppler ultrasound; venous
biphasic flow will be seen in the SCV, while the SCA will have pulsatile systolic
flow. At this stage, it also helpful to use the depth marker located at the side of the
ultrasound imaging screen to determine the approximate depth of the SCV and
pleura location. Finally, if the patient is awake, a Valsalva maneuver can be useful
to increase intrathoracic pressure, dilate the SCV, and confirm its identity (unless
contraindicated).

Ultrasound view of the subclavian vessels during central line placement

Fig. (8). A: Cross-sectional image of subclavian artery (SCA), subclavian vein (SCV), and pleura (P). B:
Image of needle (n) and needle trajectory towards SVC, acoustic shadow from needle (s, indicated by arrow),
SCA. C: Cross-sectional image post-cannulation; acoustic shadowing from clavicle (s), SCA; SCV with
echogenic catheter noted in lumen (indicated by arrow). Fig. (8A-8C) provided by Margaret K. Menzel Ellis,
M.D., Oregon Health Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico
Department of Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.
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Subclavian Vein Cannulation

Once you have prepared the insertion site and equipment using the sterile
technique described above, establish local anesthesia by infiltration at the
insertion site if appropriate. With a thin-walled, hollow needle, puncture the skin
just distal to the transducer, and advance the needle at a 30degree angle to the
skin, aiming toward the sternal notch, maintaining gentle negative pressure in the
attached syringe per the Seldinger technique. Although the SCV is typically
accessed immediately beneath the clavicle, the needle may not encounter the vein
for several centimeters after skin entry depending on patient anatomy and body
habitus. Continuous assessment of the depth of needle insertion relative to the
previously measured depth of the target vein may decrease the risk of inadvertent
pleural puncture and subsequent pneumothorax. Proceed with the remainder of the
central line placement procedure using the Seldinger technique described above.

After the procedure is completed and the line is covered with a sterile dressing, an
ultrasound scan of the bilateral IJ veins and contralateral and SCV can quickly
assess for catheter malposition. On confirmatory, post-procedural chest
radiography, the tip of catheter should be less than 2.9 cm distal to the
tracheobronchial tree to ensure the catheter is not entering the right atrium [45].

The Axillary Vein

The axillary vein can also be cannulated in a very similar procedure to SCV
cannulation. The axillary vein begins at the lower margin of the teres major
muscle as a continuation of the brachial vein, and becomes the SCV once it
crosses the lateral border of the first rib. Depending on whether the first rib or
pleura can be visualized during the ultrasound scanning and the degree of medial
versus lateral placement of the ultrasound transducer, the axillary vein may be the
actual target cannulated.

There may be a number of advantages to axillary vein as compared to SCV
cannulation. As compared to accessing the SCV, axillary vein cannulation may
have less of an acute entry angle and trajectory comparatively. Hence, axillary
vein cannulation may be associated with less mechanical stress on central line
catheters or implanted cardiac device leads leading to less catheter obstruction or
lead failures, respectively [46]. Furthermore, the axillary vein’s course is outside
the boundaries of the thoracic cage and may be associated with a lower risk of
hemothorax or pneumothorax [47, 48]. If an arterial injury does occur during
attempts to access the axillary vein, the axillary artery is more easily manually
compressed and surgery access is more straightforward as compared to the SCA
[49].



104 Recent Advances in Anesthesiology, Vol. 1 Menzel Ellis et al.

CANNULATION OF THE FEMORAL VEIN

Indications and Contraindications

Cannulation of the FV may be indicated whenever central venous access is
needed and the IJV or SCV sites are not available due to trauma, recent surgery,
or other conditions that affect the neck or chest. Cannulation of the FV is
particularly useful in emergency situations when other procedures
(cardiopulmonary resuscitation, endotracheal intubation, chest tube placement)
are concurrently being performed and limit access to the patient’s neck and upper
chest. The FV is also a useful site for emergency hemodialysis or plasmapheresis
access given its relatively straight trajectory. IJV or SCV access should arguably
be avoided and might be difficult whenever the Trendelenburg position is
contraindicated, for instance in the setting of elevated intracranial pressure or in
patients at high risk for aspiration. In these situations, the FV may also be the best
approach.

The FV should not be cannulated if recent trauma, surgery, or infection obscures
the skin overlying the vein or distorts the surrounding anatomy. Furthermore, if
the patient has a known proximal deep venous thrombosis or an injury to the
ipsilateral iliac vein or the inferior vena cava, the connection between the FV and
the heart may be interrupted and a femoral line should not be placed. The FV is
not an ideal site for placement in an ambulatory patient or a patient who
frequently flexes his or her hips, as repeated movement may lead to dislodgement
or fracture of the catheter.

Ultrasound Visualization of the Femoral Vessels

Ultrasound View of the Femoral Vessels

The FV is located just medial to the femoral artery within the femoral triangle.
This anatomical region is bordered superiorly by the inguinal ligament, medially
by the adductor longus muscle, and laterally by the sartorius muscle. Position the
patient supine and in slight reverse Trendelenburg to promote femoral venous
engorgement. Stand at the patient’s side, facing the patient’s head. Once the
sterile field, ultrasound, and equipment have been prepared, place the ultrasound
transducer parallel and just distal to the inguinal ligament, within the femoral
triangle. Ensure that the left and right sides of the ultrasound transducer correlate
with left and right on the monitor, and translate the transducer medially and
laterally until the femoral artery and vein are visualized in the center of the
ultrasound screen. The vein may be less distinctly seen due to its depth, however
color Doppler can be used to distinguish and confirm the location of the both
vessels (Fig. 9).
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Fig. (9). A: A cross-sectional view of the left femoral artery (FA) and femoral vein (FV) is shown in this
image. The artery lies just superficial and lateral to the vein. Not the indistinctness of the margin of the vein
and between the two vessels. B: Color Doppler is used to distinguish arterial and venous blood flow Figs. (9A
and 9B) provided by Margaret K. Menzel Ellis, M.D., Oregon Health Sciences University and Neal S.
Gerstein, M.D., FASE, University of New Mexico Department of Anesthesiology and Critical Care
Medicine, Albuquerque, New Mexico, USA.

Femoral Vein Cannulation

Insert the needle at a 45-degree perpendicular to the mid-point of the ultrasound
transducer. Aim the needle cephalad and medial to avoid femoral artery puncture
and advance, maintaining gentle negative pressure on the attached syringe. Once
the needle enters the vein and free blood return has been established, complete the
remainder of the procedure per the ultrasound-guided Seldinger technique
described above. Of note, a longer catheter (20cm) is often preferable for FV
central line placement given the greater distance between the entry site and the
heart. A confirmatory radiograph is not necessary following FV central line
placement, as there is no risk of pneumothorax with this procedure.

Ultrasound for Arterial Access

Arterial line placement for continuous blood pressure measurement and arterial
blood gas sampling is frequently required in patients who are undergoing surgery
or are critically ill. There are many possible sites for placing an arterial line
including the radial, ulnar, axillary, brachial, femoral, and dorsalis pedis
arteries.

Placing an arterial line first involves cannulating the artery, which is typically
accomplished by identifying anatomical landmarks and palpating the pulse.
Although this approach is often straightforward, it sometimes requires multiple
attempts and is associated with relatively high failure rates. Numerous conditions
such as anatomical variability, obesity, peripheral edema, and peripheral arterial
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disease can further complicate placement. Arterial cannulation in patients with a
weak or completely non-palpable pulse is especially challenging. Non-pulsatile
blood flow in the setting of a ventricular assist device or extracorporeal
membrane oxygenation makes arterial cannulation via the traditional
landmark and palpation method nearly impossible. Moreover, every failed
attempt at arterial line placement makes subsequent attempts significantly more
challenging, as hematoma formation, vasospasm, and arterial dissection can
obscure landmarks, making a previously bounding pulse difficult to palpate.

Ultrasound guided arterial line placement has emerged as an alternative to using
landmarks and palpation, and the efficacy and superiority of ultrasound for this
purpose is now fairly well established. In fact, prospective studies demonstrate
that ultrasound-guided arterial line placement, as compared with traditional
methods, results in higher success rates and shorter procedure times [50]. In one
meta-analysis, ultrasound-guided arterial line placements were accomplished
more frequently on the first attempt, with fewer attempts overall and a reduced
incidence of hematoma formation [51].

As with central venous line placement, arterial line placement should be
considered a sterile procedure, and sterile precautions should be taken. While
uncommon, arterial catheter-related bloodstream infections (CRBSI) have been
reported in several studies, and a large meta-analysis found that the rate of arterial
line-related blood stream infection may even approach the rate of CRBSI seen
with short-term central venous line [52].

Ultrasound Guided Radial Arterial Line Placement

The most frequent site for arterial line placement is the radial artery. It is an
easily accessible peripheral location, and having a catheter in the radial artery is
associated with a low incidence of complications, is generally well tolerated, and
does not restrict patient movement to the same degree as a catheter that is placed
in other sites such as the femoral artery or foot. Regardless of whether ultrasound
or a more traditional method is used to locate the artery, arterial cannulation is
almost always accomplished via the Seldinger or modified Seldinger technique as
described above [53].

Ultrasound Visualization of the Radial Artery

The radial artery (RA, indicated by arrow) is a small, round, pulsatile structure
when imaged in cross-section. It is often found at a very shallow distance; this
image has a depth of field of Icm, so the radial artery is approximately 0.3cm
deep to the skin.
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During ultrasound guided radial arterial line placement, supinate the patient’s
arm, extend the hand slightly, and secure the hand and arm (frequently on a foam
or plastic arm board) to prevent movement. Stand or sit adjacent to the patient so
that the angiocatheter or needle can be directed toward the patient’s proximal arm.
Prepare and drape the site and ultrasound transducer in the usual sterile fashion.
Hold the ultrasound transducer with your non-dominant hand and position it 2-3
fingerbreadths proximal to the prominent joint of the scaphoid bone and distal
radius in the patient’s wrist [54]. Align the ultrasound transducer so its left and
right sides correlate with left and right on the monitor. The radial artery appears as
a small, round, black, pulsatile structure (Fig. 10), and is difficult or impossible to
compress with the ultrasound transducer. Color Doppler can be used to confirm
blood flow within the artery. Once the artery is located, optimize the ultrasound
image by increasing or decreasing the depth of field and translating the transducer
medially or laterally so that the artery is in the center of the ultrasound screen.

Fig. (10). Ultrasound view of the radial artery. Images provided by Margaret K. Menzel Ellis, M.D., Oregon
Health Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico Department of
Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Ultrasound Artery Cannulation

Insert and advance the angiocatheter (or needle) at about a 45degree angle to the
skin, while continuously watching the ultrasound screen and frequently checking
for a “flash” of blood in the angiocatheter. Given the small size of the artery, only
very slight adjustments in the catheter’s position are generally required to
maintain or alter the desired trajectory. Once the artery is entered and pulsatile
blood flow is seen, flatten the catheter’s angle, verify that pulsatile flow is still
present, then insert a guide wire and complete the procedure by advancing the
catheter into the lumen of the artery over the guide wire.

Not infrequently, a small “flash” of blood is briefly seen in the chamber of the
angiocatheter, but brisk, continuous arterial blood flow is not obtained. When this
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situation occurs, utilizing the “through and through” technique can be helpful.
When performing this technique, first purposefully advance the angiocatheter
through the back wall of the artery without altering its trajectory. Next, remove
the needle, and then slowly withdraw the angiocatheter until its tip is within the
lumen of the artery, at which time brisk, pulsatile arterial blood flow will be
obtained. At this point, pass a guidewire through the angiocatheter, then advance
the catheter over the guidewire and into the artery. Finally, remove the guidewire
and then secure the catheter in place. This technique has been shown to be faster
and more reliable than the modified Seldinger technique in at least one
randomized study [53].

When radial arterial line placement is especially difficult, a longitudinal view can
be used to advance the guidewire and confirm its location within the lumen of the
artery. Obtain a longitudinal view by rotating the ultrasound transducer
orthogonal to (90degrees from) the cross-sectional view, such that the transducer
is oriented parallel to the artery. Use the longitudinal view to confirm the position
of the guidewire position prior to advancing the catheter.

As mentioned above, numerous other sites can be used for arterial line placement.
Ultrasound guidance is especially useful for accessing deeper arteries (i.e.
brachial or axillary), but can be successfully employed for any of these
procedures.

Ultrasound for Difficult Peripheral Intravenous Access

Numerous conditions complicate peripheral intravenous (IV) catheter placement.
Obesity hinders placement of peripheral intravenous catheters [55, 56] because in
these patient’s peripheral veins can be deep, and thus difficult or impossible to
palpate or visualize. Patients with chronic kidney disease are prone to develop
vascular scarring from repeated vascular access procedures, making peripheral
intravenous catheter placement difficult. Furthermore, the presence of an
arteriovenous fistula generally precludes tourniquet placement and peripheral
intravenous catheter placement on the extremity in which the fistula is located
[57]. Chemotherapy patients often have veins that are sclerotic or scarred, as
chemotherapeutic agents can cause local vascular damage or systemic tissue
changes. Similar changes can be seen following radiation therapy [58]. Patients
who have undergone mastectomy with axillary lymph node dissection, or other
cancer surgeries that disrupt the lymphatic system, are at risk for lymphedema that
may be exacerbated by intravenous infusion and can also complicate peripheral
intravenous line placement. Establishing vascular access in intravenous drug users
tends to be difficult [59 - 61]. Illicit drugs can damage veins because they are
often prepared with caustic ingredients, are generally not sterile, and are
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sometimes injected using a heated solution. Since illicit drugs tend to have a short
duration of peak effect, users often inject themselves multiple times per day.
Veins in this patient population may be sclerotic, thrombosed, or infected.
Moreover, venous insufficiency in these patients leads to venous stasis and edema
in the affected limbs [62].

In the patient with known or suspected difficult IV access, ultrasound-guided
peripheral intravenous line placement offers a number of benefits over a
traditional approach, including a reduction in the number of attempts needed,
reduced total procedure time, and improved patient satisfaction [63]. Furthermore,
in emergency department patients with difficult peripheral IV access, the use of
ultrasound-guidance carries a higher success rate than external jugular vein
cannulation [60]. Ultrasound allows deep veins such as the basilic and cephalic
veins of the upper arm, which are rarely visible or palpable on physical
examination, to be accessed [64, 65]. In patients with challenging peripheral
intravenous access, the increased success rate with ultrasound guidance can
sometimes prevent the unnecessary insertion of central venous lines [66].

Technique for Ultrasound Guided Peripheral Intravenous Line Placement

Ultrasound guidance should be considered after two failed attempts at
standard IV catheter placement, or if the patient endorses a history of difficult
intravenous placement [67]. As with any invasive procedure, universal
precautions and hand washing are mandatory for this procedure, although sterile
gloves are not needed.

Ultrasound Visualization of a Target Peripheral Vein

A linear array probe is used to locate and cannulate a peripheral vein in the
forearm. The vein (v) can be clearly seen (a) as a round structure in this cross-
sectional view, which easily compresses with downward pressure (b) from the
approaching needle (n, indicated by arrow). The tip of the needle is seen
penetrating the superficial wall of the vein (c). Finally, the angiocathteter (circled)
can be seen as a hyperechoic structure outlined) within the vein (d).

Apply a tourniquet and then use a cross-sectional view to evaluate the
sonoanatomy and identify a suitable target vein. A linear array transducer with
a frequency of 5-13megahertz is recommended for this procedure [67]. Veins
are thin walled and are easily compressible (Fig. 11), while arteries are thicker
walled, are not easily compressible and are visibly pulsatile [67]. Adjust the depth
and gain, and translate the transducer side-to-side to optimize the view of the
target vein. Color Doppler can be used to help distinguish a deep vein from an
artery; an artery will have pulsatile flow while a vein will be pulseless. Note that
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larger diameter veins with a depth less than 1.6cm are easier to cannulate [68].
For deeper veins, the use of a longer-length catheter may be necessary [67, 69].

Once a suitable target vein is identified, clean the skin with an antiseptic swab,
and clean the ultrasound transducer with an appropriate cleaning solution or apply
a sterile ultrasound sleeve. Apply ultrasound gel or lubricant to the target area.
Select an angiocatheter of appropriate gauge and length based on the size and
depth of the target vein. Either a longitudinal or cross-sectional technique can be
used for ultrasound-guided peripheral intravenous line placement [70]. To find the
longitudinal view, first locate the vein in cross-sectional and then rotate the
ultrasound transducer 90° to visualize the vein longitudinally. Ensure the
ultrasound transducer is aligned so its left and right sides correlate with left
and right on the monitor; the target vessel should be in the center of the
screen.

Y 1A

Fig. (11). Peripheral venous line placement with ultrasound. Images provided by Margaret K. Menzel Ellis,
M.D., Oregon Health Sciences University and Neal S. Gerstein, M.D., FASE, University of New Mexico
Department of Anesthesiology and Critical Care Medicine, Albuquerque, New Mexico, USA.

Cannulation of The Peripheral Vein

Insert and advance the needle through the skin distal to the ultrasound transducer
at an angle of approximately 45degrees, while observing the trajectory of the
needle on the ultrasound screen. In a cross-sectional technique, the needle will
appear as a bright dot as it passes beneath the ultrasound transducer (Fig. 11). If
using a longitudinal technique, as long as the needle is perfectly aligned with the
ultrasound plane, the entire length of the needle including its tip will be visible
throughout the procedure. When the tip of the needle enters the lumen of the vein,



Vascular Access Recent Advances in Anesthesiology, Vol. 1 111

a “flash” of blood is seen in the chamber of the angiocatheter. At this point, flatten
the angle of the angiocatheter, advance the angiocatheter over the needle and into
the vein, and release the tourniquet. Confirm proper placement by drawing back
on the angiocatheter and injecting saline. Blood should draw back freely, and
there should be no resistance or evidence of extravasation when saline is injected.
In addition, the ultrasound can be used to locate the angiocatheter in the lumen of
the vein, in either the cross-sectional (Fig. 11) or longitudinal view.

Occasionally, blood flow is achieved even though the angiocatheter cannot be
advanced completely into the vein without meeting resistance; often this situation
occurs because of an intravenous valve. In this situation, use the modified
Seldinger technique to insert a guidewire through the angiocatheter and open the
valve, then advance the angiocatheter over the guidewire into the lumen of the
vessel [65]. The location of the guidewire can also be confirmed with ultrasound.

CONCLUSION

The use of ultrasound for central, peripheral, and arterial vascular access
procedures has significantly improved the safety, efficacy, and range of
possibilities when performing these procedures. Becoming familiar with practical
use of ultrasound technology, including its various applications for vascular
access (Figs. 12 - 14), strengthens the anesthesiologist’s role as a perioperative
and hospital-wide consultant.

RESOURCES FOR PROVIDERS

Several excellent resources are available for continued ultrasound-guided vascular
access education, including:

New England Journal of Medicine videos: These free, online videos published by
the New England Journal of Medicine provide concise, clearly illustrated
instruction for a wide variety of medical procedures, including ultrasound- guided
central line, arterial line, and peripheral line placement. They can be accessed
through the New  England  Journal of  Medicine  website
(http://www.nejm.org/multimedia/medical-videos).

Medscape: Medscape offers free, concise online descriptions of several
ultrasound-guided vascular access procedures, which can be accessed through
searching their website. Registration is required. (http://reference.medscape.com)

LearnICU: This resource from the Society of Critical Care Medicine offers
educational materials for a variety of critical care procedures and can be accessed
after free registration online. (https://www.learnicu.org)


http://www.nejm.org/multimedia/medical-videos
http://reference.medscape.com
https://www.learnicu.org
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Product specific education: Many ultrasound machine manufacturers offer on-site
training and additional resources for customers or prospective customers.
Information about these resources can often be found under the “education”
section of the manufacturer’s website.
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Fig. (12). Neck (Muscles and Vessels). Image provided by Norm Myers.
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Fig. (13). Arm (Nerves and Vessels). Image provided by Norm Myers.
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Fig. (14). Femoral Nerve (Groin Vessels). Image provided by Norm Myers.
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CHAPTER 6

Bleeding and Clotting: Blood and Drugs
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Abstract: Uncontrolled hemorrhage from trauma, surgery, or post-partum is a major
cause of death, but more people die from clotting, as heart attacks, strokes, or
thromboembolism. The coagulation system underlies this complex interaction between
bleeding and clotting. There are numerous blood components, biologicals, and drugs
that affect bleeding and clotting; a basic understanding is requisite for successful
perioperative care. This chapter provides an essential review of primary and secondary
hemostasis and fibrinolysis, conventionally available tests of coagulation, common
causes of hemorrhage, and commonly used anticoagulant drugs and platelet inhibitors.
Finally, it discusses current concepts of the use of blood components to reverse
coagulopathy and the transfusion reactions that can complicate blood therapy.

Keywords: Anticoagulants, Antiplatelet agents, ACT, Clotting, Coagulation
testing, Congenital clotting disorders, Fibrinolysis, Hemorrhage, Primary
hemostasis, Secondary hemostasis, Thrombosis, Von Willibrands Disease.

INTRODUCTION

- Uncontrolled bleeding is a major cause of death. Each year, approximately
15,000 trauma patients die in U.S. hospitals of uncontrolled hemorrhage.
Mortality in cardiac surgery and transplant surgery are strongly correlated with
total blood use. Post-partum hemorrhage is the most common cause of maternal
death [1].

- At least ten times more patients die each year of clotting. Heart attacks,
ischemic strokes, and thromboembolic disease account for more than 65% of all
U.S. mortality [2]. The benefits of primary prevention of cardiovascular disease
through smoking cessation and treatment of hypertension, diabetes, and
hyperlipidemia are blunted by epidemic obesity and greater lifespan with their
accompanying vascular complications. Many chronically ill and elderly
individuals take anticoagulants.
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- At the intersection of bleeding and clotting, patients taking anticoagulants
present with intracranial bleeds and need hemorrhage control without worsening
the thrombotic complications of the underlying reason they were placed on
anticoagulants in the first place [3]. Patients with complex thromboses such as
mesenteric artery or portal vein clots need effective anticoagulation that will not
lead to bleeding. Patients with stented coronary and carotid arteries frequently
are treated with multiple drugs and present with emergent complications.

- Care of such patients caught at the interface of bleeding and clotting is
complicated by the large number of blood components, biologicals, and drugs
available and by the relatively small number of readily available and useful
laboratory tests to help manage these situations. This chapter will review
physiologic hemostasis, laboratory tests to assess hemostasis, bleeding and
thrombosis, and the clinical rational for the use and the complications of
available procoagulant and anticoagulant therapies.

BLOOD COAGULATION AND FIBRINOLYSIS

Remember

* Primary Hemostasis is the formation of a platelet plug at a site of endothelial disruption that provides a
platform for coagulation.

» Secondary Hemostasis is the formation of a fibrin clot through activation and amplification of the
clotting cascade at the platelet plug (Fig. 1).

» Normal coagulation is a local process, contained by antithrombotic factors including antithrombin, Protein
C, and Tissue Factor Pathway Inhibitor.

* In contrast to the classical two-pathway teaching, most physiological clotting occurs through the extrinsic
pathway, amplified by the intrinsic pathway factors.

* Plasma-based clot breakdown is mediated by plasmin, and plasminogen activator inhibitor inactivation by
activated Protein C in the setting of trauma can lead to massive fibrinolysis.

- A blood clot is made of platelets and fibrin [4]. Blood coagulation starts
with platelets and the formation of a primary platelet plug, so called
primary hemostasis. When endothelial integrity is breached, type III collagen in
the subendothelial matrix is exposed. Platelets localize at such sites of
endothelial disruption because von Willebrand factor (vVWF) binds with one end
to the exposed type III collagen and with the other end to platelet glycoprotein
1b. This vWF binding tethers platelets to the site of injury and blood flow-
related shear stress on the tethered 1b receptor leads to platelet activation.
Activated platelets racemize phospholipids in their membranes, shed vesicles,
secrete the contents of their granules, and open their integrin receptors to support
aggregation. Racemization of phospholipids places negatively charged
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phosphotidyl serine and phosphotidyl ethanolamine on the outer surface where
they condense to form negatively charged phospholipid rafts that bind calcium
and the vitamin K dependent coagulation factors (FII, FVII, FIX, FX). Shed
vesicles increase this reactive surface area and the dispersion of this activity.
Secreted alpha-granules release proteins such as vWF, FV, and fibrinogen and
dense granules release salts such as calcium, serotonin, ADP, and mid-length
polyphosphates for the activation of more platelets and coagulation factors and
the induction of local vasoconstriction. Activated integrins open to become
strong receptors, 1a2a for collagen and 2b3a for fibrinogen. As 2b3a receptors
on different platelets adhere to the opposite ends of a single fibrinogen molecule,
the platelets aggregate. Platelet aggregates physically limit blood loss and
provide an environment ideal for plasma coagulation.

Primary hemostasis is building a
platelet plug. Platelets circulate,
"walk” the endothelium, adhere

to subendothelium, activate, secrete
and aggregate.

Secondary hemostasis is laying

down a fibrin net to stabilize the

platelet plug. The plasma coagulation

cascade works best on the activated

platelet surface. PRS-
FIBRIN POLYMER

Fig. (1). Primary and Secondary Hemostasis. Provided by John R. Hess, MD, University of Washington.

- Secondary hemostasis is the formation of the fibrin clot through the
coagulation factor cascade. During the initiation phase plasma coagulation
initiates at breaks in endothelial integrity where subendothelial tissue factor-
bearing cells are exposed. Factor VII (FVII) from the circulation binds to the
exposed tissue factor (TF) and self-activates (TF-FVIIa complex) and activates
factors IX and X. FXa activates FII (prothrombin) to Ila (thrombin) which in
turn activates small amounts of factors V, VIII, XI, and XIII, but then is
inactivated by anti-thrombin. During the amplification phase, FIXa, less
susceptible to inactivation by anti-thrombin, migrates to an adjacent activated
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platelet surface where it binds its cofactor VIIla and produces larger amounts of
FXa. FXa in turn binds its cofactor Va, either on the platelet or the activated
endothelial cell edge, and in the propagation phase produces large amounts of
thrombin. This burst of thrombin generation cleaves fibrinogen to make fibrin
monomers, and more factor Va, VIlla, Xla, and XIIla. Fibrin monomers
nucleate to form gel chains which are then cross-linked by FXIIIa to make fibrin
polymer (Ref Hoffman 2003).

- Clotting is highly localized by the requirement for tissue factor initiation at the
site of the endothelial break and for collocation with activated platelets for the
FIX-driven amplification phase. Amplification comes from the marked increase
in enzyme activity associated with the assembly of complexes of activated
enzymes and cofactors on the negatively charged phospholipid rafts on the outer
membranes of the supporting cells and platelets. This amplification can be
10,000- to a million-fold at each successive stage from the TF-VIIa complex
initiation phase, to the platelet bound factors IXa and VIIla amplification phase,
to the prothrombinase complex of Xa and Va propagation phase. The speed and
intensity of this propagation phase determine the rate of fibrinogen activation to
fibrin monomer formation, which in turn determines the rates and ratios of fibrin
polymer nucleation and chain extension that determine the ultimate structure of
the fibrin clot. This structure is further stabilized by FXIII cross-linking and
thrombin-activated fibrinolysis inhibitor (TAFT) that removes the lysine binding
sites for plasmin (see below) from fibrin polymer to slow its breakdown.

- Plasma coagulation is also highly localized by plasma anticoagulant activity
present in the form of anti-thrombin, tissue factor pathway inhibitor
(TFPI), and proteins C and S. Anti-thrombin circulates free in plasma and
stoichiometrically binds the activated coagulation enzyme factors thrombin,
FXa, and FXIa to abolish their activity. Tissue factor pathway inhibitor binds the
TF-FVIla complex to turn off the initiation phase of coagulation. Activated
protein C with its cofactor activated protein S inactivate factors VIlla and Va to
shut down the amplification and propagation phases of thrombin generation and
clot formation. Because protein C and S are activated by thrombin bound to
thrombomodulin on the surface of healthy endothelial cells away from the edges
of wounds, it serves to prevent clot from spreading beyond the sites of
coagulation-activating injury.

- Most of us were taught that there are intrinsic and extrinsic coagulation factor
cascades [5]. The above description represents the modern view that most
clotting follows the extrinsic pathway from factor VIla to Xa to Ila, and that the
intrinsic pathway factors function most commonly as participants in shorter
feedback loops that reinforce and amplify the extrinsic pathway [6]. The
intrinsic pathway probably does function physiologically when FXII is activated
on extra cellular DNA nets and the subsequent plasma coagulation helps to
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immobilize pathologic organisms. It probably functions pathologically when
high energy injury results in cell ruptures with widespread activation of FXII on
extra cellular DNA leading to disseminated intravascular coagulation (DIC) with
factor consumption and the severe form of the acute coagulopathy of trauma.
Normally, FXII deficiency is not a bleeding disease.

- Once formed, blood clots are broken down either by a plasma process
called fibrinolysis or by a cellular process mediated by neutrophil elastase
[7]. The plasma process is based on the enzyme plasmin which digests
polymeric fibrin to yield D-dimers and other fibrin degradation products.
Plasmin is an enzyme activated by limited proteolysis from a plasma precursor,
plasminogen. This activation is mediated by tissue plasminogen activator which
is secreted by endothelial cells in response to low blood pressure or flow. This
system is inhibited by anti-plasmin and plasminogen activator inhibitor.
Inactivation of plasminogen activator inhibitor by activated protein C following
high energy injury can lead to massive fibrinolysis.

COAGULATION TESTING

Readily and rapidly available tests of blood coagulation are limited [8, 9]. At the
bedside, the activated clotting time (ACT) is the simplest and most widely
available test. Many institutions can only perform basic coagulation testing,
including platelet count, prothrombin time (PT), activated partial thromboplastin
time (aPTT), fibrinogen concentration, and D dimer or fibrin split products.
Various platelet functional measures and assays of coagulation proteins are
available but typically only in reference laboratories and with considerable delay.
There are also viscoelastic measures of whole blood coagulation and fibrinolysis.

Remember

« Activated Clotting Time (ACT) measures whole-blood clotting time and is useful in tracking intra-
operative heparinization; it is widely variable from patient to patient

* Prothrombin Time (PT)/International Normalization Ratio (INR) measures extrinsic pathway
function and can be used to regulate warfarin anticoagulation or to detect the acute coagulopathy of trauma
* Partial Thrombin Time (PTT) measures intrinsic pathway function and can be used to regulate heparin
anticoagulation or to detect multi-factor deficiencies

« Fibrinogen assays can be used to direct fibrinogen therapy

* D-dimer measures fibrin breakdown and can be used to detect DIC or clot breakdown

* Thromboelastogram (TEG) measures whole-blood cloth strength over time and can be used to direct
blood component resuscitation; it does not provide specific information about the mechanisms of
coagulopathy except for fibrinolysis

The ACT is a whole blood clotting time. Whole blood is placed in a standard
tube, coagulation is activated by mixing with an anionic surface like the clay
kaolin, and the tube tilted every 30 seconds until the blood stops flowing. Time
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from mixing to clot is typically about 3 minutes. The test is sensitive to the
actions of heparin, making it possible to follow anticoagulation in heparinized
cardio-pulmonary bypass circuits.

The platelet count as part of the complete blood count is very accurate over the
whole clinical range. Most platelets in circulation can be expected to function
adequately, except in patients with congenital platelet functional disorders,
patients on anti-platelet drugs, patients with uremia, and patients whose platelets
are injured by partial activation by cardiopulmonary bypass circuits or high-
energy traumatic injury. Platelet dysfunction can be confirmed with tests of
platelet secretion and aggregation, tests of aperture closure time such as the
PFA100, and viscoelastic tests of plasma or whole blood maximum clot strength.
Tests of whole blood platelet aggregation to screen for or dose adjust antiplatelet
drugs are labor intensive and not very accurate.

The PT and aPTT are rapid tests of the integrity of the extrinsic and intrinsic
coagulation pathways that measure the speed of clotting of recalcified citrated
plasma under different initiator conditions. They are widely available, accurate,
and useful in specific contexts. The PT is specifically sensitive to FVII
concentration, which makes it useful to regulate warfarin anticoagulation and to
detect the acute coagulopathy of trauma. The aPTT is sensitive to multifactor
deficiency but frequently confounded by lupus anticoagulants. Neither test is a
useful screen for low concentrations of fibrinogen. Neither is a useful screening
test for mild coagulation dysfunction in general surgical patients.

The Claus fibrinogen assay is widely available and accurate but takes 30 minutes
as typically implemented. It can be read sooner but only in a high complexity lab
set up and approved to do so. Its accuracy is important as a guide to therapy with
fibrinogen concentrates or cryoprecipitate.

The D-dimer assay is a semi-quantitative assay for a specific breakdown product
of cross-linked fibrin polymer. The D-E-D structure of normal fibrinogen or fibrin
monomer means that D-D only occurs when fibrin has been polymerized and
secondarily broken down by plasmin or neutrophil elastase. The assay is useful
for the detection of DIC and the breakdown of clots. It is not useful after surgery,
when clots are expected, but can be used to determine if clot breakdown has
stopped after therapy for thrombosis.

Alternative tests of coagulation such as thromboelastography (TEG) are
available but are limited by poor reproducibility, lack of automation, and cost
[10]. TEG can provide rapid estimates of global coagulation function and
fibrinolysis which have been shown to reduce total blood use but mostly by
driving the early use of plasma or platelets and tranexamic acid, now standard



126 Recent Advances in Anesthesiology, Vol. 1 Pagano et al.

ways of resuscitating massively bleeding patients. The tests provide little
information about specific mechanisms of coagulation disorders.

HEMORRHAGE

Remember

* In cases of uncontrolled hemorrhage, blood component resuscitation is best achieved with 1:1:1
transfusion of RBCs, platelets, and plasma under the guidance of an institutional massive transfusion
protocol

* Bleeding patients with congenital clotting disorders should be treated in a targeted manner, e.g., fVIII for
Hemophilia A, rfXIIla for fXIII deficiency, DDAVP for Type 1 vWD, etc.

* Bleeding patients with acquired clotting disorders such as liver or marrow failure are difficult to
resuscitate and may require expert consultation

Uncontrolled hemorrhage is rapidly fatal and a surgical emergency. Rapid control
of vascular sources of bleeding is generally effective, and the need to replace
acute blood losses should be weighed against the acute and chronic risks of
transfusion (See Table 1 — Acute transfusion reactions). For situations of
sustained uncontrolled hemorrhage, ongoing support of intravascular volume,
oxygen delivery (by means of red blood cells (RBC) transfusions), and hemostasis
(by means of plasma and platelet transfusions) can be lifesaving. This is best
accomplished by administering a 1:1:1 ratio of units of plasma, platelets and RBC
according to a massive transfusion protocol that has been developed and its
activation tested under the auspices of the institutional transfusion committee
[11]. Because 85-90% of the platelets administered in the U.S. are collected by
apheresis (single donor platelet units) and a unit of apheresis platelets is
equivalent to about 6 units of the old whole blood derived platelets (whole blood
platelet units), the actual ratio of bags of products given is most often 6 units of
plasma to one unit of apheresis platelets to 6 units of RBCs (See Fig. 2 — Effect of
Ratios of Standard Blood Components). Significant deviations from this ratio are
associated with excess mortality.

Table 1. Acute Transfusion Reactions. Provided by Monica B. Pagano, M.D., University of Washington.

Reaction Type | Typical Cause Presentation Management Comments
Acute - ABO - Can include fever, |- If immediate - May present with
Hemolytic incompatible flank/lumbar pain, transfusion minimal/no symptoms

RBC pain at infusion site, |required, switch to |- Hemolysis can vary
transfusion, rigors, felling of Group O RBC, AB | from minimal to
recipient anti- “impending doom,”  |plasma/FFP catastrophic
Alanti-B causing | hematuria, DIC - Maintain U/O >
intravascular (increased bleeding) | 100ml/hr.
hemolysis. - Analgesics
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Table 1) cont.....
Reaction Type | Typical Cause Presentation Management Comments
Febrile Non- |- Cytokine - Fever (typically < - Acetaminophen: |- Diagnosis of exclusion
Hemolytic |release from 1.5C), chills, 650 mg (adult - Can occur with leuko
WBC and occasional nausea, dose) reduced products (still
platelets vomiting, headache contain some WBC)
Allergic - Preformed IgE |- Mild: pruritus, red |- Mild: Severe
against proteins |urticarial rash —mild |diphenhydramine |Reactions/Anaphylaxis:
in donor plasma, |reaction 25-100mg IV - Rarely caused by
histamine - Moderate: - Moderate: recipient anti-IgE towards
release from Respiratory symptoms |consider additional [IgA in IgA deficient
mast cells (wheeze, stridor, anti-histamine, e.g. | patient. - Consult
hypoxia), or ranitidine 50- transfusion medicine for
angioedema 100mg IV additional workup/
- Severe: Anaphylaxis |Severe: management
near start of Epinephrine 0.2- |recommendations for this.
transfusion 0.5ml of 1:000
S/C, IM or IV
Transfusion |- Patient CVS - Dyspnea, - IV diuretics e.g. |- Extremes of age more at
Associated unable to hypertension, furosemide 10- risk
Circulatory [accommodate tachypnea, 20mg IV: caution |- Can occur in ANY
Overload sudden rise in desaturation, wheeze, |in patients with patient who is rapidly
(TACO) intravascular may require renal failure transfused
volume - acute |intubation, increased - CXR: indistinguishable
pulmonary Cvp from TRALI
edema
Transfusion |- Donor anti- - Fever, hypertension |- No response to |- Occurs within 6 hrs. of
Related Acute |HLA, anti- (may see diuretics (helps transfusion, but typically
Lung Injury |[neutrophil hypotension), distinguish this occurs within 2 hs.
(TRALI) antibodies dyspnea, tachypnea, [from TACO) - If suspicion, consult
against desaturation, wheeze, |- Care is transfusion medicine for
corresponding | may require supportive input
recipient antigen | intubation, decreased |- Resolves after - All plasma containing
- Bioactive lipids [CVP 24-72 hs blood products implicated
present in -<10-20%
product as result mortality
of storage
Bacterial - Introduction of |- Presentation - Patient blood - Important to notify
Contamination | bacteria into dependent on bacteria |cultures transfusion medicine
product bag, species and count. - Empiric ASAP, because other
typically at time |- Fever (often > 1.5C), | antibiotic therapy |products from same blood
of collection chills, rigors, until culture results | donation will need to be
profound hypotension |available quarantined
(if large amount gram
negative endotoxin)
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180ml RBC
10ml anticoagulant
35ml plasma

200ml RBC 100ml As

250ml plasma
63 mL CPD
112 billion plts

200ml plasma
50ml anticoagulant

] APHERESIS [
| PLTSIN ¢

279ml plasma
21ml ACD
300+ billion plts

55+ billion platelets
10ml anticoagulant
40ml plasma

1 apheresis platelet = a pool of 5-6 WBD platelets

Fig. (2). Manufacture and Contents of Standard Blood Components. Provided by John R. Hess, MD,
University of Washington.

Congenital causes of uncontrolled bleeding include von Willebrand disease
(vWD), deficiencies of coagulation factors called hemophilias, syndromes of
platelet dysfunction such as Glanzmann’s thrombesthenia, and disorders that
threaten vascular integrity such as arteriovenous malformations or hereditary
hemorrhagic telangiectasia. For the most common hemophilias, hemophilia A
(FVIII deficiency) and B (FIX deficiency), recombinant coagulation factors exist
and are available from regional hemophilia centers along with expertise in their
use and testing to support their management. Trauma centers often keep a single
emergency dose of factors VIII and IX available, along with four-factor
prothrombin complex concentrates (PCC) (containing factors II, VII, IX, and
X) and a FVIII:von Willebrand factor mix. Deficiencies of factors I (fibrinogen)
and XIII are treated with cryoprecipitate, and the remaining factors V and XI
with plasma. Patients with congenital platelet disorders are also generally
managed by hematologists associated with regional hemophilia centers or
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children’s hospitals. Their expertise is critical to balance the benefits of platelet
transfusion against the risks of alloimmunization and refractoriness to future
platelet transfusions. Patients with large vessel vascular abnormalities such as
arteriovenous malformations and Ehlers-Danlos syndrome benefit from
specialized vascular surgical care.

vWD is the most common bleeding defect occurring in at least one out of every
100 people [12]. A problem with the circulating vWD protein behaves as a
platelet function defect with mucocutaneous bleeding. Common forms include
vWD Type 1, which is a quantitative defect with low plasma concentrations of
the normal multimers caused by a defect in endothelial secretion, and less often, a
shorter half-life. vVWD type 2, is a qualitative defect with normal or low
multimers of abnormal function. There are four different subclassifications
based on altered function, including Type 2A (increased proteolysis by
ADAMTS13), Type 2B (increased affinity to platelet receptor GP 1b), Type 2M
(decrease affinity to platelet receptor GP 1b) and Type 2N (decrease affinity to
factor VIII). Type 1 vWD can often be treated with DDAVP, and type 2 with
replacement of Factor VIII:vWF complex using specific concentrates. A rare
Type 3 vWD is characterized by the complete absence of vWF, with no
multimers present and no activity.

Acquired causes of bleeding disorders in adults are typically associated with liver
disease, disorders of platelet number and function, and drugs [13]. Drugs will be
discussed in more detail below. The question of whether the abnormal coagulation
tests associated with liver disease represent coagulation abnormalities is best
determined by assessing the cirrhotic patient for evidence of non-variceal
bleeding [14]. Acquired low platelet counts from immune thrombocytopenia
purpura (ITP), splenic disease, or marrow failure are frequently complicated by
platelet transfusion refractoriness requiring expert consultation, treatment with
immune modulators, or transfusion with multiple units of platelets.

THROMBOSIS

Remember

* Arterial thromboembolii are typically platelet-rich and best inhibited with antiplatelet agents
* Venous thromboembolii are typically factor-rich and best inhibited with anticoagulants

Arterial thrombosis is the most common cause of heart attacks and strokes. It
typically affects medium-sized arteries. Arterial thromboembolism is less
common and typically comes from clots on artificial heart valves and aortic
plaques or areas with stasis such as the left atrium in patients with atrial
fibrillation. Microscopic thrombi occur in DIC and other thrombotic
microangiopathies. Arterial thrombi are typically “white”, composed of platelets
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and fibrin without a substantial RBC component, they are best inhibited with
antiplatelet agents as reflected in the general recommendation that almost
everyone over 60 or 70 years of age should take low-dose aspirin. More severe
arterial disease or the presence of foreign bodies such as stents may require “dual
anti-platelet” therapy. Exceptions to this rule are that cardiac valves and atrial
fibrillation, associated with stasis, do better with plasma anticoagulants.

Venous thrombosis is very common affecting 8% of the population between the
ages of 20 and 60years, 900,000 incident cases/yr [15]. Venous
thromboembolism is responsible for at least 100,000 deaths per year. Venous clots
form in association with injury, stasis, and hypercoagulable states(Virchow’s
triad). In the capacitance vessels of the calf, thigh, and pelvis venous thrombi can
grow to very large size and use RBC trapped in a fibrin matrix to form large “red
clots”. The red cell bulk is necessary as the total volume of platelets in a normal
person is only 10ml. As a result of their fibrin-rich nature, these clots are best
treated with plasma anticoagulants.

There is a strong association of unprovoked venous thrombosis in individuals less
than 40years old with hypercoagulable states [16]. Congenitally acquired states
include antithrombin, protein C, and protein S deficiencies, activated protein C
resistance (Factor V Leiden, especially in those of European descent), increased
concentrations of clotting factors (I, II, VIII, especially in those of African
descent, IX, and XI), and increased concentrations of plasminogen activator
inhibitor or histidine rich glycoprotein. Acquired hypercoagulable states occur
with smoking, the use of oral contraceptives, and pregnancy. Vascular injuries
classically associated with an increased risk of thrombosis include ankle, tibial,
and femoral fractures with immobilization of a leg in a cast, hip and knee
replacement, pelvic injuries, and intravascular catheter placement. All of these
situations are potential indications for prophylactic anticoagulation. In these
provoked situations of venous thrombosis, searching for a congenital
hypercoagulable state is not useful, as it does not change treatment for the patient
and is rarely helpful for family members.

ANTICOAGULANT DRUGS

The exact choice of drugs to prevent or treat thrombosis has become complex as
licensed drugs have increased in number, trials of their use in clinical situations
have increased, and patterns of complications have become apparent [17]. In the
individual patient, safety, effectiveness, ease of use, and cost determine choice of
drug and dose. Commonly used anticoagulant and antiplatelet drugs are listed in
(Table 2).
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Remember

* Anticoagulants increase the risk of bleeding
* Heparin is an antithrombin III activator, used for a wide variety of anticoagulant applications, monitored
by aPTT or Xa activity, reversible by protamine, and associated with the complication of heparin-induced
thrombocytopenia (HIT)
* Low-molecular weight heparins such as enoxaparin have less frequent dosing than heparin, a lower
incidence of HIT, and are at least partially reversible with protamine

* Fondaparinux is a synthetic heparinoid with an 18-hour half-life and no reversal agent

* Warfarin is a vitamin K antagonist affecting factors II, VII, IX and X, used for venous thromboembolism
prophylaxis and in patients with prosthetic cardiac valves, monitored by INR, reversible by vitamin K or
clotting factor replacement, and complicated by warfarin skin necrosis
* Argatroban and bivalirudin are direct thrombin inhibitors, used to treat HIT, monitored by aPTT or
ACT, and require continuous infusion owing to rapid hepatic and renal clearance, respectively

* Dabigatran is an oral direct thrombin inhibitor, safer than warfarin and can be reversed with idrucizumab.
It has a 12-hour half-life and renal excretion
* Rivaroxaban, apixaban, and endoxaban are oral direct Xa inhibitors, used for long-term venous
thromboembolism prophylaxis, not routinely monitored, and can be reversed with andexinet alpha.

Table 2. Emergency/Urgent Reversal.

Mechanism Urgent/Emergenc Laborator
Agent Action ¢ Reversaig ! Test ! Comments
Warfarin Inhibits - Vitamin K 5-10mg slow |PT/INR - If 4 factor PCC not
synthesis IV infusion available give
vitamin K - 4-factor PCC 20-50 IU/kg 3-factor PCC 25-50
dependent - Monitor response to IU/kg AND 2-4U
coagulation therapy FFP/Plasma
factors (II, VII, - Monitor response to
IX, X) and therapy
protein S & C
Heparin - Binds AT, and |- Stop infusion aPTT - FFP contraindicated
Unfractionated inhibits “Xa and |- Protamine sulfate: (provides additional
IIa” Img for each 100U of Anti-Xa AT which may
active heparin activity potentiate
anticoagulation)
- Infuse slowly (i.e. <
Smg/minute) to avoid
protamine induced
hypotension or
bronchospasm
LMWH Binds AT and |- Protamine sulfate, Img Anti-Xa - Protamine only
- Enoxaparin the complex for each Img LMWH activity offers partial reversal
- Daltaparin inactivates Xa (APTT — ref.
range varies
between
hospitals)
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Table 2) cont.....
Mechanism Urgent/Emergency Laboratory
Agent Action Reversal Test Comments
Direct Thrombin | Direct Ila - No specific antidotes* aPTT - Normal APTT
Inhibitors (DTIs) [inhibitors Life threatening bleeding indicates no
- Dabigatran - 4-factor PCC (20- Plasma diluted |dabigatran effect
- Bivalirudin - Dabigatran 501U/kg), if not available: [TT - Reversal with PCC
inhibits both 3-factor PCC with does not fully correct
free and clot FFP/Plasma, adjunctive Rx: | Dabigatran coagulation testing
based Thrombin |DDAVP (0.3 pg/kg), drug levels results
TXAw, EACA?
Dabigatran
- Activated charcoal if last
dose < 2-3 hrs.
- - Consider dialysis if drug
level supratherapeutic as
last resort
Selective Xa Inhibit Xa - No specific antidotes* aPTT - Normal laboratory
Inhibitors - For all, consider - Argatroban  |results indicate no
- Argatroban FFP/plasma & anticoagulant effect
- Rivaroxaban cryoprecipitate Anti-Xa
- Apixaban Life threatening bleeding | Activity
- 4-factor PCC (20- - Rivaroxaban
50IU/kg) OR 3-factor PCC (- Apixaban
with FFP/Plasma, OR
consider rVIIa (10-90 PT
ng/kg) & FFP/Plasma if no |- Rivaroxaban
PCC available, aPCC - Apixaban
(FEIBA)
Rivaroxaban
- Consider activated
charcoal if last dose < 2-3
hours
- - Consider plasma
exchange if drug level
supratherapeutic as last
resort
Pentasaccharides |Inhibit Xa - No specific antidote Anti-Xa - Protamine has no
- Fondaparinux through AT activity effect
- Hemodialysis
reduces drug = 30%
Cox Inhibitors Inhibit COX - Transfuse 1U apheresis Platelet - Reversal in 15-30
- Aspirin Aspirin — platelets or 4-6U pooled function assay |minutes
irreversible WBDP** - PFA-100
NSAIDS - - - Consider DDAVP 0.3 --TEG/
reversible ng/kg (Caution ICH) platelet

mapping
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Table 2) cont.....
Mechanism Urgent/Emergency Laboratory
Agent Action Reversal Test Comments
Thienopyridines Inhibit platelet |- Transfuse 1U apheresis | Platelet - Reversal in 15-30
- Clopidogrel P2Y,,ADP platelets or 4-6U pooled function assay |minutes
- Ticlopidine receptor WBDP** - PFA-100
- - Consider DDAVP 0.3 --TEG/
pg/kg (Caution ICH) platelet
mapping
Warfarin Inhibits - Vitamin K 5-10mg slow |PT/INR - If 4 factor PCC not
synthesis IV infusion available give
vitamin K - 4-factor PCC 20-50 IU/kg 3-factor PCC 25-50
dependent - Monitor response to IU/kg AND 2-4U
coagulation therapy FFP/Plasma
factors (11, VII, - Monitor response to
IX, X) and therapy
protein S & C
Heparin - Inhibits AT, Xa |- Stop infusion aPTT - FFP contraindicated
Unfractionated and Ila - Protamine sulfate: (provides additional
Img for each 100U of Anti-Xa AT which may
active heparin activity potentiate
anticoagulation)
- Infuse slowly (i.e. <
Smg/minute) to avoid
protamine induced
hypotension or
bronchospasm
LMWH Binds AT and |- Protamine sulfate, Img Anti-Xa - Protamine only
- Enoxaparin the complex for each Img LMWH activity offers partial reversal
- Daltaparin inactivates Xa |- Consider activated PCC ~ [(APTT — ref.
(FEIBA) range varies
between
hospitals)
Direct Thrombin | Direct Ila - No specific antidotes* aPTT - Normal APTT
Inhibitors (DTIs) |inhibitors Life threatening bleeding indicates no
- Dabigatran - 4-factor PCC (20- Plasma diluted |dabigatran effect
- Bivalirudin - Dabigatran 501U/kg), if not available: [TT - Reversal with PCC
inhibits both 3-factor PCC with does not fully correct
free & clot FFP/Plasma, adjunctive Rx: | Dabigatran coagulation testing
based Ila DDAVP (0.3 pg/kg), drug levels results

TXAw, EACA?
Dabigatran

- Activated charcoal if last
dose < 2-3 hrs.

- Consider dialysis if drug
level supratherapeutic as
last resort
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Table 2) cont.....
Mechanism Urgent/Emergency Laboratory
Agent Action Reversal Test Comments
Selective Xa Inhibit Xa - No specific antidotes* aPTT - Normal laboratory
Inhibitors - For all, consider - Argatroban  |results indicate no
- Argatroban FFP/plasma & anticoagulant effect
- Rivaroxaban cryoprecipitate Anti-Xa
- Apixaban Life threatening bleeding | Activity
- 4-factor PCC (20- - Rivaroxaban
50IU/kg) OR 3-factor PCC |- Apixaban
with FFP/Plasma, OR
consider rVIIa (10-90 PT
ng/kg) & FFP/Plasma if no |- Rivaroxaban
PCC available, aPCC - Apixaban
(FEIBA)
Rivaroxaban
- Consider activated
charcoal if last dose < 2-3
hours
- Consider plasma
exchange if drug level
supratherapeutic as last
resort
Pentasaccharides |Inhibits Xa - No specific antidote Anti-Xa - Protamine has no
- Fondaparinux through AT activity effect
- Hemodialysis
reduces drug =~ 30%
Cox Inhibitors Inhibit COX - Transfuse 1U apheresis Platelet - Reversal in 15-30
- Aspirin Aspirin — platelets or 4-6U pooled function assay |minutes
irreversible WBDP** - PFA-100
NSAIDS - - Consider DDAVP 0.3 - TEG/
reversible ng/kg (Caution ICH) platelet
mapping
Thienopyridines Inhibit platelet |- Transfuse 1U apheresis Platelet - Reversal in 15-30
- Clopidogrel P2Y,,ADP platelets or 4-6U pooled function assay |minutes
- Ticlopidine receptor WBDP** - PFA-100
- Consider DDAVP 0.3 -TEG/
ng/kg (Caution ICH) platelet
mapping

* At time of writing no specific antidotes are licensed for direct thrombin inhibitors or selective Xa inhibitors;
however several agents are currently in phase III clinical trials. ®TXA — tranexamic acid. ? EACA — epsilon
amino-caproic acid.** WBDP — whole blood derived platelets.

Unfractionated Heparin (UFH) is the oldest available anticoagulant drug,
functioning as an anti-thrombin enhancing agent to bind factors Ila and Xa. A unit
of heparin activity is the amount that prevents the clotting of 1ml of whole blood
for 24 hours in vitro. In vivo, the dose remains the same, 5000 units for a normal
sized adult with a 5000 ml blood volume, but the in vivo half-life of UFH is only
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lhour, so dosing is typically repeated every 4 hours or the drug is given in a
continuous infusion to maintain a constant plasma concentration. Problems with
UFH include the requirement for parenteral administration, marked individuality
in dose and metabolism, difficulty with monitoring the clinical effect with either
the PTT or the heparin anti-Xa activity, and the not rare complications of
heparin-induced thrombocytopenia (HIT) with thrombosis (HITT). Wide
usage of heparin in deep venous thrombosis (DVT) prophylaxis, catheter
maintenance, dialysis, and cardiopulmonary bypass means that constant vigilance
is required to know if sick hospital patients are receiving the drug and blood
specimens are contaminated with it. The presence of heparin is suggested by a
prolonged thrombin time (TT) and can be confirmed by repeating the test after
heparinase or protamine sulfate treatment. UFH activity can be reversed with
protamine sulfate, with 1-1.5mg of protamine binding 100U of heparin.
Protamine can cause allergic, anaphylactic, and anaphylactoid reactions so it is
customary to give a Smg dose and observe the effect before giving the full dose.

Low molecular weight heparins, dalteparin, enoxaparin, or tinzaparin, function
as indirect Xa inhibitors through the enhanced activity of antithrombin. They
have the advantages of once or twice daily subcutaneous dosing and less frequent
HIT. Their activity is at least partially reversible by protamine sulfate. The drugs
are all eliminated through the kidney, and they require reduced dosing in renal
failure. Low molecular weight heparins have been associated with a risk of spinal
epidural hematomas when given in association with spinal, epidural anesthesia
or lumbar puncture.

Fondaparinux is a synthetic version of the active 5-sugar site of heparin. It works
through the activation of antithrombin to give high specificity to anti-Xa
activity but is too small to have significant anti-Ila activity. In healthy individuals
it has an 18hour half-life and very stable pharmacokinetics. It is renally excreted
and contraindicated in patients with a creatinine clearance of less than 30ml/min.
The long half-life and lack of a reversal agent are problems if hemorrhage occurs
subsequently hemorrhage.

Warfarin, a vitamin K antagonist, and its congeners have been available for more
than 50 years. Vitamin K is a cofactor in the post-translational processing of
factors II, VII, IX, and X as well proteins C and S. As the historic oral
anticoagulant, it is widely used in venous thromboembolism prophylaxis and
treatment and for anticoagulating prosthetic cardiac valves. Its use is complicated
by its competition with dietary vitamin K, by genetically determined differences
in metabolism, and the need to start the drug slowly to avoid warfarin skin
necrosis. As a result of the differences in drug metabolism between patients, dose
is titrated against the PT/INR. Prophylaxis and treatment of DVT and venous
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thromboembolism (VTE) uses INR values between 2 and 3 as the therapeutic
target and prevention of thrombosis on artificial heart valves and vascular stents
uses higher target ranges. Reversal of the drug effect can be accomplished by
holding subsequent doses or giving oral or IV vitamin K. For patients with life
threatening bleeding, rapid reversal of anticoagulation to control the bleeding can
be achieved by replacement of the vitamin K coagulation factors II, VII, IX, and
X as well proteins C and S using plasma, or preferably 4-factor prothrombin
complex concentrates.

Intravenous direct thrombin inhibitors are a class of drugs used to treat HIT
and include argatroban and bivalrudin. Both are small molecule blockers of the
thrombin active site, and bivalirudin has a second blocking structure of the fibrin
binding site attached by a short glycine chain. Because of their non-covalent
binding and small size, they function as reversible inhibitors with short half-lives
and so are given by continuous infusion with aPPT or activated clotting time
monitoring. Argatroban is cleared in the liver in bile, and bivalirudin by the
kidney, and consideration of limitations of the excretory path are a major reason
for choosing one over the other.

Finally, a relatively new set of novel oral anticoagulant drugs (NOACs) including,
the oral direct thrombin inhibitor dabigatran, and the oral FXa inhibitors
rivaroxaban, apixaban and endoxaban [18]. These drugs are variably approved for
a variety of indications including stroke prophylaxis in atrial fibrillation,
thromboembolism prophylaxis in knee and hip replacement, and treatment of
DVT and venous thromboembolic disease. The convenience of once or twice a
day oral dosing, stable pharmacokinetics, and reproducible efficacy, eliminating
the need for frequent blood tests, and better safety makes them attractive
alternatives to warfarin.

Aspirin is a widely available over the counter drug used in low dose to prevent
heart attacks and strokes and in high dose to treat pain and inflammation [19]. As
an antiplatelet drug, it functions by irreversibly inactivating cyclooxygenase,
breaking the linkage between platelet adhesion and activation. With low-dose
aspirin therapy (81 mg once a day), all platelets in the body are affected. Activity
returns slowly as new platelets replace the old ones at 10% a day over the normal
10day platelet lifespan. The aspirin itself has a short half-life and is largely gone
in 4hours. Thus, a patient with a normal platelet count of 250K/pL who took their
last aspirin 4days ago is expected to have a 100K/uL of functional platelets
circulating and should be fine even for neurologic or ocular surgery.

ANTIPLATELET DRUGS

Also, most patients taking aspirin do not bleed because platelets can be activated
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by strong activators like thrombin that bypass the adhesion-activation linkage. In
the body, thrombin is normally made by the coagulation cascade on the surface of
activated platelets. A few normal platelets will support the development of
thrombin which will activate the larger number of locally adherent aspirin-
poisoned platelets to produce clot. Exact platelet concentrations at which this
occurs are variable but typically are around the 30K/uL range. As a result, a
patient who has been off of aspirin for 30 hours or who has received one adult
dose of platelets giving about 30K/uL of normal platelets will generally do well in
general surgery along anatomic planes if allowance is made for the slightly higher
threshold for clotting initiation.

Remember

* Antiplatelet agents increase the risk of bleeding

* Recovery from anti-platelet agents depends on 1) the half-life of the drug and 2) the rate of platelet
replacement, which is usually about 10% per day

« If the patient’s anti-platelet medication is cleared and they have a normal platelet count, approximately
30K/uL of normal platelets, i.e., one unit of random-donor platelets, is usually sufficient to support the
activity of the remaining circulating platelets

 Aspirin prevents platelet aggregation by cyclooxygenase inhibition

» Abciximab, eptifibatide, and tirofiban prevent platelet aggregation by inhibiting GP2b3a

* Clopidogrel and ticlodipine prevent platelet activation by P2Y,,ADP inhibition

* Dipiridamole and cilostazol prevent platelet activation by phosphodiesterase inhibition preventing the
action of ADP, and are similar to clopidogrel and ticlodipine but with longer half-lives

Abciximab, eptifibatide, and tirofiban are all inhibitors of platelet GP2b3a,
the integrin that serves as a fibrinogen and fibrin receptor. Inhibition of fibrinogen
binding prevents platelet-to-platelet aggregation, and inhibition of fibrin binding
prevents platelets from pulling the fibrin web tight in the process of clot
retraction. Abciximab is a monoclonal antibody fragment that binds to the
platelet and serves as an inhibitor for 12-48 hours. Its effect can be partially offset
by giving more platelets, the drug may also affect transfused platelet function.
Eptifibatide is an artificial cyclic polypeptide akin to a rattlesnake venom. The
drug is administered IV, and rapidly but reversibly binds the GP2b3a integrin. It is
excreted in urine and can accumulate in patients with renal failure. Monitoring
during therapy is advised, but requires a test of platelet function such as the
clotting time, aperture closure time, or thromboelastogram maximum amplitude.
Tirofiban is a non-peptide viper venom analog that also functions as a reversible
binder of the GP2b3a integrin. It must be given IV, has a short half-life, and renal
excretion. Monitoring with the aPTT is suggested, but following the platelet count
is also important because allergic reactions with thrombocytopenia occur.
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Clopidogrel and ticlopidine are the two most commonly used non-aspirin platelet
inhibitors. Clopidogrel is used because of its oral dosing, its “aspirin-like”
irreversible inhibition of the P2Y,, ADP receptor limiting platelet to platelet
activation, and small molecule short half-life as an alternative or supplement to
aspirin in the prevention of coronary, cerebrovascular, and stent thrombosis.
Because the molecule, a prodrug, and its physiologically active metabolite are
rapidly cleared, treatment of bleeding associated with its use is like that following
aspirin. Ticlopidine has a similar activity but a longer half-life because of high
protein binding.

Dipiridamole and cilostazol are blockers of phosphodiesterase which blocks the
breakdown of cyclic-adenosine monophosphate (cAMP) normally induced by
ADP, so they behave much like clopidogrel. The drugs have much longer half-
lives because of protein binding and similar problems with stopping bleeding if it
starts. They also cause vasodilation.

LOCAL PROCOAGULANTS

Remember

* A number of local procoagulant technologies exist to assist in control of hemorrhage

A variety of materials can be sprinkled, or sprayed, or pressed onto wounds to
slow bleeding. They range from simple astringents like cotton and cornstarch, to
fibrous materials which can contribute to clot activation and structure such as
cellulose and collagen, to vasoactive materials such epinephrine, to biologic clot
components such as bovine thrombin or fibrin glues made from human plasma,
and finally structured materials such as dry fibrin sealant bandages or patches of
hydrophobically modified chitosan. All of these materials have some efficacy and
a place in the surgical armamentarium.

Burn surgeons used to cut deep with dermatomes to establish free bleeding as a
sign that all injured tissue had been removed, but this led to massive blood loss.
The current practice of shallow excision and the use of epinephrine-soaked gauze,
pressure, and fibrin glue has reduced blood loss and cut red cell transfusion 81%
in the care of patients with 50% whole body burns.

Whole blood is separated into components by centrifugation, first a “soft” spin to
bring down the red cells allowing the platelet rich plasma to be removed and then
a “hard” spin to bring down the platelets allows platelet concentrate to be
separated from the platelet poor plasma. It is also possible to collect RBCs,
platelets, and plasma separately by apheresis. Separation is important because
RBCs store best in liquid suspension at 1-6°C (as cold as they can be without
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freezing), plasma is best stored frozen (to limit protein degradation), and
platelets store best at 20-24°C (as cold as possible above the 18°C lipid phase
transition that leads to receptor aggregation).

BLOOD COMPONENTS

Remember

« Separation of whole blood into components is necessary because red blood cells (RBCs), platelets, and
plasma have different optimum storage conditions

* All blood products are labeled with their ABO and Rh type

* All blood products are tested for a limited number of infectious diseases

» Packed RBCs (PRBCs) have a hematocrit of approximately 55%, and will raise hemoglobin by
approximately 1 g/dL

* Fresh-frozen plasma (FFP) has an INR of approximately 1.1, and 10-20 ml/kg (4-8units) are required to
have a clinically meaningful effect on INR

* Whole blood-derived platelets have at least 55 x 10° platelets in 50ml, apheresis platelets have at least
300 x 10° in 300ml, and a dose of 6 whole blood-derived units (or one apheresis unit) will raise the platelet
count by approximately 30k/uL

* Cryoprecipitate is used to replete fibrinogen and factor XIII, and is usually issued in Sunit pools (one unit
is the cryoprecipitate from one unit of plasma)

* Current evidence supports using a hemoglobin of 7g/dL as a RBC transfusion trigger in most patients,
8g/dL for patients with active cardiac disease

Whole blood is typically collected in 450ml (pint) or 500ml (half-liter) quantities
with the larger amount used to offset the losses associated with leukoreduction
(see Fig. 1). Anticoagulant, now almost always citrate, phosphate, and dextrose
(CPD or CP2D), is present in the primary collection bag in a 1:7 volume ratio for
the planned collection. Since the hematocrit (Hct) of eligible blood donors is
typically about 42%, 3/7ths of the total volume, the remaining plasma is 4/7ths
and mixed with the 1/7th anticoagulant means that all plasma in blood
components starts as 80% plasma and is only diluted further by additive solutions.
Almost all RBC units contain about 100ml of saline-based additive solution (AS),
so their final composition is about 180ml of RBCs, 100ml of AS, 36ml of plasma,
and 9ml of anticoagulant. See Table 3 for the composition of all of the
commonly available blood components. A unit of plasma is typically 250ml of
an 80% mixture of plasma and anticoagulant. Platelets are 50ml for whole blood-
derived (WBD) and 300ml for apheresis-derived units of plasma with 55+ or
300+ billion platelets respectively. The approximate equivalence of 6 U of WBD
to 1 apheresis-derived unit as one adult dose is important in calculating platelet
support.
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Table 3. Blood products. Provided by Monica B. Pagano, M.D., University of Washington, and Aaron Hess,
M.D., PhD., University of Wisconsin.

~50ml plasma

balanced transfusion protocol)
Symptomatic Anemia:

- Stable hospitalized patient: Hb <
7.0g/dL

- Stable patients with pre-existing
cardiac disease & symptoms, or Hb
<7.0g/dL

- Hb < 6.0 g/dL almost always
requires transfusion

- Hb > 10g/dL. virtually never
requires transfusion

non-bleeding non
hemolyzing patient

Blood Product & Indications Dosage & Comments
Contents Anticipated Effect
Packed Red - No good guidelines in surgical DOSE : - Transfusion based on
Blood Cells patients, patients with ongoing Adults: Hb/Hct triggers alone sub-
hemorrhage, hemolysis or traumatic |- 1U packed RBC |optimal.
brain injury Pediatrics : - Need to take into
VOLUME - Acute need for increased O2 - 10 ml/kg consideration if patient
~300ml carrying capacity - compensatory tolerating degree of anemia.
mechanisms insufficient (based in  |EFFECT : (This will be based on
CONTENTS: pulse, BP, T, Sa0O2, etc.) - Increases Hb 1.0 | rapidity of anemia, degree
- 180-250ml RBC |Massive transfusion: (as part of a g/dL & Het 3% in | of blood loss with

hemorrhage e.g. > 30%
blood volume - and other
co-existing medical
conditions).

procedure

- Intracerebral hemorrhage

- Antiplatelet medications

- Congenital platelet function
abnormality

- 1-2 doses should
provide sufficient
hemostatic function
in patients taking
antiplatelet
medication

Platelets Thrombocytopenia: DOSE - Often difficult to obtain
<10 x 10°/L in stable, non-bleeding |Adults: platelet count > 100 x 10°/L

VOLUME: patient (prophylactic transfusion) - 1U apheresis severely thrombocytopenic

<300ml <100 x 10%/L if intracranial platelets OR pool |patient refractory to platelet
hemorrhage or surgery of 4-6U whole transfusion or with massive

CONTENTS: < 50x 10°/L lumbar puncture in blood derived splenomegaly

>3 x 10" platelets |uncomplicated, stable patient (no platelets - Although platelets often

per good data, technique rather than Pediatrics: transfused to patients with

- 1U apheresis count better predictor of bleeding) |- 10-15ml/kg uremia, these are third line

platelets <50 x 10°/L with hemorrhage or therapy behind DDAVP,

OR other major surgery EFFECT: dialysis, and conjugated

- 4-6U pool whole |Massive transfusion(as part of a - Raises platelet estrogens

blood derived balanced transfusion protocol) count 20-50 x 10°/L

platelets Abnormal Platelet Function: in non-bleeding,

~ 300ml plasma (Transfusion decisions not based on |non-refractory

OR additive absolute platelet count) patient without

solution - Patient undergoing surgical splenomegaly
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Table 3) cont.....
Blood Product & .. Dosage &
Contents Indications Anticipated Effect Comments
FFP/Plasma AABB 2010 Recommendations: DOSE: - Usually only need 20-40%

include

- Based on desired

normal factor levels for

CONTENTS: 1U
>150mg
fibrinogen

>80 IU VIII

- 80-120 IU vWF
- 40-60 U XIII

Treat for fibrinogen concentration:
<100 mg/dL in patient undergoing
surgery

< 150-200 mg/dL trauma, massive
transfusion

<200-400 mg/dL post-partum
hemorrhage, surgery at end of
pregnancy

70mg/dL - 10-15U
Pediatrics:
1U / 10kg

EFFECT:

- Should increase
fibrinogen by 50-
100mg/dL if no
ongoing bleeding
or fibrinolysis

VOLUME: - Massive transfusion (as part of a | % coagulation adequate hemostatic
- 250-300ml balanced transfusion protocol) factor levels versus | function, but # normal

- Insufficient data to recommend for |current levels PT/INR (reflects mostly
CONTENTS: or against use in trauma or surgical | Adults: VII activity)
- 1 IU/ coagulation |patients without massive transfusion |- 10 mL/Kg - Plasma types include FFP,
factors per ml Other Indications: (typically 4U) FP24 (frozen within 24 hrs.
- 400mg - Dilution Coagulopathy (i.e. from |Pediatrics: collection), 5 day thawed
fibrinogen high volume 1V crystalloid fluids) - 10-20 ml/kg plasma, liquid plasma

- Global factor deficiencies — with (never frozen). Are all

hemorrhage or undergoing surgery |EFFECT: essentially equivalent

- Congenital factor deficiency where |- Increases factor

no factor concentrate is available (V, | levels by 20-30%

X, XI in USA) with hemorrhage or |in non-bleeding

undergoing surgery patient

-Urgent warfarin reversal where no 4 |- At lower PT/INR

factor PCC available: 3 factor PCC |less response seen

(lacks VII) — give with 4U plasma

and check response.
Cryoprecipitate |- No good evidence based guidelines [ DOSE: - Some hospitals only
VOLUME: For Hypofibrinogenemia: Adults: provide 5U pools (check
- 1U =10-15ml - Acquired or congenital with Fibrinogen < with hospital transfusion
- 5U pool = 50- hemorrhage, or for surgical 100mg/dL - 5-10U |service lab)
75ml prophylaxis Fibrinogen < - Optimal target fibrinogen

> 175-200mg/dL,
(recommendations are
evolving)

Cryoprecipitate is made from plasma, collecting the protein slush from the
bottom when a unit of fresh frozen plasma is thawed in a refrigerator at 4°C. It is
frequently pooled into 5U pools and serves as a source of fibrinogen and factor
XIII. Plasma left over from making cryoprecipitate, “plasma cryoprecipitate
reduced” can be used to treat TTP, but because of the low fibrinogen, should not
be used as a source of fibrinogen.

A unit of RBCs typically raises the hematocrit of a 70kg patient by 3% or the
hemoglobin (Hb) by 1g/dL. A dose of platelets typically raises the platelet count
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by 30K/uL but with wide variability. A unit of plasma typically has little effect on
plasma coagulation or the PT/INR, and a typical adult dose of 10-20ml/Kg of
body weight (4-8 units of plasma) is necessary to provide approximately 30% of
coagulation factor hemostatic activity.

All blood products are tested and labeled with their ABO and RhD type.
ABO mismatch is the most important cause of acute hemolytic reactions. Errors
in sample identification from patients and getting the correct units to the right
patients remain common causes. All blood is tested for HIV 1 & 2, HTLV 1 & 2,
Hepatitis B, Hepatitis C, and Syphilis. West Nile Virus, Chagas’s disease, and
now Babesiosis are tested for in certain areas of the country or times of the year.
Testing is not done for a number of transfusion-transmitted diseases such as
malaria and Rocky Mountain Spotted Fever. We trust to their rarity in the donor
population, honest answers to pre-donation questions, and epidemiologic
surveillance to protect the population. Apheresis platelets are cultured for bacteria
24 hours after collection and 12 hours before release. Still, the safest transfusion is
the one not given.

Indications for transfusion are becoming more restrictive. We now transfuse most
patients only when their hemoglobin falls below 7g/dL [20, 21]. Higher thresholds
such as 8g/dL for patients with active cardiac disease or pregnant women with
sickle cell disease are exceptions [22]. Most hospitalized cancer patients tolerate
platelet counts of 10K/uL [23]. Mild and moderate prolongations of plasma
coagulation times are well tolerated with some bruising [24]. Serious
complications, such as brain bleeds are uncommon except following trauma.

PLASMA PRODUCTS

Remember

* A wide variety of plasma-derived or recombinant coagulation factors are available

* Prothrombin Complex Concentrates (PCCs) are concentrates of factors II, VII, IX, X and Protein C and
Protein S, and are indicated for emergent correction of warfarin anticoagulation in the setting of intracranial
bleeding or uncontrolled hemorrhage

Some of the plasma collected with routine blood donation and more collected in
plasma collection centers are manufactured into human plasma products. The first
of these products were albumin and anti-hemophilia factors, but they now include
IVIgG and a number of specialized coagulation products. Such products made
from pooled plasma were historically associated with massive transmission of
hepatitis and HIV, but plasma collections are now routinely tested before
manufacture and the products subjected to pathogen reduction by nanofiltration,
solvent-detergent treatment, and where possible, heat inactivation. Most anti-
hemophilia factors are now made using recombinant protein expression in cell
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culture or transgenetically in mammalian milk. Table 4 is a list of the human
coagulation factors and best sources for them.

Table 4. Coagulation factors. Provided by John R. Hess, MD, University of Washington.

Coagulation Factors and How to Find Them

1. Fribrinogen deficiency: cryoprecipitate from the blood bank is the best source. Give one or two 5-unit
pools initially. On a gram basis, 1.5 grams of fibrinogen in a 5 unit pool of cryoprecipitate replaces about
1/6 of normal 10 grams whole body blood. Increase the dose for peripartum bleeding.

2. Factor II (prothrombin) deficiency: 4 Factor Prothrombin Complex Concentrate (PCC) such as
Kcentra™, can be obtained from the pharmacy. It is given on a unit bases at 25 — 50 U/Kg based on INR for
critical bleeding in patients receiving warfarin. Also given with vitamin k 1-10 mg.

3. Factors II1, IV and VI,no longer used.

4. Factor V Deficiency: platelets from the blood bank or plasma depending on circumstances. Give one
platelet unit and and get Hematology or Transfusion Medicine consultation.

5. Factor VII deficiency: Recombinant factor VIla, such as NovoSeven™ can be obtained from the
pharmacy. Initial dose 1 mg IV.

6. Factor VIII deficiency: Recombinant factor VIII. Give 5000U adult dose and consult hemophilia center
(Hematology, Transfusion Medicine)

7. Factor XI deficiency: Recombinant factor IX, give 8000U adult dose and consult hemophilia center
(Hematology, Transfusion Medicine)

8. Factor X: 1t is present in prothrombin complex concentrate (Kcentra™), which can be obtained from the
pharmacy. The promary indication is to reverse warfarin anticoagulation and its dose calculation is based on
INR. It is given in combination with vitamin K (1-10 mg).

9. Factor XI deficiency: thawed plasma from the blood bank is the best resource. Adult dose: 15-20 mI/Kg

10. Factor XIII deficiency: cryoprecipitate from the blood bank is the best resource. Give one or two 5-unit
pools initially.

11. Von Willebrand factor deficiency: Common type I with reduced secretion should be treated with
desmopressin (DDAVP) to increase secretion. It can be obtained from the pharmacy, Other types of Von
Willebrand disease with low or abnormal factor need factor replacement with factor VIII and von
Willebrand factor complex, such as HumateP™ and others.

Use of anti-hemophilia factors is highly specialized and other than emergency use
should be coordinated with a hemophilia center to optimize care and minimize
wastage. The normal concentration of human coagulation factors is 1U/ml and the
normal blood content is 3000U of any factor in the 3L of plasma. For factor VIII
deficiency (hemophilia A), only 60% of the replacement dose remains
intravascular, so one needs to give more, 5000U total to achieve full correction.
Factor VIII comes in vials of 2500U to facilitate dosing to achieve 50% and 100%
correction of normal sized individuals.
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Coagulation Factors and How to Find Them

Since donor plasma contains all factors in near normal amounts, it is the
appropriate initial replacement for patients with massive uncontrolled hemorrhage
who have or are at risk for coagulopathy. However, get laboratory early and often
to guide resuscitation and direct diagnostic and therapeutic thinking.

Prothrombin complex concentrates (PCCs) are concentrates of the vitamin K
dependent factors II, VII, IX, and X and the anti-coagulant factors protein S and
C. They are collected and concentrated on calcium columns. They provide rapid
correction of warfarin effect and are useful when intracranial or other critical
bleeding requires rapid correction of warfarin anticoagulation. For the typical
elderly patient with atrial fibrillation who develops an intracranial bleed, PCCs
can correct the coagulation defect quickly.

ANTI-FIBRINOLYTICS

Remember

* Tranexamic acid and e-aminocaproic prevent fibrinolysis and are indicated for limiting blood loss in some
elective surgeries with high anticipated blood loss
* Tranexamic acid given in the first three hours after traumatic injury is associated with lower mortality

Tranexamic acid and e-aminocaproic acid are small molecule analogues of
lysine that block the binding of plasmin to fibrin. In this manner they block
fibrinolysis. They appear to be highly effective for reducing blood loss in a
variety of circumstances. Randomized trials in craniosynostosis surgery in infants,
hip and knee replacement, and spinal surgery all show about 50% reductions in
blood loss and use.

Fibrinolysis complicates severe trauma when activation of protein C inactivates
plasminogen activator inhibitor allowing plasmin to be continuously activated and
clot to be continuously broken down. In the large CRASH-2 trial, giving
tranexamic acid to all injured patients within 3hours of injury resulted in a
significant net savings of life [25, 26].

GETTING HELP

The management of bleeding and clotting comprises an array of complex
situations. Expertise in all aspects is uncommon. Seeking help from acute care
and vascular surgeons, critical care, and hematologic physicians, and transfusion
medicine or laboratorians may each be appropriate in different situations (Tables
5 and 6).
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Talking to The Blood Bank

Table 5. Talking to the Blood Bank. Provided by Monica B. Pagano, M.D., University of Washington, and
Aaron Hess, M.D., PhD., University of Wisconsin.

ABO - ABO is the major human blood antigen group. A and B are sugars, O is German “Ohne” (without).
Group “O” red cells lack A and B antigens and can serve as universal donor red cells. Humans share these
antigens with bacteria in their gut, so they make antibodies against the antigens they do not have on their red
cells (reciprocal antibodies). These antibodies are generally IgM, can fix complement, and cause acute
intravascular hemolytic transfusion reactions. Incompatible RBCs can lead to death so we have rules and
procedures to prevent incompatible transfusions. Because these antibodies can sometimes be strong, we use
group AB plasma (without antibodies) as universal donor plasma but can use A low-titer-B plasma as well.

Rh - Refers to both the major non-ABO RBC antigen, RhD, and to the whole family of 50+ Rh antigens
found on the 2 Rh proteins. Antibodies to these antigens can cause delayed hemolytic transfusion reactions
and hemolytic disease of the fetus and newborn. The “D” antigen is so common, present in 85% of people,
and reactive, immunizing approximately 50% of negative individuals, that its presence is labeled on every
unit as “Positive” or “Negative”. The Rh antigens are relatively few in number on RBCs and the antibodies
generally IgG so they rarely fix complement and hemolysis occurs by antibody mediated phagocytosis and
lysosomal breakdown inside macrophages. This is extravascular hemolysis without free hemoglobin,
complement anaphylotoxins, or changes in haptoglobin. Such reactions can be detected by falling
hematocrit and increases in direct bilirubin and LDH.

Alloantibodies - Can arise after exposure to non-self-alleles of RBC proteins and sugars and, like Rh
antibodies, cause delayed hemolytic transfusion reactions and hemolytic disease of the fetus and newborn.
Kell, Duffy, Kidd, and MNS are the most common proteins and Lewis and P the most important sugars. All
RBCs and patient sera are tested with an antibody screen to look for these common alloantibodies, and such
testing may identify other antibodies that are less common or important. Finding RBCs for patients who
have one or several alloantibodies can take time and may require reference laboratories or going to the
National Rare Donor Registry.

Autoantibodies - Are pathologic antibodies against RBCs or other blood components that can arise with
viral infections, B-cell malignancies, and other uncommon causes. Mycoplasma-related cold aggulutinins or
B-cell related warm RBC autoantibodies are common examples of this wider group of problems. Testing for
antibody on RBCs, a direct antiglobulin (Coombs’) test, is the typical starting place to evaluate for such
problems.

Table 6. Common causes of bleeding in surgical patients. Provided by Monica B. Pagano, M.D., University
of Washington, and Aaron Hess, M.D., PhD., University of Wisconsin.

Anemia

Thrombocytopenia

Platelet function disorders

Coagulation factors deficiency

Disseminated Intravascular Coagulation (DIC)

Excess fibrinolysis

CONCLUSION

This chapter outlines a structural framework for those providing operative and
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perioperative care to understand the basics bleeding and coagulation. There are
now numerous drugs, biologicals, and blood components that affect coagulation,
and grasping the basics of coagulation is essential for safe and successful patient
care. Bearing in mind that one of the major causes of death is uncontrolled
hemorrhage whether from trauma, surgery, or postpartum, the reality remains that
ten times more people die from heart attacks, stroked and thromboembolic disease
— that is clotting — than they do from hemorrhage. An understanding of
hemostasis, blood components, and their interactions with medications helps to
understand the issues involved on patients who have bleeding or clotting
disorders. Laboratory testing alone will not reflect what is happening acutely; in
acute and rapidly evolving clinical situations, measured use of all available
resources and expert consultation is imperative.
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CHAPTER 7

Anesthesia for Obstetrical Emergencies

Karen Lindeman”
Johns Hopkins Medical Institution, Baltimore, MD, USA

Abstract: Anesthesia for obstetrical emergencies presents some of the most difficult
decision making quandaries in anesthesiology due to the double considerations of both
mother and fetus. Concerns for the mother often compete with concerns for the fetus.
In the following chapter, several topics will be discussed including emergency cesarean
section in patients with comorbidities such as asthma, morbid obesity and eclampsia. A
cesarean section may have to be done without a spinal, epidural, or general anesthetic;
that is a cesarean section done using only local anesthesia. Non-hemorrhagic
emergencies during labor such as umbilical cord prolapse, breach presentation and
shoulder dystocia are elaborated. Recommendations for hemorrhage- antepartum due to
placenta previa, placental abruption, trial of labor after cesarean section, and uterine
rupture; as well as those for postpartum- hemorrhage due to placenta accreta, increta,
percreta, as well as uterine atony and uterine inversion are discussed. The pregnant
patient undergoing nonobstetrical surgery presents with other challenges that are also
addressed in the chapter.

Keywords: Asthma, Breach presentation, Eclampsia, Emergency cesarean
section, Morbid obesity, Obstetrical emergencies, Placenta abruption, Placenta
accreta, Placenta increta, Placenta percreta, Placenta previa, Shoulder dystocia,
TOLAC (trial after trial of labor after cesarean section), Umbilical cord prolapse,
Uterine atony, Uterine rupture.

INTRODUCTION

Anesthesia for obstetrical emergencies presents some of the most difficult
decision-making quandaries in anesthesiology due to double considerations of
both the mother and fetus. In many situations, concerns for the mother (Fig. 1)
compete with considerations for the fetus.

In general, categories of obstetrical emergencies that require anesthetic
intervention include emergency cesarean delivery in patients with comorbidities,
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non-hemorrhagic emergencies that arise before or during labor, and hemorrhagic

emergencies.
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Fig. (1). Pelvic Anatomy. Image provided by Norm Myers.

EMERGENCY CESAREAN SECTION IN PATIENTS
COMORBIDITY

WITH

Emergency cesarean section in healthy patient incurs significant risk, but this risk

can be multiplied many fold in patients with concomitant diseases.
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Asthma

For emergency cesarean section, patients with asthma are at increased risk of
exacerbation due to reflex-induced bronchospasm during laryngoscopy and
intubation of the trachea. Regional anesthesia, which obviates the necessity of
airway manipulation, minimizes this risk. Although practitioners should strongly
consider the use of neuraxial anesthesia in cases of active asthma, the decision to
use regional or general anesthesia depends on the urgency of the situation and
nature of the emergency. Since in emergency situations, regional anesthesia may
not be possible in a timely fashion, general anesthesia with endotracheal
intubation may be required. Methods to attenuate reflex-induced
bronchospasm include pretreatment with a a-adrenergic agonist [1],
administration of intravenous lidocaine [2], and induction of anesthesia with
either propofol or ketamine.

For maintenance anesthesia in asthmatic subjects, high concentrations of inhaled
anesthetics provide protection against intraoperative bronchospasm. Because
these agents also cause dose-dependent relaxation of uterine muscle, the risk of
postpartum hemorrhage is concomitantly increased. If uterine atony does occur,
treatment with oxytocin and methylergonovine maleate is preferable to 15-
methyl prostaglandin F,o, since the latter is more likely to stimulate
bronchoconstriction in asthmatic subjects. Thus, maintenance general anesthesia
in asthmatic subjects requires repeated assessments of airway and uterine
conditions to determine optimal management.

Morbid Obesity

Morbid obesity, generally defined as body mass index greater than 30kg/m?
increases the risk of maternal morbidity and mortality. In an obstetrical
emergency, these patients often present technical difficulties with blood pressure
measurement, intravenous placement, neuraxial anesthesia, and general
anesthesia. In addition, pulmonary changes exaggerate already reduced functional
residual capacity and increased oxygen consumption, so that these women more
rapidly develop hypoxemia during periods of apnea [3].

Choices for blood pressure measurement include a proper size blood pressure cuff
placed on the upper arm, a regular size blood pressure cuff on the forearm, or an
intra-arterial catheter if necessary. Successful intravenous catheter placement may
be accomplished via peripheral approaches, sometimes aided by ultrasound
visualization, or via a central approach.

Neuraxial anesthesia is more difficult to accomplish in morbidly obese patients.
To find the midline, some practitioners locate the spinous processes with a long
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needle [4] or use ultrasound guidance [5] when palpation is impossible. Since
these procedures require additional time that might not be available, general
anesthesia is often required in an emergency.

Emergency general anesthesia in a morbidly obese patient incurs increased risks
of rapid oxygen desaturation, aspiration of gastric contents, and difficult mask
ventilation and endotracheal intubation. As for the patient with normal body mass
index, administration of a nonparticulate oral antacid shortly before the induction
of anesthesia increases intragastric pH to mitigate the effects of potential
aspiration. Many practitioners situate morbidly obese patients in a “ramped”
position, by placing folded blankets beneath the chest and head until the external
auditory meatus aligns horizontally with the sternal notch, to facilitate mask
ventilation (if needed) and endotracheal intubation [6]. Videolaryngoscopy has
been advocated, but no randomized trials have demonstrated its superiority over
conventional direct laryngoscopy in morbidly obese pregnant subjects.

Eclampsia

Eclampsia, defined as otherwise unexplained seizures or coma in the setting
of preeclampsia, constitutes a medical emergency. Thus, the immediate goal is
to terminate the seizures. Secondary objectives include minimizing complications,
especially inadequate ventilation, aspiration, cardiac dysrhythmias, and severe
hypertension. At the onset of a seizure, monitoring airway patency, oxygen
saturation, blood pressure, and electrocardiogram will assist in the detection of
potential problems. Once the patient is medically stable, anesthetic plans for either
vaginal delivery or cesarean section will depend on patient condition.

Eclamptic seizures can be isolated or recurrent. In either situation, MgSO, is the
agent of choice to prevent further seizures [7]. An initial loading dose of 4-6g
over 20minutes, followed by a continuous infusion of 1-2g/h, usually yields
therapeutic serum concentrations of 5-9mg/dL. An additional bolus of 2g may be
required for repeated seizures. Concomitant administration of small doses of a
benzodiazepine, such as midazolam 1-2mg, affords additional anticonvulsant
effects in the acute setting, but incurs the risk of prolonged sedation. Propofol,
with its anticonvulsant properties, might also provide benefit in small doses, but
no studies have documented whether subanesthetic doses enhance the effects of
MgSO, in preventing recurrence of seizures.

During an eclamptic seizure, proper airway management promotes ventilation and
therefore helps to mitigate the risk of hypoxemia. Although in a spontaneously

breathing patient supplemental oxygen via face mask, left sided tilt, and
conservative measures to maintain an open airway may be sufficient, repeated
seizures may necessitate endotracheal intubation to limit the risk of aspiration.
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Guidelines for pharmacologic treatment of acute hypertension associated in the
setting of eclampsia have not been clearly defined. Citing an association between
acute systolic hypertension and intracranial hemorrhage in preeclampsia, the
American College of Obstetrics and Gynecology (ACOG) recommends treatment
to lower systolic blood pressures to 160mm Hg in preeclampsia or eclampsia [8].
However, no randomized trials have demonstrated reduced morbidity/mortality in
eclamptic subjects when following this guideline. Nevertheless, most practitioners
agree upon the treatment of acute hypertension at some level to prevent
intracranial hemorrhage. Pharmacological methods to treat acute hypertension
include intravenous labetalol, hydralazine, nitroprusside, and nicardipine, or, if
the patient is sufficiently alert, oral nifedipine. Because sudden, acute drops in
blood pressure can decrease uterine blood flow, the target decrease in blood
pressure is usually limited to 20% of baseline in the first 30minutes. After
termination of the seizures, a neurological examination can provide clues to the
presence of intracranial pathology, such as an intracranial hemorrhage, which can
be diagnosed via CT scan or MRI.

During or shortly after an eclamptic seizure, emergency cesarean delivery requires
weighing the risks against the benefits. Transient fetal bradycardia often
accompanies eclampsia [9], but emergency cesarean delivery for fetal concerns is
generally limited to cases in which fetal bradycardia does not resolve.

For emergency cesarean section in an eclamptic patient, general anesthesia
presents numerous potential hazards. As in a preeclamptic patient, airway edema

can obscure visualization of the trachea during direct laryngoscopy, and sudden,
severe hypertension during laryngoscopy can promote intracranial hemorrhage.
Specifically, for the eclamptic patient, hypoxemia would likely occur more
rapidly if the patient had aspirated during a seizure. In addition, acute increases in
intracranial pressure during laryngoscopy could compromise neurologic function
if intracranial pressure were already elevated from a recent seizure. If emergency
general anesthesia is unavoidable, blood pressure monitoring with an arterial
catheter would facilitate recognition and treatment of acute hypertension. A
variety of difficult airway adjuvants and endotracheal tube sizes should be
available. Useful measures to prevent acute hypertension include pretreatment
with a short-acting antihypertensive agent, such as sodium nitroprusside (25-50
mcg), and/or using a generous dose of an induction agent, such as propofol (2-
mg/kg) during rapid sequence induction. Awake fiberoptic tracheal intubation is a
consideration in patients with significant facial edema, but this may be difficult to
accomplish quickly in an emergency.
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CESAREAN SECTION WITH ONLY LOCAL ANESTHESIA

In some cases, the situation mandates rapid delivery of the fetus in a patient who
is not sufficiently prepared to undergo either major regional or general anesthesia.
Under these circumstances, the obstetrician can utilize local anesthesia to deliver
the fetus while preserving the mother’s life.

Because large volumes of local anesthetics are required when performing cesarean
section, amide local anesthetics can cause neuro- or cardiac toxicity in this
situation. Chloroprocaine (1.0-1.5%)provides rapid anesthesia with limited
toxicity due to its metabolism by nonspecific plasma esterases. The obstetrician
initially infiltrates intracutaneously with 10-20ml chloroprocaine. Following
incision, the obstetrician injects approximately 20ml of the local anesthetic deeper
into the rectus fascia and incises the fascia. To anesthetize the peritoneum as well
as the retroperitoneal uterine surface, the obstetrician then pours a large volume
(60-100ml) of the local anesthetic into the abdomen. He/she can then incise the
uterus and deliver the infant. Supplemental sedation with ketamine (10mg
bolus, up to 1mg/kg) provides analgesia and amnesia with limited respiratory
effects on the neonate. After delivery of the infant, additional chloroprocaine can
be used to complete the operation if risks of induction of general anesthesia
remain too high.

The disadvantages to this local anesthesia for cesarean section include
incomplete anesthesia and the ensuing difficulties of managing an uncomfortable
patient, unsatisfactory anesthesia if more extensive surgery is required, and
unfamiliarity of the obstetrician with the technique. However, in extreme
circumstances, this technique can help preserve the life of both the mother and the
fetus.

NON-HEMORRHAGIC EMERGENCIES DURING LABOR

Umbilical Cord Prolapse

In some circumstances the umbilical cord prolapses through the cervix, either in
the presence or absence of labor. When this occurs, compression of the cord
between the fetal head and the cervix could reduce uterine blood flow and cause
fetal bradycardia. Obstetricians therefore respond to this condition by manually
elevating the fetal head via the vagina, until the infant can be delivered by
cesarean section. In the absence of fetal bradycardia, neuraxial anesthesia,
particularly spinal anesthesia with its rapid onset, is a reasonable choice for urgent
cesarean section. In cases of prolonged fetal bradycardia, general anesthesia
would be the technique of choice.
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Breech Presentation

In breech presentation (Fig. 2), the fetal buttocks and/or lower extremities are
closest to the cervix. The three types of breech presentation include frank breech,
in which the hips are flexed and the knees extended, complete breech, in which
the hips and knees are flexed, and incomplete breech, in which one or both lower
extremities is/are extended. Potential fetal complications that necessitate
emergency intervention include umbilical cord prolapse, umbilical cord
compression with or without prolapse, and entrapment of the head due to
insufficient cervical dilation. These scenarios more likely arise with incomplete
breech, due to the limited cervical dilation from the fetus’s lower extremities.

( h R
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Fig. (2). Breech Positions. Image provided by Norm Myers.
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For planned vaginal delivery, epidural analgesia for labor provides pain relief for
the first stage of labor. In the second stage, epidural analgesia not only provides
analgesia for obstetrical maneuvers, but also provides perineal relaxation to assist
with instrumental vaginal deliveries, including forceps, which are commonly
required to deliver the breech infant. If the head becomes entrapped, intravenous
nitroglycerin (50-250 mcg) relaxes the uterus when excessive uterine contraction
is contributing to head entrapment. More commonly, the cervix is not sufficiently
dilated. Occasionally, the obstetrician may be able to deliver the entrapped head
by incising the uterus, but at the risk of significant maternal hemorrhage. A labor
epidural catheter can also be used to provide anesthesia for emergency cesarean
section if cord prolapse, cord compression with fetal bradycardia, or entrapment
of the fetal head occurs.

Shoulder Dystocia

During the majority of vertex vaginal deliveries, delivery of the fetal head
provides the greatest obstacle to complete delivery of the infant. In a small
percentage of cases, the anterior shoulder of the fetus has difficulty passing below
the pubic symphysis after delivery of the fetal head. Shoulder dystocia becomes
an _emergency if umbilical cord compression causes fetal asphyxiation and
ensuing bradycardia. To release the fetus’ shoulder, the obstetrician will need to
perform additional maneuvers, such as suprapubic pressure with traction on the
fetal head and hyperflexion of the maternal thighs. Labor epidural analgesia
would provide maternal pain relief and perineal relaxation to assist these
maneuvers. If no epidural catheter was present for the first stage of labor, the use
of spinal anesthesia would depend on time constraints. Intravenous
nitroglycerin (50-250mcg) to relax the uterus may assist with the obstetrician’s
maneuvers. If these maneuvers fail to release the anterior shoulder, the
obstetrician might need to reposition the fetal head back into the vagina and
deliver the infant via emergency cesarean section. In the absence of a labor
epidural catheter, general anesthesia would be needed.

ANTEPARTUM HEMORRHAGIC EMERGENCIES

Abnormal Placental Implantation

Placenta previa (Fig. 3) occurs when the placenta implants ahead of the fetal
presenting part. Three varieties of placenta previa include total, partial, and
marginal placenta previa, meaning that the placenta completely covers the
cervical os, partially covers the cervical os, or lies adjacent to the cervical os,
respectively.
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Fig. (3). Placental Presentations. Image provided by Norm Myers.

Placenta previa classically presents as painless vaginal bleeding. Transvaginal
ultrasonography provides the most accurate diagnosis of placenta previa [10] and
has made the “double set-up” essentially obsolete. Women with placenta previa
usually require cesarean section, unless a marginal previa lies sufficiently distant
from the cervical os. Patients with placenta previa are at increased risk of also
having abnormal placental implantation, described below.

Placenta previa becomes an emergency when it results in either significant
maternal hemorrhage or fetal distress, either of which might result from sudden
placental separation. Although many practitioners select neuraxial anesthesia for
patients with stable placenta previa, general anesthesia allows more rapid
initiation of surgery while avoiding severe hypotension in the presence of fetal
distress and/or significant maternal hemorrhage.

Placental Abruption

Placental abruption occurs when a normally implanted placenta separates
before delivery of the fetus. The magnitude of the separation usually determines
its clinical consequences. Large abruptions can result in fetal compromise,
massive hemorrhage, and coagulopathy, presumably due to release of
thromboplastic substances into maternal circulation and ensuing disseminated
intravascular coagulation [11].
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In contrast to placenta previa, placental abruption typically causes painful
vaginal bleeding. Characteristically, the pain is constant rather than limited to
contractions. Depending on the magnitude of the abruption, hemodynamic
instability might accompany vaginal bleeding. In other cases, however,
hemorrhage that remains intrauterine behind the placenta may be difficult to
detect. Other symptoms and signs of placental abruption include constant uterine
pain, uterine tenderness, and increased uterine tone. Changes in fetal heart rate
patterns show variable or late decelerations with or without reduced short-term
variability, or fetal bradycardia [12]. Ultrasonography may or may not help
determine the diagnosis, since this technique is not very sensitive, especially in
cases of concealed hemorrhage [13].

During labor, placental abruption can become an emergency and necessitate
cesarean section for either fetal considerations or for hemorrhage. In either case,
practitioners should prepare for significant hemorrhage by obtaining large bore

intravenous access, assuring blood availability, and checking coagulation
parameters to evaluate for disseminated intravascular coagulation. In a patient

with labor epidural analgesia, extension of the labor block for cesarean section
can provide rapid anesthesia in the case of fetal compromise, as long as the patient
does not suffer from severe intravascular volume depletion. Alternatively, a
hemodynamically stable patient might also be a candidate for spinal anesthesia, if
a normal coagulation status can be confirmed. In cases of coagulopathy, severe
volume depletion, or in the absence of labor epidural anesthesia, general
anesthesia would be the technique of choice.

Trial of Labor After Cesarean Section

The choice of whether to undergo trial of labor after cesarean section (TOLAC)
involves many complex considerations. One of the most important considerations
is the likelihood of uterine rupture that most likely would occur at the site of the
previous uterine scar [14]. The previous uterine incision most amenable to a
subsequent TOLAC is a lower segment transverse incision. The lower uterine
segment contains a lower density of uterine smooth muscle and is therefore less
likely to result in scar dehiscence during the forceful myometrial contractions that
constitute labor. With a classical cesarean section, the uterine incision is oriented
vertically within the uterine corpus, which contains a higher density of smooth
muscle. Both the vertical orientation of the scar and the location in the density of
smooth muscle contribute to the increased probability of uterine rupture during
labor.

Another factor that might increase the probability of uterine rupture is the use of
oxytocin to stimulate uterine contractions. Stronger, oxytocin-induced uterine




Anesthesia for Obstetrical Emergencies Recent Advances in Anesthesiology, Vol. 1 159

contractions might cause uterine rupture more readily than contractions in the
absence of oxytocin. In the absence of data from randomized trials, observational
studies showed mixed results regarding effects of oxytocin in increasing the
probability of uterine rupture during TOLAC.

Methods suggested to detect uterine rupture include changes in fetal heart rate
pattern, loss of pressure with an intrauterine pressure catheter, or a sudden
increase in pain during labor. Continuous fetal heart rate monitoring remains the
most sensitive indicator of uterine rupture during labor. The other potential
methods are neither sensitive nor specific indicators.

Anesthetic Considerations

In a woman approved to undergo TOLAC, intravenous access is essential to
provide fluids in case of uterine rupture, as is access to blood and blood products.
Although in the past some obstetricians argued against labor epidural analgesia
based on the concern of masking signs and symptoms of uterine rupture, most
obstetricians now agree that other indicators, as described above, would provide
sufficient warning if this did occur. In TOLAC patients, labor epidural analgesia
not only provides excellent analgesia for the first stage of labor, but also provides
anesthesia for cesarean section if TOLAC does not succeed. There are no
randomized trials comparing labor epidural analgesia to controls with respect to
probability or detection of uterine rupture.

Uterine Rupture

Uterine rupture, which involves a full-thickness disruption of the uterine wall,
occurs more frequently in women with previous uterine surgery, such as cesarean
section. Although uterine rupture can occur in the absence of labor, factors that
increase the strength of uterine contractions, such as induction of labor and/or use
of oxytocin and prostaglandins, increase the probability of uterine rupture.

Diagnosis of uterine rupture can be challenging. In TOLAC patients, uterine scar
dehiscence, in which only the pre-existing scar separates, can be asymptomatic
and only detected if repeat cesarean section is needed. Signs of full thickness
uterine rupture include abnormal fetal heart rate patterns, constant or more severe
abdominal pain, hemodynamic changes, bleeding, and cessation of uterine
contraction.

Anesthetic management depends on the nature of the emergency. In stable labor
patients with labor epidural analgesia, surgical anesthesia via the epidural catheter
is appropriate. Women who exhibit hemodynamic instability or apparent massive
hemorrhage should undergo general anesthesia.
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POSTPARTUM HEMORRHAGE

Placenta Accreta, Increta, and Percreta

Placenta accreta (Fig. 4) occurs when the placenta implants abnormally into the
uterine_myometrium. In the most frequent amongst the three varieties, the
placenta implants on the surface of the myometrium, while in placenta increta
the placenta invades into the myometrium [15]. In placenta percreta, the least
common, the placenta invades through the entire wall of the uterus to implant in
the uterine serosa or outside the uterus. The placenta adheres abnormally to the
uterus and may be impossible to separate from the uterine wall. These conditions
are life-threatening due to massive blood loss, especially for placenta increta and
placenta percreta, followed at times by coagulopathy, renal dysfunction, and acute
respiratory distress syndrome.

PLACENTA PLACENTA PLACENTA
ACCRETA INCRETA PERCRETA
_

VY Enonmmverscon

Fig. (4). Abnormal Implantations into Uterus. Image provided by Norm Myers.

Repeated cesarean delivery dramatically increases the probability of subsequent
placenta accreta, increta, and percreta [16]. Although obstetricians often make the
diagnosis of placenta accreta when the placenta fails to separate normally
following delivery, antenatal ultrasonography or MRI may detect these conditions
before delivery. Practitioners should be suspicious about the presence of placenta
accrete in cases when the placenta overlies a previous uterine scar.
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Anesthetic management entails preparation for massive hemorrhage during
cesarean section and/or hysterectomy. Supportive management for additional
complications, as outlined above, is also necessary. Especially with placenta
percreta, a variety of surgical specialties may become involved to complete the

surgery.
Uterine Atony

The mechanisms underlying the transformation of the uterine state of quiescence
during pregnancy to rhythmic contractions during labor to sustained, forceful
contraction in the postpartum period are not well understood. Failure to maintain
this sustained contraction in the postpartum period inevitably leads to hemorrhage
from bridging arteries across the myometrium remaining open. Conditions that
cause overdistention of the uterus, such as macrosomia, multiple gestation, or
polyhydramnios, increase the likelihood of uterine atony. Prolonged intrapartum
exposure of the uterus to oxytocin can downregulate oxytocin receptors and
therefore predispose to postpartum uterine atony. Intrapartum use of tocolytic
agents, such as MgSO, for preeclampsia or a-adrenergic agonists for asthma or in
utero fetal resuscitation, also increase the probability of uterine atony in the
postpartum period.

Prophylactic therapy against uterine atony usually includes an intravenous
infusion of oxytocin, since rapid bolus administration of a bolus dose oxytocin,
which cases vasodilation, results in hypotension. Although neither minimum nor
maximum doses of oxytocin have been firmly established, the doses generally
range from 10-60units over one hour. Other ecbolic agents, drugs that contract
the uterus, include ergot alkaloids, such as methylergonovine maleate, and
prostaglandins, especially 15-methyl prostaglandin F,o At least part of the
mechanism of action of ergot alkaloids includes activation of a-adrenergic
receptors on the surface of myometrial cells [17]. Thus, side effects from a-
adrenergic receptor activation on vascular or airway smooth muscle cells include
hypertension and, in susceptible individuals such as asthmatic subjects,
bronchospasm. 15-methyl prostaglandin F,a activates contractile prostaglandin
receptors on airway and myometrial cells to stimulate contraction. Because
airways of asthmatic subjects are often exquisitely sensitive to prostaglandin
stimulation, but less so a-adrenergic stimulation, methylergonovine maleate
would be a better choice in these subjects.

Uterine Inversion

Post-partum acute uterine inversion, when the uterus turns inside-out, requires
emergency intervention due to the potential for severe hemorrhage with orwithout
maternal bradycardia. Inversion may be obvious from visual inspection or hidden,




162 Recent Advances in Anesthesiology, Vol. 1 Karen Lindeman
sometimes visualized on ultrasonography.

Obstetrical management centers on situating the uterus in its proper location, and
therefore uterine relaxation may facilitate the required maneuvers. Intravenous
nitroglycerin (50-250mcg) relaxes the uterus.

If the patient underwent labor epidural analgesia, the epidural catheter can be used
to provide anesthesia. Alternatively, general anesthesia with high concentrations
of a potent inhalational anesthetic can provide both uterine relaxation and
anesthesia for obstetrical maneuvers.

Anesthetic Considerations for Obstetrical Hemorrhage

Anesthetic management for obstetrical hemorrhage centers on volume
resuscitation to maintain euvolemia. This usually entails placement of multiple
large bore peripheral and/or central venous catheters to administer crystalloid and
colloid solutions (5% albumin), as well as blood products. A rapid infusion device
can replace lost fluids quickly. Placement of an intra-arterial catheter allows
continuous blood pressure monitoring and frequent blood sampling to assess
adequacy of resuscitation and presence of complications, including coagulopathy,
hypothermia, hypocalcemia, and acidosis.

Blood transfusion can include whole blood and/or blood components. Although
whole blood provides the ideal replacement for significant hemorrhage, its limited
availability often necessitates the utilization of blood component therapy. Packed
red blood cells (PRBC), fresh frozen plasma (FFP), cryoprecipitate, and platelets
can be transfused separately depending on the patient’s needs. If cross-matched
blood is not available, then administration of type-specific or O-negative blood
would be second choices.

No clinical trials have determined the optimum ratio of PRBC to other blood
components in massive transfusion for obstetrical hemorrhage. The potential risk

of ongoing coagulopathy by transfusing relatively higher ratios of PRBC’s should
be weighed against known risks of complications associated with plasma and
platelet transfusion with lower ratios. In trauma [18], a multi-center randomized
trial, comparing ratios of 1:1:1 with 1:1:2 for transfusions of platelets, FFP, and
PRBC’s, failed to demonstrate differences in 30day mortality but did show lower
mortality due to exsanguination in the 1:1:1 group. Whether these results can be
extrapolated to obstetrical patients remains uncertain. In fact, studies showing
accelerated consumption of coagulation factors in obstetrical hemorrhage [19]
suggest that the pathophysiology of obstetrical hemorrhage differs from that of
trauma and that therefore such extrapolations may not be tenable.
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Hemostatic monitoring, such as thromboelastography, can be useful to direct
therapy for transfusion-associated coagulopathy. In thromboelastography,
abnormalities of the first phase of the readout suggest deficits at the beginning of
clot formation that may be amenable to treatment with FFP. Abnormalities of the
second phase, which involves further generation of the clot, may result from
reduced fibrinogen and platelet quantity and/or quality. Administration of
platelets and cryoprecipitate may be indicated. In the third phase, which reflects
clot stability, abnormalities suggest hyperfibrinolysis that can be treated with an
antifibrinolytic agent such as tranxemic acid. Normal ranges of
thromboelastography differ during pregnancy and reflect the baseline
hypercoagulable state [20].

Cell salvage was once thought to be contraindicated in obstetrics due to the
possibility of administering amniotic fluid contamination and its potential for a
syndrome similar to amniotic fluid embolism. However, modern cell salvage
techniques have proven to be safe and effective in massive obstetrical hemorrhage
[21].

For severe hemodynamic instability due to obstetrical hemorrhage, cross
clamping the aorta provides a useful adjuvant to other resuscitation
measures [22]. The aorta can be cross clamped below the level of the kidneys to
minimize organ damage.

Although the choice of general anesthesia or regional anesthesia depends on
volume status of patient and presence or absence of epidural catheter for labor, in
most cases of severe hemorrhage practitioners use general anesthesia to minimize
hemodynamic changes. Because of its sympathomimetic properties, rapid
sequence induction with ketamine, rather than propofol, provides greater
hemodynamic support during hemorrhage, except in cases of catecholamine
depletion [23]. Lacking sufficient intravascular volume to maintain blood pressure
during moderate depths of anesthesia, these patients may require intravenous
adjuvants, such as benzodiazepines or scopolamine, to ensure amnesia. Following
massive transfusion, extubation of the trachea may not be possible, mandating
postoperative care in an intensive care unit.

ANESTHESIA FOR EMERGENCY NON-OBSTETRICAL SURGERY IN
THE OBSTETRICAL PATIENT

When compared to emergency surgery in patients who are not pregnant,
emergency surgery during pregnancy incurs additional risks to the mother and to
the fetus. For the mother, physiologic changes of pregnancy increase anesthetic
risk, while for the fetus, the primary risk is from preterm labor. Additional
considerations for the fetus include changes in uterine blood flow and direct
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effects of pharmacologic agents administered to the mother.

Many physiologic changes of pregnancy, including cardiovascular and pulmonary
changes, begin in the first trimester and accelerate through the second trimester.
Increased blood volume, primarily from increased plasma volume, reaches a peak
at the end of the second trimester and results in an overall decrease in hematocrit.
The enlarged uterus begins to produce significant vena caval obstruction at
approximately the midpoint of gestation. In the respiratory system, increased
oxygen consumption with concomitant reduced functional residual capacity leads
to rapid maternal hypoxemia during periods of apnea as might occur with
induction of general anesthesia. Changes in anatomy of the upper airway have
been debated for decades. Although the question of whether visualization of the
airway during direct laryngoscopy in pregnant women is more difficult has not
been fully answered, physicians should prepare for this possibility. Physiologic
changes to the gastrointestinal system increase the risk of aspiration of gastric
contents in pregnant women who undergo surgery. Hormonally-mediated
changes, including relaxation of the physiologic lower esophageal sphincter,
begin early in the pregnancy, while changes resulting from the enlarged uterus,
such as elevated intragastric pressure and alteration of the angle of the stomach
with respect to the esophagus, become important when the uterus enlarges at the
end of the second trimester.

Pregnant women who undergo emergency non-obstetrical surgery should have an
obstetrical consultation before surgery, if time permits. Assuming that fetal
monitoring is available at a particular institution, the obstetrical team may or may
not recommend intraoperative fetal monitoring, depending on type of surgery and
gestational age of the fetus. No randomized trials provide clinical outcome data
with or without fetal monitoring, but the American College of Obstetricians and
Gynecologists (ACOGQG) has released general guidelines in this regard. ACOG
recommends that “if the fetus is considered previable, it is generally sufficient to
ascertain the fetal heart rate by Doppler before and after the procedure” [24]. For
a viable fetus, ACOG recommends a minimum of fetal heart rate and contraction
monitoring before and after surgery, with intraoperative monitoring when
additional conditions, including the physical ability to monitor the fetus and the

possibility of performing emergency cesarean section, are met.

Preterm labor/fetal loss remains the major risk to the fetus in non-obstetric
surgery during pregnancy. The mechanism for this observation is unknown, but
surgery involving or closer to the uterus seems to incur greater risk. Although
some practitioners have advocated prophylactic tocolysis to prevent preterm labor
in nonobstetrical surgery, evidence for this is limited. Teratogenicity from
anesthetics has been difficult to study due to the lack of randomized trials in
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human subjects. Animal studies suggest that physiologic alterations, such as
hypoxia, hypercarbia, and hypotension, expose potential teratogenic effects. Many
of the studies implicating specific agents in humans, such as diazepam, require
chronic administration throughout the pregnancy, including the first trimester, and
are observational studies only.

Anesthetic technique of choice depends on the nature of the surgery and
condition of the patient. In general, regional anesthesia mitigates risk of
aspiration and, depending on the surgical location and the type of regional
anesthesia, might provide the most stable hemodynamic profile. No controlled
studies have demonstrated a difference in risk of preterm delivery with either
regional or general anesthesia.

For many types of emergency surgery, regional anesthesia is not feasible and
therefore general anesthesia will be the technique of choice. Because of vena

caval compression, the uterus should be displaced to the left in pregnant subjects
by 20 weeks’ gestation. As for cesarean section, the potential benefits of

administration of a nonparticulate oral antacid in reducing the risk of acid
aspiration usually outweigh risks. Rapid sequence induction or awake intubation
also limits the risk of aspiration. No credible evidence implicates any of the
common induction agents in teratogenesis when used acutely for anesthesia. For
maintenance anesthesia, other commonly used anesthetics, such as local
anesthetics, opioids, muscle relaxants, and potent inhalational anesthetics, also
appear to be safe with respect to potential teratogenesis. Normal oxygenation and
blood pressure are important to maintain oxygen delivery to the fetus. In most
cases, extubation of the trachea with the patient wide awake protects against
aspiration at the end of the case.

CONCLUSION

Anesthesia for obstetrical emergencies often requires a plan of action before the
emergency occurs. Improved care has come with coordination amongst
anesthesiologists, obstetricians, neonatologists, radiologists, general surgeons, and
intensive care specialists. As complicated situations occur with increasing
frequency, the anesthesiologist will need to be prepared to take on a multitude of
roles in perpipartum care to improve patient outcome.
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CHAPTER 8

Pediatric Anesthesia

Monica Hoagland, Tessa Mandler and Lawrence I. Schwartz’
Colorado Children’s Hospital, Aurora, CO, USA

Abstract: CHILDREN ARE NOT SMALL ADULTS. In this chapter, we will
discuss the resources and standards that must be in place, in order for community-based
programs to be in a position to deliver quality anesthetic care to children. Patient and
procedural selection policies, appropriate equipment, dedicated physical space, and
knowledgeable and experienced providers are just some of what is required. Caring for
children in a large children’s hospital, where the entire system is geared toward
pediatrics, can test the most experienced pediatric anesthesiologist. Children have
unique physiologic, pharmacologic, pathophysiology, and behavioral characteristics
which change and develop throughout their lives. We will examine the pre-operative,
intra-operative, and post-operative aspects that make pediatric anesthesia different from
the perioperative care of adults. Additionally, we will provide an overview of the
anesthetic management of some of the more common ambulatory pediatric procedures
which may be encountered in the community-based practice such as; myringotomy and
tympanostomy tube insertion; tonsillectomy and adenoidectomy; genitourinary
procedures — circumcision, hypospadias repair, inguinal hernia repair, and orchiopexy;
and foreign body removal.

Keywords: Adenoidectomy, Bronchospasm, Children, Circumcision, Difficult
pediatric airway, Foreign body removal, Hypospadial repair, Infants, Inguinal
hernia, Laryngospasm, Myringotomy, Neonates, Orchiopexy, Pediatric
anesthesia, Pediatric intraoperative fluid management, Pediatric surgery, Pediatric
pain medication, Pediatric postoperative nausea and vomiting, PRAE
(perioperative respiratory delirium), Postoperative pediatric pain control,
Tonsillectomy, Tympanostomy.

INTRODUCTION

Children are not small adults. Pediatric patients greatly vary from 1000 gram
premature infants to the morbidly obese adolescents, and each one presents a
special set of challenges to the anesthesiologists who care for them.
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These patients have unique physiologic, pharmacologic, pathophysiology, and
behavioral characteristics which change and develop throughout their lives.
Caring for children in a large children’s hospital, where the entire system is
geared toward pediatrics, can test the most experienced pediatric anesthesiologist.
When these patients present to community based centers, with fewer resources
and personnel focused on children, these challenges can be overwhelming and
possibly compromise safe, quality pediatric anesthesia.

In this chapter, we will discuss the resources and standards that must be in place,
in order for community-based programs to be in a position to deliver quality
anesthetic care to children. Patient and procedural selection policies, appropriate
equipment, dedicated physical space, and knowledgeable and experienced
providers, are just some of what is required of institutions which desire to care for
pediatric anesthesia patients. We will examine the pre-operative, intra-operative,
and post-operative aspects that make pediatric anesthesia different from the
perioperative care of adults. Additionally, we will provide an overview of the
anesthetic management of some of the more common ambulatory pediatric
procedures which may be encountered in the community based practice.

PATIENT AND PROCEDURE SELECTION

Current evidence has established that some children have a higher risk of
perioperative morbidity and mortality. Specifically, neonates, critically ill
children, and children with complex comorbidities may benefit from care
delivered in specialized hospitals. However, historically, American Society of
Anesthesiologists (ASA) classification 1 and 2 children have been safely cared for
in community based hospitals and surgical centers. Community-based centers
caring for children must develop, administer, and maintain a system that allows
for the “correct” pediatric patients to be anesthetized by a dedicated group of
anesthesia and surgical providers focused on providing safe and effective care for
pediatric patients.

Routine pediatric surgeries are performed in several types of institutions (i.e.
children’s hospitals, adult hospitals, ambulatory surgery centers, etc.). The vast
majority of pediatric surgical procedures are completed in an outpatient setting
with an increasing number occurring in freestanding locations [1, 2]. Table 1 lists
the most common Ambulatory procedures on patients younger than 15 years of
age.
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Table 1. Most common inpatient pediatric surgery procedures on pstients <15 years of age. Adapted from
Centers for Disease Control and Prevention. National Survey of Ambulatory Surgery [3]. Provided by Drs.
Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Most Common Ambulatory Surgery Procedures on Patients <15 Years of Age

Total ambulatory procedures 3,266,000
Myringotomy and tubes 667,000
Tonsillectomy with or without adenoidectomy 530,000
Nose, mouth and pharynx excluding tonsillectomy with or without 388,000
adenoidectomy and adenoidectomy

Orthopedic procedures 295,000
Miscellaneous diagnostic and therapeutic procedures 22,000
Ear excluding myringotomy and tubes 191,000
Operations on the male genital organs 166,000
Operations on the integumentary system (i.e. skin, subcutaneous tissue, breast) 166,000
Adenoidectomy 132,000
Eye surgeries 103,000
Hernia repair 018 L scHwART2 co criorins nose 13,000

Despite the establishment and maturation of pediatric surgery as a subspecialty,
approximately 40% of the most common pediatric inpatient surgical procedures
are performed in non-pediatric hospitals [4]. However, complex pediatric
surgeries are 6-16 times more common in a pediatric hospital than any other
institution [5]. Table 2 lists the most common inpatient pediatric surgery
procedures.

In 2014, a Task Force for Children’s Surgical Care established guidelines for
providing a “surgical and anesthetizing” level of care to pediatric patients
undergoing surgical procedures. The purpose of center classification was to
assure optimal resources to care for infants and children undergoing surgical
intervention and to define the procedures and patients that are within the typical
scope of practice of each level [6]. A summary of the Children’s Surgical Center
Standard and Scope of Practice are reviewed in Table 3.

These recommendations have been endorsed by the board of the Society for
Pediatric Anesthesia (SPA) and the American College of Surgeons (ACS). How
these standards will impact pediatric care remains to be seen. Suffice it to say, that
the needs to anesthetize children in community-based settings is only increasing
and will require greater cooperative planning to facilitate safe and effective
regional care.
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Table 2. Most Common Inpatient Pediatric Surgery Procedures (Modified from Somme [5]). Provided by
Drs. Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s
Hospital.

Most Common Inpatient Pediatric Surgery Procedures

Type of Surgery Weighted Frequency
Appendectomy 81,848
Central venous access 33,474
Pyloromyotomy 11,326
Burn debridement or grafting 10,844
Cholecystectomy 7,679
PDA ligation 5,653
Bladder/ureteral reconstruction 5,543
Antireflux procedure 5,355
Pediatric inguinal hernia repair 4,507
Gastrostomy/jejunostomy SsiE L SR Co BN finse: ST

Table 3. A summary of the children’s surgical center standard and scope of practice.

Level I — Comprehensive II — Advanced I1I - Basic
Age Any Any >6 months
ASA 1-5 1-3 1-2
Multidisciplinary | Multiple medical and Typically single None
management of | surgical specialties; surgical specialties;
comorbidities pediatric anesthesiology | neonatology;
pediatric anesthesiology
Operations Major congenital Common anomalies Common, low-risk
anomalies, complex and diseases typically procedures typically
diseases. Require treated by most performed by a
significant multi- pediatric surgical single specialty.
disciplinary specialists. Do not
coordination require significant
multidisciplinary
coordination
Ambulatory ASA 1-3% ASA 1-3% ASA 1-2

Age older than 1 year

*Full term and preterm infants can be cared for as ambulatory patients based on written guidelines established
by the pediatric anesthesiologist in charge of perioperative care. Institutional guidelines generally require
full-term infants younger than weeks or preterm infants younger than 50 post-conceptual weeks to be
monitored for at least 12 hours. Adapted from Task Force for Children’s Surgical Care [6]. Provided by Drs.
Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.
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Resources Necessary for the Perioperative Care of Children

Table 4. Equipment Specific for Infant & Pediatric Patients [7 - 13]. Provided by Drs. Monica Hoagland,
M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Equipment Specific for Infant & Pediatric Patients [7, 8-13]

Machine Infant/pediatric appropriate that supports spontaneous and
positive-pressure ventilation

Airway Devices Appropriately sized airway equipment includes: face masks, oral
airways, nasal airways, laryngeal mask airways (LMAI{s), cuffed and
uncuffed straight, oral-rae, nasal-rae endotracheal tubes, straight and
curved laryngoscope blades with laryngoscope handle, special airway
devices for difficult airway (i.e. fiber optic scope, video laryngoscope,
cricothyrotomy tray), self-inflating bag, working suction

Intravenous Intravenous catheters +/- central venous catheters; intraosseous
Equipment equipment; micro-drip infusion sets; vascular access technology
(i.e. ultrasound, near-infrared devices such as transilluminator)

Warming Devices Warming lamps, heat and moisture exchangers (HMEis), fluid
warmers, heating mattress pad, and circulating warm-air devices

Monitors Non-invasive blood pressure cuffs, pulse oximeters, temperature
probes or thermometers, electrocardiography, capnography, anesthetic
gas concentrations and inhaled oxygen concentration, +/- invasive
arterial pressure measurement

Drugs Induction, maintenance, emergence, emergency (i.e. atropine and
succinylcholine for laryngospasm)

Equipment

Prior to anesthetizing an infant or child, a comprehensive selection of
pediatric equipment that is regularly stocked and maintained must be readily
available to the anesthesiology care team (Table 4). Airway equipment and
intravenous catheters are manufactured in various sizes to meet the needs of
children of all ages. In addition, emergency drugs and equipment including, a
code cart with pediatric defibrillator pads and medications for resuscitation and
malignant hyperthermia, and a difficult airway cart all need to be immediately
accessible [7, 8]. Resuscitation drugs should be stocked in appropriate
infant/pediatric concentrations. Furthermore, even if the entire perioperative
staff is well educated on pediatric emergency drug dosing and
administration, it is prudent to have a clearly written pediatric dose schedule
for these drugs easily accessible [8, 9].

Monitors

Vigilant monitoring of patients under anesthesia significantly improves
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perioperative morbidity and mortality. While properly trained, experienced
anesthesiologists and their anesthetists are the foundation of patient safety during
an anesthetic, monitors have augmented the practice of anesthesia in that they
provide real-time, objective data, trends and/or warnings that may indicate a
change in a patient’s well-being or anesthetic equipment function. The American
Society of Anesthesiologists’ Committee on Standards and Practice Parameters
has outlined standards for basic anesthetic monitoring for any patient undergoing
monitored anesthetic care, regional anesthesia or general anesthesia [14]. Table §
lists these standards and describes how information pertinent to each physiologic
parameter can be obtained during an anesthetic.

Table 5. Basic Anesthetic Monitoring of Pediatric Patients [7, 12 - 15]. Provided by Drs. Monica Hoagland,
M.D., Tessa Mandler, M.D., Lawrence I. Schwartz, M.D., Colorado Children’s Hospital.

Basic Anesthetic Monitoring of Pediatric Patients [7, 12-15]

Physiologic Monitoring Method
Parameter
Oxygenation Physical Exam: color assessment

Pulse Oximetry: blood oxygen saturation
Mass spectroscopy, Oxygen Analyzer with Low Oxygen Concentration
Limit Alarm, inspired and expired concentration of gases

Ventilation Physical Exam: chest excursion, auscultation of breath sounds
Capnography, Mass Spectroscopy: qualitative and quantitative measure
of end-tidal carbon dioxide

Circulation Physical Exam: pulse assessment
Electrocardiogram: cardiac rhythm, rate, & ischemia detection
Non-invasive arterial blood pressure: circulatory function

Temperature Physical Exam: warmth assessment
Temperature probe or thermometer: assess appropriate body temperature
especially if change is suspected, intended or anticipated

Well maintained and properly functioning anesthesia equipment is equally
important to patient monitors. Improperly functioning equipment and/or broken
equipment is associated with an increased risk of perioperative morbidity and
mortality [16, 17]. Therefore, The American Society of Anesthesiology’s
Committee on Equipment and Facilities developed recommendations for the pre-
anesthesia checkout. While the pre-anesthesia checkout can be completed by a
qualified anesthesia and/or biomedical technician, the anesthesia provider is

ultimately responsible for the proper function of all equipment used to
provide anesthesia care [15, 18]. These standards apply to the care of

children in any anesthetizing location. Again, having appropriately sized
monitoring equipment is essential. Blood pressure cuffs must be correctly sized
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for the patient. Cuffs which are too large may underestimate the actual blood
pressure, while cuffs that are too small may overestimate the pressure and result
in the provider possessing a false sense of security of hemodynamic stability. In
children, the American Heart Association recommends that the cuff bladder width
should be at least 40 percent of the arm circumference halfway between the
olecranon and acromion; the cuff should then cover 80 percent or more of the arm
circumference [19].

Admitting vs. Transfers

In order to provide the safest care possible to pediatric patients, clear
guidelines need to be established and observed regarding their perioperative
care. Institutions should practice within their respective surgical center level
standards unless providing emergency services [8]. If the institution cannot
provide comprehensive perioperative care for the patient, it must establish
relationships and transfer agreements with a specialized pediatric institution.
These contracted providers should collaborate to help further define these
standards and scope of practice. Fundamental to these guidelines are the
indications for the transfer of infants and children with surgical needs to
Level I or Level II Centers, which include patients characterized by the
following: less than 60 weeks postmenstrual age, younger than 6 months of
age, and need for intensive care unit [8, 20].

Patients less than 60 weeks post-conceptual age (PCA) are at risk for post
anesthetic apnea [1, 20, 21]. Prematurity, a history of apnea, anemia, and
coexisting disease are all risk factors for postoperative apnea. Based on current
literature, a widely accepted guideline is to monitor all infants less than 50 weeks
post-conceptual age for at least 12 hours post-anesthesia; if the infant has a
desaturation episode during this monitoring period, it is recommended to monitor
for an additional 12 hours from the apnea episode [1, 22 - 24]. At our institution,
we observe the following guidelines:

“Former premature infants born prior to 37 weeks gestational age who are less
than 56 weeks PCA at the time of surgery are admitted overnight for
cardiorespiratory monitoring or receive prolonged observation in the PACU prior
to discharge.

Full term infants require overnight admission or extended PACU observation if
they are less than 44 weeks PCA at the time of surgery” [25].

Another pediatric population that warrants strong consideration for post-
operative admission are children with sleep disordered breathing who
present for tonsillectomy and adenoidectomy. The American Academy of
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Otolaryngology — Head and Neck Surgery recommends overnight admission for
children less than 3 years of age with obstructive sleep apnea (OSA) or patients
with severe OSA (i.e. apnea-hypopnea index of >10 events/hour or oxygen
saturation <80%) due to the high incidence of perioperative respiratory
complications after tonsillectomy [1, 26 - 28].

Personnel

Safe perioperative care of a neonate, infant, child or teenager requires a team of
qualified, experienced, pediatric trained medical personnel, which includes
anesthesiologists, surgeons, pediatricians and, nurses [7, 8]. Moreover, in order to
provide optimal perioperative care, it is helpful for other health care team
members and services that have roles in caring for surgical patients to have
pediatric knowledge and experience. These other health care team members and
services may include but are not limited to: radiologists, pathologists,
pharmacists, respiratory therapists, phlebotomists, and child life specialists [7, 8,
20]. In essence, the institutional resources and personnel should be able to provide
comprehensive perioperative care for pediatric patients [29]. If a facility is unable
to meet these requirements, a clearly outlined transfer agreement and plan should
be in place with a specialized pediatric center that can assume the perioperative
care responsibility of a pediatric patient [8, 20, 30].

Institutions that routinely care for pediatric patients should have a written policy
defining its scope of practice for their perioperative care. This policy should
delineate which types of pediatric operative, diagnostic and therapeutic
procedures requiring anesthesia are permitted on an elective or emergent basis.

Institution policy should also define how many times each procedure should

be performed in order to maintain competency [7, 20, 29]. In a similar vein,
institutions should also define the requirements, minimal case number and types

of pediatric cases each anesthesiology provider should perform in order to obtain
and maintain institution credentials and practicing privileges [7, 8, 29].

The American Society of Anesthesiologist’s Statement on Practice
Recommendations for Pediatric Anesthesia designates privileges as “Regular
Clinical Privileges” and “Special Clinical Privileges” [8]. According to this
statement, an anesthesiologist who meets training and certification
recommendations may provide and/or directly and immediately supervise
anesthetics for pediatric patients. It is suggested that anesthesiologists providing
and/or directly supervising the anesthetic care of pediatric patients in the
categories designated by the facility’s department of anesthesiology as being at
increased risk for anesthetic complications (thus requiring special clinical

privileges) should be graduates of pediatric anesthesiology fellowship training
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programs accredited by ACGME or should be fully credentialed members of the
department of anesthesiology who have demonstrated continuous competence in
the care of such patients as determined by the department [8, 15].

Credentialing

The Society of Pediatric Anesthesia was founded in 1987 with the mission to
“continually advance the safety and quality of anesthetic care, perioperative
management, and alleviation of pain in children” [30]. Ten years later, The
Accreditation Council for Graduate Medical Education (ACGME) first
recognized pediatric anesthesiology as a subspecialty in anesthesiology, and the
Anesthesiology Residency Review Committee developed standardized program
requirements for the 1-year fellowship program [31, 32]. Then, in 2013, The
American Board of Anesthesiology allowed diplomates who had successfully
completed pediatric anesthesiology fellowship and non-pediatric anesthesiology
fellowship trained anesthesiologists who met certain qualifications to take the first
pediatric anesthesiology subspecialty examination (Table 6) [33]. Most recently,
in 2014, the Second Year Advanced Pediatric Anesthesiology Fellowship
Network was created to promote additional pediatric anesthesiology education
and training in the following areas: pediatric cardiac anesthesiology, pediatric
anesthesiology education, pediatric anesthesiology pain medicine, pediatric
anesthesiology quality and safety, and pediatric anesthesiology research [34, 35].
The ongoing evolution of the field of pediatric anesthesiology strive to continually
improve the perioperative care to pediatric patients. It is the duty of
anesthesiology practitioners to be knowledgeable on current trends and help
define future standards.

Table 6. Pediatric anesthesiology certification requirements. Adapted from ASA statement on practice
recommendations for pediatric anesthesia [8]. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler,
M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Pediatric Anesthesiology Certification Requirements

* American Board of Anesthesiology (ABA) Diplomate

*Maintain licensure requirements: permanent, unconditional, unrestricted, unexpired license to
practice medicine or osteopathy in the United States or province of Canada

e Fulfillment of ABA defined subspecialty training

e Fulfillment of ABA defined subspecialty examination requirement

*In good professional standing, according to the ABA

*Capable of independently performing the entire scope of subspecialty practice without
accommodation or with reasonable accommodation
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Establishing Pediatric Specific Guidelines

Nil Per Os

The American Society of Anesthesiologists developed recommendations for the
minimum fasting period prior to elective procedures in order to allow for adequate
post-prandial gastric emptying thereby reducing the incidence and severity of
pulmonary aspiration, which occurs in approximately 0.02-0.04% of pediatric
patients [36 - 38]. Children may be at risk for aspiration of gastric contents due to
excessive aerophagia during crying, strenuous diaphragmatic activity during
obstruction, and a shorter esophagus with decreased hydrostatic pressure gradient
between the stomach and the larynx. The intent of the ASA NPO
recommendations is to provide guidelines for healthy pediatric patients
undergoing elective scheduled procedures (see Table 7). Despite adherence to the
fasting recommendations, gastric emptying may be incomplete and clinical
judgment is of utmost importance in determining appropriate NPO time under
circumstances such as, opioid treatment, altered mental status, neuromuscular
diseases, trauma, systemic infection, gastric hypomotility, and impaired
esophageal sphincter control [36, 38, 39]. It is also not uncommon for children to
find food unbeknownst to their parents.

Table 7. Summary of fasting recommendations. * Adapted from the American Society of Anesthesiologists
[36]. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D.,
Colorado Children’s Hospital.

Summary of Fasting Recommendations

Your child may enjoy the following Hours prior to scheduled surgery
prior to his/her procedure:

Clear liquids
Breast Milk

Infant formula

(o e N I S S

Light meal (i.e. food with low fat content: plain toast,
fruit, vegetables, crackers, etc.)

*Fried or fatty foods may prolong gastric emptying
time requiring longer fasting time

Prolonged fasting in young children is associated with perioperative patient
discomfort, hypoglycemia, and dehydration with associated hypotension and/or
difficult intravenous access. Allowing pediatric patients to enjoy clear liquids
until 2 hours preoperatively, especially those that contain carbohydrates, prior to
their NPO cutoff time, may ameliorate the adverse effects of prolonged fast, and
produce a happier, more compliant patient and family [40 - 43]. In an effort to
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decrease operating room downtime from a procedure delay or cancelation due to
non-compliance with the fasting recommendations, several pediatric institutions
have adopted fasting cutoffs based on facility arrival time for outpatients rather
than scheduled procedure time [44, 45]. Most important is to present a clear,
easy to understand, consistent policy to patients, parents, and staff.

PREOPERATIVE CARE

Developmental Pediatrics/Child Life Issues

A child’s perception and comprehension of the world, and their place in it, varies
vastly depending on his/her chronological and developmental ages. As a
consequence, children of varied ages may have very different experiences during
their hospital stay [46, 47]. Anesthesiologists caring for children must possess an
understanding of child development in order to effectively develop rapport and
trust with pediatric patients and their families and alleviate both patient and
parental anxiety. Table 8 briefly outlines normal childhood development stages,
and offers behavioral strategies which can be employed to create a more
comfortable and less stressful experience for pediatric patients who require
surgery and anesthesia.

Pre-Op Sedation/Parental Presence

The incidence of significant anxiety during the perioperative period occurs in up
to 60% of children [55, 56]. Proper management of perioperative anxiety is
important in order to avoid adverse outcomes such as uncooperative behavior
during induction of anesthesia, increased postoperative pain, increased likelihood
of emergence agitation, and negative postoperative behavioral changes [46, 57,
58]. The two most common practices to manage perioperative anxiety are pre-
anesthesia sedation and parental presence at induction [55]; the debate has been
longstanding regarding which is the best method. Although each practice
possesses its own merits, there currently does not seem to be a failsafe practice
applicable to every child (see Table 9).

While objective data is essential to a pre-anesthesia interview, a subjective
assessment is also important. Through observation and interaction, the child (i.e.
crying, uncooperative child who is unwilling to socially engage with health care
professionals), the anesthesiologist should be able to determine the need for
special pre-operative interventions such as pre-operative sedation or parental
presence [59]. Furthermore, the objective and subjective information obtained
during the anesthesia pre-operative evaluation will enhance the anesthesiologist’s
overall assessment of the pediatric patient and his/her family [46]. This
personalized knowledge facilitates the creation of a thoughtful and appropriate
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perioperative care plan (and back-up plan) that will best align with the needs of
the child and his/her family.

Table 8. Childhood Developmental Stages [46, 48 - 54]. Provided by Drs. Monica Hoagland, M.D., Tessa

Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Childhood Developmental Stages [46,48-54]

(6-12years)

concerned about other people
Developing logical thought
processes and problem
solving ability

Goal-oriented activities

Age Developmental Characteristics Keys to Interaction
Infants - Motivations based on basic human - Minimize NPO time to
(<lyear) needs: food, shelter, etc. decrease fussiness due to hunger
- Separation anxiety (~8-10 months) - Active parental participation during
- Learn about surroundings by social hospitalization to emphasize sense
referencing (referring to reactions/ of security
emotions of caregiver) - Allow comfort items (i.e. favorite
toy or blanket)
Toddlers - Well bonded to parents; difficulty - Allow comfort items
(1-3years) separating from them during stress (i.e. favorite toy, blanket, object)
- Receptive > expressive language - Distraction techniques
skills (i.e. stories, songs)
- Explorers - Use short, easy to understand terms
- Fear pain and injury - Engage in magical thinking
(i.e. special sleeping medicine)
Preschoolers - Egocentric view of the world - Allow child to participate in care
(3-5years) - Fear pain and injury (i.e. help pick a mask flavor, hold
- Literal, concrete thinking the mask)
- Honest, simple communication;
encourage child to talk
- Reassure child he/she will not
be alone
- Use play to show what will happen
(i.e. stuffed animal patient)
School age - Transition from egocentric to - Describing patient hospital
children sociocentric perspective; experience in a non-threatening

environment

Encourage patients to actively

participate in their care (i.e. answer

simple pre-operative questions

regarding health history)

- Rely on parent support and begin
to seek peer support

Teenagers
(13-18years)

- Develop skills of logical thought,
deductive reasoning and
systematic planning
- Need for privacy and independence
- Concerns about pain, losing control,
waking up during surgery, not
waking up and dying

- Include patients in discussions and
decisions regarding care to provide a
sense of control and independence
Reassurance that privacy will be
respected
Provide clear explanations and
assurances regarding perioperative
fears
Increased teenager cooperation when
physician perceived to be attentive
and nonjudgmental
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Table 9. Comparison of pre-operative sedation and presence to reduce patient peri-operative anxiety.
Adapted from Kain [55]. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1.
Schwartz, M.D., Colorado Children’s Hospital.

Comparison of Pre-Operative Sedation and Parental Presence to Reduce Patient
Peri-Operative Anxiety

Method Pro Con

Pre-Operative - Improved compliance during induction | - Prolonged discharge times
Sedation with - Decreased parental anxiety especially - Increased cost

benzodiazepine, in anxious parents - Potential disruption to operating
alpha-2-agonist, - Decreased negative postoperative room flow

or opioid behavioral responses - Adverse reactions to medications

- Improved postoperative psychologic
and pain recovery (in adults)

Parental - Decreased need for pharmacologic - Crowded operating room
Presence during anxiolysis - Parentsi possible adverse reactions
Induction of - Decreased fear and anxiety of (i.e. vasovagal episode, increased
Anesthesia parent-child separation parental anxiety)
- Decreased parental anxiety - Prolonged anesthetic induction
- Increased parental satisfaction with - Increased anesthesiologist stress
separation process and perioperative especially if a complication arises

care via “Family Centered Care”

If parental presence during the induction to anesthesia is part of the anesthetic
plan, it is helpful for family members to be familiar with expectations and
responsibilities [60]. Preparation may begin during a pre-surgical tour either in
person or video or through educational handouts on what to expect the day of
surgery [47, 61]. Prior to induction of anesthesia, parents should be briefed on the
potential changes their child may experience during anesthesia induction with
reassurance that the changes are common and normal: nystagmus, disconjugate
gaze, increased respiratory rate, signs of upper airway obstruction, rapid loss of
consciousness, and/or uncoordinated movements. Lastly, to facilitate smooth
separation from their child and allow the operating room team to focus on the
patient, it is helpful to clearly state that family members will be escorted from the
operating room as soon as their child is asleep or in the event of an emergency
[57].

There are many advantages to the administration of pre-operative sedatives for
anxious children of all ages who are facing surgery. These medications can
alleviate fear and anxiety and help provide for a smooth, stress-free induction in a
compliant, relaxed patient. They may also provide some amnesia regarding the
arrival to the operating room and induction. The choice of which sedative to use
varies widely depending on factors such as provider, facility, patient tolerance and
procedure. Midazolam is the most commonly use pre-operative sedative, although
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dexmedetomidine and ketamine are finding an increased utility among many
pediatric anesthesiologists. The detailed pharmacology of these drugs are well
published in multiple sources and will not be discussed here. The most common
sedatives and dose schedules are listed for quick review in Table 10:

Table 10. Pre-operative sedation option [62 - 71]. IM, intramuscular; IV, intravenous. Provided by Drs.
Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Pre-Operative Sedation Options [62-71]

Medication Recommend Dose Comments

Midazolam Oral: 0.2-0.5mg/kg/dose - Water-soluble, fruit flavored oral formulation
(maximum 20mg; approved with bitter aftertaste
for =6months of age) - Clinical effect dose dependent: usual onset

10-15minutes post-oral administration,
IM/IV: 0.05-0.1mg/kg/dose 5-10minutes post intranasal administration,
(maximum 10mg) <3-5 minutes IM/IV administration

-IM administration can last up to 4-6hours
Intranasal: 0.1-0.3mg/kg/dose | -Paradoxical reactions (1-3%) may occur

(maximum 10mg; use especially with higher doses
5Smg/ml concentration) - Burning sensation with intranasal
administration
Dexmedetomidine | Oral: 2.5-4 mcg/kg - Usual onset 30-45minutes post intranasal
administration, 45-60 minutes post oral
Intranasal: 1-2 mcg/kg administration
- Prolonged postoperative sedation
Generally given as a -“Arousable” and “Cooperative” sedation effects
pre-medication to children - Analgesic effects and decreased perioperative
>lyear of age opioid administration
- Costly compared to other sedatives
Ketamine Oral: 4-10mg/kg/dose - Adverse effects: increased secretions, nausea,
vomiting, psychological disturbances (noted
IM: 2-5mg/kg/dose with IM/IV administration), prolonged recovery
-IM administration useful in uncooperative
IV: 0.5-2mg/kg/dose patients who will not tolerate mask induction or
IV placement
Intranasal (>1year of age): - Onset: intranasal 5-10minutes; oral 10-15min-
Smg/kg/dose utes; IM 3-5minutes; IV within 30seconds
Opioids Varies per drug - Reserve for patients experiencing pain

due to risk of adverse effects
(i.e. respiratory depression, pruritus,
nausea and vomiting)

EMERGENCY PLANNING

As discussed above, community based centers providing pediatric anesthesia
services must be prepared to deal with children who present with emergent

situations such as difficult airway, massive hemorrhage, malignant hyperthermia,
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and cardiopulmonary collapse. This requires the resources, personnel, and
knowledge to perform a resuscitation of a pediatric patient. The resuscitation of
the pediatric patient goes beyond the scope of this chapter. However, it is
imperative that all centers caring for children have algorithms and policies in
place for dealing with these emergencies. At minimum, all providers must be
trained and competent in Pediatric Basic Life Support, and Pediatric Advanced
Life Support guidelines. A pediatric “code cart” containing resuscitative drugs in
appropriate concentrations and doses, vascular access equipment including
intraosseous needles, airway equipment, and dantrolene should be regularly
stocked and maintained. It would be prudent policy to ensure providers remain up
to date with the latest updates to practice guidelines, and keep up knowledge and
skill through various educational activities includes practice drills and simulation.

INTRAOPERATIVE CARE

The intraoperative anesthetic management of pediatric patients differs from that
of adult patients for a number of reasons including differences in pharmacology,
physiology and the ability of pediatric patients to cooperate with medical
procedures. Pharmacokinetic differences are most pronounced in neonates and
infants with older children being more similar to adults. Neonates, infants and
young children have decreased protein binding, an increased proportion of total
body water, decreased fat and muscle stores and immature renal and hepatic
function compared to adults [72]. These changes have a profound effect on
pediatric dosing requirements. For instance, water-soluble drugs will require a
higher bolus dose and either decreased maintenance dose or longer dosing interval
to compensate for the changes in volume of distribution and renal clearance [73].
In addition, cardiac output, regional blood flow and receptor expression varies by
age and further impacts the appropriate dosing of drugs. Unfortunately, up to 80%
of drugs used in pediatrics have not been studied in children and dosing
recommendations are usually based on adult dosing scaled to weight, which may
not accurately predict appropriate dosing [72]. To complicate matters further,
there is concern that some anesthetics, particularly agents targeting GABA and
NMDA receptors, can have neurotoxic effects after exposure in neonates and
infants [74]. However, two recent studies have shown that single early exposures
to general anesthesia do not adversely affect neurodevelopmental outcomes after
no anesthesia or regional anesthesia [75, 76]. Young children also have markedly
different physiology compared to older children and adults. Cardiovascular and
respiratory physiologic differences are of particular importance in pediatric
anesthesia and will be discussed throughout the following sections.

Finally, pediatric patients often have limited ability to cooperate with medical
procedures, and anesthetic techniques may be modified to accommodate these
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limitations. Mask induction and deep extubation are more often performed in
pediatric patients than adults. Regional anesthetics are rarely performed in the
absence of general anesthesia. Non-invasive procedures, such as imaging studies,
which would not require sedation in an adult often require general anesthesia in
children. This section will address intraoperative anesthetic issues as they pertain
to pediatric patients as well as review anesthetic considerations for common
pediatric procedures.

Induction of Anesthesia

Anesthesia in children can be induced by either inhalation or intravenous
routes, with most children preferring a mask induction followed by
intravenous line placement after loss of consciousness. Mask inductions are
contraindicated for patients who are at risk for aspiration and those who have
medical conditions, such as malignant hyperthermia and muscular dystrophy,
which preclude the use of inhalational anesthetics [77]. Benefits of mask
inductions include patient satisfaction, the ability to maximize success for
intravenous line placement, and the ability to titrate the anesthetic while
maintaining spontaneous ventilation [78]. However, if the child has a respiratory
emergency or becomes hemodynamically unstable during induction, the
anesthesiologist will be unable to administer rescue medications or fluids until an
intravenous line is obtained.

Inhalation induction is most often performed with a combination of nitrous
oxide (N,O) and sevoflurane. In a cooperative child, induction is started with 70%
N,O in oxygen for approximately one minute until the child begins to feel the
effects of N,O. At that point, sevoflurane is added to the circuit [78]. Sevoflurane
can be added gradually in small increments or increased immediately to 8%.
Rapidly increasing to a high concentration decreases the length induction and may
increase the rate of apnea, but does not increase any other respiratory or
cardiovascular complication [79]. An exception to this is children with Down

syndrome who can have significant bradycardia with high inspired sevoflurane
concentrations [80].

As the induction proceeds, airway muscle tone decreases and the child may begin
to have obstructed breathing. Basic maneuvers, such as adjusting head position,
opening the mouth and doing a chin lift or jaw thrust, should be performed. If
obstruction continues, applying CPAP with 10-15 cm H,O is the next step. Oral
and nasal airways can be used to relieve obstruction, but if the patient is still in a
light plane of anesthesia these may trigger laryngospasm [81]. While the
intravenous line is being placed, the child should be maintained with spontaneous
or assisted ventilation on the highest level of sevoflurane and nitrous oxide that he
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will tolerate. If the child becomes apneic, the level of sevoflurane should be
decreased and ventilation controlled until spontaneous ventilation resumes. If
prolonged controlled ventilation is necessary, the anesthetic level must be
decreased to avoid giving an accidental sevoflurane overdose. Once the
intravenous line is obtained, N,O is discontinued and additional drugs, such as
propofol, fentanyl, or neuromuscular blocking agents can be given as needed in
preparation for intubation. If the induction is prolonged or mask ventilation is
difficult, gastric insufflation is likely. This can be especially problematic in
infants and small children in whom gastric distention may significantly interfere
with effective ventilation. Air should be evacuated from the stomach prior to or
after intubation to improve ventilation [81].

Intravenous inductions should be performed whenever there is an intravenous
line in place, when children are at risk for aspiration or when mask inductions are
anticipated to be difficult due to patient’s body habitus or potential for upper
airway obstruction. This method of induction is preferred for adolescent patients
who can cooperate with preoperative intravenous line placement. The drugs
available for intravenous induction include propofol, ketamine, etomidate,
fentanyl and midazolam. Indications and contraindications of these drugs are the
same as for adults and will not be reviewed here. However, special consideration
should be given to rapid sequence induction (RSI) in pediatric patients, especially
young children. The classic RSI technique includes pre-oxygenation, cricoid
pressure, muscle relaxation with succinylcholine and no positive pressure
ventilation prior to intubation. This technique is associated with hypoxemia,
bradycardia, hypotension and airway trauma in infants and young children due to
rapid desaturation without ventilation, rushed attempts at intubation and distorted
airway anatomy and decreased lower esophageal sphincter tone due to cricoid
pressure [82, 83]. An alternative modified RSI for childhood consists of pre-
oxygenation, no cricoid pressure, use of non-depolarizing muscle relaxants and
gentle ventilation prior to intubation. This technique is associated with fewer
desaturations and hemodynamic instability without any incidence of aspiration
[84]. The use of succinylcholine in this situation is also controversial.
Succinylcholine is contraindicated for use in routine airway management in
children and adolescent patients. Although patients at risk for aspiration are not
considered routine patients, some argue that with the availability of sugammadex,
rocuronium should be used in place of succinylcholine for RSI in pediatric
patients to provide rapid intubating conditions while minimizing the risks
associated with succinylcholine. However, succinylcholine still provides more
rapid intubating conditions than rocuronium and is also essential in the
management of other airway emergencies. The decision of appropriate induction
technique in this situation is left to the discretion of the anesthesiologist [85].
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Airway Management

The pediatric respiratory system has significant anatomic and physiologic
differences from adult patients that affect intraoperative airway management,
many of which resolve by late childhood. The pediatric airway is prone to
obstruction at multiple points. which can make mask ventilation difficult.
The occiput is relatively large and places the neck in flexion while lying supine.
The nasal passages and oropharyngeal space are relatively small and the tongue is
large. Adenotonsillar hypertrophy can cause progressive obstruction starting in
early childhood. The larynx in neonates is located at C2 and moves progressively
down to its normal location near C5 in childhood. The combination of a high
larynx and short jaw makes the airway appear more anterior during laryngoscopy.
However, the airway is more easily manipulated by external pressure than in
adults. The epiglottis is long, narrow and omega-shaped which can limit
visualization of the vocal cords. In addition, the vocal cords are angled
anteriorly and may make passage of an endotracheal tube difficult. If the
endotracheal tube is caught at the anterior commissure, slight rotation may allow
it to pass into the trachea [81, 83].

The respiratory system is immature at birth and matures over months to
years. The breathing pattern in infants is irregular and periodic due to immature
respiratory control, which improves over weeks to months. This can lead to severe
apneas and is also associated with abnormal responses to hypercapnia and
hypoxia. Preterm infants have an initial increase in ventilation in response to
hypoxia for approximately one minute, followed by decreased ventilation and
possibly apnea. Anesthetic drugs further impair respiratory responses. Oxygen
consumption is higher in infants than adults, which requires an increased minute
ventilation. Due to incomplete ossification of the thorax, chest wall compliance is
increased, which limits the amount of negative intrapleural pressure that can be
generated and makes infants prone to retractions and paradoxical chest wall
motion during times of distress. In addition, infant airways are highly compliant
and prone to collapse at extremes of pressure. The combination of these factors
leads to a decreased functional residual capacity (FRC). The combination of
increased alveolar ventilation and decreased FRC predisposes infants to rapid
desaturation and hypoxemia [86]. Airway resistance is increased small children
due to the small diameter of their airways, as expressed in Poiseuille’s equation.

Techniques for endotracheal intubation and placement of laryngeal mask airways
are similar to adults and will not be discussed in depth. Infants and young children
often require a shoulder roll rather than a blanket under their heads to achieve

optimal sniffing position for intubation due to their large occiputs. Appropriate
sizing of airway equipment is essential for pediatric airway management. The
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endotracheal tube size is approximated by the formula “age/4 + 4” for uncuffed
tubes for children over 2 years old. A half to one full size smaller tube should be
used for cuffed tubes. For younger children, approximate appropriate sizes of
cuffed tubes are 3.0 for newborns, 3.5 starting at 4 months old and 4.0 starting at
12 months. Previous recommendations were that uncuffed endotracheal tubes
should be used in patients under § years old. However, newer information shows
that cuffed endotracheal tubes are associated with fewer intubation attempts and a
better seal, resulting in better ventilation and oxygenation with a more reliable
end-tidal carbon dioxide tracing. This is particularly important in cases when
positive pressure ventilation is required and peak pressures may be elevated, such
as during thoracic or abdominal procedures. Importantly, there is no increase in
the rate of stridor as long as cuff pressures are monitored and kept below 20 cm
H,O [87]. Due to the short trachea length in infants, care must be taken when
securing the endotracheal tube to ensure proper endotracheal tube positioning,
particularly in cases where the patient or head may be moved intraoperatively

[13]. Appropriate weight-based sizing for laryngeal mask airways is listed in
Table 11.

Table 11. Guide for Placement of LMA and Fiberoptic Intubation [89] *The pilot balloon on cuffed tubes
will not pass through LMAs smaller than size 3. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler,
M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Guide for Placement of LM A And Fiberoptic Intubation
Body Weight (kg) | LMA ETT size ID (mm)* Fiberoptic Scope OD (mm)
<5 | 3.0 uncuffed 20
5-10 1.5 3.5 uncuffed 2.8
10-20 2 4.0-4.5 uncuffed 3.5
15-30 2.5 5.0 uncuffed 4.1
30-50 3 5.5-6.0 cuffed 5.0
50-70 4 7.0 cuffed ——
>70 5 7.5 cuffed ——

Intraoperative Airway Emergencies

The majority (53%) of intraoperative anesthesia-related adverse events in
pediatric patients are due to airway complications. Adverse events are more
likely to occur in infants, patients undergoing in ENT surgery, children requiring
intubation and ASA class 3-5 patients. Hypoxemia, bronchospasm and

laryngospasm are the most common adverse events [88]. Pediatric patients are far
more likely to have difficulty with oxygenation and ventilation than to be difficult
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to intubate. This is primarily due to an increase in functional airway obstruction,
such as laryngospasm and bronchospasm, which are not covered in adult difficult
airway algorithms [89].

Difficult Pediatric Airway

The incidence of difficult intubation in children ranges from 0.2-0.5%, although

80% of these were anticipated [90]. Predictors of difficult intubationin children
include mandibular hypoplasia, limited mouth opening, facial asymmetry
(including ear abnormalities), stridor and obstructive sleep apnea [89]. The
incidence of unanticipated difficult intubation is 0.095% in children under 16
years old, but increases to 0.24% in infants [88]. Twenty percent of pediatric
patients who are difficult to intubate have a complication related to intubation.
Transient hypoxemia is the most common complication, but cardiac arrest due to
hypoxemia occurs in 1.5% of patients. Complications are more common in
patients with an unanticipated difficult intubation [90], likely due to a lack of
personnel or alternative airway equipment to help manage the airway. Due to the

potential for significant morbidity related to pediatric airway management,
all patients with a documented or anticipated difficult airway should be

managed at a pediatric hospital with appropriate resources [89]. If a child
with a known difficult airway must be anesthetized outside of a pediatric hospital,

consideration should be given to maintaining spontaneous ventilation with a
supraglottic airway device if possible [83]. Although unanticipated difficult
airways are rare, these patients are likely to be encountered at a community
hospital and also have potential for significant complications.

Pediatric airway management can be divided into 1) effective oxygenation and
ventilation, 2) intubation and 3) airway rescue techniques (cannot ventilate,
cannot intubate scenarios). The Difficult Airway Society (DAS) has published
guidelines to address these scenarios in children (Figs. 1A - C) [91].

Unexpected difficulty with facemask ventilation in pediatric patients ranges from
2.8-6.6% [82]. As previously discussed, unanticipated difficult intubation children
carry a 20% risk of complications ranging from transient hypoxemia to cardiac
arrest. The risk factors for complications include greater than two intubation
attempts, persistent attempts at direct laryngoscopy (greater than three), patient
weight less than 10 kg and micrognathia or other abnormal findings on the airway
physical exam [90]. If initial laryngoscopy fails, intubating conditions, including
patient position, depth of anesthesia and neuromuscular blockade, should be
optimized prior to the second attempt [89]. Subsequent attempts should include a
change in intubating technique (video laryngoscopy, fiberoptic intubation or
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AP Difficult Mask Ventilation (MV) - during routine induction of
anaesthesia in a child aged 1 to 8 years
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Fig. (1A). Difficult mask ventilation. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler, M.D.,
Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.
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AP Unanticipated difficult tracheal intubation — during routine
induction of anaesthesia in a child aged 1 to 8 years
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Fig. (1B). Unanticipated difficult tracheal intubation.
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Cannot intubate and cannot ventilate (CICV) in a paralysed
anaesthetised child aged 1 to 8 years
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Fig. (1C). Cannot intubate and cannot ventilate (CICV).
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intubation through a supraglottic airway) and/or change in operator to someone
more experienced in pediatric airway management.

Guide for Placement of LMA and Fiberoptic Intubation

Different Airway Algorithms for Pediatrics

Figs. (1A - C): Guidelines for airway management in children age 1-8 published
by the DAS (difficult airway society) at http://das.uk.com/guidelines/paediatric-
difficult-airway-guidelines. Fig. A: Difficult mask ventilation. Fig. B:
Unanticipated difficult tracheal intubation. Fig. C: Cannot intubate and cannot
ventilate (CICV) [91].

Laryngospasm

Laryngospasm occurs more commonly in pediatric patients than in adults

and is the most common respiratory cause of pediatric perioperative cardiac
arrest [92]. The incidence of laryngospasm has been reported as 0.87% in the

general population, increasing to 1.74% in children under 9 years old and 2.82%
in infants under 3 months of age [93]. However, more recent studies have reported
a lower incidence, possibly due to changes in anesthetic technique [88, 94].
Approximately half of laryngospasm occurs during emergence with the remainder
divided between induction and maintenance. The time of highest risk is likely
determined by the anesthetic technique and type of airway management. Patients
with an endotracheal tube are most likely to have spasm during emergence, while
those with an LMA or face mask anesthetic are more likely to have intraoperative
spasm [94]. Patient risk factors for laryngospasm include young age, upper airway
inflammation, asthma and tobacco exposure in the home. The risk is also
increased with surgical procedures that involve the airway. Anesthetic risk factors
include the use of sevoflurane for induction, intubation without the use of muscle
relaxants and the use of invasive airways (endotracheal tubes) compared to
supraglottic airway management (LMA and face mask) [81]. Signs of
laryngospasm include respiratory effort with inspiratory stridor or absence of air
movement, inability to give positive pressure ventilation and paradoxical chest
and abdomen movement. It should be differentiated from other causes of airway
obstruction, such as bronchospasm and supraglottic obstruction, and from breath
holding. Prolonged laryngospasm can result in hypoxemia, bradycardia and
cardiac arrest during the event or post-obstructive pulmonary edema and
aspiration after resolution of laryngospasm [93].

The treatment of laryngospasm depends on the degree of airway obstruction and
hypoxemia. The first-line treatment is removal of the offending stimulus, airway
repositioning with jaw thrust and continuous positive pressure. However, if
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complete laryngospasm is present, continuous pressure may increase gastric
distention, placing the patient at risk for aspiration after resolution of
laryngospasm. Due to the potential for rapid desaturation, especially in very
young patients, pharmacologic therapy should not be delayed. Propofol at doses
of 0.25-0.8 mg/kg will successfully resolve laryngospasm in up to 80% of cases.
However, succinylcholine 0.1-3 mg/kg may be required and should be given
immediately if propofol is not successful. Succinylcholine may cause bradycardia
and is more likely to do so if the patient is already hypoxic. Atropine 0.02 mg/kg
should be given if there are concerns for bradycardia. In the absence of
intravenous access, succinylcholine 4 mg/kg can be given intramuscularly.
Intubating conditions will be obtained in 3-4 minutes, but the relief of laryngeal
spasm occurs much faster [25]. Rocuronium can be used if succinylcholine is
contraindicated, though the onset will be delayed.

Maintenance of Anesthesia

Anesthesia can be maintained with inhalational or intravenous medications.
Compared to inhalational anesthetics, maintenance with propofol may reduce the
risk of PONV and postoperative behavioral problems in children. However, there
is no difference in postoperative respiratory or cardiovascular complications or
time to discharge [95]. For most patients, either technique can be used safely, but
pharmacokinetic and pharmacodynamic differences in neonates and infants
compared to adults must be taken into account when selecting appropriate drugs
and dosing.

The induction and emergence characteristics and MAC values of volatile agents
are different in neonates and infants compared to adults. The wash-in of
inhalational agents is increased in neonates and infants due to an increased ratio of
alveolar ventilation-to-functional residual capacity, a greater fraction of cardiac
output being delivered to the vessel-rich tissue group and reduced blood and
tissue solubility of volatile agents [96]. The net effect of these changes is to speed
the induction and emergence from volatile anesthesia in infants compared to
adults. MAC values vary significantly with age. For isoflurane and desflurane,
MAC values are highest in infants and are decreased in neonates [97, 98]. For
sevoflurane, values for neonates and infants are roughly equivalent [99]. MAC
values for premature neonates have only been established for isoflurane [100]. For
all volatile agents, the MAC values stabilize in childhood before eventually
declining to adult levels. MAC values by age are listed in Table 12.

Minimum Alveolar Concentration (MAC) Values by Age

Propofol is the most commonly used drug for intravenous maintenance in
pediatric anesthesia. After intravenous administration, propofol distributes rapidly
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to vessel-rich organs, accounting for its rapid onset. The effect of a single bolus is

rapidly terminated by redistribution into the blood compartment, but the effects of

repeated boluses or continuous infusions are terminated by hepatic clearance
[101]. Neonates and infants have an increased volume of distribution and

decreased hepatic function compared to adults, which affects dosing requirements
[72]. The bolus dose (2.5-4 mg/kg) and initial infusion rates (250 mcg/kg/min) are
increased in children compared to adults. Infusion rates in infants are likely even
higher due to their increased volume of distribution. However, these increased
infusion rates prolong the context-sensitive half-time of propofol after long
infusions, which must be considered for emergence [102]. The duration of action
of even a single dose of propofol can be prolonged in neonates, so caution should
be exercised with drug re-dosing in this age group [101]. Similar pharmacologic
considerations apply to initial and repeated dosing of all intravenous agents given
to neonates and infants.

Table 12. Minimum Alveolar Concentration (MAC) Values by Age [97 - 100]. Provided by Drs. Monica
Hoagland, M.D., Tessa Mandler, M.D., Lawrence I. Schwartz, M.D., Colorado Children’s Hospital.

Minimum Alveolar Concentration (MAC) Values by Age

Age Sevoflurane Isoflurane Desflurane
Premature neonate —— 1.3-1.4% ——
Full-term neonate 3.3% 1.6% 9.2%
Infant 3.2% 1.8-1.9% 9.4-9.9%
Child 2.5% 1.6% 8.0-8.7%
Adult 1.7-2.1% 1.1-1.3% 6.0-7.3%

Neuromuscular Blockade

Neuromuscular blockade in children is affected by a number of factors including
immaturity of the neuromuscular junction, pharmacologic differences compared
to adults, and restrictions on the use of succinylcholine. The neuromuscular
junction in neonates and young infants is morphologically different from adults
due to the presence of the fetal isoform of nicotinic receptors and extra-junctional
receptors. In addition, decreased amounts of acetylcholine are released during
neuromuscular transmission. These changes make the nicotinic receptors sensitive
to non-depolarizing blockade and resistant to depolarizing blockade. The
increased cardiac output in infants increases the speed of onset of blockade, while
the increased volume of extracellular fluid contributes to the resolution of single
doses of blockade. With repeated dosing, drug metabolism becomes a more
important determinant of drug duration of action [103].
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Succinylcholine doses are increased in neonates and infants due to the resistance
of the immature neuromuscular junction to depolarizing blockade as well as the
increased volume of drug distribution. The intravenous dose required for
intubating conditions is 2 mg/kg in children and up to 3 mg/kg in infants. In the
absence of intravenous access, 4-5 mg/kg can be given intramuscularly to obtain
adequate intubating conditions in 3-4 minutes with an expected duration of 15-20
minutes. The use of succinylcholine in children is restricted to emergency airway
management due to concerns for life-threatening hyperkalemia in young patients
with undiagnosed muscular dystrophy. Additionally, succinylcholine carries a risk
for bradycardia, particularly after administration of a second dose. Administration
of atropine 20 mcg/kg IV should be considered in neonates receiving any
succinylcholine or in older patients prior to receiving a second dose of
succinylcholine [103]. Bradycardia after intramuscular administration is
uncommon.

Neonates and infants require smaller doses of non-depolarizing blockade despite
the increased volume of drug distribution because of increased sensitivity of the

neuromuscular junction to non-depolarizing blockade. The recommended doses
for non-depolarizing drugs in children are rocuronium 0.6 mg/kg, vecuronium 0.1
mg/kg and cisatracurium 0.15 mg/kg. Rocuronium 1.2 mg/kg is an alternative to
succinylcholine for rapid sequence induction. These doses should be reduced for
neonates and infants due to the increased sensitivity of the neuromuscular junction
to blockade. The duration of action of rocuronium and vecuronium can be
significantly prolonged in neonates and infants, especially after repeated dosing,
due to immature hepatic metabolism in those patients. Cisatracurium may be a
better choice for neuromuscular blockade in neonates as it undergoes spontaneous
degradation [103].

Residual postoperative neuromuscular blockade is a common problem after
pediatric anesthesia due to slow and variable spontaneous resolution of blockade.

Potential complications of residual blockade include respiratory insufficiency,
upper airway obstruction and aspiration. A peripheral nerve stimulator should be
used to assess depth of neuromuscular blockade due to poor reliability of clinical
findings [104]. For neonates and infants in whom twitch assessment is sometimes
difficult, sustained leg lift can be used as a marker of adequate neuromuscular
function [105]. The baseline activity level for infants should be noted
preoperatively and used as a benchmark for return of appropriate muscle function
postoperatively. The dose of neostigmine required to reverse a low degree of
neuromuscular blockade in children is decreased compared to adults [104]
Neostigmine 35mcg/kg and glycopyrrolate 10 mcg/kg should be given for
reversal of blockade [103]. Sugammadex is currently available for the reversal of
moderate neuromuscular blockade after rocuronium in pediatric patients with a
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dose of 2 mg/kg. Higher doses of 16 mg/kg have been used to reverse profound
block in adults, but are not currently approved for pediatric patients [104].

Analgesia

Pain in pediatric patients has historically been undertreated [106, 107]. An audit
of children’s hospitals in the United States found a 44% prevalence of moderate-
to-severe pain among patients on surgical services [108]. The consequences of
inadequate pain control are well-studied and include deleterious neuroendocrine
stress responses, disrupted eating and sleep cycles and increased pain responses to
subsequent painful procedures. There are multiple barriers to adequate pain
treatment in children. Pain assessment can be difficult, particularly among
preverbal or developmentally delayed children. Lack of provider familiarity with
weight-based dosing and pediatric pharmacokinetics as well as limitations in
pediatric research further contribute to insufficient pain control and place children
at risk for medication-related adverse effects [109]. Finally, healthcare provider
and parental fears of adverse medication effects, such as respiratory depression
and addiction, may preclude their appropriate use in pediatric patients [106, 109].
A plan for perioperative pain management should be created preoperatively
jointly between the anesthesia and surgical teams in consultation with the patient
and/or family members to adequately address these issues. As in adults,
multimodal pain therapy, which may include non-opioid analgesics, opioid
medications and regional anesthetic techniques, provides optimal perioperative

pain control [106, 107].

Pain Medications

Non-opioid analgesics, most commonly acetaminophen and non-steroidal anti-
inflammatory drugs (NSAIDs), provide dose-dependent analgesia and decrease
opioid requirements [108, 109]. However, they also have a ceiling effect which
limits their effectiveness in treating severe pain. As such, they can be used as the
sole treatment for mild postoperative pain and should be used as scheduled
adjuncts for the treatment of moderate-to-severe pain unless contraindicated by
the patient’s age or medical comorbidities [109, 110]. When used for moderate-t-
-severe pain, around-the-clock dosing at fixed intervals is recommended [106].

Acetaminophen can be given intraoperatively by intravenous or rectal routes. The
rectal absorption of acetaminophen is slow and variable and suppositories vary in
composition and bioavailability, making dosing unpredictable [109, 111]. This
route has fallen out of favor as intravenous acetaminophen has become more
readily available. Intravenous administration results in higher serum
concentrations, which may increase analgesic potency, compared to oral
administration. The onset of analgesia begins within 15 minutes, though the time
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to peak analgesia may still be 1-2 hours after administration [109, 111]. When
administering acetaminophen to children by any route, caution must be taken not
to exceed maximum daily dose recommendations, which would place children at
risk for hepatotoxicity. This is especially important in the postoperative period
when patients may be prescribed oral opioid-acetaminophen combination pills,
and should be stressed to parents prior to discharge [109]. Due to pharmacokinetic
differences, neonates and small infants have a lower allowable daily dose of
acetaminophen compared to older children and may require smaller doses and/or
increased dosing intervals to maintain therapeutic drug levels (Table 13) [109,
112].

Dose Recommendations for Acetaminophen by Age

Table 13. Dose Recommendations for Acetaminophen by Age. Provided by Drs. Monica Hoagland, M.D.,
Tessa Mandler, M.D., Lawrence I. Schwartz, M.D., Colorado Children’s Hospital.

Dose Recommendations for Acetaminophen by Age
Maximum Oral Rectal Intravenous
Daily Dose
Neonate 28-32 40mg/kg 10-15mg/kg 15mg/kg 7.5-10mg/kg
weeks PCA every 12hours every 12hours every 6-8hours
Neonate 32-36 60mg/kg 10-15mg/kg 20mg/kg 7.5-10mg/kg
weeks PCA every 8hours every 12hours every 6hours
Full term 60mg/kg 10-15mg/kg 20mg/kg 15mg/kg every
neonate — every 6-8hours every 12hours 6hours
3months
>3months 75mg/kg 10-15mg/kg 20mg/kg 15mg/kg every
every 4-6hours every 6ours 6hours
Maximum Dose | 4000mg 650-1000mg —— 1000mg every
every 4-6hours 6hours

PCA = postconceptual age.

The manufacturer guidelines for intravenous acetaminophen suggest a dose of 7.5
mg/kg every 6 hours in infants weighing <10 kg. However, pharmacokinetic
studies indicate than 10 mg/kg is a more appropriate dose. Caution should be used
when administering intravenous acetaminophen, which is supplied as 10 mg/ml,
as 10-fold dosing errors have been reported in pediatric literature. Some dosing
guidelines also recommend a loading dose of 20 mg/kg PO or 20-30 mg/kg PR
prior to maintenance dosing [108 - 112].

Due to an increased risk of bleeding events, ketorolac should not be used in
patients undergoing tonsillectomy [109]. Less commonly, NSAIDs may cause

bronchospasm in children with asthma or other atopic symptoms and impair bone
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healing [109, 111]. NSAIDs are generally not recommended for infants less than
6 months old, though some data do support the safe administration of ketorolac
for young infants. However, neonates have decreased clearance of ketorolac with
increased risk of bleeding events and should not routinely receive NSAIDs [110,
112]. Common perioperative NSAID doses are intravenous ketorolac 0.5 mg/kg
(maximum 30 mg) every 6 hours and oral ibuprofen 6-10 mg/kg (maximum 600
mg) every 6 hours [109].

Other non-opioid analgesics used in pediatric pain management include
benzodiazepines, ketamine and dexmedetomidine. Benzodiazepines, especially
diazepam, can be helpful for treating muscle spasm, especially after orthopedic
procedures or in cognitively impaired children who may have spasm or clonus at
baseline [109]. In addition, the sedative effect of benzodiazepines may be helpful
in treating the behavioral or emotional issues that often play a large role in
pediatric pain [107, 110]. Intraoperative ketamine administration is associated
with decreased pain scores and non-opioid analgesic use in the PACU. However,
these benefits do not persist in the early postoperative period (6-24 hours) and an
opioid-sparing effect has not been shown in children [113]. Caution should be
exercised when using ketamine in neonates due to potential for neurotoxicity
[108]. Studies of intraoperative dexmedetomidine use have shown decreased
postoperative pain and rates of opioid use, but no reduction in total opioid
consumption. Further studies regarding safety and hemodynamic side effects may
be required [114].

Opioid analgesics are the mainstay of treatment for moderate-to-severe
postoperative pain and have been well-studied for systemic and neuraxial
administration in all age groups. Morphine is the most commonly used
intravenous opioid with the greatest experience in children. Despite its excellent
track record, morphine may not be well tolerated in children with hemodynamic
instability, due to histamine-induced vasodilation, and should not be used in
children with renal failure, due to the potential for accumulation of toxic
metabolites. Fentanyl is also well-studied in the pediatric population and has the
benefit of hemodynamic stability and shorter duration of action. Hydromorphone
is less well studied in the pediatric population, but is still often used
perioperatively. Although codeine has been commonly used for pediatric patients,
it is no longer recommended for routine use due to safety and efficacy concerns
[115]. Codeine is a prodrug that must be converted to its active metabolite,
morphine, by the cytochrome P450 system. Unfortunately, significant variation in
the activity of this enzyme exists between patients. Up to 30% of patients do not
receive any analgesic effect from codeine. More importantly, a small number are
at risk for overdose due to increased drug metabolism [109, 115].
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Opioid dosing recommendations for oral and intravenous routes are presented in
Table 14. The clearance of morphine and fentanyl is significantly reduced in the
neonatal period, resulting in a prolonged half-life for these drugs. Drug clearance
increases with gestational age, reaching adult levels by approximately one month
in full-term infants [111, 112]. In addition, neonates and infants less than six
months of age are at increased risk for opioid-induced respiratory depression due
to immature respiratory responses to airway obstruction, hypoxia and hypercapnia
[109]. Due to these concerns, opioid doses should be reduced for neonates and
infants less than six months of age. Young infants receiving opioids should be
carefully monitored for respiratory depression and should be cared for in a setting
where rapid airway intervention is possible [109, 112].

Table 14. Systemic Opioid Dosing Guidelines. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler,
M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

Systemic Opioid Dosing Guidelines

Potency Relative Oral Dose Intravenous Dose
to Morphine
Morphine 1 0.3mg/kg every Bolus: 0.1mg/kg
3-4hours every 2-4hours
Infusion: 10-40mcg/kg/hr
Hydromorphone 5-7 40-80mcg/kg Bolus: 20mcg/kg
every 3-4hours every 2-4hours
Infusion: 2-8mcg/kg/hr
Fentanyl 50-100 N/A Bolus: 0.5-1mcg/kg

every 1-2hours
Infusion: 0.5-2mcg/kg/hr

Remifentanil 50-100 N/A Bolus: 0.1-1mcg/kg
Infusion: 0.05-4mcg/kg/min
Oxycodone 1-1.5 0.1-0.2mg/kg N/A
every 4-6hours
Hydrocodone 1-1.5 0.1-0.2mg/kg N/A

every 4-6hours

Suggested doses should be reduced by 25% for infants under 6 months of age.
Opioids may be administered by continuous infusion intra- or post-operatively.
Continuous infusion may be used postoperatively as an alternative to PCA dosing
in patients who are unable to use PCA. Potential exists for significant drug
accumulation, sedation and respiratory depression. Patients receiving continuous
opioids must be adequately monitored, likely requiring ICU-level care [108, 109,
111].
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Regional Analgesia

Regional analgesia can play a critical role in pain management by reducing the
need for systemic analgesic medications and attenuating the intraoperative stress
response. This is particularly helpful in children at risk for respiratory depression,
including neonates and small infants and patients with airway abnormalities,
chronic lung disease or abnormal central respiratory control. There are, however,
significant differences from adult regional anesthesia which must be addressed.
These include differences in local anesthetic metabolism, the performance of
nerve blocks while under general anesthesia and different approaches to neuraxial
anesthesia.

The potential for local anesthetic toxicity is increased in small infants and
neonates due to their low body weight and pharmacokinetic differences compared
to adults. Neonates have immature cytochrome P450 systems, which are
necessary for metabolism of amide local anesthetics. In addition, they have
decreased plasma proteins compared to adults, which increases the free fraction of
amide local anesthetics in circulation. Although single doses of amide anesthetics
can be used safely, the potential exists for significant drug accumulation with
repeated doses or continuous infusions, with subsequent development of toxicity.
It 1s recommended that the bolus and infusion doses of amide anesthetics be
reduced by 30% for infants less than 6 months of age to decrease the risk for
toxicity.

Local anesthetic systemic toxicity (ILAST) is a significant concern in small

children, as it can occur after administration of small volumes of local anesthetics.
In addition, prodromal symptoms, such as circumoral paresthesia, dizziness, and
visual and auditory disturbances may not be apparent in children who are too
young to report such symptoms or who are anesthetized. Objective signs, such as
CNS excitation or depression, seizures, respiratory depression or arrest and
cardiovascular findings (hypotension, bradycardia, dysrhythmias, ischemia and
arrest), may be the first signs of LAST in anesthetized children [116]. A test dose
of local anesthetic containing epinephrine 5 mcg/ml has been advocated for use as
an indicator of intravascular local anesthetic injection. An epinephrine dose of 0.5
mcg/kg (maximum 15 mcg) should produce EKG changes (peaked T waves and
ST elevation), an increase in heart rate by 10% and a transient increase in systolic
blood pressure when given intravascularly. However, these findings are not
always reliable in anesthetized children and false negative results can occur [116,
117]. A test dose of local anesthetic is not required, but should be given at the
discretion of the anesthesiologist. Any modification of T waves or heart rate
within 30-90 seconds should be considered a sign of accidental intravascular
injection until proven otherwise. However, given the high rate of false negative
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test doses, all subsequent local anesthetic injections should be preceded by
catheter aspiration and given slowly in doses of 0.1-0.2 ml/kg with observation
for signs of intravascular injection [117].

Approximately 95% of regional anesthetic blocks in children are performed under
general anesthesia due to lack of patient cooperation in awake or mildly sedated
children. The rates of regional blockade under general anesthesia are slightly
lower in neonates, who have the highest rates of awake blocks (spinal anesthesia),
and children over 10 years old who have the highest rates of blocks performed
under sedation [118]. The most recent guidelines released by the American and
European Societies for Regional Anesthesia state that the performance of
pediatric regional anesthesia under general anesthesia or deep sedation is
associated with acceptable safety and should be viewed as the standard of care.
Although the overall complication rate is very low and no cases of paralysis have
been reported, in the event of an unexpected outcome such as prolonged motor
blockade, a high index of suspicion for neurological injury is warranted and
appropriate diagnostic and therapeutic measures should be immediately
performed [117].

Neuraxial techniques have historically been used more commonly than peripheral
nerve blockade in children. However, there has recently been a trend towards

increasing use of peripheral nerve blockade in pediatrics, likely due to the
common use of ultrasound-guided techniques [119]. The techniques used and
indications for peripheral nerve blockade in children are similar to adults and will
not be reviewed in this chapter.

Neuraxial analgesia in neonates and infants differs from older children and adults
for a number of reasons. The conus medullaris ends at L3 in neonates and ascends
to the adult position of L1 by one year of age. Lumbar puncture should therefore
only be attempted at the L4-5 or L5-S1 interspace. Infants and young children
have a greater volume of cerebrospinal fluid per kilogram body weight with a
higher rate of turnover compared to older children and adults. Intrathecal
analgesia will therefore require higher doses of local anesthetic and have a shorter
duration of action than in adults. Neuraxial anesthesia in infants and small
children is associated with a greater degree of hemodynamic stability than in older
children and adults. This is due to multiple factors including a preserved heart
rate, lack of resting sympathetic peripheral vascular tone and a small venous
capacitance in the lower extremities, all of which minimize the hypotension
associated with sympathectomy and peripheral vasodilation. An extreme example
of this is total spinal anesthesia in a neonate, which is characterized by apnea
without a change in blood pressure [116].
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The most common regional block in pediatric patients is a single-injection caudal
block, accounting for 40% of regional anesthetics in pediatric patients. The
overwhelming majority of these blocks are performed in children under three
years old [120]. A single dose of 1 ml/kg of local anesthetic can produce a T4-6
sensory level and will reliably provide analgesia for infra-umbilical procedures,
such as inguinal hernia repair, orchiopexy and extensive penile procedures, and
for lower extremity procedures, such as clubfoot repair.

Common neuraxial medications include local anesthetics and adjuvants (opioids
and clonidine) that may be added to enhance blockade. Recommended doses of
these drugs are listed in Table 15. Bupivacaine and ropivacaine are the most
commonly used medications for neuraxial blockade, although chloroprocaine is
the anesthetic of choice for neonates receiving continuous epidural analgesia.
Bupivacaine 0.125-0.175% and ropivacaine 0.1-0.2% are commonly used for
bolus dosing, but bupivacaine 0.25% can also be used if motor block is not a
concern [109]. The local anesthetic concentrations and dose ranges for epidural
infusion are listed in Table 15.

Epidural Dosing Guidelines

Table 15. Epidural Dosing Guidelines. *The dose of bupivacaine should be decreased by 30% for infants less
than 6 months of age. The rate of chloroprocaine infusion should be adjusted to deliver a volume of 0.2-0.8
ml/kg/hr [109, 116]. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz,
M.D., Colorado Children’s Hospital.

Epidural Dosing Guidelines ) CHILOREN'S HOS

Bolus Maximum Infusion Dose

Concentration | Dose Concentration Range
Bupivacaine 0.125-0.25% 2.5mg/kg* 0.1% 0.2-0.4mg/kg/hr
Ropivacaine 0.1-0.2% 2.5mg/kg 0.1-0.2% 0.2-0.5mg/kg/hr
Chloroprocaine —— —— 1-1.5% 2-10mg/kg/hr
Fentanyl —— —— 2-3mcg/ml 0.3-1mcg/kg/hr
Hydromorphone | —— —— 3-7mcg/ml 1-2.5mcg/kg/hr
Morphine —— —— 5-10mcg/ml 1-5mcg/kg/hr
Clonidine —— 0.5-1mcg/kg 0.5-1mcg/ml 0.1-0.5mcg/kg/hr

Fluid Management

The goal for intraoperative fluid management is to maintain adequate circulating
volume with normal hematocrit, glucose and electrolyte levels. Pediatric fluid
management, particularly in neonates and small infants, is affected by differences
in circulating blood volume, hematocrit and glucose requirements compared to
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adults [121]. The circulating blood volume per kilogram of body weight is highest
in premature neonates and declines with age. The blood volume is approximately
100 ml/kg for premature neonates, 90 ml/kg for full-term neonates, 80 ml/kg for
infants, 75 ml/kg for children and 70 ml/kg for adults [53]. Neonates have an
elevated hemoglobin of 17 g/dL, composed mostly of hemoglobin F, to
compensate for low intrauterine oxygen tension. After the neonatal period, infants
experience a physiologic anemia as hemoglobin F concentrations decline and
hemoglobin A concentrations increase. Full-term infants reach a nadir of 9-11
g/dL at 8-12 weeks of age, while premature infants have a nadir of 7-9 g/dL at 3-6
weeks. Hemoglobin values reach approximately adult levels by one year of age
[54].

Fasting, surgical stress and anesthesia have significant effects on glucose
homeostasis in the perioperative period. Neonates and small infants have a higher
metabolic rate and glucose consumption compared to adults, but also have limited
energy reserves, making them prone to hypoglycemia with prolonged fasting
[122]. Glucose levels tend to rise intraoperatively due to the hormonal stress
response combined with decreased energy requirements under anesthesia [123,
124]. Neuraxial analgesia significantly decreases the hormonal stress response
and may blunt the expected rise in glucose concentrations [125]. Hypoglycemia in
healthy, fasting children presenting for surgery is rare and the incidence has
decreased with the use of more liberal fasting guidelines [126, 127]. However,
neonates and small infants require intraoperative glucose administration.
Particularly high-risk patients are those who are premature or small-fo-
-gestational age, less than 48 hours old, undergoing long procedures, receiving
glucose-containing solutions preoperatively or who have a neuraxial block [125,
128].

The maintenance fluid requirement in pediatric patients is estimated by the “4-
2-1” rule. Patients should receive 4 ml/kg/hour for the first 10 kg, 2 ml/kg/hour
for every kilogram from 10-20 kg and 1 ml/kg/hour for every kilogram above 20
kg [129]. Although it is common for pediatric patients to be given hypotonic
fluids, this carries an unnecessary risk for iatrogenic hyponatremia and should be
avoided [127]. Maintenance fluids should be isotonic with dextrose if required
due to the patient’s age or metabolic concerns. Administration of 5% dextrose
infusions at maintenance rates to infants and young children causes perioperative
hyperglycemia. To maintain euglycemia, the dextrose concentration can be
decreased to 1-2.5% or 5% dextrose can be administered at half the maintenance
rate [126, 130]. 10% dextrose infusions are commonly used preoperatively for
neonatal patients due to their increased metabolic requirements. These infusions
can be continued intraoperatively at a lower rate (1-3 ml/kg/hour) to maintain

euglycemia. Separate non-glucose containing fluids should be used to replace the
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fasting deficit and intraoperative losses. The decision to transfuse blood products
is based on the patient’s estimated blood loss, circulating blood volume and age-
based target hemoglobin levels.

Emergence

At the conclusion of surgery, airway devices may be removed while patients are
still deeply anesthetized or after emergence from anesthesia. Criteria for awake
extubation are the same as in adults. Patients must have adequate ventilation and
oxygenation as well as return of laryngeal reflexes and return to baseline
consciousness, which may include eye opening, facial grimacing and purposeful
movements. If a deep extubation is performed, the airway device is removed
while the patient is breathing spontaneously, but still in a surgical plane of
anesthesia with depressed airway reflexes [131, 132]. Patients who are at risk for
aspiration and central respiratory depression and those with known or suspected
difficult airways are not candidates for deep extubation. However, deep
extubation may be beneficial for patients with upper airway irritation due to
poorly controlled asthma or upper respiratory infection [131]. In addition,
prevention of coughing during extubation is beneficial for surgical hemostasis in
some cases. Patients who are extubated while anesthetized must be closely
monitored, either by an anesthesiologist or dedicated PACU staff trained in basic
pediatric airway management skills, until they have regained consciousness and
control of airway reflexes [131]. This may require additional operating room time
after extubation or an adjustment of PACU staffing assignments to accommodate
safe patient recovery. These needs should be considered when deciding the
appropriate time for extubation. Patients who are extubated while deeply
anesthetized may have increased rates of airway obstruction relieved with airway
maneuvers, while those extubated awake have increased coughing or hoarse voice
[132]. However, in appropriately managed pediatric patients, the rates of major
respiratory adverse events, including desaturation with oxygen requirement,
laryngospasm and invasive airway management, are not different between the two
groups [131 - 133]. During transport and on arrival to the PACU, care should be
taken to minimize movement and stimulation of the patient until emergence is
complete.

The timing of LMA removal remains controversial, with different studies showing
mixed results. A meta-analysis for anesthetized versus awake LMA removal
showed that coughing is more common when the LMA is removed awake, while
airway obstruction is more common when the LMA is removed while the patient
is still anesthetized. However, more serious complications, such as laryngospasm
or desaturation are not different between the two groups [134] Therefore, timing
of LMA removal should be at the discretion of the anesthesiologist.
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COMMON  PEDIATRIC SURGERIES MYRINGOTOMY AND
TYMPANOSTOMY TUBE INSERTION

Otitis media with effusion is a common childhood condition. Up to 90% of
children will have at least one episode of otitis media by 10 years old and up to
30-40% will have recurrent episodes, which can impact hearing and speech.
Surgical treatment of otitis media decreases time with effusion and improves
hearing in the short term compared to watchful waiting [135]. Myringotomy with
or without insertion of tympanostomy tubes is one of the most commonly
performed pediatric surgical procedures.

Myringotomy with tube insertion is a short procedure, usually lasting 10-15
minutes. Because of this, the procedure is usually performed with anesthesia by
facemask alone with no invasive airway or intravenous access obtained, unless
indicated by the child’s other medical conditions. Chronic otitis media is often
associated with rhinorrhea and recurrent upper respiratory infections. These
conditions improve after surgical treatment for otitis. Surgery should therefore not
be cancelled for these symptoms unless they are severe or worsened from the
patient’s baseline. Care should be taken to provide an adequate depth of
anesthesia during surgical stimulation to avoid laryngospasm and bronchospasm.
Anesthesia is maintained with sevoflurane with or without nitrous oxide and the
patient is either breathing spontaneously or with assisted ventilation by bag mask.
Care should be taken to keep the patient’s head complete immobile during
facemask ventilation, especially while the surgeon has sharp implements in the
patient’s ear. Despite the short duration of the procedure, the rates of
postoperative pain and emergence agitation can be quite high when the anesthetic
is sevoflurane alone [136]. Intranasal fentanyl 1-2 mcg/kg is the most commonly
used analgesic regimen, though adding intramuscular ketorolac 0.5 mg/kg may
give additional benefit to fentanyl alone [136, 137]. Intranasal dexmedetomidine
does not provide any clinical benefit over fentanyl and is associated with
increased PACU stays [138, 139]. Preoperative midazolam is associated with
worse PACU outcomes, likely due to the long duration of drug effect relative to
the short procedure duration [138]. Intravenous and intramuscular morphine 0.1
mg/kg have comparable outcomes to intranasal fentanyl [140]. When
administering intranasal drugs, care should be taken to minimize the total volume
and administer the drug slowly to prevent large volumes of fluid from passing
through the nasopharynx and onto the vocal cords where they can cause irritation,
laryngospasm and desaturation [140]. Pain control in the PACU usually consists
of oral acetaminophen only.
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Tonsillectomy and Adenoidectomy

Tonsillectomy and adenoidectomy are among the most commonly performed
pediatric surgical procedures. The majority of surgeries are performed in the
outpatient setting with a bimodal age distribution in early childhood (5-8 years
old) and early adulthood (17-21 years old). The most common indications are
sleep disordered breathing (SDB) and recurrent tonsillitis [141]. SDB
encompasses a spectrum of breathing disorders ranging from primary snoring to
obstructive sleep apnea (OSA). The prevalence of OSA in children is 1-3% in all
age groups, with a peak prevalence at 3-6 years of age [142]. However, most
children are not screened with a sleep study due to the cost, time and limited
availability of this test. Therefore, clinical criteria, such as the STBUR (Snoring,
Trouble Breathing, Unrefreshed) questionnaire (Table 16), are often used to
preoperatively identify children at risk for breathing disorders. Children with
SDB, defined as a STBUR score >3, are at increased risk for perioperative
respiratory adverse events (PRAE) and opioid-related adverse events (ORAE)
[143].

The STBUR Questionnaire

Table 16. The STBUR Questionnaire [143]. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler,
M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

The STBUR Questionnaire

* While sleeping, does your child snore more than half the time?

* While sleeping, does your child snore loudly?

* While sleeping, does your child have trouble breathing or struggle to breathe?

*Have you ever seen your child stop breathing during the night?

*Does your child wake up feeling unrefreshed (not well rested) in the morning?

Respiratory complications are common after tonsillectomy and adenoidectomy.
Minor complications, such as hypoxemia and persistent oxygen requirement,
occur in 10-30% of patients. Major complications, including airway obstruction
requiring reinstrumentation, positive pressure ventilation and pharmacologic
intervention, occur in 5-20% of patients [133]. Respiratory complications occur
more often in children with OSA, those younger than 2 years old and those with
medical comorbidities. If a sleep study is done, an AHI >5 events per hour and
nocturnal desaturations <80% are associated with an increased risk [142].
Specifically, children with OSA undergoing adenotonsillectomy are more likely
to have supraglottic obstruction, breath holding and desaturation on induction and
emergence and are more likely to require medical intervention for airway
obstruction in the PACU than those without OSA [144]. Despite tonsil removal,
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children remain at risk for airway obstruction for months after surgery and those
with severe OSA can have numerous episodes of airway obstruction and
desaturations on the first night after surgery [142]. These risks should be
considered when selecting appropriate patients for ambulatory surgery. Although
protocols differ by institution, children under 2-3 years old and those with

significant OSA or medical comorbidities are not generally offered outpatient
surgery for adenotonsillectomy.

The majority of patients undergoing tonsillectomy are managed with an
endotracheal tube, although there is some evidence for the safe management of
patients with a laryngeal mask airway. The endotracheal tube can be removed
while the patient is deeply anesthetized or after return of airway reflexes. Either
option can be used safely in children undergoing tonsillectomy, though
consideration should be given to the patient’s degree of OSA, ease of mask
ventilation and intubation, other medical comorbidities and the ability to monitor
for and manage airway complications in the PACU [132, 133]. The risk for
laryngospasm after extubation can be decreased by administering topical lidocaine
to the vocal cords during intubation or giving intravenous lidocaine or propofol
prior to extubation [145, 146]. The flexible reinforced LMA has been increasingly
used for tonsillectomy procedures, especially in Europe. Use of an LMA is
associated with decreased airway irritation, especially in patients with URIs, and
decreased hemodynamic disturbance on induction, with adequate airway
protection from the blood and secretions associated with this procedure [147].
Concerns regarding adequate surgical access, kinking or displacement of LMA
leading to difficult ventilation and oxygenation, and intraoperative laryngospasm
are persistent, but some studies have shown the outcomes between endotracheal
tubes and LMAs to be comparable [148]. The success of this technique is highly
dependent on anesthesiologist and surgeon comfort and endotracheal intubation is
still the most common means of airway management.

Patients recovering from tonsillectomy can have significant pain, including
surgical site pain, dysphagia, referred otalgia and neck pain for 1-2 weeks
postoperatively [149]. There is mixed data regarding the effect of surgical
resection technique on postoperative pain and there is no evidence that
administering local anesthetic at the surgical site improves postoperative pain
[149, 150]. Acetaminophen is the mainstay of analgesia after tonsillectomy and
should be used routinely [149]. NSAIDs are equianalgesic to opioids and are
associated with decreased emesis after tonsillectomy [151, 152]. However,
NSAIDs are typically avoided in the immediate perioperative period due to
concerns for an increased risk of bleeding from platelet dysfunction.

Opioid medications are often required for postoperative analgesia, but should be
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used cautiously given the high incidence of SDB in this patient population.
Children with severe OSA are at increased risk for opioid-related adverse events
(ORAE), including oxygen desaturation, over-sedation, use of supplemental
oxygen and naloxone, and escalation of care [143]. This is due to a combination
of diminished responsiveness to hypercarbia, which impairs their ability to arouse
from over-sedation, as well as increased sensitivity to the analgesic effect of
opioids [143, 153]. Children with OSA and chronic recurrent hypoxemia require
half the total morphine dose to obtain the same degree of postoperative analgesia
after adenotonsillectomy compared to children with OSA who do not have
hypoxemia [153]. Therefore, children with OSA, and specifically those with
nocturnal hypoxia, should receive a decreased opioid dose compared to those
without OSA. One method is to give intraoperative opioids in small incremental
doses up to a standard morphine dose of 0.05-0.1 mg/kg, titrated to the patient’s
respiratory pattern [142]. Children under 4-5 years old are usually not prescribed
opioids after hospital discharge.

Postoperative vomiting (POV) can occur in more than 70% of children
underdoing tonsillectomy without antiemetic prophylaxis and is the most common
cause of delayed discharge or unscheduled overnight admission after
tonsillectomy. Therefore, antiemetic prophylaxis should be routinely administered
to these patients. Dual therapy with dexamethasone and a 5-HT, antagonist is the
most effective prophylaxis for POV after tonsillectomy [154]. In addition to its
antiemetic effect, dexamethasone reduces pain scores and improves the quality of
oral intake for the first 24 hours after tonsillectomy and is associated with a
delayed time to first analgesic requirement postoperatively [155].

Postoperative _hemorrhage is the most common severe complication after
tonsillectomy, occurring in 0.3-1% of patients. Primary hemorrhage occurs within

the first 24 hours and is likely related to surgical technique. Secondary
hemorrhage is due to disruption of the eschar, most commonly occurring on
postoperative day 6-7 [149]. It is impossible to quantify the amount of
preoperative blood loss from post-tonsillectomy hemorrhage due to the large
amount of blood that is swallowed. As such, patients may be profoundly
hypovolemic or anemic on presentation with an increased risk for aspiration
[156]. Patients are most commonly managed with rapid sequence induction. Care
should be taken not to dislodge any clot that is present during intubation and an
extra suction set-up should be available in case of significant bleeding. Gastric
contents should be aspirated after induction and the patient should be extubated
awake to further decrease aspiration risk [157]. The most common adverse events
are hypoxemia, bradycardia and hypotension. In a review, 2.7% of patients were
difficult to intubate due to airway conditions, although none of these patients had
difficult airways for their initial tonsillectomy [156].
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Foreign Body Ingestion and Aspiration

Foreign body ingestion and aspiration are common events among children. Up to
75% of foreign body ingestions occur in children under 5 years old and the peak

age group for foreign body aspiration is 1-2 years old [158, 159]. Ninety-eight
percent of accidental ingestions of objects commonly found in the home [158§].
Younger children are more likely to aspirate food products, while older children
aspirate non-organic products. Aspiration events carry a high rate of morbidity
and mortality, especially in children under 3 years old [159]. Many ingestions are
not witnessed and children may not present with a clear history of choking or
gagging. Presenting symptoms after ingestion include chest or abdominal pain,
drooling, fussiness, fever, feeding refusal, stridor, wheezing, recurrent pneumonia
and respiratory distress, or children may be asymptomatic [158, 159]. In the event
of an unwitnessed ingestion, the diagnosis may be delayed for weeks due to the
non-specific nature of symptoms [159]. Children with a suspected foreign body
ingestion will have radiographs performed as part of their evaluation. Radio-
opaque objects can be visualized and, possibly, identified. Button batteries can be
differentiated from coins based on “double halo” and “step-off” signs, although
these findings are not always reliable [158]. This differentiation has important
implications for the urgency of intervention, but if there is any doubt, the object
should be assumed to be a button battery and treated as such. Radiolucent objects
will not be visualized, but signs of air trapping and atelectasis can indicate the
presence of an airway foreign body [159].

The acute management of aspirated foreign bodies begins with appropriate
pediatric basic life support. Children who are able to cough and make sounds
should be allowed to clear the object on their own, while those with severe
airwayobstruction should receive subdiaphragmatic abdominal thrusts or back
blows and chest thrusts depending on age. Rigid bronchoscopy is the gold
standard for diagnosis and treatment and should be performed as soon as the
diagnosis of an airway foreign body is considered. Constant communication
between the anesthesia and surgical teams is essential as the patient will have an
unprotected airway shared between the two teams for the duration of the
procedure [159]. Anesthesia can be induced by the inhalational or intravenous
route. Patients are unlikely to be appropriately fasted for their procedure, raising
concerns for intraoperative aspiration of gastric contents. For clinically stable
patients with a foreign body in the distal airways, it may be appropriate to wait
until the child is appropriately NPO prior to proceeding. However, patients with
proximal airway obstruction or suspected aspiration of foreign bodies that are
likely to cause significant airway inflammation (for instance, peanuts) require
emergent treatment. The anesthesiologist may choose to perform a rapid sequence
induction with intubation and gastric suctioning to decrease aspiration risk [159].
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However, this may not be possible depending on the position of the foreign body
and the endotracheal tube will have to be removed for the procedure, so this is not
commonly done. Both spontaneous and controlled ventilation with a muscle
relaxant can be used during this procedure. Spontaneous ventilation allows
continuous ventilation during all stages of the procedure, but it can be difficult to
maintain adequate depth of anesthesia to prevent laryngospasm and patient
motion while also maintaining adequate respiratory drive. Controlled ventilation
with muscle relaxants requires ventilation through the side-port of the
bronchoscope. This is only possible while the bronchoscope is in the airway, so
there may be prolonged periods of apnea during the case. In addition, positive
pressure ventilation may push the foreign body more distally in the airway or
increase the risk of ball-valve hyperinflation distal to the foreign body. Benefits of
controlled ventilation include facilitation of foreign body removal in an
immobilized airway and ease of maintaining an appropriate anesthetic level.
Controlled ventilation decreases the rate of laryngospasm and patient movement
and slightly decreases operative time, but there are no differences in the incidence
of desaturation, laryngeal edema or anesthesia recovery time [160]. A variety of
maintenance regimens including TIVA, sevoflurane or a combination of the two
can be used. Maintenance with a volatile agent will result in operating room
contamination and surgeon exposure to anesthetic agents. A combination of
propofol and sevoflurane was found to have a lower incidence of adverse events
(cough, breath holding, desaturation, broncho- or laryngospasm) compared to
propofol and remifentanil, but outcomes such as duration of procedure, ventilation
and success of foreign body removal were not different between the two groups
[161]. Opioid administration is helpful to blunt the response to surgical
stimulation of the airway, but care must be taken not to induce apnea in patients
being managed with spontaneous ventilation. The choice for spontaneous versus
controlled ventilation and intravenous versus inhalational maintenance ultimately
depends on anesthesiologist and surgeon preference as well as institutional
protocol.

The supraglottic and glottic structures should be anesthetized with topical
lidocaine prior to beginning instrumentation of the airway. This will provide
anesthesia during the procedure and will also allow an assessment of the depth of
systemic anesthesia prior to surgical instrumentation. End-tidal carbon dioxide
will not be reliably detected due to the lack of a controlled airway. Ventilation
should be continuously monitored by chest rise, auscultation of breath sounds
with a precordial stethoscope, visualization of vocal cord motion during
bronchoscopy and oxygen saturation. Emergency drugs, including
succinylcholine, atropine and albuterol, as well as airway equipment must be
available for the treatment of desaturations, laryngospasm and bronchospasm. If
the foreign body is lost during retrieval and obstructs the subglottis or trachea, it
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should be pushed distally into a mainstem bronchus to allow ventilation of the
contralateral lung before the next attempt at removal. Patients with a delayed
diagnosis of airway foreign body may have significant airway inflammation or
pneumonia at the time of removal and may require close postoperative monitoring

for pulmonary compromise. Dexamethasone may be administered perioperatively
at the request of the surgeon to decrease airway inflammation [159].

The management of foreign body ingestions depends on the type of object
ingested, location within the gastrointestinal tract, presenting symptoms and size
of the child. The majority of ingested foreign bodies are removed urgently (within
24-hour of presentation). Emergent removal (less than 2 hours) is indicated for
patients with symptomatic foreign bodies, including inability to manage oral
secretions, respiratory distress or signs of perforation. Emergent removal is also
indicated for all esophageal and most gastric button batteries due to their high
morbidity and mortality. The external electrolytic current created by the battery
creates a caustic alkaline environment that causes tissue injury beginning within
15 minutes of exposure. These ingestions can be associated with esophageal
perforation or stricture, tracheoesophageal fistula, mediastinitis, pneumothorax
and aortoesophageal fistula with the potential for catastrophic GI bleeding.
Magnet ingestion must also be treated emergently when multiple magnets are
ingested, as these can create entero-enteric fistulae or bowel perforations when
magnets in adjacent loops of small bowel are attracted to each other. Gastric coins
and asymptomatic gastric button batteries in children over S-years old can be
allowed to pass on their own. If the foreign body is not moving on serial imaging,
elective removal is indicated [158]. Esophageal and gastrointestinal foreign
bodies are often removed endoscopically by gastroenterologists. However, if
endoscopic removal is unsuccessful or there are concerns for other injuries such as
bowel perforation or esophageal erosion with damage to surrounding structures,
pediatric surgeons are likely to be required.

Patients with esophageal or gastric foreign bodies who require endoscopic
removal usually require rapid sequence induction with placement of an
endotracheal tube. This is especially important for patients who are unable to
manage their oral secretions or patients who failed an oral challenge prior to
presenting for foreign body removal. For uncomplicated extractions,
postoperative pain is minimal, generally requiring only fentanyl, acetaminophen
and/or ketorolac for analgesia. Patients with a button battery ingestion will need
hospitalization with repeated evaluations to monitor for progression of tissue
damage [158]. As these patients may need emergent surgical interventions,
transfer of care to a tertiary children’s hospital after initial stabilization may be
required.
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Genitourinary Procedures

Genitourinary procedures are commonly performed as ambulatory procedures in
pediatric patients. These include penile surgeries, such as circumcision and
hypospadias repair, and scrotal and inguinal procedures, such as inguinal hernia
repair and orchidopexy. Many of these procedures occur electively in infancy,
however, repair of incarcerated inguinal hernias and testicular torsion are
performed emergently due to the risk of ischemic bowel or testicular injury [162].
Circumcision and hypospadias repairs are limited to the penile shaft [163].
Inguinal hernia repairs are performed through an inguinal incision and diagnostic
laparoscopy may be performed to evaluate the contralateral side [162].
Orchidopexy may be performed through a scrotal, inguinal or abdominal incision
depending on the location of the testis and may require laparoscopy [164].
Orchidopexy also requires traction on the spermatic cord, which is quite
stimulating and can trigger laryngospasm in an inappropriately anesthetized
patient [165]. The majority of genitourinary procedures are performed with
general anesthesia and either caudal block or peripheral nerve blocks (dorsal
penile nerve block or ilioinguinal nerve block). The choice for airway
management depends on the duration of procedure, the anticipated degree of
surgical stimulation and the fasting status of the patient.

Caudal anesthesia and peripheral nerve blocks provide better analgesia for
outpatient pediatric urologic surgery than general anesthesia alone [166]. For
distal penile surgery, such as circumcision and distal hypospadias repair, there is
very limited evidence for improved analgesia with caudal block compared to
penile block [167]. Given the risk for postoperative motor block, which can be
bothersome to ambulatory children and may delay discharge, penile block is often
preferred for these procedures. More extensive genitourinary surgery and bilateral
procedures are often managed with a caudal block. A T4 level is required
intraoperatively to block stimulation associated with traction on the spermatic
cord, but a T10 level will provide adequate postoperative analgesia [165]. The
volume of local anesthetic required to achieve adequate spread from the caudal
space is estimated at 0.05 ml/kg/level, or approximately 0.5 ml/kg for lumbar
levels, 1 ml/kg for lower thoracic levels and 1.25 ml/kg for mid-thoracic levels.
High-volume blocks with dilute local anesthetic solutions are required to achieve
adequate intraoperative spread for spermatic cord traction [165]. In addition, high
volume/low concentration blocks provide prolonged postoperative analgesia with
decreased motor block after hypospadias repair and orchidopexy compared to
low-volume blocks using more concentrated solutions [165, 168]. The optimal
concentrations for caudal local anesthetics appear to be bupivacaine 0.125-
0.175% and ropivacaine 0.1-0.2% with volume calculated to stay below 2.5
mg/kg of local anesthetic in a single bolus [169]. The duration of analgesia is
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limited to 4-8 hours, even with long-acting drugs such as bupivacaine. Adjuncts,
such as morphine and clonidine, can prolong the duration of analgesia, but at the
expense of delayed respiratory depression and sedation [169]. These medications
are generally not used for children undergoing outpatient surgery due to
unjustified safety risks and potential for delayed PACU discharge.

POSTOPERATIVE CARE

Routine Postoperative Care

The postoperative care of pediatric patients may occur in the postanesthesia care
unit (PACU) or an age-appropriate intensive care unit (NICU or PICU) depending
on the acuity of the patient and available hospital resources. The American
Society of Anesthesiologists (ASA) has published guidelines for the
postanesthetic care of patients. As in adult patients, children must have their vital
signs routinely monitored and be assessed for return to baseline mental status and
neuromuscular function. Patients must have a stable cardiorespiratory status and
adequate control of pain and nausea prior to discharge. Appropriate nursing and
physician staff, airway and resuscitation equipment and emergency drugs must be
immediately available [170]. Particular concerns related to pediatric patients are
outlined by the American Academy of Pediatrics (AAP). A full range of age- and
size-appropriate medical equipment, including monitoring, airway, intravascular
and resuscitation devices, must be readily available. In addition, resuscitation
drugs must be available in appropriate pediatric concentrations. All staff caring
for pediatric patients must have the ability to recognize a child in distress and
provide immediate assistance with basic pediatric airway management and
resuscitation techniques [171]. Importantly, these recommendations should be
extended to all areas of the hospital where pediatric patients may be cared for
perioperatively, including the inpatient ward, emergency department and
radiology suites.

Children are generally admitted to a “first-stage” recovery unit until they have a
stable airway and vital signs without respiratory or hemodynamic support, have
return of baseline consciousness and motor function and pain and nausea are well-
controlled. At that point, they are transitioned to a “‘second-stage” recovery unit
with decreased nursing supervision until they reach discharge criteria [172]. The
most commonly used discharge criterion is the modified Aldrete score. This score
evaluates five components of patient recovery, including motor activity,
respiration, blood pressure, consciousness and oxygen saturation. Each
component is given a score of 0-2 with a maximum score of 10 points [173, 174].
Other discharge criteria specific for ambulatory surgery incorporate additional
assessments of pain control, nausea and vomiting and surgical bleeding [175,
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176]. Patients are no longer required to drink fluids or urinate prior to discharge,
as this has been found to prolong PACU stay without patient benefit. In addition,
there is no minimum duration of observation required prior to PACU discharge
[170]. Regardless of which discharge criteria is used, a physician anesthesiologist

must be responsible for each PACU patient to determine when discharge to home
or the inpatient unit is appropriate.

Common Postoperative Problems

The rate of unplanned hospital admission after pediatric ambulatory surgery
ranges from 1.8-3.7% in retrospective reviews. Anesthesia-related reasons,
including postoperative nausea and vomiting (PONV), airway complications,
poorly controlled pain and prolonged sedation, accounted for 35-40% of
admissions [177, 178]. The rate of unplanned postoperative ICU admission after
pediatric surgery is 0.6% [179, 180]. The rate of unplanned ICU admission due to
anesthesia causes is 0.14-0.5% [179, 181]. Although the need for ICU admission
is usually recognized intraoperatively or in the PACU, 20% of ICU admissions
came from the inpatient floor after patients had been discharged from the PACU
[181]. One study found a 0.3% incidence of rapid response team activation for
emergent evaluation of inpatients recovering from anesthesia. Of these, 50%
required transfer to an ICU [182]. The majority (56-73%) of anesthesia-related
ICU admissions or emergent evaluations in children are due to airway or
respiratory complications, which differs from adults who are more commonly
admitted for cardiovascular problems [180 - 182]. Unplanned pediatric ICU
admissions are often associated with underlying airway abnormalities and/or
intraoperative hypoxia, especially in patients undergoing head and neck
procedures and occur more often in children under 5 years of age [179 - 181].
These studies highlight the need for ongoing vigilance and staff training in
pediatric care at all points during a child’s postoperative recovery, not just while
the child is in the perioperative environment. The prevention and management of
problems that commonly affect children postoperatively are discussed below.

Respiratory Problems

Perioperative respiratory adverse events (PRAE) are a major cause of
morbidity and mortality after pediatric surgery. Fifteen percent of children
will have a respiratory event during the perioperative period, and 4% of children
will have a respiratory event specifically in the postoperative period. The most
common PRAE is oxygen desaturation, followed by persistent coughing, airway
obstruction, laryngospasm, bronchospasm and stridor [183]. Most events are
easily managed with no long-term sequelae, however, complications can include
prolonged oxygen requirements, need for non-invasive ventilation or intubation,
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need for unplanned hospital or ICU admission, negative pressure pulmonary
edema and, in severe cases, cardiac arrest with neurologic sequelae or death [184].
Approximately half of pediatric perioperative cardiac arrests are related to
anesthesia and. of those, one-quarter are due to respiratory events. Half of the
anesthesia-related cardiac arrests that occur in the postoperative period are due to
respiratory events [92].

The risk for PRAE is affected by patient, surgical and anesthetic factors. Patient
factors associated with PRAE are young age, a history of wheezing or nocturnal
dry cough, recent upper respiratory infection (URI), eczema, exposure to tobacco
smoke and family history of atopy [183]. The risk for PRAE is highest in young
children. The risk of any respiratory event decreases by 8% per year of age and
the risk of laryngospasm decreases by 11% per year of age [183, 185]. URIs
increase the risk for PRAE if patients have symptoms within two weeks of
surgery. URI symptoms greater than two weeks prior to surgery are not associated
with increased PRAE [183]. Eczema is used as an early marker for children who
will eventually develop asthma or recurrent wheeze later in life [184]. Surgical
procedures involving the airway, sudden surgical stimulation and emergency
surgical procedures are associated with PRAE [183, 184]. Anesthetic factors that
increase risk are premedication with midazolam, induction or maintenance with
volatile agents as compared to propofol (desflurane is higher risk than
sevoflurane) and spraying the vocal cords with lidocaine. Non-invasive airway
management with face mask or laryngeal mask airway (LMA) is associated with
decreased risk of PRAE compared to use of endotracheal tubes (ETT). Multiple
attempts to secure the airway and the use of uncuffed ETTs also increase the risk
of laryngospasm, while the use of muscle relaxants to facilitate intubation
decreases this risk. The risk for PRAE is increased when LMAs are removed
awake, when ETTs are removed under deep anesthesia and when non-pediatric
trained anesthesiologists are managing the airway [183].

Respiratory events may present as obvious respiratory distress, but can also have
more subtle features including anxiety or altered mental status, tachy- or
bradycardia, hypertension and seizures. It is therefore important that all
perioperative staff be trained to recognize the signs of pediatric respiratory
distress and be able to begin initial treatment while awaiting specialist help. Initial
maneuvers should include administering supplemental oxygen, repositioning the
airway to relieve obstruction, suctioning the airway if secretions or blood are
present and starting bag-mask ventilation if needed. The management of airway
obstruction and laryngospasm has been discussed previously in this chapter.
Negative pressure pulmonary edema can occur after the generation of strong
inspiratory efforts against a closed glottis and may be seen after relief of
laryngospasm or other upper airway obstruction. Patients may have significant




Pediatric Anesthesia Recent Advances in Anesthesiology, Vol. 1 215

hypoxia, persistent tachypnea or tachycardia and pink frothy secretions.
Symptoms usually resolve quickly, but patients may require supplementary
oxygen, CPAP or ICU admission until resolution of symptoms [183].

Post-intubation croup manifests as stridor, hypoxemia and respiratory distress in
the postoperative period, most often occurring in children 1-4 years old and less
of often with increasing age. Symptoms typically begin within 1-4 hours
postoperatively and resolve by 24 hours. Risk factors include traumatic
intubation, tight-fitting ETT (leak greater than 20-25 cm H,0), coughing with the
ETT in place, changing the patient’s position while intubated, intubation lasting
more than one hour and surgery on the head and neck [186]. The incidence was
previously found to be 1% among intubated children, but has decreased with the
use of cuffed ETTs which are associated with lower rates of stridor. The treatment
of stridor is nebulized racemic epinephrine (0.5 ml of 2% epinephrine in 3 ml
sterile water). Children must be observed for 4 hours after the administration of
racemic epinephrine for signs of rebound edema, which may necessitate and
unplanned hospital admission. Dexamethasone is useful for croup after long-term
ventilation. Although its benefit after intubations of shorter duration is unclear, it
is still often used for postoperative post-intubation croup [184].

Emergence Delirium

Emergence delirium (ED) is a postoperative disturbance of cognition
characterized by agitation, inconsolability, hallucinations or delusions,
hypersensitivity to stimuli, lack of awareness of the surrounding environment and
absence of eye contact with caregivers. In addition, patients have involuntary
physical activity ranging from restlessness to combativeness [187 - 190]. The
reported incidence is highly variable depending on the definition used and
population studied. Rates of 12-18% have been reported in the pediatric literature
[187]. The exact etiology of ED is unknown. It is more likely to occur in
preschool-aged children (2-5 years old), patients with preoperative anxiety and
poor adaptability and those undergoing ENT and ophthalmology procedures [187,
191]. Anesthetic risk factors include the use of inhalational anesthetics and rapid
awakening, though there is no association with duration of anesthesia [187].
Inadequately controlled pain may contribute to ED, but it can also occur after
anesthetics for non-painful procedures, such as radiology studies [188]. Children
who develop ED are at increased risk for postoperative maladaptive behaviors,
including anxiety, sleep disturbances, enuresis, temper tantrums and attention
seeking behavior [190, 191].

Emergence delirium occurs in the early postoperative period. usually within the
first 30 minutes of surgery. It is generally self-limited, lasting less than 15
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minutes, and resolves without treatment, but may last as long as 45 minutes or
require intervention [187 - 189]. It may be difficult to distinguish from other
causes of agitation, such as pain, respiratory failure and hemodynamic instability
[190]. Multiple assessment scales have been created, most of which assess
emotional distress, agitation and lack of cooperation. These criteria overlap with
those assessed in some pain scales [188]. The Pediatric Anesthesia Emergence
Delirium (PAED) scale (Table 17) assesses eye contact, purposeful movement,
awareness of surroundings, restlessness and consolability. A score of 10 or more
indicates the likely presence of emergence delirium [189].

Pediatric Anesthesia Emergence Delirium (PAED) Scale

Table 17. Pediatric Anesthesia Emergence Delirium (PAED) scale [127]. Provided by Drs. Monica
Hoagland, M.D., Tessa Mandler, M.D., Lawrence I. Schwartz, M.D., Colorado Children’s Hospital.

Pediatric Anesthesia Emergence Delirium (PAED) Scale e
Not Just Quite Very Extremely
at all a little a bit much

The child makes eye contact with 4 3 2 1 0

the caregiver.

The childis actions are purposeful. 4 3 2 1 0

The child is aware of his/her 4 3 2 1

surroundings.

The child is restless. 0 1 2 3

The child is consolable. 0 1 2 3

The prevention of ED includes treatment of preoperative anxiety, anesthetic
modification to minimize exposure to volatile agents and the use of analgesic and
sedative medications to decrease the chance for development of ED. A recent
meta-analysis of pharmacologic treatments found that midazolam premedication
is not effective at preventing ED. Propofol given as a continuous infusion
intraoperatively or as bolus prior to emergence prevents ED, but a propofol bolus
on induction does not. Ketamine, clonidine, dexmedetomidine and fentanyl were
all shown to decrease the incidence of ED [192]. Intraoperative dexmedetomidine
is superior to propofol administration, but may increase the duration of PACU
stay [190].

Although ED is generally self-limited, it should be treated when it is prolonged or
potentially dangerous. Possible adverse events include disruption of the surgical

site, accidental removal of intravenous catheters and drains, patient or caregiver
injury and parental distress [187 - 189, 192]. In addition, prolonged ED requires
extra nursing care, putting a strain on PACU resources [188, 189]. In one study,
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60% of children with ED required physical restraint to prevent self-harm and 52%
were treated with an opioid or benzodiazepine [187]. Pharmacologic treatments
include midazolam 0.1 mg/kg, propofol 0.5-1 mg/kg, fentanyl 1-2.5 mcg/kg and
dexmedetomidine 0.3-0.5 mcg/kg, all of which prolong the PACU stay [188,
190].

Postoperative Nausea and Vomiting

The incidence of postoperative nausea and vomiting (PONV) is increased in
children compared to adults, with some studies showing a two-fold increase in
PONV among pediatric patients [193, 194]. PONV can be associated with
prolonged PACU stays or unplanned admissions, patient and family
dissatisfaction and, rarely, medical complications, such as aspiration, volume
depletion, electrolyte imbalance and wound disruption [172, 194]. Unlike adults,
children often present with vomiting rather than nausea, as they are often unable
to describe the sensation of nausea. For this reason, many pediatric studies focus
on postoperative vomiting (POV), rather than PONV [195, 196]. There are four
independent factors which increase the risk of PONV; duration of surgery >30
minutes, age >3 years, strabismus surgery, and a personal or family history of
PONV. The incidence of POV ranged from 9% in patients with zero risk factors
to 70% in patients with four risk factors [195].

The ASA has released Consensus Guidelines regarding the prevention and
treatment of PONYV, including recommendations for pediatric patients.
Recommendations include reducing baseline risk factors for PONV, administering
antiemetic prophylaxis to children at moderate-to-high risk of POV and treating
POV with drugs of a different class than those that were used for prophylaxis.
Strategies to reduce baseline risk include avoidance of general anesthesia by the
use of regional anesthesia, avoidance of volatile agents and nitrous oxide,
preferential use of propofol for induction and maintenance of anesthesia,
minimizing perioperative opioid administration and providing adequate
intravenous hydration. In the pediatric population, it is often not possible to avoid
general anesthesia due to lack of patient cooperation with regional-only
techniques. However, a combination of general and regional technique should be
used when possible to provide adequate postoperative pain control with decreased
opioid requirements. The common use of mask inductions makes complete
avoidance of volatile agents and nitrous oxide impossible. However, in pediatric
populations, subhyptonic doses of propofol (1 mg/kg bolus followed by a 20
mcg/kg/min infusion) have been shown to decrease POV in patients receiving
volatile agents. Although the use of nitrous oxide does increase PONV in patients
at risk, it has little impact when the risk of PONV is low. Routine gastric
decompression and limiting oral intake postoperatively have not been shown to
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decrease PONV [194].

Antiemetic prophylaxis should be administered to children at risk for POV, with
those at moderate-to-high risk receiving combination therapy with at least two

agents. The first line agents for pediatric POV are 5-HT, antagonists and steroids,
each of which provides a 50-60% relative risk reduction in pediatric POV when
used alone and an 80% relative risk reduction when used in combination. The
recommended doses are ondansetron 50-100 mcg/kg (up to 4 mg) and
dexamethasone 150 mcg/kg (up to 5 mg). Pediatric doses for other antiemetic
agents can be found in the ASA Consensus Guidelines. As in adults, the main side
effects from ondansetron are related to QT prolongation. The clearance of
ondansetron is decreased in infants less than 6 months of age due to immaturity of
the cytochrome P450 system. It is recommended that children younger than 4
months should be closely monitored after receiving ondansetron; however, this
age group often does not receive antiemetic prophylaxis due to the lower
incidence of POV. Dexamethasone should be avoided in children at risk for tumor
lysis syndrome. Concerns for steroid effects on blood glucose and wound healing
are similar to what is seen in adults [194]. Transdermal scopolamine is an
effective antiemetic in adults; however, it IS NOT approved in children younger
than 12 vears old. The patch should not be cut or altered in any way, as this will
have unpredictable effects on drug administration.

Rescue treatment with antiemetic drugs should be given to children who develop
POV. If prophylaxis was given within the previous 6 hours, it is recommended
that drugs of a different class be used for treatment as repeating administration of
previously used agents does not improve outcomes. Any drug aside from
dexamethasone, transdermal scopolamine, and longer-acting drugs such as
aprepitant and palonosetron, can be repeated after 6 hours. In adults, 5-HT,
antagonists, dexamethasone, droperidol, promethazine and small doses of
propofol have been used as rescue therapy for PONV [194]. Unfortunately, there
are no large-scale studies of rescue antiemetic therapy in children on which to
base recommendations. However, smaller studies have shown effectiveness of
antihistamines (dimenhydrinate) and dopamine antagonists (droperidol and
metoclopramide) in pediatric patients. Side effects such as sedation and
extrapyramidal effects must be considered prior to administering these
medications [193].

Postoperative Pain

Poorly controlled pain can be a cause of prolonged PACU stay or unanticipated
hospital admission and a source of patient and family dissatisfaction. As
previously discussed, a plan for perioperative pain management should be created
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and instituted prior to arrival in PACU. Children often have an exaggerated
emotional and behavioral component to their pain due to increased anxiety and
poor coping mechanisms. In addition, parental behavior plays and important role
in pediatric pain. It is important to establish goals for postoperative analgesia prior
to surgery [110]. Once in PACU, patients should be routinely assessed with
developmentally appropriate pain scales and treated according to standardized
protocols. There should be an anesthesiologist responsible for perioperative pain
management available for consultation at all times. In addition, all perioperative
staff should have ongoing education and training to ensure the ability to recognize
and treat adverse effects due to analgesic therapies. In addition to analgesics,
behavioral techniques and anxiolytics may play and important role in
perioperative analgesia [107].

A number of scales have been created to evaluate pain among pediatric patients.
As in adults, self-report scales are the preferred method of pain assessment.
However, young children lack the cognitive skills to use a numerical scale, such
as the visual analog scale (VAS) used for adults. Alternative scales, such as the
Wong Baker Faces Pain Scale (Fig. 2), rely on facial expressions rather than
numerical values for self-report and have been validated in children as young as 3
years old. In many cases, it is still necessary to use behavioral observations to
complement self-reported scores, particularly in preschool-aged children [109].
For children who are unable to or unwilling to rate their pain, observational scales
can be used in place of self-report. Two commonly used scales are the FLACC
and NIPS scales (Tables 18 and 19), outlined below, though many observational
pediatric scales exist [109, 112].

WONG-BAKER FACES® PAIN RATING SCALE

u b S —~ 7\
0 1 2 3 4 5

NO HURTS HURTS HURTS HURTS HURTS

HURT ALITTLEBIT ALITTLE MORE EVEN MORE A WHOLE LOT WORSE

Fig. (2). Wong Baker Faces Pain Scale [109]. Provided by Drs. Monica Hoagland, M.D., Tessa Mandler,
M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital. ©1983 Wong-Baker FACES Foundation,
www.WongBakerFACES.org. Used with permission. Originally published in Whaley & Wong's Nursing
Care of Infants and Children. ©Elsevier Inc.
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FLACC Behavioral Pain Scale Total Score Ranges from 0-10 Points

Table 18. FLACC Behavioral Pain Scale Total score ranges from 0-10 points. Provided by Drs. Monica
Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado Children’s Hospital.

FLACC Behavioral Pain Scale Total Score Ranges From 0-10 Points.
Scoring: 0 1 2
Face No particular Occasional grimace or frown, Frequent to constant
expression or smile withdrawn, disinterested frown, clenched
jaw, quivering chin
Legs Normal position or Uneasy, restless, tense Kicking, or legs
relaxed drawn up
Activity Lying quietly, Squirming, shifting back Arched, rigid or
normal position, and forth, tense jerking
moves easily
Cry No cry (awake or Moans or whimpers, Crying steadily,
asleep) occasional complaint screams or sobs,
frequent complaints
Consolability | Content, relaxed Reassured by occasional Difficult to console
touching, hugging or being or comfort
talked to, distractible

Neonatal Infant Pain Scale Total Score Ranges From 0-7 Points. >4 Point Is
Considered Pain
Table 19. Neonatal Infant Pain Scale. Total score ranges from 0-7 points. >4 point is considered pain.

Provided by Drs. Monica Hoagland, M.D., Tessa Mandler, M.D., Lawrence 1. Schwartz, M.D., Colorado
Children’s Hospital.

Neonatal Infant Pain Scale

Total Score Ranges From 0-7 Points. >4 Point Is Considered Pain.

Scoring: 0 1 2

Facial expression Relaxed Contracted ——

Cry Absent Mumbling Vigorous
Breathing Relaxed Different than baseline ——
Arms Relaxed Flexed/stretched ——

Legs Relaxed Flexed/stretched ——
Alertness Sleeping/calm Uncomfortable ——

Common pediatric oral and intravenous dosing requirements for acetaminophen
and NSAIDs are discussed previously. Scheduled acetaminophen and NSAID
administration should be continued in the postoperative period unless
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contraindicated by the patient’s medical comorbidities or surgical procedure.
Given the multiple over-the-counter and prescription analgesics that contain
acetaminophen and the multiple concentrations of ibuprofen available, there is a
high potential for overdose of these medications among pediatric patients. For
patients being discharged home from the PACU, it is extremely important to
counsel parents regarding appropriate administration of these analgesics [109]. At
some institutions, surgeons are also encouraged to prescribe stand-alone opioids
(i.e, oxycodone instead of percocet) to eliminate the risk of accidental
acetaminophen overdose in children.

Postoperative opioid administration is indicated for procedures with anticipated
moderate-to-severe pain. Oral medications, such as oxycodone and hydrocodone
should be used when possible. As previously discussed, codeine should not be
used for pediatric patients. When intravenous opioid administration is indicated,
medications are most commonly given on an as needed (PRN) schedule.
However, this dosing regimen does not achieve stable blood levels and
predisposes to periods of excessive sedation alternating with inadequate analgesia
[109]. The preferred method for opioid administration is by patient controlled
analgesia (PCA). Children over 7 years old are generally able to understand and
self-administer PCA. Parents must be instructed not to administer opioids on
behalf of their child, as this increases the risk of opioid overdose, sedation and
respiratory depression [109]. For younger or developmentally delayed children,
nurse- or caregiver-controlled analgesia (NCA/CCA) may be an option. In this
scenario, a nurse or family member is authorized to administer opioids on behalf
of the child. This technique requires significant education of family members
regarding pain assessment, recognition of opioid side effects and scenarios in
which the CCA should not be used. In addition, strict nursing protocols must be in
place to appropriately monitor the patient’s pain control, level of sedation and
respiratory status [109, 110]. Due to the level of family education and monitoring
required for NCA/CCA, this dosing regimen may not be appropriate for hospitals
that do not routinely care for pediatric patients or patients may require admission
to the intensive care unit for appropriate monitoring.

Opioids administered by any route carry a risk for respiratory depression, nausea,
pruritis and urinary retention. The Anesthesia Patient Safety Foundation
recommends respiratory monitoring, consisting of at least continuous pulse
oximetry and respiratory rate (capnography). for children receiving PCA, serial
parenteral or neuraxial opioids. However, adherence to these guidelines may be
difficult in pediatric patients due to lack of cooperation. Patients at increased risk
for opioid-induced respiratory depression, such as infants or patients with
abnormal airway anatomy or respiratory control may require more frequent
monitoring or ICU admission while receiving opioids. The level of sedation
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should also be routinely monitored. Resuscitation and airway equipment in
appropriate pediatric sizes must always be immediately available for any patient
receiving opioids. Opioid side effects can be treated with intravenous naloxone
0.5-1 mcg/kg or 0.25 mcg/kg/hr. Nalbuphine 25-50 mcg/kg can be given
intravenously every 6 hours to treat pruritis. When treating nausea, caution should
be used with antiemetics that also cause sedation, as these can potentiate opioid-
induced sedation and respiratory depression [109].

Patients with regional blockade require additional monitoring for appropriate
block function and side effects. Patients receiving continuous regional analgesia
must be evaluated at least daily by an anesthesiologist to assess block efficacy,
manage medication administration and monitor for complications such as local
anesthetic toxicity, nerve injury and infection.

CONCLUSION

Surgery is a time of anxiety, fear, and pain for children. The ability to alleviate
their anxiety, quell their fear, and prevent and treat their pain is what makes
pediatric anesthesia a greatly rewarding field for the anesthesia provider. The
opportunity to care for this special patient population is a privilege which comes
with great responsibility. Community based pediatric anesthesia programs have a
responsibility to ensure that their institution is equipped to safely manage the
children who will present to them for their anesthetic care. They must ensure that
policies and resources specific to the pediatric patient are in place, and make
certain that all personnel maintain the knowledge and skills necessary for this
task. In doing so, the millions of children who present to community based centers
for surgery each year will have access to the high quality of anesthesia care they
deserve.
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CHAPTER 9

Pediatric Trauma

Dheeraj Goswami and R. Blaine Easley”
Baylor College of Medicine/Texas Children’s Hospital, Houston, Texas, USA

Abstract: Trauma is the leading cause of death between ages 1-44. The “Golden Hour”
represents the need for quick, accurate, and efficient response which can lead to the
improved morbidity and mortality. Even in the community hospital setting,
practitioners should be current in BLS, ACLS and PALS. Common categories of injury
are traumatic brain injury, and penetrating injuries. After the primary survey,
stabilization, and secondary survey; prompt decisions should be made for the need to
transfer the pediatric patient to a pediatric hospital and trauma center or to maintain
care in the community hospital setting.

Keywords: Blunt force injury, Pediatric trauma, Penetrating injury, Primary
survey, Secondary survey, Traumatic brain injury.

INTRODUCTION

Trauma is the leading cause of death from the age of 1 through 44 [1]. The
“golden hour” has been discussed in both pediatrics and adult literature as a quick
and efficient response to severe injury that can lead to improved mortality and
morbidity [2, 3]. The role of the anesthesiologist can vary during this time period
and can include intubation and resuscitation both in the emergency and operating
rooms. Many of these patients are initially treated at community hospitals where
the capabilities and resources of each hospital can further influence patient
management during this critical period. Therefore, the community
anesthesiologist must utilize good clinical judgment and excellent situational
awareness to promote an optimal patient outcome.

A quick assessment of stability in a patient is important, regardless of cause and
type of injury. The assessment includes taking a quick history, evaluating the
injury, and monitoring the patient’s vital signs. If the patient is stable, a thorough
evaluation can occur before a disposition is made.
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The disposition could include transfer to a center that has a higher level of care or
to the operating room for surgery. Occasionally, further imaging or tests may be
warranted to assist in deciding the best location for the patient. Finally, though the
patient may be suitably cared for pre- and intraoperatively in the community
setting, recognition of the need for additional resources and/or limitation of the
current environment to provide ongoing care is important. Optimally, a plan for
transition of trauma or unstable patients to a tertiary-care facility is already in
place. However, prior to transfer/transport, the acute trauma patient presenting to
the community hospital will require quick and thoughtful management for the best
interest of the patient.

An unstable trauma patient requires both a quick assessment and treatment. BLS,
ACLS. and PALS have been shown to improve mortality in patients treated in an
in-hospital setting [4, 5]. However, there are multiple studies that show that many
providers are either not certified or do not have an adequate understanding of the
material [6, 7]. An important first step in preparation for these emergencies is to
establish a criteria that the community anesthesiologist not only be familiar [Iwith
up-to-date guidelines in emergency patient care, but establishing and maintaining
current certification in BLS, ACLS, and potentially PALS, if their patient
population includes children. This will help insure familiarity with changing
recommendations and guidelines on managing patients in cardiac and respiratory
arrest.

While a trauma patient may be unstable, but does not require an ACLS or PALS
algorithm, the principles of management and communication can be utilized.
Implicit to an “emergency situation” the management of a trauma patient in the
community setting has no specific guidelines or algorithms to help a practitioner.
Simultaneous with the primary trauma assessment, if blood products are available,
then a type and screen should be obtained immediately as type-specific blood is
safest and a plan for secondary labs established. The secondary labs (i.e. complete
blood count, basic electrolyte panel, coagulation profile, efc.) can vary, depending
on the cause and type of injury as well as the resources of the facility. Multiple
imaging modalities are utilized in trauma assessment and care. From focused
assessment with sonography, to plain radiographs to evaluate fractures and line
positions, and potential thoracic injuries, imaging is an important aspect of the
“secondary” assessment of the trauma patient. FAST (focused assessment with
sonography in trauma) ultrasound has even become part of the primary evaluation
in abdominal trauma [8]. Computed tomography (CT) may be required for further
evaluation or injuries in other parts of the body.
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PRIMARY ASSESSMENT CONSIDERATIONS

Airway Evaluation for difficulty, equipment including/ adjunctives, Difficult
airway algorithm.

Access Large bore access, central and arterial line consideration, I/O if access
unable to be immediately obtained

Labs T&S, CBC, coagulation panels, electrolytes
Imaging Plain films, neck films, FAST (Ultrasound) CT, MRI

An unstable patient can test the capabilities of a community hospital. They may
be too unstable to transfer leading to surgeries and therapies not commonly

performed at the institution. Unstable patients can also stress the critical judgment

of physicians regarding the timing and need for transfer to a larger institution. The
specific type of injury is a key component in this decision making process.

HEAD TRAUMA

The majority of head injuries are minor and rarely require medical treatment.
However, severe head injury is a cause of long-term morbidity and contributes to
30% of all deaths related to injury [9]. The physiology in head trauma can be
separated into the primary injury occurring immediately after the trauma and
secondary injury occurring with cellular death, swelling, and the release of
neurochemicals. Minimizing secondary injury is must be a goal of all
anesthesiologists. Therefore, it is important to have an understanding of the
severity of the head injury.

The Glascow Coma Scale (GCS) was created in 1974 as an assessment tool for
patients suffering from head injuries [10]. The GCS is a scoring scale of three
systems, eyes, verbal and motor response. A score of 14-15 is normal while a
scale of 3 is comatose. Consensus statements consider intubation to be necessary
at a GCS of 8 or lower (Table 1) [11].

Given the potential complexity of trauma patient airway, management should take
into consideration the most experienced personnel, and often includes having
available anesthesiologist and surgeons to participate in the intubation. First,
intubation in the emergency setting can be more difficult, and failure rates have
been reported to be as high as 1:100 [12]. Facial and neck trauma are often seen
with head trauma and may make intubation more difficult. These issues must be
balanced with the risks from delays in intubation which is often the episodes of
hypoxia [12]. This can complicate the overall care as single episodes of
hypotension and hypoxia are associated with increases in mortality for traumatic
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brain injury (TBI) [13]. Therefore, it is important to quickly assess the likelihood
of a difficult airway in the patient, to have secondary and tertiary options
available if intubation is unsuccessful, and to quickly recognize and treat any
episodes of hypotension and hypoxia.

Table 1. Glascow Coma Scale (GCS).

Glascow Coma Scale (GCS)

Eyes Open Spontaneously 4
To Voice 3
To Pain 2
No response 1

Verbal Response Oriented 3
Confused -+
Inappropriate words 3
Incomprehensible words 2
No response 1

Motor Response Obey command 6
Localizes pain 3

Flexion to Pain Withdrawal 4
Abnormal 3
Flexion 2
No response |

Total: 3-15

Imaging may be necessary after a decision for intubation is made but before
transport to the operating room. Anesthesiologists often play the role of transport
personnel and primary resuscitator during this time. The decision of type of
imaging will rarely be up to the anesthesia team, but there should be an
understanding of the considerations and length of the imaging before one commits
to a procedure that may last 1-2 hours. Magnetic resonance imaging (MRI), due to
its limited availability and acquisition times, is not recommended in the acute
trauma patients outside of tertiary care centers. While MRI may be useful in
prognosis or less severe trauma, these images can often be obtained after
stabilization in severe head trauma [14, 15]. Head CT is the most common test
obtained for both mild and severe head trauma as it is easy to obtain and often
takes less than 1-2 minutes [15]. It is still essential that the anesthesiologist
continues closely monitoring vital signs and cognitive function during the
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imaging procedure. Imaging can quickly reveal the need of surgery and may
benefit the anesthesiologist by evaluating the severity and type of injury.

There are a wide number of urgent procedures that an anesthesiologist must be
familiar with after a head injury. The goal during these procedures is similar to all
other anesthetics but is complicated by the management of cerebral perfusion
pressure (CPP). CPP is defined as mean arterial pressure (MAP) — the intracranial
pressure (ICP) or central venous pressure (CVP) if that happens to be higher. In a
healthy adult, CPP is usually between 70-90 mmHg; autoregulation, or the
ability to keep a constant flow despite changes in blood pressure, is thought to
occur at a CPP of 50-150 mmHg. Though the true limits likely vary from patient
to patient, it is important to attempt to remain within these limits as it may effect
patient outcomes [16, 17]. The overall goal is to attempt to optimize CPP, and an
anesthesiologist must be familiar with the mechanisms to both regulate the MAP
and ICP. An arterial line can be placed for measurement of MAP, but many TBI
patients do not have a monitor for ICP during their initial surgery.

The gold standard for ICP measurement is an invasive intracranial catheter that
will measure the pressure of the brain itself. The ICP is often thought to be at least
20 mmHg in a patient without an ICP monitor who is showing signs of elevated
ICP. The ICP can be reduced via three different mechanisms: 1) ventilation/
oxygenation, 2) Osmotic therapies and 3) sedation/anesthesia/temperature [18].

Ventilation is an easy and effective means for an anesthesiologist to affect ICP.
Carbon Dioxide (CO,, has a significant effect on cerebral vasoconstriction by
altering cerebral blood flow and pressure. Hyperventilation by decreasing CO,
increases cerebral vasoconstriction which reduces cerebral blood flow and
ICP.Acutely, this may prevent an episode of cerebral herniation, but cerebral
ischemia can occur at CO, levels below 25. Routine hyperventilation is no longer
recommended, and all attempts should be made to keep CO, levels between 35-
40. Hypoxia and hyperoxia can both lead to secondary injury and further edema.
Oxygen saturations greater than 96% are preferred as are PaO, levels between 80
and 120 mm Hg. Oxygen delivery should be optimized while minimizing the
potential side effects of transfusion with a hemoglobin goal of 8-9 [18].

For head trauma patients, IV fluid therapy can alter ICP by altering cerebral
volume/edema. Normal saline (0.9%) is the maintenance fluid of choice for
maintenance IV fluids. However, if available hypertonic saline and other osmotic
medications such as mannitol can be used if there are concerns for an acute
change in ICP. Typical dosing for 3% saline is 3-5 mg/kg and 0.25 mg/kg-1
mg/kg for mannitol. The most acute effect of mannitol is likely an effect on red
cell rheology and viscosity rather than a true osmotic effect. Boluses can be
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repeated but hypotension and intravascular volume depletion must be strictly
avoided as their likelihood is increased with the use of these agents [19, 20].

Sedation and anesthesia is an immediate and readily accessible method for an
anesthesiologist to improve ICP. The primary effect is reduction in the cerebral

metabolic rate of oxygen (CMRO02) and in the case of analgesics, the reduction of
stress hormones and the sensation of pain. Many medications can be used,
including all opioid analgesics, though fentanyl use is common due to its
immediate effect and short half-life. Propofol is another commonly used
medication and can immediately effect ICP by lowering CMRO2. The concerns
with propofol are hypotension and propofol infusion syndrome with prolonged
use. There is still a debate on the optimal regimen for maintenance of anesthesia
in patients with elevated ICPs. There is evidence of higher CPP values with IV
infusions in comparison to inhalant anesthetics, but there have yet to be any
studies that show an improvement in outcome [21, 22].

Temperature management has become a performance measure for all
anesthesiologists. Generally, hypothermia is avoided with the use of convection
devices. Hyperthermia in the setting of TBI increases CMRO02 and is associated
with worse outcomes [23]. An anesthesiologist should consider the use of cooling
blankets, anti-pyretics (e.g., intravenous acetaminophen) and intravascular intra-
compartmental devices (e.g., Foley catheter/NG tube) for temperature control
[24].

In summary, head trauma is a common presenting complaint to emergency
departments around the country. The severity can be broad but some of these
patients may need an immediate surgical intervention and stabilization.
Anesthesiologists can have an important role in improving outcomes and
optimizing their care.

BLUNT TRAUMA AND PENETRATING TRAUMA

Blunt trauma is a broad term defined by injury to the body without penetration.
Unintentional injury is the leading cause of death in patients age 1-44 and the
fourth most common cause of death in any age group [24]. Motor vehicle
collisions and falls accounted for over 64,000 deaths in 2013 alone [26]. The
majority of these deaths are from blunt force trauma causing significant organ
injury. It is important that an anesthesiologist know the level trauma center of
their institution as this will set the expectations for the facility and physicians.
Regardless of center designation, there may be times where an anesthesiologist
must be involved in the stabilization and care of a trauma patient. The variance in
type and severity in the injuries of these patients will test the skills and knowledge
of any anesthesiologist.
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Penetrating trauma is similar to blunt trauma in many ways. However, severe
trauma by blunt injury often requires a large amount of force while penetrating
trauma can often be more benign in nature. It is defined when an object pierces
the skin and causes damage to the underlying tissue. The most common type of
penetrating trauma in the United States are firearm injuries, causing over 11,000
deaths a year [25]. The point of injury can often easily be seen, though the tissue
injury can be much more extensive then what is visualized externally. The
severity and surgical urgency depend on location of injury, and imaging is often
required to elucidate the exact area and depth of injury. Thoracic penetrating
traumas are the most concerning and can be associated with a significant amount

of blood loss. The use of imaging and potential need for the OR are based on
stability and type of injury to the patient [36].

The focus of treatment for the early period after trauma is often referred to as the
“Golden Hour” [38]. An anesthesiologist’s role during this time can vary from
stabilization and transfer to management of the patient from the trauma bay to the
operating room. The initial assessment of these patients is often completed in the
trauma bay or in the emergency department, depending on severity. The primary
survey is focused on the airway, breathing, circulation and any obvious injuries
causing severe vital sign abnormalities. During this evaluation, depending on the
hospital structure, many anesthesiologists are called to intubate the patient. Blunt
injuries to the neck and face are often missed in the primary survey and can
complicate airway management. Inspection and visualization of the airway may
show a neck hematoma, crepitus, hoarse voice or facial fractures that are
associated with a difficult intubation [12, 27]. Penetrating injuries are usually
much more obvious but no less difficult in terms of securing the airway [37]. The
American Society of Anesthesia difficult airway algorithm should be used, though
there are a number of modifications applied in a trauma situation. The most
important are that a surgical airway may be the first and best option in certain
situations, awake intubations should be used if possible, and that waking up the
patient and “cancelling” the procedure is usually not possible [28]. Intubation is
often complicated by a highly stressful situation, hemodynamic instability and
significant time constraints. It is once again important to have a secondary and
tertiary plan to minimize any further injury due to a prolonged time period
without ventilation or oxygenation.

The secondary survey is completed soon after or during the primary survey. The
secondary survey should go through all body parts and better define the injuries to
the patient and give valuable information for the anesthesiologist. Imaging is
often required as few blunt injuries are obvious to the eye. Chest films and chest
CT are the most common studies used for thoracic injuries and can delineate
injuries such as pulmonary contusion, pneumothorax, great vessel injuries and rib
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fractures among others [29]. Most of these non-vascular injuries will not require
immediate OR intervention, but may be concomitantly found in patients requiring
surgery for another injury [30]. Management of these patients can be extremely
complicated as ventilation strategies for lung injures may be in direct
contraindication for injures to the head or other parts of the body.

The vascular injuries can be separated in abdominal vascular injuries and thoracic
vascular injuries. The thoracic aortic injuries are the most severe of these as a

majority of these patients will die before being seen in the trauma bay, and the
few who do will often die within the first 24 hours of admission [31]. Few
hospitals in the community have the staffing to manage these patients, but many
centers will participate in stabilization of a patient until transfer to a facility with
resources to manage this patient. Acute management should proceed with a dual
focus for the patients. First, the patients should be actively resuscitated with fluids
and blood products to stabilize the patient while reducing risk for further injury or
rupture to the aorta. This is achieved by control of the heart rate and blood
pressure down with beta-blockers, and calcium channel blockers, among [lother
medications. Ongoing fluid resuscitation and control of physiologic parameters
for the patient may be ongoing even though care will be transferred to another
center.

Major abdominal vascular injures usually involve either the abdominal aorta or
the inferior vena cava. The aortic injuries are slightly more benign and can
occasionally be observed with no surgical management [32]. They can also be
repaired endovascularly though this is usually only done at major trauma centers
[33]. Immediate transfer if no stabilization is needed would be appropriate for
these patients after discussion with the accepting trauma center.

Abdominal organ and smaller vessel damage can be much more insidious but just
as concerning as trauma to the larger vessels. The difficulty in the direct
visualization of bodily injury can be falsely comforting. The FAST exam (focused
assessment with sonography in trauma) is completed in the trauma bay on both
stable and unstable patients. If concerning, an unstable patient will need surgical
management, potentially without any further imaging [8]. The FAST exam is very
sensitive and specific test in detecting intra-abdominal injuries in adults, but its

use is limited in pediatric abdominal trauma as it has low sensitivity and

specificity. Therefore, CT, remains the imaging modality of choice for pediatric
patients [34, 35]. CT is the test of choice to follow up on a positive FAST exam

with a stable patient. CT can be important to assess surgical urgency and also to
give information on the severity of injury.

The most severe of these injuries can cause a large amount of blood loss and
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hemorrhagic shock, which are a leading cause of death in this patient population
[39]. Many of these deaths could potentially be prevented by adequate preparation
and appropriate equipment [36]. A rapid infuser should either be in the room or
quickly located and assembled. There should be a process in place to obtain
trauma blood units (O negative), and depending on frequency of events, to have
the blood available in the trauma bay or operating suite. A convection warmer and
aggressive temperature control of the room can prevent hypothermia and
coagulopathies.

Management in the trauma bay or the operating room is similar to any other
surgical procedure. There are a few specific strategies that have been shown to be
effective for patients with severe bleeding. Hypotensive fluid resuscitation has
become a standard of care for trauma patients, as the fluid required to achieve
higher blood pressures can cause further coagulopathies and also can disrupt clots
that have already formed [40, 41]. The specific pressure goal has yet to be
elucidated, but animal models indicate MAP between 60-100 mmHg are most
appropriate [42, 43]. The CRASH-2 trial showed that a single bolus dose of 1 gm
of tranexamic acid over 10 min followed by an infusion of 1 gm over 8 hours
reduced death due to bleeding and all-cause mortality. Tranexamic acid reduces
bleeding through the inhibition of fibrin breakdown. Clot stability is improved
and bleeding is minimized [43].

Transfusion strategy is still one of the most controversial topics in trauma
resuscitation. The combination of platelets, fresh frozen plasma and packed red
cells is needed to prevent dilutional coagulopathy, but the exact ratio is still
uncertain. Many practitioners believe in the 1:1:1 ratio during severe bleeding, but
the PROPPR study showed there was no difference in mortality compared to a
1:1:2 ratios [44]. Many institutions have implemented massive transfusion
protocols due to the large amount of blood products required by some of the
patients. These protocols are usually a collaboration between the surgical, blood
bank, anesthesia, and pharmacy teams to bring blood products, medications, and
personnel to the operating room or trauma bay [45]. Anesthesiologists should be
aware of any protocol at their hospital, and if none exists may advocate for its
creation.

Blunt and penetrating trauma can be a high-pressure situation with potentially
fatal outcomes. The variability and conspicuousness of the injuries can make
diagnosis difficult, and major injuries can be missed. Anesthesiologists can
improve their ability to handle these situations with established protocols and by
understanding their hospital structure and their responsibilities in these traumas.
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CONCLUSION

Trauma is a leading cause of morbidity and mortality across a variety of ages. The
injuries can vary in severity and type and a community anesthesiologist must have
good clinical judgment and an excellent understanding of their hospital structure
and abilities. An anesthesiologist must complete a quick primary assessment of a
trauma patient focusing on airway and access and consider laboratory values and
further imaging that the patient may need before further management. The care
for these patients is very dependent on the type and severity of injury and is an
important consideration in the evaluation and management in the pre-operative
and operative settings. Optimizing management may include a quick
transportation to the operating room for surgery or further stabilization or transfer
to a more appropriate facility. The community anesthesiologist plays an important
role in all aspects of care for these patients and making quick and appropriate
decisions can improve patient outcomes.
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