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KEY POINTS

e Obesity imparts anatomic and physiologic changes that have an impact on resuscitative
treatments in critical illness, including airway and ventilator management, pharmacology,
and fluid management.

e Obesity is a risk factor for difficult bag-valve mask ventilation and may predict difficult
intubation.

e Obese patients are at risk for inaccurate medication dosing, including underdosing and
overdosing of resuscitative medications, such as sedatives, paralytics, and antibiotics.

Obese patients are at risk for under-resuscitation in the setting of critical illness and injury.

INTRODUCTION

Obesity is defined as a body mass index (BMI) greater than or equal to 30 kg/m? and
can be subdivided into 3 classes (Table 1). In the past 3 decades, obesity rates have
increased dramatically worldwide.” Current obesity rates in the United States are
approaching 40%, with increases in rates across ages, races, and social demo-
graphics.”-? As rates of obesity continue to climb, emergency physicians will increas-
ingly resuscitate critically ill obese patients. Obesity imparts important anatomic and
physiologic changes, including alterations to airway anatomy, respiratory mechanics,
cardiovascular function, and drug metabolism. The emergency physician should be
well acquainted with the challenges faced in the resuscitation of the critically ill or
injured obese patient and be equipped with strategies to overcome them.

ACCESS AND MONITORING

Obesity poses challenges in the most basic aspects of patient care, including venous
access and cardiovascular monitoring. A BMI greater than 30 mg/kg? has been shown
to predict difficult intravenous (IV) access.® Obscured landmarks and increased tissue
depth can complicate both central venous and intraosseous access in obese pa-
tients.*®> Ultrasound guidance can improve the likelihood of successful placement
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Table 1

Body mass index categorization

Category Body Mass Index (kg/m?)
Underweight <18.5

Normal weight 18.5 to <25

Overweight 25 to <30

Obesity class | 30 to <35

Obesity class Il 35 to <40

Obesity class Il 40 and above

of a peripheral IV in patients with difficult access.® Ultrasound guidance also can
improve successful cannulation and complication rates in central venous access in
the obese.” If available, ultrasound guidance for central venous access placement
is recommended.®

Accurate blood pressure monitoring can be difficult in obese patients in part due to
an increase in arm circumference and an exaggerated conical shape of the upper arm
that limit the fit of noninvasive blood pressure cuffs.®'® An inappropriately fitting
noninvasive blood pressure cuff can provide inaccurate blood pressure readings—
an effect that is exaggerated in the critically ill obese patient.'® When available, a prop-
erly fitted upper arm cuff provides the most accurate noninvasive blood pressure mea-
surements followed by a properly fitting wrist cuff.’” In the critically ill obese patient
requiring close and accurate blood pressure monitoring, early arterial access should
be considered.

AIRWAY ANATOMY

Obesity is associated with several important anatomic changes that influence emer-
gent airway management. Neck extension may be limited due to dorsocervical fat
deposition and increased circumference. Redundant soft tissues in the oropharynx
can lead to airway obstruction, and excess thoracoabdominal fat can limit lung expan-
sion.'? These changes contribute to the demonstrated association between obesity
and difficult bag-valve mask ventilation.'® The influence of BMI on the rates of difficult
intubation is less clear, with studies yielding conflicting results.’*'> Obesity and
obesity-related anatomic changes frequently are included in various difficult airway
prediction tools.’®'® Although it remains unclear whether obesity is an independent
risk factor for a difficult airway, the emergency physician should consider this possi-
bility and approach these airways with caution.

RESPIRATORY PATHOPHYSIOLOGY

Alterations to respiratory physiology also are observed in obese patients. Lung volumes
are significantly reduced, including functional residual capacity (FRC), respiratory
reserve volume, vital capacity, total lung capacity, and residual capacity.’® Volume
loss increases with BMI, with reductions of 0.5% to 5% observed for each unit increase
in BML."® Reductions in FRC are associated with closure of small airways and increased
airway resistance.?® Premature airway closure results in under-ventilated lung space,
producing a shunt phenomenon and contributing to rapid desaturation.?’ Additionally,
compliance can be limited by decreased lung volumes and excess chest wall adipose.
Supine positioning exacerbates reductions in lung volumes.
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Obese patients demonstrate higher rates of oxygen consumption and carbon diox-
ide production that contribute to the adoption of a resting rapid shallow breathing
pattern with baseline respiratory rates of 15 to 21 breaths per minute observed in
the severely obese. %2223 Obesity also is linked to several distinct respiratory disease
states, including obstructive sleep apnea (OSA) and obesity hypoventilation syndrome
(OHS).

The cumulative result of these anatomic and physiologic changes in the obese pa-
tient is a dramatic reduction in pulmonary reserve with risk for rapid desaturation dur-
ing intubation and challenges with mechanical ventilator support.

APPROACH TO THE OBESE AIRWAY

Airway management of the obese patient should begin with effective preoxygenation.
Traditional methods of preoxygenation, including face mask oxygen with 100% frac-
tional inspired oxygen concentration and bag-valve mask ventilation, often are insuf-
ficient.?> Noninvasive positive pressure ventilation (NIPPV) can improve
preoxygenation and prolong time to desaturation.?>?* To avoid premature airway
closure observed in the supine position, obese patients should be preoxygenated in
a seated or semiupright position.?®

Safe apnea time may be prolonged further through the use of apneic oxygenation,
although the utility and best means of delivery are yet to be determined.?%2” Alter-
ations to routine intubation techniques should be employed to maximize safety in
airway management of the obese. A ramped or head-up position during intubation
technique can improve laryngoscopic view compared with supine positioning.?®
Ramping consists of supporting a patient’s upper back and head with towels, pillows,
or specifically designed devices to achieve alignment of the external auditory meatus
and the sternal notch. Head-up positioning aims to achieve the same alignment by
raising the head of the bed to approximately 25° and supporting the head with addi-
tional pillows or towels as needed (Fig. 1).

An obese neck can make surgical airway management difficult. Some experts advo-
cate making a partial-thickness, vertical incision to facilitate palpation of deeper struc-
tures.?? If a tracheostomy device is used, care should be taken to choose a device with
sufficient length to securely enter the trachea.

RESPIRATORY SUPPORT

NIPPV is commonly used in the outpatient and perioperative treatment of OSA and
OHS.3%31 Although it is less well studied in the treatment of acute respiratory failure,
it is used widely with good success.®?=%* Treatment protocols relying on bilevel

= =] [~ e
Fig. 1. Comparison of 3 intubation positions. (A) Sniffing position—patient flat with head
elevated. (B) Ramped position —patient’s head and shoulders elevated. (C) Semirecumbent
position—head of bed elevated to approximately 25° with further head elevation with
towels or pillows.
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positive pressure ventilation emphasizing relatively high inspiratory (12-25 cm H,0)
and expiratory (5-9 cm H,0) pressures have been described, with success rates
approaching those of similar protocols for chronic obstructive pulmonary disease.>%34
Predictors of failure of NIPPV treatment include pneumonia and mutiorgan dysfunc-
tion, whereas idiopathic hypercarbic respiratory failure has been shown to be predic-
tive of success.®?

Mechanical ventilation support strategies should take into account the altered res-
piratory physiology of obese patients. Muscle paralysis and sedation can further
impair lung function, compliance, and gas exchange through worsened lung volume
loss and atelectasis.®® Improper ventilation strategies can result in significant respira-
tory or hemodynamic instability.

Obese patients can be supported successfully with both volume-controlled and
pressure-controlled ventilation modes, with no single mode demonstrating superior-
ity.?? Increased airway resistance and decreased compliance can produce inadequate
ventilation and resultant respiratory acidosis in pressure-controlled ventilation.
Conversely, volume-controlled ventilation carries the risk of barotrauma because
high pressures may be required to deliver the specified volume.

The use of low-tidal-volume (6-8 mL/kg) ventilation strategies in patients with acute
respiratory distress syndrome (ARDS) is well supported and its use in patients without
ARDS is gaining support.®=3 In volume-controlled modes, tidal volume should be
calculated based on ideal body weight (IBW). Use of total body weight (TBW) may
result in significant ventilator-associated lung injury from barotrauma.

Obese patients can experience significant alveolar derecruitment and expiratory
flow limitation during mechanical ventilation.?>?>3% Application of positive end-
expiratory pressure (PEEP) can improve respiratory mechanics and atelectasis. Obese
patients may require higher PEEP than nonobese patients (eg, 10 cm H,0).?? Obese
patients also can demonstrate expiratory flow limitation with resultant air-trapping and
auto-PEEP, also referred to as intrinsic PEEP.*° In this instance, it is important to
monitor for the development of auto-PEEP using an expiratory hold maneuver on
the ventilator. The application of extrinsic PEEP should be limited to two-thirds of
the intrinsic PEEP.2225 High PEEP also can precipitate hemodynamic compromise
through limitations of venous return, right ventricular output, and pulmonary
perfusion.?®

The increased work of breathing, CO, production, and oxygen consumption
observed in the obese results in a rapid, shallow breathing pattern.?2 This resting
rate should be mirrored in ventilator settings and monitored for adequate
expiration.??3%

As with preoxygenation and intubation, positioning is an important component of
successful mechanical ventilation of the obese patient. Patients should be kept in a
head-elevated position (ie, reverse Trendelenburg) so as to lessen the volume loss
observed in supine positioning.>®

PHARMACOLOGY

Changes in body composition, cardiac output, and renal and hepatic function can
have important impacts on pharmacokinetics and pharmacodynamics of many impor-
tant medications (Fig. 2). The use of weight-based dosing scalars can lead to incorrect
dosing of medications through the use of an inappropriate dosing weight. Obese pa-
tients often are excluded from pharmaceutical dosing studies, limiting understanding
of effective dosing in this population.?>-2%40 At increasing weights, adipose tissue con-
tributes disproportionately to TBW, resulting in larger than expected volumes of
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Fig. 2. Impacts of obesity on drug pharmacokinetics and pharmacodynamics. CKD, chronic
kidney disease; CYP, cytochrome P450; NASH, nonalcoholic steatohepatitis.

distribution (Vg) of lipophilic compounds (Fig. 3).3° Alterations in Vg4 are particularly
relevant to emergency physicians, because they have significant impacts on loading
doses. Drug clearance has a more significant impact on maintenance doses and
dosing intervals.*° Drug clearance is determined primarily by hepatic and renal func-
tions, both of which can be variably affected by obesity, with an overall trend toward
more rapid drug clearance.*' Several different dosing weights are commonly used in
obese patients (Table 2). The appropriate dosing weight takes into consideration drug

120

100

80

60 - @ Adipose Mass
B Lean Mass

40 -

Normal BMI Obese BMI

Fig. 3. Tissue composition at normal BMI and obese BMI.
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Table 2

Dosing weight definitions

Weight Abbreviation Definition

Ideal body weight IBW The weight at a given height that is associated with
the lowest mortality

Total body weight TBW Measured weight without adjustment

Adjusted body weight  AdjBW IBW + cf(TBW — IBW)

ABW

Lean body mass LBM Estimated mass of nonfat tissues, including muscle,
bone, and so forth, with various calculations
available.

Abbreviation: cf, correction factor, most commonly 0.4.

lipophilicity, protein binding characteristics, and risk of toxicity. In general, more lipo-
philic compounds are best dosed according to TBW, whereas more hydrophilic com-
pounds are best dosed according to IBW or adjusted body weight (ABW). The
following sections highlight particularly relevant resuscitative medications and special
cases in obese pharmacology.

Sedatives and Paralytics

Incorrect dosing of sedatives and paralytics in rapid sequence intubation (RSI) can
affect intubation conditions adversely. Obese patients frequently experience under-
dosing of common RSI medications, such as etomidate and succinylcholine.*? In gen-
eral, medications used for RSI should be dosed according to TBW or IBW, depending
on drug lipophilicity, with some notable exceptions (Table 3). Rocuronium, although
weakly lipophilic, has been demonstrated to cause prolonged neuromuscular
blockade in obese patients when dosed at TBW and, therefore, should be dosed ac-
cording IBW.2° Propofol is highly lipophilic and dosing studies have demonstrated that
dosing according to IBW during RSI achieves similar sedation goals and intubating
conditions, while avoiding cardiovascular complications associated with higher
doses.®® Given the rapid clearance of propofol, however, obese patients may require
higher dosing more reflective of TBW when propofol infusions are used for sedation in
mechanically ventilated patients or during procedural sedation. Ketamine, another
highly lipophilic drug, demonstrates adequate sedation when dosed according to
weights between IBW and TBW. Dosing based on estimated lean body mass has
demonstrated good anesthetic outcomes.*® Finally, despite their highly lipophilic na-
ture, benzodiazepines have demonstrated prolonged effects in obese patients when
maintenance infusions are dosed according to TBW. Therefore, it is recommended
to calculate the initial dose of a benzodiazepine based on TBW, with infusions dosed
according to IBW.*4

Analgesics

Opioid medications are lipophilic and demonstrate large V4. Clearance is variably
affected, with some drugs demonstrating prolonged half-lives.** This prolonged
half-life, coupled with high rates of OSA and OHS, contributes to an increased risk
of opiate-related respiratory complications.>® Dosing of these opioid medications
should consider the intended effect and clinical scenario. When used in the peri-
intubation time period, consideration should be given to the rapid dispersal to tissues;
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Table 3
Weight-based dosing for selected medications
High Total Body Ideal Body Lean Body Adjusted
Drug Class Standard Weight Weight Mass Body Weight
RSI Etomidate Propofol Ketamine
Medications Succinylcholine  Rocuronium
Midazolam Vecuronium
Fentanyl
Antibiotics Cephalosporins ~ Vancomycin Aminogly-
Carbapenems cosides
Fluoroquinolones
Cariovascular Calcium channel B-Blockers
Medications blockers Lidocaine
Epinephrine Procainamide

Norepinephrine Digoxin

dosing based on TBW likely is beneficial.>®> When dosed for analgesia, dosing should
reflect IBW so as to minimize risk for respiratory complications.3%:44:4

Antibiotics

Early, appropriate antibiotic administration is a critical component of sepsis care.*® It
is incumbent on emergency physicians to accurately dose antibiotics to expediently
achieve therapeutic levels. As with other drug classes, drug-specific dosing recom-
mendations for antibiotics in obese patients are sparse. Vancomycin is among the
best-studied antibiotics in obese patients. Generally, the initial dose of vancomycin
is best dosed according to TBW, owing to relatively large V4; however, increases in
Vg4 do not scale proportionally with BMI; therefore, patients with very large BMls
may require lower doses.*” Subsequent doses are best determined via therapeutic
drug monitoring, because Cl can be significantly altered by both obesity and
sepsis-related organ dysfunction.*” Although evidence of improved therapeutic drug
levels with this dosing strategy have been reported for decades, underdosing is still
observed among many obese patients.*® A study of more than 2500 ED patients
demonstrated an 8-fold increase in the likelihood of underdosing of vancomycin for
every 10 kg increase in body weight.*®

Aminoglycosides have also been relatively well studied in the obese population. The
most commonly recommended dosing strategy is based on an ABW, in which a
correction factor, typically 0.4, is used for excess weight above IBW.*"

Penicillins, cephalosporins, carbapenems, and fluoroquinolones require relatively
little dosing adjustment and should be dosed at the higher end of the standard recom-
mended range.*’

Antibiotic therapy for the critically ill obese patient can be challenging, because mul-
tiple patient and disease factors can alter the pharmacokinetics and pharmacody-
namics of commonly used medications. Where available, therapeutic drug
monitoring can play a crucial role in treatment.*%47

Cardiovascular Medications

Unlike many of the medications discussed previously, cardiovascular drugs like
B-adrenergic receptor blockers, lidocaine, procainamide, and digoxin are relatively hy-
drophilic and have little alteration in their V4 with increasing BMI. Because their V4 are
relatively unchanged, dosing according to IBW is recommended.?>*" Conversely, cal-
cium channel blockers are more lipophilic and should be dosed according to TBW.2°
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Both weight-based and non-weight-based dosing strategies for vasoactive medica-
tions like norepinephrine have demonstrated similar efficacy in achieving clinically
meaningful outcomes like mean arterial blood pressure goal and mortality.*%-°° When
weight-based dosing strategies are used, TBW should be used for dosing calculations.

CONDITION-SPECIFIC CONSIDERATIONS
Cardiovascular Disease and Cardiac Arrest

Obesity is a significant contributor to cardiovascular disease mortality.” Even in the
absence of common congestive heart failure risk factors, obesity can lead directly
to the development of heart failure. This often is termed, obesity cardiomyopathy. In
this condition, hypertension, OSA, and OHS lead to alterations in cardiac structure
and function, ultimately producing a reduction in ejection fraction. Despite the well-
documented association with cardiovascular disease and cardiovascular death, the
impact of obesity on outcome after cardiac arrest is less clear.°"52 Obesity does
have measurable impacts on the delivery of high-quality cardiopulmonary resuscita-
tion. Increased abdominal girth may shift the optimal location for chest compressions
to a more cephalad position than advanced cardiac life support guidelines would sug-
gest.5® Additionally, the force required to generate appropriate chest compression
depth may lead to more rapid compressor fatigue.®*

Trauma

In addition to increased rates of iliness, obese patients also demonstrate higher rates
of traumatic injury. When compared with patients with normal BMI, overweight individ-
uals have an increased rate of injury of approximately 10%), whereas the risk of obese
individuals can be as high as 48%°° Obese patients demonstrate altered patterns of
injury, particularly in blunt trauma, with fewer liver and head injuries but increased
rates of extremity and thoracic injury.®® Although increased abdominal adipose tissue
may protect from intra-abdominal injury, increased inertia from excess weight may
contribute to more severe extremity injury and the increased frequency of severe ex-
tremity injury from relatively low mechanism trauma.®’

Many studies have demonstrated worsened morbidity in obese trauma pa-
tients.58%" Mortality results are mixed, with the overall trend favoring worsened mor-
tality with high BMI.%8®" Increased morbidity is driven largely by posttrauma
complications, including infection, respiratory failure, venous thromboembolism,
and multiorgan failure.>®®" Increased incidence of respiratory disease, airway
obstruction, chronic inflammation, and poor glycemic control may contribute to these
complications.”¢" The poor reliability of traditional resuscitation endpoints like cen-
tral venous pressure monitoring can result in under-resuscitation of obese trauma pa-
tients." Other contributors to worsened outcomes span the spectrum of care of the
trauma patient, including challenges with prehospital care (limitations of routine equip-
ment, prolonged extrication times),®’ limitations of diagnostic imaging,®?> and chal-
lenges in operative management with intraoperative patient positioning, table size,
and tissue depth at operative sites.>’

Care of the injured obese patient should focus on aggressive supportive care,
including respiratory support, appropriate perioperative antibiotic dosing, and aggres-
sive early resuscitative care.

Sepsis

The link between obesity and chronic disease, morbidity, and decreased life expec-
tance has been well established.! The effects of obesity in critical illness, however,



The Crashing Obese Patient

including sepsis, remain unclear. A systematic review noted significant heterogeneity
in the available literature and demonstrated no clear effect of obesity on mortality risk
in sepsis.®® Adipose produces a variety of inflammatory mediators leading to a state
chronic inflammatory state.®* It has been suggested that this may lead to an altered
host response during infection, conferring a protective effect.®®

Despite inconsistent effects on mortality, obesity has a well-demonstrated impact
on morbidity. Hospital and ICU lengths of stay, cost of care, and ventilator depen-
dence frequently are increased in the obese.®*%5-%8 Additionally, several studies
note that the average age of obese cohorts are younger than those of normal BMI
or underweight BMI, suggesting a potential increased risk of developing sepsis in
this group.®%%” Obese patients also have altered patterns of infection compared
with their normal and underweight counterparts, with fewer incidents of pulmonary in-
fections and increased rates of skin and soft tissue infections and of gram-positive
infections.54-56

The Surviving Sepsis Campaign recommends a weight-based fluid resuscitation
strategy but does not specify a dosing weight.*® Obese patients are frequently
under-resuscitated compared with normal weight and underweight patients.®468:69
ABW with a correction factor of 40% for body weight in excess of IBW has been asso-
ciated with improved morbidity and mortality.®® Prospective studies are needed in or-
der to determine the best fluid resuscitation strategy in the obese patient with sepsis-
induced hypotension. Early administration of appropriately dosed antibiotics remains
critically important in the care of the septic obese patient.

SUMMARY

Obesity imparts important anatomic and physiologic changes that have an impact on
resuscitative measures in critical illness. Obesity poses significant challenges to the
most basic aspects of resuscitative care, including IV access and cardiovascular
monitoring. Invasive procedures like central venous and arterial access may be neces-
sary to provide appropriate monitoring and treatment. Altered airway anatomy and
respiratory mechanics contribute to a decrease in respiratory reserve and can
contribute to rapid desaturation during RSI. Although it remains unclear if obesity is
an independent risk factor for difficult intubation, preparing for a potentially difficult
intubation is prudent because obesity and obesity-associated conditions frequently
are considered in difficult airway scoring systems. Emergency physicians should be
cognizant of altered pharmacokinetics in the obese and choose appropriate dosing
weights based on drug and patient characteristics and therapeutic intent.
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