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Impact of Obesity in Critical Illness

Michaela R. Anderson, MD, and Michael G.S. Shashaty, MD

The prevalence of obesity is rising worldwide. Adipose tissue exerts anatomic and physiological
effects with significant implications for critical illness. Changes in respiratory mechanics cause
expiratory flow limitation, atelectasis, and V/Q mismatch with resultant hypoxemia. Altered
work of breathing and obesity hypoventilation syndrome may cause hypercapnia. Challenging
mask ventilation and peri-intubation hypoxemia may complicate intubation. Patients with
obesity are at increased risk of ARDS and should receive lung-protective ventilation based on
predicted body weight. Increased positive end expiratory pressure (PEEP), coupled with
appropriate patient positioning, may overcome the alveolar decruitment and intrinsic PEEP
caused by elevated baseline pleural pressure; however, evidence is insufficient regarding the
impact of high PEEP strategies on outcomes. Venovenous extracorporeal membrane oxygen-
ation may be safely performed in patients with obesity. Fluid management should account for
increased prevalence of chronic heart and kidney disease, expanded blood volume, and
elevated acute kidney injury risk. Medication pharmacodynamics and pharmacokinetics may be
altered by hydrophobic drug distribution to adipose depots and comorbid liver or kidney dis-
ease. Obesity is associated with increased risk of VTE and infection; appropriate dosing of
prophylactic anticoagulation and early removal of indwelling catheters may decrease these
risks. Obesity is associated with improved critical illness survival in some studies. It is unclear

whether this reflects a protective effect or limitations inherent to observational research.
Obesity is associated with increased risk of intubation and death in SARS-CoV-2 infection.
Ongoing molecular studies of adipose tissue may deepen our understanding of how obesity
impacts critical illness pathophysiology. CHEST 2021; 160(6):2135-2145
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One-third of adults in the United States and
13% worldwide meet the World Health
Organization definition of obesity (BMI =
30 kg/m?)."”> A substantial body of literature
details the impact of obesity on critical illness
pathophysiology and management.”” In this

state-of-the-art concise review, we will
highlight clinically relevant and recent
studies to equip physicians with an
understanding of obesity’s effects on
pathophysiology, logistics, and outcomes in
the critical care setting.

ABBREVIATIONS: AKI = acute kidney injury; CKD = chronic kidney
disease; HFNC = high flow nasal cannula; LA = left atrial; LV = left
ventricular; NIV = noninvasive ventilation; OHS = obesity hypo-
ventilation syndrome; PEEP = positive end-expiratory pressure; PGD =
primary graft dysfunction; V4 = volume of distribution; VV-ECMO =
venovenous extracorporeal membrane oxygen

AFFILIATIONS: From the Division of Pulmonary Disease and Critical
Care Medicine (M. R. Anderson), Columbia University, New York,
NY; and the Pulmonary, Allergy, and Critical Care Division and the
Center for Clinical Epidemiology and Biostatistics (M. G.S. Shashaty),

chestjournal.org

Perelman School of Medicine, University of Pennsylvania, Philadel-
phia, PA.

FUNDING/SUPPORT: M. R. Anderson was supported by the National
Institutes of Health [Grant K23-HL150280]. M. G. S. Shashaty was
supported by the National Institutes of Health [Grant RO1-DK111638].
CORRESPONDENCE TO: Michael G.S. Shashaty, MD; email: shashatm@
pennmedicine.upenn.edu

Copyright © 2021 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOI: https://doi.org/10.1016/j.chest.2021.08.001

2135


mailto:shashatm@pennmedicine.upenn.edu
mailto:shashatm@pennmedicine.upenn.edu
https://doi.org/10.1016/j.chest.2021.08.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2021.08.001&domain=pdf
http://chestjournal.org

General Pathophysiology of Obesity

Obesity may exert physical, metabolic, and molecular
effects across multiple organ systems, and is associated
with numerous comorbidities (eg, diabetes mellitus,
hypertension, chronic kidney disease [CKD], hepatic
steatosis, OSA).° This underlying pathophysiological
milieu has both direct and indirect impacts in the
setting of critical illness (Fig 1). Obesity, however, is

a heterogeneous disease. Some effects of obesity may
only become relevant for patients with very high BMI
(= 40-50 kg/m?®). Others may depend on adipose
distribution or contribution of lean muscle mass to
BMI. Excess visceral adipose tissue is associated with a
chronic inflammatory state and insulin resistance.””’
Circulating adipokines (eg, leptin, resistin, visfatin,
adiponectin) have pleiotropic immunomodulatory
effects that could impact acute organ dysfunction
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syndromes, but adipokine concentrations are not
explained solely by BMIL.” Therefore, in the system-
based discussion that follows, it is of paramount
importance to remember that pathophysiological
effects of obesity may vary substantially across the
obese population.

Respiratory Pathophysiology and Management

Obesity has well-described effects on respiratory
anatomy and physiology that may impact baseline and
sick-state gas exchange and airway and ventilator
management. Increased airway resistance from
parapharyngeal adipose tissue renders the upper airway
susceptible to collapse, as seen in OSA.” Increased
baseline pleural pressure from abdominal and chest wall
adiposity results in reduced expiratory reserve volume
and functional residual capacity.”'' Patients with
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Figure 1 — Summary of pathophysiological and management challenges relevant to critically ill patients with obesity. Some challenges are relevant
across the obesity severity spectrum, whereas others may predominantly affect patients with more severe obesity (BMI > 40-50 kg/m”). Figure created
with BioRender.com. DJD = degenerative joint disease; FRC = functional residual capacity; GFR = glomerular filtration rate; IAP = intraabdominal
pressure; LVH = left ventricular hypertrophy; PEEP = positive end-expiratory pressure; RV = right ventricle; t;,, = half-life; V; = volume of

distribution.

2136 CHEST Reviews

[ 160#6 CHEST DECEMBER 2021 ]


https://biorender.com

obesity are therefore susceptible to collapse of
peripheral-dependent airways, atelectasis, and tidal
ventilation below the lower inflection point of the
inspiratory pressure-volume curve, with a corresponding
decrease in lung compliance.'”™"" Because dependent
perfusion is increased in some patients with obesity,
concomitant basilar atelectasis may cause V/Q mismatch
and resultant hypoxemia.'” Severe obesity may also
substantially increase the metabolic demand of
breathing: one study showed that approximately one-
half of the 60% increase in resting oxygen consumption
among patients with obesity (mean BMI, 53 kg/m?)
compared with control subjects was caused by
respiratory muscle demand."” This increased ventilatory
load results in a compensatory increase in neural
respiratory drive,'* a mechanism that fails in obesity
hypoventilation syndrome (OHS) with consequent
decreased neural drive, hypercapnia, and hypoxemia.'’

Intubation

Obesity is associated with difficult mask ventilation,
including the need for two-provider ventilation or
airway adjuncts, likely because of mask fit challenges,
increased upper airway resistance, and reduced
respiratory system compliance.'® Data are less clear as to
BMTI’s specific impact on difficult tracheal intubation.
Large operating room studies suggest small or no risk
differences in patients with BMI = 35 to 40 kg/m?.'""?
In a multicenter study of patients intubated in the ICU,
however, De Jong et al'” showed that obesity was 1.5 to 2
times more prevalent in those with difficult intubation.
Both operating room and ICU studies show that
modified Mallampati class IIT or IV, which is associated
with obesity, is a more important independent predictor
of difficult intubation than BML'""" Peri-intubation
hypoxemia, already common in ICU patients, is of
particular concern in patients with obesity because they
have shown more rapid and severe oxygen desaturation
during preoperative intubation.”” Operating room
interventions shown to improve peri-intubation Pao, in
patients with BMI > 40 kg/m” include 30° reverse
Trendelenburg or 25° head up positioning, noninvasive
ventilation (NIV) during preoxygenation, and
postintubation recruitment maneuver.”””' One
randomized trial of patients with BMI > 35 kg/m” found
that high flow nasal cannula (HFNC) alone resulted in
lower nadir end-tidal oxygen saturation during the

2 min after preoperative intubation compared with
NIV.** A systematic review highlighted trials in critically
ill patients showing that preintubation NIV, potentially

with addition of apneic oxygenation with HENC, may
decrease the depth of peri-intubation desaturation.”
These trials included patients with normal and elevated
BMI, and impact of the interventions on patient-
centered outcomes remains unclear.

ARDS

ICU patients with obesity have elevated risk of ARDS,
possibly related to baseline V/Q mismatch, atelectrauma
from alveolar collapse during tidal ventilation, or even a
proinflammatory response from adipose tissue.””* As
with all patients with ARDS, patients with high BMI
should be ventilated with tidal volumes normalized to
ARDSnet protocol-predicted body weight based on
height and sex.'”*” Although a plateau pressure goal =<
30 cm H,O remains standard, it is important for
physicians to understand that higher plateau pressure in
patients with obesity may not entirely reflect lung-
injurious increased transpulmonary pressure—elevated
baseline pleural pressure related to adiposity may also
contribute to this finding,"’

Several studies have explored optimal positive end-
expiratory pressure (PEEP) titration for patients with
ARDS with class III obesity, based on earlier
perioperative studies suggesting that higher extrinsic
PEEP may improve respiratory system compliance,
oxygenation, and expiratory flow limitation.”>”” In a
series of crossover studies in patients with ARDS with
mean BMI range 48 to 57 kg/m?, average PEEP of 20 to
22 cm H,0 was found to optimize end-expiratory lung
volumes, V/Q matching and oxygenation, lung
compliance, and ventilation homogeneity without
overdistention, far above the average of 12 to 13 cm H,0
set by physicians based on the ARDSnet low PEEP
table.”>”* " Hemodynamics were preserved even when
recruitment maneuvers were used prior to PEEP
titration, and a corresponding experiment in a swine
model of obese ARDS found that pulmonary vascular
resistance and pressure decreased with this method.”'
Should patients with ARDS with obesity be managed
with this approach? First, the studies were small (< 20
patients each). Second, this approach increased
mortality in a broad population of patients with
moderate to severe ARDS.”” Finally, accurate assessment
of lung compliance and driving pressure, used to
optimize PEEP settings, may be complicated by end-
expiratory complete airway closure, present in up to
two-thirds of patients with ARDS with BMI = 40 kg/
m”.*® At PEEP below airway opening pressure, standard
end-expiratory airway pressure measurements may
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therefore underestimate alveolar pressure and
overestimate driving pressure and respiratory system
elastance. There is a sound physiological basis, however,
for a higher PEEP approach in patients with very high
BMI, and trials testing clinical outcomes using this
strategy in the obese population are clearly warranted.

Prone positioning is feasible and, despite slightly
conflicting observational data,”*”” likely to benefit
patients with obesity who develop ARDS and severe
hypoxemia. Notably, the average BMI in the Proning
Severe ARDS Patients (PROSEVA) randomized
controlled trial was 28 to 29 kg/m>.*® Prone positioning
is also known to improve oxygenation and lung
compliance of patients with obesity in the perioperative
setting.”” Clinical teams may benefit from additional
planning to address logistical challenges involved in
turning patients with very high BMI, particularly if
needed rapidly, in the setting of clinical instability.

Obesity should not be considered an absolute
contraindication to venovenous extracorporeal
membrane oxygen (VV-ECMO) in patients with
severe forms of ARDS. Historically, the use of VV-
ECMO in patients with obesity was discouraged
because of concerns regarding technical difficulties
with cannulation, obtaining sufficient flow indexed to
body surface area, greater comorbidity burden, and
challenges with early mobilization.”® Multiple
observational studies, however, suggest that VV-
ECMO in patients with high BMI is safe, feasible,
and associated with similar’® or improved*’ outcomes
compared with nonobese patients. VV-ECMO has
also been safely used to transport patients with
obesity who have refractory respiratory failure to
quaternary care centers.”> ECMO to Rescue Lung
Injury in Severe ARDS (EOLIA), an international
multicenter randomized controlled trial of VV-
ECMO in severe ARDS, had BMI means of
approximately 28.5 kg/m?® in both VV-ECMO and
control groups (despite excluding patients with

BMI = 45 kg/m?), suggesting that many study
subjects were overweight or obese.*' No subgroup or
safety analyses were performed by BMI. When
managing patients with obesity receiving VV-ECMO
support, additional venous drainage cannulas may be
necessary to provide enough extracorporeal blood
flow to meet oxygenation needs when cardiac output
is high,”® and close attention should be paid to the
circuit for clot formation and cannula site infections.
Given the limitations in the existing data, particularly
for those with BMI > 50 kg/m?, providers should

consider local expertise in choosing candidates for
cannulation.

Other Respiratory Failure Syndromes

Obesity also impacts respiratory failure beyond ARDS.
Higher BMI is a risk factor for primary graft dysfunction
(PGD) after lung transplantation, potentially for reasons
similar to the factors previously noted that may
contribute to ARDS risk.*> A study found that CT-
quantified abdominal subcutaneous adipose tissue was
associated with PGD.*’ The finding that adipose
correlated with circulating levels of the immune-
modulating adipokine leptin and vascular endothelial
markers raises the possibility of a molecular link
between adiposity and PGD. Obesity is a sine qua non of
OHS, which may progress to acute on chronic
hypercapnic respiratory failure in the ICU. Physicians
must consider current and prior available data on partial
pressure of CO,, serum bicarbonate concentration, and
other measures of acid-base status to distinguish acute
and chronic components. Cohort studies have
demonstrated that NIV can be used to treat acute
respiratory failure in patients with OHS with intubation
avoidance rates of 83% to 94% and adjusted mortality
rates comparable with patients with COPD
exacerbations."* Patients with OHS may require higher
pressures, management in a sitting position, and
extended initial NIV to significantly improve blood gas
parameters.

Ventilator Weaning

A study by O’Brien et al*” showed in a risk-adjusted
analysis of 508 patients that patients with obesity in the
medical ICU had shorter time to successful extubation
than those with BMI < 25 kg/m”, with no difference in
reintubation rates. These findings remain more
convincing than prior studies, which were limited by
lack of appropriate adjustment for confounders.
Interestingly, obesity was not a typical criterion in
studies supporting a consensus recommendation for
extubation to NIV in high-risk patients.*
nonobese patients, patients with obesity who have
hypercapnia during spontaneous breathing trials may be
good candidates for this approach. HFNC has also been
studied in the prevention of respiratory failure after
cardiac surgery in patients with obesity, with some data
suggesting similar efficacy to NIV, whereas other data
suggest no improvement in atelectasis compared with

As in

standard nasal cannula.”””** Although a number of older
studies found associations of severe obesity with
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tracheostomy complications,”” more recent studies using
extralong tracheostomy tubes and bronchoscopy- or
ultrasound-aided percutaneous dilatational
tracheostomy suggest an overall low complication rate in
patients with obesity.50 Of note, however, the
percutaneous approach may not be feasible when
anatomic landmarks on the neck are obscured.

Cardiovascular Considerations

Obesity results in multiple cardiovascular changes
including increased blood volume, stroke volume, and
cardiac output; increased left ventricular (LV) and left
atrial (LA) filling pressures; LV hypertrophy and LA
enlargement; and increased risk for LV dysfunction.”"””
These factors likely increase the risk of atrial fibrillation,
as may sleep-disordered breathing, which results in
autonomic changes that may be arrhythmogenic.”*
Patients with OSA or OHS may also develop pulmonary
hypertension and right ventricular dysfunction.’”
Intensivists should correspondingly have an increased
index of suspicion for these conditions while realizing
that many patients with obesity have normal cardiac
function.

How to account for higher BMI in fluid resuscitation
remains unclear. Although initial fluid regimens for
sepsis, for example, are indexed to weight,56 obesity-
related blood volume increases plateau at the upper
extremes of BMIL.’' In trauma patients who were
largely managed with non-weight-based initial fluid
resuscitation, Winfield et al’” showed that metabolic
acidosis was slower to resolve in patients with BMI =
40 kg/m” than in those with normal BMI, raising the
possibility that such an approach might
underresuscitate patients with obesity.
Acknowledging the limitations of current evidence
and potential risks of excess fluid administration, a
weight-based approach to resuscitation, with
modification at very high BMI and heightened
attention to both perfusion goals and early signs of
fluid overload, may be most prudent.

Renal Considerations

Obesity is a risk factor for CKD and acute kidney injury
(AKI) in critical illness populations.”®”” Mechanisms
proposed for the obesity-AKI link include subclinical
CKD, intraabdominal hypertension, and alteration in
baseline and evoked circulating inflammatory mediators
and adipokines.” A recent study in critically ill trauma
patients found that the association of BMI with AKI risk
was in part explained by creatine kinase levels, raising

the possibility that higher BMI could predispose patients
to rhabdomyolysis-mediated kidney injury.”” This
finding may be specific to trauma patients, given the
frequency of rhabdomyolysis and a demographic
including young, healthy individuals whose high BMI
may sometimes reflect increased muscle mass rather
than adiposity.

Consensus criteria define AKI in part by urine output
(mL/kg/h).”" This may bias classification in favor of
AKI, particularly in patients with very high weight;
however, there is currently no consensus to index urine
output to adjusted or ideal weight estimates such as
those using height and sex.’” Creatinine criteria for AKI
are less susceptible to this bias, and novel AKI
biomarkers more specific to kidney injury may
ultimately supplant conventional definitions. For
estimating glomerular filtration rate in patients with
obesity and stable kidney function, the Chronic Kidney
Disease Epidemiology Collaboration equation is best
validated; however, its use of race is a point of active,
ongoing discussion within the nephrology community.®’

Pharmacology

Medication dosing regimens are often determined by
cohorts of normal weight participants, raising questions
about their applicability to patients with obesity in
whom clearance and volume of distribution (V4) may be
substantially different. Weight-based dosing guidelines
often do not specify the use of actual body weight

vs ideal (based on height and sex) or adjusted (typically
between actual and ideal) weight estimates,”” and
multiple additional factors impacted by obesity must be
considered for appropriate dosing. Diabetes may lead to
glomerular hyperfiltration in some patients with obesity,
whereas CKD or AKI (see Renal Considerations section)
may decrease glomerular filtration in others. This
variability may complicate dose selection for renally
cleared medications. Hepatic steatosis may decrease
clearance of hepatically metabolized medications. Vy,
calculated by dividing the total amount of drug in the
body by the plasma concentration, is influenced by
medication lipophilicity, molecular size, and protein
binding, which alter a drug’s ability to move between
blood and tissues. Lipophilic medications in particular
may have a larger V4 in patients with obesity, requiring
higher loading doses but also increasing elimination
half-life.”* A recent review details the impact of obesity
on dosing of many common ICU medications.”” ICU
physicians should focus on basic pharmacodynamic and
pharmacokinetic principles when dosing medications in
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patients with obesity, with special attention to (1) renal
and hepatic function, (2) medication lipophilicity, (3)
recommended dosing weight, and (4) observability of
medication effects. Particular care should be taken with
medications that have a narrow therapeutic window (eg,
low-molecular-weight heparins) and for which the
detection of harm may be delayed (eg, antibiotics).
Pharmacists should be involved in medication and dose
selection as much as possible.

Complications and Logistics
Thrombosis

Obesity is associated with increased risk of VTE in both
the general population and hospitalized patients.”® This
may be because of increased circulating procoagulant
factors,”” slowed venous return related to increased
intraabdominal pressure,”® or inadequate dosing of
prophylactic anticoagulation.”” Diagnosis of VTE on
ultrasound in obesity may be challenging because
increased subcutaneous tissue can make visualizing
deeper proximal veins difficult.”’ Establishing venous
compressibility with significant subcutaneous tissue may
be difficult, potentially resulting in false-positive
results.”” Physicians should incorporate a careful
physical examination and clinical impression into the
interpretation of ultrasound results in critically ill
patients with obesity and suspected VTE.

Pressure Ulcers

Whether obesity contributes to excess pressure ulcers in
hospitalized patients remains unclear.”" Studies are
limited by failure to account for differences in nursing
care intensity for patients with high BMI, and often do
not distinguish pressure ulcer sites and stages. Pressure
ulcer mechanisms specific to patients with obesity
include increased difficulty repositioning, increased
tensile pressure on skin, greater sweat production within
more skin folds, and impaired microcirculation. At this
time, standard care is recommended for pressure ulcer
prevention including regular repositioning and frequent
checks for early pressure injury.

Bed Size

Bariatric hospital beds are typically at least 120 cm wide,
have greater weight capacity, and may help with
positioning and mobility in patients with a BMI >

40 kg/m>.”” Increased bed width allows caregivers to roll
patients to both sides without pushing or lifting.
Furthermore, patients with obesity who want to
reposition themselves in narrow hospital beds must use

abdominal muscles to sit up, whereas wider beds allow
them to roll over and push to a seated position, allowing
greater movement and independence.

Infections

Obesity may be a risk factor for bloodstream infections,
pneumonia, and soft tissue infections in hospitalized and
critically ill patients.”””*
altered cellular immunity,”” increased use of central
venous catheters because of difficulties with peripheral
access,”’* prolonged urinary catheter use,”””*
inadequate antibiotic dosing.”® Physicians should focus
on frequent assessment and prompt removal of all in-
dwelling catheters and appropriate antibiotic dose
selection to mitigate infection risk.

Potential contributors include

and

Logistics

Incorrect BP cuff size may affect accuracy of BP
measurement and lead to inappropriate care in the ICU.
Physicians should confirm that the appropriate cuff is
being used in patients with obesity.

Vascular Access

The placement of central venous catheters may be more
challenging in the presence of increased subcutaneous
adipose tissue. Ultrasound guidance should mitigate the
increased challenges in identifying and cannulating
vessels; however, dilation and catheter placement
through greater subcutaneous tissue, particularly with a
femoral approach, may still be more challenging. Central
venous catheters may be more prone to infection in
patients with more skin folds, a large pannus, and
greater local sweat production. As in all patients, central
venous catheters should be used only when necessary,
assessed frequently, and removed for any signs of
infection.

Radiology

Increased soft tissue density and upward displacement
of the diaphragm may make interpretation of
radiographs in patients with obesity more challenging.
CT scans in such patients may exhibit increased noise
because of radiation scatter caused by subcutaneous
adipose tissue. This is particularly problematic when a
larger field of view is required as in abdominal and
pelvic imaging. Increased radiation dose may mitigate
some of these effects.”” Bedside ultrasound may provide
additional diagnostic information; however, quality may
be limited because greater adipose tissue leads to
decreased penetration of sound waves, difficulty
identifying landmarks because of beam attenuation, and
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TABLE 1 | Management Considerations in Specific Clinical Scenarios for Patients With Obesity

Clinical Scenario Management Considerations in Patients With Obesity Key References
Intubation e Reverse Trendelenburg or HOB elevated Dixon et al*®
e Consider preoxygenation with NIV, apneic oxygenation with high flow nasal Futier et al**
cannula Cabrini et al*®
e Consider recruitment maneuver after intubation
ARDS e Use predicted body weight for calculating tidal volume Brower et al®®
o Consider high PEEP strategy De Jong et al**
e Use prone positioning when indicated Erstad and
e Review sedative doses and goals with pharmacist Barletta®®
Refractory o Consider VV-ECMO support Salna et al®®
hypoxemia e May require additional drainage cannula with ECMO Schmidt et al'®®
e Monitor for cannula-associated clots and infections
OHS + respiratory o Place patient in seated position Bahammam'%®
failure e Consider NIV at higher pressures
Extubation e Review for any underlying cardiac disease El Solh et al®”
o Consider extubation to NIV if hypercapnic, high-risk Ouellette et al*®
Hypotension e Ensure appropriate BP cuff size Stelfox et al'®®
e Account for possible LV and RV dysfunction, increased blood volume Lemmens et al®*
Pressure ulcer e Bariatric bed to facilitate frequent turning Wiggerman
o Nutrition evaluation et al’?
Hospital-acquired ¢ Remove indwelling catheters as soon as able Bochicchio
infection e Review antibiotic dosing with pharmacist to ensure appropriate loading and et al’*
maintenance doses Dossett et al”>
DVT e Review anticoagulant dosing with pharmacist Sebaaly and
o Radiologist review if ultrasound inconsistent with clinical impression Covert®®
Cascio et al”®

ECMO = extracorporeal membrane oxygenation; HOB = head of bed; LV = left ventricular; NIV = noninvasive ventilation; OHS = obesity hypoventilation
syndrome; PEEP = positive end-expiratory pressure; RV = right ventricular; W-ECMO = venovenous extracorporeal membrane oxygenation.

difficulty adequately positioning patients. Whether this
alters diagnostic accuracy of lung ultrasound in
particular has not been reported.

Obesity and Outcomes in Critical Illness

Many physicians think patients with obesity have worse
ICU survival than those without. However, the
preponderance of data suggests that this is unlikely.
Meta-analyses’*”” have largely overcome the significant
statistical heterogeneity limiting earlier studies. Most of
the more recent studies, including an analysis of >
50,000 patients at 139 US hospitals,”” demonstrate that
obesity is associated with similar or decreased mortality
in mixed ICU populations,”" sepsis,”” and ARDS.**
In-depth comparisons of these studies can be found in
systematic reviews.”*””

There are multiple potential explanations for this
obesity paradox. Obesity may have protective
physiological effects that contribute to improved ICU
outcomes (see the Research and Emerging Literature
section). Additionally, differences in fluid management,

vasopressor dosing, and other aspects of treatment may
differ systematically between critically ill patients with
and without obesity, potentially impacting survival. It is
also possible, however, that the obesity paradox reflects
limitations inherent in observational studies of critical
illness. Preexisting beliefs that patients with obesity are
more ill or in need of closer monitoring than nonobese
patients with comparable derangements may favor ICU
admission of less ill patients with obesity, on average,
leading to collider bias, in which one of the study
selection variables (ICU admission) is linked to both
the predictor (BMI) and outcome (survival).®’
Furthermore, residual confounding may persist in all
retrospective analyses, particularly those from large
databases. Reviews of the obesity paradox in critical
illness are available for additional details on this
topic.”®**

Research and Emerging Literature

Whether changes in adipose tissue influence survival
from critical illness remains unclear. Serum from
critically ill patients, regardless of body mass, stimulates

chestjournal.org

2141



http://chestjournal.org

proliferation and accumulation of small adipocytes.*”
These new adipocytes lead to the accumulation of
antiinflammatory macrophages,” which facilitate lipid
storage while improving insulin sensitivity*® and
protecting mitochondrial function.””* Adipose tissue
may also serve as an energy reservoir in critical illness.
In both mice and humans, obesity was associated with
less muscle mass and function loss during critical illness
because of greater mobilization of triglycerides from
adipose tissue and less utilization of ectopically stored
lipids and proteins.*””’
identify how early in the course of critical illness these

Further work is needed to

adipose tissue changes occur and whether they influence
survival.

Adipokines regulate multiple immune cells and
inflammatory pathways, but associations with organ
dysfunction and survival are inconsistent.
Circulating leptin has been associated with higher,
similar, and lower survival in critical illness.”' *°
Higher adiponectin levels were associated with
higher mortality in sepsis and ARDS from
extrapulmonary causes,” " but with lower
Sequential Organ Function Assessment score on ICU
admission.”® Resistin and visfatin concentrations
have demonstrated more consistent associations with
798 Reviews of
adipokines and adipose tissue in critical illness are
recommended for in-depth summaries.””*"’

decreased survival in critical illness.

Obesity and COVID-19

Obesity is associated with an increased risk of testing
positive,'” developing severe disease,'’" and dying'’*
from SARS-CoV-2 infection after adjustment for age,
sex, and comorbidities. These associations may be
modified by age with a stronger association between
obesity and respiratory failure, ICU admission, or death
among patients < 60 to 65 years of age.ml’w2

Obesity has been associated with similar or decreased
risk of death in critical illness (see Obesity and
Outcomes in Critical Illness section), which differs from
findings in COVID-19."""'"* These disparate findings
may reflect the study of a single homogeneous disease,
differences in the allocation of pandemic-limited
resources (eg, ventilators, prone positioning,
extracorporeal membrane oxygen), or
pathophysiological mechanisms specific to SARS-CoV-2
infection. For example, the gene for the SARS-CoV-2-
binding ACE2 receptor is upregulated in adipose
tissue,'” suggesting that adipose may serve as a

reservoir for the SARS-CoV-2 virus; however, evidence
for this is currently lacking.'"*

Conclusions

Obesity remains a common but unique challenge in
critical illness. Studies have extended understanding
of obesity-related pulmonary pathophysiology from
the perioperative to the ICU setting. Obesity’s impact
on multiple organ systems, medication dosing, and
ICU complications and logistics is essential for
physicians to consider in management decisions
(Table 1)."%°7'%® Experience managing patients with
obesity and severe SARS-CoV-2 infection has
highlighted the importance of ongoing work to
understand molecular mechanisms underlying both
beneficial and injurious effects of obesity in critical
illness.
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