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Obesity is a growing epidemic that affects the health of millions of Americans and will require
healthcare systems to anticipate growth in the numbers of obese patients. The National Insti‐
tutes of Health and World Health Organization classify body mass index (BMI) in kg/m  as over‐
weight (25.0-29.9), class I obesity (30.0-34.9), class II obesity (35.0-39.9), and class III or ex‐
treme obesity (> 40.0).  BMIs of > 40.0 and > 50.0 have been classified previously as morbid
obesity and super morbid obesity, respectively.  Trends in obesity based on the National Health
and Nutrition Examination Survey (NHANES) suggest an increase in age-adjusted prevalence
of obesity in the United States from 33.7% in 2007-2008 to 39.6% in 2015-2016.  Given that
obesity carries with it an increased risk of medical conditions that can result in an intensive care
unit (ICU) admission (e.g., coronary artery disease, diabetes, stroke, pulmonary embolism),  the
prevalence of obesity in those admitted to the ICU also has risen, with rates varying from ap‐
proximately 20% to 36.5%.  With the growth in the numbers of patients undergoing bariatric
surgery (252,000 U.S. and Canadian cases in 2018),  more patients are being treated in the
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ICU for complications of that procedure. In addition, obesity is an independent risk factor for
mortality in the ICU.  This article will highlight some important practical aspects of care that
arise in the management of critically ill obese patients, along with the unique physiology result‐
ing from obesity.

RESPIRATORY MANAGEMENT
Obesity results in an alteration of the lung volumes and capacities, including a significant drop in
functional residual capacity (FRC), vital capacity (VC), and tidal volume, while the residual vol‐
ume (RV) and total lung capacity (TLC) are less affected.  The expiratory reserve volume (ERV
= FRC-RV) drops exponentially with increasing BMI, with the effect most pronounced in those
with more central obesity. Even a BMI of 30 kg/m  can reduce ERV by 53% compared to normal
BMI. A 1% decrease in ERV can be expected for every additional unit of BMI.  As a result of
the lower tidal volumes and higher metabolic rate, the respiratory rate typically is higher.

As might be expected, total respiratory compliance is lower by as much as two-thirds in obese
patients, with contributions from fat deposition in the chest wall and abdomen, incomplete relax‐
ation of respiratory muscles, and lower lung compliance. In fact, respiratory compliance appears
to be inversely related to BMI,  resulting from increased pulmonary blood volumes, closure of
dependent airways, and increased alveolar surface tension at lower FRC.  With rising BMI, the
FRC can drop below the closing volume at which basilar alveoli start to collapse, resulting in
ventilation perfusion (V/Q) mismatch and hypoxemia. The drop in FRC with anesthesia of nor‐
mal BMI subjects is even more pronounced in patients with obesity.  Similarly, obesity can dra‐
matically decrease the time to desaturation in a pre-oxygenated patient who is apneic, such as
during induction of anesthesia.

Airway resistance also is increased in obese patients, in part because of the lower FRC.  The
lower respiratory compliance and higher airway resistance seen in these patients leads to an in‐
crease in the work of breathing. As a result, the oxygen cost of breathing at rest (the percentage
of body oxygen consumption dedicated to respiratory muscle work) rises from a normal of less
than 3% in nonobese subjects to a level that is four- to 10-fold higher in obese patients.

Considering the respiratory physiologic changes in obesity noted above, methods to improve
ventilation in these patients include reverse Trendelenburg position at 30-45 degrees,  pro‐
phylactic bilevel positive airway pressure in the postoperative period,  and higher levels of pos‐
itive end-expiratory pressure (PEEP) up to 10 or even 15 cm H O in those on mechanical venti‐
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lation.  Recruitment maneuvers followed by PEEP 10 cm H O during anesthesia and paraly‐
sis of obese patients likely is better than either alone in improving atelectasis, although the gen‐
eralizability of all of these anesthesia studies to the ICU remains unclear.  At present,
while it is not unreasonable to trial a patient on higher PEEP followed by a reassessment of oxy‐
genation, there are no strong data to indicate that all obese patients should be treated with high‐
er PEEP. Similarly, there are insufficient data to suggest the routine use of recruitment maneu‐
vers in obese patients.

Short-term anesthesia studies on ventilator mode in obese patients have been conducted and
suggest special considerations for the obese patient with ARDS. In a secondary analysis of the
ARDSNet trial, O’Brien found no difference in outcome in acute lung injury when comparing nor‐
mal, overweight, and obese subjects who were ventilated with 6 mL/kg predicted body weight
(PBW), knowing that the study excluded patients with a weight (kg):height (cm) ratio ≥ 1.  To
achieve a tidal volume of 6 mL/kg PBW, one should aim for a plateau airway pressure of < 30.
However, without data to support them, some would argue for the acceptance of a higher
plateau pressure if needed, knowing that this does not necessarily translate into a high transpul‐
monary pressure, but rather reflects the lower chest wall compliance and higher abdominal
pressure. When available, use of esophageal manometry can help to assess the contribution of
the chest wall to total respiratory compliance.

An “obesity paradox” has been described when looking at mortality in ARDS and septic
shock  in that obese patients tend to have a better outcome compared to normal weight or
underweight patients. However, further analysis has demonstrated that differences exist in the
demographics (age, APACHE III score, types of infection) and treatment (intravenous [IV] fluid
volumes used for resuscitation, antibiotic doses) of these groups and may better explain the dif‐
ferences in mortality. Further work needs to be done. It may be that we could improve the mor‐
tality of nonobese patients by studying some of these apparent paradoxes. Mogri et al provide a
summary of practical tips for ventilating obese patients.

OBSTRUCTIVE SLEEP APNEA AND OBESITY HYPOVENTILATION
SYNDROME
The possibility of obstructive sleep apnea (OSA) or obesity hypoventilation syndrome (OHS)
must be considered in obese patients, especially when managing the airway. Because many
OSA patients remain undiagnosed,  screening tools such as the STOP BANG questionnaire,

16,17
2

16,18,19

20

21

5,22

23

24

Tim
Highlight

Tim
Highlight



2/25/22, 9:21 AMCritical Care in the Obese Patient | 2020-03-18 | Home Browser Title Tagline

Page 4 of 12https://www.reliasmedia.com/articles/print/145965-critical-care-in-the-obese-patient

which gives the patient a point for each of eight criteria (snoring, tiredness, observed apnea,
pressure [hypertension], BMI, age, neck circumference, gender), are available. It was devel‐
oped originally as a presurgical screening tool but has been expanded since for use in a broad‐
er population.  The prevalence of moderate to severe sleep apnea in the general population is
near 4% for women and 9% for men,  and it increases to 48% for people with a BMI ≥ 30
kg/m  in one study.  The diagnosis of OSA puts patients at higher risk of acute hypercarbic and
hypoxic respiratory failure, difficult intubation, pulmonary embolism, delirium, cardiac ischemia,
arrhythmia, and other complications, especially in the postoperative period.

Similarly, compared to those with OSA alone, those with OHS are at higher risk of complications
such as respiratory failure, heart failure, prolonged intubation, hypertension, insulin resistance,
pulmonary hypertension, postoperative ICU transfer, and longer ICU and hospital lengths of
stay, especially in the postoperative period.  A BMI > 30 kg/m  and PaCO > 45 mmHg are crit‐
ical elements of the diagnosis. While a diagnosis of OHS cannot be made when other etiologies
of hypercarbia such as use of opiates and sedatives are present, precautions should be taken in
these patients, including close respiratory monitoring and limiting the use of sedating medica‐
tions when possible, especially since patients with untreated sleep-disordered breathing have
an increased sensitivity to opiates. The prevalence is estimated to be 10-20% in obese patients
with OSA and 0.15-0.3% in the general adult population.  The risk of OHS goes up with BMI,
and some estimate it at 50% in those with BMI ≥ 50 kg/m . The combination of OSA, BMI > 30
kg/m , and serum bicarbonate ≥ 28 mmol/L puts the patient at significantly higher risk of OHS,
while a baseline serum bicarbonate ≤ 27 mmol/L makes a diagnosis of OHS much less likely
(good negative predictive value).

NUTRITION
Despite sufficient caloric intake, many obese patients remain malnourished, with a high rate of
micronutrient deficiencies. In those who have undergone bariatric surgery, the American Society
for Parenteral and Enteral Nutrition (ASPEN) recommends: initiation of thiamine prior to giving
dextrose-containing IV fluids; evaluation for and treatment of micronutrient deficiencies, such as
calcium, thiamine, vitamin B12, fat-soluble vitamins (A, D, E, K), and folate; and evaluation and
treatment for deficiencies in the trace minerals iron, selenium, zinc, and copper.
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Obese patients with critical illness, similar to nonobese patients, are at risk for loss of muscle
mass. Thus, hypocaloric, high-protein nutritional support often is recommended in these pa‐
tients during times of critical illness, except in situations where high protein intake may be detri‐
mental (progressive renal insufficiency, severe hepatic insufficiency, diabetic ketoacidosis, hypo‐
glycemia, age > 60 years, or severe immune compromise).  Indirect calorimetry, when avail‐
able, is the best means of matching caloric replacement with expenditure. Short of this, the best
equations for calculating caloric and protein needs in these patients are debated, making con‐
sultation with the nutritional support team critical.

VENOUS THROMBOEMBOLISM
The risk of venous thromboembolism (VTE) is approximately 2.5 times higher in obese patients
compared to nonobese patients, potentially due to altered levels of platelet activator inhibitor,
plasma fibrinogen, factors VII and VIII, and von Willebrand factor; increased platelet activation;
decreased mobility; venous stasis; and increased thrombin generation.  Obese patients are
more likely to have postoperative thromboembolism. Pulmonary embolism is the most common
cause of postoperative mortality after bariatric surgery, accounting for approximately 50% of
deaths in some studies.

For deep venous thrombosis (DVT) prophylaxis with enoxaparin or dalteparin, standard doses
(30 mg every 12 hours and 5,000 U once daily, respectively) are recommended up to BMI 40
kg/m , with a 30% increase in dose for those ≥ 40 kg/m . Even higher doses (enoxaparin 60 mg
every 12 hours) are recommended by some for patients with BMI ≥ 50 kg/m  who are undergo‐
ing bariatric surgery and are at high risk of DVT.  Similarly, higher doses of unfractionated
heparin for DVT prophylaxis are recommended by some experts.

The diagnosis of VTE can be challenging in the obese patient, given the diminished quality of
images seen as the result of higher BMI across all imaging modalities.  Computed tomogra‐
phy (CT) remains the best modality for diagnosing PE. Lower extremity venous duplex exam re‐
mains the imaging modality of choice for DVT. Rather than using the typical linear ultrasound
probe, a curvilinear ultrasound probe with 2-3 MHz frequency may result in better image
quality.

Treatment for DVT and pulmonary embolism (PE) in obese patients is similar to treatment in
nonobese patients, with a few caveats. When using unfractionated heparin, using actual body
weight rather than ideal body weight is recommended.  Similarly, the American College of
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Chest Physicians (ACCP) Guidelines for anticoagulation suggest that weight-based (actual
body weight) dosing for low molecular weight heparin (LMWH) is preferred over fixed dosing for
obese patients; studies are limited in patients with weights > 144 kg (enoxaparin) and > 190 kg
(dalteparin).  For those with weights greater than these, no upper dose limit is recommended,
but closer monitoring, potentially with Factor Xa levels, may be indicated.

Treatment recommendations for DVT and PE with the direct oral anticoagulants (DOACs) in
those with BMI 40 kg/m  or less are no different than in nonobese patients. However, DOACs
generally are not recommended for use in patients with BMI ≥ 40 kg/m  or weight > 120 kg be‐
cause of the limited clinical data on safety and efficacy. If DOACs are used in those with BMI ≥
40 kg/m , it is suggested that drug-specific peak and trough levels (anti-Factor Xa, ecarin time,
or dilute thrombin time, depending on the agent, or mass spectrometry drug levels) be moni‐
tored, limiting their use for many centers.  As more data emerge on the safety and efficacy of
these agents in patients with BMI > 40 kg/m , the guidelines for use of DOACs in this population
likely will evolve.

PHARMACOLOGY
There is a paucity of research and information regarding drug dosing in this population, so con‐
sultation with the pharmacy service to assist with drug dosing and pharmacokinetics often is
beneficial. Adjusted dosing of medications often requires the clinician to consider several theo‐
retical considerations besides the usual renal and hepatic metabolism of the medication,  in‐
cluding weight-based dosing. Weight-based dosing must consider whether the medication is
best dosed on actual body weight (ABW) vs. ideal (IBW) vs. lean (LBW) vs. adjusted (ABWadj)
body weight, knowing that one drug may require loading based on one weight criteria and main‐
tenance dosing based on another weight criteria. Debate continues regarding the best size de‐
scriptor to use when calculating doses of renally cleared medications, and it is important to
know which equations investigators used in the original dosing trials.  Obesity may affect drug
pharmacokinetics in several ways, including:

Absorption: increased oral absorption due to increased gastric emptying, decreased sub‐
cutaneous absorption, failure of intramuscular (IM) administration due to short needles.
Volume of distribution (Vd): increased Vd for lipophilic drugs. Thus, lipophilic medications
often are loaded based on ABW while hydrophilic medications are dosed more often on
LBW or IBW.
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Metabolism through increased P450 2E1 activity and other effects.
Elimination: longer half-life of lipophilic drugs, increased glomerular filtration rate in obese
patients with normal renal function, more difficulty calculating creatinine clearance in obe‐
sity and critical illness.

MANAGEMENT OF THE BARIATRIC SURGERY PATIENT
Because of the obesity epidemic, the number of patients undergoing bariatric surgery has
grown, especially since it is one of the most effective treatments now available for the treatment
of obesity and its complicating comorbidities. Because it is not uncommon for these patients to
have complications requiring an ICU stay, a discussion of critical care in the obese patient
would not be complete without some mention of bariatric surgery and its complications. As not‐
ed in the introduction, approximately 252,000 bariatric procedures were done in the United
States and Canada in 2018.  Of these, 61% were sleeve gastrectomy (SG), 17% were roux-en-
Y gastric bypass (RYGB) procedures, 1% were gastric banding, 15% were revisions of prior
surgeries, and the rest were much less commonly performed procedures. The mechanism of
weight loss with SG is primarily restriction in the size of the stomach, while the RYGB not only
results in restriction of gastric size, but also malabsorption, which needs to be considered when
delivering enteral feedings in the ICU.

Mortality rates generally are < 1% after surgery, and < 10% of patients will require ICU admis‐
sion. The most common complications leading to mortality and to ICU admission are PE, anas‐
tomotic leak, and cardiac events. The type of surgery affects the risk of complications and ICU
admission, with fewer ICU admissions seen with laparoscopic compared to open procedures,
and fewer seen with SG and gastric banding compared to RYGB.  Additional factors associat‐
ed with higher rates of ICU admission include age > 50 years, BMI ≥ 60 kg/m , and the need for
reoperation.

After PE, anastomotic leak is the second most common cause of preventable death after
bariatric surgery. It occurs in up to 5% of patients, often leading to sepsis and carrying with it a
mortality rate of 6-17%. Mortality rates are highest in those with a delay in diagnosis.  Upper
gastrointestinal contrast examination with water-soluble oral contrast is the investigation of
choice to diagnose anastomotic leak in bariatric surgery patients.  Small bowel obstruction,
especially after RYGB and often from anastomotic stricture, internal hernia, and volvulus, is an‐
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other relatively common postoperative complication that is best imaged by CT scan. Gastroin‐
testinal bleeding is not uncommon, occurring in 1-2% of patients after RYGB, often at a staple
line.

SUMMARY
Our healthcare system has made great strides in the care of many chronic diseases. Unfortu‐
nately, we continue to see a growing number of patients with obesity, the disease at the root of
many of the chronic diseases facing our patients. As critical care practitioners, we will continue
to see these patients in our ICU more frequently, requiring us to manage the unique medical
problems and physiology seen in this population. Much of the data described earlier are based
on anesthesia studies and studies of the otherwise healthy obese patient, while few studies
have been done assessing the obese patient in the ICU. Thus, critical care of obese patients is
an area ripe for further research as we face this challenge in the future.
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