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Critical care of the bariatric patient

Fredric M. Pieracci, MD; Philip S. Barie, MD, MBA, FCCM; Alfons Pomp, MD

Obesity has emerged as a ma-
jor public health epidemic in
the United States (1). At the
turn of the millennium, over

one half of Americans were overweight
(body mass index [BMI] of �25 kg/m2),
over 30% were obese (BMI of �30 kg/
m2), and �5% were morbidly obese (BMI
of �40 kg/m2) (2–4). The prevalence of
obesity in America continues to increase
exponentially and is substantially greater
than that of other developed countries (5,
6). Obesity is a leading cause of prevent-
able death in the United States, resulting
in �100,000 excess deaths per year (7)
and an estimated annual cost of $70 bil-
lion, accounting for nearly 10% of na-
tional health care expenditures (8).

The numerical growth of the obese
population has been matched by an in-
crease in the number of obese patients
requiring both hospitalization and inten-

sive care unit (ICU) care. Furthermore,
the exponential increase in the number of
bariatric procedures annually (9–11) sug-
gests that bariatric surgical patients will
constitute an ever-increasing portion of
obese patients who require ICU care. A
knowledge of three fundamental issues is
necessary to manage effectively this rap-
idly growing patient demographic: 1) the
pathophysiology of obesity, 2) the re-
sponse of the obese patient to critical
illness, and 3) the postoperative care of
the critically ill bariatric patient.

METHODS

A MEDLINE/PubMed search from 1966 to
December 2005 was conducted using the
National Library of Medicine MeSH search terms
obesity, bariatric surgery, and critical illness.
These terms were also used to search the
Cochrane Library Database. All publication types,
languages, and subsets were searched. Rele-
vant studies, case reports, review articles, ed-
itorials, short communications, and chapters
from selected textbooks were then extracted
and manually cross-referenced. Only studies
using explicit definitions of obesity or morbid
obesity were included. Throughout the review,
obesity is defined as a BMI of �30 kg/m2 and
morbid obesity as a BMI of �40 kg/m2, unless
specified otherwise. Studies pertaining to crit-
ical illness included an ICU length of stay
(LOS) of �24 hrs. Bariatric operations in-
cluded were adjustable gastric banding, gas-
troplasty, gastric bypass, and biliopancreatic
diversion with duodenal switch.

Although the focus on this review is criti-
cal care of the bariatric surgical patient, much
of our understanding of obesity and of the
response of the obese patient to critical illness
does not come directly from this patient pop-
ulation. However, an appreciation of the fun-
damental physiologic derangements associ-
ated with obesity is paramount to caring for
bariatric surgical patients. We have thus struc-
tured our review as follows. We begin by re-
viewing the prevalence and consequences of
obesity in critical illness. We then adopt a
systems-based approach in describing the
available data on care of the critically ill obese
patient. We end by combining these data with
principles of care of the postoperative bariatric
patient to make recommendations as to the
care of the bariatric surgical patient during
critical illness. In many instances, data are
available for one demographic group but not
the other, and care is taken to make this
distinction clear throughout the review.

Prevalence of Obesity in Critical
Illness

Within medical-surgical ICUs, the current
prevalence of obesity ranges from 9% to 26%
(12–14) and that of morbid obesity from 1.4%
to 7% (14–16). Recently, Neville et al. (17)
reported that 63 of 242 blunt trauma patients
(26%) requiring ICU care were obese. A sub-
stantial portion of bariatric surgical patients
may require prolonged ICU care. Nguyen et al.
(18) reported in their randomized trial that
7.6% of laparoscopic gastric bypass patients
and 21.1% of open gastric bypass patients re-
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quired ICU care after surgery. Similarly, re-
cent series have documented that 6% to 24%
of bariatric surgical patients require �24 hrs
of ICU care (19–21).

Obesity and the Risk of
Mortality in Critical Illness

Compared with nonobese patients, obese
individuals harbor an increased overall mor-
tality (7, 22–27), perioperative mortality (28–
30), and mortality after trauma (17, 31–33).
However, in studies of critically ill patients,
the effect of BMI on reported outcomes is
mixed. Ray et al. (14) conducted a prospective
cohort study of 2,148 adult patients admitted
to a medical ICU between January 1997 and
August 2001. No significant differences were
observed between BMI groups (normal weight,
overweight, obese, and morbidly obese) with
respect to ICU LOS, hospital LOS, or mortal-
ity. Other large series of medical-surgical ICU
patients have also not found an association
between obesity and increased mortality (16,

34). However, Goulenok et al. (12) noted in a
prospective study of 813 medical ICU patients
that obese patients (defined as BMI of �27)
had a significantly increased ICU LOS (4 days
vs. 3 days, respectively; p � .024) and mortal-
ity (32% vs. 13%, respectively; p � .001) com-
pared with nonobese patients. El-Solh et al.
(15) performed a retrospective review of 117
morbidly obese patients and 132 nonobese
controls admitted to two medical ICUs over a
7-yr period. Compared with nonobese pa-
tients, morbidly obese patients had a signifi-
cantly increased LOS (17.7 days vs. 11.3 days,
p � .007) and ICU LOS (9.3 days vs. 5.8 days,
p � .007). In-hospital mortality in obese ICU
patients was nearly double that of nonobese
controls (30% vs. 17%, p � .019). Another
case-control study matched 170 obese, venti-
lated patients with 170 ventilated, nonobese
controls in a medical-surgical ICU (13). Obe-
sity was an independent risk factor for ICU
death, with a reported odds ratio of 2.1 (95%
confidence interval, 1.2–3.6; p � .007).

Several factors may account for these ob-
served discrepancies. Under-recording of data
necessary to calculate BMI, inaccurate estima-
tions of these data, failure to adjust body mass
for fluid balance, and failure to control for
race, socioeconomic status, and obesity-
related co-morbidities may all confound the
relationship between BMI and outcomes in
critical illness. Future studies employing rig-
orous methodology are warranted.

Far less information is available as to the
course of bariatric surgical patients requiring
ICU care. In a retrospective review of 250

patients undergoing either vertical banded
gastroplasty or gastric bypass, Helling et al.
(19) noted that hospital LOS doubled for those
patients requiring �24 hrs of ICU care after
surgery. Factors predictive of ICU admission
after bariatric surgery are shown in Table 1
(19, 35, 36).

Pathophysiology of Obesity

Inflammation, hypercoagulability, and in-
sulin resistance characterize obesity as a dis-
ease process that mimics critical illness. Adi-
pose tissue is a potent source of tumor
necrosis factor-� and interleukin-6. Neutro-
phils of obese patients have impaired chemo-
taxis and activation (37). Increased concentra-
tions of fibrinogen and plasminogen activator
inhibitor-1anddecreasedconcentrationofanti-
thrombin-III and decreased fibrinolysis are
found in obese patients (38). Thus, obesity is a
chronic inflammatory state that diminishes
both immune and metabolic reserves. In-
creased BMI requires increased cardiovascu-
lar, respiratory, and metabolic work, resulting
in a markedly diminished physiologic reserve.
Major physiologic derangements associated
with obesity are outlined below and summa-
rized in Table 2.

Pulmonary. Obesity results in a restrictive
lung pattern due to both increased pulmonary
blood volume (39, 40) and increased chest wall
mass from adipose tissue (40). Abnormal dia-
phragm position, upper airway resistance, and
increased daily CO2 production exacerbate re-
spiratory load and further increase the work of
breathing (41–43). The consequences of this
restrictive pattern are decreased functional re-
sidual capacity, vital capacity, total lung ca-
pacity, inspiratory capacity, minute ventila-
tory volume, and expiratory reserve volume.
Patients may also exhibit an obesity-related
obstructive air flow pathology that manifests
itself as an increased ratio of forced expiratory
volume in 1 sec to forced vital capacity (FEV1:
FVC) (42).

Obesity is strongly correlated with obstruc-
tive sleep apnea syndrome, a condition char-
acterized by repetitive partial or complete ob-
struction of the upper airway that is associated
with arterial blood oxygen desaturations and
arousals from sleep (44, 45). A decreased re-
spiratory rate and ultimately periods of apnea
occur frequently, with resultant self-limited
periods of severe hypoxia (46). Associated
symptoms include snoring, systemic and pul-
monary hypertension, nocturnal angina,
sleep-related cardiac dysrhythmias, gastro-
esophageal reflux disease, insomnia, polycy-
themia, and daytime somnolence (47, 48). In
rare instances, sudden death from sinus arrest
may occur (49). Apneic episodes occur with
greatest frequency during rapid eye movement
sleep (50), which, in turn, usually does not
resume until the third to fifth night after
surgery (51).

Table 1. Risk factors for intensive care unit
admission after bariatric surgery

Male sex
Age of �50 yrs
Body mass index of �60 kg/m2

Diabetes mellitus
Cardiovascular disease
Obstructive sleep apnea syndrome
Venous stasis
Intraoperative complications

Table 2. Major organ-system derangements in obesity

Organ System Pathology

Respiratory 2 FRC, TLC, VC, IC, ERV
1 FEV1/FVC
Obstructive sleep apnea syndrome

Cardiovascular 1 Blood volume
1 Vascular tone
2 Ventricular contractility

Renal 1 Clearance of renally excreted drugs
Hypertensive and diabetic nephropathy

Hematologic 1 Fibrinogen
1 PAI-1
2 AT-III
Venous stasis

Gastrointestinal Hiatal hernia
1 Gastric secretion volume
2 Gastric pH

Metabolic/Endocrine 1 Resting energy expenditure
Insulin resistance
1 Proteolysis

Immunologic 1 TNF-�
1 IL-6
Impaired neutrophil function

2, decreased; FRC, functional residual capacity; TLC, total lung capacity; VC, vital capacity; IC,
inspiratory capacity; ERV, expiratory reserve volume; 1, increased; FEV1/FVC, ratio of forced expira-
tory volume in one second to forced vital capacity; PAI-1, plasminogen activator inhibitor-1; AT-III,
antithrombin-III; TNF-�, tumor necrosis factor-�; IL-6, interleukin-6.
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Preexisting pulmonary disease in obese pa-
tients leads to an increased prevalence of post-
operative pulmonary complications (28, 52,
53). Obese patients’ relatively short, wide
necks and redundant oropharyngeal tissue
make elective intubation difficult. Effective
preoxygenation is not possible, and rapid ar-
terial desaturation is common after induction
of anesthesia. The use of a laryngeal mask
airway may prove invaluable in cases of diffi-
cult endotracheal intubation. Postoperatively,
splinting and atelectasis may further diminish
pulmonary reserve. A review of 24,157 postan-
esthesia care unit patients revealed that obese
patients were more than twice as likely to
suffer from a critical respiratory event defined
as unanticipated hypoxemia, hypoventilation,
or upper airway obstruction requiring an ac-
tive intervention (52).

An understanding of the altered respira-
tory mechanics secondary to obesity is crucial
to managing postoperative bariatric patients.
Early ambulation and minimal time spent in
the supine position while in bed should be
stressed. Ambulation within 2 hrs of surgery
and frequently thereafter is common to many
postoperative bariatric protocols (35).

El-Solh et al. (15) noted that morbidly
obese patients fare worse once pulmonary
complications develop. Compared with nono-
bese controls, morbidly obese patients spent
significantly more time on the ventilator (10.6
days vs. 4.6 days, p � .0004), required more
time to achieve extubation (3.2 days vs. 1.8
days, p � .009), and required more oxygen
throughout hospitalization (FIO2 of 38.4% vs.
31.1%, p � .001).

An increased prevalence of hiatal hernia
and increased intraabdominal pressure sec-
ondary to large abdominal panniculus are be-
lieved to augment the risk of aspiration in the
obese population (53). Altered gastric pH and
fluid volume have been found in obese surgi-
cal patients. In a cross-sectional study by
Vaughan et al. (54), 42 of 56 of obese patients
(75%) compared with 0 of 50 normal weight
controls (0%) shared the combination of gas-
tric secretion volume of �25 mL and pH of
�2.5, levels considered traditionally (albeit,
somewhat arbitrarily) to place the adult pa-
tient at risk for aspiration pneumonitis (55).
However, Zacchi et al. (56) found normal gas-
troesophageal junction resistance gradients in
obese patients without gastroesophageal re-
flux disease or hiatal hernia and concluded
that obesity alone was not a risk factor for
aspiration. In light of these incomplete data, it
is prudent to take precautions against acid
aspiration in the critically ill obese patient.
Specifically, histamine H2-antagonists main-
tain gastric volume of �25 mL and gastric pH
of �2.5 effectively in morbidly obese patients
(57).

Mechanical ventilation for the obese pa-
tient with respiratory failure is challenging.
Delivered tidal volume should be calculated
based on ideal body weight (IBW) rather than
actual body weight (ABW) to avoid high airway

pressures, alveolar overdistention, and baro-
trauma. End-tidal CO2 monitors are unreliable
because of widened alveolar-arterial gradients
present in most obese patients (58). Providing
an intubated, morbidly obese patient with 10
cm of positive end-expiratory pressure improves
lung volumes, PaO2, PaCO2, elasticity, pressure-
volume curves, and intraabdominal pressure
compared with nonobese controls (59). Finally,
the reverse Trendelenburg position at 45 de-
grees facilitates liberation from the ventilator
and extubation by improving ventilatory me-
chanics, as described above. In a population of
critically ill obese patients, the reverse Tren-
delenburg positioning at 45 degrees resulted
in increased PaO2 and tidal volume and de-
creased respiratory rate as compared with the
supine position (60).

A substantial fraction of bariatric patients
may require �24 hrs of mechanical ventila-
tion postoperatively. Helling et al. (19) re-
ported that 44 of 250x consecutive bariatric
surgery patients degrees remained intubated
for �24 hrs after surgery. Prolonged respira-
tory failure after bariatric surgery, however,
seems to be rare. Livingston et al. (36) re-
ported only 9 of 1,067 cases (0.6%) of respira-
tory failure in their series of gastric bypass
patients. Furthermore, using the 2002 Health-
care Cost and Utilization Project National In-
patient Sample, Poulose et al. (61) docu-
mented 7.3 cases of respiratory failure per
1,000 bariatric patients.

Patients with respiratory failure may ben-
efit from early tracheostomy (62, 63). Trache-
ostomy is hazardous and technically demanding
in obese patients because of the aforementioned
cervical anatomy. Longer tracheostomy tubes
with sharper angles may be necessary to accom-
modate increased neck girth in obese patients
(64, 65). Percutaneous tracheostomy remains
controversial for these patients. Mansharamani
et al. (66) reported no complications in 13 con-
secutive obese patients, but Byhahn et al. (67)
reported a 2.7-fold increased risk of perioperative
complications in obese patients compared with
nonobese controls (95% confidence interval,
1.8–4.1; p � .001), with a 4.9-fold increased
risk of serious complications (95% confidence
interval, 3.1–7.8; p � .001). The overall com-
plication rate of percutaneous tracheostomy
for 73 obese patients was 43.8%.

The prevalence of obstructive sleep apnea
syndrome in large series of bariatric surgical
patients is 39% (36) to 71% (67). Polysomnog-
raphy is recommended for preoperative eval-
uation of bariatric surgical patients. Empirical
continuous positive airway pressure (CPAP)
via mask (10 cm H2O) may be instituted if
patients are unable to complete polysomnog-
raphy before surgery (68). The CPAP acts to
displace the tongue and pharyngeal soft tis-
sues, preventing airway obstruction. Although
CPAP may cause gastric distention from in-
gested air at increased pressure, CPAP has not
been found to increase the rate of anastomotic
failure. In a series of 1,067 consecutive gastric
bypass patients, Livingston et al. (36) noted

similar rates of anastomotic leak in patients
receiving CPAP (2 of 159 patients, 1.3%) com-
pared with those not receiving CPAP (10 of
908 patients, 1.3%).

Cardiovascular. Obesity is a risk factor for
coronary artery disease that is independent
from the influences of diabetes mellitus and
hypertension (69). Sixty percent of obese pa-
tients have hypertension, which resolves with
weight loss (70–72). Due to a usually seden-
tary lifestyle, symptoms of angina or conges-
tive heart failure may not be elicited easily.

The pathophysiology of cardiovascular dis-
ease related to obesity involves an increase in
both preload and afterload. Approximately 3
mL of blood volume are needed per 100 g of
adipose tissue (73); as BMI increases, so does
circulating blood volume. Increased blood vol-
ume increases preload, stroke volume, cardiac
output, and myocardial work (74, 75). Elevated
circulating concentrations of catecholamines,
mineralocorticoids, renin, and aldosterone
serve to increase afterload (76). Hyperkinesis,
myocardial hypertrophy, decreased compli-
ance, diastolic dysfunction, and eventually
ventricular failure ensue (74, 77, 78). Sudden
death from cardiac arrhythmias or sinus arrest
can occur (77).

The diastolic dysfunction characteristic of
obesity results in poor fluid tolerance. A pul-
monary artery catheter may be useful in obese
patients who require large-volume fluid resus-
citation. Noninvasive blood pressure monitor-
ing by cuff sphygmomanometer is often inac-
curate due to size discrepancy; therefore, an
indwelling arterial catheter should be em-
ployed when hemodynamic stability is in ques-
tion. Finally, although the use of perioperative
�-blockade in patients at risk for cardiovascu-
lar disease decreases morbidity and mortality
from cardiovascular events (79), �-blockade
should be used cautiously for obese patients
because of impaired ventricular contractility due
to decreased �-adrenergic receptors (80, 81).

Both CO2 pneumoperitoneum and reverse
Trendelenburg positioning have been impli-
cated in impairing cardiac function during
laparoscopic gastric bypass (82). In a recent
trial, Nguyen et al. (83) randomized 51 pa-
tients to receive either open or laparoscopic
gastric bypass. Both groups were placed in the
reverse Trendelenburg position. Abdominal
insufflation in the laparoscopic group resulted
in increased systemic vascular resistance and
decreased cardiac output compared with both
baseline and the open gastric bypass group
immediately after incision. However, systemic
vascular resistance and cardiac output recov-
ered within 1.5 hrs and 2.5 hrs of abdominal
insufflation, respectively, in the laparoscopic
group, and no adverse sequelae were noted.
Transient hypercarbia was controlled effec-
tively through ventilator manipulations.

Reverse Trendelenburg positioning during
bariatric surgery likely has a small effect on
cardiac dynamics (82). In the aforementioned
study by Nguyen et al. (83), cardiac output
increased significantly after incision in open
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gastric bypass patients despite being placed in
the reverse Trendelenburg position.

Nutrition. Malnutrition and obesity are not
mutually exclusive, and the supposition that
“starving” obese patients during critical illness
is well tolerated or even beneficial is errone-
ous. Obese patients have an increased resting
energy expenditure secondary to increased
BMI, with central adipose tissue being more
metabolically active than peripheral adipose
tissue (84).

Obesity is characterized by the “metabolic
X syndrome”: insulin resistance, hyperinsulin-
emia, hyperglycemia, coronary artery disease,
hypertension, and hyperlipidemia (85). Sub-
strate overload leads to baseline resistance to
pancreatic polypeptides. Elevated basal insulin
concentrations in obesity suppress lipid mobi-
lization from body stores, causing accelerated
proteolysis to support gluconeogenesis, which
in turn forces rapid loss of muscle mass and
early deconditioning. A case-control study of
obese blunt trauma patients revealed that obese
patients mobilized relatively more protein and
less fat compared with nonobese controls (86).
This shift from fat to carbohydrate metabolism
increases the respiratory quotient and may cause
hypercarbia and impede extubation.

The enhanced metabolic rate, accelerated
net protein breakdown, and alterations in lipid
and carbohydrate metabolism of critical ill-
ness exacerbate these preexisting metabolic
derangements. Nutrition in critically ill obese
patients should thus supply enough glucose to
spare protein. Calories should be supplied pri-
marily as carbohydrates, with fats given to
prevent essential fatty acid deficiency (87).
Most recommended enteral feeding regimens
supply 30 kcal/kg and 2.0 g/kg protein per day,
based on IBW (41, 58, 88). However, recent
data have reported improved outcomes using
hypocaloric feedings. Dickerson et al. reviewed
40 critically ill, obese surgical patients and
found that those who received hypocaloric en-
teral feedings (�20 kcal · kg�1 · day�1 based
on IBW) had decreased ICU LOS, received
fewer days of antibiotics, and decreased length of
mechanical ventilation compared with those fed
eucaloric feedings (�20 kcal · kg�1 · day�1)
(89). The authors postulated that improved out-
come in the hypocaloric group was related to
fewer complications of overfeeding. Prospective
trials are warranted.

Total parenteral nutrition is used often in
postoperative bariatric patients when enteral
feeding is impossible. However, although data
specifically addressing the bariatric patient
population are not available, total parenteral
nutrition has not been shown to decrease ma-
jor postoperative complication rates or mor-
tality in critically ill postoperative patients
(90, 91). Placement of a feeding gastrostomy
tube at the time of surgery should be consid-
ered when a prolonged period of critical illness
is anticipated.

Thromboembolic Disease. Obese patients
are believed to be at increased risk of throm-
boembolic complications due to increased

bloodviscosity,decreasedconcentrationofanti-
thrombin-III, and increased concentration of
both fibrinogen and plasminogen activator in-
hibitor-1 produced by adipose tissue (38, 92).
Sedentary lifestyle, venous stasis, and pulmo-
nary hypertension augment this risk (92–94).
Endothelial injury as a result of surgery consti-
tutes the final element of Virchow’s triad (hyper-
coagulability, stasis, endothelial injury) (95),
priming the obese surgical patient for perioper-
ative thromboembolic complications.

Several prospective studies of patients have
identified obesity as a risk factor for postoper-
ative venous thromboembolism (VTE) after
elective major abdominal surgery (94, 96, 97).
Two large autopsy series revealed that 67%
(98) and 75% (99) of patients with no preex-
isting risk factors who died of acute pulmo-
nary thromboembolism were obese.

Despite an increased risk within the obese
population, the reported prevalence of VTE
after bariatric surgery is low. Prospective stud-
ies have reported a rate of VTE from 0% to
2.4% and of pulmonary embolism from 0% to
1.2% (19, 100–107). However, variable meth-
ods of prophylaxis were used, and the majority
of patients were not critically ill.

Although VTE is rare, pulmonary embo-
lism is the most common cause of postopera-
tive mortality (19, 108) and an independent
risk factor for death after bariatric surgery
(106). In a review of 3,464 bariatric surgery
patients, pulmonary embolism accounted for
50% of deaths (105). Livingston et al. (36)
documented nine postoperative pulmonary
emboli in 1,067 bariatric surgery patients, of
which six were fatal.

Whereas �95% of obesity surgeons use
some form of thromboprophylaxis routinely
(109), no specific regimen is employed univer-
sally. Scholton et al. (110) documented a low
rate of postoperative VTE with a multiple-
modality prophylaxis protocol including early
ambulation, graded compression stockings,
intermittent pneumatic compression stock-
ings and enoxaparin at 40 mg subcutaneously
every 12 hrs. A recent meta-analysis recom-
mended unfractionated heparin, low molecu-
lar weight heparin, or intermittent pneumatic
compression stockings for high-risk patients
undergoing elective abdominal surgery (111).
Emphasis must be placed on proper timing of
prophylaxis, with the initial dose of pharma-
coprophylaxis given 1–2 hrs preoperatively.

Prophylactic inferior vena cava filter place-
ment may be beneficial for those bariatric pa-
tients at extremely high risk for postoperative
VTE. A higher prevalence of VTE has been
reported in super obese (BMI of �50 kg/m2

(2)) patients, patients with truncal obesity,
venous stasis disease, or a history of VTE (107,
112, 113). Although no randomized trials ad-
dressing the value of prophylactic inferior
vena cava filter placement in this population
exist, new retrievable inferior vena cava filters
may be considered before surgery for patients
with one or more of these high-risk factors.

Pharmacology. Obese patients with nor-
mal renal function have an increased glomer-
ular filtration rate and thus an increased clear-
ance of drugs excreted by the kidney (114,
115). However, diabetes mellitus and hyper-
tension, which complicate obesity frequently,
may cause renal dysfunction. Therefore, renal
function must be determined on an individual
basis. Further, calculated and measured creat-
inine clearance correlate poorly in obesity
(116), mandating measurement of creatinine
clearance with timed urine specimens in all
obese patients with suspected renal dysfunction.

An increased ratio of adipose to lean body
mass alters the volume of distribution (Vd) of
lipophilic drugs. Accumulation of lipophilic
drugs in adipose tissue not only increases the
dose necessary to gain effect, but also prolongs
the elimination half-life (117, 118). Dosing of
these drugs in obese patients is generally ap-
proximated best using ABW rather than IBW
(119). Conversely, the Vd of hydrophilic drugs
in general relates better to lean body mass
(approximated by IBW) because of poor pene-
tration into adipose tissue. Dosing of hydro-
philic drugs based on ABW in the obese pa-
tient population may grossly overestimate
necessary dosages, leading to toxicity (120).
However, blood, extracellular fluid, body or-
gan, and connective tissue volume, to which
hydrophilic drugs may distribute, are all also
increased in obese patients (121). Thus,
whereas dosing of hydrophilic drugs should ini-
tially be based on IBW, serum concentrations
should be monitored whenever possible to en-
sure therapeutic concentrations (122, 123).

Due to variable alterations in Vd, clearance,
and elimination half-life, dosing adjustments
for specific drugs in obese patients can be
complex. Individual drugs used commonly in
critical illness that have been studied in obese
patients are discussed below.

Propofol is a hypnotic, lipophilic drug with
a rapid onset and short duration of action
(124). Both Vd and clearance of propofol are
increased in obese patients and correlate with
ABW (125). Elimination half-life is unchanged
compared with nonobese controls. Dosing of
propofol for both induction and maintenance
of anesthesia should thus be based on ABW.

The lipophilic benzodiazepines demon-
strate markedly increased Vd, similar clear-
ance, and increased elimination half-life in
obese patients (126). Based on these data, sin-
gle dosing of benzodiazepines in obese pa-
tients (e.g., premedication for bedside proce-
dures) should be calculated based on ABW to
account for the increased Vd of the drug (127).
However, dose calculations for continuous in-
fusion in obese patients should follow IBW
because clearance is not significantly different
from nonobese patients. Frequent interrup-
tions in infusion with assessment of patient
response are necessary to avoid delayed liber-
ation from the ventilator and prolonged ICU
LOS (128).

Fentanyl is a synthetic, lipophilic opioid
with a rapid onset of action and minimal his-
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tamine-related vasodilation (129). Bently et al.
(130) found similar pharmacokinetics of fent-
anyl in obese and nonobese patients, suggest-
ing dosing based on IBW. Shibutani et al.
(131) reported a poor linear correlation be-
tween the fentanyl dose required for analgesia
and total body weight. They derived a correc-
tion factor (Table 3) for the weight-based dos-
ing of fentanyl in the postoperative period,
termed “pharmacokinetic mass,” that corre-
lated well with fentanyl dose over a range of
48–181 kg.

Although the pharmacokinetics of many
antimicrobials in obese patients remain
largely unknown, several exceptions warrant
discussion. Both the Vd and clearance of van-
comycin correlate better with ABW than IBW
in morbidly obese patients (132, 133). Shorter
elimination half-life of vancomycin relative to
nonobese patients (mean of 3.3 hrs vs. 7.2 hrs,
p � .0001) may require shorter dosing inter-
vals to achieve therapeutic steady-state trough
concentrations (e.g., every 8 hrs vs. every 12
hrs) (133). Due to variability in both dosage
amount and dosage interval, serum concen-
trations of vancomycin should be monitored
in obese patients (134).

Linezolid is an oxazolidinone with activity
against multi– drug-resistant Gram-positive
bacteria (135, 136). Stein et al. (137) measured
serum concentrations of linezolid in seven
obese patients with cellulitis treated with a
standard dosing regimen (600 mg by mouth
every 12 hrs for 12 days). Although mean
serum concentrations were decreased com-
pared with nonobese controls, prolonged in
vitro serum inhibitory activity was observed
against two of three clinical isolates of methi-
cillin-resistant Staphylococcus aureus and
one clinical isolate of vancomycin-resistant
Enterococcus faecium. Clinical cure was
achieved in all subjects.

The hydrophilic aminoglycosides and fluo-
roquinolones require use of a predetermined
dosing weight correction factor to calculate
dosing weight (Table 3).

Clinical studies suggest a dosing weight
correction factor of approximately 0.45 for
both aminoglycosides (138) and quinolones
(139). However, because a wide range of dos-
ing weight correction factors for aminogylco-
sides have been reported in the literature

(140–142), subsequent dosing should be based
on serum concentrations. Monitoring serum
concentrations of aminoglycosides is particu-
larly important in obesity because of an in-
creased susceptibility to nephrotoxicity (143,
144). Alterations of dosage interval in obese
patients with normal renal function are usu-
ally unnecessary (122, 145). Once-daily dosing
of aminoglycosides in obese patients has not
been studied and is not recommended.

The PROWESS trial of drotrecogin alfa (ac-
tivated) (146) excluded patients weighing
�135 kg. A subsequent study that included
morbidly obese patients (range, 59–227 kg)
documented similar plasma concentrations
and elimination half-lives of drotrecogin alfa
(activated) when dosed by ABW (147). There-
fore, drotrecogin alfa (activated) may be used
for treatment of severe sepsis in morbidly
obese patients and should be dosed according
to ABW without limitation of dosage. Dosing
weights in obese patients for drugs used com-
monly in critical illness are summarized in
Table 3.

Vascular Access. Gaining central venous
access in obese patients is made difficult by
obscured anatomic landmarks, increased
depth of insertion necessary to gain venipunc-
ture, and a distorted angle of insertion. Gilbert
et al. (148) demonstrated increased success of
cannulation, decreased need to resort to an
alternative technique, and significantly fewer
complications for internal jugular vein cannu-
lation in a mixed population of obese and
coagulopathic ICU patients. Vigilant surveil-
lance for catheter-related infections is neces-
sary as central catheters are usually kept in-
dwelling longer in critically ill obese patients
(15), and intertriginous folds predispose to
infection.

Anastomotic Leak After Bariatric Surgery.
Anastomotic leak is a rare but deadly compli-
cation after bariatric surgery. Recent case se-
ries have reported a prevalence ranging from
0.5% to 2% (20, 36, 105, 107). Bariatric pa-
tients who sustain a postoperative anasto-
motic leak have increased hospital LOS, ICU
LOS, and mortality (106, 149).

In a recent review of 210 consecutive lapa-
roscopic Roux-en-Y gastric bypass patients,
Hamilton et al. (149) found severe tachycardia
(heart rate, �120 beats/min) and respiratory

failure (the development of an increasing ox-
ygen requirement after discharge from the
postanesthesia care unit, SaO2 of �92% on
room air, or respiratory rate of �24 breaths/
min) to be the two most common presenting
manifestations of anastomotic leak. Eight of
nine patients (89%) with anastomotic leaks
experienced severe tachycardia and six of nine
patients (67%) experienced respiratory dis-
tress. By multivariate analysis, both respira-
tory distress (odds ratio, 6.0; 95% confidence
interval, 2.57–208.5; p � .01) and severe
tachycardia (odds ratio, 23.2; 95% confidence
interval, 1.2–29.4; p � .05) were independent
predictors of anastomotic leak. Failure of pro-
gression to extubation or sudden respiratory
decompensation in the immediate postopera-
tive period should thus raise suspicion of in-
traabdominal pathology. Concurrent symp-
toms and findings, such as left shoulder pain,
increasing abdominal pain, a perception of
impending doom, or an isolated left pleural
effusion on chest radiograph may aid in differ-
entiating anastomotic leak from other com-
mon causes of postoperative respiratory de-
cline, most notably pulmonary embolism
(108). Whereas upper gastrointestinal contrast
imaging is both useful and employed routinely
in diagnosing anastomotic failure, a negative
study does not exclude the diagnosis; a water-
soluble gastrointestinal contrast study re-
vealed an anastomotic leak in only two of nine
patients (22%) in the aforementioned study by
Hamilton et al (149).

Failure to recognize an anastomotic leak
can result in rapid deterioration and death. All
postoperative bariatric patients with persistent
tachycardia and respiratory distress in whom
pulmonary embolism has been ruled out
should thus undergo exploratory laparotomy.
Most morbidly obese patients exceed the
weight limitation for the gantry of computed
tomography scanners, precluding the use of
computed tomography to image the abdomen.

Pressure-Induced Rhabdomyolysis. Pres-
sure-induced rhabdomyolysis is a rare but
well-described postoperative complication
that results from prolonged, unrelieved pres-
sure to muscle during surgery (150–153). Ma-
jor risk factors include prolonged operative
time and obesity. Rhabdomyolysis after bari-
atric surgery may affect the lower limbs, glu-
teal, or lumbar regions (154–157). In a recent
review, mean operating room time, mean BMI
(67 kg/m2 vs. 56 kg/m2), and the prevalence of
diabetes mellitus were significantly greater in
patients who developed rhabdomyolysis (155).
Prevention of rhabdomyolysis and related
complications includes attention to padding
and positioning on the operating table, mini-
mization of operative time, and maintenance
of a high index of suspicion postoperatively.

Although the most common clinical pre-
sentation of rhabdomyolysis is numbness and
muscular pain, patients may lack symptoms
due to perioperative epidural anesthesia. Cu-
taneous eruptions (e.g., purpura, epidermoly-
sis) over sites of muscle injury have been de-

Table 3. Dosing weights in obese patients for selected drugs used commonly in critical illness

Drug Dosing Weight

Propofol ABW
Benzodiazepines

Single-dosage ABW
Continuous infusion IBW

Fentanyl 52/(1 � [196.4 � e�0.025 ABW � 53.66]/100)
Vancomycin ABW
Aminoglycosides IBW � (0.40 � [ABW � IBW])
Fluoroquinolones IBW � (0.40 � [ABW � IBW])
Drotrecogin alfa (activated) ABW

ABW, actual body weight; IBW, ideal body weight.
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scribed (158). Muscle breakdown leads to the
release of intracellular myoglobin and creatine
phosphokinase. Myoglobinuria is suspected in
the presence of brown urine and confirmed by
a positive urine dipstick test for hemoglobin in
the absence of erythrocytes on urinalysis
(159). Elevated creatine phosphokinase con-
centrations peak on the second to fifth post-
operative day and usually resolve within 2 wks
of surgery (154).

Patients suspected of having rhabdomyol-
ysis should be monitored in the ICU. Treat-
ment is instituted once the creatine phos-
phokinase concentration increases to �5,000
IU/L, including aggressive hydration and di-
uresis with mannitol to a target urine output
of 1.5 mL · kg�1 · hr�1. Mannitol mobilizes
muscular interstitial fluid and increases renal
tubular flow (160). Alkalization of urine with
sodium bicarbonate increases the solubility of
myoglobin in a pH-dependent manner (161).

Compartment syndrome, acute renal fail-
ure, and mortality may complicate rhabdomy-
olysis. Acute renal failure (prevalence, 50%
(159)) results from hypovolemia, tubular ob-
struction, acidosis, and free radical release
(162). Factors predictive of renal failure in
rhabdomyolysis include age of �70 yrs, serum
creatine phosphokinase concentration of
�16,000 IU/L, degree of hypoalbuminemia,
and sepsis (163). Fortunately, complete recov-
ery of tubular function is the norm, albeit after
a variable period of renal replacement therapy
(151). Hemofiltration has the added advantage
of rapid clearance of myoglobin.

CONCLUSION

Obese patients, many of whom are
now bariatric surgical patients, consti-
tute an increasing percentage of critically
ill patients. Obesity is characterized by a
chronic proinflammatory state, changes
in cellular immunity, hypercoagulability,
and insulin resistance. These baseline
physiologic derangements, coupled with
the stress of critical illness, present
unique challenges to the critical care
team. Knowledge of the pathophysiology
of obesity and of the presentation and
treatment of serious complications of
bariatric surgery are necessary to manage
these patients effectively. Prospective
data addressing critically ill, bariatric pa-
tients are scant. Trials that include and
examine morbidly obese surgical patients
are needed.
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