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bstract Background: Obesity is associated with chronic increases in intra-abdominal pressure (IAP). The
aim of the present study was to examine the correlation between the IAP and the number of
obesity-related co-morbidities.
Methods: A total of 63 morbidly obese patients who were undergoing bariatric surgery had their IAP
measured intraoperatively while in a supine position and under general anesthesia. The IAP readings
were obtained through an indwelling urinary bladder catheter. The correlation of obesity-related co-
morbidities, including systemic hypertension, type 2 diabetes mellitus, gastroesophageal reflux disease,
urinary stress incontinence, lower extremity edema, obstructive sleep apnea, and abdominal wall hernia,
and the level of IAP were examined using a stepwise regression analysis model.
Results: Of the 62 patients, 57 were women. The mean age was 44 � 11 years, and the body mass
index was 49 � 10 kg/m2. Of the 62 patients, 48 (77%) had an elevated IAP (�9 cm H2O). A significant
and positive correlation was found between the IAP level and the number of obesity-related co-
morbidities (Pearson’s r � .8; P �.05). Stepwise logistic regression analysis revealed that systemic
hypertension, American Society of Anesthesiologists score, and body mass index were predictors of
elevated IAP. A normal IAP appeared to offer a protective effect against systemic hypertension.
Conclusion: In this cohort of mainly obese women, the baseline IAP of morbidly obese patients
was abnormally elevated. A greater IAP correlated with the presence of a greater number of
obesity-related co-morbid conditions. Systemic hypertension was significantly associated with an
elevated IAP. Chronic increases in IAP might, in part, be responsible for the pathogenesis of
systemic hypertension in the morbidly obese. (Surg Obes Relat Dis 2009;5:524–528.) © 2009
American Society for Metabolic and Bariatric Surgery. All rights reserved.
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Morbid obesity continues to be a major public health
roblem in the United States. It is well known that morbid
besity is associated with multiple medical conditions, and
ost of these conditions improve significantly or resolve

fter bariatric surgery. One of the proposed mechanisms for

Presented at the 94th Annual Clinical Congress of the American Col-
ege of Surgeons, Surgical Forum, San Francisco, California, October 16,
008.

*Reprint requests: J. Esteban Varela, M.D., M.P.H., F.A.C.S., F.A.S.M.B.S.,
inimally Invasive and Bariatric Surgery, Veterans Affairs North Texas
ealthcare System, 4500 South Lancaster Road, Suite 112, Dallas, TX 75216.
cE-mail: esteban.varela@utsouthwestern.edu

550-7289/09/$ – see front matter © 2009 American Society for Metabolic and B
oi:10.1016/j.soard.2009.04.003
he development of obesity-related co-morbidities is the
resence of a chronically increased intra-abdominal pres-
ure (IAP) [1–3]. It has been proposed that a number of the
o-morbidities that accompany morbid obesity are related to
his pathophysiologic intra-abdominal condition. The de-
rease in IAP that accompanies significant weight loss
ight, in part, be responsible for the improvement and

esolution of some of these co-morbidities.
In the present study, we measured the intraoperative IAP

sing an indwelling urinary catheter in morbidly obese
atients undergoing bariatric surgery. We examined the

orrelation between the IAP levels and the presence of

ariatric Surgery. All rights reserved.
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besity-related co-morbid conditions and determined the
redictors of an elevated IAP in the morbidly obese.

ethods

Morbidly obese patients who underwent laparoscopic
astric bypass or laparoscopic adjustable gastric banding for
he treatment of morbid obesity and related co-morbid con-
itions were enrolled in the present study. Preoperative IAP
eadings were obtained during surgery, after the induction
f general anesthesia and with the patient in the supine
osition. We recorded the presence of obesity-related co-
orbidities that are commonly associated with an increased

AP, including systemic hypertension, type 2 diabetes, gas-
roesophageal reflux disease, urinary stress incontinence,
ower extremity edema, obstructive sleep apnea, and ab-
ominal wall hernia. The demographic and clinical data
ere also collected. The institutional review board of the
niversity of California, Irvine, Medical Center (Orange,
A) approved the study.

AP measurement

A 16F indwelling Foley transurethral bladder catheter
as inserted after the induction of general anesthesia, with

he patient placed in the supine position. Bladder pressure
easurement techniques using indwelling transurethral

ladder catheters have been previously described and vali-
ated [3–5]. The bladder pressures were measured immedi-
tely after anesthesia and before standard laparoscopic
oux-en-Y gastric bypass or laparoscopic adjustable gastric
anding. With the patient in the supine position, the urinary
ladder was partially drained by gravity, with the catheter
ositioned at the level of the heart. The urinary catheter was
hen raised above the pubic symphysis. The IAP, measured
n centimeters of water, represented the column of urine
bove the pubic symphysis at the end of expiration.

tatistical analysis

Correlations between the IAP levels and the number of
besity-related conditions were performed using Pearson’s
orrelation. Associations between these variables were
ested with chi-square analysis. A linear stepwise logistic
egression analysis, with the IAP as the dependent variable,
as completed, controlling for the following variables: age,
ender, race/ethnicity, body mass index (BMI), American
ociety of Anesthesiologists (ASA) score, and obesity-re-

ated co-morbid conditions (systemic hypertension, type 2
iabetes, gastroesophageal reflux disease, urinary stress in-
ontinence, lower extremity edema, obstructive sleep apnea,
nd abdominal wall hernia). Statistical analysis was per-
ormed using the Statistical Package for Social Sciences
tatistical software (SPSS, Chicago, IL). P �.05 was con-

idered statistically significant. a
esults

emographic data

A total of 62 morbidly obese patients who were under-
oing bariatric surgery were included in the present study
Table 1). The demographics of the cohort are listed in
able 1. Of the 62 patients, 77% had an elevated intraop-
rative IAP �9 cm H2O. The most common co-morbid
ondition present was systemic hypertension (53.2%), fol-
owed by gastroesophageal reflux disease (51.6%), lower
xtremity edema (40.3%), obstructive sleep apnea (40.3%),
iabetes mellitus (25.8%), stress incontinence (24.2%), and
bdominal wall hernia (1.6%).

orrelation between IAP and co-morbidities

The overall mean IAP for the entire cohort was elevated
t 11 � 5 cm H2O. The mean IAP for the morbidly obese
atients without co-morbidities was 10 � 5 cm H2O. The
ean IAP for those with 1, 2, and �3 co-morbidities was
� 5, 12 � 5, and 14 � 5 cm H2O, respectively (P �.05

ersus no co-morbidities). Fig. 1 shows the significant and
ositive correlation between the IAP level and the number
f obesity-related co-morbidities (r � .8; P �.05). A sig-
ificant correlation between the IAP level and BMI (r � .5;
�.05) was also noted.
Systemic hypertension was significantly associated with

levated IAP, but the other obesity-related co-morbid con-
itions were not (Table 2). A normal IAP appeared to offer
protective effect against systemic hypertension. In turn,
orbidly obese patients with a normal IAP were 77% less

ikely to have systemic hypertension (odds ratio .23, 95%
onfidence interval .06–.81). Establishing IAP as the de-
endent variable and after controlling for age, gender, race/
thnicity, and all obesity-related co-morbid conditions, step-

able 1
atient demographics

ariable Value

atients (n) 62
ender (%)
Female 86
Male 14

ace/ethnicity (%)
White 81
Black 14
Hispanic 5
ean age (yr) 44 � 11
ean BMI (kg/m2) 49 � 10
ean ASA score 3 � 0.2
ariatric procedure (%)
LGB 60
LAGB 40

BMI � body mass index; ASA � American Society of Anesthesiolo-
ists; LGB � laparoscopic gastric bypass; LAGB � laparoscopic adjust-

ble gastric banding.
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ise logistic regression analysis demonstrated that the
resence of systemic hypertension, ASA score, and BMI were
ndependent risk factors for an elevated IAP (Table 3).

iscussion

Obesity is associated with multiple obesity-related co-
orbidities. In the present study, we found that morbidly

bese patients undergoing bariatric surgery have an abnor-
ally elevated baseline IAP. We also found that an increas-

ng IAP level correlated with the presence and number of
besity-related co-morbidities. The presence of systemic
ypertension, ASA score, and BMI were independent risk
actors for an elevated IAP in our morbidly obese patients.
ystemic hypertension was the sole obesity-related co-mor-
idity that was significantly associated with increased IAP,
nd the other conditions were not. Our results have shown
hat morbidly obese patients with a normal IAP are less
ikely to have systemic hypertension.

For the purposes of this investigation, we used a well-
stablished and validated technique with an indwelling
ransurethral urinary catheter for the intraoperative IAP
easurements. Iberti et al. [4,5] previously demonstrated

hat using a transurethral bladder catheter to monitor the
AP was safe, simple, and highly accurate and correlated

ig. 1. Correlation between intra-abdominal pressures vs. number of obe-
ity related comorbidities.

able 2
ssociations between obesity-related co-morbidities and intra-abdominal
ressure

o-morbidity OR Chi-square 95% CI

ystemic hypertension .23 5.61 .06–.81*
ype 2 diabetes mellitus .36 1.61 .07–1.82
astroesophageal reflux disease 1.09 .02 .34–3.50
rinary stress incontinence 1.85 .90 .51–6.65
bstructive sleep apnea .49 1.15 .13–1.80
ower extremity edema .65 .40 .17–2.43
bdominal wall hernia 0 .32 NA

OR � odds ratio; CI � confidence interval; NA � not applicable
unable to calculate).
s* P �.05 by chi-square analysis.
ignificantly with direct intraperitoneal pressure monitoring
n various patient positions. The normal mean IAP in hos-
italized patients has also been previously established by
anchez et al. [6] to be �9 cm H2O. They also found a
ositive correlation between IAP and the BMI.

Increases in IAP can be acute, such as in the case of
bdominal compartment syndrome, or chronic, such as dur-
ng pregnancy or with the development of ascites or morbid
besity. Acute increases of IAP have tremendous deleteri-
us cardiovascular, renal, pulmonary, and splanchnic ef-
ects [7–12]. As such, abdominal compartment syndrome
equires emergent abdominal decompression. In contrast,
he chronic elevation of IAP, such as in the morbidly obese,
ight be, in part, responsible for development of many co-
orbid conditions, such as hypertension, type 2 diabetes, gas-

roesophageal reflux disease, urinary stress incontinence, lower
xtremity edema, venous stasis, pseudotumor cerebri, obstruc-
ive sleep apnea, and abdominal wall hernia [13]. Most of these
edical conditions have been shown to improve or resolve

fter surgically induced weight loss [14,15].
It is possible that the decrease in abdominal and visceral

at that results in the reduction in IAP seen after bariatric
urgery is in part responsible for the resolution or improve-
ent of most of the obesity-related conditions. Increased

isceral adiposity has also been associated with the devel-
pment of various metabolic diseases. Sugerman et al. [16]
emonstrated that an increased sagittal abdominal diameter
nd waist circumference were associated with increased
rinary bladder pressures in both men and women. Mor-
idly obese men, who preferentially have a visceral fat
istribution, had a greater sagittal abdominal diameter and
rinary bladder pressures compared with women. However,
n women, no correlation was found between the urinary
ladder pressure and waist-to-hip ratio. This phenomenon
an be explained by the gender differences in abdominal and
isceral fat distributions. Women preferentially have periph-
ral fat distribution rather than central. Most recently, the
ongitudinal Assessment of Bariatric Surgery also demon-

able 3
tepwise regression analysis model and independent risk factors for
levated intra-abdominal pressure

ariable Coefficient SE T-statistic

onstant �33.4 8.48 �3.94
SA score 9.74 2.72 3.59*
MI .28 .04 5.89*
ystemic hypertension 2.92 1.00 2.92*

SE � standard error; other abbreviations as in Table 1.
Variables not included in model: age, gender, race/ethnicity, type 2

iabetes mellitus, gastroesophageal reflux disease, lower extremity edema,
rinary stress incontinence, obstructive sleep apnea, and abdominal wall
ernia.
* P �.05.
trated strong associations between the BMI and co-morbid
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onditions in a large population of morbidly obese with a BMI
40 kg/m2 who had undergone bariatric surgery [17].
The other co-morbid conditions studied appear to not be

elated to an increased IAP, such as type 2 diabetes mellitus,
hich has been historically associated with IAP. Rubino et

l. [18] suggested that the immediate improvement in dia-
etes after bariatric surgery might be related to changes in
astrointestinal incretins after intestinal bypass and duode-
al exclusion. However, additional mechanisms might be
nvolved in diabetes resolution, as demonstrated by Dixon
t al. [19]. Gastroesophageal reflux, which has also been
ypically related to a high IAP, was not found to be asso-
iated with the IAP in our study. Most patients who undergo
ntireflux procedures are not morbidly obese. These find-
ngs suggest that in addition to an elevated IAP, a defective
ntireflux mechanism at the gastroesophageal junction must
e present. Obstructive sleep apnea, which has mostly been
ssociated with an increased neck circumference, appeared
ot to be related to an elevated IAP level. Although we did
ot control for multiparity in the women, IAP was not
ssociated with urinary incontinence symptoms. Also, lower
xtremity edema, which is mainly caused by decreased
enous return and defective lower extremity vein valve
echanisms, was not directly linked to an elevated IAP.
he incidence of abdominal wall hernia in this cohort was

oo low for any definitive statements.
It was not surprising that the ASA score and BMI were

ndependent risk factors for an elevated IAP. The ASA
core is an expression of the number of preoperative co-
orbid conditions and the BMI is also known to be directly

elated to the IAP. In contrast, systemic hypertension was
nexpectedly found to be a predictor of elevated IAP.
herefore, we hypothesized that these significant associations
ight indicate a direct cause-and-effect relationship between

hronic intra-abdominal hypertension and systemic hyperten-
ion in the morbidly obese. Chronic intra-abdominal hyperten-
ion, and secondary renal artery and vena cava compression,
ecreased venous return, renal hypoperfusion, and, ultimately,
ctivation of the rennin-angiotensin-aldosterone cascade,
ight explain, in part, the pathogenesis of systemic hyperten-

ion in the morbidly obese population. Also, the association
etween IAP and systemic hypertension has been supported by
he gradual decrease in IAP and the slow resolution of systemic
ypertension after surgically induced weight loss.

In support of our findings, the direct effects of IAP over
he renal juxtaglomerular apparatus, with renin and aldoste-
one release, have been previously demonstrated in animal
odels by Bloomfield et al. [20]. A chronically increased

AP in canine models was associated with a significant
ncrease in both systolic and diastolic pressure that normal-
zed after a progressive decrease in IAP [21]. Furthermore,
hronic increases in IAP have also been shown to be trans-
uced into other body cavities, such as the intrathoracically

nd intracranially, such as in the case of pseudotumor cere-
ri [22]. Efforts to decrease the IAP have resulted in dimin-
shed intracranial pressures [23].

Our study had a few limitations. We analyzed a small group
f morbidly obese patients, mostly women. The small propor-
ion of men did not allow us to make definitive conclusions
egarding this subgroup. The co-morbidities analyzed were not
lassified by severity. We had no long-term follow-up to cor-
elate co-morbidity resolution with any changes in the IAP.
he number of patients with �4 co-morbidities was too low to
llow an independent analysis. Finally, it is plausible that the
ack of correlation between IAP and co-morbidities other than
ypertension might have resulted from the small sample size
nd a type 2 statistical error.

onclusion

In the present study, predominantly of obese women, the
aseline IAP in the morbidly obese patients was abnormally
levated. The IAP correlated significantly with the number
f obesity-related co-morbid conditions. Systemic hyperten-
ion was significantly associated with an elevated IAP, and
normal IAP appeared to provide a protective effect against

ystemic hypertension. Therefore, chronic elevations in IAP
ight be, in part, responsible for the pathogenesis of sys-

emic hypertension in the morbidly obese. Morbidly obese
atients with systemic hypertension should be offered a
eight loss and IAP reducing procedure.
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ultant for Covidien and Ethicon Endo-Surgery; J. Esteban
arela is a consultant for Ethicon Endo-Surgery.

eferences

[1] Sugerman HJ. Effects of increased intra-abdominal pressure in severe
obesity. Surg Clin North Am 2001;81:1063–75.

[2] Lambert DM, Marceau S, Forse RA. Intra-abdominal pressure in the
morbidly obese. Obes Surg 2005;15:1225–32.

[3] Noblett KL, Jensen JK, Ostergard DR. The relationship of body mass
index to intra-abdominal pressure as measured by multichannel cys-
tometry. Int Urogynecol J Pelvic Floor Dysfunct 1997;8:323–6.

[4] Iberti TJ, Lieber CE, Benjamin E. Determination of intra-abdominal
pressure using a transurethral bladder catheter: clinical validation of
the technique. Anesthesiology 1989;70:47–50.

[5] Iberti TJ, Kelly KM, Gentili DR, Hirsch S, Benjamin E. A simple
technique to accurately determine intra-abdominal pressure. Crit Care
Med 1987;15:1140–2.

[6] Sanchez NC, Tenofsky PL, Dort JM, Shen LY, Helmer SD, Smith RS.
What is normal intra-abdominal pressure? Am Surg 2001;67:243–8.

[7] Saggi BH, Sugerman HJ, Ivatury RR, Bloomfield GL. Abdominal
compartment syndrome. J Trauma 1998;45:597–609.

[8] Sugerman HJ, Bloomfield GL, Saggi BW. Multisystem organ failure
secondary to increased intraabdominal pressure. Infection 1999;27:
61–6.

[9] Doty JM, Saggi BH, Sugerman HJ, et al. Effect of increased renal

venous pressure on renal function. J Trauma 1999;47:1000–3.



[

[

[

[

[

[

[

[

[

[

[

[

[

[

p
s
c
m
c
J
“
c
b
c
t
w
p
m
d
p

s
p
s
o
a
s
t
m
r

528 H. J. Sugerman / Surgery for Obesity and Related Diseases 5 (2009) 524–529
10] Schein M, Wittmann DH, Aprahamian CC, Condon RE. The abdom-
inal compartment syndrome: the physiological and clinical conse-
quences of elevated intra-abdominal pressure. J Am Coll Surg 1995;
180:745–53.

11] Cullen DJ, Coyle JP, Teplick R, Long MC. Cardiovascular, pulmo-
nary, and renal effects of massively increased intra-abdominal pres-
sure in critically ill patients. Crit Care Med 1989;17:118–21.

12] Varela JE, Cohn SM, Diaz I, Giannotti GD, Proctor KG. Near-
infrared spectroscopy reflects changes in mesenteric and systemic
perfusion during abdominal compartment syndrome. Surgery 2001;
129:363–70.

13] Nguyen NT, Lee SL, Anderson JT, Palmer LS, Canet F, Wolfe BM.
Evaluation of intra-abdominal pressure after laparoscopic and open
gastric bypass. Obes Surg 2001;11:40–5.

14] Sugerman HJ, Wolfe LG, Sica DA, Clore JN. Diabetes and hyper-
tension in severe obesity and effects of gastric bypass-induced weight
loss. Ann Surg 2003;237:751–6.

15] Sugerman H, Windsor A, Bessos M, Kellum J, Reines H, DeMaria E.
Effects of surgically induced weight loss on urinary bladder pressure,
sagittal abdominal diameter and obesity co-morbidity. Int J Obes
Relat Metab Disord 1998;22:230–5.

16] Sugerman H, Windsor A, Bessos M, Wolfe L. Intra-abdominal pres-
sure, sagittal abdominal diameter and obesity comorbidity. J Intern
obesity-related co

enin, which decreased after reducing the IAP [3]. Second,

d
m
a
T
q
i
a
s
I

o
s
i
b
w
a
c

s
b
c
t
a
o
p

p

17] Longitudinal Assessment of Bariatric Surgery Writing Group for the
LABS Consortium, Belle SH, Chapman W. Relationship of body
mass index with demographic and clinical characteristics in the Lon-
gitudinal Assessment of Bariatric Surgery (LABS). Surg Obes Relat
Dis 2008;4:474–80.

18] Rubino F, Forgione A, Cummings DE, et al. The mechanism of
diabetes control after gastrointestinal bypass surgery reveals a role of
the proximal small intestine in the pathophysiology of type 2 diabetes.
Ann Surg 2006;244:741–9.

19] Dixon JB, O’Brien PE, Playfair J. Adjustable gastric banding and
conventional therapy for type 2 diabetes: a randomized controlled
trial. JAMA 2008;299:316–23.

20] Bloomfield GL, Blocher CR, Fakhry IF, Sica DA, Sugerman HJ.
Elevated intra-abdominal pressure increases plasma renin activity and
aldosterone levels. J Trauma 1997;42:997–1004.

21] Bloomfield GL, Sugerman HJ, Blocher CR, Gehr TW, Sica DA. Chron-
ically increased intra-abdominal pressure produces systemic hyperten-
sion in dogs. Int J Obes Relat Metab Disord 2000;24:819–24.

22] Bloomfield GL, Ridings PC, Blocher CR, Marmarou A, Sugerman HJ. A
proposed relationship between increased intra-abdominal, intrathoracic,
and intracranial pressure. Crit Care Med 1997;25:496–503.

23] Sugerman HJ, Felton WL III, Sismanis A, et al. Continuous negative
abdominal pressure device to treat pseudotumor cerebri. Int J Obes
Med 1997;241:71–9. Relat Metab Disord 2001;25:486–90.

Editorial comment

Comment on: Correlations between intra-abdominal pressure and

-morbidities
It is always nice to see confirmatory data regarding
revious research work. The report by Varela et al. [1]
upports our findings regarding the importance of an in-
rease in intra-abdominal pressure (IAP) in obesity co-
orbidity [2] (published in the “Journal of Internal Medi-

ine” in 1997—after it was rejected by the “New England
ournal of Medicine,” “American Journal of Medicine,” and
Annals of Internal Medicine”). This study found direct
orrelations between the urinary bladder pressure and the
ody mass index, sagittal abdominal diameter, and waist
ircumference. However, no correlation was found between
he urinary bladder pressure and the waist-to-hip ratio in
omen—probably because of the much greater amount of
eripheral, compared to central, obesity in women than in
en. This, as well as the findings from other studies, has

isparaged the use of the waist-to-hip ratio when evaluating
atients for the metabolic syndrome.

The report by Sugerman and colleagues [2] strongly
upports the hypothesis that an increased IAP is at least
artially, if not greatly, responsible for systemic hyperten-
ion in patients with central obesity, secondary to activation
f the juxtaglomerular apparatus, with release of renin and
ldosterone and conversion of angiotensinogen to angioten-
in I. We performed a number of studies in the laboratory
hat support this concept. First, increasing IAP in a porcine
odel was associated with an increase in aldosterone and
irectly increasing the renal venous pressure in a porcine
odel was also associated with an increase in aldosterone

nd renin, which decreased after reducing the constriction.
his was also associated with proteinuria, which is fre-
uently seen in severely obese patients [4]. Finally, a chron-
cally increased IAP in a canine model was associated with

significant increase in both systolic and diastolic pres-
ures, which decreased with a progressive decrease in the
AP [5].

We have also shown that chronic headache in severely
bese patients, termed “pseudotumor cerebri,” is probably
econdary to an increased IAP as a result of the increased
ntrapleural pressure and decreased venous return from the
rain [6]. This increase can be obviated in a porcine model
ith a median sternotomy or in patients with an externally

pplied negative abdominal pressure device or after surgi-
ally induced weight loss in the severely obese [6–9].

A number of other co-morbidities not reach statistical
ignificance in the study by Varela et al. [1], probably
ecause of the inadequate numbers of patients with each
o-morbidity, representing a type 2 statistical error the au-
hors acknowledged. In another study, we documented that
fter surgically induced weight loss, a significant decrease
ccurs in the IAP that is associated with significant im-
rovement in obesity-related co-morbidities [10].

These data support the hypothesis that pre-eclampsia in

regnancy might be secondary to an increased IAP. In contrast
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