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Objectives: elevated intra-abdominal pressure (IAP) may cause widespread organ dysfunction (abdominal compartment
syndrome) through effects on the respiratory, cardiac, renal and gastro-intestinal systems. The aim of this study was to
document IAP following aneurysm surgery, and to determine the effect of IAH on outcome.
Design: prospective observational study.
Setting: University Hospital.
Subjects: the patient cohort comprised 75 patients undergoing infra-renal aneurysm repair (53 non-ruptured [40 conven-
tional ± 1 death, 13 endovascular] and 22 conventionally repaired ruptured AAA ± 8 deaths). IAP was quantified by
bladder manometry at the termination of the procedure and at 24 h intervals in patients who remained intubated.
Physiological indices of organ function were recorded. Statistical analysis utilized the unpaired t-test, Fischer's exact test
and Pearson's correlation.
Results: IAP was significantly higher at abdominal closure following ruptured aneurysm repair (15.4 mmHg [SE 1.6])
than conventional (10.5 [0.89]) or endovascular elective repair (6.4 [1.0]) of non-ruptured AAA. The sensitivity and
specificity of IAP to predict subsequent mortality was analysed using a receiver characteristic operating curve. This
analysis demonstrated that a cut off of 15 mmHg was the most useful for indicating patients at risk (sensitivity 0.66,
specificity 0.79).

Physiological indices of organ dysfunction (pH[p� 0.027], base excess [p� 0.005], peak inspiratory pressure
[p� 0.0015], CVP and urine output [p� 0.0029]) were significantly impaired in patients with IAP5 15 mmHg, in
comparison to patients with lower pressures. IAP correlated significantly with indices of cardiac (CVP p� 0.038),
respiratory (PaO2/FiO2, p� 0.026), and renal function (urine output p� 0.046).
Conclusions: these data suggest that the management of IAH may have a role following repair of ruptured AAA. High
intra-abdominal pressures rarely complicate elective or endovascular aneurysm repair.
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Introduction

Elevated intra-abdominal pressure (IAP) may affect
visceral perfusion, cardiac output, respiratory func-
tion, renal function and cerebro-spinal pressure.1 The
combination of elevated IAP and physiological
derangement is termed the abdominal compartment
syndrome (ACS). The mainstay of treatment for the
abdominal compartment syndrome is abdominal
decompression, which may rapidly reverse organ
dysfunction. A primary elevation of IAP may occur
due to increased intra-abdominal or retroperitoneal
�Please address all correspondence to: M. M. Thompson, Professor
of Vascular Surgery, Department of Vascular Surgery, 4th Floor
St James Wing, St George's Hospital, Blackshaw Rd, London
SW17 0QT, U.K.
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volume, or conversely, a decrease in the volume of
the intra-abdominal compartment. Less commonly,
secondary elevation of IAP may accompany massive
fluid resuscitation due to visceral oedema.2

Hypothetically, given the aetiology of this condi-
tion, the ACS might be expected to occur relatively
frequently following surgery for ruptured abdominal
aortic aneurysms (AAA). Surprisingly, there are rela-
tively few reports of elevated IAP pressure complicat-
ing aortic surgery.3,4 The prevalence of elevated
IAP and ACS after elective and ruptured aneurysm
surgery remains undefined.

The relevance of determining the frequency of intra-
abdominal hypertension following aortic surgery
relates to the high incidence of systemic inflammation
and organ dysfunction following repair of ruptured
rights reserved.
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AAA,5 which may affect virtually all patients. An
acute increase in IAP has previously been shown to
cause multi-organ failure and systemic inflammation6,7

and there may be a relationship between IAP and the
clinical outcome of aortic surgery.

The aim of the present study was to quantify IAP
after aneurysm surgery, and to define any relation-
ship between intra-abdominal hypertension and
physiological dysfunction.

Methods

Study design

The study was designed as a prospective observa-
tional investigation into the effects of raised IAP in
patients undergoing infra-renal aneurysm repair, and
was approved by the Leicestershire Research Ethics
Committee. A non-consecutive cohort of patients
having repair of ruptured or non-ruptured AAA
was studied between 25/1/2000 and 5/10/2001.
All patients were admitted to the intensive care unit
(ITU) for at least 24 h following surgery.

Patients underwent IAP measurement by bladder
manometry at the termination of the surgical proce-
dure and selectively, 24 h post-operatively and at daily
intervals.8 Bladder manometry was utilized as the
optimum method for quantifying IAP as it closely
correlates with abdominal pressures between 5 and
50 mmHg.9 Standard physiological measurements
of post-operative care were recorded on the inten-
sive care unit, within one hour of bladder mano-
metry (Table 1). Patient outcome was prospectively
recorded.

Patient cohort

Patients undergoing conventional (n� 40, age 72.5
[1.2], five females) or endovascular (n� 13, age 72.2
[2.2], 3 females) repair of non-ruptured AAA, and
patients having conventional repair of ruptured
AAA (n� 22, age 71.5 [1.1], two females) were
Table 1. Physiological variables measured on pat

Cardiac Respiratory

Systemic arterial
pressure

Peak inspiratory
pressure (PIP)

Central venous
pressure

Peak end expiratory
pressure (PEEP)

PaO2/FiO2

PaO2

PaO2 ± Partial pressure of oxygen in arterial blood
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included in the study. Overall, there were nine deaths,
eight following aneurysm rupture (38%) and one
after conventional elective surgery (2.5%). All patients
undergoing repair of ruptured AAA were conscious
prior to surgery and none had a pre-operative cardiac
arrest. All patients in the study undergoing conven-
tional open repair of abdominal aneurysms had a
standard abdominal closure. None had a temporary
or mesh closure within the timeframe of the study.

Mortality from ruptured aneurysm surgery was due
to ongoing bleeding (two patients), renal failure (three),
pulmonary oedema (one) and cardiac failure (two).
The death in the elective group was secondary to
aspiration pneumionia and subsequent multiple
organ failure.

Measurement of intra-abdominal pressure

Intra-abdominal pressure was quantified using urin-
ary bladder manometry as described by Kron et al.8

Initially the bladder was drained using a Foley uri-
nary catheter. Subsequently, 50 ml of sterile saline were
instilled into the bladder. The catheter was clamped
beyond the aspiration port, and a 16-guage needle
used to connect the aspiration port to a pressure trans-
ducer, using the symphysis pubis as zero. Several
studies have shown a close correlation between
intra-vesical pressure and the true IAP.9,10

Bladder pressure measurements were taken imme-
diately following surgery and selectively at 24 h inter-
vals. IAP was only quantified in patients who were
intubated and sedated, as unpublished data from our
group have demonstrated that IAP measurements in
patients who have been recently extubated are not
reproducible due to the effects of respiration and
abdominal contraction due to pain.

Statistical analysis

Results of IAP measurement and organ dysfunction
were initially analysed using Kolmogorov±Smirnov
test for normal distribution. The data passed this test
ient cohort.

Renal Metabolic

Serum creatinine pH (arterial blood)

Urine output (24 h) Base excess
(arterial blood)

Platelet count

(kPa). FiO2 ± Inspired oxygen concentration.



IAP
(mmHg)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

6 100 11 16 100
8 77 19 14 83

10 78 41 18 92
12 78 54 23 94
14 66 73 30 93
15 66 79 35 93
16 55 81 33 91
18 33 85 27 88
20 11 87 13 85
22 11 91 17 85
24 11 94 25 86
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and were presented as mean values with standard
errors. Continuous variables were compared with the
unpaired t-test, and discrete variables using Fischer's
exact test. Analysis of correlation was performed using
Pearson's correlation co-efficient.

Results

Intra-abdominal pressure following aneurysm repair

The intra-abdominal pressure at the end of surgery
for conventional repair of ruptured (mean IAP
15.4 mmHg [SEM 1.6]) and non-ruptured (10.5 mmHg
[0.89], p� 0.0057, 95% CI 1.46±8.22) aneurysms is illu-
strated in Figure 1. IAP following endovascular repair
of non-ruptured aneurysms was included as a control
(6.3 mmHg [1.04]). The mean IAP 24 and 48 h follow-
ing ruptured aneurysm repair was 15.7 mmHg [1.4]
and 12.9 mmHg [1.1] respectively. There were insuffi-
cient patients who remained intubated and sedated
after 24 h in the elective or endovascular groups for
comparative pressure measurements at 24 h.

Prediction of mortality ± sensitivity and
specificity of IAP

The ability of IAP measured immediately post-
operatively, to predict subsequent mortality was
investigated in the cohort of 62 patients undergoing
conventional aneurysm surgery (22 ruptured AAA,
40 non-ruptured). Overall, there were nine deaths,
eight in patients having ruptured aneurysms. The
IAP (m
mHg

)

0.0057

Fig. 1. Graph illustrating intra-abdominal pressure immediately
following conventional repair of non-ruptured (elective) and rup-
tured abdominal aortic aneurysms (rupture), and for endovascular
repair of non-ruptured aneurysm (EVR).

EVR Elective Rupture

IA
P

 (
m

m
H

g)

0.0057

0

10

20

30

40
sensitivity, specificity, positive and negative predictive
values for IAP between 6 and 24 mmHg were calcu-
lated and are illustrated in Table 2.

The optimum pressure for predicting mortality was
determined by a receiver operating characteristic
(ROC) curve (Fig. 2). The best cut-off is that which
maximizes both sensitivity and specificity. Graphically
this is represented by the point nearest the left-hand
top corner of the graph, 15 mmHg. The area under
the OC curve was 0.68 compared to 0.5 for the
control line.

Overall 17 of the 62 patients (27%) had IAP5
15 mmHg. In the ruptured group 54% (12/22) of the
patients had a pressure above 15 mmHg in compari-
son to 13% (5/40) of the elective group. The mortality
for the various groups and abdominal pressures are
documented in Table 3.

Table 2. Diagnostic parameters for the ability of IAP immediately
post-operatively to predict mortality. Sensitivity, specificity, posi-
tive predictive values (PPV) and negative predictive values (NPV)
were calculated for a range of intra-abdominal pressures (IAP)
from 6 to 24 mmHg.
1-S p e c i f i c i t y

Fig. 2. Receiver operating characteristic (ROC) curve, plotting
the sensitivity of post-operative IAP to predict mortality against
1-specificity. Pressures between 6 and 24 mmHg were investigated.
Individual data points are annotated with the IAP. A control line
passing through 0 and 1 is given for comparison. The optimum
cut-off for mortality prediction is 15 mmHg.
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Organ function and intra-abdominal pressure
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Table 5. The correlation between intra-abdominal pressure and
physiological variables.

Parameter Pearson r p 95% CI

pH ÿ0.13 0.19 0.31 to 0.064
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The optimum pressure for predicting mortality was
then used to analyse differences in physiology between
patients with IAP5 15 mmHg and those with IAP
15 mmHg. Pressures determined immediately post-
operatively and in subsequent days were used, with
the corresponding physiological variables. The ana-
lysis of physiological function of the metabolic, renal,
respiratory and cardiac systems is illustrated in
Table 4. These data demonstrated that patients with
IAP5 15 mmHg had significantly impaired indices of
organ function when compared to patients with
IAP5 15 mmHg. The table contains data from all the
IAP measurements determined at abdominal closure.
As IAP was only quantified in patients who were
intubated and sedated, at the 24 h time period, all the
ruptured group were included, but only 19 of the
elective patients had their IAP quantified. Independ-
ent analysis of physiological variables at abdominal
closure and 24 h time periods is not presented as the
numbers in each group are too small.

The relationship between IAP and organ function
was further examined by correlation analysis (Table 5).
There were significant correlations between IAP and
many indices of organ function, although not with pH
or peak inspiratory pressure. Despite the statistical
significance of these results, most of the correlations
were relatively weak, between 20 and 34%. This may
not be surprising in view of the multiple factors
responsible for organ dysfunction following aneur-
ysm surgery.
Table 3. Mortality in the different patient categories according to
IAP at abdominal closure.

IAP5 15 mmHg IAP515 mmHg

Elective-survived 5 34
Elective-died 0 1
Ruptured-survived 6 8
Ruptured-died 6 2

B
C
P
U
C
P
P
P

B
t
n
(

Table 4. The difference in pH, base excess (BE), central venous pressu
creatinine in two groups of patients with intra-abdominal pressure (I

Parameter IAP5 15 mmHg (n� 50) IA

pH 7.27 (0.025) 7
BE ÿ3.13 (0.48) ÿ1
CVP (mmHg) 12.1 (0.61) 8
PIP (mmHg) 24.9 (0.87) 2
Urine output (ml/24 h) 1526 (180.4) 2
Creatinine 178.2 (13.2) 11

Physiological data passed the Kolmogorov±Smirnov test for normal
parentheses. Data were analysed using the unpaired t-test.

Eur J Vasc Endovasc Surg Vol 26, September 2003
Discussion

he influence of the abdominal compartment syn-
rome on the outcome of aortic aneurysm repair has
eceived relatively little attention. Kron et al.8 reported
our cases of ACS in patients with aortic aneurysms in
984. This small series demonstrated that decompres-
ion of the abdomen when the IAP exceeded
5 mmHg improved renal function, and may have
nfluenced survival. Similarly, Fietsam3 and collea-
ues reported a 4% incidence of ACS after repair of
uptured AAA.

Intuitively, it would be expected the IAP would be
levated in patients following repair of ruptured
AA, due to the volume of fluid resuscitation and

he presence of retroperitoneal heamorrhage. The pre-
ent study demonstrated a significant elevation of IAP
ollowing ruptured AAA surgery when compared to
ransperitoneal or endovascular repair of elective
neurysms.

The influence of IAP measured immediately after
bdominal closure, to predict subsequent mortality
as examined using sensitivity/specificity analysis.

nterestingly, although the positive predictive value
f high IAP's was not great, the negative predictive
E ÿ0.20 0.034 ÿ0.37 to ÿ0.16
VP (mmHg) 0.21 0.038 0.012 to 0.39
IP (mmHg) 0.15 0.24 ÿ0.097 to 0.37
rine output (ml/24 h) ÿ0.24 0.046 ÿ0.44 to ÿ0.005
reatinine 0.30 0.0018 0.12 to 0.47
latelets ÿ0.34 0.0005 ÿ0.50 to ÿ0.16
aO2 ÿ0.23 0.016 ÿ0.40 to ÿ0.045
aO2/FiO2 ÿ0.22 0.026 ÿ0.40 to ÿ0.035

E (base excess), CVP (central venous pressure), PIP (peak inspira-
ory pressure), PaO2 (partial pressure oxygen), PaO2/FiO2 (oxyge-
ation index). Pearson r (Pearson's correlation coefficient). 95% CI
95% confidence intervals).

re (CVP), peak inspiratory pressure (PIP), urine output (24 h), and
AP) above and below 15 mmHg.

P5 15 mmHg (n� 90) p 95% CI

.33 (0.015) 0.028 ÿ0.12 to ÿ0.007

.15 (0.3) 0.0005 ÿ3.05 to ÿ0.89

.26 (0.41) 50.0001 2.43 to 5.23
1.4 (0.62) 0.0015 1.37 to 5.54
104 (100.5) 0.0029 ÿ956 to ÿ201
5.8 (5.3) 50.0001 38.7 to 85.9

distribution, and were presented as mean values with SEM in
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value of a low IAP appeared to be a reasonable guide
of a favorable outcome. Using the ROC analysis, the
optimum combination for sensitivity/specificity in
predicting mortality was observed at 15 mmHg. This
pressure was therefore used to stratify patients into
two groups for subsequent physiological analysis. The
critical pressure of 15 mmHg was lower than observed
in studies on trauma patients, where the thres-
hold for diagnosis and intervention was often above
20 mmHg.11,12

These differences in threshold pressure for ACS in
trauma and aneurysm patients may well reflect a
lower tolerance to elevated IAP during aneurysm sur-
gery due to the additional insults of aortic cross
clamping and increased age. Platell et al.4 described a
group of patients who required decompressive lapar-
otomy following aortic reconstruction and suggested
that an IAP greater than 18 mmHg was a significant
risk factor for the development of renal dysfunction.

Previous experimental and clinical studies have
documented convincing relationships between raised
IAP and physiological dysfunction in respiratory,
renal, cardiovascular, metabolic and gastrointestinal
systems. In the present study, the effect of raised IAP
after aortic surgery was assessed in two cohorts of
patients separated by an IAP of 15 mmHg. The data
demonstrated that patients with an IAP5 15 mmHg
had significant physiological impairment in a range of
organ systems.

To ensure that the division of the patients by an IAP
of 15 mmHg was not solely responsible for these find-
ings, the IAP was correlated with physiological func-
tion. Again, a convincing relationship was described
between IAP and metabolic (base excess), cardio-
vascular (CVP), renal (urine output/creatinine), and
respiratory (oxygenation index) function. These data
revealed that IAP plays a demonstrable role in
physiologic function following aortic reconstruction.

The correlations described were statistically signifi-
cant but were relatively weak with coefficients of
approximately 25%. The low correlation coefficients
might be expected from the composition of the study
group, which included both ruptured and non-
ruptured aneurysms, and from other factors that
would influence organ function following aortic
surgery (age, pre-existing co-morbidity, type of recon-
struction, clamp time, blood transfusion etc.).

Data from this investigation have suggested that the
IAP following aortic surgery may play a role in subse-
quent physiological function and therefore outcome.
There are however, significant limitations to the study.
The principle concern is the diverse patient mix in the
study cohort, which included both ruptured and non-
ruptured aneurysms, and the low numbers of patients
with ruptured aneurysms. Patients with ruptured
aneurysms had elevated IAP when compared to the
non-ruptured group. Clearly, patients with ruptured
AAA would also be expected to have impaired phy-
siologic function. The relationship between IAP and
physiologic function might therefore be related to the
patient mix rather than a true reflection of the effect of
IAP on organ function.

Unfortunately, there were insufficient patients with
ruptured aneurysms in this study to allow analysis of
this group in isolation or to justify a multiple regres-
sion analysis. Further multi-center investigations to
observe the effect of IAP on mortality following
ruptured AAA repair, will be needed to define the
precise relationship between IAP and outcome. Hope-
fully such a study might allow a clinical trial of IAP
management to be considered following ruptured
aneurysm repair.

In addition, the relationship between the physio-
logical variables and IAP have been analysed using
data from the entire time course of the study and not
for individual days, although all data points are
matched for IAP and the corresponding physiological
variable. Again, larger scale studies will be required to
determine the time course of the IAP/physiological
response.

Two contemporary studies have also suggested that
management of IAP may be crucial in determining the
outcome of ruptured AAA repair. In 1997, Oelschlager
et al.13 reviewed 23 patients who survived ruptured
aneurysm surgery. In a sub-group of eight patients
whose abdominal wounds were left open at the time
of surgery and underwent delayed closure, there was
improved oxygenation and a trend to increased sur-
vival. More recently, Rasmussen et al.14 reported a case
control study of 45 patients who required mesh clos-
ure following ruptured AAA repair, in comparison to
90 patients who underwent traditional abdominal
closure. The decision to utilise a mesh closure was
made on clinical grounds. The most significant find-
ings related to a comparison of patients who under-
went mesh closure at the original operation and those
requiring decompressive laparotomy following devel-
opment of ACS. Patients undergoing initial mesh
closure had lower mortality rates and a lower inci-
dence of multiple organ failure, than those requiring
a second operation for ACS.

The pressure of 15 mmHg identified in the present
study is not suggested as a criterion for abdominal
decompression in the post-operative management of
ruptured AAA. Further, larger studies concentrating
solely on aortic ruptures will be required to define
a threshold for intervention, the time course of the
pressure changes, and to determine whether high
Eur J Vasc Endovasc Surg Vol 26, September 2003
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abdominal pressures following repair of ruptured
AAA are merely an inevitable consequence of aortic
rupture or an important cause of post-operative mor-
tality. However, the physiological findings of the pre-
sent study, suggest that management of IAP and the
ACS might become be a routine facet of peri-operative
care following repair of ruptured AAA.
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