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Abstract
AIM: To assess the value of widely used clinical scores 
in the early identification of acute pancreatitis (AP) 
patients who are likely to suffer from intra-abdominal 
hypertension (IAH) and abdominal compartment 
syndrome (ACS).

METHODS: Patients (n  = 44) with AP recruited in this 
study were divided into two groups (ACS and non-ACS) 
according to intra-abdominal pressure (IAP) determined 
by indirect measurement using the transvesical route 
via  Foley bladder catheter. On admission and at 
regular intervals, the severity of the AP and presence 
of organ dysfunction were assessed utilizing different 
multifactorial prognostic systems: Glasgow-Imrie 
score, Acute Physiology and Chronic Health Evaluation 
Ⅱ (APACHE-Ⅱ) score, and Multiorgan Dysfunction 
Score (MODS). The diagnostic performance of scores 
predicting ACS development, cut-off values and 
specificity and sensitivity were established using receiver 
operating characteristic (ROC) curve analysis.

RESULTS: The incidence of ACS in our study population 
was 19.35%. IAP at admission in the ACS group was 
22.0 (18.5-25.0) mmHg and 9.25 (3.0-12.4) mmHg 
in the non-ACS group (P  < 0.01). Univariate statistical 
analysis revealed that patients in the ACS group had 
significantly higher multifactorial clinical scores (APACHE 
Ⅱ, Glasgow-Imrie and MODS) on admission and higher 

maximal scores during hospitalization (P  < 0.01). ROC 
curve analysis revealed that APACHE Ⅱ, Glasgow-Imrie, 
and MODS are valuable tools for early prediction of 
ACS with high sensitivity and specificity, and that cut-
off values are similar to those used for stratification of 
patients with severe acute pancreatitis (SAP).

CONCLUSION: IAH and ACS are rare findings in 
patients with mild AP. Based on the results of our study 
we recommend measuring the IAP in cases when 
patients present with SAP (APACHE Ⅱ > 7; MODS > 2 
or Glasgow-Imrie score > 3).
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INTRODUCTION
Acute pancreatitis (AP) remains a disease with an 
unpredictable clinical course, and significant associated 
morbidity and mortality[1]. Recently, the elevated intra-
abdominal pressure (IAP) following the onset of  AP 
has attracted growing attention, because it is increasingly 
recognized as an important risk factor for mortality 
in the early phase of  the disease[2-4]. It was shown that 
intra-abdominal hypertension (IAH) is associated with 
higher mortality and morbidity rates, and prolonged 
ICU stay, in comparison to other patients who had 
normal IAP[5-8]. IAH has been recognized as a cause 
of  organ dysfunction in critically ill patients, including 
those suffering from severe acute pancreatitis (SAP)[9-12]. 
Abdominal compartment syndrome (ACS) is defined 
as an increase of  IAP > 20 mmHg, which is associated 
with occurrence of  a new organ failure. A previously 
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reported incidence of  ACS among patients with SAP 
ranges from 23% to 56%[11,13-15]. The mechanisms 
involved in the development of  IAH and ACS include 
increased capillary permeability, hypoalbuminemia and 
volume overload, which produce a large retroperitoneal 
and visceral edema[6,16].

It has been shown that early recognition and treatment 
of  IAH and ACS result in a significant improvement 
in patient survival and decreased morbidity. Due to its 
simplicity and minimal cost, the standard for intermittent 
IAP measurement is via the urinary bladder with a 
maximal instillation volume of  25 mL sterile saline[17]. 
Compared with bladder pressure measurements, clinical 
abdominal assessment showed poor sensitivity (56%) 
and accuracy (77%) for identifying elevated IAP[18]. It 
was shown that the essential approach to diagnosis and 
management of  ACS is a timely IAP measurement. It 
is still not clear whether early IAP measurement should 
be routine for all AP patients and which patients would 
benefit most from the IAP monitoring.

This study aimed to assess the value of  Acute 
Physiology and Chronic Health Evaluation Ⅱ (APACHE 
Ⅱ) , Multiorgan Dysfunction Score (MODS) and 
Glasgow-Imrie clinical scores in early recognition of  
patients who are likely to suffer from IAH and ACS, 
and who would benefit from IAP monitoring and 
management. We also investigated the incidence of  ACS, 
the role of  its interventional management and clinical 
outcomes in patients with AP.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the 
Declaration of  Helsinki (2000) of  the World Medical 
Association. The Regional Ethics Committee approved 
the study (protocols no. BE-2-47 and P1-113/2005) and 
all patients provided written informed consent.

Study design and patient population
The study population included 44 patients with AP 
admitted to the Department of  Surgery, Kaunas 
University of  Medicine Hospital, from May 2007 to 
February 2008. General inclusion criteria were defined 
as follows: (1) a time interval between onset of  typical 
abdominal symptoms and study inclusion of  72 h and 
less; (2) at least 3-fold elevated serum amylase or lipase 
levels; (3) no previous history of  acute or chronic 
pancreatitis. On the first day of  admission, the severity 
of  the AP and presence of  organ dysfunction were 
assessed utilizing three different multifactorial prognostic 
systems: Glasgow-Imrie score, APACHE-Ⅱ score, and 
MODS. Later, the severity of  disease and clinical status 
were repeatedly reassessed using the same prognostic 
tools every 7 d, and when the deterioration of  clinical 
condition occurred and after interventional treatment of  
ACS. The contrast-enhanced CT scan was performed on 
day 4 to 7 after the onset of  disease to demonstrate the 
presence of  pancreatic necrosis. According to the clinical 
course and clinical severity scores (APACHE Ⅱ > 7; 

Glasgow-Imrie > 2; MODS > 2; peak C-reactive protein 
value > 150 mg/L) patients were stratified into mild and 
severe AP groups. The data were prospectively recorded 
in a specially created database. All patients were treated 
according to our standard AP management protocol 
following the recent international guidelines.

Measurement of IAP and clinical assessment of patients
For IAP measurement, we used a standard two-way 
16 Fr. Foley catheter inserted into the urinary bladder. 
The patient was placed in supine position. Twenty-
five milliliters of  0.9% sterile NaCl were instilled and 
the catheter was connected to a tube from the urine 
collection bag. The pubic symphysis was considered level 
0 and IAP was measured in cm H2O, then recalculated in 
mmHg. IAP was measured every 24 h during a period of  
3 d in all patients. For patients that developed IAH (IAP 
> 12 mmHg), the conservative treatment (according to 
the recommendations of  international experts on IAH 
and ACS) was initiated and IAP was monitored every 
12 h until the normal IAP was reached and sustained 
at least for 24 h. In cases when IAH > 18 mmHg was 
recorded, IAP was monitored every 4-6 h until IAP 
normalized or ACS developed. ACS was defined as an 
increase of  IAP > 20 mmHg, which is associated with 
occurrence of  a new organ failure[16,17].

Statistical analysis
Statistical analysis was performed using SPSS® for 
Windows release 16.0 (SPSS, Chicago, IL, USA). The 
quantitative variables are presented as mean ± SD or 
median (with interquartile range). For comparison 
between groups, the Mann-Whitney test, Student’s t test or 
c2 test was employed where appropriate. The diagnostic 
performance of  scores predicting ACS development, cut-
off  values and specificity and sensitivity of  prognostic 
tools were establ ished using receiver operat ing 
characteristic (ROC) curve analysis. Results with P < 0.05 
were considered statistically significant.

RESULTS
A total of  44 patients with AP were included in the 
study. Demographic and clinical data of  these patients 
are represented in Table 1.

All patients were divided into ACS and non-ACS 
groups. Median IAP in the ACS group at admission was 
22.0 (18.5-25.0) mmHg and 9.25 (3.0-12.4) mmHg in the 
non-ACS group (P < 0.01) (Figure 1). 

Differences of  APACHE Ⅱ, Glasgow-Imrie and 
MODS median scores on admission and maximal scores 
(Max) during hospitalization period between ACS and 
non-ACS groups are presented in Table 2. The study 
revealed that patients in the ACS group had significantly 
higher multifactorial clinical scores on admission and 
higher maximal scores during hospitalization (P < 
0.01). There were no significant differences between 
median admission and maximal scores of  APACHE Ⅱ, 
Glasgow-Imrie and MODS within ACS or non-ACS 
groups (P > 0.05). The ACS group was characterized by 
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a markedly higher incidence of  severe and necrotizing 
AP, and by the presence of  high volume pancreatic 
necrosis in comparison to the non-ACS group. Mortality 
rate in the ACS group was also significantly higher, when 
compared to the non-ACS group (Table 3).

SAP was diagnosed in 70.4% (31/44) of  all cases 
in this study group. We believe such a relatively high 
incidence of  SAP is associated with the concentration 
of  patients with severe disease in our tertiary care center 
referred from other regional hospitals, and a special focus 
on the patients with systemic inflammatory response 
syndrome and multiorgan failure (MOF). Nevertheless, 
the incidence of  ACS in our study population was 19.35% 
(6/31) and did not exceed the prevalence of  IAH and 
ACS shown in other clinical studies. Interestingly, the 
prevalence of  IAH was significantly lower in the mild AP 
group, with only 7.69% (1/13) when compared to 58.06% 
(18/31) in the SAP group (P > 0.01). Specifically, all cases 
of  ACS occurred in the SAP group with an incidence of  
19.35% (6/31), while there were no cases of  ACS in the 

mild AP group (0/13).
The diagnostic performance of  multifactorial clinical 

scores and the first IAP measurement in predicting 
development of  ACS during the course of  AP were 
assessed using ROC curve analysis. ROC analysis 
revealed that all the analysed clinical scores are of  good 
prognostic value in determining patients who are likely 
to further develop ACS (Figure 2). The areas under the 
ROC curves, cut-off  values, specificity and sensitivity of  
prognostic tools are presented in Tables 4 and 5.

DISCUSSION
Our study confirmed the earlier published observations 
that AP is a risk factor for development of  IAH and 
ACS[13,14,19,20]. Overall, somewhat higher rates of  SAP in 
our institution could be explained by the concentration 

Table 1  Demographic and clinical variables of the whole series

Demographic and clinical variables Values

Number of patents 44
Age (years ± SD)  49 ± 18
Gender male   70.4% (31/44)
SAP   70.4% (31/44)
Presence of necrosis   49.9% (18/44)
Extent (percentage) of necrosis
   < 30% 38.9% (7/18)
   30%-50% 11.1% (2/18)
   > 50% 50.0% (9/18)
IAH (IAP ≥ 12 mmHg)   43.2% (19/44)
ACS (IAP ≥ 20 mmHg + MOF) 13.6% (6/44)
Mortality 13.6% (6/44)
APACHE Ⅱ score at admission1   6.5 (4.0-10.0)
Max APACHE Ⅱ score during hospitalization1   8.0 (5.0-11.0)
Glasgow-Imrie score at admission1 3.0 (2.0-3.0)
Max Glasgow-Imrie score during hospitalization1 3.0 (2.0-4.0)
MODS score at admission1 2.0 (1.0-3.0)
Max MODS score during hospitalization1 2.0 (1.0-4.0)

1Values of clinical multifactorial scores is expressed as median (lower & 
upper quartiles).

Table 2  Clinical scores (on admission and max value) in 
relation to presence of ACS

Clinical scores ACS group 
median (lower & 
upper quartiles)

Non-ACS group 
median (lower & 
upper quartiles)

P

APACHE Ⅱ score on 
admission 

  12.0 (9.0-1.0] 6.0 (4.0-9.0) < 0.01

Max APACHE score 14.0 (11.0-18.0)    7.0 (4.0-10.0) < 0.01
Glasgow-Imrie score on 
admission

    5.0 (4.0-5.0) 2.0 (2.0-3.0) < 0.01

Max Glasgow-Imrie score     5.0 (4.0-5.0) 2.5 (1.0-3.0) < 0.01
MODS score on admission     4.5 (3.0-8.0) 1.5 (1.0-3.0) < 0.01
Max MODS score     4.5 (3.0-8.0) 2.0 (1.0-3.0) < 0.01

First IAP IAP max

ACS
Non-ACS

30.00

20.00

10.00

0.00
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Figure 1  The 1st IAP and maximal IAP value in ACS and non-ACS groups. 
All patients were divided in ACS (grey colour) and non-ACS (white colour) 
groups. Median IAP at admission was 22.0 and 9.25 mmHg in ACS and non-
ACS groups respectively (P < 0.01). There was no significant difference 
between value of the 1st measurement and maximum observed value of IAP 
within each group.

Table 3  Clinical characteristics of patients with and without 
ACS

Clinical 
characteristics

ACS group 
(n  = 6, %)

Non-ACS group 
(n  = 38, %)

P

Severe AP 6 (100) 25 (65.8) NS
Necrotizing AP 5 (83.3) 13 (34.2) < 0.05
Necrosis > 30% 5 (83.3)   6 (15.8) < 0.05
Deaths 4 (66.6)  2 (5.2) < 0.01

Table 4  Areas under the ROC curves for prognostic factors 
of ACS

Variables Area Std. 
error 

Asymptotic 
sig.

Confidence Interval

lower upper 

1st IAP on admission 0.932 0.065 0.001 0.805 1.059
Glasgow-Imrie score 0.921 0.054 0.001 0.816 1.026
APACHE Ⅱ score 0.866 0.062 0.004 0.745 0.987
MODS score 0.829 0.098 0.010 0.636 1.022

Table 5  Cut-off points, sensitivity and specificity for 
prognostic factors of ACS

Variable Cut-off Sensitivity (%) Specificity (%)

APACHE Ⅱ score > 7 100.0 (54.1-100.0)     60.5 (43.4-75.9)
Glasgow-Imrie score > 3 83.3 (36.1-97.2)     86.8 (71.9-95.5)
MODS score > 2 83.3 (36.1-97.2)     73.7 (56.9- 86.6)
1st IAP on admission   > 18 83.3 (36.1-97.2) 100.0 (90.7-100.0)
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the curve. Furthermore, the use of  a clinical scoring 
system in combination with the first IAP measurement 
(eg. APACHE Ⅱ + first IAP on admission) allows us 
to identify nearly 100% of  patients who are likely to 
develop SAP and suffer from ACS.

Previously published studies do not provide us 
with any useful recommendations or criteria for the 
selection of  the AP patients for the IAP measurement 
and monitoring, although it would be unnecessary in the 
majority of  cases when patients have a mild and self-
limiting disease.

Based on the results of  our study we recommend 
measuring the IAP only in cases when patients present 
with SAP (i.e. APACHE Ⅱ > 7; MODS > 2 or Glasgow-
Imrie score > 3). We advocate a continuous monitoring 
of  IAP in all cases when the patient suffers from SAP 
and has an IAP > 18 mmHg on first measurement. We 
would recommend utilizing the simpler Glasgow-Imrie 
or MODS scores in daily clinical practice and a more 
complex APACHE Ⅱ score in the clinical trial setting.

CONCLUSION
Placement of  a urinary catheter for the monitoring of  
IAP would be unnecessary in the majority of  AP cases, 
when patients have a mild and self-limiting disease.

We recommend measuring the IAP only in cases 
when patients present with SAP (i.e. APACHE Ⅱ > 7; 
MODS > 2 or Glasgow-Imrie score > 3). We advocate 
a continuous monitoring of  IAP in all cases when the 
patient suffers from SAP and has an IAP > 18 mmHg 
on first measurement. 

 COMMENTS
Background
Acute pancreatitis (AP) remains a disease with an unpredictable clinical course, 
and significant associated morbidity and mortality. Recently, the elevated intra-
abdominal pressure (IAP) after onset of AP has gained growing attention, 
because it is increasingly recognized as an important risk factor for mortality in 
the early phase of the disease. Intra-abdominal hypertension (IAH) has been 
recognized as a cause of organ dysfunction in critically ill patients, including 
those suffering from severe acute pancreatitis (SAP).
Research frontiers
It has been shown that early recognition and treatment of IAH and abdominal 
compartment syndrome (ACS) result in a significant improvement in patient 
survival and decreased morbidity, however, clinical abdominal assessment 
showed poor sensitivity and accuracy for identifying the elevated IAP. The 
essential approach to the diagnosis and management of ACS is a timely IAP 
measurement. It is still not clear whether early IAP measurement should be a 
routine for all AP patients and which patients would benefit most from the IAP 
monitoring.
Innovations and breakthroughs
An early diagnosis of ACS and its adequate management is crucial. The 
measurement and monitoring of IAP via urinary bladder catheter is a simple 
procedure, which requires virtually no technical skills and little resources. 
However, this procedure is invasive and is associated with significant discomfort 
for the patient. It has also been shown that indwelling urinary catheters are 
associated with a higher incidence of infectious complications and prevalence 
of nosocomial pathogens. Clearly, placement of a urinary catheter should 
not be routinely recommended for all patients, especially not for those who 
are unlikely to develop ACS. For the first time, our study demonstrated that 
development of IAH and ACS during the AP could be predicted by the use of 
clinical multifactorial scoring systems [Acute Physiology and Chronic Health 
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of  the patients, because our hospital is a tertiary care 
center and many patients with suspected severe disease 
are referred to it from regional hospitals. However, the 
incidence of  IAH and ACS in our study was similar to 
that observed in other studies, and as expected, it was 
associated with a higher incidence of  MOF and higher 
mortality rates. 

An ear ly d iagnosis of  ACS and i ts adequate 
management is crucial[1,8,15,17]. The measurement and 
monitoring of  IAP via urinary bladder catheter is a 
simple procedure, which requires virtually no technical 
skills and little resources. However, this procedure is 
invasive and is associated with significant discomfort 
for the patient [21,22]. It has also been shown that 
indwelling urinary catheters are associated with a higher 
incidence of  infectious complications and prevalence 
of  nosocomial pathogens[23-25]. Clearly, placement of  a 
urinary catheter should not be routinely recommended 
for all patients, especially not for those who are unlikely 
to develop ACS. Therefore clinical assessment in 
selecting the patients that are likely to develop ACS 
is of  particular importance. Our study demonstrated 
that development of  IAH and ACS during the AP 
could be predicted by the use of  clinical multifactorial 
scoring systems (APACHE Ⅱ, MODS, Glasgow-Imrie 
score), thus allowing a timely and appropriate selection 
of  patients for this invasive procedure during the first 
hours and days of  the disease. Clinical scores of  patients 
who eventually suffered from IAH were higher during 
the first days in comparison to the group of  patients 
with normal IAP. These findings are in accord with the 
observations of  other groups[2,4,20,26]. The ROC analysis 
disclosed that APACHE Ⅱ, MODS, and Glasgow-Imrie 
scores have similar cut-off  values to those used for the 
prediction of  SAP. IAP > 18 mmHg on admission is 
also a valuable indicator that the patient has a higher 
risk for persistent IAH and development of  ACS 
during the course of  AP. All these prognostic markers 
had a good sensitivity, specificity and large area under 
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Figure 2  ROC curve analysis of prognostic factors for ACS development. 
ROC analysis revealed that clinical scores (APACHE Ⅱ, Glasgow-Imrie and 
MODS) and first IAP measurement on admission are good prognostic markers 
in determining patients who are likely to develop ACS. There was no significant 
difference between the areas under the ROC curves for these prognostic markers.
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Evaluation Ⅱ (APACHE-Ⅱ), Multiorgan Dysfunction Score (MODS), Glasgow-
Imrie score], thus allowing a timely and appropriate selection of patients for this 
invasive procedure during the first hours and days of the disease.
Applications
Based on the results of our study, we recommend measuring the IAP only in 
cases when patients present with SAP (i.e. APACHE Ⅱ > 7; MODS > 2 or 
Glasgow-Imrie score > 3). They advocate a continuous monitoring of IAP in all 
cases when the patient suffers from SAP and has an IAP > 18 mmHg on first 
measurement.
Terminology
ACS is a severe increase in the pressure within the abdomen (IAP) such that 
a patient's internal organs begin to fail and malfunction. This is a medical 
emergency. Untreated, ACS has a high mortality rate. There are a number 
of different methods that your doctor may use to treat the ACS. These may 
include giving medications to sedate or temporarily paralyze you or your loved 
one, placing tubes through the nose and into the stomach to remove fluid and 
air, placing tubes into the abdomen to remove fluid or blood, or opening the 
abdomen to release the increased pressure. Most patients with IAH and/or ACS 
will be cared for in an ICU where doctors and nurses constantly monitor for 
signs of illness and treat patients to keep their heart, lungs, kidneys, liver, and 
intestines functioning as normally as possible.
Peer review
An important aspect of AP has been addressed in this paper, as not much has 
been written about IAP and ACS in relation to AP. The study design is simple 
and clear.
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