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ABSTRACT

Background & aim: Ascites in patients with acute pancreatitis (AP) is understudied although recent
literature hints at its evident role in the final outcome. This study was planned to study the character-
istics of ascites in patients of AP and its effect on the disease course and outcome.

Methods: Consecutive patients of AP were studied and patients with or without ascites were evaluated
for the baseline parameters and severity assessment. Ascites was quantified and fluid analyzed for its
characteristics. Intraabdominal pressure (IAP) was monitored. The various outcome parameters were
compared between the two groups of patients with and without ascites.

Results: Of the cohort of 213 patients, 82 (38.5%) developed ascites. Ascites group had significantly higher
rates of organ failure (p = 0.001), necrosis (p=<0.001) and higher severity assessment scores. The ascites
group had significantly longer hospital and ICU stay and higher ventilator days compared to the non-
ascites group. Mortality was also higher in the ascites group (34.1% vs 8.45; p = 0.001). Majority of pa-
tients with ascites had moderate to gross ascites (75.6%), low serum ascites albumin gradient (87.8%)
with low amylase levels (71.9%). Sub-group analysis in ascites group showed that patients with fatal
outcome had higher rates of moderate to gross ascites, higher baseline IAP and lower reduction in IAP
after 48 h. Moderate to gross ascites and grades of intra-abdominal hypertension (IAH) were significant
predictors of mortality (AUC — 0.76).

Conclusion: AP patients with ascites have a more severe disease with poorer outcome. Higher degrees of
ascites and IAH grades are significant predictors of mortality.

© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

However, the free-flowing spontaneous ascites that develops in the
setting of AP, its nature, characteristics and its effect on the overall

Acute pancreatitis (AP) can have varied presentations depend-
ing on the severity of the attack. Severe AP constitutes around 20%
of all cases, and usually requires aggressive early management,
intensive care support, referral to tertiary care facilities and timely
interventions [1,2]. In spite of the best efforts the mortality is as
high as 25% with severe disease [3]. Over the last two decades, there
has been a paradigm shift in the management of AP from surgical to
more of a “step-up” approach using percutaneous catheter drainage
(PCD) or endoscopic drainage followed by minimally invasive
necrosectomy [4].

Development of ascites has been extensively studied as a
complication in the natural history of chronic pancreatitis [5,6].
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outcome are not well established. The widely used severity
assessment tool currently followed is the revised Atlanta Classifi-
cation [7] wherein AP is classified as mild, moderately severe and
severe. The definition of local complications in this classification
includes acute peri-pancreatic fluid collection, pancreatic pseudo-
cyst, acute necrotic collection and walled-off necrosis but not as-
cites. Whether presence or absence of ascites within the same class
of severity of AP has an influence on the outcome is unknown.
Recent studies have shown a beneficial effect on the outcome in
patients subjected to abdominal paracentesis drainage (APD) for
ascites in AP. APD has been shown to decrease the level of cytokines
[8]. Moreover, ascites can contribute to the development of intra-
abdominal hypertension (IAH) which in itself has been found to
be a bad prognostic marker [9] and reduction of IAP has been
shown to be protective [10]. Thus, recent literature gives some
evidence of the role of ascites on the outcome in patients with AP.
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However, very little data exists on the characterization of ascites
that develops in patients with AP and its role on the outcome
parameters.

The current study was planned to study the characteristics of
the ascites that develops in patients of AP and its effect on the
disease course and outcome compared to those not developing
ascites.

Material and methods
Patients

Between July 2016 to June 2018, all consecutive patients pre-
senting to the Gastroenterology and Surgical services (TDY, VG) of a
tertiary care center in North India with the diagnosis of AP were
screened for inclusion in the study. The demographic, radiographic
and laboratory data of these patients were collected prospectively
and the data were analyzed retrospectively. Patients with history of
pre-existing chronic pancreatitis were excluded. The study was
approved by the institute ethics committee. Written informed
consent was taken from all patients.

Definitions

The diagnosis of AP was made if a patient had two or more of the
following three findings: typical abdominal pain, elevation of
serum enzymes (amylase and/or lipase) to more than three times
the upper limit of the normal and imaging (ultrasonography or
computed tomography (CT)) suggestive of AP [7].

Ascites was defined by ultrasonographic findings of free-flowing
fluid collection (>50 mL), mostly aimed at abdominal or pelvic
cavity.

Severity assessment

Severity assessment of AP was done as per the revised Atlanta
Classification [7] into mild, moderately severe and severe. Absence
of organ failure (OF) or local or systemic complications was labelled
as mild AP. Moderately severe AP was defined by presence of
transient OF or local complications such as fluid collection or
necrotic collection or exacerbation of co-morbid illness. Severe AP
was termed when there was persistent OF for more than 48 h. OF
was defined using the modified Marshall scoring system [11].
Severity parameters such as Acute Physiology and Chronic Health
evaluation (APACHE)-II [12], Systemic Inflammatory Response
Syndrome (SIRS) and Bedside index for severity in AP (BISAP) [13]
were calculated. CT severity index (CTSI) was calculated for patients
undergoing CT. Necrosis was defined using the CTSI [14]. Pancreatic
pseudocyst or walled off necrosis (WON) was defined as well
formed collection beyond 4 weeks following an episode of acute
edematous or necrotizing pancreatitis respectively [7].

Ascites assessment

The development of ascites was assessed by ultrasound by an
experienced sonologist. The assessment for ascites was done at
admission for patients referred from other hospital or within 2
weeks of onset of illness or if CT scan done at 5—7 days suggested it.
Acute peri-pancreatic fluid collection is usually localised fluid
which can be differentiated from the free flowing peritoneal fluid
seen in ascites on ultrasound. All patients with sonographically
established ascites underwent quantification of ascites by a radi-
ologist by calculating total estimated abdominal ascites (TEAA). The
ascites volume was labelled as mild (TEAA <200—600 mL), mod-
erate (TEAA >600—800 mL) and gross (TEAA >800mL) [15]. The

ascitic fluid in all ascites patients was analyzed for cell counts,
amylase, protein, albumin and culture sensitivity.

Intra-abdominal pressure measurement

All patients with ascites and 42 of those without ascites under-
went measurement of IAP by the standard technique. IAP was
expressed as mm of Hg or cm of water (1 mm of Hg = 1.36 cm of H,0).
As per the consensus document by the World Society of the
Abdominal Compartment Syndrome (WSACS), Intra-abdominal Hy-
pertension (IAH) is defined by a persistent or repeated elevation of
IAP over 12 mmHg [16].1AH was graded as: Grade I:IAP 12—15 mmHg
(16—20 cm of H»0); Grade II:IAP 16—20 mmHg(21—27 cm of H,0);
Grade II:IAP  21-25mmHg(28—34cm of Hy0); Grade
IV:IAP > 25 mmHg(>34 cm of H,0). IAP was measured at baseline
and after that every 24 h till normalization of IAP. IAP was also
documented prior to APD placement and sequentially after that post
procedure every 24 h for drop or normalization.

Management

Patients were managed as per the standard recommenda-
tions(17), including adequate fluid resuscitation, organ system
support, pain management, and nutritional support (enteralor or
parenteral) [18,19]. Extra-pancreatic infections and suspected
infected pancreatic necrosis (IPN) were managed with antibiotics.

IPN was suspected on the basis of deteriorating clinical course of
the patient and diagnosed by culture positivity of the drain output
or CECT showing gas within the necrosis. In cases of persistent OF,
suspected IPN and/or pressure symptoms, the fluid collections
were drained (USG/CT guided percutaneous catheter (PCD) or
endoscopically). A dedicated unit comprising of gastroenterologists
and an interventional radiologist decided upon the site and route of
drainage based upon the location, type and extent of collection.
Patients not showing improvement or worsening on medical
management and drainage of collection were subsequently taken
up for surgical necrosectomy.

The decision for abdominal paracentesis drainage (APD) for the
ascites was taken in cases of moderate to gross ascites with 1)
increasing abdominal distension; 2) persistent OF or worsening OF;
3) development of IAH. The placement of APD was simply an ul-
trasound guided percutaneous drainage of the free-flowing fluid in
the flanks as is done for the standard management of seroper-
itoneum. The initial drain catheter was with a 8—10 Fr catheter
which was later upgraded, if necessary. Decision for removal of
drain was made whenever the drain output decreased to less than
10 mL/day for 3 days and imaging showed no evidence of residual
fluid.

Outcome measures

Severity parameters were compared between the two groups.
The parameters studied were SIRS, BISAP, and APACHE II scores and
the severity of AP as per revised Atlanta classification. Outcome
measures evaluated included the requirement of organ support
(mechanical ventilation and dialysis), need for intensive care (ICU)
admission, surgical necrosectomy, and drainage of collections,
duration of hospital stay and mortality in the index hospital
admission. The response to the placement of APD was assessed by
measuring the reduction in IAP after 48 h of placement of APD.

Statistical analysis

All data were entered in Microsoft Excel 2010. The data was
analyzed using SPSS software (version 22.0, IBM, USA). The data
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was checked for normal distribution by Kolmogorov-Smirnov test.
For normally distributed data, student t-test was used for contin-
uous variables while for skewed data, non-parametric tests were
used. Dichotomous variables were compared using Chi square test.
Quantitative data was described as mean and standard deviation
with 95% confidence intervals.

Logistic regression analysis was performed to identify the
characteristics that significantly determined mortality among the
selected pool of patients. Simple logistic regression analysis was
used to determine unadjusted association of mortality with each
characteristic. Multiple logistic regression model was applied using
step-wise selection model for the predictors of mortality in the sub-
group of ascites patients.

A p value of less than 0.05 was taken as statistically significant.

Results

A cohort of 256 patients of AP admitted to our tertiary care
center in Northern India from the period of July 2016 to June 2018
was screened of which 43 patients were excluded from the study
and 213 were included. Of these 82 patients (38.5%) had developed
ascites while 131 patients (61.5%) did not, during their course of
illness (Fig. 1.). Being a tertiary care center, majority of the patients
(n=137; 64.3%) were secondary transfers from other hospitals.

Demographic parameters

Comparison of the baseline demographic parameters between
the two groups showed that the two groups were evenly placed for
age, sex or etiology of AP (Table 1).

Disease course

On comparing the disease course between the two groups
(Table 1), OF was found to be significantly higher in the ascites
group (78.1% vs 29.8%; p=0.001) with all the various organ in-
volvements such as ALI, AKI and shock being significantly higher
(p<0.0001). Patients having ascites showed higher rates of
pancreatic necrosis (82.9% vs 48.1%; p <0.0001) than those not
having.

Various severity assessment parameters such as SIRS, BISAP and
APACHE II at admission were significantly higher in the ascites
group. CTSI scores were higher (p = 0.016) in patients with ascites
than those without. However, the Atlanta classification did not
show any difference.

Outcome parameters

The outcome measures such as ICU stay, hospital stay and

AP patients
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Fig. 1. Study design.
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Table 1 Table 3
Comparison between patients with and without ascites. Characteristics of ascitic fluid in the sub-group of patients with ascites.
Ascites (n =82) Non-ascites (n=131) P value Ascites Results
Demography Severity 82(38.5%)
Age 40.33+129 41.05+13.7 0.70 Mild 20(24.4%)
Sex Moderate to Gross 62(75.6%)
Male 60 (73.2%) 95 (72.5%) Amylase
Female 22 (26.8%) 36 (27.5%) <1000 59(71.9%)
Etiology Alcohol 39 (48.1%) 64 (49.2%) >1000 23(29.1%)
Gall stone 26 (32.1%) 43 (33.1%) SAAG
Others 16 (19.8%) 23 (17.7%) Low SAAG 72(87.8%)
Baseline parameters High SAAG 10(22.2%)
Organ failure 64 (78.1%) 37 (29.8%) 0.001 Culture
ALL 62 (75.6%) 32 (24.4%) <0.0001 Sterile 77(93.9%)
AKI 30 (36.6%) 11 (8.4%) <0.0001 Infected 5(6.1%)
Shock 22 (26.8%) 8(6.1%) <0.0001
Necrosis 68 (82.9%) 63 (48.1%) <0.0001 Need for drainage of ascites (APD) 47(57.3%)
SIRS 71 (86.6%) 78 (60.9%) <0.0001 Mean protein concentration (g/dL) 3.04+0.95
BISAP 2.07 +£0.87 1.20+1.0 0.001
APACHE Il admission ~ 9.18 +4.5 6.76 +3.2 0.001 SAAG: Serum ascites albumin gradient.
CTSI 8.09+24 7.67+2.6 0.016
Atlanta classification
MAP 12 (14.6%) 29 (23.8%) (n=28). Evidently, overall OF rates and the individual organ
MSAP 45 (54.9%) 57 (46.7%) involvement such as ALI, AKI and shock were significantly higher in
SAP 25 (30.5%) 36 (29.5%) 0.26

ALL: Acute lung injury; AKI: Acute kidney injury; SIRS: Systemic inflammatory
response syndrome; BISAP: Bedside Index of Severity of AP; APACHE: Acute Phys-
iology and Chronic Health Evaluation; CTSI: CT severity index; MAP: Mild AP; MSAP:
Moderately severe AP; SAP: Severe AP.

number of ventilator days were significantly higher in the ascites
group as compared to those without ascites (Table 2). Mortality was
found to be significantly higher (34.1% vs 8.4%; p=0.001) in the
ascites group.

Characteristics of ascitic fluid

The characteristics of the ascitic fluid were analyzed (Table 3).
Majority (n = 62; 75.6%) had moderate to gross ascites. Majority of
the patients had ascitic fluid amylase of less than 1000 IU/mL
(n=59; 71.9%). The mean protein level was 3.04 + 0.95 g/dL. The
serum ascites albumin gradient (SAAG) was less than 1.1 in the
majority of patients (n=72; 87.8%). The fluid was mostly sterile
(n=77; 93.9%). No significant difference in the infection rate of
ascitic fluid was seen between the patients who received an
abdominal paracentesis drain vs. those who did not (10.6% vs. 0%;
p=0.07).

Out of 82 patients with ascites, 47 (57.3%) needed APD place-
ment. Overall, percutaneous drain (PCD) for infected necrosis was
needed in 101 patients (47.4%), 24 (11.3%) underwent endoscopic
drainage and 19 (8.9%) underwent surgical drainage.

Patients with ascites - subgroup analysis

A sub-group analysis of the patients with ascites was done to
look for factors contributing to the final outcome of mortality
(Table 4). The ascites group had a higher mortality rate of 34.1%

Table 2
Outcome parameters between patients with and without ascites.
Ascites (n = 82) Non-ascites (n=131) P value

ICU stay 9.1 [14] 1.44 (0) 0.001
Hospital stay 27.3[24] 12.54 [24] 0.001
Ventilator days 3.37 [3] 0.25 (0) 0.01
Need for dialysis 11 (5.9%) 37 (6.3%) 0.52
Mortality 28 (34.1%) 11 (8.4%) 0.001

ICU: Intensive care unit.

the mortality group as also the severity scores such as APACHE II at
admission, CTSI and Marshall scores.

No differences were found in regard to the fluid nature of ascitic
fluid such as amylase levels of more than 1000 IU/mL or SAAG.
However, patients having a fatal outcome had significantly higher
rates of moderate to gross ascites (92.9% vs 66.7%; p=0.013) and
had lower rates of APD placement (44.7% vs 55.3%; p=0.033).
Moreover, the mortality group exhibited significantly higher rates
of baseline IAP (p =0.0003) and lower rates of reduction in IAP
after 48 h of APD placement (33.3% vs 42.9%; p =0.04). Patients
with ascites had higher IAP as compared to those who did not have
ascites (p = 0.004).

Multiple logistic regression analysis was applied to look for
predictors of mortality using independent parameters — ascites
grade, ascitic fluid amylase, SAAG, ascitic fluid culture, use of APD
and IAH grade. It was found that moderate to severe ascites
(p=0.04) and IAH grading were significant predictors of mortality
(Table 5). A ROC curve was plotted using IAH grade and ascites
grade as shown in Fig. 2 with AUC of 0.76. Another multivariate
model using the severity parameters of SIRS, BISAP, APACHE II, CTSI
and Atlanta classification showed that APACHE II was a significant
predictor (OR 4.924; p = 0.012) of mortality in the subset of patients
with ascites.

Discussion

This study is a retrospective analysis of a prospectively collected
data to compare the outcome of AP patients who developed ascites
with those who did not. This is the first study of its kind on a
comprehensive overview of the characteristics of ascites that de-
velops in AP — pancreatitis-associated ascitic fluid (PAAF) and its
clinical implications on the outcome. Our study had 38.5% patients
developing ascites. The patients developing ascites had signifi-
cantly higher rates of organ failures and severity scores with
greater mortality. In the ascites group, moderate to severe ascites
and grades of IAH were found to be significant predictors of
mortality.

The characteristics of PAAF have been the subject of interest in
multiple studies. PAAF has been found to be an exudate rich fluid
that accumulates in up to 60% of the severe AP patients [20]. It not
only modulates the function of the peritoneal macrophages [21],
but also upregulates the pro-inflammatory cytokines such as TNF-a
and IL-6 [22]. Thus, PAAF adds on to the perpetuation of the
pathogenic cytokine storm in AP and is not a silent bystander. Liu e
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Table 4
Sub-group analysis of ascites patients for final outcome measures.
Discharged; n =54 (65.9%) Death; n =28 (34.1%) P value

Disease course
BISAP 1.92+09 2.36+0.75 03
APACHE II admission 7.66 +3.57 12.07 +4.7 0.001
Marshall score 1.68+1.6 285+1.0 0.001
Organ failure 38 (70.4%) 27 (96.4%) 0.008
ALl 35 (64.8%) 27 (96.4%) 0.001
AKI 14 (25.9%) 16 (57.1%) 0.008
Shock 7 (13.0%) 15 (53.6%) 0.001
CTSI 7.62 +2.56 9.0+1.7 0.016
Ascitic fluid characteristics
Ascites Mild 18 (33.3%) 2(7.1%) 0.013

Moderate-gross 36 (66.7%) 26 (92.9%)
Ascitic fluid amylase >1000 15 (27.8%) 8 (28.6%) 1.00
SAAG <1.1 47 (87%) 25 (89.3%) 1.00

>1.1 7 (13%) 3(10.7%)
Need for ascitic drain 26 (55.3%) 21 (44.7%) 0.033
IAP grade
Normal (<16) 35(83.3%) 7 (16.7%) 0.003
Grade 1 [16—20] 10 (41.7%) 14 (58.3%)
Grade 2 [21-27] 4 (44.4%) 5 (55.6%)
Grade 3 [28-33] 5(71.4%) 2 (28.6%)
Percentage reduction in IAP after 48 h 42.9% (27.6) 33.3% (34.5) 0.04

BISAP: Bedside Index of severity of AP; APACHE: Acute Physiology and Chronic Health Evaluation; ALI: Acute lung Injury; AKI: Acute Kidney injury; CTSI: CT severity index;

SAAG: Serum ascites albumin gradient; IAP: Intra-abdominal pressure.

Table 5
0Odds ratio estimates for mortality in the ascites group.

0Odds ratio estimates for death among those patients who had ascites

Parameters Odds Ratio 95% Wald Confidence Limits p value
IAH grade I vs 0 5.326 1.63 17.41 0.0056
IAH grade 1T vs 0 7.506 1.39 40.64 0.0193
IAH grade IIl vs 0 1.654 0.25 11.1 0.6042
Ascites grade: moderate-gross vs mild 5.874 1.08 32.01 0.0407

IAH: Intra-abdominal hypertension.

ROC Curve for Model
Area Underthe Curve = 0.7573

0.75

Sensitivity
=
o
=

0.00

T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Fig. 2. ROC curve for overall predictive model for death among ascites cases (Pre-
dictors = IAH grade and ascites grade).

al [8] described reduction of cytokines by almost half after place-
ment of APD. The mechanism of ascites development can be
postulated to be either a duct disruption causing a high amylase
ascites or a capillary leak phenomenon with maintained ductal
anatomy leading to a low amylase ascites [23]. In the current study,
low amylase (<1000 IU/mL) was found in 71.9% of the patients.
Interestingly, Haas et al. [23] showed that lower ascitic amylase and
lower ascites to serum amylase ratio portends a higher risk for
mortality. However, in our study, ascitic fluid amylase did not have
any influence on mortality. PAAF is usually a high protein ascites as
seen in the present study (mean = 3.04 g/dL) similar to previous
studies [23—25]. The serum ascites albumin gradient (SAAG) was
low (<1.1) in majority of the cases (87.8%).

Severity assessment in AP has undergone a sea change after the
advent of the revised Atlanta Classification [7]. However, PAAF has
not been dealt with in this classification system as a part of col-
lections or local complications. Emerging data have suggested a
significant role of ascites in the final outcome. In our study,
although revised Atlanta Classification did not show any difference,
all the other severity scores such as SIRS, BISAP and APACHE II at
admission were found to be significantly higher in the ascites group
as also the necrosis and the CTSI scores. OF was also significantly
higher in the ascites group implicating an overall severe disease
course. Haas et al. [23] had pointed out that clinically apparent
ascites was a significant predictor of mortality. In their study, pa-
tients with ascites had overall mortality of 39%. Maringhini et al.
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[26], in their study of 100 patients with AP, found 18% to have as-
cites with the odds ratio for severe disease being 5.9. Thus, ascites
has been consistently shown to be associated with poor outcome.

A modification of the conventional Balthazar CTSI index [14]
was proposed by Mortele et al. [27], the modified CTSI (mCTSI),
wherein extra pancreatic complications which included ascites
were granted an additional 2 points in the final scoring. They found
that mCTSI was more closely related to outcome measures as
compared to the original CTSI. A few subsequent studies found
mCTSI to have better accuracy [28] with a stronger correlation with
outcome [29]. However, others found that the two scoring systems
were comparable [30] and had predictive accuracies akin to the
clinical scoring systems [31].

Outcome parameters such as length of hospital stay, ICU stay
and number of ventilator days required were significantly higher in
the ascites group. Mortality was significantly higher (p =0.001) in
the ascites group, similar to previous studies [23,32]. The mortality
in the ascites group was 34.1%, similar to 39% mortality found by
Haas et al. [23].

On analysis of mortality predictors, the various factors like OF
and the severity scores such as APACHE II at admission, CTSI and
Marshall scoring evidently contributed to mortality prediction.
Interestingly, it was observed that placement of APD had better
survival (p =0.033) than those in whom it was not placed. This
corroborates with recent studies highlighting the beneficial effect
of APD by a multitude of pathways. Liu et al. [8] highlighted that
patients who underwent APD ahead of PCD had lower inflamma-
tory markers, less OF and a lower mortality than the PCD-only
group. In another study, Liu et al. [33] had defined the various
predictors of need for PCD after APD placement. Placement of APD
has not been shown to be associated with increased infections [34].
Hongyin et al. [35] demonstrated that APD can help improve
tolerance of enteral nutrition.

A cardinal predictor of poor outcome in AP is development of
IAH and abdominal compartment syndrome (ACS). IAH develops in
60—80% of patients with severe AP and 30—40% develop ACS [9].
Development of IAH in patients with AP is multi-factorial and as-
cites is one of these factors [16,36]. In our study, on multivariate
logistic regression analysis, it was found that the grade of ascites
and the grades of IAH were significant predictors of mortality. This
evidently underlies the role of ascites in the modulation of severity
of AP. Multiple studies have shown the beneficial effect of reduction
of IAP [37,38] with reduced infection and improvement in OF [10].
In fact, in the present study, higher percentage of APD had better
survival and a lower percentage reduction in the IAP was associated
with a higher mortality (p = 0.04).

Limitations and future perspectives

The study has been conducted in a tertiary care center wherein a
large number of patients were referred with more severe disease
and it might have led to referral bias. We have not looked at the
impact of ascites on cytokine levels. Another limitation of the study
is that the effect of different sites of necrosis and sites of collection
between the two groups (with or without ascites) was not studied.
Whether temporal correlation exists between development of as-
cites and worsening of clinical picture is an area that needs to be
addressed. A more systematic study of the timing of APD needs to
be carried out to better fine tune the “step-up” approach and
whether it should be placed before PCD placement for collections
or independent of it. Development of ascites in the disease course
of AP should be considered a bad prognostic marker and may be
needed to be included in future severity assessment measures.

Conclusion

In summary, the results of our study comprehensively establish
that AP patients with ascites have a more severe disease course
with poorer outcome as compared to those who do not. Higher
degree of ascites and IAH grades are significant predictors of mor-

tality. Drainage of ascites and effective IAP reduction improves
survival.
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