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Abstract

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are underrecognized entities in patients
of acute pancreatitis (AP). IAH develops in 30% to 60% and ACS in 15% to 30% of all AP patients and are markers of severe
disease with high morbidity and mortality. The detrimental effect of increased IAP has been recognized in several organ
systems, including the central nervous system, cardiovascular, respiratory, renal and gastrointestinal systems. The patho-
physiology of IAH/ACS development in patients with AP is multifactorial. Pathogenetic mechanisms include over-zealous
fluid management, visceral edema, ileus, peripancreatic fluid collections, ascites and retroperitoneal edema. Laboratory and
imaging markers are neither sensitive nor specific enough to detect IAH/ACS and intra-abdominal pressure (IAP) monitor-
ing is vital for early diagnosis and the management of patients of AP with IAH/ACS. The treatment of IAH/ACS requires
a multi-modality approach with both medical and surgical attention. Medical management consists of nasogastric/rectal
decompression, prokinetics, fluid management and diuretics or hemodialysis. If conservative management is not effective,
percutaneous drainage of fluid collection or ascites is necessary. Despite medical management, if IAP worsens, surgical

decompression is warranted. The review discusses the relevance of IAH/ACS in patients of AP and its management.
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Introduction

Acute pancreatitis (AP) is one of the leading causes for
hospitalization among gastrointestinal conditions. It is a
disease with inflammation of the pancreas as well as extra-
pancreatic tissues with local and/or systemic complications
[1]. The course of the disease is complex and unpredictable
during initial days. During an episode of AP, there is acinar
cell injury leading to cytokine production and the activa-
tion of inflammatory cells. One of the consequences of this
inflammatory cascade is organ failure (OF). Severe AP is
characterized by persistent OF (> 48 hours) in the form of
respiratory, renal or cardiovascular failure [2]. Severe AP
consists of 15% to 20% of all patients of AP. Although a
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majority (85%) of patients have mild disease course, mor-
tality is around 30% in patients with severe AP [3].
Intra-abdominal hypertension (IAH) is seen in many criti-
cally ill patients admitted to intensive care unit (ICU) with
conditions such as major burns, abdominal trauma, major
surgery, severe fluid overload, peritonitis, hypothermia and
septic shock. It is associated with increased mortality in criti-
cal care patients [4]. The detrimental effect of increased IAP
has been recognized in several organ systems, including the
central nervous system and the cardiovascular, respiratory,
renal and gastrointestinal systems. IAH can also develop
in the patients of AP and can adversely alter the course of
disease with poor prognosis [5, 6]. It occurs due to altered
capillary permeability, retroperitoneal edema, ascites, ileus,
aggressive fluid resuscitation and intra-abdominal collections.
IAH is defined as raised intra-abdominal pressure (IAP)
over 12 mmHg. Abdominal compartment syndrome (ACS)
is seen in a subset of patients with IAH and is associated
with worse outcomes in AP. ACS is defined as sustained
elevation of IAP more than 20 mm of Hg with associated
new organ dysfunction or failure [7]. Despite the available
evidence of implications of IAH in patients of severe AP, it
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is still an underrecognized entity. In this article, we review
the role of increased IAP in AP and its management options.

Definitions

The World Society of Abdominal Compartment Syndrome
(WSACS) in 2013 defined intra-abdominal pressure (IAP)
as “steady state pressure concealed within the abdominal
cavity.” Table 1 describes the various terminologies related
to IAP. Normal AP is 5-7 mm of Hg in critically ill adults,
while it is 4-10 mm in critically ill children. Baseline IAP
could also be affected by the elevated body mass index
(BMI) [8]. IAH is defined as the sustained pathologic eleva-
tion of IAP more than 12 mm of Hg measured at least on two
occasions at an interval of one to six hours [9]. IAH is cat-
egorized into four grades based on IAP measurement (grade
I: IAP of 12-15 mm of Hg, grade II: 16-20 mm of Hg, grade
III: 21-25 mm of Hg and grade IV:>25 mm of Hg). In
comparison to IAH, ACS is not categorized in grades and is
described as an all or none presentation. ACS could occur in
the early phase of acute inflammation as well as in delayed
phases with multiple fluid collections in the course of AP.

Measurement of intra-abdominal pressure

IAP measurement should be considered in patients with
severe AP, especially in the event of clinical deterioration
[10]. All patients with severe AP, those with abdominal
distension with or without ileus and those with new-onset
organ failure should be monitored for IAH. These are usu-
ally those patients who require intensive care and bladder

Table 1 Various terminologies related to intra-abdominal pressure

catheterization. To minimize the risk of catheter-associ-
ated infection, IAP measurement catheter can be removed
in those patients who improve clinically and repeated IAP
remains within the normal range persistently.

The patient lies in supine position and a urinary cath-
eter is inserted using sterile technique [11]. In non-sedated
as well as non-supine patients, the readings are prone for
errors. The contractions of abdominal muscles due to pain
could cause falsely elevated values of IAP and hence, mild
sedation or muscle relaxants can be used before measuring
IAP. A ramp with three stopcocks is connected between
the cut end of Foley’s catheter and the manometer (Fig. 1).
The first stopcock is attached to 500 mL normal saline
with an infusion set. The second stopcock is attached to a
50-mL syringe. The third stopcock is attached to the tubing
of the pressure transducer zeroed at the mid-axillary line at
level of the iliac crest. The third stopcock acts as the clamp
of this system. Around 25 mL of normal saline is aspirated
from the second stopcock and instilled into the bladder
through the catheter. This is followed by turning on the
first and second stopcocks, while closing the intravenous
(IV) tubing and syringe end. The third port is turned on to
the transducer to record the reading of IAP in cm of H,O
(1 mmHg=1.36 cm H,0). The readings of IAP should be
taken 60 seconds after the saline column stabilizes, at the
end expiration. The IAP is measured in cm of water and
converted into mm of Hg. In stable patients, IAP measure-
ment is warranted twice a day, while in unstable patients,
IAP measurement should be done every four hours or more
frequently. Testing of IAP is contra-indicated in patients
with neurogenic bladder and benign prostatic hyperplasia.
A single time reading of mild elevated IAP rarely warrants
immediate intervention, but it is ideal to take repeated IAP

Parameter Definition

Intra-abdominal pressure (IAP)

Intra-abdominal hypertension (IAH)
ments at intervals of 1-6 h

Grade | IAP 12-15 mmHg
Grade 11 IAP 16-20 mmHg
Grade III IAP 21-25 mmHg
Grade IV IAP>25 mmHg

Abdomen compartment syndrome

dysfunction/failure
Abdominal perfusion pressure (APP) MAP—IAP

Primary ACS

Secondary ACS
Recurrent ACS
Polycompartment syndrome

Steady-state pressure concealed within the abdominal cavity

Sustained or repeated pathologic elevation of IAP values > 12 mmHg, obtained after two measure-

A sustained IAP >20 mmHg (with or without APP < 60 mmHg) that is associated with new organ

It is seen in conditions with disease in the abdominopelvic region that could necessitate early surgical
or interventional intervention

It is seen in conditions that do not originate from the abdominopelvic region
Redevelopment of ACS following previous surgical or medical treatment of primary/secondary ACS

>?2 anatomical compartments have elevated compartment pressures

ACS abdomen compartment syndrome, /AP intra-abdominal pressure, MAP mean arterial pressure
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Fig.1 Measurement of intra-
abdominal pressure IVINFUSION BAG
(NORMAL SALINE)
50 mL s
Normal syringe
tubing
Foley
catheter - 4 Manometer

measurements. There is variability in IAP measurements
to the tune of 25% to 66% [11].

IAP can also be estimated roughly by abdominal girth
or by subjective feel of the tense abdomen. However, these
methods have poor sensitivity (40%). Other methods of meas-
uring IAP include measurement by nasogastric or gastros-
tomy tube, rectal pressures, uterine pressures and inferior
vena cava pressures. All these methods are often cumbersome
to apply in clinical practice and bladder catheter technique
remains the gold standard. A novel method of IAP measure-
ment is the use of microchip transducer-tipped catheters [11].

Pathogenesis

The pathophysiology of development of ITAH/ACS in AP
is multifactorial. There is a restriction in the expansile
capacity of the anterior abdominal wall and diaphragm.
Since the abdomen is a closed compartment, increase
in abdominal volume beyond a certain limit leads to an
exponential increase in abdominal pressure. During an
episode of AP, capillary permeability increases secondary
to pro-inflammatory cytokines and vasodilatory media-
tors in tissues. Thus, exudative fluid accumulates in the
abdominal cavity. Aggressive fluid resuscitation contrib-
utes to increased fluid accumulation in the abdominal
cavity by extravasation of fluids into the third space. It
has been shown that the patients of IAH in critical care
had a positive fluid balance of 3.4 L after one week in
ICU [12]. Furthermore, the development of ascites, para-
lytic ileus and bowel edema increases IAP. The patients
of AP who have ascites more often have higher IAP than
those without ascites (p =0.004) [13]. Pancreatic and

® Ramp of 3 stopcocks \Urine drainage

peripancreatic inflammation and fat necrosis add to the
IAP. Pancreatic and extra-pancreatic necrosis associ-
ated with severe AP have been shown to worsen IAP. A
study of 374 patients of AP revealed that grade IV IAH
patients had more infected necrosis as compared to grade
I1TAH (28% vs. 16%; p=0-005) [14]. Subsequently, in the
course of illness, fluid collections develop in pancreatic,
peripancreatic and even in distant locations, aggravating
IAH.

Abdominal pain in AP worsens abdominal compliance
with respect to the rising IAP. Anxiety secondary to pain
also restricts compliance of abdominal wall. Obesity has
been described as a risk factor for worsening IAP. A sys-
tematic review of all studies reporting IAH in various dis-
eases revealed that obesity was associated with a higher
risk of IAH (OR 8.5, p<0.001) [15]. Baseline IAP was
elevated more often in obese persons. In fact, for every
rise in BMI by 1 kg/m?, there is an increase in IAP by
0.07 mmHg [16].

ACS steers the course of AP towards severe disease. IAH
decreases perfusion of abdominal organs and abdominal
perfusion pressure (APP) can be deduced as the difference
between mean arterial pressure and IAP. With increase in
IAP, APP decreases and abdominal and pancreatic paren-
chymal blood supply decreases, leading to ischemia and
necrosis. With hypoperfusion of the gut, bacterial translo-
cation also contributes to infected pancreatic necrosis [17].
Decreased perfusion and consequent ischemia of organs lead
to the onset of multi-organ dysfunction syndrome. Retrop-
eritoneal edema also contributes to hypoperfusion, hypoxia
and altered permeability eventually leading to raised IAP.
Rarely bleeding into the necrotic collection(s) could worsen
IAP. APP has been found to be a better predictor of survival
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in patients with IAH and ACS than mean arterial pressure
or intra-vesicular pressure [18].

Effect of increased IAP on other organ
systems

IAH affects multiple organ systems in a sequential manner.
In the abdomen, increase in IAP causes organ dysfunction
by compromising the arterial supply, obstructing the venous
outflow and impairing microcirculatory flow. The kidney is
the most commonly affected organ system described with
IAH; however, other organ systems, including hepatic, nerv-
ous and gastrointestinal tract, are also reported to be affected.

e Renal system: Increase in abdominal pressure decreases
the renal arterial flow and compresses the renal vein
causing renal dysfunction. Oliguria develops when IAP
increases more than 15 mmHg and anuria sets in with
pressure >25 mmHg in normo-volumic patients. Renal
failure can develop at a lower level of IAP in patients with
hypovolemia and shock. Other factors also contribute to
the development of renal dysfunction including reduced
cardiac output, increased systemic vascular resistance,
glomerular injury due to pro-inflammatory cytokines and
alterations in humeral and neurogenic factors [19, 20].

e Respiratory system: Intrathoracic compartment is linked
to abdominal compartment by the diaphragm. When IAP
increases, the pressures are transmitted to the intratho-
racic cavity, thus increasing the intrathoracic pressure
and peak airway pressure with reduced functional resid-
ual capacity. These changes cause ventilation-perfusion
mismatch leading to respiratory failure [21].

e QGastrointestinal system: With increase in IAP, abdominal
perfusion pressure decreases resulting in decreased blood
flow to organs. Elevated IAP causes reduction of mes-
enteric blood flow, thus leading to mesenteric ischemia.
With decreased perfusion, ischemia as well as acidosis
leads to altered gut motility and increased bacterial trans-
location. The reduced hepatic flow manifests as hepatic
dysfunction with elevated liver enzymes and reduced
lactate clearance [22-24].

e Cardiovascular system: Half of the patients of AP have
electrocardiogram (ECG) changes most commonly ST
depression and T wave flattening [25]. With elevated IAP,
the cardiac output decreases. The effect is multifactorial
with decrease in preload, impaired cardiac contractility and
increased afterload. Venous return to the heart declines due
to increased fluid sequestration, increased blood pooling in
vessels of lower limbs and inferior vena cava. Elevated IAP
transmitted to intrathoracic cavity negatively impacts the
preload and myocardial contractility. Also, there is impair-
ment of left ventricular compliance leading to reduced ven-
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tricular filling. With progressive rise in IAP, hypotension
develops and the cardiovascular system collapses. With
venous pooling and stasis, the risk of thrombotic compli-
cations like deep venous thrombosis and pulmonary embo-
lism also increases [26].

e Nervous system: Elevated IAP affects the cerebral perfu-
sion by increasing the intra-cranial pressure. The effects
on the nervous system are related to rise in partial pres-
sure of CO, and reduced lumbar plexus blood flow sec-
ondary to increased IAP. With reduced cerebral compli-
ance, there could be clinical manifestations of worsening
sensorium and coma [27].

IAH/ACS in AP and its effect on outcome

The incidence of IAH in critically ill patients has ranged
from about 25% in the general ICU population up to about
75% to 85% in patients with septic shock [28]. The inci-
dence of IAH is not different in patients with AP. De Waele
first studied IAH in AP and found that it developed in 78%
of severe AP [29]. Recent large observational studies have
found that IAH can develop in 3.5% to 39.1% of AP with
figures going to 43% to 84% in severe AP (Table 2). ACS
represents a severe form of IAH and its incidence is reported
to be 5.3% to 35% of the patients with AP [30, 31]. The inci-
dence of ACS further increases in patients with severe AP.
The pooled incidence of ACS in patients of AP was reported
to be 38% and the mortality 49% in patients with ACS as
compared to 11% in those without ACS [32]. The details of
incidence of IAH and ACS are shown in Table 2 [33-38].

Increase in IAP complicates the course of AP by increas-
ing the chances of OF and infected necrosis. There is an
increase in hospital stay and ICU stay in such patients along
with increase in mortality. A study of 150 patients of AP
revealed more severe disease in patients with elevated IAP
[30]. They also found static IAP and dynamic IAP were sig-
nificantly higher in patients of AP, who did not survive as
compared to survivors. Another study of 213 patients found
that the presence of moderate-gross ascites and IAH in AP
were the independent predictors of mortality [13]. Other
studies have also confirmed that IAH is associated with more
severe disease, higher severity scores, higher organ failure
and longer hospitalization as well as ICU stay and higher
mortality (Table 3).

Diagnosis of increased intra-abdominal
pressure

It is crucial to diagnose IAH in patients of AP and initiate
therapy at the earliest to avoid irreversible tissue damage.
Symptoms and signs of IAH include hemodynamic insta-
bility, acute kidney injury and acute respiratory distress
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Table 2 Incidence of intra-
abdominal hypertension

and abdomen compartment
syndrome in acute pancreatitis
in various studies

syndrome. With IAP more than 15 mmHg, the incidence
of respiratory failure, cardiovascular failure and renal
failure was found to be 95%, 91% and 86%, respectively
[29]. Clinical examination by palpation is inaccurate for

Study Number of patients of AP Incidence of IAH Incidence of ACS
De Waele et al. 2005 [29] 27 (severe AP) 78%

Dambrauskas et al. 2010 [33] 44 (severe AP) 43% 13.6%
Ke etal. 2012 [34] 58 (severe AP) 62% 12%
Santa-Teresa et al. 2012 [35] 151 39.1%

Bezmarevic et al. 2012 [36] 51 71% 12%
Davis et al. 2013 [31] 45 - 35%
Bhandari et al. 2013 [6] 40 20% 7.5%
Marcos-Neira et al. 2018 [14] 301 91% -
Stojanovic et al. (2019) [37] 100 60%

Goenka et al. 2020 [30] 150 50% 5.33%
Singh et al. 2020 [68] 105 45.7% -
Kurdia et al. 2020 [38] 35 (severe AP) 51.4%

Verma et al. 2021 [52] 37 54.05% -

He et al. 2022 [58] 552 33.5% -

Wen et al. 2023 [70] 549 39.1% -

ACS abdomen compartment syndrome, AP acute pancreatitis, JAH intra-abdominal hypertension

the measurement of IAP [39]. Also, the development of
organ failure is neither sensitive nor specific for TAH/ACS
in patients with AP. The measurement of AP should be
done by urinary bladder transduction as described earlier.

Table 3 Outcomes of patients of acute pancreatitis with intra-abdominal hypertension and abdominal compartment syndrome

Study

Number of patients
of acute pancreatitis

Outcome

De Waele et al. 2005 [29]
Keskinen et al. 2007 [84]

Chen et al. 2008 [85]
Ke etal. 2012 [34]

Santa-Teresa et al. 2012 [35]
Bezmarevic et al. 2012[36]

Davis et al. 2013 [31]
Bhandari et al. 2013 [6]
Marcos-Neira et al. 2018 [14]

Goenka et al. 2020 [30]

Singh et al. 2020 [68]

Verma et al. 2021 [52]

44
59 (severe AP)

74

58 (severe AP)

151
51

45

40

374

150

105

37

IAH was associated with organ failure and longer ICU stay

Maximum IAP was significantly associated with maximal severity scores (SOFA score
and APACHE II score) and ICU length of stay

Incidences of infection, shock, multiple organ dysfunction syndrome and mortality in
group with ACS were significantly higher than those without ACS

Patients with IAH had significantly longer average hospital stay and ICU stay and higher
complication rate and required invasive treatment

IAH had higher severity scores, organ failure, ICU/hospital stay and mortality rate

IAP values at 24 h after hospitalization were significantly higher in patients with severe
AP

Patients with ACS have higher in-hospital mortality

IAH was associated with severe AP with worse severity scores (APACHE II score >8)
and persistent SIRS

ACS was associated higher necrosis, multiple organ failure and death

Higher IAH was seen more in patients with severe AP

IAH predicted organ failure and mortality

Both static and dynamic IAPs were significantly higher in non-survivors as compared
with survivors in acute pancreatitis

Higher intra-abdominal pressure had more severe AP

Patients with IAH had severe disease, higher BISAP and CT severity scores, higher
organ failure, longer ICU stay and higher mortality

Patients with IAH had significantly higher severity scores, organ failure, ICU stay and
mortality

ACS abdomen compartment syndrome, AP acute pancreatitis, APACHE Acute Physiology and Chronic Health Evaluation, BISAP bedside index
of severity in acute pancreatitis, CT computed tomography, JAH intra-abdominal hypertension, /AP intra-abdominal pressure, /CU intensive care
unit, SIRS systematic inflammatory response syndrome, SOFA Sequential Organ Failure Assessment
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Laboratory values of blood urea nitrogen, creatinine,
pD-dimer and Dp-lactate can be elevated and provide early
diagnosis of IAH [40, 41]. Other biomarkers, including
intestinal fatty acid binding protein (I-FABP), superoxide
dismutase (SOD), fatty acid ethyl esters and glutathione,
have also been studied [42—45]. A study of 76 patients of
AP showed that a reduction in the proportion of peripheral
CD4 cells indicated ACS in patients of severe AP [46].
Several studies have correlated serum IL-8, IL-10 and
adenosine levels and TAP in patients of AP [47, 48]. In an
animal model study, 5-hydroxy indoleacetic acid (5-HIAA)
was found to be an early marker of IAH with sepsis [49].
Glutathione (GSH) and SOD have also been shown to be
low in ileal tissue in patients with IAH [50]. Though a
number of biomarkers have been evaluated for the early
detection of IAH, they are not sensitive or specific enough
to be used in clinical practice.

Imaging modalities could provide a clue for the diagnosis
of increased IAP in patients with AP. A simple X-ray abdo-
men could show the dilated bowel loops. A contrast-enhanced
computed tomography (CECT) of the abdomen can provide
useful information, including the rounding of abdomen, bowel
distension, bowel wall edema, ascites and pancreatic and peri-
pancreatic fluid collections. It also provides information about
the extent of pancreatic and extra-pancreatic necrosis and
localization of bleed. A study of 41 patients of AP with IAH
revealed the presence of abdominal collections and larger diam-
eter as well as larger volume of collections and moderate-severe
pleural effusions as predictors of IAH [51]. A prospective study
of 37 patients showed the presence of moderate-gross ascites,
pancreatic necrosis (>50%) and a round belly sign (RBS) more
often in patients of AP with IAH [52]. The round belly sign
is positive when the antero-posterior to transverse diameter at
the level of left renal vein crossing the aorta is more than 0.8
on computed tomography (CT) abdomen (normal ratio <0.8)
(Fig. 2). The round belly sign was found to be an independent
predictor of IAH in AP (OR 12.6,95% CI: 1.3-124.2, p=0.03).
A prospective study of 41 critically ill ICU patients revealed
an elevated peritoneal-to-abdominal height ratio (PAR) to be
a predictor of IAH [53]. Values of PAR more than 0.52 had a
specificity of 85% for the diagnosis of IAH. Other signs of IAH
on imaging include narrowing of intrahepatic inferior vena cava
(<3 mm), direct renal compression, bilateral inguinal hernia-
tion, elevated diaphragm, hemoperitoneum or pneumoperito-
neum [54]. Overall, imaging alone cannot be used to diagnose
the IAH/ACS but helps in suspecting raised IAP. The presence
of dilated bowel loops, bowel edema or round belly sign on
any of the imaging modality provides a clue for increased IAP
and concomitant presence of IAH or ACS should be ruled out.

Other modalities for the measurement of abdominal wall
thickness include point of care ultrasound, continuous pres-
sure monitoring devices, wireless motility capsule and infra-
red spectroscopy [55].
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Fig.2 Computed tomogram of the abdomen of acute pancreatitis
with abdominal compartment syndrome showing increased anterio-
posterior to transverse diameter (ratio >0.8 at the level of renal vein
crossing aorta), known as round belly sign

Management

All patients of severe AP with IAH/ACS should ideally be man-
aged in an ICU. Management includes initial medical treatment
with non-invasive methods followed by minimally invasive
techniques for drainage of ascites or fluid collections. Figure 3
depicts a proposed algorithm for the management of IAH/ACS.

Non-surgical management

International Association of Pancreatology (IAP)/American
Pancreatic Association (APA) evidence-based guidelines on
AP (2013) recommend the following medical management

in JAH/ACS [10]:

I. Reduction in hollow-viscera volume: nasogastric
drainage, prokinetics, rectal decompression tubes and
endoscopic decompression rarely.

II. Reduction in intra/extravascular fluid content: on
demand volume resuscitation, ultrafiltration or diu-
retics if suspected volume overload.

III. Improvement of abdominal wall compliance: anal-
gesia and sedation to reduce abdominal wall tone;
neuromuscular blockade if necessary.

a) Medical management

The first step of decompression includes the evacuation
of intestinal contents via a nasogastric tube or a rectal tube.
Bowel enemas could also help in reducing colonic contents.
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Fig.3 Algorithm for the
management of patients with
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Prokinetic agents could be initiated to aid the decompres-
sion of gastric or colonic contents. Drugs such as eryth-
romycin, metoclopramide and neostigmine can be used to
decrease the size of visceral content. Although the WSACS
advises the use of prokinetics in decompression, evidence
for this in AP is lacking [56]. Abdominal wall compliance
can be improved by adequate sedation and analgesia for
pain and anxiety relief, brief trials of neuromuscular block-
ers, change in body position and the use of neostigmine
for established refractory colonic ileus [57]. Drugs such
as cisatracurium and atracurium provide adequate neu-
romuscular blockade. Intramuscular neostigmine (1 mg
twice daily increased to every eight hours or six hours as
per response) has been found effective in reducing IAP in
patients with IAH and AP compared to conventional treat-
ment (p=0.018) [58].

Among intravenous fluids, crystalloids have a higher
chance of elevation of IAP than plasma resuscitation in
patients with burns [59]. A recent randomized controlled
study revealed aggressive fluid resuscitation in patients with
AP resulted in a higher incidence of fluid overload without
clinical improvement [60]. The study revealed that moderate
fluid resuscitation with 10 mL/kg bolus followed by 1.5 mL/
kg/h maintenance had similar outcomes with less fluid over-
load than aggressive resuscitation. Based on these results,
after immediate resuscitation, further resuscitation should be
individualized for each patient. The WSACS also suggests that
an enhanced ratio of plasma/packed red blood cells should be

Clinical

Continue medical
management

improvements -

Surgical
decompression

used for resuscitation in case of massive hemorrhage [61].
The role of diuretics specifically in elevated IAP in AP is
unknown. However, in cases of suspected fluid overload in
such patients, diuretics could be beneficial. Other studies have
suggested benefits of continuous hemofiltration in patients
with TAP more than 20 mmHg which reduces the need of
surgery, mechanical ventilation and ICU stay [62, 63].

Enteral feeding should be considered in all patients of
AP who can tolerate the feed. Enteral feeding stimulates gut
motility and also reduces pancreatic infection by preventing
the translocation of bacteria [64]. The amount of feed to be
given depends on the clinical condition of the patient and
tolerability. Gastric aspiration every three to four hours via
nasogastric tube could roughly guide the amount of feed
that the patient could tolerate. If the residual volume is
more than 25% of the last meal, the feed volume should be
reduced. In cases where a patient with IAH is not tolerating
the enteral feed or having ACS, parenteral nutrition should
be started for nutritional support. However, trophic feed
should be given to all patients. The amount of trophic feed
could be 15-30 mL every four to six hourly.

Adequate supportive ventilation in patients of IAH/ACS
is also crucial. When ventilation support is required in IAH/
ACS, non-invasive ventilation should be avoided as it could
further worsen the IAP [65]. In a subset of patients with
mild respiratory dysfunction, low pressure non-invasive sup-
port could be tried [66]. All other patients should be given
invasive ventilation support. The ideal mode and settings of
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the ventilator are still not known. Protective lung ventilation
with low tidal volumes is warranted [67]. High positive end-
expiratory pressure (PEEP) levels are necessary to reduce
alveolar collapse and improve lung compliance.

Medical management in patients with TAH/ACS includes
the decompression of bowel contents, cautious intravenous
fluid supplementation, adequate pain relief, sedation and
muscle relaxants. Trophic feeding should be considered to
prevent the infective complications and parenteral nutrition
should be provided for nutritional support.

Percutaneous catheter drainage (PCD)

The WSACS recommends PCD for removing abdominal
fluid (ascites and/or fluid collection) in patients with IAH or
ACS [61]. They are usually opted in after a trial of medical
management in IAH. In the presence of massive ascites with
IAH, a simple percutaneous catheter or paracentesis could
bring down the IAP. Singh et al. showed that pigtail catheter
drainage of pancreatic fluid collections helps in reducing
IAP in patients of AP with IAH [68]. Patients with IAH had
more severe disease and more OF with a higher requirement
of ICU care. After PCD of fluid collections, IAH decreased
significantly more in patients with IAH than in those with-
out it. Reduction in IAH >40% at 48 hours after PCD was
associated with decreased mortality [68]. Others have also
reported reduction in IAH after PCD of fluid collections in

patients with AP [69]. Abdominal paracentesis of free fluid
in the peritoneal cavity also reduces IAP and leads to lower
mortality. Wen et al. in a study of 206 patients showed that
patients with AP having IAH subjected to abdominal para-
centesis drainage had better outcome than those not sub-
jected to drainage [70]. They suggested a step-up approach
with abdominal paracentesis drainage followed by the PCD
of abdominal fluid collections in such patients [70]. Table 4
summarizes various studies with percutaneous drainage and
their effect on outcome [71, 72]. Drain should preferably be
placed initially in free fluid in the abdomen to drain ascites
[73]. If no clinical improvement is noted, the percutaneous
drainage of pancreatic/peripancreatic necrotic collection(s)
should be considered.

The timing of percutaneous intervention remains a con-
cern in patients with IAH. No study has addressed this issue
in IAH. However, early percutaneous intervention has been
shown to be safe in patients with infected pancreatic necro-
sis [74]. Extrapolating these data, percutaneous intervention
for IAH could be considered after failed medical manage-
ment, irrespective of timing. The criteria of failed medical
management include worsening clinical status, rising IAP
readings and the onset of organ dysfunction despite therapy.
The target IAP reduction has not been validated in studies,
but the usual aim should be to bring down IAP to less than
12 mmHg.

Table 4 Outcome of studies with minimally invasive drainage for intra-abdominal pressure in acute pancreatitis

Study Patients of AP with IAH (n) Intervention

Outcome

Sun et al. 2006 [71] 110 (Fulminant AP)
Wang et al. 2016 [72] 452

Singh et al. 2020 [68] 48

Wen et al. 2023 [70] 206

Pigtail catheter drainage

Pigtail catheter drainage

Abdominal paracentesis

Indwelling catheter celiac drainage e Drain quantity positively correlated (r=0.552,

p <0.01) with intra-abdominal pressure
(r=0.552, p<0.01)

o Patients with a significant decrease of IAP
had a lower incidence of infection and better
alleviation of organ failure

o JAP decreased significantly more in the IAH
group (21.85+4.53 cm H,O to 12.5+4.42 cm
H,0 mmHg) than in the NIAH group
(12.68 +2.72 cm H,0 to 8.32+3.18 cm H,0),
p=<0.001

e Reduction of IAP in patients with IAH by
>40% at 48 h after PCD was associated with
better survival (63.3% vs. 36.7%), p=0.006

o Compared with the non-paracentesis group, the
intra-abdominal pressure decreased more rap-
idly in paracentesis group and the mean number
of organ failure was lower in the paracentesis
group

e There was no significant difference in incidence
of infections between the two groups

AP acute pancreatitis, JAH intra-abdominal hypertension, /AP intra-abdominal pressure, NJAH no intra-abdominal hypertension, PCD percuta-

neous drainage
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Surgical management

Surgical intervention is needed when medical management and
percutaneous drainage have failed to decrease IAP. The most
commonly performed decompressive surgery in patients of ACS
is midline or median Xipho-pubic laparotomy with exploration
and decompression [75, 76]. A subcostal transverse incision also
helps in decompression. Another less invasive approach is subcu-
taneous linea alba fasciotomy (SLAF). It consists of incision of
linea alba without the exploration of peritoneum and creation of
median laparostomy [77]. In a retrospective study of 10 patients
of severe AP, SLAF was found to be safe and feasible in all
patients [78]. Mortality was seen in 40% of cases despite SLAF
[77]. Open laparotomy could be considered in patients with JAH
and diffuse intra-abdominal infection. There are no clear cut-offs
of IAP, where surgery would be beneficial. Moreover, the timing
of surgery is also controversial. Table 5 summarizes the outcome
of surgery in patients with ACS and AP [79-82].

Surgical intervention should be considered when medical
management and minimally invasive approach fail to improve
the clinical condition [83]. Depending on the expertise availa-
ble and the preference of the surgeon, any approach for decom-
pression could be considered, i.e. SLAF, median xipho-pubic
laparotomy or midline laparotomy. There are certain limita-
tions of surgery in IAH. Firstly, the mortality rate remains high
despite decompression. Secondly, the IAP often fails to decline
post-decompression. Lastly, there is the onset of reperfusion
syndrome leading to hemorrhage and worsening of outcomes.

Management of ACS in acute pancreatitis

ACS is the severe form of increased IAP associated with
organ failure. The mortality of patients of AP with ACS
is higher than of patients without ACS [6, 31, 84, 85]. In

the presence of new-onset organ dysfunction with sustained
elevated IAP pressures, ACS should always be suspected.
Time is important in these scenarios, as early detection and
management is the main strategy which could reverse the
organ dysfunction [5]. Management strategy is no different
than IAH; however, both medical management and mini-
mally invasive intervention should be considered simultane-
ously. All patients should be managed in ICU. Non-surgical
approaches such as adequate sedation, gastric decompres-
sion, prokinetics, diuretics, neuromuscular blockers and per-
cutaneous drainage of ascites or collection are warranted. If
a patient fails to respond, a surgical decompression should
be considered. Since the outcome is poor even with surgical
decompression, the risk-benefit ratio should be considered
before intervention [69].

Prevention of IAH/ACS development

The development of increased IAP is a multifactorial pro-
cess [56]. Most of these factors are related to pancreatitis
and are non-modifiable [86]. Certain factors could prevent
the development of IAH/ACS and should be looked into.
The most important preventable factor is fluid management.
Standard rather than aggressive fluids in the management of
early AP would reduce the fluid overload and incidence of
IAH [60]. The ideal flow rate has been shown to be 10 mL/
kg bolus followed by 1.5 mL/kg/h [60]. After early resuscita-
tion, further fluid supplementation should be goal directed
with the aim to maintain adequate organ perfusion and urine
output. Inotropic support should also be initiated timely to
avoid bowel hypoperfusion and edema.

Pain should be controlled adequately using regular intrave-
nous analgesia or patient-controlled analgesia. Pain reduces
abdominal wall compliance and increases the chances of IAH/

Table 5 Summary of studies requiring surgery in abdomen compartment syndrome in acute pancreatitis

Study Severe AP ACS (%) Surgical intervention Proportion of the ACS ACS
patients (n) patients who required mortality
surgery (%) (%)
Tao et al. 2003 [79] 345 6.08  Midline laparotomy with Bogota closure 85.7 333
Chen et al. 2008 [85] 74 27.04  Percutaneous decompression and drainage; 65 75
decompressive laparotomy
Mentula et al. 2010 [80] 26 100 Open laparotomy; linea alba fasciotomy 100 46
Dambrauskas et al. 2010 [33] 44 Subcutaneous fasciotomy of the anterior 13.6
rectus sheath, drainage of intra-abdominal
and peripancreatic fluid collections
Leppéniemi et al. 2011 [78] 10 - Subcutaneous linea alba fasciotomy (SLAF) 100 40
Davis et al. 2013 [31] 43 37.2 Midline laparotomy with Bogota closure or 100 25
vacuum-assisted closure system
Peng etal. 2016 [81] 273 100 Midline laparotomy; percutaneous drain 23.3 52.5
Smit et al. 2016 [82] 59 22.03  Midline laparotomy; transverse subcostal 77 53

laparotomy
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ACS development [56]. Along with pain control, mild seda-
tion for anxiety relief and intermittent use of neuromuscular
blockers could be considered [57]. Aggressive enteral feeding
and bowel enemas should be avoided in patients with para-
lytic ileus. Sequential monitoring of abdominal girth could
be considered to detect early change in abdominal diameter.

In conclusion, the course of AP could be complicated by
the development of IAH or ACS. The detrimental effect of
increased IAP causes multi-organ involvement and is associ-
ated with increased mortality in these critically ill patients. It
worsens the prognosis by increasing the chances of infected
necrosis, multiple organ failure and higher mortality. The
measurement of IAP should be an integral part of ICU care
of patients of AP. Early detection of IAH is crucial for man-
agement. Medical management includes decompression of
intestinal contents using nil by mouth, nasogastric drainage
and prokinetics. Drainage of ascites and fluid collection(s)
using minimal invasive approach is often necessary along
with medical management to decrease IAP. Surgical decom-
pression should be considered a rescue measure in patients
who deteriorate. Future studies should look into the timing
of intervention AP with TAH/ACS.

Gaps in knowledge

IAH/ACS plays an important role in the prognosis of AP.
However, the pathophysiological mechanisms are not clear.
Whether the cytokine storm during the acute phase plays a
role in increasing the IAP or is purely a mechanical phenom-
enon of increased abdominal contents is not clear. Similarly,
the role of biochemical markers and radiological imaging
for the early prediction of increased IAP and its prognosis is
also not defined. The role of drugs, including prokinetics and
neostigmine, is still in its infancy stage for the management of
IAH/ACS in AP. The indications, timing, duration and moni-
toring of drainage of ascites and/or fluid collection(s) are not
well-established. There is scanty data on the role of surgery
in the management of IAH/ACS in AP.

Future directions

Future studies should focus on identifying biochemical and
radiological markers for the early prediction of the develop-
ment of IAH/ACS in AP. Randomized studies are needed to
know the role of prokinetic agents in the management of IAH/
ACS. Similarly, studies should look at the timing, mode and
duration of drainage of ascites and fluid collections as well as
indications and safety of surgery.
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