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Abstract
Background Severe acute pancreatitis (SAP) is a disease
with high morbidity and mortality. We undertook a study
of patients with SAP admitted to the intensive care unit
(ICU) of a tertiary referral hospital.
Methods Between 2002 and 2007, 50 patients with SAP
were admitted in our intensive care unit (ICU). Data were
collected from their medical records and their clinical pro-
file, course and outcome were retrospectively analyzed.
Patients were categorized into survivor and nonsurvivor
groups, and were further classified based on interventions such
as percutaneous drainage and surgical necrosectomy.
Results SAP contributed 5 % of total ICU admissions during
the study period. Median age of survivors (n020) was 34
against 44 years in nonsurvivors (n030). Median Acute
Physiology and Chronic Health Evaluation (APACHE) II
score in nonsurvivors was 16.5 (8–32) vs. 12.5 (5–20) in
survivors (p00.002). Patients with APACHE II score ≥12
had mortality >80 % compared to 23 % with score <12
(p<0.001). Median Sequential Organ Failure Assessment
(SOFA) scores on admission and on days 3, 7, 14, and 21
were significantly higher in nonsurvivors compared to survi-
vors (p<0.05). Mean (SD) intraabdominal pressure was
23 (3.37) mmHg in nonsurvivors vs. 19.05 (2.51) in survivors
(p<0.05). Patients with renal failure had significant mortality
(p<0.001). Length of ICU stay, requirement for vasopressor,
total parenteral nutrition, and the amount of blood and blood
product transfusions differed significantly between patients
with and without intervention.

Conclusions APACHE II and SOFA scores and other clin-
ical data correlated with outcome in SAP admitted to ICU.

Keywords Severe acute pancreatitis . Acute physiology and
chronic health evaluation score . Sequential organ failure
assessment score . Percutaneous drainage . Necrosectomy

Introduction

Acute pancreatitis (AP) in 80 % patients is a mild self-
limiting disease that may require brief hospitalization [1].
However, 20 % patients may develop a severe form,
characterized bymultiple organ dysfunction [1], unpredictable
course, and associated complications, which warrant an
admission to intensive care unit (ICU).

In this 5-year audit, we outline the demography, etiology,
prognostic indices, severity, outcome, and interventions
required for the management of severe AP (SAP) in a
tertiary care medical surgical ICU, highlighting the
resource-intensive nature of this catastrophic illness.

Methods

Data collection

Data were collected from the medical records of the ICU of a
tertiary care referral hospital in North India from 2002 to
2007, after prior approval from the Institute’s ethics commit-
tee. We identified 50 consecutive patients with SAP out of the
1,015 patients admitted to our ICU during this period. Data
from individual case records included age, sex, comorbid
illness, etiology, and the duration of SAP. Admission variables
included vitals (heart rate, respiratory rate, temperature, blood
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pressure) and urine output. Severity ICU scores calculated
were Acute Physiology and Chronic Health Evaluation
(APACHE) II and Sequential Organ Failure Assessment
(SOFA). Hematology, chemistry, coagulation, arterial blood
gas, and lactate levels were the relevant laboratory variables
measured. Computed tomographic images for the assessment
of necrosis and collections were retrieved. Data regarding
therapeutic interventions during the ICU stay included fluid
resuscitation (first 72 h), vasopressor use, mechanical ventila-
tion, renal replacement therapy (RRT), mode of delivery and
type of nutrition, percutaneous drainage (PCD), and surgical
necrosectomy. The course of illness and outcome measures of
discharge or death from ICU were noted.

Definitions

Patients of AP associated with organ failure and/or local
complications such as necrosis, abscess, or pseudocyst were
considered to have SAP as per the Atlanta criteria [2].
Severity assessment was done by APACHE II score [3],
SOFA score [4], and computed tomographic necrosis.
Systemic inflammatory response syndrome (SIRS) was
assessed as per the standard definition [5]. Organ dysfunction
was defined according to the recommendations of the consensus
conference of American College of Chest Physicians/Society of
Critical Care Medicine in 1991 [6].

Management

All patients admitted to the ICU were monitored hemody-
namically with invasive arterial, central venous catheteriza-
tion and in some with pulmonary artery catheter (PAC).
Contrast-enhanced computed tomography (CECT) was
done to confirm and/or stage the pancreatitis and for any
planned diagnostic, radiological, or surgical intervention,
usually following clinical deterioration. It was done routinely
in all patients within the first 2 weeks of SAP, unless
contraindicated or if it was already available prior to the
ICU admission. All patients had nasogastric tubes or
nasojejunal tubes for the administration of enteral nutrition
(EN). Organ-supportive measures such as mechanical
invasive ventilation for respiratory failure and RRT for
acute kidney injury (AKI) were instituted whenever
required. Patients requiring prolonged ventilation (>7 days)
underwent percutaneous dilatation tracheostomy.

Categorization of study population

Elective ICU admissions were defined as patients from
within the hospital who had at least once been reviewed
by our critical care outreach team before being transferred to
our ICU, while patients from within or outside our hospital
who were received by our ICU without prior review by our

outreach team or were brought in a state of emergency
(pulse less and/or gasping) were considered as emergency
admissions. All patients were grouped into survivors and
nonsurvivors and were further classified into intervention
and nonintervention groups. Patients who underwent either
PCD or surgical necrosectomy were included in the
intervention group, while the remaining patients were
considered under the nonintervention group.

Statistical analysis

Data were expressed as mean (SD) or median or percentage.
Continuous data were compared using the paired t test while
parametric data were compared using the chi square test; a
p-value of <0.05 was considered significant. Statistical anal-
ysis was done with the SPSS (Inc., Chicago, IL, USA)
version 14 for windows.

Results

Demographics and mortality

SAP accounted for 50 of 1,015 (approximately 5%) admissions
during the study period. Of these, 30 patients (60 %)
succumbed to the illness. The demography, etiology,
comorbidities, day of onset of SAP at the time of ICU
admission, and the duration of ICU stay were similar
among survivors and nonsurvivors (Table 1). Mortality
among elective admissions was 53 % (20/38) compared
to 83 % (10/12) among emergency admissions. Ten of
30 (33 %) deaths occurred early (before 2 weeks) and
20 (66.7 %) occurred late (beyond 2 weeks).

Organ dysfunction and prognostication scores

Organ involvement at admission, either dysfunction (SOFA
1–2) or failure (SOFA 3–4), was found in decreasing order
as follows: respiratory (62 %), cardiovascular (52 %), renal
(38 %), coagulation (12 %), hepatic (4 %), and neurological
(4 %). All patients had multiorgan dysfunction or failure
during their ICU stay. Higher mortality was observed in
patients who had renal involvement; 56.3 % (17/30) vs.
10 % (2/20) in survivors (p00.001) (Table 1). Renal dys-
function and the requirement of dialysis was observed in
57 % of nonsurvivors as against 10 % of survivors (p<
0.001). RRT, either intermittent hemodialysis (IHD) or
continuous renal replacement therapy (CRRT), was used
depending upon the clinical status of the patient.
Continuous veno venous hemodialysis (CVVHD) was
the preferred modality of RRT. Mechanical invasive ven-
tilation was used in 90% (45/50) of our patients; 75% (15/20)
of survivors and 100 % (30/30) of nonsurvivors required this
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type of ventilation. Noninvasive ventilation (NIV) was used in
one patient but failed. Ventilation-free days were signifi-
cantly higher in survivors compared to that in nonsurvivors
[10 (1–88) vs. 0 (0–18), respectively; p<0.001] (Table 1). The
median APACHE II score (Table 2) at admission was 12.5 in
survivors and 16.5 among nonsurvivors (p00.002). This
difference remained even at the end of 24 h (p<0.001).
While the APACHE II score decreased by a median of 1 point
in survivors, it remained unchanged in nonsurvivors
(p00.037). APACHE II score of ≥12 at admission was associ-
ated with mortality of 78 % as against 27.7 % in those
with scores <12 (p<0.001) (Table 2). Median SOFA scores
on admission and serial median SOFA scores were higher in
nonsurvivors (p<0.05) (Table 2, Fig. 1).

Intraabdominal pressure

From the end of 2006, we had started to measure and
monitor intravesical pressure via the Foley’s catheter as
a measure of intraabdominal pressure (IAP). Mean IAP
(n017) on admission and maximum during the ICU stay
was significantly higher among nonsurvivors (p<0.05)
(Table 2).

Pancreatic necrosis and infection

CT images could be retrieved in only 36 patients (72 %); of
these, computed tomographic necrosis was evident in 30,
whereas pancreatic swelling without necrosis was evident in

Table 1 Demography, etiology
and supportive therapeutic
variables in SAP

SAP severe acute pancreatitis;
MLV mechanical lung ventila-
tion; NS not significant
(p≥0.05); LOS length of stay;
o/a on admission

*p<0.05

Variables Survivors (n020) Nonsurvivors (n030) p-value

Age in median years (range) 34 (18–65) 44 (23–64) NS

Male:Female 3.0:1.0 5.0:1.0 NS

Comorbid illness Diabetes mellitus (%) 6 (30) 7 (23.3) NS

Hypertension (%) 4 (20) 11 (36.6) NS

Etiology Alcoholic (%) 7 (35.0) 11 (36.0) NS
Gallstone (%) 5 (25.0) 14 (46.7)

Both (%) 1 (5.0) 1 (4.0)

Others (%) 7 (35.0) 4 (13.3)

Day of SAP o/a ICU-median days (range) 10 (3–58) 6 (2–53) NS

LOS ICU-median days (range) 20 (4–112) 18 (1–85) NS

Ventilation free-median days (range)[n] 10 (1–88) [15] 0 (0–18) [30] <0.001*

Renal-replacement therapy [n] 2 17 0.001*

Table 2 Status of organ failure and prognostication indices

Variables Survivors (n020) Nonsurvivors (n030) p-value

Median APACHE II Admission 12.5 (5–20) 16.5 (8–32) 0.002*

24 h 10 (5–17) 18 (8–32) <0.001*

Difference between APACHE II at
admission and 24 h

Mean (SD) −1.85 (3.392) 0.00 (1.912) 0.037*
Median (range) −1.00 (−12 to +1) 0.00 (−4 to +5)

No. of patients at APACHE II
score of 12

<12 13 5 <0.001*
≥12 7 25

IAP mean±SD [n] Maximum 19.50±2.51[5] 23.08±3.37 [12] <0.05*
Admission 13.60±2.88 [5] 17.92±3.57 [12]

CT necrosis [n030] Necrosis <50 % 7 1 0.009*
Necrosis ≥50 % 6 16

Mortality as per the organ failure (SOFA ≥3) during ICU stay

Organ Hepatic Renal Coagulation CVS CNS Respiratory

No. of patients 7 19 12 33 2 43

Mortality (%) 100 89.5 91.6 81.8 100 69.7

IAP intraabdominal pressure in mmHg

*p-value <0.05
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six patients. In eight patients CT images were not available
for interpretation, in three, CECT could not be carried out
because of progressively deteriorating AKI, and in another
three, transportation outside ICU was deemed too unsafe
because of severe hemodynamic instability, and these
patients succumbed even before a CECT could be undertak-
en. The number of survivors and nonsurvivors was 2, 4; 5,
2; 0, 7; and 1, 9 in patients with necrosis <30 %, 30 % to
50 %, 50 % to 75 %, and >75 %, respectively (p00.010).
Sixteen patients out of 22 (72.7 %) nonsurvivors against 1
of 8 (12.5 %) survivors had >50 % necrosis (p<0.009)
(Table 1). Nine of 10 patients with >75 % necrosis (90 %)
died compared to 4 of 6 (66.6 %) with <30 % necrosis.

The intervention radiologist conducted the diagnostic and
or therapeutic drainage under the guidance of ultrasonography
(USG) and/or CT in patients with evidence of pancreatic or
extra-pancreatic collections. Culture of these samples and
those obtained during necrosectomy along with percutaneous
drain (PCD) cultures of the first 24 h were the only ones
considered for analysis during this study. Infected (culture
positive) necrosis was present in 25 of the 30 (84.5 %) patients
with evidence of necrosis. Nineteen among the 25 with
infected necrosis succumbed to their illness (p00.59). The
isolates were of Escherichia coli (23.3 %), Pseudomonas
(21.9 %), Enterococcus (20.5 %), Acinetobacter (12.3 %),
Citrobacter (12.3 %), and Klebsiella (9.6 %). Fungus was
not isolated from any of the samples.

Fluid resuscitation and vasopressors

Initial fluid resuscitation was with crystalloids (normal saline,
ringer lactate) or colloid (20 % albumin) to maintain hemo-
dynamics and urine output >0.5mL kg−1 h−1. If hemodynamic
instability persisted despite fluid resuscitation, the administra-
tion of vasoactive drugs such as nor-adrenaline was initiated.
The requirement of initial fluid resuscitation (first 72 h) was
significantly higher among nonsurvivors as compared to survi-
vors (8.0±4.0 vs. 5.3±4.0; p00.013). All nonsurvivors re-
quired nor-adrenaline, as against 5 out of 20 (25 %) survivors.

Higher dose of nor-adrenaline (>1.5 μgm kg−1 min−1) was
required only among the nonsurvivors (p<0.001).

Nutrition

Initially, the nutritional support was enteral through a naso-
gastric (NG) or nasojejunal (NJ) tube unless feed intolerance
(defined as ≥1 gastric residual volume of ≥250 mL) was
observed whereby total parenteral nutrition (TPN) was com-
menced. Feeding jejunostomy (FJ) was preferred for
patients undergoing necrosectomy, but the decision was left
to the discretion of the gastro-surgeon. TPN was used in
nonsurvivors for a median of 9 (1–29) days vs. 4 (2–12)
days in survivors (p00.003). Eighty percent (40/50) of our
patients required both enteral and parenteral support.
EN or TPN was used alone in 14 % and 6 % patients,
respectively. EN was given via NG tube in 42 % and
NJ tube in 37 % while 21 % required both. Four
patients had feeding jejunostomy performed during sur-
gical necrosectomy.

Percutaneous and surgical interventions

USG- or CT-guided fine needle aspiration (FNA) or
percutaneous drainage (PCD) of pancreatic or peripancreatic
collection with relevant cultures was done in patients who
either developed a newworsening or did not show progressive
improvement in their clinical condition. Multiple PCD
catheters, each with a minimum diameter of 12–14 French and
multiple side ports were inserted by Seldinger technique. Up
sizing, repositioning or reinsertion of PCDswas done by serial
dilatation as and when required. Catheters were flushed daily
with saline, 8–12 hourly. Surgical necrosectomy was done if
deterioration in clinical course occurred despite repositioning,
replacement, up sizing or placement of a new PCD, and other
conservative supportive management. The categorization of
patients on the basis of interventions is schematically repre-
sented in Fig. 2. Thirty-two (64 %) patients required interven-
tion, of which PCD or surgery alone was sufficient in 34.4 %

Fig. 1 Trends of median SOFA
scores in survivors and
nonsurvivors
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(11/32) and 28.1 % (9/32), respectively. Both PCD and sur-
gery were required in 37.5 % (12/32) patients. Significantly
higher percentage of patients with CT necrosis ≥50% required
interventions. Patients who underwent intervention required a
longer duration of vasopressor support (median 10 vs.
6.5 days; p00.026) and parenteral nutrition [8.5 (1–29) vs. 4
(1–12) days; p00.008] (Table 3). Mortality was 75 % (24/32)
in the intervention group as against 33.3 % (6/18) in the
nonintervention group (p00.04). Demography, etiology, se-
verity scores, fluid resuscitation in the first 24 h, and days of
EN were similar in both the groups (Table 3). Transfusion
requirements were also documented for the study population.
The intervention group required a median of 36 (2–259) units
of transfusions as against 9 (1–66) in the nonintervention
group (p00.004); among the blood products, this difference
achieved significance for packed red blood cells (PRBCs),
random donor platelet (RDP), and fresh frozen plasma (FFP)
(Table 3). Bleeding occurred as a result of underlying coagul-
opathy or as a result of interventions. Bleeding as a compli-
cation of PCD was minimal and easily controllable. However,
in three patients, digital subtraction angiography (DSA) had to
be done as minimal bleeding persisted despite correction of
coagulopathy. Bleeding further increased after necrosectomy,
and it caused hemodynamic instability in five patients, of
which three had to be re-explored and in two DSA along with
instillation of anticoagulant substance was done to stop the
bleeding. The requirement for transfusion was similar among
survivor and nonsurvivors (data not shown).

Discussion

This audit presents the characteristics, prognostication fac-
tors, interventions, and outcome of SAP patients admitted to
a medical–surgical ICU. APACHE II/SOFA score, the pres-
ence of IAH, as well as extent and the presence of infected

necrosis were some of the adverse prognostic factors.
Multisystem organ failure in SAP contributes to the high
morbidity and mortality. The management of SAP in ICU is
resource intensive as a result of frequent radiological and/or
surgical interventions along with the aggressive organ-
support measures needed over prolonged periods.

Demographics and mortality

In this study, SAP accounted for 5 % of admissions as
against a study from UK where it contributed to 1.3 % of
total ICU admissions [7]. Numerous studies [8, 9] have
reported mortality rate of SAP from 16.3 % to 53.6 %. In
our study mortality rate was 60 %. High mortality in our
series is attributed to the severity of illness of patients
included, as ours is a referral hospital. Considerable varia-
tion exists with regard to the timing of death [10, 11]. Early
deaths are generally attributed to organ failure, while late
deaths are usually caused by infected necrosis or complica-
tions of sterile necrosis. A majority of deaths in our study
were in the late period, as reported [12, 13] in other studies
too. Gallstones and alcohol contributed equally as the etiol-
ogy in our patients, similar to other studies [14, 15]. As in
previous studies [16, 17], gender and etiology had no prog-
nostic significance.

Organ dysfunction and prognostication scores

Patients with organ failure at admission have a higher
mortality than those without it [12, 13, 18, 19]. The
development of organ failure during ICU stay is also
associated with a similar or higher mortality [12, 13,
18, 19]. Both multisystem organ failure [18] and sus-
tained organ failure (lasting more than 48 h) [12] have
the highest mortalities (≥36 %). The mortality in the
absence of organ failure is nil [18], with single organ

Fig. 2 Schematic
representation of management
of SAP patients
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failure it is 3 % (range 0–8) [13, 18], while with multi-
system organ failure it is 47 % (range 28 % to 69 %) [5,
13, 18], as was also found in our study. Pulmonary
dysfunction is a major component of multiorgan failure
and contributes to early mortality in patients with SAP
[8]. Respiratory dysfunction was the most frequent sys-
temic complication, similar to the study that reviewed the
evolution of AP cases in ICU [20]. Mechanical lung ventila-
tion was required in 90 % of our patients. Lung protective
mechanical ventilation strategy was utilized for all patients in
respiratory failure. Reported incidence of acute renal failure
(ARF) in AP is up to 42% [21], with a mortality of 50 % [22].
However, in SAP it is as high as 81% [23, 24] as against 90%
observed in our study.

The assessment of severity in SAP often utilizes
APACHE II [3] and SOFA [25] scores. In our study we
found a significantly higher APACHE II score among non-
survivors, both at admission and after 24 h, similar to other
studies [12, 16, 25–29]. A study comparing prognostic
scores in AP reported that APACHE II generated within
the first 24 h had a positive predictive value of only 43 %
and negative predictive value of 86 % for SAP as compared
to the 48 h Ranson score of 48 % and 93 %, respectively
[17]. A significant marginal improvement in scores after
24 h in survivors was seen in our study. There was a sharp
cutoff at 12 between survival and death. However, the
ability of APACHE II score to stratify patients for disease
severity is limited. Inability to show sharp cutoff between

Table 3 Comparison between
nonintervention and intervention
group

APACHE acute physiology and
chronic health evaluation score;
O/A on admission; SOFA
sequential organ failure
assessment score; TEN total
enteral nutrition; TPN total
parenteral nutrition

NS not significant (p≥0.05)

Parameter Nonintervention group
(n018)

Intervention group
(n032)

p-value

Etiology (%)

Alcohol 7 (38.9) 11 (34.4) NS
Gallstone disease 6 (33.3) 13 (40.6)

Both alcohol and gallstone 1 (5.6) 1 (3.1)

Idiopathic 4 (22.2) 7 (21.9)

Median age (range) 38 (20–65) 37(18–64) NS

Male:Female 15:3 25:7

Day of SAP o/a (median [range]) 8.5 (2–24) 8 (2–58) NS

APACHE II o/a (median [range]) 13 (7–38) 15 (6–35) NS

APACHE II 24 h (median [range]) 12.5 (7–32) 15 (6–35) NS

SOFA score o/a (median [range]) 4 (2–19) 6 (2–15) NS

Length of stay (days) (median [range]) 14.5 (1–36) 22.5 (1–112) 0.021

Fluid in 1st 24 h (median [range]) 6 L (6.5 L–15 L) 7 L (0.5 L–16.2 L) NS

Vasopressor days (median [range]) 6.5 (1–12) 10 (4–36) 0.026

Median TEN days (median [range]) 12 (2–30) 13.5 (1–102) NS

Median TPN days (median [range]) 4 (1–12) 8.5 (1–29) 0.008

Outcome (%)

Survivors 12 (66.7) 8 (25) 0.007
Nonsurvivors 6 (33.3) 24 (75)

CT necrosis (n030) (%)

<50 % 7 (58.3) 5 (41.7) 0.013
≥50 % 2 (11.1) 16 (88.9)

Renal replacement therapy (%)

No 13 (72.2) 18 (71.4) NS
Yes 5 (27.8) 14 (43.8)

Nutritional support (%)

Enteral 3 (16.7) 0 0.047
Parenteral 3 (16.7) 4 (12.5)

Both 12 (66.7) 28 (87.5)

Total transfusions (median [range]) [n] 9 (1–66) [n015] 36 (2–259) [n030] 0.004

Units transfused (median [range]) [n]

Packed red blood cell 3 (1–16) [n012] 8.5 (1–37) [n030] 0.006

Random donor platelet 5 (4–7) [n05] 15 (4–70) [n017] 0.039

Fresh frozen plasma (FFP) 6 (1–34) [n011] 15 (2–150) [n026] 0.026

Cryoprecipitate 13 (10–16) [n02] 6 (2–39) [n013] NS
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interstitial and necrotizing pancreatitis, on the one hand, and
between sterile and infected necrosis [18], on the other hand,
have been reported. In our study, an APACHE II score of
≥12 was a bad prognostic factor.

SOFA score performed better than other severity scores,
with additional advantages of easy applicability and timely
assessment [25]. In our study, admission SOFA and serial
weekly SOFA scores were significantly higher among the
nonsurvivors.

Intraabdominal pressure

Recent studies have focused on the role of intraabdominal
hypertension (IAH)/abdominal compartment syndrome
(ACS) in patients of SAP in ICU [29, 30]. Numerous studies
have found an association between IAH and the develop-
ment of multiple organ dysfunction, leading to higher mor-
tality [19, 31]. IAP was significantly raised in nonsurvivors,
similar to another study [32]. Early identification of patients
at risk and implementation of preventive strategies can halt
progression of IAH to ACS [33]. Incorporation of both
operative and nonoperative strategies to reduce IAP im-
proved survival in IAH/ACS [34]. Routine monitoring of
IAP in SAP is suggested because of ACS’s prognostic and
therapeutic consequences [29]. PCD is indicated in IAH/
ACS, but laparotomy with or without laparostomy is to be
considered when IAP is ≥20 despite PCD [35].

Pancreatic necrosis and infection

Necrosis and collections are important local complications
included in the CT severity index (CTSI) [25]. Though the
presence and extent of necrosis are risk factors for disease
severity and outcome, they alone are rarely life threatening
in the absence of infection or organ failure [36, 37].
Reported mortality in infected necrosis is in the range of
40 % to 70 % while, it was 76 % in our study [38].
Increasing mortality with increasing extent of necrosis ob-
served in our study is as previously reported [39]. Literature
regarding correlation between the extent and or presence of
infected necrosis with organ failure and mortality [18, 27,
40, 41] is rather conflicting. Studies both in favor and
against are well reported.

Escherichia coli were the most common species isolated.
The use of antibiotic prophylaxis has favored growth of
Gram-positive and fungal organisms like Staphylococcus
species and Candida [42, 43]. However, none was isolated
in our series. Themortality increases from 5% to 25% in sterile
necrosis to 15 % to 28 % in presence of infection [44, 45].
Cochrane meta-analysis showed a reduction in mortality
with the use of β-lactams, although there was no evidence
of a reduction in the pancreatic necrosis infection rate [46].
Though the debate on prophylactic antibiotics in sterile

necrotic pancreatitis is still open, a systematic review and
meta-analysis concluded that antibiotic prophylaxis is not
protective in SAP [42]. Majority of our patients were already
on broad-spectrum antibiotics prior to ICU admission.
Prophylactic antibiotics (imipenem, piperacilin-tazobactum,
cefaperazone-sulbactum, ofloxacin, and teicoplanin) were
used in most of the patients, and later modified as per the
culture-sensitivity reports.

Fluid resuscitation and vasopressors

Early aggressive fluid management in AP patients results in
the resolution of organ failure and reduces associated mor-
tality risk [47]. In experimental studies [48, 49], improved
delivery of oxygen has been shown to prevent or minimize
pancreatic necrosis and improve survival. Patients exhibit-
ing hemoconcentration at admission and a further rising
hematocrit after 24 h developed higher pancreatic necrosis
[50]. The nonsurvivors in our study required significantly
higher volumes of fluid resuscitation in the first 3 days.
Despite aggressive fluid resuscitation refractory organ fail-
ure, as indicated by higher requirement of vasopressor sup-
port, ventilatory support, and the need for RRT, explains the
high mortality in this group.

Nutrition

According to the European Society of Parenteral and Enteral
Nutrition (ESPEN) [51], nutritional support is indicated for
SAP if intolerant to oral feeds for at least 7 days. This assess-
ment can be made within the first 3–4 days of admission,
during which TPN can fulfil the catabolic demands. Scientific
evidence exists that EN is superior to TPN [52–55], with
beneficial effects on mucosal integrity preventing bacterial
overgrowth [56]. Other benefits include reduced risk of infec-
tion, surgical interventions, and length of hospital stay [52, 53,
56]. In a systematic review, EN commenced within 48 h of
admission significantly reduced multiorgan failure, pancreatic
infectious complications, and mortality [53]. However, TPN
should be used till EN becomes tolerable [56]. In a meta-
analysis no significant mortality benefit was observed be-
tween NG and NJ and parenteral feeding [57]. In our study,
the median days of TPN use was significantly associated with
mortality. Majority of our patients required both enteral and
parenteral nutrition; almost equal percentage requiring NG
and NJ route for EN.

Percutaneous and surgical interventions

Surgical intervention was initiated beyond the fourth week
of illness, as it allows the immune system to demarcate the
pancreatic necrosis [58], except in one in whom immediate
surgery was required due to ACS. Open necrosectomy with
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continuous lavage of the lesser sac and retroperitoneum [59]
was the commonest approach used in our patients. Nearly
two-thirds of patients in the intervention group required
surgical necrosectomy, the gold standard treatment for prov-
en infected pancreatic necrosis [60]. Surgery is not advisable
in the first 2 weeks even in the presence of multiorgan
failure, and postponing it beyond fourth week is favored
[61]. PCD as an alternative to surgery [62] was utilized in
>70 % patients in the intervention group. Although PCD
aided in postponing the surgery beyond fourth week in
majority of our patients, >50 % of these patients later
required surgical intervention. Similar results have been
reported by the Dutch Pancreatitis Study group in their
systematic review of PCD [63]. In majority of our patients,
multiple PCD catheters, each with a minimum diameter of
12–14 Fr [64] and multiple side ports were used. In most,
catheters had to be either upsized, repositioned, or reinserted
on more than 2–3 occasions. Contrast-enhanced CT has
been considered the “gold standard” for the diagnosis of
pancreatic necrosis [65]. A significant number of our
patients in the intervention group had necrosis ≥50 %, of
which 85 % were infected. They also required prolonged
duration of vasopressors, PN, and longer stay in the ICU.
Higher mortality in the intervention group in our study is
due to higher APACHE II and SOFA scores, and a higher
percentage of patients with necrosis >50 %, majority of
whom were infected. There was no death because of PCD-
induced trauma in our study. The daily flushing in combi-
nation with the frequent need for catheter replacement
makes PCD an intensive and time-consuming therapy.
Deaths occurring after surgical intervention were more often
because of profound SIRS with poor organ physiological
reserves and secondary infections, rather than bleeding-
related complications.

Limitations of the study

The small retrospective audit from a single center is the
main limitation of our study. The course and outcome of
single vs. multiorgan failure have not been elaborated be-
cause of incomplete data recording in the hospital records.
Timing of PCD, postponement in surgery because of PCD,
catheter-related complications, and surgical intervention
details were other information that were missing in a num-
ber of the records.

Conclusions

This audit provides a picture of SAP patients admitted to ICU
in terms of etiology, severity, outcome, and the factors asso-
ciated with its mortality and morbidity. The adverse prognos-
tic factors identified were higher APACHE II/SOFA score, the
presence of IAH, the presence/extent of infected necrosis,

initial aggressive fluid resuscitation, prolonged vasopressor
and ventilator support, along with a need for RRT. A large
proportion of these patients require PCD and/or surgical inter-
ventions. Prolonged duration of ICU stay, vasopressor sup-
port, PN, the extent of necrosis, blood transfusions are all
significantly associated in the intervention group. SAP is a
catastrophic resource-intensive illness, requiring multidisci-
plinary, extended, and comprehensive support in an intensive
care unit.
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