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ABSTRACT
Objective To identify trends in management and analyse outcomes of patients undergoing interventions for infected pancreatic necrosis 
with specific reference to factors predictive of mortality. Method A cross sectional study of patients undergoing intervention for IPN 
between 2009-2018 were performed at two of the largest hepatopancreatobiliary centres in Malaysia. Final outcome measure of complete 
resolution was compared against mortality (D). Head to head comparison of percutaneous catheter drainage alone versus Videoscopic 
Assisted Retroperitoneal Debridement was performed based on final predictive factor on mortality. Results A total number of 65 
patients with IPN were identified. Data from 59/65 patients were analysed for final outcome of death (D) versus complete resolution. 6 
patients were omitted due to incomplete data precluding proper analysis. Overall mortality rate was 25% (15/59 patients). 8 patients 
had no interventions performed but were included in the analysis. Percutaneous catheter drainage alone and Videoscopic Assisted 
Retroperitoneal Debridement were the 2 commonest interventions performed (34/55). Multivariable analysis predictive of mortality 
included persistent organ failure requiring intensive care unit (ICU) admission (OR= 336.425, CI 95% =3.722-999.999 p value= 0.0113) 
and when PCD alone was employed compared to VARD (OR = 48.923, CI 95% = 1.888-999.999, p-value = 0.019). Conclusion Our present 
study shows that both persistent organ failure requiring ICU admission and Percutaneous Catheter Drainage alone when compared to 
a minimally invasive step up approach (in the form of Video assisted Retroperitoneal Debridement) are predictive factors of mortality 
in patients undergoing intervention for IPN. A step up approach is necessary to prevent mortality in patients with infected pancreatic 
necrosis requiring intervention while PCD without debridement results in significant mortality.
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INTRODUCTION
Acute pancreatitis (AP) results in an overall mortality 

rate of 7.5% in Malaysia [1]. Moderately severe and severe 
pancreatitis may result in the development of pancreatic 
and or peripancreatic necrosis [2]. The pancreatic necrosis 
may be sterile or infected. Patients may be relatively well 
or may have persistent organ failure. INP in the absence 

of persistent organ failure results in mortality rates 
ranging between 6-11% [3, 4]. Risk of mortality doubles 
with persistant organ failure [5]. Unfortunately organ 
failure persisting more than 48 hours is present in 50% of 
patients with NP and approximately two thirds of patients 
with INP. The crucial determining factor in management 
should be whether the necrosis is sterile or infected, the 
patient symptomatic or not, and the nature of the necrosis. 
In general treatment should be aimed at patients who are 
symptomatic and with suspected or proven infection. 2 
types of necrotic collections are present, notably Acute 
Necrotic Collections (ANC) and Walled-Off Necrosis (WON). 
In general ANC require drainage while WON may require a 
“step-up” to formal debridement. Intervention for NP can 
be divided broadly into the following: 1. Catheter based 
therapy 2. Endoscopic management 3. Combination of 
both-dual modality and 4. Open surgical debridement [6]. 
Historically, open surgical debridement was considered 
the goal standard and perhaps the only option of treatment 
prior to the minimally invasive era of management. 
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Although the landmark PANTER trial paved the way for a 
more minimally invasive approach towards necrosectomy, 
there are many studies performed which have questioned 
the actual need for a formal necrosectomy. A systemic 
review revealed that Percutaneous Catheter Drainage 
(PCD) alone was able to obviate the need for further 
therapy in 56.2% of patients [7, 8]. Successful outcome 
depends on appropriate type and timing of intervention 
[9, 10]. Extent of necrosis correlates with probability of 
infection, organ failure, the need for intervention and 
overall mortality and morbidity. The main aim of this study 
was to evaluate the trends in management and outcomes 
in patients undergoing intervention for infected NP in 2 of 
the largest HPB centres in Malaysia and to analyse factors 
predicting mortality in these patients. Our secondary 
objective was to compare 2 of the commonest procedures 
performed in these 2 institutions, PCD alone versus VARD.

METHODOLOGY
Study Design

This is a Cross sectional study of patients undergoing 
intervention for Infected Pancreatic Necrosis in 2 of the 
largest Hepatobiliary centres in Malaysia. 

Data Collection

Data were collected from the institution written 
admission records and progress notes, outpatient 
clinic visit notes, operative database and the computer 
information system database for all patients diagnosed 
with NP between 2000 to 2018.

Participating Centres

Patients with necrotizing pancreatitis undergoing 
intervention for Infected Pancreatic Necrosis between 
January 2009 till December 2018 in Hospital Selayang 
(HS), Selangor and Hospital Sultanah Bahiyah(HSB),Alor 
Setar, Kedah were included. 

Primary Objective

The main aim of this study was to evaluate the trends 
in management and outcomes in patients undergoing 
intervention for infected NP in 2 of the largest HPB centres 
in Malaysia and to analyse factors predicting mortality in 
these patients. The factors that were analyzed included the 
following

Patient demography: Age, gender, race, presence 
or absence of comorbidities (Hypertension, Diabetis 
Mellitus, Ischaemic heart disease, Renal impairment, 
COAD / Asthma, other premorbids), Aetiology (Biliary, 
Alcohol, ERCP related, idiopathic, hypertriglyceridaemia), 
admission to ICU, type of primary intervention employed 
(no intervention, PCD alone, VARD, Endoscopic drainage 
without necrosectomy, Open drainage/ resection), 
presence or absence of gas on CT scan, nature of 
necrosis whether ANC or WON, presence or absence 
of asscociated pleural effusion, duration of symptoms 
prior to admission, timing of primary intervention from 
admission, total number of interventions performed, 

days of hospitalization, Balthazar CT severity index 
score (CTSI) score, size of necrosis from cross sectional 
CT scan, C-reactive protein and Albumin levels prior to 
intervention. 

Secondary objective: Using the variables above our 
secondary objective was to compare the outcomes of the 2 
main interventions VARD and PCD alone.

Inclusion criteria: All patients diagnosed with Infected 
Pancreatic Necrosis between January 2009 till December 
2018 in Hospital Selayang (HS), Selangor and Hospital 
Sultanah Bahiyah (HSB), Alor Setar, Kedah were included.

Exclusion Criteria: Patients with incomplete data or 
where outcome measures were not clearly stated were 
excluded. Traumatic pancreatitis was also excluded.

Statistical Analysis: All statistical analyses were 
performed using SPSS version 25.0 (SPSS Inc, Chicago, IL) 
and SAS version 9.4. Descriptive analysis was performed 
using Pearson Chi-squared test for categorical variables 
and Fisher exact test when appropriate. Continuous 
independent variables were analyzed using Mann-
Whitney U test. Univariable and multivariable analysis 
were performed using binary logistic regression and 
penalized logistic regression where appropriate. Using a 
confidence interval of 95% a p value < 0.05 was considered 
statistically significant. 

RESULTS 
A total number of 65 patients (35 patients from 

Hospital Sultanah Bahiyah and 30 patients from Hospital 
Selayang) were included in the study. From this total only 
data from 61 patients were adequate for final analysis. 
17 patients underwent Video Assisted Retroperitoneal 
Debridement (VARD),16 Percutaneous Catheter Drainage 
Alone (PCD alone), 13 patients underwent open surgery 
(open debridement, open resection), 5 were subjected to 
endoscopic drainage while 8 patients did not undergo any 
formal procedure (Table 1).

Procedure N(%)
VARD 17 (27%)
PCD alone 16(27%)
Open surgery 13(22%)
Endoscopic drainage 5(8%)
No intervention 8(16%)

Table 1. Type, number and percentage of interventions performed for 
Infected Necrotizing Pancreatitis.

Complication N(%)
SSI 4(23%)
Iatrogenic gastric puncture 1(5%)
Colocutaneous fistula 2(12%)
Duodenal Perforation 1(5%)
Bleeding 3(17%)
POPF (DDS) 4(23%)
Iatrogenic liver injury 1(5%)
Colonic perforation 1(5%)

Table 2. Type, number and percentage of complications from 
interventions performed for infected necrotizing pancreatitis.
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Figure 1. List and percentages of positive culture isolates from 1st drainage and procedures.

Out of the 61 patients that were included, final analysis 
were based on the outcomes of 59 patients (6 were lost to 
follow up). Mortality rate was 25% (15/59 patients). 

The following complications that developed included 
surgical site infection, iatrogenic gastric injury during 
percutaneous catheter drainage with ensuing peritonitis, 
colocutaneous fistula, bleeding, duodenal perforation, 
colonic perforation, post-operative pancreatic fistula 
(POPF) with disrupted duct syndrome (DDF) and 
iatrogenic liver injury (Table 2).

Positive cultures were obtained in 73% (43/59 
patients). 16 patients had no growth from cultures taken. 
The commonest isolate was E.Coli followed by ESBL 
Klebsiella. Following are the different isolates obtained 
along with percentages (Figure 1).

Patient Demography (age, race, gender)

26 male and 18 female patients had complete resolution 
of necrosis. 11 male patients and 3 female patients died. (p 
= 0.097). There was no difference in outcome across the 3 
races (p = 0.875). The median age for patients with CR was 
43.7 +/- 14.45 and 55.13 +/- 12.36 for those patients who 
died (p=0.008).

Duration of Symptoms Prior to Admission, and 
Associated Comorbidities

The median duration for patients in the CR group was 
1 (1-4 days) while those within the D group was 1.5 (1-3) 
days (p = 0.690). When comparing comorbidities between 
the 2 groups, there was a statistical difference in patients who 
had Renal Impairment (p = 0.006). 41 (93.2%) patients in the 
CR group had no RI while 3 (6.8%) had RI in this group. In the 
group who died 9 (60%) patients had no RI while 6 (40%) 
had RI. No difference exist between the 2 groups in terms 
of HPT (p = 0.058), IHD (p = 0.593), and COAD/Asthma (p = 
0.564). Within the group of patients who died, 66.7% (10/15) 
patients had DM compared with 36.4% (16/28) patients in 
the group with CR (p = 0.041) (Table 3, 4).

Aetiology of Pancreatitis

Within the group of patients who had CR 26 patients 

(59.1%) had biliary aetiology while 3(6.8%), 2(4.5%), 
12(27.3%) had alcohol, ERCP and idiopathic aetiology 
respectively. Within the group of patients who died, 7 
patients (46.7%) had biliary aetiology, 1 each (6.7%) were 
alcohol and ERCP related, while 5 patients (33.3%) were 
of idiopathic aetiology. There were 2 patients who had 
hypertriglyceridaemia, 1 had complete resolution while 
the other patient died. There was no statistical difference 
between the 2 groups when comparing the different 
aetiology (p = 0.774) (Table 5, 6).

Organ failure (OF) and Intensive Care Unit (ICU) 
Admission

There was a significant difference between the 2 
groups in terms of OF (p < 0.001). 14 patients (31.8%) 
in the CR group had no OF while there all patients in the D 
group that had at least one OF. In the CR group, 3 (6.8%) and 
20 (45.5%) had renal and respiratory failure respectively. 6 
patients (13.6%) in the CR group had a combination of renal 
and respiratory failure while 11 patients (73.3%) within the 
D group had a combination of these 2 OF. 1 patient who had 
DVT had CR. 15 patients (100%) within the D group had ICU 
admission. Out of the 34 patients with CR 16 patients (36.4%) 
were admitted to ICU while 28 (63.6%) did not require ICU 
admission. Overall, a higher percentage of patients within the 
Death group had 2 OF (renal and respiratory) (73.3% within 
D group  vs. 13.6% within the CR group).

Type and Timing of Primary Intervention and Total 
Number of Intervention/s Performed

The commonest procedure performed was PCD alone 
(17) and VARDS (16),followed by open drainage and 
resection (13) and Endoscopic drainage with or without 
necrosectomy (5). Table 4 summarizes the interventions 
performed, number of patients and their outcomes. Of 
the 15 patients who died, 7 (46.7%) were from the PCD 
alone group, while 6 (40%) were from the open drainage 
/ open resection group. Timing of primary intervention 
was 37.7 +/- 32.60 days for patients in the CR group and 
18.3 +/- 19.69 days in the D group (p = 0.038). Patients 
in the D group had fewer number of interventions, 1(1-3) 
compared to the CR group 2(2-4) (p = 0.0027)



14JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 22 No. 1 – January 2021. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2021 Jan 30; 22(1): 11-20.

CTSI score, Size of Necrosis, CRP Level Prior to 
Intervention, Albumin Levels 

Patients with CR had a lower median CTSI score of 6 (5-7) 
compared to patients who died 7 (6-8) (p = 0.024). CRP (p 
= 0.405) and Albumin (p= 0.330) levels prior to intervention 
were similar in both groups. Size of necrosis on cross sectional 
imaging was significantly higher in the D group compared to 
the CR group (p = 0.033). Median size is 80.00 cm sq (41.28 – 
127.76) in the CR group and 122.09 cm sq (99.8 – 152.20) in 
the cohort of patients who died (Table 7, 8, 9).

Factors Predicting Mortality

To identify the predictors of mortality, univariable and 

multivariable logistic regression analyses were performed for 
Death compared to complete resolution. Univariable analysis 
indicated that patients Age, presence of Hypertension and 
Diabetis Mellitus, Renal Impairment, admission to ICU, organ 
failure, intervention with PCD as oppose to VARDS and 
presence of Gas on CT scan were significantly associated 
with mortality. Penalized logistic regression analysis was 
performed for some variables with one cell having zero 
frequency in contingency tables.

We fitted two separate multivariable models. The 
first included the significant continuous variables and 
categorical variables in univariate analyses. The second 
model included the categorical variables created by their 

Parameter VARD PCD alone P-VALUE 
Age years, median (IQR) 45 (34.5-57.0) 54 (29.0-62.5) 0.218
Hypertension HPT, n (%)
1.       No HPT 13 (76.5) 9 (52.9) 0.282
2.       HPT present 4 (23.5) 8 (47.1)

Diabetis Mellitus DM, n (%)
1.       No DM 11 (64.7) 8 (47.1) 0.491
2.       DM present 6 (35.3) 9 (52.9)

Renail Impairment RI, n (%)
1.       No RI 14 (82.4) 13 (76.5) 1
2.       RI present 3 (17.6) 4 (23.5)

Organ Failure OF, n (%)

1.       No OF 7 (41.2) 1 (5.9)

2.       Renal Failure 2 (11.8) 1 (5.9)
3.       Respiratory Failure 3 (12.6) 8 (47.1) 0.085
4.       Renal and respiratory failure 5 (29.4) 6 (35.3)

5.       Other OF (DVT) 0 (0) 1 (5.9)

ICU admission, n (%)
1.       No ICU admission 7 (41.2) 9 (52.9) 0.732
2.       Yes ICU admission 10 (58.8) 8 (47.1)

Gas on CT scan, n(%)
1.       No 11 (68.8) 8 (47.1) 0.296
2.       Yes 5 (31.2) 9 (52.9)

Nature of necrosis, n (%)
1.       ANC 14 (87.5) 13 (76.5) 0.656
2.       WON 2 (33.3) 4 (23.5)
Timing of primary intervention days, median (IQR) 28.5 (22.5-48.25) 15 (6.5-27) 0.008
Total number of interventions, n (IQR) 4 (2.00-5.75) 1 (1.00-2.00) 0
Balthazar CT severity index (CTSI score), median (IQR) 5 (5-6) 7.5 (6-8) 0
Days hospitalization days, median (IQR) 67.5 (40.75-79.75) 14 (4.25-30.00) 0
Size of necrosis on CT scan cm square, median (IQR) 129 (94.09-172.80) 83.2 (60.44-122.09) 0.111

Table 3. Descriptive analysis of patients within VARDS group versus PCD alone.

* N represents the number of patients in each group while the (%) represents the percentage within the respective group. 
** The continuous variables are represented as median with the IQR as (q1-q3)

Type of primary intervention Total Outcome CR N (%)* Outcome D N (%)*
PCD alone 17 10(22.7) 7(46.7)
VARDS 16 14(31.8) 2(13.3)
Endoscopic drainage with or without necrosectomy 5 5(11.4) 0(0)
Open drainage, debridement, or resection 13 7(15.9) 6(40)
No intervention 8 10(18.2) 0(0)

*N refers to the number of patients ascribed to the intervention while the (%) represents the percentage within the respective group (CR vs. D)

Table 4. Interventions and outcome (CR vs. D).
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PARAMETER COMPLETE RESOLUTION (CR) DEATH (D) P-VALUE 
Gender, n (%)
1.       Male 26 (59.1) 11 (73.3) 0.325
2.       Female 18 (40.9) 4 (26.7)
Race, n (%)
1.       Malay 27 (61.4) 9 (60) 0.875
2.       Chinese 8 (18.2) 2 (13.3)
3.       Indian 8 (18.2) 4 (26.7)
4.       Others 1 (2.3) 0 (0)
Hypertension HPT, n (%)
1.       No HPT 33 (75) 7 (46.7) 0.058
2.       HPT present 11 (25) 8 (53.3)
Diabetis Mellitus DM, n (%)
1.       No DM 28 (63.6) 5 (33.3) 0.041
2.       DM present 16 (36.4) 10 (66.7)
Ischaemic Heart Disaese IHD, n (%)
1.       No IHD 41 (93.2) 13 (86.7) 0.593
2.       IHD present 3 (6.8) 2 (13.3)
Renal impairment RI, n (%)
1.       No RI 41 (93.2) 9 (60) 0.006
2.       RI present 3 (6.8) 6 (40)
COAD / Asthma, n (%)
1.       No COAD/Asthma 41 (93.2) 15 (100) 0.564
2.       COAD/Asthma present 3 (6.8) 0 (0)
Other complications, n (%)
1.       Absent 32 (72.7) 10 (66.9) 0.745
2.       Present 12 (27.3) 5 (33.3)
Aetiology, n (%)
1.       Biliary 26 (59.1) 7 (46.7) 0.774
2.       Alcohol 3 (6.8) 1 (6.7)
3.       ERCP associated 2 (4.5) 1 (6.7)
4.       Idiopathic 12 (27.3) 5 (33.3)
5.       High Triglyceride 1 (2.3) 1 (6.7)
Organ failure, n (%)
1.       No organ failure 14 (31.8) 0 (0.0) <0.001
2.       Renal failure 3 (6.8) 1 (6.7)
3.       Respiratory failure 20 (45.5) 3 (20.0)
4.       Renal and respiratory failure 6 (13.6) 11 (73.3)
5.       Others (DVT) 1 (2.3) 0 (0)
Intensive Care Unit (ICU) admission, n (%) 
1.       No ICU admission
2.       Yes ICU admission 28 (63.6) 0 (0.0) <0.001

16(36.4) 15(100)
Primary intervention type, n (%)
1.       No intervention 8 (18.2) 0 (0) 0.028
2.       PCD alone 10 (22.7) 7 (46.7)
3.       VARD 14 (31.8) 2 (13.3)
4.       Endoscopic drainage with or without necrosectomy 5 (11.4) 0 (0.0)
5.       Open drainage / open 
Resection 7 (15.9) 6 (40)
Gas on CT scan, n (%)
1.       No gas on CT 31 (70.5) 5 (33.3) 0.015
2.       Gas on CT 13 (29.5) 10 (66.7)
Nature of necrosis, n (%)
1.       ANC 30 (70.7) 14 (93.3) 0.149
2.       WON 11 (29.3) 1 (6.7)

Table 5. Clinical parameters of patients with Infected Necrotizing Pancreatitis comparing 2 cohorts –Complete resolution (CR) and Death (D).
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Pleural Effusion PE, n (%)
1.       No PE 28 (65.1) 9 (60) 0.762
2.       PE present 15 (34.9) 6 (40)
Age years, median (IQR) 43.7 ±14.45 55.13±12.36 0.008+

Duration of symptoms prior to admission days, median (IQR) 1 (1-4) 1.5 (1-3) 0.69
Timing of primary intervention days, median (IQR) 37.7 ± 32.60 18.3 ± 19.69 0.038+

Total number of interventions, n (IQR) 2 (2-4) 1 (1-3) 0.027
Days hospitalization, median (IQR) 36 (6-77) 16 (7-39) 0.24
Balthazar CT severity index (CTSI score), median (IQR) 6 (5-7) 7 (6-8) 0.024
CRP prior to intervention, mg/L median (IQR) 144.00 (23.43-210.23) 156.00 (89.12-245.75) 0.405
Albumin g/L, median (IQR) 29.6 ± 7.01 27.4 ± 2.06 0.330+

Size of necrosis on CT scan cm square, median (IQR) 80.00 (41.28-127.76) 122.09 (99.8-152,20) 0.033*

* N represents the number of patients in each group while the (%) represents the percentage within the respective group. 
** The continuous variables are represented as median with the IQR as (q1-q3)
+ The continuous variables distributed normally are represented as mean ± standard deviation.

PARAMETER OR (CI 95%) P-value

Age years 1.061 (1.012-1.112) 0.014

Gender (Male) 1.904 (0.523-6.934) 0.329

Race

1.       Malay 1.056 (0.011-106.038) 0.981

2.       Chinese 0.899 (0.008-107.371) 0.965

3.       Indian 1.619 (0.015-179.139) 0.841

4.       Others 1

HPT 3.429 (1.010-11.643) 0.048

DM 3.500 (1.016-12.056) 0.047

IHD 2.103 (0.316-13.985) 0.442

Renal Impairment RI 9.111 (1.910-43.465) 0.006

COAD/ASTHMA 0.382 (0.012-12.316) 0.587

Others 1.333 (0.377-4.710) 0.655

Aetiology

1.       Biliary 0.269 (0.015-4.867) 0.374

2.       Alcohol 0.333 (0.009-11.939) 0.547

3.       ERCP related 0.500 (0.013-19.562) 0.711

4.       Idiopathic 0.417 (0.022-8.054) 0.562

5.       Hypertriglyceridaemia 1

Duration of symptoms prior to intervention, days 1.002 (0.904-1.110) 0.968

Organ Failure OF

1.       Renal failure 12.429 (0.334-463.078) 0.172

2.       Respiratory failure 4.951 (0.214-114.341) 0.318

3.       Renal and respiratory failure 51.309 (2.355-999.999) 0.012

4.       Others 8.719 (0.036-999.999) 0.439

5.       No organ failure 1

ICU admission 53.566 (2.855-999.999) 0.008

Type of primary intervention

1.       Endo drainage 1.546 (0.019-123.764) 0.846

2.       Open drainage or resection 14.735 (0.591-367.202) 0.101

3.       PCD alone 12.144 (0.507-290.647) 0.123

4.       VARDS 2.931 (0.105-81.624) 0.526

5.       No interventon 1

Timing of primary intervention 0.960 (0.922-1.000) 0.049

Total number of interventions perfromed 0.651 (0.404-1.050) 0.078

Days hospitalization 0.986 (0.969-1.004) 0.135

Table 6. Univariable analysis complete resolution versus death using binary logistic regression – Continuous Variable Data.
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PARAMETER OR (CI 95%) P VALUE
Age
≥ 40 (Ν=38) 4.94 (0.994-24.560) 0.051
< 40 (N=21) 1

Race
Malay (N=36) 0.944 (0.285-3.130) 0.925
Non malay (N=23) 1

HPT
Yes (N=19 3.429 (1.010-11.643) 0.048
No (N=40) 1

DM
No (N=33) 3.500 (1.016-12.056) 0.047
Yes (N=26) 1

IHD
Yes (N=5) 2.103 (0.316-13.985) 0.442
No (N=54) 1

RENAL IMPAIRMENT
Yes (Y=9) 9.111 (1.910-43.465) 0.006
No (N=50) 1

COAD ASTHMA
Yes (N=3) 0.382 (0.012-12.316) 0.587
No (N=56) 1

OTHER PREMORBID
Yes (N=17) 1.333 (0.377-4.710) 0.655
No (N=42) 1

AETIOLOGY
Biliary (N=33 0.606 (0.186-1.969) 0.405
Non biliary (N=26) 1

ORGAN FAILURE 
2 or more OF (N=17) 17.417 (4.159-72.932) <0.001
1 or No OF (N=42) 1

ICU STAY
Yes (N=31) 53.566 (2.855-999.999) 0.008
No (N=28) 1

Primary Intervention
PCD alone (N=16) 4.900 (0.836-28.728) 0.078
VARD  (N=17) 1

Primary Intervention
*Minimally invasive (N=38) 2.762 (0.736-10.362) 0.132
Open surgery (N=13)  1

*Includes PCD,VARD,Endoscopic

Gas on CT
Yes (N=25) 4.769 (1.361-16.709) 0.015
No (N=36) 1

Nature of Necrosis
WON (N=12) 0.195 (0.023-1.661) 0.135
ANC (N=44) 1

Pleural effusion
Yes (N=21) 1,244 (0.372-4.167) 0.723
No (N=37) 1

Duration of symptoms
2 or more days (N=27) 1.100 (0.328-3.689) 0.877
Less than 2 days (N=29) 1

Table 7. Univariable analysis complete resolution versus death using binary logistic regression – Categorical data.
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Timing of primary intervention
30 days or more (N=18) 0.183 (0.036-0.933) 0.041
Less than 30 days (N=32) 1

Total number of interventions

2 or more (N=35)
Less than 2 (N=16) 0.161 (0.043-0.604) 0.007

1

Days hospitalization
30 or more (N=29) 0.348 (0.100-1.210) 0.097
Less than 30 (N=21) 1

CTSI Balthazar score
More than 6 (N=25) 3.150 (0.899-11.038) 0.073
6 or less (N=33) 1

CRP levels
100ng/ml or more (N=26) 2.947 (0.535-16.237) 0.214
Less than 100ng/ml (N=18) 1

Albumin g/L
28 or more (N=33) 0.370 (0.110-1.243) 0.108
Less than 28 (N=24) 1  

Variable Multivariable logistic regression * Multivariable logistic regression with backward variable selection *
PARAMETER OR (95% CI) P-value OR (95% CI) P-value
Age 1.018 (0.921-1.126) 0.724 - -
HPT (Yes) 0.414 (0.022-7.96) 0.559 - -
DM (Yes) 2.556 (0.07-93.239) 0.609 - -
Renal impairment (Yes) 1.426 (0.062-32.903) 0.825 20.285 (0.786-523.367) 0.0695
ICU stay (Yes) 11.022 (0.778-156.069) 0.076 336.425 (3.722-999.999) 0.0113
Timing of primary intervention 0.990 (0.927-1.058) 0.768 - -
Total number of intervention 0.732 (0.296-1.809) 0.499 - -
Organ failure : (Others) 0.394 (0.001-317.825) 0.785 - -
   (Renal and respiratory) 1.553 (0.026-92.568) 0.833 - -
   (Renal) 0.567 (0.005-63.444) 0.813 - -
   (Respiratory) 0.314 (0.006-15.387) 0.56 - -
GroupVARD vs. PCD 

4.145 (0.179-95.835) 0.375 48.923 (1.888-999.999) 0.019
alone (PCD alone)
Gas on CT (Yes) 0.372 (0.019-7.187) 0.513 - -

Table 8. Multivariable logistic regression analyses (including the covariates with a significance level of less than 0.10 in univariate logistic regression analysis)

* The values were obtained by multivariable penalized logistic regression analysis. AUC=0.975

 Variable Multivariable logistic regressio* Multivariable logistic regression with backward variable selection*
PARAMETER OR (95% CI) P-value OR (95% CI) P-value
Age more than 40 1.852 (0.082-41.733) 0.698 - -
HPT (Yes) 0.292 (0.009-9.439) 0.488 - -
DM (Yes) 4.901 (0.07-341.365) 0.463 - -
Renal impairment (Yes) 1.112 (0.03-40.985) 0.954 - -
ICU stay (Yes) 5.171 (0.263-101.668) 0.28 73.725 (2.347-999.999) 0.015
Timing of primary Intervention  (<30) 1.136 (0.036-36.336) 0.943 - -
Total number of Intervention (≥2) 0.864 (0.023-33.004) 0.937 - -
Days of hospitalization (≥30) 0.798 (0.01-61.603) 0.919 - -
CTSI6 (≥6) 1.14 (0.027-47.366) 0.945 - -
Organ failure (Others) 0.14 (0.001-999.999) 0.719 - -
    (Renal and respiratory failure) 2.223 (0.021-240.514) 0.738 - -
    (Renal failure) 0.897 (0.006-145.023) 0.967 - -
    (Respiratory failure) 0.465 (0.002-106.137) 0.782 - -
Group VARD vs. PCD alone (PCD alone) 7.324 (0.312-171.765) 0.216 14.479 (1.367-153.347) 0.026
Gas on CT (Yes) 0.256 (0.001-45.953) 0.607 - -

Table 9. Multivariable logistic regression analyses (including the covariates with a significance level of less than 0.10 in univariate logistic regression 
analysis) [ The categorical variables were used instead of the continuous variables in Table 8.]

* The values were obtained by multivariable penalized logistic regression analysis. AUC=0.929
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cut off values instead of continuous variables in the first 
model.

These values in multivariable analyses were obtained 
using a multivariable penalized logistic regression model. 
The final models of these models using a backward variable 
selection showed an Area under the Curve (AUC) of 0.975 
for the first model and 0.929 for the second model. Renal 
impairment, admission to ICU and intervention by PCD 
were included in the final model of the first model and only 
admission to ICU and intervention by PCD were included 
in the final model of the second.

DISCUSSION
The present study highlights the different modalities 

that have been employed in the management of patients 
with infected NP within 2 of the main Hepatobiliary 
centres in Malaysia. Over the last decade or so these 
different modalities ranged from the traditional open 
drainage and debridement to the less invasive PCD 
and VARD, to modalities that require only drainage 
without debridement notably PCD and endoscopic internal 
drainage. Since the inception of the PANTER trial there has 
been a paradigm shift towards doing less and “stepping 
up” when required [5].

As we now understand that the necrosis that 
develops may be pancreatic as well as extrapancreatic 
(peripancreatic), there are still many questions to 
be answered regarding the natural history of these 
necrosums [11]. There still remains a question mark as 
to which patients can be managed with drainage alone 
and which would require additional debridement as well. 
This is due the heterogenous nature of the necrosis. It 
may be completely liquified, partially liquefied, softer 
friable necrosis, more adherent and not easily flushed 
suggesting that the process is an evolving one [11, 12]. 
The pragmatic approach would be to assume that all 
patients with ANC require drainage possibly obviating 
the need for debridement while those with WON require 
drainage and debridement. Based on the revised Atlanta 
Classification describing both ANC and WON, these 
collections are still heterogenous collections and to 
ascribe a particular treatment modality in terms of 
drainage versus drainage and debridement is difficult. 
However this is too simplistic.

Choosing a treatment modality should be based on 
many factors not least institutional capabilities, the least 
invasive route providing maximal clearance and tailored 
towards the patients outcome rather than the anatomical 
aspect of the necrosis. The nature of the necrosis has to be 
taken into consideration as well. It is imperative to have a 
standardize purpose so that the treatment modality can be 
tailored to the purpose rather than vice versa. This would 
include drainage, lavage, fragmentation, debridement, or 
excision [13, 14]. As a result it would be difficult to compare 
the outcome of different procedures as some patients who 
are treated with drainage and debridement may eventually 
improve even if debridement was not performed. The flip 

side is patients who are treated with prolonged drainage 
with multiple insertions and upsizing my have improved if 
debridement was performed earlier. 

From our study the 2 most favoured methods were 
PCD alone and PCD followed by VARDS. PCD alone was the 
favoured modality of treatment in one of the institutions 
while VARDS was favoured more in the other institution. 
This practice reflects the institutional preference rather 
than one intervention being superior than the other. 

As previously mentioned, there are many factors 
that predict mortality in patients with Severe Acute 
Pancreatitis [15]. However not many studies have been 
performed addressing the factors that predict mortality 
in patients with infected NP undergoing intervention. A 
large single centre retrospective study performed in the 
US revealed the determinants of mortality were increasing 
age, persistant organ failure and amount of necrosis.. 
Guo et al in a large prospective study showed that 
persistant organ failure after one week, age, bacteremia 
and pancreatic necrosis (as opposed to peripancreatic 
necrosis) were predictors of mortality [15]. In the present 
study, age, comorbidities such as Hypertension, Diabetis 
Mellitus and Renal Impairment, ICU stay, Timing and 
number of interventions, organ failure, Gas on CT scan, 
type of intervention (VARDS  vs. PCD alone) were factors 
associated with higher mortality rates. However using 
multiple penalized logistic regression analysis ICU stay 
and PCD alone (compared to VARDS) were found to predict 
mortality in our cohort of patients. 

There is compelling evidence that the use of PCD alone 
without a further “step up” procedure may be successful in 
managing patients with infected NP with reported success 
rates ranging from 50-55% and mortality rates harbouring 
between 15 to 17% [7, 8]. However so, there are many factors 
that have to be taken into consideration. Most of these studies 
were retrospective cohorts and included patients with sterile 
pancreatic necrosis. It is also difficult to ascertain for sure 
whether these collections warranted drainage to begin with. 
Also, approximately 10% of patients eventually succumbed 
to death as they were deemed unfit for further intervention.

Although PCD was found to be an independent 
predictor of mortality when compared to a VARD ( a “step 
up” procedure in our case), we cannot conclude for sure 
that VARD is superior to PCD. PCD was employed in all 
patients undergoing VARD. The indication for PCD was to 
drain any infected collection causing symptoms as well as 
sepsis. There may be an inherent bias in one of the centres 
to commit to VARD after PCD as part of the “step up 
approach” even though the amount of debridement may 
not have been significant, rather as a means for improved 
lavage. Secondly, patients in the PCD alone group may 
have been too ill to be subjected to another procedure, for 
example VARD or open surgery accounting for the higher 
mortality rate after this procedure. 

On a head to head comparison, patients in the PCD 
alone group had significantly less interventions (median 
= 1) performed compared to those in the VARD group 
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(median = 4) (p < 0.0001) but significantly higher CTSI 
score (median score of 5 for VARD group vs. 7.5 for PCD alone 
group) (p < 0.0001). This difference in the CTSI score could 
have accounted for the higher mortality rate. The fact 
that the VARD group had higher number of interventions 
could account for the fact that these patients were more 
tolerant to repeated general anaesthesia while the patients 
in the PCD group could have been more ill. Although not 
statistically significant (p = 0.086), a higher percentage 
of patients within the PCD alone group had a higher 
percentage of organ failure, notably respiratory failure and 
combination of respiratory and renal failure.

Our study had some noteworthy limitations. Our study 
did not include the cause of death of the patients and it was 
difficult to ascribe death due to the severity of pancreatitis 
or the intervention performed. Secondly, the reason for 
choosing one procedure over the other was not clearly 
defined. Whether VARD was actually required as a means of 
debridement or lavage was not clearly stated. In one of the 
centres that favour PCD alone, a large number of patients 
were transferred to other centres for continuation of care 
and important information with respect to their progress 
was not clearly documented.

However so, one important aspect that we have understood 
is that NP is a very heterogenous disease. The natural history of 
this disease is still not clearly understood. Most of the decisions 
regarding intervention are based on institution preference and 
available expertise. Perhaps defining the actual need or purpose 
of intervention is more important.

CONCLUSION
Mortality rate still remains high in patients with 

Infected NP undergoing intervention. Many of the factors 
associated with mortality are not modifiable. The inherent 
physiological insult resulting from the early systemic 
response of SAP coupled by the further deterioration once 
infection develops sets the tone for further deterioration. 
The persistent organ failure requiring ICU admission 
means that patients remain ill despite intervention. There 
is no doubt that a step up approach is necessary as the 
use of Percutaneous Catheter Drainage alone may not be 
sufficient in a selected cohort of patients.

This points to the fact that repeated debridements 
removing as much necrotic material may be required 
However much has to be learned regarding the natural 
history and nature of the infected necrosis so as to choose 
the appropriate treatment. We welcome further prospective 
studies evaluating this. Deciding on which patients will 
recover with drainage alone while deciding on an appropriate 
step up to further remove all necrotic tissue is paramount.
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