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Abstract Pancreatic necrosectomy remains an important

treatment modality for the management of infected pan-

creatic necrosis but is associated with significant mortality.

The aim of this study was to identify factors associated

with mortality following pancreatic necrosectomy. Patients

who underwent pancreatic necrosectomy from January

1995 to December 2004 were reviewed. The association

between admission, preoperative and postoperative vari-

ables, and mortality was assessed using logistic regression

analysis. A total of 1248 patients presented with acute

pancreatitis, of whom 94 (7.5%) underwent pancreatic

necrosectomy (51 men, 43 women). The preoperative

median Acute Physiology, Age, and Chronic Health

Evaluation (APACHE II) score was 9 (range 2–19). The

median cumulative organ dysfunction score was 2 (0–9)

preoperatively and 4 (1–11) postoperatively. In all, 23

patients (24.5%) died. Those who died were older than the

survivors; the ages (median and range) were 69 years (40–

80 years) versus 52 years (19–79 years) (p < 0.05). They

also had higher admission APACHE II scores (median and

range): 14 (12–19) versus 9 (2–22) (p < 0.001). There were

significant associations between preoperative (p < 0.01)

and postoperative (p < 0.01) Marshall scores and mortality

following pancreatic necrosectomy. The presence of the

systemic inflammatory response syndrome (SIRS) during

the first 48 hours (p < 0.01) and the time between pre-

sentation and necrosectomy (p < 0.01) were independent

predictors of survival. Pancreatic necrosectomy is associ-

ated with higher mortality in patients with increased

APACHE II scores, early persistent SIRS, and unresolved

multiorgan dysfunction. Necrosectomy is associated with

poorer outcome when performed within 2 weeks of

presentation.

Acute pancreatitis is a potentially serious condition with an

overall mortality of 5% to 10% [1]. Mortality from acute

pancreatitis has a bimodal distribution: There is a signifi-

cant proportion of deaths arising as a result of multiorgan

dysfunction during the first week of presentation [2, 3] and

a later group of deaths occurring as a result of infected

pancreatic necrosis [3]. Multiorgan dysfunction is a

prominent feature of acute pancreatitis in the latter group

of patients [4–9]. Sterile pancreatic necrosis is often treated

conservatively [3], whereas infected pancreatic necrosis

and peripancreatic abscess formation is an indication for

surgery [3]. Surgery for pancreatic necrosis has tradition-

ally been associated with significant mortality [4–9] and a

high morbidity rate [10]. A variety of factors, such as age

[5], early surgery [5, 11], severity of organ dysfunction [6,

12], extent of pancreatic necrosis [13], and the presence of

fungal sepsis [14], have been associated with increased

mortality following pancreatic necrosectomy.

The aim of this study was to identify preoperative and

postoperative factors associated with mortality following

pancreatic necrosectomy in a contemporary population of

patients with delayed sepsis associated with necrotizing

pancreatitis that could be identified preoperatively.

This study was presented at the 39th annual congress of the European

Pancreatic Club, Graz, Austria, July 2005.
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Methods

Patients who underwent pancreatic necrosectomy follow-

ing presentation with acute pancreatitis from January 1995

to December 2004 were identified from a prospectively

collected Lothian Surgical Audit (LSA) database [15]. Data

from the database were supplemented by retrospective

chart review and cross-referenced against the hospital

laboratory databases. For each patient with acute pancre-

atitis, age, sex, highest preoperative serum C-reactive

protein (CRP) level, and the presence of persistent systemic

inflammatory response syndrome (SIRS) during the first 48

hours of presentation were recorded [16]. The Glasgow

Severity Score was calculated at 48 hours and the Acute

Physiology and Chronic Health Evaluation (APACHE II)

scores were calculated on admission, preoperatively, and

on the first postoperative day.

Organ dysfunction scores were calculated using the

criteria proposed by Marshall et al. [17]. In this study the

hepatic score was excluded to avoid the possibility of

confounding effects due to biliary obstruction. Organ

dysfunction was defined as a Marshall score of � 2 for

each organ system [17]. If this score increased or organ

dysfunction (Marshall score of � 2) developed in a new

organ system, the patient was considered to have deterio-

rating multiorgan dysfunction syndrome (MODS) [17]. The

cumulative Marshall organ dysfunction scores were cal-

culated as the sum of the organ dysfunction scores for each

of the four organ systems [17]. Marshall scores were cal-

culated immediately preoperatively, and the highest

postoperative score was recorded.

A baseline contrast-enhanced computed tomography

(CT) scan was performed routinely in all patients with

severe or suspected severe pancreatitis within 6 to 10 days

of admission. The CT scan was repeated if there was evi-

dence of progressive sepsis or multiorgan dysfunction

despite supportive therapy or soon after transfer for

patients who were tertiary referrals. The indication for

surgical intervention was the presence of persistent sepsis

associated with CT scan evidence of significant pancreatic

necrosis and/or the presence of pancreatic abscess [18]. All

patients were treated with broad-spectrum antibiotics,

which included a second- or third-generation cephalospo-

rin and metronidazole or pipercillin and tazobactam. In

addition, patients with evidence of methicillin-resistant

Staphylococcus aureus (MRSA) received intravenous

vancomycin, and all patients who had fungal sepsis

received appropriate intravenous antifungal therapy.

The operative technique employed has been described

elsewhere [5, 19]. A bilateral transverse subcostal incision

was used in most cases. Access to the lesser sac was

obtained through the gastrocolic omentum or the trans-

verse mesocolon. Blunt pancreatic and peripancreatic

necrosectomy was performed using a mixture of hydro-

static dissection with warm normal saline and gentle digital

dissection. Right and left paracolic gutters were mobilized

only if there was CT evidence of abscess or collections in

these sites and no formal pancreatic excision was per-

formed [5]. In patients with suspected gallstone

pancreatitis, cholecystectomy and intraoperative cholangi-

ography was performed when technically possible. At the

end of the procedure two large-bore Silastic drains were

placed in the lesser sac, and in most patients a feeding

jejunostomy or gastrostomy was fashioned. Recently, a

small proportion of patients underwent minimally invasive

retroperitoneal pancreatic necrosectomy (MIRP) using the

previously described methodology [20].

Statistical analysis

Statistical analysis was performed using Statistical Package

for Social Sciences (SPSS) version 12 (SPSS, Chicago,

IL, USA) software. To avoid distributional assumptions,

values were stated as the median and range, and nonpara-

metric statistical tests (v2, Mann-Whitney, Kruskall-Wallis

tests) were used. Stepwise logistic regression analysis was

used to identify preoperative predictors of mortality fol-

lowing pancreatic necrosectomy. The diagnostic odds ratio

was determined for each predictor at the optimal cutoff

levels, which were derived using receiver operator char-

acteristic analysis (preoperative APACHE II score � 8,

SIRS on admission, Glasgow Severity Score � 4, surgery

within 14 days of presentation, preoperative serum CRP

150 mmol/L). Similarly, stepwise logistic regression anal-

ysis was used to identify postoperative predictors of

mortality.

Results

A total of 1248 consecutive patients presented with acute

pancreatitis, of whom 307 (24.5%) developed severe acute

pancreatitis. The etiology of the acute pancreatitis was

gallstones in 579 patients (46.4%), alcohol-related in 386

patients (31%), postendoscopic retrograde cholangiopan-

creatography in 35 patients (2.8%), and other causes in 51

patients (4.1%); 197 patients (15.7%) presented with idi-

opathic pancreatitis.

The overall mortality during the index admission was

7.9% (98/1248). In total, 233 (18.9%) had evidence of

significant pancreatic necrosis on contrast-enhanced CT

scans: 73 of them were treated nonoperatively for sterile

pancreatic necrosis; 21 were treated palliatively due to

advanced age, severe co-morbidity or previously diagnosed

metastatic carcinoma; and 45 died as a result of progressive
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MODS during the first 2 weeks of presentation without

surgical intervention.

Altogether, 94 patients (7.5%) (51 men, 43 women) with

a median age of 54 years (range 21–80 years) underwent

pancreatic necrosectomy. The median time between pre-

sentation and surgery was 31 days (range 5–69 days). Open

pancreatic necrosectomy was performed in 87 patients

(92.5%), and 7 patients (7.5%) underwent MIRP. A total of

36 patients (38.3%) were tertiary referrals. The median

APACHE II score on admission was 13 (range 5–22).

Altogether, 61 patients (65%) who underwent pancreatic

necrosectomy had SIRS during the first 48 hours after

admission.

The median preoperative CRP level was 260 mmol/L

(range 26–451 mmol/L). The median preoperative

APACHE II score was 9 (range 2–19), which was signifi-

cantly lower than the median postoperative APACHE II

score (11.5; range 2–22) (p = 0.012). The median cumu-

lative Marshall organ dysfunction score was 2 (range 0–9)

preoperatively and 4 (range 1–11) postoperatively (p =

0.032). A close correlation was observed between the

preoperative APACHE II scores and the cumulative Mar-

shall scores (r2 = 0.34, p < 0.01).

A total of 29 patients underwent more than one proce-

dure. Table 1 describes the indications for and types of

reoperative procedures. Nine patients (9.6%) developed

postoperative pancreatic fistulas, and 3 (3.2%) developed

enterocutaneous fistulas. The median hospital stay was 43

days (range 12–194 days).

Altogether, 23 patients (24.5%) died. Those who died

were older than those who survived (median age and

range): 69 years (40–80 years) vs. 52 years (19–79 years)

(p = 0.042). The patients who did not survive had

higher admission APACHE II scores (median and range):

12 (7–19) vs. 7 (2–13) (p = 0.008) (Fig. 1) and a higher

incidence of persistent SIRS during the first 48-hours of

presentation [21 patients (91.3%) vs. 40 patients (56.5%);

v2 = 9.32, p = 0.01].

Patients who died had higher preoperative APACHE II

scores [median and range: 14 (12–19) vs. 10 (2–23);

p < 0.001] (Fig. 2) and higher preoperative serum C-

reactive protein (CRP) levels [median and range: 350

mmol/L (112–451 mmol/L) vs. 243 mmol/L (26–440

mmol/L); p < 0.05] than survivors. They also had a higher

preoperative cumulative Marshall organ dysfunction score

[median and range: 5 (3–9) vs. 2 (0–6); p = 0.007] (Fig. 3)

than the survivors. Pancreatic necrosectomy within 2

weeks of presentation was associated with significantly

higher mortality than surgery after 2 weeks (p < 0.01)

(Fig. 4).

Table 1 Reoperations and their indications

Indication Operation No.

Persistent pancreatic sepsis Redo pancreatic

necrosectomy

19a

Abdominal compartment

syndrome

Conversion to

laparostomy

5

Segmental portal hypertension Splenectomy 1

Splenic artery pseudoaneurysm 2

Small bowel infarction Laparotomy 1

Colonic infarction Left hemicolectomy 1

a Includes four patients who underwent minimally invasive retro-

peritoneal pancreatic necrosectomy (MIRP)
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Fig. 1 Box and whisker plot comparing the Acute Physiology, Age,

and Chronic Health Evaluation (APACHE) II scores on admission

between patients who survived (n = 71) and patients who died

(n = 23). The thick black lines represent median values, boxes

represent the interquartile range, whiskers represent the outliers, and

the individual dots are extreme values
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Fig. 2 Box and whisker plot comparing the preoperative APACHE II

scores between patients who survived (n = 71) and patients who died

(n = 23). The thick black lines represent median values, boxes

represent the interquartile range, whiskers represent the outliers, and

the individual dots are extreme values
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Patients who died had significantly higher postoperative

APACHE II scores [median 15 (range 7–22)] compared

with patients who survived [median 10 (range 5–16)]

(p = 0.002). Similarly postoperative cumulative Marshall

scores were significantly higher in patients who died

[median 8 (range 5–11)] compared with those who sur-

vived [median 2 (range 1–5)] (p < 0.001).

Logistic regression analysis revealed that admission

APACHE II scores (p = 0.026), persistent SIRS during

the first 48 hours (p < 0.01), and time between presenta-

tion and necrosectomy (p < 0.01) were independent

preoperative predictors of mortality (Table 2), and post-

operative APACHE II scores (p = 0.022) and postoperative

deterioration in MODS (p = 0.03) were independent post-

operative predictors of mortality (Table 3).

Among the 71 survivors, 38 patients (53.5%) developed

chronic pancreatic exocrine insufficiency requiring long-

term pancreatic enzyme replacement, 25 patients (35.2%)

developed diabetes, 14 patients (19.7%) suffered chronic

abdominal pain, 3 patients developed biliary strictures, and

2 developed pancreatic duct strictures requiring surgi-

cal intervention. Two patients had chronic pancreatic

collections that did not resolve following endoscopic or

percutaneous therapy; one of these patients required open

cystogastrostomy, and the other was treated successfully by

distal pancreatectomy.

Discussion

Without necrosectomy the mortality rate from infected

pancreatic necrosis approaches 100% [5]. Pancreatic nec-

rosectomy remains the treatment of choice for infected

pancreatic necrosis [5–11]. However, it is associated with

considerable perioperative morbidity and mortality and a

prolonged hospital stay, utilizing considerable resources [5].

Pancreatic necrosectomy is still associated with signifi-

cant mortality. In this study almost one-fourth of the

patients who underwent pancreatic necrosectomy died
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Fig. 3 Box and whisker plot comparing the preoperative cumulative

Marshall multiorgan dysfunction scores between patients who

survived (n = 71) and patients who died (n = 23). The thick black

lines represent median values, boxes represent the interquartile range,

whiskers represent the outliers, and the individual dots are extreme

values
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Fig. 4 Difference in survival between patients who underwent

pancreatic necrosectomy within the first 2 weeks compared to those

who underwent delayed pancreatic necrosectomy (>14 days)

Table 2 Independent preoperative predictors of mortality following

surgery for pancreatic necrosis

Predictor Odds ratio (95% CI) p

Preoperative APACHE II score (>8) 0.73 (0.6–0.89) 0.026

<14 Days between presentation

and surgery

5.15 (2.4–11.10) <0.01

SIRS (during the first 48 hours

after presentation)

3.63 (2.50–5.25) <0.01

Serum CRP (preoperative) 0.91 (0.72–1.15) 0.31

Glasgow Outcome Score

(at 48 hours)

1.002 (0.998–1.005) 0.45

APACHE: Acute Physiology, Age, and Chronic Health Evaluation;

CI: confidence interval; SIRS: systemic inflammatory response syn-

drome; CRP: C-reactive protein

Table 3 Postoperative predictors of mortality following surgery for

pancreatic necrosis

Predictor Odds ratio (95% CI) p

Postoperative APACHE II score >12 14.79 (1.37–59.52) 0.022

Reoperation 0.91 (0.20–4.17) 0.90

Postoperative deterioration in MODS 7.14 (1.21–42.10) 0.03

Postoperative sepsis 0.84 (0.20–3.52) 0.84

Fungal sepsis 1.32 (0.51–4.43) 0.32

MODS: multiple organ dysfunction syndrome
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during the postoperative period. Wide variations exist in

the reported mortality following pancreatic necrosectomy,

with mortality rates ranging from 7.7% to 43.0% [5–11,

21]. This relates in part to the variation in patient popula-

tion. Although lower mortality rates have been reported by

some authors [21], the results of this study compare

favorably with similar series originating from the United

Kingdom and other northern European populations in

whom pancreatitis tends to affect older patients with more

significant co-morbidity [5, 22–25]. Undoubtedly, the

variation in mortality among series is also related to the

variation in indications for and timing of surgical inter-

vention that have evolved over the last decade.

In this study, preoperative organ dysfunction scores and

APACHE II scores were significantly higher in patients

who died following pancreatic necrosectomy. The severity

of preoperative MODS correlated with high admission and

preoperative APACHE II scores. The association between

APACHE II scores on admission and mortality is an

indication of the severity of the organ dysfunction caused

by the disease process, and the preoperative APACHE II

score is an indication of the degree of unresolved MODS

prior to necrosectomy [5]. Both Rattner et al. [7] and

Connor et al. [5] have reported higher admission and pre-

operative APACHE II scores in patients who do not survive

pancreatic necrosectomy. In addition, Connor et al.

observed that APACHE II scores and patients’ age were

the only two independent predictors of survival following

pancreatic necrosectomy [5].

Postoperative organ dysfunction has also been shown to

be an independent risk factor for mortality. Buter et al.

reported a close correlation between the development of

persistent MODS and death from acute pancreatitis [26]. The

temporal relation between early MODS and the development

of pancreatic necrosis remains an area of interest, as the trend

in managing sterile pancreatic necrosis is toward conserva-

tive treatment, irrespective of the extent of pancreatic

necrosis. Isenman and coworkers reported that although the

extent of sterile pancreatic necrosis is an independent pre-

dictor of distant organ failure a high incidence of organ

failure occurred in the presence of infected necrosis irre-

spective of the extent of pancreatic necrosis [22].

In this study, a close association between the persistence

of SIRS during the first 48 hours of admission and death

following surgery for infected pancreatic necrosis was

observed. This is despite the fact that the presence and

severity of sepsis are built into prognostic scoring systems

such as APACHE II. Early persistent SIRS has been found

to correlate closely with the severity of MODS and death

from acute pancreatitis [27].

The timing of surgery was found to have a major impact

on survival from pancreatic necrosectomy, with early sur-

gery being associated with increased risk of death. This has

also been observed by previous authors [5, 23–25, 28]. A

randomized controlled trial comparing pancreatic necro-

sectomy during the first 12 days following admission with

surgery delayed beyond 12 days revealed significantly

higher mortality in the early surgery group [28]. A recent

observational study by Runzi et al. found that in patients

with infected pancreatic necrosis it is possible to avoid or

delay surgery with prophylactic use of antibiotic therapy

without compromising the prognosis or outcome [29].

The recent advent of MIRP is a promising development

in the management of infected pancreatic necrosis. In the

present study, because of the small number of patients who

underwent MIRP, it was not possible to draw any mean-

ingful comparisons with the open pancreatic necrosectomy

group. Connor et al. reported that MIRP was associated

with less utilization of intensive trauma unit care and

improved survival compared to open surgery [5]. However,

MIRP is associated with an increased number of proce-

dures and longer inpatient stay compared with open

necrosectomy [5, 20]. The outcome following MIRP

compared to open pancreatic necrosectomy remains to be

examined by a multicenter randomized controlled trial [5],

although the initial experience with MIRP is promising [5,

20, 30, 31].

In this study, a significant proportion of patients who

survived surgery for pancreatic necrosis developed delayed

complications, such as diabetes, pancreatic fistulas, and

pancreatic exocrine insufficiency. There is increasing rec-

ognition that the incidence of long-term, pancreatic

exocrine insufficiency in patients who develop necrotizing

pancreatitis may be higher than what has been reported in

the literature [5]. Bozkurt et al. reported that 12 months

after recovery from pancreatic necrosectomy only 16% of

the patients showed a normal pancreatic response, and 84%

still had pancreatic insufficiency of variable severity [32].

Recent work by Symersky et al. suggests that after recov-

ery from acute pancreatitis long-term exocrine

insufficiency was common even among patients with mild

acute pancreatitis [33].

Conclusions

Surgery for infected pancreatic necrosis is associated with

significant morbidity and mortality but may be life-saving.

Pancreatic necrosectomy is associated with higher mortality

rates among patients with high APACHE II scores and those

with unresolved multiorgan dysfunction. This study also

highlights the association between the systemic inflamma-

tory response early in the natural history of acute pancreatitis

and subsequent mortality in this cohort of patients.

Efforts to reduce the mortality among patients requiring

surgery for infected pancreatic necrosis should focus on

2006 World J Surg (2007) 31:2002–2007
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intensive multidisciplinary supportive measures to opti-

mize organ function so operative intervention can be

delayed to at least the third week in the course of the illness

if possible.
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