
Large bore drainages did not prove to be more effective 
in controlling the septic focus. 
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INTRODUCTION
The course of  acute pancreatitis ranges from a mild transi-
tory edematous to a severe necrotizing form. Necrotizing 
pancreatitis occurs in about 20% of  all patients suffering 
from acute pancreatitis[1]. If  infection of  the necrotic tis-
sue occurs mortality rates of  up to 50% are reported with 
sepsis and multiorgan failure as most frequent causes[2-5]. It 
is generally accepted that in infected necrotizing pancrea-
titis the infected non-vital solid tissue has to be removed 
in order to control the sepsis. The standard treatment has 
traditionally been surgery[5,6]. By using modern surgical 
techniques like open packing, repeated laparatomies, closed 
packing or closed continuous lavage mortality rates could 
be decreased to 20%-40%[7-12]. However, these techniques 
are associated with a considerable surgical trauma which 
often causes escalation of  multiorgan failure and sepsis[7,13]. 
Moreover, total anaesthesia is mandatory. Thus, in the last 
decade minimal invasive treatment regimes and in particu-
lar percutaneous drainage therapy were included in the 
management of  infected necrotizing pancreatitis. 

Ultrasound (US) or computed tomography (CT) 
guided placement of  drainages is reported to be effective 
in up to 90% for drainage of  fluid collections or abscesses 
with purely liquid content[14]. However, the success rates 
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Abstract
AIM: To assess the outcome of patients with acute 
necrotizing pancreatitis treated by percutaneous drainage 
with special focus on the influence of drainage size and 
number.

METHODS: We performed a retrospective analysis of 80 
patients with acute pancreatitis requiring percutaneous 
drainage therapy for infected necroses. Endpoints were 
mortality and length of hospital stay. The influence of 
drainage characteristics such as the median drainage 
size, the largest drainage size per patient and the total 
drainage plane per patient on patient outcome was 
evaluated.

RESULTS: Total hospital survival was 66%. Thirty-
four patients out of all 80 patients (43%) survived 
acute necrotizing pancreatitis with percutaneous 
drainage therapy only. Eighteen patients out of all 80 
patients needed additional percutaneous necrosectomy 
(23%). Ten out of these patients required surgical 
necrosectomy in addition, 6 patients received open 
necrosectomy without prior percutaneous necrosectomy. 
Elective surgery was performed in 3 patients receiving 
cholecystectomy and one patient receiving resection of 
the parathyroid gland. The number of drainages ranged 
from one to fourteen per patient. The drainage diameter 
ranged from 8 French catheters to 24 French catheters. 
The median drainage size as well as the largest drainage 
size used per patient and the total drainage area used 
per patient did not show statistically significant influence 
on mortality. 

CONCLUSION: Percutaneous drainage therapy is an 
effective tool for treatment of necrotizing pancreatitis. 
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for drainage of  contained fluid collections in necrotizing 
pancreatitis are less convincing ranging between 26% 
and 50%[15,16], with a subsequent frequent need for 
further surgery. The presumed reason is that infected 
fluid collections/abscesses in necrotizing pancreatitis are 
often not completely liquid but contain solid debris. The 
value of  drainage therapy for removal of  solid debris is 
equivocal. Usage of  large bore catheters and placement 
of  several drainages is generally considered to be more 
effective. This hypothesis, however, has not yet been 
evaluated systematically.

The aim of  this retrospective study was to evaluate if  
patient outcome in infected necrotizing pancreatitis cor-
relates with the number and size of  percutaneously placed 
drainages.

MATERIALS AND METHODS
Patient recruitment and review of data
This is a retrospective study performed at a university hos-
pital. By searching the radiological, surgical and internal 
medicine databases all patients with the diagnosis acute 
pancreatitis treated with drainages between 1992 and 2004 
were identified. Demographic (age, sex), clinical (length 
of  primary hospital stay, eventual second hospital stay, 
admittance to intensive care unit, etiology of  pancreatitis, 
diagnostic and conservative therapeutic approaches), 
laboratory data and characteristics of  surgical procedures 
were collected by reviewing patient charts and surgical 
reports. 

Number o f  CTs pe r fo r med pe r p a t i en t and 
characteristics of  percutaneous interventional therapy were 
collected by reviewing all radiological reports. In particular, 
number of  drainages per patient, date of  drainage 
placement, size of  each drainage in French, largest 
drainage per patient according to French number, estimate 
of  draining lumen of  each drainage (by calculating the 
axial plane of  each drainage), and length of  drainage 
placement in days were determined. Moreover, the 
cumulative draining area (by adding the draining lumina 
of  all drainages per patient), the average draining area 
(by calculating the average of  the draining lumina of  all 
drainages per patient), the cumulative diameter (by adding 
the diameter according to French number of  all drainages 
per patient), and the average diameter (by calculating the 
average of  the diameter according to French number of  all 
drainages per patient) were calculated. 

All drainages had been placed under CT guidance 
using Seldinger technique. The number and the size of  
catheters were determined individually for each patient by 
the intensive care unit (ICU) team and the interventional 
radiologist. Clinical considerations and the size and 
location of  necroses as well as the suspected amount 
of  fluid and debris (based on CT findings) guided this 
decision.

For patients with ongoing sepsis and solid tissue within 
the fluid collections, active necrosectomy was performed. 
This technique has been described in detail elsewhere[16-18]. 
Briefly, under local anaesthesia the drainage was replaced 
by a 24F-30F peel away sheath. Under fluoroscopic and/or 

endoscopic guidance the solid tissue was fragmented and 
extracted through the sheath. For this, snare catheters, 
dormia baskets, forceps and brisk flushing/aspiration were 
applied.

For patients receiving intensive care treatment, the 
APACHE Ⅱ score, SAPS Ⅱ, and Ranson score were 
determined by reviewing the laboratory data and the ICU 
flow charts. 

The Balthazar score and computed tomography 
severity index (CTSI) were determined by retrospectively 
reviewing the CT examination at the time of  first drainage 
placement[19]. Radiological analysis was done by a board 
certified radiologist with 6 years of  experience. 

Endpoints for patient outcome during hospital stay 
were defined as patient death and length of  hospital and/
or ICU stay. All patients were observed until d 250 or cen-
sored at the last day of  observation.

A telephone interview was performed to investigate 
long term outcome parameters. The questionnaire in-
cluded life quality parameters such as ongoing symptoms 
of  pancreatitis after hospital discharge (abdominal pain, 
diarrhea, intolerance of  fat, weight loss), development of  
exocrine or endocrine dysfunctions, repeated hospital stays 
and need for further surgery. 

Statistical analysis
Parameters assessing drainage characteristics and clinical 
scores (for ICU patients) were correlated with mortality 
using logistic regression. Drainage characteristics and clini-
cal scores (for ICU patients) were correlated with length 
of  hospital stay and ICU stay using a Cox proportional 
hazard model in a univariate model. Variables with a sig-
nificant influence on the hazard ratio were then included 
in a multivariate model. The statistical analysis was made 
with the SPSS 12.0 statistical software (SPSS inc., Chicago, 
IL). Values are given as total numbers, median with range 
or as percentages where necessary. A P-value ≤ 0.05 was 
considered statistically significant.

RESULTS
Patient population
Eighty patients fulfilled the inclusion criteria and were 
included in the study. The demographic, clinical, laboratory 
and interventional/surgical data are shown in Table 1. 

Clinical and laboratory data
All 80 patients received antibiotic treatment over a median 
of  44 d with a range from 2 d to 205 d. Antimycotic 
treatment was established in 43 patients (54%). The 
diagnosis of  infection of  the necrotic tissue was based on 
the examination of  aspirated material with Gram´s stain, 
culture or both. Fine needle aspiration was not routinely 
performed. Thus, the material which was obtained during 
the placement of  the first drainage was evaluated. Fifty-
two patients (65%) showed positive microbiological results. 
The other 35% might have shown false negative results 
due to prior initiation of  antibiotic therapy. 

Intensive care treatment was necessary in 65 out of  
80 patients (81%); nine patients required a second ICU 
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stay later on. Mechanical ventilation was necessary in 
50 patients (63%), renal failure with the need of  renal 
replacement therapy occurred in 23 patients (29%). 

Radiological data
Each patient received a median of  six CTs ranging from 
1 to 23, which were all contrast enhanced. The CTSI of  
all 80 patients was in median 6 ranging from 4 to 10, the 
Balthazar score was in median 4, ranging from 3 to 4. 

Necrosis of  the pancreas was diagnosed in 73 patients 
(91%) on the basis of  contrast enhanced CT findings. The 
location of  necrosis was only in the head of  the pancreas 
in 13 patients, in the head and the body in five patients, 
in the head and the tail in four patients, in the body in 
three patients, in the body and tail in 10 patients, only in 
the tail in six patients and involving the whole pancreas 
in 32 patients. Seven patients did not show necrosis of  
the pancreas itself, however, extensive peripancreatic fluid 
collections with presumed necrosis of  the peripancreatic 
fat was present. 

Characteristics of drainage therapy 
Different catheter types were used (Thal-Quick, Cook, 
Europe; van Sonnenberg, Peter Pflugbeil, Zorneding, Ger-
many; APD and Flexima, Boston Scientific, Natick, USA). 
Up to 14 catheters per patient were placed, in median two 
catheters per patient. Percutaneous catheter drainage was 
performed on median d 3.5 after admission (range 1 d to 
40 d), but with 71 patients being transferred from periph-
eral hospitals and median hospitalisation of  7 d before 
(complete data of  prior hospital stays was available in 54 
out of  71 patients). Drainages remained in situ for a medi-
an of  36.5 d (range 1 d to 260 d). The drainage size ranged 
from 8 French to 24 French catheters. The median drain-
age plane was 16.9 mm2, the median cumulative drainage 
plane was 37.0 mm2 per patient. The median diameter was 
14.0 mm, the median cumulative diameter was 30.0 mm 
per patient. 

No acute compl ica t ion ( l ike b leed ing , bowel 
perforation, accidental puncture of  liver, spleen or kidney) 
related to catheter placement occurred. However, in 23 
patients (29%) the development of  fistulas in the pathway 
was observed later on. 

Catheters were exchanged in median two times per 
placed catheter (range from 1 to 9). Catheter exchange was 
either done because of  drainage blockage or to insert a 
larger drainage for presumed better drainage of  necrotic 
tissue.

In 18 of  80 patients (23%) an active percutaneous 
necrosectomy was performed. Ten patients out of  
these required surgical necrosectomy later on. Six 
patients underwent surgical necrosectomy without 
prior percutaneous necrosectomy. Elective surgery was 
performed in 4 patients (cholecystectomy in three patients 
and adenomectomy of  the parathyroid gland for primary 
hyperparathyreoidism in 1 patient) during the same 
hospital stay (Figure 1).  

Endpoints
Length of  hospital stay was in median 51 d with a range 
from 3 d to 241 d. A second hospital stay was necessary 
in 5 patients (6%). The length of  stay in the ICU ranged 
from 2 d to 104 d, in median 22 d. The overall mortality 
was 34% (27 of  80 patients).  

The correlations of  the radiological and clinical 
scores (CTSI, APACHE Ⅱ, SAPS Ⅱ), clinical treatment 
modalities (invasive ventilation and renal replacement 
therapy) as well as interventional treatment modalities 
(number of  drainages, median drainage size, largest 
drainage size and total drainage lumen) with mortality 

Table 1  Patient characteristics

Patient, n  = 80                                              n /median (%/range)

Demographics
   Age 57 (17-79)
   Sex, female 26 (32.5)
Days of hospitalisation 51 (3-241)
Required second hospitalisation   5 (6.3)

Aetiology
   Biliary 26 (32.5)
   Alcoholic 32 (40.0)
   Post-ERCP   3 (3.8)
   Toxic   1 (1.3)
   Hyperlipidemia   1 (1.3)
   Hyperparathyroidism   1 (1.3)
   Posttraumatic   1 (1.3)
   Idiopathic/unknown 15 (18.8)

Ranson score   2 (0-4)

Diagnostic procedures
   Ultrasound 74 (92.5)
   ERCP 32 (40.0)
   CT 80 (100)
      Balthazar score   4 (3-4)
      CTSI   6 (4-10)
Inflammatory markers
   Leucocyte count d 1 of our hospital 
   admission (/nL)

13 (3.5-55.0)

   Leucocyte count on day of first drainage 
   placement (/nL)

14.4 (3.5-46.6)

   C-reactive protein day 1 (mg/L) of our                          208 (10-477)
   hospital admission
   C-reactive protein on day of first drainage                    191 (20-477)
   placement (mg/L)   

Therapy
   Surgical 20 (25.0)
   Minimal-invasive
      Number of drainages, range   2 (1-14)
      Active necrosectomy 18 (22.5)
Intensive care treatment 65 (81.3)
   length of ICU stay, range 22 (2-104)
   Required second ICU stays   9 (11.3)
   APACHE Ⅱ, range 18 (1-38)
   SAPS Ⅱ, range 61 (15-94)
   Non-invasive positive pressure ventilation   2 (2.5)
   Mechanical ventilation 50 (62.5)
   Renal replacement therapy 23 (28.8)
   Plasma exchange therapy   7 (8.8)

Mortality 27 (33.8)

Cause of Death
   Septic multi-organe failure 24 (88.9)
   Pulmonary embolism   1 (3.7)
   Intracerebral bleeding   1 (3.7)
   Due to polytrauma   1 (3.7)

ERCP: Endoscopic Retrograde Cholangiopancreatography; CT: Computed 
Tomography; CTSI: Computed Tomography Severity Index; ICU: Intensive 
Care Unit; APACHE: Acute Physiology and Chronic Health Evaluation; 
SAPS: Simplified Acute Physiology Scale.
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are given in a cox proportional hazard model for overall 
mortality using uni- and multivariate analysis (Table 2).  
Significant risk factors for mortality in univariate 
analysis were the need for mechanical ventilation, renal 
replacement therapy, the APACHE Ⅱ score and the SAPS 
Ⅱ score. The total drainage plane showed borderline 
significance with a P-value of  0.052. The median drainage 
size, the largest drainage size used per patient and the CTSI 
were not significantly correlated with mortality. In the 
multivariate model the CTSI was as the only not significant 
variable included adjusting for the extent of  necrosis. Renal 
replacement therapy and the need for ventilation support 
were the only parameters which remained significant in the 
multivariate model.

Long-term outcome
In 29 out of  the 53 surviving patients (55%) long-term 
outcome parameters could be collected. Data are presented 
in Table 3. Hereby endocrine pancreatic dysfunction 
is the most frequent factor affecting life quality (35%), 
followed by diarrhea, weight loss and exocrine pancreatic 
dysfunction with the need of  enzyme-substitution in 24%; 

10% reported on repeated pancreatitis episodes; 28% on 
further hospital stays for related symptoms.   

DISCUSSION
Percutaneous drainage is the therapy of  choice for treating 
fluid collections. The success rates for drainage of  fluid 
collections, pseudocysts or simple abscesses in variable 
sites are reported to be around 90%[20-24]. In contrast, 
reports on percutaneous drainage in patients with acute 
necrotizing pancreatitis were overall disappointing showing 
drainage therapy to be often inefficient with subsequent 
need for open surgery[15,25]. The presumed reason for this 
discrepancy is that pancreatic/peripancreatic necroses 
and pancreatic abscesses contain solid, avital debris. 
However, some studies reported significantly better 
success rates treating necrotizing pancreatitis by drainage 
therapy only[15,26,27]. A common feature of  these studies 
was that large bore catheters (up to 28F) were used. The 
rationale for this strategy was the hypothesis that large 
bore catheters might be more effective for mobilizing solid 
tissue. However, the drawback of  using large catheters is 
the more traumatic approach with the risk of  bleeding and 
organ injury. In the present study, we evaluated the effect 
of  drainage characteristics on the outcome of  patients 
with necrotizing pancreatitis.  

All patients with percutaneous drainage therapy n  = 80

Elective surgery
n  = 4

Complete recovery
n  = 34

Primary surgical 
necrosectomy n  = 6

Percutaneous 
necrosectomy n  = 18

Death 
n  = 18

Complete recovery 
n  = 4 

Complete recovery
n  = 1 

Death 
n  = 5

Secundary surg. 
necrosectomy n  = 10

Complete recovery
n  = 8 

Complete recovery
n  = 6

Death 
n  = 4

Figure 1  Therapeutic proce-
dures.

Table 2  Cox proportional hazard model for overall mortality 
using uni- and multivariate analysis

Variable Mono-HR P Multi-HR P

Age 0.985 0.098 -
Sex 0.926 0.793 -
CTSI 0.933 0.281 0.982 0.819
Apache Ⅱ Score 0.961 0.016 0.989 0.716
SAPS Ⅱ Score 0.976 0.002 1.004 0.809

Clinical treatment modalities
  Invasive ventilation 0.175 0.000 5.618 0.001
  Renal replacement therapy 0.329 0.005 2.347 0.046

Interventional treatment modalities
  Number of drainages 0.892 0.077 -
  Median drainage size 0.989 0.830 -
  Largest drainage size 0.954 0.307 -
  Total drainage plane 0.994 0.052 0.993 0.084

Mono-HR: Monovariate hazard ratio; Multi-HR: Multivariate hazard ratio; 
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified 
Acute Physiology Scale; CTSI: Computed Tomography Severity Index.

Table 3  Outcome parameters of patients after treatment 
with percutaneous drainage applied 1-12 years after hospital 
discharge by a telephone investigation

Outcome parameters from 29 patients n %

Life quality parameters
   Abdominal Pain   5 17.2
   Diarrhea   7 24.1
   Intolerance of fat   4 13.8
   Weight loss   7 24.1
Exocrine pancreatic dysfunction (with 
substitution of pancreatic enzymes)

  7 24.1

Endocrine pancreatic dysfunction 10 34.5
Repeated development of pancreatitis   3 10.3
Further hospitalisations   8 27.6
Surgery after discharge   7 24.1
Death after discharge   4 13.8
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The 80 patients included in this study all suffered from 
acute, necrotizing pancreatitis. The diagnosis was based on 
the results of  contrast-enhanced CT as well as clinical and 
laboratory findings. Seventy-three patients presented with 
necrosis of  the pancreatic parenchyma itself, 7 patients 
demonstrated presumed necrosis of  peripancreatic tissue. 
No patients with pseudocysts were included. Fifty-two 
patients (65%) had microbiologically proven infection of  
the necrotic tissue. Although for 28 patients (35%) culture 
was negative, interventional therapy was initiated because 
the clinical, laboratory and radiological findings strongly 
suggested infection. 

The gold standard for the treatment of  infected, necro-
tizing pancreatitis still is open surgery[28]. However, min-
imal-invasive interventional approaches continue to gain 
importance. In the present study, 43% of  patients were 
cured by percutaneous drainage and conservative treatment 
only. When including those patients who additionally were 
treated with active, percutaneous necrosectomy without 
the need for open surgery the cure rate increased to 53%. 
Six surviving patients (8%) required surgical necrosectomy 
because percutaneous therapy failed in controlling sepsis. 
The mortality rate in this study was 34% which is within 
the expected range of  20%-40%[10-12] reported in the litera-
ture. Considering that the study population represented a 
seriously ill subset of  patients as evidenced by high clinical 
and radiological scores, a mortality rate of  34% is an ac-
ceptable outcome.  

The time of  placement of  the first drainage after hos-
pital admission with a median of  3.5 d seems quite short 
because infection of  necroses occur usually within 7 d to 
10 d after the onset of  symptoms[2,28]. However, it has to 
be considered, that 71 out of  80 patients (89%) were trans-
ferred from other hospitals with median hospitals stays of  
7 d before the transfer to the university hospital. Due to 
the retrospective nature of  this study we were able to as-
sess the time of  hospital admission, which naturally was 
not always identical with the time of  symptom onset.  

As opposed to the APACHE Ⅱ and SAPS Ⅱ scores 
the CTSI score did not show a good correlation with pa-
tient outcome in our study. This is discrepant to results 
published by Balthazar et al who found the mortality and 
morbidity to be closely correlated to the CTSI[19]. How-
ever, Balthazar et al studied a patient population covering 
the whole range of  possible CTSI values whereas our 
population was seriously ill with CTSI values of  at least 4. 
Presumably, the CTSI is not a good parameter to predict 
outcome in this subset of  patients. 

No significant correlation between drainage size/
number and outcome parameters was found in this study. 
Rather than abolishing the concept of  using large bore 
drainages we think that our results reflect the fact that the 
outcome of  patients suffering from infected, necrotizing 
pancreatitis is influenced by a multitude of  factors. 81% 
of  the patients in this study required ICU admission with 
the need for mechanical ventilation and renal replacement 
therapy in many cases. It seems to be difficult to isolate 
one single parameter which might modify overall prognosis 
in such a complex study group. An aggravating factor was 
the retrospective nature of  this study. Different lavage 

schemes and various types of  drainages were used over 
the years and the size of  drainages used is influenced by a 
multitude of  factors. Especially the latter fact is important 
since the inner diameter of  the adapter and of  the 
drainage itself  is different for different companies despite 
the identical outer diameter given in French. Moreover, the 
length of  the drainage is inversely correlated with the flow. 
A prospective study seems to be necessary to evaluate 
the impact of  drainage characteristics. However, it is 
questionable if  such a study is feasible because large study 
groups are necessary to provide adequate power.  

In conclusion, percutaneous drainage and minimal 
invasive necrosectomy are efficient tools for treatment 
of  necrotizing pancreatitis. Large bore drainages did not 
prove to be more effective in controlling the septic focus. 
However, it seems to be difficult to determine a single 
prognostic parameter in these multimorbid patients. 
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