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INTRODUCTION
Pancreatic resections have historically been associated with 
significant postoperative mortality and morbidity. Over 
time, postoperative mortality has decreased in most high 
volume centres, ranging from 2 to 5%, while the incidence 
of postoperative complications remains high, ranging from 
30 to 50% [1-9]. Of these complications, postoperative 
pancreatic fistula, bile leak and postpancreatectomy 
haemorrhage represent life-threatening complications 
because they require a relaparotomy in 4 to 20% of cases, 
[10] and postoperative mortality following relaparotomy 
is extremely high, ranging from 13 to 60% [10]. Advances 
in radiological techniques have increased the use of 
interventional radiology (IR) in specialist centres for the 
initial first-line management of these serious postoperative 
complications, thus reducing the need for reoperation [11-
14]. This study reports our experience with IR procedures 
after pancreatic resection for pancreatic and periampullary 
diseases with the purpose of evaluating their usefulness. 

METHODS 

This was a retrospective study involving a prospective 
data base regarding all patients who underwent 
pancreatic resections for pancreatic and periampullary 
diseases from January 2004 to December 2012. Only 
patients with postoperative complications were included. 
Written informed consent was obtained from each 
patient. All patients with complications were analysed 
separately regarding the use of IR procedures, including 
percutaneous drainage of intra-abdominal fluid collections, 
percutaneous transhepatic cholangiography with 
percutaneous transhepatic biliary drainage (PTC/PTBD), 
and angiography with arterial intervention, embolisation 
or stenting. Patients were selected to perform IR in relation 
to the clinical course and to the results of an abdominal CT 
scan. The technical and clinical success of the IR procedures 
as well as reoperation and repetition of the procedure after 
IR were reported. Patients with complications in whom IR 
was performed were compared with patients in whom IR 
was not performed regarding type of pancreatic resection 
(pancreaticoduodenectomy, total pancreatectomy, distal 
pancreatectomy etc.), diagnosis (chronic pancreatitis 
and pancreatic cancer vs. other periampullary diseases), 
postoperative mortality and morbidity according to the 
Clavien-Dindo classification [15], postoperative pancreatic 
fistula (POPF), postpancreatectomy haemorrhage (PPH), 
bile leak (BL), reoperation rate and length of hospital stay 
(LOS). The principal aims of our study were to evaluate the 
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case they were continued. In both the PDs and the TPs, the 
drains placed near a hepaticojejunostomy were removed 
on postoperative day 4 if there was no persistent bilious 
fluid. A diagnosis of PPH was based on clinical aspects 
and haemoglobin concentration; if the haemoglobin level 
dropped to ≥ 3 g/dl, an angio-CT scan or angiography was 
performed. In the presence of persistent POPF, sentinel 
bleeding (haemoglobin level dropped to 2 g/dl) was 
sufficient to indicate an angio-CT scan. 

STATISTICS
Means, standard deviation and frequency were used to 
describe the data. Univariate analyses were carried out 
using the Fisher’s exact test, the Mann-Whitney-U test 
and the Pearson chi square linear by linear association. 
All statistical analyses were carried out by running SPSS 
for Windows (version 13.0) on a personal computer. Two-
tailed P values less than 0.05 were considered statistically 
significant. 

RESULTS
Two hundred and ninety patients underwent pancreatic 
resections for pancreatic and periampullary diseases from 
January 2004 to December 2012. Their demographic, 
surgical, pathologic diagnosis and outcome data are 
summarised in Table 1. One hundred and eighty-two 
(62.8%) patients experienced postoperative complications 
but only 67 (36.8%) had a major complications (grades 3-4-
5). The postoperative mortality rate (grade 5) was 5.5% 
(16 patients). The overall reoperation rate was 9.0% (26 
patients out of 290). The mean length of hospital stay was 
18.3 ± 14.4 days. Interventional radiology procedures were 
performed in 37 out of 290 cases (12.8%). If we consider 
only the 182 complicated patients, the rate of IR, as part 

indications, safety and usefulness of IR procedures in the 
treatment of complications after pancreatic resection for 
pancreatic and periampullary diseases.
Postoperative mortality was defined as the number of 
deaths occurring for any reason within 30 days after surgery 
or before discharge. The postoperative morbidity rate 
included all complications following surgery up to the day 
of discharge; they were classified according to the Clavien-
Dindo classification [15]. A postoperative pancreatic 
fistula was defined as the drainage of any measurable 
volume of fluid with an amylase content greater than 3 
times the serum amylase activity on or after postoperative 
day 3, according to the criteria of the International Study 
Group on Pancreatic Fistula [8]. Post-pancreatectomy 
haemorrhage was defined using the International Study 
Group of Pancreatic Surgery criteria [16]. Bile leak was 
defined by the International Study Group of Liver Surgery 
as fluid with an increased bilirubin concentration in the 
drain or intra-abdominal fluid at least 3 times greater than 
the serum bilirubin concentration measured at the same 
time [17].

Immediate technical success was defined as successful 
aspiration or drain placement at the time of procedure; 
clinical success was defined as occurring when IR 
determined the resolution of the complications without 
other non-radiological treatment or relaparotomy [11]. 
Periampullary diseases included ampullary, duodenal, 
cystic and islet cell tumours. 

Surgical Techniques and Postoperative Course

The pancreaticoduodenectomies (PDs) and total 
pancreatectomies (TPs) were performed using the 
Whipple procedure. In the PDs, the pancreatic remnant 
was always monitored with a pancreaticojejunostomy 
without stenting. The biliary tract was treated with a 
hepaticojejunostomy with stenting if the bile duct was 
small in diameter in both the PDs and the TPs. Drains 
were placed in all patients; the first was placed close 
to the bilio-enteric anastomosis (PD and TP) and the 
second close to the pancreaticoenteric anastomosis (PD). 
The left pancreatectomies (LPs) were performed either 
open or laparoscopically, and the pancreatic remnant 
was always managed with a stapler. A single drain was 
placed in all patients close to the pancreatic remnant. The 
procedures were performed by two experienced surgeons 
who had each done more than 50 pancreatic resections. 
Postoperatively, the amylase fluid and quantitative drain 
output were measured every day from postoperative 
day 3 to day 10 from the drain placed close to the 
pancreatic remnant (LP) or the pancreaticojejunostomy 
(PD). The drain was removed on postoperative day 4 if 
the amylase value in the drainage fluid was normal. An 
abdominal CT scan was performed only when an intra-
abdominal complication was suspected. In all patients 
who underwent PD, somatostatin analogues were 
administered postoperatively from postoperative days 
1-7, except in the presence of a pancreatic leak in which 

Patients with post-operative complications N. (%)

Type of complications-Clavien-Dindo score

1 38 (20.9%)

2 77 (42.3%)

3 28 (15.4%)

4 23 (12.6%)

5 16 (8.8%)

Interventional radiology 37 (20.3%)

Interventional radiology procedures 37

Percutaneous drainage* 28 (75.7%)

PTBD   8 (21.6%)

Embolisation**   3 (8.1%)

Immediate complications   0 (0.0%)

Clinical success 28 (75.7%)

Reoperation rate after interventional radiology   5 (13.5%)

Mortality rate after interventional radiology   6 (16.2%)

Table 1. Post-operative complications (n=182; 62.8%) and interventional 
radiology after pancreatic resection. 

PTBD=percutaneous transhepatic biliary drainage. 
*2 cases plus embolisation; 
**2 cases plus percutaneous drainage of abdominal fluid collection.
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of the treatment, increased from 12.8 to 20.3%. The IR 
procedure most frequently performed was percutaneous 
drainage of the intra-abdominal fluid collection (28 
cases,75.7%, 2 cases were associated with endoscopic 
procedures and 2 cases involved percutaneous drainage 
plus embolisation), followed by percutaneous transhepatic 
biliary drainage (8 cases,21.6%), and embolisation of 
the common hepatic artery (3 cases, 8.1%, 2 cases which 
involved embolisation plus percutaneous drainage of the 
intra-abdominal fluid collection). Computed tomography-
guided percutaneous drainage of the intra-abdominal 
fluid collection was usually performed (25 cases, 89.3%); 
ultrasound-guided percutaneous drainage (3 cases, 
10.7%) was rarely performed. The IR procedures were 
performed 14 ± 6.7 days after surgery, and were performed 
successfully and without immediate complications in all 
cases. In 13 (35.1%) cases, the procedures were repeated 
and the number of procedures for each patient ranged 
from 1 to 3. Clinical success was obtained in 75.7% of cases. 
The reoperation rate after IR procedures was 13.5% (5 
cases); therefore, reoperation was avoided in 32 (86.5%) 
cases. The mortality rate after IR procedures was 16.2% (6 

cases); 4 of these 6 cases (66.7%) involved patients who 
first underwent IR and then a re-laparotomy (Table 1). 

The comparison between the IR group and non-
interventional group is summarised in Table 2. There 
were no statistically significant differences between the 
IR group and the non-interventional group regarding type 
of resection (P=0.671), pathologic diagnosis (P=0.850), 
postoperative mortality (16.2% vs. 6.9%; P=0.100) and 
reoperation rate (13.5% vs. 14.4%; P=0.885). Patients 
with clinically relevant POPF and bile leaks (BLs) (grade 
B and C) were treated significantly more frequently with 
IR than without it (P<0.001 and P=0.009, respectively). 
Patients with early PPH were treated more frequently 
without IR while patients with late PPH were treated 
with IR (P=0.030) as were patients with PPH grade C 
(P=0.029). Patients with grades 3, 4 and 5 of the Clavien-
Dindo classification who had complications were treated 
significantly more frequently with interventional radiology 
procedures (P<0.001). Finally, patients treated with IR 
procedures had a statistically significant longer length of 
hospital stay than those in the non-interventional group 
(37.5 ± 23.4 vs. 18.7 ± 11.7 days; P<0.001).

Characteristics
Total IR NO IR

P
n=182 n= 37 n= 145

Type of resection
 PD 102 (56%) 23 (62.2%) 79 (54.5%)  
 TP  25 (13.7%)  3 (8.1%) 22 (15.2%) 0.671
 LP  44 (24.3%)  9 (24.3%) 35 (24.1%)  
 Other  11 (6%)  2 (5.4%)  9 (6.2%)  
Pathologic diagnosis
 CP or PC 114 (62.6%) 24 (64.9%) 90 (62.1%) 0.85
 Other  68 (37.4%) 13 (35.1%) 55 (37.9%)  
Postoperative mortality 16/182 (8.8%) 6/37 (16.2%) 10/145 (6.9%) 0.1
Clavien-Dindo score
1  38 (20.9%) 0 38 (26.2%)  
2  77 (42.3%) 0 77 (53.1%) <0.001
3  28 (15.4%) 22 (59.5%)  6 (4.1%)  
4  23 (12.6%)  9 (24.3%) 14 (24.3%)  
POPF (except TP)  79 (43.4%)    
Grade A  24 (30.4%) 0  24 (47.1%)  
Grade B  48 (60.8%) 24 (86.6%)  24 (47.1%) <0.001
Grade C  7 (8.9%)  3 (13.4%)  4 ( 5.8%)  
BL (except LP)  22 (15.9%)    
Grade A  13 (59.1%) 0  13 (92.8%)  

Grade B  6 (27.3%)  6 (75.0%) 0 0.009

Grade C  3 (13.6%)  2 (25.0%)  1 (7.2%)  
PPH  72 (39.6%)    
Grade A  8 (11.1%) 0  8 (14.5%)  
Grade B  46 (63.9%) 10 (58.8%)  36 (65.5%) 0.029
Grade C  18 (25.0%)  7 (41.2%)  11 (20.0%)  
PPH
Early  19 (26.4%)  1 (5.9%)  18 (32.7%) 0.03
Late  53 (73.6%) 16 (94.1%)  37 (67.3%)  
Reoperation rate 26/182 (14.3%) 5/37 (13.5%) 21/145 (14.4%) 0.885
Length of hospital stay (mean ± SD; days) 22.5 ± 16.6 37.5 ± 23.4 18.7 ± 11.7 <0.001
IR=Interventional Radiology; PD: Pancreaticoduodenectomy; TP: Total Pancreatectomy; LP:Left Pancreatectomy; CP:Chronic Pancreatitis; PC: Pancreatic 
Cancer; POPF:Postoperative Pancreatic Fistula; BL: Bile Leak; PPH: Postpancreatectomy Haemorrhage

Table 2. Complicated patients after pancreatic resection (n=182): comparison between those who underwent interventional radiology (n=37) and those 
who did not (n=145).
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DISCUSSION
The postoperative mortality rate after pancreatic 
resection has decreased over time in high volume 
centres while the postoperative complication rate has 
remained high [1-9]. The treatment of postoperative 
complications has changed over time in relation to the 
more frequent use of minimally invasive techniques. In 
2003, Sohn et al. [13] first recognised the importance of 
IR procedures for the treatment of complications after a 
pancreaticoduodenectomy and reported the procedures 
most frequently performed (percutaneous drainage 
of intra-abdominal fluid collections, percutaneous 
transhepatic biliary drainage and embolisation) and their 
indications (pancreatic fistula formation, intra-abdominal 
abscesses and bile leak). Subsequently, other authors 
reported the use of IR procedures in the treatment of 
complications after pancreatic resection ranging from 5.2 
to 42.2%, and confirmed the indications and the types of 
interventional procedures previously reported by Sohn 
[11-13, 19-21]. Percutaneous drainage of intra-abdominal 
fluid collections had very high technical and clinical success 
rates ranging from 93.5 to 100% and from 72 to 83.9%, 
respectively [11, 13, 18]. Endovascular interventions were 
also considered safe and feasible, even if they presented 
a complication rate ranging from 14 to 36% [21-23]. 
Nevertheless, Limongelli et al [22] reported a significant 
major complication rate if PPH was treated with surgery 
as opposed to endovascular procedures (36% vs. 70%; 
P=0.05) and, in the meta-analysis conducted by Roulin et 
al. [24] there was a statistically significant difference (47% 
vs. 22%; P=0.02) in favour of interventional radiology 
in terms of mortality after PPH. However, it should be 
pointed out that these studies had small samples as well as 
some biases, including a selection bias (stabilised patients/
angiography, hemodynamically unstable patients/
laparotomy). The clinical success of the endovascular 
interventions ranged from 63 to 100% [21-23] and 
Limongelli et al. [22] reported that complete hemostasis 
was possible in 73% of all endovascular procedures. 

In our experience, interventional radiology procedures 
were performed in approximately one out of five 
complicated patients. They were always performed in 
patients with major complications (grades 3, 4 and 5 of 
the Clavien-Dindo classification). It was pointed out that 
IR was performed in more than fifty per cent of patients 
with major complications (37 out of 67 cases=55.2%). 
The main indications for IR were intra-abdominal fluid 
collection due to POPF grades B and C (27 cases out of 37 
procedures; 73.0%), followed by bile leak grades B and 
C (8 cases=21.6%) and, finally, PPH grades B and C (3 
cases=8.1%). The most frequently performed IR procedure 
was percutaneous CT-guided drainage of intra-abdominal 
fluid collections (27 due to POPF grades B or C, and 1 due 
to a bile leak). The prompt recognition and treatment of 
pancreatic leakage and intra-abdominal fluid collection 
is essential in resolving this most important and frequent 
complication after pancreatic resection. Moreover, it 

is useful for preventing and treating life-threatening 
complications as well as late post-pancreatectomy 
haemorrhage. For this reason, endovascular surgery for 
the treatment of late PPH has rarely been performed. In 
fact, it can be seen that IR procedures were performed 
in 17 patients with PPH B or C while embolisation 
was performed in only 3 patients. In our experience, 
percutaneous drainage of POPF grades B or C was useful in 
treating both POPF and PPH in 14 patients.

Interventional radiology procedures were always 
performed with technical success and without early 
complications, and clinical success was achieved in two 
out of three patients. Thus, IR after pancreatic resection 
was feasible and safe.

Finally, to our knowledge, only two papers have compared 
complicated patients treated with IR and patients in 
whom IR was not performed. Sohn et al. [13] comparing 
patients treated with IR and those (complicated and non-
complicated) in whom IR was not performed, showed that 
patients undergoing IR had a significantly greater incidence 
of postoperative mortality (6.2% vs. 1.7%: P<0.01), 
reoperation rate (15% vs. 2.5%; P=<0.01) and a longer 
median length of stay (15 vs. 10 days). Instead, Baker et 
al. [12] comparing only complicated patients treated or 
not with IR, noted that there was no statistical difference 
in perioperative mortality (P=0304), reoperation rate 
(P=0.245) and length of hospital stay (P=0.76). The present 
study represents the second study in which complicated 
patients treated with IR and complicated patients treated 
without IR were compared. Similarly to Baker et al. [12] 
it showed that there was not a significant increase in 
postoperative mortality and reoperation rate between the 
two groups, even if IR procedures significantly increased 
the length of hospital stay. Moreover, our study showed 
that IR procedures were performed more frequently 
in those patients with a BL, a high grade of POPF or 
PPH, and complication grades of 3 or 4 according to the 
Clavien-Dindo classification. Considering these results, we 
can hypothesise that IR procedures were very useful in 
avoiding reoperation. 

In conclusion, our results suggested that IR procedures 
after pancreatic resection for pancreatic and periampullary 
diseases were feasible, safe and useful, especially for 
patients with postoperative pancreatic fistulas and bile 
leaks in whom reoperation was very often avoided.

They consisted, for the most part, of percutaneous CT-
guided drainage of an intra-abdominal fluid collection 
due to POPF. They provided less invasive treatment 
of the complication preventing other life-threatening 
complications and avoiding reoperation, with the 
associated morbidity and mortality in an elevated 
percentages of cases. Therefore, IR procedures were useful 
in decreasing postoperative mortality after pancreatic 
resections.
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This illustrates the importance of considering an 
interventional abdominal imaging team in the 
postoperative management of these patients an integral 
component of specialist centres for pancreatic surgery.
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