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ABSTRACT 
Context Postoperative enteral nutrition is thought to reduce complications and speed recovery after pancreatic resection. There is 
little evidence on the best route for delivery of enteral nutrition. Currently we use percutaneous transperitoneal jejunostomy or 
percutaneous transperitoneal gastrojejunostomy, or the nasojejunal route to deliver enteral nutrition, according to surgeon preference. 
Objective To compare morbidity, efficiency, and safety of these three routes for enteral nutrition following 
pancreaticoduodenectomy. Patients Data were obtained from a prospectively maintained database, for all patients undergoing 
pancreatic resection between January 2007 and June 2008. One-hundred pancreatic resected patients underwent enteral nutrition: 93 
had Whipple’s operations and 7 had total pancreatectomies. Intervention  Enteral nutrition was delivered by agreed protocol, starting 
within 24 h of operation and increasing over 2-3 days to meet full nutritional requirement. Results Delivery route of enteral nutrition 
was: percutaneous transperitoneal jejunostomy in 25 (25%), percutaneous transperitoneal gastrojejunostomy in 32 (32%) and 
nasojejunal in 43 (43%). The incidence of catheter-related complications was higher in percutaneous techniques: 24% in 
percutaneous transperitoneal jejunostomy and 34% in percutaneous transperitoneal gastrojejunostomy as compared to nasojejunal 
technique (12%). Median time to complete establishment of oral intake was 14, 14 and 10 days in percutaneous transperitoneal 
jejunostomy, percutaneous transperitoneal gastrojejunostomy, and nasojejunal groups, respectively. Nasojejunal tubes were removed 
at median 11 days (mean 11.5 days) compared to 5-6 weeks for percutaneous transperitoneal jejunostomy and percutaneous 
transperitoneal gastrojejunostomy. Commonest catheter-related complication in the percutaneous transperitoneal jejunostomy and 
percutaneous transperitoneal gastrojejunostomy was blockage (n=6; 10.5%), followed by pain after removal of feeding tube at 5-6 
weeks (n=5; 8.8%), whereas in the nasojejunal group it was blockage (n=3; 7.0%), followed by displacement (n=2; 4.7%). Two 
patients died postoperatively in this cohort, however, there were no catheter-related mortalities. Conclusion Enteral nutrition 
following pancreatic resection can be delivered in different ways. Nasojejunal feeding was associated with fewest and less serious 
complications. On current evidence surgeon preference is a reasonable way to decide enteral nutrition but a randomized controlled 
trial is needed to address this issue. 
 
INTRODUCTION 
 
Postoperative nutrition is a well recognised aspect of 
care in recent years and has been shown to reduce the 
incidence of complications and to reduce hospital stay. 
Enteral nutrition has clearly been shown to be superior 
to parenteral nutrition as it is cheaper, safer, more 
physiological and early enteral nutrition has been 

confirmed to reduce postoperative morbidity [1, 2, 3, 
4]. 
Following pancreatic resection, early postoperative 
jejunal nutrition was shown to be safe and positively 
affect outcomes including nutritional status and whole-
body protein kinetics. Furthermore, it was found to 
contribute to a significantly lower incidence of 
pancreatic fistula, resulting in a shorter duration of 
hospitalization compared to patients receiving late 
postoperative enteral nutrition [5, 6]. 
Enteral nutrition is normally administered via a fine 
bore tube placed in the proximal small intestine. In our 
center this is achieved either via the percutaneous route 
(percutaneous transperitoneal jejunal feeding tube or 
percutaneous transgastric jejunal feeding tube) or via a 
nasojejunal feeding tube. 
Several complications have been reported using the 
percutaneous methods [7, 8, 9] and in a recent 
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randomized trial the nasoenteral route has been found 
to be safer in patients after oesophagogastrectomy [10]. 
However, following major pancreatic resection, where 
a good part of the stomach is normally left and long 
segments of small bowel are normally involved in the 
procedure, there is no clear consensus yet, as to the 
most efficacious and safest route for postoperative 
feeding. 
We have retrospectively compared the three methods in 
use in terms of efficiency and safety in a large cohort 
of patients undergoing pancreatic resections. The main 
endpoints were efficacy and complications. 
 
PATIENTS AND METHODS 
 
Data were retrospectively reviewed from a 
prospectively maintained database for all patients 
undergoing pancreatic resection (n=100: 93 Whipple’s 
pancreaticoduodenectomy and 7 total pancreatectomy) 
between January 2007 and June 2008. Clinical records 
were consulted when any clarifications were needed. 
Table 1 shows the patient characteristics and summary 
data, as well as, the distribution of cases by the type of 
feeding tube used. 
Three techniques of feeding tube placement were 
employed: percutaneous jejunostomy feeding tube (PJ); 
percutaneous transgastric jejunal feeding tube (PTGJ); 
and nasojejunal feeding tube (NJ). All three surgeons 
had used more than one technique, the choice was 
based on surgeon’s preference and intraoperative 
judgment. 
The PJ was performed with the needle catheter 
jejunostomy technique as originally described [11] 
using the Freka FCJ 9 Fr tube (Fresenius Kabi, Bad 
Homburg, Germany). PTGJ was performed through the 

anterior gastric wall just before completion of the 
gastrojejunal anastomosis and a nasogastric tube was 
passed into the efferent jejunal loop beyond all 
anastomoses. The extragastric part of the tube was 
buried in the gastric wall with the Witzel technique 
before reaching the anterior abdominal wall [12, 13]. 
Two types of NJ tubes were used. For the first 27 
cases, the Medicina® double lumen nasogastric feeding 
tube without guide wire (Maxter Catheters, Marseille, 
France) was used and for the remaining 16 cases, the 
Corscope® nasojejunal tube (Viasys Medsystems, 
Wheeling, IL, USA) with a guidewire in situ was used. 
The NJ tube was inserted nasally by the anaesthetist to 
reach the stomach and just before completion of the 
gastrojejunal anastomosis; the tube was manipulated 
past the anastomosis to lie well into the jejunum. The 
tube was then securely taped in place around the nose 
by the anaesthetist. Additionally, a nasogastric 
drainage tube was placed in all patients having PJ and 
PTGJ and patients in the NJ group having the 
Corscope® tube. This tube was left on free drainage and 
was removed when less than 500 mL was drained in 24 
hours. 
Normal saline was administered via the feeding tube at 
10 mL/h post operatively. Enteral feeding with 
Nutrison® standard (Nutricia, Trowbridge, United 
Kingdom) to provide 1 kcal/mL was started at 10 
mL/h, 24 hours postoperatively. This was increased 
daily as tolerated by 20 mL to a maximum of 80 mL/h. 
Most patients were allowed to commence oral intake 
when enteral nutrition was in progress; enteral nutrition 
feeding was stopped when patients were able to 
tolerate full oral intake containing solid food. The 
feeding tube was removed in the NJ group at this stage, 

Table 1. Patient characteristics and summary data. 
 Feeding tube P value 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

 

Sex: 
- Males 
- Females 

 
15 (60.0%) 
10 (40.0%) 

 
17 (53.1%) 
15 (46.9%) 

 
23 (53.5%) 
20 (46.5%) 

P=0.845 a 

Median age (range); years 65 (27-81) 68 (50-84) 67 (40-79) P=0.625 b 

Pancreatic resection: 
- Whipple’s pancreaticoduodenectomy 
- Total pancreatectomy 

 
23 (92.0%) 
2 (8.0%) 

 
31 (96.9%) 
1 (3.1%) 

 
39 (90.7%) 
4 (9.3%) 

P=0.569 a 

a Chi-squared test 
b Kruskal-Wallis test 

Table 2. Summary of all complications encountered in 100 patients undergoing pancreatic resection. 
 Feeding tube P value a 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

 

Patients with any complication (n=64) 16 (64.0%) 24 (75.0%) 24 (55.8%) P=0.231 

Total complications (n=118) 30 50 38 - 

Surgical complications b 15 (60.0%) 26 (81.3%) 18 (41.9%) P=0.003 

General complications c 8 (32.0%) 13 (40.6%) 18 (41.9%) P=0.705 

Catheter related complications d 6 (24.0%) 11 (34.4%) 5 (11.6%) P=0.061 
a Chi-squared test 
For the details of complications see subsequent tables: bTable 3; cTable 5; dTable 6 
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whereas in patients with percutaneous (PJ, PTGJ) 
tubes, the feeding catheter was removed in the 
outpatients at 4-6 weeks. 
The primary outcome measure was tube related 
complications defined by any feeding tube related 
event leading to ineffectual feeding or to increase in 
morbidity/patient discomfort. Other information 
collected included patient demographics, type of 
procedure, type of reconstruction, hospital stay, type of 
feeding tube used, nasogastric aspirates, time to return 
of bowel function, time to stop enteral feeding, 
postoperative surgical and general complications. 
 
ETHICS 
 
All patients gave voluntary written informed consent 
for their data to be analysed in the study. The consent 
obtained was routinely incorporated in the standard 
consent form completed at the time of preoperative 
discussion with the patient. The study was conducted in 
accordance with “Guidelines on Good Clinical 
Practice” and the principles of the Declaration of 
Helsinki following approval of the Institutional Review 
Board. 
 
STATISTICS 
 
Measures of central tendency for continuous variables 
were compared using the Kruskal-Wallis test and 

categorical data were compared using the chi-squared 
test. Statistical analysis was performed using the 
Statistical Package for the Social Sciences (SPSS v. 
15.0) and MedCalc v9.3.9. Statistical significance was 
defined at the two-tailed 95% level. 
 
RESULTS 
 
A total of 118 complications were encountered in 64 
patients (64.0%) (Table 2). In the PJ group, 16 of 25 
patients (64.0%) had 30 complications. In the PTGJ 
group, 24 of 32 patients (75.0%) developed 50 
complications. In the NJ group, 24 of 43 patients 
(55.8%) developed 38 complications (P=0.231). The 
frequency of surgical complications was significantly 
different (P=0.003) among the three different feeding 
tubes. Table 3 summarizes the postoperative surgical 
complications in the three tube categories. Biliary 
leak/stricture was significantly higher (P=0.006) in 
patients with the PTGJ tube. We would be cautious in 
our conclusion of significantly higher overall surgical 
complications and biliary complications/strictures in 
the PTGJ group. All 3 surgeons have been involved in 
this group and hence it is difficult to put it to surgeon 
or technical related complications and we find that the 
small number, although significant is difficult to justify 
firm conclusions. However, this could be addressed by 
randomization in a prospective trial. Altogether 7 

Table 3. Summary of postoperative surgical complications in the 3 tube categories. 
 Feeding tube P value a 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

 

Intra-abdominal collection 5 (20.0%) 6 (18.8%) 6 (14.0%) 0.774 

Re-operation 1 (4.0%) 5 (15.6%) 1 (2.3%) 0.066 

Fistula 1 (4.0%) 1 (3.1%) 0 0.451 

Delayed gastric emptying 3 (12.0%) 3 (9.4%) 5 (11.6%) 0.937 

Haemorrhage 2 (8.0%) 1 (3.1%) 2 (4.7%) 0.697 

Biliary leak/stricture 0 6 (18.8%) 1 (2.3%) 0.006 

Portal vein thrombosis and small bowel infarction 0 1 (3.1%) 0 0.342 

Chyle leak 2 (8.0%) 1 (3.1%) 1 (2.3%) 0.492 

Wound infection 1 (4.0%) 1 (3.1%) 1 (2.3%) 0.926 

Small bowel obstruction 0 1 (3.1%) 1 (2.3%) 0.691 

TOTAL 15 (60.0%) 26 (81.3%) 18 (41.9%) 0.003 
a Chi-squared test 

Table 4. Reasons for re-laparotomy (n=7) and deaths (n=2) in the 3 tube categories. 
Re-operations Feeding tube 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

Small bowel obstruction due to kink - 1 - 

Perforation due to adhesion obstruction - - 1 (Death) 

Ischaemia due to portal vein thrombosis - 1 - 

Biliary leak – washout - 1 - 

Biliary leak – re-do anastomosis - 1 (Death) - 

Massive diverticular haemorrhage 1 - - 

Massive mesenteric artery bleed - 1 - 

TOTAL 1 (4.0%) 5 (15.6%) 1 (2.3%) 
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patients underwent re-laparotomy. One patient in each 
of the PJ and the NJ groups (4.0% and 2.3%, 
respectively) and 5 in the PTGJ group (15.6%) required 
re-operation. No re-operation was for a catheter or 
feeding related problem (Table 4). 
Two patients died (Tables 4 and 5): one in PTGJ group 
for biliary peritonitis followed by ventilatory failure, 
and one in the NJ group for multiple operations for 
fulminant intra-abdominal sepsis following perforation 
of obstructed small bowel from pelvic adhesions 
following previous surgery. No deaths were catheter 
related. 
Nine patients (20.9%) in the NJ feeding group 
developed chest infection, as against 3 (12.0%) in PJ 
and 5 (15.6%) in the PTGJ groups (P=0.620) (Table 5). 
Six patients (24.0%) in the PJ group had catheter-
related complications, 11 (34.4%) in the PTGJ group 
and 5 patients (11.6%) in NJ group (P=0.061) (Table 
6). Only 1 patient had a blocked NJ tube when the 
Corscope® NJ tube was used, whereas in the patients 
who had Medicina® double-lumen NJ tube, the tube 
fell out early in 2 patients and was blocked in 2 other 
patients. Pain or/and peritonitis after removal was 
significantly higher in the PTGJ group (P=0.047). The 
key here is whether there is more pain or more 
peritonitis as clearly pain alone would be a point for 
patient concern but peritonitis could lead to further 

investigations/microbiological morbidity or even re-
laparotomy. It is prudent to note that while the result 
was significant it did not lead to a significant rate of re-
laparotomy (P=0.066; Table 3) between groups 
although this could be a concern. 
The median duration of enteral feeding was 11 days 
(range: 5-51 days) in the PJ group, 10 days (range: 1-
30 days) in the PTGJ group and 8 days (range: 0-12 
days) in the NJ group (Table 7). The median hospital 
stay was similar in the three groups (P=0.303). Median 
time to resumption of normal diet was shortest in the 
NJ group at 10 days (range: 5-39 days), whereas it was 
14 days respectively in the PJ (range: 6-53 days) and 
PTGJ (range: 7-37 days) groups (P=0.018). 
 
DISCUSSION 
 
Malnutrition is a significant problem in patients 
undergoing major gastrointestinal surgery. Patients 
subjected to pancreatic resection are at higher risk of 
multiple surgical and systemic complications as a result 
of the magnitude of operation and these problems are 
compounded in the presence of malnutrition. In several 
randomized trials and meta-analyses, postoperative 
enteral feeding has been shown to be safer than 
parenteral nutrition and associated with significantly 
lower postoperative morbidity [1, 2, 3, 4, 14]. 
Therefore, nutritional provision has become a vital part 

Table 5. Summary of general complications in the 3 tube categories. 
 Feeding tube P value a 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

 

Chest infection 3 (12.0%) 5 (15.6%) 9 (20.9%) 0.620 

Urinary tract infection 0 0 2 (4.7%) 0.259 

Central venous catheter line sepsis 1 (4.0%) 0 1 (2.3%) 0.553 

Other 2 (8.0%) 
Radial artery aneurism; 

arm abscess 

2 (6.3%) 
Haematuria; 

acute renal failure 

1 (2.3%) 
Haematoma from arterial 

blood gas site 

0.542 

Clostridium difficile colitis 2 (8.0%) 2 (6.3%) 3 (7.0%) 0.967 

Deep venous thrombosis or myocardial infarction 0 3 (9.4%) 1 (2.3%) 0.152 

Death 0 1 (3.1%) 
Pneumonia 

1 (2.3%) 
Meningitis 

0.691 

TOTAL 8 (32.0% 13 (40.6%) 18 (41.9%) 0.705 
ARF: acute renal failure 
a Chi-squared test 

Table 6. Summary of catheter related complications in the 3 tube categories. 
 Feeding tube P value a 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

 

Tube fall out 1 (4.0%) 1 (3.1%) 2 (4.7%) 0.946 

Blockage 3 (12.0%) 3 (9.4%) 3 (7.0%) 0.781 

Jejunal emphysema with leakage around tube 1 (4.0%) 0 0 0.220 

Pain or/and peritonitis after removal 1 (4.0%) 4 (12.5%) 0 0.047 

Pain around feeding tube 0 1 (3.1%) 0 0.342 

Intra-abdominal collection at site of feeding tube 0 1 (3.1%) 0 0.342 

GI bleeding 0 1 (3.1%) 0 0.342 

TOTAL 6 (24.0%) 11 (34.4%) 5 (11.6%) 0.061 
a Chi-squared test 
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of conventional postoperative care and is a standard 
practice in many centers following major abdominal 
resections. Different routes have been used but the 
safest and most effective route for feeding is still 
unclear and the choice remains based on the surgeon’s 
familiarity with a specific technique. Percutaneous 
feeding jejunostomy is the most commonly used route; 
however, several complications related to this 
technique have been reported [7, 8, 9, 15, 16, 17]. As 
the main aim of enteral feeding is to reduce 
postoperative morbidity, it is inexpedient to have 
additional complications as a result of this procedure. 
Herein we present a series of 100 consecutive major 
pancreatic resections where, three different routes were 
used. In our study, catheter related complications were 
frequently associated with the percutaneous techniques. 
These consisted of leakage and pain at the tube site at 
the time of removal of catheter 5-6 weeks 
postoperatively, requiring hospitalization for short 
periods. These episodes of pain were presumed to be 
related to leakage of small volumes of luminal content. 
Among the major complications of PJ reported in the 
literature are small bowel perforations, volvulus with 
infarction, bowel necrosis and pneumatosis intestinalis 
requiring re-operation and occasionally death as a 
result [9, 17, 18]. The NJ group had the lowest 
incidence of catheter-related complications with 
blockage and displacement being the most common. 
However, following a change in the purchase policy by 
the hospital, a different type of NJ feeding tube 
(Corscope® NJ tube) was used for 16 patients after 
November 2007. Surprisingly, only one patient, who 
had delayed gastric emptying requiring prolonged 
enteral feeding, had a blockage of catheter after 15 
days of feeding and necessitated replacement. 
A recent randomized trial comparing nasojejunal 
feeding and percutaneous jejunal feeding in 
oesophageal surgery reported 30% complication rate in 
the NJ group, tube dislocation being the most common 
[10]. In our study, it was possible to reduce the 
incidence of displacement and blockage of nasojejunal 
tubes by using a tube with a wider diameter enabling 
more secure fixation at the nostrils. Patient discomfort 
was not recorded in this study, but none of the patients 
reported any problems with having a tube in the nose 
for feeding purposes. 
There was no significant difference in the duration of 
enteral feeding in the 3 groups; the majority of patients 

were able to tolerate full enteral feed by the 4th/5th 
postoperative day. None of our patients required re-
operation as a result of feeding tube complications. 
Notably, the incidence of chest infections was 
marginally higher in patients having NJ feeding (21%), 
which may reflect interference with the cough 
mechanism by the presence of two tubes in the 
pharynx. However, this did not result in adverse effect 
on gut function or hospital stay of these patients. 
In addition to being safer than percutaneous feeding 
techniques, NJ when compared to the PJ technique has 
the additional advantage of not risking damage to 
jejunum particularly as the jejunum is utilized for 
multiple anastomoses in pancreatic surgery. In our 
study, we observed a small, albeit non significant, 
difference in that patients who had NJ tube feeding 
took shorter time to full establishment of enteral 
nutrition and oral intake. They also required a 
significantly shorter duration of tube feeding. It is 
probable that the maneuvers of handling, puncturing 
and anchoring the jejunum to abdominal wall cause a 
degree of trauma in patients undergoing percutaneous 
techniques. 
This study is limited by the non-random allocation of 
patients to the different feeding tube techniques. 
Although there appeared to be an obvious clinical 
difference in tube related complications, this did not 
achieve statistical significance (P=0.061). The PJ and 
PTGJ tubes were left in place for longer than NJ tubes 
(as policy) no significant differences were observed 
between the groups in time to establish enteral feeding 
or oral intake, as well as in hospital stay, while 
duration of feeding was significantly shorter in NJ 
patients. Further, the choice of method was surgeon 
related, introducing a possible source of bias, so 
differences in complication rates and in time to 
establish oral feeding or stop enteral nutrition should 
be viewed with caution. Our data do however provide 
sufficient information to enable calculation of an 
appropriate sample size for a randomized trial to 
compare NJ with percutaneous routes of 
administration. 
 
CONCLUSION 
 
NJ feeding is equally efficacious in comparison to 
percutaneous feeding in delivering enteral nutrition to 
patients undergoing major gastrointestinal surgery. In 
our study it is safer than percutaneous techniques and is 

Table 7. Catheter efficiency and hospital stay for the 3 tube categories. Data are median values and ranges (in parenthesis) in days. 
 Feeding tube P value a 
 Percutaneous 

jejunostomy 
(n=25) 

Percutaneous 
transgastric jejunal 

(n=32) 

Nasojejunal 
 

(n=43) 

 

Time to full establishment of enteral nutrition 5 (3-6) 6 (3-6) 4 (3-5) 0.402 

Time to full establishment of oral intake 14 (6-53) 14 (7-37) 10 (5-39) 0.053 

Duration of tube feeding 11 (5-51) 10 (1-30) 8 (0-12) 0.006 

Removal of feeding tube b 35 (28-51) 35 (28-45) 11 (5-26) <0.001 

Hospital stay 16 (10-55) 17 (8-64) 15 (8-60) 0.353 
a Kruskal-Wallis test 
b Where there was concern that the accuracy of the removal day was incorrect we have not included that data. Therefore, we had firm data on tube 
removal in 57 patients. (percutaneous jejunostomy: n=11; percutaneous transgastric jejunal: n=16; nasojejunal: n=30). 
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associated with only minor complications. However, a 
randomized controlled trial is needed to establish the 
best feeding method in pancreatic surgery patients. 
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