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Is primary total pancreatectomy in patients with high-
risk pancreatic remnant justified and preferable to 
pancreaticoduodenectomy? —a matched-pairs analysis of 200 
patients
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Background: Total pancreatectomy (TP) eliminates the risk of postoperative pancreatic fistula 
(POPF) and its associated secondary complications. Hence, it may theoretically offer advantages over 
pancreaticoduodenectomy (PD) regarding early postoperative outcome of patients with high-risk pancreatic 
remnant.
Methods: Ninety-day mortality and morbidity of 100 TP vs. 100 PD for pancreatic head lesions were 
retrospectively compared. Groups were matched for pancreatic texture, pancreatic duct size, final histology, 
age, gender and surgeon. Only patients at high risk for POPF due to soft pancreatic texture and small 
pancreatic duct <3 mm were included.
Results: Preoperatively, the TP-group was characterized by poorer general condition, more comorbidities 
and more pronounced obesity than the PD-group. Postoperatively, overall morbidity was lower after TP 
(63% vs. 88%, P<0.001) due to less mild complications. Postpancreatectomy hemorrhage rate was lower 
after TP than after PD (2% vs. 12%, P=0.014). Duration of surgery, hospital stay, major morbidity (30%) 
and mortality (7% vs. 5%) were the same. POPF was the most common complication after PD with 32%. 
Emergency completion pancreatectomy was necessary in 10% of PD with a significantly higher mortality 
compared to elective TP (50% vs. 7%, P=0.001).
Conclusions: TP may reduce severe POPF-associated complications and prevent mortality related to 
emergency completion pancreatectomy in some elderly, obese and polymorbid patients with high-risk 
pancreatic remnant. Careful individual selection by an experienced pancreatic surgeon is mandatory. 
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Introduction

Reconstruction after pancreaticoduodenectomy (PD) in 
the presence of soft pancreatic remnant and small-sized 
pancreatic duct is a challenge even to the experienced 
pancreatic surgeon. These features are recognized as major 
risk factors for postoperative pancreatic fistula (POPF), 
which itself remains the most relevant source of morbidity 
after PD (1,2). Rates of clinically relevant POPF are well 
above 20% at high-volume centers, reaching even 40% in 
the subgroup of patients with high-risk pancreatic remnant 
(3-5). POPF has the potential to cause life-threatening 
secondary complications such as postpancreatectomy 
hemorrhage (PPH), intraabdominal abscess, and sepsis, 
leading to increased costs, prolonged hospital stay as well as 
to delayed chemotherapy in oncologic patients (2,6).

As early as the 1950s of the 20th century the pioneers 
of pancreatic surgery hoped that total pancreatectomy 
(TP) may offer advantages over PD not only in terms of 
oncologic radicality but also by means of reducing mortality 
and morbidity (7-10). Despite promising short-term results 
and continuous reduction of mortality rates, TP was widely 
abandoned as a treatment option in the next decades 
because of its devastating long-term effects including brittle 
diabetes and total exocrine pancreatic insufficiency, which 
were difficult to manage in those days. At the same time 
advances in surgical technique and intensive care turned 
PD into a safe and standardized procedure with acceptably 
low mortality. However, neither advances in medical 
knowledge nor centralization of care had any success in 
reducing short-term major morbidity after PD, mainly 
due to constant or even increasing rates of POPF (1,4). 
Driven by the tremendous progress of insulin treatment 
and enzyme replacement as well as the evolution of surgical 
technique and benefits of centralization, the debate on the 
role of primary TP at the time of surgery for pancreatic 
head lesions has recently reawakened (11-14). The selective 
use of such “prophylactic” TP is of particular interest for 
the population of patients at a very high risk for severe 
POPF due to soft pancreatic texture and tiny pancreatic 
duct. Theoretically, mortality and major morbidity related 
to complications at the pancreatic remnant in the early 
postoperative period may be reduced by TP (12,14).

The present  s tudy  a imed to  assess  i f  pr imary 
“prophylactic” TP offered any advantages regarding early 
postoperative outcomes compared to conventional PD in 
a selected population of patients with high-risk pancreatic 
remnant. 

The following article is presented in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-670).

Methods

Patients

This retrospective matched-pairs study was approved by 
the Ethics Committee of the Ruhr University Bochum (No. 
17-6321) and conducted in accordance with the Helsinki 
Declaration as revised in 2013. Informed consent for 
surgery as well as for data collection and analysis was given 
by all patients. 

Between January 2009 and December 2018, all patients 
who underwent primary elective TP for high-risk pancreatic 
remnant were retrospectively compared to a carefully 
matched same-sized group of patients who underwent 
PD. All included patients were characterized by a very soft 
pancreatic remnant and had a pancreatic duct smaller than 
3 mm. Pancreatic hardness was assessed by the surgeon and 
quantitatively confirmed by a Shore durometer, with values 
under 40 SU indicating soft tissue (15). Pancreatic duct 
size was measured with a ruler at surgery and confirmed 
at final pathology. Patient history, clinical, pathological, 
radiological data and outcomes were prospectively recorded 
in the pancreas center data bank. 

Surgical technique and perioperative management

All procedures were performed by four experienced 
pancreatic surgeons (>50 pancreatic operations per 
year) according to a standardized surgical technique: 
Reconstruction after PD included an end-to-side, duct-to-
mucosa, double-layer pancreaticojejunostomy (PJ) using 
interrupted polydioxanone (PDS) 5-0 suture for the outer 
layer and interrupted polypropylene 5-0 suture for the inner 
layer. Neither sealants, nor stents were applied at the PJ. 
A single-layer end-to-side hepaticojejunostomy (HJ) using 
interrupted PDS 5-0 suture was performed. In patients with 
thin-walled and tiny hepatic ducts, PDS 6-0 was used and 
the HJ was splinted using an externally diverted T-tube at 
discretion of the surgeon. Antecolic duodenojejunostomy 
was performed 50 cm distal to HJ in a double-layer 
continuous PDS 5-0 suture technique. In patients without 
pylorus preservation a Braun enteroenterostomy was 
added to gastrojejunostomy. All patients received two 
intraabdominal soft silicone drains placed in the vicinity of 
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the HJ and PJ, derived separately through the skin of the 
right and left middle abdomen. Perioperative octreotide 
was routinely administered. In TP the spleen was removed 
on discretion of the surgeon and except for the omitted PJ, 
reconstruction was the same as in PD. Patients with PD 
were monitored on the ICU over night and brought back to 
the peripheral ward the day after surgery. As a rule, patients 
with TP were monitored for 2–3 days on the ICU to allow 
better control of glucose levels and electrolytes in the early 
postoperative period.

Postoperative outcome

Delayed gastric emptying (DGE), POPF, PPH, bile 
and chyle leaks were defined according to the consensus 
definitions by the International Study Group on Pancreatic 
Surgery (16-20). Complications were classified according 
to the criteria of Clavien and Dindo, whereas grade III or 
greater were regarded as major complications (21). As the 
study focused on short-term surgical outcomes all events 
including mortality occurring within 90 days postoperatively 
or during the hospital stay, if longer, were considered for 
the assessment of results. Complete and detailed clinical 
and pathological reports were available for all patients. 

Statistical analysis

Continuous variables are expressed as median (i.q.r.) and 
categorical variables are presented as absolute numbers 
and percentages. An independent samples two-tailed t-test 
(for normally distributed data) and Mann-Whitney U-test 
(for abnormally distributed data) were used to compare 
continuous variables between the study groups. The chi-
squared test was used for categorical variables. Events were 
considered statistically significant if P<0.05. The analysis 
was performed with SPSS software release 22.0 (SPSS Inc., 
Chicago, Ill., USA).

Results

Patients

A total of 414 TP were performed at our institution during 
the study period of 10 years. One hundred of these patients 
underwent TP mainly because the pancreatic remnant was 
found technically unsuitable for a safe anastomosis due to 
soft and friable pancreatic texture combined with small-
sized pancreatic duct. The risk for postoperative life-

threatening complications related to a risky pancreatic 
anastomosis was intraoperatively rated as unacceptably 
high by the surgeon and a TP instead of PD was performed 
at the time of index surgery. Other factors such as poor 
remnant perfusion, positive resection margin, acute post-
endoscopic retrograde cholangiopancreatography (ERCP) 
pancreatitis of the remnant at the time of surgery, pre-
existent insulin dependent diabetes mellitus or technical 
problems during creation of the pancreatic anastomosis may 
have played an additional role to favour the intraoperative 
choice of TP over PD. These 100 TP were compared to 
a control group of 100 PD, which were selected from 777 
PD performed during the study period, after careful 1:1 
matching for final histology (benign vs. malignant), gender, 
age, surgical team, pancreatic texture and size of the main 
pancreatic duct.

Characteristics of patients

Patients in the TP group were in a poorer health condition 
and sicker than those with PD: in the TP group 39% were 
classified as the American Society of Anesthesiologists (ASA) 
III–IV compared to 22% of PD (P=0.003), mainly due to a 
higher rate of accompanying cardiovascular disease. Patients 
with TP were more obese, resulting in statistically higher 
calculated fistula risk scores compared to PD (Table 1).

Surgical outcomes

Duration of surgery and estimated blood loss didn’t 
significantly differ between TP and PD (Table 2). ICU 
stay was longer after TP due to the standard protocol of 
postoperative management as already mentioned in the 
methods section. The total postoperative hospital stay 
after TP was not longer than after PD. Mortality and 
major morbidity rates after TP and PD were the same. 
Significantly more patients had an uneventful postoperative 
course after TP than after PD. Overall morbidity was less 
after TP due to a significantly lower incidence of minor 
postoperative complications (35% vs. 58%, P<0.001). 
Clinically relevant POPF occurred in 32% after PD. 
PPH was significantly less frequent after TP (2% vs. 12%, 
P=0.014). The reason for bleeding in 10 of 12 PPH was 
arterial vessel erosion due to POPF grade C: affected 
vessels were the gastroduodenal artery (n=2), the right 
hepatic artery (n=2), the splenic artery (n=2), the common 
hepatic artery (n=1), the celiac trunk (n=1), the superior 
mesenteric artery (n=1), and the left gastric artery (n=1). 
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Table 1 Patient characteristics 

Characteristics TP (n=100) PD (n=100) P value

Age (years)* 68 [58–75] 68 [58–75] Matched

Gender (male:female) 53:47 53:47 Matched

Soft pancreatic texture 100 100 Matched

Durometric hardness (SU)* 25 [15–30] 25 [15–30] Matched

Pancreatic duct size (mm)* 2 [1–3] 2 [1–3] Matched

Pathology (benign:malignant) 33:67 33:67 Matched

PDAC 31 26

Papillary carcinoma 15 17

Bile duct carcinoma 14 16

Duodenal carcinoma 7 8

PNEN 10 8

Benign cystic neoplasms** 23 25

Common bile duct size (mm)* 7 [5–11] 7 [4–10] 0.292

ASA class 0.003

ASA I 0 4

ASA II 61 74

ASA III 36 21

ASA IV 3 1

BMI* (kg/m2) 28 [25–30] 24 [21–28] <0.001

a-FRS (%)* 28 [23–33] 22 [17–27] <0.001

Diabetes 27 22 0.939

Exocrine insufficiency 20 17 0.255

Nicotine abuse 19 25 0.394

Alcohol abuse 8 4 0.217

Any comorbidities 86 64 <0.001

Cardiovascular disease 75 49 <0.001

Pulmonary disease 18 17 0.853

Renal insufficiency 6 4 0.479

Past surgical history 71 62 0.146

Preoperative biliary stent 39 36 0.661

Reconstruction (pp:classic) 88:12 92:8 0.346

Splenectomy 76 n.a. –

*, median and interquartile ranges represented if not otherwise specified; **, intraductal papillary mucinous neoplasm (IPMN), mucinous 
cystic neoplasm (MCN), serous cystic neoplasm (SCN) and solid pseudopapillary neoplasm (SPN). TP, total pancreatectomy; PD, 
pancreaticoduodenectomy; SU, Shore units; PDAC, pancreatic ductal adenocarcinoma; PNEN, pancreatic neuroendocrine neoplasm; 
ASA, American Society of Anesthesiologists; BMI, body mass index; a-FRS, alternative Fistula Risk Score calculated online according to 
the formula of Mungroop et al. (22); pp, pylorus preserving; n.a., not applicable.
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Table 2 Perioperative outcomes

Outcomes TP (n=100) PD (n=100) P value

Duration of surgery (min)* 370 [315–426] 350 [295–402] 0.156

Estimated blood loss (mL)* 375 [300–450] 390 [300–475] 0.202

ICU stay (days)* 2 [2–4] 1 [1–3] <0.001

Hospital stay (days)* 22 [18–30] 22 [16–28] 0.201

Complications (CDC) <0.001

0 37 12

1 23 27

2 12 31

3a 8 10

3b 8 13

4 5 2

5 (mortality) 7 5 0.552

Major complications (3a-5) 30 30 0.447

CR-POPF n.a. 32 –

Grade B n.a. 21

Grade C n.a. 11

PPH 2 12 0.014

DGE 12 22 0.060

Chyle leak 8 14 0.176

Bile leak 9 11 0.638

Wound infection 18 9 0.063

Intraabdominal abscess 4 3 0.701

Patients with reoperations 13 16 0.547

Readmission 4 11 0.061

*, median and interquartile ranges represented if not otherwise specified. ICU, intensive care unit; CDC, Clavien-Dindo classification; CR-
POPF, clinically relevant postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage; DGE, delayed gastric emptying; n.a., not 
applicable.

Two patients suffered PPH after TP and none of them was 
caused by a POPF: the first one had erosion bleeding of the 
right hepatic artery due to a bile leak and the second patient 
suffered a spleen hemorrhage after a spleen preserving 
TP. Both patients underwent emergency reoperations and 
recovered well.

Reoperations

Emergency revisional surgery was necessary in 13 patients 

after TP and 16 patients after PD (Table 3). Reoperations 
after PD were significantly more often associated with 
multiple revisional procedures (P=0.031). The most 
common indication for reoperation in the TP group 
was leakage of the HJ. The spectrum of indications 
for reoperations after PD was dominated by severe 
complications related to the pancreatic remnant. Eleven of 
16 patients developed a severe leak at the PJ accompanied 
by an acute necrotizing postoperative pancreatitis of 
the pancreatic remnant in 6 cases and arterial erosion 
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Table 3 Detailed comparison of emergency reoperations after TP and PD

Variables TP PD P value

Patients with reoperations 13 (13%) 16 (16%) 0.689

Age (years)* 75 [74–76] 60 [53–77] 0.086

Gender (m:f) 8:5 9:7 1.000

Total number of reoperations 17 26

Indication for reoperation** –

PJ leak/pancreatic necrosis n.a. 11

PPH 2 10

HJ leak 5 3

GE leak 2 0

Burst abdomen 4 3

Persistent lymphocele 0 1

Thrombosis of hepatic artery 1 0

Completion pancreatectomy n.a. 10

Postoperative day of reoperation* 10 [6–12] 13 [6–22] 0.218

Mortality after reoperation 2/13 (15%) 5/16 (31%) 0.410

ICU stay (days)* 6 [3–26] 6 [4–17] 0.566

Postoperative stay (days)* 38 [22–69] 32 [17–44] 0.392

*, median and interquartile ranges represented if not otherwise specified; **, multiple complications per patient possible, i.e., anastomotic 
leak and PPH. TP, total pancreatectomy; PD, pancreaticoduodenectomy; PJ, pancreaticojejunostomy; PPH, postpancreatectomy 
hemorrhage; HJ, hepaticojejunostomy; GE, gastroenterostomy; ICU, intensive care unit; n.a., not applicable.

hemorrhage in 10 patients. Respectively, the most common 
emergent surgical procedure at reoperation in the PD 
group was the rescue completion pancreatectomy. Both 
ICU and total postoperative hospital stay were significantly 
longer for the subgroups of reoperated patients after TP 
and PD compared to the median values of the entire cohort 
of patients (P<0.001). The hospital stay and ICU stay of 
reoperated patients was comparable between the TP and 
PD groups.

Mortality

All lethal cases after PD occurred after emergency 
completion pancreatectomy for complications of the 
pancreatic remnant. Mortality after emergency completion 
pancreatectomy was significantly higher than mortality 
after elective prophylactic TP [50% (5/10) vs. 7% (7/100), 
P=0.001].

Mortality in the TP group had a different spectrum 

of sources. Only 2 of 7 lethal outcomes were associated 
with relevant surgical complications: one male underwent 
reoperation for early HJ leakage with peritonitis, followed 
by severe pneumonia and pulmonary embolism, and the 
second patient, an extremely obese female, underwent 
resection of the hepatic artery and reconstruction by a 
splenohepatic switch, but suffered an early and complete 
thrombosis of the artery and died of acute liver and 
multiorgan failure (MOF). The rest 5 deceased patients 
in the TP group died of pneumonia and progressive 
respiratory failure, accompanied by MOF in the terminal 
phase. All deceased patients in both groups underwent 
surgery for malignant disease and suffered one or more 
serious comorbidities: all 7 patients in the TP group had 
advanced COPD, and all 5 patients in the PD group 
had advanced cardiovascular disease. The median age of 
deceased patients was higher than the median of all 200 
patients (74.5 vs. 68 years, P=0.052). Median age and body 
mass index (BMI) of deceased patients after PD and TP 
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didn’t differ: 76 vs. 73 years, P=0.418 and 28 kg/m2 vs.  
26 kg/m2, P=0.904.

Discussion

Despite major developments in surgical technique and 
perioperative management, rates of POPF and PPH remain 
a constant and unsolved problem after PD and represent 
the most relevant triggers of mortality (1-5). After its 
introduction in 1942 by Rockey, TP was advocated by some 
pioneers of pancreatic surgery as prophylaxis of POPF and 
its associated morbidity and mortality, but abandoned later 
due to the lack of oncologic benefit and the detrimental 
effects of apancreatic state (7-10). Nowadays, elective TP 
is an established treatment option for large malignant 
tumors of the pancreas, chronic pancreatitis or multifocal 
intraductal papillary mucinous neoplasm (IPMN) and it has 
been increasingly performed at some high-volume pancreas 
centers (13,23-25). Recent studies have repeatedly reported 
of comparable rates of morbidity and mortality for elective 
TP and PD (25-28). With the ascent of modern therapy 
of diabetes and improved enzymatic formulations even the 
long-term consequences of TP seem to be under control. 
Already in 2007, Müller et al. reported of comparable global 
health status 2 years after TP and PD (26). Other authors 
found similar outcomes, survival and quality of life after 
TP and PD (11,29). In the systematic review of Scholten 
et al., quality of life after TP was only moderately reduced 
and there was no diabetes related mortality in the studies 
published after 2005 (30). Respectively, several authors 
revived the discussion about the feasibility of elective 
primary TP in selected patients with high-risk pancreas 
in order to prevent severe POPF and PPH (11-14,26). 
Notably, Balzano et al. defined exactly the same profile of 
patients who may benefit from prophylactic TP as in our 
own series: elderly and obese patients in a poor general 
condition with a high-risk pancreas (12). Del Chiaro et al. 
confirmed that TP is still no equal alternative to PD, but 
may be considered an “adequate alternative technique” 
in selected high-risk patients (14). In an earlier report by 
our group, Janot et al. defined technical problems with the 
construction of PJ in high-risk pancreatic remnant as one of 
four typical indications for elective TP (13).

The present study revealed that some selected patients 
with soft pancreas and small-sized pancreatic duct may 
really benefit from primary “prophylactic” TP instead of 
performing PD. Soft pancreatic texture and small pancreatic 
duct are recognized as the most important risk factors for 

the development of POPF and are essential components of 
all current fistula risk scores (15,22). This fact explains the 
high rate of clinically relevant POPF in the PD group of our 
study, which included intentionally only selected patients at 
a substantially increased risk for fistula development, proved 
by the calculated alternative Fistula Risk Score (a-FRS). Our 
data also confirmed literature data that obesity corresponds 
to the presence of a risky pancreatic remnant and to a 
higher fistula risk score (15,22,31). Interestingly, BMI and 
ASA score were significantly higher and cardiovascular 
disease was more often in the TP group. Recently, we 
showed that exactly these three items represent relevant 
risk factors for POPF grade C associated with mortality risk 
of up to 40% (31). Since TP and PD patients were strictly 
matched for all other basic parameters such as diagnosis, 
gender, age, surgical team and anatomic characteristics of 
the pancreatic remnant, it seems that perception of obesity 
and poor general condition may have biased surgeon’s 
decision to perform TP rather than PD. This assumption 
is supported by the significantly higher a-FRS in the TP 
group. On the other hand, our subjective belief that the 
preoperative presence of insulin dependent diabetes affected 
surgeon’s readiness to favor TP was not supported by the 
current data: patients with TP and PD had similar rates 
of endocrine and exocrine pancreatic insufficiency before 
surgery.

Our results differ from other studies reporting longer 
operative times and increased blood loss with TP compared 
to PD (26-28). This may be explained by the selection 
of only high-risk patients, associated with demanding 
PJ, which construction may sometimes be more time-
consuming than performing completion pancreatectomy 
itself.

TP and PD resulted in similar rates of mortality and 
major morbidity; however, there was a higher rate of overall 
complications after PD due to the higher incidence of 
mild complications. This fact is surprising having in mind 
that PD patients were in a better physical condition, had 
less cardiovascular comorbidities and suffered less obesity. 
However, it is still remarkable, that in that group of old and 
sick patients TP was more frequently associated with an 
uncomplicated postoperative course. 

POPF was the most common complication after PD and 
was naturally absent after TP. This may partially explain 
the trend towards higher DGE rate after PD, since local 
inflammation due to POPF is an established risk factor for 
DGE (16). On the other hand, impaired wound healing 
was more often after TP, which may be explained by more 



625Gland Surgery, Vol 10, No 2 February 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(2):618-628 | http://dx.doi.org/10.21037/gs-20-670

pronounced obesity, hydrocortisone administration in 
the early postoperative course and development of acute 
diabetes type 3c.

An important finding of the study refers to the rates of 
POPF and PPH. As expected, TP eliminated the risk of 
POPF and postoperative acute pancreatitis completely. 
Eleven patients developed POPF grade C after PD, leading 
to a significantly higher rate of PPH in that group and to 10 
completion pancreatectomies with 50% mortality rate. The 
question how these 10 patients with emergency TP would 
have done if they had undergone a prophylactic TP remains 
open. The fact that bile leak rates were the same, but PPH 
were more common after PD confirms the hypothesis that 
pancreatic secretion or the mixture of bile and pancreatic 
juice is more aggressive to vessels than bile alone (32). 
Despite significantly higher rate of PPH after PD, mortality 
was not increased compared to TP. This may be one 
positive effect of centralization, allowing lower “failure-to-
rescue” rates at high-volume centers. 

Regarding mortality rate our results are consistent with 
most other large series on TP and PD, especially having in 
mind the deliberate selection of obese, older patients with a 
poor general condition and plenty of comorbidities (24-28). 
Patients with chronic pancreatitis were not included in the 
study population. This makes our results hardly comparable 
to other unfiltered and heterogeneous series of consecutive 
patients. As already published, mortality after PD at our 
center for the last 15 years was 2.6% at average (31). In 
comparison, Krautz et al. reported mortality of 6.5% at 
German high-volume centers and up to 12% at low-volume 
institutions (33).

A major finding of the present study is the different 
spectrum of causes of mortality after TP and PD. All 
5 deaths in the PD group were triggered by surgical 
complications. In all of them emergency completion 
pancreatectomy for severe grade C POPF accompanied by 
erosion arterial hemorrhage was performed. In contrast, 
only 2 of 7 lethal outcomes after TP were associated with 
relevant surgical complications. The rest 5 patients died 
of progressive respiratory failure due to pneumonia and 
deteriorated COPD. This detail emphasizes the significant 
mortality risk posed by the presence of high-risk pancreatic 
remnant in patients undergoing PD. At the same time, TP 
may indeed reduce the risk of surgical mortality, but not 
the overall risk of mortality due to medical complications, 
which are difficult to prevent in a group of old and 
polymorbid patients.

A strength of the present study is the relatively high 

number of patients, treated according to a standardized 
surgical technique and perioperative management protocol 
by an experienced team at a dedicated institution. This 
allowed the exclusion of many important confounders and 
improved the internal validity of results.

Limitations of the study include its retrospective 
character and the lack of corresponding large series of 
prophylactic TP from other centers, which does not 
allow us to prove the external validity of our findings. 
Furthermore, long-term effects of TP regarding quality 
of life and secondary complications due to the apancreatic 
state were not covered by the present study. These items are 
included as primary endpoints of an ongoing multicenter 
trial in Germany with our institution being a participating 
study center. Other recent studies have focused on quality 
of life and long-term outcome in detail (28,29).

A limitation of the present study is the lack of direct 
comparison of TP as the most aggressive available option to 
methods of pancreatic reconstruction other than the duct-
to-mucosa technique, which would allow preservation of 
high-risk pancreata. Pancreatogastrostomy (PG), widely 
believed to be superior to PJ particularly for patients with 
soft pancreas, has been studied by eleven randomized 
controlled trials since 1995. The largest trials by Keck  
et al. and by Topal et al. failed to demonstrate lower rates 
of clinically relevant POPF for PG and even reported 
a significantly higher rate of PPH for PG (3,34). The 
Blumgart technique of PJ has been shown to reduce 
the rate of POPF in a myriad of retrospective reports. 
However, recent randomized controlled trials, the largest 
one being the multicenter PANasta trial from UK failed 
to find any advantages of the Blumgart technique over the 
standard Cattel-Warren method with regards to POPF 
and other postoperative outcomes, as reported earlier this 
year (35). Both techniques showed a POPF rate of over 
25% in a mixed population of patients with high- and low-
risk pancreatic remnant. Interestingly, in a recent study 
by Kawakatsu et al. the rate of clinically relevant POPF 
reached 43% in a selected cohort of 286 patients with high-
risk pancreas. This incidence of POPF was even higher 
than in our subgroup of PD with duct-to-mucosa PJ, 
although the Blumgart and Kakita anastomoses were used 
in combination with externalized pancreatic and biliary 
stents (36). A wide spectrum of supportive measures such as 
external and internal stents, wrapping of PJ with omentum 
or ligamentum teres patch and application of glues has been 
found to be of no real value in the prevention of POPF after 
PD (37). 
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The reported high morbidity rates in this study, both 
after PD and TP, made us rethink our strategy: recently 
we introduced a novel modified single-loop reconstruction 
after PD in order to separate bile from pancreatic juice and 
mitigate the severity of POPF. Combining this method with 
wrapping of the gastroduodenal stump with a ligamentum 
teres patch, selective use of octreotide and an enhanced 
recovery protocol has showed promising results after PD 
for patients with soft pancreas (32). 

The above-mentioned data demonstrate that there is no 
single safe technique of pancreatic reconstruction after PD 
which is able to achieve acceptably low rates of POPF in 
the group of patients with high-risk pancreatic remnant. In 
this study we compared TP to the standard duct-to-mucosa 
PJ, which represents the most frequently used technique 
worldwide.

Conclusions

In conclusion, the use of prophylactic TP in cases of 
high-risk pancreatic remnant deemed unsuitable for a 
safe anastomosis may be a vital option for the surgeon 
in order to avoid life-threatening POPF-associated 
complications in the postoperative period. Since TP 
remains an aggressive procedure with its own spectrum 
of major postoperative morbidity and detrimental long-
term effects, the decision to perform it should be made 
by an experienced surgeon, taking into consideration the 
individual patient’s characteristics. Further randomized 
controlled trials are necessary to establish the best method 
of pancreatic reconstruction after PD which can allow the 
safe preservation of high-risk pancreata and avoid the use of 
TP.
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