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Abstract

Background Parenchyma-sparing local extirpation of benign tumors of the pancreatic head provides the potential benefits of
preservation of functional tissue and low postoperative morbidity.

Methods Medline/PubMed, Embase, and Cochrane library databases were surveyed for studies performing limited resection of
the pancreatic head and resection of a segment of the duodenum and common bile duct or preservation of the duodenum and
common bile duct (CBD). The systematic analysis included 27 cohort studies that reported on limited pancreatic head resections
for benign tumors. In a subgroup analysis, 12 of the cohort studies were additionally evaluated to compare the postoperative
morbidity after total head resection including duodenal segment resection (DPPHR-S) and total head resection conserving
duodenum and CBD (DPPHR-T).

Results Three hundred thirty-nine of a total of 503 patients (67.4 %) underwent total head resections. One hundred forty-seven
patients (29.2 %) of them underwent segmental resection of the duodenum and CBD (DPPHR-S) and 192 patients (38.2 %)
underwent preservation of duodenum and CBD. One hundred sixty-four patients experienced partial head resection (32.6 %).
The final histological diagnosis revealed in 338 of 503 patients (67.2 %) cystic neoplasms, 53 patients (10.3 %) neuroendocrine
tumors, and 20 patients (4.0 %) low-risk periampullary carcinomas. Severe postoperative complications occurred in 62 of 490
patients (12.7 %), pancreatic fistula B+C in 40 of 295 patients (13.6 %), resurgery was experienced in 2.7 %, and delayed gastric
emptying in 12.3 %. The 90-day mortality was 0.4 %. The subgroup analysis comparing 143 DPPHR-S patients with 95 DPPHR-
T patients showed that the respective rates of procedure-related biliary complications were 0.7 % (1 of 143 patients) versus 8.4 %
(8 of 95 patients) (p<0.0032), and rates of duodenal complications were 0 versus 6.3 % (6 of 95 patients) (p<0.0037). DPPHR-S
was associated with a higher rate of delay of gastric emptying compared to DPPHR-T (18.9 vs. 2.1 %, p<0.0001).

Conclusion Parenchyma-sparing, limited head resection for benign tumors preserves functional pancreatic and duodenal tissue
and carries in terms of fistula B+C rate, resurgery, rehospitalization, and 90-day mortality a low risk of postoperative compli-
cations. A subgroup analysis exhibited after total pancreatic head resection that preserves the duodenum and CBD an association
with a significant increase in procedure-related biliary and duodenal complications compared to total head resection combined
with resection of the periampullary segment of the duodenum and resection of the intrapancreatic CBD.
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DPPHR-S Duodenum-preserving total pancreatic head
resection plus segment resection of
duodenum and CBD

DPPHR-T Duodenum-preserving total head resection
but conserving duodenum and CBD

DPPHR-P Duodenum-preserving partial head resection

IPMN Intraductal papillary mucinous neoplasia

MCN Mucinous cystic neoplasia

SCA Serous cystic adenoma

SPN Solid pseudopapillary neoplasia

PD Pancreaticoduodenectomy

PNET Pancreatic neuroendocrine tumor
POPF Postoperative pancreatic fistula
Introduction

Benign tumors of the pancreas are predominantly cystic neo-
plasms and neuroendocrine adenomas. Cystic neoplastic tu-
mors, which were first histologically described in 1978 by
Compagno and Oertel, in 1982, were further clarified
clinicopathologicically as intraductal papillary mucinous
neoplasms.'?

Intraductal papillary mucinous neoplasia (IPMN), mucin-
ous cystic neoplasia (MCN), and solid pseudopapillary neo-
plasms (SPN) are the most challenging benign cystic tumors
of the pancreas. They are associated with an increased risk of
malignant transformation.** Pancreatic neuroendocrine tu-
mors (PNETSs) are relatively rare, representing approximately
10 % of all benign tumors of the pancreas.”® The most fre-
quent endocrine adenomas are insulinomas of which 5 to 10 %
are found to be low to high risk islet cell cancer. All neuroen-
docrine gastroenteropancreatic tumors are considered to be
potentially malignant.’® The increasing use of high-
resolution multislice CT and magnetic resonance imaging for
diagnosis and screening has resulted not only in high diagnos-
tic accuracy but also in incidental discovery of numbers of
benign tumors of the pancreas.” "'

For both histopathologic tumor entities, the most important
question is set to surgical treatment or surveillance program.

Standard treatment for benign cystic neoplasms and neuro-
endocrine tumors of the pancreas presently consists of
multiorgan resections. A pancreaticoduodenectomy type of
resection is the gold standard for lesions of the pancreatic
head, while a left-sided pancreatic resection, either spleen pre-
serving or with splenectomy, is used for tumors in the body
and tail. However, these surgical procedures are associated
with substantial loss of functional pancreatic and
extrapancreatic tissues, including the stomach, duodenum,
and the biliary tree. Multiorgan pancreatic resections have
considerable postoperative morbidity, a substantial risk of
mortality, and long-term functional impairments.'* "

Tumor enucleation, pancreatic middle segment resection,
and duodenum-preserving pancreatic head resections are pa-
renchyma-sparing, limited surgical procedures that are being
used for benign pancreatic tumors.'® They have the potential
for low procedure-related postoperative morbidity and for
preservation of exocrine and endocrine pancreatic functions.
Here, we present results of a systematic review that was per-
formed to evaluate surgery-related postoperative outcomes
after total or partial pancreatic head resection for benign cystic
neoplasms, neuroendocrine tumors, and low-risk
periampullary cancers. In a subgroup analysis, we evaluated
the postoperative complications related to total head resection
with segment resection of duodenum and common bile
duct and after total head resection preserving duodenum and
CBD.

Material and Methods
Search Strategy

We conducted an extensive literature search using the elec-
tronic databases of PubMed/Medline, Embase, and the
Cochrane Library and used the PRISMA statement for
reporting systematic reviews and meta-analysis of
studies.'” ?° Embase was searched using Emtree terms, and
Pubmed/Medline and the Cochrane Library were searched
using medical subject headings (MeSH) terms. Additionally,
we executed text-word searches for the techniques for pancre-
atic head resection that were published in the surgical litera-
ture. The search items that were used to search for the period
from January 1980 to February 2015 were as follows:
duodenum-preserving head resection, organ-preserving head
resection, segmental resection of the pancreas, inferior pancre-
atic head resection, pancreas head resection with segmental
duodenectomy, limited pancreatic head resection, and
uncinatus resection/uncinatectomy.

Initially, there were no restrictions regarding the number of
cases, type of publication, and assessment of clinical features.
A total of 1579 titles were identified, and in the first step of the
selection process, 295 abstracts were read and 93 complete
manuscripts were studied. The search results for each of the
search items are given in Fig. 1.

Criteria for Inclusion and Exclusion

Of'the 93 complete manuscripts, those consisting of reports on
4 or fewer cases undergoing extirpation of benign tumors were
excluded. Additionally, manuscripts reporting predominantly
results of surgery for inflammatory tumors associated with
chronic pancreatitis, those with incomplete core data, and re-
ports that included a large number of cases of limited pancre-
atic head resection for advanced malignant pancreatic head
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Fig. 1 Data allocation process:
PubMed/Medline, Embase,
Cochrane Library Search January l

1579 titles identified

1980-February 2015

Excluded publications:

71 duplicate abstracts
295 abstracts read - > 21 case reports (<2 cases)
74 not related to surgery of benign neoplastic tumors /
endocrine tumors
l 36 focused on inflammatory tumor of chronic pancreatitis
93 manuscripts > Excluded publications:
studied 9 small series (< 4 cases)
37 predominantly dealing with inflammatory tumors
chronic pancreatitis
6 with incomplete core data
9 including advanced pancreatic cancer
5 same institution
27 publications analysed
for systematic review
Search items and results:
Search period: 1/1980 — 2/2015
* Duodenum-preserving head resection 321
Organ preserving pancreatic head resection 69
Segmental resection of the pancreas 162
Inferior pancreatic head resection 71
Duodenum-preserving pancreatic head resection 304
Pancreatic head resection with segmental duodenectomy 16
Limited pancreatic head resection 634
Uncinatus resection/uncinatectomy 2

cancers were excluded. For groups that published several re-
ports on their experience with limited extirpation of pancreatic
head tumors, only the most recent publication with the highest
number of cases was entered into the final analysis. A total of
27 publications remained for final analysis in the systematic
review. Details of the exclusion criteria and the number of
excluded reports are presented in Fig. 1.

Data Extraction

We developed a descriptive protocol for identifying all the
studies that involved total or partial duodenum-preserving
pancreatic head resection (DPPHR) for cystic neoplasms and
neuroendocrine tumors of the pancreatic head. Of the 27 final
publications remaining for the systematic review, the authors
independently performed data extraction 5 separate times
from each study, in accordance with prespecified selection
criteria. Special attention was paid to the identification of the
type of local pancreatic head resection, their postoperative
procedure-related complications and the final histopathology
of the tumor specimens.

The criteria for early postoperative morbidity were
based on internationally accepted definitions for the
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severity of surgery-related postoperative morbidity. The
Clavien-Dindo classification for surgery-related postoper-
ative complications was used to identify severe type of
complications.”” We applied the ISGPF-grading for pan-
creatic fistula.”® Since international guidelines on de-
layed gastric emptying after pancreatic surgery were pub-
lished in 2009, delayed gastric emptying (DGE) was de-
fined for the earlier reports when there were no uniform
definitions.”” For postoperative DGE, a delay in food
intake was considered after the seventh postoperative
day or the need for gastric tube drainage/redrainage after
the seventh postoperative day.

The core data for statistical evaluation consisted of the fol-
lowing: overall morbidity, severe surgery-related morbidity
according to the Clavien-Dindo classification grade >3, total
number of pancreatic fistula and total number of B- and C-
grade fistula, frequency of reoperation, DGE, duration of hos-
pital stay, 90-day mortality, and frequency of rehospitaliza-
tion. Intraoperative data on the duration of surgical procedure
and amount of blood loss, as well as the need for postoperative
mechanical ventilation, were infrequently reported and were
therefore not evaluated. The criteria for defining overall and
severe postoperative morbidity and the new fistula grading
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system was used in most of the 27 publications included in the
systematic review group.

The analysis is based on data of three groups. The systemic
review group comprises data of a total of 503 patients that were
included in the 27 cohort studies to evaluate the outcomes after
surgery and the histopathological diagnosis. To assess specific
complications related to surgical techniques of total pancreatic
head resection, a subgroup analysis has been performed com-
paring data of 143 patients, who underwent limited total pan-
creatic head resection with segment resection of the
periampullary duodenum and the intrapancreatic CBD
(DPPHR-S group) with data of a subgroup of 95 patients,
who underwent total head resection that spared the
periampullary duodenum and intrapancreatic CBD (DPPHR-
T group, Tables 1 and 2)

Types of Modifications of DPPHR Reported
in the Studies

The location, size, and pathohistologic type of tumor determined
whether a total or a partial pancreatic head resection was per-
formed. In detail, a DPPHR-S, which includes total pancreatic
head resection, resection of a segment of the periampullary du-
odenum, and the intrapancreatic CBD, was used preserving the
neck of the pancreas. Four anastomoses were performed as
shown in Fig. 2: end-to-end anastomosis of the duodenum,
end-to-side anastomosis CBD-postpyloric duodenum, end-to-
side anastomosis of the pancreatic neck to an excluded jejunal
loop or to the stomach and a Roux-en-Y jejunal anastomosis.
With the exception of one report, all patients undergoing
DPPHR-S underwent an additional cholecystectomy.

Table 1

To preserve the periampullary duodenum and the
intrapancreatic CBD, a total pancreatic head resection
(DPPHR-T) was extended to the dorsal and ventral pancreatic
head segments and the uncinate process, while preserving the
neck of the pancreas (Fig. 3). An excluded jejunal loop or the
stomach was used for anastomosis of the left pancreas. Partial
pancreatic head resection (DPPHR-P) was performed by ex-
tirpating the tumor-bearing tissue from the pancreatic head or
resection of the uncinate process. Drainage of pancreatic
fluids from the duct of Wirsung into the intestine was main-
tained by a side-to-side anastomosis with an excluded jejunal
loop (Fig. 4).

Subgroup Analysis of Postoperative Complications
After Total Pancreatic Head Resection

A total of 12 cohort studies were evaluated to compare the early
surgery-related postoperative complications after total pancreat-
ic head resection with or without conservation of the duodenum
and CBD. Seven of these studies were prospective and five were
retrospective; eight were controlled cohort studies (Tables 1
and 2).>0233339986¢ One controlled study directly compared
DPPHR-S and DPPHR-T, one compared DPPHR-T and DPPHR-
P, while six studies used a classical pancreaticoduodenectomy
(PD) and/or a pylorus-preserving PD group as controls. Analysis
of the two subgroups was conducted according to recommenda-
tions for the preferred reporting of items for systematic review and
comparison for meta-analysis.*****>® Finally, data on surgical
procedure-related postoperative morbidity from a total of 143
patients undergoing DPPHR-S and 95 patients undergoing
DPPHR-T were compared (Table 6).

Clinical data of the subgroup evaluating surgery-related early postoperative complications in 143 patients after total pancreatic head resection

with segmental resection of the periampullary duodenum and the intrapancreatic common bile duct (DPPHR-S)

Author/year Study Country Age Gender DPPHR Pancreatic Type of cohort study Newcastle-Ottawa
period mean m/f anastomoses scale score points
st T P
Isaji 2001 1996-1999  Japan ND ND 18 0 0 G=6"J=12° retrospective 7
Murakami 2004 ND Japan 63 7/1 G=8 prospective 7
Beger 2008 1982-2006 Germany 44 6/9 9 0 J=14 prospective, controlled 8
Total pancreatectomy=1
Lee 2010 1995-2007 Korea 47 7/9 16 14 0 G=16G=14 prospective, controlled 8
Fuji/Nakao 2011 1991-2007 Japan 51 4532 77 0 0 G=T77 retrospective, controlled 8
Kozlov 2014 ND Russia ND ND 15 0 16 D=1°J=21 G=9 prospective, controlled 8

DPPHR-S Duodenum-preserving total pancreatic head resection with periampullary segment of duodenum and CBD, DPPHR-T total pancreatic head
resection preserving duodenum and CBD, DPPHR-P partial pancreatic head resection, ND no data available

2 @G: with stomach
°J: with jejunal loop

°D: with duodenum

93 : Patients with duodenum-preserving pancreatic head resection and segment resection of duodenum and CBD
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Table 2 Clinical data of the subgroup evaluating surgery-related early postoperative complications of 95 patients after duodenum-preserving total
pancreatic head resection and preservation of duodenum and CBD

Author/year Study Country Age Gender, DPPHR-  Pancreatic Type of cohort Newcastle-Ottawa

period mean m/f anastomoses study scale score points
S T P

Hirano 2004 1989-1998 Japan 59 9/4 0 13 0 G=61J=7 Retrospective 6

Xiong 2007 2001-2006 China ND ND 0 22 0 J=22 Retrospective 6

Horiguchi 2010 2004-2008 Japan  59.5 11/10 0 21 0 J=21 Prospective, controlled 8

Lee 2010 1995-2007 Korea 47 5/9 16 14 0 G=14 G=16 Prospective, controlled 8

Tsuchikawa 2013 1994-2011 Japan 61 13/8 0 13 8 G=19]=2 Retrospective, controlled 8

Perinel 2014 2008-2012 France 59 5/10 0 12 3 G=7 Tot. pancreatectomy=8 Prospective, controlled 8

DPPHR-S duodenum-preserving total pancreatic head resection with periampullary segment of duodenum and CBD, DPPHR-T total pancreatic head

resection preserving duodenum and CBD, DPPHR-P partial pancreatic head resection, ND no data available

# T : DPPHR -T total pancreatic head resection but preserving duodenum and CBD

Quality Assessment of the Two Subgroups

To evaluate surgical technique-related early postoperative
complications, we analyzed the cohort studies that reported
data after tumor extirpation by total head resection applying
DPPHR-S and DPPHR-T, respectively, and performed a com-
parison between these two procedures.

Quality assessment of the subgroup cohort studies used in
the comparison of DPPHR-S and DPPHR-T was performed to
assess the overall strength and quality of evidence for various
parameters (Tables 1 and 2). The Newcastle-Ottawa scale,
which allows an objective evaluation of the most basic quality
aspects of nonrandomized studies with respect to internation-
ally established criteria, was applied to assess the quality of all

Fig. 2 Total pancreatic head resection with segmental resection of the
periampullary duodenum and resection of the segment of the
intrapancreatic common bile duct (DPPHR-S)

@ Springer

the included cohort studies.** The Newcastle-Ottawa quality
assessment scale includes criteria on selection of the exposed
and unexposed cohorts, ascertainment of exposure, compara-
bility of cohorts, outcome assessment, and the length and ad-
equacy of follow-up of the cohort. A study with a score >8 is
considered to be a high-quality study.

The primary objective of this review was to investigate the
impact of total pancreatic head resection with and without
segmental resection of the duodenum and CBD and after par-
tial pancreatic head resection on outcomes of patients during
the early postoperative period.

Statistical Analysis

Analysis was performed using the Statistical Package of the
Social Sciences (SPSS) version 16.0. Descriptive statistics

Fig.3 Total pancreatic head resection and preservation of the duodenum
and common bile duct (DPPHR-T). Anastomosis of the pancreas with the
stomach
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Fig. 4 Partial pancreatic head resection; local tumor extirpation and
resection of the uncinate process. Anastomosis of the cavity after
resection with an excluded jejunal loop

was performed for all variables. The Student’s ¢ test was used
for pairwise comparison of normally distributed parameters.
Continuous variables are presented as median and range for
nonparametric data. Variables for early postoperative out-
comes were compared using either the Fisher exact test or
the Chi-square test. All tests were two-tailed, and results with
a p value of <0.05 were considered statistically significant.

A meta-analysis could not be performed because only one
study compared DPPHR-S and DPPHR-T. However, we did
perform an assessment of the comparability of the study and
control groups within the included cohort studies, as well as an
evaluation of study heterogeneity using the meta-analytic
principles of the Newcastle-Ottawa scale.

Results
Systematic Review Group

The final analysis involved 27 studies reporting on 503 pa-
tients. The mean patient age was 54.9+5.3 years, and the male
to female ratio was 1.0:0.9. Total pancreatic head resection
was performed for 67.2 % of the 503 patients, including 147
patients undergoing additionally segmental resection of the
duodenum and CBD (DPPHR-S) (Table 3, Fig. 2) and 192
patients undergoing total head resection that preserved the
duodenum and CBD (DPPHR-T, Fig. 3). Partial pancreatic
head resection that conserved the pancreatic tissue between
the CBD and duodenal wall (groove area) and/or spared tissue

Table 3  Application of the limited pancreatic head resection
procedures in 503 patients

January 1994-February 2015 DPPHR-S* DPPHR-T® DPPHR-P®
503 pts. 147 pts. 192 pts. 164 pts.
100 % 292 % 382 % 326 %
References: 2033355538

*DPPHR-S: Duodenum-preserving total pancreatic head resection and
resection of the periampullary segment of duodenum and intrapancreatic
segment of CBD (Fig. 2)

® DPPHR-T: Duodenum-preserving total pancreatic head resection pre-
serving the duodenum and in 169 patients the CBD (Fig. 3). In 23 patients
the intrapancreatic CBD was resected

¢ DPPHR-P: Duodenum-preserving partial pancreatic head resection resp.
resection of uncinate process (Fig. 4)

of the pancreatic head but removed the uncinate process was
performed in 164 patients (32.6 %, Fig. 4).

The most frequent indication for surgical treatment was a
cystic neoplasm, which was found in 338 of 503 patients
(67.2 %). IPMN (49.7 %) and SCA (7.6 %) were the most
frequent cystic neoplasms that required surgical removal
(Table 4). The final histopathological examination revealed that
23 of 338 patients (6.8 %) were suffering from a carcinoma in
situ of a cystic neoplasm and 8 patients (2.4 %) from a minimal
invasive carcinoma of an IPMN and MCN tumor. Among 53
patients (10.5 %) with pancreatic neuroendocrine tumors, 46
were found to be insulinoma on histopathology. Six specimens
of the PNETs were finally diagnosed as islet cell cancer; one
patient suffered a gastrinoma in the pancreatic head. Twenty
patients (4.0 %) experienced surgery for low-malignant
periampullary cancer, and of them, ten patients with a cancer-
ous lesion in an adenoma of the papilla of Vater, four patients
with a duodenal cancer in an adenoma and six patients had a
cancer of the suprapapillary CBD. One patient showed finally a
T1 ductal pancreatic cancer. A total of 62 patients (12.3 %) were
treated surgically for a malignant lesion. Eighty-eight patients
(17.5 %) underwent surgical removal for other histologies, in-
cluding inflammatory tumors (45 patients), biliopancreatic
maljunctions (11 patients, 2 of them finally showed an early
cancerous lesion of the CBD), dystrophy of the duodenum (15
patients ), gastrointestinal stromal tumor (2 patients),
lymphoepithelial cyst (4 patients),duodenal adenoma (2 pa-
tients), and 9 patients listed unexplained as “other” lesions.

The size of the resected tumors were reported in 10 studies;
measured in 144 patients, the mean size was 3.8 cm (2.4—
7.8 cm). The indications to one of the three DPPHR proce-
dures were reported mostly procedure-related but not speci-
fied to pathomorphological criteria. Duodenum-preserving to-
tal pancreatic head resection was applied in two thirds of the
patients suffering IPMN. Patients who showed preoperatively
signs of a malignant lesion inside of a large tumor and were
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g 5 é 2 ;o) tients who underwent total pancreatic head resection with seg-
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2 T T §=2§
g’ 0 “ : § ;; £ g The mean age of the 143 DPPHR-S patients was 51.3+
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Table 5  Early postoperative morbidity after limited pancreatic head resection for benign tumors and low-risk periampullary cancers

January 1994-February Morbidity POPF Resurgery  Delay of gastric ~ 90-day Rehospitalization ~ Recurrence
2015 emptying mortality
Overall Severe®  Total PF PF B+C
Total 503 pts. 154/403°  62/490°  92/462°  40/295  10/370°  54/439° 2/503 9/283° 9/312°
100 % 382 % 127% 199% 13.6% 27 % 123 % 0.4 % 32 % 2.9 %

 Clavien-Dindo >3

® Denominator: not all publications reported full data about early postoperative course. Percentage represents relation of index occurrence to denominator

0.7 %, p<0.0032). Of the eight biliary complications record-
ed, three were a biliary fistula and five were prepapillary CBD
stenosis that caused prestenotic duct dilation and cholestasis.
Duodenal complications occurred in none of the DPPHR-S
patients and 6.3 % of the DPPHR-T patients (p<0.0037).
Three of the DPPHR-T patients developed a duodenal leak
due to an ischemic lesion of the periampullary duodenum,
and three patients developed stenosis of the peripapillary du-
odenal segment, with prestenotic duodenal dilation causing
DGE. The DDHPR-S patients had a significantly higher rate
of DGE than the DDHPR-T patients (p<0.0001). Pancreatic
anastomosis was performed with the stomach in 72.6 % and
with a jejunal loop in 26.3 % of the DPPHR-S patients and in
50.8 and 42.6 %, respectively, of the DPPHR-T patients. The
frequency of resurgery was 2 of 66 patients and 3 of 95 pa-
tients similar for both subgroups, whereas rehospitalization
occurred more frequently in the DHPPR-S patients than in
the DDPHR-T patients. The 90-day mortality after DPPHR-
S was 0 and 2.1 % after DPPHR-T (p>0.1583).

Discussion

The results of this systematic review indicate that local pancre-
atic tumor extirpation using total or partial head resection can
be performed with low postoperative surgery-related morbidity
and very low hospital mortality. Severe early postoperative
morbidity caused by surgical techniques occurred in 12.7 %
of 503 patients, pancreatic fistula grades B/C occurred in
13.6 %, and the 90-day mortality was in 0.4 %. The results
after limited pancreatic head resection compare favorably with
recently published results after classical PD. Multi-institutional
reports on major pancreatic resections document a considerably
high level of severe postoperative complications and a substan-
tial risk of mortality associated with PD."*'® The long-term
outcome after classical PD is negatively affected by reduction
in the exocrine and endocrine functional capacity of the
pancreas.'®!” A recently published meta-analysis about func-
tional changes before and after total DPPHR and classical PD
revealed that the exocrine and endocrine pancreatic functions

Table 6  Early postoperative surgery-related complications after total pancreatic head resection without (DPPHR-S) and with (DPPHR-T) preservation

of periampullary duodenum and common bile duct

DPPHR-S DPPHR-T Significance
p value
Patients 143 pts. 95 pats.
Severe morbidity® 29/143 203 % 23/95 242 % 0.472¢
POPF A+B+C°¢ 28/143 219 % 21/95 22.1 % 0.99 3¢
Biliary complications 1/143 0.7 % 8/95 84 % 0.0032°
Duodenal complications 0/143 0% 6/95 6.3 % 0.0037°
DGE® 27/143 18.9 % 2/95 21 % 0.0001°
Resurgery 2/66 3.0% 3/95 32 % 0.99¢
90-day mortality 0/143 0% 2/95 21 % 0.1583°¢
Rehospitalization 2/51 3.9 % 1/70 14 % 0.5723°¢

DPPHR-S duodenum-preserving total pancreatic head resection with periampullary segment of duodenum and CBD, DPPHR-T total pancreatic head

resection preserving duodenum, DGE delayed gastric emptying
# Clavien-Dindo>3

® Delay of gastric emptying

¢ Postoperative pancreatic fistula

9 Chi-square test

¢ Fisher’s exact test
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following duodenum-preserving total pancreatic head resection
were unchanged. It is contrary to PD which showed that pan-
creatic exocrine and endocrine functions were significantly de-
creased in short- and long-term follow-ups.'’

Despite surgery-related diminished pancreatic head tissue,
DPPHR procedures maintained endocrine pancreatic func-
tions, as reflected by HbAlc levels, glucose tolerance, and
frequency of postoperative new-onset diabetes mellitus
(DM)."” The impairment of endocrine pancreatic functions
after PD was recently reported; 18 % of 135 preoperative
nondiabetic patients developed postoperative new-onset
DM, and 21 of 44 patients (48 %) with preoperative DM
experienced an escalation of DM medication requirements.'®

Of the two types of total pancreatic head resection, the
DPPHR-T procedure was associated with a significantly higher
level of local complications. The majority of biliary complica-
tions after DPPHR-T were stenosis of the prepapillary CBD.
Dilation and biliary stenting for both types—biliary stenosis
and leakage—of local complications was an effective interven-
tional treatment without the need for reoperation. In total, 6.3 %
of the patients, who experienced total pancreatic head resection
with conservation of duodenum and CBD, developed duodenal
leakage or functional stenosis of the duodenum obviously due to
local ischemic lesions of the periampullary duodenum. These
lesions were respectively managed by maintaining the external
drainage for a longer postoperative period or endoscopic dilation
of the narrowed segment of the duodenum in the three patients.

Performing a total pancreatic head resection with preservation
of duodenum and CBD resection of pancreatic tissue between
the CBD and duodenum, the groove tissue, may cause damage
to the posterior-superior pancreaticoduodenal artery. Ligation of
the superior-anterior pancreaticoduodenal artery increases the
risk of ischemic damage to the prepapillary CBD because
branches downstream of this artery supply a small nutrient vessel
to the CBD.” This papillary branch has been identified in ap-
proximately 60 % of patients studied by angiography.”>~°
Preserving the pancreatic head tissue that lies between the
intrapancreatic CBD and the duodenal wall reduces the risk of
biliary complications after local tumor extirpation as has been
shown by the results after DPPHR-P for inflammatory tumors.
Preservation of the superior-posterior and the inferior-anterior
pancreaticoduodenal artery arcades ensures the blood supply to
the peripapillary duodenum.’” Therefore, careful dissection of
the pancreas from the duodenal wall with preservation of the
posterior-superior and anterior-inferior pancreaticoduodenal ar-
teries in patients undergoing limited resection of the pancreatic
head for benign tumors is recommended. The anterior-posterior
pancreaticoduodenal arcades have been identified by angiogra-
phy in approximately 70 % of patients.”>*>® However, there are
vascular anomalies of the arterial and venous blood avenues to
the pancreatic head and duodenum.”*>®

The largest part of the pancreas is covered by the head,
which is composed of tissues derived from two independent
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anlagen.”’” ’In performing an extirpation of a tumor while
preserving parts of the pancreatic head, resection should take
into consideration the embryologically determined segments.
The dorsal pancreatic bud gives rise to the dorsal pancreas,
which after fusion, contributes to the superior region of the
pancreatic head and the body and tail of the pancreas, the duct
of Santorini, and the main pancreatic duct of the body and tail.
The ventral anlage of the foregut tube forms the inferior region
of the pancreatic head, the uncinate process, the duct of
Wirsung, and the segment of the intrapancreatic prepapillary
CBD. The embryologically different segments of the pancreatic
head are connected by a connective tissue septum between the
ventral and dorsal regions of the pancreatic head.”” Local re-
section of the dorsal-superior or ventral-inferior segments of
the pancreatic head has been successfully performed taking into
account the embryologically determined segments.®* ** Tumor
extirpation of the uncinate process is a well-established method
of partial pancreatic head resection since it consists of local
extirpation of the ventral segment of the pancreatic head.®"®*

In total, 6.8 % of the cystic neoplastic lesions were carci-
noma in situ by the final histological assessment. Minimally
invasive carcinoma was detected in 2.4 % of cystic neoplastic
tumors. Most of the patients with carcinoma in situ and all the
patients with minimally invasive carcinoma were identified
intraoperatively, and an RO resection was performed applying
total pancreatic head resection with segment resection of du-
odenum and CBD. Intraoperative frozen-section investiga-
tions of both the central part of the cystic neoplasm and
the resection margins are recommended for limited
resections.’**> In 20 of the 503 patients(4.0 %), extirpation
of low-risk cancer was performed using total pancreatic head
resection with segmental resection of the duodenum and
CBD. In patients with low-risk cancer, lymph node dissection
of the anterior and posterior nodes of the head and the nodes
along the CBD has been performed.®®

The indications to one of the three duodenum-preserving
head resection procedures are not reported for each single
patient related to tumor characteristics. The presence of pre-
operative signs for a malignant lesion, tumor size, and location
in the segments of the pancreatic head contributed in 8§ of the
27 institutional reports to the selection of the types of pancre-
atic head resection. In these institutions, the different proce-
dures, total, and partial head resections were at disposal of the
surgeons. Nineteen institutions report only results after appli-
cation of one surgical treatment modality (3 institutions
DPPHR-S, 10 institutions DPPHR-T, 6 institutions DPPHR-
P). The surgical procedures established in the institution de-
termined the application of the DPPHR procedure rather than
the tumor characteristics.

The frequency of tumor recurrence was 2.9 % (Table 5).
After an average follow-up interval of 62.6 months, 9 of 312
follow-up patients suffered disease recurrence. Four of nine
patients developed recurrence of pancreatic carcinoma, and in
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two of these patients, the recurrence was at a distance from the
resection line. Resurgery using an oncological PD cured eight
of the nine patients. One patient died of distant metastases.
None of the patients with low-risk periampullary cancer de-
veloped disease recurrence after duodenum-preserving total
pancreatic head resection with segment resection of the
periampullary duodenum and the intrapancreatic CBD.

This systematic review has several limitations. The data are
from 27 institutional cohort studies comprising a total of 503
patients. The studies were conducted over a 20-year period.
The definitions of postoperative morbidity by internationally
accepted criteria for severity of postoperative complications,
types of pancreatic fistula, and degree of DGE have been used
since these consensus definitions were first published. All
studies included in the analysis, but appeared before the con-
sensus criteria have been published, used well-accepted but
slightly different criteria for severity of surgery-related early
postoperative severe complications, classification of pancreat-
ic fistula, and degrees of DGE. The management of severe
postoperative complications has clearly improved over the last
20 years due to application of less invasive radiological and
nonsurgical endoscopic interventions leading to reduced com-
plications and frequency of resurgery.

Based on the criteria for heterogeneity that are applied in
meta-analyses, there were no indications of publication bias
by the studies we analyzed. The Newcastle-Ottawa scale qual-
ity assessment of the 12 subgroup cohort studies that were
evaluated to compare surgery-related early postoperative com-
plications after DPPHR-S and DPPHR-T showed that the
most basic quality aspects of nonrandomized studies were
fulfilled according to internationally established criteria.
However, some of the 12 cohort studies consisted of a small
number of patients. Additional controlled clinical trials with
larger numbers of patients are required to investigate the ad-
vantages of total or partial duodenum-preserving pancreatic
head resection for benign tumors. Moreover, randomized con-
trolled trials are warranted to verify the advantages of limited
pancreatic head resection compared to classical PD for benign
tumors of the pancreatic head, regarding early postoperative
complications. Data from RCTs are strongly recommended
for establishment of limited pancreatic head resection with
segmental resection of the duodenum and CBD for low-risk
periampullary cancer as a routine surgical procedure.

Summary

Based on 27 publications containing data from 503 patients,
this systematic review clearly shows that the use of parenchy-
ma-sparing, limited, total, or partial pancreatic head resection,
with and without resection of the peripapillary duodenum and
intrapancreatic CBD, is a safe surgical procedure for benign
tumors and low-risk periampullary cancers. The benefits of

these parenchyma-sparing procedures are maintenance of
functional tissue of the pancreas and duodenum, a low rate
of severe surgery-related morbidity, low frequency of pancre-
atic fistula B and C, of reintervention and resurgery, and very
low hospital mortality. The use of total pancreatic head resec-
tion with and without preservation of the periampullary duo-
denum and the CBD is associated with procedure-related spe-
cific local complications stemming from the duodenum and
CBD.
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