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Abstract

Background Limited surgical procedures for benign cystic neoplasms and endocrine tumours of the pancreas have
the potential advantage of pancreatic tissue sparing compared to standard oncological resections.

Methods Searching PubMed/MedLine, Embase and Cochrane Library identified 86 full papers: 25 reporting on
enucleation (EN), 38 on central pancreatectomy (CP) and 23 on duodenum-preserving total/partial pancreatic head
resection (DPPHRt/p). The results are based on analysis of data of 838, 912 and 431 patients for EN, CP and
DPPHRt/s, respectively.

Results The indication for EN for cystic neoplasms and neuro-endocrine tumours to EN was 20.5 and 73 %; for CP
62.9 and 31 %; and for DPPHRt/p 69.6 and 10.2 %, respectively. The estimated mean tumour sizes were in EN-
group 2.4 cm, in CP-group 2.9 cm and in DPPHRt/p-group 3.1 cm (DPPHRt/p vs EN, p = 0.035). Postoperative
severe complications developed after EN, CP and DPPHRt/p in 9.6, 16.8 and 11.5 % of patients; pancreatic fistula in
36.7, 35.2 and 20.1 %; and reoperation was required in 4.7, 6.5 and 1.8 %, respectively. Hospital mortality after
EN was 0.95 %; after CP 0.72 %; and after DPPHRt/p 0.49 %. Compared to EN and CP, DPPHRt/p exhibited
significant lower frequency of reoperation (p = 0.029, p < 0.001) and lower rate of fistula (p < 0.001; p = 0.001).
Conclusion EN, CP and DPPHRt/p applied for benign tumours are associated with low surgery-related early
postoperative morbidity, a very low hospital mortality and the advantages of conservation of pancreatic functions.
However, the level of evidence for EN and CP compared to standard oncological resections appears presently low.
There is a high level of evidence from prospective controlled trials regarding the significant maintenance of exocrine
and endocrine pancreatic functions after DPPHRt/p compared to pancreato-duodenectomy.
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Introduction

The most frequent benign lesions of the pancreas are cystic
neoplasms and endocrine tumours. Due to routine use of
MD-CT, MRI, PET scan and EUS/US investigations of the
abdomen, benign tumours of the pancreas are increasingly
detected with and without clinical symptoms [1, 2]. Sur-
geons requested to treat patients with benign tumours using
standard oncological resections are challenged by unneces-
sarily sacrificing pancreatic and extrapancreatic tissues.
Tumour enucleation (EN), central pancreatectomy (CP) and
duodenum-preserving total or subtotal pancreatic head re-
section (DPPHRt/p) are limited surgical procedures offer-
ing the potentials of low early postoperative morbidity and
conservation of metabolic functions in long-term outcome of
patients [3-5]. The aim of this report was to evaluate the
level of evidence of these limited surgical procedures for
benign pancreatic tumours using methods of systematic
review.

Methods

We conducted comprehensive literature search of the
PubMed/Medline, Embase and the Cochrane Data Base.
For PubMed, a search for medical subject headings (Mesh-
Terms) was used; for Embase, a search with Emtree-terms
and for Cochrane, a search with Mesh-terms as well as
performing a text word search for surgical techniques. A
total of 2,715 references were retrieved, of which 460 ab-
stracts were read; in total 249 of these 460 abstracts were
excluded because they dealt with clinical symptoms, ra-
diomorphology, pathophysiologic aspects of the tumour
and outcomes of observational protocols. The remain-
ing 211 full papers were analysed.

The indexed items for the complete search and search
results are presented in Table 1.

Two authors (HGB and BP) evaluated all titles identified
as relevant articles. Reports were included only if they
were on original series reporting a full set of pre-specified
data. Excluded from further consideration were case re-
ports and reports with small case series, CP and DPPHR
reports including more than a few patients with surgery for
inflammatory tumours. Detailed numbers of publications
and reasons for exclusion are given in Table 1.

Definitions of surgical techniques
Enucleation

Local tumour dissection along a tiny wall without resection
of surrounding normal pancreatic tissue. Drainage but no
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intestinal anastomosis of the pancreatic tissue excavation is
recommended.

Central pancreatectomy

CP involves resecting a pancreatic segment of up to 5 cm of
the left pancreas (neck, body or tail of the pancreas). Two
pancreatic transection surfaces with an open pancreatic main
duct are necessary for surgical management by anastomo-
sis using the excluded jejunal loop or stomach, respectively,
stump closure is performed by using suture techniques.

Duodenum-preserving pancreatic head resection

Duodenum-preserving total pancreatic head resection
(DPPHRYt) involves resection of the pancreatic head con-
serving the pancreatic neck; the peripapillary segment of
the duodenum and the intrapancreatic common bile duct
segment are resected. Three anastomoses are performed:
end-to-end duodenum to duodenum, end-to-side common
bile duct (CBD) to postpyloric duodenum and an end-to-
side pancreatico-intestinal anastomosis, in addition to
Roux-en-Y jejunostomosis. Total pancreatic head resection
preserving duodenum and CBD requires resection of the
pancreatic tissue, while conserving the CBD and duode-
num (DPPHRt). Partial pancreatic head resection
(DPPHRp) preserves duodenum and CBD and parts of the
ventral or dorsal pancreatic head tissue or resection only of
the tumour bearing tissue of the uncinate process.
An anastomosis between the pancreatic head and an ex-
cluded jejunal loop is necessary.

Data extraction

The presented data are based on selective evaluation of 25
publications dealing with enucleation, 38 with central
pancreatectomy and 23 reports about duodenum-preserv-
ing DPPHRt/p published between 1/1997 and 1/2014. Data
extraction from each study was carried out independently
by two authors (HGB and BP) according to the list of the
pre-specified criteria regarding tumour entity, surgical
techniques and early surgery-related postoperative com-
plications [6, 7]. Data extraction about tumour size and
location, postoperative overall and severe morbidity, re-
operation, hospital mortality, recurrence, rehospitalisation
and surgical techniques are listed separately four times
from each report by the authors. Severe early postoperative
morbidity was defined by the use of Clavien—Dindo clas-
sification as >3 score points [8]. Many of the reports in-
clude data on rehospitalisation, but the time between
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Table 1 Data extraction process from Pub Med/MedLine, Embase and Cochrane Library Search for Benign pancreatic tumors 1980 — 3/2014 for
enucleation, central pancreatectomy, Duodenum-preserving total/partial pancreatic head resection

Enucleation® 401 titles
Central Pancreatectomy® 802 titles
Duodenum-preserving pancreatic
head resection® 1512 titles

i
Title search results 2715

i
Abstracts read 460
Full papers read 211

i

Enucleation | Central DPPHRt
pancreatectomy

Total full publications read 53 86 72
Excluded
Case reports (<2cases) 14 25 9
Small clinical series 7 8 5
(<5 EN/DPPHR; <9 CP)
Chronic pancreatitis - 6 27
Incomplete core data 4 5 4
To avoid double counting 3 4 4
Publications included for final
analysis 25 38 23

Search items:

? Enucleation pancreatic TM, pancreatic tumor enucleation, extirpation pancreatic tumors, local tumor extirpation

® Segmental resection of the pancreas, central pancreatectomy, middle segment resection of the pancreas, middle pancreatectomy, pancreas

middle segment resection

¢ Duodenum-preserving pancreatic head resection, organ-preserving pancreatic head resection, segmental resection of the pancreas Inferior
pancreatic head resection, duodenum-preserving pancreatic head resection, pancreatic head resection with segmental duodenum, limited pan-

creatic head resection, uncinatus resection

discharge and rehospitalisation has been rarely specified.
All publications presented the frequency of pancreatic fis-
tula (POPF); however, less than half of them classified
POPF A, B and C according to the ISGPF definition [9].
The presence of each criterion is given in relation to the
total group of patients reported. The variations in de-
nominators of the patients in the tables reflect reports
missing the specific criteria listed and are therefore
not included in statistical calculations. Data extracted from
the 86 remaining publications entered the final statistical
analysis of 838 patients after EN, 912 patients after CP and
431 patients having DPPHR{t/p.

Statistical analysis
The systematic review was performed according to rec-

ommendations for the preferred reporting of items of the
systematic review. (PRISMA) [10-13].

A p value of <0.05 (two-sided) was considered to be
statistically significant using students t-test and Fishers
exact calculation. Pearson’s coefficient was used for the
correlation analyses.

Results
Indications to surgery and surgical techniques

Twenty five reports dealt with tumour enucleation. Ex-
cept one controlled cohort study, all these publications are
retrospective and uncontrolled reports. Details of 838 pa-
tients who had EN indication to surgery and early post-
operative outcome are given in Tables 2 and 3. The mean
age was 55.1 = 7.1 years and the sex ratio m/f was
0.8-1.2. 59.1 % of patients had a tumour location in head
and neck, while 40.9 % had it in body and tail of pancreas.
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Table 2 Patient populations, tumour size and pathology, indications to enucleation, central pancreatectomy and duodenum-preserving

total/partial pancreatic head resection

Analysed  Patients  Patients (N) TM-size = Cystic neoplasm  Neuro-endocrine Others

reports N cm (mean + SD) Patients n/N TM’s patients n/N  Patients n/N
Enucleation 1991-2013 25% 838 702° 162/788 575/788 51/788
2.4+ 0.83 cm 20.6 % 73 % 6.4 %
Central pancreatectomy 1992-2013  38° 912 550 566/899 2407773 571774
2.9+ 0.98 cm 63.0 % 31.0 % 7.4 %°
Duodenum-preserving total head 23° 431° 156° 300/431 44/431 87/431
resection 1997-2014 3.1+0.75 cm 69.6 % 102 % 202 %

Bold values indicate percent share of subgroup patients to denominator patients in each field

? Ref. [15-39]

® EN versus DPPHR p <0.038
¢ Ref. [24, 34, 39-74]

9 Total not 100 % because of different denominators

¢ Ref. [5, 76-97]

EN was performed predominantly for pancreatic neu-
roendocrine tumours (PNETs). Four institutions performed
multiple enucleations in one patient. Of the 838 patients,
22.5 % had a minimal-invasive laparoscopic access proce-
dure. To identify the lesion more accurately, the use of in-
traoperative US was reported in 19 of 25 studies.

Thirty five retrospective and 3 prospective studies re-
ported 912 patients treated by central pancreatectomy
(CP). The mean age was 53.7 £ 7.7 years; the m/f ratio
ranged from 0.8 to 2.8. CP was applied for cystic neo-
plasms and for PNETSs in 62.9 % and 31.0 % respectively.
Three of the CP publications analysed were prospective
cohort studies, two of which included a control group.

For CP, most of the 912 patients received an open sur-
gical treatment, whereas a laparoscopic approach was
used in only one institution. The tumour-bearing seg-
ment was resected preserving splenic vessels, tail of pan-
creas and spleen. The length of resected pancreatic
segment was reported to be of 3—7 cm. A dunking tech-
nique for pancreatic tail anastomosis with two suture lines
using single stitches was performed. A pancreato-gastros-
tomosis was applied in six studies to resolve the left cut
surface of the pancreas. The stump of the proximal pan-
creas was closed mostly using stapling devices or isolated
closure of the main duct and additionally by compressing
the parenchyma using U-sutures. All patients had, at the
level of closure of the proximal pancreatic stump, a special
drainage tube in position.

Twenty three trials reported 431 patients who had un-
dergone DPPHRt/p, 6 of which were prospective and con-
trolled cohort studies, three were retrospective and
controlled studies, and the others were retrospective studies.
The mean age of the patients was 58.4 & 5.3 years with an
m/f ratio ranging from 1.3 to 0.8. 69.6 % of the patients had
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surgery for cystic neoplastic lesions and 10.2 % for PNETs.
DPPHRUt/p was performed in all patients as an open proce-
dure, while 48 % had a duodenum-preserving total pancreatic
head resection with segment resection of the peripapillary
duodenum and resection of the intrapancreatic segment of
common bile duct. Two additional anastomoses—duode-
num to duodenum (e—e) and CBD to jejunum (e—s)—were
applied. In 52 % of the patients there was a complete
preservation of duodenum and common bile duct. 28 %
experienced a full resection of the pancreatic head and
24 % a partial pancreatic head resection preserving the
pancreatic head parenchyma between the CBD and duo-
denal wall, or preserving a small rim of tissue after re-
secting the uncinate process.

In total 33 % of the patients had a duct-to-mucosa
anastomosis with jejunum, whereas 24 % had a pancreato-
gastrostomosis. The pancreato-intestinal continuation was
restituted in the majority of patients by an excluded jejunal
loop performing a Roux-en-Y anastomosis.

Early postoperative outcome
Enucleation (Table 3)

The overall postoperative morbidity was 41.3 %,
while 9.6 % of the patients experienced severe postop-
erative complications. Pancreatic fistula after EN occurred
in 36.7 %, the frequency of reoperation was 4.7 %, and
hospital mortality was 0.95 %. Hospitalisation time was in
mean 13.6 days. A minimal-invasive laparoscopic ap-
proach was applied in 22.5 % of the patients.
Tables 3 and 6 present full range of data.
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Table 3 Enucleation indication and early postoperative morbidity after laparoscopic and open surgical treatments

Public. Patients  Tumour location” Minimal invasive  Postop. morbidity Reop.  Hospital  Rehospi- Recurr.

surgery mortality  talisation

1991-2013 N Head/ Body/ n/N Overall /N Severe n/N n/N n/N n/N
Neck n/N  Tail n/N complic. n/N

25% 838 414/701 287/701  154/684 331/801 77/801 25/531  8/828 29/230 11/431
591 % 409 % 225 % 41.3 % 9.6 % 47 % 095 % 12.6 % 2.6 %

Bold values indicate percent share of subgroup patients to denominator patients in each field

* Ref. [15-39]

b Cyst. N 20.6 %, MCN 7.2 %, IPMN 6.1 %, SCA 5.6 %, SPsN 1.6 %, Others 6.5 %. PNETs 73 %; of all PNETs 504 Insulinomas (64 %)

Central pancreatectomy (Tables 4, 6)

After CPin 912 patients, the overall morbidity was
479 %, while 159 % developed severe complications
with the need of reoperation, respectively, re-intervention.
Postoperative haemorrhage with requiring additional blood
transfusion (>2 units in 24 h) or reoperation was observed
in 5.3 %. Hospital mortality after CP was 0.76 %. The
mean hospital stay was 16.1 days, but 15.1 % of the pa-
tients required a rehospitalisation. The fistula rate was
35.2 %.

Duodenum-preserving total/partial pancreatic head
resection (Tables 5, 6)

After DPPHRU/s, the overall morbidity was 42.4 %; of
these, 11.7 % experienced a severe type of complication. In
2.4 % of patients, a reoperation/re-intervention was per-
formed. Pancreatic fistula developed in 20.1 %. Rehospi-
talisation was experienced by 3.0 %. The hospital
mortality rate  after DPPHRt/p was 0.46 %. The
mean postoperative hospitalisation time was 21.9 postop-
erative days. Details of the postoperative course and
metabolic functions based on a meta-analysis are being
published [14].

Pancreatic fistula (Table 6)

The development of pancreatic fistula was the most fre-
quent surgery-related complication after local pancreatic
resections. Pancreatic fistulas of types B and C developed
after EN in less than half, and after CP, in more than 50 %
of the reported patients. When comparing the frequencies
of B and C fistulas, the differences between EN versus
DPPHRt/p (p = 0.732), DPPHRt/p versus CP (p = 0.257
and EN vs CP (p = 0.089) were not statistically significant.
The frequency of total fistula rate after DPPHRt/p
was significantly lower compared to CP (p < 0.001) and
compared to EN (p < 0.001). The comparison between

the tumour size and fistula grades B and C exhibited weak
correlations for EN r = —0.274, CP r = —0.156 and
DPPHRU/p r = —0.204.

Discussion

This systematic review adds substantial data to underline the
use of limited surgical treatment techniques for patients suf-
fering benign neoplastic tumours of the pancreas. Benign
cystic neoplasms and neuro-endocrine tumours treated sur-
gically by application of tumour enucleation, central pan-
createctomy and duodenum-preserving total pancreatic head
resection resulted in very low hospital mortality rates and a
low frequency of severe early postoperative complications
ranging from 9 to 17 %. Conservation of the exocrine and
endocrine pancreatic functions is the most important benefit
in the long-term outcome, although not determined
specifically after EN and CP. The nutritional advantage fol-
lowing DPPHRt/p for the maintenance of pancreatic
functions compared to pancreato-duodenectomy was
demonstrated in prospective and controlled trials [14]. Tu-
mour EN was predominantly used for neuroendocrine tu-
mours, whereas CP and DPPHR{/s are applied in two-thirds
of cystic neoplastic lesions. The comparison of the three
limited surgical procedures has limitations, because decision
making for application of a local surgical resection tech-
nique is determined by tumour location and size and varia-
tion of tissue texture surrounding the lesions. Consequently,
the use of local resective procedures is in the majority of
patients not an alternative technique. In cystic neoplasms,
limited surgical procedures are applied most frequently for
IPMN, SCA and MCN, and insulinomas. Interestingly, in the
group of PNETSs, limited surgery methods for benign pan-
creatic tumours were applied significantly more frequently
in females than in males (p < 0.001).

Globally, most surgical institutions use for benign
cystic lesions of the pancreatic head a Kausch-Whipple
type of resection and for benign cystic and endocrine le-
sion of pancreatic body and tail a spleen-preserving left
resection. However, major oncologic surgical resections

@ Springer
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Table 4 Central pancreatectomy for benign cystic and endocrine tm’s early postoperative morbidity

Publicat. Patients Laparosc. Postop. morbidity Haemorrhage Reop. Hospital Re- Recurr.
approach postop. mortality admission

38" N n/N Overall n/N Severe n/N n/N n/N n/N n/N n/N

1992-2013 912 11/912 437/912 125/784 39/729 51/822 7/912 55/365 26/665
1.2 % 47.9 % 159 % 53 % 6.2 % 0.76 % 151 % 3.9 %

Bold values indicate percent share of subgroup patients to denominator patients in each field
* Refs. [24, 34, 39-74]

Table 5 Early postoperative morbidity after duodenum-preserving total/partial pancreatic head resection for cystic neoplasms and neuro-
endocrine tumours

Publications Patients Postop. morbidity Hospital mortality Rehospitalisation Recurr.
N Overall n/N Severe® n/N Reop. n/N n/N n/N n/N

23° 431* 163/384 38/326 7/296 2/431 7/235 9/326

1997-2013 100 % 424 % 11.7 % 24 % 0.46 % 3.0 % 2.8 %

Bold values indicate percent share of subgroup patients to denominator patients in each field
IPMN 53.8 %; MCN 6.2 %; SCA 8.4 %; SPsN 2.2 %

PNETs: Insulinoma 6.4 %; Gastrinoma 0.5 %; Iselt cell tumours 0.98 %

* Ref. [5, 76-97]

Table 6 Pancreatic fistula after limited surgical procedures for benign pancreatic cystic neoplasm and neuro-endocrine tumours

POPF Patients n/N Fistula rate Significance Total fistula rate
Enucleation (EN) Total® 298/811" 36.7 % EN v. CP p = 0.504
Fistula A 166/811 20.5 % EN v. DPPHR p < 0.001%**
Fistula B 4+ C 132/811 16.3 %
Central pancreatectomy (CP) Total 321/912¢ 352 % CP v.DPPHR p < 0.001%%*
Fistula A 102/480 21.3 %
Fistula B 4+ C 116/499 23.2 %
Dudodenum preserving total/partial pancreatic head Total 83/412% 20.1 % DPPHR v. EN p < 0.001**
resection (DPPHR) Fistula A 45/412 109 %
Fistula B 4+ C 38/412 9.2 %

Bold values indicate percent share of subgroup patients to denominator patients in each field
** Fistula B + C
* POPF graduation reported for 811, 499 and 412 patients after EN, CP and DPPHRU/p, respectively

are burdened with the unnecessary sacrifice of pancreatic
and extra-pancreatic tissues and are associated with a
substantial level of surgery related postoperative
complications.

Indication and limitations of local surgical procedures

Enucleation was applied in two-thirds of patients for
neuro-endocrine tumours. Minimal-invasive techniques
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were used in 22.5 % of the patients for enucleation. Enu-
cleation of cystic tumours, mostly MCN and IPMN neo-
plasms, necessitates a careful dissection of connective
tissue surrounding the lesion providing the surgeon with a
frozen section to exclude a pre-malignant or malignant
histology [15]. A tumour size >3-4 cm is considered to be
borderline for the application of EN technique. [17, 22, 32]
The most important point for limitation for EN is the
proximity of the tumour to the main pancreatic duct [22,
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26]. The frequency of pancreatic fistula of 36.7 %, the
frequency of reoperation of 4.7 % and a rehospitalisation
of 12.6 % are likely to be related to injury of the pancreatic
main ducts during EN-associated tissue dissection and the
subsequent development of local complications. However,
the high fistula rate is in part related to tissue texture, which
tends to be normal in patients undergoing enucleation of
endocrine lesions. To achieve a surgical cure, EN of be-
nign tumours has the benefits of a low level of severe
surgical morbidity and low hospital mortality and does not
involve a procedure-related late postoperative permanent
metabolic dysfunctions. Pancreatic tumours above the
size of 3 cm, particularly cystic neoplastic lesions located
in the pancreatic head, are recommended to be treated
surgically by the use of a resective procedure [22, 26, 32,
35]. After surgical exposition of the pancreas, intraop-
erative US to detect location and size of the tumour has
been used. Most importantly, by applying IUS, the prox-
imity of the tumour to the pancreatic main duct can be
measured more precisely. An additional advantage of tu-
mour enucleation is associated with the application of la-
paroscopic surgical techniques.

Central pancreatectomy

Middle segment resection of the pancreas is a demanding
surgical procedure for benign tumours which results in two
resection lines of the pancreas. Cystic neoplasms but usu-
ally not endocrine tumours are surrounded by an inflam-
matory tissue wall infiltrating towards the vessels behind
the pancreas [45, 51, 54]. Complete dissection of the
neoplastic tumour sometimes necessitates resection of the
vessel wall, increasing the risk of local bleeding and the
development of pseudoaneurysm [63]. The 5.3 % of intra-
abdominal early or late haemorrhage were explained as
procedure-related risk when using a central pancreatic re-
section. The frequencies of severe postoperative compli-
cations of 47.9 % and of pancreatic fistula of 35.2 % were
related to the management of the pancreatic stumps [65,
71]. A left-pancreato-jejunostomy was applied at most.
Implantation of the left pancreatic stump into stomach is
elegant and technically straightforward but infrequently
established [42, 46, 47, 57, 67]. The crucial point of central
pancreatectomy is the handling of the proximal pancreatic
stump. Simple closure by suture or using of mechanical
devices causes rather than prevents the local complications
like pancreatic fistula or peri-pancreatic fluid collections.
The lowest fistula rates of CP were reported when per-
forming two intestinal anastomoses with both pancreatic
stumps separately with the excluded jejunal loop [61]. The
reoperation rate of 6.2 % may be related to the severity of
severe local complications predominantly developing
around the proximal pancreatic stump. However, hospital

mortality with 0.76 % was very low. Pancreatic middle
segment resections are increasingly applied in patients who
suffer cystic neoplastic lesions localized in body and tail of
the pancreas thus avoiding a pancreatic left resection and
its metabolic sequelae. Tumours of sizes up to 5-6 cm,
located in pancreatic neck or/and body, are indications to
CP [61]. To retain the metabolic advantages of a tissue-
sparing resection, the length of the resected pancreatic
segment should not exceed 5-6 cm, otherwise the risk of
permanent exocrine and endocrine functional insufficien-
cies will affect the long-term outcome as it was observed
after pancreatic left resection [66]. Only a few institutions
measured the exocrine and endocrine functions after cen-
tral pancreatectomy for benign tumours [53]. Late outcome
dysfunctions were found in up to 10 % for reduced glucose
metabolism and up to 20 % for exocrine insufficiency
compared to the preoperative level [91].
Duodenum-preserving total/partial pancreatic head resec-
tion has been introduced to clinical practice in 1972 for in-
flammatory tumours of the pancreatic head [75]. DPPHRt/p
techniques are used for benign tumours of the pancreatic head,
mostly cystic neosplasms of the IPMN type. A total pancreatic
head resection was performed in 75 % of patients, depending
on size of tumour and location within the pancreatic head; in
48 % of the patients, a total pancreatic head resection was
performed with segment resection of the peripapillary duo-
denum and the intrapancreatic common bile duct [14]. This
surgical procedure requires a step-by-step dissection of the
pancreatic head from the duodenal wall [5, 78, 82]. No leak of
the duodenal anastomoses was reported. The total pancreatic
head resection preserving the duodenum and intrapancreatic
common bile duct appeared to be a risk for ischemic lesion of
the peripapillary duodenum and for stenosis of the prepapil-
lary common bile duct [14, 78, 79, 82, 87-89, 92]. Interven-
tional treatment of both complications reestablished an early
postoperative course without reoperations. The frequency of
severe postoperative morbidity, fistula rate, reoperation and
hospital mortality are low after DPPHRt/p. The evaluation of
pancreatic functions after DPPHRt/s demonstrated significant
advantages for short- and long-term outcomes through full
conservation of endocrine and exocrine functional capacities,
based on controlled prospective cohort studies comparing
Whipple-type head resection and DPPHRt/p [14].
Comparing DPPHRt/p with EN, the frequency of pan-
creatic fistula was significantly higher for EN (p < 0.001)
as well the frequency of reoperation (p < 0.029). Success
of DPPHRt/p depends on careful dissection of the supra-
papillary and infra-papillary duodenum from the pancreatic
head preserving the dorsal superior posterior pancreatico-
duodenal artery and the inferior anterior pancreatico-duo-
denal arcade whenever possible to avoid ischaemic tissue
trauma of the peri-papillary duodenum [76, 78, 80, 85, 88].
Dissecting pancreatic tissue around the intrapancreatic
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common bile duct demands the careful use of sharp or
electro-cautering techniques to avoid a trauma to the bile
duct wall. A further advantage of DPPHR/p is tailoring the
amount of head resection by applying a sub-total head re-
section or isolated resection of the uncinate process, and
resecting pancreatic head while preserving the neck of
pancreas [14].

The risk of recurrence was in the series of DPPHRt/p
2.8 % [5, 77]. One reason for the recurrence was the in-
complete resection of the main-duct IPMN neoplasms. A
total of 9.1 % of duodenum-preserving total pancreatic
head resections were performed for other final patholo-
gies—considered, with few exceptions—preoperatively
and intraoperatively as a benign lesion, most of them car-
cinoma in situ of cystic neoplasms and local malignant
tumours. The application of DPPHRt/p for peripapillary
low-risk cancer did not result in any reported cancer re-
currence. However, the use of DPPHRt for low-risk T1
periampullary cancer needs to be confirmed by prospec-
tive, controlled trials before advocating a local resective
procedure.

Acknowledgments This study was financially supported by Ger-
man Pancreatic Cancer Foundation, c/o University of Ulm, Germany,
Grant No. 3/2013.

Conflict of interest No conflict of interest of all authors.

References

1. Megibow AJ, Lombardo FP, Guarise A et al (2001) Cystic
masses: cross-sectional imaging observations and serial follow
up. Abdom Imaging 26:640-642

2. Barahat MT, Meeran K, Bloom SR (2004) Neuroendocrine tu-
mors. Endocr Relat Cancer 11:1-18

3. Broughan ThA, Leslie JD, Soto JM et al (1998) Pancreatic islet
cell tumor. Surgery 99:671-678

4. Tacono C, Bortolasi L, Serio G (2005) Indications and technique
of central pancreatectomy—early and late results. Langenbecks
Arch Surg 390(3):266-271

5. Beger HG, Schwarz M, Poch B (2012) How I do it: duodenum-
preserving total pancreatic head resection for benign cystic neo-
plastic lesions. J Gastrointest Surg 16:2160-2166

6. Kalish BT, Vollmer CM, Kent TS et al (2013) Quality assessment
in pancreatic surgery: what might tomorrow require? J Gastroin-
test Surg 17:86-93

7. Kastenberg ZJ, Morton JM, Visser BC et al (2013) Hospital
readmission after a pancreaticoduodenectomy: an emerging
quality metric? HPB (Oxford) 15:142-148

8. Clavien PA, Barkun J, de Oliveira ML et al (2009) The Clavien-
Dindo classification of surgical complications: five-year experi-
ence. Ann Surg 250:187-196

9. Bassi C, Dervenis C, Butturini G et al (2007) Postoperative
pancreatic fistula: an international study group (ISGPF) defini-
tion. Surgery 138:8-13

10. Liberati A, Altman DG, Tetzlaff J et al (2009) The PRISMA
statement for reporting systematic reviews and meta-analysis of
studies that evaluate health care interventions, explanations and
elaborations. Ann Intern Med 151:264-269

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Higgins JPT, Green S, et al. (2009) Cochran Handbook for sys-
tematic review of interventions. Version 5.0.2. The Cochrane
Collaboration

Der Simonian R, Laird N (1986) Meta-analysis in clinical trials.
Control Clin Trials 7:177-188

Sutton AJ, Abrams KR, Jones BR et al (2000) Methods for meta-
analysis in medical research. Wiley, West Sussex

Beger HG, Nakao A, Meyer B et al (2015) Duodenum-preserving
total and subtotal pancreatic head resection for benign tumors—a
systemic review and meta-analysis. Pancreatology (in press)
Talamini MA, Moesinger R, Yeo CJ et al (1998) Cystadenomas
of the pancreas: is enucleation an adequate operation Ann Surg
227:896-903

Kiely JM, Nakeeb A, Komorowski RA et al (2003) Cystic pancreatic
neoplasms: enucleate or resect? J Gastrointest Surg 7:890-897
Mabrut JY, Fernandez-Cruz L, Azagra JS et al (2005) Hepatobil-
iary and Pancreatic Section (HBPS) of the Royal Belgian Society of
Surgery; Belgian Group for Endoscopic Surgery (BGES); Club
Coelio. Laparoscopic pancreatic resection: results of a multicenter
European study of 127 patients. Surgery 137:597-605

Crippa S, Bassi C, Salvia R et al (2007) Enucleation of pancreatic
neoplasms. Br J Surg 94:1254-1259

Vagefi PA, Razo O, Deshpande V et al (2007) Evolving patterns
in the detection and outcomes of pancreatic neuroendocrine
neoplasms: the Massachusetts General Hospital experience from
1977 to 2005. Arch Surg 142:347-354

Fernandez-Cruz L, Blanco L, Cosa R et al (2008) Is laparoscopic
resection adequate in patients with neuroendocrine pancreatic tu-
mors? World J Surg 32:904-917. doi: 10.1007/s00268-008-9467-2
Blanc B, Sauvanet A, Couvelard A et al (2008) Limited pan-
creatic resections for intraductal papillary mucinous neoplasm.
J Chir (Paris) 145:568-578

Pitt SC, Pitt HA, Baker MS et al (2009) Small pancreatic and
periampullary neuroendocrine tumors: resect or enucleate?
J Gastrointest Surg 13:1692—-1698

Paik KY, Choi SH (2009) Experience of limited pancreatic head
resection for management of branch duct intraductal papillary
mucinous neoplasm in a single center. World J Gastroenterol
15:2904-2907

Huang H, Dong X, Gao SL et al (2009) Conservative resection
for benign tumors of the proximal pancreas. World J Gastroen-
terol 15:4044-4048

Dedieu A, Rault A, Collet D et al (2011) Laparoscopic enucle-
ation of pancreatic neoplasm. Surg Endosc 25:572-576

Casadei R, Ricci C, Rega D et al (2010) Pancreatic endocrine
tumors less than 4 cm in diameter: resect or enucleate? A single-
center experience. Pancreas 39:825-828

Ge C, Luo X, Chen X et al (2010) Enucleation of pancreatic
cystadenomas. J Gastrointest Surg 14:141-147

Falconi M, Zerbi A, Crippa S et al (2010) Parenchyma-preserving
resections for small nonfunctioning pancreatic endocrine tumors.
Ann Surg Oncol 17:1621-1627

Lee SE, Jang JY, Hwang DW et al (2010) Clinical efficacy of
organ-preserving pancreatectomy for benign or low-grade ma-
lignant potential lesion. J Korean Med Sci 25:97-103

Turrini O, Schmidt CM, Pitt HA et al (2011) Side-branch intra-
ductal papillary mucinous neoplasms of the pancreatic head/un-
cinate: resection or enucleation? HPB (Oxford) 13:126-131
Hackert T, Werner J, Biichler MW (2011) Postoperative pan-
creatic fistula. Surgeon 9:211-217

Brient C, Regenet N, Sulpice L et al (2012) Risk factors for
postoperative pancreatic fistulization subsequent to enucleation.
J Gastrointest Surg 16:1883—-1887

Cauley CE, Pitt HA, Ziegler KM et al (2012) Pancreatic enu-
cleation: improved outcomes compared to resection. J Gastroin-
test Surg 16:1347-1353


http://dx.doi.org/10.1007/s00268-008-9467-2

World J Surg (2015) 39:1557-1566

1565

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Cherif R, Gaujoux S, Couvelard A et al (2012) Parenchyma-
sparing resections for pancreatic neuroendocrine tumors. J Gas-
trointest Surg 16:2045-2055

Inchauste SM, Lanier BJ, Libutti SK et al (2012) Rate of
clinically significant postoperative pancreatic fistula in pancreatic
neuroendocrine tumors. World J Surg 36:1517-1526. doi:10.
1007/s00268-012-1598-9

Zhang T, Mu Y, Qu L et al (2012) Accurate combined preop-
erative localization of insulinomas aid the choice for enucleation:
a single institution experience over 25 years. Hepatogastroen-
terology 59:1282-1285

Zhang T, Xu Wang T et al (2013) Enucleation of pancreatic
lesions: indications, outcomes and risk factors for clinical pan-
creatic fistula. J Gastoinst Surg 17:2099-2104

Pyke CM, van Heerden JA, Colby TV et al (1992) The spectrum
of serous cystadenoma of the pancreas. Ann Surg 215:132-139

Zureikat AH, Moses AJ, Boone BA et al (2013) 250 robotic
pancreatic resections: safety and feasibility. Ann Surg
258:554-562

Rotman N, Sastre B, Fagniez PL (1993) Medial pancreatectomy
for tumors of the neck of the pancreas. Surgery 113:532-535
Warshaw AL, Rattner DW, Fernandez-del Castillo C et al (1998)
Middle segment pancreatectomy: a novel technique for con-
serving pancreatic tissue. Arch Surg 133:327-331

Partensky C, Apa D, Marchal F et al (1998) Medial pan-
createctomy with pancreatogastric anastomosis in pancreatic
neoplasms. Chirurgie 123:363-367

de Claviére G, Paye F, Fteriche S et al (2002) Medial pan-
createctomy: results of a series of 11 patients. Ann Chir
127:48-54

Sauvanet A, Partensky C, Sastre B et al (2002) Medial pan-
createctomy: a multiinstitutional retrospective study of 53 pa-
tients by the French Pancreas Club. Surgery 132:836-843
Balzano G, Zerbi A, Veronesi P et al (2003) Surgical treatment of
benign and borderline neoplasms of the pancreatic body. Dig
Surg 20:506-510

Goldstein MJ, Toman J, Chabot JA (2004) Pancreaticogastros-
tomy: a novel application after central pancreatectomy. J Am
Coll Surg 198:871-876

Efron DT, Lillemoe KD, Cameron JL et al (2004) Central pan-
createctomy with pancreaticogastrostomy for benign pancreatic
pathology. J Gastrointest Surg 8:532-538

Muller MW, Friess H, Kleeff J et al (2006) Middle segmental
pancreatic resection: an option to treat benign pancreatic body
lesions. Ann Surg 244:909-918 discussion 918-920

Brown KM, Shoup M, Abodeely A et al (2006) Central pan-
createctomy for benign pancreatic lesions. HPB (Oxford)
8:142-147

Roggin KK, Rudloff U, Blumgart LH et al (2006) Central pan-
createctomy revisited. J Gastrointest Surg 10:804-812

Christein JD, Smoot RL, Farnell MB (2006) Central pan-
createctomy: a technique for the resection of pancreatic neck
lesions. Arch Surg 141:293-299

Crippa S, Bassi C, Warshaw AL et al (2007) Middle pan-
createctomy: indications, short- and long-term operative out-
comes. Ann Surg 246:69-76

Allendorf JD, Schrope BA, Lauerman MH et al (2007) Postop-
erative glycemic control after central pancreatectomy for mid-
gland lesions. World J Surg 31(1):164—-168. doi:10.1007/s00268-
005-0382-5 discussion 169-170

Blanc B, Sauvanet A, Couvelard A et al (2008) Résection limitée
du pancréas pour tumeur intracanalaire papillaire et mucinous
non invasive. J Chir (Paris) 145:568-578

Adham M, Giunippero A, Hervieu V et al (2008) Central pan-
createctomy: single-center experience of 50 cases. Arch Surg
143:175-180 discussion 180-171

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Wayne M, Neragi-Miandoab S, Kasmin F et al (2009) Central
pancreatectomy without anastomosis. World J Surg Oncol
7:67-72

Shimada K, Sakamoto Y, Esaki M et al (2008) Role of medial
pancreatectomy in the management of intraductal papillary mu-
cinous neoplasms and islet cell tumors of the pancreatic neck and
body. Dig Surg 25:46-51

Ocuin LM, Sarmiento JM, Staley CA et al (2008) Comparison of
central and extended left pancreatectomy for lesions of the pan-
creatic neck. Ann Surg Oncol 15:2096-2103

Hirano S, Tani M, Kawai M et al (2009) A central pan-
createctomy for benign or low-grade malignant neoplasms.
J Gastrointest Surg 13:1659-1665

Sperti C, Pasquali C, Ferronato A et al (2000) Median pan-
createctomy for tumors of the neck and body of the pancreas.
J Am Coll Surg 190:711-716

Cataldegirmen G, Schneider CG, Bogoevski D et al (2009) Ex-
tended central pancreatic resection as an alternative for extended
left or extended right resection for appropriate pancreatic neo-
plasms. Surgery 147:331-338

Shikano T, Nakao A, Kodera Y et al (2009) Middle pan-
createctomy: safety and long-term results. Surgery 147:21-29
Lee CJ, Scheiman J, Anderson MA et al (2008) Risk of malig-
nancy in resected cystic tumors of the pancreas < or = 3 cm in
size: is it safe to observe asymptomatic patients? A multi-insti-
tutional report. J Gastrointest Surg 12:234-242

Xiang GM, Tan CL, Zhang H et al (2012) Central pan-
createctomy for benign or borderline lesions of the pancreatic
neck: a single centre experience and literature review. Hepato-
gastroenterology 59:1286-1289

DiNorcia J, Ahmed L, Lee MK et al (2010) Better preservation of
endocrine function after central versus distal pancreatectomy
for mid-gland lesions. Surgery 148:1247-1254 discussion1254-
1246

Sudo T, Murakami Y, Uemura K et al (2010) Middle pan-
createctomy with pancreaticogastrostomy: a technique, operative
outcomes, and long-term pancreatic function. J Surg Oncol
101:61-65

LaFemina J, Vagefi PA, Warshaw AL et al (2010) Transgastric
pancreaticogastric anastomosis: an alternative operative approach
for middle pancreatectomy. Arch Surg 145:476-481

Kang CM, Lee JM, Kim MW et al (2011) Experiences in central
pancreatectomy. Dig Surg 28:57-62

Boggi U, Amorese G, De Lio N et al (2012) Central pan-
createctomy with inframesocolic pancreatojejunostomy. Lan-
genbecks Arch Surg 397:1013-1021

Dumitrascu T, Scarlat A, Ionescu M et al (2012) Central pan-
createctomy versus spleen-preserving distal pancreatectomy: a
comparative analysis of early and late postoperative outcomes.
Dig Surg 29:400-407

Li A, Prasoon P, Hong W et al (2012) Pancreaticogastrostomy: a
salvage procedure for pancreatic body and neck resection. Iran
Red Crescent Med J 14:731-736

Venara A, de Franco V, Mucci S et al (2012) Central pan-
createctomy: comparison of results according to the type of
anastomosis. J Visc Surg 149:153-158

Correa-Gallego C, LaFamina J, Angelica MD et al (2012) Indi-
cations, techniques and outcomes for central pancreatectomy, an
updated experience. HPB 14:154-160

Kimberly M, Brown MS, Adam A et al (2006) Central pan-
createctomy for benign pancreatic lesions. HPB 8:142-147
Beger HG, Witte C, Krautzberger W et al (1980) Erfahrung mit
einer das Duodenum erhaltenden Pankreaskopfresektion bei
chronischer Pankreatitis. Chirurg 51:303-310

Imaizumi T, Hanyu F, Suzuki M et al (1995) Clinical experience
with duodenum preserving total resection of the head of the

@ Springer


http://dx.doi.org/10.1007/s00268-012-1598-9
http://dx.doi.org/10.1007/s00268-012-1598-9
http://dx.doi.org/10.1007/s00268-005-0382-5
http://dx.doi.org/10.1007/s00268-005-0382-5

1566

World J Surg (2015) 39:1557-1566

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

pancreas with pancreaticocholedochoduodenostomy. J Hep Bil
Pancr Surg 2:38-44

Isaji S, Kawarada Y (2001) Pancreatic head resection with sec-
ond-portion duodenectomy for benign lesions, low-grade malig-
nancies, and early stage carcinomas involving the pancreatic head
region. Am J Surg 181:172-176

Miyakawa S, Horiguchi A, Mizuno K et al (2003) Preservation of
arterial arcades during duodenum-preserving total pancreatic
head resection for intraductal papillary tumor. Hepatogastroen-
terology 50:993-997

Ahn YJ, Kim SW, Park YC et al (2003) Duodenal-preserving
resection of the head of the pancreas and pancreatic head resec-
tion with second-portion duodenectomy for benign lesions, low-
grade malignancies, and early carcinoma involving the peri-
ampullary region. Arch Surg 138:162-168

Hirano S, Kondo S, Ambo Y et al (2004) Outcome of duodenum-
preserving resection of the head of the pancreas for intraductal
papillary-mucinous neoplasm. Dig Surg 21:242-245

Murakami Y, Uemura K, Yokoyama Y et al (2004) Pancreatic
head resection with segmental duodenectomy for intraductal
papillary mucinous tumors of the pancreas. J Gastrointest Surg
8:713-719

Takada T, Yasuda H, Amano H et al (2004) A duodenum-pre-
serving and bile duct-preserving total pancreatic head resection
with associated pancreatic duct-to-duct anastomosis. J Gastroin-
test Surg 8:220-224

Ito K (2005) Duodenum preservation in pancreatic head resection
to maintain pancreatic exocrine function (determined by pan-
creatic function diagnostant test and cholecystokinin secretion).
Hepatobiliary Pancreat Surg 12:123-128

Fernandez-Cruz L, Olvera C, Lopez-Boado MA et al (2006)
Organ-preserving resection of the pancreaticoduodenal region in
the treatment of intraductal papillary mucinous tumors. Cir Esp
80:295-300

Imaizumi T, Hatori T, Harada N et al (2007) Intraductal papillary
mucinous neoplasm of the pancreas; resection and cancer pre-
vention. Am J Surg 194:95-99

Nakagohri T, Kinoshita T, Konishi M et al (2007) Surgical out-
come of intraductal papillary mucinous neoplasms of the pan-
creas. Ann Surg Oncol 14:3174-3180

Xiong JX, Wang CY, Tao J et al (2007) Indication and choice of
operation technique for duodenum-preserving resection of

@ Springer

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

pancreatic head: 22 cases reports. Zhonghua Wai Ke Za Zhi
45:24-26

Fujii T, Kanda M, Kodera Y et al (2011) Comparison of pan-
creatic head resection with segmental duodenectomy and pylorus-
preserving pancreatoduodenectomy for benign and low-grade
malignant neoplasms of the pancreatic head. Pancreas
40:1258-1263

Pedrazzoli S, Canton SA, Sperti C (2011) Duodenum-preserving
versus pylorus-preserving pancreatic head resection for benign
and premalignant lesions. J Hepatobiliary Pancreat Sci 18:94—-102
Hwang DW, Jang JY, Lee SE et al (2012) Clinicopathologic
analysis of surgically proven intraductal papillary mucinous
neoplasms of the pancreas in SNUH: a 15-year experience at a
single academic institution. Langenbecks Arch Surg 397:93-102
Gong DJ, Zhang JM, Mao GJ et al (2012) Duodenum-preserving
pancreatic head resection vs. pancreatoduodenectomy for benign
lesions and low-grade malignancies of the pancreatic head.
Hepatogastroenterology. doi:10.5754/hge12407

Busquets J, Fabregat J, Borobia FG et al (2010) Organ-preserving
surgery for benign lesions and low-grade malignancies of the
pancreatic head: a matched case-control study. Surg Today
40:125-131

Horiguchi A, Miyakawa S, Ishihara S et al (2010) Surgical design
and outcome of duodenum-preserving pancreatic head resection
for benign or low-grade malignant tumors. J Hepatobiliary Pan-
creat Sci 17:792-797

Lee SE, Jang JY, Hwang DW et al (2010) Clinical efficacy of
organ-preserving pancreatectomy for benign or low-grade ma-
lignant potential lesion. J Korean Med Sci 25:97-103

Kim SW, Kim KH, Jang JY et al (2001) Practical guidelines for
the preservation of the pancreaticoduodenal arteries during duo-
denum-preserving resection of the head of the pancreas: clinical
experience and a study using resected specimens from pancre-
aticoduodenectomy. Hepatogastroenterology 48:264-269
Yamaguchi K, Yokohata K, Nakano K et al (2001) Which is a
less invasive pancreatic head resection: PD, PPPD, or DPPHR?
Dig Dis Sci Feb 46:282-288

Liu JZ, Hung XY, Wang HC et al (2013) Duodenum preserving
pancreatic head resection versus pancreaticoduodenectomy for
enign pancreatic neoplasms. Personal Communication. HBP
15(32):122-137


http://dx.doi.org/10.5754/hge12407

	Limited Surgery for Benign Tumours of the Pancreas: A Systematic Review
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Definitions of surgical techniques
	Enucleation

	Central pancreatectomy
	Duodenum-preserving pancreatic head resection
	Data extraction
	Statistical analysis

	Results
	Indications to surgery and surgical techniques

	Early postoperative outcome
	Enucleation (Table 3)

	Central pancreatectomy (Tables 4, 6)
	Duodenum-preserving total/partial pancreatic head resection (Tables 5, 6)
	Pancreatic fistula (Table 6)
	Discussion
	Indication and limitations of local surgical procedures
	Central pancreatectomy


	Acknowledgments
	References




