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Rezumat

De la clasicul Whipple la pancreatico-duodenectomia cu prezervarea
pilorului si, in cele din urmad, la rezectia pilorului - pancreatico-
duodenectomia cu prezervarea stomacului: o revizuire

Pancreato-duodenectomia este procedura de electie pentru
tratamentul chirurgical al tumorilor benigne sau maligne ale
regiunii periampulare. Conservarea pilorului a fost stabilita ca
cea mail frecventa abordare utilizatd in timpul pancreato-
duodenectomiel in majoritatea centrelor specializate in trata-
mentul chirurgical al cancerului pancreatic, din intreaga lume.
Factorii care au influentat aceastd predilectie sunt scurtarea
duratei interventiei chirurgicale, limitarea pierderilor de sange
intraoperatorii, dificultatea tehnica redusa si rezultatele destul
de asemanatoare pe termen scurt si lung fatda de clasicul
Whipple. Cu toate acestea, in literatura de specialitate, se
evidentiaza cresterea incidentei evacuarii gastrice intarziate in
urma pancreato-duodenectomiei de prezervare a pilorului.
Printre alti factori, disfunctia pilorului atribuibila manevrelor
chirurgicale a fost recunoscuta in etiologia acestei complicatii. in
incercarea de a depagi aceasta limitare a pancreato-duodenectomiei
cu prezervarea pilorului, a fost propusa pancreato-duodenectomia
de rezectie a pilorului cu prezervarea stomacului. In teorie,
pancreato-duodenectomia cu rezectia pilorului ar putea mentine
avantajele operatiei de prezervare a stomacului, dar, in acelasi
timp, poate garanta o golire gastrica mai fluida. Doar trei studii
clinice randomizate si-au propus, pana in prezent, sa evalueze
aceasta tehnica, si un singur studiu a raportat rezultate in
favoarea pancreato-duodenectomiei cu rezectia pilorului in ceea
ce priveste incidenta evacudrili gastrice intarziate. Studiul
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PyloResPres, un studiu german multicentric in curs de desfasurare care compara PPPD si
PRPD, inroleaza in prezent pacienti, iar rezultatele sale ar putea oferi dovezi adecvate cu privire
la abordarea optima.

Cuvinte cheie: cancer pancreatic, procedura Whipple, pancreato-duodenectomie cu prezervarea
pilorului, pancreato-duodenectomie cu rezectia pilorului, Chirurgie de prezervare a organelor

Abstract

Pancreaticoduodenectomy is the procedure of choice for benign or malignant tumors of the peri-
ampullary region. The preservation of the pylorus has been established as the mostly utilized
approach during pancreaticoduodenectomy among the majority of specialized, in the surgical
treatment of pancreatic cancer, centers worldwide. The factors that influenced this predilection
are the shorter operation times, the less intraoperative blood loss, the decreased technical
difficulty, and the quite similar short- and long-term outcomes compared to the classic Whipple.
However, there is a notable trend in the literature highlighting the increased incidence of
delayed gastric emptying following pylorus preserving pancreaticoduodenectomy. Among other
factors, pylorus dysfunction attributable to the surgical maneuvers has been implemented in
the etiology of this complication. In an attempt to overcome this limitation of the pylorus
preserving pancreaticoduodenectomy, pylorus resecting pancreaticoduodenectomy with the preser-
vation of the stomach was proposed. In theory, pylorus resecting pancreaticoduodenectomy could
maintain the advantages of organ sparing surgery, but at the same time guarantee a more
seamless gastric emptying. Only three RCTs, to date, aimed to evaluate the approach with only
one reporting results in favor of the pylorus resecting pancreaticoduodenectomy in regard to the
incidence of delayed gastric emptying. Further well-designed prospective randomized studies
are needed for an accurate assessment of the true role of each of these surgical alternatives on
the treatment of pancreatic cancer.

Key words: pancreatic cancer, Whipple’s procedure, pylorus preserving pancreaticoduodenectomy,
pylorus resecting pancreaticoduodenectomy, delayed gastric emptying

Introduction

Deciding on the proper treatment plan for
pancreatic cancer is a rather complex equation.
A multidisciplinary approach is required and
surgery with curative intent, i.e. obtaining an
RO resection, plays a key role (1). In general,
pancreatic surgery is a highly demanding field
in regards to the technical aspects of the
procedure itself but to the perioperative
management of patients, as well. Traditionally,
pancreatic resections have been regarded as
procedures of high associated morbidity and

mortality. Nowadays, a significant progress has
been documented and mortality rates of less
than 5% have been reported (2). Starting from
the time of diagnosis, high hospital volume
has clearly allowed mastering the whole
process (3-4). However, despite the steadily
decreased mortality rates, the high associated
morbidity, even up to 50%, is still a major
concern after any kind of pancreatic surgery
(5). The room for improvement is more than
obvious.

Pancreaticoduodenectomy (PD) is the
procedure of choice for several, both benign
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and malignant, tumors of the periampullary
region. From the historical perspective, the
procedure was first proposed by Kausch in
1909 (6). More than twenty years later, in
1935, Allen Whipple redefined the procedure
as a two-stage operation with the second stage
performed three to four weeks after the first
stage (7). The first, one stage procedure was
reported, six years later, simultaneously by
Whipple and Trimble et al (8-9). The classic
Whipple procedure involves a PD along with
the resection of the distal part of the common
bile duct, the gallbladder, and finally the
gastric antrum. In 1944, Watson proposed a
modification of the classic Whipple by
omitting the antrectomy (10). Then, in 1978,
Traverso and Longmire proposed a similar
surgical technique with the preservation of
the entire stomach, the pylorus, and the first
2.5 cm of the duodenum in two patients
(a patient with chronic pancreatitis and a
patient with distal duodenal cancer). The
gastrointestinal tract continuity was re-
established with a duodenojejunostomy in
both cases (11). Two years later, the authors
published a follow-up assessment focused
on the functional results of the proposed
technique. By the time of this publication, the
sample size had been increased to 18 patients.
The authors reported that pylorus-preserving
pancreaticoduodenectomy (PPPD) was associated
with decreased incidence of postgastrectomy
syndrome defined as postprandial dumping,
diarrhea, dyspepsia, nausea and vomiting and
better functional results (12).

Since then, the penetration of PPPD among
centers, specialized in pancreatic surgery,
worldwide has been quite impressive as it
was, at least initially, hypothesized to reduce
the occurrence of dumping, diarrhea, and
bile reflux gastritis and to improve overall
nutritional status compared to the classic
Whipple (13-14). From the technical viewpoint,
the preservation of the pylorus during PD was
associated with shorter operation times and
less intraoperative blood loss (13-14). The crucial
question at this point was whether this organ
sparing approach, with its notable advantages,
resulted in inferior oncological, long-term

results compared to the classic Whipple. In
theory, a strategy of “resecting less and pre-
serving more” could increase the risk of positive
resection margins and, ultimately, compromise
the oncological efficiency of PD. Five
randomized controlled trials (RCTs), comparing
the PPPD with the classic Whipple in patients
with pancreatic and/or periampullary tumors,
that provided survival data did not reveal any
differences in terms of overall survival between
the two approaches (15-19). Similarly, a
recent Cochrane database review reported no
difference between PPPD and classic Whipple
in terms of tumor recurrence, overall survival,
and relevant morbidity parameters (20).

As soon as the oncological appropriateness
of this organ preserving modification of the
classic technique was established, the end
points of the comparison between the PPPD
and the classic Whipple were inevitably
summarized in morbidity and short-term
complication issues (21). In general, any form
of pancreatic surgery can be complicated by
the development of postoperative pancreatic
fistulas (POPF), bile leaks, post-pancreatectomy
hemorrhage, chyle leaks, intra-abdominal
abscess / fluid collections, and delayed gastric
emptying (DGE) (22). With the exception of
the latter 1.e. DGE, all of these complications
do not seem to be directly correlated with the
extent of gastric resection, if any. Therefore,
the incidence of DGE after classic Whipple or
PPPD was, commonly, utilized as the primary
end point for the comparison of the two
techniques in the majority of the relevant
studies. In general, DGE is the most frequent
complication after PD with a reported
incidence ranging between 7 and 61 % (23).
PPPD has been associated with an increased
rate of DGE compared to the classic Whipple
(31.4% vs. 23.5%; OR 3.03, 95% CI, 1.05-8.7,
P=0.04) (20). It was hypothesized that, among
other factors, the preservation of a dysfunc-
tional pyloric ring because of innervation
issues, occurred by the operative maneuvers,
may be implemented in the etiology of DGE.
(24). In attempt to overcome or, even, limit
this bothersome complication associated with
the PPPD, the pylorus resecting pancreatico-
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duodenectomy (PRPD) with the preservation
of the stomach was proposed (25).

The purpose of the present study was to
evaluate and compare the various forms of PD
1.e. the classic Whipple, the PPPD and the
PRPD that arise depending on the extent of
gastric resection, by reviewing the relevant
literature (Fig. 1).

Methods

We conducted a literature search on the
MEDLINE (PubMed), Scopus, Google Scholar,
and Cochrane library electronic databases for
articles published from the beginning of data-
bases to 2023 aiming to include all prospective
and retrospective studies assessing and
comparing the different forms of PD. However,
we have based the comparison mainly on the
results of the available randomized control
trials, systematic reviews, and meta-analyses.
Exclusion criteria included the following:
1. Non-human studies; 2. Case reports;
3. Conference abstracts; 4. Studies with no full
text available. The search strategy included
combinations of the following key words:
“Pancreatic surgery”, “Whipple’s procedure”,
“Pancreaticoduodenectomy”, “Pylorus preserving
pancreaticoduodenectomy”, “Pylorus resecting
pancreaticoduodenectomy” and “Delayed
gastric emptying”. After screening the titles
and the abstracts of the retrieved studies for
relevance, a full text review was conducted.
The literature screening and the quality
assessment of the retrieved articles were
performed by two independent researchers.
The opinion of a third senior researcher
resolved any cases of disagreement.

Delayed Gastric Emptying

The outcomes of pancreatic surgery have been
notably improved over the past three decades.
In high volume centers, mortality rates of
less than 5% have been reported (2,26-28).
However, despite this favorable development,
morbidity remains an important problem (2).
DGE 1is one of the most troublesome post-
operative complications following pancreatic

Pylorus Antrum Body

Figure 1.

Level of proximal transection in: 1: Classic Whipple,

2: Pylorus preserving Pancreaticoduodenectomy (PPPD),
and 3: Pylorus resecting — stomach preserving
Pancreaticoduodenectomy (PRPD)

surgery because it results in increased health-
care costs, increased hospital readmissions
rates and compromised postoperative patients’
quality of life (29-30). In addition, the risk of
aspiration and nosocomial pneumonia is
markedly increased (29). In general, the
prompt restoration of normal enteral nutrition
following any form of gastrointestinal surgery
has been associated with several advantages
such as the preservation of intestinal integrity,
the prevention of intestinal mucosal atrophy,
and the avoidance of bacterial translocation (31).
Within this context, the occurrence of DGE after
pancreatic surgery compromises the goal for
early enteral feeding.

The pathogenesis of DGE on the background
of pancreatic surgery seems to be multifactorial
(32-33). Postoperative infectious and inflamma-
tory complications such as POPF and intra-
peritoneal abscesses have been implemented
in the etiology. These common complications,
following any form of pancreatic surgery, cause
gastric dysrhythmia due to the induced
inflammation of the gastric wall remnant and
subsequently increase the incidence of DGE
(32-33). In general, after PD gastric motility is
decreased (34). The resection of the duodenal
pacemaker and the disruption of gastro-
duodenal neural connections have been also
postulated as possible causes as extensive
dissections along the common hepatic artery
could disrupt crucial for gastric motility nerve
pathways (34). Another possible mechanism is
the ischemic injury on the antropyloric muscle
mechanism due to dissections along the right
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gastric artery ultimately causing pylorospasm
(35).

Significance alterations at the hormonal
level after PD seem to play an important role,
as well (36). A reduction of the circulating
levels of motilin has been documented following
the resection of the duodenum and the
proximal jejunum (36). Motilin is a polypeptide
hormone that stimulates motility in several
parts of the gastrointestinal tract (36-37). In
support of the above, patients submitted to
distal pancreatectomy rarely develop DGE (37).
In addition, duodenum-preserving pancreatic
head resection seem to be associated with a
decreased incidence of DGE compared to PD
(38-39). Preoperative diabetes mellitus has
been strongly associated with increased
incidence of DGE (40-41). Possible causes
include the autonomic neuropathy, the fluctua-
tions in blood glucose levels, and the effect of
anti-diabetic medications on gastrointestinal
motility (40-41).

However, pure technical parameters seem
to significantly affect the incidence of compli-
cations and more specifically DGE after PD.
The type of surgical reconstruction appears
important. Available options include the
s-Child reconstruction defined as the recon-
struction with pancreaticojejunostomy followed
by the hepaticojejunostomy and finally the
gastrojejunostomy, the BE-Child reconstruction
which includes an additional to the s-Child
Braun enteroenterostomy, and the isolated
Roux-en-Y pancreaticojejunostomy in which
the pancreatic anastomosis is performed in a
separate jejunal loop after the gastrojejuno-
stomy (42). A recent meta-analysis of nineteen
studies comparing these three reconstruction
options concluded that the BE-Child recon-
struction is associated with a decreased risk for
postoperative complications, particularly a
decreased risk for clinically relevant DGE,
POPF, and bile leaks compared to the other
alternatives (42). In general, DGE is directly
related to other common complications of PD
and especially POPF. Apart from DGE, POPF
can lead to a series of significant secondary
injuries such as abdominal cavity infection,
false aneurysms, and abdominal bleeding

(43-44). The latter i.e. the postoperative hemor-
rhage is the most serious complication with an
associated mortality of as high as 50% (43). In
this sense, interventions aiming to reduce the
incidence of POPF will ultimately have an
impact on DGE, as well. Interventions with
documented effectiveness in reducing the rates
of POPF include the following: 1. the use of
external pancreatic duct drainage, 2. the
administration of Ulinastatin, and 3. the
adaptation of the invagination (versus duct-to-
mucosa) technique for the pancreatojejunostomy
(45-46).

However, as soon as a clinically significant
POPF develops, a surgical intervention might
be required. The surgical options include
completion pancreatectomy, the revision of the
pancreatic anastomosis or the open drainage
and debridement. The secondary DGE on the
background of POPF seems to be adequately
addressed with the successful management
of POPF (47). There is also evidence suggesting
the favorable effect of early drain removal on
the incidence of complications after PD (48).
Apart from the early drain removal, various
interventions included in the enhanced
recovery protocols after PD have significantly
aided in improving the outcomes of pancreatic
surgery (49).

Until 2007, a universally accepted, objective,
consensus definition of DGE after major pan-
creatic surgery was not available. The result
was that each study dealing with the occur-
rence of DGE after pancreatic surgery adopted
or proposed a different definition. For example,
Miedema et al. defined DGE as the inability to
tolerate full oral intake on the 14™ postopera-
tive day while Patel et al. lowered the threshold
to the 7™ postoperative day (50-51). Obviously,
this approach entailed problems in regard to
the interpretation and the comparison of the
results out of different studies.

Aiming to overcome this notable limitation,
the International Study Group of Pancreatic
Surgery (ISGPS), in 2007, developed and
proposed an objective and generally applicable
definition and grading of DGE (52). This classi-
fication was based, primarily, on the severity
and the clinical impact of this bothersome and
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frustrating complication. According to this
definition and grading system, there are three
grades of DGE. DGE grade A results only in a
transient alteration of the anticipated post-
operative course, has no major clinical impact,
and does not prolong the length of hospital stay.
DGE grade B results in an extended hospital
stay and, usually, requires the administration
of prokinetic drugs and nutritional support.
Finally, DGE grade C warrants a significant
alteration on patients’ management while
the length of hospital stay is substantially
prolonged. Parenteral or enteral nutritional
support and treatment of any associated post-
operative complications, such as pancreatic
fistula or intra-abdominal abscesses are usually
required in the clinical scenario of a grade C
DGE (52).

Classic Whipple vs. PPPH

Historically, the transition, in regard to the
surgical trends, from the classic Whipple to
the PPPH for the treatment of periampullary
tumors was not based on level I evidence.
Factors such as the shorter operative time, the
decreased level of technical difficulty, and the
less intraoperative blood loss influenced
the quest for and the adaptation of a valid
alternative to the classic approach (21).
Nevertheless, despite its less extensive nature
as a curative operation, PPPH was associated
with similar to the classic Whipple long-term
oncological results (22). This fact focused the
comparison of the two techniques on the short-
term outcomes, the influence on the quality of
patients’ life and the nutritional recovery of
following surgery. In general, the results of
the randomized controlled trials (RCTs),
published to date, are confusing (Table 1).

In 1998, Paquet et al. reported the results of
their RCT showing that digestive and exocrine
functions were better restored after PPPD and
patients exhibited a better nutritional
recovery and exocrine function. In addition,
they emphasized that PPPD was an easier to
perform procedure, technically wise (53). One
year later, Wenger et al. randomized 48
patients with pancreatic and periambullary

cancers to either classic Whipple or PPPD. They
reported shorter operative time for the PPPD
group and no differences in regard to morbidity
between the two techniques. While there were
no recorded differences in the global quality of
life scores, gastrointestinal quality of life,
defined by the presence of appetite and the
absence of nausea and diarrhea, appeared
increased in the PPPD group (54). Almost
simultaneously with the previous two studies,
Lin et al. were the first that highlighted the
possibility of increased incidence of DGE after
PPPD. In their RCT, DGE was observed in 6
out of 16 patients of the PPPD group and in
only 1 out of 15 patients of the classic Whipple
group. Although the result was not statistically
significant (P=0.08), the authors highlight the
trend and the need for increased sample size in
order to confirm this finding. No differences
were recorded, in this study, in regard to
mortality, morbidity, operating time, blood loss,
and blood transfusion requirements between
the two groups (55).

In 2004, Tran et al. compared classic
Whipple with PPPD and reported comparable
operation time, blood loss, hospital stay,
mortality, morbidity, and incidence of DGE. In
this study, the authors compared the two
techniques on the basis of their oncological
efficiency, as well. Positive resection margins
were found in 12 patients of the control
group and 19 patients of the PPPD group
(P < 0.23). Patients were followed up, for up to
115 months. The overall long-term and
disease-free survival was comparable in both
groups (56). Similar results were reported by
Seiler et al. as well i.e. long-term survival,
quality of life, and weight gain were identical
after classic Whipple or PPPH at a median
follow-up of 63.1 months (57). In 2008,
Srinarmwong et al. reported that DGE
occurred with increased frequency after PPPD
(58) while Taher et al., in their 2015 study,
reported similar morbidity between the two
techniques (59).

Between 2007 and 2016, three meta-
analyses were published comparing PPPH
with classic Whipple (21,60-61). In the most
recent one, the meta-analysis by Hanna et al.
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Table 1.  Randomized control trials comparing the classic Whipple with the Pylorus Preserving Pancreaticoduodenectomy
Author Year of Study No of patients Follow up No Differences PPPD Whipple
publication  type  (Whipple vs. PPPD) Superior Superior
Paquet et al. (53) 1998 RCT 23vs. 17 Up to Morbidity Digestive and
12 years Hospital exocrine function
Mortality restoration
Long term Nutritional recovery
Survival
Wenger et al. (54) 1999 RCT 24 vs. 24 60 months Morbidity Operation time
Global quality Gastrointestinal
of life quality of life
(appetite, nausea, diarrhea)
Nutritional recovery
Lin et al. (55) 1999 RCT 15vs. 16 During hospital Operative mortality DGE
stay — morbidity (Non SS)
Operation time
Blood loss
Blood transfusion
Tran et al. (56) 2004 RCT 87 vs. 83 upto 115 Operation time
months Blood loss
Hospital stay
Mortality
Morbidity
DGE
Overall and
disease-free survival
Seiler et al. (57) 2005 RCT 66 vs. 64 Up to 93 months  Perioperative morbidity Capacity to work
Long-term survival at 6 months
Quality of life
Weight gain
Srinarmwong 2008 RCT 13vs. 14 Up to 60 months Operation time DGE
et al. (58) Blood loss
Operative mortality
and morbidity
Hospital stay
Survival
Taher et al. (59) 2015 RCT 8vs. 12 During hospital stay Morbidity Blood loss
Blood transfusions
Hospital stay
Burquets et al. (62) 2022 RCT 42 vs. 42 6 Months DGE Anthropometric
Postoperative morbidity measurements

Hospital stay (Triceps fold, upper arm

circumference) at 6 months

RCT: Randomized control trial, PPPD: Pylorus preserving pancreaticoduodenectomy

published in 2016, the authors report a lower
incidence of DGE in the classic Whipple
compared to the PPPD and when an antecolic
approach for the gastrojejunostomy was
utilized (61). The same year a Cochrane
database systematic review was published by
Hittner et al. summarizing and appraising
the existing data (20). The authors concluded
that current evidence suggests no difference
between the PPPH and the classic Whipple in
terms of survival, postoperative mortality, and
morbidity. However, a potential benefit, which

could not be corroborated by the sensitivity
analyses seems to be recorded for the classic
operation in regard to the incidence of DGE.
On the other hand, PPPD may indeed reduce
operating time, intraoperative blood loss, and
the need for red blood cell transfusion (20).
The most recent RCT (QUANUPAD trial)
was published, in 2022, by Busquets et al.
(62). The authors conclude that DGE
incidence and severity did not differ between
classic Whipple and PPPD although some
anthropometric measurements, related with
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the patients’ nutritional recovery, such as
triceps fold and upper arm circumferences
may indicate a better recovery following PPPD
(62). However, the authors do not advocate the
generalized use of PPPD and suggest that the
classic Whipple should remain the technique
of choice for the surgical treatment of pancreatic
cancer because it can be performed in all patients
without the fear of duodenal ischemia.

PPPD vs. PRPD

The preservation of the pylorus, during PPPD,
and its dysfunction as a cause of the increased
frequency of DGE was the rationale behind
the introduction of the pylorus resecting but
stomach preserving modification of the classic
Whipple (PRPD) (24). The theory of this organ
preserving approach is to maintain, in total,
the physiologic functions of the stomach in
terms of storage and mixing of food with
gastric secretions, which are important stages
of the digestive process, and to simultaneously
limit the increased incidence of DGE to the
extent that the pylorus is responsible for (63).

Three RCTs aimed to provide high quality
evidence and determine the true role of PRPD
by either confirming or denying the expecta-
tions out of the approach (Table 2).

In 2011, Kawai et al. randomized 130
patients with pancreatic cancer to either
PPPD or PRPD. The authors concluded that
PRPD significantly reduces the incidence of
DGE (64). Three years later, the authors
published the long-term results of their study.
The favorable short-term results on DGE
observed in the PRPD arm of the study
seemed to be equally reflected in the long term
follow-up, as well (65). An additional RCT by
Matsumoto et al. with 100 patients reported a
DGE incidence of 20% and 12 % for PPPD and
PRPD, respectively. However, the result was
not statistically significant (P 0.414) (66).

In 2019, Hackert et al. published the results
of the currently largest RCT comparing PPPD
and PRPD (PROPP trial) with 93 patients in
each arm (67). According to the results, the
DGE rate, within 30 days postoperatively, was
not different between PPPD and PRPD (25.3%
vs. 31.2%, OR 1.534, 95% CI, 0.788-2.978;

Table 2.  Randomized control trials (RCT) comparing Pylorus Preserving Pancreaticoduodenectomy (PPPD) with Pylorus Resecting
Pancreaticoduodenectomy (PRPD)
Author Year of Study No of patients Follow up No Differences PRPD PPPD
publication  type (PPPD vs. PRPD) Superior Superior
Kawai et al. 2011 RCT 64 vs. 66 6 months — Postoperative DGE
(64 - 65) 2014 24 months morbidity and
mortality
Quality of life
Weight loss
Nutritional status
Long term outcomes
Matsumoto et al. 2014 RCT 50 vs. 50 3 years DGE
(66) Postoperative serum
albumin levels
Serum total
cholesterol levels
Body mass index
Hackert et al. (67) 2018 RCT 95 vs. 93 30 days DGE
Klaiber et al. (68) 2020 RCT 45 vs. 51 Up to 57 Endocrine / exocrine Late
months pancreatic function cholangitis
(median: 36,2 Receipt of chemotherapy
months) Cancer recurrence
Reoperations
Readmissions
Quality of life

RCT: Randomized control trial, DGE: Delayed gastric emptying, PPPD: Pylorus preserving pancreaticoduodenectomy,

PRPD: Pylorus resecting pancreaticoduodenectomy
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P=0.208). Thus, the resection of the pylorus did
not reduce the incidence or severity of DGE
and the authors assumed that the etiology of
DGE seems to be multifactorial rather than
attributable to the pyloric dysfunction alone.
Based on their findings, the authors suggested
that PPPD should remain the standard
approach (67). The long-term results in terms of
morbidity and quality of life of the PROPP trial
were published in 2020 (68). The study included
only 96 out of the 188 patients of the PROPP
trial, as 63 patients died, and 29 patients were
lost to follow-up. There was no difference
between PPPD and PRPD patients regarding
endocrine and exocrine pancreatic function,
receipt of adjuvant/palliative chemotherapy,
and disease recurrence. However, delayed
cholangitis occurred significantly more often in
patients following pylorus resection (P = 0.042).
The authors concluded that similar to short-
term results, long-term follow-up showed no
significant differences between PPPD and
PRPD (68).

In 2018, Klaiber et al. performed a meta-
analysis of DGE after PPPD vs. PRPD
including the three available RCTs and eight
nonrandomized studies. The quantitative
synthesis across all studies showed superiority
for PRPD regarding DGE (OR 271, 95 per
cent c.i. 148 to 496; P = 0001) and length of
hospital stay (mean difference 3 26 (95 per cent
c.i. -1 04 to 5-48) days; P = 0:004). However, the
superiority of PRPD was not confirmed in the
subgroup analyses only of the available RCTs
(69). The most recent attempt to incorporate all
the existing data and draw a definite conclusion
was conducted by Varghese et al. in their
network meta-analysis of randomized trials.
The overall incidence of DGE was 25.6 %.
According to the results, the pylorus-resecting,
antecolic, Billroth II with Braun enteroentero-
stomy was associated with the lowest rates of
DGE and ranked the best in 35 % of all of the
comparisons (70).

Discussion

The debate in regard to the optimal technique
seems to be ongoing. The existing RCTs have

significant limitations that should be taken
into account before interpreting the results,
such as the small patient samples, the clinical
and methodological heterogeneities, and the
lack of a clear and universally accepted defini-
tion of DGE, especially before 2007. Although
RCTs represent the gold standard in finding
evidence for a treatment in clinical practice,
the new alternative, that can however be used
in conjunction to RCTs, is “big data”.
Recently, two studies using large patient
databases were published. The first one was
an analysis of data of 5080 patients entered in
the StuDoQ | Pancreas nationwide registry of
the German Society of General and Visceral
Surgery. The primary aim of the study was to
assess the impact of pylorus preservation or
resection on the occurrence of DGE in patients
undergoing PD. Pylorus preservation had no
impact on the occurrence of DGE (20.3% vs.
21.5%, P=0.33), but further risk factors could
be identified. Patient factors, intraoperative
factors, duration of surgery and postoperative
factors (postoperative pancreatic fistula, biliary
leakage, and other surgical complications) were
identified as risk factors for DGE (71). The
second one was a study where 15,154 patients
undergoing classic Whipple or PPPD, enrolled
in the American College of Surgeons
National Surgical Quality Improvement
Program dataset were analyzed. The purpose
of the study was to develop a scoring system to
aid in easy preoperative identification of
patients at risk for DGE. The authors identified
nine factors independently associated with DGE
(PrEDICT-DGE) score: Procedures (Concurrent
adhesiolysis, feeding jejunostomy, vascular
reconstruction with vein graft), Elderly
(Age>70), Ductal stent (Lack of biliary stent),
Invagination (Pancreatic reconstruction tech-
nique), COPD, Tobacco use, Disease, systemic
(ASA>2), Gender (Male) and Erythrocytes
(preoperative RBC-transfusion). PrEDICT-
DGE scoring system strongly correlated with
the actual DGE rates and classified patients
into low, intermediate, and high risk for DGE
category (72). Interestingly, the preservation
or not of the pylorus was not among the
determinants of the risk for DGE.
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It becomes clear that the selection of the
more efficient technique remains a challenge
for the surgical team. A study that could
provide more accurate answers into the quest
for the optimal technique is The PyloResPres
trial. This is an ongoing, German multicenter,
single-blind, surgical, registry-based RCT
aiming to compare PPPD or PRPD with
preservation of the stomach that is currently
enrolling patients (73). The primary outcome
is the occurrence of DGE grade A, B or C (mild,
moderate, and severe forms) up to the 30™
postoperative day. Secondary end points
represent intraoperative outcomes such as
the operation time and blood loss, and post-
operative outcomes such as general complica-
tions, post-operative length of hospital stay,
pancreatic surgery specific complication and
necessity for reoperation. Enrolment could
be completed by spring 2023 but it may be
subjected to alteration based on the results of
an interim analysis scheduled when half of the
patients (492 patients according to the power
analysis) are enrolled.

However, factors that have not been appro-
priately appreciated by the existing studies
and could decisively influence future perspec-
tives still remain. For example, the increasing
acceptance of minimally invasive surgical
techniques in pancreatic surgery is an indis-
putable fact. While the open approach is still
the standard approach for PD, there are
increasing reports of successful laparoscopic
and robotic PDs. In a large multi-institutional
series including 1028 patients, 211 patients
underwent robotic PD and 817 patients open
PD. PPPD was performed significantly more
often in open surgery (74). However, further
studies are required in order to confirm the
impact of minimal-invasive PD combined
either with the preservation or the resection of
the pylorus on the short-term outcomes but
especially on the oncological efficiency of the
approach.

In the present review, our goal was to
assess and ultimately compare the three
forms of PD i.e. classic Whipple, PPPD, and
PRPD. Our intention was to emphasize on the
rationale of the transition process i.e. from the

classic form of the procedure to the other
proposed alternatives and to highlight the
available high quality data that supported
this changing trend. However, the results of
the present review are subjected to notable
limitations. The available RCTs on the subject
usually lack the necessary power in regard to
sample size while there is also a notable
heterogeneity in regard to the end points
utilized in each study. Moreover, even when
the same end points were used in different
studies, there were result interpretation
issues arising from the different definitions
adopted by the various authors. This fact has
been also underlined in the results of the
available relevant systematic reviews and
meta-analyses that aimed to summarize these
data into a refined conclusion (61). One of
the major drawbacks of narrative reviews is
the selection bias in regard to the included
studies that could lead to misleading conclu-
sions. In the present paper, aiming to limit the
effect of this innate limitation, we chose to
include only the results of the available
relevant randomized control trials when the
comparison of the techniques was the actual
challenge. On the contrary, studies of lower
level of evidence were only used for presenting
the timeline of the surgical trends in regard to
the technical aspects of PD. Finally, the fact
that causes other than the adopted surgical
technique alone might be implemented in the
etiology of certain complications, such as the
incidence of DGE, should be taken into
account when interpreting the results of this
study.

Conclusions

The preservation of the pylorus has been
established as the mostly utilized approach
during PD among specialized, in the surgical
treatment of pancreatic cancer, centers
worldwide. Factors that influenced this
phenomenon are the shorter operation times,
the less intraoperative blood loss, the
decreased technical difficulty, and the similar
short- and long-term outcomes compared to
the classic Whipple. However, there is a
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notable trend in the literature highlighting
the increasing incidence of DGE following
PPPD. Among other factors, pylorus dysfunc-
tion attributable to the surgical maneuvers
has been implemented in the etiology of DGE.
In an attempt to overcome this limitation of
the PPPD, PRPD with the preservation of
the stomach had been proposed. In theory,
PRPD could maintain the advantages of
organ sparing surgery and at the same time
guarantee a more seamless gastric emptying.
Only three RCTs to date aimed to evaluate the
approach with only one reporting results in
favor of PRPD in regard to DGE incidence.
The PyloResPres trial, a multicenter German
trial comparing PPPD and PRPD, is currently
enrolling patients and could provide adequate
evidence in regard to the optimal approach
during PD.
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