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ABSTRACT

Aim To investigate if two experienced pancreatic surgeons improves outcome compared to one experienced pancreatic surgeon together
with junior assistant. Methods A retrospective analysis of 170 consecutive pancreatoduodenectomies carried out in a four year period
was performed. Operation duration, blood loss, complication rate and severity according to Clavien-Dindo score, hospital stay, intensive
care unit stay, mortality (in-hospital and 90 day) and oncological completeness (lymph node count and surgical margins) were evaluated
separately for patients operated by one or two experienced pancreatic surgeons. Continuous data was analyzed with Mann Whitney U test
and categorical data was analyzed with x? square test. Results Operations carried out by two pancreatic surgeons (n=99) lasted 290 (111-
613) minutes compared to 353 (195-817) when done by one (n=71) (p<0.001). Moderate to severe complications (=grade 3a) were found
in 23 (23%) of patients operated by two pancreatic surgeon compared to 28 (39%) of those operated by one (p=0.023). Post-operative
pancreatic fistula was found in 13 (13%) and 20 (28%) of patients operated by two and one pancreatic surgeons respectively (p=0.014).
Patients operated by two experienced surgeons had a total of 39 days (3%) of the total hospital stay (1343 days) in intensive care unit
compared to 67 of 990 (7%) in the other group (p<0.01). No difference was found in blood loss, hospital stay, post-operative mortality or
oncological completeness. Conclusion Two experienced pancreatic surgeons perform pancreatoduodenectomy faster than does one with
less complications and post-operative pancreatic fistula as well as reduced need for intensive care unit stay.

INTRODUCTION Mortality was shown to be five times higher in hospitals
performing less than 10 operations each year compared
to hospitals performing more than 81 operation per year.
A similar association was found in individual surgeons
volume, this however disappeared when hospital case
load was taken in account [1]. In a later analysis increased
surgeon volume was however found to be related to
lower mortality, shorter hospital stay and reduced
cost independent of hospital volume [3]. This finding
was further supported by data indicating that the total
experience of the surgeon but not annual volume was
important for short term outcome [4].

Pancreatoduodenectomy, Whipple procedure, is still
associated with high morbidity although the achievements
of the last decades have reduced the morbidity substantially.
The prognoses of most of the patients operated upon with this
procedure is still dismal and therefore itis of greatimportance
to reduce morbidity as much as possible. Mortality and
hospital cost are also factors that are of significance and the
centralization of pancreatic surgery to high volume centers
in many countries has been motivated by reduced morbidity
and mortality as well as lowered costs.

Already in the 1990s (patient cohort from the late

1980s) hospital volume was shown to affect the mortality Early observations from the USA are further supported
after Whipple procedure and total pancreatectomies [1]. by more recent studies from other countries. In Belgium
Regarding mortality and pancreatoduodenectomy this the mortality risk was found to be inversely related to
relationship was also shown in the elderly population [2]. hospital volume although a clear cut offs could not be
established [5]. In an Italian study using arbitrary cut offs for
Received March 07th, 2016 - Accepted May 08th, 2016 hospital volume similar results were found [6]. An additional
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be expected at least up to 60 procedures but the learning
process is likely to continue [9].

Even though the Whipple operation is a complex
surgical procedure where the experience of more than just
the leading surgeon could be of importance, the literature
revels little about the eventual effect of other participants
in the procedure. One study has looked at the effect of
resident experience on outcomes of Whipple procedures
and found, similarly to the learning curve that outcomes
improve with increased resident experience [10]. This
may indicate that the total experience of the surgeons
performing the operation may have an impact on the
surgical outcome.

The aim of this study was therefore to compare short
term outcomes after Whipple procedures performed
by one experienced pancreatic surgeon together with
assistant to procedures performed by two cooperating
experienced pancreatic surgeons.

MATERIAL AND METHODS

Pancreatic procedures in Sweden are prospectively
registered in the national pancreas register. A cohort
including all patients operated on with Whipple procedure
during the period 2011-2014 in the surgical department
at Linképing university hospital was analyzed. The
department covers about one million inhabitants. Where
data from the register was incomplete a retrospective
completion from patients’ records was performed.

A total of 170 patients were identified and included
in the analysis. Patients receiving vascular resection
(37,22%) were included as were patients operated on with
resections of other organs than those included in Whipple
operation (13,8%). Table 1 shows the demographic data.

Experienced pancreatic surgeon was defined as a
surgeon capable of performing Whipple’s procedure
without the assistance of another surgeon fulfilling the
criteria and regularly performing pancreatic surgery
(participatinginatleast 20 procedures each year). Assisting
surgeons were either trainees or general surgeons with
experience of pancreatoduodenectomies through earlier
participation in the procedure as second assistants.

Intraoperative data (duration of surgery, bleeding) as
well as postoperative data (hospital stay and intensive
care unit (ICU) stay) and complications (=3a according to
the Clavien-Dindo, classification) was sampled. Occurrence
of post-operative pancreatic fistula (POPF) according to
established criteria was registered [11]. In addition data
related to the oncological completeness (radicality and
number of lymph nodes examined) of the operations was
sampled.

Statistics

Data is presented as median (range), statistical analysis
were performed with IBM SPSS Statistics version 22
(IBM Corporation, Armonk, NY, USA), a p value of <0.05
was considered statistically significant. Continuous data

was analyzed with Mann Whitney U test and categorical
data was analyzed with x*> square test. Multiple linear
regression was performed for continuous variables found
to be significant at univariable testing and multiple logistic
regression for categorical variables.

RESULTS

Seventy-one (42%) of the patients were operated upon
by one experienced pancreatic surgeon (group 1) while
the remaining 99 (58%) was operated by two (group 2).
The patients in group 1 were 71 years (28-84) while the
patients in group 2 were 67 years (33-84) (p=0.01). Other
demographic factors were similar between the groups
(Table 1).

Operations in group 2 lasted 290 (111-613) min while
in group 1, the operations lasted 353 (195-817) min
(p<0.001). Operation time was further analyzed using
multiple linear regression and in addition to number
of experienced pancreatic surgeons (p<0.001) lower
BMI (p=0.001), female gender (p=0.002) and absence of
extended resection (p<0.001) was found to be associated
with shorter operation duration. No difference was noted
between the groups in estimated blood loss, hospital stay,
rate of non-radical surgery (R1) or the number of lymph
nodes assessed (Table 2).

Intensive care unit (ICU) stay was 3% of total hospital
stay in group 2 compared to 7% in group 1 (p<0.01). This
significance was however not seen on multiple linear
regression model (p=0.081) with increasing age reducing
the need for ICU stay (p=0.054) while BMI (p=0.693),
gender (p=0.365), extended resections (p=0.223) blood
loss (p=0.85) and POPF (p=0.319) did not significantly
affect the need for ICU stay.

Moderate to severe complications 23a (according to
Clavien-Dindo classification) were found in 23 (23%) of
the patients in group 2 while 28 (39%) of the patients
in group 1 experienced complications of same degree
(p=0.023). On multiple logistic regression there was a
strong tendency towards statistical significant difference
(p=0.063) while ASA class was significantly associated
with occurrence of complications (p=0.015) but gender
(p=0.138), age (p=0.205), BMI (p=0.43) and extended
resections (p=0-219) was not associated with moderate to
severe complications. POPF (any grade) was found in 13
(13%) patients in group 2 compared to 20 (28%) in group
1 (p=0.014). This difference was sustained (p=0.002) in a
multiple logistic regression model and in addition lower
age (p=0.027) and higher BMI (p=0.028) was associated
with POPF while ASA class (p=0.325), gender (p=0.788),
operation duration (0.525) and extended resections
(p=0.406) was not.

The 90-day mortality in the cohort was 2.9% without
any difference noted between the two groups.

DISCUSSION

This is the first study to investigate if the cooperation
of two experienced pancreatic surgeons during a
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Table 1. Demographic data for 170 patient operated with Pancreatoduodenectomy procedure by either one or two experienced pancreatic surgeons.

ﬁl=11p7a(;1ents Single surgeon n=71 (group 1) Two surgeons n=99 (group 2) p
Gender male/female 82/88 34/37 51/48 0.64
Age median (range) 70 (28-84) 71 (28-84) 67 (33-84) 0.01
Tumor size (mm) 30 (10-90) 30 (10-90) 30 (10-90) 0.47
Extended resections 40 (24%) 17 (21%) 33 (29%) 0.19
BMI 24.7 (16-38.8) 24.8 (19.7-36.4) 24.6 (16-38.8) 0.78
ASA (1/2/3/4) 50/91/28/1 21/37/13/0 29/54/15/1 0.71

Table 2. Results after Pancreatoduodenectomy operations performed by either one or two experienced pancreatic surgeons.

All patients n=170

Single surgeon n=71 (group 1)

Two surgeons n=99 (group 2) p

Operation duration (min)
Blood loss (mL)

315 (111-817)
500 (25-6500)

Hospital stay (days) 9 (4-107) 9 (4-107)
R1 resections, n (%) 31(18) 12 (17)
Lymph nodes assessed 14 (1-48) 13 (1-40)

353 (195-817)
500 (25-2600)

290 (111-613) <0.001
500 (50-6500) 0.6

9 (4-99) 0.24
19 (19) 0.7

15 (1-48) 0.88

pancreatoduodenectomy, carried out in a high volume
center, has implications for the outcome. Despite low
number of patients the study shows shorter operation
time, less complications including POPF and reduced
need for ICU treatment without negative influence on the
oncological outcomes. The overall results are comparable
to other published study from similar geographical and
ethnical settings, with similar proportion of extended
resections while operation time and perioperative blood
loss as well as 90-day mortality seems to be lower in our
study [12].

As may be expected operations carried out by two
experienced pancreatic surgeons were performed faster
than those performed by one. Earlier, large registry study
has shown correlation between operation time and 30-day
morbidity and the duration of surgery is associated with
complication rate (anastomosis leakage) in bowel surgery
[13, 14]. The data presented herein seems to support
this finding despite the low patient number included and
the difference noted in POPF frequency could have been
related to reduced operation duration but this was not
confirmed with the logistic regression. While there was no
difference in ASA grade between the groups the patients
operated by one pancreatic surgeon were older than
those operated by two and this could also explain some
of the difference in complication rate. However, this
was not confirmed with logistic regression and it seems
likely that shortening of duration of surgery without
impairment in the oncological outcome is of advantage
for the patients.

Transfusions have been found to be risk factors for
complications after pancreatic surgery, in this study it was
found that addition of further experience to the surgical
procedure did not reduce blood loss suggesting that other
factors are important for the reduced complication rate
observed [14].

No difference was found in the surrogate markers
(radicality and lymph node count) for oncological
outcome. A pancreatoduodenectomy without additional
complicating factors is a rather standardized operation

and thus this indicates that the completeness of surgery is
not increased by the additional experience.

The results have implications for the training of
future pancreatic surgeons; while it is apparent that
having two experienced pancreatic surgeons cooperating
in pancreatoduodenectomies improves the short term
outcome it is important to secure the future of this
complex surgery. The selection of one or two experienced
pancreatic surgeons at our unit depends on the anticipated
difficulties of the procedure, e.g. expected vascular
resections are performed by 2 experienced surgeons.
This constitutes the main weakness of this study as the
groups are not randomized and therefore there is an
inherent risk of selection bias in this cohort. In order to
assure that future pancreatic surgeons get trained in
pancreatoduodenectomies operations without anticipated
complicating factors should be scheduled for fellows and
additional experienced pancreatic surgeon should be
available if needed.

In conclusion this study has shown thattwo experienced
pancreatic surgeons perform pancreatoduodenectomy
faster and safer than does one pancreatic surgeon with
less observed complications and reduced need for ICU
stay. This adds further support to the centralization of
pancreatic surgery to HPB centers only where additional
experienced pancreatic surgeon can be available.
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