
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00423-022-02679-2

ORIGINAL ARTICLE

Trends in pancreatic surgery in Switzerland: a survey and nationwide 
analysis over two decades

Christoph Kuemmerli1 · Marcel André Schneider2 · Gaëtan‑Romain Joliat3 · Beat Moeckli4 · Kristjan Ukegjini5 · 
Martin Bolli1 · Mathias Worni1,6,7 · Dominique Lisa Birrer2 

Received: 11 March 2022 / Accepted: 8 September 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Background  Centralisation of highly specialised medicine (HSM) has changed practice and outcome in pancreatic surgery 
(PS) also in Switzerland. Fewer hospitals are allowed to perform pancreatic surgery according to nationally defined cut-offs.
Objective  We aimed to examine trends in PS in Switzerland. First, to assess opinions and expected trends among Swiss 
pancreatic surgeons in regard of PS practice and second, to assess the evolution of PS performance in Switzerland by a 
nationwide retrospective analysis.
Methods  First, a 26-item survey among all surgeons who performed PS in 2016 in Switzerland was performed. Then, 
nationwide data from 1998 to 2018 from all hospitals performing PS was analysed including centre volume, perioperative 
morbidity and mortality, surgical indications and utilisation of minimally invasive pancreatic surgery (MIPS). The national 
cut-off for regulatory accredited volume centres (AVC) was ≥ 12. Additionally, an international benchmark definition for 
high volume (≥ 20 surgeries/year) was used.
Results  Among 25 surgeons from 15 centres (response rate 51%), the survey revealed agreement that centralisation is 
important to improve perioperative outcomes. Respondents agreed on a minimum case load per surgeon or centre. Within 
the nationwide database, 8534 pancreatic resections were identified. Most resections were performed for pancreatic ductal 
adenocarcinoma (58.9%). There was a significant trend towards centralisation of PS with fewer non-accredited volume centres 
(nAVC) (36 in 1998 and 17 in 2018, p < 0.001) and more AVC (2 in 1998 and 18 in 2018, p < 0.001). A significantly higher 
adjusted mortality after pancreatoduodenectomy (PD) was observed in low-volume compared to high-volume hospitals (OR 
1.45 [95% CI 1.15–1.84], p = 0.002) and a similar trend compared among AVC and nAVC (OR 1.25 [95% CI 0.98–1.60], 
p = 0.072), while mortality after distal pancreatectomy (DP) was not influenced by centre volume.
Conclusions  Over the last two decades, centralisation of PS towards higher-volume centres was observed in Switzerland with 
a decrease of mortality after PD and low mortality after DP. Further centralisation is supported by most pancreatic surgeons. 
However, the ideal metric and outcome measures for the allocation of highly specialised medicine need further discussion 
to allow a fair and outcome-focused allocation.
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Abbreviations
AVC	� Accredited volume centre
CHOP	� Swiss classification of operations
DP	� Distal pancreatectomy
FSO	� Federal Statistical Office of Switzerland
HSM	� Highly specialised medicine
HVC	� High-volume centre
ICD	� International Classification of Diseases
IPMN	� Intraductal papillary mucinous neoplasms
IQR	� Interquartile range
LVC	� Low-volume centre
MIPS	� Minimally invasive pancreatic surgery
nAVC	� Non-accredited volume centre
PD	� Pancreatoduodenectomy
PROMs	� Patient-reported outcome measures
PDAC	� Pancreatic ductal adenocarcinoma
PS	� Pancreatic surgery

Introduction

In the late 1990s, the direct relationship of postoperative 
outcome and case volume for complex surgical procedures 
leading to lower mortality in high-volume centres was first 
described in the USA [1, 2]. This association has been fur-
ther established since and also applies to European countries 
[3–11]. Hospital and surgeon volume has since been used as 
a measurable variable of centralisation aiming to improve 
patient outcomes. In abdominal surgery, minimal case num-
bers for procedures such as esophagectomy, rectal resection, 
hepatectomy or pancreatic surgery (PS) have been introduced 
in many countries to ensure high-quality care [12]. In 2008, 
centralisation based on minimal case numbers for complex 
abdominal surgery was introduced also in Switzerland. Spe-
cific criteria for highly specialised medicine (HSM) and defi-
nition of high-volume centres were set by cantonal authorities 
and only HSM institutions are reimbursed if they perform 
complex abdominal surgery including PS [13]. The increasing 
complexity of PS with extended vascular reconstructions and 
its interdisciplinary treatment including neoadjuvant treatment 
strategies make further centralisation appealing [14]. Simulta-
neously, abdominal surgeons are confronted with other evolv-
ing fields like minimally invasive pancreatic surgery (MIPS), 
highly specialised surgical training and health care cost spend-
ing pressure [15–18]. How this situation is currently perceived 
among Swiss pancreatic surgeons and whether the current 
centralisation strategy leads to better outcomes is largely 
unknown.

The first objective of this study was to explore opinions 
and centre characteristics of patients undergoing PS in Swit-
zerland based on a survey among Swiss pancreatic surgeons. 
Secondly, we aimed to assess trends of PS regarding centre 

volume, mortality, surgical indications and utilisation of 
MIPS over two decades using nationwide data.

Materials and methods

As this study only used anonymised retrospective hospitali-
sation data, a waiver of consent was granted according to the 
cantonal ethics committee (BASEC-Nr. Req-2020–00,493).

Survey assessing current practice in pancreatic 
surgery in Switzerland

A self-administered 26-item survey was designed by the 
authors. During item generation, no Likert-type questions 
were used. For the pre-testing, a panel of 4 researchers and 
3 surgeons provided feedback on understanding and mean-
ing of items. During debriefing, the respondent’s input was 
integrated during two refinement rounds (Appendix 1). The 
survey was delivered in English and was anonymised.

Finally, the following sections were defined: (i) surgeon 
and hospital case load for assessing the annual volume, (ii) 
surgeon’s opinion on centralisation in PS, (iii) current practice 
including indications and (iv) use of MIPS, (v) further plans 
to implement or strengthen MIPS as well as (vi) training in 
PS. The voluntary, non-incentive survey was then sent via the 
web-based tool SurveyMonkey Inc. (San Mateo, CA, USA) 
from March to May 2020 with periodic electronic reminders.

Hospitals (n = 38) performing PS in 2016 were identified 
using data from the Federal Office for Public Health. Surgeons 
from the hepatopancreatobiliary team or the head of the sur-
gical department if no such team existed were contacted in 
2020 via email with the opportunity to name other surgeons 
within the same surgical department to participate in this sur-
vey. Identified surgeons subsequently received a link to access 
the survey. Email reminders were sent twice at intervals of 
2 weeks. The survey was conducted over 3 months. Partici-
pants were able to review and change answers. The survey was 
considered complete if a minimum of 80% of questions were 
answered while also incomplete questionnaires were analysed. 
Analysis was based on individual respondents.

Nationwide data analysis on pancreatic resections

The Federal Office of Statistics (FSO, Neuchâtel, Switzer-
land) database is a mandatory reporting system that collects 
information on all hospitalisations > 24 h among Swiss hos-
pitals. The database from 1998 until 2018 was queried. This 
database contains anonymised patient-level data including the 
main diagnosis responsible for hospitalisation and diagnoses 
for complications coded using the International Classifica-
tion of Diseases (ICD-10 German modification) definitions. 
Procedures are coded by national Swiss surgical classification 
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codes (CHOP), issued annually by the FSO for the classifi-
cation of all medical interventions [19]. The database was 
searched for pancreatic interventions such as PD and DP by 

respective year-matched CHOP codes (Appendix). Minimally 
invasive or open procedures were also distinguished based 
on CHOP codes. Diagnoses were assessed with ICD main 

Fig. 1   Flow chart of survey 
respondent’s selection

Fig. 2   Findings from a survey 
among surgeons. A The pro-
posed annual case number per 
surgeon was agreed to be lower 
than for centres, 8–30 cases 
vs 10–50 cases, respectively. 
Surgeons working in regional 
hospitals suggested a lower 
minimum centre case load than 
private and university hospitals. 
B Rate estimation by surgeons 
grouped by pancreatic ductal 
adenocarcinoma, cystic lesions, 
chronic and acute pancreatitis. 
C Estimated use of minimally 
invasive surgery for laparo-
scopic DP and PD. PDAC, pan-
creatic ductal adenocarcinoma; 
DP, distal pancreatectomy; PD 
pancreatoduodenectomy
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codes (Appendix). Cases were grouped as open, laparoscopic 
or robotic to assess trends over time. The definition of an 
AVC was ≥ 12 surgeries/year and based on the accreditation 
requirements by the Swiss government to promote centralisa-
tion [13]. The caseload per centre was calculated by the num-
ber of pancreatic resections per hospital. We used the ISGPS 
Evidence Map of Pancreatic Surgery to identify other volume 
cut-offs [20]. Analyses were repeated with the internationally 
acknowledged cut-off of ≥ 20 surgeries/year for high-volume 
centres to assess the impact of an internationally accepted 
and established benchmark [21]. In-hospital mortality was 
assessed for the two most common procedures PD and DP.

Statistical analysis

To assess the number of annual pancreatic procedures covered 
by the surgeons who participate in this survey, the annual num-
ber was compared to the estimation by the HSM body [13].

Respondents and non-respondents to the survey were clas-
sified in terms of the institution (university, regional, private 
hospital). Results from the survey were summarised as counts 
(%). The predetermined cut-off for “consensus” was set at 
80%; otherwise, it was considered to be “non-consensus”.

Data from the FSO database were presented as median 
with interquartile range (IQR) and numbers with percentage 
were used to summarise continuous and categorical data, 
respectively. The Mann–Kendall test for monotonic analysis 
of trend was used for trend analyses for time series data in 
number of hospitals stratified by volume. Categorical vari-
ables were compared using Fisher’s exact test, continuous 
data by using the Wilcoxon rank-sum test. To assess the 
influence of hospital volume stratified by type of procedure, 
a logistic regression model was fit to the data with mortality 
being the dependent variable. Type of procedure, sex, age, 
nationality, insurance, Elixhauser Comorbidity Index, period 
of treatment (Q1 from 1998 to 2002, Q2 from 2003 to 2007, 
Q3 from 2008 to 2012 and Q4 from 2013 to 2018), diag-
nosis, surgical approach, readmission, reoperation, insuffi-
ciency of the pancreatic anastomosis, bleeding and centre 
volume were independent variables. The Elixhauser Comor-
bidity Index is a method for measuring patient comorbidity 
based on ICD-9-CM and ICD-10 diagnosis codes found in 
administrative data [22]. R version 3.5.1 was used for all 
database processing, statistical analyses and graphical rep-
resentations for the nationwide data. Analysis for the survey 
data was done with GraphPad Prism.

Results

Survey assessing current practice in pancreatic 
surgery in Switzerland

Surgeon and hospital case load

In 2020, a total of 59 surgeons from 38 institutions were 
identified and contacted. Ten did no longer perform PS 
and declined participation. Of the remaining 49 surgeons, 
25 returned a complete survey (overall response rate 51%) 
(Fig. 1). Respondents covered 17 of 38 institutions (55%) 
including 15 out of 18 AVC HSM hospitals (83%).

Most respondents worked at university (9/25, 36%) or 
regional hospitals (12/25, 48%) while 4/25 (16%) worked 
at private hospitals. Among non-responders, 22/25 (88%) 
worked in nAVC non-HSM hospitals. All but one respondent 
(96%) presented their oncologic cases preoperatively at the 
multidisciplinary team meeting and all cases were discussed 
postoperatively.

Proposed criteria for centralisation of pancreatic surgery 
in Switzerland

All but one respondent agreed on a minimum number of 
resections per year as a criterion for PS centralisation. 
Two respondents added instructing activities and quality 
assessment (i.e. mortality rates) as further criteria and one 
respondent, the cumulative lifetime experience in resections, 
respectively (Fig. 2A). Alternative or complementary meas-
ures were suggested and included 5-year survival for patients 
with pancreatic ductal adenocarcinoma (PDAC) and lifetime 
surgeon experience.

Indications for surgery

Twenty-three (92%) of the respondents answered that they 
operate mostly on malignant diseases. They named them 
the most common indication for resection and PDAC was 
the largest subgroup throughout the study period. The dis-
tribution of resections stratified by the most frequent diag-
nosis is shown in Fig. 2B. Cystic lesions were increasingly 
treated as the second most common indication for surgery, 
accounting for 10 to 45% of all resections depending on 
the centre.

Minimally invasive pancreatic surgery

Most respondents (96%) reported using MIPS, mostly lapa-
roscopy, with up to a quarter using both laparoscopic and 

Fig. 3   A Trends in treatment indications for pancreatic resections over 
two decades. B Trends of the utilisation of minimally invasive pancre-
atic surgery from 1998 to 2018 stratified by hospital volume AVC vs 
nAVC (AVC: ≥ 12 cases/year; nAVC: ≤ 12 cases/year). Ca, carcinoma; 
CCC, cholangiocellular carcinoma; IPMN, intraductal papillary muci-
nous neoplasm; PDAC, pancreatic ductal adenocarcinoma

◂
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robotic approaches. Only a minority (28%) has introduced 
MIPS for PD (Fig. 2C). Fifteen centres (60%) performed 
most DP using MIPS, while open PD was the usual approach 
for pancreatic head tumours in every institution.

Plans to implement or strengthen MIPS

Fourteen respondents (58%) plan to further strengthen MIPS 
in their department. Of those who specified their plans, most 
(5/8) intend to strengthen their robotic surgery program. The 
reasons not to strengthen MIPS were that no additional value 
of MIPS for the patients is expected, the low case number in 
their institution and that MIPS can only be applied to highly 
selected cases.

Training in pancreatic surgery

Seven hospitals (44%), including three university hospitals, 
offer a structured training program for PS. Five institutions 
have a fellowship in HPB surgery and two a subspeciali-
sation in abdominal surgery including PS. Fourteen of the 
respondents (56%) completed fellowships in PS or HPB sur-
gery themselves. Among respondents, only a minority of 
resections were taught to other surgeons. Seventeen surgeons 
(68%) performed most or all resections themselves, six sur-
geons (24%) taught as many as they performed themselves, 
and two (8%) taught more than half of their procedures or 
some steps (e.g. gastrojejunostomy) of the operation.

Nationwide data analysis on pancreatic resections

Retrospective analyses of reported data of the FSO identi-
fied a total of 15,442 pancreatic interventions over 21 years. 
After exclusion of 82 pancreatic transplantations, 416 total 
pancreatectomies, 1491 not-otherwise specified partial pan-
createctomies, 1243 pancreatic cystic drainages, 3648 other 
various interventions and 26 cases with no indicated primary 
diagnosis, we focused on 6408 PD and 2126 DP for subse-
quent analyses. The number of pancreatic resections increased 
from 124 in 1998 (105 PD, 19 DP) to 666 in 2018 (455 PD, 
211 DP) (Fig. 3A). Details of the cohort stratified by AVC 
and high-volume centres are depicted in Table 1 and supple-
mentary table 2. The majority of resections were performed 
for PDAC (58.9%), followed by carcinomas of the papilla of 
Vater or the duodenum (11.6%), intraductal papillary muci-
nous neoplasms (IPMN) (8.9%) and cholangiocellular car-
cinomas (4.5%) (Fig. 3A). DP was increasingly performed 
minimally invasive over time (0% in 1998 vs 61% in 2018) 
and more frequently at AVC (401 [27.8%] vs 109 [15.9%]). In 
contrast, the numbers of minimally invasive PD remained low 
among all hospitals in the national database (0% in 1998 vs 
16% MIPS in 2018, Fig. 3B). Mortality was not significantly 
lower in AVC (for PD 5.6% vs 6.2% and for DP 1.3% vs 2.0%, 

Table 1, p = 0.156). There was a trend towards centralisation 
with fewer hospitals treating more patients and a subsequent 
increase of AVC (2 in 1998 and 18 in 2018, p < 0.001) while 
at the same time the number of nAVC was decreasing (36 
in 1998 and 17 in 2018, p < 0.001) (Fig. 4A). At the same 
time, the number of operations performed at AVC increased, 
while the number of surgeries at nAVC decreased (p = 0.001) 
(Fig. 4B). After multivariable adjustment, treatment in nAVC 
versus AVC showed a trend towards higher mortality (OR 
1.25 [95% CI 0.98–1.60], p = 0.072) for PD while a lower 
mortality was found for the most recent years (2013–2018) 
in comparison with early days of surgical data collection (OR 
0.36 [95% CI 0.23–0.57], p < 0.001) (Fig. 5 and supplemen-
tary Table 1). There was no significant effect of centre volume 
or time period on mortality after DP. The characteristics of the 
cohorts using a volume cut-off of ≥ 20 cases per year to assess 
the impact of an internationally more accepted minimal case 
load are shown in supplemental table 2. Low-volume centres 
(LVC) had a higher mortality compared to high-volume cen-
tres (HVC) after PD (OR 1.45 [95% CI 1.15–1.84], p = 0.002) 
and again no significant differences were found after DP (sup-
plemental table 3).

Interestingly, the mean Elixhauser Comorbidity Index 
was higher in the cohort of patients treated in AVC (for PD 
16.1 (SD 12.8) vs 11.5 (SD 10.3) p < 0.001 and for DP 10.5 
(SD 11.5) vs 8.84 (SD 10.4) p < 0.001) and HVC (for PD 
16.3 (SD 12.8) vs 12.5 (SD 11.1) p < 0.001 and for DP 10.8 
(SD 11.6) vs 8.96 (SD 10.5) p < 0.001). Complications and 
reoperation rates were similarly higher in AVC and HVC 
compared to nAVC and LVC, but mortality rates were lower 
(Table 1 and supplementary Table 2).

Discussion

This study assessed surgeons’ perception of practice and 
centralisation of pancreatic surgery in Switzerland, while 
simultaneously retrospectively assessed PS practice on a 
comprehensive nationwide level. It reflects the trend indi-
cator of practising pancreatic surgeons in Switzerland and 
extends the insight into the centralisation of pancreatic sur-
gery in Switzerland over 21 years. The data from the survey 
supports the agreement on the necessity of a minimal num-
ber of annual resections with respect to volume per insti-
tution or surgeon. Despite the support for simple caseload 
metrics, it was pointed out that more sophisticated criteria 
for the assessment of highly specialised medicine should be 
introduced [23]. The nationwide analysis from 1998 to 2018 
demonstrated an ongoing trend towards further centralisa-
tion and decreasing mortality over time as well as better 
outcomes for PD in AVC. When using a cut-off of ≥ 20 sur-
geries per year, the effect on lower mortality in these centres 
was even higher indicating a volume-mortality relationship.
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Table 1   Baseline and outcome parameters stratified by procedure type and centre volume (accredited volume centre (AVC) ≥ 12 cases per year, 
non-accredited volume centre (nAVC) < 12 cases per year)

Q1, first quartile; Q3, third quartile; SD, standard deviation

Pancreatoduodenectomy Distal pancreatectomy

AVC (N = 4156) nAVC (N = 2252) p value AVC (N = 1442) nAVC (N = 684) p value

Sex
  Male 2279 (54.8%) 1222 (54.3%) 0.589 661 (45.8%) 301 (44.0%) 0.577
  Female 1877 (45.2%) 1030 (45.7%) 781 (54.2%) 383 (56.0%)

Age
  Mean (SD) 65.6 (12.1) 66.1 (11.6) 0.004 61.0 (14.8) 62.4 (14.7) 0.004
  Median [Q1, Q3] 67.0 [58.0, 75.0] 68.0 [59.0, 75.0] 63.0 [52.0, 72.0] 65.0 [55.0, 74.0]

Nationality
  Swiss 3473 (83.6%) 1912 (84.9%) 0.032 1197 (83.0%) 585 (85.5%) 0.029
  Foreign 654 (15.7%) 317 (14.1%) 235 (16.3%) 96.0 (14.0%)
  Missing 29.0 (0.7%) 23.0 (1.0%) 10.0 (0.7%) 3.00 (0.4%)

Insurance
  Statutory 2664 (64.1%) 1396 (62.0%) 0.022 940 (65.2%) 422 (61.7%) 0.023
  Private 1491 (35.9%) 855 (38.0%) 502 (34.8%) 261 (38.2%)
  Missing 1.00 (0.0%) 1.00 (0.0%) 0 (0%) 1.00 (0.1%)

Period
  1998–2002 332 (8.0%) 518 (23.0%)  < 0.001 86.0 (6.0%) 89.0 (13.0%)  < 0.001
  2003–2007 628 (15.1%) 665 (29.5%) 186 (12.9%) 199 (29.1%)
  2008–2012 1148 (27.6%) 570 (25.3%) 356 (24.7%) 183 (26.8%)
  2013–2018 2048 (49.3%) 499 (22.2%) 814 (56.4%) 213 (31.1%)

Elixhauser score
  Mean (SD) 16.1 (12.8) 11.5 (10.3)  < 0.001 10.5 (11.5) 8.84 (10.4)  < 0.001
  Median [Q1, Q3] 15.0 [7.00, 24.0] 7.00 [6.00, 20.0] 7.00 [0, 20.0] 7.00 [0, 17.0]

Diagnosis
  Malignant 3358 (80.8%) 1800 (79.9%) 0.735 862 (59.8%) 403 (58.9%) 0.725
  Benign 798 (19.2%) 452 (20.1%) 580 (40.2%) 281 (41.1%)

Surgical approach
  Open 3945 (94.9%) 2222 (98.7%)  < 0.001 1041 (72.2%) 575 (84.1%)  < 0.001
  Minimally invasive 211 (5.1%) 30.0 (1.3%) 401 (27.8%) 109 (15.9%)

Readmission
  No 4001 (96.3%) 2213 (98.3%)  < 0.001 1399 (97.0%) 679 (99.3%)  < 0.001
  Yes 155 (3.7%) 39.0 (1.7%) 43.0 (3.0%) 5.00 (0.7%)

Reoperation
  No 3954 (95.1%) 2227 (98.9%)  < 0.001 1359 (94.2%) 661 (96.6%)  < 0.001
  Yes 202 (4.9%) 25.0 (1.1%) 83.0 (5.8%) 23.0 (3.4%)

Insufficiency pancreatic anastomosis
  No 3735 (89.9%) 2128 (94.5%)  < 0.001 1398 (96.9%) 670 (98.0%)  < 0.001
  Yes 421 (10.1%) 124 (5.5%) 44.0 (3.1%) 14.0 (2.0%)

Bleeding
  No 3784 (91.0%) 2105 (93.5%)  < 0.001 1352 (93.8%) 653 (95.5%)  < 0.001
  Yes 372 (9.0%) 147 (6.5%) 90.0 (6.2%) 31.0 (4.5%)

Delayed gastric emptying
  No 3842 (92.4%) 2200 (97.7%)  < 0.001 1411 (97.9%) 677 (99.0%)  < 0.001
  Yes 314 (7.6%) 52.0 (2.3%) 31.0 (2.1%) 7.00 (1.0%)

Mortality
  No 3922 (94.4%) 2112 (93.8%) 0.156 1423 (98.7%) 670 (98.0%) 0.15
  Yes 234 (5.6%) 140 (6.2%) 19.0 (1.3%) 14.0 (2.0%)
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Since Birkmeyer et al. found an inverse correlation between 
case volume and perioperative mortality, hospital and surgeon 
volume has become a focus of discussion around quality of 
health care [1, 2]. While there is strong agreement among sur-
vey participants that a minimal number of case volume per 
hospital should be in place, it was found difficult to define 
a precise number as an annual requirement. This is reflected 
by the high variety of minimal numbers in different Euro-
pean health care systems. Minimal numbers lie between 10 
(Germany, Austria) and 100 (Denmark) [12]. Increasing case 
volume improves patient outcome, e.g. through surgeon’s and 
team experience. Performing a procedure more frequently 
accumulates experience over the years and thus results in bet-
ter outcomes [24, 25]. Another contributing factor is that a 
hospital with a high caseload is better equipped and has mul-
tidisciplinary teams involved that are available at all times 
[26, 27]. In Switzerland and other countries with low annual 
numbers as requirement, this decision was mainly politically 
influenced. In Switzerland also by the decentralised federalist 
organisation of the health care system. Other factors relevant 
for accreditation are proof of qualified surgical staff, perma-
nent available diagnostic and interventional radiologists as well 
as endoscopists, qualified intensive care, oncology service, 
interdisciplinary team meetings, research in the field, training 
of surgeons, audits and annual reporting. Some of the require-
ments are structural while others are ill-defined like research 
activities [13]. Case load remains the most simple and well-
defined, easily measurable and comparable parameter.

A recent analysis assessing surgical volume-outcome 
metric in Switzerland was performed by Güller et al. in 
2017 [28]. They evaluated outcomes of different major 
cancer resections in Switzerland including PS. Compared 
to centres with a volume > 20 patients/year, lower-volume 
centres performing PS had a significantly higher in-hospi-
tal mortality (5.4 vs 2.0%). In line with their risk-adjusted 
analysis, this resulted in a decreased odd of postoperative 
death in higher-volume centres by 68% (OR 0.32, 95% CI 
0.11–0.89) [28]. In line with the nationwide findings in 
this current study including also non-cancer cases, mor-
tality after PD and DP decreased over time and was lower 
in AVC. When using a stricter threshold, at least 20 cases 
per year, the better outcome for high-volume centres was 
confirmed. These findings are in line with results from 
other population-based studies [9, 14, 21]. Interestingly, 
AVC and HVC had higher complications rates such as 
bleeding or insufficiency of pancreatic anastomosis, while 
vice versa having decreased mortality rates, suggesting 
a higher success in the rescue of patients in AVC/HVC, 

and/or hypothetically more complex surgery (e.g. vascular 
reconstruction etc.).

While for PD, a change in mortality according to hospital vol-
ume was shown, the interpretation of this finding remains chal-
lenging, however, due to the many interacting factors. Influenced 
by the change of patient characteristics, getting sicker and pre-
senting with more advanced diseases, treatment in some cases 
is extremely demanding. For example the surgical procedure for 
PDAC may differ from the treatment of benign pancreatic diseases 
due to the need for vascular reconstruction to achieve oncologic 
radicality. Beneficial or aggravating changes in the tissue caused 
by neoadjuvant chemotherapy or radiation have been reported [29, 
30]. This will continue to challenge us even more in the future, as 
pancreatic cancer incidence is increasing with about half a mil-
lion newly diagnosed cases worldwide each year [31]. The trend 
towards more PS, especially for malignant (PDAC) and prema-
lignant (e.g. IPMN) conditions, is strongly perceived in the survey 
and supported by the population-based national data.

Certainly, required minimal case numbers for complex 
surgeries is a popular metric due to simplicity but should not 
replace a more holistic view on the topic [32]. The pressure 
of a minimal annual caseload per year might lead to wrong 
incentives with “pseudo-indications”. In addition, despite 
a significant centralisation over the last two decades, no 
improvement in postoperative mortality was found which 
might reflect that we already reached the bottom of outcome 
optimisation in open PD supporting high-quality oncologic 
surgery and perioperative management among those cen-
tres that currently perform PS. Wacker and Zwahlen recently 
confirmed in their analysis including the years 1998 to 2014 
that sex and age-adjusted mortality after pancreatic resec-
tions remained unchanged over time [33].

Whether the implementation of MIPS also for PD might 
shift those numbers has to be further investigated. One might 
expect worse outcomes through MIPS at least temporarily 
due to the learning curve. As an example, the LEOPARD 2 
trial was stopped early due to a fourfold increase in postop-
erative mortality after laparoscopic PD compared to an open 
approach. One reason was the early phase of the learning 
curve [34]. The current study showed that minimally inva-
sive PD has only rarely been performed in Switzerland up to 
2018. The robotic approach has meanwhile been adopted or 
is planned by some centres, hence will possibly become an 
important factor for outcome interpretation and more spe-
cific training programs in centres performing PS.

With the introduction of highly specialised medicine, 
specifications that must be met for hospitals have been 
introduced. Currently, there is limited comprehensive out-
come data on a national level. The lack of nationwide data 
on quality metrics was highlighted by Wacker and Zwahlen 
already [33].

Unfortunately, the granularity of outcome data on a 
national level in Switzerland is scarce and does not allow to 

Fig. 4   A Trends in the number of hospitals performing PS stratified 
by hospital volume (AVC ≥ 12 of pancreatic resections per year). B 
Number of pancreatic resections stratified by accredited volume cen-
tre (AVC) or non-accredited volume centre (nAVC) over two decades

◂
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−

1.25 (0.98−1.60, p=0.072)
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further assess reasons why outcomes after PD do not further 
improve. The now mandatory reporting obligation of all HSM 
centres performing PS will make adjustable outcome analysis 
possible but only after some years. Based on the then acquired 
insight including surgeon and centre factors associated with 
patient outcome, a further requirement for providing HSM 
should be specified. Only then, additional HSM inclusion cri-
teria should be evaluated as patient-focused outcomes should 
become the mainstay of quality assessment.

Our study has certain limitations. First, the federal data-
base only provided in-hospital mortality data without exten-
sion to 30 or 90 days postoperatively and did not report on 
postoperative complications in detail. Second, there was no 
use of standardised definitions of postoperative complica-
tions (e.g. fistula) available from the database and moreover 
standardised reporting of pancreas-specific complications 
was only introduced in 2005 with revisions in 2016 from 
the ISGPS [35–38], which is after the starting date of data 
collection for this study (1998) and a post hoc reconstruction 
of fistula grading is not feasible given missing information.

Furthermore, the findings of our survey mainly represent 
the situation in HSM institutions, while only a few surgeons 
outside these hospitals actively participated despite repeated 
invitations to participate and the overall response rate was 
51%. This might reflect the dissatisfaction of those surgeons 
with the current HSM allocation and the consequent unwill-
ingness to participate in this study. Even more important, this 
can cause selection bias in this study as we were mainly able 
to collect data from pancreatic surgeons who would bene-
fit from further centralisation. However, strict mandates to 
perform PS within HSM institutions will limit future PS to 
hospitals that were covered by this survey, making this sur-
vey even more relevant. Lastly, we focused on centre volume 
but there are many other factors that are required for HSM 
institutions and patient outcome. Systematic reviews of the 
relationship between outcomes and volumes suggest that for 
some services at least (for example complex surgery) there is 
a relationship between the frequency with which the surgeon 
performs a procedure and quality [39]. There is a strong clini-
cal consensus that higher volumes lead to better patient out-
come but, in some cases, there is limited evidence to support 
this consensus and there remains little evidence on specific 
volume thresholds [40, 41]. However, potential biases cannot 
be excluded, for example as the total number of procedures of 
a centre does not necessarily reflect the number of individual 
surgeons or that the experience of the interdisciplinary team 
is not evaluated. Furthermore, a third-party data wrangler 
(paid by taxpayers/hospitals) should be introduced to produce 
high-quality, non-biased data. To ascertain quality in the long 

term in a health care system is very difficult and hopefully the 
recommendations from the “outcome4medicine” conference 
will give some answers how to properly assess the impact of 
any medical intervention from different and broader perspec-
tives [42].

Conclusion

Over the past two decades, centralisation of PS towards 
higher-volume centres was observed in Switzerland. While 
the volume of pancreatic resections increased consider-
ably, a trend towards decreasing mortality was found for 
PD while DP remained with a low mortality. Future regula-
tion of PS should be based on nationwide valid, high-quality 
data acquisition, favourably done by qualified data manag-
ers from third parties. Analysis including long-term quality 
indicators such as procedure-specific adjusted perioperative 
morbidity/mortality, which should ideally take oncologic, 
and patient-reported outcome measurements (PROMs) into 
account. This is a complex undertaking in which public and 
personal health can only be assured by utilising an array of 
rigorous science-based outcome measures.
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