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Abstract

Background: Medical treatment quality has been shown to be better in high volume than in low volume hospitals.
However, this relationship has not yet been confirmed in abdominal cancer in Switzerland and is relevant for referral
of patients and healthcare planning. Thus, the present study investigates the association between hospital volumes
for surgical resections of colon, gastric, rectal, and pancreatic carcinomas and outcomes.

Methods: This retrospective analysis is based on anonymized claims data of patients with mandatory health insur-
ance at Helsana Group, a leading health insurance in Switzerland. Outcome parameters were length of hospital stay,
mortality and cost during the inpatient stay as well as at 1-year follow-up. Hospital volume information was derived
from the Quality Indicators dataset provided by the Swiss Federal Office of Public Health. The impact of hospital
volume on the different treatment outcomes was statistically tested using generalized estimating equations (GEE)
models, taking into account the non-independence of observations from the same hospital.

Results: The studies included 2’859 resections in patients aged 18years and older who were hospitalized for
abdominal cancer surgery between 2014 and 2018. Colon resections were the most common procedures (n= 1/690),
followed by rectal resections (n=709). For rectal, colon and pancreatic resections, an increase in the mean number of
interventions per hospital and a reduction of low volume hospitals could be observed. For the relationship between
hospital volume and outcomes, we did not observe a clear dose-response relationship, as no significantly better
outcomes were observed in the higher-volume category than in the lower-volume category. Even though a positive
“routine effect”cannot be excluded, our results suggest that even hospitals with low volumes are able to achieve
comparable treatment outcomes to larger hospitals.

Conclusion: In summary, this study increases transparency on the relationship between hospital volume and treat-
ment success. It shows that simple measures such as defining a minimum number of procedures only might not lead
to the intended effects if other factors such as infrastructure, the operating team or aggregation level of the available
data are not taken into account.
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Background

Providing high quality treatment is a key goal in can-

cer care and is characterized by complex interaction of

clinical judgment, surgical skills and multidisciplinary
*Correspondence: sereina.graber@helsana.ch care [1, 2]. Over the last decades, quality of oncological
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of cancer biology, pathology, radiation oncology, inter-
ventional radiology and systemic therapy in combination
with the rapid advances of molecular analysis and imag-
ing techniques [3, 4].

Numerous international studies have examined the vol-
ume-quality relationship for high-risk abdominal cancer
surgery [5-23] and the large majority showed clear, bene-
ficial effects of increasing volume on outcomes (primarily
mortality and length of stay). At the structural level, high
volume hospitals are assumed to contribute to better
patient outcomes by offering expertise through multidis-
ciplinary teamwork and enhanced implementation of evi-
dence-based guidelines [24—26]. At the individual level, a
surgical team is able to minimize blood loss and operative
time as well as intra- and postoperative complications by
gaining experience [9, 20, 27-29]. Studies indicating a
positive relationship between hospital volume and treat-
ment quality provide the scientific fundament for mini-
mum case numbers introduced as part of quality control
in inpatient care in Switzerland [30-32]. Hence, hospi-
tals must demonstrate a defined number of operations
in order to be awarded service contracts. However, the
applicability of previous studies on volume and outcome
to current practice is controversial. First, many studies on
volume and outcome are outdated. Given that surgical
mortality for many procedures has decreased substan-
tially since these studies were conducted [33—38], the rel-
ative impact of the volume effect of procedures may have
decreased. Second, studies showing strong association
between hospital volumes and better outcomes have been
predominantly conducted in larger countries (i.e., US or
UK). However, these results are not easily transferrable to
healthcare systems with relatively small geographic units,
small patient numbers and / or a small-spatial dispersion
of hospitals. Consequently, the focus of our work was 1)
to describe distribution and temporal changes in hospital
volumes regarding colon, gastric, rectal and pancreatic
resections between 2014 and 2018 in Switzerland and
2) to investigate whether high volume hospitals perform
better with respect to postoperative mortality, length of
hospital stay and cost.

Methods

Study design and study population

This retrospective analysis is based on anonymized
claims data of patients with mandatory health insurance
at Helsana Group, a leading health insurance in Switzer-
land. Hospital volume information was added based on
data from the Quality Indicators dataset publicly availa-
ble from the Federal Office of Public Health (FOPH) [39].
The Helsana Group covers a market share of 16% across
all geographic regions, so that these data are assumed
to be largely representative for the general population
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of Switzerland [40, 41]. The basic health service package
provided by the basic mandatory health insurance system
is administered federally and includes a broad catalog of
diagnostic, therapeutic and rehabilitative services in the
ambulatory and inpatient setting with good access to
healthcare for Swiss residents [42].

The study population included 2'859 resections in
patients aged 18years and older who were hospitalized
for abdominal cancer surgery between 2014 and 2018
and who had mandatory health insurance at Helsana
Insurance Group. Patients with multiple resections were
excluded from the sample.

Definitions
The Inpatient Quality Indicators (IQI) specifications from
Swiss acute care hospitals routinely collected by the Swiss
FOPH are publicly available [39] and were used for defi-
nition of abdominal cancer types and for classification of
the corresponding volumes per hospital. As IQI specifi-
cations are continuously developed, a version is typically
valid for 2years. Thus, IQI version 4.0 was used for the
time period 2013-2014, IQI version 4.2 for 2015-2016
and IQI version 5.1 for 2017-2018. The following codes
were used: Colon resections / colorectal cancer E4.2 and
E4.3, rectal resections / colorectal carcinoma E4.4, gas-
tric resections without esophageal intervention / gastric
carcinoma E5.1 and pancreatic resections for malignant
neoplasms of the pancreas (age>19) E7.2. Non-cancer-
specific codes for abdominal resections were not consid-
ered (E4.1, E5.3, E6.1). The corresponding total annual
numbers of interventions at hospital level for each cancer
type were retrieved from the federal Quality Indicators
dataset. Only those hospitals with at least one treatment
per observation year were considered. For tumor resec-
tion procedures, the observation period 2014-2018
was examined, except for pancreas resections for which
specifications are only available from 2015 onwards as
they have been defined for the first time with version
4.2. Based on this codification, we examined the tempo-
ral development of hospital volumes for concentration
trends. Concentration of procedures are understood
as increase in the number of annual resections and the
simultaneous reduction of hospitals with very low vol-
umes over a defined period of time [43, 44]. Furthermore,
in order to facilitate the description and interpretation of
the results, the terms “low” and “high” hospital volumes
are used below to denote the category with the highest
and lowest case numbers, respectively. The “interme-
diate” group encompasses all hospitals whose volume
ranges between the upper limit of the lowest volume cat-
egory and the lower limit of the highest volume category.
Outcomes on patient level were all obtained from the
health insurance claims database. Length of hospital
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stay was defined as the time span between the hospital
admission date and the discharge date. Patient clinical
complexity level (PCCL) is based on Diagnosis Related
Groups (DRGs) classification codes and represents the
patient-related severity of a given inpatient procedure.
The PCCL measure is a multilevel indicator, ranging
from severity level 0 (no complication or comorbidity) to
4 (extremely severe complication or comorbidity). Gen-
eral comorbidity of a patient prior to hospital admission
was assessed using the number of Pharmaceutical Cost
Groups (PCG) per patient [45]. PCGs are an established
proxy for presence of chronic diseases using information
on reimbursed medications. Further patient character-
istics included information about sex, age class, type of
health insurance plan and place of residence. Postopera-
tive cost and mortality rates were assessed during twelve
months after hospital discharge (follow-up). In Switzer-
land, basic health insurance is mandatory, and all Swiss
residents need to choose their personal health insur-
ance provider and insurance plan. Insurance plans vary
by the chosen annual deductible (having a low deduct-
ible=CHF 300, 500, yes/no) and selection of a man-
aged care plan (managed care model, yes/no). Patients’
residence was described by considering the type of region
(urban vs. rural) and the three major language regions of
Switzerland (German, French, Italian). These areas were
classified based on homogeneity in the geographical and
environmental characteristics, as well as population pro-
files from the Swiss Federal Office of Statistics (FOS) [46].

Statistical analysis

To analyze the study populations of the four included
cancer entities, descriptive statistics were used. When
examining the change in service provision over time and
the association between hospital volume and outcomes,
hospitals were divided into approximately equal-sized
categories (colon resection: <20, 21-50, 51-80, >80;
rectal resection: <10, 11-20, 21-30, >30; pancreatic
resection: <15, 16-30, 31-40, >40) to balance statistical
power across categories. Because of the low volume of
gastric resections, hospitals were divided into two hospi-
tal volume categories (<10, > 10).

The effects of hospital volumes on the various treat-
ment outcomes were tested using generalized estimat-
ing equations (GEE) (with logit link for binary response
variables and gaussian link for continuous response
variables), taking into account the clustering of patients
within hospitals. Separate GEE models were calculated
for each cancer type, using data from the entire obser-
vation period. The models additionally control for the
following potentially confounding variables: age, sex, lan-
guage region, comorbidity, and patient-specific overall
severity. Other possible covariates, including deductible,

Page 3 of 12

insurance model and type of region, were excluded from
the models because they did not show any effect on the
response variables nor affected the main effects of inter-
est. Furthermore, the interaction between PCCL and
volume was examined to test for a potential depend-
ence of the volume effect on severity during surgery.
The interaction effects showed no statistical significance
and were therefore excluded from the models. For the
binomial models, odds ratios (OR) and corresponding
confidence intervals were calculated based on the effect
sizes. To achieve uniformly distributed residuals around
zero for the gaussian models and thus meet the model
assumptions, all continuous variables had to be box-
cox transformt;d. The Box-Cox transformation is given
by f (x; A) = *+ L if A not 0, log(x) otherwise. For each
model the optimal lambda (\) was determined based on
the maximum log-likelihood. For inpatient cost in the
12-months follow-up period two separate models were
calculated: (1) binomial model with inpatient cost >0 vs.
0 including all patients, (2) gaussian model with box-cox
transformed dependent variable for inpatient cost >0. In
order to rule out precision/power loss due to categoriza-
tion of the volume variable, all models were rerun using
the continuous predictor variable. The corresponding
results remain unchanged and are available upon request.
The models are documented in detail in Tables A1-A4 in
the Additional file 1: Appendix.

Results

Throughout the entire observation period, colon resec-
tions were the most common interventions (7=1'690,
59%), whereas gastric resections were the least frequent
procedures (n=188, 7%). Over the observation period,
the yearly average number of performing hospitals was
highest for colon resections (n=93), followed by hospi-
tals for rectal resections (#="78) and gastric resections
(n=62), with the lowest average number of perform-
ing hospitals for pancreatic resections (n=35). Of all
resections, 4% lead to death in the hospital, another 12%
within twelve months after hospital discharge and 84%
were not fatal after 12months. Of the 2/859 abdominal
resections, 47% were performed on women. The mean
age of operated patients was 7lyears in men and to
72years in women. Table 1 depicts the patient character-
istics of the study population.

Concentration effect

To examine a potential concentration effect, changes
in the number of total resections per hospital and year
were assessed, for each cancer type separately strati-
fied by IQI specifications (Fig. 1). The mean number
of resections per hospital increased from 26 (2014) to
30 (2018) for colon resections, from 19 (2014) to 12
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Table 1 Sociodemographic characteristics of the study population
Characteristics Overall, Colon resection Rectal Gastric resections, Pancreatic
N=2/8597 N=1'690° resections N=188° resections
N=709° N=272°
Sex
Male 17504 (53%) 842 (50%) 423 (60%) 105 (56%) 134 (49%)
Female 17355 (47%) 848 (50%) 286 (40%) 83 (44%) 138 (51%)
Age group
20-65 752 (26%) 354 (21%) 235 (33%) 68 (36%) (35%)
66-70 445 (16%) 250 (15%) 5(16%) 23 (12%) 7 (21%)
71-75 470 (16%) 71 (16%) 3(16%) 40 (21%) 46 (17%)
76-80 496 (17%) 310 (18%) 1(16%) 29 (15%) 46 (17%)
81-85 398 (14%) 278 (16%) 74 (1 0%) 21 (11%) 25 (9%)
86-90 236 (8%) 177 (10%) 51 (7%) 5 (3%) 3(1%)
>91 62 (2%) 50 (3%) 10 (1%) 2 (1%) 0 (0%)
Type of residence
Agglomeration 515 (18%) 304 (18%) 31 (16%) 60 (22%) 120 (17%)
Rural 399 (14%) 230 (14%) 27 (14%) 40 (15%) 02 (14%)
Urban 17945 (68%) 17156 (68%) 130 (69%) 172 (63%) 487 (69%)
Language region
German 2/183 (76%) 17249 (74%) 134 (71%) 221 (81%) 579 (82%)
Italian 355 (12%) 237 (14%) 23 (12%) 24 (9%) 71 (10%)
French 321 (11%) 204 (12%) 31 (16%) 27 (10%) 59 (8%)
Deductible
Low 2430 (85%) 17459 (86%) 159 (85%) 224 (82%) 588 (83%)
High 429 (15%) 231 (14%) 29 (15%) 48 (18%) 121 (17%)
Insurance model
Standard 17406 (49%) 859 (51%) 93 (49%) 122 (45%) 332 (47%)
Managed Care 17453 (51%) 831 (49%) 95 (51%) 150 (55%) 377 (53%)
Number of Comorbidities 3(1,4) 3(1,4) 3(2,4) 32,5 3(1,4)
Death
In hospital 124 (4%) 80 (5%) 22 (3%) 3(2%) 19 (7%)
In <12months 339 (12%) 180 (11%) 62 (8.7%) 24 (13%) 73 (27%)
In >12months 2/396 (84%) 17430 (85%) 625 (88%) 161 (86%) 180 (66%)

9 Statistics presented: n (%); Median (IQR)

(2018) for rectal resections, from 5 (2014) to 6 (2018)
for gastric resections and from 12 (2015) to 16 (2018)
for pancreatic resections. Simultaneously, a reduction
of very low volume hospitals (<10 resection per year)
providing colon, gastric and pancreatic resections was
observed (Fig. 2). Thus, treatment concentration was
mainly observed for colon, gastric, and pancreatic
resections. In contrast, changes in hospital volume
were less noticeable for rectal resections.

To understand the hospital volume-outcome relation-
ship, inpatient treatment outcomes as well as the out-
comes in the twelve months after hospital discharge
were differentiated according to hospital volumes and
are shown in Tables 2 and 3. In general, the GEE mod-
els revealed no significant differences between the

volume categories of the four cancer entities, with few
exceptions in cost (Additional file 1: Tables Al-A4).
Nevertheless, certain statistically insignificant trends
and patterns in outcome parameters could be identified
from the purely descriptive statistics (Tables 2 and 3).

Hospital volume - mortality

Even though high hospital volumes seemed to be asso-
ciated with lower in-hospital mortality (Table 2), the
results lack statistical significance. However, the dif-
ferences between hospitals with low and high volumes
were most pronounced for rectal resections. For those
interventions, the survival probability increased by 3%
(from 95 to 98%).
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Comparable trends were observed for mortality dur-
ing the follow-up period (Table 3): Survival was also
moderately increased for hospitals with high volumes
for most of the resections (colon, rectal, gastric). In con-
trast to in-hospital survival, the difference here was more
pronounced between the low and high hospital volume
categories in all service areas. The largest discrepancy in
survival rates was observed in rectal resections (80% vs.
90%).

Hospital volume - length of stay

Regarding length of hospital stay, the analysis did not
show a consistent pattern with increasing hospital
volume (Table 2, Fig. 3). Nevertheless, length of stay
appeared to decrease with increasing hospital volume,
predominantly for pancreatic resections. Similarly, rec-
tal resections showed a comparable, but less clear pat-
tern. In contrast, this development could not be observed
for colon and gastric resections, as evidenced by rather

unchanged distributions of length of hospital stays across
the four volume categories.

Hospital volume - cost

In terms of cost in the follow-up period, both hospitals
with low and high volumes demonstrated lower cost as
compared to intermediate volume categories. In fact,
the cost of most resections increased sequentially with
increasing hospital volume until the cost decreased
again in the high hospital volume category (colon, rec-
tal, pancreatic). However, statistical significance was only
observed for individual cost groups of colon resections
(inpatient cost of the intervention; follow-up: medication
and outpatient cost) and pancreatic resections (follow-
up: medication and inpatient cost).

The similar buckling pattern emerged for most out-
patient and medication cost. Regarding inpatient cost
during hospital stay, comparable cost development in
dependence of hospital volume were only observed in
colon resections: the median of inpatient cost was lower
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for low (CHF 9/881) as well as for high hospital volumes
(CHF 9'215) compared to intermediate hospital volumes
(CHF 11/311, 11466). This commonly described pattern
was also found in the inpatient cost during the follow-
up period after colon resections: Again, the cost of the
low (CHF 982) and high hospital volume (CHF 2/374)
categories were lower than the cost of the intermediate
categories (2'754, 2'544). For gastric resections, the bicat-
egorical comparison indicates higher follow-up cost for
hospitals with less than 10 annual interventions (CHF
3/066 vs. CHF 2/661).

Discussion
This study gives further insight into the link between
hospital volumes and outcomes based on real-life data
of patients with four different types of highly incident
abdominal cancer.

The first result is that during the observed time period,
a concentration of service provision could be observed
for colon, gastric, and pancreatic cancer resections. As

second result, we found a less clear and statistically insig-
nificant relationship between increasing hospital vol-
ume and better outcomes as opposed to most previous
studies.

Our analysis showed no clear relationship between hos-
pital volume and mortality. In general, the present analy-
sis is based on low hospital volumes compared to other
countries and very low mortality rates (Table 1). This
probably hampered the detection of significant differ-
ences. For example, Nimptsch & Mansky 2017 showed a
negative association between hospital volume and hospi-
tal mortality for resections of the colon in Germany [45].
This effect is shown with convincing significance only
from about 90 cases per year compared with the refer-
ence category of about 20 cases. Hospital volumes in the
present study are remarkably smaller, and hospitals with
90 cases per year are at the upper limit of the hospital
volume distribution. Another study from England shows
an effect in gastric cancer of >80 versus <20 cases per
year [11]. Our hospital volumes range up to a maximum
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Table 2 Volume - Inpatient outcomes
Colon resections
Characteristics Overall <20 21-50 51-80 >80 p-value?
N=1690' N=319 N=626 N =388’ N=357 <20
21-50
51-80
>80
Inpatient cost 13596 (10'397) / 107402 137215 (9'710) / 9’881 13517 (9'490) / 117311 14’056 (11/548) / 117466 13574 (117188) / 9'215 0.053
0.026
0.022
Length of hospital stay 17.(12)/12 60N /n 17(11)/13 16(13)/12 18(14)/13 0.079
0408
0.076
mortality 80 (5%) 18 (6%) 31 (5%) 18 (5%) 13 (4%) 0513
0469
0.059
Rectal resections
Characteristics Overall <10 11-20 21-30 >30 p-value?
N =709 N=76' N=123' N=151" N =359’ <10
11-20
21-30
>30
Inpatient cost 15/077 (117264) / 12'637  16/112 (10'407) / 13/223 121956 (4'542) / 12'373 157465 (8'407) / 13497 15422 (13'770) / 11/592 0.073
0.445
0.507
Length of 18(13)/ 14 19(12)/ 14 17(11)/12 18(11)/15 18(15)/13 0.092
hospital stay 0.950
0475
Mortality 22 (3%) 4 (5%) 4 (3%) 6 (4%) 8 (2%) 0.856
0.746
0433
Gastric resections
Characteristics Overall <10 >10 p-value?
N=188' N=108' N=80' <10
>10
Inpatient cost 18/883 (15/332) / 14'089 18/956 (16/884) / 14'145 18/784 (13'051)/ 14053 0320
Length of hospital stay 20(15)/15 20017)/ 14 19(13)/16 0474
Mortality 3(2%) 2 (2%) 1(1%) 0.581
Pancreatic resections
Characteristics Overall <15 16-30 31-40 >40 p-value?
N=272' N=82' N=77' N =88’ N=25' <15
16-30
31-40
>40
Inpatient cost 22'084 (13'524) /19/770 217421 (12/131) /20’739 21907 (10'234) / 19/595 217989 (117981) / 20’542 25’143 (26/557) / 16/098 0.706
0.234
0.949
Length of hospital stay 22(13)/19 22(13)/19 24(13)/21 21(11)/18 2121 /14 0.122
0.790
0.122
Mortality 19 (7%) 7 (9%) 7 (9%) 4(5%) 1(4%) 0936
0.301
0.646

" Indicated parameters: Mean (St.dev.) / median; n (%)

2 Pvalues are based on the GEE models. Detailed results of the models are documented in the Additional file 1: Appendix. Reference categories are shown in italics

of 33 cases within this service provision area, well below

the hospital volumes in the Coupland et al. study.

The observed concentration of service provision is con-
sistent with the existing literature in the Swiss context [7, 30,

44]. Hence, a Swiss study makes clear that the concentration
of medical services is almost exclusively observed in services
with defined minimum case numbers and in the areas of
highly specialized medicine (HSM) [44]. HSM concerns the
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Colon resections

Characteristics

Outpatient cost’

Medication cost’

Inpatient cost®

Mortality

Rectal resections

Characteristics

Outpatient cost’

Medication cost?

Inpatient cost®

Mortality

Gastric resections

Characteristics
Outpatient cost’
Medication cost’

Inpatient cost®

Mortality

Overall
N=1/690'

18189 (18'607) / 11286

6/685 (10'921) / 2'725

7121 (12'317)/ 2'272

260 (15%)

Overall
N=709'

22142 (18'675) / 15927

6/995 (10'918) / 2'862

10566 (13'681) / 6'732

84 (12%)

Overall
N=188

19603 (16'368) / 15'887

7'500
(9'679) / 3/552

8959 (24'482) / 2’880
27 (14%)

Pancreatic resections

Characteristics

Outpatient cost’

Medication cost®

Inpatient cost®

Mortality

Overall
N=272'

29'313 (18/863) / 27111

11924 (11'356) / 9'277

8486
(9'063)/6'118

92 (34%)

<20
N=319

16728 (16'670) / 10’615

6340 (9'598) / 2'679

5'853(9'481) / 982

52 (16%)

<10
N=76

22'502 (19'891) / 15’515

6195 (9'678) / 2'261

12827 (18'931) / 7’327

15 (20%)

21-50
N=626"

18972 (19'600) / 11425

7'304 (12'463) / 2'798

7'067 (12'648) / 2'544

106 (17%)

11-20
N=123

20950 (17'444) / 16'209

5996 (9'048) / 3'060

8/990 (9'400) / 6'043

18 (15%)

51-80
N =388’

207409 (20'546) / 12'692

7'653 (11'773) / 2'887

7'510(12/252) / 2'754

58 (15%)

21-30
N=151"

25'249 (19'272) / 19853

8107 (12'406) / 3'411

117940 (16'847) / 7'281

17 (11%)

>80
N =357’

15793 (15'837) / 10"135

4930 (7'641) / 2'382

7'882 (13'845) / 2'374

44 (12%)

>30
N =359’

211179 (18'516) / 14927

7'010 (117037) / 2'780

10'083 (12101) / 6’618

34 (10%)

<10
N=108'

18/584 (16054) / 15/800
7'066 (9'138) / 3762

11213 (31/501) / 3/066
16 (15%)

>10
N =80’

20961 (16'798) / 16133

<15
N=82'

27'702 (22'681) / 20451

10’506 (12'245) / 7033

5946 (6'676) / 3'886

28 (34%)

16-30
N=77'

28/291 (19'090) / 24’070

12204 (13/279) / 8'728

9739 (9'803) / 7'689

26 (34%)

8/078 (10'397) / 3'417
5/954 (8/139) / 2/661
11 (149%)
31-40 >40
N=88' N=25'

32/009 (16’007) / 30'133

137480 (9'503) / 10930

9879 (10'047) / 8167

31 (35%)

28'508 (13'796) / 28'253

107450 (7'572) / 8'630

8147 (8'885) / 5'486

7 (28%)

p-value?
<20
21-50
51-80
>80

0.200
0.018
0.125

0.603
0.345
0.046

0.137/0.575
0.297/0.060
0.441/0.007

0.878
0.697
0485

p-value?
<10
11-20
21-30
>30

0488
0.300
0477

0.059/0.666
0.159/0.082
0.130/0.052

0.666
0.082
0.051

p-value?
<10
>10

0.642
0465

0.923/0.310
0.888

p-value?
<15
16-30
31-40
>40

0.577
0.061
0430

0.189
0.010
0.592

0.213/0.034
0.821/0.001
0.845/0.313

0.699
0.704
0.575

" Indicated parameters: Mean (St.dev.) / median; n (%)

2 Pvalues are based on the GEE models. P-values for inpatient follow-up cost are displayed for both, the binomial and gaussian models. Detailed results of the models
are documented in the Appendix. Reference categories are shown in italics

3 Only complete observations over the entire period are displayed (e.g., no deaths)
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area of rare, complex and expensive interventions and ther-
apies (e.g. severe burns in children) [46].

The cited study is in line with our findings, as resec-
tions of abdominal cancer are linked to minimum case
numbers and have been part of HSM since 2016 [47].

Such concentration trends in hospital care are a dou-
ble-edged sword. From an economic point of view, higher
hospital volumes can be advantageous, e.g., due to pur-
chasing advantages, increased capacity utilization, and
lower average cost (economies of scale) [43]. On the con-
trary, a concentration of treatment cases at fewer sites
might be detrimental to accessibility. Despite this poten-
tial negative effect, a comprehensive analysis commis-
sioned by the FOPH rated hospital accessibility as “very
good” in 2016 [44].

A Dbeneficial experience effect on treatment out-
comes is documented in a large body of the literature.
For instance, Giiller et al. showed a significant nega-
tive effect of hospital volume on in-hospital mortal-
ity rate after esophageal, gastric, rectal, and pancreatic

resection [7]. The discrepancy between the Giiller study
and our results may be explained by a different obser-
vation period (1999-2012) as compared to our study
(2014-2018), different patient identification methods
(ICD-10) as compared to our study (IQI-specifications),
and a more rigorous and comprehensive control for
patient-sided variables that are likely to highly corre-
late with outcome in our study. Similarly, Krautz et al.
showed a clear correlation between hospital volume
and in-hospital mortality and postoperative complica-
tions for pancreatic surgery in Germany [40]. However,
the relationship between incident abdominal cancer
cases and the number of hospitals is markedly different
in Germany as compared to Switzerland. Thus, the inci-
dent abdominal cancer cases are 150 times higher in the
German study (5'403/year) as opposed to our study (45/
year), whereas the average number of hospitals in one
observation year is 5 times higher (178 vs. 35). Further-
more, a systematic review based in 19 studies conducted
by Giwa et al. indicates reduced postoperative length of
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stay with increasing hospital volume [48]. However, the
results are not directly comparable to our findings, as
Giwa and colleagues included studies that were subject
to different contextual conditions, such as a higher over-
all incidence of abdominal cancer resections and higher
hospital volumes. There are two possible scientifically
supported explanations for the gradual hospital volume-
quality relationship: At the individual level, surgeons can
reduce blood loss, operative time, and intraoperative and
postoperative complications by gaining more experience
in the field [20, 27, 49, 50]. From a structural perspec-
tive, hospitals with high volumes can contribute to better
postoperative outcomes by providing expertise through
multidisciplinary teams [12, 24, 28]. Studies have shown
that collaboration between radiation oncologists, radi-
ologists, medical oncologists, gastroenterologists, inter-
ventional radiologists, and pathologists is critical for the
treatment of colon, rectal, gastric, and pancreatic cancers
[2, 50].

Our finding that small hospitals can demonstrate
comparable outcomes to larger hospitals is in line with
individual studies. Thus, there is literature suggesting
no significant differences in mortality between hospital
volume categories in the first month after surgery [22,
23]. In line with our findings, further studies observe no
relationship between hospital volume and postoperative
morbidity [41-46], indirect proxy of corresponding cost
[51-56]. To the best of our knowledge, there are no stud-
ies available so far that would allow an adequate com-
parison of the association between hospital volume and
postoperative cost in the Swiss context. There are also
research-based explanations for the finding that smaller
hospitals can demonstrate similar results to larger hos-
pital entities: several studies make clear that not neces-
sarily only the volume per se, but rather the degree and
extent of clinical infrastructure, resources and expertise
of hospitals are decisive for treatment success [22, 23].
Thus, smaller regional hospitals with small volumes but
excellent facilities and care processes can ensure equally
good outcomes as hospitals with larger volumes. Our
results imply that it is unlikely that patient outcomes will
systematically improve if only unidimensional measures
such as minimal hospital volumes are implemented, at
least in healthcare settings with comparably low case
numbers and a high dispersion of hospital infrastructure.
Although this approach allows differentiating groups of
hospitals with different levels of service provision, indi-
vidual hospitals with low hospital volumes may also
achieve outcomes above average outcomes. Therefore,
switching from a categorization of hospitals based on
hospital volumes to a categorization based on outcome
quality could avoid this issue, which has already been
shown to be successful in a Dutch study [57].
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The results of this study should be interpreted in the
context of a few important limitations. Firstly, the IQI
system is not static and its specifications are constantly
being further developed. Thus, in the given observa-
tion period, the versions for abdominal cancer have
also changed, which might also contribute to temporal
changes of hospital volumes to a small extent. Neverthe-
less, these diagnosis specifications provide an accurate
categorization of the patient population and determina-
tion of hospital volumes with only little variation.

Secondly, compared to other countries, Switzerland
faces generally low hospital volumes. This is particu-
larly the case for gastric resections. Due to the relatively
recent introduction of the DRG system and initial data
inconsistencies, on which the given IQI specifications
are based on, the observation period could, however,
not be further extended. Thirdly, hospital volumes pro-
vided by the FOPH were aggregated at the hospital level,
although some hospitals include multiple sites (e.g.,
Hirslanden Group, Insel Group). Rather, it is recom-
mended to summarize hospital volumes at the hospital
unit level to approximate the experience of a hospital
unit more accurately. Fourthly, a limitation of the pre-
sent investigation arises from information, which can-
not be ascertained from the database, such as surgeon
experience, presence of multidisciplinary teams, or exist-
ing infrastructure. It is therefore not possible to deter-
mine to what extent these factors may have influenced
our analysis. To the best of our knowledge, however, the
FOPH dataset is the most comprehensive, national data-
set containing relevant information around hospital vol-
umes in Switzerland, despite those minor shortcomings.

Conclusion

In summary, the results indicate concentration trends
of the hospital landscape, however, they lack evi-
dence for a hospital volume-outcome relationship with
respect to individual treatment outcomes. Thus, focus-
ing on minimal case numbers as a single regulatory
instrument for improving outcomes in cancer surgery
is not efficient in healthcare settings with low abso-
lute incident case numbers, high dispersion of hospital
infrastructure and small-scale regional entities. Future
studies should additionally take into account supply-
related factors (i.e., the accessibility of hospitals, the
availability of medical staff, medical equipment) to shed
light on which further aspects affect treatment quality
in hospitals, allowing for optimal hospital planning.
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