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Background: Evidence for an association between hospital volume and outcomes for liver surgery is

abundant. The current Dutch guideline requires a minimum volume of 20 annual procedures per centre.
The aim of this study was to investigate the association between hospital volume and postoperative
outcomes using data from the nationwide Dutch Hepato Biliary Audit.
Methods: This was a nationwide study in the Netherlands. All liver resections reported in the Dutch
Hepato Biliary Audit between 2014 and 2017 were included. Annual centre volume was calculated and
classified in categories of 20 procedures per year. Main outcomes were major morbidity (Clavien–Dindo
grade IIIA or higher) and 30-day or in-hospital mortality.
Results: A total of 5590 liver resections were done across 34 centres with a median annual centre volume
of 35 (i.q.r. 20–69) procedures. Overall major morbidity and mortality rates were 11⋅2 and 2⋅0 per cent
respectively. The mortality rate was 1⋅9 per cent after resection for colorectal liver metastases (CRLMs),
1⋅2 per cent for non-CRLMs, 0⋅4 per cent for benign tumours, 4⋅9 per cent for hepatocellular carcinoma
and 10⋅3 per cent for biliary tumours. Higher-volume centres performed more major liver resections,
and more resections for hepatocellular carcinoma and biliary cancer. There was no association between
hospital volume and either major morbidity or mortality in multivariable analysis, after adjustment for
known risk factors for adverse events.
Conclusion: Hospital volume and postoperative outcomes were not associated.
∗ Members of the Dutch Hepato Biliary Audit Group are co-authors of this study and can be found under the heading
Collaborators
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Introduction

In an effort to reduce morbidity and mortality after complex surgical procedures, hospital volume has become a
frequent subject of debate1 – 3 . Higher caseload leads to

more experience for the entire surgical treatment team,
which could benefit clinical outcomes. In upper gastrointestinal surgery, the volume–outcome relationship
has been studied most extensively for oesophageal and
pancreatic surgery4 – 6 .
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Mortality after oesophagectomy in low-volume centres
is at least twice that in high-volume centres4 . Perioperative
mortality after pancreatoduodenectomy is also more than
twofold lower in centres undertaking more than 40 resections compared with five procedures annually5,6 . In the
Netherlands, these studies have led to a minimum annual
case volume of at least 20 procedures per hospital for these
operations. Without extensive evidence, this threshold has
been extrapolated to hepatobiliary surgery, including liver
resection.
Liver surgery, however, is more heterogeneous, with
numerous different types of procedures and techniques for
various indications, all with their distinct characteristics
and risk factors for adverse outcomes. Procedures range
from laparoscopic peripheral wedge resection to extended
right liver resection with biliary reconstruction for perihilar cholangiocarcinoma. Currently there are no data
to support the hospital volume standard of 20 resections
annually in the Netherlands. Although improvements in
perioperative care have reduced overall surgical morbidity, liver surgery is done in an ageing and increasingly
co-morbid population, and is still associated with substantial risks7 – 15 . Adequate risk stratification across all
liver surgery centres is essential to ensure optimal clinical
outcomes.
This study aimed to investigate the relationship between
hospital volume and postoperative outcomes after liver
surgery using data from the nationwide Dutch Hepato
Biliary Audit (DHBA) on all hepatobiliary resections performed in the Netherlands.

DHBA. The present study included patients who had liver
surgery for any indication between 1 January 2014 and
31 December 2017. Patients who underwent exploratory
laparotomy because unresectable disease was discovered
during surgery, and those who underwent extrahepatic biliary resection only were excluded. Patients with essential
data missing (type of tumour, type of procedure, hospital
information or operation date) were also excluded.
The study protocol was approved by the scientific committee of the DHBA. All data were handled anonymously.
The need for ethical approval and individual informed consent was waived by the medical ethics committee.

Dutch Hepato Biliary Audit
The DHBA is part of the Dutch Institute of Clinical
Auditing and was initiated by the Dutch Liver Surgery
Working Group. The DHBA started in 2013 and since 1
January 2014 it has been a mandatory audit for all Dutch
centres performing liver surgery. The inclusion criteria
are any resection for any type of liver tumour. In 2015
the registration was extended to include all procedures for
biliary tumours, with the biliary tumour location specified.
Before 2015, patients with biliary tumours were classified
as unspecified, along with those who underwent liver
resection for biliary tumours other than perihilar or intrahepatic cholangiocarcinoma. Besides direct feedback on
potential errors in data entry using the online data form,
voluntary external data verification was carried out. Based
on this verification, data accuracy was considered adequate
for all audited centres. Further details of the audit have
been described elsewhere14 .

Methods

This was a retrospective nationwide study of patients who
underwent liver surgery in the Netherlands. The Netherlands is a high-income country in Western Europe with
over 17 million inhabitants. Healthcare is arranged in 121
hospitals, including eight university hospitals and one comprehensive cancer centre. In the Netherlands, requirements for treating several tumours have been defined by
Stichting Oncologische Samenwerking (SONCOS), which
is a national establishment for multidisciplinary oncological cooperation founded by the Dutch Societies of Surgical Oncology, Radiotherapy and Medical Oncology. Liver
tumours and liver surgery are included. These guidelines
are also endorsed by the government and all insurance
companies. They include structural requirements such as
24/7 availability of an interventional radiologist and two
skilled hepatobiliary surgeons, volume requirements for
resection (at least 20 resections have to be performed
annually) and mandatory participation in the audit. All
hepatobiliary procedures are included in the nationwide

Hospital volume
The total number of liver resections performed during the
study in each centre was recorded and the median number
of procedures annually was defined as the hospital volume.
In centres where liver surgery was discontinued during
the study interval (all owing to an annual procedural volume below 20), only the years in which liver surgery was
performed were used in the volume calculation. Extrahepatic biliary resections and exploratory laparotomies without
liver resection were not included in hospital volume calculations. The annual hospital volume was classified into
fewer than 20, 20–39, 40–59, 60–79 and 80 or more procedures. For multivariable analyses, the 20–39 category was
used as reference because of the existing volume requirement of 20 resections annually.

Definitions
Major liver resection was defined as resection of at least
three adjacent Couinaud segments. All complications
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Table 1 Patient and treatment characteristics and outcomes according to hospital volume in the Dutch Hepato Biliary Audit between
2014 and 2017
Hospital volume (annual no. of liver resections)
< 20
(n = 196)

20–39
(n = 866)

40–59
(n = 822)

60–79
(n = 1953)

≥ 80
(n = 1753)

Age > 70 years

75 (38⋅3)

345 (39⋅8)

Men

117 (59⋅7)

503 (58⋅1)

295 (35⋅9)

600 (30⋅7)

444 (25⋅3)

0⋅035

462 (56⋅2)

1146 (58⋅7)

947 (54⋅0)

< 0⋅001

ASA fitness grade > III

26 (13⋅3)

BMI (kg/m2 )*

26⋅9(4⋅4)

199 (23⋅0)

133 (16⋅2)

363 (18⋅6)

302 (17⋅2)

< 0⋅001

25⋅9(4⋅2)

26⋅2(4⋅6)

26⋅5(4⋅6)

26⋅1(4⋅5)

Charlson co-morbidity index score ≥ 2

70 (35⋅7)

264 (30⋅5)

210 (25⋅5)

542 (27⋅8)

409 (23⋅3)

< 0⋅001
< 0⋅001

P†

Baseline characteristics

Preoperative liver disease

0⋅076‡

1 (0⋅5)

41 (4⋅7)

18 (2⋅2)

71 (3⋅6)

94 (5⋅4)

Previous liver surgery

23 (12⋅5)

149 (17⋅3)

122 (14⋅8)

272 (13⋅9)

206 (11⋅8)

0⋅003

Preoperative chemotherapy

16 (8⋅8)

180 (22⋅1)

150 (18⋅2)

295 (15⋅1)

483 (27⋅6)

< 0⋅001

0 (0)

10 (3⋅2)

10 (1⋅2)

34 (1⋅7)

61 (3⋅5)

Preoperative portal vein embolization
Colorectal liver metastasis

< 0⋅001
< 0⋅001

Type of tumour
166 (84⋅7)

723 (83⋅5)

649 (79⋅0)

1304 (66⋅8)

Liver metastasis from other origin

11 (5⋅6)

34 (3⋅9)

61 (7⋅4)

146 (7⋅5)

150 (8⋅6)

Benign liver tumour

15 (7⋅7)

58 (6⋅7)

42 (5⋅1)

190 (9⋅7)

214 (12⋅2)

Hepatocellular carcinoma

4 (2⋅0)

36 (4⋅2)

55 (6⋅7)

201 (10⋅3)

254 (14⋅5)

0 (0)

15 (1⋅7)

15 (1⋅8)

112 (5⋅7)

131 (7⋅5)

Major liver resection

29 (14⋅8)

130 (15⋅0)

240 (29⋅2)

432 (22⋅1)

549 (31⋅3)

Minimally invasive approach

17 (8⋅7)

259 (29⋅9)

140 (17⋅0)

488 (25⋅0)

198 (11⋅3)

< 0⋅001

Intraoperative ablation

7 (3⋅6)

109 (12⋅6)

161 (19⋅6)

292 (15⋅0)

289 (16⋅5)

< 0⋅001

Simultaneous colorectal resection

36 (18⋅4)

112 (12⋅9)

92 (11⋅2)

144 (7⋅4)

139 (7⋅9)

< 0⋅001

Simultaneous other resection

70 (35⋅7)

185 (21⋅4)

118 (14⋅4)

306 (15⋅7)

207 (11⋅8)

< 0⋅001

0 (0)

1 (0⋅1)

3 (0⋅4)

47 (2⋅4)

44 (2⋅5)

< 0⋅001

Complicated postoperative course

22 (11⋅2)

97 (11⋅2)

122 (14⋅8)

230 (11⋅8)

297 (16⋅9)

< 0⋅001

Major morbidity

16 (8⋅2)

73 (8⋅4)

90 (10⋅9)

197 (10⋅1)

249 (14⋅2)

< 0⋅001

Postoperative bile leakage

5 (2⋅6)

28 (3⋅2)

27 (3⋅3)

67 (3⋅4)

111 (6⋅3)

< 0⋅001

Postoperative haemorrhage

2 (1⋅0)

7 (0⋅8)

11 (1⋅3)

19 (1⋅0)

27 (1⋅5)

< 0⋅001

Postoperative liver failure

2 (1⋅0)

11 (1⋅3)

9 (1⋅1)

34 (1⋅7)

48 (2⋅7)

0⋅016

Death

2 (1⋅0)

12 (1⋅4)

11 (1⋅3)

32 (1⋅6)

57 (3⋅3)

< 0⋅001

Malignant tumour of biliary tract

1004 (57⋅3)

Operative characteristics and outcomes

Biliary reconstruction

< 0⋅001

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). †χ2 or Fisher’s exact test, except ‡Kruskal–Wallis test.

within 30 days after surgery were scored and graded
according to the Clavien–Dindo classification16 . Major
morbidity was defined as the presence of a grade IIIA or
higher complication. A complicated postoperative course
was defined by: hospital stay exceeding 14 days, major
morbidity or death. Postoperative mortality was defined
as death in hospital or within 30 days after surgery; 90-day
mortality was not included in the audit.

Statistical analysis
Categorical variables are shown as numbers with percentages, and differences between these variables were
tested using χ2 or Fisher’s exact test. Continuous variables
are presented as median (i.q.r.), unless indicated otherwise, with differences tested using Mann–Whitney U or

Kruskal–Wallis test. Univariable and multivariable logistic regression analyses were used to identify factors associated with outcomes. Variables associated with the outcome
(P < 0⋅100, Wald test) in univariable analysis were included
in a multivariable model. Backward selection was used in
order to obtain a parsimonious model. Multivariable analyses for major morbidity and mortality were conducted on
the entire cohort. The analysis for major morbidity was
repeated in the subgroups of minor liver resection, major
liver resection, and resection for colorectal liver metastases.
Multicollinearity was assessed in all models by calculation
of the variance inflation factor (VIF). A VIF of 2⋅5 is equivalent to an R2 of 0⋅6 between two variables, and correlations with a VIF above 2⋅5 were considered troublesome.
Sensitivity analyses were performed for every multivariable
model to determine the dependency of the model outcome
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Fig. 1 Major morbidity and mortality according to mean centre volume in the Dutch Hepato Biliary Audit between 2014 and 2017
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on specific variables. The analyses were repeated with the
inclusion of additional parameters: centre volume of major
liver resections (more than 10 procedures), and the year
of surgery. P < 0⋅050 was considered to indicate statistical
significance. All analyses were performed using R (R Foundation for Statistical Computing, Vienna, Austria).

Results

Liver surgery in the Netherlands
A total of 6094 procedures were undertaken. Seventy-four
extrahepatic biliary resections and 267 procedures for
unresectable tumours were excluded. A further 163 procedures were excluded owing to missing essential data.
Finally, 5590 procedures were included in the analyses.
These procedures were done across 34 centres with a
median of 35 (i.q.r. 20–69) annually. Overall, 13⋅7 per cent
of the patients had a complicated postoperative course. The
major morbidity rate was 11⋅2 per cent and the postoperative mortality rate was 2⋅0 per cent. The postoperative
course was complicated after 9⋅2 per cent of the 4210 minor
liver resections, and major morbidity and mortality rates in
these patients were 7⋅8 and 1⋅2 per cent respectively. After
1380 major liver resections, 26⋅0 per cent of patients had a
complicated postoperative course; the major morbidity rate
was 20⋅8 per cent and the mortality rate 5⋅9 per cent.
An increase in the rate of adverse events was observed
in higher-volume centres in the overall cohort (Table 1 and
Fig. 1). Of all 1062 resections performed in centres with
fewer than 40 resections per year, 816 (76⋅8 per cent) were
minor resections for colorectal liver metastases (CRLMs)
or benign lesions, and only 21 (2⋅0 per cent) were major

resections for hepatocellular carcinoma (HCC) or biliary
tumours.

Outcomes according to disease subgroups
Table 2 shows morbidity and mortality rates according to
indication for liver surgery. For minor liver resections,
morbidity and mortality rates were similar across different
volume centres for most diagnoses.
Morbidity and mortality for biliary tumours subdivided
according to tumour location are shown in Table 2. Morbidity and mortality rates were highest for perihilar cholangiocarcinoma (47⋅0 and 14⋅0 per cent respectively).
The 550 resections for HCC over 4 years were performed
across 22 centres, with 20 centres still undertaking HCC
resections in 2017. The 273 resections for biliary tumours
were carried out in 16 centres. Fourteen centres performed
resections for perihilar and intrahepatic cholangiocarcinoma.

Multivariable analyses
Although the odds ratio for major morbidity and mortality was significantly higher for centres undertaking at
least 80 liver resections annually compared with those performing 20–39 procedures in univariable analyses, there
was no hospital volume–outcome relationship in multivariable analyses for major morbidity and mortality in the
overall cohort after correction for other confounding variables (Table 3; Table S1, supporting information). The multivariable analyses for major morbidity and mortality were
repeated for minor resection only (Table S2, supporting
information), major resections (Table S3, supporting information) and resections for CRLMs (Table S4, supporting
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Table 2 Tumour-specific major morbidity and mortality rate after major and minor liver resections, and liver resection for biliary
tumours according to hospital volume in the Dutch Hepato Biliary Audit between 2014 and 2017
Hospital volume (annual no. of liver resections)
< 20

20–39

40–59

60–79

≥ 80

Overall

No. of procedures

141

605

463

1057

751

3017

Morbidity (%)

7⋅1

7⋅4

7⋅6

6⋅9

9⋅5

9⋅1

Mortality (%)

0⋅7

0⋅3

0⋅6

0⋅6

1⋅2

1⋅4

No. of procedures

8

32

44

129

122

335

Morbidity (%)

0

6

14

8⋅5

4⋅1

7⋅1

Mortality (%)

0

0

0

0

0

0⋅3

No. of procedures

15

55

31

154

148

403

Morbidity (%)

7

9

3

7⋅8

6⋅1

6⋅9

Mortality (%)

0

0

0

0⋅6

0

0⋅2

No. of procedures

3

31

36

136

134

340

Morbidity (%)

0

3

22

7⋅4

11⋅2

10⋅0

Mortality (%)

0

0

6

0

3⋅0

2⋅1

Minor liver resection
Colorectal liver metastases

Non-colorectal liver metastases

Benign tumour

Hepatocellular carcinoma

Major liver resection
Colorectal liver metastases
Number

25

118

186

247

253

829

Morbidity (%)

16

25⋅4

11⋅8

16⋅2

17⋅8

15⋅4

Mortality (%)

0

6⋅8

0⋅5

4⋅0

4⋅7

3⋅7
67

Non-colorectal liver metastases
No. of procedures

3

2

17

17

28

Morbidity (%)

0

50

18

24

27

24

Mortality (%)

0

0

6

6

7

5⋅9

Benign tumour
No. of procedures

0

3

11

36

66

116

Morbidity (%)

–

0

36

19

23

10⋅2

Mortality (%)

–

0

0

3

0

0⋅9

Hepatocellular carcinoma
No. of procedures

1

5

19

65

120

210

Morbidity (%)

100

0

16

20

25⋅0

22⋅4

Mortality (%)

100

0

16

8

9⋅2

9⋅5

No. of procedures

0

15

15

112

131

273

Morbidity (%)

–

13

53

24⋅1

38⋅9

32⋅2

Mortality (%)

–

0

7

7⋅1

14⋅5

10⋅3

No. of procedures

0

1

3

46

50

100

Morbidity (%)

–

0

100

33

58

47⋅0

Mortality (%)

–

0

0

11

18

14⋅0

Liver resection for biliary tumours
Overall

Perihilar

Intrahepatic
No. of procedures

0

5

4

44

44

97

Morbidity (%)

–

20

50

16

34

26

Mortality (%)

–

0

25

2

18

10

Extrahepatic / unspecified
No. of procedures

0

9

8

22

37

76

Morbidity (%)

–

11

38

23

19

21

Mortality (%)

–

0

0

9

5

5
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Table 3 Univariable and multivariable logistic regression analyses for factors associated with major morbidity including hospital
volume in the Dutch Hepato Biliary Audit between 2014 and 2017
Univariable analysis
No. of patients

Odds ratio

Multivariable analysis
P

Odds ratio

< 0⋅001

Age (years)
≤ 70

3811

1⋅00 (reference)

1⋅00 (reference)

> 70

1759

1⋅22 (1⋅03, 1⋅45)

1⋅12 (0⋅93, 1⋅39)

Missing*

20

Sex

0⋅026

0⋅221

M

3175

1⋅00 (reference)

1⋅00 (reference)

F

2399

0⋅67 (0⋅57, 0⋅80)

0⋅63 (0⋅53, 0⋅78)

Missing*

16
< 0⋅001

ASA ﬁtness grade

< 0⋅001

I–II

4388

1⋅00 (reference)

1⋅00 (reference)

≥ III

1023

1⋅86 (1⋅53, 2⋅25)

1⋅77 (1⋅39, 2⋅15)

Missing*

179
< 0⋅001

Charlson co-morbidity index score

0⋅002

0–1

3909

1⋅00 (reference)

1⋅00 (reference)

≥2

1495

1⋅53 (1⋅28, 1⋅82)

1⋅44 (1⋅14, 1⋅74)

Missing*

186

BMI (per kg/m2 )

1⋅00 (0⋅98, 1⋅02)

Liver co-morbidity

0⋅963
0⋅029

0⋅998

No

5043

1⋅00 (reference)

1⋅00 (reference)

Yes

225

1⋅51 (1⋅03, 2⋅15)

1⋅01 (0⋅63, 1⋅56)

Missing*

322

Previous resection

0⋅721

No

4620

1⋅00 (reference)

Yes

772

0⋅96 (0⋅74, 1⋅21)

Missing*

198
< 0⋅001

Type of tumour
CRLM

P
< 0⋅001

< 0⋅001

3846

1⋅00 (reference)

Other liver metastasis

402

1⋅06 (0⋅74, 1⋅48)

0⋅725

1⋅03 (0⋅69, 1⋅48)

Benign

519

1⋅12 (0⋅82, 1⋅50)

0⋅470

1⋅48 (1⋅01, 2⋅09)

0⋅044

HCC

550

1⋅66 (1⋅28, 2⋅14)

< 0⋅001

1⋅20 (0⋅92, 1⋅74)

0⋅147

Cholangiocarcinoma

273

4⋅58 (3⋅46, 6⋅02)

< 0⋅001

3⋅61 (2⋅60, 3⋅03)

< 0⋅001

Preoperative chemotherapy

0⋅889

0⋅367

No

4062

1⋅00 (reference)

Yes

1124

0⋅91 (0⋅73, 1⋅12)

Missing*

404

Procedure

0⋅185

Resection

4732

1⋅00 (reference)

Resection and ablation

858

0⋅90 (0⋅76, 1⋅05)

Missing*

1⋅00 (reference)

0
< 0⋅001

Surgical approach

< 0⋅001

Open

4141

1⋅00 (reference)

1⋅00 (reference)

Laparoscopic

1102

0⋅40 (0⋅30, 0⋅53)

< 0⋅001

0⋅57 (0⋅42, 0⋅78)

< 0⋅001

Conversion to open

206

0⋅82 (0⋅51, 1⋅26)

0⋅394

0⋅86 (0⋅50, 1⋅37)

0⋅532

Missing*

141
< 0⋅001

Major resection

< 0⋅001

No

4107

1⋅00 (reference)

1⋅00 (reference)

Yes

1380

3⋅10 (2⋅60, 3⋅68)

2⋅47 (2⋅02, 3⋅03)

Missing*

103
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Table 3 Continued
Univariable analysis
No. of patients

Odds ratio

Multivariable analysis
P

Odds ratio

< 0⋅001

Simultaneous other resection
No

2713

1⋅00 (reference)

Yes

886

1⋅60 (1⋅28, 2⋅00)

< 0⋅001

1⋅57 (1⋅20, 2⋅05)

Missing*

1991

1⋅23 (1⋅02, 1⋅48)

0⋅031

1⋅14 (0⋅92, 1⋅42)

Simultaneous colorectal resection

1⋅00 (reference)

No

4883

1⋅00 (reference)

1⋅00 (reference)

Yes

523

1⋅50 (1⋅15, 1⋅92)

2⋅01 (1⋅47, 2⋅73)

Missing*

184
< 0⋅001

Tertiary referral centre

3057

1⋅00 (reference)

Other

2533

0⋅63 (0⋅53, 0⋅75)

0⋅238

0⋅914
1⋅00 (reference)
0⋅98 (0⋅71, 1⋅36)

< 0⋅001

Annual hospital volume

< 0⋅001
< 0⋅001

0⋅002

Type of hospital

P
< 0⋅001

0⋅163

20–39

866

1⋅00 (reference)

1⋅00 (reference)

< 20

196

0⋅90 (0⋅51, 1⋅49)

0⋅692

0⋅82 (0⋅45, 1⋅44)

40–59

822

1⋅26 (0⋅93, 1⋅71)

0⋅143

1⋅16 (0⋅81, 1⋅67)

0⋅412

60–79

1953

1⋅11 (0⋅83, 1⋅49)

0⋅485

1⋅05 (0⋅73, 1⋅53)

0⋅783

≥ 80

1753

1⋅67 (1⋅22, 2⋅02)

< 0⋅001

1⋅41 (0⋅91, 2⋅19)

0⋅121

0⋅524

Values in parentheses are 95 per cent confidence intervals. *Not included in multivariable analysis. CRLM, colorectal liver metastasis; HCC, hepatocellular
carcinoma.

information). None of these analyses demonstrated a hospital volume–outcome effect. Multicollinearity was not a
problem as the VIF was below 2⋅5 for all variables in all
models. Sensitivity analyses were undertaken for all outcomes stratified by tumour type. In addition, all logistic
regression analyses were performed with addition of a variable concerning annual major resection volume (more than
10) and with addition of a variable correcting for year of
surgery. These variables were not significant predictors of
outcomes and did not alter the results of the multivariable
models.

Oncological margins
The association between hospital volume and oncological margin was investigated (Table S5, supporting information). Negative margins were achieved in 3251 patients
with CRLMs (84⋅5 per cent), with more frequent positive resection margins in the higher-volume centres. These
results are likely to be explained by more advanced disease
in these patients, as demonstrated by multivariable analyses
that identified five or more metastases (odds ratio 1⋅57, 95
per cent c.i. 1⋅08 to 2⋅26) and major liver resection (odds
ratio 1⋅37, 1⋅07 to 1⋅75) as predictors of positive margins.
Centre volume was not significant in multivariable analysis. Positive margins were most frequent after resection of
biliary tumours, and in particular in lower-volume centres

after resection of perihilar and intrahepatic cholangiocarcinoma (Table S5, supporting information).
Discussion

In the Dutch setting, no association between hospital volume and morbidity or mortality was observed after liver
surgery. Although there is no evidence base for the current cut-off of 20 procedures, all data were gathered after
the implementation of this current guideline and the data
do not support the implementation of any lower, or need
for a higher, procedure volume cut-off. The lack of a
volume–outcome relationship is likely to be explained by
the existing advanced patient selection across lower- and
higher-volume centres in regional collaboration. There
remains room for improvement in resections for HCC and
biliary tumours. Reduction in the number of centres currently involved in treating HCC and biliary tumours to a
few dedicated centres might help to improve outcomes for
these high-risk patients.
Few nationwide analyses reporting on morbidity and
mortality after liver resection are available, and data on
hospital volume are scarce. A French nationwide study17
that included 28 708 liver resections over 4 years reported
a 90-day mortality rate of 3⋅2 per cent. There was a median
of four resections per centre and 20 per cent of patients
had surgery in centres with a case volume below ten annual
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procedures. In multivariable analyses, a volume–mortality
association was observed, with centres undertaking five or
fewer procedures annually as a reference. The hazard ratios
for mortality were similar for all hospital categories undertaking more than 11 procedures annually, demonstrating
no further volume–outcome relationship above the cut-off
of 11 resections. In a large, but not nationwide, report
from the USA including 11 429 patients, the overall 90-day
mortality rate was 4⋅9 per cent, but ranged from 7⋅1 per
cent when the hospital volume was below ten procedures
annually to 2⋅9 per cent when at least 50 procedures were
done18 . In another report19 , the analyses were based on a
similar data set including 2949 liver resections, with the
same 4⋅9 per cent mortality rate. The authors concluded
that only resections done in high-volume centres, by a
high-volume surgeon, were associated with reduced mortality. The median hospital volume was low, with two procedures annually, and median surgeon volume was one. In a
more recent nationwide analysis20 , including 110 332 liver
resections performed across 1136 German hospitals, the
overall mortality rate was 5⋅8 per cent. There is no centralization in Germany. For major liver resections, mortality
was lower in centres undertaking at least 44 major resections annually. Although overall centre volume was not
reported, the 1136 hospitals active in liver surgery suggest
that median centre volume is low; of centres performing
major resections, 80 per cent undertook fewer than four
major hepatectomies annually. In this German report, the
mortality rate was high in specific subgroups, such as 16
per cent after extended hepatectomy and 26 per cent when
combined with biliary reconstruction.
Available studies that reported on the volume–outcome
relationship in liver surgery and showed lower mortality rates in high-volume centres had low median hospital
volumes of two to four procedures annually. The Dutch
volume requirement of 20 liver resections annually is similar to that in several other countries21,22 . The mortality
rates reported in series that used the 20-procedure volume
requirement (such as 2⋅0 per cent in the Netherlands and
2⋅1 per cent in Norway21 ) are lower than those in countries that have not implemented such a cut-off: 3⋅2 per cent
in France17 , 4⋅9 per cent in America18,19 , 5⋅8 per cent in
Germany20 and 3⋅1 per cent in Sweden23 . Such direct comparisons are biased by numerous factors including different
inclusion criteria, definitions and cohort characteristics.
There are several possible reasons for the lack of a
volume–outcome relationship in the present cohort. First,
there simply might not be a volume–outcome relationship
in liver surgery after setting a threshold of 20 resections
annually, and above this threshold outcomes are just as
favourable in the smaller-volume as in the higher-volume

centres. A more likely explanation could be the higher
median hospital volume of 35 procedures than in other
studies, and the advanced risk stratification already performed across many Dutch regional collaborations. This is
demonstrated by the predominance of minor liver resections for CRLMs in the lowest-volume centres, compared with increasing numbers of major liver resections
for other indications in the higher-volume centres. The
data also indicate more advanced metastatic disease in
higher-volume centres, and that the majority of HCC and
biliary cancers are treated in the largest centres.
Although the mortality rate of 2⋅0 per cent appears
to be in the lower range of rates reported in literature,
there are several areas for improvement. The mortality
rate after major liver resection was 5⋅9 per cent overall
and 3⋅7 per cent for CRLMs. These rates have led to
the start of a detailed analysis of these fatalities, including failure-to-rescue parameters. This project aims to further improve stratification of patients across centres and
reduce overall the mortality rate to below 1 per cent. The
current Dutch guideline encourages referral of patients
with HCC and biliary cancers to experienced centres; however, in 2017, 20 and 16 centres undertook surgery on
HCC and biliary tumours respectively. The overall mortality rates of 4⋅9 per cent after HCC resection and up to
9⋅5 per cent after major resection are higher than rates in
the largest international series from expert centres (0⋅8–2⋅9
per cent)24 – 26 . For biliary tumours, the overall mortality
rate was 10⋅3 per cent, with the highest rate for perihilar
cholangiocarcinoma (14⋅0 per cent). Although this is consistent with an in-hospital mortality rate of 13 per cent
in a meta-analysis27 of Western series, there is significant
room for improvement considering that the mortality rate
after perihilar cholangiocarcinoma resections in Asian centres is usually below 4 per cent27 . In addition, margins were
positive after biliary cancer resection in over one-third of
all patients. Considering these rates, the treatment of this
relatively small group across 16–20 centres is unlikely to
optimize the outcomes, and further centralization of these
resections to a handful of dedicated centres might help to
reduce adverse outcomes.
This study had several limitations. It is possible that the
lack of a volume–outcome relationship in the present analysis was the result of one or more risk-stratifying variables that were not included in the nationwide audit data
set. These variables could include advanced data on (hepatic) co-morbidity, or variables in the patient evaluation
such as the assessment of remnant liver volume and function. As in other national audits, there are some missing
data for non-mandatory parameters28,29 . Furthermore, to
ensure complete anonymity in the analysis from a small
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country such as the Netherlands, no distinction was made
between hospitals’ teaching status, which is a factor known
to have a potential influence on outcomes30 . Although most
perioperative deaths are likely captured by the 30-day or
in-hospital mortality variable, 90-day mortality is likely
more representative of true mortality, but is not included in
the audit and was not therefore not available for the present
study31 . As the DHBA was designed for analysis of perioperative outcomes, no information regarding long-term
outcomes is collected and therefore these could not be
included in the analyses.

925

6

7

8

Collaborators

Members of the Dutch Hepato Biliary Audit Group who
collaborated in this study: M. G. H. Besselink (Cancer
Centre Amsterdam, Amsterdam UMC, University of Amsterdam, Amsterdam); M. T. de Boer (University Medical Centre Groningen, Groningen); C. I. Buis (University
Medical Centre Groningen, Groningen); T. M. van Gulik
(Cancer Centre Amsterdam, Amsterdam UMC, University
of Amsterdam, Amsterdam); F. J. H. Hoogwater (University Medical Centre Groningen, Groningen); I. Q. Molenaar (University Medical Center Utrecht, Utrecht); C. H.
C. Dejong (Maastricht University Medical Centre, Maastricht); C. Verhoef (Erasmus MC, Erasmus University,
Rotterdam).

9

10

11

12

Acknowledgements

P.B.O. and A.K.E.E. contributed equally to this work. The
authors thank all surgeons, interventional radiologists and
administrative nurses for data registration in the DHBA
database, as well as the Dutch Hepato Biliary Audit Group
for scientific input.
Disclosure: The authors declare no conflict of interest.

13

14

References
1 Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA, Lucas
FL, Batista I et al. Hospital volume and surgical mortality in
the United States. N Engl J Med 2002; 346: 1128–1137.
2 Ho V, Heslin MJ, Yun H, Howard L. Trends in hospital and
surgeon volume and operative mortality for cancer surgery.
Ann Surg Oncol 2006; 13: 851–858.
3 Ho V, Aloia T. Hospital volume, surgeon volume, and
patient costs for cancer surgery. Med Care 2008; 46:
718–725.
4 van Lanschot JJ, Hulscher JB, Buskens CJ, Tilanus HW, ten
Kate FJ, Obertop H. Hospital volume and hospital mortality
for esophagectomy. Cancer 2001; 91: 1574–1578.
5 Gooiker GA, van Gijn W, Wouters MWJM, Post PN, van
de Velde CJH, Tollenaar RAEM et al.; Signalling Committee

15

16

17

18

Cancer of the Dutch Cancer Society. Systematic review and
meta-analysis of the volume–outcome relationship in
pancreatic surgery. Br J Surg 2011; 98: 485–494.
van der Geest LGM, van Rijssen LB, Molenaar IQ, de
Hingh IH, Groot Koerkamp B, Busch ORC et al.; Dutch
Pancreatic Cancer Group. Volume–outcome relationships in
pancreatoduodenectomy for cancer. HPB (Oxford) 2016; 18:
317–324.
Jarnagin WR, Gonen M, Fong Y, DeMatteo RP,
Ben-Porat L, Little S et al. Improvement in perioperative
outcome after hepatic resection: analysis of 1803 consecutive
cases over the past decade. Ann Surg 2002; 236: 397–406.
Noordzij PG, Poldermans D, Schouten O, Bax JJ, Schreiner
FAG, Boersma E. Postoperative mortality in The
Netherlands: a population-based analysis of surgery-specific
risk in adults. Anesthesiology 2010; 112: 1105–1115.
Integraal Kankercentrum Nederland (IKNL).
Cijfersoverkanke; 2017. https://www.iknl.nl/nkr-cijfers
[accessed 8 March 2019].
Ruzzenente A, Conci S, Ciangherotti A, Campagnaro T,
Valdegamberi A, Bertuzzo F et al. Impact of age on
short-term outcomes of liver surgery: lessons learned in
10-years’ experience in a tertiary referral
hepato-pancreato-biliary center. Medicine (Baltimore) 2017;
96: e6955.
Makridis G, Reese T, Kantas A, Fard-Aghaie MH, Oldhafer
KJ. Liver resection in octogenarians: are the outcomes worth
the risk? The Hamburg Barmbek experience. ANZ J Surg
2019; 89: 131–132.
Cohen ME, Liu Y, Ko CY, Hall BL. Improved surgical
outcomes for ACS NSQIP hospitals over time: evaluation of
hospital cohorts with up to 8 years of participation. Ann Surg
2016; 263: 267–273.
Cescon M, Vetrone G, Grazi GL, Ramacciato G, Ercolani G,
Ravaioli M et al. Trends in perioperative outcome after
hepatic resection: analysis of 1500 consecutive unselected
cases over 20 years. Ann Surg 2009; 249: 995–1002.
van der Werf LR, Kok NFM, Buis CI, Grünhagen DJ,
Hoogwater FJH, Swijnenburg RJ et al. Implementation and
first results of a mandatory, nationwide audit on liver surgery.
HPB (Oxford) 2019; 21: 1400–1410.
de Ridder JAM, Lemmens VEPP, Overbeek LIH, Nagtegaal
ID, de Wilt JHW; Dutch Liver Surgery Group. Liver
resection for metastatic disease; a population-based analysis
of trends. Dig Surg 2016; 33: 104–113.
Dindo D, Demartines N, Clavien PA. Classification of
surgical complications: a new proposal with evaluation in a
cohort of 6336 patients and results of a survey. Ann Surg
2004; 240: 205–213.
Farges O, Goutte N, Bendersky N, Falissard B;
ACHBT-French Hepatectomy Study Group. Incidence and
risks of liver resection: an all-inclusive French nationwide
study. Ann Surg 2012; 256: 697–704.
Asiyanbola B, Chang D, Gleisner AL, Nathan H, Choti MA,
Schulick RD et al. Operative mortality after hepatic

© 2020 The Authors. British Journal of Surgery published by John Wiley & Sons Ltd www.bjs.co.uk
on behalf of BJS Society Ltd.

BJS 2020; 107: 917–926

926

19

20

21

22

23

24

25

P. B. Olthof, A. K. E. Elfrink, E. Marra, E. J. T. Belt, P. B. van den Boezem, K. Bosscha et al.

resection: are literature-based rates broadly applicable?
J Gastrointest Surg 2008; 12: 842–851.
Eppsteiner RW, Csikesz NG, Simons JP, Tseng JF, Shah SA.
High volume and outcome after liver resection: surgeon or
center? J Gastrointest Surg 2008; 12: 1709–1716.
Filmann N, Walter D, Schadde E, Bruns C, Keck T, Lang H
et al. Mortality after liver surgery in Germany. Br J Surg
2019; 106: 1523–1529.
Lassen K, Nymo LS, Olsen F, Brudvik KW, Fretland AA,
Søreide K. Contemporary practice and short-term outcomes
after liver resections in a complete national cohort.
Langenbecks Arch Surg 2019; 404: 11–19.
Torzilli G, Viganò L, Giuliante F, Pinna AD. Liver surgery
in Italy. Criteria to identify the hospital units and the tertiary
referral centers entitled to perform it. Updates Surg 2016; 68:
135–142.
Gilg S, Sparrelid E, Isaksson B, Lundell L, Nowak G,
Strömberg C. Mortality-related risk factors and long-term
survival after 4460 liver resections in Sweden – a
population-based study. Langenbecks Arch Surg 2017; 402:
105–113.
Cucchetti A, Sposito C, Pinna AD, Citterio D, Ercolani G,
Flores M et al. Effect of age on survival in patients
undergoing resection of hepatocellular carcinoma. Br J Surg
2016; 103: e93–e99.
Torzilli G, Belghiti J, Kokudo N, Takayama T, Capussotti L,
Nuzzo G et al. A snapshot of the effective indications and
results of surgery for hepatocellular carcinoma
in tertiary referral centers: is it adherent to the EASL/AASLD

26

27

28

29

30

31

recommendations?: an observational study of the HCC
East–West study group. Ann Surg 2013; 257: 929–937.
Eguchi S, Kanematsu T, Arii S, Okazaki M, Okita K,
Omata M et al.; Liver Cancer Study Group of Japan.
Comparison of the outcomes between an anatomical
subsegmentectomy and a non-anatomical minor
hepatectomy for single hepatocellular carcinomas based on a
Japanese nationwide survey. Surgery 2008; 143: 469–475.
Franken LC, Schreuder AM, Roos E, van Dieren S, Busch
OR, Besselink MG et al. Morbidity and mortality after major
liver resection in patients with perihilar cholangiocarcinoma:
a systematic review and meta-analysis. Surgery 2019; 165:
918–928.
Hoeijmakers F, Beck N, Wouters MWJM, Prins HA, Steup
WH. National quality registries: how to improve the quality
of data? J Thorac Dis 2018; 10(Suppl 29): S3490–S3499.
Van Leersum NJ, Snijders HS, Henneman D, Kolfschoten
NE, Gooiker GA, ten Berge MG et al. The Dutch surgical
colorectal audit. Eur J Surg Oncol 2013; 39: 1063–1070.
van Groningen JT, Eddes EH, Fabry HFJ, van Tilburg
MWA, van Nieuwenhoven EJ, Snel Y et al.; Dutch Surgical
Colorectal Cancer Audit Group and the Co-operating
General Hospitals. Hospital teaching status and
patients’outcomes after colon cancer surgery. World J Surg
2018; 42: 3372–3380.
Mise Y, Vauthey JN, Zimmitti G, Parker NH, Conrad C,
Aloia TA et al. Ninety-day postoperative mortality is a
legitimate measure of hepatopancreatobiliary surgical
quality. Ann Surg 2015; 262: 1071–1078.

Supporting information

Additional supporting information can be found online in the Supporting Information section at the end of the
article.

Editor’s comments

This study did not find a volume–outcome relationship for liver surgery in the Netherlands; despite that, the
relationship is well evidenced for many low-volume, high-risk procedures. This study is novel because it shows
what happens after centralization of specialist liver surgery into units performing at least 20 procedures: outcomes
are broadly similar. The Dutch should be congratulated on proving centralization works. The key now is to define
the minimum procedure number to achieve this for each operation, which may vary depending on complexity. Also,
centralization should be encouraged.
J. J. Earnshaw
Editor-in-Chief, BJS
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