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Background d 

Centralizationn of pancreatic surgery is still under debate. The reported impact of hospital volume on the 

mortalityy rate after pancreatic resection varies widely in literature. In this study the best available evidence 

onn the effect of centralization of pancreatic surgery on hospital mortality was retrieved by performing a 

systematicc review of the available evidence. 

Methods s 

AA systematic search for studies comparing hospital mortality rates after pancreatic resection between 

highh and low volume hospitals was performed. Studies were reviewed independently for design features, 

inclusionn and exclusion criteria, cut-off values for high and low volume, and outcome. A systematic review 

off included studies was performed using four defined cut-off values for high- and low-volume hospitals; 

i.e.. 2, 5, 10, and 20 pancreatic resections per year. Primary outcome was hospital mortality. 

Results s 

Twelvee observational studies with a total number of 19,688 patients met the inclusion criteria. The 

studiess were too heterogeneous to pool the data by means of a meta-analysis, and we therefore performed 

aa systematic review. The relative risk of postoperative mortality in a high volume hospital compared to a 

loww volume hospital for the volume cut-off values of 2, 5, 10, and 20 pancreatic resections per year was 

betweenn 0.25 and 1.10. 0.29 and 0.76, 0.21 and 0.62, and 0.07 and 0.15, respectively. Eleven of the 

twelvee included studies showed a lower postoperative mortality rate in higher volume hospitals, irrespective 

off the arbitrary cut-off value. 

Conclusions s 

Thiss systematic review shows convincing evidence of an inverse relation between hospital volume and 

mortalityy after pancreatic resection and enforces the plea for centralization. 



Pancreaticc resection (PR) is the only treatment option with a curative intent for pancreatic and 

periampullaryy malignancy. Resection most commonly is performed by means of a 

pancreaticoduodenectomy,, a high-risk surgical procedure with considerable postoperative 

morbidityy and mortality. Due to early local spread and metastatic disease only a minority of 

aroundd 20% of patients are eligible for a resection at time of presentation.1 The overall 5-year 

survivall rate after PR for pancreatic carcinoma is between 8% and 17% and for ampullary carcinoma 

aroundd 38% in recent studies.2b Given the small number of long-term survivors, minimization of 

surgery-relatedd mortality and morbidity is imperative. 

Althoughh hospital mortality rates after PR have decreased during the last decades, they still vary 

considerablyy in statewide and nationwide surveys.6 In large series from specialized centers operative 

mortalityy rates vary from 0% to 4%.24 These figures are in sharp contrast with a large survey 

fromm the UK that revealed a mortality rate after PR of 28% in a 10-year period.7 These differences 

inn outcome after a relatively uncommon high-risk procedure cannot be explained by patient-

dependentt variables only. 

Overr the past two decades numerous studies have shown that several high-risk surgical procedures 

cann be performed with a lower postoperative mortality rate in high volume centers compared to 

loww volume centers.8:? Studies from the United Kingdom, Canada, the United States, Finland, 

andd the Netherlands have described this volume-outcome effect and underlined the importance 

off centralization.6'"7 Although centralization is not generally accepted in the USA,28 most states 

successfullyy do regionalize. In Maryland (US) centralization of PR increased gradually in the 90's 

andd was associated with a decrease in the statewide hospital mortality as well as the accompanying 

costs.199 This shift toward centralization was patient-driven and occurred without interference of 

healthh care providers or government.28 In Europe hardly any sign of centralization has been 

introducedd officially so far. 

Studiess that plea for centralization are received with reluctance. Many general surgeons from low 

volumee centers perform high-risk surgery without well-defined, but probably acceptable outcome, 

andd argue the scientific validity of these publications.24-2b-27-29 In their opinion most relevant publications 

reflectt a selection bias because they are based on data from large academic centers, single states or 

selectedd patients. Since randomization of patients between high and low volume hospitals is not 

feasible,, best available evidence should come from a systematic review of the data from independent 

nationall routine health registries in order to minimize the introduction of bias. 

Thee aim of this study was to determine the effect of hospital volume on hospital mortality after 

PRR by performing a systematic review of the available data. 



Studyy identification 
Wee performed a search of the medical databases Medline and Embase (1966 until 2004), and 

thee Cochrane Library (1996 until 2004). Our search algorithms combined the medical subject 

headingg (MeSH) terms and keywords "pancreaticoduodenectomy", "resection", "periampullary 

tumor",, "pancreatic cancer", "pancreatic neoplasm", "hospital mortality", and "hospital volume". 

Combinationss of these terms were used depending on the requirements of the database. We 

alsoo used the "related articles" feature of PubMed. The search was limited to English language 

publicationss on human subjects. A manual cross-reference search of the bibliographies of relevant 

paperss was carried out to identify publications for possible inclusion. No unpublished data or 

abstractss were used. 

Studyy selection 
Alll studies comparing mortality rates of patients undergoing a pancreatic resection between hospitals 

withh different volumes were considered for inclusion. Reports on data from single institutions were 

nott included. The outcome measure, hospital or 30-day mortality, was required as a dependent 

variable.. Pancreatic resection was defined as (pylorus preserving) pancreaticoduodenectomy or 

totall pancreatectomy for periampullary tumors (malignant or benign). Hospital volume had to be 

onee of the independent variables. The cut-off value used for the definition of high- and low-volume 

hospitalss was not a selection criterion, but actual cut-off numbers had to be used. 

ArticlesArticles in which raw data were not available for calculation of mortality rates were excluded, for 

examplee those using medians or quartiles as cut-off values for the different hospital volume 

groups.. Articles on benign lesions such as chronic pancreatitis were also excluded.. Only the most 

recentt publication was included when selected articles used the same or overlapping data in 

multiplee publications. 

Methodologicall quality and data-extraction 
Twoo authors (NTvH and KFDK) performed the search independently and confirmed the eligibility 

off the identified studies. Disagreements were resolved by discussion. Each individual study was 

evaluatedd to assess whether heterogeneity between patients in high and low volume hospitals 

wass addressed. The included articles were categorized according to the given cut-off values used 

ass definition for high- and low-volume. Four cut-off points were defined as I, II, III and IV 

representingg approximately 2, 5, 10 and 20 resections per year, respectively. Multiple cut-off 

pointss were analyzed from one article if data were available. 

Usingg the four cut-off points, maximally five volume groups could be analyzed: <2, 2-5, 5-10, 10-

20,, and >20 resections per year. Relative risks for mortality compared to the lowest hospital 



volumee group were calculated within each study. A forest plot was designed representing the 

relativee risks for mortality after PD in the high and low volume groups at each cut-off value. 

Statisticall analysis 

Forr each study we calculated the relative risk (RR) of hospital or 30-day mortality for high volume 

versusversus low volume hospitals. An RR of less than 1 signifies a lower risk for mortality in a high volume 

hospitall than in a low volume hospital. The Chi-square and l-square test were calculated to assess 

heterogeneityy between studies. These tests test the null hypothesis of equality of the RRs of the 

individuall studies. The significance level was set to 0.1. In case of significant heterogeneity between 

studiess it is statistically not justified to pool RRs. In case of heterogeneity we would therefore perform 

aa systematic review and not a meta-analysis. Data analysis was performed using Review Manager 4.2 

softwaree (Cochrane Collaboration, Oxford, UK; available from: www. cochrane.dk) and Statistical 

Packagee for the Social Sciences version 11.5 (SPSS®, Chicago, Illinois, USA). 

Thee initial search yielded 154 articles of which 131 did not meet the inclusion criteria. The majority 

off excluded articles described prognostic variables (n=51) without including data on hospital 

volumee or mortality, covered topics such as diagnostic modalities (n=32) and different surgical 

interventionss in pancreatic surgery (n=29), or treatment indications (n=19). Also single institution 
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Figuree 1 Flow diagram. Number of articles identified and evaluated during the review process 
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reportss were not filtered out by the initial search. Figure 1 shows a flow chart of the articles 

identifiedd and evaluated during the review process. 

Retrievall and assessment of the remaining 23 candidate articles led to exclusion of another 11 

articles.. In six articles no exact data on the primary endpoint in-hospital or 30-day mortality were 

available.""30333 Two articles contained overlapping data (7 years overlap) from the same center, 

forr which only the article with the most recent data was included.19-23 In another article the high 

volumee hospitals performed less 2 PRs per year and was therefore excluded.20 Three articles were 

excluded,, because the range of the median hospital volume was too wide to meet one of the 

definedd cut-off points.3*36 None of the newly found references listed in the bibliographies of the 

eligiblee studies were appropriate to be considered for inclusion. 

Thee 12 included studies in the present systematic review are stated in table 1. The studied patients 

underwentt PR between 1984 and 1998. The total number of evaluated patients was 19,688, 

varyingg between 130 and 7229 patients per study. Most studies were performed in the USA, one 

inn Canada and three in Europe. Data were obtained from health insurance databases, governmental 

registriess or university hospitals. All studies except the study by Wade ef al. used the definition in-

hospitall mortality rather than 30-day mortality.'3 

Tablee 1 Characteristics of 

Reference e 

Edgee ef al. 

Liebermann ef al. 

Wadee et al. 

Glasgoww ef al. 

Imperatoo ef al. 

Yearr of 
publication n 

1993 3 

1995 5 

1996 6 

1996 6 

1996 6 
Neoptolemoss ef al. 1997 

Birkmeyerr ef al. 

Simunovicc ef al. 

Gordonn ef al. 

Goumaa etal. 
Nordbackk ef al. 

Finlaysonn ef al. 

1998 8 

1999 9 

1999 9 

2000 0 
2002 2 

2003 3 

ncludedd studies 

Study y 
period d 

1989-1990 0 

1984-1991 1 

1989-1994 4 

1990-1994 4 

1991-1994 4 
1976-1996 6 

1992-1995 5 

1988-1994 4 

1989-1997 7 

1994-1998 8 
1990-1994 4 

1995-1997 7 

Included d 
patients s 

223 3 

1972 2 

130 0 

1705 5 

579 9 
1026 6 

7229 9 

842 2 

1092 2 

1126 6 
350 0 

3414 4 

Country/State e 

USA:: 26 university 
hospitals s 
USA:: New York State 

USA:: nationwide 

USA:: California 

USA:: New York State 
Unitedd Kingdom 

USA:: nationwide 

Canada:: Ontario 

USA:: Maryland 

Netherlands:: nationwide 
Finland:: nationwide 

USA:: nationwide 

Dataa source 

Universityy Hospitals Consortium 
(UHC)) database 
Statewidee Planning and Research 
Cooperativee System by the 
Neww York State Department of 
Healthh (48% medicare) 
Departmentt of Defence, 
Automatedd Central Tumor Registry 
(ACTUR) ) 
Californiaa Office of Statewide 
Healthh Planning and Development 
(OSHPD) ) 
Medicaree database 
Dataa from surgeons belonging to 
thee Pancreatic Society of Great 
Britainn and Ireland and members 
off the UK Pancreatic Cancer Group 
Healthh Care Financing 
Administration'ss 100% MEDPAR 
file e 
Canadiann Institute for Health 
Informationn (CIHI) 
Marylandd Health Services Cost 
Revieww Commission (HSCRC) 
Nationall Medical Registry 
Nationall Hospital Discharge 
Database e 
Nationwidee Inpatient Sample (NIS) 



Thee characteristics of the populations from each study are stated in table 2. The included studies 

weree comparable regarding age and sex distribution. Although not specified in all studies, a PD 

wass performed in the majority of patients and the pathology most frequently revealed a 

Tablee 2 Characteristics of study populations 

reference e Meann age Male/ 
(years)) female 

Pathology y 
(%malignant) ) 

Procedures s 
(%PD) ) 

Volume-outcome e 
effectt present after 
adjustmentt for 
patient t 
characteristics s 

Edgee etal. 
Liebermann et al. 
Wadee er al. 
Glasgoww ef al. 
Imperatoo ef al 
Neoptolemoss ef al. 
Birkmeyerr ef al. 
Simunovicc et al. 
Gordonn ef al. 
Goumaa ef al. 
Nordbackk ef al. 
Finlaysonn ef al 

62 2 
64 4 
62 2 
65 5 
72 2 
ns s 
100% % 
63%% < 
ns s 
44%% < 
64 4 
59%% < 

<65 5 
60 0 

65 5 

65 5 

114/109 9 
1020/952 2 
ns s 
862/843 3 
278/301 1 
ns s 
3708/3521 1 
452/390 0 
ns s 
ns s 
182/168 8 
1805/1609 9 

100 0 
100 0 
100 0 
100 0 
ns s 
100 0 
88 8 
100 0 
ns s 
ns s 
77 7 
100 0 

PDD (75), TPR, PD, LR not assessed 
PDD (ns), TPR yes 
PD(100)) not assessed 
PDD (84), TPR yes 
PD(100)) yes 
PDD (84), TPR, DP. PE, LR yes 
PD(100)) yes 
PDD (ns), TPR yes 
PD(100)) yes 
PD(100)) not assessed 
PDD (99), DPR yes 
pancreaticc resection yes 
(nott specified) 

PD:: pancreaticoduodenectomy, TPR: total pancreatic resection, DP: distal pancreatectomy, LR: local resection, 
PE:: pancreatic enucleation, DPR: duodenum preserving resection, ns: not stated, strata: age distribution divided 
inn strata 

IV V 

Study y 
orr sub-category 

V/ade e 
Birkmeyer r 

Neoptolemos s 
Edge e 
Simonovic c 
Finlayson n 
Neoptolemo3 3 
Nordback k 
Gouma a 
Imperato o 
Birkmeyer r 
Glasgow w 
Simonovic c 
Lteberman n 
Edge e 

Neoptolemos s 
Lieberman n 
C ass gov. 
Nordback k 
Gouma a 
Gordon n 
Finlayson n 
Gordon n 
Gouma a 

highh volume 
n/N N 

5 / 56 6 
2 5 0 / 3 3 35 5 

5 5 / 1 0 12 2 
1 1 / 1 96 6 
4 2 / 4 38 8 

1 3 3 / 2 3 29 9 
4 2 / 8 00 0 
1 0 / 1 49 9 
4 8 / 6 63 3 

7 / 1 59 9 
6 3 / 1 5 41 1 
1 9 / 3 14 4 

7 / 2 06 6 
2 9 / 4 34 4 

6 / 1 18 8 

22 5 / 5 65 
2 1 / 3 -5 5 

5 / 1 43 3 
2 / 56 6 

2 1 / 4 53 3 
3 6 / 9 46 6 
2 8 / 1 1 19 9 
2 1 / 3 40 0 

2 / 2 23 3 

loww volume 

n/N N 

6 / 74 4 
5 5 4 / 3 8 33 3 

3 / 14 4 
22 / 2 7 

4 0 / 3 54 4 
1 4 2 / 1 0 35 5 

2 6 / 2 01 1 
7 4 / 4 63 3 
4 9 / 4 20 0 

7 4 1 / 5 6 83 3 
1 4 9 / 1 3 91 1 

" 5 / 6 36 6 
2 1 5 / 1 5 33 3 

7 / 1 05 5 

3 3 / 4 61 1 
2 2 3 / 1 5 97 7 
1 6 3 / 1 5 62 2 

3 4 / 2 94 4 
1 0 1 / 6 63 3 

2 7 / 1 46 6 

4 2 / 2 52 2 
1 2 0 / 9 03 3 

RRR (fixed) 
95%% CI 

RRR (frxec 
95%% CI 

-44 4 
.74 4 
.52 2 0 0 

0 0 
0 0 
0 0 
0 0 
0 .29 9 
0 .48 8 
0 . 76 6 

[ 0 . 3 5,, 3 . 4 3] 
[ 0 . 4 4,, 0 . 5 9] 
[ 0 . 0 9,, 0 . 7 1J 
[ 0 . 1 3,, 3 . 2 4] 
[ 0 . 5 1,, 1 . 1 S! 
1 0 . 3 5, , 
[ 0 . 4 3, , 
[ 0 . 2 6, , 

455 [ 0 . 3 2, 
333 [ 0 . 1 7, 
311 [ 0 . 2 4. 
566 [ 0 . 3 6. 

[ 0 . 1 3, , 
[ 0 . 3 3, , 
i O . 2 6, , 

' J . o oj j 
1 . 2 9) ) 
1 . 0 4] ] 
0 . 6 4! ! 
0 . 3 2] ] 
0 . 4 0] ] 
0 . 9 0] ] 
00 . 62 : 
0 . 6 91 1 
2 . 2 0] ] 

0 . 62 2 
0 . 40 0 
0 . 344 [ 0 . 1 4, 
0 . 31 1 
0 . 30 0 

0 . . 

[ 0 . 3 7,, 1 . 02] 
Ï 0 . 2 6,, 0 . 6 2] 

0 . 3 0] ] 
1 . 25] ] 
0 . 4 3] ] 
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0 . 155 [ 0 . 0 9, 0 . 2 5] 
0 . 0-- [ 0 . 0 2, 0 . 2 7] 
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Figuree 2 Forest plot. Individual relative risk (RR) for hospital or 30-day mortality after pancreatic resection in high 
volumee hospitals versus low volume hospitals. Categories l-IV represent the cut-off values for the volumes 2, 5, 
10,, and 20 procedures per year. N = total number of operated patients, n = number of deaths, RR = relative risk 



Tablee 3 Hospital volume data of the included studies 

Highh volume 

Reference e 

Edgee ef al. 

Liebermann et al. 

Wadee ef al. 
Glasgoww ef al. 

Imperatoo ef al. 
Neoptolemoss ef al. 

Birkmeyerr ef al. 

Simunovicc ef al. 

Gordonn ef al. 

Goumaa ef al. 

Nordbackk ef al. 

Finlaysonn ef al. 

Cut-off f 
points s 

1 1 
II I 
II I 
ill l 
1 1 
li i 
III I 
II I 
1 1 
il l 
in n 
1 1 
II I 
1 1 
li i 
III I 
IV V 
II I 
ill l 
IV V 
II I 

III I 
1 1 
III I 

Definition n 
loww and high 

volumee (proc./yr) 

<2.5and>2.5 5 
<6.55 and >6.5 

<6.255 and >6.25 
<10andd >10 

<22 and >2 
<66 and >6 

<100 and >10 
<55 and >5 
<22 and >2 
<55 and >5 

<100 and>10 
<22 and >2 
<55 and >5 

<3.144 and >3.14 
<66 and >6 

<100 and>10 
<200 and >20 

<55 and >5 
<10and>10 0 
<255 and >25 

<55 and >5 
<100 and >10 

<33 and >3 
<133 and >13 

Hospital l 
deaths s 
nn {%) 

11 1 
6 6 

29 9 
21 1 

5 5 
19 9 

5 5 
7 7 

55 5 
42 2 
25 5 

250 0 
63 3 
42 2 

7 7 
36 6 
21 1 
48 8 
21 1 

2 2 
10 0 

2 2 
133 3 

28 8 

(6) ) 
(5) ) 
(7) ) 
(6) ) 
(9) ) 
(6) ) 
(3) ) 
(4) ) 
(5) ) 
(5) ) 
(4) ) 
(7) ) 
(4) ) 
(9) ) 
(3) ) 
(4) ) 
(3) ) 
(7) ) 
(5) ) 
(1) ) 
(7) ) 
(4) ) 
(6) ) 
(3) ) 

Procedures s 

n n 

196 6 
118 8 
434 4 
375 5 

56 6 
314 4 
143 3 
159 9 

1012 2 
800 0 
565 5 

3396 6 
1541 1 
488 8 
206 6 
946 6 
840 0 
663 3 
458 8 
223 3 
149 9 

56 6 
2329 9 
1119 9 

Hospitals s 

n n 

16 6 

7 7 
3 3 
2 2 

ns s 
6 6 
2 2 
3 3 

20 0 
13 3 
6 6 

208 8 
40 0 
12 2 

2 2 
ns s 
ns s 
ns s 
ns s 
ns s 
3 3 
1 1 

108 8 
11 1 

ns:: not stated in article 

malignancy.. Table 2 also shows whether the volume-outcome effect remained present after 

adjustmentt for the patient characteristics, performed by logistic regression analysis. 

InIn table 3, the hospital volume data including number of hospital deaths, procedures, hospitals 

involvedd and definitions for high and low volume are given. At cut-off point I six studies were 

analyzedd with a cuto f f between 2 and 3.14; 7477 patients were treated in high volume centers 

andd 2108 in low volume centers and the overall mortality was 6.6% and 19.0%, respectively. At 

cut-offf point II, nine studies were analyzed which used a cut-off between 5 and 6.5; 4384 patients 

weree treated in high volume centers and 10.668 in low volume centers and the overall mortality 

wass 5.2% and 12.6%, respectively. At cut-off point III, 7 studies were analyzed which used a cut-

offf between 10 and 13; 3662 patients were treated in high volume centers and 7026 in low 

volumee center and the overall mortality was 3.8% and 11.8%, respectively. At cut-off point IV, 

twoo studies were analysed which used a cut-off between 20 and 25; 1063 patients were treated 

inn high volume centers and 1055 in low volume centers and the overall mortality was 2.2% and 

15.4%,, respectively. 

Inn the groups wi th the cut-off point of 5 and 10 resections per year the test for heterogeneity 

showedd a p-value of 0.07 and 0.03, a ChP of 14.36 and 13.67, and an I2 of 44.3% and 56 .1%, 



Loww volume 

Hospital l 

deaths s 
n n 

2 2 
7 7 

215 5 
223 3 
6 6 

149 9 
163 3 
49 9 
3 3 
16 6 
33 3 
554 4 
741 1 
40 0 
75 5 
27 7 
42 2 
74 4 
101 1 
120 0 
26 6 
34 4 
142 2 
247 7 

(%) ) 

(7) ) 
(7) ) 
(14) ) 

(14) ) 

(8) ) 
(11) ) 

(10) ) 

(12) ) 

(21) ) 

(7) ) 
(7) ) 
(14) ) 

(13) ) 

(11) ) 
(12) ) 

(18) ) 

(17) ) 

(16) ) 
(15) ) 

(13) ) 
(13) ) 

(12) ) 

(13) ) 

(11) ) 

Procedures s 

n n 

27 7 
105 5 

1538 8 

1597 7 
74 4 

1391 1 

1562 2 

420 0 
14 4 

226 6 
461 1 
3833 3 

5688 8 

354 4 
636 6 
146 6 
252 2 
463 3 
668 8 
903 3 
201 1 
294 4 
1085 5 

2295 5 

Hospitals s 

n n 

10 0 
19 9 
181 1 
182 2 
ns s 

292 2 
296 6 
114 4 
1 1 
8 8 
15 5 

1564 4 

1732 2 

56 6 
66 6 
ns s 
ns s 
ns s 
ns s 
ns s 
30 0 
32 2 
375 5 
472 2 

respectively.. Because of this significant heterogeneity between the studies in two of the four 

categories,, we did not pool the relative risks and hereby did not perform a meta-analysis. The 

forestt plot in figure 2 shows the relative risks and the 95% confidence intervals of the included 

studiess at the four cut-off points. At cut-off point I, five of the six studies showed a lower relative 

riskk of mortality in high volume hospitals of which three had statistical significance. At cut-off 

pointt II, III and IV, all studies showed a lower relative risk of mortality in high volume hospitals. At 

cut-offf point II, six of nine studies, at cut-off point III, five of 7 and in category IV, two of two 

studiess were statistically significant in favor of high volume hospitals. The range of the relative 

riskss for mortality in high volume hospitals in groups I to IV was 0.25-1.10, 0.29-0.76, 0.21-0.62 

andd 0.07-0.15, respectively. 

Withinn each individual study except for Wade et al. the RR for mortality in the defined volume groups 

decreasedd in higher volume hospitals (table 4). In nine of the eleven studies showing a volume-

outcomee effect, the effect was statistically significant according to the 95% confidence interval. 



Tablee 4 Relative risks compared to the lowest hospital volume group within each study 

RRR 95% CI Reference e 

Edgee ef al. 

Liebermann et a/. 

Wadee ef al. 

Glasgoww etai. 

Imperatoo etai 

Neoptolemoss ef al. 

Birkmeyerr ef al. 

Simonovicc et al. 

Gordonn et al. 

Goumaa ef al. 

Nordbackk ef al. 

Finlaysonn ef al. 

Hospitall volume 
(proc/year) ) 

<2.5 5 
2.5-6.5 5 
>6.5 5 
<6.25 5 
6.25-- 10 
>> 10 
<2 2 
2 - 5 5 
< 6 6 
6-- 10 
>> 10 
< 5 5 
> 5 5 
< 2 2 
2 - 5 5 
5-- 10 
>> 10 
<2 2 
> 5 5 
<< 3.14 
3.14-6 6 
> 6 6 
<< 10 
10-20 0 
>20 0 
< 5 5 
5 -10 0 
10-25 5 
>25 5 
< 5 5 
5-- 10 
>> 10 
< 3 3 
3-- 13 
>13 3 

Death h 
ratee (%) 

7.4 4 
6.4 4 
5.1 1 
14.0 0 
11.9 9 
5.6 6 
8.1 1 
8.9 9 
10.7 7 
8.2 2 
3.5 5 
11.7 7 
4.4 4 
21.4 4 
6.1 1 
7.2 2 
4.4 4 
14.5 5 
4.1 1 
11.3 3 
12.4 4 
3.4 4 
18.5 5 
14.4 4 
2.5 5 
16.0 0 
13.2 2 
8.1 1 
0.9 9 
12.9 9 
8.6 6 
3.6 6 
13.1 1 
8.7 7 
2.5 5 

1.00 0 
0.87 7 
0.69 9 
1.00 0 
0.85 5 
0.40 0 
1.00 0 
1.10 0 
1.00 0 
0.76 6 
0.33 3 
1.00 0 
0.38 8 
1.00 0 
0.29 9 
0.34 4 
0.21 1 
1.00 0 
0.28 8 
1.00 0 
1.10 0 
0.30 0 
1.00 0 
0.78 8 
0.14 4 
1.00 0 
0.82 2 
0.51 1 
0.06 6 
1.00 0 
0.67 7 
0.28 8 
1.00 0 
0.82 2 
0.19 9 

0.18-4,20 0 
0.15-3.22 2 

0.42-- 1.72 
0.26-0.62 2 

0.35-3.43 3 

0.45-- 1.29 
0.14-078 8 

0.17-0.82 2 

0.09-0.89 9 
0.11-1.02 2 
0.077 - 0.60 

0.22-0.36 6 

0.35-3.43 3 
0.23-0.36 6 

0.44-- 1.39 
0.08-0.23 3 

0.55-- 1.24 
0.311 -0.82 
0.011 -0.23 

0.311 - 1.41 
0.07-1.13 3 

0.68-- 1.00 
0.13-0.28 8 

RR;; relative risk, CI: confidence interval 

on on 
Thiss systematic review shows convincing evidence of an inverse relation between hospital volume 

andd mortality after pancreatic resection regardless of any cut-off value. The relative risk of mortality 

inn a high volume compared to a low volume hospital varied between 0.07 and 0.76 in 11 of the 

122 included studies. Moreover, a proportional trend was seen between the RR for hospital mortality 

andd an increasing hospital volume cut-off. 

Ourr findings were consistent with the "practice makes perfect" hypothesis originally proposed 

byy Luft et al. in 1979 . " Inverse relationships between hospital volume and mortality have long 

beenn recognized and are strongest in high-risk surgical procedures such as PR.'? Al though we 

initiallyy intended to perform a meta-analysis, we did not pool the reported data of the 12 included 



studiess because of their heterogeneity. Nevertheless we believe that this systematic review reflects 

reall differences because the effect is evident and uniform in a population of nearly 20,000 

patients.. Only one study did not point at a substantial benefit for patients undergoing a PR in 

high-volumee hospitals. This study was based on relatively small series from hospitals performing 

aroundd two resections per year,13 

Thee results of the present study should be interpreted in light of the best available evidence. For 

thee present analysis only observational data concerning the effect of hospital volume on outcome 

afterr PR could be used since RCTs are obviously not feasible. In order to make correct inferences, 

wee should carefully consider multiple explanations for volume-outcome associations. Volume is 

nott a formal indicator of quality but rather a structural characteristic.38 Selection of patients, 

preoperativee treatment, the skills of the surgical team and critical care specialists and postoperative 

caree might underlie differences in outcome. 

Inn nine of twelve individual studies logistic regression analysis showed that the hospital volume 

effectt was not caused by selection bias. The assumption that low-volume hospitals generally 

treatt older patients with an advanced tumor stage cannot be proven from the literature. One 

couldd also put forward that the more complicated patients are generally referred to specialized 

centers.211 The importance of surgeon volume in view of better outcomes has been studied in 

severall high-risk surgical procedures. In a recent study surgeon volume accounted for 55% of the 

apparentt effect of the hospital volume in pancreatic resection.33 We believe that hospital volume 

enhancess the level of all above-mentioned factors by increasing the experience of the surgical 

andd interdisciplinary treatment teams. 

Mostt included studies relied on administrative data, which could be limited by coding accuracy 

andd data entry. Some studies were based on publicly available discharge data from a single state 

inn the U.S.23or were based on information from one selected health care database (i.e. Medicare) 

off which all patients were older than 65 years.20'21 A biased view could also be generated by 

hospitalss with a small sample size because of their proper chance on low mortality rates. After 

long-termm registration best hospitals in the past might become worst hospitals in the future. 

Anotherr argument against the available evidence in favor of treatment in high-volume hospitals 

iss publication bias. To obtain methodologically better evidence data should preferably be obtained 

fromm nation-wide, independent central registries including all patients undergoing a pancreatic 

resection.. This requires a considerable effort from clinicians and is expensive. 

Thee results of this systematic review are strongly in favor of centralization of pancreatic resections, 

althoughh the consequences are unknown as well as the advised number of procedures. The 

Leapfrogg Group - a coalition of more than 150 public and private organizations that provide 

healthh care benefits in the USA - was created to reduce preventable medical deaths by launching 

thee concept of Evidence Based Hospital Referral. Safety Standards based on the Medicare database 



includingg annual hospital volume were defined for several high-risk surgical procedures. The 

recommendedd minimal hospital volume for pancreatic resection was set at 11 per year.33 39 Based 

onn our analysis a clear cut-off volume cannot be defined since there seems to be a continuous 

trendd towards better outcome in higher volumes. Ideally, the mortality data of single institutions 

shouldd be plotted to determine a true, clinically applicable cut-off value. But a recommendation 

mustt be feasible in clinical practice and the potential benefits should not be outweighed by the 

impracticalities.. Implementation of recommendations always take time but the Leapfrog Group 

suggestss that 11,200 lives per year could be saved for selected conditions and procedures.39 

Surgeonss should support the idea that in some high-risk surgical procedures like PR only the 

patientt interest is the leading factor. In some European countries like the United Kingdom and 

Germanyy there are initiatives towards regionalization of high-risk surgical procedures, but effects 

aree not noticeable yet. 

Thiss systematic review on the effect of hospital volume on mortality after pancreatic resection 

demonstratess that volume does matter, and that the relative risk of mortality decreases when 

hospitall volume increases. Our findings suggest that the concentration of pancreatic surgery in 

higher-volumee hospitals is likely to improve outcome. 
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