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ABSTRACT T 
Background:Background: Centralisation of pancreatic surgery does not take place despite the evidence in 
favour,, partly because there is discussion about the scientific value and different cut-off 
valuess of high and low volume hospitals. 
Methods:Methods: Studies comparing high and low volume hospitals for mortality, published between 
1966-Julyy 2001 were entered in a meta-analysis. High/low volume cut-off values were 
analysed. . 
Results:Results: Ten studies with a total number of 15.664 patients were included in the analysis. 
Fourr volume categories (I-IV) with high/low volume cut-off points of approximately 2, 5, 10, 
andd 20 resections/year, respectively were assessed. In all volume categories the meta-analysis 
showedd a significantly lower mortality in high volume hospitals compared to low volume 
hospitalss (p<0.001). 
Conclusion.Conclusion. There is an inverse relation between hospital volume and mortality in pancreatic 
surgeryy regardless of cut-off values. 
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Introductio n n 
AA volume-outcome effect in pancreatic resection has been described in pancreatic surgery1"15 

ass well as in other gastrointestinal malignancies16"18. This has lead to a plea for centralisation 
off  high risk surgery such as pancreatic resection6' '4. But, implementation of this policy seems 
too be difficult, as can be concluded from the number of publications describing this 
phenomenon19"23.. This is partly due to the interest of most surgeons to perform these 
procedures,, but also because there is discussion about the scientific validity of these studies. 
Differentt cut-off values of high and low volume were used in each study to the authors' own 
preference.. In some studies annual hospital volume were used and in others actual numbers. 
Furthermore,, limited information was available from the health-care databases and case mix 
couldd often not be excluded. A meta-analysis for different cut-off values was performed in 
orderr to evaluate the available data on hospital volume and hospital mortality in pancreatic 
surgeryy with more statistical power. 

Methods s 
SelectionSelection criteria 
Studiess comparing high and low volume centres for hospital mortality rates after pancreatic 
resectionn were identified. Pancreatic resection was defined as (pylorus preserving) 
pancreaticoduodenectomyy or total pancreatectomy. 

SearchSearch strategy 
AA computer assisted search in Medline, Embase, current Contents and the Cochrane Database 
off  Systematic Reviews Databases (OVID), and PubMed, covering the period January 1966 to 
Julyy 2001 was performed independently by two authors in July 2001 to identify published 
studiess in the English literature of peer reviewed medical journals. For this purpose the terms 
"pancreaticoduodenectomyy or pancreatic neoplasms" and "hospital mortality" were entered in 
aa free text search and as subheading keywords. The set was limited to English language 
publicationss on human subjects. An additional manual search of the bibliographies of relevant 
paperss was carried out to identify publications for possible inclusion. Care was taken to avoid 
overlappingg data. 

StatisticalStatistical methods 
Cut-offf  values were evaluated to determine subcategories for meta-analysis. Review Manager 
4.11 software (Cochrane Collaboration, Oxford, UK; available from: www.cochrane.dk) was used 
too analyse the data. Estimates of the effect of high volume were expressed as odds ratios. P-
valuess were calculated using the Chi-square test, and a P-value < .05 was considered to be 
statisticallyy significant. 

Results s 
IncludedIncluded studies 
Eighteenn studies15; 713; 15; 1821; 23 were retrieved that were relevant and potentially eligible and 
thee reference lists of these articles were also searched but no further appropriate studies were 
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found.. Ten studies with a total number of 15.664 patients were included for further analysis 
(tablee 1). 

ExcludedExcluded studies 
Eightt studies were excluded (Table 2). The study of Neoptolemos et al7 described a large 
numberr of pancreatic resections. However, the study period was different for each included 
hospital.. Therefore the annual number of resections for each hospital could not be calculated. 
Thee study of Gordon et al mixed different forms of complex gastrointestinal surgery and it 
wass impossible to determine the hospital volume for pancreatic surgery alone for each 
hospital.. Other studies did not provide actual numbers for comparison1119; 20; 23, or contained 
overlappingg data18-10 with another included study from that centre9. 

DefinitionDefinition of the parameters 
Mortalityy was defined as in hospital mortality in most studiesl4;9; " ; 15; 21, others used a 30-
dayy mortality rate5, 8. Hospital volume was defined as the annual number of pancreatic 
resectionss at a single hospital. Four categories of high volume, I to IV, were defined with cut-
offf  points of approximately 2, 5, 10, and 20 resections a year, respectively, based on the most 
frequentt cut-off value used in the included studies. These category included 4, 7, 4, and 2 
studies,, respectively. In volume category I there were 8.424 patients (high/low volume: 
4.136/4.288),, in volume category II there were 12.446 me: 1.772/3.796), and in volume 
categoryy IV there were 2.219 patients (high/low volume: 836/1.383). 

PatientPatient characteristics 
Inn six studies data was available to analyse case mix. Two studies8 found more comorbidity in 
highh volume centres compared to low volume centres whereas others found less pulmonary 
diseasee or less complex patients9. Two studies found comparable levels of comorbidity3; 15. 
Genderr and age were equally divided among high and low volume centres in three studies8, 
butt one study found younger patients in high volume centres3; 11; 15. Four studies lacked data 
too analyse case mix'. 

HospitalHospital volume and mortality 
Inn volume category I, only one study11 shows a significant advantage of high volume 
hospitalss over low volume hospitals in terms of mortality. In volume category II 6/7 studies 
showw a significant advantage of high volume hospitals over low volume hospitals and in 
volumee categories III and IV all studies show this effect. The meta-analyses for the different 
volumee categories all showed significantly (p<0.00001) less mortality in high volume 
hospitalss compared to low volume hospitals (figure 1). 

Discussion n 
Thiss meta-analysis clearly shows an advantage of high volume centres over low volume 
centress in terms of mortality after pancreatic resection. The different cut-off values of hospital 
volumee do not change the outcome. This evidence is clear, however some issues have to be 
takenn into account. 
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Tablee 2. Excluded studies in the meta-analysis of the relation between hospital volume and hospital mortality for 

pancreaticc resection. 

Author r Year r Journal l 

Typee of 

publicationn Reason for exclusion 

Akhar r 

Dudley y 

Finlayson n 

Gordon n 

Gordon n 

Neoptolemos s 

Parvianen n 

Sosa a 

2000 0 

2000 0 

1999 9 

1995 5 

1999 9 

1997 7 

2001 1 

1998 8 

Brr J Surg 

JAMA A 

Medicall  Care 

Annn Surg 

JACS S 

Brr J Surg 

Pancreatology y 

Annn Surg 

Abstract t 

Article e 

Article e 

Article e 

Article e 

Article e 

Abstract t 

Article e 

Noo detailed data available for comparison 

Noo detailed data available for comparison 

Noo detailed data available for comparison 

Overlappingg data 

Volumee categories based on mixture of 

differentt surgical procedures 

Annuall  number of resections per centre 

couldd not be calculated 

Noo detailed data available for comparison 

Overlappingg data 

Somee large studies ' defined only one high volume centre, and the authors are from that 
particularr centre. Therefore, outcome might be biased. In volume categories I and II, the 
outcomee is largely dominated by a single positive study", that even overrules three negative 
studies1,5'' 15 in volume category I. This lack of heterogeneity might influence the outcome. 
Mostt studies used national or regional health care databases. These databases carry limited 
data.. Six studies3'4'8'9' u'15 analysed different patient characteristics with contradicting results 
forr the distributions of age and gender and comorbidity5'21. Other factors might also influence 
hospitall  volume. A study that was not included in this meta-analysis described the influence 
off  surgeon volume on hospital mortality24 whereas others did not show this influence'. One 
studyy showed a relation between surgeon volume and hospital mortality, but in a logistic 
regressionn analysis with hospital volume this relation was lost while the influence of hospital 
volumee was still significant2. This indicates that hospital volume is more important than 
surgeonn volume suggesting that the multidisciplinary setting is mandatory for good results in 
pancreaticc surgery. 

Inn conclusion, there is sufficient evidence from different countries and/or states to support the 
inversee relation between hospital volume and mortality in pancreatic surgery that can not be 
explainedd otherwise. Steps should be taken to implement centralisation of pancreatic surgery 
too avoid unnecessary deaths. Different cut-off values each produce the same results. Therefore 
thee definition of high volume should not be an absolute one, but should be practical, dictated 
byy the infrastructure and means available. 
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Figuree 1. A meta-analysis of effect of hospital volume on hospital mortality in pancreatic resection for 
differentt  high volume categories: I:>2 resections/year (A); II : >5 resections/year (B);III : >10 resections/year 
(C);; IV: >20 resections/year (D). 

Volumee category I: High volume >  2 resections / year 
Highh uolum e 

Stud yy n/N 

Birkmeyerr 150/3396 

Edgee 6/196 

Simonovicc 42/486 

Total(95%CI)) 203/4134 

Testt (or heterogeneity chi-square=19.73 df=3 p= 

Testt lor overall effect z=-13.41 p<0 00001 

Lo ww uolum e 
n/N N 

5544 / 3833 

40/354 4 

6 /74 4 
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0.0002 2 

OR R 
<95%CII Fixed ) 

Weigh t t 
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0.6 6 

7.7 7 

0.9 9 

1000 0 

OR R 
(95V.CII Fixed ) 

0.27(0.23,0.33] ] 

00 39(0.08,2.06] 

0.74(0.47,1.17] ] 

1.11(0.32.3-84] ] 

0.32[0.27,0.38] ] 

Favourss high volume Favours low volume 

Volumee category II: High volume >  5 resections / year 
OR R 

Stud yy n/N n/N (95HCI Fixed ) 
Highh uolum e 

n/N N 

24/346 6 

63/1541 1 

6/118 8 

96/1195 5 
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n/N N 

511 /396 
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7/105 5 

72/510 0 
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49/420 0 
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% % 
7.5 5 

51.4 4 

11 2 
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137 7 

4.4 4 

6.0 0 

100.0 0 

OR R 
(95%CII Fixed ) 
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Favourss high vokjme Favours low volume 

Volumee category III : High volume >  10 resections / year 

Stud y y 

Begg g 

Glasgow w 

Lieberman n 

Total(95%CI) ) 

Testt for heterogenefty ch 
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DD Volume category IV: High volume >  20 resections / year 
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