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ABSTRACT T 
Background.Background. Pancreaticoduodenectomy (PD) is an extensive surgical procedure mostly 
performedd for pancreatic cancer. Hospital volume and surgeon volume can influence in-
hospitall  mortality. 
Methods:Methods: This study analyses the setting in which pancreatic surgery is performed in the 
Netherlands,, the advantage of expertise in a high volume centre and reviews the literature. 
Results:Results: In the Netherlands mortality after PD remained high between 1994 and 1998 (10%) 
andd in-hospital mortality in high volume centres was significantly lower compared to low 
volumee hospitals in 1994 (17.5 vs 0%, resp.) and in 1998 (14.6 vs 0%, resp.). A case history 
off  a patient with subsequent pancreatic leakage, anaphylactic shock, compromised ventilation 
andd bleeding of the hepatic artery showed clearly the need for a multidisciplinary approach in 
thee management of complications after PD. In literature most reports demonstrate an inverse 
relationn between hospital volume and in-hospital mortality. The relation between surgeon 
volumee and in-hospital mortality is not evident. Current data can not identify or exclude case 
mixx because limited parameters are analysed in most studies. 

Conclusion:Conclusion: Centralisation of pancreatic surgery has the potential to decrease in-hospital 
mortality. . 
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Introductio n n 
Pancreaticoduodenectomy,, mostly performed for pancreatic cancer, has been associated with 
considerablee morbidity (40-60%) and mortality (20-30%). Even after resection the prognosis 
iss poor, and as a result some physicians kept a nihilistic approach; Gudjonsson concluded in 
hiss review that pancreatic resections are a waist of resources1. During the last decade 
mortalityy has decreased dramatically to less than 5% in centres with experience, which has led 
too a more optimistic view in favour of resection. 
Anotherr development of importance is a gaining knowledge of the effect of the hospital 
volumee and surgeon experience (surgeon volume) on patient outcome. For many different 
majorr surgical procedures such as colorectal resections2, oesophagectomy3; 4, hepatic 
resectionn , coronary bypasses , and pancreaticoduodenectomy6"8 it has been shown during the 
pastt years that a high hospital volume or surgeon volume was associated with a low mortality. 
Thesee findings lead to a plea for centralisation of major surgery including pancreatic surgery9. 
Howeverr nuances have to be made. The patient population of the high and low volume 
hospitalss could be different and other factors than the surgeon or hospital volume might also 
influencee mortality. Expertise of the other disciplines involved in the treatment of patients 
undergoingg pancreatic surgery has been suggested to be of great importance. In this paper 
differentt aspects of centralisation will be described. Firstly, the effect of hospital volume on 
outcomee of pancreatic resections nation wide in the Netherlands will be briefly summarised. 
Secondly,, the impact of surgeon experience versus hospital volume on patient outcome after 
pancreaticc resection as studied before in our centre (AMC, Amsterdam) will be described. 
Finallyy the literature on these subjects was reviewed and will be summarised. 

PancreaticoduodenectomyPancreaticoduodenectomy in the Netherlands 
AA recent study in the Netherlands described the relation between hospital volume and in-
hospitall  mortality . The data were obtained from and recorded by an independent central 
nationn wide registration system (Landelijke Medische Registratie). A population-based cohort 
off  1126 patients underwent pancreaticoduodenectomy in the period between 1994 and 1998. 
Inn this period the annual mortality was approximately 10%, much higher than expected, and 
didd not decrease significantly in time (1994: 12.6%, 1998: 10.1%). Furthermore the study 
demonstratedd that centralisation is not generally accepted in the Netherlands; 49% of the 
pancreatoduodenectomiess were performed in small volume hospitals (< 5 resections / year) in 
1994.. This was associated with a mortality of 17.5% compared to 0% in high volume centres. 
Att the end of the study period (1998) this pattern remained virtually unchanged; still 32% of 
thee patients were treated in low volume hospitals with 14.6% mortality versus 0% in high 
volumee hospitals (figure 1). There was a clear relation between hospital volume and in-
hospitall  mortality with a relative and absolute risk reduction of 94% and 15% respectively for 
thee high volume centre compared to low volume centres (table 1). Still it has to be mentioned 
thatt several low volume hospitals had littl e or no mortality after pancreaticoduodenectomy 
(figuree 2). 
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Figuree 1. Hospital mortality 

versuss hospital volume after 

pancreaticc resection in the 

Netherlands,, 1994-1998 

Hospital l 
Volume e 

Figuree 2. Percentage of 

pancreaticoduodenectomies s 

inn hospitals classed by 

annuall  hospital volume in 

thee Netherlands 

Hospitall  Volume (Number of PDs per Center) 

Tablee 1. Hospital Death Rate versus Volume 

Hospital l 

Volume e 

<5 5 

5 -9 9 

10-24 4 

>25 5 

No.. of 

resections s 

463 3 

205 5 

235 5 

223 3 

Death h 

Ratee (%) 

16% % 

13% % 

8% % 

1% % 

RR R 

1.00 0 

0.79 9 

0.48 8 

0.06 6 

95%% CI 

. . 

0.52-1.20 0 

0.29-0.78 8 

0.01-0.23 3 

RRRR (%) 

0% % 

21% % 

52% % 

94% % 

ARR(%) ) 

0% % 

3% % 

8% % 

15% % 

RR,, relative risk; CI, confidence interval; RRR, relative risk reduction; ARR, absolute risk reduction. 
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SurgeonSurgeon volume versus hospital volume: a multidisciplinary approach 
Duee to data recruitment of the previous study, analysis according to the impact of surgeon 
volumee versus hospital volume could not be made. Therefore we analysed 463 consecutive 
pancreaticoduodenectomiess performed at the AMC during the period 1983-199910. The series 
wass separated in three different periods and the mean number of resections per year increased 
fromm 17 in the first period to 50 during the last period with a decrease in mortality from 4.9 to 
0.7%% (table 3). Morbidity decreased from 60 to 41%, and the median hospital stay decreased 
fromm 24 to 15 days in this period. The influence of the surgeon experience was evaluated in a 
riskk factor analysis for complications in the last 300 patients (period: 1993-1999). No 
significantt difference was found between fellows and experienced staff surgeons. Remarkably 
thee 3 deaths after surgery occurred after resection by different experienced staff surgeons. In 
thee study period a staff member was always present during surgery when the fellow was 
operating.. Not only experience of surgeons but also hospital volume, and by that experience 
off  other specialities in the management of complications of these patients after resection, is of 
greatt importance. Pancreaticoduodenectomy is a complicated procedure with a high risk of 
complications.. Major complications such as anastomotic leakage of the 
pancreaticojejunostomyy or the hepaticojejunostomy and bleeding are the most serious 
complicationss associated with high mortality. Adequate management of complications 
dependss on early detection and "aggressive" multidisciplinary treatment. Well-trained 
personnell  at the intensive care unit (ICU) and the clinical wards, and experts in different 
fieldss such as radiology, gastroenterology, intensive care, and surgery are mandatory for 
successfull  management of these patients. These demands and benefits of an experienced 
multidisciplinaryy setting are clearly illustrated with the following case history. 

CaseCase history 
AA 73 years old male with a severe kyfoscoliosis but without other contraindications or 
comorbidity,, underwent a pylorus preserving pancreaticoduodenectomy for a small (2 cm) 
ampullaryy adenocarcinoma. On the second postoperative day the drain located in the foramen 
off  Winslow produced bile and a percutaneous transhepatic drainage procedure under 
ultrasoundd guidance was performed for leakage of the hepaticojejunostomy (figure 3). 
Becausee of low blood pressures (70/30 mmHg) due to the sepsis the patient received 
Gelofusinee (B. Braun Medical SA, Crissier, Switzerland) after which an anaphylactic shock 
occurred.. The patient had to be resuscitated and was transferred to the ICU. After five days a 
relaparotomyy was performed because of persistent sepsis and leakage of the 
pancreaticojejunostomy,, and necrosis of the pancreatic corpus was found. The anastomosis 
wass broken down, the jejunal blind loop was closed, and pancreatic corpus was resected. A 
smalll  remnant (3 cm) of the pancreatic tail was left in situ to maintain the endocrine 
pancreaticc function. A drainage catheter was left behind to prevent pancreatic abscess 
formation.. In absence of clinical improvement a second relaparotomy was performed at a later 
stagee and the pancreatic remnant was also resected. Respiratory insufficiency after closing the 
openn abdomen a few weeks later also increased by the kyfoscoliosis resulted in long-term 
intubationn and a prolonged ICU stay. After 88 days (the day before return to the normal ward) 
rectall  blood loss and blood loss through the nasogastric tube occurred. Gastroscopy revealed 
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oldd blood in the stomach without an actual bleeding focus. The focus was suspected in the 
proximall  jejunum and because of recurrent blood loss the next day an angiography was 
performed.. A pseudo aneurysm at the site of a branch of the hepatic artery was identified as 
thee bleeding focus (figure 4) and an expandable coated metallic stent was placed which 
stoppedd the bleeding (Figure 4b). Eventually the patient recovered and 139 days after 
resectionn he was discharged. Close co-operation between different specialties (intesivist, 
radiologist,, gastroenterologist, vascular radiologist, and surgeons) enabled successful 
managementt of the complications of these patients illustrating the impact of hospital volume 
onn a well-trained team of different specialists. 
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ReviewReview of the literature 
Duringg the last years different papers have been reported describing the relation between 
hospitall  volume or surgeon volume and mortality after pancreatic resection. In an attempt to 
obtainn an overview of the data available a Medline search was conducted using the following 
keywords:: pancreatic neoplasm or pancreaticoduodenectomy combined with mortality, and 
experience,, hospital volume, case load, regionalisation, or centralisation. This data set was 
limitedd to English language and human studies in the period between 1990 and January 2001. 
Thiss search provided 151 hits. All studies were analysed and finally only ten studies 
adequatelyy described the relation between hospital volume or surgeon volume and mortality 
afterr pancreatic resection (table 3). 
Thee following parameters were investigated: The setting, type of resection, the number of 
patientss included in the studies, definition of high and low volume and their related in-
hospitall  mortality, the number of high volume centers, case mix, and the impact of surgeon 
volumee on in-hospital mortality. 
Thee majority of the studies were performed in the USA and two were performed in European 
countries10,, " . All studies described patients undergoing subtotal pancreaticoduodenectomy or 
totall  pancreatectomy, and generally included large numbers of patients. Only two studies 
includedd less than 250 patients12; 13. The definition of low and high volume centers varies 
greatlyy and is based on personal preference in most studies. Only one study used approximate 
quartiless to divide the hospital in to different volume categories14. In 3 of the 10 studies the 
highh volume category contained only one high volume center. 
Mostt studies described a clear inverse relation between hospital volume and in-hospital 
mortality.. Only one study described an opposite relation between hospital volume and in-
hospitall  mortality13, and one study found no relation between hospital volume and mortality. 
Inn these studies relatively limited numbers of patients were included (130 and 223 patients 
respectively)811 12 and the definition of high volume (>2/year)8 was actually low volume 
comparedd most other studies. Data on case mix was available in only 4 studies and showed 
thatt gender and age were equality divided among the hospital volume categories. Two 
studies4,, 14 showed that patients included in high volume centers had more co-morbidity 
comparedd to low volume hospitals. In one study co-morbidity seems to be higher in high 
volumee hospitals because of a higher prevalence of hypertension but on the other hand 
pulmonaryy disease was more frequent at low volume centers7. Patient complexity was 
measuredd using the All Patient Refined DRG Grouper (3M Health Information Systems, 
Provo,, Utah) in one study15 and was less in high volume centers. Two studies6^12 analysed the 
influencee of surgeon volume and one showed that high volume surgeons, who performed 
moree than 41 resections in seven years had significantly less mortality than low volume 
surgeonss who performed less than 9 resections (6.0 versus 13.0, respectively)6. But in a 
logisticc regression analysis no relation was found between surgeon volume and hospital 
mortality. . 

Thee data from this review strongly suggest that centralisation of pancreatic surgery could 
furtherr decrease mortality. State wide regionalisation of pancreaticoduodenectomy seems 
alreadyy to be responsible for a great part of the mortality reduction (61%) in Maryland USA15. 
Inn other countries such as the Netherlands such an impact was not found. 
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However,, there is still controversy about the scientific value of these studies. Some large 
studiess ' ' l describe only one high volume centre, and the authors are from that centre. 
Thereforee outcome might be biased. Many studies used national or regional health care 
databases.. These databases are not conclusive and carry limited data. As a result, in some 
studiess case mix can not be identified and might partially be responsible for the relation 
betweenn hospital volume and mortality6; 10"13. Referral patterns can result in higher prevalence 
off  co-morbidity in high volume centres4'l4 while others found less patient complexity in high 
volumee centres1 . There is no evidence of case mix for gender and age4; 7; 8; '4 and the inverse 
relationn of hospital volume and mortality can not be explained by case mix, however it can 
neitherr be excluded. 

Althoughh centralisation seems beneficial there are some downsides to this concept. In rural 
areass centralisation would lead to increasing travel distance for patients with malignant 
diseasee that are in poor condition and need support of relatives and friends. Therefore it is not 
surprisingg that a recent study16 demonstrated that many patients prefer to undergo surgery in 
locall  centres even when travel to a regional centre would result in a lower operative mortality. 
Thee majority of patients with pancreatic cancer are no candidate for resection and palliative 
proceduress that do not prolong their limited survival time may as well be provided in the 
patients'' own environment. Still some demonstrated that palliative procedures such as bypass 
surgeryy or stent insertion performed at high volume centres result in less mortality compared 
too low volume centres17. Others stated that centralisation could endanger the financial 
viabilityy of smaller hospitals and their ability to recruit general surgeons18. 
Too date, pancreaticoduodenectomy can be performed with limited morbidity and mortality 
providedd that patients are carefully selected, and that the resection is performed in a high 
volumee centre with sufficient support of other experienced disciplines that are involved in the 
treatmentt of postoperative complications. Palliative treatment is merely non-surgical and can 
preferablyy be performed in the patients' own environment or in one-day referrals to central 
hospitalss (stent insertion). These insights have the potential to further improve outcome of the 
managementt of pancreatic cancer. 
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