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CHAPTERR 2 
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Abstract t 
Background:Background: Hospital volume and surgeon caseload can be related to the rates of 
complicationss and death, and the influence of risk factors can be volume-dependent. Provision 
off  regionalised care should take this into account. The aim of the study was to perform a two-
partt study of pancreaticoduodenectomy in the Netherlands, focusing on the effects of risk 
factorss on outcomes in a single high-volume hospital and the effect of hospital volume on 
outcomes. . 
Methods:Methods: In part A, a single-institution database on 300 consecutive patients undergoing 
pancreaticoduodenectomyy was divided into two periods with similar numbers of patients. 
Overalll  complications, deaths, hospital stay, and risk factors were analysed in the two periods 
andd compared with an historical reference group. In part B, Netherlands medical registry data 
onn age and postoperative death of patients who underwent partial pancreaticoduodenectomy 
fromm 1994 to 1998 were analysed for the influence of hospital volume on death. 
Results:Results: Between the time periods, the institutional death rate decreased from 4.9% to 0.7%, 
thee complication rate from 60% to 41 %. Median hospital stay decreased from 24 to 15 days. 
Thee death rate was not related to patient age and did not differ between surgeons. Serum 
creatininee levels, need for blood transfusion, and period of resection were independent risk 
factorss for complications. The death rate after pancreaticoduodenectomy in the Netherlands 
wass 12.6% in 1994 and 10.1 % in 1998; it was greater in patients older than age 65. During 
thee 5-year period, 40% of the procedures were performed in hospitals performing fewer than 
fivee resections per year, and the death rate was greater than in hospitals performing more than 
255 resections per year. 

Conclusions:Conclusions: The overall death rate after pancreaticoduodenectomy did not decrease 
significantlyy during the period, and it was greater in low-volume hospitals and older patients. 
Thee lower death and complication rates in high-volume hospitals, including the single-centre 
outcomes,, were similar to those reported in other countries and may be due to better 
preventionn and management of complications. Pancreaticoduodenectomy should be 
performedd in centres with sufficient experience and resources for support. 
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Introduction n 
Inn the past, pancreaticoduodenectomy has been associated with a high rate of complications 
(40-60%)) and a high death rate (up to 20%). Combined with a dismal prognosis, in particular 
forr patients with pancreatic carcinoma, this led to a nihilistic approach by some clinicians1. In 
experiencedd centres, death rates have decreased dramatically2"6, which has encouraged other 
surgeonss to perform pancreatic resections in nonspecialised units. The complication and death 
ratess of surgery depend on many variables, including the presence of malignancy, the severity 
off  jaundice, nutritional status, infection, and impaired renal function7,8. These factors have 
allowedd better patient selection. In parallel, several reports since 1995 have highlighted the 
influencee of hospital volume on hospital death ~14. 
Centralisationn of pancreatic surgery is not routine in most European countries, so data on the 
impactt of hospital volume on the death rate are scarce11,1S. A previous nation-wide study in 
thee Netherlands showed that in 1994-95, 46% of pancreaticoduodenectomies were performed 
inn low-volume centres (fewer than five resections per year), with a postoperative death rate as 
highh as 16%, compared with 1.5% in high-volume hospitals15. Pancreatic leakage is the most 
importantt determinant of postoperative death. 
Thee lower death rate after resection in high-volume hospitals may be related not to the 
surgeonn caseload but to the level of experience in the various departments involved in the 
detectionn and management of postoperative complications, such as gastroenterology, 
radiology,, or intensive care. 
Thee goals of the two parts of this study were to determine the effect of risk factors and 
caseloadd on complication and death rates and hospital stay in one experienced centre and, in 
thee Netherlands, to assess the effect of hospital volume on the death rate of 
pancreaticoduodenectomy. . 

Methods s 
Partt A 
Thee Academic Medical Center Amsterdam database contains detailed information on 300 
consecutivee patients undergoing pancreaticoduodenectomy for suspected malignancy in the 
regionn of the pancreatic head. It was used to analyse overall rates of complications and death 
andd to identify risk factors for postoperative complications. 
Too evaluate the effect of experience, two periods with comparable volume were chosen 
(Octoberr 1992 to December 1996, period 1, n = 149, and January 1997 to December 1999, 
periodd 2, n = 151). The patient outcomes in each period were compared with those of an 
historicall  reference group (January 1983 to September 1992, n = 163), which has previously 
beenn described'6. The following factors were collected: age, sex, history of jaundice, 
preoperativee weight loss, cardiopulmonary comorbidities, preoperative biliary drainage, and 
preoperativee laboratory findings as serum albumin, creatinine, bilirubin, hemoglobin, and 
leukocytes. . 

PreoperativePreoperative Diagnostic Procedures 
Thee preoperative diagnostic procedures followed the flowchart from a 1992 consensus in the 
Netherlandss on imaging techniques for patients with distal biliary obstruction1 . The use of 
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preoperativee spiral computed tomography scanning and diagnostic laparoscopy increased 
fromm being sporadic in 1992 to standard in 1994. Outcomes of these diagnostic procedures 
havee been described18"20. 

SurgicalSurgical Procedure and Histopathologic Diagnoses 
Inn the period 1983-92 (historical controls), the surgical team was different from that of the 
laterr groups. Only standard Whipple resections were performed. Reconstruction was achieved 
usingg one or two jejunal loops, an end-to-side pancreaticojejunostomy, an end-to-side 
hepaticojejunostomy,, and a gastrojejunostomy, with or without a transanastomotic drain in 
thee pancreatic duct. 
Att the end of 1992, the surgical team changed. Four staff surgeons performed or supervised 
thee procedures. The preferred surgical resection gradually changed to the pylorus preserving 
pancreaticoduodenectomyy (PPPD). A standard Whipple procedure was performed only when 
tumourr growth into the proximal duodenum was suspected during surgery. After PPPD, 
reconstructionn included a duodenojejunostomy. From 1993, Octreotide (100 fig, given 
subcutaneously)) was given routinely for 7 days to inhibit pancreatic secretion. 
Enterall  nutrition given by a needle catheter jejunostomy was started routinely on the first 
postoperativee day. The postoperative feeding regimen was changed in 1997 from continuous 
too cyclic (18 hours per day), which gives faster return to a normal diet and slightly shortens 
thee hospital stay21. The histopathologic diagnosis was assessed. Resection was considered 
radicall  when resection and dissection margins of the resectional specimen were 
microscopicallyy tumour-free. 

PostoperativePostoperative Complications 
Surgicall  complications were classified as procedure-related (pancreatic leakage, biliary 
leakage,, intraabdominal abscesses, hemorrhage, delayed gastric emptying) or general 
(pulmonaryy and cardiac). Delayed gastric emptying was defined as either the need for 
nasogastricc intubation for 10 days or more or the inability to tolerate regular food before or on 
thee 14th postoperative day. Death was defined as death during hospital stay. Previously 
describedd risk factors for postoperative complications were analysed in the data from October 
19922 to December 1999. 

PartB B 
Hospitalss in the Netherlands must provide the national medical registry, the Landelijke 
Medischee Registratie, with information on all patients admitted. Registry data on post-
operativee deaths after pancreatic resection from 1994 to 1998 were obtained from the 
Departmentt of SIG-Care Information, Utrecht. At the national registry, independent staff 
recordd hospital classifications and patient data, including primary and secondary diagnoses, 
interventions,, age, destination at discharge (either home or to another centre), and in-hospital 
death.. The information was supplied anonymously (every hospital is coded) and covered all 
hospitalss in the Netherlands, except two cancer institutes that performed fewer than 1% of the 
proceduress during the 5-year period15. 
Thee causes of death and postoperative complications cannot be identified through the registry 
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data.. Death does not have to be directly related to the surgical procedure, and deaths after 
dischargee or after transfer to another hospital are not registered. The actual number of deaths 
couldd therefore be slightly higher because 4% of patients were referred to another centre after 
surgery.. The codes used by the SIG are based on the International Classification of Diseases, 
9thh revision, Clinical Modification (ICD-9-CM)22. In the national surgical procedure list, the 
Classificatiee van Verrichtingen, version 2.2, Code 5-524 in the section on surgical 
interventionss on the pancreas lists several poorly defined procedures. Consequently, we 
evaluatedd only Code 5-526 (pancreaticoduodenectomies/Whipple's resections). 
Hospitalss were divided into four categories based on the number of resections performed per 
year:: fewer than 5, 5 to 9, 10 to 24, and 25 or more. Deaths were also analysed for several age 
categories. . 

StatisticalStatistical Analysis 
Groupss were compared using the chi-square statistic, the two-tailed Fisher exact test, and the 
Mann-Whitneyy test, where applicable. Correlation between factors was calculated with the 
Pearsonn correlation test. The influence of hospital volume on death in each year was 
calculatedd with the chi-square statistic and expressed as relative risk, relative risk reduction, 
andd absolute risk reduction. The impact of patient characteristics and surgical factors on the 
developmentt of complications after surgery was univariately analysed with the chi-square 
statistic.. Variables significantly (P < .4) associated with the development of complications 
weree used in a multiple logistic regression model to assess their independent prognostic value 
forr complications. Risk factors were identified with a forward selection strategy using the 
likelihoodd ratio statistic, with P = .05 as the level for selecting the criterion. The independent 
prognosticc values of the variables were expressed in odds ratios (ORs) with their 95% 
confidencee intervals (CI). The OR can be interpreted as an estimation of the relative risk of 
thee development of complications. 
Inn the univariate analysis of individual risk factors, if there was no patient in one of the cells 
off  the 2 x 2 table (chi-square statistic), a value of 1 was added to each cell to allow calculation 
off  the likelihood ratio in the multiple logistic regression model (required only for serum 
creatinine). . 
Calibrationn of the final regression model was assessed with the Hosmer-Lemeshow goodness-
of-fitt test. This compares the observed and expected frequencies of the outcome in groups 
basedd on the values of the estimated probabilities, using the logistic model. In this test, a high 
probabilityy value indicates that the model is performing well - that is, that there is not a large 
discrepancyy between observed and expected outcomes. All analyses were performed with 
SPSSS for Windows, version 9.0 (SPSS Inc., Chicago, IL). 

Results s 
Partt A 
Tablee 1 gives the characteristics of the patients in the two study periods and the historical 
referencee group. Preoperative serum albumin, serum creatinine, leukocyte, and haemoglobin 
levelss were not different, but bilirubin levels were higher in the historical reference group (23 
vs.. 13 and 12 jimol/L for periods 1 and 2, P < .05). Overall, 78% of all patients underwent 
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preoperativee endoscopic biliary drainage, with no real change in the periods observed. Table 2 
summarisess the surgical procedures and histopathologic diagnoses. All patients in the 
historicall  reference group underwent pancreaticoduodenectomy, but PPPD was used in 72 % 
off  the patients in period 1 and 92% in period 2. A two-layer pancreatic anastomosis was used 
inn all patients in the historical reference group, but a one-layer anastomosis was used in 
periodss 1 and 2. Internal drainage of the pancreatic duct was performed only in the historical 
referencee group. Octreotide was used in 99% of the patients during period 2. 

Tablee 1. Patient characteristics 

Numberr of patients undergoing surgery 

Genderr (M / F) 

Agee (median and range) 

Weightt loss (kg) (median and range) 

Jaundice e 

Cardiopulmonaryy co-morbidity 

Preoperativee biliary drainage 

Preoperativee laboratory values (median and range) 

Albuminn (g/L) 

Haemoglobinn (mmol/L) 

Leukocytess (*10"9/L) 

Bilirubinn (umol/L) 

Creatininee (umol/L) 

Historical l 

Reference e 

Group p 

163 3 

105/58 8 

600 (25-74) 

55 (0-23) 

--
--
1233 (75%) 

411 (21-52) 

8.2(5.0-11.0) ) 

--
233 (5-710)n 

--

Periodd 1 

149 9 

76/73* * 

633 (36-79) 

66 (0-25) 

1288 (86%) 

344 (23%) 

1277 (85%) 

433 (22-59) 

8.33 (4.5-10.1) 

7.55 (3.4-27.0) 

13(0-231)* * 

611 (17-128) 

Periodd 2 

151 1 

86/65 5 

655 (31-84) 

66 (0-20) 

119(79%) ) 

300 (20%) 

115(76%) ) 

444 (25-52) 

8.2(5.8-10.7) ) 

7.3(3.9-13.8) ) 

12(3-151)" " 

633 (32-237) 

PP < .05 compared with 'historical reference group (Jan. 1983 - Sept. 1992), +period 1, * period 2. 

Carcinomaa of the head of the pancreas was the most common indication, with a higher 
percentagee of patients in period 1. Despite improved diagnostic work-up, there was no 
significantt increase in the number of patients who underwent radical resection. The number of 
patientss who underwent resection for benign disease, mainly chronic (focal) pancreatitis and 
cystt adenomas, was slightly higher in period 2. 

PostoperativePostoperative Complications and Deaths 
Thee average number of resections per year in the study periods increased from 17 to 50 (Table 
3).. The proportion of patients with at least one complication decreased from 60% in the 
historicall  reference group to 41 % in period 2 (P < .05). Delayed gastric emptying was not 
analysedd in the historical reference group but was included afterward; it decreased in period 2. 
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Tablee 2. Surgical Details 

Resectionn and Reconstruction 

PD D 

PPPD D 

Veinn resection 

Yes s 

No o 

Pancreaticc anastomosis 

Onee layer 

Twoo layers 

Pancreaticc duct Drainage 

Yes s 

No o 
Medicationn with Octreotide 

Yes s 

No o 

Histopathology y 

Benign n 

Malignant t 

Pancreaticc head 

Distall  bile duct 

Ampulla a 

Other r 

Extentt of resection (in case of malignancy) 

Radical l 

Non-radical l 

Historical l 

Reference e 

Group p 

1633 (100)+* 

0 0 

20(12) ) 

1433 (88) 

00n n 

163(100) ) 

1455 (89)+* 

18(11) ) 

8(5)+* * 

1555 (95) 

16(10) ) 

1477 (90) 

511 (31)f 

333 (20)f 

62(38)+* * 

4(2) ) 

89(61) ) 

588 (39) 

Periodd 1 

41(28)** * 

1088 (72) 

21(14) ) 

128(86) ) 

137(92)** * 

12(8) ) 

66 (4) ** 

1433 (96) 

85(57)n n 

62(42) ) 

18(12) ) 

1311 (88) 

722 (55)* 

16(12)* * 

355 (27)* 

8(6) ) 

877 (66) 

444 (34) 

Periodd 2 

122 (8)*  + 

139(92) ) 

17(11) ) 

134(89) ) 

1511 (100)'+ 

0 0 

0*+ + 

151(100) ) 

1499 (99) *+ 

2(1) ) 

25(17) ) 

126(83) ) 

544 (43) 

22(18) ) 

411 (33)' 

9(6) ) 

90(71) ) 

36(29) ) 

PD,, pancreaticoduodenectomy; PPPD pylorus preserving pancreaticoduodenectomy 

PP < 0.05 compared with 'historical reference group (Jan. 1983 - Sept. 1992), +period 1, * period 2. 
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Tablee 3. Outcomes and Complications 

Historical l 

Reference e 

Groupp Period 1 Period 2 

Meann no. of resections / year 

No.. (%) of patients with complications 

Surgery-relatedd complications 

Pancreaticc leakage 

Biliaryy leakage 

Intra-abdominal l 

Haemorrhage e 

Delayedd gastric emptying 

Generall  Complications 

Pulmonary y 

Cardiac c 

Relaparotomy y 

Mediann (range) days of hospital stay 

Hospitall  deaths, n (%) 

17 7 

977 (60) * 

17(10) ) 

9(6)) + 

48(29)** * 

22(14)* * 

--

27(17) ) 

13(8) ) 

22(13) ) 

244 (5-293) ** 

8(4.9)* * 

35 5 

811 (54)* 

15(10) ) 

2(1)* * 

25(17)* * 

16(11) ) 

56(38)* * 

18(12) ) 

13(9) ) 

25(17)* * 

18(7-222)1* * 

2(1.3) ) 

50 0 

62(41)"* * 

8(5) ) 

5(3) ) 

23(15)' ' 

8(5)* * 

31(21)* * 

15(10) ) 

6(4) ) 

12(8)* * 

15(6-167) ) 

11 (0.7)' 

PP < 0.05 compared with 'historical reference group (Jan. 1983 - Sept. 1992), +period 1, *period 2. 

Thee incidence of pancreatic leakage was 10% in the reference group and 5.3% in period 2, but 
thiss was not significant. The incidence of other complications did not change significantly 
exceptt for intraabdominal abscess, which decreased compared with the historical reference 
group. . 

Thee number of repeat laparotomies decreased significantly in period 2. The median hospital 
stayy decreased from 24 days in period 1 to 15 days in period 2 (P < .05). 
Thee hospital death rate was 4.9% in the historical reference group, 1.3% in period 1, and 0.7% 
inn period 2, with no deaths in the last 120 consecutive patients. The causes of death in the 
threee patients who died since October 1992 were pancreatic leakage and sepsis; severe 
intraabdominall  bleeding, probably due to a false aneurysm, in a patient with sepsis; and acute 
pancreatitiss in the pancreatic remnant, without leakage. 
Potentiall  preoperative and intraoperative variables associated with complications are 
summarisedd in Table 4. Univariate analysis of the risk factors showed that the preoperative 
serumm creatinine level, need for blood transfusion, and period 1 were significantly associated 
withh postoperative complications. No relation was found between age and complications or 
death,, or with the type of surgeon or the type of surgical procedure. Data for the multiple 
logisticc regression model was obtained for 248 of the 300 patients. The model showed that the 
ORR for complications was 8.53 (95% CI, 1.00-74.16) (P = .05) when the preoperative serum 
creatininee level was at least 115 /imol/L. The OR was 1.74 (95% CI, 1.02-3.00) (P ~ .04) for 
surgicall  procedures in period 1. The OR was 1.74 (95% CI, 1.02-2.99) (P = .04) when blood 
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Tablee 4. Risk Factors for Complications 

Gender r 

Age e 

Bilirubin n 

Haemoglobin n 

Leukocytes s 

Alkalinee phosphatase 

Creatinine e 

Albumin n 

Preoperativee biliary drainage 

Periodd of resection 

Surgeon n 

Typee of resection 

Venouss resection 

Malignant t 

Bloodd loss 

Bloodd transfusion 

PD,, pancreaticoduodenectomy; 

Male e 

Female e 

<65 5 

>65 5 

<< 100 umol/L 

>> 100 umol/L 

>> 7.0 mmol 

<< 7.0 mmol 

<< 10*109/L 

>> 10*10-9/L 

<100U/L L 

>100U/L L 

>> 115 umol/L 

<< 115 umol/L 

>30g/L L 

<30g/L L 

Yes s 

No o 

Periodd 1 

Periodd 2 

Experienced d 

Fellow w 

PPPD D 

PD D 

No o 

Yes s 

No o 

Yes s 

< 1L L 

>11 L 

No o 

Yes s 

PPPDD pylorus-preserving 

No.. With 

Complications s 

83 3 

60 0 

71 1 

72 2 

119 9 

10 0 

122 2 

15 5 

80 0 

14 4 

45 5 

82 2 

6 6 

116 6 

80 0 

6 6 

112 2 

31 1 

81 1 

62 2 

100 0 

38 8 

114 4 

29 9 

128 8 

15 5 

20 0 

123 3 

53 3 

74 4 

79 9 

64 4 

afterafter pancreaticoduodenectomy 

No.. Without 

Complications s 

79 9 

88 8 

82 2 

75 5 

127 7 

7 7 

133 3 

16 6 

83 3 

18 8 

40 0 

96 6 

0 0 

143 3 

75 5 

6 6 

130 0 

27 7 

68 8 

89 9 

109 9 

45 5 

133 3 

24 4 

134 4 

23 3 

23 3 

134 4 

54 4 

90 0 

108 8 

49 9 

pancreaticoduodenectomy. . 

p-value e 

0.23 3 

0.73 3 

0.56 6 

1.00 0 

0.70 0 

0.37 7 

<0.01 1 

1.00 0 

0.38 8 

0.03 3 

0.80 0 

0.29 9 

0.30 0 

1.00 0 

0.53 3 

0.02 2 
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PartB B 
Fromm January 1994 to December 1998, 1,126 partial pancreaticoduodenectomy patients were 
registered.. The annual number of resections ranged from 199 to 257, with a slight increase 
duringg the 5-year period. The nation-wide death rate was 10.1 % overall, without significant 
changee during this time (Fig. 1). The death rate in patients 65 years and older was 16.9%, 
significantlyy higher than the 6% in patients younger than 55. There was no significant change 
inn the relative numbers of interventions in low-volume and high-volume hospitals (Fig. 2). 

Figuree 1. Hospital death 

raterate for subtotal 

pancreaticoduodenectomy y 

Figuree 2. Percentages of 

pancreaticoduodenectomies s 

inn hospitals classed by 

10 0 

c c 

2 2 
D. . 
OO 3 

Oi Oi 

12.6 6 

9.6 6 

11.6 6 

10.1 1 

19944 1995 1996 1997 

Yearr of Surgery 

19955 1996 1997 

Yearr of Surgery 

1998 8 

24 4 
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Tablee 5 shows the hospital death rate versus annual volume for each year of data. Small-
volumee hospitals accounted for 463 resections (41 %), with annual death rates ranging from 
13.6%% to 20%. High-volume hospitals accounted for 223 resections (20%), with significantly 
lowerr death rates (P < .05), ranging from 0% in three of the years to 2.9% in 1995. A plot of 
thee in-hospital death rate versus hospital volume for each hospital in the study (Fig. 3) 
confirmss the relative risks (tableó), with death rates ranging from 0% to 100%. 

Tablee 5. Hospital Death Rates 

Hospital l 

volume e 

<5 5 

5 -9 9 

10-24 4 

>25 5 

Total l 

1994 4 

Ratioo % 

7/97 7 

4 /42 2 

4 /28 8 

0 /32 2 

5/199 9 

17.5* 17.5* 

9.5 9.5 

14.3' 14.3' 

0* 0* 

12.6 12.6 

1995 5 

Ratio o 

14/96 6 

4 /45 5 

3 /53 3 

1/35 5 

222 / 229 

% % 

14.6 14.6 

8.9 8.9 

5.7 5.7 

2.9 2.9 

9.6 9.6 

1996 6 

Ratioo % 

17/85 5 

5/35 5 

3/51 1 

1/53 3 

266 / 224 

20.0' 20.0' 

14.3" 14.3" 

5.9* 5.9* 

1.9* 1.9* 

11.6 11.6 

1997 7 

Ratio o 

14/103 3 

4 /36 6 

3/31 1 

0 /47 7 

21/217 7 

% % 

13.6' 13.6' 

11.l11.lf f 

9.7 9.7 

0* * 

9.7 9.7 

199 9 

Ratio o 

12/82 2 

9 /47 7 

5 /72 2 

0 /56 6 

266 / 257 

8 8 

% % 

14.6' 14.6' 

19.1' 19.1' 

6.9 6.9 

0* 0* 

10.1 10.1 

*p*p < 0.05 vs. low-volume hospital (< 5 resections / yr). 

'p'p < 0.05 vs.high-volume hospital (> 25 resections /yr). 

Tablee 6. 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. 

Discussion n 
Thiss study shows that pancreaticoduodenectomy can be performed with a low death rate, 
approximatelyy 1 % in experienced centres. The complication rate of the procedure has 
decreasedd but remains relatively high, 41 % in our centre. During the past decade, the annual 
hospitall  caseload has increased from 17 to more than 50 resections, which might contribute in 
partt to the improved outcome. 
Ourr results accord with those of other major centres, which report death rates of 0% to 5% 
andd complication rates of approximately 40%26. Pancreatic leakage is the factor most 
stronglyy linked with death in most case series. It was responsible for 80% of the deaths in the 
referencee group23, but of only one patient (0.3%) in the study periods, possibly because of a 
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Figuree 3. Percentage of death rate versus hospital volume in the Netherlands, 1994-1998. 

moree aggressive treatment of this complication23. Early resection of the pancreatic remnant 
(salvagepancreatectomy)) reduced the death rate after leakage from 28% to 0%, but it had the 
disadvantagee of causing insulindependent diabetes mellitus2'3,23. More recently, we modified 
thiss approach. After undoing the anastomosis and closing the jejunal loop, the pancreatic body 
andd tail are resected, but with preservation of a small remnant of the pancreas (approximately 
44 cm) after occlusion of the pancreatic duct. This approach has reduced the incidence of 
diabetes,, but a pseudocyst formed in one patient. Compared with the literature, our overall 
repeatt laparotomy rate was high, but this rate decreased to 8% in period 2. 
Mediann duration of hospital stay decreased significantly throughout the study. The hospital 
stayy for patients with complications decreased from 25 to 21 days, but there was also a 
decreasee from 14 to 13 days in patients without complications. The reduced median hospital 
stayy might result from fewer postoperative complications, but other contributing factors might 
includee a trend toward sending patients home earlier after surgery. 

Inn the analysis of risk factors for complications, the significant predictive factors were serum 
creatininee level, the need for blood transfusion, and the time period of resection. A low serum 
albuminn level and similar historical risk factors were uncommon in the present series because 
off  better patient selection. 
Preoperativee biliary drainage was not a risk factor for complications, but it did not reduce 
postoperativee complications, as has been suggested by experimental findings24,25. Infectious 
complicationss were even increased after preoperative biliary drainage in a recent clinical 
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studyy and were a strong argument against it6'26. Preoperative drainage has the advantage of 
providingg extra time when other investigations are needed or when surgery is delayed because 
off  a waiting list. Also, extra time may be needed to organise a second referral, as mentioned 
byy Lillemoe26. 
Patientt age was not related to complications and death in our series, as was observed recently 
inn another center5. However, nation-wide, a significantly higher death rate was found in older 
patients.. Age appears to be an important predictor for death in low-volume centres but not in 
high-volumee centers5. 
Thee national study showed a death rate of 16% in low-volume hospitals and 1% in high-
volumee hospitals. A correlation between the hospital death rate and hospital volume was 
foundd in studies from two regions in the United States910. These studies, and ours, might have 
biass as a result of a referral pattern. In a recent database study of health insurance in persons 
olderr than 65 years, a similar impact of hospital volume on the surgical death rate was 
shown12.. Similar relations have been shown for other high-risk surgical interventions, 
includingg esophagectomy, liver resection, and liver transplantation12,27. Late survival after 
pancreaticoduodenectomyy is also related to hospital volume28. 
Mostt volume/outcome studies show the average death rate for each category of hospital 
volume,, but there can be large variations that are independent of volume. Some small-volume 
hospitalss have excellent results, as can be seen in figure 3 and in the literature10, but the 
numberr of resections (approximately two per year) is too limited to allow analysis of their 
treatmentt policies. More population-based studies of surgical outcomes are needed to prove 
thee relation with surgeon or hospital caseloads to determine the cut-off values for caseload. 
Earlyy publications on the impact of hospital volume on death started a debate in the 
Netherlandss on the need for regionalisation910. Discussion in national surgical meetings 
startedd in early 199615 but has not yet led to measurable regionalisation. Probably the time 
intervall  is too short to observe a decrease in the nation-wide death rate as a result of this 
knowledge.. A positive effect on the state-wide hospital death rate followed publication of the 
earlyy results and those of regionalisation in one state in the United States13. The concept of 
regionall  provision of specialist care might influence the delivery of healthcare in several 
countriess . Referral to centres outside the state can occur in the United States, whereas 
referrall  of patients to a centre in another country in Europe does not yet occur. 
Itt is important that the effect on outcome of hospital volume was more important than the 
surgeonn volume, which probably indicates the availability of hospital facilities and specialist 
care.. In our series of 300 consecutive patients undergoing pancreaticoduodenectomy at the 
Academicc Medical Center Amsterdam, five different surgical fellows, supervised by one of 
thee four staff surgeons, performed 83 resections without a single death or increase in 
complications.. A multidisciplinary approach and active management of complications for 7 
dayss a week might be important factors. 

Thee superiority of hospital volume over surgeon volume in determining outcomes is 
important,, particularly in the Netherlands, where recently it has been suggested that ex-
periencedd surgeons should consider working in networks, performing resections in different 
low-volumee hospitals. With this approach, the positive effect on the death rate from surgical 
experiencee could be counteracted by inadequate prevention and management of postoperative 
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complicationss in the absence of equally experienced nonsurgical support. More data are 
neededd from detailed population-based studies on aspects such as transport of patients be-
tweenn hospitals and the effects on healthcare costs before any definitive decision on 
regionalisationn can be made. 
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