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Outlin ee of the Thesis 

Periampullaryy carcinoma, including pancreatic, bile duct, and ampullary carcinoma, have a 

grimm prognosis with a 5-year survival between 1 and 25% for pancreatic and 6-50% for 

ampullaryy carcinoma. Different treatments are available for patients with these malignancies 

varyingg from resection with curative intent such as the pancreaticoduodenectomy (PD) to 

palliationn of symptoms by means of bypass surgery for biliary and gastrointestinal 

obstruction,, endoprostheses for biliary obstruction, pain management, and supportive 

therapies,, as for example nutritional support. 

Thee treatment of first choice is the PD, which offers the only chance for cure. There are three 

typess of resection according to the extent of the resection: the standard, the extended, and the 

regionall  resection . In Amsterdam, the standard resection is performed routinely. 

Traditionally,, PD has been associated with a high morbidity (50-70%) and mortality (10-

20%).. During the last decade morbidity and mortality decreased to acceptable levels23. 

AA parallel development was the mounting evidence that hospital volume inversely related to 

in-hospitall  mortality. This resulted in a plea for centralisation4. However, the scientific 

validityy of studies on this subject is questioned and further evidence is necessary to convince 

surgeonss of these findings. Still other factors might also influence in-hospital mortality of the 

PD.. For instance, individual perioperative parameters and the experience of the individual 

surgeonn have been described to effect in-hospital mortality. Furthermore the expertise of the 

differentt disciplines, such as radiology gastroenterology, intensive care, and surgery, might 

effectt the treatment and outcome of these patients. These aspects need further evaluation. 

Differentt technical modifications of the resection have been described to improve resectability 

oftenn with increased morbidity and mortality. Resection is often precluded by tumour 

ingrowthh in to surrounding tissue such as the retroperitoneum, or the portal and superior 

mesentericc vein (PV/SMV). In case of PV/SMV involvement (a part of) the PV/SMV can be 

resected.. There is still discussion about the indication and the technique as well as the effect 

onn outcome of this procedure in terms of morbidity, mortality and survival56. 

Differentt aspects influence the final outcome of treatment. Apart from the perioperative 

results,, long-term results such as functional outcome, long-term morbidity, extent of the 

resection,, and survival also determine the final outcome of treatment. PD may affect the 

complexx mechanisms that regulate nutrient digestion such as gastrointestinal motility, release 

off  pancreatic enzymes and gastrointestinal hormones, and intraluminal pH7"9. This may 

negativelyy affect nutrient digestion and absorption and thereby long-term outcome. There are 

limitedd data available on the gastrointestinal pH and hormone secretion after PD. 

Re-admissionss are an objective tool to measure severity of long-term morbidity. Re-

admissionss may be caused by sequelae of tumour recurrence and late complications of the 

initiall  surgical procedure that require re-admission after PD. Data on re-admissions and the 

indicationss for re-admission after PD are limited but are needed to evaluate the long-term 

morbidityy of the procedure. 

Survivall  is the most important determinant of long-term outcome. Five-year survival after PD 

wass poor varying from 1-25% for pancreatic carcinoma, and 6-50% for periampullary 
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carcinoma10'' " . Decreased operative mortality resulted in a more optimistic view towards 
resection,, and improved survival after PD has been reported. Patient selection as a result of a 
betterr diagnostic approach could have improved survival after PD. Therefore new data on 
survivall  and risk factors for poor survival are needed to evaluate the long-term outcome of 
PD. . 

Att the time of diagnosis most patients (80%) are no candidates for resection12. At this stage 
palliationn of symptoms such as jaundice or gastric outlet obstruction can be performed by 
bypasss surgery. A hepaticoenterostomy relieves jaundice, and duodenum obstruction can be 
treatedd with a gastroenterostomy. Pain is another major symptom and is mostly treated with 
painn medication. However other therapeutic options are available. During bypass surgery a 
chemicall  splanchnectomy can be performed with injection of alcohol13, or a thoracoscopic 
splanchnectomyy can be performed. Also radiotherapy can offer pain relief14. It is still unclear 
whatt the effects and side effects of these treatment modalities are. 
Thee complex syndrome of cancer cachexia continues to be a major contributor to the 
morbidityy and mortality of patients with advanced malignancy15; 16. Different types of 
nutritionall  support or hormone treatment have been used in an attempt to reverse this 
cachecticc state and increase the lean body mass. Previous nutritional support or hormone 
treatmentt resulted only in an increase of weight due to an increase in fat rather than lean body 
mass.. A pilot study showed that administration of eicosapentaenoic acid (EPA), an omega-3 
fattyy acid derived from fish oil, resulted in weight stabilisation17' '8. However, level one 
evidencee is not available. 

Thee limited prognosis forces physicians to carefully consider the risk of postoperative 
complications,, mortality, long-term complications and survival of each treatment strategy in 
thee different stages of the disease, and to carefully select patients and also the setting in which 
thee different types of treatment are performed. The first part of the thesis covers issues 
concerningg the resection of periampullary and pancreatic carcinoma by means of PD. The 
secondd part of the thesis deals with aspects of long-term outcome after surgical resection, and 
thee third part deals with the issues in palliation of symptoms such as pain and cachexia. 

Partt one 
Inn chapter  2 the morbidity, mortality, and risk factors for complications after PD are 
discussedd in a single centre study performed in the Netherlands. Also the inverse relationship 
betweenn hospital volume and in-hospital mortality after PD in the Netherlands and its effect 
onn centralisation are described in this chapter. In Chapter  3 the impact of hospital and 
surgeonn volume on in-hospital mortality is described and the importance of a 
multidisciplinaryy approach in the management of complications after PD is clarified in a case 
history.. In chapter  4 a meta-analysis of the available literature on hospital volume and 
mortalityy in pancreatic surgery is presented. In chapter  5 the indication, technique and the 
additionall  value of the PV/SMV resection in the presence of tumour invasion of this structure 
andd its effect on morbidity and mortality is described. 
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Partt two 
Functionall  outcome in terms of intragastric and intraduodenal pH after pylorus preserving PD 
inn comparison with healthy control subjects is described in chapter  6. In a non-malignant 
setting,, functional outcome in patients after pylorus preserving PD or duodenum preserving 
resectionn of the head of the pancreas is analysed in comparison with non-operative chronic 
pancreatitiss patients in chapter  7. Changes in proximal and distal gut hormone secretion in 
patientss after pancreatic surgery are compared with non-operated patients with comparable 
exocrinee pancreatic insufficiency and with healthy controls in chapter  8. Re-admissions after 
PDD are an objective parameter to measure long-term outcome. Re-admission-rate and 
indicationss for re-admissions are discussed in chapter  9. Current survival after PD is 
discussedd in chapter  10, this chapter also deals with the risk factors for poor survival after 
PD. . 

Partt three 
Painn management is an important part in the palliative treatment of patients with 
periampullaryy and pancreatic carcinoma. The effect of pain medication, intraoperative 
chemicall  splanchnectomy, and radiotherapy is discussed in chapter  11. The developments in 
thee treatment of cachexia were stimulated by the positive effect of EPA. Chapter  12 
describess the effect of a supplement of a high caloric supplement combined with EPA on 
weightt loss and quality of life in pancreatic cancer cachexia. 
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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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Introductio n 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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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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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). 
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Abstract t 
Background:Background: Resection of the portal/superior mesenteric vein (PV/SMV) during 
pancreaticoduodenectomyy (PD) is disputed. Although morbidity and mortality are acceptable, 
survivall  is limited after PV/SMV resection. In this study we evaluate the effect of PV/SMV 
resection. . 
Methods:Methods: Between 1992 and 1998, 215 consecutive patients underwent PD for malignant 
disease.. Thirty-four patients underwent a PV/SMV resection. Resection was only performed 
whenn minimal venous ingrowth was found perioperatively. Surgical techniques, peri-operative 
parameters,, and survival were analysed. 
Results:Results: The percentage of PV/SMV resections was 16%. Extensive (segment) resections 
weree performed in 6 patients. The median blood loss was 1.8 litres, and resection margins 
weree microscopically tumour free in 41% of the patients. The median hospital stay 15 days, 
andd mortality was 0%. Median survival after PV/SMV resection for pancreatic 
adenocarcinomaa was 14 months. 
Conclusion:Conclusion: Limited PV/SMV resection for perioperatively encountered minimal venous 
ingrowthh during PD can be performed safely without increased morbidity and mortality but 
alsoo results in a high frequency of tumour positive resection margins. 
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Introductio n n 
Pancreaticoduodenectomyy (PD) is the only possibility for cure for patients with periampullary 
carcinoma.. Radical resection is often precluded by the close anatomical relationship between 
thee tumour in the pancreatic head, the confluence of the portal and superior mesenteric vein 
(PV/SMV),, and the hepatic and mesenteric artery. A positive resection margin strongly 
correlatess with limited survival1"5, and therefore PV/SMV resection has been advocated to 
achievee negative resection margins6,7. PV/SMV resection can be performed with acceptable 
morbidityy and mortality7"12, but the effect on survival is controversial13"15. 
Inn our institution PV/SMV resections are only performed when limited venous ingrowth over 
aa short length of the vein was suspected during surgery. With extensive ingrowth of the vein, 
confirmedd by frozen section, bypass surgery was performed. Resection was only completed 
whenn venous ingrowth limited to the small side branches of the SMV. In most patients venous 
ingrowthh was found after transection of the pancreas. At this stage the resection was 
completedd as this was regarded to be the point of no return. This strategy clearly results in a 
selectionn of patients who undergo PV/SMV resection during PD. The aim of this study is to 
investigatee the effect of this strategy on morbidity, mortality and survival after PV/SMV 
resectionss during PD. 

Patientss and methods 
Patients Patients 
Fromm a consecutive series of 250 PDs over the period October 1992 until October 1998, 215 
patientss had malignant disease from which patients, who underwent a PV/SMV resection, 
weree selected. Data were obtained from a prospective data base. 

DiagnosticDiagnostic work-up 
Standardd diagnostic work-up consisted of ultrasonography (n=34) followed by computed 
tomographyy (CT) (n=25). This was a helical CT in 19/25 patients, as described previously16. 
Diagnosticc laparoscopy was performed in 30 patients as described previously17. Encasement, 
obstructionn or thrombosis of the PV/SMV were considered contraindications for surgery. 

SurgicalSurgical procedures 
Thee resection of choice was a standard pylorus-preserving PD, as described previously1 '9. 
Reconstructionn was performed with a single retro-colic jejunal-limb reconstruction. With 
limitedd venous ingrowth, detected after the transection of the pancreas, two types of PV/SMV 
resectionn were performed; a wedge excision and a segmental resection. Limited wedge 
excisionss were performed because of limited ingrowth, generally at the point of the side 
branchess from the vein to the pancreas not only to achieve a radical resection but sometimes 
becausee of technical reasons to prevent bleeding. Segmental resections were performed for 
moree extensive venous ingrowth. Reconstruction after segmental resection was performed 
withh an end-to-end anastomosis, an autologous-vein, or an artificial interposition-graft. In a 
previouss study20 in most patients who underwent total pancreatectomy because of a tumour 
positivee transection margin of the pancreas other resection margins were tumour positive as 
well.. Therefore frozen sections of the pancreatic transsection margin were not performed 
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routinelyy except when there was suspicion of tumour involvement of the pancreatic margin. 
Resectionn margins of the pancreas, distal bile duct, retropancreatic tissue, portal/superior 
mesentericc vein and superior mesenteric artery were marked by the surgeon at the specimen 
andd studied in detail for microscopic presence of tumour. 

Morbidity,Morbidity, mortality and survival 

Thee following intra-operative parameters were studied: total blood loss, surgery related blood 
transfusionn (transfusions during surgery and within the first 24 hours postoperatively), 
operativee time, postoperative complications, hospital stay, hospital mortality, and survival. 
Tumourr characteristics, tumour size, lymph node status and resection margins were re-
evaluatedd by a single independent pathologist with special regard to the vascular resection 
margins. . 

StatisticalStatistical analysis 

Statisticall  analysis was performed using the Kaplan Meier method to calculate the median 
actuariall  survival and the survival rates, and Log Rank tests were used to compare the 
survivals.. To eliminate the confounding factor of different tumour localisation, patients with 
ampullaryy and distal bile duct tumours were excluded from the survival analysis. Differences 
weree considered significant at p < 0.05. 

Results s 
Patients Patients 

Inn this series 34 (16%) of the patients (male/female: 15/19) with a median age of 65 years 
(rangee 46-77) and a malignant periampullary tumour underwent a PV/SMV resection. Patients 
presentedd with jaundice (n=10), fever (n=5), pain (n=9) and/or diabetes (n=6) and their 
mediann preoperative weight loss was 6 kilograms (range 0-25). The median duration of 
symptomss before diagnosis was 8 weeks (range 0-30). 

SurgicalSurgical procedures 

Alll  patients underwent a partial PD. A wedge excision of the PV/SMV (1-2 cm) with primary 
closuree was performed in 28 patients and a segmental resection in 6 patients. Segmental 
resectionss were reconstructed with an end-to-end anastomosis in 4 patients and with a 
polytetrafluoroethylenee or dacron (Sulzer Vascutec, Ltd, Inchinnan, Scotland) interposition 
graftt in 2 patients. Median perioperative blood loss and number of blood transfusions were 1.8 
litress (range 0.3-8.5) and 0 packed red blood cells (range 0-12) respectively. The median 
operativee time was 5.5 hours (range 3.4-8.3). 

AdjuvantAdjuvant therapy 

Threee patients received adjuvant chemoradiation in an European Organisation for Research 
andd Treatment of Cancer study21, and 1 patient received only radiation therapy. 
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Histology Histology 
AA ductal adenocarcinoma was found in the pancreatic head (n=29), the papilla (n=2), and the 
distall  bile duct (n=3). The median tumour size was 2.5 cm (range 1.5-5.0). Differentiation was 
poorr (n=20), medium (n=12), or well (n=2). After resection, resection margins were tumour 
freee in 14 patients (41%) and tumour positive in 20 patients (59%). Resection and dissection 
marginss of the PV/SMV were tumour positive in 10 patients and the superior mesenteric 
arteryy in 5 patients. Tumour positive PV/SMV margins were not always located at the site of 
thee resected wedge of the PV/SMV, but also at other parts of the 4-5 centimetre dissection 
planee of the PV/SMV on the pancreas. At the time of surgery these dissection margins of the 
PV/SMVV were not suspected to be tumour positive. Other tumour positive margins included 
thee retropancreatic tissue in 3 patients, the pancreatic neck in 9 patients and bile duct in 3 
patients.. In only 3 of the 34 patients the margin of the PV/SMV was the only tumour positive 
margin.. The tumour was adjacent to the PV/SMV with an extensive desmoplastic stromal 
reactionn but actual tumour infiltration of the resected venous wall occurred in only 1 
specimen,, although the dissection margins of the PV/SMV were tumour positive in 10 
patientss after wedge excision (n=8) or segmental resection (n=2). 

Mortality/morbidity Mortality/morbidity 
Thee overall mortality, in this series (n=250) was 1.2%. Mortality after PV/VMS resection was 
0%.. In 14 patients (41%) one or more complications occurred including pancreatic leak, 
haemorrhagee or intra-abdominal abscess (3 patients each), wound infection and septic shock 
(22 patients each) and one patient with pulmonary complications. Reoperation was performed 
inn one patient for abdominal sepsis and in two for postoperative bleeding. Median 
postoperativee hospital stay after PD was 15 days (range 8-69). 
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Figuree 1. Survival of patients after portal or mesenteric vein resection during pancreaticoduodenectomy for 

pancreaticc carcinoma: Tumor-free and tumor-positive resection margins. 
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Follow-upFollow-up and Survival 
Thee median survival after PV/SMV resection during PD was 14.2 months (range 1.6-44.1) 
andd as there were no censored patients at 50% of the survival time the median follow-up was 
equal.. The 1, 2, and 3-year survival in evaluable patients were 55% (15/29), 28% (5/26), and 
6%% (1/26), respectively. There was no significant difference in survival after resection for 
pancreaticc carcinoma between patients with tumour positive or tumour free resection margins 
(figuree 1). Survival for patients with tumour positive resection margins was 14 months, 
comparedd to 11 months after resection with tumour free margins. In this series median 
survivall  after segmental resection or tangential wedge excision of the PV/SMV was not 
significantlyy different, 13 versus 15 months (figure 2). No patient survived more than 4 years. 

00 J . . . 
00 6 12 18 24 30 36 

Timee (months) 
Numberr of patients alive / number of evaluable patients 

Wedgee excision 
24/244 23/24 13/24 9/24 5/22 3/22 1/22 

Segmentall  resection 
5/55 5/5 3/5 1/5 0 0 0 

Figuree 2. Survival of patients after portal or mesenteric vein resection during pancreaticoduodenectomy for 

pancreaticc carcinoma: Segmental resection or wedge excision. 

Discussion n 
Whenn suspected venous ingrowth is encountered during PD for periampullary carcinoma, a 
PV/SMVV resection can be performed. At our institution, only patients with limited suspected 
venouss ingrowth (16%) underwent PV/SMV resection during PD. In the literature, the 
incidencee of PV/SMV resections varies widely. Japanese reports show an incidence of 
PV/SMVV resections varying from 58-88%7"9, whereas in western reports, 3-41% of patients 
undergoo additional PV/SMV resections141522'23. A different patient selection and the different 
aggressivenesss of surgery can explain this variance. 
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Inn the present series of 34 patients, there was no mortality, but morbidity was 41%, which is in 
accordancee with results after pancreatic surgery with or without PV/SMV resection in the 
literature7"12.. Although PV/SMV resection did not considerably influence morbidity and 
mortalityy in the present series or in other reports7"12, controversial findings concerning 
survivall  have been reported. Some reports demonstrate a decreasing survival for patients who 
underwentt a PV/SMV resection during PD1415, and others failed to show an increase in 
survivall  compared to standard resection without vein resection22. Imaizumi and colleagues 
reportedd that of the 5 patients with a 5-year survival, 2 underwent a PV/SMV resection , and 
suggestedd that PV/SMV invasion did not influence survival when all resection margins, 
includingg the PV/SMV resection margin, were tumour free7. 
Thee median survival after PV/SMV resection during PD for pancreatic carcinoma in the 
presentt series was only 14 months. In literature median survival after PV/SMV resection 
duringg PD varies greatly from 6 to 22 months14,15,22. In our series only 4 patients received 
adjuvantt radiation therapy or chemoradiotherapy. However in an other series with a survival 
off  22 months, most patients received adjuvant chemoradiotherapy and almost half of the 
patientss received intraoperative radiation therapy22. In our series only 38% of the patients with 
pancreaticc adenocarcinoma had tumour free margins suggesting that PV/SMV resection for 
pancreaticc adenocarcinoma was primarily a debulking procedure in most patients (62%). 
Thereforee it is not surprising that the survival is nearly comparable with the median survival 
off  11 months of a series in which patients underwent an explorative laparotomy because they 
couldd not be resected due to venous ingrowth24 . Remarkably, survival benefit of tumour free 
resectionn margins could not be demonstrated in this series. After wedge or segmental 
resection,, 50% percent of the patients with tumour positive margins had a tumour positive 
PV/SMVV margin, but only in 3 patients (15%) the PV/SMV margin was the only tumour 
positivee margin. This observation demonstrates that a more extensive venous resection to 
achievee tumour free PV/SMV margin may not have been effective in improving survival 
becausee of other distant tumour positive margins. Actual tumour infiltration into the venous 
walll  is unusual (1/34 patients). In most specimens the tumour abutted the PV/SMV but did 
nott actually infiltrate the venous wall. The macroscopic appearance of tumour infiltration can 
bee explained by the desmoplastic stromal reaction, which can not macroscopically be 
distinguishedd from actual tumour infiltration. In 6 of the 34 patients the pancreatic resection 
marginn was the only tumour positive margin. In 2 of these patients this was diagnosed during 
revieww of the original paraffin slides, and in 4 patients during the initial examination of the 
paraffinn slides. The relatively high number of tumour positive pancreatic transection margins 
mightt be caused by the fact that frozen sections of the resection margins were not standard in 
thiss study. The fact that in 4 patients the pancreatic transsection margin was the only tumour 
positivee margin, reinforces the fact that frozen section should be performed as a standard 
procedure,, and currently this procedure is being reinstated. 

Bloodd loss1,25'26 has also been reported to influence survival. In this series blood loss was 
comparablee with blood loss after PV/SMV resection described by others21 but was high 
comparedd to blood loss in series with very few or no PV/SMV resections during PD22,27 and 
thereforee might well have contributed to the limited survival in this series compared to 
standardd PD. 
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Terminologyy regarding definition and criteria of the extent of PV/SMV resection and venous 
ingrowthh vary greatly and can cause confusion on this subject. Previous studies do not use a 
clearr definition of the extent of PV/SMV resection or ingrowth. In this series limited venous 
ingrowthh was treated with a wedge resection and more extensive venous ingrowth was treated 
withh a segmental resection. The median survival of patients who underwent a wedge resection 
orr segmental resection of the PV/SMV was not different. But in a previous series from our 
institution15,, 90% of all PV/SMV resections were segmental resections compared to 18% in 
thee present series. This resulted in a median survival of 6 months after resection for pancreatic 
carcinoma,, which is less than 14 months in the present series (p<0.05). An association 
betweenn the extent of venous ingrowth and survival has also been described by others28 . 
Howeverr in our current series no apparent survival benefit was found for patients with limited 
PV/SMVV ingrowth that underwent a wedge resection. This relation is possibly absent because 
off  the small differences in the extent of PV/SMV ingrowth and because the tumour could 
alreadyy have caused micro metastases in an early stage29'30 and makes the extent of venous 
ingrowthh irrelevant. Still the exact interpretation of data that support this mechanism is 
unclear. . 

Inn conclusion, tumour free resection margins are difficult to achieve in patients that undergo 
PV/SMVV resection during PD. This is seldom exclusively caused by the PV/SMV resection 
margin,, and actual tumour infiltration of the PV/SMV is rare. Despite the fact that wedge and 
segmentall  resections of the PV/SMV resections are technically possible without increased 
morbidityy or mortality, they do not appear to lead to an increase in resections with tumour free 
marginss and subsequent increased survival. These findings make PV/SMV resection a 
technicall  rather than a surgical oncologic issue. 
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Abstract t 
Background:Background: Pylorus preserving pancreaticoduodenectomy (PPPD) is a major 
surgicall  procedure that affects gastrointestinal function. The long-term effect of PPPD on 
gastrointestinall  pH profiles is unknown. Therefore we have analysed gastrointestinal pH in 
patientss after PPPD in comparison to healthy controls. 
Methods:Methods: In the period between October 1999 and May 2000, 16 patients (m/f: 9/7; age 46-78 yr) 
andd 9 healthy control subjects (m/f: 5/4; age 20-54 yr) were studied. The median period between 
PPPDD and measurement was 3.1 years (range 1.7-6.5 years). Patients and volunteers underwent 
244 hour ambulatory continuous intragastric and intestinal pH measurements under standardised 
conditions. . 

Results:Results: Median 24h intragastric pH of patients and healthy controls was 1.7 (IQR 1.6-2.1) and 
1.77 (IQR 1.5-2.0), respectively (NS). Median 24h intestinal pH in patients was significantly 
(p<0.04)) higher in patients compared to healthy control subjects, 6.3 (IQR 6.0-6.5) versus 6.0 
(IQRR 5.9-6.1), respectively, resulting mainly from differences in the nocturnal period. There were 
noo differences between patients and healthy controls in postprandial intragastric pH, postprandial 
intestinall  pH, or median daytime pH. 
Conclusion:Conclusion: Median 24h intragastric pH in patients after PPPD is not different from healthy 
controls.. Median intestinal pH in patients after PPPD was not lower, but instead, significantly 
higherr compared to healthy controls resulting mainly from differences in the nocturnal period. 
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Introductio n n 
Thee pylorus preserving pancreaticoduodenectomy (PPPD) is a major surgical procedure 
performedd for pancreatic and periampullary malignancies or chronic pancreatitis. This resection 
mayy interfere with the complex mechanisms that regulate nutrient digestion such as 
gastrointestinall  motility and secretion. Gastrointestinal pH has a major influence on nutrient 
digestionn since solubilisation of fat and pancreatic enzyme activity are both pH dependent1"3. 
Previouss studies have shown that patients with chronic pancreatitis have a lower postprandial 
intragastricc and intraduodenal pH4,5 because of alterations in feedback on acid secretion.4"8 After 
PPPD,, patients are deprived of the larger part of their duodenum. Only a small proximal rim of 2 
cmm remains in situ. The resection of the larger part of the duodenum may reduce or even 
eliminatee its inhibitory effect on intragastric acidity which is supposed to be mediated by CCK as 
enterogastrone. . 
Afterr PPPD some patients without tumour recurrence loose weight while they are treated with 
enzymee supplementation. We hypothesise that patients after PPPD have an increased gastric acid 
productionn and thus a lower intragastic and intestinal pH. This may negatively affect nutrient 
digestionn and absorption even during enzyme supplementation. Data on the actual intragastic and 
intestinall  pH after PPPD are not available but are needed for clinical reasons. Better knowledge 
andd insight may contribute to further improvements of the pharmacological treatment of 
maldigestionn after PPPD. Aim of the study was to evaluate the intragastic and intestinal pH 
profiless in patients who underwent PPPD and to compare results with those obtained in healthy 
volunteers. . 

Patientss and Methods 
Patients Patients 
Inn the period between October 1999 and May 2000, 16 patients (9 male, 7 female; age 46-78 
years)) and 9 healthy control subjects (5 male, 4 female; age 20-54 years) were studied. PPPD was 
performedd for ampullary carcinoma in 10 patients, and for chronic pancreatitis in 6 patients. At 
thee time of the study, none of the patients had any sign of tumour recurrence. The median period 
betweenn PPPD and pH-metry was 3.1 years (range 1.7-6.5 years). 

Protocol Protocol 
Patientss and volunteers underwent twenty-four hour ambulatory continuous intragastric and 
intestinall  pH measurements. Medication affecting gastrointestinal motility and secretion was 
stoppedd three days prior to the measurements. After an overnight fast, patients and control 
subjectss came to the hospital in the morning. In the patients a single lumen catheter was passed 
transnasallyy into the stomach and from there it was positioned in the jejunum, 10-15 centimetres 
pastt the pylorus, under fluoroscopic control with the help of a guide wire. In healthy control 
subjectss the catheter was placed in the horizontal part of the duodenum near the Treitz ligament 
10-155 cm distal of the pylorus. A glass membrane pH electrode was passed through the catheter 
untill  the tip of the electrode was at least two centimetres outside of the catheter. A second glass 
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membranee pH electrode was passed transnasally through the same nostril and positioned in the 
gastricc corpus 10 cm below the esophagogastric junction (figure 1). 
Duringg the twenty-four hour recording period, time of meal ingestion (lunch at 14.00 hours, 
dinnerr at 18.00 hours, breakfast at 8.00 hours) and supine period (23.00 hours to 7.00 hours) were 
fixed.. All subjects received a standardised hospital lunch (32 g protein, 24 g fat, 65 g 
carbohydrates,, 600 kcal) and evening meal (29 g protein, 32 g fat, and 75 g carbohydrates, 700 
kcal).. All subjects stayed in hospital during the day until 19.00 hours and were allowed to return 
homee until 11.30 hours the next morning. In the morning patients ate a standard hospital prepared 
breakfastt (identical to the lunch). After the twenty-four hour period the position of the electrodes 
wass checked again by fluoroscopy before removing them. 

Figuree 1. Position of the intragastric and 

intrajejunall  pH catheters in a patient after pylorus 

preservingg pancreaticoduodenectomy. 

IntraluminalIntraluminal pH monitoring 
Intragastricc and intestinal pH were simultaneously measured by miniature glass electrodes. 
Intragastricc pH was measured by a 3 mm glass probe with an internal reference electrode (model 
440M3,, W. Ingold AG, Urdorf, Switserland). Intestinal or intraduodenal pH was measured by a 
1.55 mm glass probe (W. Ingold AG, Urdorf, Switzerland) with the internal reference electrode of 
thee 3 mm probe as a reference. The pH electrodes were connected to two portable dataloggers, 
eachh with an exchangeable 96 kByte memory (Gastrograph Mark II, Medical Instruments 
Corporationn AG, Solothurn, Switzerland). The sampling rate was 4 per second. Every 2 seconds 
thee median of 8 voltage measurements was calculated and stored in the memory (43200 readings 
inn 24 hours for each pH probe). Response time, sensitivity and drift of the pH electrodes were 
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testedd before each measurement. The electrodes and dataloggers were calibrated before and after 
thee measurement period at 37°C using buffer solutions of pH 7 and pH 1.67; check of the slope 
wass performed with buffer solution of pH 4.01. An electrode drift of less than 0.15 pH units was 
consideredd acceptable. After completion of the post-measurement calibration the data were 
transferredd to an IBM compatible personal computer using a software program provided by the 
manufacturerr (MIC AG). Evaluation of the raw data was performed by a software program 
developedd and validated by our team . 

PancreaticPancreatic function analysis 
Patientss underwent an exocrine pancreatic function test during the 24 hour period of the pH 
measurements.. During lunch patients consumed 1 gram of N-benzoyl-L-tyrosyl-P-amino benzoic 
acidd (NBT-PABA)10. The urine was collected for a period of 6 hours following consumption of 
NBT-PABAA and the 6 hour urinary PABA recovery was determined. A PABA recovery of more 
thann 50% was considered normal. In addition stool was collected for 24 hours following lunch 
andd the 24-hour faecal fat excretion was assessed11. A fat excretion of less than 7 gram per 24 
hourss was considered normal. 

DataData analysis 
Dataa analysis and statistics were based on median pH values of 6 seconds. Median pH values, 
interquartilee ranges (IQR, i.e. values between the 25th and 75th percentile) and percentages of 
timee that pH values were below pH thresholds 3 and 5 were calculated for individuals and groups 
overr the twenty-four hour period and two postprandial periods (lunch, dinner) of 60 and 120 
minutes.. Differences in intraluminal pH between the groups were analysed by a Mann-Whitney 
UU analysis. The Pearson correlation was used to identify correlations between PABA recovery 
andd intraluminal pH. A p-value <0.05 was considered statistically significant. 

Results s 
PH-metry PH-metry 
Overalll  no significant differences were observed in the median values for twenty-four hour 
intragastricc pH of patients that underwent PPPD and healthy control subjects (figure 2; table 1). 
Thee overall twenty-four hour intestinal pH in patients was significantly (p<0.05) higher 
comparedd to healthy control subjects. 
Inn the postprandial periods the median intraluminal pH in patients was not different from healthy 
controll  subjects. The same holds true for the percentage of time that the pH is less than 3 or 5 
respectivelyy in the stomach or the intestinal after lunch or after dinner (figure 3). 
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Figuree 2. Median values for daytime intragastric pH (lower panel) and intrajejunal/duodenal pH (upper panel) in 

patientss after pylorus preserving pancreaticoduodenectomy (PPPD; n=16) and in healthy controls (n=9). 

Tablee 1. Median twenty-four hour and postprandial (2 hours) intraluminal pH with corresponding interquartile 

rangess (IQR) and the intraluminal pH in the periods according to the circadian cycle of the gastric acid secretion in 

166 patients after pylorus preserving pancreaticoduodenectomy and 9 healthy volunteers (controls). 

24h h 

Postprandial l 

lunch h 

dinner r 

Circadiann period 

6-100 h 

10-18h h 

18-222 h 

22-- 6h 

Pat t 

Intragastric Intragastric 

1.7(1.6-2.1) ) 

2.11 (1.9-2.7) 

2.5(1.7-4.1) ) 

2.3(1.6-2.8) ) 

1.8(1.4-2.0) ) 

1.9(1.6-2.0) ) 

1.6(1.3-1.9) ) 

ee n t s 

Intestinal Intestinal 

6.3(6.0-6.5)* * 

6.33 (5.9-6.5) 

6.44 (5.6-6.5) 

6.33 (6.2-6.4) 

6.2(6.1-6.5) ) 

6.33 (6.0-6.4) 

6.2(6.1-6.3)* * 

C on n 

Intragastric Intragastric 

1.7(1.5-2.0) ) 

2.6(1.9-3.6) ) 

3.11 (2.4-3.7) 

2.00 (2.0-2.9) 

1.8(1.6-2.1) ) 

1.8(1.6-2.5) ) 

1.3(1.2-1.7) ) 

tt r o Is 

Intestinal Intestinal 

6.0(5.9-6.1) ) 

6.33 (5.9-6.5) 

6.0(5.7-6.3) ) 

6.1(5.9-6.2) ) 

6.22 (6.0-6.4) 

6.11 (5.8-6.2) 

5.9(5.9-6.1) ) 

p<0.055 compared to median intraduodenal pH in controls 
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Whenn the twenty-four hour period was divided in periods corresponding with the circadian cycle 

off  the gastric acid production, no differences were found in the intragastric and intestinal pH 

betweenn patients and healthy control subjects during the daytime in the first three periods (table 

1).. In the nocturnal period the intestinal pH was significantly h'0her in patients compared to 

healthyy control subjects. 

Theree were no significant differences in intraluminal pH profiles between the patients that 

underwentt PPPD for ampullary carcinoma or chronic pancreatitis (table 2). 

Postprandiall  gastric pH Postprandiall  duodenal vs. jejunal pH 
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90 0 

80 0 
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20 0 

10 0 
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_--
; ; 

t t 
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Healthy y 
controls s 

Healthyy PPPD-palients 

Figuree 3. Individual data and medians of the percentage of time that pH is below three for intragastric pH (Figure 

3A)) and below five for intrajejunal / duodenal pH (Figure 3B) for the 2 hour post-dinner period in patients after 

pyloruss preserving pancreaticoduodenectomy (n=16) and in healthy controls (n=9). 

ExocrineExocrine pancreatic function 

Thee mean PABA recovery of PPPD patients was 30  5%. PABA recovery was abnormal in 

15/166 (93%) of the patients. In 14 patients stool was collected. The mean 24 hour faecal fat 

excretionn was 21  6 g/24h. The 24h faecal fat excretion was abnormal in 8/14 (57%) of the 

patients.. There were no significant differences in exocrine function parameters between patients 

thatt underwent PPPD for malignancy or patients that underwent PPPD for chronic pancreatitis. 

However,, mean faecal fat excretion was more pronounced in patients with chronic pancreatitis 

comparedd to patients that underwent PPPD for ampullary carcinoma (31  6 g/24h versus 13  12 

g/24h,, respectively). No significant correlation was found between exocrine pancreatic function 

andd intestinal (postprandial) pH in the PPPD group. 
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Tablee 2. Median twenty-four hour and postprandial (2 hours) intraluminal pH with corresponding interquartile 

rangess (IQR) and the intraluminal pH in the periods according to the circadian cycle of the gastric acid secretion in 

166 patients after pylorus preserving pancreaticoduodenectomy for ampullary carcinoma (n=10) or chronic 

pancreatitiss (n=6). 

Ampullar yy carcinoma Chronic pancreatitis 

IntragastricIntragastric Intestinal Intragastric Intestinal 

Mediann 24h pH (IQR) 1.7(1.6-2.1) 6.4(6.1-6.4) 1.7(1.6-2.3) 6.2(6.0-6.5) 

Mediann postprandial pH (IQR) 

l u n chh 2.1(1.9-2.5) 6.3(5.8-6.5) 2.6(1.8-4.5) 6.3(5.8-6.5) 
d i n n err 2.5(2.1-3.9) 6.4(5.6-6.6) 2.6(1.6-4.3) 6.3(5.4-6.5) 

Mediann pH in circadian periods (IQR) 
6 " 1 0 hh 2.3(2.0-2.4) 6.3(6.2-6.4) 2.0(1.6-2.9) 6.2(6.0-6.2) 

10-188 h 1.7(1.3-2.0) 6.2(6.1-6.5) 1.8(1.7-1.9) 6.1(6.1-6.4) 

18-222 h 2.0(1.8-2.0) 6.3(6.0-6.4) 1.7(1.5-2.0) 6.3(6.0-6.3) 

22-- 6h 1.5(1.3-1.9) 6.3(6.1-6.3) 1.6(1.4-1.7) 6.2(6.0-6.4) 

Discussion n 

Inn this study intragastric pH of patients after pylorus preserving pancreaticoduodenectomy did 
nott significantly differ from healthy controls, whereas previously it was reported that patients 
withh chronic pancreatitis, who frequently have an impaired exocrine pancreatic function, have a 
lowerr postprandial intragastric and intraduodenal pH4 When the intraluminal pH decreases to a 
certainn level, pancreatic enzymes (especially lipase) will be degraded and loose their effect in the 
nutrientt digestion in the intestine. Since the intragastric and intestinal pH are not reduced after 
PPPD,, pancreatic enzyme supplements will not run a higher risk to be inactivated compared with 
healthyy control subjects. The median intestinal pH in patients after PPPD was not lower but even 
higherr compared to controls. This was mainly the result of the increased intestinal pH in the 
nocturnall  phase. During this period the intragastric pH was also higher in patients after PPPD 
comparedd to controls, although not significantly. This might be explained by either reflux of 
intestinall  contents to the stomach as a result of a diminished pyloric function after 
pancreaticoduodenectomy122 or by a decrease in gastric acid production. A direct relation between 
gastricc acid load and duodenal pH has been described.2'3'5' '3 Still, other factors have to be taken 
intoo account. The intestinal catheter was positioned 10-15 cm distal of the pylorus. Thus, in fact 
intrajejunall  pH in patients after pancreaticoduodenectomy is compared with the intraduodenal pH 
off  healthy controls. Usually, in healthy volunteers the intestinal pH gradually increases going 
fromm proximal to distal. Even after resection of the duodenum the proximal jejunum, or neo-
duodenum,, had a higher intraluminal pH. Bile may play a role in the higher nocturnal pH of the 
operatedd patients. In healthy individuals gallbladder contraction occurs in response to food 
ingestion14,, 15, l6 and subsequently the alkaline bile flows into the intestine and intestinal pH 
increases.. In PPPD patients the gallbladder is resected and a hepaticojejunostomy is created. The 
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reservoirr function of the gallbladder is lost and therefore the hepatic bile continuously flows to 
thee duodenum. This may result in higher nocturnal influx of bile into the intestine and 
subsequentlyy a higher intestinal pH. The clinical relevance of the increase in intestinal pH in the 
nocturnall  phase is probably limited. First, the increase in pH is only small and second, no nutrient 
digestionn will take place in the intestine during this period. 
Inn daytime the median overall and postprandial intestinal pH in patients after PPPD were not 
significantlyy different from healthy control subjects. This means that after PPPD the digestive 
functionn of lipase and the solubilisation of fat, which are both pH dependent2'3, is not negatively 
affectedd because of pH. However after PPPD other factors may be present such as changes in 
gastricc emptying or exocrine insufficiency that influence digestion and absorption of nutrients.17" 
199 In the present study all patients after PPPD had an exocrine pancreatic insufficiency in terms of 
ann impaired PABA recovery test or an increased faecal fat excretion and enzyme supplementation 
wass indicated in order to improve to nutrient digestion. 
Previouss studies have clearly demonstrated that addition of the proton pump inhibitor omeprazole 
too supplementation further reduced faecal fat excretion in patients with exocrine pancreatic 
insufficiency.20~222 However, even during maximal acid inhibition fat excretion did not resolve 
completely.211 Therefore other factors also play a role in the altered nutrient digestion in exocrine 
pancreaticc insufficiency. All patients we studied after PPPD had exocrine pancreatic 
insufficiency.. Acid inhibitition should be considered in patients with high faecal fat output or 
weightt loss despite adequate enzyme supplementation. Based on the results of the present study 
theree is no concern that patients with PPPD are at risk for maldigestion because of lower 
intragastricc intestinal pH. When indicated, proton pump inhibitors are preferred over H2 receptor 
antagonistss because in earlier reports H2 receptor antagonists showed no additional effect in 
patientss after PPPD.20 

Inn conclusion, the intragastric pH profiles in patients after pylorus preserving 
pancreaticoduodenectomyy are not different from intragastric pH profiles of healthy volunteers. 
Intestinall  pH in patients after pylorus preserving pancreaticoduodenectomy is not decreased but 
evenn increased compared to intraduodenal pH in healthy volunteers, especially in the nocturnal 
period.. The changes in pH profiles are unlikely to negatively interfere with pancreatic enzyme 
supplementationn and nutrient digestion. 
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Abstract t 
Background:Background: Chronic pancreatitis can be treated surgically by resection procedures such as 
duodenumm preserving resection of the pancreatic head (DPRHP) or a pylorus preserving 
pancreaticoduodenectomyy (PPPD). In patients with chronic pancreatitis postprandial intestinal 
andd intragastric pH are significantly reduced. The effect of resection on gastrointestinal pH 
profiless in these patients is unknown. Therefore we have analysed gastrointestinal pH in patients 
afterr PPPD in comparison to non-operated chronic pancreatitis patients (CP). 
Methods:Methods: In the period between November 1999 and January 2000, 6 patients after PPPD, 6 after 
DPRHPP and 9 CP patients were studied. The median period between PPPD or DPRHP and 
measurementt was 3.1 years (range 1.7-6.5 years) and 4.4 years (range 2.0-6.9). Patients 
underwentt 24 hour ambulatory continuous intragastric and intestinal pH measurements under 
standardisedd conditions. 

Results:Results: All patients had an impaired exocrine function as measured by urinary PABA recovery 
andd or feacal fat excretion. Median 24h intragastric pH of PPPD, DPRHP, and CP patients were 
1.77 (IQR 1.6-2.9), 1.7 (IQR 1.4-2.2), and 1.6 (IQR 1.3-2.1) respectively (NS). Median 24h 
intestinall  pH was 6.2 (IQR 6.0-6.5), 5.9 (IQR 4.3-6.6), and 5.9 (IQR 5.0-6.6), respectively (NS). 
Theree were no significant differences in median postprandial intraluminal pH in the three groups. 
Inn the circadian period from 10-18 hours, intragastric pH in the PPPD group was significantly 
higherr than in CP group, 1.8 vs. 1.6 (p=0.05). In the circadian period from 22-06 hours intestinal 
pHH in the PPPD group was significantly higher than in DPRHP group, 6.2 vs. 5.8 (p=0.05). 
Conclusion:Conclusion: Median 24h intraluminal pH in patients after PPPD, DPRHP is not lower than in 
non-operatedd chronic pancreatitis patients. Therefore resection does not interfere with the food 
digestionn by alterations in gastrointestinal pH. 
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Introductio n n 
Chronicc pancreatitis is a serious disease for which different therapeutic options are available 
basedd on symptoms and complications of the disease. Pain is the main indication for therapy and 
cann be treated conservatively by pain medication, or endoscopic drainage, or surgically by neural 
blockade,, drainage procedures or resections such as duodenum preserving resection of the head 
off  the pancreas (DPRHP) or a pylorus preserving pancreaticoduodenectomy (PPPD). 
Resectionn may interfere with the complex mechanisms that regulate nutrient digestion such as 
gastrointestinall  motility and secretion. Gastrointestinal pH has a major influence on nutrient 
digestionn since solubilisation of fat and pancreatic enzyme activity are both pH dependent " . 
Previouss studies have shown that patients with chronic pancreatitis have a lower postprandial 
intraduodenall  and intragastric pH4; 5 because of reduced pancreatic bicarbonate output and 
alterationss in feedback on acid secretion4"8. After PPPD, patients are deprived of the larger part of 
theirr duodenum. Only a small proximal rim of 2 cm remains in situ. The resection of the larger 
partt of the duodenum may possibly reduce (or even eliminate) its inhibitory effect on intragastric 
acidityy which is supposed to be mediated by CCK as enterogastrone. However, after DPRHP the 
duodenumm remains in situ and therefore the effect on gastrointestinal pH profiles may be less 
pronounced. . 
Dataa on the actual intragastic and intestinal pH after PPPD or DPRHP are not available but are 
relevantt for clinical reasons. Better knowledge and insight of the consequences of resection on 
gastrointestinall  pH may lead to improvements in pharmacological treatment of maldigestion after 
PPPDD or DPRHP. Aim of the study was to investigate the intragastic and intestinal pH profiles in 
patientss who underwent PPPD or DPRHP and compare the results with chronic pancreatitis with 
comparablee impairment of pancreatic function. 

Patientss and Methods 
Patients Patients 
Inn the period between November 1999 and January 2000, 6 patients (4 male, 2 female; age 33-69 
years)) were studied after PPPD for chronic pancreatitis, and were compared with 6 patients (5 
male,, 1 female; age 30-57 years) after a DPRHP for chronic pancreatitis and 9 patients (6 male, 3 
female;; age 28-66 years) with chronic pancreatitis, treated conservatively . The median period 
betweenn PPPD and pH-metry was 3.9 years (range 1.7-6.5 years), and between DPRHP and ph-
metryy this was 4.4 years (range 2.0-6.9 years). All patients were operated because of severe pain 
andd an inflammatory mass in the head of the pancreas due to chronic pancreatitis. At the 
Academicc Medical Center PPPD procedures were performed whereas at Leiden University 
Medicall  Center DPRHP were performed. 

Protocol Protocol 
Patientss underwent twenty-four hour ambulatory continuous intragastric and intestinal pH 
measurements.. Medication affecting gastrointestinal motility and secretion was stopped at least 
threee days prior to the measurements. After an overnight fast, patients came to the hospital in the 
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morning.. In the patients after PPPD a single lumen catheter was passed transnasally into the 
stomachh and from there it was positioned in the jejunum, 10-15 centimeters past the pylorus, 
underr fluoroscopic control with the help of a guide wire. In patients after a DPRHP and in the 
non-operatedd group with chronic pancreatitis the catheter was placed in the horizontal part of the 
duodenumm near the Treitz ligament 10-15 cm distal of the pylorus. A glass membrane pH 
electrodee was passed through the catheter until the tip of the electrode was at least two 
centimetress outside of the catheter. A second glass membrane pH electrode was passed 
transnasallyy through the same nostril and positioned in the gastric corpus 10 cm below the 
esophagogastricc junction. 

Duringg the twenty-four hour recording period, time of meal ingestion (lunch at 14.00 hours, 
dinnerr at 18.00 hours, breakfast at 8.00 hours) and supine period (23.00 hours to 7.00 hours) were 
fixed.. All subjects received a standardized hospital lunch (32 g protein, 24 g fat, 65 g 
carbohydrates,, 600 kcal) and evening meal (29 g protein, 32 g fat, and 75 g carbohydrates, 700 
kcal).. All subjects stayed in hospital during the day until 19.00 hours and were allowed to return 
homee until 11.30 hours the next morning. In the morning patients ate a standard hospital prepared 
breakfastt (identical to the lunch). After the twenty-four hour period the position of the electrodes 
wass checked again by fluoroscopy before removing them. 

IntraluminalIntraluminal pH monitoring 

Intragastricc and intestinal pH were simultaneously measured by miniature glass electrodes. 
Intragastricc pH was measured by a 3 mm glass probe with an internal reference electrode (model 
440M3,, W. Ingold AG, Urdorf, Switserland). Intestinal or intraduodenal pH was measured by a 
1.55 mm glass probe (W. Ingold AG, Urdorf, Switzerland) with the internal reference electrode of 
thee 3 mm probe as a reference. The pH electrodes were connected to two portable dataloggers, 
eachh with an exchangeable 96 kByte memory (Gastrograph Mark II, Medical Instruments 
Corporationn AG, Solothurn, Switzerland). The sampling rate was 4 per second. Every 2 seconds 
thee median of 8 voltage measurements was calculated and stored in the memory (43200 readings 
inn 24 hours for each pH probe). Response time, sensitivity and drift of the pH electrodes were 
testedd before each measurement. The electrodes and dataloggers were calibrated before and after 
thee measurement period at 37°C using buffer solutions of pH 7 and pH 1.67; check of the slope 
wass performed with buffer solution of pH 4.01. An electrode drift of less than 0.15 pH units was 
consideredd acceptable. After completion of the post-measurement calibration the data were 
transferredd to an IBM compatible personal computer using a software program provided by the 
manufacturerr (MIC AG). Evaluation of the raw data was performed by a software program 
developedd and validated by our team9. 

PancreaticPancreatic function analysis 

Patientss underwent an exocrine pancreatic function test during the 24 hour period of the pH 
measurements.. During lunch patients consumed 1 gram of N-benzoyl-L-tyrosyl-P-amino benzoic 
acidd (NBT-PABA)10. The urine was collected for a period of 6 hours following consumption of 
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NBT-PABAA and the 6 hour urinary PABA recovery was determined. A PABA recovery of more 

thann 50% was considered normal. In addition stool was collected for 24 hours following lunch 

andd the 24-hour faecal fat excretion was assessed". A fat excretion of less than 7 gram per 24 

hourss was considered normal. 

DataData analysis 

Dataa analysis and statistics were based on median pH values of 6 seconds. Median pH values, 

interquartilee ranges (IQR, i.e. values between the 25th and 75th percentile) and percentages of 

timee that pH values were below pH thresholds 3 and 5 were calculated for individuals and groups 

overr the twenty-four hour period and two postprandial periods (lunch, dinner) of 60 and 120 

minutes.. Differences in intraluminal pH between the groups were analysed by a Mann-Whitney 

UU analysis. The Pearson correlation was used to identify correlations between PABA recovery 

andd intraluminal pH. A p-value <0.05 was considered statistically significant. 

Figuree 1. Median values for daytime intragastric pH (lower panel) and intrajejunal/duodenal pH (upper panel) in 

patientss after pylorus preserving pancreatoduodenectomy (PPPD; n=6), duodenum preserving resection of the head 

off  the pancreas (DPRHP; n=6) and in non-operated chronic pancreatitis patients (CP; n=9). 

0 0 
12:00 0 14:00 0 16:00 0 20:00 0 22:00 0 0:00 0 18:00 0 

Timee (hours) 

Results s 
PH-metry PH-metry 

Overalll  no significant differences were observed in the median 24 hour or postprandial values for 

intragastricc and intestinal pH of patients that underwent PPPD, DPRHP compared to chronic 

pancreatitiss patients, or between the two types of surgery (figure 1; table 1). In the percentage of 

timee that the pH less than 3 or 5 respectively in the stomach or the intestinal after lunch or after 

dinnerr no differences were observed between the groups (figure 2). When the twenty-four hour 
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periodd was divided in periods corresponding with the circadian cycle of the gastric acid 
production,, no significant differences were found in the intragastric and intestinal pH between the 
groupss apart from a significantly higher intragastric pH in the PPPD group compared to the 
chronicc pancreatitis patients in the circadian period 10.00-18.00 hours, 1.8 versus 1.6, 
respectivelyy (p=0.05) (table 1). When comparing PPPD with DPRHP patients no significant 
differencess in intragastric or intestinal pH were observed apart from a significantly higher 
intestinall  pH in the PPPD group in the nocturnal period (p=0.05). 

Tablee 1. Median twenty-four hour and postprandial (2 hours) intraluminal pH with corresponding interquartile 

rangess (IQR)and the intraluminal pH in the periods according to the circadian cycle of the gastric acid secretion in 

patientss after a pylorus preserving pancreatoduodenectomy (n=6) or a duodenum preserving resection of the 

pancreaticc head (n-6) and non-operated chronic pancreatitis patients(n=9). 

PPPDD DPRHP CP 

Mediann pH (IQR) intragastric Intestinal Intragastric Intestinal Intragastric Intestinal 

2 4 hh 1.7(1.6-2.9) 6.2(6.0-6.5) 1.7(1.4-2.2) 5.9(4.3-6.6) 1.6(1.3-2.1) 5.9(5.0-6.6) 

Postprandial l 

lunchh 2.6(1.7-5.0) 6.3(5.6-6.7) 2.3(1.7-5.5) 6.1(4.2-6.7) 2.0(1.7-5.2) 5.8(5.5-6.8) 

dinnerr 2.6(1.4-4.8) 6.3(3.9-6.7) 2.2(1.5-3.2) 5.8(3.6-6.9) 2.2(1.4-3.4) 5.7(4.6-6.7) 

Circadiann period 

06-10hh 2.0(1.3-3.7) 6.2(6.0-6.5) 2.1(1.3-5.1) 6.0(5.4-6.4) 2.1(1.3-3.7) 6.1(4.4-6.6) 

10-188 h 1.8 (1.5-3.2V 6.1 (5.9-6.8) 1.8(1.4-2.4) 6.0(4.1-6.7) 1.6(1.4-1.8) 6.0(5.4-6.7) 

18-222 h 1.7(1.4-4.4) 6.3(5.3-6.4) 1.8(1.3-2.1) 5.7(3.4-6.9) 1.8(1.3-2.8) 5.7(4.6-6.6) 

22-066 h 1.6(1.3-6.1) 6.2(5.9-6.5)*  1.5(1.4-2.4) 5.8(5.7-6.5) 1.5(1.0-3.1) 6.0(4.8-7.2) 

PPPDD = pylorus preserving pancreatoduodenectomy, DPRPH = duodenum preserving resection of the head of the 

pancreas,, CP = chronic pancreatitis. +p=0.05 compared to CP, * p-0.05 compared to DPRHP 

ExocrineExocrine pancreatic function 

Theree are no significant differences between patients after PPPD, DPRHP or chronic pancreatitis 
withh respect to exocrine function as measured by PABA recovery or 24 hour faecal fat excretion 
(tablee 2). Only 2 patients had a normal PABA recovery test (PPPD 1, DPRHP 1) and one other 
PPPDD patients had a normal 24 hour faecal fat excretion. No significant correlations were found 
betweenn exocrine pancreatic function and median intragastric and intestinal (postprandial) pH. A 
positivee correlation between the PABA recovery and median intragastric pH in the circadian 
periodd from 10.00-18.00 hours was found (r=0.52, p=0.02). . 
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Tablee 2. Median PABA recovery (%) and median 24 hour feacal fat excretion (gram/24 hours) with corresponding 

standardd errors of the mean in patients after a pylorus preserving pancreatoduodenectomy (n=6) or a duodenum 

preservingg resection of the head of the pancreas (n=6) and non-operated chronic pancreatitis patients(n=9). 

PPPD D DPRHP P CP P 

PABAA recovery (%) 

Abnormall  PABA recovery (<50%) 

244 hour feacal fat excretion (grams / 24 hour) 

Abnormall  feacal fat excretion (>7gr/24h) 

299 4 

5 /6 6 

311 2 

5 /6 6 

299 6 

5 /6 6 

255 9 

6 /6 6 

355  4 

9 /9 9 

244 6 

9 /9 9 

PPPDD = pylorus preserving pancreatoduodenectomy, DPRPH = duodenum preserving resection of the head of the 

pancreas,, CP = chronic pancreatitis. 
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Figuree 2. Box plots of the percentage of time that pH is below three for intragastric pH (Figure 2A) and below five 

forr intrajejunal / duodenal pH (Figure 2B) for the 2 hour post-dinner period in patients after pylorus preserving 

pancreatoduodenectomyy (PPPD; n=6), duodenum preserving resection of the head of the pancreas (DPRHP; n=6) 

andd in non-operated chronic pancreatitis patients (CP; n=9). 

Discussion n 
Wee observed that median and postprandial intragastric and intestinal pH of patients after PPPD or 
DPRHPP are not significantly different from non-operated chronic pancreatitis patients. Patients 
withh chronic pancreatitis are known to have a lower postprandial intragastric and intraduodenal 
pH4.. Because at low intraluminal pH pancreatic enzymes (especially lipase) are degraded. This 
wil ll  negatively effect the nutrient digestion in the intestine. Since the intragastric and intestinal 
pHH are not further reduced after resection, pancreatic enzyme supplements will not have a higher 
riskrisk to be inactivated compared with non-operated chronic pancreatitis patients based on pH 
profiles. . 
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Thee intragastric and intestinal postprandial pH in patients after PPPD was not lower but even 
higherr than in the other groups, although not significantly. This finding was not expected because 
aa reduced duodenal feedback on gastric acid secretion because of duodenal resection was likely 
too cause a lower intragastric pH. The somewhat higher intragastric pH might be explained by 
eitherr reflux of intestinal contents to the stomach as a result of a diminished pyloric function after 
pancreatoduodenectomy12 2 

Inn the nocturnal phase the intestinal pH in PPPD patients was significantly higher compared to 
DPRHPP patients. A direct relation between gastric acid load and duodenal pH has been 
described2**  5; B but we found no differences in intragastric pH between PPPD and DPRHP. Still, 
otherr factors have to be taken into account. The intestinal catheter was positioned 10-15 cm distal 
off  the pylorus. Thus, in fact intrajejunal pH in patients after pancreatoduodenectomy is compared 
withh the intraduodenal pH of DPRHP and chronic pancreatitis patients. Even after resection of 
thee duodenum the proximal jejunum had a high intraluminal pH. Bile may also play a role in the 
higherr nocturnal pH of the PPPD patients. In healthy individuals gallbladder contraction occurs 
inn response to food ingestion14"17 and subsequently the alkaline bile flows into the intestine and 
intestinall  pH increases. In PPPD patients the gallbladder is resected and a hepaticojejunostomy is 
created.. The reservoir function of the gallbladder is lost and therefore the hepatic bile 
continuouslyy flows to the jejunum. This may result in higher nocturnal influx of bile into the 
intestinee and subsequently a higher intestinal pH. After DPRHP the gall bladder remains in situ 
andd is even enlarged . This may result in less outflow of bile during the nocturnal period and a 
subsequentt lower nocturnal intestinal pH than in PPPD patients. The clinical relevance of the 
increasee in intestinal pH in the nocturnal phase is probably limited. First, the increase in pH is 
onlyy small and second, no nutrient digestion will take place in the intestine during this period. 
Inn daytime the median overall and postprandial intestinal pH in patients after PPPD or DPRHP 
weree not significantly different from non-operated chronic pancreatitis patients, except for the 
circadiann period 10.00-18.00 hours in which the intragastric pH in PPPD patients was 
significantlyy higher. This means that after PPPD or DPRHP the digestive function of lipases and 
thee solubilisation of fat, which are both pH dependent̂ 3, are not negatively affected because of 
pHH changes. However, one should realise that intragastric pH in chronic pancreatitis patients is 
alreadyy decreased. Resection procedures do not negatively affect intraluminal pH although after 
PPPDD other factors may be present such as changes in gastric emptying or exocrine insufficiency 
thatt influence digestion and absorption of nutrients1920. 

Inn the present study all patients had an exocrine pancreatic insufficiency in terms of an impaired 
PABAA recovery test or an increased faecal fat excretion and enzyme supplementation was 
indicatedd in order to improve to nutrient digestion. There were no significant differences between 
thee treatment groups for pancreatic insufficiency. The positive correlation between the PABA 
recoveryy and the median intragastric pH in the circadian period 10.00-18.00 hours is 
understandablee because higher gastrointestinal pH allows better enzymatic digestion resulting in 
aa higher PABA recovery. 
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Inn conclusion, the intragastric and intestinal pH profiles in patients after pylorus preserving 
pancreatoduodenectomyy or duodenum preserving resection of the pancreatic head are not 
significantlyy different non-operated chronic pancreatitis patients and have a comparable degree of 
exocrinee insufficiency. Surgical treatment of chronic pancreatitis does not negatively interfere 
withh intraluminal pH and subsequent pancreatic enzyme activity and nutrient digestion. 
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Abstract t 
Background:Background: In patients with chronic pancreatitis (CP) the relation between exocrine 
pancreaticc secretion and gastrointestinal hormone release is disturbed. Littl e is known of the 
influencee of different surgical procedures for pancreatic disease on gastrointestinal hormone 
release.. The aim of this study was evaluate hormone secretion after two types of pancreatic 
surgery,, pylorus preserving pancreaticoduodenectomy (PPPD) and duodenum preserving 
resectionn of the head of the pancreas (DPRHP). 

Methods:Methods: We studied secretion of a proximal and a distal gut hormone (CCK and PYY, 
respectively)) in response to a meal in patients after PPPD (n=22), DPRHP (n=9), non-
surgicallyy treated CP patients (n=12), and healthy controls (n=14). 
Results:Results: Basal plasma CCK levels were not significantly different between the groups. 
Postprandiallyy an increase in plasma levels was seen in all groups. The postprandial peak 
incrementt in plasma CCK in patients after PPPD (0.6  0.1 pmol/1) was significantly lower 
comparedd to that in patients after DPRHP (1.7  0.3 pmol/1; p<0.01), and non-operated CP 
patientss (1.5  0.2; p<0.01). The integrated plasma CCK secretion in patients after PPPD (25 

 6 pmol/1 120 min) was also significantly lower compared to the integrated plasma CCK 
secretionn in patients after DPRHP (86  32 pmol/1 120 min; p<0.05), and non-operated CP 
patientss (84  17 pmol/1 120 min; p<0.01). Basal plasma PYY level in patients after PPPD 
(35.33  2.2 pmol/1) was significantly higher compared to patients after DPRHP (23.7  2.6 
pmol/1;; p=0.01), and non-operated CP patients (22.9  1.3 pmol/1; p<0.01). In all groups a 
significantt postprandial increase in plasma levels occurred. The peak increment and integrated 
plasmaa PYY secretion in the PPPD group was not significantly different from that in the 
DPRHPP or the CP group. 

Conclusions:Conclusions: In CP patients proximal hormone secretion is decreased and distal hormone 
secretionn is increased compared to healthy controls. After pancreatic surgery without 
resectionn of the duodenum no significant changes in proximal or distal hormone secretion 
comparedd to CP patients were found, whereas after PPPD proximal hormone secretion was 
decreasedd and distal hormone secretion was increased. 
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Introductio n n 
Pyloruss preserving pancreaticoduodenectomy (PPPD) is performed for malignant or benign 
diseasess of the pancreas. After resection patients frequently suffer from exocrine pancreatic 
insufficiencyy that does not always sufficiently respond to enzyme supplementation. Resection 
mayy interfere with the complex mechanisms that regulate nutrient digestion such as 
gastrointestinall  motility and hormone secretion. Under normal conditions, after meal 
ingestionn gastrointestinal motility is converted from a fasting into a feeding pattern and 
exocrinee pancreatic secretion increases. The control of interdigestive and digestive motility 
andd pancreatic secretion includes neural and hormonal components1; 2. Cholecystokinin 
(CCK),, a proximal gut hormone, acts as a regulator of gallbladder contraction, pancreatic 
exocrinee secretion and intestinal motility25, and is released mainly from endocrine cells in !he 
duodenumm and proximal jejunum. Therefore, when pancreatic surgery is performed with 
resectionn of the duodenum, such as classical Whipple's procedure or PPPD, changes in CCK 
secretionn can occur6" . 
Non-operatedd chronic pancreatitis (CP) patients who suffer from exocrine pancreatic 
insufficiencyy have reduced postprandial release of CCK due to impaired intraluminal enzyme 
activityy to digest fat8"10. Only fat digest products are able to release CCK11. Apart from 
drainagee procedures, surgical treatment of CP patients consist mainly of PPPD or duodenum 
preservingg resection of the head of the pancreas (DPRHP), in which the duodenum remains in 
situu but the pancreas drainage is diverted via a pancreaticojejunostomy. It is unclear whether 
pancreaticc surgery with or without resection of the duodenum will have a different effect on 
postprandiall  CCK release. 
PYY,, a distal gut hormone, is found in highest concentrations in the mucosa of the distal 
gut12,, and is considered one of the mediators of the so-called ileal brake13' 14. In patients with 
exocrinee pancreatic insufficiency, PYY levels are increased10. It is unclear whether pancreatic 
surgeryy will affect the ileal brake. 
Thiss study was undertaken to evaluate the effect of pancreatic surgery on proximal and distal 
postprandiall  gastrointestinal hormone release in patients after different types of pancreatic 
surgeryy with impaired exocrine pancreatic function. 

Methods s 
Subjects Subjects 
Postprandiall  release of the proximal gut hormone cholecystokinin (CCK) and of the distal gut 
hormonee peptide YY (PYY) were compared in four groups: 1) pylorus preserving 
pancreaticoduodenectomyy (PPPD) (n=22), either for ampullary carcinoma (n=12) or chronic 
pancreatitiss (n=10); 2) duodenum preserving resection of the head of the pancreas (DPRHP) 
forr CP in 9 patients; 3) 12 non-surgically treated CP patients with exocrine pancreatic 
insufficiency;; 4) 14 healthy controls (table 1). The median time after surgery was 3.5  0.3 
yearss for the PPPD group and 2.9  0.6 years for the DPRHP group. 
Thee diagnosis of CP had been established in all patients by the typical clinical history and 
characteristicc abnormalities on ultrasonography, computed tomography, or endoscopic 
retrogradee cholangiopancreaticography. At the time of the study, none of the patients that 
underwentt PPPD for malignant disease had any sign of tumour recurrence. Exocrine 
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pancreaticc function was assessed by the indirect para-aminobenzoic acid (PABA) test and 
faecall  fat excretion. Impaired exocrine pancreatic function was defined as a urinary PABA 
recoveryy of <50% and/or faecal fat excretion of >7 g/24 h. Pancreatic enzyme 
supplementationn and other medication possibly interfering with hormone secretion or motility 
weree discontinuedat least 4 days before the study. 

StudyStudy Design 

Afterr an overnight fast, patients received a standard solid fat meal that consisted of 1 
hamburger,, 1 slice of bread, 25 g of margarine, mayonnaise and 150 ml tea at 2.00 PM. The 
meall  contained 10 g protein, 40 g fat and 22 g carbohydrates (500 kcal). Blood samples for 
measurementt of plasma CCK and PYY were drawn at 10 and 0 min before meal ingestion, 
andd after the meal at 10, 20, 30, 45, 60, 75, 90, 105, and 120 minutes. Plasma CCK was' 
measuredd by a sensitive and specific radioimmunoassay. This antibody binds to all CCK 
peptides,, including sulphated CCK octapeptide, but not with gastrin. The detection limit of the 
assayy is 0.3 pmol/1 plasma. The intra-assay variation ranges from 4.6 to 11.5% and the inter-
assayy variation from 11.3 to 26.1%15. Plasma PYY was measured by a radioimmunoassay. 
PYYY antiserum was generated in rabbits by intracutaneous injections of synthetic human PYY 
(Bachemm Biochemica). PYY was labeled with l25I with chloramine T. The assay is highly 
specific.. There is no cross-reactivity with PP or VIP. The detection limit is 10 pmol/1. Both 
PYY-U-36)) and PYY-(3-36) bind to the antibody in dilutions up to 1:250,00010. 

DataData and Statistical Analysis 

Resultss are expressed as mean  SEM. Integrated incremental CCK and PYY secretion in 
responsee to the meal were determined by calculating the area under the plasma concentration 
timee curve after subtraction of the basal value at 0 min. Statistical analysis of basal, peak 
incrementt and integrated CCK and PYY values between groups was performed by Mann-
Whitneyy test. To identify differences within groups, repeated measures of variance was used 
inn a general linear model. Statistical significance was defined as a P value <0.05. 

Results s 
ExocrineExocrine function 

Theree were no significant differences in PABA recovery or 24 hour faecal fat excretion 
betweenn the different patient groups (table 1). All patients had an exocrine pancreatic 
insufficiency. . 

PlasmaPlasma CCK 

Basall  plasma CCK levels in patients after PPPD (1.4  0.1 pmol/1), DPRHP (2.2  0.4 
pmol/1),, CP (1.3  0.2 pmol/1), and healthy controls (1.3  0.2 pmol/1) did not differ 
significantlyy (Table 2). After ingestion of the meal plasma CCK levels increased significantly 
overr basal starting from 10 minutes in the control (p=0.001) and the DPRHP group (p=0.005), 
andd from 20 minutes in the CP (p=0.001) and PPPD group (p=0.012) (Figure 1). 
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Tablee 1. Number of patients, gender, mean age, mean PABA recovery (%) and mean 24 hour faecal fat 

excretionn (g/24h) in healthy controls (HC), in non-operated chronic pancreatitis patients (CP), in patients after 

duodenumm preserving resection of the head of the pancreas (DPRHP), and in patients after pylorus preserving 

pancreaticoduodenectomyy (PPPD). 

Numberr of patients 

Malee / female 

Agee (yr) 

Pancreaticc insufficiency 

PABAA recovery 

Faecall  fat 

HC C 

14 4 

9 /5 5 

399 5 

655 7 

1 1 

CP P 

12 2 

9 /3 3 

488 2 

277 6 

322 8 

DPRHP P 

9 9 

8/1 1 

466 3 

311 6 

244 6 

PPPD D 

22 2 

17/5 5 

633 2 

288 5 

266 8 

1.33 + 0.2 

1700  15 

2.44 1 

17.99  1.0 

6122 2 

8.99 9 

1.33 2 

844  17f 

1.55 * 

f f 

11411 + 279 

14.00 8 

2.22 4 

866 2 

1.77 3 

23.77 6 

7644 3 

0 0 

1.44 1 

255  6** 

0.66 * 

35.33 * 

9633 7 

20.55  3.9 

Tablee 2. Results of basal and postprandial CCK an PYY plasma levels in healthy controls (HC), in non-

operatedd chronic pancreatitis patients (CP), in patients after duodenum preserving resection of the head of the 

pancreass (DPRHP), and in patients after pylorus preserving pancreaticoduodenectomy (PPPD). 

HCC CP DPRHP PPPD 

CCK K 

Basall  plasma levels 

Integratedd CCK secretion 

Postprandiall  peak increments 

PYY Y 

Basall  plasma levels 

Integratedd PYY secretion 

Postprandiall  peak increments 

fp<0.055 compared to HC, *p<0.05 compared to CP, *p<0.05 compared to DPRHP 

Thee peak increment in plasma CCK in patients after PPPD (0.6  0.1 pmol/1) was 
significantlyy lower compared to the peak CCK increment in patients after DPRHP (1.7  0.3 
pmol/1;; p<0.01), non-operated CP patients (1.5  0.2 pmol/1; p<0.01), and healthy controls 
(2.44 ; p<0.01) (Figure 2). The integrated plasma CCK secretion in patients after PPPD 
(255  6 pmol/1 120 min) was also significantly lower compared to the integrated plasma CCK 
secretionn in patients after DPRHP (86  12 pmol/1 -120 min; p<0.05), non-operated CP 
patientss (84  17 pmol/1 120 min; p<0.01), and healthy controls (170  15 pmol/1 120 min; 
p<0.01).. There were no significant differences between patients that underwent PPPD for 
chronicc pancreatitis or for malignant disease in basal CCK secretion (1.4  0.1 pmol/1 and 1.4 

 0.1 pmol/1, respectively; p=0.44), peak increment in plasma CCK (0.6  0.1 pmol/1 and 0.5 
++ 0.1 pmol/1, respectively; p=0.92), or integrated plasma CCK secretion ( 29.0  8.1 pmol/1 

00 min and 22.4  9.4 pmol/1 120 min, respectively; p=0.74). 
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Figuree 1. Basal and postprandial plasma levels CCK levels (means  SEM) in patients after pylorus preserving 

pancreaticoduodenectomyy (PPPD), duodenum preserving resection of the head of the pancreas (DPRHP), 

non-operatedd chronic pancreatitis (CP), and healthy controls (HC). 
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Figuree 2. Individual data of 

postprandiall  peak increments in plasma 

CCKK (pmol/L) after ingestion of a 

solidd fat meal in patients after pylorus 

preservingg pancreaticoduodenectomy 

(PPPD),, duodenum preserving 

resectionn of the head of the pancreas 

(DPRHP),, non-operated chronic 

pancreatitiss (CP), and healthy controls 

(HC). . 
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PlasmaPlasma PYY 

Basall  plasma PYY levels in patients after PPPD (35.3  2.2 pmol/1) was significantly higher 

comparedd to patients after DPRHP (23.7  2.6 pmol/1; p=0.01), non-operated CP patients 

(22.99  1.3 pmol/1; p<0.01), and healthy controls (17.9  1.0 pmol/1; p<0.01) (Table 2). After 

ingestionn of the meal plasma PYY levels increased significantly over basal starting from 15 

minutess in the controls (p=0.012), CP (p=0.021) and DPRHP (p=0.006), and from 30 minutes 

inn the PPPD (p=0.006) (Figure 3). The peak increment of plasma PYY in the PPPD group was 

nott significantly different from that in the DPRHP group or the CP group. The integrated 

plasmaa levels of PYY did not differ significantly between the groups. There were no 

significantt differences in PYY secretion between patients that underwent PPPD for chronic 

pancreatitiss or for malignant disease. 
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Figuree 3. Basal and postprandial plasma levels PYY levels (means + SEM) in patients after pylorus preserving 

pancreaticoduodenectomyy (PPPD), duodenum preserving resection of the head of the pancreas (DPRHP), non-

operatedd chronic pancreatitis (CP), and healthy controls (HC). 

Discussion n 
Thiss study demonstrates that postprandial CCK secretion is significantly reduced in patients 

withh CP compared to healthy controls. After PPPD but not after DPRHP postprandial CCK 

secretionn was significantly reduced compared to CP although the degree of exocrine 

pancreaticc insufficiency was comparable. 

Thee finding of a reduced CCK secretion in CP patients is inline with previous studies8"10. 

Severall  mechanisms may be responsible. Firstly, reduction in CCK release may be caused by 
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delayedd gastric emptying after the meal. However, in CP patients gastric emptying is not 
delayed,, but in the normal range or even accelerated16. Secondly, a reduced capacity of CCK 
secretingg cells can be excluded since CCK release in response to bombesin is not reduced in 
CPCP patients8. A more likely explanation for the reduced CCK secretion is related to the 
observationn that CCK release is dependent on the digestion of nutrients9; 17"19. Fat and proteins 
needd to be digested by pancreatic enzymes to fatty acids and monoglycerides or oligopeptides 
andd amino acids in order to be able to release CCK. It has also been shown that a reduced 
postprandiall  CCK secretion in CP patients can be normalised by increasing intraluminal 
pancreaticc enzyme activity by administration of exogenous enzymes9,10;20. 
Inn patients after DPRHP, basal CCK levels were even elevated when compared to CP and 
PPPDD patients, although this difference was not significant. Basal plasma CCK levels are 
regulatedd by feedback of pancreaticobiliary secretion21 23. Therefore, bile deviation may 
increasee basal plasma CCK levels. Because of the pancreaticojejunstomy in DPRHP the 
duodenumm is devoid of pancreatic enzymes. Pancreatic enzymes also exert an inhibitory effect 
onn CCK release21. This may explain the higher basal CCK levels in patients after DPRHP. 
Inn patients after PPPD basal plasma CCK levels were not different from CP patients. 
Integratedd postprandial CCK secretion and peak increments in CCK were significantly lower 
comparedd to CP patients but also to DPRHP patients. This is in line with previous findings of 
aa decreased CCK response in PPPD patients after a fatty liquid meal7 or solid meal6 in 
comparisonn to healthy controls or DPRHP, respectively. Since the degree of exocrine 
insufficiencyy was comparable between DPRHP and PPPD patients we believe that this 
findingg can be explained by the resection of the duodenum, leading to a reduction in CCK 
secretingg capacity. Still, other factors might also contribute to the decreased CCK levels. 
Delayedd gastric emptying occurs in about 30% of the patients after PPPD24 and may lead to a 
reductionn in CCK secretion in the early postprandial period25. In PPPD patients the proximal 
rimrim of the duodenum that contains the duodenal pacemaker remains in situ to preserve 
pylorus-duodenall  co-ordination. However, there are no significant differences in the 
prevalencee of delayed gastric emptying between patients after PPPD or a classical Whipple's 
proceduree in which the duodenum and pylorus are both resected26. In our study PPPD patients 
weree studied after a mean period of 3.5  0.3 years after the operation, whereas others 
describedd an only temporary reduction in CCK secretion in the postoperative period that 
recoveredd after six months6. Unfortunately, in that study6 it was not reported whether patients 
hadd exocrine insufficiency or were supplemented with enzymes at six months. 
Basall  PYY plasma levels in all patients groups were higher compared to controls, although 
thiss difference did not reach statistical significance in the DPRHP group. PYY is found in 
highestt concentrations in the mucosa of the distal gut12 and is considered to be one of the 
mediatorss of the so-called ileal brake13; 14. In the present study, PYY was chosen as a marker 
off  the ileal brake because there is substantial evidence suggesting that plasma PYY levels 
correlatee with ileal activation of the ileal brake. PYY levels increase with fat-induced delayed 
gastricc emptying14, prolonged small intestinal transit, and inhibition of small intestinal 
motilityy * . The basal PYY plasma levels of patients after PPPD were significantly higher 
comparedd to those with CP or DPRHP, which points to an increased activation of the ileal 
break.. Elevated plasma PYY levels have been found in diseases associated with 
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malabsorptionn such as celiac sprue, cystic fibrosis, dumping syndrome, and exocrine 
pancreaticc insufficiency ' " . These findings support the idea that alterations in plasma PYY 
secretionn in patients with pancreatic insufficiency result from malabsorption. Ingestion of 
pancreaticc enzymes before the meal improve digestion and absorption in chronic pancreatitis 
andd is associated with a reduction in PYY secretion10. The presence of undigested and 
unabsorbedd nutrients in the distal gut activates the ileal brake with concomitant PYY release. 
Thee physiological relevance is a feedback regulation of proximal gut motor and secretory 
functionn in order to optimise nutrient uptake and absorption. 
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Abstract t 
Background:Background: Re-admission after pancreaticoduodenectomy as a result of tumour recurrence 
orr surgery related complications can severely affect patients' outcome. 
Methods:Methods: From October 1992 till June 1999, 283 consecutive resections were performed 
(malignantt disease: 243, benign disease: 40). The hospital mortality was 3/283 (1%). All re-
admissionss were analysed with regard to indication, treatment, and outcome. 
Results:Results: 106 patients (38%) were re-admitted. 64 Patients (60%) were re-admitted with 
tumourr recurrence for indications such as gastrointestinal obstruction (n=19), biliary 
obstructionn (n=15) and pain (n=21), of whom 30 patients (47%) were in a pre-terminal 
condition.. Median hospital stay and hospital free survival after discharge were 14 and 51 
days,, respectively. Median survival after surgical treatment (n=14) was 58 days, and ascites 
wass significantly associated with poor survival. Forty-seven (44%) of the patients were 
readmittedd for surgical complications such as abscess (n=ll), fistula (n=8), gastrointestinal 
obstructionn (n=8), including 5 patients who underwent a separate readmission for tumour 
recurrencee later. Median hospital stay was 15 days and median hospital free survival after 
dischargee was 1035 days. 

Conclusion:Conclusion: Re-admission after pancreaticoduodenectomy is frequent (38% after 17 months), 
60%% percent for tumour recurrence and 44% for surgery related complications. Survival after 
surgicall  bypass procedure for tumour recurrence was limited, in particular when ascites was 
present.. Patients re-admitted for complications of surgery have a good prognosis. 
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Introductio n n 
Postoperativee morbidity and mortality after (pylorus preserving) pancreaticoduodenectomy 
thatt is frequently performed for pancreatic and periampullary malignancies, including 
pancreaticc malignancies, has decreased to acceptable levels1"6. This encouraged surgeons to 
performm this resection even in patients with a small chance of complete resection or even as a 
palliativee resection . The 5-year survival after pancreaticoduodenectomy for malignant 
diseasee has been reported between 1 and 25% for pancreatic adenocarcinoma5,8'9 and between 
66 and 50 % for ampullary carcinoma '1012. A majority of these patients develop tumour 
recurrencee during follow-up indicating that the treatment in these patients has been palliative. 
Inn particular for those patients the quality of long-term outcome should be taken into account 
too accept resection as a form of palliation. Re-admission rate seems an easy and objective 
parameterr of the quality of long-term outcome reflecting the sequelae of tumour recurrence 
andd late complications related to the initial surgical procedure. 
Knowledgee of the incidence and management of the patients re-admitted after 
pancreaticoduodenectomyy can positively contribute to an improvement of quality of care of 
thesee patients. The aim of this study is to analyse re-admissions after resection with regard to 
indication,, treatment and outcome there after. 

Methods s 
Fromm October 1992 till June 1999 283 consecutive patients underwent 
pancreaticoduodenectomy,, 243 for malignant disease, and 40 for benign disease. The hospital 
mortalityy was 3/283 (1%), morbidity was 135/283 (48%), and the median hospital stay was 16 
dayss (range 6-222), as previously reported13. 
Dataa of the resection was collected from a prospective database that includes parameters 
recordedd at the initial hospitalisation, and during follow-up. Follow-up data were completed 
fromm the files of the outpatient clinic, the general practitioners, and physicians outside the 
Academicc Medical Center (AMC). Data on re-admissions were obtained from the patient 
recordss and via involved physicians outside the AMC in case patients were re-admitted 
elsewhere.. Only 4/280 of the patients were lost for follow-up. 
Re-admissionss were divided in two categories, those for sequelae of tumour recurrence and 
thosee for complications of the initial surgical procedure. One patient can be re-admitted for 
sequelaee of tumour recurrence and for complications of the initial surgical procedure in 
separatee re-admissions. Therefore the number of re-admissions can be higher than the number 
off  patients that was re-admitted. A sequela of tumour recurrence was defined as locoregional 
tumourr recurrence (or progression after resection with tumour positive margins) or distant 
metastases,, assessed by radiology or histology proven, during or within an arbitrary period of 
threee months after re-admission. Patients with re-admissions resulting in death during or 
withinn one month after re-admission were defined to be in a pre-terminal condition. Re-
admissionss for complications of the initial surgical procedure were defined as re-admission as 
aa result of complications of the procedure in the absence of tumour recurrence during the 
followingg 3 months. Future follow-up might of course still further increase the number of 
patientss with tumour recurrence and surgery related re-admissions. 
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Re-admissionss were analysed with regard to indication, diagnosis, treatment, hospital stay, 
intervall  between the resection and re-admission and hospital-free survival thereafter. 
Prognosticc factors for survival after surgical treatment for tumour recurrence were analysed 
withh Log Rank tests. A p-value <0.05 was considered statistically significant. 

Results s 
Off  the 280 patients that were followed up for a median period of 17 months (range 1-91), 106 
patientss (53 male, 53 female) with a median age of 64 (range 37-80) were re-admitted. Of 
thesee patients, 64/106 (60%) were re-admitted for sequelae of tumour recurrence and 47/106 
(44%)) patients for complications of the initial surgical procedure. Five (4%) of the patients 
underwentt separate re-admissions for sequelae of tumour recurrence and for complications of 
thee initial surgical procedure. Nineteen patients underwent multiple re-admissions. The total 
numberr of re-admissions was 146. 

Re-admissionsRe-admissions for sequelae of tumour recurrence 
Off  the 240 patients with malignant disease 64 patients (27%) were re-admitted after resection 
forr sequelae of tumour recurrence. The initial surgical procedure was a pylorus preserving 
pancreaticoduodenectomyy in 53/64 patients and a classical Whipple's procedure in 11/64. The 
tumourr was located in the pancreatic head, in 41 patients, the distal common bile duct in 9 or 
thee ampulla in 14 patients. Tumour free resection margins had been obtained in 39/64 patients 
(61%).. In 25/64 (39%) of the patients there was tumour progression after resection with 
tumourr positive resection margins. 

Tablee 1. Re-admissions after pancreaticoduodenectomy for sequelae of recurrent disease and subsequent 

outcomee in 64 patients. 

Complications s 

Gastrointestinall  obstruction 

Biliaryy obstruction 

Pain n 

Generall  discomfort 

Ascites s 

Tumourr bleeding 

Adjuvantt chemoradiation 

Palliativee chemotherapy 

No.. of 

patients** * 

19(30) ) 

155 (23) 

211 (33) 

8(13) ) 

4(6) ) 

3(5) ) 

7(11) ) 

1(2) ) 

Timee before 

re-admission n 

(months) ) 

9.1(1.4-53.2) ) 

10.44 (4.2-29.6) 

6.55 (0.5-43.3) 

10.3(1.6-15.8) ) 

23.8(2.5-40.0) ) 

12.2(6.9-17.0) ) 

3.1(1.3-25.4) ) 

8.1 1 

In--hospital l 

mortality y 

5 5 

2 2 

4 4 

0 0 

0 0 

0 0 

0 0 

0 0 

Hospita! ! 

stay y 

(days)+ + 

188 (0-49) 

155 (2-75) 

9(2-18) ) 

5(1-36) ) 

10(7-31) ) 

100 (2-26) 

7(1-16) ) 

1 1 

Survivall  after 

re-admission n 

(days) ) 

488 (0-537) 

74(15-471) ) 

74(4-1054) ) 

129(14-129) ) 

37(17-128) ) 

766 (26-76) 

3955 (36-1728) 

90 0 

ss between parentheses are percentages; Values are median (range). *Patients were scored for one ore 

moree different re-admissions for sequelae of recurrent disease 
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Patientss were re-admitted after a median of 7 months (range 1-53 months) after resection. Re-
admissionss were for pre-terminal care in 30/64 (47%) of these patients. Reasons for re-
admissionn are summarised in table 1. 

Treatment Treatment 
Gastrointestinall  obstruction was treated with a surgical bypass procedure in 9, (par)enteral 
feedingg in 3, and non-invasive palliation in 7 patients. Biliary obstruction of the afferent loop 
orr the hepaticoenterostomy was treated with a surgical bypass procedure in 5, percutaneous 
transhepaticc cholangiography (PTC) with endoprostheses in 7, PTC with external drainage in 
22 patients, and non-invasive palliation in 1 terminal patient. Pain was treated with 
percutaneouss chemical splanchnectomy in 5, and medical treatment in 16 patients. General 
discomfortt was treated by non-surgical means. In three patients ascites was drained 
percutaneouslyy and one patient was treated for ascites with a stent in the portal vein. Two 
patientss suffered from tumour bleeding for which they received blood transfusions and one 
patientt was also treated successfully with external radiotherapy (8 Gy). In one patient 
laparotomyy was performed in an attempt to resect the pancreatic tail for tumour recurrence but 
liverr metastases found. Adjuvant chemoradiation therapy, necessitated re-admittance in 7 
patientss that were included in a trial performed by the European Organisation for Research 
andd Treatment for Cancer (EORTC)14. Palliative chemotherapy with gemcitabin was used in 1 
patient. . 

Outcome Outcome 
Mediann hospital stay was 14 days (range 0-349). Median hospital free survival after re-
admissionn of these 64 patients was 51 days (range 0-1045) and 351 days (range 47-1805) after 
resection.. At the end of the follow-up period 83/240 patients with malignant disease were not 
re-admittedd and were still alive and therefore at risk for re-admission after median follow-up 
periodd of 17 months (range 1-79 months). 

SubSub analysis of surgical treatment 
Patientss with a gastrointestinal or biliary obstruction and proven tumour recurrence that were 
treatedd surgically (n=14) were analysed separately (Table 2). After surgical treatment median 
hospitall  stay was 18 days (range 1-49). Median survival time after surgical treatment for 
diseasee related re-admissions was 58 days (range 7-486). Different factors were tested for the 
influencee on survival: original tumour location; type of obstruction; site of obstruction; 
presencee of metastases and ascites. Median survival for patients with ascites who underwent 
surgeryy was significantly less compared to those without (41 versus 183 days, p = 0.01). The 
originall  tumour location, site of obstruction, or presence of metastases did not influence 
mediann survival significantly. There was a trend toward a shorter survival after surgery for 
gastrointestinall  type of obstruction compared to the biliary type, 41 versus 254 days, 
respectivelyy (p=0.09). 
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Tablee 2. Patients characteristics and outcome after surgical treatment of 14 patients with gastrointestinal and 

biliaryy obstruction due to tumour recurrence. 

Numberr of patients 

PatientPatient characteristics 

Clinicall  type of obstruction 

Biliaryy obstruction 

Gastrointestinall  obstruction 

Biliaryy and gastrointestinal obstruction 

Timee before re-admission (months)* 

Surgery Surgery 

Anatomicall  site of obstruction 

Afferentt loop 

Gastroenterostomy y 

Afferentt loop and gastroenterostomy 

Surgicall  technique 

Hepaticoenterostomy y 

Enteroenterostomy y 

Gastroenterostomy y 

Enteroenterostomyy and gastroenterostomy 

Pathology y 

Locall  tumour recurrence 

Metastases s 

Locall  tumour recurrence and metastases 

Outcome Outcome 

Hospitall  stay (days)* 

Mediann survival (days)* 

*Valuess are median (range) 

Re-admissionsRe-admissions for complications of the initial surgical procedure 
Off  the 280 patients that were followed after pancreaticoduodenectomy 47 patients (17%) were 
re-admittedd for complications of the initial surgical procedure after a median period of 6 
monthss (range 1-57 months). Mortality after re-admission for complications related to the 
initiall  surgical procedure was 2/47 (4%). The median hospital stay after re-admission for 
complicationss was 7 days (range 1-131). 
Thirty-fivee patients were re-admitted after a median period of 4.7 months (range 0.2-56.6 
months)) for complications after resection for malignant disease, without any sign of tumour 
progression.. Most frequent complications were abscess (n=9), gastrointestinal obstruction (n= 
7)) and fistula (n=7) (table 3). The median hospital free survival time after re-admission, 
includingg 2 patients that died, was 843 days (range 0-1587), and 926 days (range 47-2726) 
afterr resection. 

5 5 

7 7 

2 2 

8(4-21) ) 

4 4 

3 3 

7 7 

1 1 

3 3 

5 5 

5 5 

2 2 

1 1 

11 1 

18(1-49) ) 

588 (7-486) 
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Tablee 3. Re-admissions after pancreaticoduodenectomy for complications of the initial surgical procedure and 

subsequentt treatment in 47 patients. 

Complications s 

Totall  no. of patients 

Malignantt pathology 

Abscess s 

Gastrointestinall  obstruction 

Fistula a 

Biliaryy obstruction 

Anastomoticc ulcer 

Pancreatitis s 

Hypoglycaemia a 

Other r 

Benignn pathology 

Incisionall  hernia 

Abscess/fistula a 

Anastomoticc ulcer 

Pseodocyst t 

Gastrointestinall  obstruction 

Pancreatitis s 

No.. of 

patients s 

47 7 

35 5 

9 9 

7 7 

7 7 

4 4 

3 3 

3 3 

2 2 

5 5 

12 2 

4 4 

3 3 

2 2 

2 2 

1 1 

1 1 

Timee before 

re-admission n 

(months)* * 

66 (0-57) 

55 (0-57) 

11 (0-22) 

4(1-6) ) 

9(1-57) ) 

11 (1-24) 

7(1-11) ) 

7(5-25) ) 

0and9 9 

33 (0-29) 

12(1-29) ) 

25(11-29) ) 

22 (2-2) 

77 and 23 

211 and 18 

14 4 

14 4 

In--

hospital l 

mortality y 

2 2 

2 2 

1 1 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Median n 

hospitall  stay 

(days)* * 

7(1-131) ) 

8(1-131) ) 

144 (7-94) 

10(1-63) ) 

8(2-95) ) 

6(2-9) ) 

66 (2-9) 

6(4-8) ) 

7 /9 9 

55 (4-9) 

55 (3-38) 

55 (4-6) 

55 (5-27) 

33 and 11 

11 and 5 

11 1 

8 8 

*Valuess are median (range). +Patients were scored for one ore more different re-admissions. 

Twelvee patients were re-admitted after a median period of 12.4 months (0.6-29.4 months) for 
complicationss after resection for the following benign diseases: chronic pancreatitis (n=8), 
neuroendocrinee tumour (n=3), and duodenal adenoma (n=l). The most frequent complication 
wass incisional hernia (n=4) (table 3). After median follow-up period of 29 months (range 1-81 
months)) all patients with benign disease were alive. 

Discussion n 
Althoughh mortality and morbidity after pancreaticoduodenectomy has reached acceptable 
levels,, a rather high percentage of patients (38%) needs to be re-admitted in the months after 
resection.. In another study a re-admission rate of only 11% after pancreaticoduodenectomy 
wass reported15. In that study re-admissions at hospitals in the residential area of the patients, 
mayy not have been taken into account. In the present series all re-admissions were also 
checkedd with the general practitioner. But the discrepancy could also be due to differences in 
thee time of follow-up, since the number of re-admissions will most likely increase with longer 
orr complete follow-up. The median follow-up after resection (17 months) in this study 
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exceededd the median time to re-admission for malignant (7 months) or benign disease (6 
months). . 

Inn patients re-admitted for sequelae of tumour recurrence the most common reasons were 
gastrointestinall  (30%), biliary obstruction (23%) or pain (33%). Out of all patients who 
underwentt resection for malignant disease, 8% of the patients were re-admitted with 
gastrointestinall  obstruction. In literature gastrointestinal obstruction due to tumour recurrence 
iss reported between the 2-5%15"17. The somewhat higher incidence might be explained by 
differentt definition of gastrointestinal obstruction. In other reports only severe gastrointestinal 
obstructionn leading to surgery or (par)enteral feeding are reported. When patients with proven 
obstructionn treated by conservative means are excluded, an incidence of gastrointestinal 
obstructionn of 4% can be estimated that is comparable with others reports15"17. In our series 
survivall  after gastrointestinal obstruction was limited. Even after surgical bypass the median 
survivall  was only 41 days. Ascites was a negative prognostic factor in these patients and one 
couldd argue to refrain from surgery. For multifocal obstruction surgical bypass is often not 
feasiblee and a feeding tube or total parenteral nutrition is the only option. In case of an 
isolatedd malignant gastric outlet obstruction endoscopic insertion of an expandable stent can 
offerr relief " . Apart from an anatomical obstruction a functional obstruction might be 
presentt in some patients that can be caused by neural invasion of the tumour recurrence. 
Biliaryy obstruction resulting from obstruction of the afferent loop or the hepaticoenterostomy 
duee to tumour recurrence was found in 6% of the patients after resection for malignant disease 
andd is in accordance with the previous series reported in literature (2-6%)15"17. The absence of 
distantt metastases and the reasonable general condition of the patient allow a surgical 
intervention.. But survival after surgery was limited and it should be questioned if this 
outweighss the morbidity and possible mortality of this procedure. In patients with biliary 
obstructionn and ascites, surgical bypass should not be performed, as this is associated with 
poorr survival. 

Painn was the most frequent cause of re-admissions in our series (n=21). Four patients had end-
stagee disease and died during re-admission. These findings are in accordance with the 
literaturee where pain is a frequent symptom in patients with pancreatic cancer22 and is 
associatedd with a poor prognosis23, reflecting advanced cancer24. Despite the various 
modalitiess for pain treatment that are possible in these patients, including thoracoscopic 
splanchnectomy,, percutaneous chemical splanchnectomy and external-beam radiotherapy 
mostt patients were treated with analgestics. These patients are in poor condition and invasive 
treatmentt or radiotherapy requires hospital visits and can thereby further decreases their 
qualityy of life while positive effects are questioned. 
Afterr resection 17% of the patients presented with complications of the initial surgical 
procedure.. After resection for malignant disease and benign disease these numbers are 15% 
andd 30%. This was higher than expected. One might argue that this might partly be the result 
off  a relatively early discharge of patients so that the complication did not occur during the 
initiall  admission and resulted in a re-admission shortly after discharge. However, the majority 
off  the patients developed these complications more than 2 weeks after discharge. The high 
percentagee of re-admissions for complications after resection for benign disease might be the 
resultt of the long survival time and the subsequent higher chance of developing a 
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complication.. This is in line with the finding that the time before re-admission in this group 
(12.44 months) is more than twice the time before readmission of the patients that are re-
admittedd for complications after resection for malignant disease (4.7 months). 
Recurrentt tumour as the underlying pathology of a complication can not always be proven or 
too excluded. This complicates the decision for therapy especially in case of gastrointestinal or 
biliaryy obstruction where invasive treatment like bypass surgery can be helpful in benign 
obstructionss but may be considerably less rewarding in patients with an obstruction due to 
tumourr recurrence. 
Inn conclusion, the re-admission rate after an intentionally curative resection for periampullary 
malignanciess is 27%, but about half of these patients are readmitted in a pre-terminal stage. 
Nonn surgical palliation for sequelae of tumour recurrence can offer temporary relief with 
acceptablee morbidity or mortality. Surgical re-interventions for sequelae of tumour recurrence 
resultt in hospitalisation for approximately 1/3 of the limited survival time and therefore are 
nott recommended. Ascites is a significant predictor of poor survival in surgically treated 
patientss and should therefore be considered to be a contraindication for surgery. Occasionally 
patientss benefit from surgery but they can not be identified preoperatively. After 
pancreaticoduodenectomyy 17% of the patients are re-admitted for complications of the initial 
surgicall  procedure without tumour recurrence and with good prognosis. 
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Abstract t 
Background:Background: Survival after pancreaticoduodenectomy for periampullary tumours is limited. 
Duringg the past years perioperative management improved and morbidity and mortality 
decreased.. The aim of the study is to analyse survival after pancreaticoduodenectomy and to 
determinee factors that influence survival. 

Methods:Methods: From October 1992 till September 1998, 204 patients with a ductal adenocarcinoma 
inn the pancreatic head (108), distal bile duct (32), and ampulla (64) who underwent standard 
pancreaticoduodenectomyy after up to date diagnostic work-up, were analysed with regard to 
histologyy and tumour status. Survival was calculated by using the Kaplan-Meier method. Risk 
factorss were identified in a univariate and multivariate analysis. 
Results:Results: Median survival after resection for carcinoma of the pancreatic head, distal bile duct, 
andd ampulla were 16*, 25,, and 24*  months respectively (*p=0.008). In the univariate analysis 
veinn resection, blood transfusion of more than 4 packed red cells, the presence of tumour 
positivee resection margins, lymph node metastases, and poor tumour differentiation 
significantlyy decreased survival. In the multivariate analysis positive resection margins, lymph 
nodee metastases, and poor tumour differentiation independently influenced survival. 
Conclusions:Conclusions: Survival after standard pancreaticoduodenectomy for periampullary tumours did 
nott improve and is still limited. Resection margins, lymph node status and tumour 
differentiationn are independent prognostic factors. 
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Introductio n n 
Inn periampullary adenocarcinoma, including the pancreatic head, ampulla and distal bile duct, 
surgeryy offers the only hope for cure. Only 10-20% of the patients presenting with 
periampullaryy adenocarcinoma are candidate for resection, associated with a 5-year survival 
thatt varies between 1 and 39%1-8. Survival is more favourable in patients with ampullary 
carcinomaa whereas in patients with pancreatic carcinoma, surgery was considered a waist of 
resourcess by some authors9. Decreased operation mortality after pancreaticoduodenectomy 
(PD)10"188 resulted in a more optimistic view towards resection, and increased survival after PD 
hass been reported as well18'20. This can not be explained by the decreased operation mortality 
alone.. Patient selection as a result of a better diagnostic approach could play a role. Helical 
CTT can detect vascular ingrowth and small metastases more precise than other techniques22"23. 
Diagnosticc laparoscopy and laparoscopic ultrasonography were shown to be useful in staging 
off  some gastrointestinal tumours24 although not so much in patients with periampullary 

25-27 7 

tumours s 
Differentt factors can influence survival and these prognostic factors can be used for the 
selectionn of patients for resection and adjuvant therapy. The predictive value for survival has 
beenn shown for age, sex, duration of symptoms, peri-operative blood transfusions, lymph node 
metastases,, aneuploid tumour DNA content, perineural invasion and tumour size1'3"5,11'20'2 "31. 
Itt is not known whether better patient selection and lower operation mortality that is possible 
nowadayss improve survival, and what prognostic factors are relevant after this improved 
patientt selection. Therefore the aim of this study is to analyse the survival after 
pancreaticoduodenectomyy in a recent series of consecutive patients. 

Patientss and Methods 
Inn the period from October 1992 till October 1998, 204 consecutive patients with ductal 
adenocarinomaa of the pancreas (n=108), distal bile duct (n=32), or the ampulla (n=64) 
underwentt pancreaticoduodenectomy and were analysed. There were 99 males and 105 
femaless with a mean age of 65 (range 32-83). Data was collected from a prospective database. 
Helicall  CT was introduced in our hospital in 1992 and was performed preoperatively in 96 
patientss (47%) as previously described32. Diagnostic laparoscopy was introduced in 1993 and 
wass performed in 146 patients (72%) as previously described33'34. Patients with localised 
diseasee and without total occlusion of the portal or superior mesenteric vein on CT scan, or 
histologyy proven vascular ingrowth or metastases during laparoscopy, underwent an 
explorativee laparotomy. So patients with suspected ingrowth of more than 180 on CT and 
thuss with a high chance of irresectability32 also underwent exploration in absence of 
histologicall  proof. 
Thee technique of choice was a standard pylorus preserving pancreaticoduodenectomy35,36 but 
inn 41 patients a standard Whipple's procedure was performed. Reconstruction was performed 
withh a single retro-colic jejunal-limb reconstruction. In 34 patients previously undiagnosed 
limitedd venous ingrowth was encountered during surgery, mostly after transsection of the 
pancreas.. In these patients a wedge excision or a segmental resection of the portal or superior 
mesentericc vein was performed as has been reported previously . 
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Thee following peri-operative parameters were studied: venous resection, total blood loss, 
surgeryy related blood transfusion (transfusions during surgery and within the first 24 hours 
postoperatively),, postoperative complications, hospital stay, hospital mortality and adjuvant 
therapy. . 

Resultss of the histological examination of the resection specimens were analysed for tumour 
location,, tumour size, tumour differentiation, tumour status of the lymph nodes, and tumour 
statuss of the resection margins. 

Alll  patients were followed for survival analysis on a regular base in the outpatient clinic. 
Whenn follow-up was incomplete the general practitioner or the general registration office was 
contacted. . 

Survivall  analyses were performed using the Kaplan-Meier survival analysis to estimate 
survival.. Hospital mortality was included in the survival analysis. The Log rank test was used 
too compare differences in survival time between the different groups. After univariate analysis 
alll  significant prognostic factors were entered in a Cox proportional hazard model and a 
backwardd logistic regression analysis was performed. Sex and age undisputedly influence 
survivall  and for this reason these factors were entered in the multivariate model anyhow. 
Differencess were considered significant at p < 0.05. Separate analyses were performed only 
forr pancreatic carcinoma because in this group the number of patients was sufficient for a 
reliablee analysis. 

Results s 
ClinicalClinical presentation 

Patientt characteristic and presenting symptoms of patients with pancreatic, distal bile duct, 
andd ampullary carcinoma are shown in table 1. Frequent symptoms in all three groups were 
jaundice,, weight loss, and pain. These symptoms and the duration of these symptoms were not 
differentt in the three groups. 

Peri-operativePeri-operative parameters 

Theree was no difference in the type of operation performed between the three groups 
concerningg preservation of the pylorus (table 2). Partial resection of portal or mesenteric vein 
wass performed significantly more often in patients with a pancreatic tumour compared with 
patientss with an ampullary tumour (27% vs 3%, p<0.01), and compared with patients with a 
distall  bile duct tumour, there was a trend wise difference (27% vs 9%, p=0.06). Median 
peroperativee blood loss and number of blood transfusions were not different in the subgroups. 
Complicationss occurred in a trend wise higher rate in the group with ampullary carcinomas 
comparedd with the group with pancreatic carcinomas (63% vs 44%, p=0.06). Hospital 
mortalityy and median postoperative hospital stay were not different in the three groups. 
Seventeenn patients received a combination of radiation and chemotherapy within an EORTC 
studyy , two patient received only radiation therapy and one patients received only 
chemotherapy. . 

104 4 



SurvivalSurvival after pancreaticoduodenectomy 

Tablee 1. Patient characteristics and presenting symptoms by tumour location. 

Gender r 

Male e 

Female e 

Agee (years) 

Median n 

Range e 

Jaundice e 

Pain n 

Weightt loss (kg) 

Median n 

Range e 

Palee stool 

Diabetes s 

Recentt Diabetes 

Durationn (weeks) 

Median n 

Range e 

Pancreatic c 

Carcinoma a 

n== 108 

466 (43)* 

622 (57) 

631 1 

37-83 37-83 

98(91) ) 

40(37) ) 

6 6 

0-25 5 

80(74) ) 

211 (19)1 

9(8) ) 

10 0 

0-104 4 

Distall  bile duct 

Carcinoma a 

nn = 32 

222 (69)* 

10(31) ) 

63 3 

32-77 7 

23(100) ) 

155 (47) 

6 6 

0-20 0 

277 (84) 

3(9) ) 

2(6) ) 

8 8 

0-30 0 

Ampullary y 

Carcinoma a 

nn = 64 

311 (48)* 

333 (52) 

68+ + 

37-78 8 

599 (92) 

26(41) ) 

6 6 

0-14 4 

400 (63) 

4(6)f f 

2(3) ) 

8 8 

0-75 5 

Numberss in parentheses represent percentages. (PP)PD = (pylorus preserving) pancreaticoduodenectomy 

PRCC = Packed Red Blood Cells. P < 0.05 compared with: +Pancreatic carcinoma, *distal bile duct carcinoma, 

'ampullaryy carcinoma. 

Histology Histology 
Tumourss located in the distal bile duct were significantly smaller than pancreatic tumours (2.0 
vss 2.5 cm, p=0.02) (table 3). Resection margins were significantly more often positive for 
tumourr after resection of a pancreatic or distal bile duct carcinoma than after resection of an 
ampullaryy carcinoma (46% and 41% vs 11%, p<0.01). The median number of lymph nodes 
(range)) resected and described in the pathology report for patients with pancreatic carcinoma, 
distall  bile duct carcinoma and ampullary carcinoma were respectively were 6 (0-23), 6 (1-15) 
andd 5 (1-23). Tumour positive lymph nodes were more often present in pancreatic carcinoma 
thann in distal bile duct carcinoma. No difference was seen in tumour differentiation between 
thee subgroups. 
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Tablee 2. Peroperative factors by tumour location. 

Factor r 

Resection n 

PD D 

PPPD D 

Venouss resection 

Estimatedd blood loss (L) 

Median n 

Range e 

Transfusionss (PRC) 

Median n 

Range e 

Complications s 

Hospitall  stay (days) 

Median n 

Range e 

Hospitall  mortality 

Adjuvantt therapy 

Pancreatic c 

Carcinoma a 

n== 108 

23(21) ) 

855 (79) 

29(27)* * 

1.2* * 

0.1-8.5 5 

0 0 

0-12 2 

48(44) ) 

16 6 

8-22 2 

0 0 

12 2 

Distall  bile duct 

Carcinoma a 

nn = 32 

6(19) ) 

26(81) ) 

3(9) ) 

1.3 3 

0.3-5.5 5 

0 0 

0-9 9 

188 (56) 

16 6 

10-107 7 

1(3) ) 

1 1 

Ampullary y 

Carcinoma a 

nn = 64 

12(19) ) 

52(81) ) 

2(3)) + 

1.0+ + 

0.1-3.5 5 

0 0 

0-8 8 

400 (63) 

17 7 

6-67 7 

2(3) ) 

7 7 

Numberss in parentheses represent percentages. (PP)PD = (pylorus preserving) pancreaticoduodenectomy 

PRCC = Packed Red Blood Cells. P < 0.05 compared with: fPancreatic carcinoma, *ampullary carcinoma 

Follow-upFollow-up and Survival 

Thee median follow-up period was 15 months and 130 (64%) patients died during follow-up. 
Twoo patients were lost to follow-up due to emigration and 72 (35%) of the patients were alive 
att the end of the follow-up period. Overall median survival was 20 months. The 1, 3 and 5-
yearr survival rate are respectively 69%, 27% and 16% (figure 1). 

UnivariateUnivariate analysis 
Thee median survival for patients with pancreatic carcinoma was 16 months, which was 
significantlyy less than 24 months for patients with ampullary carcinoma, but did not differ 
fromm the median survival of 25 months for patients with distal bile duct carcinoma (table 4). 
Otherr factors that significantly influenced survival were partial resection of the portal or 
superiorr mesenteric vein, blood transfusion of more than 4 packed red blood cells (PRC), 
tumourr positive resection margins (figure 2), tumour positive lymph nodes (figure 3), and 
tumourr differentiation (figure 4). Other factors, that did not significantly influence survival, 
weree gender, age, tumour size, and blood loss. 
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Tablee 3. Pathology by tumour location. 

Factor r 

Pancreaticc Distal bile duct Ampullary 

Carcinomaa Carcinoma Carcinoma 

nn = 108 n = 32 n = 64 

Tumourr size 

Median n 

Range e 

Resectionn margins 

Tumourr negative 

Tumourr positive 

Lymphh nodes 

Tumourr negative 

Tumourr positive 

Tumourr differentiation 

Low w 

Intermediate e 

High h 

2.5* * 

0.9-5.0 0 

62(57)*' ' 

466 (43) 

355 (32) * 

700 (68) 

54 4 

39 9 

14 4 

2.0T T 

1.0-5.0 0 

199 (59) * 

13(41) ) 

17(53)' ' 

133 (47) 

15 5 

16 6 

1 1 

2.5 5 

0.5-7.0 0 

57(89)* * 

7(11) ) 

311 (48) 

322 (52) 

28 8 

26 6 

10 0 

Numberss in parentheses represent percentages. 

PP < 0.05 compared with: 'Pancreatic carcinoma, *distal bile duct carcinoma, 'ampullary carcinoma. 

Numberr of patients at risk 

Ampullaryy carcinoma 

Distall  bile duct carcinoma 

Pancreaticc carcinoma 

P=0.0083* P=0.0083* 

244 36 

Timee (months) 

Ampullaryy ca. 

Distall  bile duct 

Pancreaticc ca. 

ca. . 

64 4 

32 2 
108 8 

45 5 

19 9 
58 8 

19 9 

9 9 
27 7 

13 3 

3 3 
13 3 

8 8 

2 2 
5 5 

5 5 

--
3 3 

Figuree 1. Survival after resection for periampullary adenocarcinoma by location. Numbers in the box represent the 

numberr of patients at risk at the corresponding intervals. *pancreatic carcinoma versus ampullary carcinoma. 
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Tablee 4. Univariate analysis: prognostic influence of different factors on survival after 

pancreaticoduodenectomyy for periampullary adenocarcinoma with corresponding number of patients involved, 

numberr of deaths, median and 5-year survival. 

Factor r 

Gender r 
male male 
female female 

Age e 
<< 70 years 
>> 70 years 

Tumorr location 
Pancreaticc head 
Distall  bile duct 
Papilla a 

Tumorr size 
<< 2 cm 
>> 2 cm 

Resectionn type 
Standardd PD 
Venouss resection 

Bloodd loss 
< 2L L 
> 2L L 

Bloodd transfusion 
<4PRC C 
>4PRC C 

Resectionn margins 
Tumourr negative 
Tumourr positive 

Lymph-nodess status 
Tumourr negative 
Tumourr positive 

Differentiation n 
Low w 
Intermediate e 
High h 

No.. of 
patients s 

99 99 
105 105 

147 7 
57 7 

108 8 
32 2 
64 4 

73 3 
123 3 

170 0 
34 4 

178 8 
26 6 

187 7 
17 7 

138 8 
66 6 

83 3 
117 7 

97 7 
81 1 
25 5 

No.. of 
deaths deaths 

68 68 
62 62 

99 9 
31 1 

79 9 
20 0 
31 1 

48 8 
79 9 

102 2 
28 8 

111 1 
19 9 

115 5 
15 5 

78 8 
52 2 

40 0 
85 5 

67 7 
49 9 
13 3 

Median n 
survival l 

16 16 
22 22 

21 1 
18 8 

16 6 
25 5 
24 4 

26 6 
16 6 

22 2 
13 3 

21 1 
16 6 

21 1 
14 4 

24 4 
14 4 

27 7 
16 6 

15 5 
24 4 
30 0 

%% survivors 
att 5 years 

13 13 
20 20 

11 1 
33 3 

10 0 
0 0 

32 2 

8 8 
20 0 

20 0 
0 0 

16 6 
14 4 

17 7 
8 8 

22 2 
5 5 

33 3 
0 0 

14 4 
10 0 
35 5 

P-P-
value e 

0.0821 0.0821 

0.5159 9 

0.0083* * 

0.345 5 

0.0004 4 

0.2045 5 

0.049 9 

0.0004 4 

<< 0.0001 

0.0057* * 

Mediann survival in months. 

Logg Rank test was used to calculate significance. 

Pancreaticc carcinoma versus ampullary carcinoma 

*Loww differentiation versus high differentiation 
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MultivariateMultivariate analysis (Cox proportional hazard model) 
Gender,, age, tumour location, blood transfusion of more than 4 PRC, tumour positive 
resectionn margins, tumour positive lymph nodes and tumour differentiation were entered in 
thee multivariate analysis. Vein resections were considered to be marginal surgery with a high 
chancee for tumour positive resection margins37. Therefore this variable was not entered in the 
modell  as a separated variable from but only tumour positive resection margins was used in the 
model.. The following factors independently predicted survival: Tumour positive resection 
margins,, tumour positive lymph nodes, and low tumour differentiation (table 5). Tumour 
positivee lymph nodes was the strongest predictor of a poor survival with a hazard ratio of 2.1 
(CII  1.4-3.0), p value < 0.001). 

Tablee 5. Multivariate Cox regression analysis (n=197): Independent prognostic factors for survival after 

pancreaticoduodenectomyy for periampultary adenocarcinoma 

TestedTested variable 

Gender r 

Male e 

Resectionn margins 

Tumourr positive 

Lymphh nodes 

Tumourr positive 

Tumourr differentiation 

Low w 

Intermediate e 

Reference Reference 

Female e 

Tumourr negative 

Tumourr negative 

High h 

High h 

Hazard Hazard 

ratio ratio 

1.3 3 

1.6 6 

2.1 1 

2.3 3 

1.7 7 

95%95% Confidence 

Limits Limits 

1.0-2.0 0 

1.1-2.4 4 

1.4-3.9 9 

1.3-4.3 3 

0.9-3.1 1 

P P 

value value 

0.092 2 

0.014 4 

0.001 1 

0.006 6 

0.105 5 

SubgroupSubgroup analysis for pancreatic carcinoma 
Inn a subgroup analysis of patients with pancreatic carcinoma, the same factors that 
significantlyy influenced survival were identified as for the whole group in the univariate 
analysiss except for tumour positive resection margins. This variable was borderline significant 
inn the univariate analysis (p=0.06). The same variables as in the overall series were entered in 
thee multivariate analysis and only low tumour differentiation was a significant prognostic 
factor.. Blood transfusion and tumour positive lymph nodes were borderline significant with a 
p-valuee of 0.06 and 0.05 respectively (table 6). 

Discussion n 
Inn the present study 204 consecutive patients underwent pancreaticoduodenectomy for a 
periampullaryy adenocarcinoma. Four patients with duodenal carcinoma were not included 
becausee the limited number of patients is not representative. The operation mortality was as 
loww as 1.5% and is in accordance with the data in the literature1 17'384 . The operation 
mortalityy of a previous series from our institute5 was higher (5%) although not significant. 
Morbidityy is still a major problem affecting half of the patients. Median survival times after 
pancreaticoduodenectomyy for pancreatic carcinoma, distal bile duct carcinoma, and ampullary 
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Tablee 6. Multivariate Cox regression analysis (n=103): Independent prognostic factors for survival after 

pancreaticoduodenectomyy for adenocarcinoma of the pancreas. 

HazardHazard 95% Confidence P 

TestedTested variable Reference ratio Limits value 

Bloodd transfusion 

>4PRC C 

Lymphh nodes 

Tumourr positive 

Tumourr differentiation 

Low w 

Intermediate e 

<4PRC C 

Tumourr negative 

High h 

High h 

2.0 0 

1.7 7 

3.8 8 

2.1 1 

1.0 0 

1.0 0 

1.8 8 

0.9 9 

-4.1 1 

-2.8 8 

8.2 2 

4.7 7 

0.055 5 

0.053 3 

<< 0.001 

0.069 9 

carcinomaa were respectively 16, 25, and 24 months. In recent literature the 5-year survival 
afterr pancreaticoduodenectomy for pancreatic adenocarcinoma is reported between 1 and 
25%% ' ' . For ampullary carcinoma this figure lies between 6 to 50%2,3,5,42. The large range 
mightt be due to patient selection and might be the result of the difficulty to distinguish the 
differentt tumour locations, especially when the tumour overlaps two location it is difficult to 
determinee the origin of the tumour. Despite the fact that in the current series all pathology was 
reviewedd to anticipate this problem, the survival of the current series was low compared to a 
numberr of other series. This discrepancy remains unclear, in particular because a previous 
studyy from the same institution showed a 5-year survival of 50%. The survival data of the 
presentt study are within the range of the survival published in literature, but did not improve 
comparedd to the previous series5. The actuary median survival is short, only 15 months and 
mayy not match the actual survival as has been described before43. Therefore the 5-year 
survivall  data needs to be interpreted with care. In the present series most patients underwent a 
diagnosticc laparoscopy and almost half of the patients helical CT. It could be hypothesised 
thatt the improved perioperative management would possibly have lead to an increased 
survivall  as compared with the previous series. However, survival was still limited and did not 
improve. . 

Duringg the current series there were no changes in the surgical procedure with regard the 
extentt of the resection or the lymph node resection, except for the shift from the classical 
Whipple'ss resection toward the pylorus preserving pancreaticoduodenectomy. 
Bothh types of resection result in a comparable survival44. Therefore this change probably did 
nott affect the survival. 

Thee positive results on morbidity and mortality might have increased the number of 
explorativee laparotomies and thus the number of pancreaticoduodenectomies and might have 
leadd to a tendency to accept the pancreaticoduodenectomy as a palliative resection. This 
hypothesiss is supported by the finding that the mean number of pancreaticoduodenectomies 
perr year performed at our institution has increased from 17 in the previous series5 to 29 in the 
presentt series while incidence of periampullary tumours did not increase over this period. This 
increasee can partly be explained by a nation wide increase of the number of resections, and 
partlyy by centralisation45. However, it can not be explained why the histopathological tumour 
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100 0 

80 0 

40 0 

20 0 

Numberr of patients at risk 

Tumourr negative resection margins 

Tumourr positive resection margins 

P=0.0004 P=0.0004 

244 36 

Timee (months) 

48 8 60 0 

Turn.. neg. res. marg. 138 go. 

Turn.. pos. res. marg 66 34 

44 4 

12 2 

23 3 13 3 

2 2 

Figuree 2. Survival after resection for periampullary adenocarcinoma by tumour status of the resection margins: 

Tumourr positive versus tumour negative. Numbers in the box represent the number of patients at risk at the 

correspondingg intervals 

100 0 

80 0 

60 0 

40 0 

20 0 

"P** * 

Numberr of patients at risk 

Tumourr negative lymph nodes 

Tumourr positive lymph nodes 

P<0.0001 P<0.0001 

— I I 

24 4 
Timee (months) 

36 6 S S 60 0 

Turn.. neg. In. 

Turn.. pos. In. 

83 3 

117 7 

57 7 

61 1 

28 8 

33 3 

17 7 

11 1 

12 2 

2 2 

Figuree 3. Survival after resection for periampullary adenocarcinoma by tumour status of the lymph nodes: 

Tumourr positive versus tumour negative. Numbers in the box represent the number of patients at risk at the 

correspondingg intervals 
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stagee did not change in the light of the willingness to accept marginal resections. In 
comparisonn with the previous series5, the percentage of resections with tumour free margins 
increasedd from 56% to 68% (p<0.05), which suggests an improved patient selection. However 
thee percentage of patients with lymph node metastases did not decrease (51% vs 57%, NS). 
Thee presence of lymph node metastases proved to be a strong prognostic factor for survival in 
thiss study, with a higher hazard ratio than tumour positive resection margins. In patients with 
pancreaticc carcinoma tumour positive resection margins was not a prognostic factor in the 
multivariatee analysis at all. Therefore the presence of lymph node metastases could have 
overruledd the effect of tumour positive resection margins. Furthermore, vein resections 
influencedd survival in the univariate analyses with a similar significance as tumour positive 
resectionn margins and the percentage of vein resections in this series was not different from 
thatt in the previous series (11% vs 16%, NS). 

100 0 

80 0 

as s 
--> > 
•>> 4 0 
i --
3 3 

20 0 

0 0 

00 1 2 2 4 3 6 4 8 6 0 

Tim ee (months ) 
Numberr of patients at risk 

Highh diff. 

Intermediatee diff. 

Loww diff. 

25 5 

81 1 
97 7 

22 2 

50 0 
50 0 

11 1 

24 4 
20 0 

7 7 

12 2 
10 0 

3 3 

6 6 
6 6 

2 2 

2 2 
4 4 

Figuree 4. Survival after resection for periampullary adenocarcinoma by tumour differentiation: High, 

intermediatee and low differentiation. Numbers in the box represent the number of patients at risk at the 

correspondingg intervals. *Low versus high differentiation. 

AA relative high percentage of the two-year survivors (21%) had tumour positive resection 
margins.. The initial histological diagnosis was ductal adenocarcinoma of the pancreas in 
10/122 patients and ampullary carcinoma in 2/12 patients. After revision of histology 2 ductal 
adenocarcinomaa of the pancreas could not be distinguished from ampullary carcinoma, but no 
otherr pathology with a better prognosis, such as a neuroendocrine tumour, was found. The 
relativee high percentage of the two-year survivors (21%) with tumour positive resection 
marginss could be explained by the included ampullary tumours. 

""  " High differentiation 
—— Intermediate differentiation 

Loww differentiation 

P=0.0057* P=0.0057* 

'T'T II 
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Inn this series a standard pancreaticoduodenectomy was performed ' and a considerable 
numberr of patients had lymph node metastases, which influence survival5,1',29'46. Others have 
performedd a more extensive surgical procedure with resection of retroperitoneal tissue and / or 
withh extensive lymph node dissections36 leading to increased number of resections with 
tumourr free resection margins , and increased number of resected lymph nodes46. However, in 
casee of pancreatic carcinoma there is no conclusive evidence that these extended procedures 
translatee into a prolonged survival46'47. This might be explained by micro metastases at the 
timee of surgery ' . In a sub group of patients in this study micrometastases in bone marrow 
weree found in 30% of the patients5 . However the exact interpretation of these findings is still 
unclear. . 
Adjuvantt treatment has frequently been applied to attack the dismal prognosis after 
pancreaticoduodenectomyy for pancreatic carcinoma51. In this series only 17 patients received 
adjuvantt chemoradiation therapy within a recent prospective randomised EORTC trial6 where 
noo effect of this chemoradiation therapy was found. 
Despitee advances in perioperative management, survival in this series did not increase. 
Nonetheless,, pancreaticoduodenectomy is the only possibility of cure for patients with a 
periampullaryy tumour. Together with the limited morbidity and mortality of this surgical 
proceduree in centres with experience, pancreaticoduodenectomy can be considered to be the 
treatmentt of choice for patients with periampullary carcinoma. However, a combination of 
surgeryy and adjuvant therapy could hopefully lead to a new approach in the treatment of 
patientss with periampullary carcinoma with a better survival, but further studies are warranted. 

References s 
1.. Geer RJ, Brennan MF. Prognostic indicators for survival after resection of pancreatic adenocarcinoma. 

Americann Journal of Surgery 1993; 165:68-72; discussion 72-3. 

2.. Bakkevold KE, Kambestad B. Palliation of pancreatic cancer. A prospective multicentre study. European 

Journall  of Surgical Oncology 1995; 21:176-182. 

3.. Nakai T, Koh K, Kawabe T, Son E, Yoshikawa H, Yasutomi M. Importance of microperineural invasion as a 

prognosticc factor in ampullary carcinoma. British Journal of Surgery 1997; 84:1399-1401. 

4.. Klempnauer J, Ridder GJ, Pichlmayr R. Prognostic factors after resection of ampullary carcinoma: 

multivariatee survival analysis in comparison with ductal cancer of the pancreatic head. British Journal of 

Surgeryy 1995; 82:1686-1691. 

5.. Allema JH, Reinders ME, van Gulik TM, et al. Prognostic factors for survival after 

pancreaticoduodenectomyy for patients with carcinoma of the pancreatic head region. Cancer 1995; 75:2069-

2076. . 

6.. Klinkenbijl JH, Jeekel J, Sahmoud T, et al. Adjuvant radiotherapy and 5-fluorouracil after curative resection 

off  cancer of the pancreas and periampullary region: phase III trial of the EORTC gastrointestinal tract cancer 

cooperativee group. Annals of Surgery 1999;230:776-782. 

7.. Imaizumi T, Hanyu F, Harada N, Hatori T, Fukuda A. Extended radical Whipple resection for cancer of the 

pancreaticc head: operative procedure and results. Digestive Surgery 1998; 15:299-307. 

8.. Yeo CJ, Sohn TA, Cameron JL, Hruban RH, Lillemoe KD, Pitt HA. Periampullary adenocarcinoma: 

analysiss of 5-year survivors. Annals of Surgery 1998;227:821-831. 

113 3 



ChapterChapter 10 

9.9. Gudjonsson B. Carcinoma of the pancreas: critical analysis of costs, results of resections, and the need for 

standardizedd reporting [see comments]. Journal of the American College of Surgeons 1995; 181:483-503. 

10.. Tan HP, Smith J, Garberoglio CA. Pancreatic adenocarcinoma: an update. Journal of the American College 

off  Surgeons 1996; 183:164-184. 

11.. Howe JR, Klimstra DS, Moccia RD, Conlon KC, Brennan MF. Factors predictive of survival in ampullary 

carcinoma.. Annals of Surgery 1998;228:87-94. 

12.. Lillemoe KD. Current management of pancreatic carcinoma. Annals of Surgery 1995; 221:133-148. 

13.. Trede M, Schwall G, Saeger HD. Survival after pancreaticoduodenectomy. 118 consecutive resections 

withoutt an operative mortality. Annals of Surgery 1990; 211:447-458. 

14.. Nitecki SS, Sarr MG, Colby TV, van Heerden JA. Long-term survival after resection for ductal 

adenocarcinomaa of the pancreas. Is it really improving? Annals of Surgery 1995; 221:59-66. 

15.. Gouma DJ, de Wit LT, van Berge H, Allema JH, van Gulik TH, Obertop H. [Complications, hospital 

mortalityy and survival following partial pancreaticoduodenectomy]. [Dutch]. Nederlands Tijdschrift voor 

Geneeskundee 1997; 141:1731-1737. 

16.. Gouma DJ, van Geenen RCI, van Gulik ThM, et al. Rates of Complications and death After 

Pancreaticoduodenectomy:: Risk Factors and the Impact of Hospital volume. Annals of Surgery 2000; 

232:786-794. . 

17.. Yeo CJ, Cameron JL, Sohn TA, et al. Six hundred fifty consecutive pancreaticoduodenectomies in the 

1990s:: pathology, complications, and outcomes. Annals of Surgery 1997; 226:248-57; discussion 257-6. 

18.. Fernandez-del CC, Rattner DW, Warshaw AL. Standards for pancreatic resection in the 1990s. Archives of 

Surgeryy 1995; 130:295-299. 

19.. Pellegrini CA, Heck CF, Raper S, Way LW. An analysis of the reduced morbidity and mortality rates after 

pancreaticoduodenectomy.. Archives of Surgery 1989; 124:778-781. 

20.. Cameron JL, Crist DW, Sitzmann JV, et al. Factors influencing survival after pancreaticoduodenectomy for 

pancreaticc cancer. American Journal of Surgery 1991; 161:120-124. 

21.. Grace PA, Pitt HA, Tompkins RK, DenBesten L, Longmire WP, Jr. Decreased morbidity and mortality after 

pancreaticoduodenectomy.. American Journal of Surgery 1986; 151:141-149. 

22.. Vedantham S, Lu DS, Reber HA, Kadell B. Small peripancreatic veins: improved assessment in pancreatic 

cancerr patients using thin-section pancreatic phase helical CT. AJR 1998; American Journal of 

Roentgenology.. 170:377-383. 

23.. Diehl SJ, Lehmann KJ, Sadick M, Lachmann R, Georgi M. Pancreatic cancer: value of dual-phase helical 

CTT in assessing resectability. Radiology 1998;206:373-378. 

24.. Gouma DJ, de WL, Nieveen v, et al. Laparoscopic ultrasonography for staging of gastrointestinal 

malignancy.. Scandinavian Journal of Gastroenterology - Supplement 1996; 218:43-49. 

25.. Nieveen van Dijkum EJ., Romijn MG, Terwee CB, et al. [Value of laparoscopic staging and palliative 

treatmentt of periampullary tumors; the Stentby Study]. [Dutch], Nederlands Tijdschrift voor Geneeskunde 

1996;; 140:2523-2524. 

26.. Minnard EA, Conlon KC, Hoos A, Dougherty EC, Hann LE, Brennan MF. Laparoscopic ultrasound 

enhancess standard laparoscopy in the staging of pancreatic cancer. Annals of Surgery 1998; 228:182-187. 

27.. Friess H, Kleeff J, Silva JC, Sadowski C, Baer HU, Buchler MW. The role of diagnostic laparoscopy in 

pancreaticc and periampullary malignancies. Journal of the American College of Surgeons 1998; 186:675-

682. . 

114 4 



SurvivalSurvival after pancreaticoduodenectomy 

28.. Allison DC, Bose KK, Hruban RH, et al. Pancreatic cancer cell DNA content correlates with long-term 

survivall  after pancreaticoduodenectomy. Annals of Surgery 1991; 214:648-656. 

29.. Allison DC, Piantadosi S, Hruban RH, et al. DNA content and other factors associated with ten-year survival 

afterr resection of pancreatic carcinoma. Journal of Surgical Oncology 1998; 67:151-159. 

30.. Sellner F, Machacek E. The importance of tumour volume in the prognosis of radically treated periampullary 

carcinomas.. European Journal of Surgery 1993; 159:95-100. 

31.. Yeo CJ, Cameron JL. Prognostic factors in ductal pancreatic cancer. Langenbecks Archives of Surgery 

1998;; 383:129-133. 

32.. Phoa SS, Reeders JW, Rauws EA, De WL, Gouma DJ, Lameris JS. Spiral computed tomography for 

preoperativee staging of potentially resectable carcinoma of the pancreatic head. British Journal of Surgery 

1999;; 86:789-794. 

33.. Bemelman WA, de WL, van DO, et al. Diagnostic laparoscopy combined with laparoscopic ultrasonography 

inn staging of cancer of the pancreatic head region [see comments]. British Journal of Surgery 1995; 82:820-

824. . 

34.. van Dijkum EJ, de Wit LT, van Delden OM, et al. The efficacy of laparoscopic staging in patients with 

upperr gastrointestinal tumors. Cancer 1997; 79:1315-1319. 

35.. Gouma DJ, Nieveen van Dijkum EJ, Obertop H. The standard diagnostic work-up and surgical treatment of 

pancreaticc head tumours. European Journal of Surgical Oncology 1999; 25:113-123. 

36.. Jones L, Russell C, Mosca F, et al. Standard Kausch-Whippte Pancreaticoduodenectomy. Digestive Surgery 

1999;; 16:297-304. 

37.. Allema JH, Reinders ME, van Gulik TM, et al. Portal vein resection in patients undergoing 

pancreaticoduodenectomyy for carcinoma of the pancreatic head. British Journal of Surgery 1994; 81:1642-

1646. . 

38.. Miedema BW, Sarr MG, van HJ, Nagorney DM, Mcllrath DC, Ilstrup D. Complications following 

pancreaticoduodenectomy.. Current management. Archives of Surgery 1992; 127:945-949. 

39.. Cameron JL, Pitt HA, Yeo CJ, Lillemoe KD, Kaufman HS, Coleman J. One hundred and forty-five 

consecutivee pancreaticoduodenectomies without mortality. Annals of Surgery 1993; 217:430-5; discussion 

435-8. . 

40.. Lieberman MD, Kilburn H, Lindsey M, Brennan MF. Relation of Perioperative Deaths to Hospital Volume 

Amongg Patients Undergoing Pancreatic Resection for Malignancy. Annals of Surgery 1995; 222:638-645. 

41.. Takahashi S, Ogata Y, Tsuzuki T. Combined resection of the pancreas and portal vein for pancreatic cancer. 

Britishh Journal of Surgery 1994; 81:1190-1193. 

42.. Andersen HB, Baden H, Brahe NE, Burcharth F. Pancreaticoduodenectomy for periampullary 

adenocarcinoma.. Journal of the American College of Surgeons 1994; 179:545-552. 

43.. Yeo CJ, Sohn TA, Cameron JL, Hruban RH, Lillemoe KD, Pitt HA. Periampullary adenocarcinoma: 

analysiss of 5-year survivors [see comments]. Annals of Surgery 1998; 227:821-831. 

44.. Tsao JI, Rossi RL, Lowell JA. Pylorus-preserving pancreaticoduodenectomy. Is it an adequate cancer 

operationn [published erratum appears in Arch Surg 1994 Nov; 129( 11): 1164]. Archives of Surgery 1994; 

129:405-412. . 

45.. Gouma DJ, Obertop H. Centralization of surgery for periampullary malignancy. British Journal of Surgery 

1999;86:1361-1362. . 

46.. Pedrazzoli S, DiCarlo V, Dionigi R, et al. Standard versus extended lymphadenectomy associated with 

pancreaticoduodenectomyy in the surgical treatment of adenocarcinoma of the head of the pancreas: a 

115 5 



ChapterChapter 10 

multicenter,, prospective, randomized study. Lymphadenectomy Study Group. Annals of Surgery 1998; 

228:508-517. . 

47.. Yeo CJ, Cameron JL, Sohn TA, et al. Pancreaticoduodenectomy with or without extended retroperitoneal 

lymphadenectomyy for periampullary adenocarcinoma. Annals of Surgery 1999; 229:613-624. 

48.. Thorban S, Roder JD, Siewert JR. Detection of micrometastasis in bone marrow of pancreatic cancer 

patients.. Annals of Oncology 1999; 10 Suppl 4:111-113. 

49.. Vogel I, Kruger U, Marxsen J, et al. Disseminated tumor cells in pancreatic cancer patients detected by 

immunocytology:: a new prognostic factor. Clinical Cancer Research 1999; 5:593-599. 

50.. van Beekveld JL, Tascilar M, Nieveen van Dijkum EJM, et al. Micrometastases in bone marrow of patients 

withh suspected pancreatic cancer. Gastroenterology 1999; 116:A101 (Abstract) 

51.. Yeo CJ, Abrams RA, Grochow LB, et al. Pancreaticoduodenectomy for pancreatic adenocarcinoma: 

postoperativee adjuvant chemoradiation improves survival. A prospective, single-institution experience. 

Annalss of Surgery 1997; 225:621-33; discussion 633-6. 

116 6 



CHAPTERR 11 

Painn management in patients with 

unresectablee pancreatic and periampullary carcinoma 

RCII  van Geenen*, CMG Keyzer-Dekker*, G van Tienhoven, MD#, 
HH Obertop, MD* , DJ Gouma, MD* 

Fromm the Departments of Surgery * and Radiotherapy #, 
Academicc Medical Center Amsterdam 

WorldWorld Journal of Surgery, 2001. In press. 



ChapterChapter 11 

Abstract Abstract 
Background:Background: In patients with unresectable pancreatic and periampullary carcinoma pain is 
generallyy treated with pain medication or with a celiac plexus blockade. Radiotherapy is also 
describedd to reduce pain. The efficacy of these different treatment modalities is still under 
discussion.. The aim of this study was to analyse the effects of the different types of pain 
managementt on patients who underwent palliative bypass surgery for unresectable pancreatic 
andd periampullary carcinoma. 
Methods:Methods: In the period between January 1995 and December 1998, 98 patients underwent 
palliativee bypass surgery, mostly for unresectable disease found during exploration. Patients 
weree divided in three groups: palliative bypass surgery (BP), palliative bypass surgery with an 
intraoperativee celiac plexus blockade (CPB) and palliative bypass surgery with or without 
celiacc plexus blockade followed by high dose conformal radiotherapy (RT). Radiotherapy was 
onlyy performed in selected patients with locally advanced disease and without metastases, 
implyingg a better prognosis of the last group. The pain medication consumption, pain 
medicationn free survival, hospital free survival and overall survival were analysed. 
Results:Results: The preoperative consumption of pain medication was significantly higher in the 
CPBB group compared to the BP and RT group. The postoperative consumption of pain 
medicationn in the CPB, BP and RT group increased during follow-up from 15, 17 and 13% 
beforee surgery to 52, 57 and 46% respectively at three-quarter of the survival time (NS). This 
increasee in consumption of pain medication was not different in the three groups. In the RT 
groupp the median pain medication free survival was significantly longer than in the BP and 
CPBB group (9.3 versus 3.1 and 3.3 months, p=0.02). 

Thee median hospital free survival and median overall survival were significantly longer in the 
RTT group compared with the CPB group respectively 10.3 versus 6.8 months (p=0.01) and 
10.88 versus 7.1 months (p=0.01). 
Conclusions:Conclusions: The celiac plexus blockade as pain management did not result in an increase of 
thee pain medication free survival or overall survival. Therefore a positive effect of celiac 
plexuss blockade on pain could not be confirmed in the present study. Radiotherapy resulted in 
ann increased pain medication free survival, hospital free survival and overall survival 
comparedd to the celiac plexus blockade. These effects are probably partly related to patient 
selection. . 
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Introductio n n 
Unfortunatelyy most patients (80-90%) with pancreatic and periampullary carcinoma are no 
candidatee for resection with intention to cure and need palliation of symptoms, such as 
obstructivee jaundice, gastrointestinal obstruction and pain1. Pain is a major symptom and is 
reportedd in 30-40% of patients at the time of diagnosis and increases to 90% shortly before 
death2.. Pain is most commonly treated with pain medication2"4'5,6 or with a celiac plexus 
blockade2'3'710.. Reduction of pain has also been described after palliative radiotherapy for 
locall  tumour control4'l1"20. 
Pharmacologicall  treatment is the mainstay of pain treatment for patients with pancreatic 
cancer4'5.. However, various side effects have been reported. Non-Steroid Anti-Inflammatory 
Drugg (NSAID) therapy can cause gastrointestinal toxicity4. Opioid treatment is generally 
associatedd with persistent constipation4,5, and can less frequently cause nausea, vomiting, 
sedationn or anxiety ' . 
Inn a prospective randomised trial it has been shown that celiac plexus blockade with 50% 
alcoholl  injection performed during surgery could markedly reduce pain in patients with pre-
existingg pain and also reduced the need for postoperative pharmacological treatment without 
additionall  morbidity10. Percutaneous celiac plexus blockade has a similar effect7,8'9. 
Unfortunately,, these effects of both types of celiac plexus blockade are not permanent and 
sidee effects are diarrhoea and orthostatic hypotension7'810. 
Radiotherapyy can be applied for local tumour control in an attempt to improve survival time 
whilee maintaining an acceptable quality of life20. Several studies demonstrated that 
radiotherapyy (external beam radiation, intra-operative, interstitial) or chemoradiation therapy 
resultedd in reduction of pain and consumption of pain medication1120. The most frequent side 
effectss of external beam radiotherapy are nausea and vomiting13. 
Thee efficacy of these different treatment modalities is partly unknown. Therefore the aim of 
thiss study was to analyse the effects of the different types of pain management in a cohort of 
consecutivee patients that underwent palliative bypass surgery for unresectable pancreatic and 
periampullaryy carcinoma. 

Patientss and Methods 
Patients Patients 
Inn the period January 1995 and December 1998, 98 patients underwent palliative bypass 
surgeryy for unresectable disease mostly found during exploration. Patients were 
retrospectivelyy studied and divided into three groups according to the treatment: patients 
treatedd with palliative bypass surgery (BP), patients treated with palliative bypass surgery in 
combinationn with an intraoperative celiac plexus blockade (CPB) and patients treated with 
palliativee bypass surgery with or without an intraoperative celiac plexus blockade followed by 
highh dose con formal radiotherapy (RT). 

PreoperativePreoperative factors, surgical treatment and additional radiotherapy 
Thee following symptoms at presentation were analysed; pain, weight loss, nausea and 
vomiting,, consumption of pain medication and duration of symptoms. The preoperative 
interventionss and stage of the disease were also analysed. 
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Patientss underwent a double bypass procedure21 (hepaticojejunostomy and 
gastroenterostomy).. Depending on the surgeon preference, intraoperative celiac blockade was 
performedd on both sides of the aorta at the level of the celiac axis with a 20 ml, 50% alcohol 
injectionn as previously described10. 

Highh dose conformal radiation therapy was given to patients who were included in an ongoing 
radiotherapy-phasee II study for patients with advanced pancreatic and periampullary 
carcinomaa without distant metastases. Patients received 70 or 72 Gy in 35 or 36 fractions in 7 
weeks. . 

Follow-up Follow-up 

Thee following parameters were evaluated during follow-up: presence of pain, use of pain 
medication,, type of pain medication (non-opioid or opioid), pain medication free survival, 
hospitall  free survival, and overall survival time. Survival times were measured from the date 
off  surgery. The percentage of patients using pain medication on one-quarter, one-half and 
three-quarterr of the survival time was assessed in the three groups. This method partly 
correctss for the expected longer survival in the patients with localised disease and 
radiotherapy.. Follow-up was completed for all patients until death, or when patients where 
alive,, the general practitioner was contacted. 

StatisticalStatistical Analysis 

Differencess between the three patients groups were assessed using the chi-square test and the 
Mann-Whitneyy V analysis, where applicable. Kaplan-Meier survival analysis was used to 
estimatee survival. A p-value below 0.05 was considered statistically significant. 

Results s 
Patients Patients 

Ninety-eightt patients (53 males and 45 females) with a median age of 65 years (range 39-82) 
underwentt palliative bypass surgery for unresectable pancreatic and periampullary carcinoma. 
Onee patient who underwent a Whipple procedure as a second procedure after radiotherapy 
wass excluded from the study. Twenty-seven patients underwent palliative bypass surgery 
(BP),, 47 patients underwent palliative bypass surgery with intraoperative celiac plexus 
blockadee (CPB) and 24 patients underwent palliative bypass surgery with (n=16) or without 
(n=8)) intraoperative celiac plexus blockade, followed by high dose conformal radiotherapy 
(RT).. Six patients, three in the CBP group and three in the RT group, received single doses of 
88 Gy radiotherapy during follow-up because of gastrointestinal bleeding (n= 4) or skin 
metastasess (n=2) and pain (n=l). Seven patients received palliative chemotherapy as part of 
ongoingg trials, 3 patients in the BP group and 4 patients in the RT group. The patient 
characteristicss were not different in the three groups (table 1). 

PreoperativePreoperative factors 

Theree was no significant difference in the percentage of patients with preoperative pain in the 
threee groups, 55%, 66% and 63%, respectively. Preoperative consumption of pain medication 
wass significantly higher in the CPB group compared to the BP and RT group (36% versus 15 
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andd 13%, respectively; p=0.03). The percentage of patients with preoperative consumption of 
opioidd pain medication in the BP, CPB, and RT group were comparable, 7%, 6%, and 8%, 
respectivelyy (p=0.88). In most patients the tumour was localised in the head of the pancreas 
(n=92).. The median tumour size was 3.5 cm (range 1.0-10.0) (table 2). 

Surgery Surgery 
Metastasess were found in the BP group in 15/27 (55%) of the patients and in the CPB group 
inn 26/47 (55%). Distant metastases was an exclusion criterion for radiotherapy, for which 
tumourr stage was significantly different in the RT group compared to the BP and CPB group 
(p<0.01).. Biopsies proved adenocarcinoma in 86 patients and in 12 patients biopsies could not 
provee malignancy, but perioperative findings and the clinical course confirmed the diagnosis 
off  malignancy (table 2). 

Tablee 1. Patient characteristics, symptoms at first presentation and preoperative interventions of 98 patients 

undergoingg palliative bypass surgery. 

Patientss characteristics 

Male/Female e 

Mediann age (range) 

ASAA score (median) 

Symptomss at first presentation 

Jaundice e 

Weight-losss < 5 kg 

55 kg - 10 kg 

>> 10 kg 

Nauseaa / vomiting 

Pain n 

Preoperativee pain medication 

Mediann duration of symptoms (months) 

Preoperativee interventions 

ERCP+drainage e 

Stent t 

Papillotomy y 

PTC C 

Diagnosticc Laparoscopy 

BP P 

(n=27) ) 

10/17 7 

644 (48-82) 

2 2 

277 (100) 

3(11) ) 

11(41) ) 

8(30) ) 

13(48) ) 

155 (55) 

4(15)* * 

1.9 9 

255 (93) 

22(82) ) 

3(11) ) 

11 (4) 

166 (59) 

CPB B 

(ii=47) ) 

27/20 0 

66(39-81) ) 

2 2 

400 (85) 

6(13) ) 

199 (40) 

155 (32) 

266 (55) 

31(66) ) 

177 (36) 

2.1 1 

38(81) ) 

37(79) ) 

11 (2) 

33 (6) 

33(70) ) 

RT T 

(n=24) ) 

16/8 8 

588 (42-75) 

2 2 

233 (96) 

2(8) ) 

111 (46) 

100 (42) 

9(38) ) 

155 (63) 

3(13)* * 

2.2 2 

222 (92) 

222 (92) 

0 0 

11 (4) 

233 (96) 

BP:: bypass group, CPB: bypass + celiac plexus group, RT: bypass + radiotherapy group. Values in parentheses 

aree percentages. ASA, American society of anaesthesiologists. ERCP, endoscopic retrograde 

cholangiopancreatography.. PTC, percutaneous transhepatic cholangiography. * p < 0.05: compared with CPB. 
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Tablee 2. Histopathological characteristics of 98 patients undergoing palliative bypass surgery. 

Tumourr location 

Pancreaticc head 

Papilla a 

Distall  common bite duct 

Duodenum m 

Mediann tumour size (cm) 

Tumourr stage 

Localisedd disease 

Metastases s 

Biopsy y 

Vascularr structures 

Hepatoduodenall  ligament 

Mesocolon n 

Liver r 

Tumourr histology 

Adenocarcii  noma 

Noo malignancy proven at biopsy 

BP P 

(n=27) ) 

255 (93) 

2(7) ) 

0 0 

0 0 

3.6 6 

122 (44) 

155 (56)* 

4(15) ) 

2(7) ) 

0 0 

5(19) ) 

233 (85) 

4(15) ) 

CPB B 

(n=47) ) 

444 (94) 

1(2) ) 

1(2) ) 

1(2) ) 

3.3 3 

21(45) ) 

266 (55)* 

5(10) ) 

6(13) ) 

10(21) ) 

199 (40) 

411 (87) 

6(13) ) 

RT T 

(n=24) ) 

233 (96) 

0 0 

1(4) ) 

0 0 

3.5 5 

24(100) ) 

0 0 

10(41) ) 

1(4) ) 

111 (46) 

0 0 

222 (92) 

2(8) ) 

BP:: bypass group, CPB: bypass + celiac plexus group, RT: bypass + radiotherapy group. Values in parentheses 

aree percentages. *p < 0.05 compared with RT. 

Complicationss after palliative bypass surgery occurred in 15 (15%) patients, 5 (5%) patients 
hadd surgery related complications, 11 (11%) patients had general complications (one patient 
hadd both surgical related and general complication). Delayed gastric emptying, which was 
definedd as nasogastric suction for more than 7 days and/or intolerance for normal diet for 
moree than 10 days after surgery 21, occurred in 7% of the patients (included in surgery related 
complications).. Median hospital stay was 10 days (range 4-38). The hospital mortality was 
1%. . 

ToxicityToxicity of radiotherapy 

Afterr radiotherapy in 14 patients (58%) toxicity occurred like diarrhoea (5), nausea (6), 
fatiguee (4). Two patients did not complete their radiation therapy, because of melaena and 
metastasess and received only 20 and 54 Gy, respectively. 

Follow-up Follow-up 

Follow-upp was complete until death for 77 patients and 15 patients were still alive at the end 
off  the study period. Six patients were lost to follow-up. The consumption of pain medication 
increasedd during follow-up and at three-quarter of the survival time the percentages were 52, 
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Bypass s 

Bypasss + 

celiacc plexus blockade 

Bypasss + 
radiotherapy y 

1/44 1/2 3/4 

Survivall  time 

Figuree 1. Percentage of 98 patients using pain medication (opioid or non opioid) at VS, xh and % of the survival 

time,, after palliative bypass surgery (BP) for unresectable pancreatic and periampullary adenocarcinoma, with or 

withoutt celiac plexus blockade (CPB), and with or without radiotherapy (RT). 

577 and 46% in the BP, CPB and RT group, respectively. The increase in consumption of 
opioidd or non-opioid pain medication was not different in the three groups (figure 1). 
Additionall  percutaneous celiac plexus blockade was performed in 5 patients with pain during 
follow-upp after a median interval of 6.3 weeks (range 1-68). The median overall survival after 
surgeryy of the 98 patients was 8.7 months (range 0.2-22.8). In the BP and CPB group the 
mediann pain medication free survival was 3.1 and 3.3 months and was significantly less than 
thee 9.3 months in the RT group (BP versus RT: p=0.02, CPB versus RT: p=0.02). The opioid 
freee survival times in the BP and CPB was 3.2 and 4.1, and was also significantly less than the 
9.44 months in the RT group (PB versus RT: p<0.01, CPB versus RT: p=0.03). The median 
hospitall  free survival in the BP, CPB and the RT group was 6.3, 6.8 and 10.3 months, 
respectivelyy (CPB versus RT: p=0.01) and the median overall survival was 7.8, 7.1 and 10.8, 
respectivelyy (CPB versus RT: p=0.01) (figure 2). 
AA sub analysis in the BP and CPB group was performed for patients with or without 
preoperativee pain. To exclude the confounding factors of stage of disease and radiotherapy, 
patientss in the RT group were excluded from this analysis. This sub analysis demonstrated 
thatt patients with preoperative pain had a significantly poorer median survival than those 
withoutt (4.9 versus 9.5 months, p=0.01) (Figure 3). However, there were no significant 
differencess between the BP and the CPB group for patients with preoperative pain and 
withoutt preoperative pain regarding pain medication free survival, hospital free survival and 
overalll  survival (table 3). In the CPB group, the median overall survival for patients with 
preoperativee pain was less compared to those without (6.0 versus 9.5 months, respectively; 
p=0.04). . 
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Discussion n 
Att the time of surgery 62% of the patients that underwent palliative surgery for unresectable 
pancreaticc and periampullary and periampullary carcinoma had pain. This emphasis the 
importancee of adequate pain management. The preoperative consumption of pain medication 
inn the CPB group was significantly higher than in the BP and RT group, although the 
intraoperativee celiac plexus blockade was administered independently of the preoperative pain 
medicationn consumption, namely predominantly depending on the surgeon who performed the 
procedure.. Still there might be a selection bias that could explain the difference in 
preoperativee consumption of pain medication, because patients with preoperative pain 
medicationn were probably more likely to receive an intraoperative celiac plexus blockade than 
patientss without preoperative pain medication. However, the number of patients with pain did 
nott differ in the three groups suggesting absence of a selection bias. This could be explained 
byy the fact that pain was not scored by a standardised method like the visual analogue score. 
Thee consumption of pain medication during follow-up at one-quarter, one-half and three-
quarterr of the survival time increased but did not differ in the three groups. However, the 
mediann pain medication free survival in the RT group was significantly longer than that in the 
BPP and the CPB group. This might be the result of the increased survival in the RT group, 
possiblyy due to the absence of distant metastases. However, an effect on the pain medication 
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c/3 3 

800

66 12 1 
Survivall  time (months) 

Numberr of patients alive / number of patients evaluable 

24 4 

27/27 7 

47/47 7 

24/24 4 

13/24 4 

23/41 1 

17/20 0 

5/21 1 

6/40 0 

7/17 7 

1/21 1 

1/39 9 

3/17 7 

BP BP 
CPB CPB 
RT RT 

Figuree 2. Survival of 98 patients who underwent palliative bypass surgery (BP) for unresectable pancreatic and 

periampullaryy adenocarcinoma, with or without celiac plexus blockade (CPB), and with or without radiotherapy (RT). 
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Patientss with preoperative pain 

Painn medication free survival 

Hospitall  free survival 

Survival l 

Patientss without preoperative pain 

Painn medication free survival 

Hospitall  free survival 

Survival l 

155 (55) 

2.5 5 

3.6 6 

3.9 9 

122 (45) 

3.3 3 

9.3 3 

9.5 5 

Tablee 3. Subanalysis of outcome for patients with or without preoperative pain. 

BPP CPB 

(n=27)) (n=47) 

31(66) ) 

1.6 6 

5.3 3 

6.0* * 

16(34) ) 

6.5 5 

8.7 7 

9_5 5 

BP:: bypass group, CPB: celiac plexus group. Survival values are medians, expressed in months. 

Valuess in parentheses are percentages. * p p <0.05, compared with patients without preoperative pain . 

freee survival after radiotherapy was also described in previous studies, in which radiotherapy 
orr chemoradiation therapy resulted in a reduction of pain and subsequent reduction in 
consumptionn of pain medication11"20. Unfortunately pain relief with radiotherapy may not 
occurr until several weeks after initiation of therapy" in these patients with a limited life 
expectancy'' . 
Noo significant differences for the pain medication free survival were found between the BP 
andd CPB groups, although a lower consumption of pain medication could be expected after 
administrationn of the intraoperative celiac plexus blockade11. Probably this was not the case 
becausee the CPB group had a significantly higher preoperative consumption of pain 
medication,, which could have influenced the postoperative need for pain medication and the 
overalll  survival in the CPB group. 
Inn the sub analysis of the BP and CPB group, patients with preoperative pain had a 
significantlyy poorer survival than those without, and this difference was also found in the CPB 
groupp alone. These findings are in accordance with previous studies where the presence of 
painn was proven to be associated with a poor prognosis22, probably because pain is associated 
withh more advanced cancer23. No significant differences in survival between the BP and CPB 
groupp in patients with or without preoperative pain were found. This finding is in contrast 
withh a previous randomised study, in which a sub analysis showed increased survival in 
patientss treated with the intraoperative celiac plexus blockade for preoperative pain compared 
too placebo11. 
Thee median pain medication free, hospital free, and overall survival were significantly longer 
inn the RT group compared to the CPB group (10.8 versus 7.1 months). The longer median 
survivall  in the RT group is in accordance with previous studies where radiotherapy or 
chemoradiationn therapy is frequently applied to prolong median survival time while 
maintainingg an acceptable quality of life11"14'*18*19'24. In previous studies the median survival 
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afterr interstitial, intraoperative and/or external beam radiotherapy was 9.3-14 months13'18,24. In 
thee present study, the significantly longer median overall survival in the RT group compared 
too the CPB group can be related to patient selection because radiotherapy was performed only 
inn patients with localised disease, as was the case in most of the previously mentioned 
studiess ' ' 417. However, patients in the RT group had a significant longer median pain 
medicationn and overall survival than patients in the BP and CPB group without metastases 
(3.33 versus 9.3, p=0.02 and 10.8 versus 8.8, p=0.01, respectively; data not presented). This 
suggestss that radiotherapy it self has an effect on survival. The median overall survival after 
palliativee bypass surgery was 8.7 months, while previous studies reported a median survival in 
thee range of 5.0-6.6 months' '' '' 2l,25'26.This longer survival after palliative bypass surgery of 
thee current series compared to previous studies could be explained by patient selection 
becausee nonoperative palliation that was used in most of the previously mentioned studies, is 
generallyy used in patients with advanced disease, leaving more favourable cases for palliative 
bypasss surgery27. 
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7/24 4 

4/37 7 
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0/36 6 
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pain pain 

Preoperative Preoperative 

pain pain 

Figur ee 3. Survival of 74 patients, with or without preoperative pain, who underwent palliative bypass surgery for 

unresectablee pancreatic and periampullary and periampullary adenocarcinoma. 
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Inn conclusion, the use of pain medication increased during progression of the disease to about 
fiftyy percent at three-quarter of the survival time independent of the pain management. The 
positivee effects of intraoperative celiac plexus blockade on postoperative consumption of pain 
medicationn and overall survival could not be confirmed in this present study. Radiotherapy 
appearss to have a positive effect on pain medication free, hospital free, and overall survival. 
However,, this effect must be interpreted with caution because of selection bias. 
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Abstract t 
Background:Background: Conventional nutritional support has limited impact on cachexia. N-3 
polyunsaturatedd fatty acids, especially eicosapentaenoic acid (EPA), may possess anti-cachectic 
properties.. This trial compared a protein and energy dense supplement enriched with n-3 fatty 
acidss and antioxidants (experimental:E) with an isocaloric, isonitrogenous control supplement 
(C)) for their effects on weight, lean body mass (LBM), dietary intake, and quality of life in 
cachecticc patients with advanced pancreatic cancer. 
Methods:Methods: Patients were asked to consume two cans/day of the E or C supplement (480 mis, 620 
kcal,, 32 g protein  2.2g EPA) for eight weeks in a multicentre, randomised, double-blind trial. 
Results:Results: Two hundred patients (95 E; 105 C) were randomised. At baseline patients were losing 
weightt at -3.3 kg/month. Over the eight week study period, patients in both groups stopped 
losingg weight (A weight E:-0.26 kg/month versus C:-0.38 kg/month; NS) and lean body mass (A 
LBMM E:0.27 kg/month versus C: 0.12 kg/month; NS) to an equal degree (change from baseline E 
andd C; p<0.001). Disease burden appeared greater in the E group and there was non-compliance 
inn both groups. Correlation analyses were undertaken to examine the relationships between 
changeschanges in nutritional intake and study endpoints. E patients demonstrated significant correlations 
betweenn their total intake of protein (meals plus supplement) and both weight gain (r=0.52, 
p<0.001)) and increase in LBM (r=0.46, p=0.004). Such correlations were not observed in C 
patients.. Increased plasma EPA levels in the E group were associated with weight and LBM gain 
(r=0.50,, p<0.001; r=0.51, p=0.001), maximal effect was at 1.5-2 cans/day. Weight gain was 
associatedd with improved quality of life. 

Conclusions:Conclusions: The use of a protein and energy dense oral supplement can attenuate weight loss in 
cancerr cachexia. When enriched with n-3 fatty acids and antioxidants and taken in sufficient 
quantity,, net gain of weight and lean tissue can be achieved. 
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Introductio n n 
Thee complex syndrome of cancer cachexia is a major contributor to the morbidity and mortality 
off  patients with advanced malignancy.1,2 Causative factors include metabolic alterations which 
resultt in hypermetabolism, anorexia leading to reduced food intake, and severe weight loss. 
Previouss studies using conventional nutritional support have suggested there is a partial block to 
thee accretion of lean tissue in cancer patients.3 Moreover, oral supplementation trials have failed 
too show weight gain compared with controls.4'5 Such data would tend to confirm the view that 
althoughh food intake needs to be increased in the cachectic cancer patient gain in lean tissue mass 
iss difficult unless the underlying metabolic abnormalities are downregulated,. The mediators 
responsiblee for these changes are thought to be both tumour- and host-derived and include pro-
inflammatoryy cytokines, the neuro-endocrine system and certain tumour-specific factors such as 
proteolysiss inducing factor (PIF).6 

Eicosapentaenoicc acid (EPA, an n-3 fatty acid) has been shown to have anti-tumour and anti-
cachecticc effects in the murine MAC-16 colon adenocarcinoma model.7 The administration of n-3 
fattyy acid capsules or high purity EPA capsules has been associated with weight stabilisation in 
weight-losingg patients with advanced pancreatic cancer.8'9 However, to improve functional 
abilityy and hence quality of life, patients need to regain the lean tissue lost in the cachectic 
process.. Additional protein and energy are required for lean tissue synthesis; hence the rationale 
forr incorporating EPA as part of a high protein, high energy oral supplement. Furthermore, 
includingg specific antioxidants may enhance the effect by protecting the unsaturated n-3 fatty 
acids.. In an open label trial, consumption of two cans per day of such an oral supplement 
resultedd in a median weight gain of 1 kg at 3 weeks and 2 kg at 7 weeks in weight-losing patients 
withh pancreatic cancer. Approximately 95% of the weight gain was lean body mass (LBM)." 
Thee aim of the present study was to compare the effect of the same n-3 fatty acid and antioxidant 
enrichedd supplement (experimental:E) with an isocaloric, isonitrogenous supplement (controkC) 
onn the weight, body composition, dietary intake, and quality of life of weight-losing pancreatic 
cancerr patients. The hypothesis was that n-3 fatty acids would modulate metabolic abnormalities 
andd thus promote anabolism in patients with cachexia. The addition of protein and energy would 
providee the elements necessary for net gain of weight and lean tissue. 

Patientss and Methods 
Patients Patients 
Patientss with unresectable pancreatic cancer were selected specifically for this study as these 
patientss usually experience severe weight loss. Patients were included if they had lost more than 
5%% of their pre-illness stable weight over the previous six months, had a Karnofsky performance 
scoree of 60 or more, and had a life expectancy greater than two months. Patients were excluded if 
theyy had undergone surgery, endoscopic stenting, radiotherapy or chemotherapy during the 
previouss four weeks; had other active medical conditions (major gastrointestinal disease, chronic 
renall  failure, uncontrolled diabetes, and human immunodeficiency virus); a body mass index 
(BMI)) greater than 30 kg/m2; or received medication which could profoundly modulate 
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metabolismm or weight, in particular, the use of fish oil or n-3 fatty acid preparations exceeding 
2000 mg/day EPA or one capsule of fish oil/day within the previous 90 days. At the time of 
enrollmentt no patients had gross ascites or oedema, jaundice, pyrexia, severe anaemia, clinical or 
radiologicall  evidence of infection and none were taking steroids at doses above that for 
physiologicall  replacement. Pancreatic enzyme supplements were administered if patients had or 
developedd clinical evidence of steatorrhoea. The ethics committees for human research of the 
participatingg centres approved the protocol, and written informed consent was obtained from all 
patients.. Procedures followed were in accordance with the International Committee for 
Harmonization,, Good Clinical Practices and the Helsinki Declaration. 

StudyStudy Design 
Thee study design was an international, multicentre, randomised, double-blind trial and was 
conductedd between January 27, 1999 and January 1, 2001. Stratification was applied for the 
twelvee participating centres*  and histological confirmation of pancreatic cancer. Patients were 
randomisedd at enrolment in permutation blocks using a sequential series of numbered, sealed 
envelopess containing computer-generated assignments. A copy of the randomization sequence 
wass kept in a locked cabinet apart from the study personnel. Randomization envelopes were 
openedd by a third party who shipped the product directly to the patients' homes. The patients, 
investigatorss and study personnel were blinded to the treatment group allocation. Study products 
weree packaged identically and not easily distinguishable from each other. A sample size of 68 
patientss was calculated to detect a difference in body weight of 1.6 kg (i.e. an effect size of 0.8) 
betweenn groups with a significance level of 0.05 and a power of 0.9. Statistical power was based 
onn changes in weight from the pilot study data." Sample size was inflated to 80 patients due to 
anticipatingg smaller effect size in other measures (i.e. quality of life). Therefore, 200 patients 
weree required to be enrolled in the study to obtain a minimum of 80 patients, based on an 
anticipatedd 60% attrition rate.12 

Patientss were asked to consume two cans per day of either a specially designed n-3 fatty acid and 
antioxidantt enriched oral supplement (E) or the identical supplement without n-3 fatty acids and 
enhancedd antioxidants (C) for an eight week period. Compliance was evaluated after the blind 
wass broken using the supplement consumption records kept daily by patients and measurement of 
plasmaa phospholipid EPA levels. 
Bothh oral supplements were provided by Ross Products Division, Abbott Laboratories, 
Columbus,, Ohio, USA and were ready-to-use, energy dense, high protein, low-fat formulations 
intendedd to act as a supplement to the patient's usual diet. Each 237 mL can provided 310 kcal, 

Royall  Infirmary of Edinburgh, Edinburgh. UK; University Hospital of Maastricht. Maastricht, The Netherlands; Centre Hospilaher de 
1'Universitee de Montreal (CHUM), Montreal, Canada; Academisch Medisch Centrum, Amsterdam. The Netherlands; lstituto Nazionale per 
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166 g protein, 6 g fat, with or without l.lg of the n~3 fatty acid, eicosapentaenoic acid (EPA), and 
enrichedd antioxidants as described by Barber et al. ' Patients were assessed for weight, body 
composition,, dietary intake and quality of life at baseline, four and eight weeks. 

WeightWeight and body composition 
Att the initial assessment, height, pre-illness stable weight and duration of weight loss were self-
reported.. Patients were weighed without shoes and wearing light clothing on spring balance 
scales s 
(Tanitaa Solar Powered Scale Model 1618, Tanita, Uxbridge, Middlesex, UK). The same scales 
weree used for consecutive visits. 
Bodyy composition was assessed using a Xitron Hydra multiple frequency bioelectrical impedance 
analyserr (Xitron Technologies, San Diego, California, USA) as previously described.13 

Resistancee was measured at 5 KHz and 200 KHz. Total body water (TBW) was derived using 
equationss validated in surgical patients.13 Lean body mass was calculated from TBW assuming 
thatt lean tissue contains 73% water.14 Pre-illness lean body mass was estimated from pre-illness 
bodyy weight using predictive equations based on height and weight for TBW.15 

DietaryDietary intake 
Three-dayy diet diaries completed prior to assessments at baseline (week 0), and weeks four and 
eightt were used to assess the patients' dietary intake. Diet diaries have been shown to reflect 
usuall  dietary intake.16'17 One weekend day and two week days were used to account for potential 
day-off  the week effects on dietary intake.17 A dietitian instructed patients on how to record food 
andd beverage intake. Mean total energy and macronutrient intakes were calculated using 
country-specificc computerised dietary analysis packages. Patients also were asked to record the 
numberr of cans of supplement, or parts thereof, consumed each day. Total dietary intake was 
calculatedd by adding oral supplement consumption to spontaneous food intake. 

PlasmaPlasma fatty acid analysis 
Analysiss of EPA in patients' plasma phospholipids before study commencement and at four and 
eightt weeks was performed by gas chromatography as previously described.8 A plasma EPA 
levell  of 1.6% is approximately the 90th percentile in free-living unsupplemented pancreatic 
cancerr patients,1118 and this was used as the upper limit of the normal range. 

QualityQuality of Life Assessment 
Qualityy of life was measured at baseline, four and eight weeks using two self-administered 
questionnaires,, EuroQol EQ-5D, a generic quality of life measure that provides a single index 
scoree (EQ-5Dindex) and the respondent's assessment of their overall health state (EQ-5Dvas),19 and 
EORTCC QLQ-C30, a multidimensional cancer specific measure that includes a global health 
statuss and quality of life scale, function and symptom scales.20 The physical function and global 
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healthh status components alone were used in the statistical analysis. Karnofsky Performance 
Scoree was also documented. 

StatisticalStatistical analysis 

Thee primary analysis was conducted on an intention-to-treat (ITT) basis, therefore available data 
fromm all patients entered into the study were used. Study groups were assessed for comparability 
att study entry. For continuous variables, changes were calculated at week four minus baseline 
andd week eight minus baseline. Continuous variables were analysed using a two sample t-test or 
Wilcoxonn Rank Sum test as appropriate. Categorical variables were analysed using a Chi-square 
Testt or Fishers Exact Test as appropriate. Post-hoc within group analyses were conducted to 
examinee the changes from week four to baseline and week eight to baseline using the paired t test 
orr Wilcoxon Signed Rank test as appropriate. Correlation product moment analyses were 
performed,, within group, on a subset of the data variables. The relationship of supplement 
consumption,, plasma EPA and dietary intake with the study endpoints was assessed separately 
forr the experimental and control groups using the Pearson correlation coefficient. The Wilcoxon 
Signedd Rank test was used to examine whether there was a relationship between the amount of 
experimentall  product consumed and specific outcomes. Patient survival was estimated from the 
datee of study enrolment by the Kaplan-Meier method. All results were considered to be 
statisticallyy significant if the p value was less than 0.05. 

Results s 
Twoo hundred weight-losing patients (95E and 105C) with unresectable pancreatic cancer were 
enroledd and randomised in the study. Patient characteristics at enrolment and baseline are shown 
inn Table 1. The two groups were comparable on all variables. However, there was a trend 
towardss a greater proportion of stage IV disease patients in the experimental group (52%) than in 
thee control group (41%). In addition, mean time elapsed between diagnosis and study entry in 
thesee stage IV patients was 250 (SEM  54) days in the experimental group, which tended to be 
longerr than the C group, 153 (SEM  29) days; p=NS. At baseline, patients had been losing 
approximatelyy -3.3 kg/month (2.2 kg of which was estimated to be lean body mass) and had lost 
17%% of their pre-illness stable weight. Approximately one-third of patients in each group (32% 
E,, 28% C) were using pancreatic enzyme supplements for the treatment of 
steatorrhoea/malabsorptionn at the start of the study. Patients were well matched for Karnofsky 
Performancee Score and quality of life characteristics (Table 1). In general the values reflect a 
debilitatedd older group of patients with significant impairment of physical function and global 
healthh status. Fifteen patients withdrew between enrolment and baseline. Thus, 185 patients (88E 
andd 97C) were assessed at baseline. Thereafter, 148 patients were assessed at four weeks (70E 
andd 78C) and 110 at eight weeks (50E and 60C) (Figure 1). The reasons for sample attrition 
betweenn enrolment and the end of the eight week study period are also shown in Figure 1. Both 
thee experimental and control oral supplements were well tolerated. There were no significant 
differencess in the number of patients who experienced adverse events or serious adverse events 
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betweenn the experimental and control groups. None of the serious adverse events were 
consideredd to be due to the oral supplements, rather the investigators concluded that they were 
duee to disease progression. 

Tablel.. Enrolment and baseline characteristics of 200 weight-losing patients with unresectable pancreatic cancer 

Enrolmentt characteristics Experimental Control p Value 

[n=95]]  [n=105] 

Sexx (M : F) 

Agee (years) 

Histologicall  proof of diagnosis 

Stagee of Disease II 

II I I 

IV V 

Usuall  weight (kg) 

Pancreaticc enzyme supplementation 

Baselinee characteristics (0 weeks) 

Weightt at baseline (kg) 

Durationn of weight loss (weeks) 

Ratee of weight loss (kg/4 weeks) 

%% weight loss from usual weight 

Bodyy mass index (kg/m2) 

Leann body mass (kg) 

Karnofskyy Performance Score 

EQ-5Dindex x 

EQ-5Dïa5 5 

EORTCC QLQ-C30 Global Health Status 

EORTCC QLQ-C30 Physical Function 

Meall  intake (kcal/d) 

Meall  intake (g pro/d) 

54:41 1 

67(1) ) 

555 (58%) 

311 (33%) 

14(15%) ) 

499 (52%) 

72.7(1.2) ) 

300 (32%) 

Experimental l 

60.33 (1.1) [n=88] 

26.0(2.1)) [n=88] 

2.99 (0.2) [n=88] 

17.99 (0.9) [n=88] 

21.88 (0.4) [n=88] 

43.33 (0.9) [n=80] 

74.99 (1.2) [n=88] 

0.622 (0.03) [n=86] 

52.33 (2.2) [n=87] 

48.88 (2.2) [n=86] 

64.11 (2.2)[n=87] 

1504(54)[n=84] ] 

600 (2)[n=84] 

56:49 9 

68(1) ) 

611 (58%) 

400 (39%) 

211 (20%) 

422 (41%) 

74.7(1.4) ) 

299 (28%) 

Control l 

61.44 (1.2) [n=97] 

25.33 (2.0) [n=96] 

3.22 (0.3) [n=96] 

17.11 (0.8)[n=97] 

22.00 (0.4) [n=97] 

43.4(0.9)) [n=91] 

73.99 (1.0) [n=98] 

0.622 (0.03) [n=91] 

57.22 (1.9) [n=96] 

53.11 (2.2)[n=95] 

67.77 (2.3) [n=96] 

1613(51)) [n=95] 

63(2)[n=95] ] 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

pp Value 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

Valuess are mean (SEM) or n [%]. 
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Figuree 1. Trial profile 
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Orall  supplement consumption and dietary intake are shown in Table 2. On average, patients in 
bothh groups consumed less than the recommended dose (1.5-2.0 cans/day). There was no 
significantt difference between the groups for change in total dietary intake over the eight-week 
period.. However, there was a significant increase in total (meals plus supplement) dietary intake 
fromm baseline for those patients in the experimental group completing eight weeks (224 kcal/day; 
p=0.001;; and 15 g protein/day; p<0.001). In contrast, protein intake increased significantly but 
theree was only a trend towards an increase in energy intake for those patients completing eight 
weekss in the control group, (6 g protein/day; p=0.036 and 68 kcal/day; p=0.098). 
Basedd on plasma phospholipid EPA levels, there was evidence of deviation from protocol in both 
thee control and experimental groups. There were patients in both groups with high levels of EPA 
att baseline (14%), suggesting possible undisclosed prior supplementation with n-3 fatty acids. In 
addition,, 18% of control patients had high EPA levels at weeks four and/or eight. Conversely, 
26%% of experimental patients had reported at least some intake of the experimental supplement 
andd yet had littl e or no elevation of EPA (i.e. <1.6%) in the plasma at either weeks four or eight. 
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Tablee 2. Change in oral nutritional supplement intake, meal intake and total dietary intake for the experimental and 

controll  groups over the 8 week study period 

Experimentall  Control 

Suppl.. intake (cans/d) 1.44(0.1) [n=44] 1.43(0.06) [n=56]* 

Suppl.. intake (kcal/d) 448 (23) [n=44] 444 (19) [n=56]* 

Suppl.. intake (g pro/d) 23 (1.2) [n=44] 23 (1.0) [n=56]* 

Meall  intake (kcal/d) -241 (65) [n=45] y -376 (65) [n=56]*  y 

Meall  intake (g pro/d) -9 (3.2) [n=45] Y -17 (3.2) [n=56]*  y 

Totall  intake (kcal/d) 224 (68) [n=44] y 68 (64) [n=56]*  I, 

Totall  intake (g pro/d) 15 (3.5) [n=44] y 6 (3.3) [n=56]*  Y 

**  Experimental vs. Control p=NS 

Changee from baseline to 8 weeks Y p<0.05, y p<0.001, ^ p=NS 

Valuess are mean (SEM). pro = protein; d = day; suppl = supplement 

Observedd changes in weight and LBM after four and eight weeks of oral supplementation are 
shownn in Figures 2 and 3. Over the eight week study period, weight (A weight E: -0.25 kg/month 
versuss C: -0.37 kg/month) and LBM (A LBM E: 0.27 kg/month versus C: 0.12 kg/month) were 
stablee and not significantly different between the groups. When compared with the rates of loss 
att baseline there was a significant attenuation of weight and LBM loss in both study groups at 4 
andd 8 weeks (p<0.001 for all within group comparisons). There were no significant differences 
inn prestudy rates of loss of weight and LBM between patients who did or did not complete the 8-
weekk study period. With respect to other indices over the trial period, there were no significant 
differencess between groups in performance scores or any of the quality of life measures. 
Correlationn analyses were undertaken to assess the relationship between study variables and 
outcomess over the eight week study period. There was a significant, positive correlation in the 
experimentall  group between daily total protein intake (food plus supplement) per day and 
increasess in both body weight (r=0.52, p<0.001) (Figure 4A) and LBM (r=0.46, p=0.004) (Figure 
4C).. In contrast, there were no such correlations in the control group (Figures 4B and 4D). 
Maximall  gain in weight and LBM was observed with an intake of 1.5-2 cans per day (Figure 5) 
inn the experimental group. There was a significant, positive correlation between week eight 
plasmaa EPA and increases in weight (r=0.50; p<0.001) and LBM (r=0.51, p=0.001) (Figure 6) in 
thee experimental group. 

Althoughh there were no significant differences between the two groups, the experimental 
supplementt intake correlated positively with weight (r=0.50, p<0.001), LBM (r=0.33, p=0.036), 
qualityy of life as measured by EQ-5Dindex (r=0.37, p=0.01), while the quantity of control 
supplementt showed no such correlations (r=0.16, p=0.23; r=-0.09, p=0.50; r=0.04, p=0.77). In 
addition,, weight gain in the experimental supplement group correlated significantly with EQ-
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Figuree 2. Effect of protein and calorie dense oral supplements  n-3 fatty acids and antioxidants on weight change 

patientss with pancreatic cancer cachexia. 
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Figuree 3. Effect of protein and calorie dense oral supplements  n-3 fatty acids and antioxidants on change in lean 

bodyy mass in patients with pancreatic cancer cachexia 

5Dlndexx (r=0.46, p=0.001), EQ-5Dvas (r=0.38, p=0.01), and the physical functioning domain of 

EORTCC QLQ-C-30 (r=0.33, p=0.022). There were no such statistically significant correlations 

observedd within the control group. 

Thee median duration of survival from study enrolment for all patients was 130 days and there 

wass no significant difference between the treatment groups (E: 142 days, C: 128 days). 
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Discussion n 
Whenn compared with rates of weight loss at baseline the present study has shown that protein and 
energyy dense oral supplements can attenuate weight loss in cancer cachexia. Furthermore, based 
onn correlation analyses the study has demonstrated that when such oral supplements are enriched 
withh n-3 fatty acids and antioxidants and are taken in sufficient quantity, net gain of weight and 
leann tissue can be achieved. 

Figuree 4. Effect of a protein and calorie dense oral supplement with (A) or without (A) n-3 fatty acids and 

antioxidantss on weight (A and B) and lean body mass (C and D) of patients with pancreatic cancer cachexia after 8 

weekss of supplementation. 
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Patientss at baseline (n=185) had lost on average 17% of their pre-illness weight and were actively 
losingg weight at a rate of approximately -3.3 kg/month. Patients completing the 8 week study 
(n=110)) had become relatively weight stable thereby demonstrating a marked attenuation of rate 
off  weight loss whether or not their supplement contained enhanced levels of EPA and 
antioxidantss (see Figure 2). It could be argued that the most cachectic patients had either died or 
withdrawnn by week 8 thus leaving the patients who were more weight stable. However, the 
baselinee rate of weight loss was similar in patients who did or did not reach week 8 thereby 
suggestingg that this was not the case. 

140 0 

ex x 

-a -a 
© © 

e e 
ca a 
o o 

- 1 1 

10 0 

© © 
05 5 

S S 
CS S 
V V 

6 6 

4 4 

22 -

0 0 

-22 -

-4 4 

-6 6 

-8 8 

i nn -

^^  ^ 



CancerCancer cachexia 

Weightt  Ü Lean Body Mass 
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Figuree 5. Relationship between intake of the protein and calorie dense oral supplement with n-3 fatty acids and 

antioxidantss and change in weight and lean body mass at 8 weeks in patients with pancreatic cancer cachexia. 
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Figuree 6. Relationship between week 8EPA values and change in LBM at 8 weeks in patients consuming the protein 

andd calorie dense oral supplement with n-3 fatty acids and antioxidants 

Baselinee intakes of energy (1500-1600 kcal/day) and protein (60-65 g/day) were insufficient to 
alloww patients to maintain body weight. This may reflect the increased basal requirements of 
cachecticc cancer patients. During the study, patients in both groups on average consumed 1.3-1.4 
canss of oral supplement per day (equivalent to 420 kcal and 21g/day). Although, spontaneous 
meall  intake was reduced, it was not completely replaced by the supplement and the net gain in 
totall  energy and protein intake was sufficient to allow the patients to achieve overall weight 
stabilityy (Figure 2). Interestingly, there was a trend for patients receiving the experimental 
supplementt to have less suppression of meal intake and a greater overall energy and protein 
intake.. This might have contributed to the correlations between experimental supplement intake 
andd greater weight, lean body mass and quality of life, whereas there were no such correlations in 
thee control group. 
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Patientss had been stratified for centre and histological proof of diagnosis, but not for stage of 

disease.. Baseline characteristics revealed that there tended to be more stage IV patients 

randomisedd to the experimental group. The time from diagnosis to study entry also tended to be 

longerr in those with stage IV disease in the experimental group compared with the control group. 

Thereforee there may have been greater disease burden in the experimental group. This could 

havee influenced the results observed on group comparison since the patients with more advanced 

diseasee might have been less able to take in normal food, and consume and respond to the 

intervention.. In addition, the combined effect of some patients in both groups failing to declare 

n-33 fatty acid supplement use at baseline and some patients in the control group supplementing 

themselvess with an alternative source of n-3 fatty acids during the trial may have further 

dampenedd any treatment differences that could be observed between groups. 

AA post hoc series of correlation analyses based on the ITT population was therefore undertaken to 

investigatee the relationship between documented supplement and dietary intake, plasma EPA and 

studyy endpoints. These analyses demonstrated a significant, positive correlation between body 

weightt and LBM and total protein intake (from food plus supplement) in the group receiving the 

experimentall  product (Figures 4A and 4C). There was, however, no such relationship in the 

controll  group (Figures 4B and 4D). Such findings are in agreement with previous observations 

suggestingg that during conventional nutritional support there is a partial block to the accretion of 

leann tissue in cachectic cancer patients.321 The data also suggests that this partial block may be 

overcomee by the addition of n-3 fatty acids and antioxidants. 

Inn those randomised to the experimental group, there was a significant, positive correlation 

betweenn week eight plasma EPA and an increase in weight. Moreover, plasma EPA levels 

correlatedd strongly with changes in LBM (Figure 6) thereby suggesting a dose-response 

relationshipp between EPA and the accretion of lean tissue. These findings are consistent with the 

administrationn of EPA leading to the preservation of lean tissue in the MAC-16 murine model of 

cachexia.77 They are also consistent with the ability of EPA to down-regulate the increased 

expressionn of the key regulatory components of the ubiquitin-proteasome proteolytic pathway, 

consideredd to be the major mechanism of protein loss in cachexia.22 EPA attenuates protein 

degradationn induced by a tumour factor (proteolysis-inducing factor) a known mediator of 

cachexia,, previously isolated from the urine of weight-losing pancreatic cancer patients.23,9 EPA 

mayy also have acted via downregulation of the production of catabolic pro-inflammatory 

cytokines.24,25 5 

Inn the present study weight gain and net accretion of lean tissue were observed in the 

experimentall  group in those patients taking approximately 1.5-2 cans of the n-3 fatty acid 

enrichedd supplement (Figure 5) thereby reproducing the results of the pilot study where median 

cann consumption was 1.9 cans/day.11 However average supplement intake in the present study 

wass lower (1.3-1.4 cans/day) than the pilot study. At this level of supplementation there was no 

advantagee for the supplement enriched with n-3 fatty acids and antioxidants although an 

attenuationn of weight loss was observed (Figure 2). This observation suggests that it is vital to 

achievee good compliance if the potential benefits of the specialised supplement are to be realised. 
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Onee explanation for the difference in compliance between the pilot study and the present 
randomisedd controlled trial would be different levels of patient motivation for supplement 
consumptionn based on the patient's perception of potential benefit in the context of a single arm 
studyy versus a randomised trial. Further studies focused on methods of optimising compliance 
(e.g.. information sheets) both within and outwith the context of randomised studies would be 
useful.. Moreover, although compliance could be checked for the experimental supplement using 
plasmaa EPA levels, it would be useful for further studies to have a tracer (e.g. deuterated water) 
inn both the control and experimental oral supplements. 
Clearlyy the aim of nutritional and metabolic support in cancer cachexia is not only to restore 
normall  body composition but also to improve function and quality of life. Previous studies using 
thee appetite stimulant medroxyprogesterone acetate have demonstrated a significant attenuation 
off  weight loss in cachectic cancer patients.12 However, this did not translate into an improved 
qualityy of life (as assessed by the EORTC QLQ C-30). One explanation was that the main tissue 
preservedd was fat rather than lean body mass. In the present study the lean body mass of patients 
whoo took the experimental supplement at the recommended dose (1.5-2 cans/day) increased 
(Figuree 5) and intake of the experimental supplement was correlated positively with improved 
LBMM and EQ-5Dindex. Moreover, weight gain in the experimental group was significantly 
associatedd with higher scores in the physical function domain of the EORTC QLQ-C30, EQ-
5Dindexx and EQ-5Dvas. These significant correlations were not observed in the control group. It 
cannott be determined whether the relationship between improved nutritional status and better 
qualityy of life is a cause and effect relationship. Nonetheless, these findings are some of the first 
too link improved nutritional status (lean body mass) with quality of life in patients with advanced 
cancer. . 

Previouss studies both in vitro and in vivo have suggested that n-3 fatty acids may have potential 
ass anti-neoplastic therapy. Tumour response was not evaluated in the present study. However, 
theree was no difference in the survival duration between control and experimental arms. The 
mediann survival of all patients from the time of enrolment was 130 days which is similar to that 
reportedd in recent randomised trials of chemotherapy or novel anti-neoplastic agents.26'27 These 
studies,, however, did not contain a best supportive care arm. The results of the present study 
implyy that a reassessment of this policy is required. 
Inn summary, patients with cancer cachexia are treatable. Provision of an energy and protein 
densee oral supplement can stabilise weight loss. The previous pilot study11 and the present 
randomisedd controlled trial also suggest that if taken in sufficient quantity, addition of n-3 fatty 
acidss and antioxidants may lead to an increase in not only body weight but also lean body mass 
andd to some domaines of quality of life assessment measures. Further studies are required to 
optimisee compliance and explore fully the potential for such intervention to influence patients' 
physicall  function, quality of life and overall health status. 
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Summary y 
Inn this thesis different aspects of intentional curative treatment of patients with pancreatic or 
periampullaryy carcinoma are described, such as the influence of hospital volume, surgeon 
volume,, a multidisciplinary setting, and portal or mesenteric vein resection on morbidity and 
mortalityy after pancreaticoduodenectomy. Secondly, long-term outcome after 
pancreaticoduodenectomyy in terms of survival and other aspects such as gastrointestinal pH 
andd hormone secretion, and re-admissions are discussed. Finally, issues in palliation such as 
painn management, and treatment of cancer cachexia are discussed. 

Inn chapter  2, factors influencing mortality after pancreaticoduodenectomy are analysed in a 
seriess of 300 consecutive patients from a single institution. The mortality rate was 
approximatelyy 1% and complications occurred in 41% of the patients. The percentage of 
complicationss decreased during the study period while the number of resections increased 
fromm 17 to more than 50 per year. Significant independent factors predicting complications 
weree serum creatinine level, blood transfusion, and the time period (year) of resection. In the 
secondd part, the influence of hospital volume on hospital mortality after pancreatic resection 
inn the Netherlands is analysed using data from a national healthcare database. The mortality 
ratee was around 10% and did not chance during the study period (1994-1998). The mortality 
ratee in a high volume centre (>25 resections/year) is significantly lower than in low volume 
centress (<5 resections/year), 14.6 versus 0% respectively in 1998. From this study it can be 
concludedd that 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. 

Inn chapter  3 the importance of a multidisciplinary approach in the management of 
complicationss after pancreatic resection is illustrated in a case report. An overview of the 
availableavailable literature on hospital volume and hospital mortality is presented. Some studies show 
ann advantage of high volume hospitals over low volume hospitals, whereas others do not. 
Furthermoree different definitions of high volume centres complicate this overview. 

Thereforee a meta-analysis on the relation between hospital volume and hospital mortality after 
pancreaticc resection was performed as presented in chapter  4. Different volume categories 
withh cut-off values of approximately 2, 5, 10, and 20 resections per year were used for 
analysis.. In all volume categories the mortality in high volume centres was significantly less 
thann in low volume centres (p<0.001). However, most studies used national or regional health 
caree databases that carry limited data. Therefore case mix can not always be identified. This 
studyy indicates that centralisation of pancreatic resection can avoid unnecessary deaths and 
thatt the definition of high volume criteria can be a practical one, dictated by infrastructure and 
capacity. . 
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Chapterr  5 describes the results after portal or superior mesenteric vein (PV/SMV) resection 
duringg pancreaticoduodenectomy for suspected tumour involvement in 34 patients out of a 
consecutivee series of 215 patients that underwent pancreticoduodenectomy. Tumour free 
resectionn margins could be obtained in 41% of the patients and the portal or superior 
mesentericc vein margin was the only positive margin in only 15%. Morbidity and mortality 
afterr this procedure were 41% and 0% respectively and the median survival was 14 months. 
Althoughh this resection is technically possible without increased morbidity or mortality it 
doess not increase the percentage of resections with tumour free margins or survival. 

Thee functional outcome after pylorus preserving pancreaticoduodenectomy with respect to 
gastrointestinall  pH profiles is analysed in detail in chapter  6. Since a low gastrointestinal pH 
cann negatively influence enzyme function and food digestion this may contribute to 
malabsorptionn after pylorus preserving pancreaticoduodenectomy. We assumed that 
gastrointestinall  pH would be negatively affected after this resection because of loss of 
feedbackk inhibition on acid secretion. The median 24 hour and intragastric pH after pylorus 
preservingg pancreaticoduodenectomy were not different from healthy controls, with values of 
1.77 versus 1.7, respectively. The postprandial intragastric pH was not significantly different 
either.. The median 24 hour intrajejunal pH after pylorus preserving pancreaticoduodenectomy 
wass not lower but even higher than the intraduodenal pH in healthy controls, 6.3 versus 6.0 
respectively,, mainly as a result of the increased intestinal pH in the nocturnal period. 
Therefore,, changes in gastrointestinal pH after resection do not negatively influence food 
digestion. . 

Inn chapter  7, the effect of pancreaticoduodenectomy and duodenum preserving resection of 
thee head of the pancreas on gastrointestinal pH was compared with non-operated chronic 
pancreatitiss patients. There were no significant differences in median 24 hour or postprandial 
gastrointestinall  pH or circadian rhythms between these patients. In the circadian period from 
10.00-18.000 hours, intragastric pH in the PPPD group was significantly higher than in the 
chronicc pancreatitis patients, 1.8 versus 1.6, respectively (p=0.05). In the nocturnal period 
intestinall  pH in the pylorus preserving pancreaticoduodenectomy group was significantly 
higherr than in the group that underwent a duodenum preserving resection of the head of the 
pancreas,, 6.2 versus 5.8 (p=0.05). Resection does not further change gastrointestinal pH 
patternss that are already disturbed due to chronic pancreatitis. 

Proximall  and distal postprandial gut hormones secretion after pylorus preserving 
pancreaticoduodenectomy,, duodenum preserving resection of the head of the pancreas, was 
comparedd with non-operated patients with chronic pancreatitis, and healthy controls in 
chapterr  8. The peak increment of plasma cholecystokinin secretion and the integrated plasma 
cholecystokininn secretion in patients after pylorus preserving pancreaticoduodenectomy (0.6
0.11 pmol/1 and 25  6 pmol/1 120 min, resp.) were significantly lower than in patients after 
duodenumm preserving resection of the head of the pancreas (1.7  0.3 pmol/1; p<0.01 and 86
322 pmol/1 120 min; p<0.05, resp.), and non-operated chronic pancreatitis patients (1.5  0.2 
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pmol/1;; p<0.01 and 84  17 pmol/1 120 min; p<0.01). The peak increment and integrated 
plasmaa peptide YY secretion in patients after pylorus preserving pancreaticoduodenectomy 
wass not significantly different from the peak increment of peptide YY secretion in patients 
afterr duodenum preserving resection of the head of the pancreas or non-operated chronic 
pancreatitiss patients. Basal peptide YY levels were however significantly higher in pylorus 
preservingg pancreaticoduodenectomy patients. In non-operated chronic pancreatitis patients 
proximall  hormone secretion is decreased and distal hormone secretion is increased compared 
too healthy controls. After duodenum preserving resection of the head of the pancreas there are 
noo significant changes in proximal or distal hormone secretion compared to CP patients, 
whereass after pylorus preserving pancreaticoduodenectomy proximal hormone secretion is 
decreasedd and distal hormone production is increased. Because the degree of exocrine 
insufficiencyy was comparable between the different groups, it is suggested that resection of 
thee duodenum is a major factor contributing to changes in hormone secretion. 

Long-termm outcome after pancreaticoduodenectomy in terms of re-admissions after 
pancreaticoduodenectomyy are analysed in chapter  9. Out of 283 patients, 106 patients (38%) 
weree re-admitted. 64 Patients (60%) were re-admitted with tumour recurrence for indications 
suchh as gastrointestinal obstruction, biliary obstruction and pain, of which half were in a pre-
terminall  condition. Median survival after surgical treatment was 58 days, and ascites was 
significantlyy associated with poor survival. Forty-seven (44%) of the patients were re-
admittedd for surgical complications such as abscess, fistula, gastrointestinal obstruction. 
Mediann hospital free survival after re-admission for surgical complications was 1035 days. 
Re-admissionn after pancreaticoduodenectomy is frequent. Survival after surgical bypass 
proceduree for tumour recurrence was limited, in particular when ascites was present. Patients 
re-admittedd for complications of surgery have a good prognosis. 

Inn chapter  10 the most important determinant of long-term outcome namely survival was 
analysedd in a consecutive series of 204 patients. The median survival after 
pancreaticoduodenectomyy for pancreatic carcinoma (n=108), distal bile duct carcinoma 
(n=32)) and ampullary carinoma (n=64) is 16, 25, and 24 months, respectively. Tumour 
location,, type of resection (standard or portal or superior mesenteric vein resection), blood 
transfusion,, resection margins, lymph node status, and tumour differentiation influenced 
survival.. In a multivariate analysis, tumour positive resection margins (HR 1.6), tumour 
positivee lymph nodes (HR 2.1) and low tumour differentiation (Low-high: HR 3.8; 
intermediatee versus high: HR 2.1) were independent predictors of poor survival. Despite 
improvedd perioperative management, survival after resection for pancreatic and periampullary 
carcinomaa is still limited and resection margins, lymph node status, and tumour differentiation 
aree the most important determinants for survival. 

Inn chapter  11 pain treatment by means of pain medication, coeliac plexus blockade and 
radiotherapyy were analysed in patients that underwent bypass surgery for pancreatic cancer. 
Thee postoperative consumption of pain medication in the three group increased during follow-
upp from 15, 17 and 13% before surgery to 52, 57 and 46% respectively at three-quarter of the 
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survivall  time (NS). In the radiotherapy group the median pain medication free survival was 
significantlyy longer than in the other groups (9.3 vs 3.1 and 3.3 months, p=0.02). 
Radiotherapyy resulted in an increased pain medication free survival (9.3 vs 3.3 months, 
p=0.02),, hospital free survival (10.3 vs 6.8 months, p=0.01) and overall survival (10.8 vs 7.1 
months,, p=0.01) compared to the celiac plexus blockade. A positive effect of a celiac plexus 
blockadee on pain could not be confirmed in the present study. These effects are probably 
partlyy related to patient selection because there significantly more patients with preoperative 
painn in the coeliac plexus blockade group compared to controls and in the radiotherapy group 
noo patients with metastases were included because this was an contraindication for this 
treatment. . 

Inn chapter  12 the effect of N-3 fatty acids, especially eicosapentaenoic acid, enriched oral 
supplementt on cachexia in patients with pancreatic cancer is described. The AMC participated 
inn an international multicentre study co-ordinated by professor K. Fearon. Two hundred 
patientss were randomised for an oral supplement with or without N-3 fatty acids. The 
intentionn to treat analysis showed no significant differences. In the experimental group 
significantt correlations between their total intake of protein and both weight gain (r=0.52, 
p<0.001)) and increase in LBM (r=0.46, p=0.004) were found. Such correlations were not 
observedd in control patients. Increased plasma eicosapentaenoic acid levels in the 
experimentall  group were associated with weight and LBM gain (r=0.50, p<0.001; r=0.51, 
p-0.001),, maximal effect was at 1.5-2 cans/day. Weight gain was associated with improved 
qualityy of life. The use of a protein and energy dense oral supplement can attenuate weight 
losss in cancer cachexia. When enriched with n-3 fatty acids and antioxidants and taken in 
sufficientt quantity, net gain of weight and lean tissue can be achieved. 

Conclusions s 
Hospitall  mortality correlates with hospital volume (number of resections per year) after 
pancreaticc resection, therefore this type of surgery should be performed in centres with 
experiencee and in a multidisciplinary setting. Porta! or mesenteric vein resection during 
pancreaticoduodenectomyy does not improve survival. 
Pancreaticoduodenectomyy does not effect gastrointestinal pH profiles in a way that it could 
interferee with food digestion. After pylorus preserving pancreaticoduodenectomy proximal 
hormonee secretion is decreased and distal hormone production is increased. Re-admission rate 
afterr pancreaticoduodenectomy is relatively high (39%). Most patients are re-admitted for 
sequelaee of recurrent disease (60%) and often in a preterminal stage. Seventeen percent of the 
patientss is re-admitted for complications of the initial surgical procedure. Survival after 
pancreaticoduodenectomyy for pancreatic and periampullary carcinoma did not improve during 
thee past years and is still limited. 
Thee positive effect of coeliac plexus blockade on pain as previously described was not 
confirmed.. Radiotherapy increased pain medication free survival although patient selection 
mightt be partly responsible. The use of a protein and energy dense oral supplement can 
attenuatee weight loss in cancer cachexia. When enriched with n-3 fatty acids and antioxidants 
andd taken in sufficient quantity, net gain of weight and lean tissue can be achieved. 
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Samenvatting g 
Inn dit proefschrift worden verschillende aspecten van de behandeling van pancreas en 
periampullairee carcinomen geanalyseerd. De eerste keus van behandeling van pancreas en 
periampullairee carcinomen is resectie in de vorm van een (pylorus sparende) 
pancreaticoduodenectomie.. Verschillende factoren, zoals ziekenhuis volume (resecties /jaar/ 
ziekenhuis),, ervaring (resecties /jaar/chirurg), multidisciplinaire setting, partiele resectie van 
dee vena porta of vena mesenterica superior tijdens resectie, bepalen de ziekenhuissterfte en 
morbiditeitt van deze operatic De lange termijnresultaten van resectie worden onder andere 
weergegevenn door de overleving, de gastrointestinale functie, die mede bepaald wordt door de 
gastrointestinalee pH en de gastrointestinale hormoon secretie en heropnames na resectie. De 
meerderheidd van de patiënten komt op het moment dat zij zich presenteren met klachten niet 
inn aanmerking voor resectie omdat de tumor doorgroeit in omliggende structuren of reeds is 
gemetastaseerd.. In dit stadium kan palliatie van symptomen als pijn en cachexie verlichting 
geven. . 

Inn hoofdstuk 2 worden factoren geanalyseerd die van invloed zijn op de ziekenhuissterfte na 
resectiee in een serie van 300 opeenvolgende patiënten die een pancreaticoduodenectomie 
hebbenn ondergaan in een centrum (AMC). De ziekenhuissterfte was ongeveer 1% en 
complicatiess traden op in 41% van de patiënten. Het jaarlijkse aantal resecties steeg van 17 tot 
500 terwijl het percentage complicaties verminderde gedurende de studieperiode. Het serum 
creatininee gehalte, het aantal bloedtransfusie, en de periode van resectie (jaar) waren 
significantt en met onafhankelijk met het optreden van complicaties gecorreleerd. In het 
tweedee deel wordt de invloed van ziekenhuisvolume op ziekenhuissterfte na resectie in 
Nederlandd geanalyseerd met behulp van gegevens afkomstig van de Landelijke Medische 
Registratie.Registratie. De ziekenhuissterfte was rond de 10% en veranderde niet gedurende de 
studieperiodee (1994-1998). De ziekenhuissterfte in een hoog volume centrum (>25 
resecties/jaar)) is significant lager dan in laag volume centra (<5 resecties/jaar), respectievelijk 
0%% versus 14.6 in 1998. Uit deze studie kan worden geconcludeerd dat de ziekenhuissterfte 
naa resectie niet significant is afgenomen en dat deze hoger is in laag volume centra en in 
ouderee patiënten. De lagere ziekenhuissterfte in hoog volume ziekenhuizen alsook het 
percentagee complicaties in gespecialiseerde centra komt overeen met de gegevens uit andere 
landen.. Dit kan mede het gevolg zijn van betere behandeling van complicaties in deze centra. 
Pancreaticoduodenectomiee dient bij voorkeur te worden verricht in centra met voldoende 
ervaringg en mogelijkheden voor ondersteunde zorg. 

Inn hoofdstuk 3 wordt het belang van een multidisciplinaire aanpak van complicaties na 
resectiee geïllustreerd aan de hand van een patiëntencasus. Verder wordt er een overzicht van 
dee beschikbare literatuur betreffende ziekenhuisvolume en ziekenhuissterfte gegeven. Een 
aantall  studies laat een voordeel zien voor de hoog volume ziekenhuizen in vergelijking met de 
laagg volume ziekenhuizen, andere studies echter niet. In de studies worden verschillende 
definitiess van hoog en laag volume ziekenhuizen gehanteerd wat de interpretatie van de 
gegevenss bemoeilijkt. 
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Omm deze reden is een meta-analyse uitgevoerd met betrekking tot de relatie tussen 
ziekenhuisvolumee en ziekenhuissterfte zoals beschreven in hoofdstuk 4. Verschillende 
volumee categorieën met afkapwaardes rond de 2, 5, 10 en 20 resecties per jaar werden 
gebruiktt in de analyse. In alle volumecategorieën was de ziekenhui ssterfte in de hoogvolume 
ziekenhuizenn significant lager dan in laagvolume ziekenhuizen (p<0.001). De meeste studies 
echterr zijn gebaseerd op data afkomstig uit nationale of regionale databanken die beperkte 
gegevenss bevatten. Om deze reden kan patiënten selectie niet worden uitgesloten. Uit deze 
studiee blijkt dat centralisatie van pancreas resectie onnodige sterfte kan voorkomen en dat de 
definitiee van hoog en laag volume mede bepaald mag worden door de infrastructuur en 
capaciteit. . 

Inn hoofdstuk 5 worden de resultaten beschreven van vena porta en vena mesenterica resectie 
tijdenn pancreaticoduodenectomie. Deze werd verricht bij verdenking van tumoringroei in 34 
patiëntenn uit een opeenvolgende serie van 215 patiënten die een pancreaticoduodenectomie 
ondergingen.. Tumorvrije resectievlakken werd bij 41% van de patiënten bereikt. Het 
resectievlakk van de vena porta of vena mesenterica superior was slechts in 15% van de 
patiëntenn tumorpositief. De morbiditeit en mortaliteit van deze procedure waren 
respectievelijkk 41% en 0% en de mediane overleving bedroeg 14 maanden. Hoewel de 
vaatresectiee de ziekenhui ssterfte en morbiditeit niet verhoogd, is de waarde ervan beperkt 
aangezienn het percentage resecties met tumorvrije resectievlakken en de overleving niet 
toenemen. . 

Dee functionele resultaten na pylorus sparende pancreaticoduodenectomie voor wat betreft de 
gastrointestinalee pH zijn beschreven in hoofdstuk 6. Een lagere gastrointestinale pH kan de 
enzymm functie en de voedselvertering negatief beïnvloeden en zo bijdragen aan malabsorptie 
naa pylorus sparende pancreaticoduodenectomie. De hypothese was dat de zuurproductie zou 
toenemenn door verlies aan negatieve terugkoppeling op de zuurproductie na de resectie van 
hett duodenum. De mediane 24-uurs pH na pylorus sparende pancreaticoduodenectomie was 
niett verschillend van die van gezonde vrijwilligers, respectievelijk 1.7 en 1.7. De 
postprandialee intragastrische pH was eveneens niet significant verschillend. De mediane 24-
uurss intrajejunale pH na pylorus sparende pancreaticoduodenectomie was niet lager maar 
zelfss hoger dan in gezonde vrijwilligers, respectievelijk 6.3 versus 6.0. Dit was het gevolg van 
dee hogere intestinale pH in de nachtelijke periode. De veranderingen in gastrointestinale pH 
naa resectie hebben geen nadelige invloed op de voedselvertering. 

Inn hoofdstuk 7 wordt het effect van pylorus sparende pancreaticoduodenectomie en 
duodenumm sparende resectie van de pancreaskop vergeleken met niet operatief behandelde 
patiëntenn met chronische pancreatitis. De mediane 24-uurs pH en de postprandiale pH van de 
verschillendee groepen waren niet verschillend. In the circadiane periode van 10.00-18.00 uur 
wass de intragastrische pH in the pylorus sparende pancreaticoduodenectomie groep 
significantt hoger dan in the chronische pancreatitis groep, respectievelijk 1.8 en 1.6 (p=0.05). 
Inn de nachtelijke periode was de intestinale pH in de pylorus sparende 
pancreaticoduodenectomiee groep significant hoger dan in the groep die een duodenum 
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sparendee resectie van de pancreaskop onderging, respectievelijk 6.2 en 5.8 (p =0.05). Resectie 
brengtt geen verandering te weeg in gastrointestinale pH die reeds verstoord zijn ten gevolge 
vann chronische pancreatitis. 

Inn hoofdstuk 8 worden proximale en distale postprandiale gastrointestinale hormoon secretie 
naa pylorus sparende pancreaticoduodenectomie en duodenum sparende pancreaskop resectie 
vergelekenn met niet operatief behandelde chronische pancreatitis patiënten en gezonde 
vrijwilligers.. De maximale toename van cholecystokinine plasma concentraties en de 
geïntegreerdee plasma cholecystokinine secretie van patiënten na pylorus sparende 
pancreaticoduodenectomiee (0.6  0.1 pmol/1 and 25  6 pmol/1 120 min, resp.) waren 
significantt lager dan in patiënten na duodenum sparende resectie van de pancreaskop (1.7
0.33 pmol/1; p<0.01 and 86  32 pmol/1 -120 min; p<0.05, resp.) en de niet operatief 
behandeldee chronische pancreatitis patiënten (1.5  0.2 pmol/1; p<0.01 en 84  17 pmol/1 120 
min;; p<0.01). De maximale toename van peptide YY plasma concentraties in patiënten na 
pyloruss sparende pancreaticoduodenectomie was niet significant verschillend van die van 
patiëntenn na duodenum sparende resectie van de pancreaskop of de niet operatief behandelde 
chronischee pancreatitis patiënten. Basale peptide YY concentraties waren significant hoger in 
pyloruss sparende pancreaticoduodenectomie patiënten. In niet operatief behandelde 
chronischee pancreatitis patiënten is de proximale proximale hormoon secretie verlaagd en de 
distalee verhoogd in vergelijking met gezonde vrijwilligers. Na duodenum sparende resectie 
vann de pancreaskop zijn er geen significante veranderingen in proximale of distale hormoon 
secretiee in vergelijking met niet operatief behandelde chronische pancreatitis patiënten, echter 
naa pylorus sparende pancreaticoduodenectomie is de proximale hormoonsecretie verlaagd en 
dee distale hormoonsecretie verhoogd. Daar de mate van exocriene insufficiënte in de 
verschillendee groepen vergelijkbaar was suggereert dit dat het duodenum een belangrijke 
factorr is in die bijdraagt aan de verschillen in hormoonsecretie. 

Dee lange termijnresultaten na pancreaticoduodenectomie met betrekking tot de heropnames 
naa resectie zijn geanalyseerd in hoofdstuk 9. Van de 283 patiënten werden 106 patiënten 
(38%)) heropgenomen. Vierenzestig patiënten (60%) werden heropgenomen met klachten 
gerelateerdd aan een tumorrecidief zoals gastrointestinale obstructie, biliaire obstructie en pijn. 
Dee helft van deze patiënten verkeerde in een preterminale conditie. De mediane overleving na 
chirurgischee interventie was 58 dagen en ascites was significant geassocieerd met een korte 
overleving.. Zevenenveertig patiënten (44%) werden heropgenomen met chirurgische 
complicatiess zoals abcessen, fistels of gastrointestinale obstructie zonder dat een recidief was 
aangetoond.. De mediane ziekenhuis-vrije-overleving na heropname voor chirurgische 
complicatiess was 1035 dagen. Het percentage patiënten dat wordt heropgenomen na 
pancreaticoduodenectomiee is hoog. De overleving na een chirurgische bypass procedure voor 
biliairee of gastrointestinale obstructie ten gevolge van tumor recidief is beperkt, met name bij 
dee aanwezigheid van ascites. Patiënten die worden heropgenomen voor chirurgische 
complicatiess hebben een goede prognose. 
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Dee belangrijkste determinant van lange termijn uitkomst is overleving en wordt geanalyseerd 
inn hoofdstuk tien in een opeenvolgende serie van 204 patiënten. De mediane overleving na 
pancreaticoduodenectomiee voor pancreaskopcarcinoom (n=108), distaal gal weg carcinoom 
(n=32)) en ampul carcinoom (n=64) is respectievelijk 16, 25, en 24 maanden. Tumor locatie, 
typee van resectie (standaard of vena porta/mesenterica superior resectie), bloedtransfusie, 
resectievlakken,, lymfeklierstatus, and tumordifferentiatie beïnvloeden de overleving. Uit een 
multivariaatanalysee bleek dat tumor positieve resectievlakken (HR 1.6), tumor positieve 
lymfeklierenn (HR 2.1) en lage tumordifferentiatie (laag versus hoog: HR 3.8; matig versus 
hoog:: HR 2.1) onafhankelijk van elkaar de overleving beïnvloeden. Ondanks de verbeterde 
perioperatievee zorg blijf t de overleving na resectie van pancreas en periampullaire tumoren 
beperktt en radicale resectie, lymfeklierstatus en tumourdifferentiatie zijn de belangrijkste 
voorspellerss van de overleving. 

Inn hoofdstuk 11 wordt de pijnbestrijding doormiddel van medicatie, plexus coeliacus 
blokkadee en radiotherapie geanalyseerd in patiënten die een bypass procedure ondergingen 
voorr irresectabel pancreascarcinoom. Het gebruik van analgetica na operatie nam gedurende 
dee follow-up in de drie groepen toe van respectievelijk 15, 17 en 13% preoperatief tot 
respectievelijkk 52, 57 en 46% op driekwart van de postoperatieve overleving (NS). In de 
groepp patiënten die radiotherapie kregen was de pijn-vrije-overleving significant langer dan in 
dee beide andere groepen (9.3 versus 3.1 en 3.3 maanden, p=0.02). Radiotherapie resulteerde 
inn een toename van de analgetica-vrije-overleving (9.3 versus 3.3 maanden, p=0.02), 
ziekenhuis-vrije-overlevingg (10.3 versus 6.8 maanden, p=0.01) en totale overleving (10.8 
versuss 7.1 maanden, p=0.01) in vergelijking met de groep die behandeld werd met plexus 
coeliacuss blokkade. In deze studie kon geen positief effect van de plexus coeliacus blokkade 
wordenn aangetoond. Deze resultaten zijn waarschijnlijk deels beïnvloed door patientenselectie 
gezienn het significant hogere aantal patiënten met preoperatieve pijn in plexus coeliacus 
blokkadee groep in vergelijking met de controles, verder werden in de groep patiënten die 
radiotherapiee kregen, patiënten met metastasen geëxcludeerd. 

Inn hoofdstuk 12 werd het effect van een met N-3 vetzuren, met name eicosapentaanzuur, 
verrijktt oraal voedingssupplement op cachexie in patiënten met pancreascarcinoom 
geanalyseerd.. Het AMC participeerde in een internationale multi-centrum-studie 
gecoördineerdd door professor K. Fearon. Tweehonderd patiënten werden gerandomiseerd 
voorr een voedingssupplement met of zonder N-3 vetzuren. De intention-to-treat analyse liet 
geenn significante verschillen zien. In de experimentele groep werden significante correlaties 
gezienn tussen totale inname van eiwit en toename van gewicht (r=0.52, p<0.001) en lean body 
masss (r=0.46, p=0.004). Deze correlaties werden niet gevonden in de controle groep. In de 
experimentelee groep waren verhoogde plasma eicosapentaanzuur spiegels geassocieerd met 
toenamee van gewicht en lean body mass (r=0.50, p<0.001; r=0.51, p=0.001) met een 
maximaall  effect bij 1.5-2 blikjes/dag. Gewichtstoename was geassocieerd met toename van 
kwaliteitt van leven. Het gebruik van een hoog energetische orale supplement voeding kan 
gewichtsverliess beperken. Indien verrijkt met N-3 vetzuren en antioxidanten kan toename van 
gewichtt en lean body mass worden bereikt bij voldoende inname. 
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Conclusies s 
Dee ziekenhuismortaliteit is gecorreleerd aan ziekenhuisvolume (aantal resecties per jaar). 
Hieromm verdient het de voorkeur om dit type chirurgie in centra met ervaring te verrichten in 
eenn multidisciplinaire setting. Resectie van de vena porta of vena mesenterica superior tijdens 
pancreaticoduodenectomiee draagt niet bij aan een langere overleving. 
Pyloruss sparende pancreaticoduodenectomie heeft geen nadelig effect op de gastrointestinale 
pHH profielen en de daarmee samenhangende voedsel vertering. Na pylorus sparende 
pancreaticoduodenectomiee is de proximale hormoonsecretie verlaagd en de distale 
hormoonn secretie verhoogd. Het percentage patiënten dat wordt heropgenomen na 
pancreaticoduodenectomiee is relatief hoog (39%). De meeste patiënten worden heropgenomen 
wegenss tumorrecidief gerelateerde problematiek (60%) en vaak in een preterminaal stadium. 
Zeventienn procent van de patiënten wordt heropgenomen ten gevolge van een chirurgische 
complicatie.. De overleving na pancreaticoduodenectomie is niet verbeterd gedurende de 
laatstee jaren en is nog steeds beperkt. 

Eenn positief effect van plexus coeliacus blokkade op pijn zoals eerder aangetoond werd niet 
bevestigd.. Radiotherapie ging gepaard met een verlengde analgetica-vrije-overleving, hoewel 
patiëntenselectiee mogelijk een rol speelt. Eiwit en energierijke orale voedingssupplementen 
kunnenn gewichtsverlies bij kankercachexie beperken. Indien verrijkt met N-3 vetzuren kan 
toenamee van gewicht en lean body mass worden bereikt. 
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Zo,, is het zover, mijn proefschrift is klaar. Graag zou ik allen bedanken die hebben 
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Professorr Gouma, promotor van dit onderzoek, uw onuitputtelijke enthousiasme en uw 
positievee insteek zijn voor mij een grote stimulans geweest. Als mij de moet even in de 
schoenenn zonk waren vijf minuten power-talk voldoende voor een volgende mentale 
marathon.. Ook wetenschappelijke termen als "these are the data, mister" slappe vijg, natte 
dweill  hadden hun effect. Zowel op onderzoeksgebied als in de kliniek vond ik het een 
genoegenn met u te werken en van u te leren. 

Dr.. Masclee, copromotor, uw ideeën waren de grondslag voor drie studies. U maakte me in 
kortee tijd wegwijs in de pH-metrie en gastrointestinale hormoonregulatie. Bedankt voor de 
wetenschappelijkee input de bedankt voor effectieve samenwerking in de eindsprint. 

Professorr Obertop, uw commentaar en uw heldere ideeën en formuleringen hebben dit 
proefschriftt mede gemaakt tot wat het is, waarvoor mijn dank. 

Professorr ten Kate, bedankt voor de revisie van de coupes van de histologie. Het was niet 
altijdd even eenvoudig om die histologische coupes te beoordelen, om zeven uur 's ochtends. 

Professorr de Haan, beste Rob, bedankt voor je hulp en ideeën bij de analyse van de data van 
dee Landelijke Medische Registratie. 

Hooggeleerdenn Huibregtse, von Meyenfeldt, Offerhaus en Richel, ben ik zeer erkentelijk voor 
hunn bereidheid deel te nemen in de promotiecommissie. Professor Fearon, I am honoured that 
youu wanted to be part of the PhD thesis committee. Furthermore I would like to thank you for 
thee opportunity to participate in the BH80 trial. This was a great learning experience for me. 

AnneVoss,, dear Anne, thanks for your perfect management of the trial with the well 
organisedd and valuable meetings and for your support. 

Willemm Geus, ook jouw wil ik danken voor je inzet voor de pH-metrie studies, en je kritische 
noten.. Ik weet dat je er veel tijd in hebt gestoken, waarvoor mijn dank. Corine, dankzij jou 
kennis,, ervaring en geduld heb ik in korte tijd de pH en hormoon metingen kunnen verrichten. 

Geertjann van Tienhoven, bedankt voor je bijdrage aan het artikel over pijnbestrijding. 
Claudia,, ji j heb ongelofelijk veel werk verzet voor het artikel over pijn bestrijding. Zonder 
jouww inzet was dit nooit zo snel tot zo'n mooi resultaat gekomen. Graag wil ik je hiervoor 
bedanken. . 

Graagg wil ook de patiënten bedanken die deel namen aan de verschillende onderzoeken. 
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Dee onderzoeksgroep van G4 wil hartelijk bedanken voor productieve en vooral leuke tijd. 
Veell  heb ik te danken aan mijn voorgangers, onder andere Els, Mark en Thybout. Dankzij 
julli ee werk heb ik kunnen putten uit de databank. Beste Peter tot vervelens toe heb ik je 
belaagdd met software en statistiek vragen die je meestal met veelgeduld beantwoordde, 
waarvoorr mijn dank. Beste Miguel, bedankt voor je morele support in de begin fase van mijn 
onderzoekk en voor de samenwerking met de databank. Ester, bedankt voor het aanhoren van 
mijnn geklaag op de pancreas kamer (met kast) en voor de gezelligheid op G4 en op de 
verschillendee congressen. Jan, nooit geweten dat een bordje sate zoveel diepgang had, 
hopelijkk volgen er nog vele. Tjarda, bedankt voor je support en het ten aller tijde 
(ongevraagd)) ventileren van je mening. G4 is een stuk stiller sinds je vertrek. Mich, altijd 
aanwezig,, in eigen persoon of Psion, gefeliciteerd met je boek en bedankt voor de leuke tijd. 
Ookk de rest van de onderzoeksgroep wil ik bedanken voor het creëren van een goede en 
productievee sfeer. 

Bestee Hester, dankzij jouw werk is de databank altijd up to date gebleven. Bedankt voor je 
inzett en voor de goede samenwerking. 

Dirk,, hoe vaak heb ik je niet aan je hoofd gezeurd als mijn computer het weer eens niet deed? 
Naa het absolute diepte punt (hard disk failure) deed ji j mijn computer herrijzen, waarvoor 
mijnn dank. 

Graagg wil ik ook Ties, Bob, Ivo, en Robert bedanken voor de momenten van stoom af blazen 
mett windsurfen in deze drukke periode. Willem Daris, beste Dromme, bedankt voor je advies 
enn je overpeinzingen over de toekomst, aan de bar of op de fiets. 

Ookk mijn paranimfen Djamila Boerma en Roderik Flikweert wil graag bedanken voor hun 
inzett voor mijn promotie. Djamila, Earth wind and Fire, ABBA, "been araoud the world and 
I-I-I..." ,, de Boerma shuffle, en nog wat andere dingetjes hebben veel plezier gebracht in mijn 
onderzoekstijd.. De komende 4 jaar zullen we dat voortzetten. Flikweert, vaak hebben we 
elkaarr verteld dat we toch wel erg goed bezig waren, dat helpt. De tripjes naar Tarifa waren 
eenn mooie combi van Fl-racing en windsurfen en een welkome afwisseling die zorgden voor 
dee nodige ontspanning. Hopelijk volgend jaar weer. 

Bestee opa en oma, veel dank voor julli e interesse in mijn bezigheden, julli e zijn voor mij een 
prachtigg voorbeeld van hoe je van het leven kunt genieten. Opa, jouw wil ik in het bijzonder 
bedankenn voor de pakkende illustratie op de omslag. 

Lievee mam en beste pa, dankzij julli e heb ik de kans gehad om te studeren en ook om dit 
onderzoekk te doen. Altij d hebben julli e mij ondersteund in dat waar ik mee bezig was. Heel 
veell  dank voor julli e support. 

Machteld,, lieve Maggie, alleen was me dit niet gelukt. Nog even, dan is er weer tijd voor ons. 
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StellingenStellingen behorend bij het proefschrift 

Resectionn and palliation 

off  pancreatic and periampullary carinoma 

1.. Er is een negatieve correlatie tussen ziekenhuisvolume (aantal resecties per jaar) en ziekenhuis sterfte voor 

watt betreft de pancreaticoduodenectomie (dit proefschrift). 

2.. Segmentresectie of wigexcisie van de vena porta of vena mesenterica superior tijdens 

pancreticoduodenectomiee is veilig maar leidt niet tot een overlevingswinst (dit proefschrift). 

3.. Pancreaticoduodenectomie heeft geen nadelige invloed op de gastrointestinale pH profielen welke een 

belangrijkee rol spelen in de voedselvertering (dit proefschrift). 

4.. Het duodenum speelt een belangrijke rol in gastrointestinale hormoonsecretie aangezien na resectie van het 

duodenumm de proximale hormoonsecretie is verlaagd en deze distaal is verhoogd (dit proefschrift). 

5.. De gedaalde ziekenhuissterfte, de acceptabele lange termijn complicaties en de goede functionele resultaten 

naa pancreaticoduodenectomie rechtvaardigen deze procedure ondanks de beperkte overleving. 

6.. Een essentiële trial in de palliatieve behandeling van het pancreascarcinoom zou zijn: Resectie versus 

bypasss of stent. 

7.. Radiotherapie heeft waarschijnlijk een positief effect op pijn bij patiënten met pancreas of periampullair 

carcinoomm (dit proefschrift). 

8.. Er is een positieve correlatie russen de inname van voedingssupplementen, verrijkt met met 

eicosapentaanzuur,, en toename van gewicht en lean body mass bij cachectische patiënten met 

pancreascarcinoomm (dit proefschrift). 

9.. No wind, no waves, no girls, no future. 

10.. Mijn stellingen zijn verhelderend omdat hij die me begrijpt, tenslotte erkent dat ze onzinnig zijn, als hij door 

middell  van mijn stellingen boven ze uit geklommen is. (Ludwig Wittgenstein, 1921) 
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