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ABSTRACTT I 

IntroductionIntroduction g 
Chronicc pancreatitis is characterised by pancreatic exocrine and endocrine r 
dysfunction,, resulting in intractable abdominal pain. Drainage of the pancre- g 
aticc duct has effect on exocrine and endocrine pancreatic function. The aim % 
off  this study was to investigate whether early surgical drainage of pancreatic It 
ductt obstruction leads to a better recovery of pancreatic function compared to | 
latee surgical drainage in an experimental porcine model of chronic obstructive r^ 
pancreatitis.. r 

MethodsMethods | 
Twenty-onee female piglets (25- 30 kg. body weight) underwent pancreatic duct -J 
ligationn followed by a longitudinal pancreatic-jejunostomy after 3 ('early drain- | 
age',, n=7) and 6 ('late drainage', n=9) weeks and terminated after 6 weeks drain- |. 
age.. The third group (chronic pancreatitis (CP) controls, n=5) was ligated for 12 ~ 
weekss without drainage procedure. Animals were weighed weekly. Peroperative ^ 
pancreaticc excision biopsies were semiquantitavely assessed. Pancreatic exocrine | 
(pancreaticc secretion of lipase and amylase, 24-hour faecal chymotrypsin levels, Z 
fatt balance) and endocrine parameters (glucose tolerance test) were assessed. §. 

Results Results 
Meann pancreatic duct pressure after the assigned ligation period for the early 
andd late drainage group (24.6  13.1 and 29.2 + 6.9 mmHg, respectively) were sig-
nificantlyy higher than prior to drainage (7.5  2.8 mmHg; P < 0.001). The obstruc-
tivee pancreatitis histology score showed a significant rise after ligation for the 
earlyy drainage, late drainage and CP control group, with reversibility of histol-
ogyy grade only for the early drainage group after drainage (P = 0.005). The early 
drainagee group had a higher weekly weight increase after drainage than before 
(PP = 0.05}, while the late drainage group showed similar weight increases before 
andd after drainage (P = 0.8}. Pancreatic secretion of amylase and lipase was sig-
nificantlyy restored after early surgical drainage (P = 0.003 and P = 0.048, respec-
tively,, versus late drainage). For lipase, excretion levels after early drainage were 
evenn restored to near baseline pre-ligation levels. Pancreatic endocrine function 
measuredd by glucose tolerance test showed no insufficiency at all time points 
forr both groups in this model. 

Conclusions Conclusions 
InIn this model of early versus late surgical drainage of obstructive pancreatitis his-
tologyy grades and pancreatic exocrine function showed reversibility for the early 
drainagee group as opposed to no reversibility of the late drainage group. When 
thesee results are extrapolated to the clinical situation this would mean that early 
surgicall  drainage may be more benecifial for patients with chronic pancreatitis 
requiringg interventional treatment than drainage in end-stage disease. 



11 INTRODUCTION 
ii  Chronic pancreatitis (CP) is a progressive disease characterised by histopatho-
-II  logical destruction of pancreatic parenchyma due to a chronic fibrosing type of 
>> pancreatic inflammation. Clinically, CP is characterised by disabling abdominal 
|| pain, progressive loss of pancreatic exocrine and eventually endocrine function, 
~~ and complications due to involvement of surrounding organs or cyst formation. 
'§>> The disease can lead to professional, social and psychological impairment. 
BB General conservative treatment of CP consists of health advice, analgesics 

IEE and enzyme substitution. After years of failing medical interventions, an endo-
11 scopic or surgical procedure is recommended to relieve complaints, in par-
pp ticular when obstruction of the pancreatic duct due to stenosis or stones has 
|| been demonstrated. The most commonly used surgical drainage procedure in 
== CP is a lateral pancreaticojejunostomy (PJ) or modified Puestow procedure.1 -J 

Thee endoscopic approach is less invasive and is claimed to provide comparable 
painn reduction. Up to 25-50% of the endoscopically treated patients may need a 
laparotomyy thereafter for recurrent duct obstruction.4 5 

Generallyy the most important indication for endoscopic or surgical drain-
agee in chronic pancreatitis is persistent abdominal pain. Although abdominal 
painn in most patients can be adequately relieved after either endoscopic (up to 
66%)) or surgical (up to 80%) drainage the continuing destruction of the pancre-
aticc glandular tissue may not be prevented by the decompression of the dilated 
pancreaticc duct.6 7 This destruction eventually leads to severe exocrine and even-
tuallyy to endocrine pancreatic insufficiency. In a few studies, however, effects 
onn exocrine and endocrine pancreatic function of drainage procedures are sug-
gested.. Considering ongoing pancreatic dysfunction an earlier intervention 
(drainage)) has been proposed.*9 There are studies suggesting that early surgical 
interventionn is warranted for CP, in order to preserve pancreatic function or 
reducee pancreatic dysfunction.10 

Recently,, a reliable and reproducible experimental model of CP by pancreat-
icc duct ligation was developed in large animals with potential for surgical drain-
agee procedures.11 The histopathological changes as well as the exocrine secre-
toryy changes between control groups and ligated groups were demonstrated. 
Thee aim of the present study was to investigate whether early surgical drainage 
off  pancreatic duct obstruction leads to a better recovery of histology and pan-
creaticc exocrine function compared to late surgical drainage in an experimental 
modell  of obstructive pancreatitis in piglets. 

MATERIALL AND METHODS 

AnimalAnimal procedures 
Twenty-onee female piglets (age 6-10 weeks, 25- 30 kg. body weight) underwent 
ligationn of the pancreatic duct. The first group ('early drainage', n=7> was drained 
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Chapterr 8 - page 149 - Figure 2. ROC analysis of the successive logistic 
regressionn models. 
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Chapterr 11 - page 200 - Figure 3. Peroperative view of patient C. 

BetweenBetween the pancreatic corpus and tail area the incisure in the pancreatic parenchyma is visible 
fromfrom which the fistula originates. 



byy a pancreaticojejunostomy (PJ) after 3 weeks of ligation. The second group 
('latee drainage', n=9) was drained by a PJ after 6 weeks of ligation. Both groups 
underwentt termination 6 weeks after the drainage procedure. The third group 
(CPP controls. n=5) was left ligated for 12 weeks without drainage procedure. 

Al ll  animals were kept under standardised conditions according to the guide-
liness of the animal care facility. The experiment was approved by the institution-
all  Animal Experiment Committee. Antibiotic prophylaxis consisted of Mandol 
(cefamandoll  1 gram i.v.) during surgery and Albipen (Ampicilline 15 mg/kg i.m.) 
att a 48 hr interval for 6 days. Postoperatively the animals were given food mixed 
withh water until bowel function returned to normal. Thereafter, dosed portions 
off  1.5 kg standardised food was given daily and weight was measured weekly. Six 
weekss after drainage (both drainage groups) or 12 weeks after ligation (controls) 
thee animals were terminated with 60-90 mmol KG i.v. 

Premedicationn consisted of Ketamine (10 mg/kg), Dormicum (1 mg/kg) and 
Atropinee (0.1 mg/5kg). Oxygen, air (ratio 1.5: 3) and Isoflurane (1 -1.5%) gas were 
administratedd via an endotracheal tube. Sufenta forte (7 Mg/kg/hr) and Ketamine 
(77 mg/kg/hr) were administrated via a pump-system. Analgesia was achieved by 
Sufentanill  (100 pg/ 30 kg) and muscle relaxation by Pavulon (Pancuronium 4 
mg/hr).. Buprenorphine (0.01 mg/kg) and Finadyne (1 ml/25 kg) were used to pre-
ventt postoperative pain. Ringers Lactate was used for intravenous fluid substitu-
tion.. Vital parameters (temperature, heart rate, fluid balance, oxygen saturation 
andd C02) were assessed during the animals' anaesthesia. A venous access route 
wass gained via cannulation of the cephalic vein. 

InIn all animals an upper midline laparotomy was performed. During the first 
operationn the pancreatic duct was identified in its extra-pancreatic and extra-
duodenall  course and was subsequently cannulated with a 22 Gauge catheter 
(0.88 x 0.25 mm Venflon, Becton Dickinson, Sweden) connected to a calibrated 
manometer.. The pancreatic intraductal pressure was measured followed by 
stimulationn of the pancreas secretion (see next section). After stimulation of 
thee pancreas and removal of the catheter, a double Vicryl 4-0 suture was placed 
aroundd the pancreatic duct. The serosal connection between duodenum and 
thee right part of the pancreas was left intact. During the second operation ani-
malss in the early and late drainage groups underwent a lateral PJ or modified 
Puestoww procedure according to Partington and Rochelle.' The dilated pancre-
aticc duct was incised over 1.5-2.0 cm in the body part of the pancreas and anasto-
mosedd to the first jejunal segment approximately 30 - 40 cm after the ligament 
off  Treitz. Omentum was situated over de anastomosis before abdominal closure. 
Pancreaticc excision biopsies were taken during the drainage operation and sub-
sequentlyy at termination in a standardised fashion. 

Exocrinee parameters 
LipaseLipase and amylase 
Pancreaticc secretion was stimulated by administrating cholecystokinin (1 CU/ 
kgg i.v.. Sigma, St. Louise, MO, USA) and secretin (1 CLJ/kg i.v., Sigma) before PD 



ligationn and also 3 or 6 weeks after ligation. The course of pancreatic exocrine 
secretionn (secreted volume) and the activity level of alpha-amylase and lipase 
weree followed in time for 40 minutes after stimulation. Amylase activity was 
measuredd by spectrophotometry (P-Unit multi analyzer, Roche Diagnostics, 
Mannheim,, Germany) using p-nitrophenyHG^-alpha.D-maltoheptaoside at 37°C 
(AMYL ,, Roche Diagnostics, Mannheim, Germany). Lipase activity was measured 
byy photometry using the chromogenic substrate l,2-0-dilauryl-rac-glycero-3-glu-
taricc acid-(-6-methylresorufin) ester emulgated in bile acid in the presence of 
co-lipase,, which exclusively activates pancreatic lipase (LIP, Roche Diagnostics, 
Mannheim,, Germany). After pancreas stimulation, enzyme activities (IU/1) were 
relatedd to the total secreted volume (ml) and thus expressed as IU activity per 
ml. . 

Chymotrypsin Chymotrypsin 
Chymotrypsinn level was assessed in 24-hour faeces collected pre-operatively 
(beforee ligation or drainage procedure) using Chymotrypsin monotest reagen-
skitt (Roche Diagnostics, Mannheim, Germany). The enzyme was extracted from 
faecall  particles by special extraction tubes and solvent. After centrifuging the 
supernatantt was analysed by Cobas Fara II centrifugal analyser. Homogenised 
faecess (100 mg) was mixed with 10 ml Chymo solvent (Roche Diagnostics) for 2 
minutes,, vortexed for 2 minutes, and then centrifuged for 5 minutes at 5000 
RPM.. From the supernatant 100 pi was used for the measurement of chymot-
rypsinn activity. The chymo buffer / substrate (4 ml) was added to the supernatant 
andd the mixture was finally analysed by Cobas Fara II centrifugal analyser. The 
increasee in extinction per minute was calculated by Cobas Fara II. The mini-
mumm detection-level was 1.0 U/g. 

FatFat balance 
Faecess collected during 24 hours pre-operatively (before ligation or drainage 
procedures)) was homogenised in water and mixed. Twenty grams of the homog-
enisedd suspension was weighed and 100 ml alcoholic hydroxide mixture (80 ml 
off  mixture of [IL ethanol 96% and 4 ml caprylalcohol], added with 20 ml KOH 
33%)) was added. This mixture was heated (100°C) in a back-flow cooler for 20 
minutes.. After cooling down 40 ml HC1 25% was added to the mixture. Next, 
500 ml petroleum ether was added and the new mixture was thoroughly shak-
en.. When both fractions had been divided the petroleum ether-layer could be 
removed.. Ten ml petroleum ether-layer was damped and 10 ml neutralised alco-
holl  and 3 drops of the thymolblue-indicator were added. NaOHO.lN was tittered 
untill  the colour turned blue. 

Endocrinee parameters 
GlucoseGlucose tolerance test 
InIn all pigs glucose tolerance tests were performed at the beginning of all liga-



tionn or drainage operations. Glucose (0.5 g/kg) was administered as 40% w/v ster-
il ee solution i.v.. Blood samples were collected at fixed time intervals (0, 5, 10, 
20,, 30, 60, 90 and 120 minutes) from the venous access route for determination 
off  glucose levels in plasma in sodium fluoride containing tubes (Gluco-quant 
Glucose/Hexokinase,, Roche Diagnostics. Germany). 

Histopathology Histopathology 
Pancreaticc excision biopsies were taken during the drainage operation (corpus 
off  the pancreas) and subsequently at termination (caput, corpus and tail of the 
pancreas)) in a standardised fashion. The excision biopsies were immediately 
fixedd in formaldehyde (4% w/v), paraffin embedded and processed to 4 pm paraf-
finn sections slides. For general assessment of CP sections they were stained with 
haematoxylinn and eosin (HE). Histological grading was adapted from previously 
describedd literature.V1 

Briefly,, histological grading was assessed as follows: 0 resembled no CP, 1: 
slightt CP, 2; Moderate CP and 3: severe CP. The following parameters were used 
forr assessmentt of CP: Fibrose (none, slight, severe), atrophy, i.e. loss of acini (none, 
moderate,, severe), degree of inflammatory cell infiltration (none, mild, severe) 
andd ductalar metaplasia (none, mild, severe) was semiquantatively assessed. 
Scoringg was performed blinded for type of ligation and/or drainage procedure. 

Statisticall  analysis 
Afterr confirmation of parametric data distribution, paired Student t-test for 
analysess of matched data (within one animal before and after ligation) was per-
formed.. For data with a non-parametric distribution Wilcoxon signed rank test 
forr matched pairs was used. Means are expressed with standard deviation (  SD). 
AA P-value <0.05 was considered significant. 

RESULTS S 

Histopathology Histopathology 
Afterr ligation the pancreas macroscopically showed marked reduction of pancre-
aticc parenchyma and strongly dilated and fibrotic pancreatic duct tissue filled 
withh clear pancreatic juice. Histopathology grades are depicted in Figure 1. After 
thee assigned ligation period the early (3 week ligation mean 2.7  0.5) and late 
(66 week ligation mean 2.9  0.4) group showed a significantly (P = 0.015 and P = 
0.010.. respectively) higher histological grade than normal pancreatic tissue (all 
gradee 0), consistent with a more advanced stage of CP. After a period of 6 weeks 
drainagee by lateral PJ histology grades for the early drained animals all showed 
significantt reversibility of pancreatic histopathologic changes (P = 0.005) as com-
paredd to histology grades before drainage. The histology grades of the late drain-
agee group were comparable to their pre-drainage grades and to CP controls (P = 
0.66 and P = 0.9, respectively). 
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Figuree J. Histology g?-«di?ig. Both the early (3 week ligation) and late (6 week ligation) group showed 
aa significantly higher histological grade than normal pancreatic tissue. After 6 weeks drainage 
histologyhistology grades for the early group all animals showed regression of pancreatic histopathologic 
changeschanges (I' = 0.005). The histology grade's of the late drainage group were comparable to their pre-
drainagedrainage grades (P = 0.6). Mean normal pancreatic histology grade: 0. Mean CP control histology 
gradegrade 2.9  0.4. 

Thee different histological grades of obstructive pancreatitis are exemplified 
inn Figure 2. The normal porcine pancreas showed well constructed acinar struc-
turess without fibrosis or inflammatory cell infiltration (Fig.2.A). After 3 weeks 
ligationn (Fig.2.Bl) an increase in fibrosis and Tcell infiltration was encountered 
andd the acinar structures were diminished but still recognisable. The early 
drainagee group (Fig.2.B2) showed, 6 weeks after drainage, regression of pan-
creatitiss histological features in the form of increase of pancreatic acini and 
decreasee of fibrosis and inflammatory cells. After 6 weeks ligation (Fig.2.Cl) fibro-
siss and T cell infiltration are evident with complete loss of pancreatic acini. Six 
weekss drainage (late drainage group) did not restore physiological pancreatic 
histologicall  features (fig.2.C.2). Finally, Fig.2.D shows histology of piglets ligated 
forr the duration of 12 weeks with hardly recognisable pancreatic histological 
characteristics. . 



Figuree 2. Different grades of porcine chronic obstructive pancreatitis stained 
withh haematoxylin and eosin (H&E) 

life,, - w i a Stgfo É4^'Wf•: 
CI I 

Differentt grades of porcine chronic obstructive pancreatitis stained with haematoxylin and eosin 

(H&E):(H&E):  normal pancreatic tissue (A), after 3 weeks ligation (Bl) and 3 weeks ligation plus 6 weeks 

drainagedrainage (B2), after 6 weeks ligation (CI), after 6 weeks ligation plus 6 weeks drainage (C2) and after 

1212 weeks ligation (D). See page 195 for colour illustrations 



Figuree 3. Mean pancreatic duct pressure. 

Inductall  pressure 

DifferenceDifference in mean duct pressure after 3 and 6 weeks of ligation was not significant. 

PancreaticPancreatic ductal pressure 

Thee mean pancreatic intraductal pressure of normal pancreatic ducts just before 
ligationn (7.5 (  2.8) mmHg) was significantly lower than after 3 weeks (24.6  13.1 
mmHg,, P < 0.001) and 6 weeks (29.2  6.9 mmHg, P < 0.001) of pancreatic duct 
ligationn (Figure 3). There was no statistical difference in pancreatic intraductal 
pressuree between 3 and 6 weeks of ligation (P = 0.383). In the CP piglets after 
122 weeks of ligation the mean pancreatic intraductal pressure was 30.3  4.7 
mmHgg (P = 0.007 in comparison to baseline). Pancreatic intraductal pressure 
afterr drainage was not measured because of anatomical alterations following 
thee constructed PJ, where pancreatic intraductal pressure equals intra-jejunal 
pressure. . 

Weight Weight 
Thee mean increase in weight prior to drainage was comparable in the early 
andd late group (2.5 (  0.5) and 2.8 (  1.0) kg/week, respectively, P = 0.8; data not 
shown).. After the drainage procedure the early group showed an increase to 4.4 
(  1.7) kg/week that just failed to reach statistical significance (P = 0.05). For the 
latee group the weight gain per week after drainage remained comparable with 
priorr to drainage (2.9 (  0.5) kg/week, P = 0.9 versus pre-drainage). The CP con-
trolss showed a mean weight gain of 3.3 (  1.2) kg/week after 12 weeks of ligation. 



Figuree 4. Amylase (IU/ml) levels depicted for early and late drainage groups. 
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AmylaseAmylase (lUlml) levels depicted for early and hue drainage groups. A significant drop after ligation 
isis seen for both early and late drained animals (P = 0.028 and P = 0.012, respectively). Both groups 
riserise after the drainage procedure but the increase in amylase levels is significantly higher for the 
earlyearly drainage group compared to the late drainage group (P = 0.003). 

nott significantly different than the early (P = 0.2) and late (P = 0.5) group before 
drainage. . 

Functionall  parameters 
PancreaticPancreatic secretion of amylase 
FigureFigure 4 shows the amylase levels in preoperative collected pancreatic juice for 
bothh the early and late drainage group after pancreatic stimulation with cho-
lecystokininn and secretin. At the first operation (baseline, before duct ligation) 
meann values for the early (46895  15693 IU/ ml) and late (39798  12209 IU/ml) 
drainagee group were comparable (P = 0.7). Both in the early drainage and the 
latee drainage group amylase levels decreased significantly after 3 weeks (P = 
0.028)) and 6 weeks (P = 0.028) of ligation compared to baseline. After the drain-
agee procedure mean values for the early group and returned to baseline values 
(baselinee versus post-PJ: P = 0.2) [Figure 4). In contrast, in the late drainage group 
amylasee levels did not return to baseline levels after the drainage procedure, 
butt remained significantly decreased compared to baseline (baseline versus 
post-PJ:: P = 0.043, Figure 4). In addition, mean post-PJ amylase levels for the early 
drainagee group were significantly higher than those of the late drainage group 
(PP = 0.003). 

PancreaticPancreatic secretion of lipase 
Figuree 5 depicts lipase levels in collected pancreatic juice after stimulation for 
thee early and late drainage group. Again, baseline values before ligation for the 
earlyy and late drainage group were comparable (P = 0.5). In the early drainage 
groupp lipase levels after 3 weeks of ligation were significantly lower than levels 
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Figuree 5. Lipase (IU/rnl) levels depicted for early and late drainage groups. 

Lipase e 

E S33 pre-PJ 
^M^M post-P) 

I I 

earlyearly late 

Drainagee groups 

AfterAfter ligation lipase levels decreased significantly for both early and late groups (P = 0.028 and P 
== 0.02S, respectively). For the early drainage group levels returned to baseline values after surgical 
drainagedrainage and showed significantly higher levels after drainage than the lale drainage group (P = 
0.048). 0.048). 

beforee ligation (P = 0.028) and returned to baseline values after the drainage 
proceduree (baseline versus post-PJ: P = 0.9). In the late drainage group stimu-
latedd lipase levels at baseline dropped significantly after 6 weeks of ligation (P 
==  0.028) and did not return to baseline levels after the drainage procedure (P = 
0.088 versus baseline) (Fig. 5.). More importantly, lipase values after the assigned 
drainagee period were significantly higher in the early drainage group as com-
paredd to the late drainage group (P = 0.048). 

FaecalFaecal chymotrypsin levels 
Meann baseline chymotrypsin levels were 3.1 (  2.1) U/g. The chymotrypsin lev-
elss were theoretically expected to be zero after successful ligation of the pan-
creaticc duct. However, the minimum detection level of the assay was 1.0 U/g. 
Exceptt for post PJ time point of the early ligation group all groups were below 
detectionn level (P < 0.001 versus baseline levels). Chymotrypsin levels in the 
earlyy drainage group were indeed detectable after drainage with a mean of 1.5 
(  0.8) U/g, but remained significantly lower than baseline levels (P = 0.009). 

FatFat balance 
Fatt in faeces collected in 24 hours prior to surgery as percentage of the daily 
intakee for each group is shown in Figure fi. Mean baseline percentage fat was 
2.0%% (  0.5). The mean percentage of fat in the early group before drainage 
wass significantly higher than baseline (4.0%. P = 0.002), and returned to levels 
comparablee to baseline after 6 weeks of drainage (2.7%  1.8; P = 0.7 versus 
baseline).. Surprisingly, the late groups mean fat percentages were not signifi-
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Figuree 6. Fat contents of faeces collected 24 hours prior to the operation as 
percentagee of the daily supplied intake for each group. 
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MeanMean baseline-percentage fat was 2.0%  0.5). The mean percentage of fat in the early pre-P] group 
waswas significantly higher than baseline (4.0%, P = 0.002), and returns to comparable baseline levels 
afterafter 6 weeks of drainage (2.7%  1.8). Por the late pre- and post-P] groups mean fat percentages 
werewere comparable to baseline levels (2.8% and 2.4%), respectively). 'Hit' CP controls were 1.9%  0.5 
(comparable(comparable to baseline levels (P = 0.9) 

cantlyy increased 6 weeks after ligation compared to baseline levels (2.8%  0.9, P 
== 0.06). Therefore, also after drainage these levels were comparable to baseline. 
Thee same applied to the fat balance in CP controls that were comparable to base-
linee levels (1.9%  0.5, P = 0.9) 

GlucoseGlucose tolerance test 
Glucosee tolerance test results are shown in Figure 7 for the early drainage, late 
drainagee and the CP control group. Mean serum glucose levels before ligation 
forr the early and late group were comparable (3.0 and 3.7 mmol/1, respectively). 
Afterr glucose administration serum glucose levels rose sharply within 5 minutes 
andd gradually returned to normal values after 90-120 minutes. For both groups 
serumm glucose levels rose to a higher maximum level after ligation which was 
alsoo seen after drainage. There were no differences in the glucose tolerance test 
forr the early and late group. None of the piglets showed signs of pancreatic 
endocrinee malfunction. 



Figuree 7.A. 
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Figuree 7. B. 

Glucosee Tolerance Test: late drainage group 
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Figuree 7.C. 
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FigureFigure 7. Glucose Tolerance Test of the early drainage (7.A), late drainage (73) and control group (7.C) 

DISCUSSION N 
Drainagee of the pancreatic duct in patients with chronic pancreatitis frequently 
relievess the disabling abdominal pain. We wanted to evaluate whether an ear-
lierr surgical drainage of the obstructed pancreatic duct would lead to a better 
recoveryy of histology and pancreatic exocrine dysfunction compared to late sur-
gicall  drainage in an experimental model of obstructive pancreatitis in piglets. 
Thiss experimental obstructive pancreatitis model shows the typical histological 
characteristicss of obstructive pancreatitis as is encountered in humans with CP, 
withh identical impaired pancreatic exocrine function and unchanged endocrine 
function.""  Remarkably, after the surgical drainage procedure, animals in the 
earlierr drainage group showed reversibility of histological and exocrine pancre-
aticc function for early drained piglets in a histological proven stage of obstruc-
tivee CP. Histologically, fibrosis, inflammatory (predominantly T-) cell infiltration 
ass well as loss of pancreatic acinar structures was found characteristic of chron-
icc pancreatitis." ,J The histological grading showed significant reversibility for 
thee earlier drained animals in contrast with no reversibility of the late drained 
animals.. For pancreatic exocrine function marked decrease of lipase and amy-
lasee in pancreatic juice was seen after ligation for both groups, whereas only 
thee early drained group showed clear reversibility to pre-ligation levels. 



Otherr parameters showed less prominent distinction between both drainage 
groups.. As expected, pancreatic endocrine function (as measured by the glu-
cosee tolerance test) was preserved for both the early and late drained animals, 
probablyy due to longstanding preservation of Islets of Langerhans until end-
stagee fibrosis in CP. This is in concordance with published literature and clini-
call  course where patients develop diabetes in a relatively late stage of the dis-
ease.. The weekly weight measurement revealed that the early drained animals 
thrivee more progressively after drainage, whereas no increase in weight gain 
wass seen for the late drained animals. Noteworthy is that we did not observe sig-
nificantt differences between both groups in the assessed faecal parameters. In 
otherr words, the improvement in exocrine function after early drainage did not 
clearlyy translate into normalised faecal fat percentages. This may be explained 
byy the use of standard food without surplus fat enrichment, thus, no clear fat 
challenge.. Moreover, in this experiment food intake may have been variable 
betweenn animals although standardisation of intake was applied. Furthermore, 
244 hour collection of faeces has a relative large margin for sampling error with 
respectt to the number of animals in the experiment. 

Surgicall  or endoscopic drainage in patients with chronic pancreatitis and 
intractablee abdominal pain is generally performed in a late stage of the disease, 
forr beneficial effects of conservative treatment are first awaited. When conserva-
tivee treatment fails, interventional treatment for obstructive CP consists pri-
marilyy of endoscopic drainage since the beginning of the 1980-ies. Endoscopic 
drainagee of the pancreatic duct by gastroenterologists is successful in 25-66% 
forr relief of pain symptoms\ although patients often undergo multiple stent 
(re-)) placements to relieve pain symptoms. Patients not responding to endoscop-
icc treatment wil l eventually be referred to surgeons as candidates for surgical 
treatment.. Success percentages (with respect to pain relief) of drainage via a PJ 
aree between 60 to maximally 80%.u 

Itt has been demonstrated in a feline model of CP that due to the exten-
sivee fibrosis and the development of a fibrotic capsula, activation of the gland 
(duringg secretion) results in increased parenchymal pressure together with 
decreasedd blood flow.H Decompression of the parenchyma by lateral PJ restores 
thee parenchymal pressure and the blood flow to normal values. This mecha-
nismm known as a pancreatic compartment syndrome is likely to play a role in 
thee still not clearly understood mechanism of pain in CP.14 The beneficial effect 
off  a PJ in patients with CP should then possibly be attributed to decompression 
off  the parenchyma rather than actual drainage of the pancreatic duct. The suc-
cesss of a longitudinal V-shaped excision of the ventral pancreas in the absence 
off  duct dilatation in humans, as recently described by Izbicki et ah, underlines 
thiss hypothesis.'̂ Also, experimental models of CP directly comparing the surgi-
call  and endoscopic drainage modality have shown that surgical pancreatic duct 
drainagee was more effective in decreasing pancreatic interstitial pressure and 
increasingg pancreatic blood flow than stenting of the pancreatic duct."' A ran-



domisedd trial of surgical versus endoscopic drainage for CP showed a beneficial 
effectt on long-term pain outcome for surgery over endoscopic stenting.1" 

InIn the present model the pigs did not seem to develop pain due to the induced 
pancreatitis.. The pigs did not show any sign of pain, such as inactivity, arched 
backk and anorexia. Thus, pain could not be used as a parameter of success of 
drainage.. Moreover, in animals subjective parameters such as pain intensity are 
nott suitable as a reliable outcome measure. However, histologically as well as 
functionally,, a clear chronic obstructive pancreatitis was indeed induced. 

Laterall  PJ should lead to a delay of progressive loss of exocrine function 
inn patients with CP.8 In clinical studies, Nealon et al. have advocated an ear-
lierr surgical drainage policy before the development of irreversible functional 
impairment,, based on the finding that decompression via pancreaticojejunos-
tomyy delayed exocrine function impairment.sy In a feline model of obstructive 
pancreatitiss it was shown that both morphologic characteristics and exocrine 
functionn recover after reanastomosis of the obstructed pancreatic duct.1" Future 
experimentall  studies in this large animal model of chronic pancreatitis could 
includee comparison of surgical versus endoscopic drainage of the pancreatic 
ductt to confirm the results of Reber et all(l indicating that surgical drainage of 
thee PD is more effective than endoscopic drainage. Even more interesting would 
bee to assess whether after endoscopic (i.e. pancreatic duct) drainage regenera-
tionn is less than after surgical (i.e. parenchymal) drainage. 

Ann earlier initiated surgical drainage of the obstructed pancreas via a lateral 
PJJ during the course of the disease may reverse histopathological changes in CP 
andd pancreatic exocrine dysfunction as opposed to a surgical drainage proce-
duree performed in a later stage of the disease. However, until today, limitation 
off  functional loss is not an indication for surgical decompression of the pancre-
aticc parenchyma. By applying endoscopic stenting as a first line of treatment in 
patientss with CP, surgery may be avoided in some patients but is only postponed 
inn a substantial percentage of patients. Thus, surgical intervention is frequently 
postponedd to a late stage of the disease. Theoretical benefit from drainage via 
surgeryy with respect to pancreatic exocrine function is missed due to unfavour-
ablee patient selection. An earlier surgical intervention may lead to a higher suc-
cesss percentage not only on pain relief but also on reduction of development 
off  CP-related complications such as exocrine insufficiency. Patient selection for 
earlyy surgical drainage as opposed to primary or extended endoscopic drainage 
needss further investigation. 
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