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ABSTRACT  

 

 

This study addresses early and long-term complications that may be linked to technical problems of 

pancreaticojejunostomy. Given the importance of the leakage of the pancreaticojejunostomy in 

increasing postoperative mortality and morbidity, a study was performed in which it was found that 

biliary leakage usually occurs together with  pancreatic leakage. This gave rise to a hypothesis of a 

possible common aetiologic factor, which may be postoperative pancreatitis.  

 

To investigate the effect of surgeon and hospital volume on postoperative morbidity and mortality, 

a nation-wide study was performed including 33 Finnish hospitals, where resections of the head of 

the pancreas (average 2.1 resections per year per hospital) were performed during a five-year period 

(1990-1994). There were 98 surgeons performing these resections (average 0.7 resections per year 

per surgeon). Most of the complications that resulted in death were a result of technical problems. 

Both surgeon and hospital volume affected postoperative morbidity and mortality. To reduce 

postoperative morbidity, mortality and hospital stay pancreatic head surgery needs to be centralized 

in fewer hospitals with adequate perioperative care and performed by surgeons professing special 

interest in pancreatic surgery. Long-term results, however, were related to the nature of the disease. 

 

Given that most patients undergoing resection of the pancreatic head show severe signs of 

pancreatic insufficiency, a dynamic secretin-stimulated magnetic resonance 

cholangiopancreatography (D-MRCP) examination was performed to examine whether these 

symptoms were a result of anastomotic stricture or due to malfunction of the pancreatic gland. This 

study was performed on 26 patients who 3-76 (median 52)  months earlier had undergone 

pancreaticoduodenectomy with end-to-end invaginated anastomosis, which was the method of 

choice in the 1990s. All those patients had severe exocrine insufficiency as measured by faecal 

elastase-1. D-MRCP failed in three patients, but revealed severe glandular malfunction in seven 

patients (30 %), total obstruction of the pancreaticojejunostomy in five patients (22 %),  partial 

obstruction in six patients (26 %) and an open anastomosis in five patients (22 %), these five 

patients having the highest faecal elastase-1 values. Better long-term functional results may require 

better surgical technique. 

 

To study postoperative quality of life in patients who had undergone pancreaticoduodenal resection,  

15D, a generic instrument was used which enabled comparison of the results to healthy population. 
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In the early stage (24 months postoperatively), postoperative health-related quality of life was 

significantly poorer than in general population, but there was no difference in the late stage (110 

months postoperatively).  

  

As a possible solution to protect the pancreaticojejunal anastomosis, biodegradable, barium sulphate 

containing stents were manufactured to be inserted in the pancreatic duct during the operation. The 

degradability of these stents was followed-up in vitro in different pH and enzyme milieus and the 

stents were tested in vivo in two pilot patients. Degradation of the stents occurred after 24-52 weeks 

of incubation. Alkaline milieu together with the presence of pancreatic enzyme degraded the stents 

twice as fast as when either alkaline milieu or enzymes alone were present. In the milieu resembling 

pancreatic juice barium sulphate had no effect on the degradation time. Neither of the pilot patients 

experienced any postoperative complications. 
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TIIVISTELMÄ 

 

 

Tämä tutkimus tuo esiin varhais- ja myöhäisvaiheen ongelmia, jotka voivat aiheutua huonosti 

toimivasta haima-ohutsuoliliitoksesta. Nojautumalla tietoon kyseisen liitoksen vuodon 

merkittävyydestä leikkauksen jälkeistä sairastavuutta ja kuolleisuutta lisäävänä tekijänä tehtiin 

tutkimus, jonka mukaan sappi-ohutsuoliliitoksen ja haima-ohutsuoliliitoksen vuotoa esiintyy usein 

samanaikaisesti. Näiden vuotojen syynä voi olla leikkauksenjälkeinen haimatulehdus.  

 

Kirurgi- ja sairaalakohtaisen vuosittaisen haimaleikkausmäärän vaikutus leikkausten jälkeiseen 

sairastavuuteen ja kuolleisuuteen tutkittiin valtakunnallisella tutkimuksella, johon sisällytettiin ne 

sairaalat, joissa haiman pään poistoleikkauksia tehtiin vuosina 1990-1994. Sairaaloita oli 33 

(keskimääräinen vuosittainen leikkausmäärä oli 2.1) ja näitä leikkauksia teki 98 kirurgia 

(keskimääräinen vuosittainen leikkausmäärä oli 0.7). Useimmat kuolemaan johtaneet ongelmat 

aiheutuivat teknisistä ongelmista. Sekä kirurgi- että sairaalakohtaisilla vuosittaisilla 

leikkausmäärillä oli vaikutusta leikkauksenjälkeiseen sairastavuuteen ja kuolleisuuteen. 

Leikkaustenjälkeisen sairastavuuden ja kuolleisuuden vähentämiseksi sekä sairaalahoidon 

lyhentämiseksi haiman pään leikkaukset tulisi keskittää muutamiin sairaaloihin, joissa on riittävät 

valmiudet hoitaa leikkausten yhteydessä ilmenneitä ongelmia sekä muutamille kirurgeille, jotka 

ovat erityisen kiinnostuneita haimaleikkauksista. Potilaiden pitkäaikaiseloonjääminen tosin oli 

yhteydessä taudin luonteeseen. 

 

Huomioiden niiden haimaleikattujen potilaiden runsas määrä, joilla on pitkäaikaisongelmana 

haiman vajaatoiminta, sekretiini-stimuloitu, dynaaminen MRCP-tutkimus (D-MRCP) tehtiin sen 

asian selvittämiseksi, aiheutuuko vajaatoiminta haima-ohutsuoliliitoksen ahtautumisesta vai jäljellä 

olevan haimakudoksen puutteellisesta toiminnasta. Tutkimus tehtiin 26 potilaalle, joille oli tehty 3-

76 kk (mediaani 52) aiemmin haiman pään poistoleikkaus käyttäen pää päätä vasten -liitosta haiman 

ja ohutsuolen välillä, mikä oli normaali käytäntö 1990-luvulla. Kaikilla näillä potilailla oli hankala 

haimaleikkauksen jälkeinen vajaatoiminta ulosteen elastaasi-1 -tutkimuksen pohjalta arvioituna. D-

MRCP epäonnistui 3 potilaalla mutta osoitti vaikeaa haimakudoksen toiminnanvajausta seitsemällä 

potilaalla (30 %), haima-ohutsuoliliitoksen olevan täysin tukossa viidellä potilaalla (22 %), osittain 

tukossa kuudella potilaalla (26 %) ja avoin viidellä potilaalla (22 %). Viidellä viimemainitulla  

potilaalla oli kaikkein korkeimmat ulosteen elastaasi-1 -arvot. Pitkäaikaisten toiminnallisten 

tulosten parantaminen vaatinee leikkaustekniikan kehittämistä.  
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Haiman pään poistoleikkauksen jälkeisen elämänlaadun tutkimiseksi käytettiin 15D-

tutkimusmittaria, joka on ns. yleinen elämänlaadun mittari ja sallii vertailun terveeseen väestöön. 

Varhaisvaiheessa (24 kk leikkauksen jälkeen) elämänlaatu oli heikompi kuin verrokeilla, mutta 

eroja ei ollut myöhäisvaiheessa (110 kk leikkauksen jälkeen). 

 

Mahdollisena keinona suojella haima-ohutsuoliliitosta kehitettiin biohajoavia, bariumsulfaattia  

sisältäviä stenttejä, jotka voidaan ujuttaa haimatiehyeeseen leikkauksen aikana. Näiden stenttien 

hajoamista happamuuden ja entsyymien vaikutuksesta tutkittiin laboratorio-oloissa. Stenttien 

sulaminen tapahtui 24-52 viikkoa hauteeseen laiton jälkeen. Emäksinen ympäristö yhdessä 

haimaentsyymien kanssa kaksinkertaisti stenttien hajoamisen verrattuna pelkkään emäksiseen 

ympäristöön tai haimaentsyymien läsnäoloon. Bariumsulfaatilla ei ollut vaikutusta stenttien 

hajoamisaikaan haimanestettä muistuttavassa ympäristössä. Näitä stenttejä pilotoitiin myös kahdella 

potilaalla. Kummallekaan potilaalle ei kehittynyt leikkaukseen liittyviä komplikaatioita. 
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INTRODUCTION 

 

 

In 1908 Sauvé reported a series of 11 patients undergoing pancreatic surgery (van Heerden et al. 

1981). One of these operations was performed for a tumour located in the head of the pancreas and 

duodenum, and entailing the resection en masse of the tumour. Four years later, Kausch performed 

a successful two-stage pancreaticoduodenectomy (PD). During the next two decades, however, 

pancreatic resections were rare. In 1935, Whipple published a paper on a two-stage PD. For some 

decades, many surgeons considered PD a procedure that should be performed only in exceptional 

circumstances, due to the high risk of serious postoperative complications and high mortality. 

Originally, PD entailed resection of the distal part of the stomach. Brunschwig performed a one-

stage resection of the pancreatic head in 1937 and Whipple in 1940 (Yeo et al. 1998). In 1978, 

Traverso and Longmire published a variation of pancreaticoduodenectomy, which is generally 

called pylorus-preserving pancreaticoduodenectomy (PPPD). Nowadays, both PD with gastric 

resection and PPPD are commonly used in benign and malignant periampullary diseases. The most 

important diseases for which pancreatic head resection is deemed necessary are periampullary 

malignancies and chronic pancreatitis resistant to conservative and endoscopic treatment, although 

there are also other operations in this indication. In recent years, postoperative mortality has fallen 

to less than 2 % in centres where the annual volume of these operations is high. Postoperative 

morbidity is still, however, significant, and the most important complication is leakage of the 

pancreaticojejunal anastomosis, as it may need reoperation and may be life-threatening. This 

complication also lengthens hospital stay and leads to higher costs. As postoperative expected 

survival time in benign and pre-malignant diseases is long, long-term quality of life is also 

important in patients with pancreaticoduodenal resections. A well-functioning anastomosis may 

diminish pancreatic insufficiency, thereby possibly improving long-term quality of life.  

 

This study focuses on the association of pancreaticojejunostomy with the early complications and 

late clinical results after pancreatic head resection. A study was also performed to develop a new 

type of  biodegradable stent designed to be used in  pancreaticojejunostomy. 
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REVIEW OF THE LITERATURE 

 

 

1 History of  pancreaticoduodenal resection 

 

 

Over one hundred years have passed since the first successful local transduodenal resection of a 

periampullary cancer by Halsted (Yeo et al. 1998). The first resection en masse of the pancreas and 

duodenum for periampullary cancer was reported in 1898 by Codivilla of Bologna (van Heerden et 

al. 1981). In this procedure the pancreatic duct was ligated and the pancreatic stump was left 

behind. In 1908, Sauvé demonstrated that the head of the pancreas and the second portion of the 

duodenum were anatomically inseparable and proposed a technique for pancreaticoduodenal 

resection en masse. Kausch performed the first successful such resection by using a two-stage 

approach (Yeo et al. 1998). Hirschel reported the first successful one-stage 

pancreaticoduodenectomy in 1914 at a time when most ampullary tumours were managed by 

transduodenal excision. It was not until 1935 that Whipple published his paper on a two-stage 

pancreaticoduodenal resection, which was performed on three patients with adenocarcinoma of the 

ampulla of Vater (Whipple et al. 1935). The first operation included a posterior gastroenterostomy, 

ligation and section of the common bile duct after determining the patency of the cystic duct and a 

cholecystogastrostomy. Three to four weeks after the first stage the second operation was 

performed, entailing the ligation of the pancreaticoduodenal and gastroduodenal arteries, resection 

of the descending portion of the duodenum and a V-shaped excision of the head of the pancreas 

wide of the growth together with the common duct. Last, the cut end of the duct of Wirsung (and 

also of Santorini, if present), were ligated and the cut surfaces were sutured with interrupted fine 

silk. Hospital mortality was 33 %; the patients died of cholangitis and liver abscesses  (Whipple et 

al. 1935). In 1937 Brunschwig extended the indications for pancreaticoduodenal resection to 

include pancreatic cancer and performed the first radical one-stage resection of the head of the 

pancreas (Yeo et al. 1998). In 1940, Whipple performed his first one-stage 

pancreaticoduodenectomy, and in 1942 he included a pancreaticojejunal anastomosis. He believed 

that in order to prevent pancreatic fistula, it was important to join the pancreatic duct to the jejunal 

mucosa (van Heerden et al. 1981). 

 

In 1968, Howard published a series of 41 consecutive one-step Whipple resections performed by 

one surgeon during a 13-year period. Operative mortality was nil. Ten per cent of the patients had 

pancreatic fistula postoperatively. In this paper Howard pointed out the importance of the presence 
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of a clinical team with a continuous interest in the pancreas and its surgical problems (Howard 

1968). During the 1970s, radical pancreaticoduodenectomy fell into disrepute as a result of 

excessive postoperative morbidity and mortality due to inherent technical difficulties, the dismal 

long-term survival of adenocarcinoma of the pancreas, and enthusiasm for total pancreatectomy 

(van Heerden et al. 1981). In van Heerden’s study on 146 patients operated on in Mayo Clinic in the 

1970s, hospital mortality was 4 % and the incidence of pancreatic fistulas  11 %. He concluded that 

Whipple’s resection is indicated in carefully selected patients but individual judgment and 

meticulous techniques are mandatory (van Heerden et al. 1981). According to Tarazi et al. (1986), 

in the 1970s comparisons were made of operative mortality and postoperative morbidity after 

radical resection and simple bypass of the obstructed bile duct. There was very little difference in 

the survival after both radical resections and bypass procedures that some authors did not consider 

postoperative mortality and  morbidity worthwhile after radical resections (Tarazi et al. 1986). High 

morbidity and mortality rates following pancreatic resection in the 1970s and early 1980s led many 

surgeons to suggest that surgical resection of pancreatic cancers should be abandoned. On the other 

hand, the postoperative mortality rate after total pancreatectomy has been even higher than after 

Whipple’s procedure in several series, although the pancreaticojejunal anastomosis is avoided 

(Tarazi et al. 1986). Ever since, pancreatic resections have been performed with increased 

frequency in many specialized centres reporting acceptable morbidity and mortality rates of less 

than 5 % (Sohn et al. 2000b).  

 

According to an evidence-based methodology using review, which was limited to articles published 

between 1990 and 2001, the mortality rate from pancreaticoduodenectomy has declined to less than 

5 % for chronic pancreatitis and to 3-8 % for pancreatic cancer. Morbidity rates, however, have 

remained high, ranging between 20 % and 70 %. Of these, delayed gastric emptying accounted for  

almost half of the complications. Incidence of pancreaticojejunal leakage varied from 0 % to 30 % 

(Schäfer et al. 2002). Postoperative complications in the surgery of the pancreatic head lead to 

decreased survival (Reddy DM et al. 2009). Experienced centres should perform 

pancreaticoduodenectomies with a mortality less than 5 % and major complication rates less than  

40 % (Orr 2010). According to Schäfer et al. (2002) both actuarial and actual 5-year survival rates 

for ductal pancreatic adenocarcinoma were poor and ranged from 7 % to 12 % and 6 % to 10 % 

respectively. The median reported survival of pancreatic adenocarcinoma in the literature showed 

only a slight variation and ranged from 12 to 18 months. Of periampullary malignancies, pancreatic 

adenocarcinoma is known to have the lowest actuarial and actual survival rates. According to a 
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single-institution analysis of 5-year survivors, the survival rate in adenocarcinoma of the duodenum 

was 59 %, ampulla 39 %, bile duct 27 % and pancreas 15 % (Yeo et al. 1998).  

 

PD is nowadays indicated for curative resection of malignancies of the periampullary region, i.e. 

pancreatic head, ampulla of Vater, duodenum and distal bile duct (Collier and Pollard 1992). It may 

also be used in chronic pancreatitis to relieve pain, to relieve obstructive symptoms related to 

chronic pancreatitis and when cancer cannot be excluded (Martin and Rossi 1998). It may 

occasionally also be indicated in cases of trauma (Collier and Pollard 1992). 

 

 

2 Role of various resections of the pancreatic head 

 

2.1. Pancreaticoduodenal resection with antrectomy                                                                     

 

Resection of the head of the pancreas, which is commonly called pancreaticoduodenectomy, has 

been performed for many decades as a two-stage operation. Nowadays, PD is performed as a one-

stage operation, mainly for periampullary suspected malignant or pre-malignant tumours and 

chronic pancreatitis. It is performed either through a midline upper abdomen or transverse subcostal 

incision (Di Carlo et al. 1998).  Prospects for performing curative resection can be determined 

preoperatively by laparoscopy (Orr 2010). Peroperatively after mobilizing the duodenum and 

visualizing the pancreatic head, the lymphatic nodes can be palpated. Invasion of the tumour to the 

portal or mesenteric vein or extension behind the mesenteric artery or vein is considered an 

ominous sign (Cooperman 1990). The transection of the stomach is performed at the distal or 

midportion. The right gastric artery and the gastroduodenal artery are divided and ligated. The 

common hepatic duct is divided above the entrance of the cystic duct and a cholecystectomy is 

performed. The ligament of Treitz is exposed following reflection of the transverse colon 

superiorly. The ligament is divided, the third and fourth portions of the duodenum are dissected 

from the posterior abdominal wall and the jejunum is interrupted distal to the ligament. The vessels 

are divided close to the bowel wall to avoid damage of the superior mesentery artery and vein. The 

pancreatic neck anterior to the superior mesenteric vein is usually the site of pancreatic division. 

The resection line is extended to the left if the frozen-section examination shows that the tumour 

reaches the transection line. Branches of the superior mesenteric vein to the pancreatic head and the 

uncinate process are carefully ligated. The extension of the dissection may be limited to the 

peripancreatic nodes, which are removed together with a specimen of the PD, or possibly extended 
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to the retroperitoneal tissue behind the pancreatic head removing distal lymph nodes, such as the 

periaortic nodes, from the celiac trunk to the renal arteries, the pericaval nodes, and the nodes 

around the superior mesenteric artery (Di Carlo et al. 1998).  

 

A variety of reconstructive methods have been proposed. In most institutions, pancreaticojejunal 

anastomosis is the current mode of management, but other methods have also been reported, as 

pancreaticogastrostomy and occlusion of the pancreatic duct, thus avoiding pancreatic anastomosis. 

According to a meta-analysis, both anastomoses provide equally good results (Wente et al. 2007). 

Pancreaticojejunostomy can be performed end-to-end either by partly invaginating the remaining  

pancreas into the jejunum or by performing a mucosa-to-mucosa anastomosis of the pancreatic duct 

to the jejunum. If the pancreatic duct is small, a stent can be placed across the anastomosis to ensure 

patency of the ductal system.  

 

End-to-end anastomoses can also be performed with modifications. A seromuscular flap can be 

developed on 1 cm of small bowel to cover part of the remaining pancreas (Maki et al. 1990). The 

anastomosis may also be of the dunking type (Reissman et al. 1995).  

 

End-to-side anastomosis between pancreas and jejunum is preferred by many surgeons instead of 

end-to-end anastomosis. It can be performed using single-layer (Adam et al. 2002) or two-layer 

techniques. The duct can be sutured by individual stitches or e.g. by a parachute-type technique 

(Ohwada et al. 2001). The outer part of the anastomosis can be performed by directly suturing the 

pancreatic remnant with the seromuscular part of the jejunum (Kingsnorth 1989) or by invaginating 

the pancreatic remnant 1 cm into the jejunum (Z’graggen et al. 2002).  

 

As anastomotic reconstruction, pancreaticogastrostomy has been preferred to 

pancreaticojejunostomy by some authors, because it may be simpler to perform and may be 

associated with lower incidence of anastomotic leakages (Arnaud et al. 1993, Kim et al. 1997). 

There were, however, no statistical differences in a one-centre retrospective study (Andivot et al. 

1996). Nor did randomised, controlled trials (RCTs) show any statistical difference between these 

anastomotic techniques regarding postoperative complications (Yeo et al.1995, Duffas et al. 2005). 

 

Hepaticojejunostomy is usually performed end to side using interrupted one-layer sutures. The 

gastrojejunal anastomosis is usually performed last, and is usually placed about 40 cm distal to the 

biliary anastomosis in order to promote neutralization of the gastric-acid secretion (Di Carlo et al. 
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1998). The entero-enteroanastomosis in the jejunal loop prevents reflux of the bile and pancreatic 

fluid to the stomach. 

 

2.2. Pylorus-preserving pancreaticoduodenal resection 

 

Pylorus-preserving pancreaticoduodenectomy (PPPD) was first performed in 1944 by Watson. He 

assumed that preserving the antrum, pylorus and one inch of the duodenum would allow better 

digestion and would prevent jejunal ulceration. This report remained an exceptional individual  

opinion until 1978, when Traverso and Longmire reported their experience of PPPD in two patients 

(Traverso and Longmire 1978). In this procedure, the gastroduodenal artery is divided, whereas the 

right gastric artery is usually preserved (Cameron 1990, Di Carlo et al. 1998). Preservation of 5 cm 

of the duodenum is sometimes possible, but in case of malignancy preservation of only 2 cm seems 

to be appropriate. PPPD is contraindicated if the tumour involves the duodenopancreatic angle 

(Röher et al. 2000) and if the patient has previously undergone vagotomy (Di Carlo et al. 1998).  

Both PD and PPPD alter normal upper gastrointestinal protective mechanisms, but there are only 

retrospective studies of marginal ulceration. Some series suggest that a higher rate of marginal 

ulceration is associated with PPPD (Martin and Zuberi 2010). 

 

In terms of radicality, some groups have argued against PPPD for cancer of the pancreatic head. 

Patel et al. (1995) did not find evidence of any advantage of PPPD in malignant periampullary 

tumours. However, studies on survival have shown similar rates after PPPD or even better than after 

classical  PD (Ogata and Hishinuma 2002). According to a small RCT of 36 patients,  there was no 

significant difference between PPPD and PD in terms of operating time, blood loss, operative 

mortality and long-term survival (Lin et al. 2005). Delayed gastric emptying (DGE) was more 

frequently encountered in PPPD than in PD. This could not be shown in a meta-analysis performed 

by Martin and Zuberi (2010). Another systemic review and meta-analysis have been reported based 

on six trials that included 574 patients undergoing PPPD or PD. These showed that PPPD was 72 

minutes faster, with 284 ml less blood loss and 0.66 fewer units of blood transfused. In terms of 

survival, there were no significant differences in the results. They favoured PPPD, though trends 

were weak (Karanicolas et al. 2007). Another review of seven randomised, controlled studies did 

not show significant differences between PPPD and PD in hospital mortality, overall survival or 

morbidity. Operating time and intra-operative blood loss were significantly reduced in the PPPD 

group compared to PD in pancreatic and periampullary carcinoma (Diener et al. 2007).  
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The pancreaticojejunal anastomosis after PPPD is performed as in classic Whipple’s resection. 

Entero-enteroanastomosis is not used with PPPD. 

 

It is generally accepted that the incidence of postoperative complications is similar after PD and 

PPPD. According to a single-centre study comparing PD (n = 41) and PPPD patients (n = 44), no 

significant differences were found in mortality, overall complications, major or minor 

complications, operative time, blood loss, gastric suction (days), oral solid diet (days) or hospital 

stay (days) (Di Carlo et al. 1998). Similar results were reported by Mosca et al. (1997) in a single-

centre study of 513 patients. A multi-centre RCT of 170 patients did not show any significant 

differences between postoperative complications when classic Whipple and PPPD were compared 

(Tran et al. 2002). A smaller RCT of 27 patients showed more DGE in PPPD patients than those 

undergoing PD, the results of other complication parameters measured being statistically similar in 

both groups (PD vs. PPPD) (Srinarmwong et al. 2008). 

 

2.3. Duodenum-preserving resections of the pancreatic head 

 

In the treatment of chronic pancreatitis operative interventions are indicated when severe pain and 

local complications are resistant to conservative and endoscopic treatment or potential malignancy 

is present. An ideal procedure should be easy to perform, have a low morbidity and mortality rate, 

provide long-lasting pain relief, and not exacerbate exocrine or endocrine insufficiency. No 

operation fulfils this ideal (Frey and Mayer 2003). It is not always clear what the cause of pain is in 

chronic pancreatitis, but ductal pressure and peripancreatic inflammation are often involved 

(Touzios et al. 2005). Recently there have also been studies of the role of pancreatic neuropathy, 

either in the pancreatic or peripancreatic nerves, as a cause of pancreatic pain (Ceyhan et al. 2008, 

Ceyhan et al. 2009). Two operations have been developed to reduce ductal hypertension by excising 

the inflammatory mass of the head of the pancreas. These operations can only be performed, 

however, if malignancy can be excluded. They are local resection of the head of the pancreas 

combined with longitudinal pancreaticojejunostomy (LR-LPJ, Frey’s operation) and duodenum-

preserving resection of the head of the pancreas (DPPHR, Beger’s operation). In Frey’s operation 

diseased tissue in the head of the pancreas is resected, the main duct in the neck, body and tail is 

opened and thus the entire main pancreatic duct is either decompressed or resected. One Roux-en-Y 

limb is used to drain the body and tail of the pancreas (Frey and Mayer 2003). Beger’s operation is 

indicated especially when the inflammatory process is located in the pancreatic head and in cases 

with portal hypertension due to inflammatory mass. After resecting the pancreatic head through the 
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uncinate process, a jejunal loop is excluded and interposed, needing two pancreatic anastomoses, 

one for the pancreatic tail and the other to cover the resected head (Beger et al. 1999). In cases with 

an intrapancreatic severe stenosis of the common bile duct due to inflammation, an additional 

internal biliary anastomosis between the common bile duct and jejunal loop has to be carried out.  

 

According to an evidence-based review of pancreatic head resection for pancreatic cancer and 

chronic pancreatitis, the complication rates for standard and pylorus-preserving PDs range between 

30 and 55 %, while duodenum-preserving procedures, particularly the Frey procedure, are 

associated with significantly lower morbidity rates, ranging between 9 and 22 % (Schäfer et al. 

2002). According to a recent meta-analysis, where the effectiveness and safety of DPPHR versus 

PD in the treatment of chronic pancreatitis was compared, postoperative pain relief, overall 

mortality and morbidity showed no significant difference, but intraoperative blood transfusion, 

hospital stay, weight gain, exocrine insufficiency, occupational rehabilitation and quality of life 

were significantly improved in the DPPHR group (Diener et al. 2008).  

 

In all of the operations except total pancreatectomy, postoperative mortality and morbidity are 

strongly associated with the problems of pancreatic anastomosis. 

 

 2.4. Extent of resection 

 

The purpose of pancreatic resection when malignancy is suspected is to achieve an R0 resection, 

and PDs or PPPDs may be converted into total pancreatectomies if there is a sign of positive 

pancreatic neck margin. There is no evidence that conversion of R0 resection to R1 resection 

improves survival (Martin and Zuberi 2010). Raut et al. (2007) did not find in a multivariate 

analysis of 360 patients having undergone R0 or R1 resection that resection status affected survival 

independently.   

 

Large prospective studies have been conducted studying the effect of lymphadenectomy on 

survival. Pedrazzoli et al. (1998) suggested a survival advantage in patients treated with an extended 

lymphadenectomy. Subsequent prospective studies did not show survival difference at 1-,  3- and 5-

year survival between the standard and extended lymphadenectomy groups (Yeo et al. 1999, Yeo et 

al. 2002). According to a meta-analysis comparing standard and extended lymphadenectomy in PD 

for pancreatic cancer, extended lymphadenectomy did not benefit overall survival (Michalski et al. 

2007). Instead, there was a trend towards increased morbidity (diarrhoea, DGE) after extended 
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lymphadenectomy. The addition of vascular resection to PD or PPPD for achieving an R0 resection 

can be accomplished safely and effectively with low perioperative mortality and morbidity, but 

long-term survival is poor (Martin and Zuberi 2010). Tumour infiltration is an important 

determinant of survival, not the vascular resection itself (Bachellier et al. 2001). 

 

There are few studies evaluating outcomes, survival, complications or morbidity associated with 

adjacent organ involvement with pancreatic ductal adenocarcinoma (Martin and Zuberi 2010). 

Considering pancreatic resections reported for metastases to the pancreas, 80 % result from 4 

primary cancer types: renal cell cancer, colorectal cancer, sarcoma and melanoma. The usefulness 

of pancreatic metastasectomy can be assessed by evaluating long-term survival in retrospective 

analyses (Martin and Zuberi 2010).  

 

2.5. Total pancreatectomy 

 

Total pancreatectomy for pancreatic cancer was first reported by Billroth in 1884 (Heidt et al. 

2007), and re-introduced in 1954 by Ross and in 1958 by Porter, to avoid pancreatic anastomosis-

related complications (Müller et al. 2007). The indications are chronic pancreatitis with intractable 

pain, familial pancreatic adenocarcinoma, neuroendocrine tumours and main duct type intraductal 

papillary mucinous neoplasms (Heidt et al. 2007). Despite the absence of pancreaticoduodenal 

anastomosis, total pancreatectomy has even higher early postoperative mortality than subtotal 

pancreatectomy, which precludes the consideration of total pancreatectomy as a routine treatment of 

sporadic pancreatic adenocarcinoma (Heidt et al. 2007). Serious postoperative complications 

following total pancreatectomy include intra-abdominal abscess and sepsis, intra-abdominal 

bleeding and gastrointestinal bleeding (Ihse and Andrén-Sandberg 1998). These patients have a 

five-year survival similar to that seen in patients who have undergone partial pancreatectomy (Heidt 

et al. 2007). Total pancreatectomy leads to diabetes by complete insulin deficiency and to 

steatorrhoea. Such diabetes is considered to be of the brittle type, characterized by a supranormal 

sensitivity to insulin, probably reflecting a lack of glucagon (Ihse and Andrén-Sandberg 1998). 

Another metabolic consequence of the apancreatic state is the development of steatohepatitis with 

progressive liver failure. This may be a result of progressive fat deposition in the liver following 

impaired hepatic stimulation by glucagon. Also, these patients are at increased risk of developing 

peptic ulcer disease secondary to lack of bicarbonate secretion (Heidt et al. 2007). Exocrine 

pancreatic insufficiency is obvious after total pancreatectomy regardless of the primary diagnosis. 

Patients tend to have steatorrhoea even after aggressive enzyme supplementation (Ghaneh and 
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Neoptolemos 1999). According to a single-centre retrospective study, there were no subjective or 

objective differences in the balance of post-pancreatectomy diabetes as a whole when compared to 

type 1 diabetes patients. Good balance was more often achieved in patients with malignancy than in 

those with chronic pancreatitis (Jethwa et al. 2006).  

 

Currently, total pancreatectomy is appropriate in patients in whom complete removal of the 

pancreas is required for oncologic, technical, prophylactic or complication-related reasons (Müller 

et al. 2007, Martin and Zuberi 2010). In pancreatic cancer this means that it has a place in those 

cases where the tumour extends throughout the main duct, as evaluated intraoperatively by frozen-

section examination or when the remaining part of the pancreatic body or tail is too frail for a safe 

anastomosis to be attempted. As it has unavoidable metabolic sequelae and does not decrease the  

recurrence rate of malignancies, total pancreatectomy is nowadays rarely used when compared to 

PD (Ihse and Andrén-Sandberg 1998). 

 

 

3 Postoperative complications 

 

3.1. Clinically significant surgical complications 

 

Mortality after pancreatic resections has fallen to less than 5 % in specialized centres. However, the 

most severe complications, such as anastomotic leakage, haemorrhage, abscesses and delayed 

gastric emptying (DGE) may lead to reoperations, prolonged hospital stay, fatigue and nutritional 

disorders compromising quality of life (Cameron et al. 1993, Yeo et al. 1997, Bassi et al. 2001).  

 

There is no common definition of pancreaticointestinal leakage. The reported incidence of  

pancreaticointestinal anastomotic leakage varies between 0 and 30 % (Cullen et al. 1994, Yeo et al. 

1997, Büchler et al. 2000, Sohn et al. 2000, Balcom et al. 2001, Bassi et al. 2001, Li-Ling and 

Irving 2001, Bassi et al. 2004, Lin et al. 2004, de Castro et al. 2005). It may present as an elevated 

amylase activity in drains, but may also have manifestations of intra-abdominal abscess, sepsis, 

pancreatitis, or DGE. Leakage of pancreatic anastomosis is mainly associated with soft texture of 

the pancreatic remnant and coronary heart disease of the patient. The link between these risk factors 

and leakage seems to be postoperative pancreatitis (Räty et al. 2006). 
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Leakage of hepaticointestinal anastomosis is rarer than pancreatic leakage. It is most likely to be 

discovered by discharge of bile-stained fluid through the drains and is often caused by technical 

problems in performing this anastomosis. The incidence of this is about 2 % (Richter et al. 2003). 

Whether biliary leakage is more frequent in patients with pancreatic leakage is not known. 

 

Haemorrhage can be divided into early postoperative bleeding and delayed haemorrhage after two 

or three weeks, which may be a result of a pseudoaneurysm, the reason for which may be 

anastomotic fistula. These pseudoaneurysms are treated angiographically with coils if the patient is 

clinically stable, otherwise they need immediate surgical treatment. Delayed haemorrhage has been 

reported in between 5 and 16 % but may occur in up to 60 % of cases of pancreatic leakage (van 

Berge Henegouwen et al. 1997,  Rumstadt et al. 1998). 

 

Septic complications and intra-abdominal abscesses are usually a result of anastomotic fistulas or 

leakages. Abscesses are seen in about 3 to 10 % after PD and are most often located in the right 

subhepatic region or under the left diaphragm. These can be drained under ultrasonographic or CT 

guidance, and additionally antibiotics are given intravenously. If there is no clinical improvement, 

surgical reintervention must be considered (Yeo 1995). 

 

Differing definitions for DGE have been proposed, but patients undergoing pancreaticoduodenal 

resection are at high risk of developing it. The range is from 4 to 70 %. It does not increase 

mortality but results in prolonged hospitalisation, impaired quality of life and increased hospital 

costs. Its pathogenesis remains unclear, but the most important risk factor is the presence of other 

intra-abdominal complications, such as pancreatic fistula or anastomotic leakage (Räty et al. 2006). 

One explanation may also be gastric atony resulting from disruption of the gastroduodenal neural 

network. Small doses of erythromycin, which is an agonist of motilin, a hormone produced in the 

duodenum and proximal jejunum, have been reported to reduce DGE by 75 % (Niedergethmann et 

al. 2004). 

 

A lack of a consensus on how to report and quantify morbidity after pancreatic surgery has recently 

led to a new classification of postoperative complications. This classification has five grades: grade 

I (no need for specific intervention), grade II (need for drug therapy), grade III (need for invasive 

therapy), grade IV (organ dysfunction with ICU stay) and grade V (death). This classification has 

been suggested to provide replicable assessment of pancreas surgery and comparison over time 

(DeOliveira et al. 2006). 
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Table 1 presents a list of studies in various periods where the results of pancreaticoduodenal 

resections are mentioned. There is a trend towards decreased hospital mortality in more recent 

studies. 

 

 

Table 1. Some published studies on the results of pancreaticoduodenal resections 

 

 

Authors  Period Patients Pancreatic fistula Hospital mortality 

 
Whipple et al. (1935) 1934-35 3 33 %  33 % 

Howard (1968) 1955-68 41 10 %  0 % 

van Heerden et al. (1981) 1970-79 146 11 %  4.1 % 

Tarazi et al. (1986) 1950-84 105 23 %  7.8 % 

Kairaluoma  et al. (1990) 1968-87 89 4.4 %  * 

Edge et al. (1993) 1989-90 168 not mentioned  6 % 

Gordon et al. (1995) 1988-93 502 not mentioned  ** 

Lieberman et al. (1995) 1984-91 1972 not mentioned  *** 

Sperti et al. (1996) 1970-92 113 29 %  15 % 

Martin et al. (1996) 1980-94 45 6.6 %   2.2 % 

Barnes et al. (1996) 1987-95 108 18 %  1 % 

Chew and Attiyeh (1997) 1981-96 29 3.4 %  3 % 

Yeo et al. (1998) 1970-92 242 17 %  5.4 % 

Sosa et al. (1998) 1990-95 496 not mentioned  **** 

Heslin et al. (1998) 1994-96 74 6.6 %  1.4 % 

Yeo et al. (1999) 1996-97 114 8.8 %  4.4 % 

Berney et al. (2000) 1984-93 68 8.1 %  1.5 % 

Sohn et al. (2000b) 1984-99 526 5 %  2.3 % 

Gouma et al. (2000) 1994-98 300 7.7 %  1 % 

Porter et al. (2000) 1996-98 148 7.4 %  1.5 % 

Balcom et al. (2001) 1990-2000 489 11 %  1 % 

Wamser et al. (2002) 1994-2000 130 20 %  2.7 % 

Urbach et al. (2003) 1994-99 686 not mentioned  10 % 

Schmidt et al. (2004) 1980-2002 516 9 %  3.9 % 

Lin et al. (2005) 1994-2002 36 5.6 %  8 % 

Cameron et al. (2006) 1969-2003 1000 12 %  1 %        

Ho et al. (2006) *****           8253   ***** 

Brozzetti et al. (2006) 1990-2000 166 14 %  7.1 % 

Shinchi et al. (2006) 1996-2002 207 14 %  0 % 

Scurtu et al. (2006) 1995-2003 70 2.9 %  2.6 % 

DeOliveira et al. (2006) 2003-05 633 9.0 %  1.8 % 

Goh et al. (2008) 1986-2006 232 31 %  3 % 

Schmidt et al. (2009) 1980-2002 510 9 %  4 %  

Fuks et al. (2009) 2000-06 680 16.3 %  2 % 

 

* This study was divided into two periods. In the first one (1968-73), hospital mortality was 33 % and in the 

second one (1983-87), it was 0 %. 

** In Johns Hopkins’ Hospital, mortality was 2.2 %, but in other hospitals in Maryland, it was 19 %. 

*** According to the classification of the study, hospital mortality in high volume hospitals was 4.0 %, in 

low volume hospitals 22 %. When surgeons’ experience was considered, hospital mortality was 4.7 % when 
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the operation was performed by an experienced surgeon and 16 % when performed by a non-experienced 

surgeon. 

**** According to hospital volume, hospital mortality was 0.9 %, 6.9 % or 19 %. 

***** The study was divided into three periods: 1988-91, 1992-96 and 1997-2000. Hospital mortality was 

11 %, 10 % and 8.3 % respectively. 

 

 

4 Anastomotic leakages following pancreatic head resections  

 

 4.1. Consequences of leakage of pancreaticojejunal anastomosis 

 

Pancreatic leakage is the major factor most strongly implicated in death in most PD series (Shyr et 

al. 2003). It is considered a serious, life-threatening event that may prolong hospital stay and 

increase costs (Bassi et al. 2005). It has been assumed that the variety of different incidence rates of 

pancreatic fistula may be a result of the absence of a general definition. Also, in the literature 

different terms can be found referring to the same complication, e.g. fistula, leak, leakage, focal 

postoperative pancreatitis, anastomotic failure or anastomotic insufficiency (Bassi et al. 2005). This 

condition may be suspected on the basis of the amount of drain fluid on or after postoperative day 3, 

and an amylase activity greater than three times the upper normal serum value. Associated clinical 

findings may include abdominal pain and signs of infection (Bassi et al. 2005).  

 

An international panel of pancreatic surgeons (Bassi et al. 2005) developed and proposed a 

definition of postoperative pancreatic fistulas (POPF): 

 

Grade A: Transient fistula with no clinical impact 

Grade B: Requires a change in management and leads to a delay in discharge or 

readmission  

Grade C: A major change in clinical management occurs, and clinical stability may be 

borderline. The patient needs extended hospital stay, and  reoperation may be needed. 

Serious postoperative complications and mortality may be associated (Bassi et al. 

2005, Reid-Lombardo et al. 2007a). 

 

The grade of severity may be determined after complete follow-up, including discharge from 

hospital or death.  
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This classification has, in any case, been criticized and a new one has been proposed on the basis of 

the University of Toronto classification of surgical complications and the University of Zurich 

classification of surgical complications (Strasberg et al. 2007). It favours the definition of fistulas  

proposed by the Johns Hopkins group (Yeo et al. 1995), according to which before day 10 the 

drainage of high amylase fluid is rarely of clinical significance provided it has ended or is less than 

50 ml/day by day 10 (Strasberg et al. 2007). On the other hand, not placing a drain after 

pancreaticoenterostomy has been shown in an RCT to be equally effective as placing a drain in 

terms of clinical outcome and is thus an accepted practice (Conlon et al. 2001). Shyr et al. (2003) 

did not find biochemical amylase-rich drainage fluid level to be of clinical significance according to 

an RCT. They did, however, recommend that assessment of pancreatic leakage should be based on 

persistent pus-like drainage and confirmed by roentgenography with a contrast medium or dye such 

as methylene blue in the drainage fluid (Shyr et al. 2003). 

 

Certain predisposing factors are known that may result in anastomotic leakage following PD. A 

narrow pancreatic duct (< 2 mm) makes anastomosis more difficult to perform (van Berge 

Henegouwen et al. 1997). According to a prospective RCT there is a strong association between 

pancreatic texture and anastomotic leakage (Yeo et al. 2000). This means that a fibrotic pancreatic 

remnant in patients with chronic pancreatitis facilitates pancreaticoenteric anastomosis, whereas a 

soft and friable pancreatic parenchyma makes anastomosis difficult to perform (Yang et al. 2005). 

The pancreaticojejunal anastomosis can be performed either end-to-end or end-to-side. The method 

depends on the surgeon’s choice and on anatomic circumstances. Marcus et al. (1995) compared 

different anastomotic methods according to patients’ risks, and concluded that end-to-side 

anastomosis appears safe in low-risk patients and end-to-end invagination in high-risk patients.  

 

When preoperative exocrine pancreatic function was measured using preoperative N-benzoyl-L-

tyrosyl-p-aminobenzoic acid (NBT-PABA) excretion test it was found that patients with low NBT-

PABA results had fewer anastomotic leakages than those with normal results (Sato et al. 1998). 

According to an RCT of 39 patients having both malignant and benign diseases as indications for 

PD, postoperative acute pancreatitis was a major determinant of postoperative delayed gastric 

emptying and was suggested to be a risk factor of anastomotic leakage by possibly impairing 

healing of the anastomosis (Räty et al. 2006). Other risk factors include age, gender, malnutrition, 

presence of jaundice, duration of surgery, intraoperative blood loss, resection type and anastomotic 
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technique (Yang et al. 2005). Surgeon’s experience has also been shown to correlate with pancreatic 

leakage rate (Yeo et al. 1995, Yang et al. 2005).  

 

To minimize the risk of anastomotic leakage, different techniques have been proposed. Most 

authors recommend duct to mucosa pancreaticojejunal anastomosis (Kingsnorth 1989, Maki et al. 

1990, Nagakawa et al. 1997, Ohwada et al. 2001, Hosotani et al. 2002), regardless of the 

reconstruction method used. Many retrospective studies consider PG superior to PJ but the results 

of level 1 data show that both anastomoses are equally effective, and they do not have significant 

differences in fistula rates (Martin and Zuberi 2010). Peng et al. (2007) in an RCT of 217 patients  

compared conventional and binding pancreaticojejunostomies, where the everted jejunum is fixed 

on the pancreatic stump with a binding ligature. They found significantly lower incidence of 

pancreatic anastomotic leakage in the binding group. In a dual-institutional prospective randomized 

trial, 197 patients were stratified by pancreatic texture and randomized to an end-to-side 

invagination or duct-to-mucosa anastomosis (Berger et al. 2009). There was a 24 % pancreatic 

fistula rate in the duct-to-mucosa cohort and a 12 % fistula rate in the invagination cohort (p < 

0.05). The investigators suggested that the greatest risk factor for pancreatic fistula was soft gland 

texture. Adams (2009) found over 1700 publications on pancreatic anastomosis. He concludes that 

the choice of pancreatic anastomotic technique should be based on individual experience. 

 

According to a retrospective case series of 437 patients of a major pancreatic surgery centre, 13 % 

of the patients operated on during a 7.5-year period developed a pancreatic fistula. Of these, 95 % 

had successful conservative treatment with prolonged tube drainage and only 5.5 % needed 

reoperation (Kazanjian et al. 2005). Similar results have also been reported by Abete et al. (2005), 

who point out the importance of completion pancreatectomy to maximize survival if re-exploration 

is necessary. 

 

4.2. Use of stents and drains in protecting the anastomosis 

 

Different kinds of stents have been tested for protecting the anastomosis against both leakage and 

stricture. These drain the anastomosis either internally or externally, in case of early protection. To 

protect the anastomosis, many use a small plastic tube intraluminally (Kingsnorth 1989, Kim et al. 

1997, Hosotani et al. 2002, Jang et al. 2002). Protection of the anastomosis has also been reported 

when an externally directed drain has been used (Matsumoto et al. 1992). Marcus et al. (1995)  

compared three types of pancreticojejunostomies. They recommend end-to-side anastomosis by 
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performing the anastomosis in two layers and using a small plastic catheter as a protecting stent in 

low-risk patients. In high-risk patients with small, unobstructed pancreatic ducts or soft, friable 

pancreata, they recommend end-to-end invaginating anastomosis without an inner layer but using a 

protecting plastic catheter (Marcus et al. 1995). Nagakawa et al. (1997) discussed three different 

anastomoses where plastic tubes were used to protect the anastomosis. These were named impaction 

method, submucosal anastomosis and non-division procedure. They considered non-division 

procedure a method with a low risk of suture insufficiency. In that procedure the end of the 

pancreatic duct and the tube for the external fistula were approximated to the jejunal wall and the 

pancreas and serosal tunica muscularis of the small intestine were sutured together  (Nagakawa et 

al. 1997). There are a few studies on the use of stents in protecting the anastomosis from leakage. 

According to a randomised prospective study of 238 patients, the use of a segment of paediatric 

plastic feeding tube as a stent did not protect the anastomosis from leakage when the pancreatic 

tissue was soft nor when it was hard. Anastomosis was either done duct to mucosa or by  

invaginating the pancreas into the jejunum (Winter et al. 2006). Plastic stents may also migrate in 

about 7 % of cases and lead to serious complications, which may even require surgical intervention 

(Diller et al. 2003). In rare cases a plastic stent may be occluded and lead to symptoms of pancreatic 

insufficiency, which resolve or improve after removal of the stent (Levy et al. 2004).  

 

Some use exterior drainage to protect pancreaticojejunal anastomosis (Keck et el. 1991, Matsumoto 

et al. 1992). Z’graggen et al. (2002) described a technique performed on 331 patients with a fistula 

rate of 2 %. They performed an end-to-side anastomosis and invaginated the remaining pancreas     

1 cm into the jejunum. They did not use any catheter in the pancreatic duct. A retrospective study of 

using venting tubes (externally draining devices traversing the bowel) for a period of 29 days 

postoperatively reported no significant advantage of using such drains when morbidity and 

mortality were considered. The authors found that there was a risk of extra complications when 

these drains were removed (Fallick et al. 1999). In the study by Reissman et al. (1995), the 

pancreatic duct was ligated and local control was achieved by drains. Early results favoured this 

technique, but the study groups were small. No significant differences in intra-abdominal 

complications were observed when temporary fibrin glue occlusion of the main pancreatic duct was 

used and compared with pancreatic anastomosis (Suc et al. 2003). 

 

At present, there is no consensus about the role of stents in protecting the anastomosis. 

Theoretically, protection of the pancreaticojejunal anastomosis using stents may decrease 

complications thereby having a positive effect on the short-term and long-term results. 
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Use of intraperitoneal drains has been considered routine after pancreatic resections (Conlon et al. 

2001). Their purpose is to remove accumulating blood, bile, pancreatic juice, and also serve as a 

warning of haemorrhage or anastomotic leakage. A randomized, prospective trial was performed on 

139 patients having undergone PD. There was no significant difference in the number or type of 

complications between groups. The result is similar to other suggestions that routine postoperative 

drainage after major upper abdominal operations is not needed (Conlon et al. 2001). Formerly it has 

also been suggested that such drains may not be useful as a therapeutic method if leakage occurs. 

They may also be hazardous as they create a pathway for contamination (Jeekel 1992). According 

to a recent randomized study comparing early (3
rd

 postoperative day) and standard (5
th

 

postoperative day or later) drain removal, results showed that prolonged period of drain insertion is 

associated with a higher rate of postoperative complications with increased hospital stay and costs 

(Bassi et al. 2010). 

 

4.3. Other ways to protect the anastomosis 

 

The use of somatostatin in preventing postoperative pancreatic anastomotic fistulas has been 

controversial. According to a randomised, controlled study performed on healthy individuals, 

pancreatic exocrine secretion was significantly reduced by somatostatin when measured with 

magnetic resonance cholangiopancreatography (MRCP). In a large RCT, somatostatin analogue 

octreotide was found to reduce severe postoperative complications in high risk stratum (pancreatic 

and periampullary tumours) but not in low risk stratum (Büchler et al. 1992). On the other hand, 

according to another large, randomised, controlled study, the use of prophylactic octreotide did not 

decrease the rate of pancreatic fistula in any diagnostic group. Avoiding the use of octreotide means 

cost savings (Yeo et al. 2000). Two systematic reviews and meta-analyses have been performed. 

According to Alghamdi et al. (2007), use of octreotide is associated with a significant reduction in 

the incidence of pancreatic fistulas after elective pancreatic surgery but not with postoperative 

mortality. Zeng et al. (2008), on the other hand, did not find use of octreotide to result in reduction 

of the incidence of pancreatic fistula, pancreas-specific postoperative complications or mortality.  
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5 Impacts of hospital and surgeon on short-term and long-term complications following 

 pancreatic head resections 

 

 

5.1. Impact of surgeon on postoperative morbidity and mortality 

 

The concept of surgeon-related variability and the difficulties of surgical research have been 

discussed by Fielding (1988), though his examples were not of pancreatic resections. Forty years 

ago Howard published a study of his 41 consecutive Whipple resections without mortality. He 

concluded that a low mortality rate may be a result of a clinical team with a continued interest in 

these problems, and mentioned that high mortality rates place the responsibility on the profession to 

centralize or regionalize the care (Howard 1968).  

 

A multi-institution database of 26 American university hospitals considering 168 PDs performed 

1989–90 showed that in this period PDs were done by 91 surgeons, whose case loads varied from 1 

to 15 resections per year (median 1). The mortality rate was 6 % with major complications in 21 %. 

The mortality rate did not correlate with case load, but surgeons performing 1 to 3 resections per 

year had significantly more complications than those performing 4 or more (Edge et al. 1993). In a 

Finnish university hospital, 89 patients underwent PD in a 20-year period 1968–1987 (Kairaluoma 

et al. 1990). Hospital mortality decreased from 33 % in 1968–1972 to 0 % in 1983–1987, and this 

decline was explained to be a result of centralizing the resections to the same group of surgeons. 

Morbidity remained the same in both periods. Incidence of pancreatic fistulas was 4.4 %. An 

example of good results in an American community hospital, where 29 patients underwent PD 

during the period 1981–1996, showed mortality of 3 % and pancreatic fistula of 3.4 %. The authors 

point out that the surgeons must be adequately trained in the procedure and that in low-volume 

hospitals the case load should be restricted to a minimal number of trained surgeons (Chew and 

Attiyeh 1997).  

 

However, the results from Johns Hopkins Hospital between 1990 and 1995 considering 496 

pancreatic resections showed that the outcome was mainly dependent on hospital volume but not on 

surgeon volume (Sosa et al. 1998). Similar results were published on New York State, where both 

hospital and surgeon volume were significantly related to perioperative deaths in univariate 

analysis, but in multivariate analysis only hospital volume was significant (Lieberman et al. 1995).   



 32 

A retrospective study of PDs at a teaching hospital showed more postoperative complications 

among surgeons performing less than one operation per year compared to those performing more. It 

also showed that pancreatic resections can be taught safely provided that the surgeons supervising 

the operations have a personal caseload of at least one resection per year to maintain their own 

skills (Wamser et al. 2002). According to a study considering results of major operations performed 

in the United States over one year 1998-1999, (pancreatic resection being one of these operations) 

surgeon volume was inversely related to operative mortality in multivariate analysis (Birkmeyer et 

al. 2003). 

 

Shrikhande et al. (2005) published a review considering factors associated with pancreatic 

anastomotic leakage and management of the pancreatic remnant after PD. They concluded that the 

surgeon is perhaps the most important factor in the prevention of pancreatic anastomotic leakage. 

They also emphasized that collaborative multi-centre trials from high-volume centres may provide 

data and guidelines regarding the best techniques for specific intraoperative findings and scenarios.  

 

5.2. Impact of hospital on postoperative morbidity and mortality 

 

Since the early nineties, many studies have been published in which centralization of PDs has been 

supported. PD has been of special interest because it is a typical high-risk procedure and because a 

large proportion of American patients with PD have undergone their operation at hospitals 

performing less than one procedure per year. As survival numbers have been accessible through the 

Internet, there have also been financial incentives to encourage the use of high-volume hospitals 

(Birkmeyer 2002). 

 

Thirty-day mortality in major operations performed in the United States between 1994 and 1999 

was studied, pancreatic resection being one of those operations. The results of multivariate analysis 

showed in all of the operations that mortality decreased as volume increased. Considering 

pancreatic resection, absolute differences in adjusted mortality rates between very-low-volume 

hospitals (< 1 resection per year) and very-high-volume hospitals (> 16 resections per year) ranged 

from 16.3 % to 3.8 % (Birkmeyer et al. 2002). Many investigators have shown that high-volume 

hospitals have better process control, including better intensive care support. It is possible that these 

institutional processes may drive the low mortality, and not simply the case volume (Orr 2010). 

Urbach et al. (2003) studied data on all patients undergoing five major surgical procedures in 

Ontario, one operation being PD. In a five-year period (1994–1999) over 31 000 patients underwent 
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these operations, 686 were pancreaticoduodenectomies. Hospital mortality was 10 %. They 

concluded that in Ontario a small number of operative deaths are potentially avoidable by 

performing complex operations at high-volume hospitals, but in determining health policy, 

prevention of a large number of such deaths must not be the most compelling argument. 

 

According to an evidence-based review, the most important factor affecting mortality is the 

emergence of specialized centres focusing on pancreatic surgery. This means not only a restricted 

number of surgeons but also multidisciplinary experienced teams caring postoperatively (Schäfer et 

al. 2002). The results favouring the centralization of PDs are conclusive in two studies using 

multivariate analysis (Lieberman et al. 1995, Sosa et al. 1998), the results in the latter also being 

favourable to centralization from an economic perspective. These results were also replicated in a 

large, single-institution, retrospective study of a prospectively collected database. According to 

Gordon et al. (1995), hospital mortality, length of hospital stay and costs were significantly less at 

the high-volume regional medical centre than in other hospitals. Barnes et al. (1996) reported the 

results of 108 patients operated on for benign disease and found mortality less than 1 %. In the same 

institution, 616 patients with pancreatic adenocarcinoma underwent surgical resection from 1984 to 

1999. Perioperative mortality was 2.3 % and postoperative pancreatic fistulas were found in 5 % of 

the patients (Sohn et al. 2000b). In Johns Hopkins Hospital, one thousand PDs were performed in 

the period 1969–2003, and hospital mortality was only 1 %. It was also observed in this period that 

median operative time has dropped from 8.8 to 5.5 hours, postoperative length of stay from 17 to 9 

days and blood loss also decreased significantly (Cameron et al. 2006). Length of stay also dropped 

similarly although the mean age of patients rose in a 10-year study (1990–2000) performed in a 

high-volume university hospital in Massachusetts (Balcom et al. 2001). In this study there were 489 

patients who underwent pancreatic resection. During this period, however, mortality remained 

unchanged (1 %) and so did pancreatic fistulas (11 %).  

 

In Europe, centralization of pancreatic surgery has not been routine. A Dutch study compared 

mortality following PD in high-volume and low-volume hospitals (Gouma et al. 2000). The results 

showed increased hospital mortality in low-volume hospitals. The institutional mortality rate in an 

academic medical centre was 1 % and incidence of pancreatic fistulas 7.7 %. In this study, 

differences in mortality according to the surgeon were not seen. In Taiwan, an epidemiologic study 

considering the period 2000–2003 was conducted to compare surgical mortality rates in five cancer-

related gastrointestinal resections (Lin et al. 2006) . There too, it could be noted that patients treated 

in high-volume hospitals had lower in-hospital mortality than those treated in low-volume hospitals, 
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although mortality rates were not directly comparable to those obtained from American studies,  

probably partly due to cultural differences. The impact of hospital volume on operative mortality 

has been studied in an American epidemiological study, according to which equal trends in 

mortality were observed in five major operations, PD being one of them (Begg et al. 1998). 

Operative mortality in a 10-year period (1984–1993) was 13 % in low-volume hospitals and 5.8 % 

in high-volume hospitals.  

 

There has also been criticism of centralization. According to a 29-patient retrospective study the 

results in a university-affiliated community hospital were comparable to the results in high-volume 

centres, providing the surgeons performing PDs were trained for these operations (Chew and 

Attiyeh 1997). Similarly, centralization of PDs to high-volume hospitals did not influence either 

hospital procedure, volume or revenue according to a study performed in New York State (Chappel 

et al. 2006). In this study, there was discussion as to whether regionalization of colectomies might 

lead to loss of surgeons but not in the case of cardiothoracic procedures, cystectomies or PDs. It 

was speculated that centralization results in losing certain elective cases, but as their number is 

small, it was considered unlikely that rural surgeons rely on these high-risk procedures to maintain 

viable practices. According to a European study performed in a middle-volume centre (4.7 PDs per 

year), major pancreatic resections can be performed safely with acceptable morbidity and mortality. 

However, experience is required of the operating surgeon. In this study, mortality was 2 % and 

pancreatic fistulas were seen in 12 % (Peros et al. 2010). 

 

The number of the nation-wide studies evaluating the effect of hospital volume and status on 

postoperative mortality and morbidity is relatively small. Status in Finland has not been studied. 

 

 

6 Anastomotic strictures and long-term postoperative pancreatic exocrine insufficiency 

 after pancreatic head resections 

 

6.1. Enzymatic methods of measuring pancreatic exocrine function 

 

Direct function tests with duodenal intubation are considered to be the most accurate pancreatic 

function tests. However, after PDs they are seldom successful. In secretin-cholecystokinin test, the 

specificity and sensitivity in the diagnosis of chronic pancreatitis are actually over 90 % 

(Domínguez-Muñoz et al. 1998). The secretin-cholecystokinin test has been the gold standard in the 
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evaluation of pancreatic exocrine insufficiency, but it is an invasive procedure as the test requires 

aspiration of duodenal and gastric juice (Walkowiak et al. 1999). Another direct function test is the 

Lundh test, which has lower accuracy, especially in cases of mild chronic pancreatitis. In this test, 

the exocrine pancreatic secretion is endogenously stimulated by a test meal, and this test, too, 

entails duodenal incubation (Domínguez-Muñoz et al. 1998).  

 

Exocrine pancreatic function can also be measured indirectly by assessing the concentration of 

pancreatic enzymes in serum or faeces or evaluating the digestive capability of the gland on a test 

meal. Serum concentration of different pancreatic enzymes in chronic pancreatitis may be 

increased, decreased or normal. A decreased serum enzyme concentration is a very specific finding 

in advanced disease with pancreatic insufficiency, but has low sensitivity. Measuring chymotrypsin 

activity in faeces is a simple, cheap and non-invasive method of assessing the exocrine pancreatic 

function, but has low sensitivity (Domínguez-Muñoz et al. 1998).  Faecal elastase-1 is a specific 

human protease synthesized by the acinar cells. It is unaffected by exogenous pancreatic enzyme 

treatment (Dominici and Franzini 2002). It has high specificity and sensitivity for detecting definite 

chronic pancreatitis, sensitivity being higher than with the faecal chymotrypsin test (Naruse et al. 

2006). In severe and moderate exocrine pancreatic insufficiency it is specific, but rather unspecific 

in milder forms of pancreatic insufficiency (Walkowiak et al. 1999). Faecal elastase-1 test is widely 

used, and the result is expressed as normal (> 200 g/gram stool), moderately reduced (100-200 

g/gram) or severely reduced (< 100 g/gram). 

 

Other function tests are based on the oral administration of a substrate, and on the determination in 

serum or urine of the concentration of their products that are liberated after pancreatic digestion and 

absorbed from the gut. Such tests include the NBT-PABA test and the pancreolauryl test (PLT), 

which is a cheap test and easy to perform and has high reliability to identify severe exocrine 

pancreatic insufficiency, but has low sensitivity in mild cases. It also yields a relatively large 

number of false positives in gastrointestinal diseases that have a marked influence on 

gastrointestinal transit and intestinal absorption (Domínguez-Muñoz et al. 1998).  

 

Residual pancreatic exocrine function was studied clinically in a group of patients with 

periampullary carcinoma using NBT-PABA before and after pancreatic operations (Tanaka et al. 

1988). According to these results, six-hour excretion of NBT-PABA to urine was significantly 

lowered preoperatively and within two months of the operation but not after 12 months of the 

operation. This study also had an experimental part, where the effect of the ligation of the minor 
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pancreatic duct and subsequent insertion of a polyethylene tube to the major pancreatic duct on 

urinary NBT-PABA were studied in adult mongrel dogs. Urinary NBT-PABA levels showed a 

reduction from the preoperative level but returned to almost the same level four to five months 

postoperatively. The authors concluded that postoperative pancreatic function was well preserved if 

pancreatic duct drainage was effectively performed, even after 50 percent resection of the pancreas.  

 

6.2. Imaging of the pancreas 

 

Ultrasonography is often used in the initial evaluation of patients with abdominal pain or suspected 

obstructive jaundice. It is a fast and cheap method for diagnosis, but it is in 15 % of patients 

inadequate due to intestinal gas and obesity (Clark et al. 1985, Brambs and Claussen 1993, Michl  et 

al. 2006). It is very sensitive in showing biliary dilatation. The sensitivity of ultrasonography is     

95 % in tumours > 3 cm in diameter but decreases rapidly with smaller tumours (Michl et al. 2006). 

Endoscopic ultrasonography was developed in the early 1980s and is highly sensitive in 

experienced hands to detect vascular infiltration of the major abdominal vessels (Michl et al. 2006). 

 

Computed tomography (CT) enables superior assessment of the retroperitoneum and higher 

anatomic resolution for the extent of the tumour beyond its margins when compared to ultrasound 

(Thoeni and Blankenberg 1993). It needs oral contrast medium to demonstrate the interfaces 

between the stomach, duodenum and pancreas. CT cholangiography can be used if obstructive 

biliary disease is suspected (Fleischmann et al. 1996). Multi-detector CT is now the most widely 

available and best validated tool for pancreatic imaging (Michl et al. 2006). 

 

Magnetic resonance imaging (MRI) and especially magnetic resonance cholangiopancreatography 

(MRCP) are nowadays useful diagnostic tools but they allow no therapeutic procedures. On the 

other hand, risk of pancreatitis associated with ERCP in diagnostics is avoided when using MRCP.  

Formerly MRI itself did not have a significant role in evaluating patients with signs of biliary 

obstruction, but the availability of heavily T2w breath hold sequences changed the value of MRI. 

Currently MRCP is an important addition to more conventional MRI of the pancreaticobiliary 

system by providing valuable information on pancreatic and biliary ducts. Its weakness is in 

analysing the aetiology of strictures (Friedrich et al. 1998). 

 

Secretin-stimulated MRCP is a non-invasive, non-operator dependent technique that also produces 

high-quality images in patients with surgically modified anatomy (Sugiyama et al. 2003). It has the 
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advantage of delineating ductal pathology (benign strictures and duct leaks) as it helps to diagnose 

acute and chronic pancreatitis and neoplasms (Kinney et al. 2007). Images taken following 

intravenous injection of secretin may help in diagnosing pancreatic papillary stenosis and also in 

detecting reduced pancreatic function reserve (Matos et al. 1997).  Sho et al. (1998) presented a 

three-grade classification of pancreatic exocrine secretion (grade I = poor secretion, grade II = 

moderate secretion, grade III = good secretion) in 34 patients who had undergone PD. These grades 

correlated significantly with the results of glucose tolerance tests and clinical symptoms. They 

could confirm the patency of the anastomotic site in 24 patients (71 %) (Sho et al. 1998). A study to 

evaluate the patency of pancreatogastrostomy after PD and to determine a correlation between 

pancreatic endocrine and exocrine functions has been performed (Pessaux et al. 2002). The results 

of secretin-stimulated MRCP were graded into four grades. Faecal elastase-1 samples were 

analysed to determine exocrine function and fasting blood glucose concentrations to determine 

endocrine function. There was a significant correlation between secretin-stimulated MRCP results 

and faecal elastase-1 concentrations. No correlation was found between endocrine function and 

secretin-stimulated MRCP. As the patency of the pancreatogastrostomy was 68 % and exocrine 

insufficiency 95 %, the authors concluded that these results may be partly explained by 

neutralization of pancreatic enzymatic secretion by gastric acid. One study has been published 

focusing on morphologic and functional evaluation with secretin stimulated MRCP. The patients 

had undergone PD with PJ anastomosis. The exocrine pancreatic function was evaluated by the Van 

de Kamer method (Monill et al. 2004). There are only few studies comparing faecal elastase-1 

levels and secretin stimulated MRCP findings after pancreatic head resections.  

 

Endoscopic retrograde cholangiopancreatography (ERCP) with brush cytology is still widely used 

in the diagnosis and particularly treatment of periampullary tumours and bile duct strictures. It is, 

however, difficult to perform on  patients with jejunal or Roux-en-Y loops (Tang et al. 2000, Farrell 

et al. 2006). ERCP combined with intraductal ultrasonography may as a diagnostic tool, give a more 

accurate differentiation of malignant from benign lesions, than MRCP (Domagk et al. 2004).  

 

In the future, positron emission tomography (PET) combined with CT may be an important 

improvement in diagnostic sensitivity for malignant tumours and preoperative planning of 

treatment. According to a prospective study comparing 
18

F-fluorodeoxyglucose PET combined with 

CT (FDG-PET/CT) to multidirectional CT and MRI in patients with suspicion of pancreatic 

malignancy, FDG-PET/CT was more sensitive in the diagnosis of both primary pancreatic 

adenocarcinoma and distant metastases but not local lymph node metastases (Kauhanen et al. 2009). 
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In the light of these results, FDG-PET is recommended in the evaluation of diagnostically 

challenging cases, especially in patients with biliary strictures without evidence of malignancy in 

conventional imaging. 

 

                      6.3. Postoperative pancreatic exocrine insufficiency 

 

Postoperative exocrine insufficiency of the pancreas may be a result of shortage of pancreatic 

tissue, subnormal function of the pancreatic remnant and stenosis of the anastomosis. Exact  

knowledge of the functional status of the gland is mandatory for a correct therapeutic approach, as 

well as for follow-up (Domínguez-Muñoz et al. 1998).  

 

Remnant pancreatic function after PD has a crucial effect on postoperative quality of life. However, 

evaluating the exocrine remnant pancreatic function is difficult (Sho et al. 1998). The histological 

grade of fibrosis in the cut-end of the pancreatic remnant has been found to correlate inversely with  

the exocrine pancreatic function when  the amount and amylase activity of the pancreatic juice were 

measured on the 7
th

 postoperative day via a tube exteriorised from the pancreatic duct (Uchida et al. 

2002). In long-term follow-up studies comparing pancreaticogastrostomy and 

pancreaticojejunostomy, abnormal exocrine function could be shown after both anastomoses, but it 

was statistically poorer after pancreaticogastrostomy, when faecal elastase-1 test (Jang et al. 2002) 

or severe steatorrhoea were considered (Rault et al. 2005). The results of an RCT performed in a 

non-selected patient group having periampullary malignancy did not show statistical differences in 

postoperative exocrine insufficiency when anastomosis and occlusion of the pancreatic duct were 

compared (follow-up 12 months after surgery) and the results 12 months after surgery considered 

the aspect of stools and use of enzyme substitution (Tran et al. 2002). However, significantly more 

patients with pancreatic duct occlusion used pancreatic enzyme supplementation during the first 

year. Also, the incidence of diabetes was significantly higher in the patients with duct occlusion.  

 

Chronic pancreatitis also leads to exocrine pancreatic insufficiency together with pain. According to 

a retrospective follow-up study of 335 patients and median duration of 9.8 years, pancreatic surgery 

often reduced pain postoperatively, but later the pain course between patients operated on and 

patients with no operation had no significant differences (Lankisch et al. 1993). In the same study, 

repeated exocrine pancreatic function tests in 143 patients showed that functional exocrine 

impairment came to a standstill in 46 % and improved in 11 % of patients. It is not well known how 
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frequent exocrine pancreatic insufficiency is among patients before PD, but enzyme substitution is 

recommended for all patients with pancreatic cancer (Matsumoto and Traverso 2006). 

 

 

7 Health-related quality of life in patients having undergone pancreatic head resection 

 

 7.1. Different instruments for measuring HRQoL 

 

There is growing interest in assessing the impact of a disease and the effect of a treatment on 

patients’ lives, expressed as health-related quality of life (HRQoL). Three types of HRQoL 

instruments can be distinguished: generic, disease-specific and symptom-specific (Langenhoff et al. 

2001). The results of HRQoL studies depend on the instruments used. Generic instruments may 

detect factors such as co-morbidity more accurately, disease or symptom specific instruments have 

the advantage of better clinical interpretability (Scheingraber et al. 2005). There are several studies 

on HRQoL specifically attributed to different treatments. 

 

One example of generic instruments for measuring HRQoL is the 15D, which is a generic, 

comprehensive, 15-dimensional measure of HRQoL that can be used both as a profile and as a 

single index score measure (Sintonen 2001). The reliability, validity, sensitivity and discriminatory 

power, and responsiveness to change has been well tested in Finnish population. In many respects 

the properties of the 15D are considered superior to existing and generally used profile and single 

index score quality of life instruments (Sintonen 2001).  

 

An example of  the use of the 15D in gastrointestinal surgery was a prospective, observational study 

involving both curative and some palliative procedures (Räsänen et al. 2001).  In this study there 

were 131 patients, of whom 77 had cholecystectomy, 20 fundoplication, 20 incisional herniorraphy, 

12 large bowel resection and 2 construction of a stoma because of unresectable colorectal cancer. In 

this study, surgical treatment improved HRQoL and its various dimensions two months 

postoperatively, and HRQoL was comparable with that of the general population. The authors 

concluded, however, that as the pattern of recovery was dependent on the diagnostic subgroup and 

preoperative condition of the patients, a generic measure should be separated into dimensions when 

estimating the outcome (Räsänen et al. 2001). Another example of 15D was its use to evaluate 

postoperative HRQoL in a prospective study of patients who had undergone laparoscopic gastric 

bandage for morbid obesity. The results showed improvement of HRQoL 12 months 
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postoperatively both in the single index score and in the dimensions of mobility, respiratory 

function, sleep, functioning ability, vitality and sexuality (Tolonen et al. 2004). There are also many 

other generic instruments with numerous applications within both diagnoses and procedures. 

 

McLeod (1999) has recommended the use of disease specific quality of life instruments based on 

better sensitivity than generic instruments. An example of a symptom specific HRQoL instrument is 

the McGill Pain Questionnaire, which consists of three different measures of pain. Data obtained 

from the questionnaire can be analysed statistically. It can detect differences among different 

methods of treating pain (Melzack 1975). 

 

7.2. Pancreatic resection and HRQoL 

 

A total of 192 patients having undergone PD (PPPD and classic Whipple) with various indications 

responded to a visual analogue scale (VAS) type of index (Huang et al. 2000). Controls were 

patients with laparoscopic cholecystectomy and healthy controls. Many patients reported weight 

loss and symptoms consistent with pancreatic exocrine and endocrine insufficiency, but as a group, 

patients who survived PD had HRQoL values similar to cholecystectomy patients and healthy 

controls. According to a 45-patient study (24 PPPD and 21 classic Whipple), there were some 

differences in the subgroups when compared to normal controls, i.e. classical Whipple patients had 

lower scores for vitality and general health than PPPD patients (Melvin et al. 1998). The patients 

had both benign and malignant diseases. HRQoL was measured with a generic instrument (SF-36). 

Comparison of HRQoL after PPPD and Whipple resection has also been determined on the basis of 

a questionnaire including questions on physical and psychosocial items (Ohtsuka et al. 2003). There 

were two measurement points, the first two months and the second 6-12 months postoperatively. 

According to this study, quality of life is better after PPPD than after Whipple resection, but long-

term mental health care is necessary in patients of both groups. 

 

When considering pancreatic cancer, both PPPD and double bypass (cholecystectomy, 

hepaticojejunostomy, gastroenterostomy and celiac plexus block) patients tended to have a 

temporary decrease in HRQoL after the operation, but it returned to its preoperative values by about 

three months after surgery until it decreased in the last 8 weeks before death (Nieveen van Dijkum 

et al. 2005). HRQoL was measured with four different questionnaires. Of these, the Medical 

Outcomes Study 24 acute-phase questionnaire was generic, the Rotterdam Symptom Checklist and 

VAS were symptom-specific and the Gastrointestinal Quality of Life Index (GIQLI) was disease-
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specific. A generic, though cancer-specific HRQoL questionnaire often used is the Quality of Life 

Index C30 of the European Organization for the Research and Treatment of Cancer (EORTC QLQ-

C30). According to a prospective, single-centre study comparing classic Whipple or PPPD with 

regional or extended lymphadenectomy, resection techniques did not affect HRQoL, but extended 

lymphadenectomy was associated with impairment of HRQoL, especially in terms of pain and 

diarrhoea (Schniewind et al. 2006). However, the follow-up was only 24 months after surgery. This 

could also be observed when single parameters were evaluated (weight gain, pain) (Ishikawa 1996). 

Based on the EORTC QLQ-C30, the EORTC QLQ-PAN26 was developed. This is a questionnaire 

specific to pancreatic cancer, and takes steatorrhoea into account better than EORTC QLQ-C30 

(Fitzsimmons and Johnson 1998, Fitzsimmons et al. 1999). Besides survival rates, clinical benefit 

response as well as HRQoL measurements using the EORTC QLQ-C30 are of importance in 

evaluating survival data in series with multimodality treatment (Beger et al. 2003).  

 

There are more RCTs of HRQoL in chronic pancreatitis than in pancreatic cancer. Bloechle et al. 

(1995) compared the EORTC QLQ-C30 index with Spitzer’s quality of life index (both generic 

instruments) and with pain score (VAS). After follow-up of 18 months they found that the EORTC 

QLQ-C30 scores correlated well with the scores of Spitzer’s quality of  life index. They also found 

significant improvement of HRQoL in all these 25 patients, who were treated with duodenum-

preserving resection of the head of the pancreas (Beger’s operation). This study also showed the 

validity and reliability of the EORTC QLQ-C30 in chronic pancreatitis (Bloechle et al. 1995). 

According to a prospective trial of 65 patients comparing PD and Beger’s operation and using two 

different disease-specific scores for measuring HRQoL, both procedures showed significant 

improvement in HRQoL, especially regarding pain (Witzigmann et al. 2002). During a later stage 

(18 to 24 months postoperatively), better quality of life was found in the  Beger’s operation group 

than in the PD group. It was also noted that after PD more patients seemed to develop diabetes 

mellitus. The indices used in this study were the EORTC QLQ-C30 and GIQLI, the content validity 

of which was found to be low compared to the EORTC QLQ-C30.  

 

An RCT compared long-term results of LR-LPJ or Frey's procedure and PPPD in 61 patients 

(Izbicki et al. 1998). Pain relief, control of complications from adjacent organs and quality of life 

were studied with the  EORTC QLQ-C30. Median follow-up time was 24 months. The pain score 

decreased by 95 % after PPPD and by 94 % after LR-LPJ, but global quality of life was improved 

by 43 % in the PPPD group and by 71 % in the LR-LPJ group. Compared to a German population 
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after follow-up of 18 – 24 months, HRQoL scores according to the EORTC QLQ-C30 were similar 

after Beger’s operation but lower after PD (Witzigmann et al. 2003). 

 

The results of Beger's operations, Frey's procedures and PPPDs were compared in a retrospective 

study using GIQLI scores (Kelemen and Horváth 2002). No significant differences between the 

total scores could be detected during the follow-up, but there were some differences between the 

operations, which may be explained with different follow-up times. Mean follow-up time was 41.5 

months in the Beger group, 20.6 months in the Frey group and 31.1 months in the PPPD group. 

Early morbidity was higher after PPPDs, and there were significantly more new cases of diabetes 

after PPPD (43 %) than after Beger's operation (3.7 %).  

 

One problem impairing postoperative HRQoL is exocrine insufficiency. One possible way to 

improve postoperative quality of life might be preoperative supplementation of pancreatic enzymes 

as recommended by Ohtsuka et al. (2001). The effect of type of anastomosis 

(pancreaticogastrostomy or pancreaticojejunostomy)  following PPPD on HRQoL has been studied 

by using the EORTC QLQ-PAN26 and a self-developed non-validated questionnaire in 104 patients 

with a mean follow-up time of 6.4 years (Schmidt et al. 2005). These patients had both malignant 

and benign diseases. The general quality of life was identical in both groups of patients though there 

were some differences in the subgroups. McLeod et al. (1995) compared the HRQoL of post-

Whipple patients to that of post-cholecystectomy patients using six different instruments. Follow-up 

time was 5.1 + 4.2 years in the Whipple group and 4.9 + 3.8 years in the control group. It was 

concluded that the quality of life of the Whipple patients was excellent and not significantly 

different from that of the control subjects. 

  

In a prospective study in Johns Hopkins Hospital, 106 patients responded to 5-year follow-up with a 

VAS-type questionnaire (Sohn et al. 2000a). There were many different procedures, PD being the 

most common. The patients reported improvements in all aspects of quality of life, though they 

often became insulin-dependent diabetics and required pancreatic enzyme supplementation after 

surgical intervention.  

 

In general, there are few studies investigating the possible long term changes in HRQoL after 

pancreatic head resections. The consequences especially of the problems in pancreatic anastomosis, 

such as early leakage and late stenosis on late HRQoL, are poorly understood. 
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AIMS OF THE STUDY 

 

 

This study focuses on the association of pancreaticojejunostomy with the early complications and 

late clinical results after pancreatic head resection.  

 

The specific aims were: 

 

1. To evaluate the incidences and particularly co-incidence of pancreaticoenteric and 

bilioenteric leakages in patients who have undergone pancreatic head resection (I). 

2. To study the effect of hospital and surgeon volume on the short-term and long-term results 

of pancreatic head resections performed in Finland (II). 

3. To study whether pancreatic exocrine insufficiency late after pancreatic head resection is 

due to obstructed pancreaticoenteric anastomosis or poor parenchymal secretion (III). 

4. To evaluate postoperative health-related quality of life in patients who have undergone 

pancreatic head resection at two different time points after the operation  (IV). 

5. To develop a prototype of an x-ray positive, biodegradable intraductal stent for the 

pancreaticojejunal anastomosis, and to test it in pilot patients (V). 
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PATIENTS AND METHODS 

 

 

 

1 Study I – Pancreaticoenteric and bilioenteric leakages 

 

This retrospective study included 46 patients, on whom resection of the head of the pancreas was 

performed in Tampere University Hospital during a four-year period, 1991–1994. Of the 46 

patients, 19 were men and 27 were women. Their age ranged from 31 to 82 years, the median age 

being 65 years. 

 

The final diagnosis was malignancy in 36 patients. Of these, 19 had ductal adenocarcinoma of the 

head of the pancreas, 10 had adenocarcinoma of the ampulla of Vater, two had adenocarcinoma of 

the distal common bile duct and two had duodenal carcinoma. In one case it remained uncertain 

whether the adenocarcinoma was of pancreatic or duodenal origin. One patient had malignant 

insulinoma and one had retroperitoneal liposarcoma that penetrated the duodenal wall.  

 

Pancreaticoduodenal resection with antrectomy was performed on 17 patients (37 %), PPPD on 24 

patients (52 %) and PPPD with extensive retroperitoneal lymphadenectomy on five patients (11 %). 

The hepatic duct was transsected above the cystic duct junction and the pancreas on the left of the 

portal vein in all patients. The pancreaticoenteric anastomosis was performed end to end in two 

layers with interrupted 4-0 braided nylon (Surgilon
R
, Davis-Geck, USA) sutures, invaginating 2 cm 

of the pancreas into the jejunum. Bilioenteric end to side anastomoses were performed in one layer 

with interrupted 4-0 polydioxanon (PDS
R
, Ethicon, Germany) sutures. Soft sump drains were left 

beside both anastomoses. The drain on the patient’s right side was next to the bilioenteric and that 

on the left side next to the pancreaticojejunal anastomosis. 

 

Early postoperative pancreaticobiliary complications were evaluated. The pancreatic fistula was 

classified as subclinical or clinical according to the amylase activity (more than three times the 

upper normal serum value) and the amount of secretion (> 50 ml) on day seven postoperatively and 

whether or not the patient had signs of intra-abdominal infection. The biliary fistula was considered 

subclinical according to the colour of the secrete from the right drain on day four, or if the 

postoperative cholangiogram showed signs of leakage, but the patients had no signs of intra-

abdominal infection. It was deemed clinical if the patients had signs of intra-abdominal infection. 
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2 Study II – Results of resections of the head of the pancreas with pancreaticojejunal 

 anastomosis in Finland 

 

For this retrospective analysis, data of a total of 374 patients were collected from 33 Finnish 

hospitals, in which resections of the head of the pancreas were performed during a five-year period 

(1990-1994).  The patients were identified from the national hospital discharge database, to which 

every patient must be reported on discharge. To obtain the right patients the code of 

pancreaticoduodenectomy from ICD-9 was used. To collect the data, each of these hospitals was 

visited by the author. 

 

The case records of 350 patients (94 %) could be obtained for further analysis. There were 182 men 

and 168 women with a median age of 64 years (range 31–84 years). The following parameters were 

recorded: preoperative diseases, surgeon, hospital, age of the patient, preoperative biliary stent, type 

of operation, histological diagnosis, extent of the disease, adjuvant therapy, postoperative 

complications, re-operations, hospital stay and hospital mortality.   

 

The hospitals were categorized as low (average < 5 annual resections), medium (average 5-10 

annual resections) and high (average > 10 annual resections) volume hospitals and the surgeons as  

low (average < 1 annual resections), medium (average 1-3 annual resections) and high (average > 3 

annual resections) volume surgeons. 

 

The long-term results were based on actual five-year survival assessed using data from the hospital 

case records and from the National Registry for Causes of Death.  

  

 

3 Study III – Postoperative exocrine insufficiency after pancreatic head resection 

 

Twenty-six patients (10 men, 16 women; mean age  61 years, range 34–81 years), participated in 

this retrospective study, with a median follow-up of 55 months (range 3–76 months). These patients 

were examined in 2001, and some of them also participated in Study IV. Fourteen of the patients 

had benign disease. Fifteen patients had undergone PPPD and six had undergone 

pancreaticoduodenal resection with antrectomy. In these operations, the pancreaticojejunostomy 

was always an end-to-end invaginated telescopic type two-layer anastomosis. When duodenum-
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preserving pancreatic head resection had been undertaken (five patients), Beger-type resection was 

used.  

 

During the operation, the surgeon assessed the pancreatic duct diameter to one of three categories 

(small when below 3 mm, normal when between 3 and 5 mm, and wide when over 5 mm). The 

pancreatic parenchyma was divided into two groups, either normal or hard.  

 

During examination, VAS was used to describe the patients’ experience of diarrhoea. According to 

a test on a few pilot patients, 0–1.0 was considered minimal diarrhoea, 1.1–4.0 moderate diarrhoea 

and 4.1–10 severe diarrhoea. Previous use of any enzyme preparations was recorded. Pancreatic 

function was measured by analysing the faecal elastase-1 concentration with a commercial ELISA 

using an antibody highly specific to human enzyme. A faecal elastase-1 concentration > 200 g/g 

was considered normal, 100–200 g /g moderate and < 100 g /g severe pancreatic insufficiency.  

 

The pancreatic glandular size was studied from transverse sections obtained with MRI. The 

glandular and ductal responses on secretin stimulation and the ductal morphology were studied with 

dynamic magnetic resonance cholangiopancreatography (D-MRCP). For the interpretation of the 

results, previously used secretin-stimulated D-MRCP categories originally developed for the intact 

pancreas were used (Matos et al. 1997). These categories are shown in Table 2. 
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Table 2.  Secretin-stimulated D-MRCP grading of the pancreatic secretory function (Nordback et al. 

2007) 

 

 

Grade Finding    Interpretation 

 

Grade 0 Impossible to evaluate due to excessive  Discharged from analysis 

 intestinal fluid 

 

Grade 1 No secretion into the jejunum, pancreatic duct Glandular malfunction 

 not visible   

 

Grade 2 No secretion into the jejunum, pancreatic duct Total obstruction of the 

  visible but remains large   anastomosis 

 

Grade 3 Secretion into the jejunum detected,  Partial obstruction of the  

 pancreatic duct visible but remains large  anastomosis 

 

Grade 4 Secretion into the jejunum detected,  Normal glandular function 

 pancreatic duct visible, diameter changes and open anastomosis 

 with secretin stimulus 
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4 Study IV – Early and late postoperative quality of life following pancreatic  

 head resections with pancreaticojejunal anastomosis 

 

This study included 27 patients, on whom resection of the head of the pancreas had been performed 

during 1994 and 1997. Of these, 13 were males and 14 females, with median age 66 years (range 

31–85). Twelve patients (44 %) had a malignant and 15 (56 %) a benign disease. This exceptional 

distribution is explained by the fact that at the first point of interview (2 years postoperatively) some 

of the patients with malignant diseases were no longer alive. Of the malignancies, five (42 %) were 

ductal adenocarcinomas of the head of the pancreas, five (42 %) adenocarcinomas of the ampulla of 

Vater, one (8 %) adenocarcinoma of the distal bile duct and one (8 %) carcinoid tumour of the 

pancreatic head. Four of the 12 patients (33 %) with malignant disease were treated with extended 

lymphadenectomy and the rest with standard local lymphadenectomy. Eleven of the benign diseases 

were chronic pancreatitis, two were serous cystadenomas, one retention cyst and one ulcerative 

inflammation of the common bile duct. All the patients used digestive enzyme supplementation. 

 

Of the operations performed, 19 (70 %) were PPPDs, two (7 %) were classic Whipple’s resections 

and six (22 %) were duodenum preserving pancreatic head resections (Beger’s operations). The 

patients were interviewed in the late 1990s at median 24 (range 3–43) months after the operation 

(early stage evaluation). During the interview a normal clinical examination was performed and 

blood tests were taken. Chest x-ray and upper abdominal ultrasound were also performed to 

eliminate the possibility of tumour recurrence or metastasis of a malignant tumour. 

 

The interview was conducted using a questionnaire with a general part, which included the 15D 

questionnaire. This yields a 15-dimensional profile of level values on a 0–1  scale (0 = being dead, 

1 = no problems on the dimension) and an overall HRQoL score (15D score) on a 0–1  scale (0 = 

being dead, 1 = no problems on any dimension). The HRQoL of the patients was compared to that 

of a sample representative of the over 15-year-old Finnish non-institutionalized population from the 

National Health Survey in 1995/96. 

 

To evaluate possible late changes in HRQoL, those 17 patients who were still alive in September 

2004 were invited to a new 15D interview for late stage evaluation. The median follow-up time 

from surgery was 110 (range 87–126) months. Two of the patients did not attend the second 

interview, so the possible change in HRQoL during the long-term follow-up could be assessed in 15 

patients. Of these, ten had a benign and five a malignant diagnosis. The benign diagnoses were 
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seven chronic pancreatitis, one retention cyst of the pancreatic head, one ulcerative inflammation of 

the distal bile duct and one serous cystadenoma of the pancreatic head. The malignant diagnoses 

were three carcinomas of the ampulla of Vater, one carcinoma of the distal bile duct and one 

carcinoid tumour of the pancreatic head. The HRQoL of the patients was compared to that of a 

sample representative of over 30-year-old Finnish population from the National Health 2000 Health 

Examination Survey. 

 

Before testing whether there were statistically significant differences between the patients and 

general population samples in the total 15D scores and on different dimensions (level values), the 

population samples were matched with the age and gender distribution of the patients with 

appropriate weighting. 

 

As separate additional objectives, the effect of early complications on HRQoL was examined in 

these two time points (median 24 and 110 months postoperatively). The effect of the nature of the 

disease (benign vs. malignant) and the possible abnormal results in the laboratory or imaging tests 

were also compared in the first step evaluation. 

 

5 Study V – A new biodegradable stent for the pancreaticojejunal anastomosis 

 

This study had two parts, an in vitro study to follow biodegradability of gamma sterilized 0.4 mm 

spiral stents and an in vivo study, where the degradability of these stents was followed-up in two 

pilot patients. Originally, our idea was to have a stent manufactured of a poly-L,D-lactide (PLA 96, 

L/D ratio 96/4) spiral covered by a polyglycolide (PGA) membrane, the latter being intended to 

protect the anastomosis from leakage and the former of stricture. There were different sizes of stents 

to fit the pancreatic ducts with the use of a metal guide. We soon noticed that this two-part stent was 

too stiff and almost impossible to insert into the human pancreatic duct. Thus, the PGA cover was 

abandoned. 

 

In the in vitro studies the biodegradability of the stents was studied at two different pH values, the 

first resembling that of pancreatic juice and the other resembling that of bile. The effects of barium 

sulphate on the stents and the enzymoactivity of the solution were also monitored for degradability. 

The temperature of the solutions was 37
o
C. In vitro enzyme substitution consisted of distilled water 

mixed with crushed granules of Pankreon
R
 (Kali-Chemie GmbH, Hannover, Germany) 

enterocapsules, which contained lipase, amylase and protease. Salts were added to simulate body 
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fluids and the pH values of the new solutions were measured and titrated to the desired level using 2 

– 6 M NaOH and HCl solutions and electrolyte concentrations. The solutions were changed twice a 

week.  

 

After a certain number of weeks three stents were randomly chosen and the compression stability of 

each stent was tested using Lloyd LR30K Materials Testing Machine (Lloyd Instruments PLC, 

Fareham, U.K.). The buckling force of the incubated stents and the compression modulus was 

measured. The experiment was continued until all stents had degraded.  

 

Stents of this type were inserted using a tailor-made applicator (Fig 1) into the pancreatic duct of 

two pilot patients during pancreaticoduodenal resection. The length of these stents was 5 cm, outer 

diameter 3 mm and inner diameter 2.2 mm. These patients were a 66-year-old woman and a 67-

year-old man, who had had PPPD for periampullary carcinoma. Both of them had fibrosis in the 

resection line of the pancreas. Neither of them had any postoperative complications during 

hospitalization. The degradation of the stents could be followed with plain radiograph controls. 

 

 

Figure 1. A biodegradable stent and an applicator to be used in inserting the stent into the pancreatic duct 
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6 Statistics 

 

Fisher’s exact t-test was used to evaluate the statistical significance of the differences within groups 

in Study I. Chi-square test and Mann-Whitney U-test were used to compare significance for 

univariate analysis in Studies II and III. Bonferroni correction and for multivariate analysis 

backward stepwise multiple logistic regression analysis were used for statistical calculations in 

Study II, and forward stepwise logistic regression analysis in Study III, then Kaplan-Meier method 

to create survival curves in Study II.  Independent samples t-test was used to compare the means of 

patients and population samples and paired t-test was used to compare the means of study groups at 

different time points. Correlations of different study parameters were calculated with Pearson's 

correlation coefficient test in Study IV. Bonferroni Multiple Comparisons Test was used to test the 

statistical significance of the results between groups in Study V. A p-value < 0.05 was considered 

statistically significant. 

 

 

7 Ethical considerations 

 

The protocols were approved by the Ethical Committee of Tampere University Hospital. The 

general permit for Study II was obtained from the Ministry of Social Affairs and Health likewise  

individual permits to study the case records from each participating hospital. 

 

In addition, all patients included in re-examination studies (III and IV) and the two pilot patients 

participating in Study V gave informed written consent. 

 

 

 

 

 

 

 

 

 

 

 



 52 

RESULTS 

 

 

1 Study I – Pancreaticoenteric and bilioenteric leakages 

 

All patients had pancreaticojejunal anastomosis after resection of the pancreatic head. Hospital 

mortality was 4 % (2/46) in these patients operated on between 1991 and 1994. These two patients 

had no anastomotic leakages in autopsy. Eight patients (17 %) had pancreatic and four (9 %) biliary 

fistulas. Biliary fistula was significantly (p = 0.014) more common in patients with simultaneous 

pancreatic fistula (3/8 = 38 %) than in patients without pancreatic fistula (1/38 = 3 %) (Table 3). 

When only clinical fistulas were studied, biliary fistula was more common (p < 0.01)  in patients 

with clinical pancreatic fistula (2/3 = 67 %) than in those without (1/43 = 2 %). Of these patients, 

two were operated on again. One of them recovered after revision and re-suturing of both 

anastomoses, the other had to undergo caudal resection and splenectomy.  

 

Three of the eight patients who had pancreaticoenteric anastomosis leakage had firm and fibrous 

tissue in the pancreatic resection line according to the notes of the operating surgeon. In the 

remaining five patients the tissue was considered soft and normal. The patients with both pancreatic 

and biliary fistulas tended to have (p = 0.05) soft tissue in the pancreatic resection line                 

(3/3 = 100 %) compared to  those without simultaneous fistulas (15/43 = 35 %). 

 

Table 3. The coincidence of postoperative biliary and pancreatic fistulas (clinical plus subclinical) 

(Parviainen et al. 1996). 

 

 

 

 

 

 

 

 

 

 

 

   Biliary fistula  

  Yes  No 

 Yes 3  5 

Pancreatic fistula     

 No 1  37 
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2 Study II – Results of pancreatic head resections in Finland 

 

When considering the short-term results, during this study period, resection of the head of pancreas 

was performed in 33 hospitals by 98 surgeons. The operations were performed in 6 university 

hospitals (5 separate universities), 16 central hospitals and 11 district or city hospitals. The most 

experienced surgeon had performed 24 resections during the 5-year study period.  

 

Hospital mortality was 10 % (36/350 patients) and was related to hospital volume, surgeon volume 

and to the age of the patient, as can be seen in Table 4. Most of the deaths were directly related to 

surgical complications. Leakage of the pancreaticojejunal anastomosis could be found in the 

autopsies of 14 patients (39 %). Re-operations were also related to hospital volume and to surgeon 

volume. Of the patients surviving the resection, 103/314 (33 %) suffered from non-lethal but serious 

complications, most of which were directly related to the surgical procedure. 

 

A multivariate analysis was performed to study the effect of patients’ age, surgeon volume, hospital 

volume, preoperative palliation (stent versus no stent) and histological diagnosis on hospital 

mortality, re-operation and complications. The results are shown in Table 5. It revealed that 

younger age of the patient decreased the likelihood of hospital mortality (OR = 0.94,  p = 0.004). It 

also showed that low annual surgeon volume increased hospital mortality and need for re-operation, 

low annual hospital volume increased re-operations. Significantly fewer complications were found 

in patients who had undergone preoperative stenting of the biliary tract, also when only clinically 

jaundiced patients were included. 

 

Fifty-one out of 271 (20 %) patients with periampullary adenocarcinoma survived more than 5 

years. There were no differences in relation to hospital or surgeon volume or type of operation or 

preoperative stenting (Fig. 2). However, patient survival was better when the recovery was 

uncomplicated compared to those who had suffered from postoperative complications. 

 

 

 

 

 

 



 54 

Table 4. Mortality, re-operations and recovery after the resection of the head of the pancreas 

(Nordback et al. 2002) 

   Hospital Re- Uncompl. Hosp. stay  

   mortality operation recovery (survivors) in 

      days 

   n (per cent)  n (per cent) n (per cent) median (range) 

Hospital volume 

Low (<5)   26/201 (13)* 43/201 (21)* 119/201(59) 23 (8-100)**  

Medium (5-10)    8/ 93   (7) 18/  93 (19)   55/ 93 (59) 23 (7-81)** 

High (>10)     2/ 56   (4)*   5/  56  (9)*   40/ 56 (71) 18 (8-58)** 

Surgeon volume 

Low (<1)   18/125 (14)* 28/125 (22)*  72/125 (58)* 24 (9-70)** 

Medium (1-3)  16/164 (10) 33/164 (20)*  96/164 (59)* 23 (7-100)** 

High (>3)     2/  61   (3)*   5/  61   (8)*  46/  61 (75)* 18 (8-63)** 

Age of the patient 

<60 years     5/122   (4)* 23/122 (19)  78/122 (64) 22 (8-81) 

>60 years   31/228 (14)* 43/228 (19) 136/228(60) 23 (7-100) 

Preoperative diseases 

Yes   19/185 (10) 38/185 (21) 113/185(61) 26 (24-28) 

No   17/165 (10) 28/165 (17) 101/165(61) 26 (24-28) 

Histology 

Chronic pancreatitis    4/  35 (11)   6/  35 (17)   22/  35(63) 19 (8-52) 

Pancreatic ductal adenocarcinoma 21/163 (13) 27/163 (17) 104/163(64) 24 (9-100) 

Other   11/152  (7) 33/152 (22)   88/152(58) 22 (7-70) 

Preoperative palliation      

Stent     4/  51  (8)   5/  51 (10)   39/  51(77)* 23 (7-100)  

No stent   32/299 (11) 61/299 (20) 175/299(59)* 22 (7-70)  

Operation 

Standard PD   28/270 (10) 54/270 (20) 162/270(60) 23 (7-100) 

Pylorus preserving    7/  76  (9) 12/  76 (16)   49/  76(65) 22 (9-70)  

Duodenum preserving    1/    4 (25)   0/    4   (0)     3/    4(75) 16 (10-34) 

 

*p<0.05 (
2 

–test), ** p< 0.05 (Bonferroni correction)
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Table 5. The effect of age, surgeon volume, hospital volume, preoperative palliation and histology 

(chronic pancreatitis / ductal adenocarcinoma) on the hospital mortality, re-operations and 

complications (Nordback et al. 2002) 

 

 

      Hospital mortality   Re-operations Complications 

 p* OR** p* OR** p* OR** 

Age 0.004 0.94 (0.91-0.98) 0.90 1.00 (0.98-1.03) 0.69 0.69 (0.99-1.03) 

Surgeon volume 0.04 1.30 (0.94-1.80) 0.05 1.10 (0.88-1.35) 0.11 0.92 (0.79-1.08) 

Hospital volume 0.12 0.97 (0.85-1.10) 0.05 1.03 (0.93-1.14) 0.19 1.02 (0.94-1.10) 

Stent 0.52 1.60 (0.5-5.10) 0.08 1.83 (0.66-5.04) 0.02 0.45 (0.22-0.94) 

Histology 0.10 0.51 (0.24-1.10) 0.30 1.28 (0.74-2.21) 0.30 0.82 (0.53-1.27) 

       

 

* Stepwise multiple logistic regression analysis, ** Odds ratio (95 % confidence interval)  
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Figure 2.  The effect of annual hospital volume on the actual five-year survival of 271 patients 

undergoing the resection of the head of the pancreas for periampullary carcinoma (mass around the 

head of the pancreas the final histology being ductal adenocarcinoma, ampullary adenocarcinoma, 

distal bile duct adenocarcinoma or duodenal adenocarcinoma) (Nordback et al. 2002).  

 

 

 

 

 

 

 

 

 

 

 

Time (y) 

6 5 4 3 2 1 0 

S
u
rv

iv
a
l  1.0 

.8 

.6 

.4 

.2 

0.0 

Annual volume 

>10 

5-10 

<5 



 57 

3 Study III – Postoperative exocrine insufficiency after pancreatic head resection  

 

None of the patients with malignancy had tumour recurrence in MRI examination. Twenty-four 

patients out of 26 (92 %) had severe pancreatic exocrine insufficiency, measured by faecal elastase-

1 assay. Of these, 16 had elastase-1 concentration below 15 g/g. The diagnosis of chronic 

pancreatitis or pancreatic ductal adenocarcinoma was significantly associated with the most 

decreased faecal elastase-1 concentration, whereas postoperative leakage of the anastomosis was 

not. 

 

Eight patients (31 %) had minimal diarrhoea, 12 patients (46 %) moderate diarrhoea and six patients 

(23 %) reported severe diarrhoea. The median severity of diarrhoea was 2.2 (range 0–9.4) on a scale 

of 0–10. Seven patients (27 %) used enzyme supplementation, but one of these patients still 

suffered from severe diarrhoea.  

 

According to a univariate analysis, the patients experienced more severe diarrhoea if the operation 

had been performed more than three years previously, if the primary diagnosis was chronic 

pancreatitis, if the pancreatic gland was considered hard with a small duct and if the duodenum was 

preserved. In the multivariate analysis the only independent risk factor for developing severe 

diarrhoea was hard parenchyma (p = 0.02, odds ratio = 16; 95 % CI 1.5–166). 

 

According to MRI imaging of the pancreatic remnant, the size of the remnant gland was not 

significantly associated with the reported diarrhoea or the measured faecal-1 concentration. D-

MRCP could be evaluated in 16 patients, as in three patients interpretation of the examination was 

not  possible due to excessive fluid in the intestine prior to secretin injection (Grade 0) and in seven 

patients there was severe glandular malfunction (Grade 1), which means there was not enough fluid 

in the duct making it impossible to evaluate the anastomosis (Table 6). Five patients (22 %) had 

total obstruction of the anastomosis (Grade 2), six (26 %) partial obstruction (Grade 3) and in five 

patients (22 %) their anastomoses were considered fully open (Grade 4). The 23 patients with 

informative D-MRCP examinations were analysed further to determine whether diarrhoea and 

faecal elastase-1 concentration correlated with the glandular or anastomotic malfunction. There was 

no significant difference between patients with severe pancreatic glandular malfunction (Grade 1) 

and with patients with anastomotic malfunction (Grades 2–3) in the reported diarrhoea and 

measured elastase-1 concentration. On the other hand, patients with normal postoperative pancreatic 
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secretion in the D-MRCP (Grade 4) had the highest measured median faecal elastase-1 

concentration (68 g/g).  

 

Factors associated with either glandular or anastomotic malfunction were analysed and the results 

are shown in Table 6. In the univariate analysis, none of the parameters studied was associated with 

glandular malfunction. Age over 60 years at the time of the operation and resection of the 

duodenum were significantly associated with an increased prevalence of obstructed anastomosis. 

Also, there was a trend towards an association between small duct size and late anastomotic 

obstruction. No independent risks could be found in multivariate analysis. 
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Table 6. Effect of patient, disease and the extent of operation on the pancreatic exocrine secretion 

assessed by D-MRCP (Nordback et al. 2007) 

 

_________________________________________________________________________ 

  N   Grade    Malfunction of   Obstructed   

    1  2 3 4   remnant gland    anastomosis 

            (Grade 1 vs. 2+3+4)  (Grade 2+3 vs. 4)  

_________________________________________________________________________ 

 

Men    10  2 2 2 4      NS     NS 

Women   13  5 3 4 1 

 

Age 

  < 60 years  11  2 2 2 5      NS     0.028 

  > 60 years  12  5 3 4 0 

 

Resected  

  <36 mo ago    8  4 3 1 0      NS     NS 

  >36 mo ago  15  3 2 5 5 

 

Chr. pancr.    9  2 2 1 4      NS     NS 

Ductal adenoca.   5  2 2 1 0 

Other        9   3 1 4 1 

 

Small/norm. duct 11        4 3    3 1   NS        0.09 

Large duct       12       3 2    3 4 

  

Normal gland        9       3 3    2 1   NS         NS 

Hard gland      14       4 2    4 4 

 

Duodenum 
  Preserved        5       0 1    0 4   NS         0.013 

  Removed       18       7 4    6 1 

   

Pancreatic complication 

   None       19       6 4    5 4   NS         NS 

   Fistula         4       1 1    1 1 

 

Pancreatic remnant size 

   Small         6       1 2     0 3       NS         NS 

   Moderate         9       4 2     3   0 

   Large         6       2 1     1 2 
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4 Study IV – Early and late postoperative quality of life following pancreatic head 

 resections 

 

Resection (1994 - 1997)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Distribution of patients participating in the early and late interviews using 15D-

questionnaire 

 

Resection time (1994-1997): 

 41 patients: 26 malignant, 15 

benign 

Dropped out: 14 

patients (14 

malignant, 0 benign) 

1st interview 24 months 

postoperatively (clinical 

examination, x-ray and 

ultrasound examination, 

laboratory analyses, 15D 

questionnaire: 27 patients: 12 

malignant, 15 benign 

Dropped out: 2 patients 

did not answer the 15D 

questionnaire, 25 patients 

remained: 12 malignant, 

13 benign 

Dropped out: 10 patients 

(7 malignant, 3 benign) 

2nd interview 110 months 

postoperatively: 15 patients 

responded to the 15D 

questionnaire: 5 malignant, 

10 benign 

1st interview completed: 25 

patients continued in the study 
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The distribution of the patients participating in the interviews is shown in Figure 3. Twenty-five out 

of 27 patients attended the first interview. All but one of the patients had faecal elastase-1 

concentration < 15 g/g. One patient with elevated Ca 19-9 value had signs of recurrent carcinoma, 

but no others had any such signs in thoracic plain x-ray examination or in the abdominal ultrasound.  

 

In the first interview (24 months postoperatively), HRQoL was significantly lower in the study 

group than in the general population sample (0.8284 vs. 0.8784, p = 0.03) (Table 7). The  patients 

were statistically significantly worse off than general population on the dimensions of sleeping 

(0.7042 vs. 0.8501, p < 0.01), elimination (i.e. bladder and bowel function) (0.7299 vs. 0.8772, p < 

0.01) and sexual activity (0.6999 vs. 0.8160, p = 0.04) (Table 7). In the first interview we did not 

find any differences in HRQoL when the patients were divided into groups according to the nature 

of the disease (benign or malignant), but the patient with recurrent pancreatic carcinoma had low 

scores on 15D. 

 

Nine of the 25 patients (36 %) had experienced severe early postoperative complications. Of these, 

seven had had postoperative pancreatic fistula, of which one had needed reoperation. Two more 

patients needed reoperation due to postoperative haemorrhage. When the results of these patients 

were compared to those with uneventful recovery, there were, however, no differences in HRQoL  

between these subgroups (data not shown).  

 

In the second interview (110 months postoperatively), there was no longer any difference in the 

HRQoL of the 15 study patients compared to that of the population sample (Table 8). Also, 

experience of an early postoperative complication did not correlate with HRQoL at the second 

evaluation (data not shown). When HRQoL was compared between the two evaluations (median 24 

and 110 months) in the 15 surviving patients, there were no significant differences in any 

parameters of HRQoL (Table 9).  
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Table 7. Comparison of HRQoL between patients after pancreaticoduodenal resection and 

general population sample (median 24 mo postoperatively, National Health Survey 1995/96) 

(Parviainen et al. 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 HRQoL according to 15D   

 study group n=25 population sample n=2768 

15D dimensions x    + SEM x   + SEM p* 

D15 score 0.8284 0.1286 0.8784 0.1166 0.03 

Mobility 0.8774 0.1776 0.8869 0.1850 0.80 

Vision 0.9278 0.1306 0.9138 0.1179 0.70 

Hearing 0.8668 0.1709 0.9234 0.1491 0.06 

Breathing 0.8019 0.2244 0.8637 0.2201 0.16 

Sleeping 0.7042 0.2186 0.8501 0.1932 < 0.01 

Eating 0.9717 0.0980 0.9891 0.6731 0.20 

Speech 0.9763 0.0822 0.9731 0.0942 0.89 

Elimination (ability to defecate and urinate) 0.7299 0.2523 0.8772 0.1946 < 0.01 

Usual activities 0.7699 0.2384 0.8367 0.2266 0.14 

Mental function 0.8466 0.1986 0.8726 0.1851 0.49 

Discomfort and symptoms 0.7418 0.1860 0.7622 0.2301 0.66 

Depression 0.8384 0.1659 0.8893 0.1654 0.11 

Distress 0.8385 0.1875 0.8828 0.1635 0.18 

Vitality 0.7742 0.2013 0.8294 0.1770 0.12 

Sexual activity 0.6999 0.3041 0.8160 0.2785 0.04 

      

*Independent samples t-test      
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Table 8. Comparison of HRQoL between the 15 survived patients after pancreaticoduodenal 

resection and general population sample (median 110 mo postoperatively, National Health 2000 

Health Examination Survey) (Parviainen et al. 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 HRQoL according to 15D   

 study group n=15 population sample n=4602 

15D dimensions x    + SEM x   + SEM p* 

D15 score 0.86854 0.11797 0.8747 0.11360 0.83 

Mobility 0.8883 0.17328 0.8893 0.18545 0.98 

Vision 0.9424 0.09887 0.9177 0.17138 0.58 

Hearing 0.8990 0.21037 0.9239 0.15402 0.53 

Breathing 0.8754 0.23508 0.8604 0.21532 0.79 

Sleeping 0.7670 0.25608 0.8295 0.19085 0.21 

Speech 0.9802 0.07661 0.9688 0.10602 0.68 

Elimination 0.7968 0.27256 0.8584 0.20745 0.25 

Usual activities 0.9051 0.17781 0.8517 0.22150 0.35 

Mental function 0.9049 0.16323 0.8475 0.20376 0.28 

Discomfort and symptoms 0.7278 0.24857 0.7546 0.20717 0.62 

Depression 0.8424 0.14739 0.8968 0.15109 0.16 

Distress 0.8370 0.16947 0.8970 0.15456 0.13 

Vitality 0.8134 0.16171 0.8335 0.17091 0.65 

Sexual activity 0.7596 0.30780 0.8152 0.26899 0.42 

      

* Independent samples t-test      
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Table 9. Comparison of HRQoL in the early (24 mo) and late (110 mo) stage evaluation of the 15 

survived patients after pancreaticoduodenal resection (Parviainen et al. 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 HRQoL according to 15D   

 24 mo 110 mo 

15D dimensions x    + SEM x   + SEM p* 

D15 score 0.8716 0.13847 0.8685 0.11797 0.86 

Mobility 0.9234 0.13142 0.8883 0.17328 0.36 

Vision 0.9568 0.08943 0.9424 0.09887 0.58 

Hearing 0.9140 0.16201 0.8990 0.21037 0.61 

Breathing 0.8551 0.22172 0.8754 0.23508 0.73 

Sleeping 0.7306 0.23306 0.7670 0.25608 0.65 

Speech 1.0000 0.00000 0.9802 0.07661 0.33 

Elimination 0.7950 0.24830 0.7968 0.27256 0.97 

Usual activities 0.8455 0.24350 0.9051 0.17781 0.18 

Mental function 0.8811 0.17400 0.9049 0.16323 0.58 

Discomfort and symptoms 0.7885 0.21784 0.7278 0.24857 0.27 

Depression 0.8570 0.17729 0.8424 0.14739 0.70 

Distress 0.8611 0.23178 0.8370 0.16947 0.65 

Vitality 0.8274 0.22812 0.8134 0.16171 0.80 

Sexual activity 0.8110 0.22906 0.7596 0.30780 0.31 

      

*Paired t-test      
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5 Study V – A new biodegradable stent for the pancreaticojejunal anastomosis 

 

Degradation of the stents was studied by measuring both compression modulus and buckling force 

in physiologic temperature. Statistical differences in the results are shown in Tables 10 and 11. 

Alkaline milieu and the presence of pancreatic enzymes accelerated degradation of the stents. In 

alkaline milieu and in the presence of pancreatic enzymes there was no significant difference in the 

degradation time of the stents containing barium sulphate. Complete degradation of the stents 

occurred between 24 and 52 weeks.   

 

Table 10. Statistical difference (p values) of the effect of pH (study groups 1 and 2), barium 

sulphate (study groups 2 and 3) and enzymes (study groups 2 and 4) when compression modulus of 

the stents is considered at different time points (Parviainen et al. 2000)  

 

 

Weeks pH barium sulphate enzymes 

0 ns ns ns 

2 ns ns ns 

4 ns ns ns 

8 ns ns ns 

12 < 0.05 ns < 0.01 

16 < 0.001 ns < 0.001 

20 < 0.01 ns < 0.01 

24 < 0.001 ns < 0.001 

28 < 0.001 ns < 0.001 

32 < 0.001 ns < 0.001 

40 < 0.001 ns < 0.001 

52 < 0.001 ns < 0.001 
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Table 11. Statistical difference (p values) of the effect of pH (study groups 1 and 2), barium 

sulphate (study groups 2 and 3) and enzymes (study groups 2 and 4) when the buckling force of the 

stents is considered at different time points (Parviainen et al. 2000) 

 

 

weeks pH barium sulphate Enzymes 

0 ns < 0.01 ns 

2 ns ns ns 

4 ns ns < 0.05 

8 ns ns < 0.05 

12 < 0.01 ns < 0.001 

16 < 0.001 ns < 0.001 

20 < 0.001 ns < 0.001 

24 < 0.001 ns < 0.001 

28 < 0.001 ns < 0.001 

32 < 0.001 ns < 0.001 

40 < 0.001 ns < 0.001 

52 < 0.001 ns < 0.001 

 

 

 

 

 

Neither of the pilot patients experienced any early postoperative complications. Early postoperative 

plain x-ray photos showed the stents to be correctly placed. The stent had completely disappeared  

in the male and partially in the female in the radiographs taken 8 weeks postoperatively. The male 

was symptomless, but the female complained of slight diarrhoea. Both patients had faecal elastase 

value < 15 g/g indicating pancreatic insufficiency, and both took enzyme substitution.  

 

 

 



 67 

DISCUSSION 

 

 

1 Finnish experience of pancreaticoduodenectomies with special reference to early 

complications (Studies I and II) 

 

PD is associated with considerable technical difficulties, excessive postoperative morbidity and 

mortality and dismal long-term survival when the procedure is performed for ductal 

adenocarcinoma of the pancreas. Whether radical PD should be abandoned, possibly in favour of 

total pancreatectomy (van Heerden et al. 1981) was under discussion at the beginning of the 1980s. 

More recently, large series of PDs without mortality have been reported (Schmidt et al. 2004). 

Many authors support the idea of centralizing or regionalizing major operations, including PDs, to 

certain specialized hospitals. Results of studies performed in such centres show that centralization 

reduces early mortality and morbidity following pancreatic resections. The role of the surgeon 

especially has been emphasized in the prevention of pancreatic leakage (Edge et al. 1993, 

Shrikhande et al. 2005), but so also has the use of experienced teams caring for the patients 

postoperatively (Schäfer et al. 2002, Riall et al. 2008). The benefit of centralization may be gained 

by institutional processes that drive the low mortality in high volume hospitals, not simply the case 

volume (Orr 2010). 

 

Pancreaticojejunal anastomosis is said to be the Achilles’ heel of PD and a major cause of morbidity 

and mortality. The incidence of pancreaticojejunal leakage varies according to published series, but 

it leads to abscess formation, peritonitis, sepsis and haemorrhage, with a high mortality rate (de 

Castro et al. 2005). Certain predisposing factors are known that may result in anastomotic leakage. 

A narrow pancreatic duct (< 2 mm) makes anastomosis more difficult to perform (van Berge 

Henegouwen et al. 1997, de Castro et al. 2005). There is also a strong association between 

pancreatic texture and anastomotic leakage, so that anastomosis is usually easier to perform in 

patients with chronic pancreatitis than in those with neoplasms but normal residual pancreas (Yeo et 

al. 2000, de Castro et al. 2005, Yang et al. 2005). Prolonged duration of surgery (over 285 minutes) 

also carries a significant risk of anastomotic leakage (de Castro et al. 2005). Other risk factors 

include age, gender, possible malnutrition and intraoperative blood loss (Yang et al. 2005). Age 

alone should not be a contraindication to pancreatic resection in elderly patients with pancreatic 

cancer (Riall 2009). 
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A retrospective study was performed on patients who had undergone PD or PPPD during a 3-year 

period (1991–1994) (Study I). The case records of all 46 patients operated on during this period 

were available. The classification of pancreatic fistulas into groups “none”, “subclinical” or 

“clinical” was according to Büchler et al. (1992). In this study, biliary leakage was found more 

frequently in patients with simultaneous pancreatic leakage. A limitation in the definition of the co-

incidence of the leakages is that one cannot be sure of the biliary leakage only by following the 

right drain. Simultaneous biliary stain of the secretion in both drains is suspicious, and the possible 

occurrence of biliary leakage can usually be examined by percutaneous cholangiography if the drain 

had been left in place. In the present study the biliary stain and amylase activity assessments were 

performed separately for both drains to distinguish between biliary and pancreatic leakage. In 

addition, in severe cases when patients were reoperated, the preoperative diagnosis was confirmed 

during surgery. According to the findings of this study, pancreatic and biliary leakages were as 

common as in former studies, although the definition of pancreatic leakage has changed. This study 

was quite small, but co-incidence of biliary and pancreatic leakages has subsequently been 

confirmed in a larger retrospective study (Aranha et al. 2003). This supports the idea of a possibly 

common mechanism, which may be postoperative pancreatitis, as has recently been proposed 

(Lämsä et al. 2006, Räty et al. 2006).  

 

The effect of hospital and surgeon volume on postoperative morbidity and mortality was studied in 

all Finnish hospitals performing resections of the pancreatic head in the 5-year period 1990–1994 

(Study II). Each of these 33 hospitals was visited by the author, and the data of interest was 

collected from the case records of all 350 patients into special formulas for later analysis. In this 

way, much more information could be obtained than by using databases only. The retrospective 

nature of the study made it difficult to classify some complications and there was some missing 

data. However, regarding the major findings the data could be reliably recognised. Most of the fatal 

complications were related to the procedure: anastomotic leakage (39 %), abscess / peritonitis / 

MOF (20 %), liver or intestinal necrosis (14 %), intra-abdominal haemorrhage (11 %); likewise the 

non-fatal complications: leakage (fistula) (32 %), DGE (23 %), abscess (14 %), wound infection  

(13 %), hyperglycaemia (6 %), intra-abdominal haemorrhage (4 %), pancreatitis (3 %), cholangitis 

(0.6 %). In Finland, hospital and surgeon volumes in pancreatic operations are generally low, but 

mortality especially decreased as volume increased, as it did elsewhere. In high-volume hospitals 

internationally acceptable and comparable results could be achieved. Studies favouring 

centralization of pancreatic resections have been published in many countries, one European 

example being the Netherlands (Gouma et al. 2000, van Heek et al. 2005, van Oost et al. 2006). In 
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Finland, the Ministry of Social Affairs and Health has recommended pancreatic resections for 

curative purposes to be further regionalized within a population of more than 500 000 inhabitants, 

which means a considerable reduction in the hospitals providing pancreatic resections. Similar 

recommendations concern resections of the oesophagus and cardia, likewise bariatric surgery.  In 

the present study (1990-1994), 33 hospitals for 5 million inhabitants means that the mean current 

population for a centre was 150 000 inhabitants at that time. Since then, there has been a significant 

centralization of pancreatic head resections. 

 

Centralizing PDs and PPPDs to high volume hospitals increases the probability of a technically 

successful resection. According to the results of our national study, centralization to high-volume 

hospitals did not improve 5-year survival, although it did significantly improve immediate 

postoperative survival. This may be explained by the differences in the biological nature of the 

periampullary malignancies. It was not known how many patients had angioinvasion or perineural 

growth, which has been shown to be an important prognostic factor in periampullary tumours (van 

Roest et al. 2008). The lymph node ratio, however, is the strongest prognostic factor after resection 

of pancreatic cancer (Riediger et al. 2009). The patients in the national study were operated on 

during a period before the European Study for Pancreatic Cancer (ESPAC-1) (Neoptolemos et al. 

1997, Link et al. 1998, Ghaneh and Neoptolemos 2004) had taken place, thus postoperative 

chemotherapy was not yet routine. On the basis of the results of the ESPAC-3 trials, adjuvant 

chemotherapy with 5-fluorouracil or gemcitabine is recommended after radical resection of 

periampullary tumours (Neoptolemos et al. 2003, Neoptolemos et al. 2009, Saif 2009). 

Reoperations and other surgery-related major complications impair the efficacy of R0 

pancreatectomy (Kang et al. 2009). Centralization of pancreatic head resections lowers the risk of 

serious early complications and reoperations, thus increasing the opportunity for adjuvant therapies. 

In future, this kind of centralization with lower complication rates and improved adjuvant therapy 

will probably also show improved long-term survival. 

 

One independent factor that was found to reduce the risk of postoperative complications was 

endoscopic preoperative biliary stenting. Use of preoperative biliary stenting is still controversial. 

Despite the widespread use of biliary stenting in patients with potentially resectable pancreatic 

cancer, their use has recently been criticized (Aly and Johnson 2001, Hodul et al. 2003, Smith et al. 

2008, Herzog et al. 2009), as  biliary stenting may be associated with bile colonization and also with 

wound infection, and even with postoperative intra-abdominal abscess formation (Hodul et al. 

2003). The controversial results published so far regarding preoperative stenting may be explained 
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by the fact that preoperative infection needs appropriate treatment, and as a result decisive treatment 

of the cancer cannot be provided in time. 

 

Recently it has also been noted in a large American retrospective study that complication rates have 

not decreased during the last decade, although mortality rates have. The authors pointed out that 

general postoperative complications involving the cardiovascular and pulmonary systems are very 

important. They also noticed that patients experiencing one complication have been shown to be at 

increased risk for subsequent complications (Simons et al. 2009). The importance of cardiovascular 

diseases in relation to postoperative complications in PDs has been pointed out in the studies by 

Aranha et al. (2003), Räty et al. (2006) and Balcom et al. (2009). This may partly explain the 

steadily high morbidity rates, while the patients operated on are older and may have more co-

morbidities than a decade ago (Balcom et al. 2009, Hardacre et al. 2009). The effect of 

cardiovascular diseases on pancreaticojejunal leakage, however, was not specifically investigated in 

these studies. 

  

2 Pancreaticojejunostomy and long-term consequences of pancreaticoduodenectomies 

 (Studies III–IV) 

 

In addition to early postoperative complications, the majority of patients surviving PD suffer from 

symptoms of pancreatic insufficiency (weight loss, diarrhoea), and this has been thought to affect 

their quality of life (Armstrong et al. 2002, Jang et al. 2002). Long-term follow-up of patients 

having undergone pancreaticoduodenal resection can usually only be performed on patients who 

have been operated on for a benign disease. Many of these have chronic pancreatitis, the symptoms 

of which are similar to those of anastomotic stricture (Reid-Lombardo et al. 2007b). The symptoms 

in those patients who have pancreaticogastric anastomosis are especially significant (Aubé et al. 

2003, Kahl and Malfertheiner 2004). Pancreaticojejunostomy is more difficult to examine and treat 

than pancreaticogastrostomy, as it can seldom be reached with endoscopy, and stricture may need 

operative treatment, e.g. redo the anastomosis (Reid-Lombardo et al. 2007b). One possible way to 

examine the patency of pancreaticojejunal anastomosis is secretin stimulated MRCP. 

 

Stricture can be considered a long-term complication of pancreaticojejunostomy. It is not easily 

known when stricture occurs, since the symptoms are similar to those resulting from pancreatic 

exocrine insufficiency. In the present study a formerly presented classification of D-MRCP findings 

was used (Study III), which, however, was originally developed on the basis of the function of a 
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normal gland. The study group was quite small, and included both patients with chronic pancreatitis 

and periampullary malignancies. According to the present results the classification used seems to be 

reliable to divide the results of D-MRCP findings into different categories. Postoperative exocrine 

pancreatic insufficiency was diagnosed in all of our patients re-examined after pancreaticoduodenal 

resection, 92 % of them having severe insufficiency. PD has been reported to cause postoperative 

exocrine insufficiency in 20 - 72 % and drainage procedures in up to 35 % of patients (Metzger and 

DiMagno, 1998). According to the classification used, out of the successful 23 D-MRCP 

examinations, seven patients (30 %) showed severe glandular malfunction (Grade 1) not allowing 

the evaluation of the anastomosis because too little fluid accumulated in the duct. Anastomoses 

could thus be evaluated in 16 patients. Five (22 %) showed total obstruction of the anastomosis 

(Grade 2), six (26 %) showed partial obstruction of the anastomosis (Grade 3) and five anastomoses 

(22 %) were considered to be fully open (Grade 4). Pessaux et al. (2002) obtained better results in a 

prospective study with 19 patients, but the anastomosis was pancreaticogastric.  

 

The patients who had fully open anastomosis in D-MRCP had the highest faecal elastase-1 values. 

As the anastomosis was considered fully open in only 22 % of the patients, this result indicates that 

the surgical technique should be further developed to keep the anastomoses open. The current 

findings showed that narrow ducts seem more often to lead to anastomotic obstruction. The 

anastomosis which is done by invaginating the pancreas into the jejunum may not be the best in 

long-term results, as so many patients had poorly open anastomoses in MRCP. Prospective studies 

from this point of view, too, are needed to develop the surgical technique. However, given the 

results of both D-MRCP and faecal elastase-1 values enzyme substitution is recommended for all 

PD patients as also suggested by others (Armstrong et al. 2002). It is also noteworthy that patients 

may have diarrhoea and need enzyme substitution even though the anastomosis is open, due to the 

impaired function of the pancreatic gland. 

 

As postoperative mortality following PD has fallen in experienced centres and anastomotic 

complications have also become rarer in such centres, HRQoL has become an increasingly 

important issue. The present study to examine HRQoL following PPPD or PD was performed at 

two different time points (Study IV). The generic instrument used enabled easy comparison of our 

study group with general population. In the late-stage evaluation there were 15 patients who 

responded, five of them having been operated on due to a malignant disease. The main finding 

regarding long-term quality of life was that there is no difference in general quality of life compared 

to healthy people. The result concurred with those of other studies (Huang et al. 2000, Witzigmann 
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et al. 2003). The present follow-up time was exceptionally long (110 months). In the current study 

the presence of early postoperative complications did not affect long-term HRQoL. The study 

population was, however, small, and it was not known what quality of life was like in these patients 

before the operation. Certain parameters (hearing, sexual activity) of the generic instrument we used 

(15D) showed a slight deterioration in the course of time, although not statistically significant, and 

these may be a result of aging. Another study using 15D showed that after gastrectomy long-term 

HRQoL was also generally similar to that of normal population (Tyrväinen et al. 2008). In obesity 

surgery, HRQoL is significantly improved, but there is a decline over time (Tolonen et al. 2004). In 

pancreatic surgery, a combination of a generic and an organ-specific HRQoL instrument might be 

more suitable for prospective studies.  

 

3 How to develop pancreaticojejunal anastomosis (Study V) 

 

There are numerous studies focusing on pancreaticojejunal anastomosis, evincing solutions as to 

how early postoperative complications especially can be reduced by new methods of performing 

anastomosis. According to an overview of RCTs, systemic meta-analyses and clinical trials, the 

surgeons’ experience with one or the other technique appears to be more important than the 

technique itself (Kleespies et al. 2008). This conclusion also favours centralization of pancreatic 

resections on a few surgeons. Lai et al. (2009) in their review studied different ways of preventing 

pancreatic fistula following PD using a Medline database from 1990 to 2008. They considered 

pancreatic texture, pancreatic duct size, blood supply of the stump and volume of pancreatic juice 

output to be the most significant. Others are patient associated risk factors (age, sex, bilirubin level, 

co-morbid illness) and operative risk factors (duration of surgery, blood loss, type of anastomosis 

and stent use). They concluded that there is no conclusive evidence for or against a particular type 

of pancreaticoenteric anastomosis. They also found that pancreaticogastrostomy is equivalent to 

pancreaticojejunostomy in perioperative morbidity and mortality and that pancreaticoenterostomy 

cannot be replaced with pancreatic ductal obliteration (Lai et al. 2009). 

 

The possibility of postoperative pancreatitis as a risk factor for anastomotic leakage has been briefly 

discussed. It had been considered impossible to show which comes first, pancreatitis or anastomotic 

leakage (Bassi et al. 2001). Associations between postoperative pancreatitis and anastomotic 

leakage have been reported on the basis of a prospective study (Räty et al. 2006). According to 

these results, postoperative pancreatitis may be a pathogenetic factor for anastomotic leakage. Thus 

finding new methods, either medical or technical, to reduce the risk of postoperative pancreatitis 
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and to develop anastomosis to be more resistant to such a pancreatitis is perhaps the most important 

future challenge. 

 

According to the idea of protecting the pancreticojejunostomy with a biodegradable stent, it was 

first planned to develop a two-part stent (Study V). It would have had a PLA-96 spiral to prevent 

possible strictures and a PGA cover to prevent possible leakages. The PGA cover proved to be too 

stiff, so it was abandoned, and development went on with the PLA-96 spiral stent. Stents can be 

developed to be biodegradable and x-ray positive to help monitor the position and possible 

degradation by means of plain x-ray photos. The experiment was performed with stents with outside 

diameters 3 + 0.2 mm, the diameter of the wire being 0.4 + 0.05 mm.  The study showed that 

pancreatic enzymes and the pH of the environment both affect the degradation time of these stents, 

so the composition of the stents must be studied separately for different purposes. In this in vitro 

study, the effects of pH, pancreatic enzymes and presence of barium sulphate on buckling force and 

compression modulus were tested. The solutions were changed twice a week to keep pH within 

physiological limits. All changes were performed in the same way. The temperature was held 

constant at 37
o
C using incubators. Pilot studies showed that such a stent can indeed be inserted into 

the human pancreatic duct during pancreatic resection. Follow-up with plain x-ray photos showed 

that the stents had disappeared in these patients. It is not known, however, if the stents had 

disappeared by degradation or if they had fallen from the anastomosis into the bowel. It could be 

concluded, however, that such stents are not suitable in narrow ducts (< 2 mm).  

 

The safety of such biodegradable stents has subsequently been studied further in rat pancreatic 

parenchyma and in swine pancreatic duct (Lämsä et al. 2006, Laukkarinen et al. 2008). The use of 

such stents in novel anastomosis has also been reported (Nordback et al. 2008), but long-term 

results in respect of the patency of the anastomosis and exocrine function are not available. 

Radiopaque biodegradable stents (PLA 96-BaSO4) have been examined in an animal model and 

have been found to have as little toxicity as steel (Lämsä et al. 2006). They have also been 

applicable in pilot patients (Nordback et al. 2008). By using such stents clogging, which can be a 

drawback in plastic stents, and difficulties in changing the stent, which can be a drawback in metal 

stents, may be avoided (Laukkarinen et al. 2008). Occlusion of biodegradable PLA stents could not 

be detected in animal studies either in the hepatic duct (Laukkarinen et al. 2007) or in the pancreatic 

duct (Laukkarinen et al. 2008). Occlusion of biodegradable stents has not been reported in 

urological experiments, either (Schlick and Planz 1998). Such stents, however, showed increased 
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neointimal formation and reduced patency in an animal study considering their use in iliac arteries 

(Uurto et al. 2004).  

 

According to the results of a recent systematic search, there is insufficient data to support or refute 

claims of improved outcomes after transpancreatic ductal stent insertion on patients with PJ or PG 

with small ducts (< 3 mm) or soft pancreata. More evidence of benefit is needed before the use of 

stents can be recommended (Shukla et al. 2010). 

 

To conclude, although experimental studies have been promising concerning the use of 

biodegradable stents in protecting the pancreaticojejunal anastomosis, further clinical studies are 

warranted to determine their usefulness, feasibility and safety in clinical use. 
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SUMMARY AND CONCLUSIONS 

 

 

In the present study postoperative early and late complications related to pancreaticojejunal 

anastomosis were studied. Attention was paid to postoperative health-related quality of life and to 

the possible ways of reducing these complications. 

 

 

The major findings and conclusions were as follows: 

 

1 Pancreatic anastomotic leakage is a common and serious complication after 

pancreatic head resection. Biliary leakage is rare, but when it occurs, it often 

coincides with pancreatic leakage. 

2 Hospital volume and surgeon's volume are related to early postoperative mortality 

and morbidity after pancreatic head resections in Finland, too. The majority of 

both fatal and non-fatal complications were consequences of pancreaticojejunal 

anastomotic leakage. However, no direct connection could be found between 

hospital volume or surgeon's volume and five-year survival in periampullary 

cancer. 

3 Pancreatic exocrine insufficiency after pancreatic head resection results partly 

from the inability of the pancreas to produce digestive enzymes and partly from 

the stenosis of the pancreatic anastomosis. 

4 In the early stage after pancreatic head resection, health-related quality of life was 

significantly poorer than in general population, but there was no difference in the 

late stage. No correlation was found between postoperative complications and 

health related quality of life. 

5 A prototype of a biodegradable stent for pancreaticojejunal anastomosis was 

developed and tested both in vitro and in vivo. pH and enzyme activity of the 

milieu affected degradability. The spiral stent developed is not, however, optimal,  

because of low inner/outer diameter ratio allowing it to be used only in fairly large 

ducts. 
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Resection of the Head of the Pancreas in Finland: Effects of Hospital and
Surgeon on Short-term and Long-term Results

I. Nordback, M. Parviainen, S. Räty, H. Kuivanen & J. Sand
Dept. of Surgery, Tampere University Hospital, Tampere, Finland

Nordback I, Parviainen M, Räty S, Kuivanen H, Sand J. Resection of the head of the pancreas in Finland:
effects of hospital and surgeon on short-term and long-term results. Scand J Gastroenterol 2002;37:1454–
1460.

Background: To study the effect of hospital volume and surgeon volume on postoperative hospital
mortality, morbidity and long-term survival after resection of the head of the pancreas in a nationwide
study (case record study), taking into a consideratio n risk factors found important in series based on
experience in one hospital. Method: The case record investigatio n of 374 patients identi� ed from the
National Hospital Discharge Database as having undergone resection of the head of the pancreas between
1990 and 1994 in Finland. Results: The records of 350 patients were obtained for analysis . Operations
were performed in 33 hospitals by 98 surgeons (average 2.1/year/hospital and 0.7/year/surgeon). Hospital
mortality was 36/350 (10%), increasing from 4 and 7 to 13% with decreasing hospital volume from >10
and 5–10 to <5 respectivel y (P < 0.05) and increasing from 3 and 10 to 14% with decreasing surgeon
volume from >3 and 1–3 to <1, respectively (P < 0.05). Most deaths were caused by surgical or technical
complications (31/36 = 86%). Besides hospital mortality, postoperativ e complications , re-operations and
hospital stay were also affected by surgeon volume. In the univariate analysis, also the age of the patient
had an effect on the hospital mortality, and preoperative biliary stenting on the uncomplicated recovery ,
but in the multivariate analysis hospital mortality was independentl y affected by age (OR 0.94, P = 0.004)
and surgeon volume (OR 1.3, P = 0.04), re-operations by surgeon volume (OR 1.10, P = 0.05) and hospital
volume (OR 1.03, P = 0.05), postoperative complications by using the preoperative stent (OR 0.45,
P = 0.02). Long-term survival was dependent on the histology of the specimen and by uncomplicated
recovery , but not by hospital volume or surgeon volume. Conclusion: To decrease postoperativ e
morbidity, mortality and hospital stay, pancreatic head surgery needs to be concentrate d to only a few
hospitals and to a few surgeons .

Key words: Histology; hospital load; morbidity; mortality; pancreas surgery; results; risk factors;
surgeon experience; survival ; Whipple

Isto Nordback, M.D., Dept. of Surgery, Tampere University Hospital, P.O. Box 2000, FI-33521 Tampere,
Finland (fax. ‡358 3 247 4358, e-mail. isto.nordback@tays. � )

Resection of the head of the pancreas was originally
meant for treatment of periampullary malignancies
(1, 2). Although increasing numbers of these opera-

tions were done during the 1960s and 1970s, it was suggested
that the whole operation should be abandoned because it was
accompanied by high postoperative mortality (up to 25%) and
very high morbidity (3). Later, during the 1980s and 1990s,
better postoperative results were published showing hospital
mortality to have decreased in most series below 5%, and in
many even to 1–2% (5, 6).

Important factors affecting the early results in individual
hospitals have been whether the operation has been made for
chronic pancreatitis with or without concomitant malignant
disease (‘soft versus hard pancreas’), the age of the patient and
the preoperative health condition of the patient (7, 8). The long-
term results in individual hospitals have been largely dependent
on the histology and stage of the malignant disease, possibly
accompanied by postoperative adjuvant therapy (9–11).

However, great variations between hospitals have been
noticed when statewide or nationwide surveys have been
made. These differences probably cannot be explained by the
patient-dependent or treatment-dependent variables. In fact,
during the past decade, reports have been increasingly
published on the effect of hospital annual volume of the
resections on the short-term results (Fig. 1).

Hospital volume has been considered an even more
important factor than the number of operations carried out
by individual surgeons (12). Most of these surveys have been
based on the registry data. Case records of individual patients
have seldom been studied. It has therefore not been possible
to study in detail the risk factors that have been found
important in series based on the experience in one hospital.
Long-term survival has not been analysed either.

The aim of this study was to investigate the effect of
hospital volume and surgeon volume on the short-term and
long-term results of resection of the head of the pancreas
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performed in Finland during a 5-year period, taking into
account general and disease-speci� c risk factors.

Methods

The patients for this retrospective analysis were identi� ed
from the national hospital discharge database. All public and
private hospitals in Finland need to report each patient
discharged from hospital after being admitted as an inpatient.
This registry contains patient identi� cation data, diagnosis,
operations performed and discharge status (dead, alive). To
obtain patients who had undergone resection of the head of
the pancreas during a 5-year period (1.1.1990 to 31.12.1994) ,
code 6706 in ICD-9 was used. Thereafter, each hospital was
visited by one of the investigators, who collected the data
from the case records.

The following parameters were recorded as the possible
risk factors for results: surgeon, hospital, age of the patient,
preoperative illnesses, preoperative palliation, the type of the
operation, histological diagnosis, the extent of the disease,
adjuvant therapy. The short-term results were based on the
postoperative complications, re-operations, hospital stay and
hospital mortality.

The long-term results were based on actual 5-year survival
assessed using data from the hospital case records and from
the National Registry for Causes of Death. This was
undertaken after the end of May 2000 to ensure collection
of complete information by the end of 1999. The chi-square
test, Mann-Whitney U-test, Bonferroni correction and back-
ward stepwise multiple logistic regression analysis were
used for statistical calculations, as identi� ed in the Results.
The Kaplan-Meier method was used to create the survival
curves.

The general permit for the study was obtained from the
Ministry of Social and Health Affairs and individual permits
to study the case records were obtained from each participat-
ing hospital.

Patients

A total of 374 patients were collected from the discharge
database as having had resection of the head of the pancreas
during the 5-year study period. Of these, 36 had been
discharged dead after having PD during this hospitalization
(10%). The case records of 350 patients (94%) obtained for
further analysis included those of all 36 patients identi� ed as
hospital mortalities according to the discharge database.

There were 182 men and 168 women with a median age of
64 years (range 31–84 years). Table I summarizes the pre-
operative illnesses. Two-hundred-and-sixteen patients (62%)
were jaundiced at the time of diagnosis, and 51 of these (24%)
had had either percutaneous transhepatic or endoscopic stent
to relieve bile duct obstruction prior to resection.

Most patients (270/350 or 77%) had a standard resection of
the head of the pancreas, including partial gastric resection,
whereas 76 (22%) had a pylorus-preserving resection of the
head of the pancreas and 4 (1%) a duodenum-preserving
resection (Beger’s resection).

The � nal histological diagnoses are presented in Table II.
None of the resections for malignant diseases were performed
with the presence of distant metastases. Margins were studied
in only a small proportion of specimens, which is why this
could not be recorded. Nodal growth is reported in each
histological category in Table II.

Thirty patients (10%) out of the total 292 with a malignant
disease had adjuvant therapy after the resection. This included
radiotherapy in 7 and chemotherapy in 23. None of the
patients had neoadjuvant therapy.

Results

Short-term results
During the study period, the resection of the head of the

Fig. 1. Hospital mortality in percentage s according to the annual
number of resections of the head of the pancreas performed in the
hospital (reference s 12–17) (columns = number of resections ;
line = mortality).

Table I. Preoperative illnesses recorded before the operation in 350
patients undergoing the resection of the head of the pancreas

Disease n %

Previous malignancy 28 8
General arteriosclerosi s 20 5.7
Prior myocardial infarction 4 1.1
Prior cerebral infarction 1 0.3
Compensated cardiac insuf� ciency 4 1.1
High blood pressure , stabile under medication 29 8.3
COPD 3 0.9
Diabetes 9 2.6
Renal insuf� ciency 1 0.3
Rheumatic disease 4 1.1
Hypothyreosis 2 0.6
Ulcerative colitis 1 0.3
Hepatic cirrhosis 1 0.3
Bronchial asthma 6 1.7
Hyperparathyreosis 1 0.3
MEN 1 2 0.6
Multiple venous thrombosis 2 0.6
Patients with any of the above illnesses but no

previous malignancy
67 19
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pancreas was performed in 33 hospitals by 98 surgeons. More
than 10 resections annually were performed in only one
hospital. The operations were performed in 6 university
departments (5 separate universities), 16 central hospitals and
11 district or city hospitals. The most experienced surgeon
had performed 24 resections during the 5-year study period.
The annual number of hospitals and resections performed per
surgeon are summarized in Table III. With this distribution

we categorized the hospitals for low (average <5 annual
resections), medium (average 5–10 annual resections) and
high (average >10 annual resections) volume hospitals and
low (average <1 annual resections), medium (average 1–3
annual resections) and high (average >3 annual resections)
volume surgeons.

Thirty-six patients died during hospitalization, with a
hospital mortality of 10%. In addition, one of the patients
died during the second hospitalization within 30 days of the
operation as a result of complications that had appeared
during the � rst hospitalization. The reasons for death are
given in Table IV. Most of the deaths were related directly to
surgical complications.

Hospital mortality was related to hospital volume, to
surgeon volume and to age of the patient (Table V). Mortality
was not dependent on the status of the hospital (data not
shown). A total of 66 (19%) patients required a re-operation.
Re-operations were also related to hospital volume and to
surgeon volume (Table V). Of the 314 patients surviving the
resection, 103 (33%) suffered from non-lethal complications
(listed in Table VI). Most of the complications were related
directly to the surgical procedure. The number of uncompli-
cated recoveries was related to surgeon volume (Table V).
Mean (95% CI) hospital stay of the patients surviving the
resection was 26 (24–27) days. In the univariate analysis, this
was dependent on hospital volume and also on surgeon
volume (Table V).

We conducted a multivariate analysis in order to study the
effect of patient age, surgeon volume, hospital volume,
preoperative palliation (stent versus no stent) and histological
diagnosis (pancreatic ductal adenocarcinoma versus others)
(i.e. those with signi� cant effect in the univariate analysis) on
hospital mortality, re-operation and complications (Table
VII). This demonstrated that younger age of the patient
decreased the likelihood of hospital mortality (OR = 0.94,
P = 0.004). Low annual surgeon volume increased hospital
mortality and need for re-operation. Low annual hospital
volume increased re-operations. Patients who had undergone
preoperative stenting of the biliary tract had signi� cantly
fewer complications. Another analysis was done including
only clinically jaundiced patients. This again indicated a
signi� cant association between stent and postoperative

Table II. Histology of the specimen and the respective nodal status

Histology
n = 350

(%) Nodal growth

Periampullary malignant tumours
Pancreatic ductal adenocarcinom a 163 (47) 43/163 (26)
Ampullary adenocarcinom a 81 (23) 21/81 (26)
Bile duct adenocarcinom a 13 (3.7) 2/13 (15)
Duodenal adenocarcinom a 14 (4) 2/14 (14)

Other malignant tumours
Pyloric adenocarcinom a 4 (1) 3/4 (75)
Pancreatic cystic adenocarcinom a 3 (0.9) 2/3 (67)
Pancreatic oncocytoma 1 (0.3)
Pancreatic carcinoid tumour 1 (0.3)
Pancreatic apudoma 1 (0.3)
Malignant insulinoma 1 (0.3)
Pancreatic adenosquamous carcinoma 1 (0.3)
Retroperitonea l liposarcoma 1 (0.3)
Duodenal leiomyosarcoma 2 (0.6)
Duodenal Schwannoma 1 (0.3)
Duodenal carcinoid tumour 1 (0.3) 1/1 (100)
Duodenal mesenchymal tumour 1 (0.3)
Metastatic renal cell carcinoma 2 (0.6) ½ (50)
Metastatic colonic adenocarcinom a 1 (0.3) 1/1 (100)

Neoplastic benign
Cystadenoma 6 (1.7)
Benign pancreatic schwannoma 1 (0.3)
Benign insulinoma 1 (0.3)
Glucagonoma 1 (0.3)
Duodenal adenoma 5 (1.4)
Tubular adenoma of ampulla Vateri 1 (0.3)
Duodenal � broneuroleiomyomatosi s 1 (0.3)
Peutz-Jegher polyp of ampulla Vateri 1 (0.3)

Non-neoplastic
Chronic pancreatiti s 35 (10)
Duodenal ulcer 3 (0.9)
Duodenal xantelasma 1 (0.3)
Duodenal Crohn disease 1 (0.3)
Benign bile stricture 1 (0.3)

Table III. Number of hospitals and surgeons according to number of
resections of the head of the pancreas performed during the 5-year
study period

Total no. of resections
during 5-year period

No. of hospitals
n = 33

No. of surgeons
n = 98

0–5 13 74
6–10 11 20

11–15 4 1
16–20 1 2
21–30 1 1
31–40 2
41–50 0
>50 1

Table IV. The reason for hospital mortality in the patients who had
undergone resection of the head of the pancreas

Reason for death n (%)

Surgical complication s
Leakages 14 (39)
Abscesses/peritonitis/MOF 7 (20)
Hepatic or intestinal necrosis 5 (14)
Intra-abdomina l haemorrhage 4 (11)
Gastrointestina l haemorrhage 1 (3)

General complication s
Cardiac or cerebral insults 4 (11)
Unknown reason 1 (3)
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complications in favour of stent (Table VIII). The goodness of
� t (Hosmer and Lemeshow test) in the backward multivariate
analysis was good (hospital mortality (P = 0.91), re-opera-
tions (P = 0.50), complications (P = 0.63)).

Long-term results
Fifty-� ve of the 271 (20%) patients with periampullary

adenocarcinoma survived more than 5 years. This did not
differ in relation to hospital (Fig. 1) or surgeon volume (data
not shown). Actual 5-year survival was 12% (20/163) in
pancreatic ductal adenocarcinoma, 33% (27/81) in ampullary
adenocarcinoma, 31% (4/13) in distal bile duct adenocarci-
noma and 43% (6/14) in duodenal adenocarcinoma. The
various parameters could be studied only in pancreatic ductal
adenocarcinoma and ampullary adenocarcinoma with suf� -
cient number of patients. Table VIII indicates that 5-year
survival was not dependent signi� cantly on hospital volume,
surgeon volume, type of operation, preoperative stenting in
pancreatic ductal adenocarcinoma or ampullary adenocarci-
noma in the univariate analysis (Table VIII) or in the multi-
variate analysis (data not shown). Pancreatic ductal adeno-
carcinoma patients with uncomplicated recovery had better
survival than the patients who had suffered from post-
operative complications (Table IX).

Discussion

In studying nationwide results on any disease, national
registries are needed. In Finland, the conditions are favour-
able for performance this kind of study, because the hospital
discharge database has proved reliable (18). The current study
is a retrospective one, but unlike many other nationwide
studies this one included the analysis of case records identi-
� ed from the discharge database. To obtain actual rather than
actuarial 5-year survival rates, the study period was chosen so
that the status of all the operated patients could be checked 5

Table V. Mortality, re-operations and recovery after resection of the head of the pancreas

Hospital mortality
n (%)

Re-operation
n (%)

Uncompl. recovery
n (%)

Hospital stay (survivors )
in days median (range)

Hospital volume
Low (<5) 26/201 (13)* 43/201 (21)* 119/201 (59) 23 (8–100)**
Medium (5–10) 8/93 (7) 18/93 (19) 55/93 (59) 23 (7–81)**
High (>10) 2/56 (4)* 5/56 (9)* 40/56 (71) 18 (8–58)**

Surgeon volume
Low (<1) 18/125 (14)* 28/125 (22)* 72/125 (58)* 24 (9–70)**
Medium (1–3) 16/164 (10) 33/164 (20)* 96/164 (59)* 23 (7–100)**
High (>3) 2/61 (3)* 5/61 (8)* 46/61 (75)* 18 (8–63)**

Age of the patient
<60 years 5/122 (4)* 23/122 (19) 78/122 (64) 22 (8–81)
¶60 years 31/228 (14)* 43/228 (19) 136/228 (60) 23 (7–100)

Preoperative illnesses
Yes 19/185 (10) 38/185 (21) 113/185 (61) 26 (24–28)
No 17/165 (10) 28/165 (17) 101/165 (61) 26 (24–28)

Histology
Chronic pancreatiti s 4/35 (11) 6/35 (17) 22/35 (63) 19 (8–52)
Pancreatic ductal adenoca 21/163 (13) 27/163 (17) 104/163 (64) 24 (9–100)
Other 11/152 (7) 33/152 (22) 88/152 (58) 22 (7–70)

Preoperative palliation
Stent 4/51 (8) 5/51 (10) 39/51 (77)* 23 (7–100)
No stent 32/299 (11) 61/299 (20) 175/299 (59)* 22 (7–70)

Operation
Stardard PD 28/270 (10) 54/270 (20) 162/270 (60) 23 (7–100)
Pylorus preserving 7/76 (9) 12/76 (16) 49/76 (65) 22 (9–70)
Duodenum preserving 1/4 (25) 0/4 (0) 3/4 (75) 16 (10–34)

* P < 0.05 (chi-squared test), ** P < 0.05 (Bonferroni correction) .

Table VI. Postoperative complications after resection of the head of
the pancreas in the patients surviving the operation (numbers in
parenthese s are percentages )

Complications related directly to the resection of the head of the
pancreas

Delayed gastric emptying 72 (23)
Leakage of anastomosis 53 (17)
Pancreatic � stula 46 (15)
Intra-abdomina l abscess 45 (14)
Wound infection 42 (13)
Hyperglycaemia 19 (6)
GI-bleeding 17 (5)
Intra-abdomina l bleeding 11 (4)
Acute pancreatitis 9 (3)
Cholangitis 2 (0.6)

General surgical complication s
Urinary infection 37 (12)
Pneumonia 35 (11)
Cardiac insuf� ciency 9 (3)
Urinary retention 4 (1)
Myocardial infarction 3 (1)
Pulmonary embolus 1 (0.3)
Low limb thrombosis 1 (0.3)

Non-lethal complications occurred in 103 patients out of 314
survivors (33%).
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years later. Thus, until prospective nationwide surveys are
performed, the current study provides the best possible
approach to the question.

We found that after resection of the head of the pancreas
the immediate postoperative results, but not long-term
survival, was associated with the number of operations
performed in that hospital. This is not unexpected, since the
impact of experience on the surgical results has been stressed
for decades. Scienti� c proof supporting such opinions has
been published, but not until during the last decade of the
resection of the head of the pancreas. In this operation,
hospital mortality has been used as a simple and readily
de� ned scale of crude medical quality. As presented in Fig. 1,
hospital mortality decreases from 8%–24% to 1%–2% when
the annual number of operations in a hospital increases from
1–5 to over 20. The present results (mortalities 4%, 7% and
13% in over 10, 5–10 and fewer than 5 annual operations) � t
well within the range of the previous studies.

An obvious explanation for the better results according to
increased patient load would be better facilities. However,
hospital status (university dept., central hospital or other) did
not signi� cantly affect the result; there were also university
depts. with poorer results. It was the load, not the status that
was important.

One possibility is that the larger patient load allows better
concentration of these operations to few pancreatobiliary
surgeons; this has been considered important for more than 10
years now (6). In hospitals with fewer pancreatic head
resections, the alimentary tract surgeons may need to carry
out the whole repertoire of general and alimentary tract
surgery. In fact, our study showed that 98 surgeons performed
the 350 analysed operations, giving an average annual number

of operations of <1. Such a low � gure could easily explain the
different results according to hospital volume supported by
the � nding that surgeon volume was another important
parameter affecting hospital mortality.

The explanation often offered by the low volume surgeons
themselves for the variant results is that the patients, diseases
and preoperative methods of treatment were different, thus
affecting the results. Our study showed that all of the follow-
ing parameters were associated with the postoperative results:
age of the patient, hospital volume, surgeon volume and
preoperative palliation. We could not � nd a signi� cant effect
of the preoperative illnesses, possibly because the most
diseased patients had been excluded from the operation.
However, when the effect of independent variables was
extracted by multivariate analysis, patient age, hospital

Table VII. The effect of age, surgeon volume, hospital volume, preoperativ e palliation and histology on the hospital mortality, re-operation s
and complication s

Hospital mortality Re-operations Complications

P* OR** P* OR** P* OR**

Age 0.004 0.94 (0.91–0.98) 0.90 1.00 (0.98–1.03) 0.69 1.01 (0.99–1.03)
Surgeon volume 0.04 1.30 (0.94–1.80) 0.05 1.10 (0.88–1.35) 0.11 0.92 (0.79–1.08)
Hospital volume 0.12 0.97 (0.85–1.10) 0.05 1.03 (0.93–1.14) 0.19 1.02 (0.94–1.10)
Stent 0.52 1.60 (0.5–5.10) 0.08 1.83 (0.66–5.04) 0.02 0.45 (0.22–0.94)
Chr. pancr/ductal adenoca 0.10 0.51 (0.24–1.10) 0.30 1.28 (0.74–2.21) 0.30 0.82 (0.53–1.27)

* Stepwise multiple logistic regression analysis . ** Odds ratio (95% con� dence interval) .

Table VIII. The effect of preoperativ e use of biliary stent (n = 51)
compared to no stent (n = 165) on the postoperative complications ,
re-operations and mortality in clinically jaundiced patients

Stent
n = 51 n (%)

No stent
n = 165 n (%) P (chi square)

Complications 12 (24) 67 (41) 0.03
Re-operations 5 (10) 36 (22) 0.06
Mortality 4 ( 8) 20 (12) 0.40

Table IX. Actual 5-year survival in patients with pancreatic ductal
adenocarcinom a or ampullary adenocarcinom a according to the
various operative conditions . Numbers in parenthese s are percen-
tages

Pancreatic ductal
adenocarcinoma

n = 163

Ampullary
adenocarcinoma

n = 81

Hospital volume
Low (<5) 10/94 (11) 20/64 (31)
Medium (5–10) 6/43 (14) 5/9 (56)
High (>10) 4/26 (15) 2/8 (25)

Surgeon volume
Low (<1) 8/65 (12) 8/30 (27)
Medium (1–3) 8/74 (11) 15/42 (36)
High (>3) 4/24 (17) 4/9 (44)

Preoperative palliation
Stent 6/32 (19) 2/8 (25)
No stent 14/131 (11) 25/73 (34)

Operation
Standard PD 14/123 (11) 21/64 (33)
Pylorus preserving 4/40 (10) 6/17 (35)

Adjuvant therapy
Yes 1/19 (5) 1/8 (13)
No 19/144 (13) 26/73 (36)

Uncomplicated recovery
Yes 19/104 (18)* 17/52 (33)
No 1/59 (2)* 10/29 (34)

Nodal tumour growth
Yes 3/44 (7) 3/21 (14)
No 17/119 (14) 22/60 (37)

* P = 0.002, chi-squared test.
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volume, surgeon volume and preoperative stent became
important. This is contrary to some previous studies (19),
where an increased number of intra-abdominal and wound
infections was observed, resulting in a longer hospital stay.
One explanation for the difference could be that in our study
the use of stent was selective (24% of jaundiced patients).
Furthermore, it is not known in this retrospective study how
many could have been withdrawn from any surgery because
of stent complications.

What were the mistakes of non-experienced surgeons?
Firstly, the reasons for death suggested vascular damage
resulting in intestinal or liver necrosis. One could hypothe-
size, for example, undetected right replaced hepatic artery and
dif� culties in separating the uncinate process from the
superior mesenteric artery. Postoperative haemorrhage sug-
gests inadequate preparation techniques, and numerous lethal
complications could be associated with pancreaticojejunal
anastomosis, which on the one hand is the most vulnerable
site for complications also in the case of the experienced
pancreatic surgeon, but on the other hand should seldom
result in the death of the patient. Thus, the more experienced
the surgeon the better the immediate surgical results. In this
study, however, only one or two surgeons had the expertise
that is internationally accepted.

Why was hospital volume also an important independent
nominator of short-term results, and not just via surgeon
volume? When surgeon volume was associated with compli-
cations, re-operations and mortality, hospital volume was
associated only with re-operations. This could be explained
by saying that mortality and re-operation depend on the
surgeon’s skills, but that re-operation is more dependent on
the ‘hospital skills’. The term ‘hospital skills’ does not relate
to status of the institution (university, central, other), since

this was not associated with mortality. One could simply
assume that in a hospital with a greater load of these patients
the surgeon on call could recognize threatening complications
that required intensive care, appropriate radiological exam-
ination and intervention, and have the possibility to consult an
experienced pancreatic surgeon. There is therefore a strong
need to concentrate these operations not just to a few surgeons
but also to just a few hospitals. When taking into account the
present and previous studies, more than 10, preferably more
than 20, operations annually are needed if there is to be
suf� cient immediate medical quality to satisfy the patient. In
Finland, if during this study period the operations had been
concentrated within one department of each of the � ve
university hospitals, and mortality had remained at the same
4% level as during the study period in the only hospital with
over 10 annual operations (Tampere University Hospital), 14
patients would have died postoperatively compared to 36 in
the current analysis, giving a saving of 22 avoidable
postoperative deaths.

The long-term results (actual 5-year survivals) were not
signi� cantly associated with the surgeon or hospital experi-
ence, but only with the histology. This is contrary to what has
been suggested for example by colorectal surgeons (19). In
the current study, 5-year survival was better in the patients
with uncomplicated postoperative recovery, giving rise, in
neither univariate nor multivariate analysis, to better survival
according to surgeon or hospital volume. Also, in a further
analysis of ESPAC-1 trial, postoperative complications were
not signi� cantly associated with long-term survival (21). It is
possible that the other important parameters affecting
survival, i.e. histology, nodes and margins that could not be
restudied in this retrospective analysis, would have masked
any volume effects on survival. On the other hand, although

Fig. 2. The effect of annual hospital volume on the actual 5-year survival of 271 patients undergoing
resection of the head of the pancreas for periampullary carcinoma (mass around the head of the pancreas
the � nal histology being ductal adenocarcinoma , ampullary adenocarcinoma , distal bile duct
adenocarcinom a or duodenal adenocarcinoma) .
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the effect of experience on long-term survival was not seen in
this study, it cannot reliably be ruled out according to the
present results.

Acknowledgements

Pirkanmaa Hospital District foundation for � nancial support
to Dr. Parviainen and to Dr. Räty; Pekka Rissanen from
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ORIGINAL ARTICLE

Obstructed pancreaticojejunostomy partly explains exocrine
insufficiency after pancreatic head resection

ISTO NORDBACK1, MICKAEL PARVIAINEN1, ANNELI PIIRONEN2, SARI RÄTY1

& JUHANI SAND1

1Department of Gastroenterology and Alimentary Tract Surgery, and 2Department of Diagnostic Radiology, Tampere

University Hospital, Tampere, Finland

Abstract
Objective. The majority of patients with long-term survival after pancreatic head resection suffer from pancreatic exocrine
insufficiency. The objective of this study was to investigate whether this is due to glandular malfunction or obstructed
pancreaticojejunal anastomosis. Material and methods. Twenty-six patients (10 M, 16 F, mean age 61 years, range 34�
81 years) were re-examined a median of 52 months (range 3�76 months) after pancreatic head resection and end-to-end
invaginated pancreaticojejunostomy. Pancreatic exocrine function was measured by fecal elastase-1 assay. The size of the
pancreatic remnant, glandular secretion and the flow through the anastomosis were analyzed with secretin-stimulated
dynamic magnetic resonance pancreatography (D-MRP). Results . All patients had pancreatic exocrine insufficiency, 24
(92%) of them having severe insufficiency. Eighteen patients (69%) reported moderate to severe diarrhea. Lowest fecal
elastase-1 concentrations were associated with the initial diagnosis of chronic pancreatitis or ductal adenocarcinoma,
suggesting preoperative primary or secondary chronic pancreatitis as important determinants. The size of the remnant gland
did not correlate with the fecal elastase-1 concentrations. D-MRP failed in three patients. Severe glandular malfunctions
were found in 7 (30%) of the 23 successful D-MRP examinations. The anastomosis was totally obstructed in 5 patients
(22%) or partially obstructed in 6 (26%) but remained perfectly open in 5 patients (22%). The five patients with perfect
anastomoses had the highest measured median fecal elastase-1 activity. Conclusions. Although late diarrhea and pancreatic
exocrine insufficiency may be partly induced already by the disease treated with resection, at least half may be explained
by obstructed anastomosis. To obtain better late functional results, improvements may be required in the surgical
techniques.

Key Words: Exocrine function, late complications, long-term follow-up, pancreas surgery, pancreatic insufficiency,

pancreaticojejunostomy, Whipple operation

Introduction

Along with the decrease in hospital mortality after

pancreaticoduodenectomy, the indications for this

operation have become more liberal and include a

variety of diseases with considerable long-term

survival [1]. The patients, however, often lose

weight, have an increased number of daily bowel

movements, and frequently need pancreatic enzyme

supplementation [2], all of which reduces their

quality of life [3,4]. Surprisingly, however, the

mechanisms of reduced pancreatic exocrine function

after pancreatic resection have scarcely been studied.

The overall exocrine pancreatic function depends

on the pancreatic stimulus [5�8], the amount and

the functional reserves of the pancreatic remnant,

and on the pancreatic duct outflow. Pancreatic

exocrine function tests, such as the N-benzoyl-1-

tyrosyl-p-aminobenzoic acid (NBT-PABA) test, or

the more sensitive and specific fecal elastase-1 assay,

both of which are frequently employed because

they are easy to use [9�11], cannot differentiate

between ductal (obstructed anastomosis) or par-

enchymal (amount of tissue, tissue secretion capa-

city) etiology.

Correspondence: Isto Nordback, MD, Division of Surgery, Gastroenterology and Oncology, Tampere University Hospital, P.O. Box 2000, FIN-33521

Tampere, Finland. Tel: �/358 3 3116 4608. Fax: �/358 3 3116 4358. E-mail: isto.nordback@pshp.fi

Scandinavian Journal of Gastroenterology, 2007; 42: 263�270

(Received 2 January 2006; accepted 8 June 2006)

ISSN 0036-5521 print/ISSN 1502-7708 online # 2007 Taylor & Francis

DOI: 10.1080/00365520600849174

Sc
an

d 
J 

G
as

tr
oe

nt
er

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

T
am

pe
re

 o
n 

06
/2

4/
10

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Some investigators have considered that the

drainage of the remnant pancreas into the stomach

results in good long-term functioning of the anasto-

mosis [12], whereas others have observed less

pancreatic insufficiency after drainage into

the jejunum [3]. Pancreaticogastrostomy has been

investigated to a greater extent [12,13] than pan-

creaticojejunostomy because of its easier access.

The visualization of the pancreatic secretion

through pancreaticojejunostomy became possible

after the introduction of secretin-stimulated dynamic

magnetic resonance pancreatography (D-MRP)

[14], also applied postoperatively [15�18]. Although

pancreatic insufficiency can be satisfactorily treated

with enzyme supplementation independent of the

etiology, a better understanding of the mechanism

of the insufficiency might help in its prevention.

The aim of this study was to investigate whether the

pancreatic exocrine insufficiency late after pancreatic

head resection is due to the obstructed anastomosis

or poor parenchymal secretion.

Material and methods

Twenty-six patients who had undergone invaginated

end-to-end pancreaticojejunostomy were included in

the study. The operation was performed in each case

by I.N. or J.S. in Tampere University Hospital.

Sixteen long-term survivors participated, with a

median follow-up of 55 months after the operation.

In order to evaluate the observation time on the

anastomosis, the last nine survivors who had fully

recovered from the operation, and who were not part

of any other studies or receiving any adjuvant

therapy and who did not have any known metastasis,

were also asked to participate; which they did. The

median follow-up of these patients was 4 months.

The study comprised 10 men and 16 women with

a mean age of 61 years (range 34�81 years) at the

time of the operation. Not unexpectedly, the final

histology showed that a majority of the patients had

had benign or non-aggressive malignant disease

(Table I). Fifteen patients had undergone pylorus-

preserving pancreaticoduodenal resection and 6

patients had had pancreaticoduodenal resection

with antrectomy. When duodenum-preserving pan-

creatic head resection had been undertaken (5

patients), the Beger-type of resection with pancreatic

transsection was used with pancreatic body�jejunal

anastomosis, which was similar to the other types.

The pancreaticojejunostomy was always an end-to-

end invaginated telescopic two-layer anastomosis

with six to eight inner layer stitches going through

the entire pancreas and the pancreatic duct wall

[19].

During the operation, the surgeon assessed the

pancreatic duct diameter according to one of three

categories (small, when below 3 mm, normal,

between 3 and 5 mm, and wide when over 5 mm),

and the pancreatic parenchyma as one of two

categories (normal or hard). Nine patients (35%)

had small ducts, 5 patients (19%) had normal ducts

and 12 patients large ducts (46%). Twelve patients

(46%) had normal pancreatic parenchyma and 14

(54%) a hard pancreas. Because of the retrospective

nature of the study the patients did not undergo

routine pancreatic function studies prior to the

operation.

A complication of the pancreatic head resection

occurred because of a leakage from the anastomosis

in five patients (19%) overall. The criterion used for

leakage was fluid accumulation from the abdominal

drain of 50 ml or more with amylase activity of over

1000 U/l (normal serum amylase B/300 U/l) on

postoperative day 5 or later. In two patients (8%)

this leakage was symptomatic: an abscess requiring

percutaneous drainage in one patient and acute

pancreatitis treated conservatively in the other. After

the initial postoperative stay and one visit in the

specialist health-care unit, the patients were placed

under surveillance in the basic health-care unit.

As part of the study the patients were re-examined

3�76 months (median 52 months) after the pan-

creatic head resection by M.P. The disease history

during the follow-up did not include pancreatitis,

bile obstruction or tumor recurrence.

To correlate the D-MRP findings with the current

exocrine function, the patients were asked about

their experience of the degree of diarrhea using a

visual analogue scale, where 0 represented no

diarrhea and 10 represented ‘‘the worst imaginable

diarrhea’’. According to a test on a few pilot patients,

0�1.0 was considered minimal diarrhea, 1.1�4.0

moderate diarrhea and �/4.0 as severe diarrhea. If

the patients indicated, for example, a score of 5, they

explained that this severely affected their quality of

life, although they could imagine an even worse

degree of diarrhea. Previous prescription of any

enzyme preparations was recorded. Pancreatic func-

tion was measured by analyzing the fecal elastase-1

concentration with a commercial ELISA using an

Table I. The extent of the gastroduodenal resection during

pancreatic head resection in various pathologies.

Chronic pancreatitis 9

Pancreatic ductal adenocarcinoma 6

Bile duct adenocarcinoma 2

Duodenal adenocarcinoma in papilla 3

Pancreatic islet cell carcinoma 1

Mucinous cystadenoma 1

Serous cystadenoma 4

Overall 26
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antibody highly specific for human enzyme. A fecal

elastase-1 concentration �/200 mg/g was considered

normal, 100�200 mg/g moderate and B/100 mg/g

severe exocrine pancreatic insufficiency. Preopera-

tive data of the pancreatic function with fecal

elastase-1 measurement was not available.

The pancreatic glandular size was studied from

transverse sections obtained with magnetic reso-

nance imaging (MRI). The glandular and ductal

responses on secretin stimulation and the ductal

morphology were studied with D-MRP. This was

done with a 1.5T magnet (Signa Horizon, GE

Medical Systems, Milwaukee, Wisc., USA) with a

phased-array torso coil. Fat saturated T2-weighted

Fast Spin Echo (20 slices 8 mm each with a 2-mm

gap, TR 4650 ms, TE 96 ms) and T1-weighted Spin

Echo (20 slices 8 mm each with a 2-mm gap, TR

360�440, TE 10 ms) sequences were first obtained

in the axial plane to assess the position and

morphology of the pancreas, followed by the heavily

T2-weighted fat saturated Single Shot Fast Spin

Echo (SSFSE) sequence (9 slices 20 mm each with

an 0-mm gap, TR 22750 ms, TE 959 ms, acquired

during an 23-s breath-hold) radial in the coronal

plane, without secretin and repeatedly at a 1-min

interval up to 9 min after the injection of 100 IU

secretin pentahydrochloride (Secrelux†; Sano-

chemia Diagnostics, Neuss, Germany).

For interpretation of the results, the previously

used dynamic secretin-stimulated D-MRP cate-

gories originally developed for the intact pancreas

were used (Table II) [14]. An experienced gastro-

intestinal radiologist (A.P.) interpreted the D-MRP

images without knowing the other data. When the

size of the remnant pancreas was assessed from the

MRI transverse sections, each remnant of pancreas

was categorized as small, moderate or large, taking

into consideration both the resection line and the

atrophy/hypertrophy of the remnant gland. None of

the patients demonstrated residual or recurrent

tumor growth in the MRI.

In the statistical analysis, the chi-square test, the

Fisher exact test and the Mann-Whitney U-test were

used for univariate analysis. A logistic regression

model (forward stepwise) was used for multivariate

analysis. Correlations were evaluated by calculating

the correlation coefficient. The study was approved

by the Ethics Committee of Tampere University

Hospital.

Results

Pancreatic insufficiency

Sixteen patients had fecal elastase-1 concentration

below the limit of the sensitivity of the assay (15 mg/

g). Eight patients had a fecal elastase-1 concentra-

tion below 100 mg/g. Thus 24 patients (92%) overall

had severe pancreatic exocrine insufficiency, as

assessed by fecal elastase-1 assay. The two remaining

patients had moderate pancreatic insufficiency.

The diagnosis of chronic pancreatitis or pancreatic

ductal adenocarcinoma was significantly associated

with the most decreased fecal elastase-1 concentra-

tion, whereas, for example, the postoperative leakage

of the anastomosis was not.

The median severity of diarrhea was 2.2 (range 0�
9.4) on a scale of 0�10. Eight patients (31%) had

minimal diarrhea, 12 patients (46%) had moderate

diarrhea and 6 patients (23%) reported severe

diarrhea. Seven patients (27%) used enzyme supple-

mentation. One of these seven patients still suffered

from severe diarrhea.

According to the univariate analysis, the patients

experienced more severe diarrhea if the operation

had been performed more than three years earlier, if

the primary diagnosis had been chronic pancreatitis,

if the gland had been considered hard with a

small duct, and if the duodenum was preserved

(Table III). It is worth bearing in mind that

postoperative leakage in the pancreaticojejunal ana-

stomosis did not affect the degree of diarrhea

Table II. D-MRP grading of the pancreatic secretory function.

Grade Finding Interpretation

Grade 0 Impossible to evaluate owing to

excessive intestinal fluid

Discharged from analysis

Grade 1 No secretion into the jejunum, pancreatic

duct not visible

Glandular malfunction

Grade 2 No secretion into the jejunum, pancreatic

duct visible but remains large

Total obstruction in the anastomosis

Grade 3 Secretion into the jejunum detected, pancreatic

duct visible but remains large

Partial obstruction in the anastomosis

Grade 4 Secretion into the jejunum detected, pancreatic

duct visible, diameter changes with secretin stimulus

Normal glandular function and

open anastomosis

Abbreviation: D-MRCP�/dynamic magnetic resonance pancreatography.
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experienced. In the multivariate analysis the only

independent risk factor for developing severe diar-

rhea was the hard parenchyma (p�/0.02, odds

ratio�/16; 95% CI 1.5�166).

Magnetic resonance imaging of the pancreatic remnant

in transverse sections (MRI)

The size of the remnant gland (Figure 1A, 2A) was not

significantly associated with the experienced diarrhea

or the measured fecal elastase-1 concentration.

Dynamic secretin-stimulated magnetic resonance

pancreatography (D-MRP)

The D-MRP results of three patients (12%) were

eliminated from further analysis owing to the ex-

cessive fluid in the intestine that was already there

before the secretin dose, therefore rendering the

interpretation impossible (Grade 0). Out of the 23

successful D-MRP examinations, 7 (30%) showed

severe glandular malfunction (Grade 1) which did

not allow the evaluation of the anastomosis, because

not enough fluid accumulated in the duct. The

anastomosis could thus be evaluated in 16 patients.

Five patients (22%) showed total obstruction of the

anastomosis (Grade 2) (Figure 1B�D), 6 (26%)

showed partial obstruction (Grade 3) and in 5

patients their anastomoses (22%) were considered

fully open (Grade 4) (Figure 2B�D).

The 23 patients with informative D-MRP exam-

inations were further analyzed to determine

whether diarrhea and fecal elastase-1 activity corre-

lated with the glandular or anastomotic malfunc-

tion. The patients with severe glandular

malfunction (Grade 1) did not differ significantly

in the reported diarrhea or measured fecal elastase-

1 compared with patients with ductal malfunction

(Grades 2�3), whereas the patients showing normal

postoperative pancreatic secretion in the D-MRP

(Grade 4) had the highest measured median fecal

elastase-1 concentration (68 mg/g).

Finally, factors associated with either glandular or

anastomotic malfunction were analyzed (Table IV).

The Fisher exact test demonstrated none of the study

parameters to be significantly associated with the

Table III. Severity of diarrhea and pancreatic exocrine function (assessed by fecal elastase-1 assay) in the patients who have undergone

pancreatic head resection.

Diarrheaa Fecal elastase (mg/g)b

n Med (range) Min. Mod. Sev. Med (range) Below the limit Measured value

Men 10 3.7 (1�9.4) 2 3 5 B/15 (B/15�146) 6 4

Women 16 1.6 (0�9.0) 7 6 3 B/15 (B/15�234) 10 6

Age

B/60 years 12 2.7 (1.0�9.4) 2 5 5 B/15 (B/15�234) 8 4

]/60 years 14 1.5 (0�9.0) 7 4 3 B/15 (B/15�44) 8 6

Resected

B/36 months ago 9 1.0 (1.0�9.0) 6 1 2c B/15 (B/15�146) 7 2

�/36 months ago 17 3.0 (0�9.4) 3 8 6 B/15 (B/15�234) 9 8

Chronic pancr. 9 4.4 (0�9.4) 1 3 5 B/15 (B/15�234) 5 4

Ductal adenocacinoma 6 2.5 (1.0�9.0) 3 1 2 B/15 (all) 6 0

Other 11 1.2 (0�4.1)d 5 5 1 16 (B/15�146)e 5 6

Small duct 9 1.0 (0�3.0)f 5 4 0 21 (B/15�146) 4 5

Normal duct 5 3.0 (1�9.4) 2 1 2 B/15 (B/15�16) 4 1

Large duct 12 4.2 (0�9.0) 2 4 6 B/15 (B/15�234) 8 4

Normal gland 12 1.0 (0�9.0)g 7 3 1h 16 (B/15�146) 6 6

Hard gland 14 4.1 (1.0�9.4) 2 5 7 B/15 (B/15�246) 10 4

Pancr. complic.

None 21 2.0 (0�9.4) 7 8 6 B/15 (B/15�234) 13 8

Fistula 5 2.4 (1.0�8.0) 2 1 2 B/15 (B/15�44) 3 2

Pancreatic remnant size

Small 8 1.3 (0�9.0) 3 2 3 B/15 (B/15�78) 5 3

Moderate 10 3.0 (1.0�8.2) 2 5 3 B/15 (B/15�44) 7 3

Large 8 4.0 (1.0�9.0) 3 2 3 23 (B/15�234) 4 4

aVisual analogue scale 0�10. Median (range); bfecal elastase-1 concentration (mg/g) median (range); cchi-square p�/0.037; dMann-Whitney

U-test p�/0.043 chronic pancr. versus other; eMann-Whitney U-test p�/0.034 ductal adenocarcinoma versus other; fMann-Whitney U-test

p�/0.012 small duct versus large duct; gMann-Whitney U-test p�/0.008; hchi-square p�/0.023.
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glandular malfunction in the univariate analysis.

Patient age over 60 years at the time of the operation

and resection of the duodenum were significantly

associated with an increased prevalence of obstructed

anastomosis in the univariate analysis. In addition, a

trend was found towards an association between

small duct size and late anastomotic obstruction.

Independent risk factors could not be found by

multivariate analysis

Discussion

Although quality of life after pancreatic resection is

considered to be good [2,10,20], it may be con-

Figure 1. A. T2-weighted fat-saturated axial image of a patient with atrophic pancreatic remnant parenchyma (arrow). T2-FSSE dynamic

magnetic resonance pancreatography (D-MRP) without (B) as well as at 4 min (C) and at 9 min (D) after i.v. secretin injection shows large

duct and side branches (arrow ) throughout the study with no fluid accumulation into the jejunum, indicating malfunction of the

anastomosis (Grade 2).

Figure 2. A. T2-weighted fat-saturated axial image of a patient with a large pancreatic remnant parenchyma and pancreatic ductal dilatation

(arrow ). T2-FSSE dynamic magnetic resonance pancreatography (D-MRP) without (B) as well as at 3 min (C) and at 8 min (D) after i.v.

secretin injection shows a normal sized pancreatic duct (arrow ) that initially increases in response to secretin and rapidly narrows to the basic

level with fluid accumulation into the intestine, indicating normal glandular function and open anastomosis (Grade 4).

Pancreas insufficiency after resection 267
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siderably decreased by unsatisfactory bowel function

[4]. This is largely caused by pancreatic exocrine

insufficiency. According to the current results there

are two main determinants for the development of

exocrine insufficiency. One is preoperative chronic

pancreatitis, either primarily or secondarily from

ductal obstruction, and the other is obstructed

anastomosis, the role of which has been given little

emphasis thus far.

The number of subjects in this study was small

(only 26) but the number of long-term survivors is

limited in a single center. However, the few previous

studies on the function of pancreatic anastomosis

after pancreatic resection have also included a small

number of patients (n�/16�34), perhaps partly

because of the expensive method of investigation

(D-MRP) [15�18]. In this retrospective study we

did not have the preoperative pancreatic function

measurements available. Despite these disadvan-

tages, the advantages of the current study include

the good standardization of the main study para-

meter (anastomosis), because all the operations had

been performed by the same team and with identical

reconstruction techniques [19], and the blind eva-

luation of all the study parameters.

This cross-sectional study does not answer

the question of the timetable of the observed

abnormalities in individual patients. However, we

also sought to include some patients operated on

more recently in order to suggest any difference

according to the follow-up time. In fact, diarrhea

was more severe when more time had elapsed since

surgery, but there was no difference in the status of

the anastomosis when comparing those who had been

operated on recently with those operated on earlier.

Diarrhea was commonly observed: two-thirds of

the patients experienced moderate or severe diarrhea.

All patients suffered from pancreatic exocrine insuf-

ficiency, and most of them from severe insufficiency.

The best-preserved exocrine function was found in

patients with a diagnosis other than chronic pancrea-

titis or ductal adenocarcinoma of the pancreas. Thus

chronic pancreatitis, either primarily or secondarily

from ductal obstruction, appears to be an important

determinant of late exocrine function. We do not

know the exact function of exocrine pancreas before

Table IV. Effect of the patient, disease and the extent of operation on the pancreatic exocrine secretion assessed by D-MRCP.

Grade

n 1 2 3 4

Malfunction of remnant gland

(Grade 1 versus 2�/3�/4)

Obstructed anastomosis

(Grade 2�/3 versus 4)

Men 10 2 2 2 4 NS NS

Women 13 5 3 4 1

Age

B/60 years 11 2 2 2 5 NS 0.028

�/

¯
60 years 12 5 3 4 0

Resected

B/36 months ago 9 4 3 1 0 NS NS

�/36 months ago 15 3 2 5 5

Chronic pancr. 9 2 2 1 4 NS NS

Ductal adenocarcinoma 5 2 2 1 0

Other 9 3 1 4 1

Small/norm. duct 11 4 3 3 1 NS 0.09

Large duct 12 3 2 3 4

Normal gland 9 3 3 2 1 NS NS

Hard gland 14 4 2 4 4

Duodenum

Preserved 5 0 1 0 4 NS 0.013

Removed 18 7 4 6 1

Pancreatic complication

None 19 6 4 5 4 NS NS

Fistula 4 1 1 1 1

Pancreatic remnant size

Small 6 1 2 0 3 NS NS

Moderate 9 4 2 3 0

Large 6 2 1 1 2

Abbreviation: D-MRCP�/dynamic magnetic resonance pancreatography.
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the surgery, performed a median of more than 4 years

earlier, but with these diagnoses the patients prob-

ably already had exocrine malfunction at that time.

The best fecal elastase-1 values were observed

in the Grade 4 D-MRP examination, which are

considered to have both good glandular function and

fully open anastomosis. This supports the suggestion

that this examination can be used for the evaluation

of the pancreatic exocrine function also after the

resection. Thirty percent of the patients were sug-

gested to have glandular malfunction according to

the D-MRP examination. This, however, did not

correlate with the pancreatic exocrine function. This

is obvious since, besides for glandular reasons,

ductal reasons may also prohibit the pancreatic

enzymes from entering the intestine. But when we

analyzed only patients with good pancreatic gland-

ular functioning, we were able to demonstrate that

two-thirds of these patients had either totally or

partially obstructed anastomoses, while only a third

of the anastomoses were considered fully open. This

is in the same range [13,15,16], or better [17] than

previously observed. It thus would seem that

the function of the anastomosis is perhaps more

important than previously indicated [21]. Dilatation

of such obstruction is, however, often impossible

because the method of reconstruction does not allow

any access using endoscopic techniques.

A small duct size was associated with the increased

prevalence of obstruction in the pancreaticojejunal

anastomosis. It is understandable that a small size of

duct, technically causing a more difficult anastomo-

sis, may be associated with a higher obstruction rate.

The pancreaticojejunal stent, either removable [22]

or biodegradable [23], has been used to prevent early

complications, such as leakage, but the role of such

stents in maintaining the good long-term status of

the anastomosis remains to be investigated.

Patient age of over 60 years at the time of surgery

and the removal of the duodenum were associated

with the increased prevalence of obstruction in the

pancreaticojejunal anastomosis. Studies of duodenal

aspirates suggest that the pancreatic exocrine output

decreases with age [24]. Furthermore, the preserva-

tion of the duodenum presumably better preserves

the pancreatic hormonal stimulus and thus secretion

[25]. It could therefore be hypothesized that it is the

increased pancreatic stimulus that maintains pan-

creatic juice flow and prohibits late stenosis. Conse-

quently, it could also be speculated whether secretory

stimulants should be used during the convalescent

period to promote better late pancreatic function. In

fact, instead of pancreatic stimulants, the pancreatic

suppressor somatostatin is used in some centers to

prevent early pancreatic complications. To our

knowledge, there are no data on the long-term effects

of postoperative somatostatin treatment on the

later pancreatic function � this could be investigated

by re-examining patients of the previous randomized

trials, so far focusing only on the early complications

[26,27]. Currently, the explanation for the associa-

tion between younger age and a preserved duodenum

and the better later status of the pancreatico-

jejunal anastomosis remains unknown.

In conclusion, most patients who have undergone

end-to-end invaginated pancreaticojejunostomy after

pancreatic head resection suffer later from diarrhea

and pancreatic exocrine insufficiency. This may be

explained partly by malfunction of the gland induced

by the disease even before the pancreas resection,

and partly by obstructed anastomosis. Better late-

functional results may require improvements in the

surgical techniques.

Acknowledgements

This work was supported by the Research Fund of

Pirkanmaa Hospital District (Drs Räty and Sand).
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A New Biodegradable Stent for the Pancreaticojejunal
Anastomosis After Pancreaticoduodenal Resection: In Vitro

Examination and Pilot Experiences in Humans

Mickael Parviainen, Juhani Sand, *Aimo Harmoinen, †Heikki Kainulainen, ‡Tero Välimaa,
‡Pertti Törmälä, and Isto Nordback

Departments of Surgery and *Clinical Chemistry, Tampere University Hospital and Medical School, University of Tampere, and
†Institute of Medical Technology, and ‡Institute of Biomaterials, University of Technology, Tampere, Finland

Summary: We sought to develop a biodegradable pancreatic
stent that could be easily placed at operation into the human
pancreatic duct and the degradation of which could be easily
followed up. Spiral-shaped, gamma-sterilized stents were
manufactured of 0.4-mm polylactide wire in which there was
added 23 weight-% barium sulfate. The biodegradability of the
stents was studied in vitro at two different pH values, the first
resembling that of pancreatic juice and the other that of bile.
The effects of enzymoactivity in the test solution and the com-
position of the stents (with or without barium addition) also
were tested. These kinds of stents have been experimented with

in two pilot patients. Degradation of the stents occurred from
24 to 52 weeks of incubation. Alkaline milieu together with the
presence of pancreatic enzyme made the stents degrade twice
as fast as when either alkaline milieu or enzyme was present. In
the milieu resembling pancreatic juice, barium sulfate had no
effect on the degradation time. Neither of the pilot patients had
any postoperative complications. Biodegradable, x-ray–
positive stents degrade faster in pancreatic than in biliary mi-
lieu. Their safety and efficacy in human pancreaticojejunal
anastomoses need further study. Key Words: Pancreas—
Resection—Anastomosis—Biodegradable—Stent.

The most important complication after pancreatico-
duodenal resection is the anastomotic leakage, which oc-
curs in ∼13% of the patients, ranging from none (1–3) to
28% (4). The criteria for leakage are amylase activity in
the drainage (>3 times the respective serum level) and
the amount of the secretion (>50 ml/day on postoperative
day 7). The patient may have clinical or laboratory signs
of intraabdominal infection and may develop an abscess
(4). One important cause of these leakages may be post-
operative pancreatitis, resulting in partial dehiscence of
anastomosis (5). Another possible complication of the
pancreaticojejunal anastomosis is a stricture formation
that can seldom be shown directly. Impairment of the
exocrine function of the pancreas may, however, partly
be explained by such a stricture (6).

There have been efforts to solve these problems by
using different kinds of drainage methods. For example,
with a percutaneous T drain, the risk of a pancreaticoje-
junal anastomotic leakage has been lowered to 3%, but
this method has not been protected from the impairment
of the exocrine function of the pancreas (7). There have
been similar figures when using a silicone drain exter-
nally (8). Internal polytetrafluoroethylene stents have
been experimentally used in animals, and they seemed to
prevent anastomotic leakages and strictures, although the
results were not statistically significant (3).

Biodegradable implants have been used in orthopae-
dics for >10 years (9–15) as intraosseal pins and screws.
One of the used materials is polylactide (PLA), the deg-
radation of which is considerably slower than the degra-
dation of polyglycolide (PGA) and polydioxanone (PDS)
(16–18). These materials have been used in resorbable
sutures (e.g., Vicryl, Dexon) since 1970 (19–21).

In urology, biodegradable, self-expanding stents have
been tested clinically in the treatment of benign prostatic
hyperplasia, and they have been considered superior to
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suprapubic catheters in preventing urinary retention after
laser resection of the prostate (9,10). Moreover, accord-
ing to an experimental study, there have been promising
results in prevention of restenosis of urethral strictures
(22).

In gastroenterology, a biodegradable stent has been
tested in the treatment of benign esophageal stricture
associated with radical radiotherapy (23). In that case
report, the poly-L-lactide stent began to collapse 6 weeks
after it had been inserted. Until now, to our knowledge,
biodegradable stents have not been developed for pan-
creatobiliary operations.

Our aim was to develop a biodegradable pancreatic
stent that could be easily placed at operation into the
human pancreatic duct and the degradation of which
could easily be followed up. We also wanted to examine
its mechanical properties in vitro, evaluating the effect of
pH, amylase/lipase activity, and barium (to visualize
stents in plain radiographs) on its biodegradability. Fi-
nally, we report our experiences with the first pilot pa-
tients.

MATERIALS AND METHODS

Originally, our idea was to have a stent manufactured
of a poly-L,D-lactide (PLA 96, L/D ratio, 96:4) spiral
covered by a polyglycolide (PGA) membrane, the latter
being meant to protect the anastomosis from a leakage,
and the former, from a stricture. There were different
sizes of stents to fit the pancreatic ducts with use of a
metal guide. We soon noticed that this two-part stent was
too stiff and almost impossible to insert into the human
pancreatic duct. Thus, the PGA cover was abandoned.

How to follow the degradation in vivo
Follow-up of the degradation of the stents in vivo was

tried with magnetic resonance imaging (MRI). This was
based on our initial observation that the stent could be
seen in vitro as a signal-free zone when using 5-mm axial
segments in T1 and T2 examinations. Unfortunately the
stents could not be detected in vivo with MRI in our three
pilot patients, probably because of artefactual move-
ments of breathing and vascular pulse. Nor could they be
followed up with a gastroscope, as the anastomosis could
not always be reached with the scope.

Use of an x-ray–positive compound as a part of the
stents was first tested with zirconium oxide by placing
the volunteer supine and taking a radiograph so that the
stents were under the back (body mask). The stents could
be detected well enough, but the possible tissue toxicity
of zirconium oxide (24–26) made us abandon that com-

pound. We also tested similarly calcium sulfate incorpo-
rated stents but found these invisible in the body-masked
radiographs. The best results were achieved when barium
sulfate, a common contrast medium, was incorporated
into the stents. The biodegradability of this kind of stent
was investigated in vitro.

Final stent composition
The spiral-shaped and gamma-sterilized stents were

manufactured of 0.4-mm polylactide (PLA 96) wire in
which there was added 23 weight % barium sulfate dur-
ing the manufacturing process. The PLA96 (L/D ratio,
96:4) was obtained from Purac Biochem b.v., The Neth-
erlands, and barium sulfate (BaSO4) from Fluka Chemie
AG, Switzerland. The self-reinforcing (SR) wire of the
stent was made by solid-state drawing. The draw ratio of
the self-reinforced wire was 6. The diameter of the wire
was 0.4 ± 0.05 mm, and the outside diameters of the
stents were 3 ± 0.2 mm (Fig. 1). The lengths of the stents
in compression tests were 15 mm.

In vitro studies
The in vitro biodegradability of the stents was studied

at two different pH values, the first resembling that of
pancreatic juice (normal range, 7.0–8.4) (27), and the
other, that of bile (normal range, 6.5–7.7) (28,29). The
effects of enzymoactivity in the test solution and the
composition with or without barium addition to the stents
also were tested. The temperature of the solutions was
37oC. Thus there were four different study groups. The
characteristics of the groups were

Study group A: pH 6.8, PLA 96 stents with barium sul-
fate in an enzyme-substituted solution;

Study group B: as in study group A, except that pH was
8.4;

FIG. 1. A biodegradable, x-ray–positive pancreatic stent with an ap-
plicator.
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Study group C: as in study group B, except that the stents
were without barium sulfate; and

Study group D: as in study group B, except that the
solution was without enzyme.

The pH values tended to change between the changes
of the incubation medium. The values tended to decrease
in solutions A (2.5%), B, and C (12%) and increase in
solution D (0.3%). They still remained within the physi-
ologic limits.

In vitro enzyme substitution constituted distilled water
mixed with crushed granules of Pankreon, 300 mg (Kali-
Chemie GmbH, Hannover, Germany) enterocapsules,
which contain lipase, amylase, and protease.

Salts were added to simulate body fluids: sodium chlo-
ride concentrate [Addex-Natriumklorid infusion concen-
trate (Na, 4 mmol/ml; Cl, 4 mmol/ml), Pharmacia AB,
Stockholm, Sweden], potassium chloride concentrate
[Kalisteril, 150 mg/ml infusion concentrate (K, 2 mmol/
ml; Cl, 2 mmol/ml), Medipolar (Orion Company), Oulu,
Finland], and sodium bicarbonate [Natr.bicarb., 75 mg/
ml infusion solution (Na, 90 mmol/100 ml; HCO3, 90
mmol/100 ml), Pharmacia AB, Stockholm, Sweden].

The pH values of the new solutions were measured
and titrated to the desired level by using 2–6 M NaOH
and HCl solutions and electrolyte concentrations. These
were Na+, 120 (normal range in pancreatic juice, 115–
180) mEq/ml; K+, 5 (normal range, 3–8) mEq/ml; Cl−,
55 (normal range, 55–95) mEq/ml; and HCO3

−, 70 (nor-
mal range, 60–110) mEq/ml (16).

The solutions were changed twice a week. Crushed
Pankreon granules were daily added into the solutions

(study groups A–C) to maintain the enzyme activity of
the solution within the normal range of human pancreatic
juice, amylase being 100,000–800,000 U/L (30,31). Our
initial observation showed that the amylase activity of
the solution decreased to 13% of the original activity in
1 day. Other pancreatic enzymes were not measured. We
noticed that the concentration of HCO3

− in the solutions
decreased below the lower range after 4 days of incuba-
tion. The pH was also measured daily and titrated by
using the previously mentioned acids and bases to main-
tain the pH corresponding to the pancreatic juice in study
groups B–D and bile in study group A.

The 15-mm-long stents with barium sulfate (study
groups A, B, and D) and those without it (study group C)
were incubated, the number of stents per volume unit
being determined by the FDA Guidance Document for
Testing Biodegradable Polymer Implant Devices (32).

After a certain period of weeks (Figs. 2 and 3) three
stents were randomly chosen. The compression stability
of each stent was tested. The compression test was per-
formed by using Lloyd LR30K Materials Testing Ma-
chine (Lloyd Instruments PLC, Faremham, U.K.), and
the stents being measured were put horizontally between
two parallel planes. The measured buckling force was the
maximal force before the stent collapsed. Compression
modulus is a variable that characterizes the rigidity of the
spiral (33). The experiment was continued until all stents
were degraded. Mean of the three stents at each time
point is given.

Bonferroni Multiple Comparisons Test was used to
test the statistical significance of the results between the
groups.

FIG. 2. Effect of pancreatic enzyme and pH on the compression modulus of the stents.
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RESULTS

In vitro
Complete degradation of the stents occurred between

24 and 52 weeks of incubation, depending on the milieu
(Figs. 2 and 3). Alkaline milieu and the presence of
enzyme accelerated degradation of the stents and made
them degrade twice as fast as when either alkaline milieu
or amylase was present. In alkaline milieu and in the
presence of enzyme, there was no significant difference
in the degradation time when presence of barium sulfate
was considered (Figs. 2 and 3). Results of the statistical
analysis are shown in Tables 1 and 2.

In vivo
Two patients, a 66-year-old woman and a 67-year-old

man, underwent pylorus-preserving pancreaticoduode-

nectomy for periampullary carcinoma, and the woman
also an extended retroperitoneal lymphadenectomy with
the extension of the pancreas resection 5 cm left to the
superior mesenteric vein. They gave written consent for
the stent experiment, which was approved by the Ethical
Committee of Tampere University Hospital. Both pa-
tients had fibrosis in the resection lines of the pancreas.
After the resection, the diameter of the duct in the pan-
creatic body was measured by probing, and was 3.0–3.5
mm. The invaginated pancreaticojejunal anastomosis
was sutured in two layers with interrupted 4-0 Surgilon
(Davis Geck, Wayne, NJ, U.S.A.) stitches (34). Before
completion of the anterior part of the anastomosis, a
5-cm-long barium sulfate-PLA 96 spiral stent with an
outer diameter of 3 mm (inner diameter, 2.2 mm) was
placed into the pancreaticojejunal anastomosis with a

TABLE 2. Statistical difference (p values) of the effect of
pH (study groups 1 and 2), barium sulfate (study groups 2
and 3), and enzymes (study groups 2 and 4) when buckling

force is considered

Weeks pH Barium sulfate Enzymes

0 NS <0.01 NS
2 NS NS NS
4 NS NS <0.05
8 NS NS <0.05

12 <0.01 NS <0.001
16 <0.001 NS <0.001
20 <0.001 NS <0.001
24 <0.001 NS <0.001
28 <0.001 NS <0.001
32 <0.001 NS <0.001
40 <0.001 NS <0.001
52 <0.001 NS <0.001

FIG. 3. Effect of pancreatic enzyme and pH on the buckling force of the stents.

TABLE 1. Statistical difference (p values) of the effect of
pH (study groups 1 and 2), barium sulfate (study groups 2

and 3), and enzymes (study groups 2 and 4) when
compression modulus is considered

Weeks pH Barium sulfate Enzymes

0 NS NS NS
2 NS NS NS
4 NS NS NS
8 NS NS NS

12 <0.05 NS <0.01
16 <0.001 NS <0.001
20 <0.01 NS <0.01
24 <0.001 NS <0.001
28 <0.001 NS <0.001
32 <0.001 NS <0.001
40 <0.001 NS <0.001
52 <0.001 NS <0.001
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tailor-made applicator (Fig. 1), so that 1.0 cm of the stent
was within the pancreatic duct. Neither of the patients
had any postoperative complications during hospitaliza-
tion. Early postoperative plain radiographs confirmed the
stents in place (Figs. 4 and 5). At 8 weeks the man was
symptomless, and the female complained of some diar-
rhea. Plain radiograph controls showed that the stent had
disappeared in the man (Fig. 6). In the woman, a piece of
the stent could be seen in a radiograph photo 12 (Fig. 7)
and 16 (Fig. 8) weeks postoperatively. Both patients had
normal liver chemistry. At 8 weeks, fecal elastase in both
patients was <15 �g/g, indicating pancreatic exocrine
insufficiency. Both used enzyme substitution.

DISCUSSION

Numerous efforts have been made to reduce the inci-
dence of postoperative complications of the pancreatico-
jejunal anastomosis after pancreaticoduodenal resec-
tions. Results of using metal and plastic stents have been
controversial (3). Biodegradable stents in these anasto-
moses have not been experimented with until now, as
they are quite new in gastroenterology.

We have developed a new, biodegradable, radioo-
paque stent to be used to protect pancreaticojejunal anas-
tomosis after pancreaticojejunal resection and investi-
gated its properties in vitro.

When developing a biodegradable stent, it is abso-
lutely necessary to know how long it takes to dissolve.
That means one must be able to follow the degradation in
vivo. Our attempts to follow the degradation of the stents
with MRI or gastroscope did not succeed, even though
the stent could be localized with MRI in an ex vivo
experiment. Finally, we decided to use barium sulfate
mixed with PLA, and after that were able to follow the
degradation with plain radiograph. In orthopaedics the
degradation of biodegradable pins and screws has been
followed up with MRI (35). Biodegradable urethral
stents have been followed up with cystoscopy (36), and
the esophagus stent, with gastroscopy (23).

Our hope was to diminish both problems associated
with pancreaticojejunal anastomoses: early leakage and
late obstruction. So we made a stent with an inner slowly
degradable spiral to keep the anastomosis open as pre-
viously used in urology (10). The spiral was then covered

FIG. 4. In the male patient, the stent can be distinguished in the early
postoperative radiograph photo on the right side of the first lumbar
vertebra.

FIG. 5. In the female patient, the stent can be distinguished in the
early postoperative radiograph photo on the left side of the body of the
first lumbar vertebra.
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FIG. 7. A piece of the stent can be distinguished in the female patient
on the left side of the body of the second lumbar vertebra in the
radiograph photo taken 12 weeks postoperatively.

FIG. 8. A piece of the stent can still be distinguished in the female
patient on the left side of the intervertebral space of the first and second
lumbar vertebrae in the radiograph photo taken 16 weeks postopera-
tively. This photo was taken supine.

FIG. 6. The stent has disappeared in the male patient 8 weeks postoperatively.
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with a faster degradable polyglycolide sheet to lead the
pancreatic juice away from the anastomosis, thus perhaps
ameliorating the effects of anastomotic dehiscence.
However, there were too many technical problems to
insert such a double-layer prosthesis into the anastomo-
sis, and we decided to continue with the spiral only.

Before in vivo experiments, it is essential to know how
long it takes until the stents collapse. So we tested the
mechanical properties of stents in milieux resembling
that of pancreatic juice and bile. In enzyme-rich alkaline
solution, as in pancreatic juice, the stents lost their rigid-
ity in ∼6 months. That is the same time as reported for an
esophageal stent in vivo (23). In the milieu resembling
that of bile, the stents did not collapse until after a year
of incubation. In the milieu resembling pancreatic juice,
barium sulfate had no effect on the degradation time. The
alkaline milieu or enzymes did not have effect separately
on the degradation time of barium sulfate stents. When
the milieu was alkaline and enzymes were present, the
degradation rate was twice as fast compared with a mi-
lieu where only one of these components was present.

In light of our pilot patients, these stents seem to be
safe, although the pancreatic duct tissue reaction to the
PLA stent needs further study. In addition to the previ-
ously mentioned two patients, we had three others, in
whom degradation of the stents could not be followed up.
One of the two pilot patients was asymptomatic, but both
had low fecal elastase values. We do not know if the
stents protected the pancreaticojejunal anastomosis of
these patients after all, or if they had too little functional
pancreatic tissue left. A method to follow up the patency
of the anastomosis is needed to distinguish these condi-
tions. Nor do we know if the degradation time is suitable
(i.e., if the composition of the stents is optimal). When
using plastic stents for biliary strictures, it is known that
occlusion of the stents occurs in a median of 14 weeks
(37). The stents should probably degrade faster, as there
could still be seen particles of the stent in the plain ra-
diograph photo of one patient 16 weeks postoperatively,
and ex vivo, the time to collapse was about 24 weeks.
Risk of pancreatitis may increase if the stent degrades
too slowly, allowing clothing to occur. Conversely, ma-
turing of the scar tissue in the anastomosis may take ∼6
months (38) and to ensure the patency of the anastomo-
ses, the stent should stay in its place long enough. The
degradation time also may vary from patient to patient
according to the exocrine function of the remaining pan-
creas.

In conclusion, it is possible to make biodegradable
stents, the degradation of which can easily be followed
up with simple plain radiographs, for human pancreatic
anastomoses. Alkaline- and enzyme-rich milieux, as

around pancreatic anastomoses, accelerate the degrada-
tion of the stents when compared with biliary-type mi-
lieu. Further studies are needed to confirm the safety and
efficacy of such stents in human pancreaticojejunal anas-
tomoses.
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