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Analysis of occluded pancreatic stents and 
juices in patients with chronic pancreatitis 
Marianne E. Smits, MD, PhD, Albert K. Groen, PhD, Kam S. Mok, Jan van Marie, PhD 
Guido N.J. Tytgat, MD, PhD, Kees Huibregtse, MD, PhD 
Amsterdam, The Netherlands 

Background: Pancreatic stents may occlude with time, and there is little infor- 
mation available on the nature of the clogging process. 
Methods: We analyzed the contents of occluded pancreatic polyethylene 
stents in nine patients with chronic pancreatitis. In the same patients, the pro- 
tein patterns in the corresponding pancreatic juices were analyzed. The stents 
had been in place for a mean of 9 weeks (range 2 to 17). 
Results: All stents were occluded at both ends, especially around side holes, 
with thick creamy-white precipitate. The average dry weight of occluding de- 
bris was 3 mg per 3.25 cm 10F stent. Total protein content was 50% (SD 16.3) 
and total calcium 0.8% of dry weight (SD 0.6). Light microscopy showed that 
proteinaceous material completely filled the stent lumen. Yeasts and plant ma- 
terial were seen in two stents. A variable number of bacteria of mixed species, 
sometimes in clumps, were patchily scattered in the protein matrix. Cultures 
of stent contents grew several species of Gram-positive and negative bacte- 
ria. Scanning and transmission electron microscopy showed an amorphous 
protein matrix in all stents, arranged as a network in some areas, but in layers 
in other areas. Sodium dodecylsulfate polyacrimide gel electrophoresis showed 
that protein patterns of stent contents were remarkably different from the pro- 
tein patterns of the juice samples of the same patient. A 66 kD band, identified 
as albumin, appeared in the protein patterns of stent content, whereas it was 
lacking in most juice samples. 
Conclusions: Adherence of protein, especially albumin, plays an important role 
in the process of pancreatic stent clogging. Other factors, such as bacteria, re- 
fluxed duodenal contents, and calcium seem to be of less importance. 
(Gastrointest Endosc 1997;45:52-8.) 

The pain in patients with chronic pancreatitis may 
be due to obstruction of the pancreatic duct with up- 
stream dilatation because of strictures or stones. 1-3 
Endoscopic pancreatic stent insertion may be used to 
relieve pancreatic duct obstruction. This results in 
symptom relief in 60% to 80% of the patients.l-5 Stents 

Received January 26, 1996. For revision February 8, 1996. 
Accepted June 17, 1996. 

From the Academic Medical Center, University of Amsterdam, De- 
partment of Gastroenterology and Hepatology, Amsterdam, The 
Netherlands. 

Reprint requests: Marianne E. Stairs, Gastroenterology and Hepa- 
tology, Academic Medical Centre, P.O. Box 22700, 1100DE Amster- 
dam, The Netherlands. 
37/1/77269 

may also be used to predict symptom response in an 
at tempt to select patients for surgery. In pancreas di- 
visum, putative outflow obstruction from the larger 
dorsal part  of the gland may be improved by stent 
placement across the minor papilla, which is particularly 
effective in a subgroup of patients with acute recurrent 
pancreatitis. 6 Other indications for pancreatic stenting 
are ductal disruption and treatment of pancreatic ascites 
and pleural effusion, as well as draining of pseudocysts 
communicating with the pancreatic duct. 5, 7, s 

A major limitation of the use of pancreatic stents is 
stent occlusion, which causes recurrence of symptoms 
and necessitates repeated stent exchanges. 1-3, 5 The 
optimal time interval for elective stent exchange to 
prevent clogging is not known. 
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A be t t e r  u n d e r s t a n d i n g  of the  m e c h a n i s m  of pan-  
creat ic  s t en t  occlusion would allow the  design of s ten ts  
wi th  a g r ea t e r  longevity.  The re  is li t t le in format ion  
avai lab le  on the  n a t u r e  of the  clogging process.  
P rovansa l -Chey lan  et al. 9 ana lyzed  the  m a t e r i a l  
blocking 10 pancrea t i c  s ten t s  t h a t  had  been  in place 
for per iods of 1 to 24 months .  They  found the  sludge 
to be composed of CaCO3 crystals ,  bac ter ia l  ghosts,  
and  pro te in  th reads .  9 The  ma jo r  componen t  was  pan-  
creat ic  secre tory  protein.  Schmalz  et al. 1° sugges ted  
t h a t  duodenal  ref lux was  the  cause  of pancrea t i c  s t en t  
occlusion. They  found bac te r i a  and  necrotic cells in 
the i r  pancrea t ic  s tents ,  mixed  wi th  calc ium bilirubi- 
ha te ,  ca lc ium carbonate ,  and  a m o r p h o u s  substance .  

To shed some fu r the r  l ight  on this  problem,  we an- 
a lyzed the  ma te r i a l  blocking pancrea t ic  polyethylene  
s ten ts  in nine  pa t i en t s  wi th  chronic pancreat i t i s .  In  
the  s ame  pat ien ts ,  p ro te in  pa t t e rn s  of pancrea t i c  juice 
were  analyzed.  

MATERIALS AND METHODS 

Materials 

Ten pancreatic stents and pure pancreatic juice samples 
were obtained from nine patients with chronic pancreatitis 
who had pancreatic stents inserted between 1993 and 1994. 
Stents were 10 cm Amsterdam-type polyethylene stents, 
eight 10F and two 7F. The indication for stenting was 
chronic pain or recurrent pancreatitis and the presence of a 
pancreatic duct stricture with proximal dilatation. The 
cause of chronic pancreatitis was alcohol abuse in six 
patients and unknown in the other three. The stents had 
been in place for a mean of 9 weeks (range 2 to 17) and were 
removed endoscopically. 

Simultaneously with stent removal a pancreatic juice 
sample was taken (2 to 5 ml) by placing the tip of a catheter 
in the pancreatic duct and aspirating the juice. Secretin (75 
clinical units) was given intravenously to stimulate pancre- 
atic juice secretion. 

Methods 

Pancreatic stents and juice samples were processed im- 
mediately or stored at -20 ° C. The stents were visually in- 
spected and 2 to 3 mm segments were taken for scanning 
electron microscopy (SEM) and transmission electron mi- 
croscopy (TEM). From the middle of the stent, a sample of 
contents was removed with a sterile scalpel for bacteriologic 
culture. 

For further analysis, the stent contents were solubilized 
by repeatedly washing the inside of the stent, with 1 ml/cm 
sterile water, into a sterile container. Vortexing for 5 min- 
utes completed the dissolution process. An aliquot of known 
volume was lyophilized and weighed to determine dry 
weight of stent contents. Total protein was determined with 
the Lowry method. 

Protein patterns of stent contents and pancreatic juices 
were defined by sodium dodecylsulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Specific protein bands were 
excised and sent for amino-terminal sequencing. 

Microscopy 

A sample of unfixed stent contents was placed on a clean 
slide, then examined with a polarizing light microscope 
(Zeiss, Oberkochen, Germany). 

Fixed 2 to 3 mm stent sections were embedded in meth- 
ylmethacrylate resin, and sections 1 pm thick were ob- 
tained. Sections were stained with hematoxylin and eosin 
(H&E), Gram's stain for bacteria, periodic acid-Schiff (PAS) 
stain for mucin and polysaccharide, and van Kossa for cal- 
cium. 

The resin-embedded processing of the stents ensured that  
CaCO3 crystals would be detected if present. Calcium 
bilirubinate could be recognized as a golden pigment on 
H+E. 

Scanning electron microscopy 

Glutaraldehyde-fixed specimens were washed twice in 
phosphate buffer, dehydrated in ascending concentrations 
of ethanol, critical-point dried or treated with hexamethyl 
disilazine, sputter coated with approximately 15 nm of gold, 
and examined with an ISI SS40 scanning electron micro- 
scope at 10 kV acceleration voltage. Other samples were 
simply air dried, sputter coated and then examined. 

X-ray microanalysis 

To assess the calcium contents, selected areas of the 
scanning electron microscopy specimens were examined by 
electron beam microanalysis. By using this technique, local 
chemical composition of solid samples can be determined. A 
fine beam of monoenergetic electrons is focused within the 
area of interest on the specimen surface, using a Philips 505 
scanning electron microscope (Philips, Endhoven, The Neth- 
erlands) with a DX-4 EDS attachment at an acceleration 
voltage of 15 kV. As a result of interaction between imping- 
ing electrons and the local material, characteristic x-rays 
are emitted by the constituent chemical elements. Analysis 
of x-rays was accomplished by an energy dispersive spec- 
trometer. 

Transmission electron microscopy 

The fixed material was washed three times in phosphate 
buffer, postfixed with 2% osmium tetroxide, washed twice in 
phosphate buffer, and dehydrated. The specimens were em- 
bedded in Epon embedding medium (Ladd Research Indus- 
tries, Burlington, Vermont), sectioned, stained with uranyl 
acetate and lead citrate, and examined in a Philips 420 
transmission electron microscope operating at 80kV. 

SDS-PAGE electrophoresis 

Sample buffer was added to the samples of pancreatic 
juice or stent contents. Phenylmethylsulfonyl fluoride, an 
inhibitor ofproteolysis, was added (1 mM) first. These sam- 
ples were heated at 100 ° C for 3 minutes and centrifugated. 
Electrophoretic separation of proteins was carried out in 
12% gels according to the SDS-PAGE method. 11 Gels were 
stained with silver (Biorad) and with Coomassie blue. Mo- 
lecular weights were determined by comparison with com- 
mercial standards (Biorad). 
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Figure 1. End-on view of typical blocked pancreatic stent 
(10F). 

Figure 3. SEM of protein as a network. ArtefaCtual separation 
of matrix and stent wall (arrow) occurred during processing 
(Scale: 5pm.) 

Figure 2. Protein matrix in an occluded stent (H&E). (Scale: 
100 IJm.) 

Protein sequencing 

Fractionated proteins were detected with SDS-PAGE un- 
der reducing conditions 11 using a small 11 gel system (Hoe- 
fer Scientific Instruments, San Francisco, Calif.). Gels were 
run and transferred to a polyvinyldifluoride membrane us- 
ing a 3-[cyclohexylamino]-l-propane sulfonic acid buffer as 
described by le Gendre et al. 12 The membranes were stained 
with 0.1% Coomassie blue R-250 in 50% methanol and 
destained with a 50% methanol/10% acetic acid solution. 
Protein bands were excised and subjected to amino-terminal 
sequencing. 

RESULTS 

Direct examina t ion  of the s tents  showed tha t  all 
s tents  were completely blocked wi th  a thick, creamy- 
white material (Fig. 1). The blocking material was gelat- 
inous and closely attached to the stent wall. Minimal solid 
material was adherent  on the outside of the stent. The 
stents were completely obstructed at  both ends, and most 
were blocked along their entire length. Direct examina- 
tion of pancreatic juice showed a cloudy juice containing 
particles. In some cases there was a tinge of blood. 

The average dry  weight  of the  s tents  was 3 mg per  
3.25 cm 10F s tent  (SD 2.42). Total  protein content  was 
50% of dry weight  (SD 16.3). Total  calcium content  
was 0.8% of dry  weight  (SD 0.6). 

Light  microscopy (LM) showed mesh-l ike eosino- 
philic proteinaceous mater ia l ,  completely filling the 
lumen  (Fig. 2). PAS staining showed t ha t  no signifi- 
cant  mucoproteins  were present .  There  was minimal  
calcium bil irubinate.  Calcium carbonate  crystals  were 
seen in the unfixed s ten t  plug from only one pa t ien t  
and were few in number .  Calcium, as shown by the 
van Kossa stain on LM, s ta ined in patches colocaliz- 
ing wi th  areas  s ta ining for protein on H&E and  was 
p rominen t  in th ree  stents.  

At the duodenal  end of the stent, characterist ic bud- 
ding yeas t  forms were seen in two stents  and plant  ma- 
terial in two. Birefr ingent  globules with a "Maltese- 
cross" appearance were noted in the unfixed s tent  plug 
from two patients,  indicating lipid globules. An occa- 
sional epithelial cell was found in one patient.  

A prote inaceous mat r ix  was presen t  in all s tents  at  
SEM and TEM, confirming the LM findings. SEM 
showed t ha t  the  prote in  was a r ranged  as a ne twork  in 
some areas  of the s tent  (Fig, 3), bu t  in layers  in o ther  
areas  (Fig. 4). Both pa t t e rns  were presen t  in different  
areas  of the same stent.  TEM showed tha t  the ma t r ix  
had  the u l t r a s t ruc tu ra l  fea tures  of prote in  (Fig. 5). 
The  protein was a r ranged  in lamel lae  in some areas;  
fibrils were seen less frequently.  Prote in  coated the 
s tent  wall, and  in no cases were bacter ia  seen in direct  
contact  with the s ten t  wall. 

SEM revealed tha t  some areas  of the prote in  ma t r ix  
were g ranu la r  (Fig. 6). Energy-dispers ive  spectrome- 
t ry  (EDS) examinat ion  (Fig. 7A) revealed t ha t  these 
g ranu la r  areas  were approximate ly  100-fold enr iched 
in calcium, as compared  to sur rounding  areas  t ha t  had  
the appearance  of prote in  (Fig. 7B). 
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Figure 4. SEM of amorphous protein and protein in layers. 
(Scale: 5~Jm.) 

Figure 6. SEM of coliform bacteria (small arrows) on and in 
the matrix. Granular projections (large arrows) are probably 
CaCO 3 microcrystals. (Scale: 5pm.) 

Figure 5. TEM of amorphous protein matrix adherent to stent 
wall (arrow). (Scale: 1.0 pm.) 

Figure 7. X-ray microanalysis A, Areas appearing granu- 
lar on SEM (Fig. 6) had a high calcium content on EDAX 
(CaKa elevation), suggesting they were modified CaCO3 
microcrystals (CaCO3 protein complexes). B, Areas with 
a protein-like appearance (Fig. 6) had a low calcium signal 
on EDAX. C, Carbon; N,. nitrogen; O, oxygen; Na, sodium; 
Au, go!d; Ca, calcium; Ka, K shell c~; Kb, K shell 13; KeV, 
Kilo electron Volt. Gold peak is due to sputter coating of 
scanning electron microscopy specimens with 15 nm 
gold. 
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Figure 8. This stent had many bacteria, some in clumps. 
(Scale: 100 IJm). 

At LM, a variable number of bacteria of different 
species, sometimes in clumps, were patchily scattered 
in the matrix (Fig. 8). The number of bacteria varied 
from patient to patient, and within the same stent. 
The predominant species cultured were Gram-nega- 
tive bacteria (Klebsiella and Escherichia coli), Gram- 
positive (Streptococcus faecalis, Staphylococcus epi- 
dermidis ,  s-hemolytic streptococcus), and a mixture of 
gram-positive and negative anerobes were also seen. 
Viability of the bacteria was 80% as assessed by plate 
counts. 

SEM showed a few coliform bacteria scattered in 
foci (Fig. 6). TEM showed that most bacteria existed 
in colonies, sometimes consisting of different species. 
The number of bacteria differed from stent to stent, 
and within each stent. The bacteria were surrounded 
by a fibrillar glycocalyx that  cemented them to each 
other to form colonies. 

Stents that  were processed immediately or after a 
period of storage at -20 ° C yielded comparable micro- 
scopic results. The results were also similar in pa- 
tients whose chronic pancreatitis was due to alcohol or 
was idiopathic. 

Figure 9 shows the SDS-PAGE patterns of samples 
derived from stent content and corresponding pancre- 
atic juice samples of four different patients. The juice 
samples showed characteristic bands at around 57 kD 
and between 30 and 40 kD in all patients. In addition, 
most samples contained intense bands at around 14 
kD, corresponding to the molecular weight of pancre- 
atic stone protein (lithostatin). A 92 kD band, corre- 
sponding to GP2, was rarely seen. The protein pat- 
terns of the samples derived from stent content were 
remarkably different from the protein patterns of the 
juice sample. Notably, in the stent samples there was 
a general shift to higher molecular weight, little 
staining in 30 to 40 kD staining, and appearance of a 

Figure 9. SDS-PAGE protein patterns of samples from pan- 
creatic stents and corresponding pancreatic juices in four dif- 
ferent patients. S, Stent; J, juice. In each lane about 10 pg of 
protein was loaded. In the last lane a mixture of standard pro- 
teins (ST) was electrophoresed. 

66 kD band, which was lacking in most juice samples. 
In most samples from stent content, the 66 kD and 57 
kD bands were the predominant proteins present. 
Compared to the juice samples, the content of litho- 
statin (14 kD) was reduced. 

Amino-terminal sequencing showed that  the 66 kD 
protein band was human serum albumin and the 57 
kD protein band was a degradation product of albu- 
min. 

DISCUSSION 

Pancreatic stents were found to be blocked by a pro- 
teinaceous matrix. Bacteria, refluxed duodenal con- 
tents, and minimal calcium can be found in this 
matrix. The eosinophilic staining characteristics, the 
ultrastructural features, and the EDS composition all 
suggest that  the matrix is predominantly proteina- 
ceous in nature. There is no consistent organization or 
arrangement of the matrix, suggesting that particu- 
late elements such as bacteria become more or less 
randomly trapped in the matrix as it forms. The ma- 
trix has different forms in different parts of the same 
stent: layered in some and network-like in other areas. 
It is possible that  the different appearance of the net- 
work in different areas could be due to variation in lo- 
cal concentrations of the different proteins or trace el- 
ements, resulting in the formation of different struc- 
tures with a variation in morphology. 

Most likely, the initial step in stent blockage is the 
adherence of proteins to the inner surface of the stent 
(Fig. 3). The stent lumen is narrowed by the progres- 
sive deposition of protein, and possibly the adhesion of 
protein plugs, if present, in the pancreatic juice. 
Duodenal reflux may contribute some particulate 
mat te r  to the matrix, particularly at the duodenal end 
of the stent, but  does not seem to be mechanistically 
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important to stent blockage. The absence of calcium 
bilirubinate and of large quantities of plant material 
and mucous suggest that  duodenal reflux was not im- 
portant. Bacteria seem to colonize the matrix. How- 
ever, bacterial biofilm, if present, does not prove to be 
a major mechanism contributing to stent occlusion. 
The amount of calcium in our stents was small. If  the 
calcium was nonspecifically adsorbed from pancreatic 
juice, it would be expected to stain the matrix homo- 
geneously. Compared with our results, Provansal- 
Cheylan et al. 9 found a greater prevalence of CaCO3 
crystals in their study, which may be due to a longer 
stenting period. Alternatively, because their stents 
were left to dry at room temperature, calcium that  was 
present in the stent plug may have precipitated in 
crystalline form. 

Why do proteins precipitate in the duct lumen to 
form plugs? The pathogenesis of protein plugs is un- 
clear, and it is unclear whether they are a cause or 
consequence of chronic pancreatitis, although the lat- 
ter hypothesis is favored. Other authors noted that  the 
duct epithelium in the immediate area of the protein 
plug is frequently damaged and they found that  these 
protein plugs stained with antibodies against serum 
proteins, suggesting that  serum proteins exuded 
through the damaged duct wall in chronic pancreati- 
tis and contributed to the protein precipitate in the 
duct lumen. 13, 14 In support, TEM of plugs showed 
fibrillar material resembling f i b r i n .  13 An alternative 
theory suggests that  premature pancreatic enzyme 
activation in the pancreatic duct can precipitate pro- 
teins, resulting in the formation of protein plugs, and 
is supported by the occasional finding of activated en- 
zymes in pancreatic juice. Kern et a1.15 found in a TEM 
study that  pancreatic protein secretions in normal 
subjects had a tendency to aggregate even when they 
had been just  secreted into the duct lumen. He postu- 
lated that  the increased protein concentration seen in 
the pancreatic juice of patients with chronic pancre- 
atitis may accelerate the process of aggregation, 
resulting in macroscopic plugs. Once formed, it is 
likely that  these plugs obstruct some ducts, which can 
then accelerate the process of duct damage. 

Protein plugs may form the nidus for calcium dep- 
osition and are likely precursors of pancreatic stones. 
Pancreatic stones have a sponge-like organic matrix of 
protein and mucopolysaccharide. The protein matrix 
of pancreatic stones resembles the matrix of occluded 
pancreatic stents. However, the protein pat tern of 
pancreatic stones and stent content is different. Stones 
have been reported to consist mainly of calcium com- 
plexes of pancreatic stone protein. The major compo- 
nent of the stent content was serum albumin. We can 
only speculate about the reason why this protein ac- 
cumulates in the stent. Albumin is not a major protein 
in juice and probably ends up in pancreatic secretion 

due to damage of the tissue wall. This leakage most 
probably increases after stent placement, since the 
stent inflicts damage to the pancreatic duct. It is well 
known that  albumin contains hydrophobic binding 
sites, which could play a role in binding of the protein 
to the stent wall. But  we have no explanation why the 
protein escapes degradation by the proteolytic en- 
zymes present in the pancreatic juice. Perhaps the 
protein precipitates in a complex with calcium salts 
and the 57 kD breakdown product. Recently, it has 
been suggested that  GP2, the pancreatic homolog of 
uromodulin, plays an important role in precipitation 
of protein plugs in chronic pancreatitis. We rarely ob- 
served a 92 kD band in the stent material, suggesting 
that precipitation of protein plugs occurs via a differ- 
ent mechanism. 

Our observations suggest that  bacteria are trapped 
singly or in colonies during matrix formation and, once 
trapped, they may continue to grow in situ. Bacterial 
survival in potentially unfavorable conditions such as 
in pancreatic juice and in pancreatic stents is aided by 
the presence of a glycocalyx coat. 16 This glycocalyx is 
recognized on TEM as a fibrillar coat surrounding 
each bacterium, which cements bacteria to one an- 
other to form colonies, protecting and allowing the 
microorganisms to grow. Both TEM and LM showed 
that the bacteria were not adherent to the inner or 
outer wall of the stent, and in all stents a layer of pro- 
tein separated any bacterium from the stent wall. 
Some areas of the matrix had no bacteria, suggesting 
that  bacteria are not necessary for the formation of the 
protein matrix in pancreatic stents. Micro-organisms 
contribute a relatively small volume to the material 
blocking pancreatic stents. Bacteria most likely colo- 
nize the matrix once it has formed. The pancreatic 
duct of healthy individuals is normally sterile. Bacte- 
ria from the upper digestive tract may be introduced 
into the pancreas when the pancreatic duct is cannu- 
lated, and a pancreatic duct stent probably predis- 
poses to reflux of duodenal contents, which can intro- 
duce more bacteria. A variety of gram-positive and 
gram-negative bacteria were found in our pancreatic 
stents, which has also been described by others. 17 

It would be useful to design pancreatic stents that  
remain patent  for a longer period of time. Decreasing 
protein concentration in the abnormal pancreatic 
juice could decrease the rate of protein accretion onto 
the stent, but  there are no methods available at 
present to accomplish this goal. Oral citrate and 
trimethadione therapy were useful in some patients to 
decrease pancreatic stone size, probably by an in- 
crease in the solubility of calcium carbonate, but  the 
long-term use of these agents is not known, ls,19 
Impregnation of pancreatic and biliary stents with the 
antibiotic cefoxitin did not alter the occlusion rate. 2° 
This finding is not surprising since it is not likely that  
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bacteria play a major role in stent occlusion. The use 
of metal stents in the pancreatic duct is not advocated 
at present, since these stents are nonremovable and 
may result in ductal obstruction due to mucosal 
hyperplasia. 21 Prophylactic stent exchange has been 
advocated to prevent complications from blocked 
stents. However, repeated procedures are associated 
with an increased morbidity and higher costs, and it 
is not clear at which interval the stents should be ex- 
changed. 22 The most promising developments may lie 
in stent polymers to which proteins adhere less, per- 
haps by modulation of stent composition and its sur- 
face properties. 
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