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ABSTRACT

Context Pancredtitis is the most frequent
complication of endoscopic retrograde
cholangiopancreatography. Controversy exists
whether low osmolarity non-ionic contrast
agents lessen the rate of pancreatitis and
pancreatic injury. To evaluate we used a
canine model to compare pancreatography
performed with ionic and non-ionic contrast.

Design Dogs were anesthetized and
underwent open transduodenal cannulation of
the main pancreatic duct under fluoroscopic
control until complete acinarization was
achieved to maximize injury. Three dogs
received diatrozate, an ionic contrast agent
with osmolarity of 1,415 mosM and three
dogs were injected with omnipague a non-
ionic agent with osmolarity of 672 mosM.

Main outcome measures Serial amylase and
white cell counts were followed for 48 hours
at which time dogs were sacrificed. Each
pancreas was then examined for evidence of
pancrestitis and cellular injury with both light
and electron microscopy.

Results All animals developed significant
hyperamylasemia and elevated white blood
cell counts, without significant difference in
the mean peak amylase (10,721 U/L vs. 9,367

U/L, P=0.876) or white cell counts (25.8
k/mL vs. 24.1 k/imL, P=0.586) between the
ionic and non-ionic contrast groups. Light
microscopy showed no evidence of
pancredtitis in either group of dogs. Electron
microscopy showed cellular injury of the
ductal cells in two dogs injected with non-
ionic contrast.

Conclusion In a pancreatic canine model, low
osmolarity, non-ionic contrast does not appear
to lessen cellular injury.

INTRODUCTION

Endoscopic retrograde cholangiopancreato-
graphy (ERCP) induced pancreatitis affects
approximately 1-7% of patients with
occasional significant morbidity and rarely
mortality [1]. Currently the etiology of ERCP
related pancreatitis is felt to be multifactorial
including both factors related to the procedure
and to the patient. Speculation centers around
several procedure related factors including
rate and volume of injected contrast materia,
pressure of injection, and edema resulting
from multiple attempts at cannulation of the
sphincter of Oddi. Lack of a suitable animal
model has further hindered the evaluation of
the relative contribution of the various factors
that may lead to post ERCP pancredtitis.
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The type of contrast agent used has been
hypothesized to affect the chance of
pancrestitis associated with ERCP with earlier
studies suggesting decreased risks of
pancreatitis with low osmolar non-ionic
contrast agents [2, 3, 4]. This has been
challenged by other clinical studies that have
not found a significant difference in post
ERCP pancreatitis rate based upon the type of
contrast agent used [5, 6, 7].

Due to the continued controversy and the lack
of any histologic evidence of ionic higher
osmolarity contrast agents causing more
pancreatitis and pancreatic injury we
examined the effect of both an ionic high
osmolarity and a non-ionic low osmolarity
contrast agent in a canine model with
subsequent light and electron microscopy
examinations of the pancreas.

MATERIAL AND METHODS

Six mongrel dogs were the subjects of the
study. The dogs were anesthetized with
intravenous surital (10 mg/kg), intubated, and
maintained on inhaled halothane gas. After
shaving and prepping the abdomen with
betadine, a midline incison was performed
and the duodenum exposed. The second
portion of the duodenum was opened, and the
ampulla of Vater cannulated under direct
visualization with the catheter uniformly 1.5
cm into the papilla. The cannula was sutured
in place 1.0 cm from the papilla and the
duodenum and abdominal wall were closed
prior to injection of the contrast agent.

Contrast material was injected under
fluoroscopic control with stable gentle
pressure until full acinarization (defined as
opacification of acini in the pancreatic
parenchyma by contrast) became apparent.
Overhead films were taken to document
correct placement of the catheter and then
complete acinarization. Three dogs received
diatrizoate meglumine 60%, an ionic contrast
agent with osmolarity of 1,415 mosM
(Hypagques, Sanofi-Winthrop Pharmaceutic-
as, New York, NY, USA). Three dogs
received iopamidol, a non-ionic agent with
osmolarity of 672 mosM (Omnipague 300,

Sanofi-Winthrop Pharmaceuticals, New Y ork,
NY, USA). Because of dlight differences in
the size of the dogs and aso in the size and
shape of each individual canine pancress it
was felt that visualization of acinarization by
fluoroscopy would serve as the best control
rather than amount of or pressure of injection
of the contrast agents. The volume of contrast
needed to achieve acinarization was recorded
for each dog. Pancreatograms were
interpreted by a staff radiologist unaware of
the type of contrast used to ensure that the
pancreatic ducts in each dog were fully and
completely acinarized.

After waking from anesthesia the dogs were
transferred to animal care centers. All dogs
were allowed to have food and water ad lib
over the next 48 hours.

Serum amylase and white blood cell (WBC)
count determinations were obtained from each
dog at zero, six, twelve, twenty-four, and
forty-eight hours after the procedure.

At forty-eight hours post procedure the
animals were sacrificed and the mongrel
pancreases were removed and immediately
fixed in 10% buffered formalin with cuts
being made through the proximal and distal
pancreas. Specimens were then prepared by
fixation in paraffin, microtoming, and staining
with hematoxylin and eosin (H&E).

The H&E and electron micrographs (EM) of
the pancreatic specimens were each read by a
single staff pathologist who was blinded to
the type of contrast used. On H&E
micrographs the specimen was examined for
evidence of interstitial edema and focal areas
of fat necrosis as seen in mild interstitial
pancreatitis and destruction of pancrestic
parenchyma and necrosis of acinar and ductal
tissues as seen in more severe pancredtitis.
[8]. EMs of both the proximal and distal duct
of each anima were obtained and examined
for celular injury. EM criteria for cellular
injury was based upon the presence of myelin
figures, presence of mitochondrial swelling,
and loss of christae within the mitochondria
of the pancreatic cells. Severity of cellular
injury on electron microscopy was classified
as mild (less than 25% of mitochondria
affected), moderate (between 25-50% of
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Figure 1. Fluoroscopic image of canine pancreas after
contrast injection showing marked acinarization of the
pancreatic duct.

mitochondria affected), and severe (greater
than 50% of mitochondria affected).
Comparisons were made between the dogs
injected with ionic high osmolar contrast and
the dogs injected with non-ionic low osmolar
contrast for the presence of pancreatitis on
light microscopy and for the presence of
cellular damage on electron microscopy.

STATISTICS

Data are reported as mean and standard
deviation (SD) values. At each time point of
the experiment the differences in the mean
WBC count and amylase levels were
compared in the two groups utilizing the
ANOVA test. Ninety-five percent confidence
intervals (95% CI) and levels of significance
were reported for the differences in the means
of WBC count and amylase levels in the two
groups. All statistical analysis was carried-out
using SAS software v 8.2.

ETHICS

All procedures were preapproved by the
University of Wisconsin Institutional Review

Board (IRB) and Research Animal Resource
Center (RARC) anima care committee and
met federal guidelines for the humane use and
treatment of animals.

RESULTS

Pancreatic duct injection and visualization
was present in al of the animals. Complete
acinarization was present in al cases as
documented by the endoscopist/surgeon at the
time of the procedure and the radiologist in
reviewing the films afterwards blinded to the
type of contrast used. Acinarization as graded
by the radiologist was felt to be of moderate
to marked in al of the dogs (Figure 1). No
difference between the degree of opacification
of the pancreatic duct or acinarization was
detected based upon the type of contrast
injected. The mean (£SD) amount of contrast
needed to result in complete acinarization for
the group of dogs receiving ionic contrast was
6.0+2.0 mL and the mean amount of contrast
the non-ionic group received was 7.8+4.1 mL
of contrast. There was no sSignificant
difference in the amount of contrast the two
groups recelved to achieve complete
acinarization of the pancreas (P=0.523) with a
mean difference of 1.8 mL (95% CI: -5.4 to
+9.1mL).

The procedure was technically difficult in one
anima (D), in which there was difficulty in
performing adequate cannulation of the
pancreatic duct sufficient to ensure stability of
the cannula. This led to repeated attempts at
deep cannulation before the cannula was
adequately situated 1.5 cm into the duct.

All of the animals developed a significant
degree of hyperamylasemia that was
approximately 6 to 7 fold higher than the
norma amylase level. The amylase level

Table 1. Comparison of mean (£SD) serum amylase levels post pancreatography in dogs that received high-osmolar
ionic contrast and dogs that received low-osmolar non-ionic contrast (reference range: 0-1,450 U/L)

Time High-osmolar ionic ~ Low-osmolar non-ionic  Difference  95% CI for difference P value
(hours) contrast group (U/L) contrast group (U/L) (U/L) (U/L)

0 1,161+592 1,701+264 -504 -1,580 to 499 0.223
6 2,720+817 2,310+£516 410 -1,139t0 1,958 0.503
12 4,214+2,751 3,114+484 1,100 -5,47510 7,676 0.631
24 6,581+5,555 9,367+5,208 -2,786 -14,992 to 9,420 0.561
36 10,271+7,807 2,284+1,133 7,987 -10,629 to 26,603 0.266
48 7,210+4,448 2,594+1,205 4,616 -2,771t0 12,003 0.158
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Table 2. Comparison of mean serum white blood cell count post pancreatography in dogs that received high-osmolar
ionic contrast and dogs that received low-osmolar non-ionic contrast (reference range: 8-15 k/mL)

Time High-osmolar ionic ~ Low-osmolar non-ionic  Difference  95% CI for difference P value
(hours) contrast group (k/mL) contrast group (k/mL) (k/mL) (k/mL)

0 11.6x1.9 11.4£3.4 0.2 -6.210 6.5 0.956
6 23.9+2.6 23.2+3.3 0.7 -6.1t0 7.5 0.788
12 25.1x3.2 22.6x1.3 25 -5.5t010.6 0.382
24 21571 20.3x4.0 1.2 -14t0 16.4 0.818
36 22.7x7.1 19.9+4.7 2.8 -15.7t021.3 0.663
48 19.6+£8.5 18.1+1.1 15 -12.3t015.3 0.777

tended to peak 24-36 hours post procedure
(Table 1). There was no significant
differences between the mean peak amylase
levels of the ionic and non-ionic contrast
group of dogs (10,271 U/L vs. 9,367 UIL;
difference in means. 904 U/L, 95% CI: -
14,140 to 15,948 U/L; P=0.876).

The WBC count level also increased in all
animals after the pancreatic injection (Table
2). The WBC count tended to peak at 6-12
hours post procedure. There was no
significant differences between the mean peak
WBC count levels of the ionic and non-ionic
contrast group of dogs (25.8 k/mL vs. 24.1
k/mL; difference in means: 1.7 k/mL, 95%
Cl: -6.4t0 9.9 k/mL; P=0.586).

The dogs showed no obvious evidence of
clinical disease except for dog D which
refused food and water for the 48 hours post
pancreatic injection and appeared withdrawn,
unwilling to come out of its cage for either
feedings or activity.

On hematoxylin and eosin staining none of
the animals in either contrast group showed
histologic evidence of pancreatitis including

bk, e o
Figure 2. Light microscopy image of canine pancreatic
duct 48 hours after injection of contrast revealing
normal ducta system without evidence of
inflammation or injury.

no evidence of an acute inflammatory
reaction, edema, fat necrosis, nor necrosis of
pancreatic tissue (Figure 2).

On electron microscopy two dogs showed
evidence of reversible cedlular injury,
manifested primarily by mitochondrial
swelling and the presence of myelin figures
(Figure 3). In both of these animals injury was
seen in both the proximal and the distal
pancreatic duct. In both of the dogs showing
cellular injury, the injury was classified as
minor involving less than 25% of the
mitochondria observed. Both dogs that

Figure 3. Electron microscopy , 2000 magnification, of
Dog D pancreas showing pancreatic cellular injury as
demonstrated by the presence of myelin figures
(arrows) and swollen mitochondria with loss of christae
(arrowheads).
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showed evidence of injury on electron
microscopy post-procedure were from the
group that received the non-ionic low osmolar
contrast medium.

DISCUSSION

ERCP induced pancrestitis is a unique entity
because it is a potentially preventable form of
pancreatitis. While occurring in a minority of
patients, it is a purely iatrogenic complication
that can add significant morbidity to the
procedure. Thus, any preventive measure
which can aid in decreasing the incidence and
severity of this complication would be of
clinical benefit.

Controversy in the literature is present in
regard to the potential benefits of non-ionic,
low osmolar contrast media. Several non-
gastrointestinal studies have shown that non-
ionic contrast agents are less likely to cause
tissue necrosis than ionic agents when
injected subcutaneously and are potentially
less toxic in the subarachnoid space and
cardiovascular system [9, 10]. Further, high
osmolar ionic contrast media has been found
to be more cytoxic with increased
chromosomal damage and inhibited cell
growth as compared to low osmolar non-ionic
contrast media in dog gallbladder epithelial
cells[11].

These studies and others have led to clinica
trials directly examining whether using low
osmolar non-ionic contrast medium in the
pancreatic duct at the time of the ERCP
lessens the clinical chance of pancreatitis.
Early studies in the 1980s and 1990s
suggested a potential clinical benefit with
decreased complications when non-ionic
contrast agents were used for pancreatography
during ERCP. O’ Connor et al. randomized 85
patients to receive either diatrizoate
meglumine, an ionic contrast medium or
iopamidate, a non-ionic contrast group. The
group of patients receiving the non-ionic
contrast agent was found to have significantly
lower and less frequent elevations of amylase
and lipase [4]. Barkin et al. also found that
patients who recelved a non-ionic low
osmolar contrast agent at ERCP to have
significantly lower amylase and lipase levels

post ERCP. In addition it was found that
fewer patients developed clinical pancreatitis
as compared to the patients who recelved an
ionic contrast agent [2].

These and other studies suggesting the use of
non-ionic contrast medium to prevent post
ERCP pancreatitis were criticized for drawing
results with few patients studied and poor
methods that did not differentiate between the
type of patients undergoing ERCP nor the
difficulty of the procedure. Subsequently, a
large multi-center study was performed which
compared non-ionic versus ionic contrast
agents in greater than 1,600 patients with the
study divided into subgroups based on patient
characteristics and ERCP  procedure
complexity [6]. No difference was found in
post procedure pancreatitis between the
groups based upon what type of contrast agent
was used.

However, dl of the studies above compared
the use of different contrast agents in clinical
settings with clinical pancreatitis or elevation
of pancreatic enzymes as the endpoints. More
recent studies [12, 13, 14] all have suggested
that clinical pancreatitis post ERCP is a result
of multiple factors. The existing clinical
studies comparing ionic and non-ionic
contrast agents no matter how well designed
did not and could not control for al factors
other than the type of contrast agent used.
Thus, determining if the instillation of
different contrast agents into the pancreatic
duct causes varying amounts of damage to the
pancreas and pancreatic cells may be better
determined by histologic confirmation.
Lacking the ability to safely obtain tissue
samples in humans from the pancreas, animal
models may represent a better opportunity to
define the effect of non-ionic versus ionic
contrast in the pancreas. To date, only two
animal studies have used histologic evidence
to compare the infusion of differing contrast
agents into the pancreas and the two studies
have arrived at conflicting results.

Bub et al. examined the effect of injecting
varying contrast agents into the pancreatic
ducts of cats and found the least amount of
damage with low osmolar non-ionic contrast
mediums by examining the pancreas with
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electron microscopy [10]. Conversely, Saari
et al. using only hematoxylin-eosin stains and
light microscopy found that an ionic contrast
agent resulted in the least amount of damage
in a pig model [15]. Thus, only two animal
histologic studies examining various contrast
media have been performed and these two
studies have found differing results with
regard to the damage caused by ionic vs. non-
ionic contrast.

Our study attempted to further define what
effect the type of contrast agent used in the
pancreatic duct has on the pancreas with
particular attention paid to determining if a
non-ionic low osmolar contrast agent
decreases the amount of pancreatic
inflammation and cellular damage. We chose
to compare the dog pancreas after injecting
the pancreatic duct with either high osmolar
ionic or low osmolar non-ionic contrast using
the serum markers of amylase and WBC, and
more importantly using both light microscopy
and electron microscopy to assess for
histologic pancreatic injury.

Previous clinical studies have used amylase as
a marker to show that non-ionic contrast
agents resulted in less pancreatic damage.
While amylase released into the serum can be
a surrogate marker for  pancreatic
inflammation no proof exists that there is a
direct relationship between amylase peak post
ERCP and pancreatic cellular damage.
However, the fact that amylase levels peaked
to well greater than 5 times normal in the
dogs in both groups and the WBC count rose
within 24 hours suggests at a minimum the
injection and acinarization resulted in at least
the biochemical presence of pancrestitis in
both contrast groups. Even noting that serum
amylase post pancreatography and serum
WBC count are poor markers for definitively
identifying pancresatitis and pancreatic cell
injury, the finding that the dogs who received
the non-ionic contrast did not have lower
serum amylase levels and white blood cell
counts may indirectly support that non-ionic
contrast does not lessen post pancreatography
pancredtitis.

None of the dog pancreases showed evidence
of pancreatitis on H&E staining. Given that

there was no evidence of tissue damage on
light microscopy our study demonstrates that
if the histology of pancreatic injury is to be
best studied electron microscopy is important
and light microscopy may not be sensitive
enough to detect subtle differences in cellular
injury.

Finaly and notably, none of the dogs that
received the ionic, high osmolar contrast
showed any evidence of pancreatic cellular
injury on electron microscopy. Counter to the
hypothesis that non-ionic, low osmolar agents
would result in less cellular injury in the
pancreas was the finding in our study that the
only two dogs that showed evidence of
cellular injury on electron microscopy were
found in the groups that received omnipague,
the non-ionic, low osmolar contrast agent.
This suggests first, consistent with recent
clinical studies, it is likely that low osmolar
non-ionic contrast agents do not result in less
pancreatic damage or pancredtitis. Further,
more closely examining the dogs that did
show evidence of reversible cellular damage
on EM suggests even more so that contrast
medium is not as important as other factors
post ERCP in causing pancreatic cellular
injury. Dog D, the dog that showed the most
mitochondrial swelling required the most
contrast to achieve acinarization and required
by far the most manipulation at the papilla
and duct to achieve acinarization. Thus
factors that have been shown to be a risk for
post ERCP pancreatitis such as difficult
cannulation, papillary trauma, and increased
number of pancreatic injections are likely to
be more important risk factors for pancreatic
cellular damage, reversible or otherwise and
pancreatitis than the type of contrast used
[16].

While our study because of the small number
of dogs examined does not definitively
disprove that non-ionic low osmolar contrast
agents cause less pancreatitis and pancreatic
cellular injury it adds further histologic
evidence to the growing clinical evidence that
the type and osmolarity of contrast medium
used likely does not increase or decrease
toxicity to the pancreas at the time of ERCP.
Given present findings and the collection of
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previous clinical studies in the literature it is
likely that non-ionic low osmolar contrast
agents used during ERCP do not significantly
prevent  post-ERCP  pancrestitis  and
pancreatic cell injury.
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