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Abstract

AIM: To study if the angiotensin II receptor blockers
(ARB) losartan counteracts pancreatic hyperenzymemia
as measured 24 h after endoscopic retrograde cholan-
giopancreatography (ERCP).
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METHODS: A triple-blind and placebo-controlled ran-
domized clinical trial was performed at two Swedish
hospitals in 2006-2008. Patients over 18 years of age
undergoing ERCP, excluding those with current pancre-
atitis, current use of ARB, and severe disease, such as
sepsis, liver and renal failure. One oral dose of 50 mg
losartan or placebo was given one hour before ERCP.
The relative risk of hyperenzymemia 24 h after ERCP
was estimated using multivariable logistic regression,
and expressed as odds ratio with 95% confidence inter-
vals (CIs), including adjustment for potential remaining
confounding.

RESULTS: Among 76 participating patients, 38 were
randomized to the losartan and the placebo group, re-
spectively. The incidence rates of hyperenzymemia and
acute pancreatitis among all 76 participating patients
were 21% and 12%, respectively. Hyperenzymemia
was detected in 9 and 7 patients in the losartan and
placebo group, respectively. There were no major dif-
ferences between the comparison groups regarding
cannulation difficulty, findings, or proportion of patients
requiring drainage of the bile ducts. There were, how-
ever, more pancreatic duct injections, a greater extent
of pancreatography, and more biliary sphincterotomies
in the losartan group than in the placebo group. Losar-
tan was not associated with risk of hyperenzymemia
compared to the placebo group after multi-varible logis-
tic regression analysis (odds ratio 1.6, 95%CI 0.3-7.8).

CONCLUSION: In this randomized trial 50 mg losartan
given orally had no prophylactic effect on development
of hyperenzymemia after ERCP.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis is a setious complication after endo-
scopic retrograde cholangio-pancreatography (ERCP)
affecting 1%-10% of the patients““s]. Elevation of pan-
creatic enzymes in serum (hyperenzymemia) is linked
with pancreatitis, and occurs in 25%-40% of the patients
after ERCP"**". Known risk factors for post-ERCP
pancreatitis include female sex, previous pancreatitis,
and procedure-related factors, including pancreatic duct
injection, cannulation difficulties, and use of sphincter-
otomy"””. Several agents have been evaluated in the pre-
vention of post-ERCP pancreatitis in clinical trials. Some
groups of medications have not been associated with
convincing effects, e.g., anti-secretary drugs ™", protease
inhibitors!**'**!, heparinm], and other anti-inflammatory
drugs”™**. Other drugs, however, have shown promising
effects, e.g, interleukin 10, glyceryl trinitrate””, and an-
tibiotics™”. To date, however, there is no established med-
ical prophylaxis against pancreatitis after ERCP. There is
supportt for the new hypothesis that angiotensin Il type
1 receptor blockers (ARB) prevent the development of
pancreatitis or pancreatic hyperenzymemia after ERCP.
Acute pancreatitis activates a local pancreatic renin-angio-
tensin system as well as the circulating renin-angiotensin
system[29’3()]. Experimental research has shown that the
angiotensin I type receptor and angiotensinogen are
highly expressed in inflamed pancreatic tissue, and that
administration of angiotensin Il increases the secretion
of pancreatic enzymes"". This increased secretion can
in turn be blocked by the ARB losartan (Cozaar®)[31’32].
Morteovert, losartan can prevent induced acute pancreatitis
in rats” . Furthermore, a recent case-control study by
our group indicated a decreased risk of acute pancreatitis
among patients treated with ARB". We have therefore
conducted a clinical trial to test whether losartan prevents
pancreatic hyperenzymemia after ERCP.

MATERIALS AND METHODS

A triple-blind, placebo-controlled randomized trial was
performed at two Swedish hospitals, Karolinska Univer-
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sity Hospital and Kalmar County Hospital, during the
study period May 1, 2006 through October 31, 2008.
There was a temporary intermission in the inclusion of
patients during the period October 31, 2007 to May 1,
2008 to allow manufacturing of additional placebo cap-
sules because of a restricted durability. The performing
endoscopists recruited study patients. A capsule of 50
mg losartan or an identical capsule of placebo was given
orally one hour before the ERCP. The dose was selected
to minimize adverse side effects and yet ensure adequate
penetration to the pancreatic tissue” ™. The capsules
were manufactured by Apoteket AB Produktion och Lab-
oratoriers. The primary study outcome was occurrence
of hyperenzymemia 24 h after ERCP. Hyperenzymemia
was defined as plasma levels of pancreatic amylase or
lipase at least three times above the upper reference level.
Post-ERCP pancreatitis was a secondary outcome, de-
fined as persistent upper abdominal pain combined with
hyperenzymemia 24 h after ERCP.

Patients

Eligible for the study were patients older than 18 years,
scheduled for ERCP. The study aimed to investigate first-
time ERCP patients, and therefore set an arbitrarily cho-
sen time limit to one year since last ERCP to be included
in the study. Other exclusion criteria were: previous
ERCP within one year, current elevation of pancreatic
amylase or lipase, ongoing acute or chronic pancreatitis,
current use of ARB or angiotensin [ converting enzyme
inhibitor, bilateral renal artery stenosis (or unilateral in
patients with a single kidney), known hypersensitivity
to ARB, pregnancy, breastfeeding, or predefined severe
disease (ongoing sepsis, disseminated intravascular co-
agulopathy, acute circulatory collapse, severe dehydration,
hypovolemia, severe renal insufficiency, or severe liver
failure). The participating patients were asked about their
medical history and underwent a physical examination.
Measurements of blood pressure and heart rate, and as-
sessment of pain on a Visual Analogue Scale were per-
formed at baseline (one hour before the ERCP) and 24 h
after the ERCP. Blood pressure and heart rate were also
registered hourly until 6 h after the procedure, and later if
needed. Blood samples were collected at baseline, and at
one, four, and 24 h after the ERCP. In all other respects,
the ERCP procedure and ensuing patient care followed
the standard clinical routines.

Randomization and blinding

The included patients were randomized to the losartan
group or the placebo group by use of consecutive closed
study envelopes containing the individual study code, the
case report form and the selected capsule. The study co-
ordinator assigned active or placebo drug using computer
generated random numbers. The randomization was
made in blocks of 10 with equal distribution of active
and placebo drugs at the patticipating centres. The study
coordinator, who was not involved either in the patient
care or in the analysis of the data, held the key to the
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291 gatlents Study
considered -

. . participants
for inclusion

Losartan group,

215 patients excluded: =38

142 recent ERCP

36 ARB or ACE inhibitor use

9 acute pancreatitis

8 declined participation

7 unable to participate

2 allergic to ARB or ACE-inhibitors

2 chronic pancreatitis

2 septicemia or DIC

2 dehydrated or hypotensive

2 pre-ERCP elevated serum
pancreatic enzymes

2 severe liver cirrhosis or renal
insufficiency

1 < 18 years old

Placebo group,
n =38

Figure 1 Flowchart of the patients who underwent endoscopic retrograde
cholangio-pancreatography and were considered for inclusion in the
study. DIC: Disseminated intravascular coagulation; ECRP: Endoscopic retro-
grade cholangiopancreatography; ARB: Angiotensin II receptor blockers; ACE:
Angiotensin I converting enzyme.

study code. The participating patients, the endoscopists
performing the ERCP, and the evaluators of the outcome
were all kept unaware of the drug used until after the
analyses.

Endoscopic retrograde cholangiopancreatography

The included patients fasted for 6 h before the ERCP.
During the ERCP procedure, the patients received mid-
azolam or diazepam for sedation and ketobemidone
(Ketogan ) for analgesia. Glucagon or butylscopolamine
(Buscopan”) was given to reduce intestinal motility if
needed. Omnipaque [140-240 mgl/ml. (GE Healthcare,
CA, United States)| was used as contrast medium to visu-
alize the biliary and pancreatic ducts. All participating en-
doscopists were experienced in ERCP. The endoscopist
documented the following data immediately after com-
pleting the ERCP: indication for ERCP, degree of can-
nulation difficulty [easy, medium, difficult (> 15 attempts
or > 5 min for deep cannulation after initial cholangio- or
pancreatography), or failed], findings, degree of contrast
filling of the pancreatic duct, number of contrast injec-
tions in the pancreatic duct, endoscopic procedures and
interventions performed, and duration of the procedure.

Ethics

All participants signed written informed consent before
inclusion. The regional ethical committee in Stockholm
and the Medical Products Agency in Sweden approved
the study. The trial was registered according to regula-

tion formulated by the European Medicines Agency and
Good Clinical Practice™.

Statistical analysis
The sample size was estimated on the basis of the fol-
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lowing assumptions: (1) an incidence of hyperenzymemia
of 40%; (2) a reduction of hyperenzymemia to 10% in
the losartan group; (3) a significance level (alpha) of 0.05;
and (4) a power of 80%. Using two-sample comparison
of proportions, the corresponding sample size was 38 pa-
tients in each group. We evaluated all patients included in
the group to which they were randomized, i.e., according
to the analytical rule of intention to treat. To assess the
impact of missing outcome data, we analyzed the data
using the method of last observation carried forward™”.
The Fisher exact test or y” test was used for analysis of
categorical variables. An analysis of variance or median
test was performed for continuous data. To adjust for any
imbalance of potentially confounding factors occurring
in spite of randomization, we used multivariable logistic
regression to estimate the relative risk of hyperenzyme-
mia by calculating odds ratios (OR) with 95% confidence
interval (CI). The following variables were adjusted for in
the final multivariable model: sex, age (grouped into < or
= 65 years), body mass index (BMI, expressed as kg/m2
and categorized as < 20, 20-25, or > 25), history of pan-
creatitis (yes or no), study center (Karolinska University
Hospital or Kalmar County Hospital), and ERCP dura-
tion (continuous variable). Other potential confounders,
including degree of technical difficulties during ERCP,
sphincterotomy, biliary drainage, and time between drug
intake and ERCP, were tested in the regression model,
but since they did not influence the risk estimates but
only diluted the precision of the estimates they wete not
included in the final model. The statistical analyses were
performed with SAS Statistical Package (version 9.0, SAS
Institute Inc., Cary, NC, United States).

RESULTS

Study participants and procedures

Among 291 patients considered for inclusion, 215 were
excluded. The reasons for these exclusions are listed in
Figure 1. The most common reason for exclusion was
recent ERCP (# = 142). Among the remaining 76 pa-
tients, 38 were randomized to the losartan group and 38
to the placebo group. Some characteristics of the study
participants are presented in Table 1. The distribution
of patients between the participating centres was equal
in the comparison groups. Men were overrepresented in
the losartan group. The distributions by age, BMI, history
of pancreatitis, and the indications for the ERCP were
equal between the groups, although there were fewer pa-
tients with jaundice and cholangitis in the losartan group
(Table 1). However, there were no statistically significant
differences in between the groups. At baseline the mean
arterial blood pressure was the same, 100 mm Hg, in the
two groups, but 24 h after the ERCP it was lower in the
losartan group than in the placebo group (93 mmHg »s
98 mmHg; P < 0.05). As shown in Table 2, there were
no major differences between the comparison groups re-
garding cannulation difficulty, findings, or proportion of
patients requiring drainage of the bile ducts. There were,
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Table 1 Characteristics of the 76 participating patients and

indications for their endoscopic retrograde cholangiopancreat
ography n (%)

Table 2 Distribution of procedure-related findings at
endoscopic retrograde cholangiopancreatography in the 76
participating patients 7 (%)

Characteristic Losartan group Placebo group Finding/procedure’ Losartan group Placebo group
Total 38 (100) 38 (100) Total 38 (100) 38 (100)
Study centre Cannulation of the common bile duct

Karolinska 19 (50) 19 (50) Cannulation difficulty”

Kalmar 19 (50) 19 (50) Easy or medium 27 (71) 27 (71)

Sex Difficult or failed 10 (26) 9(24)
Male 22 (58) 16 (42) Pancreatography
Female 16 (42) 22 (58) Number of pancreatic duct injections”

Age, yr None 21 (55) 24 (63)
<65 13 (34) 14 (37) 13 15 (39) 11 (29)
=65 25 (66) 24 (63) >4 1(3) 265

Body mass index, kg/m’ Extent of pancreatography”
<20 3(8) 2(5) None 21 (55) 24 (63)
20-25 14 (37) 14 (37) Main duct 12 (31) 11 (29)
>25 7 (18) 9 (24) First branch, second branch, and 4 (11) 2(5)
Unknown 14 (37) 13 (34) acinarisation

Previous pancreatitis Procedure-related findings in bile ducts®
No 34 (89) 35 (92) Normal 5(13) 3(8)
Yes 4(11) 3(8) Gallstone 13 (34) 14 (37)

Indication for ERCP! Suspected cancer 6 (16) 8 (21)
Jaundice without cholangitis 20 (53) 21 (55) Dilatation, benign or undetermined 14 (37) 10 (26)
Jaundice with cholangitis 7 (18) 9 (24) stricture, or anomaly
Suspected tumour in pancreas or bile 10 (26) 13 (34) Procedure-related findings in pancreas’

ducts Not contrast-filled 21 (55) 24 (63)
Suspected benign disease, i.e., biliary 20 (53) 16 (42) Normal 13 (34) 10 (26)

lithiasis, stricture or other disease Suspected cancer 0(0) 1(3)

Dilatation 3(8) 1(3)
'Since each procedure could have several indications, the sum of percent- Endoscopic procedure
ages could be > 100. ECRP: Endoscopic retrograde cholangiopancreatogra- Biliary sphincterotomy
phy. No 11 (29) 14 (37)
Yes 27 (71) 24 (63)
Biliary stenting
however, more pancreatic duct injections, a greater extent e 2 (CE) (L)
o : ) Yes 14 (37) 15 (39)
of pancreatography, and more biliary sphincterotomies ERCP time, mir’
in the losartan group than in the placebo group (Table <30 13 (34) 10 (26)
2). No patient received pancreatic stent. No patients with =30 22 (58) 26 (68)
especially hlgh risk of pOSt-ERCP pancreatitis entered Time between intake of losartan or placebo capsule and ERCP, min
the study, e.g, individuals with sphincter Oddi’s dysfunc- ;6(?0 22 g:; 3i gg

tion, and no high risk procedures, e.g., sphincter Oddi
manometry, duct balloon dilatation, or pancreatic sphinc-
terotomy, were performed.

Pancreatic enzyme levels

The incidence rates of hyperenzymemia and acute pan-
creatitis among all 76 participating patients were 21%
and 12%, respectively. In total, 9 patients in the losartan
group and 7 patients in the placebo group showed hy-
perenzymemia 24 h after ERCP (P = 0.51) (Table 3).
No decreased risk of hyperenzymemia was found in the
losartan group compared to the placebo group in the
multivariable adjusted regression model (OR 1.6, 95%CI
0.3-7.8). The median serum amylase concentration at
baseline was similar in the two groups (0.44 in the losar-
tan group and 0.46 in the placebo group; P = 0.64). No
significant differences in the amylase or lipase values one
hour post-ERCP in the comparison groups were seen
(data not shown). There was no statistically significant
difference in median serum amylase between the groups
24 h after ERCP (0.62 in the losartan group and 0.82 in
the placebo group, P = 0.33). Hyperamylasemia occurred
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'The endoscopist assessed degree of technical difficulty; “The total number
of participants was 38 patients in each variable, and a sum < 38 indicate
missing values between n = 2-5. ECRP: Endoscopic retrograde cholangio-
pancreatography.

in 8 patients in the losartan group and in 4 patients in the
placebo group (P = 0.53) (Table 3). Similarly, there was
no substantial difference in serum lipase value between
the groups ecither at baseline (0.53 and 0.48 in the losartan
and placebo groups, respectively, P = 0.47) or 24 h after
ERCP (0.77 and 1.07 in the losartan and placebo groups,
respectively, P = 0.62). Eight patients had hypetlipasemia
24 h after ERCP in the losartan group, and 7 in the pla-
cebo group (P = 0.89) (Table 3).

The evaluation of the effect of missing outcome data
using the enzyme levels 4 h after ERCP in patients with
missing 24-h values did not change the main results (data
not shown). Acute pancreatitis occurred in 5 patients in
the losartan group and 4 in the placebo group (P = 0.57)
(Table 3). All cases of pancreatitis were mild as defined
according to the Atlanta criteria’, Among the cases of
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Table 3 Serum pancreatic enzyme levels, abdominal
pain, and pancreatitis after endoscopic retrograde

cholangiopancreatography among 76 participating patients'
n (%)

Pancreatic enzyme level in Losartan group Placebo group P value

serum

Amylase (microkat/L), median, (interquartile range)

At baseline 0.44 (0.3) 0.46 (0.4) 0.64
4 h after ERCP 0.75 (2.5) 0.68 (1.0) 0.81
24 h after ERCP 0.62 (2.3) 0.82 (1.0) 0.33
Hyperamylasemia® 24 h after 8 (24) 4 (13) 0.53
ERCP, number (%)

Missing data 5(13) 6 (16)

Lipase (microkat/L), median, (interquartile range)

At baseline 0.53 (0.3) 0.48 (0.5) 047
4 h after ERCP 1.02 (5.9) 0.76 (1.4) 0.47
24 h after ERCP 0.77 (1.1) 1.07 (1.5) 0.62
Hyperlipasemia® 24 h after 8 (21) 7 (18) 0.89
ERCP, number (%)

Missing data 5(13) 7 (18)
Hyperenzymemia® 24 h after 9 (24) 7 (18) 0.51
ERCP, number (%)

Missing data 4 (11) 3(8)
Abdominal pain 24 h after 8 (23) 9 (26) 0.93
ERCP, number (%)

Missing data 3(8) 3(8)

Acute pancreatitis (hyperen- 5(13) 4 (11) 0.57
zymemia and abdominal pain

after 24 h), number (%)

Missing data 7 (18) 4 (11)

'In all analyses missing values were included as a separate category; P-val-
ues refer to overall differences between groups; “Defined as 3 times higher
than the normal reference value; *Occurrence of hyperamylasemia or hy-
perlipasemia. ECRP: Endoscopic retrograde cholangiopancreatography.

pancreatitis the losartan treated group had more difficult
cannulations compared to the placebo group, while there
was no difference regarding degree of contrast filling.

DISCUSSION
This study provided no support for the hypothesis that

losartan has a protective effect against the development
of pancreatic hyperenzymemia after ERCP.

The randomized design, the blinding of all patients,
clinical staff and evaluators, the use of identical capsules
for losartan and placebo, and the objective outcome
measurement, i.e., assessment for predefined pancreatic
enzyme levels 24 h after the intervention, are among the
strengths of the study. There are, however, several weak-
nesses to consider. The large number of patients found
not to be eligible for inclusion extended the study period.
The limited sample size meant that it was not possible
to detect weak associations, which meant that type 2 er-
rors could have occurred. The sample size estimation
was, however, deliberately carried out with the purpose
of detecting a strong decrease in hyperenzymemia only.
Despite the randomization, the limited sample size could
have introduced confounding if important covariates
were not evenly distributed between the comparison
groups. The distribution of the evaluated potential con-
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founding factors was, however, fairly equal. Moreover,
to avoid confounding due to any remaining imbalances,
we analyzed the data using multivariable regression with
adjustment for several covariates. Hyperenzymemia was
used as a surrogate marker for increased risk of acute
post-ERCP pancreatitis. This was justified by the strong
link between these conditions™™; further, hyperenzyme-
mia has previously been used as a marker for pancreatic
damage and pancreatitis after ERCP™'****", Since the oc-
currence of hyperenzymemia is markedly more common
than pancreatitis, such a surrogate marker provided an
opportunity to have a more limited sample size. If the re-
sults of the present study had indicated a prophylactic ef-
fect of losartan on hyperenzymemia, we had intended to
expand the study to comprise a sufficient number of pa-
tients to address the outcome acute pancreatitis. The rate
of post-ERCP pancreatitis was somewhat higher than
expected, partly due to detection bias. Also, the study is
small and therefore the high reported incidence of post-
ERCP pancreatitis could be due to chance.

Experimental and clinical findings suggest that ARB’s will
protect against development of acute pancreatitism%’ﬁ],
but our study did not support this hypothesis. Apart from
a true lack of effect, our negative results could have been
due to several other factors: The tested dose (50 mg) of
losartan might have been too low to have any preventive
effect, and eatlier administration of losartan could have
been more beneficial, since a peak plasma concentration
is obtained 4-6 h after an oral dose. The dose was pre-
defined, however, and chosen on the basis of an experi-
mental report of a protective effect on cerulein induced
acute pancreatitis using 0.2 mg/kg in ratst, Moreover,
losartan did decrease the blood pressure, suggesting that
the dosage was at least sufficient to affect peripheral
vasoconstriction. To date, the tissue concentration of
losartan in the pancreas remains unknown. Thus, the
study hypothesis cannot be dismissed on the basis of the
present trial only. Before considering another randomized
trial, e.g., with a longer pre-treatment latency and a higher
dose of ARB, we suggest further observational investiga-
tions of the risk of post-ERCP pancreatitis among ARB
users.

In conclusion, one oral capsule of 50 mg of the ARB
losartan given one hour before ERCP did not prevent
pancreatic hyperenzymemia after the ERCP procedure in
this randomized, blinded and placebo-controlled clinical
trial.
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shown beneficial effects on pancreatitis using angiotensin receptor blockers.
Also, clinical evidence exists from an epidemiological study showing reduced risk
of acute pancreatitis in hypertensive patients in a primary care setting in United
Kingdom. Endoscopic retrograde cholangio-pancreatography is usually suc-
cessful, e.g., removing gallstones and accessing bile ducts for other therapeutic
purposes. However, there exist a small risk of the potential lethal complication of
acute pancreatitis. This is the reason they are investigating the potential lowering
risk of losartan on the risk of development of hyperenzymemia.

Research frontiers

Many different approaches both pharmacological and intervention-related
have been tried to reduce the incidence of post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis. Promising results have been
seen pharmacologically with drugs, e.g., gabexate and ulinastatin, and with in-
creased use of pancreatic stenting have also been successful in some studies.
Still the need for better prophylactic strategies is large to reduce a potential life-
threatening complication like pancreatitis.

Innovations and breakthroughs

In general, losartan, which belongs to the pharmacological class of angiotensin
receptor blockers, are used broadly to treat high blood pressure, and heart fail-
ure. Experimentally, a role for angiotensin II receptor blockers (ARB) is sug-
gested in conditions such as inflammation, and cancer. Previously, experimental
animal research have tested ARB on pancreatic inflammation with promising
results, but the authors aimed to investigate this in humans, with the effect on
pancreatic enzymatic secretion, in turn potentially leading to pancreatic inflam-
mation.

Applications

This study suggests no benefit of losartan on the development of hyperenzy-
memia after ERCP. However, due to limited sample size, larger well-designed
controlled trials could evaluate this question further to rule out an unseen effect
so far.

Terminology

Endoscopic retrograde cholangio-pancreatography is an investigation using
a flexible endoscope accessing the bile ducts allowing both therapeutic and
diagnostic interventions. Losartan is anti-hypertensive drug acting on the renin-
angiotensin system, which has effects on blood pressure, inflammation and salt
balance.

Peer review

This is a well-designed randomized double-blind study, which examines the
effect of the well-known anti-hypertensive drugs. Advantages include the strict
randomized design, the identical capsules used for placebo and active drugs,
objective outcome measurement using pancreatic enzymes, and strict adher-
ence to intention-to-treat principle while analyzing the results. Disadvantages
include sample-size, because a larger study would make the results more reli-
able and also possible to analyze the effect on acute pancreatitis, rather than
the proxy variable hyperenzymemia.
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