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Abstract

Acute pancreatitis (AP) associated with intravenous administration of propofol has been described with unknown causal re-
lation. We therefore assessed this causality in a systematic review. Multiple databases were searched on 16 August 2017
studies were appraised and selected by two reviewers based on a priori criteria. Propofol causality was evaluated with the
Naranjo scale and Badalov classification.

We identified 18 studies from 11 countries with a total of 21 patients, and the majority had adequate methodological qual-
ity. The median age was 35 years (range, 4-77) and 10 (48%) were males. Overall, propofol was administrated in 8 patients as
sedative along with induction/maintenance of anesthesia in 13 patients; median dose was 200 mg, with intermediate la-
tency (1-30days) in 14 (67%). Serum triglycerides were >1000 mg/dL in four patients. Severe AP was observed in four patients
(19%). AP recurrence occurred in one out of two patients who underwent rechallenge. Mortality related to AP was 3/21(14%).
Propofol was the probable cause of AP according to the Naranjo scale in 19 patients (89%).

Propofol-induced AP has a probable causal relation and evidence supports Badalov class Ib. Hypertriglyceridemia is not the
only mechanism by which propofol illicit AP. Propofol-induced AP was severe in 19% of patients with a mortality rate re-
lated to AP of 14%. Future research is needed to delineate whether this risk is higher if combined with other procedures that
portend inherent risk of pancreatitis such as endoscopic retrograde cholangiopancreatography.
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Introduction

The diagnosis of drug-induced pancreatitis is often a clinical
challenge and it can be suspected when a culprit drug has been
ingested after excluding common etiologies of acute pancreati-
tis (AP), such as gallstones, alcohol ingestion and hypertrigly-
ceridemia, in addition to other less common etiologies [1].
Propofol has been a widely used medication since its recogni-
tion by the US Food and Drug Administration in 1989 [1], and it
has become a popular anesthetic agent. Propofol is used for con-
scious sedation in diagnostic and surgical procedures, sedation
during intensive care, and induction and maintenance of gen-
eral anesthesia in daily practice, and it is considered a safe
drug. AP associated with propofol has been rarely described and
is classified as class II in the Badalov classification of drug-
induced AP (a minimum of four cases in published literature,
with consistent latency in more than 75% of cases) [2]. Recent
literature has implied a definite causal relation [3]; however, to
our knowledge, no systematic review has evaluated this topic.
Moreover, in the absence of hypertriglyceridemia, the mecha-
nism of propofol-induced AP remains unclear and its incidence
is unknown. In this study, we aimed to perform a systematic re-
view of AP associated with intravenous administration of pro-
pofol and assess the causal relation.

Methods

A priori study protocol was devised and we relied on guidelines
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses to conduct this study [4].

Data sources and search strategies

An exhaustive, language-unrestricted search of multiple data-
bases was conducted from each database’s inception date to
16 August 2017. The databases included the Ovid Cochrane
Database of Systematic Reviews, Ovid MEDLINE, Ovid Cochrane
Central Register of Controlled Trials, Ovid MEDLINE Epub ahead
of Print, Ovid EMBASE, Ovid Medline In-Process & Other Non-
Indexed Citations and Scopus. With input from study’s principle
investigator (F.B.), an experienced librarian designed and
conducted the search strategy. We used controlled vocabulary
supplemented with keywords to search for propofol and pan-
creatitis. The actual strategy is available from the corresponding
author (F.B.). The first 300 entries in Google Scholar were
searched using the terms ‘acute pancreatitis’ and ‘propofol’ to
look for studies not present in the above-mentioned databases.
Google Scholar has the ability to capture any related gray litera-
ture published on the web even before being deposited in
librarian-accessed repositories. Since Google Scholar is not a
readily accessible repository for librarian-conducted systematic
searches, we decided to search it manually to identify the most
recent relevant gray literature related to this study. The number
300 was selected arbitrarily, since it would not be realistic to ex-
amine all Google Scholar entries and since our purpose was to
identify the most recent and unindexed topics related to our
search. To find additional cases, we also reviewed reference
lists of relevant publications. For any missing data, we con-
tacted the corresponding authors.

Methodology and study parameters

Our methodology has been previously applied in a similar study
to assess causal relation of drug-induced pancreatitis [5].

AP diagnosis is made in accordance with the American
College of Gastroenterology (ACG) guidelines [6], when two of
the three following criteria were present: (i) characteristic ab-
dominal pain, (ii) amylase and/or lipase serum level more than
three times the normal upper limit and (iii) abdominal imaging
findings of AP.

The severity of AP is classified as mild, moderately severe,
or severe according to the revised Atlanta Classification [7].

Local complications of AP are indicated by the presence of
acute peripancreatic fluid collection, acute necrotic collection,
walled-off necrosis and pseudocyst formation [7, 8].

Systemic complications of AP are indicated by worsening of
pre-existing associated illness, such as heart disease or chronic
lung disease, exacerbated by AP [7, 8].

Organ failure is diagnosed when a score is >2 in one of the
following organ systems (cardiac, renal and respiratory) accord-
ing to the modified Marshall scoring system [9].

Naranjo probability scale for adverse drug reaction consists of 10
questions with yes or no answers to classify adverse drug reac-
tions into definite, probable, possible and doubtful [10].

Badalov classification of drug-induced AP consists of five classes
(Ia, Ib, II, I and IV) based on latency, rechallenge and number of
published cases [2].

Latency is the interval between medication commencement
and AP induction. Latency is categorized into three groups:
short (<24 hours), intermediate (1-30days) and long (>30days).
Latency is considered consistent when >75% of cases belong to
one of the three previous groups [2].

Exclusion criteria

Duplicates were excluded along with cases that did not fulfill the
ACG diagnostic criteria of AP. AP cases triggered by other potential
causes were also excluded (e.g. abdominal or cardiothoracic by-
pass surgeries and endoscopic retrograde cholangiopancreatogra-
phy [ERCP]). We excluded cases with recent and concomitant
administration of drugs belonging to class Ia, Ib or II of Badalov
classification of drug-induced AP [2] or drugs that were proven to
cause AP after the publication of Badalov classification in 2007.
More exclusion details can be found in the ‘Results’ section.

Data extraction and assessment

Data were evaluated and extracted by two independent reviewers
(S.H. and RJ.K.). The data included publication format (full-text ar-
ticle, letter to the editors, abstract form), country of origin, publica-
tion language, year of publication, type of study (case report, case
series, retrospective study, prospective study), patient demo-
graphics (age, sex, and medical history, including alcohol con-
sumption, drugs and history of trauma), indication of treatment
with propofol and the total administrated dose, clinical presenta-
tion of AP with the type of abdominal pain, degree of serum amy-
lase and lipase elevation, serum blood urea nitrogen and
creatinine, hypercalcemia and hypertriglyceridemia, interval be-
tween start of propofol and AP diagnosis (latency), abdominal im-
aging modalities (abdominal computed tomography, abdominal
ultrasound, abdominal magnetic resonance imaging, ERCP, mag-
netic resonance cholangiopancreatography, and endoscopic ultra-
sound), assessment of AP severity, treatment of AP (supportive,
mechanical ventilation, hemodialysis, percutaneous or endo-
scopic procedures, surgical treatment) and time until AP improve-
ment (days), duration of follow-up (days) and final outcome
(recovery or death). The two reviewers discussed and resolved dis-
agreements regarding any study.



Assessment of methodological quality of included
studies

We have relied on a recently published tool to evaluate the
methodological quality [11]. This five-item tool (Table 1) sug-
gests whether the methodological quality is low or not based
upon a binary response (yes or no) to the five questions. The
quality of the report was considered good when all five criteria
were fulfilled, moderate when four were fulfilled and low when
three or fewer were fulfilled. Disagreement regarding the meth-
odological quality of the included studies was discussed and re-
solved by the same two reviewers. This tool revealed consistent
results among reviewers in several systematic reviews [11-14].

Results

Frequency of AP associated with propofol
administration

We identified five studies that assessed the frequency of AP as-
sociated with propofol administration (Table 2) [15-19]. Three
studies were retrospective and two prospective. The duration of
propofol administration and its total dose were quite different
in these studies. Moreover, these studies did not report in detail
the AP diagnosis according to ACG criteria and thus did not
meet the eligibility criteria set for this review except for one
case from one study [18]. We could not draw definite conclusion
from these studies.

Study characteristics

Figure 1 shows the flow diagram for the different phases of this
systematic review. The database search revealed 394 publica-
tions. After screening for duplicates and excluding studies not
related to propofol and AP, 37 studies were retained. We then
excluded 19 studies: 2 duplicate studies, 4 studies that omitted
ACG criteria details for AP diagnosis, 3 studies that did not sat-
isfy the ACG criteria for AP diagnosis, 10 studies that could have
other potential etiologies of AP and 1 patient from the study of

Table 1. Tool for methodological quality assessment of case reports
and case series [10]

1. Did the patient(s) represent the whole case(s) of the medical
center?

2. Was the diagnosis correctly made?

3. Were other important diagnoses excluded?

4. Were all important data cited in the report?

5. Was the outcome correctly ascertained?
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Leisure et al. [1] (this study had 4 included patients and 1 ex-
cluded patient) who had unexplained recurrence of AP 1month
after the initial episode. A total of 18 publications from 11 coun-
tries that fulfilled the selection criteria [1, 3, 16, 20-34] (Table 3)
remained. Twelve studies were found by the librarian search
and six studies through the Google Scholar database [16, 23, 27,
29-31]. There was one publication each in Japanese [23], Turkish
[24], Dutch [3] and Spanish languages [27], whereas the remain-
ing publications were in English. The Google Translate website
(translate.google.com) was used to translate studies published
in languages other than English. Native speakers were con-
tacted in case of translation difficulty. Primary authors were
contacted to solicit more information in case of missing data.
Three publications were in abstract form [29-31], four were let-
ters to the editor [25-27, 32] and the remaining were full-text
articles. There was 1 case series reporting 4 patients [1] and 17
case reports that reported 1 patient each, for a total of 21
patients.

Patient characteristics

A total of 21 patients with AP associated with propofol adminis-
tration were included (Table 3). The median age of patients was
35years (range, 4-77) and 10 (48%) patients were males. The in-
dication of propofol was sedation in 8 patients and induction
with or without maintenance of anesthesia in 13 patients. The
median propofol dosage was 200mg (range, 100-103750mg)
and the median duration of its administration was 2.33hours
(range, 15 minutes to 69 days).

The criteria of ACG for the diagnosis of AP were satisfied in
all patients (Table 4). Biliary, alcoholic and traumatic etiologies
of AP were excluded in all but one patient for whom biliary im-
aging was not reported. Serum calcium was normal in six
patients and not reported in the remaining patients. Serum tri-
glycerides level was <150, 150-1000 and >1000mg/dL in five,
three and three patients, respectively (range, 73-4274 mg/dL)
and was not reported in the remaining patients. Two patients
had pre-existing hypertriglyceridemia [28, 31] and one of them
had glycogen storage disease type IA [31]. Other drugs were ad-
ministered in addition to propofol in 20 patients, but were con-
sidered unlikely to induce AP for different reasons: drugs that
do not cause AP according to Badalov classification, absence of
clear temporal relationship between propofol administration
and occurrence of AP, drugs belonging to class III or IV of
Badalov classification, previous exposure to a drug known to in-
duce AP without subsequent sequelae and recurrence of AP af-
ter rechallenge with propofol despite withdrawal of the
suspected drug (Table 5). The latency between propofol admin-
istration and AP diagnosis was short (<24 hours), intermediate

Table 2. Studies assessing the frequency of AP associated with propofol administration®

Author, year Country  Study type  No. of patients Indication of propofol Duration of propofol Patients with AP % of AP
Devlin et al., 2005 [15] USA Retrospective 159 adults Sedation in ICU Median: 89 hours 3 1.9%
Coleman et al., 2006 [16] USA Retrospective 103 patients Anesthesia® NR 1 1%
Pradeep etal., 2009 [17]  India Prospective 150 adults Non-abdominal NR 0 0%
surgery
Chauhan et al., 2013 [18] India Prospective 60 children Anesthesia Median: 1 hour 0 0%
Kellock and Perrott, Canada Retrospective 150 adults Sedation in ICU Median: 48 hours 0 0%
2016 [19]

AP, acute pancreatitis; ICU, intensive care unit; NR, not reported.
#None of these studies fulfilled the eligibility criteria set for this review.
No precision for type of surgical interventions.
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Search
Librarian database search: Google Scholar: Referece lists of articles:
394 records with duplicates 6 records 0 records

Screening

‘ No. of records after duplicates removed: 327 studies

‘ No. of studies screened: 327 records L__ No. of records excluded: 290 studies
Not related to propofol and AP: 290 studies

Eligibility

No. of studies assessed for eligibility:
37 studies

e

No. of studies excluded: 19 studies

Other plausible causes of AP: 10 studies
Diagnostic criteria of AP not reported:4 studies
Diagnostic criteria of AP not met:3 studies
Duplicated studies after screening: 2 studies

Included

No. of studies included in qualitative synthesis:18 studies
No. of studies included in quantitative synthesis:18 studies

Figure 1. Flow chart showing the different phases of the systematic review. AP indicates acute pancreatitis.

(1-30days) and long (>30days) in 28, 67 and 5% of patients, re-
spectively. No drug reaction with eosinophilia and systemic
symptoms (DRESS) was reported.

Severity of AP

Different scoring systems were employed to assess the severity
of AP in the published studies, such as BISAP, Ranson criteria,
Balthazar score and APACHE II. The retrospective assessment of
the AP severity based on Revision of Atlanta Classification
revealed mild, moderately severe and severe AP in 11, 6 and 4
patients, respectively.

Patient management

Thirteen patients improved with conservative management
(Table 3). Artificial ventilation, hemodialysis, intensive care and
total parenteral nutrition were needed in the remaining
patients. One patient underwent 14 operations for infected pan-
creatic necrosis and died [34]. AP was improved with a median
duration of 7 days (range, 3-35days). Twelve of 17 AP patients
who recovered were followed up for a median duration of
20days (range, 7-365 days). During the follow-up period, no re-
currence of AP was reported.

Rechallenge with propofol

Two patients underwent rechallenge with propofol and one was
reported positive according to ACG criteria with the exclusion of
some but not all other causes of AP [3] (Table 6). Propofol was
discontinued 24 hours after rechallenge in the second patient
because serum amylase and lipase levels were elevated more
than three times the upper limit of normal [33].

Final outcome

Mortality caused by to AP was reported in 3 of 21 patients (14%).
The cause of death was acute respiratory distress syndrome in
one patient [1], severe metabolic acidosis and renal failure in
another patient [1] and multiple organ failure with septic shock

in a third patient [34]. One patient had viral pneumonia, bacte-
rial tracheitis and septic shock before sedation with propofol
and died from bronchopneumonia 12days after the onset of
mild AP [32]. The overall mortality rate was 19% (4/21 patients).

Assessment of the methodological quality of included
studies

Table 7 summarizes the assessment of the methodological
quality of included studies. Five studies had good, 15 moderate
and 1 low methodological quality. Regarding Question 1
(Table 1), the authors of included studies did not mention
whether they reported all cases seen in their center and we as-
sumed that they included all of their case(s) because of the rar-
ity of this association.

Assessment of causal relation

According to the Naranjo probability scale of adverse drug reac-
tion, 19 AP cases (90.5%) were classified as probable and 2 cases
(9.5%) as possible (Table 3). Propofol belongs to class Ib of the
Badalov classification of drug-induced pancreatitis given that
we have one patient with positive rechallenge after the exclu-
sion of most, but not all, other causes of AP.

Generalizability of the results

The generalizability of the results of this review to all patients
with propofol-induced AP is limited because of the small num-
ber of documented cases. However, the included patients
belonged to different ethnicities, had different comorbidities
and the quality assessment of most included studies was mod-
erate to good.

Discussion

Difficulty still exists in establishing the true incidence of drug-
induced AP, considering the lack of prospective clinical trials as
well as diagnostic uncertainties in complex clinical scenarios.
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Author, year

Drugs administrated with propofol

Drugs not known to induce acute
pancreatitis

Absence of clear tem-
poral relationship

Drugs belonging
to Badalov class

Previous expo-
sure without

Positive rechal-
lenge without

11/1v complications suspected drug
Leisure et al., 1996 [1] Fentanyl—gentamicin—isoflur- - - - -
ane—lidocaine—mezlocillin—
nitrous oxide—succinylcho-
line—tubocurarin
FDA 1st patient [1] Alfentanil—isoflurane—nitrous - - - -
oxide
FDA 3th patient [1] Desflurane—diltiazem—fentanyl— - - - -
levothyroxine midazolam—
succinylcholine
FDA 4th patient [1] Alfentanil—cefazolin—desflur- - - - -
ane—fentanil—succinylcho-
line—xylocaine—rocuronium
Metkus et al., 1996 [22] Lorazepam—morphine— - - - -
vecuronium
Fujii et al., 1998 [23] Diazepam—famotidine—fenta- Acarbose— Diclofenac (class
nyl—nitrous oxide—pentazo- glibenclamide V)
cine—vecuronium—
prophosporus
Sentiirk and Kerman, Atracurium—diazepam—fenta- - - - -
1999 [24] nyl—isoflurane—
succinylcholine
Bird and Brim, 2000 [25] Alfentanil—desflurane - Ketorolac (class - -
111)
Betrosian et al., 2001 [26] Alfentanyl—amoxycillin/clavulan- - - - -
ate—tobramycin
Jawaid et al., 2002 [20] Amlodipine—cefotetan—fenta- Ethinyl estradiol/nor-  Ketorolac (class - -
nyl—isoflurane—lidocaine— gestamine (class Ib) 111
midazolam—morphine—nitrous
oxide
Farina Castro et al., 2002 - Cannabis (class la)}— - - -
[27] cocaine
Manfredi et al., 2004 [21] Chloramphenicol - * Ampicillin - -
(class IV)
® Ceftriaxone
(class III)
® Octreotide
(class IV)
Gottschlinget al., Thyroxin—trimethoprim (class Ib) Carboplatine—desmo- - Gadolinium -
2005 [28] pressin etoposide— diethylene tri-

Rake et al., 2006 [29]
Coleman et al., 2006 [16]

Gottesman et al., 2007
[30]
Tan et al., 2007 [31]

Ting and Lee, 2012 [32]

Muniraj and Aslanian,
2012 [33]

Scholten and Buijs,
2014 [3]

Csomor et al., 2017 [34]

Opiate—benzodizepine
Fentanyl—vecuronium—
sevoflurane

Fentanyl—nitrous oxide—rocuro-
nium—remifentanil

Fentanyl—ketamine

Eptifibatide

Calcium carbonate—cefazoline—
ephedrine—morphine—panto-
prazole—phenylephrine—
ondansetron

Isradipine—theophylline

hydrocortisone
(class Ib)—ifospha-
mide (class Ib)

Atorvastatin (class III)
Diclofenac (class IV)
Hydrochlorthiazide
(class II)

Hydrochlorthiazide
(class II) Losartan
(class Ib)

amine penta-
acetic acid

Acetaminophen
(class II)
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Table 6. Rechallenge with propofol

Author, year Rechallenge Drugs with propfol Latency Diagnosis of AP (ACG criteria) Improvement
Pain Amylase/lipase Pancreatic imaging
>3 ULN (US-CT-MRI)
Muniraj and Several days None Several hours NR Present NR lday
Aslanian, 2012
[33]
Scholten and lyear Sufentanyl—lidocaine— Several hours Present Present NR 2days
Buijs, 2014 [3] rocuronium sevo-
fluran—morphine—
cefazolin
Total: 2 patients 1 confirmed AP
AP, acute pancreatitis; US, ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; ULN, upper limit of normal; NR, not reported.
Table 7. Assessment of methodological quality of included studies®
Author, year No. of patients Question1 Question2 Question3 Question4 Question5 Methodological quality
Yes No Yes No Yes No Yes No Yes No
Leisure et al., 1996 [1] 4 Yes Yes No  Yes Yes Moderate
Yes Yes No  Yes Yes Moderate
Yes Yes No Yes Yes Moderate
Yes Yes No Yes Yes Moderate
Metkus et al., 1996 [22] 1 Yes Yes No  Yes Yes Moderate
Fujii et al., 1998 [23] 1 Yes Yes Yes Yes Yes Moderate
Senttirk and Kerman, 1999 [24] 1 Yes Yes No  Yes Yes Moderate
Bird and Brim, 2000 [25] 1 Yes Yes No  Yes Yes Moderate
Betrosian et al., 2001 [26] 1 Yes Yes Yes Yes Yes Good
Jawaid et al., 2002 [20] 1 Yes Yes Yes Yes Yes Good
Farina Castro et al., 2002 [27] 1 Yes Yes No  Yes Yes Moderate
Manfredi et al., 2004 [21] 1 Yes Yes Yes Yes Yes Good
Gottschling et al., 2005 [28] 1 Yes Yes No  Yes Yes Moderate
Rake et al., 2006 [29] 1 Yes Yes No No  Yes Low
Coleman et al., 2006 [16] 1 Yes Yes Yes Yes Yes Good
Gottesman et al., 2007 [30] 1 Yes Yes Yes Yes Yes Good
Tan et al., 2007 [31] 1 Yes No  Yes Yes Moderate
Ting and Lee, 2012 [32] 1 Yes Yes No  Yes Yes Moderate
Muniraj and Aslanian, 2012 [33] 1 Yes Yes No  Yes Yes Moderate
Scholten and Buijs, 2014 [3] 1 Yes Yes No  Yes Yes Moderate
Csomor et al., 2017 [34] 1 Yes Yes Yes Yes Yes Good
Total 21 21 0 21 0 7 14 20 1 21 0 Good: 5

Moderate: 15 Low: 1

2See Table 1 for the contents of Questions 1-5.

However, the literature suggests that drug-induced AP accounts
for 3-5% of all AP cases [35] and it is usually thought to be the
third most common cause of AP, after excluding alcoholic and
gallstones pancreatitis [36].

Our current clinical knowledge regarding this entity is sur-
mised mainly from case series and case reports to the local
committees or peer-reviewed academic journals. Clearly, such
data may be inaccurate [37]. The true incidence, severity and
etiology of drug-induced AP necessitate a framework of
population-based research, which may not be available for nu-
merous medications.

More than 100 drugs have been reported to cause AP. Strong
causality evidence is not established by many published studies
because of either lack of sufficient criteria to establish the diag-
nosis of AP, lack of rechallenge test or the inability to exclude
other etiologies of AP [2]. In this systematic review, ACG criteria
for AP diagnosis were met in all patients, major etiologies of AP

(gallstones, alcohol, trauma) were excluded in all but one pa-
tient for whom the status of the gallbladder was not reported,
and rechallenge with propofol was performed in two patients
and was positive in one of them. We strongly adhered to our eli-
gibility criteria and we excluded 17 studies reporting 26 cases of
AP for different reasons. Four of these studies that reported 11
patients did not mention sufficient data to fulfill the ACG crite-
ria and may have been appropriate for inclusion if more details
were provided. However, we opted to apply highly rigorous and
specific criteria to be able to confidently assess the role of pro-
pofol as pancreatitis-causative agent.

To determine the best evidence for drug-induced AP, multi-
ple attempts have been made by critically reviewing the litera-
ture and six large studies have been published [2, 38-42]. We
applied Badalov classification on included cases in this system-
atic review because it is based on the presence of rechallenge,
latency and burden of reports to develop an evidence-based



classification on the one hand and because it is a widely used
tool on the other.

There is a lack of evidence in the literature to assess the fre-
quency of AP associated with propofol administration. The five
published studies assessing this frequency did not meet our eli-
gibility criteria [15, 19]. Given that propofol is frequently admin-
istered in quotidian practice and the rarity of published cases of
AP associated with its administration, this frequency seems to
be very rare. The Danish drug information estimated this fre-
quency at less than 0.01% [43].

Direct toxic injury, indirect injury by inducing hypertrigly-
ceridemia and idiosyncratic reaction are various mechanisms of
drug-induced pancreatitis [44]. Some observations support an
idiosyncratic reaction of propofol as a potential mechanism
[33]. Administration of propofol can result in AP due to severe
hypertriglyceridemia, a well-established cause of AP [15],
though it is not necessarily the only mechanism. Some authors
advised against the use of propofol in patients with pre-existing
hypertriglyceridemia for general anesthesia or elective sedation
due to an increased risk of AP following its administration. In
this review, there were three cases of hypertriglyceridemia
>1000mg/dL at the time of AP diagnosis, whereas, in five other
patients, the serum level of triglycerides was normal.

DRESS rarely coincides with drug-induced AP, although they
are established drug-reaction manifestations. In the French
pharmacovigilance database, there were 10 cases of DRESS
among 1151 reported cases of drug-induced pancreatitis (0.9%)
[40]. No cases of DRESS associated with AP were seen in this sys-
tematic review.

Most patients in our review were treated with other drugs
that could induce AP. The probability of these drugs to induce
AP is low for different reasons (Table 5). According to Badalov
classification, data that link class III and IV drugs to cause AP
are weak and we did not consider the administration of these
drugs as a potential cause of AP [2]. However, we cannot ex-
clude an additional synergistic role for the drugs given con-
comitantly with propofol in inducing AP. A dose-dependent
association between risk of AP and increasing polypharmacy is
shown by, in a recent study, the odds ratio 1.69 (95% confi-
dence interval [CI], 1.55-1.86) for patients taking 1 or 2 drugs
and the odds ratio 4.57 (95% CI, 4.12-5.06) for patients taking 10
or more drugs [45].

The role of propofol compared with other sedating agents to
induce AP in patients undergoing ERCP is controversial. One
study showed a protective effect of propofol compared to con-
ventional sedation for the development of post-ERCP pancreati-
tis in univariate analysis and no effect in multivariate analysis
[46]. No statistically significant difference was seen in patients
who received propofol versus patients who received other se-
dating agents in two additional studies [47, 48]. Another study
showed increased incidence of AP in patients sedated with pro-
pofol for esophagogastroduodenoscopy and ERCP (P <0.0001)
[49]. In this systematic review, we excluded ERCP patients se-
dated with propofol and who developed post-ERCP pancreatitis
in order to reduce the effect of this confounding factor.

A drug reaction is considered to cause a disease in the pres-
ence of a reasonable temporal sequence, amelioration of symp-
toms after drug withdrawal (de-challenge) and re-emergence of
symptoms following rechallenge. Rechallenge is attempted
when medication is not suspected to cause AP, which was seen
in one patient in this review [3]. Rechallenge could also be
attempted when the benefit of the drug outweighs the risk of
another attack of AP, which was seen in a second patient in this
review [33]. The absence of ACG criteria fulfillment for the
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diagnosis of AP after rechallenge in this patient could be due to
the early discontinuation of propofol.

A consistent latency between drug initiation and the onset of
AP may also place the drug under suspicion when rechallenge is
absent and such latency implies a common underlying mecha-
nism of action [37]. In this review, despite the absence of consistent
latency, 67% of patients showed intermediate latency (1-30 days),
which could indicate a common mechanism of action.

Adverse drug reactions causality can be established with the
help of scoring systems. In this review, we used the Naranjo
probability scale to establish the causal relationship, since it is a
valid and widely applied tool in clinical practice [9]. The major-
ity of cases in this review were classified as probable. Some
questions in the Naranjo scale could not be considered (e.g. it is
not ethical to increase the dose or to repeat the administration
of the drug) and, for this reason, a higher score is difficult to
achieve [50].

It is difficult to establish a causal relation between develop-
ment of AP and a drug. We have to consider the presence of one
or several confounding factors: bias, the ethical limitations of
rechallenge and, in certain cases, the presence of acute idio-
pathic pancreatitis [35].

This systematic review has certain inevitable shortcomings.
First, it is not a population-based study; rather, it is based on
case series and case reports, which do not conclude a definitive
causation but can be viewed as hypothesis-generating tools
[51]. In the absence of higher evidence, evidence from case se-
ries becomes more significant [11]. Second, the sample size of
included patients is small and it is difficult to exclude a selec-
tion bias with the report of more severe cases, which impedes
the full understanding of propofol-induced AP prognosis and
natural history. This issue, however, does not interfere with
evaluation of causality. Third, hypertriglyceridemia and hyper-
calcemia were not explicitly reported to be excluded in some
patients. Fourth, several drugs were administered concomi-
tantly with propofol in most patients. The available evidence to
implicate these drugs is low for the different reasons mentioned
above. Fifth, for most patients, the follow-up after occurrence of
AP was of short duration. Lastly, the quality of case reports and
case series assessed by our proposed tool has not been vali-
dated. This tool was previously applied with good consistency
among reviewers.

To our knowledge, this is the first systematic review to as-
sess the causal relationship between propofol administration
and occurrence of AP. A comprehensive literature review was
conducted by an experienced librarian to identify relevant
articles, manually reviewing references of relevant papers,
establishing strict selection criteria and assessing their eligibil-
ity, extracting data and assessing the methodological quality of
included studies by pairs of independent reviewers with a good
level of agreement.

Physicians, surgeons, anesthesiologists and gastroenterolo-
gists should consider this rare and possibly life-threatening del-
eterious effect, due to the wide use of propofol in everyday
practice. Future research is required to determine the frequency
of AP associated with propofol administration and whether us-
ing this medication in patients who are either at high risk for
developing AP or for procedures that have an inherent in-
creased risk of pancreatitis (e.g. ERCP) increases the rate of
propofol-induced AP.

In conclusion, AP associated with propofol is a rarely
reported phenomenon and, according to the Naranjo scale, it
has a probable causal relationship. The available evidence pla-
ces propofol in class Ib of the Badalov -classification.
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Hypertriglyceridemia is not the only route by which propofol
may cause AP. This form of drug-induced AP is severe in 19% of
patients, with a 14% mortality rate related to AP.
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