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Strengths and limitations of this study

 ► We present the findings of a review of a previously 
unreviewed research question.

 ► Our review followed robust and established system-
atic review methods, including development and 
registration of an a priori protocol.

 ► Our search strategies were broad and encompassed 
all of the key databases in this area.

 ► Primary studies that may have used a drug- induced 
pancreatitis (DIP) diagnostic process but that were 
not indexed in databases using vocabulary related 
to DIP would not have been captured by our search.

 ► We attempted to limit confirmation bias through in-
clusion of the entire review team and clinical experts 
in data synthesis, as well as transparent reporting of 
quotes from references.

AbStrACt
Objectives We systematically reviewed the literature to 
identify evidence- informed recommendations regarding 
the detection of drug- induced pancreatitis (DIP) and, 
secondarily, to describe clinical processes for the diagnosis 
of DIP.
Design Systematic review.
Data sources Ovid MEDLINE, including Epub Ahead of 
Print, In- Process & Other Non- Indexed Citations, Embase 
Classic+Embase, the Cochrane Library.
Eligibility criteria We included clinical practice guidelines, 
systematic reviews, narrative reviews and observational 
studies with a focus of establishing incidence, prevalence or 
diagnostic approaches for DIP. Clinical trials that diagnosed 
DIP as an outcome were also included.
Data extraction and synthesis Two reviewers screened 
citations and performed data extraction. A narrative 
synthesis of the evidence was prepared.
results Fifty- nine studies were included. Early published 
evidence suggested serial pancreatic ultrasound could 
detect subclinical pancreatitis; however, subsequent 
studies demonstrated no utility of serial ultrasound or serial 
monitoring of pancreatic enzymes in the early detection 
of DIP. Two small studies conducted in patients with a 
high baseline risk of acute pancreatitis concluded serial 
monitoring of pancreatic enzymes may be useful to guide 
early discontinuation of medications with known associations 
with pancreatitis. Early discontinuation of medication was not 
advised for lower- risk patients because some medications 
cause transient elevations of pancreatic enzymes that do 
not progress to acute pancreatitis. Eight of 52 studies (15%) 
reporting a clinical diagnostic process for DIP reported 
using currently accepted criteria for the diagnosis of acute 
pancreatitis. A variety of methods were used to assess drug- 
related causality.
Conclusions There is minimal evidence to support the 
use of serial monitoring by ultrasound or pancreatic 
enzymes to detect cases of DIP. Serial monitoring may be 
useful to guide early discontinuation of DIP- associated 
drugs in high- risk patients, but not in lower- risk patients. 
Greater uptake of standardised diagnostic and causality 
criteria for DIP is needed.
trial registration number CRD42017060473

IntrODuCtIOn
Acute pancreatitis (AP) is the most common 
single gastrointestinal cause of hospitalisa-
tion in the USA,1 with an annual incidence 

of emergency department or ambulatory care 
visits ranging from 106 to 320 per 100 000 
population,2 3 at an inpatient cost of approx-
imately 2.6 billion US$ annually.1 With an 
associated overall mortality ranging from 
1% to 30%,2 4 5 AP can result in consider-
able patient harm. Most cases are attributed 
to obstructive gallstones or alcohol use6 
however, approximately 0.1% to 2.0% of AP 
cases have a medication- related cause,6 with 
over a hundred medications associated with 
AP in the literature.7

The list of medications potentially associ-
ated with AP will continue to expand as new 
drugs are marketed. Given its rare occur-
rence, AP risk is difficult to assess in clin-
ical trials unless very large sample sizes are 
enrolled. To reduce the risk of approval of 
drugs that ultimately demonstrate an associ-
ation with AP postmarket, a greater under-
standing is needed of methods to detect 
drug- induced pancreatitis (DIP) in clinical 
trials conducted as part of the premarket 
regulatory process. The diagnosis of DIP first 
requires a confirmed diagnosis of AP and, 
second, establishment of a drug- related cause 
through causality assessment. Detection of DIP 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-2434-4206
http://orcid.org/0000-0001-5662-8647
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-027451&domain=pdf&date_stamp=2019-10-05


2 Wolfe D, et al. BMJ Open 2019;9:e027451. doi:10.1136/bmjopen-2018-027451

Open access 

differs from diagnosis in that it incorporates serial moni-
toring of all patients receiving a drug of interest to identify 
all cases of AP. There is uncertainty regarding the optimal 
means by which drug trialists and manufacturers should 
be required to detect DIP. The objective of this review 
was to systematically review clinical practice guidelines, 
reviews and observational studies to identify evidence- 
informed recommendations regarding the detection of 
DIP. Secondarily, we identified processes to diagnose DIP.

MEthODS
Established systematic review methods were used, and 
a review protocol was developed a priori and registered 
with PROSPERO (online supplementary appendix 1). 
The reported work was part of a series of systematic 
reviews on DIP.

research question
We addressed the following research question: ‘What are 
the current evidence- informed recommendations regarding detec-
tion of drug- induced pancreatitis?’ A secondary review objec-
tive was to describe processes of diagnosis of DIP reported 
in the literature.

Study eligibility criteria
Eligible studies were identified using a priori selec-
tion criteria, established according to the population- 
intervention- comparator- outcomes- study design 
framework:

 ► Population: Human subjects only, with no restrictions 
on patient age or other demographics.

 ► Intervention and comparator: No restrictions.
 ► Outcomes: Primary studies that identified the diag-

nosis of DIP a priori as a primary or secondary 
outcome were included. Those in which AP occurred 
only as an unanticipated/unmonitored adverse event 
were excluded.

 ► Study design: Clinical practice guidelines, systematic 
reviews and observational studies (both prospective 
and retrospective cohort studies and case series that 
diagnosed DIP either as part of inclusion criteria 
or as a primary or secondary outcome) with a focus 
of establishing incidence, prevalence or diagnostic 
approaches for DIP were included. Given the low 
yield of these designs of interest following initial 
screening, we amended the protocol to include narra-
tive reviews and clinical trials that diagnosed DIP as a 
primary or secondary outcome. Studies of all designs 
were only included if a sufficient description of a clin-
ical process to detect or diagnose DIP was reported, 
including patient history, signs and symptoms and 
laboratory and/or imaging criteria, plus methods to 
determine drug causality.

Searching the literature
An experienced information specialist (BS) developed 
and tested the search strategy using an iterative process 

in consultation with the review team. A second informa-
tion specialist peer reviewed the strategy prior to execu-
tion using the Peer Review of Electronic Search Strategies 
checklist.8 Using the Ovid platform, we searched Ovid 
MEDLINE, including Epub Ahead of Print, In- Process & 
Other Non- Indexed Citations and Embase Classic+Em-
base. We also searched the Cochrane Library on Wiley. 
We performed separate searches for primary studies and 
systematic reviews. We incorporated controlled vocabu-
lary (eg, ‘Pancreatitis/ci (chemically induced),’ ‘Drug- 
Related Side Effects and Adverse Reactions,’ ‘Diagnostic 
Techniques, Digestive System’) and keywords (eg, ‘drug- 
induced pancreatitis,’ ‘adverse effect,’ ‘detection’) into 
the searches. We adjusted vocabulary and syntax across 
the databases. No date or language limits were applied, 
but we removed animal- only and opinion pieces, where 
possible. Specific details regarding the strategies appear 
in online supplementary appendix 2.

All database searches were performed on 31 January 
2017 from inception. A grey literature search of clinical 
practice guideline registries, the TRIP (Turning Research 
Into Practice) database and Google Scholar was under-
taken on 9 March 2017 to 10 March 2017. We also manu-
ally searched the references of the final included studies 
for additional potentially relevant titles.

Study selection
Titles and abstracts were screened for relevance inde-
pendently by two reviewers, with agreement of two 
reviewers required for exclusion, and inclusion requiring 
assessment by only one reviewer. Potentially relevant full 
texts were screened by two reviewers, with agreement of 
both reviewers required for both inclusion and exclusion. 
Screening was conducted in the online platform Distill-
erSR (Evidence Partners Inc, Ottawa, Canada). Screening 
forms were piloted to ensure similar understanding of 
the eligibility criteria among reviewers. Conflicts were 
resolved by consensus or consultation with a third inde-
pendent reviewer. Study selection was summarised using 
a Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) flow diagram.9

Data extraction and risk of bias assessment
Two independent reviewers extracted data, with a third 
reviewer to establish consensus as needed. A data collec-
tion form was developed in Microsoft Excel and piloted 
on a small number of studies. The pilot data were 
discussed among the review team to refine the form. The 
following data were extracted: publication characteris-
tics (year of publication, journal, authorship, country); 
study design (eg, clinical practice guideline, systematic 
review, narrative review or primary study); details of the 
reported approach to detect or diagnose DIP, including 
patient history, symptoms, use of laboratory testing, 
use of imaging, causality assessment and other factors 
(including patient characteristics and drug implicated, if 
relevant) and literature cited for the detection method or 
diagnostic process (if reported). Given that the objective 
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Figure 1 Flow diagram describing the study selection 
process.

of this review focused on study methods/recommenda-
tions and not findings, risk of bias assessment was not 
conducted.

Summarising the evidence
Publication characteristics and study design were synthe-
sised descriptively. Studies were classified according to 
whether they reported a process to detect or diagnose 
DIP. We prepared a narrative summary of the recom-
mendations for and against serial monitoring for DIP 
detection and described detection methods used in the 
literature, summarised by decade of publication.

A separate narrative synthesis of DIP diagnostic 
processes was conducted, focusing on (1) adherence to 
the currently accepted AP diagnostic criteria published 
following international consensus as part of the Atlanta 
classification of AP10 and (2) the reported methods to 
assess causality. By international consensus, AP diagnosis 
requires two of the following three features to be present10 
: (i) typical clinical symptoms (eg, epigastric pain, nausea, 
vomiting); (ii) serum amylase or lipase elevated at least 
three times the upper limit of normal (ULN); (iii) char-
acteristic imaging findings of AP on contrast- enhanced 
computed tomography or, less commonly, on MRI or 
transabdominal ultrasonography.

reporting of review findings
Manuscript development was guided by the PRISMA 
Statement,9 and a PRISMA checklist was completed 
(online supplementary appendix 3).

rESultS
Extent of available evidence
A PRISMA flow diagram summarises the process of 
study selection (figure 1). Out of 4948 references 
screened, 59 eligible studies were identified (table 1) 
— 14 reported on DIP detection,6 11–23 with seven of 

those also reporting a DIP diagnostic process, while 45 
reported only a DIP diagnostic process.24–68 Forty per 
cent (n=23) of the studies were published between 2010 
and 2016, 29% between 2000 and 2009 and 32% prior 
to 2000. Three countries published over half of the rele-
vant studies: USA (36%), France (14%) and Italy (9%). 
A list of excluded studies has been provided in online 
supplementary appendix 4.

DIP detection methods and recommendations
Eleven primary studies and three narrative reviews 
reported data on DIP detection methods and/or recom-
mendations (table 2). The studies focused on detection 
methods for patients taking PEG- asparaginase,17 19 22 23 
L- asparaginase,11 15 valproic acid,12–14 didanosine,16 azathi-
oprine18 and drugs in general.6 20 21 These studies have 
been summarised below by decade of publication.

DIP detection recommendations from the 1970s
One study was published in the 1970s.11 Samuels et al. 
(1976) conducted serial monitoring of 19 children 
receiving L- asparaginase treatment for hematological 
malignancies. Monitoring consisted of serial testing of 
serum amylase and lipase, and ultrasonography prior to 
treatment, then weekly thereafter. Not all patients were 
studied systematically — some were evaluated retro-
spectively and some prospectively; some did not receive 
extensive testing or only received ultrasounds after the 
development of clinical signs or elevated serum pancre-
atic enzymes. The authors reported that ultrasonic diag-
nosis of pancreatitis ‘agreed with laboratory data in 18 of 
19 patients’; however, a diagnostic definition of pancre-
atitis was not provided, making interpretation of their 
data difficult. Ultrasound was positive before pancreatic 
enzymes rose in two patients that developed AP; several 
other patients appear to have had an enlarged pancreas 
on ultrasound without developing pancreatitis, with 
false- positive leukaemic infiltration of the pancreas and 
peripancreatic lymphadenopathies occurring in some 
patients. The authors commented that some children 
presented no abnormal laboratory findings or clin-
ical symptoms until immediately before death due to 
AP; however, they concluded that serial ultrasound was 
capable of depicting the natural development of AP. They 
summarise by stating that ultrasound permitted the diag-
nosis of subclinical AP, allowing for withdrawal of L- aspar-
aginase prior to serious injury.

DIP detection recommendations from the 1980s
Four studies with DIP detection data were published in the 
1980s.12–15 Torelli et al13 evaluated the serum amylase of 27 
patients about to start valproic acid (VPA) therapy, of which 
18 had a second sample after 1 month, and nine had a 
third sample after 6 months of treatment. Serum amylase 
increased significantly after 1 month and remained high at 6 
months; however, the values were considered within normal 
limits. No patients developed AP. The authors recom-
mended that serial amylase testing could not be justified in 
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Table 1 Characteristics of the 59 included studies

Study Country Study design* Drug of interest
Paediatric 
study? Stated or apparent study objective

Studies reporting only DIP detection methods (n=7)

Samuels et al11 USA Primary study L- asparaginase Yes Not reported

Bale et al12 USA Primary study Valproic acid No To assess the usefulness of serum amylase screening in patients 
taking VPA

Torelli et al13 Italy Primary study Valproic acid No Serum amylase values in children about to be treated or already 
treated with sodium valproate were examined as an indicative 
parameter and eventual sign of pancreatic disease

Nguyen et al15 USA Primary study L- asparaginase Yes To assess the relative diagnostic value of serial pancreatic 
sonograms in children receiving asparaginase

Castiglione et al18 Italy Primary study Azathioprine No To monitor for the development of preclinical DIP during AZA 
therapy in Crohn's patients

Raja et al22 Denmark Primary study PEG- asparaginase Yes To examine whether asparaginase- induced AP develops slowly 
over time or rather develops suddenly in children

Raja et al23 Denmark Primary study PEG- asparaginase Yes To explore if hypertriglyceridaemia or early elevations in 
pancreatic enzymes were associated with the development of AP

Studies reporting both DIP detection methods and diagnostic processes (n=7)

Wyllie et al14 USA Primary study Valproic acid No To review all reports of pancreatitis associated with valproic 
acid in the literature and to describe four cases the authors saw 
between 1981–1983

Maxson et al16 USA Primary study Didanosine No To better define the relationship between 2',3'-Dideoxyinosine for 
AIDS and acute pancreatitis by reporting on the incidence and 
natural history of pancreatitis and pancreatic enzyme elevations

Chambon et al17 France Primary study PEG- asparaginase No To report acute necrotic pancreatitis secondary to asparaginase 
in two patients

Laugel et al19 France Primary study PEG- asparaginase Yes To clarify the clinical course, the diagnostic signs, risk factors and 
therapeutic options for children with asparaginase- induced AP

Dhir et al20 USA Narrative review None No To discuss the clinical and epidemiological features of DIP, 
commonly associated drugs and conditions, possible pathogenic 
mechanisms and a systematic approach to diagnosis and 
management of DIP

Balani and 
Grendell6

USA Narrative review None No To review the epidemiology, diagnosis, management and 
prevention of DIP

Anonymous21 Not reported Narrative review None No A review on prevention and management of drug- induced 
pancreatitis by identifying the offending agent and understanding 
the underlying mechanism

Studies reporting only DIP diagnostic processes (n=45)

Mallory and 
Kern68

USA Narrative review None No To critically review the English language literature pertaining to 
drug- induced pancreatitis and attempt to determine whether the 
reported association between each drug and pancreatitis was 
valid

Steinberg24 USA Narrative review None No To explore the mechanisms and management of acute drug and 
toxin pancreatitis

Haber et al25 USA Primary study 6- mercaptopurine No To characterise the frequency, severity and reversibility of 
DIP associated with 6- mercaptopurine in the treatment of 
inflammatory bowel disease

Scarpelli26 USA Narrative review None No To explore the toxicology of the pancreas

Delcenserie et al27 France Narrative review None No To discuss standardised criteria of causality for a diagnosis of 
drug- induced pancreatitis

Lankisch et al28 Germany Primary study None No To determine the incidence and severity of DIP in German centres 
of gastroenterology

McArthur29 USA Narrative review None No Not stated

Fernandez et al30 Spain Primary study Mesalamine No To report two cases of pancreatitis associated with mesalamine

Maringhini et al31 Italy Primary study Enalapril No To describe three cases of pancreatitis associated with enalapril

Chetaille et al32 France Primary study Minocycline No To report the first two cases of AP associated with minocycline, a 
third- generation tetracycline used in the treatment of acne

Berthelemy and 
Pariente33

France Narrative review None No Not stated

Continued
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Studies reporting only DIP diagnostic processes (n=45)

Eland et al34 The 
Netherlands

Primary study None No To assess which drugs were associated with AP in Dutch adverse 
drug reaction reports

Alvarez and 
Zimmerman35

USA Narrative review PEG- asparaginase Yes To report the incidence of pancreatitis in patients treated with 
PEG- asparaginase

Delcenserie36 France Clinical practice 
guideline

None No Discussion of the criteria for causality assessment for DIP

Grauso- Eby et al37 USA Primary study Valproic acid Yes To report four cases of VPA- induced AP and review the literature 
for cases

Chaudhari et al38 USA Primary study IFN- alpha- 2b and 
RBV combination

No To determine the incidence, clinical presentation, and outcome 
of acute pancreatitis in a large cohort of HCV- infected patients 
treated with IFN- alpha and RBV combination therapy

Trivedi and 
Pitchumoni67

USA Narrative review None No To update the information on DIP (case report review) and offer 
simple guidelines using a new classification of drugs associated 
with DIP

Werlin and Fish39 USA Primary study Valproic acid Yes To characterise valproic acid- associated pancreatitis in children

Kemppainen and 
Puolakkainen40

Finland Narrative review None No Focuses on the search for other aetiological factors of AP once 
alcohol and gallstones have been excluded

Mennecier et al41 France Primary study None No To determine the incidence of non- alcoholic non- biliary 
pancreatitis and identify causes, comparing severity by aetiology

Nguyen- Tang et 
al42

Switzerland Narrative review None No None specifically reported, although it is clearly a narrative review 
of DIP

Weersma et al43 The 
Netherlands

Primary study AZA No To evaluate the prevalence of pancreatic autoantibodies in 
patients with azathioprine- induced pancreatitis in Crohn’s 
disease and in controls with Crohn’s disease, hypothesising that 
most or all patients with azathioprine- induced pancreatitis have 
circulating pancreatic autoantibodies

Ando et al44 Japan Primary study IFN- alpha No To describe AP associated with PEG- IFN plus RBV treatment in 
three patients

Thomae et al45 Germany Primary study None No To investigate which drugs are associated with the occurrence 
of acute hepatitis and acute pancreatitis (idiopathic or drug- 
induced; non- alcoholic)

Ahmad and 
Mahmud46

UK Primary study Orlistat No To report two patients who developed acute pancreatitis with 
elevated pancreatic enzymes following orlistat therapy

Butt et al47 USA Primary study Oxaliplatin No To report a case series of patient with AP presumably caused by 
oxaliplatin

Nitsche et al48 UK Narrative review None No Not stated

Vinklerová et al49 Czech 
Republic

Primary study None No To determine the incidence, aetiology and severity of drug- 
induced pancreatitis during a 2 year period in a tertiary hospital. 
(they actually included only cases of AP in their sample and 
determined the proportion presumed to have DIP, not the 
incidence of DIP among all hospital admissions)

Bai et al50 The 
Netherlands

Primary study None Yes To identify common comorbidities and concomitant pancreatitis 
aetiologies in children with DIP. Secondarily, to identify the most 
commonly associated drugs in the different age groups, evaluate 
management practices and compare drug- associated cases with 
non- drug- associated cases

Barreto et al51 USA Primary study None No To determine the incidence, presentation, clinical course and 
outcome of DIP among patients admitted to a public hospital 
in Australia (they actually only included patients with AP in their 
sample and determined the proportion that were presumed to 
have DIP, not the incidence of DIP among all admissions to the 
hospital)

Spanier et al52 Australia Primary study None No To evaluate the prevalence of pancreatitis- associated drugs in 
a Dutch cohort of patients admitted for AP and to identify the 
proportion of AP possibly attributable to the use of drugs

Marot et al53 Belgium Primary study Tigecylcine No To report two new cases of tigecycline- induced mild AP and to 
review the literature

Meftah et al54 Morocco Primary study None No To present four cases of DIP

Table 1 Continued

Continued
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Studies reporting only DIP diagnostic processes (n=45)

Minen et al55 Italy Primary study None Yes (1) to assess the aetiological factors of acute and recurrent 
pancreatitis in a paediatric population from a tertiary care 
hospital; (2) to assess the usefulness of imaging studies in 
diagnosing aetiologies of pancreatitis

Ledder et al56 Australia/
New Zealand

Primary study AZA Yes To report on four paediatric cases of inflammatory bowel disease 
in which a second thiopurine was introduced successfully after 
an initial thiopurine was suspected to have caused pancreatitis

Morimoto et al57 Japan Primary study Asparaginase Yes A presentation of two paediatric ALL cases of asparaginase- 
associated pancreatitis diagnosed at an early stage based on 
elevated serum elastase-1 levels, in the presence of normal 
serum amylase levels

Yanar et al58 Turkey Primary study None No To report two patients with suspected DIP

Heap et al59 UK/USA Primary study Thiopurine therapy No To (a) characterise the clinical features of thiopurine- induced 
pancreatitis and (b) identify clinical useful genetic markers that 
might predict development of this serious adverse drug reaction

Ruellan et al60 France Primary study Morphine sulfate No To report AP after morphine sulfate ingestion in young patients

Sunga et al61 Korea Primary study Ciprofloxacin No To identify the clinical features and natural course of drug- 
induced pancreatitis by ciprofloxacin during therapeutic use

Tenner62 USA Narrative review None No To explain that drug induced acute pancreatitis does occur, but 
it is rare, and over diagnosis leads to misconceptions about 
the disease resulting in inappropriate patient care, increased 
litigation and a failure to address the true entity: idiopathic acute 
pancreatitis

Cofini et al63 Italy Primary study Valproic acid Yes To describe their experience regarding clinical presentation, 
diagnosis, management and outcome in children with VPA- 
induced AP

Jones et al64 USA Narrative review None No To critically review the epidemiology, pathogenesis, diagnosis 
and presentation of drug- induced pancreatitis, as well as discuss 
drugs and classes of drugs strongly implicated in mediating or 
modulating AP based on well- documented case reports and lab 
investigation

Nesvaderani et 
al65

Australia Primary study None No To determine whether alcohol was the main cause of pancreatitis 
in Western Sydney through retrospective case analysis, and to 
determine the epidemiology, aetiology and outcomes of acute 
pancreatitis

Yamada et al66 Japan Primary study Nilotinib No To report two cases of nilotinib- induced pancreatitis

*Primary studies included clinical trials, prospective and retrospective cohort studies and case series.
ALL, acute lymphocytic leukaemia; AP, acute pancreatitis; AZA, azathioprine; DIP, drug- induced pancreatitis; IFN, interferon; PEG, pegylated 
; RBV, ribavarin; VPA, valproic acid.

Table 1 Continued

VPA patients, given the expected slight increases in amylase, 
the lack of an accumulating metabolite, the rapidity of onset 
of AP and the rarity of cases in the literature.

Bale et al12 monitored the serum amylase of 61 patients 
monthly during VPA therapy. Elevated serum amylase 
was identified in 20% of patients (n=12); however, serum 
amylase values did not correlate with dose or serum level of 
VPA. All 12 patients continued to receive VPA and serum 
amylase returned to normal spontaneously. The authors 
advised that serum amylase may be transiently elevated with 
VPA therapy, without predicting AP; thus, serial monitoring 
in asymptomatic patients may not be warranted.

Wyllie et al14 reported a case series of four patients 
with AP associated with VPA. Serial monitoring was not 
conducted in any of the patients; however, the authors 
commented that transient hyperamylasaemia does not 
correlate with clinical AP in asymptomatic patients, citing 
Bale et al.12 They recommended that VPA be withdrawn 

if symptomatic AP appears but that serial monitoring of 
serum amylase in asymptomatic patients is not necessary.

Nguyen et al15 conducted serial serum amylase testing 
and pancreatic ultrasonography in 92 children with 
lymphoproliferative diseases that were treated with L- as-
paraginase. Studies were conducted at baseline, partway 
through treatment, and at the end of treatment, although 
a strict protocol was not followed. Eleven patients (12%) 
developed at least one abnormal parameter that was 
suggestive of pancreatitis, and six patients (7%) devel-
oped AP. If it appeared, ultrasonographic evidence of 
early/subclinical AP occurred after clinical and/or labo-
ratory abnormalities were present (n=2), and in two other 
patients that developed AP, the mid- treatment ultrasound 
was normal. No correct decisions to alter treatment were 
based solely on ultrasonographic findings. The authors 
advised that serial ultrasounds are not useful in the early 
detection of AP in L- asparaginase patients.
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DIP detection recommendations from the 1990s
Two studies reported on DIP detection methods in the 
1990s.16 17 Maxson et al16 conducted a retrospective anal-
ysis of data from a prospective clinical trial of 51 AIDS 
patients treated with didanosine (ddI). Clinical and labo-
ratory testing were performed at least every 3 to 4 weeks, 
with a mean follow- up of 8.2 months. Twelve patients 
(24%) developed AP, and two of these patients demon-
strated asymptomatic elevations of pancreatic enzymes 
that progressed to pancreatitis within 2 weeks. Twenty 
other patients (39%) demonstrated asymptomatic eleva-
tions of pancreatic enzymes that did not progress to AP. 
We calculated the sensitivity (17%) and specificity (49%) 
of early elevated serum amylase as a test for later develop-
ment of AP. Despite these low values, the authors stated 
that serial monitoring of pancreatic function and early 
identification of risk factors in AIDS patients on ddI may 
be essential to avoid AP.

Chambon et al17 reported on two cases of AP associ-
ated with PEG- asparaginase therapy, neither of which 
received serial monitoring. They challenged the find-
ings of Samuels et al (1976),11 pointing out the weak-
nesses of ultrasound in that study (weekly ultrasounds in 
PEG- asparaginase patients were prone to false- positives 
due to adenopathies and leukaemic infiltration and 
false- negatives due to gas- filled bowel obfuscating the 
pancreas). The authors instead recommended that all 
PEG- asparaginase patients with suspected AP undergo 
further examination for the following signs of pancreatic 
necrosis within 24 hours, and asparaginase discontinued 
if present: (1) lactate dehydrogenase >270 IU/L, (2) C- re-
active protein >100 mg/L, (3) alpha-2 macroglobulin 
<1.3 g/L and (4) contrast CT of the pancreas.

DIP detection recommendations from the 2000s
Five studies commented on DIP detection methods in the 
2000s.6 18–21 Castiglione et al18 conducted a retrospective 
review of 30 Crohn’s disease patients that had received 
azathioprine (AZA). All patients underwent monthly 
serum amylase and transaminase assays for the first 3 
months of treatment, with pancreatic isoenzyme eval-
uated in all cases of hyperamylasaemia. Three patients 
developed moderate AP; however, no comment was 
made regarding the results of serial testing. Additionally, 
prospective testing was performed in 46 Crohn’s disease 
patients on AZA, each receiving weekly serum amylase 
evaluation for the first 8 weeks of treatment. Hyper-
amylasaemia was detected in three cases, resulting in 
discontinuation of AZA; however, there was no clinical or 
ultrasound evidence of AP in these cases, and no other 
cases of AP developed. The authors commented that 
serial amylase testing during the first 2 months of AZA 
therapy in Crohn’s patients could prevent the develop-
ment of AP, allowing early withdrawal of treatment.

Laugel et al (2005)19 did not conduct serial monitoring 
in their study of clinical aspects of asparaginase- induced 
AP in children. However, citing two references,69 70 they 
advise that serial monitoring of serum amylase is a ‘late 

and imperfect means of detecting AP’ because at the time 
of first clinical signs, serum amylase and lipase may still be 
normal or only moderately increased. They suggest that 
serial monitoring is not useful except perhaps to establish 
a baseline on which laboratory results can be compared, 
should clinical signs develop.

Three narrative reviews made comments regarding 
serial monitoring to detect DIP.6 20 21 Dhir et al. (2007)20 
cited Maxson et al (1992) and Nguyen et al (1987)15 16 in 
concluding that although patients should be carefully 
monitored for clinical AP, the use of serial serum pancre-
atic enzyme testing is not advocated, even for drugs 
associated with a high incidence of AP, and that drug 
withdrawal based on asymptomatic amylase elevations 
should not be universally applied. The second narrative 
review by Balani and Grendell6 cited the above review,20 
while also pointing out the rarity of DIP in their recom-
mendation against routine monitoring of asymptomatic 
patients. Instead of serial monitoring, they suggested that 
prevention of DIP should be grounded on recognition 
of high- risk medications and patients, maintenance of 
a high index of suspicion and immediate withdrawal of 
medication once AP is suspected. The third review21 cited 
Balani and Grendell in advising against serial monitoring.

DIP detection recommendations from the 2010s
Two studies by Raja et al (2015, 2017)22 23 conducted weekly 
serial monitoring for DIP in children on PEG- asparaginase. 
In the first study,22 pancreatic ultrasound was conducted 
weekly for 10 weeks on 19 children, then every 2 or 6 weeks, 
depending on the patient’s randomised treatment schedule. 
Three cases of AP developed in the first 10 weeks, all with 
signs of AP on ultrasound at the time of diagnosis; however, 
none demonstrated ultrasonographic evidence of AP prior 
to diagnosis, with the last ultrasounds conducted at 10, 
11 and 16 days prior, respectively. The authors concluded 
that oedema does not develop gradually in asparaginase- 
induced AP (ie, asparaginase- induced AP develops acutely) 
and, thus, serial ultrasound is not useful to monitor for the 
development of AP or to identify patients at risk of experi-
encing AP prior to the event.

In the second study,23 pancreatic enzymes and lipid 
profiles were monitored weekly for 10 weeks in 31 chil-
dren, then every 2 or 3 weeks, depending on the patient’s 
treatment schedule. Seven patients developed AP; however, 
although pancreatic enzyme levels may elevate during 
therapy, they did not gradually increase during treatment, 
but instead were suddenly significantly elevated at the time 
AP developed. It was concluded that early detection of 
asparaginase- induced AP was not possible by serial moni-
toring of pancreatic enzymes or triglycerides, and that 
persistent enzyme elevations above three times the ULN 
may be incorrectly diagnosed as AP, if the patient were to 
develop stomach pains for other reasons.

Summary of recommendations for DIP detection
Early evidence suggested that serial pancreatic ultra-
sound could detect subclinical pancreatitis in patients 
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receiving medications associated with AP, allowing the 
discontinuation of medication prior to development 
of clinical disease.11 However, subsequent studies have 
disputed this claim,15 17 22 23 and have demonstrated no 
utility of serial ultrasound in early AP detection. The two 
studies in which serial monitoring of pancreatic enzymes 
was useful were conducted on patient populations with 
an increased risk of AP due to their underlying condition 
(ie, AIDS and Crohn’s disease).16 18 Other studies have 
recommended against serial monitoring of pancreatic 
enzymes to detect DIP. Other than the study of Crohn’s 
disease patients taking AZA,18 no study advised to discon-
tinue medication based on asymptomatic pancreatic 
enzyme elevation.

DIP diagnostic processes
Fifty- two studies reported a DIP clinical diagnostic process 
(table 1)—one clinical practice guideline,36 16 narrative 
reviews6 20 21 24 26 27 29 33 35 40 42 48 62 64 67 68 and 35 primary 
studies.14 16 17 19 25 28 30–32 34 37–39 41 43–47 49–61 63 65 66 The single 
clinical practice guideline was published following a 
consensus conference in France on AP and provided a 
chapter on DIP causality assessment.36 Thirteen of the 
16 narrative reviews focused solely on DIP, while the 
remaining three were more general reviews of AP. One 
primary study16 diagnosed DIP as an a priori specified 
outcome, while all others diagnosed DIP as part of patient 
inclusion criteria. Nine studies focused solely on paedi-
atric patients.19 35 37 39 50 55–57 63

Several studies presented algorithms for the diagnosis 
of DIP that generally followed the same format: (1) 
confirm the diagnosis of AP and (2) determine the cause 
of AP.20 24 34 36 48

Diagnosis of AP
Thirty- seven studies reported AP diagnostic criteria, 
with only eight (22% of 37 studies) using the criteria 
established by international consensus (see Methods 
section).6 21 47 49 51 55 61 65 The international consensus 
process was begun in 2007 and published in 2012. First 
evidence of reported use of these criteria in our included 
studies was in a narrative review in 2008.6 Thirty- one 
per cent of studies published after 2007 (8 of 26) and 
18% of studies published after 2012 (2 of 11) used the 
international consensus AP diagnostic criteria. Twenty- 
nine studies reported diverse and sometimes incom-
plete AP diagnostic criteria (see online supplementary 
Appendix 5). Sixteen studies (31%) reported no AP 
diagnostic criteria and only described causality assess-
ment.17 19 20 27 29 31 36 40 45 53 56 59 62 66–68

Determination of a drug-related cause
Determination of a drug- related cause was achieved 
through two general methods: (1) the use of DIP- specific 
causality criteria cited from the literature or (2) the use 
of generic adverse drug reaction causality criteria cited 
from the literature.

DIP-specific causality criteria
Several studies presented DIP- specific causality algo-
rithms.20 24 34 36 48 67 68 Mallory and Kern (1980)68 initially 
conducted a review of DIP case reports and classified 
the implicated drugs as having definite, probable or 
possible associations with AP according to presence of the 
following criteria:
1. Presence of a valid temporal relationship.

a. AP develops during treatment with the drug.
b. Clinical and biochemical abnormalities rapidly re-

solve on drug withdrawal.
c. Pancreatitis usually recurs on re- challenge.

2. Exclusion of all other causes of AP.
These criteria have subsequently been used in other 

studies not only to classify drugs,20 29 31 42 52 53 but also to 
impute a drug- related cause in the diagnosis of individual 
cases of DIP.17 38 49 53

Delcenserie (1992 and refined in 2001)27 36 presented 
an in- depth algorithm to impute causality of DIP, using 
data from two assessments: (1) the temporal aspects of 
the disease, including latency (ie, the time from first drug 
administration until development of AP), disease pattern 
following drug discontinuation, and re- challenge and (2) 
clinical criteria, including evidence of highly suggestive 
disease patterns (eg, evidence of allergy, hypertriglycer-
idaemia, hypercalcaemia in patients on drugs known to 
be associated with these), exclusion of all other non- drug 
causes and elevation of serum drug levels. Using these 
data and cross- tabulation of tables, the likelihood of DIP 
causality can be estimated. Three of our included studies 
cited Delcenserie’s methods19 32 41

Flow charts were used by several authors to depict the 
steps of DIP causality assessment.20 24 34 48 67 These gener-
ally were visual depictions of Mallory and Kern’s (1980) 
criteria,68 with various refinements. Steinberg, 198524 
presented a flow chart that included the initial exclusion 
of obvious non- drug causes, determination of whether 
the patient was taking a drug associated with AP, clinical 
course after drug discontinuation and effects of re- chal-
lenge. Eland et al, 199934 presented a similar graphical; 
however, only gallstones and alcoholism were excluded 
as non- drug aetiologies. Trivedi and Pitchumoni, 200567 
presented an algorithm that considered malignancy 
as a non- drug cause initially, as well as alcoholism, gall 
stones, microlithiasis, hypertriglyceridaemia and hyper-
calcaemia. If none of these causes were apparent, DIP was 
considered if the patient was receiving one of the many 
drugs associated with DIP identified in their review of case 
reports. Other numerous causes of AP (see table 3) were 
to be ruled out if the patient was not receiving a listed 
drug or if the clinical course did not fit DIP following 
drug withdrawal. This algorithm was cited by two other 
included studies.49 51 Flow diagrams reported by Dhir et 
al, 200720 and Nitsche et al, 201048 were similar to that 
of Trivedi and Pitchumoni (2005), although Nitsche et 
al suggested integrating a generic adverse drug reaction 
causality assessment tool, not found in their graphic.71

https://dx.doi.org/10.1136/bmjopen-2018-027451


11Wolfe D, et al. BMJ Open 2019;9:e027451. doi:10.1136/bmjopen-2018-027451

Open access

Ta
b

le
 3

 
N

on
- d

ru
g 

ca
us

es
 o

f A
P

 t
ha

t 
w

er
e 

ex
cl

ud
ed

 in
 t

he
 4

4 
st

ud
ie

s 
th

at
 in

cl
ud

ed
 e

xc
lu

si
on

 o
f n

on
- d

ru
g 

ca
us

es
 a

s 
p

ar
t 

of
 t

he
 D

IP
 d

ia
gn

os
tic

 p
ro

ce
ss

S
tu

d
y

B
ili

ar
y

(n
=

35
)

A
lc

o
ho

l
(n

=
31

)
A

na
to

m
ic

 a
no

m
al

ie
s

(n
=

21
)

H
yp

er
- 

tr
ig

ly
ce

ri
d

ae
m

ia
(n

=
14

)

H
yp

er
- 

ca
lc

ae
m

ia
(n

=
15

)
In

fe
ct

io
n

(n
=

16
)

R
ec

en
t 

tr
au

m
a 

o
r 

su
rg

er
y

(n
=

13
)

G
en

et
ic

 c
au

se
s 

(m
ai

nl
y 

p
ae

d
ia

tr
ic

 c
as

es
)

(n
=

12
)

A
ut

o
im

m
un

e 
d

is
ea

se
(n

=
8)

M
al

lo
ry

 a
nd

 K
er

n68
Ye

s
Ye

s

W
yl

lie
 e

t 
al

14
Ye

s
Ye

s
Ye

s
H

yp
er

- 
ch

ol
es

te
ro

la
em

ia
Ye

s
Ye

s
H

is
to

ry
C

ys
tic

 fi
b

ro
si

s,
 h

er
ed

ita
ry

 
p

an
cr

ea
tit

is

S
te

in
b

er
g24

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

H
er

ed
ita

ry
 p

an
cr

ea
tit

is

M
cA

rt
hu

r29
U

S
 —

 a
sy

m
p

to
m

at
ic

 
ch

ol
el

ith
ia

si
s 

an
d

 D
IP

 m
ay

 
co

ex
is

t 
in

 o
ld

er
 p

at
ie

nt
s

H
ep

at
iti

s,
 E

B
V,

 C
M

V,
 

et
c

Fe
rn

an
d

ez
 e

t 
al

30
Ye

s
Ye

s

C
he

ta
ill

e 
et

 a
l32

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

E
la

nd
 e

t 
al

34
Ye

s
Ye

s

D
el

ce
ns

er
ie

36
H

is
to

ry
, r

is
k 

fa
ct

or
s 

(fe
m

al
e,

>
45

 y
ea

rs
, 

m
ul

tip
ar

ou
s,

 o
b

es
e,

 
hy

p
er

tr
ig

ly
ce

rid
ae

m
ia

), 
U

S
, 

la
b

s.
 S

ee
 c

om
m

en
ts

 b
el

ow
*

H
is

to
ry

, c
lin

ic
al

 
ex

am
, L

ab
s 

(m
ea

n 
gl

ob
ul

in
 

vo
lu

m
e,

 A
LT

, 
A

S
T)

. D
IP

 
m

ay
 o

cc
ur

 
co

nc
ur

re
nt

ly
 

w
ith

 a
lc

oh
ol

- 
in

d
uc

ed
 A

P.

D
iffi

cu
lt 

to
 d

ia
gn

os
e 

in
 

th
e 

ac
ut

e 
p

ha
se

 d
ue

 t
o 

in
fla

m
m

at
io

n,
 b

ut
 a

ft
er

 
re

so
lu

tio
n 

of
 A

P,
 m

ay
 b

e 
id

en
tifi

ed
 o

n 
U

S
, e

tc
.: 

d
uc

ta
l A

P
 (p

an
cr

ea
s 

d
iv

is
um

 a
nd

 c
an

al
ic

 
st

en
os

es
…

of
te

n 
ne

op
la

st
ic

)

S
us

p
ec

t 
if 

co
nc

ur
re

nt
 

se
p

si
s 

or
 d

ia
rr

ho
ea

l 
sy

nd
ro

m
e—

se
e 

lis
t 

of
 

ag
en

ts
 b

el
ow

†

Yo
un

ge
r 

p
at

ie
nt

s:
 

m
ut

at
io

n 
of

 c
at

io
ni

c 
tr

yp
si

no
ge

n.
 A

 s
w

ea
t 

te
st

 is
 c

on
cl

us
iv

e,
 

es
p

ec
ia

lly
 in

 t
he

 p
re

se
nc

e 
of

 r
es

p
ira

to
ry

, s
in

us
, 

or
 s

te
ril

ity
 p

ro
b

le
m

s.
 A

 
m

ut
at

io
n 

as
se

ss
m

en
t 

of
 t

he
 C

FT
R

 g
en

e 
m

ay
 

co
nfi

rm
 c

ys
tic

 fi
b

ro
si

s

If 
co

nc
ur

re
nt

 c
ut

an
eo

us
, 

jo
in

t,
 o

r 
ot

he
r 

au
to

im
m

un
e 

m
an

ife
st

at
io

ns
: l

up
us

, m
ix

ed
 

co
nn

ec
tiv

e 
tis

su
e 

d
is

or
d

er
s,

 o
r 

p
er

ia
rt

er
iti

s 
no

d
os

a)
. M

ay
 b

e 
co

nfi
rm

ed
 t

hr
ou

gh
 e

va
lu

at
io

n 
fo

r 
an

 in
fla

m
m

at
or

y 
d

is
ta

l-
 

th
ro

m
b

ot
ic

 s
yn

d
ro

m
e 

or
 s

p
ec

ifi
c 

au
to

an
tib

od
ie

s

C
ha

ud
ha

ri 
et

 a
l38

Im
ag

in
g

Ye
s

Tr
iv

ed
i a

nd
 

P
itc

hu
m

on
i67

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

S
ee

 li
st

 b
el

ow
‡

Ye
s

C
at

io
ni

c 
tr

yp
si

no
ge

n 
ge

ne
 m

ut
at

io
n,

 C
FT

R
 

m
ut

at
io

n,
 S

P
IN

K
-1

 
m

ut
at

io
n

Va
sc

ul
iti

s,
 s

ys
te

m
ic

 lu
p

us
 

er
yt

he
m

at
os

us
, p

ol
ya

rt
er

iti
s 

no
d

os
um

W
er

lin
 a

nd
 F

is
h39

La
b

s,
 im

ag
in

g
Im

ag
in

g
La

b
C

lin
ic

al
ly

La
b

D
hi

r 
et

 a
l20

U
S

Ye
s

If 
A

P
 c

on
tin

ue
s 

af
te

r 
d

ru
g 

w
ith

d
ra

w
al

 o
r 

w
ith

d
ra

w
al

/ 
su

b
st

itu
tio

n 
no

t 
p

os
si

b
le

: 
M

R
 p

an
cr

ea
tic

og
ra

p
hy

, 
E

R
C

P,
 e

nd
os

co
p

ic
 U

/S
, 

C
T,

 s
p

hi
nc

te
r 

of
 O

d
d

i 
m

an
om

et
ry

. E
xc

lu
d

e 
tu

m
ou

r 
if 

p
at

ie
nt

 >
50

 y
ea

rs
 

an
d

 w
ei

gh
t 

lo
ss

, p
ai

nl
es

s 
ja

un
d

ic
e,

 o
r 

ne
w

 o
ns

et
 

d
ia

b
et

es

La
b

s
C

on
si

d
er

 r
ul

in
g 

ou
t 

if 
A

P
 c

on
tin

ue
s 

af
te

r 
d

ru
g 

w
ith

d
ra

w
al

 o
r 

w
ith

d
ra

w
al

/
su

b
st

itu
tio

n 
no

t 
p

os
si

b
le

K
em

p
p

ai
ne

n 
an

d
 

P
uo

la
kk

ai
ne

n40
Ye

s.
 If

 r
ec

ur
re

nt
 A

P
 c

on
d

uc
t 

M
R

C
P

/E
R

C
P

/m
an

om
et

ry
Ye

s
Ye

s.
 If

 r
ec

ur
re

nt
 A

P,
 

co
nd

uc
t 

M
R

C
P

/E
R

C
P

/
m

an
om

et
ry

La
b

s
La

b
s

H
is

to
ry

H
is

to
ry

, U
S

, 
E

U
S

, C
T,

 
M

R
I

H
is

to
ry

 o
f c

ys
tic

 fi
b

ro
si

s;
 

co
nd

uc
t 

ge
ne

tic
 t

es
tin

g 
in

 s
om

e 
ca

se
s

H
is

to
ry

C
on

tin
ue

d



12 Wolfe D, et al. BMJ Open 2019;9:e027451. doi:10.1136/bmjopen-2018-027451

Open access 

S
tu

d
y

B
ili

ar
y

(n
=

35
)

A
lc

o
ho

l
(n

=
31

)
A

na
to

m
ic

 a
no

m
al

ie
s

(n
=

21
)

H
yp

er
- 

tr
ig

ly
ce

ri
d

ae
m

ia
(n

=
14

)

H
yp

er
- 

ca
lc

ae
m

ia
(n

=
15

)
In

fe
ct

io
n

(n
=

16
)

R
ec

en
t 

tr
au

m
a 

o
r 

su
rg

er
y

(n
=

13
)

G
en

et
ic

 c
au

se
s 

(m
ai

nl
y 

p
ae

d
ia

tr
ic

 c
as

es
)

(n
=

12
)

A
ut

o
im

m
un

e 
d

is
ea

se
(n

=
8)

M
en

ne
ci

er
 e

t 
al

41
U

S
, C

T,
 E

U
S

H
is

to
ry

, s
er

um
 

ca
rb

ox
y 

d
efi

ci
en

t 
tr

an
sf

er
rin

 (C
D

T)
 

>
2.

6%
, w

ith
 

no
 e

vi
d

en
ce

 
fa

vo
ur

in
g 

a 
b

ili
ar

y 
ca

us
e 

or
 

ot
he

r

Ye
s

La
b

s
La

b
s

If 
no

 o
b

vi
ou

s 
ca

us
e—

se
e 

lis
t 

of
 a

ge
nt

s 
to

 
ex

cl
ud

e 
b

el
ow

§

H
is

to
ry

If 
no

 o
b

vi
ou

s 
ca

us
e,

 
ex

cl
ud

e 
m

ut
at

io
ns

 o
f 

ca
tio

ni
c 

tr
yp

si
no

ge
n 

an
d

 
C

FT
R

 g
en

e

If 
no

 o
b

vi
ou

s 
ca

us
e,

 t
es

t 
rh

eu
m

at
oi

d
 fa

ct
or

, A
N

A

N
gu

ye
n-

 Ta
ng

 e
t 

al
42

La
b

s,
 E

U
S

, c
ho

la
ng

io
- M

R
I

Ye
s

Ye
s

In
 y

ou
ng

er
 p

at
ie

nt
s:

 
C

ox
sa

ck
ie

 v
iru

s,
 

m
um

p
s,

 C
M

V,
 

S
al

m
on

el
la

, 
C

am
p

yl
ob

ac
te

r, 
M

yc
op

la
sm

a,
 

Le
gi

on
el

la

Ye
s

Ye
s

W
ee

rs
m

a 
et

 a
l43

U
S

Ye
s

A
no

ny
m

ou
s21

H
is

to
ry

, l
ab

s,
 U

S
 a

nd
 

co
nt

ra
st

- e
nh

an
ce

d
 C

T
H

is
to

ry
, p

re
vi

ou
s 

ad
m

is
si

on
U

S
 a

nd
 c

on
tr

as
t-

 en
ha

nc
ed

 
C

T
La

b
s

La
b

s
H

is
to

ry

N
its

ch
e 

et
 a

l48
Ye

s
Ye

s
D

uc
t 

ob
st

ru
ct

io
n,

 a
si

d
e 

fr
om

 g
al

ls
to

ne
s,

 a
nd

 
tu

m
ou

r

Ye
s

Ye
s

If 
no

 o
b

vi
ou

s 
ot

he
r 

ca
us

e
Ye

s

S
p

an
ie

r 
et

 a
l52

Li
ve

r 
fu

nc
tio

n 
te

st
s;

 E
U

S
, 

E
R

C
P,

 o
r 

M
R

C
P

H
is

to
ry

Va
rio

us
 im

ag
in

g 
te

ch
ni

q
ue

s 
m

en
tio

ne
d

 b
ut

 u
se

 t
o 

el
im

in
at

e 
sp

ec
ifi

c 
et

io
lo

gi
es

 
no

t 
d

is
cu

ss
ed

 (U
S

, C
T,

 
M

R
C

P,
 E

R
C

P,
 E

U
S

)

Ye
s

Ye
s

M
ut

at
io

ns
 in

 c
at

io
ni

c 
tr

yp
si

no
ge

n,
 S

P
IN

K
-1

, 
an

d
 C

FT
R

 g
en

es

Le
d

d
er

 e
t 

al
56

S
om

e 
m

ay
 b

e 
as

so
ci

at
ed

 
w

ith
 t

he
 u

nd
er

ly
in

g 
d

is
ea

se
Ye

s,
 b

ut
 d

iffi
cu

lt 
to

 
en

tir
el

y 
ex

cl
ud

e 
in

 
m

os
t 

ca
se

s

S
un

ga
 e

t 
al

61
A

b
d

om
in

al
 im

ag
in

g
Ye

s
Ye

s

C
ofi

ni
 e

t 
al

63
C

T,
 E

R
C

P,
 a

nd
 E

U
S

 
to

 e
xc

lu
d

e 
b

ili
ar

y 
an

d
 p

an
cr

ea
tic

 d
uc

t 
ab

no
rm

al
iti

es

C
ys

tic
 fi

b
ro

si
s,

 c
hr

on
ic

 
p

an
cr

ea
tit

is

Jo
ne

s 
et

 a
l64

H
is

to
ry

, l
iv

er
 fu

nc
tio

n 
te

st
s,

 U
S

 (a
b

d
om

in
al

 a
nd

 
en

d
os

co
p

ic
)

H
is

to
ry

A
b

d
om

in
al

 a
nd

 e
nd

os
co

p
ic

 
U

S
La

b
s

La
b

s
H

is
to

ry

S
tu

d
ie

s 
th

at
 r

ep
o

rt
ed

 ‘e
xc

lu
si

o
n 

o
f 

al
l o

th
er

 c
au

se
s’

, w
it

ho
ut

 e
xp

lic
it

ly
 d

efi
ni

ng
 a

ll 
o

th
er

 c
au

se
s

H
ab

er
 e

t 
al

25
Ye

s
Ye

s

S
ca

rp
el

li26

D
el

ce
ns

er
ie

 e
t 

al
27

U
S

, l
ab

s,
 E

R
C

P
 (r

is
k 

m
ay

 b
e 

to
o 

hi
gh

 if
 n

ot
 

su
gg

es
tiv

e 
of

 b
ili

ar
y 

A
P

), 
en

d
os

co
p

ic
 c

ho
la

ng
i-

 
w

irs
un

go
gr

ap
hy

 (±
b

ile
 

co
lle

ct
io

n 
fo

r 
cr

ys
ta

l/s
lu

d
ge

 
ev

al
ua

tio
n)

, E
U

S

H
is

to
ry

, e
xa

m
, 

la
b

s 
(m

ea
n 

gl
ob

ul
in

 v
ol

um
e,

 
G

G
T,

 A
S

T)

E
nd

os
co

p
ic

 c
ho

la
ng

i-
 

w
irs

un
go

gr
ap

hy
, b

ili
ar

y 
m

an
om

et
ry

, E
U

S

Ye
s

S
ee

 li
st

 b
el

ow
¶

H
is

to
ry

Ta
b

le
 3

 
C

on
tin

ue
d

C
on

tin
ue

d



13Wolfe D, et al. BMJ Open 2019;9:e027451. doi:10.1136/bmjopen-2018-027451

Open access

S
tu

d
y

B
ili

ar
y

(n
=

35
)

A
lc

o
ho

l
(n

=
31

)
A

na
to

m
ic

 a
no

m
al

ie
s

(n
=

21
)

H
yp

er
- 

tr
ig

ly
ce

ri
d

ae
m

ia
(n

=
14

)

H
yp

er
- 

ca
lc

ae
m

ia
(n

=
15

)
In

fe
ct

io
n

(n
=

16
)

R
ec

en
t 

tr
au

m
a 

o
r 

su
rg

er
y

(n
=

13
)

G
en

et
ic

 c
au

se
s 

(m
ai

nl
y 

p
ae

d
ia

tr
ic

 c
as

es
)

(n
=

12
)

A
ut

o
im

m
un

e 
d

is
ea

se
(n

=
8)

M
ax

so
n 

et
 a

l16
C

on
cu

rr
en

t 
op

p
or

tu
ni

st
ic

 
in

fe
ct

io
ns

 w
er

e 
ev

al
ua

te
d

C
ha

m
b

on
 e

t 
al

17
Im

ag
in

g
Im

ag
in

g

La
nk

is
ch

 e
t 

al
28

U
S

H
is

to
ry

M
ar

in
gh

in
i e

t 
al

31

B
er

th
el

em
y 

an
d

 
P

ar
ie

nt
e33

Ye
s

Ye
s

Ye
s

B
al

an
i a

nd
 G

re
nd

el
l6

H
is

to
ry

, l
ab

s,
 U

S
, c

on
tr

as
t-

 
en

ha
nc

ed
 C

T?
H

is
to

ry
C

on
tr

as
t-

 en
ha

nc
ed

 C
T

La
b

s
La

b
s

H
is

to
ry

A
nd

o 
et

 a
l44

Ye
s

Ye
s

Ye
s

A
hm

ad
 a

nd
 

M
ah

m
ud

46
B

ili
ru

b
in

 a
nd

 U
S

La
b

s
H

ep
at

iti
s,

 E
B

V,
 C

M
V,

 
et

c

B
ut

t 
et

 a
l47

Ye
s

Ye
s

V
in

kl
er

ov
á 

et
 a

l49

B
ar

re
to

 e
t 

al
51

U
S

H
is

to
ry

, p
re

vi
ou

s 
ad

m
is

si
on

M
R

C
P

 t
o 

ru
le

 o
ut

 
co

ng
en

ita
l m

al
fo

rm
at

io
ns

, 
C

T 
(if

 in
iti

al
 la

b
 w

or
ku

p
 

in
co

nc
lu

si
ve

) a
nd

 s
er

um
 

C
A

 1
9–

9 
le

ve
ls

 if
 s

us
p

ec
te

d
 

m
al

ig
na

nc
y

La
b

s
La

b
s

Ye
s,

 if
 p

at
ie

nt
 

d
ev

el
op

ed
 a

 
se

ve
re

 v
ira

l i
lln

es
s 

ne
ce

ss
ita

tin
g 

ad
m

is
si

on

H
is

to
ry

M
R

 c
ho

la
ng

io
p

an
cr

ea
to

gr
ap

hy
, 

an
d

 m
ar

ke
rs

, i
nc

lu
d

in
g 

im
m

un
og

lo
b

ul
in

 4
 (I

gG
4)

 a
nd

 
au

to
an

tib
od

ie
s,

 a
s 

w
el

l a
s 

an
 

en
d

os
co

p
ic

 u
ltr

as
on

og
ra

p
hy

 a
nd

 
fin

e 
ne

ed
le

 a
sp

ira
tio

n

M
ar

ot
 e

t 
al

53

M
ef

ta
h 

et
 a

l54
Ye

s
Ye

s

Ya
na

r 
et

 a
l58

H
ea

p
 e

t 
al

59

R
ue

lla
n 

et
 a

l60
H

is
to

ry
 o

f c
ho

le
cy

st
ec

to
m

y,
 

b
ile

 s
am

p
lin

g
Ye

s
Ye

s

Te
nn

er
62

Ye
s

H
is

to
ry

Ye
s,

 o
cc

ur
 in

 1
0%

–1
5%

 
of

 t
he

 p
op

ul
at

io
n 

b
ut

 
co

nt
ro

ve
rs

ia
l a

s 
to

 w
he

th
er

 
th

ey
 c

au
se

 A
P

 (c
om

b
in

at
io

n 
of

 a
na

to
m

ic
al

 a
nd

 g
en

et
ic

 
fa

ct
or

s 
m

ay
 p

re
d

is
p

os
e)

Ye
s

La
b

s
U

nc
le

ar

N
es

va
d

er
an

i e
t 

al
65

C
T/

im
ag

in
g

H
is

to
ry

H
is

to
ry

*A
b

se
nc

e 
of

 s
to

ne
s 

or
 h

ep
at

ic
 d

am
ag

e 
on

 b
lo

od
 w

or
k 

d
oe

s 
no

t 
fo

rm
al

ly
 e

xc
lu

d
e 

b
ili

ar
y 

ca
us

e.
 C

on
si

d
er

 E
U

S
 a

nd
/o

r 
b

ile
 e

va
lu

at
io

n 
fo

r 
cr

ys
ta

ls
/s

lu
d

ge
. B

ili
ar

y 
A

P
 c

an
 o

cc
ur

 c
on

cu
rr

en
tly

 w
ith

 D
IP

—
so

m
e 

m
ed

ic
at

io
ns

 c
an

 c
au

se
 fo

rm
at

io
n 

of
 d

ru
g 

cr
ys

ta
ls

 (c
ef

tr
ia

xo
ne

) o
r 

ch
ol

es
te

ro
l c

ry
st

al
s 

(c
lo

fib
ra

te
, o

ct
re

ot
id

e)
 a

nd
 r

es
ul

t 
in

 A
P

 d
ue

 t
o 

ga
lls

to
ne

 m
ig

ra
tio

n.
 A

s 
w

el
l, 

m
or

p
hi

ne
 d

er
iv

at
iv

es
 m

ay
 c

au
se

 s
p

hi
nc

te
r 

of
 O

d
d

i s
p

as
m

 in
 c

ho
le

cy
st

ec
to

m
is

ed
 p

at
ie

nt
s,

 le
ad

in
g 

to
 b

ili
ar

y 
p

ai
n,

 c
yt

ol
ys

is
 a

nd
 A

P.
†I

nf
ec

tio
ns

 t
o 

ex
cl

ud
e:

 C
ox

sa
ck

ie
 v

iru
s,

 m
um

p
s,

 H
A

V,
 H

B
V,

 H
C

V,
 C

M
V,

 M
yc

ob
ac

te
ria

, L
eg

io
ne

lla
, C

hl
am

yd
ia

, M
yc

op
la

sm
a,

 S
al

m
on

el
la

, b
ru

ce
llo

si
s,

 Y
er

si
ni

a,
 C

am
p

yl
ob

ac
te

r,
 r

ou
nd

w
or

m
s,

 h
yd

at
id

 c
ys

ts
, t

ap
ew

or
m

s,
 fu

ng
al

 in
fe

ct
io

ns
.

‡I
nf

ec
tio

ns
 t

o 
ex

cl
ud

e:
 a

sc
ar

ia
si

s,
 c

lo
no

rc
hi

as
is

, m
um

p
s,

 R
ub

el
la

, H
A

V,
 H

B
V,

 H
C

V,
 C

ox
sa

ck
ie

 B
, E

ch
o,

 a
d

en
ov

iru
s,

 C
M

V,
 E

B
V,

 H
IV

), 
M

yc
op

la
sm

a,
 C

. j
ej

un
i, 

Le
p

to
sp

iro
si

s,
 L

eg
io

ne
lla

, M
yc

ob
ac

te
riu

m
 t

ub
er

cu
lo

si
s,

 M
yc

ob
ac

te
riu

m
 a

vi
um

 c
om

p
le

x.
§I

nf
ec

tio
ns

 t
o 

ex
cl

ud
e:

 h
ep

at
iti

s,
 C

ox
sa

ck
ie

 v
iru

s 
B

1-
 B

6,
 e

ch
ov

iru
s,

 m
on

on
uc

le
os

is
, E

B
V,

 m
ea

sl
es

, h
er

p
es

 z
os

te
r, 

C
M

V,
 Y

er
si

ni
a,

 B
ru

ce
lla

, L
eg

io
ne

lla
, M

yc
op

la
sm

a 
p

ne
um

on
ia

e,
 S

al
m

on
el

la
, C

hl
am

yd
ia

e 
tr

ac
ho

m
at

is
 a

nd
 p

ne
um

on
ia

e.
¶

R
ec

om
m

en
d

ed
 in

fe
ct

io
ns

 t
o 

ex
cl

ud
e:

 C
ox

sa
ck

ie
 v

iru
s,

 m
um

p
s,

 h
ep

at
iti

s 
vi

ru
se

s,
 C

M
V,

 M
yc

ob
ac

te
ria

, L
eg

io
ne

lla
, C

hl
am

yd
ia

, M
yc

op
la

sm
a,

 S
al

m
on

el
la

, b
ru

ce
llo

si
s,

 Y
er

si
ni

a,
 C

am
p

yl
ob

ac
te

r,
 r

ou
nd

w
or

m
, h

yd
at

id
 c

ys
t,

 t
ap

ew
or

m
, f

un
ga

l.
A

P,
 a

cu
te

 p
an

cr
ea

tit
is

; A
S

T,
 a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; C

FT
R

, c
ys

tic
 fi

b
ro

si
s 

tr
an

sm
em

b
ra

ne
 c

on
d

uc
ta

nc
e 

re
gu

la
to

r;
 C

M
V,

 c
yt

om
eg

al
ov

iru
s;

 C
T,

 c
om

p
ut

ed
 t

om
og

ra
p

hy
; D

IP
, d

ru
g 

in
d

uc
ed

 p
an

cr
ea

tit
is

; E
B

V,
 E

p
st

ei
n 

B
ar

r 
vi

ru
s;

 E
R

C
P,

 e
nd

os
co

p
ic

 r
et

ro
gr

ad
e 

ch
ol

an
gi

op
an

cr
ea

to
gr

ap
hy

; E
U

S
, e

nd
os

co
p

ic
 u

ltr
as

ou
nd

; G
G

T,
 g

am
m

a-
 gl

ut
am

yl
 t

ra
ns

fe
ra

se
; H

A
V,

 h
ep

at
iti

s 
A

 v
iru

s;
 H

B
V,

 h
ep

at
iti

s 
B

 v
iru

s;
 H

C
V,

 h
ep

at
iti

s 
C

 v
iru

s;
 M

R
, m

ag
ne

tic
 r

es
on

an
ce

; M
R

C
P,

 m
ag

ne
tic

 r
es

on
an

ce
 c

ho
la

ng
io

p
an

cr
ea

to
gr

ap
hy

; M
R

I, 
m

ag
ne

tic
 r

es
on

an
ce

 
im

ag
in

g;
 S

P
IN

K
1,

 s
er

in
e 

p
ep

tid
as

e 
in

hi
b

ito
r 

K
az

al
 t

yp
e 

1;
 U

S
, u

ltr
as

ou
nd

.

Ta
b

le
 3

 
C

on
tin

ue
d



14 Wolfe D, et al. BMJ Open 2019;9:e027451. doi:10.1136/bmjopen-2018-027451

Open access 

Temporal aspects related to latency, drug discontinua-
tion and AP resolution and re- challenge were key compo-
nents in the DIP- specific causality criteria reported above. 
Many of our included studies indicated that the shorter 
the latency, the more suggestive of DIP (assuming other 
conditions were met)25 27 42 60 61 66 however, other studies 
commented that DIP could occur several months to years 
after the start of medication,20 27 36 42 or after discontinua-
tion of short- term medication.36 A typical latency (ie, consis-
tent with the literature for the drug in question) has also 
been proposed as suggestive of causality,17 20 32 36 61 66 which 
takes into consideration the underlying pathophysiolog-
ical mechanism. Regarding drug discontinuation, some 
studies suggested that there should be a rapid disappear-
ance of symptoms,27 33 36 42 followed by a slower decrease in 
pancreatic enzymes.27 36 42 One study advised that resolution 
of symptoms may be coincidental with drug discontinua-
tion, and thus, is not confirmatory of DIP.64 If AP did not 
recur after drug discontinuation, many felt the suspicion 
of a drug- related cause was heightened.17 27 32 33 38 44 52 Most 
studies considered a positive re- challenge to be confirma-
tory; however, patients with idiopathic pancreatitis or micro-
lithiasis may have recurrent attacks of AP coincident with 
de- challenge and re- challenge.62 Re- challenge was consid-
ered unethical if a drug- related association was already 
suspected in the literature,14 27 33 36 39 44 49 63 but unintended 
re- challenge was known to occur.49 61 Others commented 
that re- challenge should only be attempted if the benefit 
of the medication outweighs the risk of another potentially 
severe episode of AP.21 29 48 67

In imputing a drug- related cause, several studies 
required identification of either previous AP cases asso-
ciated with the drug in the literature or a previous deter-
mination of an association between the drug and AP. 
Beyond a literature search, reported sources of cases and 
associations included the American Gastroenterological 
Association Technical Bulletin on Acute Pancreatitis,72 
the French database ‘Pancreatox’ (http:// drugsoft. com/ 
pancreatox. html) and articles by Trivedi and Pitchu-
moni,67 Andersen et al,73 Eland et al34 and Lankisch et al.28

Exclusion of at least one important non- drug cause of 
AP was a key element of DIP- specific causality assessment 
in 44 studies. table 3 presents the nine most commonly 
excluded non- drug causes of AP reported. The non- drug 
causes were numerous, variable across studies and may 
have changed over time (eg, the first evidence of exclu-
sion of autoimmune causes of AP in our sample was in 
2001). Many studies (n=24) claimed to have ‘excluded 
all other causes’, without explicitly defining the other 
causes, precluding synthesis of these data. The most 
commonly excluded non- drug cause of AP was biliary 
disease, including gallstones, biliary sludge or crystal 
development. Algorithms of hierarchical testing74 75 have 
been reported that could rule out more common aetiol-
ogies of AP before embarking on more invasive or costly 
tests to evaluate less likely causes.40 The exclusion of other 
drugs as causative agents of DIP was considered in 14 
studies.6 14 16 20 25 29 30 36 38 40 46–48 52 McArthur commented 

that it is difficult to evaluate the contributions of other 
drugs in the development of AP.29 Spanier et al, suggested 
classification of all drugs being administered at the time 
of AP onset using the Badalov system,7 while Delcenserie 
recommended measurement of serum levels of admin-
istered drugs with a known dose- dependent toxic mech-
anism for DIP.36 No studies discussed the potential for 
drug interactions that may potentiate DIP.

Generic adverse drug reaction causality criteria
Four tools to assess causality of potential adverse drug 
reactions generically (ie, not DIP specifically) were used 
by seven of the included studies,45 46 48 49 51 61 62 including 
The WHO Probability Scale,76 77 The Naranjo criteria,78 
criteria developed by Karch and Lasagna71 and Hill’s 
criteria of causation.79 These tools were used in addition 
to considerations of temporal aspects of the case and 
exclusion of non- drug causes, to determine the likeli-
hood of a suspected drug- related cause.

DISCuSSIOn
The prevailing opinion of the included studies in this 
review is that serial monitoring to detect early cases of 
AP is unwarranted in patients receiving medications with 
the potential to cause DIP. Patients with a higher risk of 
AP due to an underlying disease (eg, those with Crohn’s 
or AIDS) may be the exception, and thus may benefit 
from serial monitoring, although the evidence for this is 
based on single studies and this hypothesis has not been 
tested in a randomised controlled trial. Several studies 
demonstrated that serial monitoring could not differen-
tiate between patients in whom AP will or will not ulti-
mately arise. As well, some drugs may induce significant 
and persistent elevations of serum amylase or lipase unre-
lated to AP, putting those patients at risk of misdiagnosis 
of AP should abdominal pain arise due to other causes. 
Cases of DIP occurred acutely, without a continuous 
gradual elevation of pancreatic enzymes or a gradual 
accumulation of pancreatic oedema on ultrasound. Thus, 
asymptomatic elevations of pancreatic enzymes could not 
predict AP, and evidence of AP on ultrasound generally 
did not appear until patients were symptomatic. As stated 
by Laugel et al,19 serial monitoring is a ‘late and imperfect 
means of detecting AP.’

Our review also identified that diagnosis of DIP is not 
standardised across the literature. Although AP diag-
nostic criteria have been generally accepted, the uptake 
of these criteria by researchers has been low, even in 
recent publications. Similarly, there were substantive 
differences across studies in the methods used to impute 
causality in DIP. Lack of standardisation in DIP diagnostic 
criteria can significantly influence the classification of 
drugs with respect to their association with AP. Current 
classification systems rely on synthesis of DIP case reports 
in the literature.7 However, accurate drug classification is 
only possible when DIP case reports correctly diagnose 
DIP using currently accepted AP diagnostic criteria and 

http://drugsoft.com/pancreatox.html
http://drugsoft.com/pancreatox.html
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appropriate imputation of causality. Lack of use of stan-
dard diagnostic and causality criteria can lead to infor-
mation bias resulting from (1) misdiagnosis of other 
gastrointestinal disease as AP and (2) incorrect attribu-
tion of cause to a drug when it is not. The numbers of 
published cases of DIP apparently associated with a drug 
can become inflated, potentially leading to a higher risk 
of pancreatitis being assigned than is warranted.

Similarly, a lower risk of pancreatitis may be assigned 
to newly approved drugs than what is warranted. Without 
an accurate method of detection of DIP during clinical 
trials required for the new drug approval process, cases 
of pancreatitis may be missed. For example, publicly 
available United States Food and Drug Administration 
(FDA) documentation demonstrates that in April 2014, 
a concern regarding an association between ceritinib 
(Zykadia, Novartis Pharmaceuticals Corporation, East 
Hanover, New Jersey) and pancreatitis was raised by FDA 
New Drug Application (NDA) reviewers.80 However, the 
available evidence from the submitted trial data did not 
substantiate an association because no clinical cases of 
confirmed pancreatitis had been found.80 Pancreatitis was 
identified as a potential serious adverse reaction of ceri-
tinib based on clinically significant elevations in serum 
lipase that occurred during clinical trials and preclinical 
findings submitted as part of the approval process.81 One 
year later, a warning regarding pancreatitis was added to 
the Zykadia label by the FDA. The original NDA reviewers 
suggested that cases of pancreatitis may have been misclas-
sified as general gastrointestinal (GI) toxicity during pre- 
approval trials due to the almost universal presence of GI 
symptoms among the patients.81 An accurate method of 
DIP detection or application of the currently accepted 
AP diagnostic criteria may have attributed some cases to 
pancreatitis and confirmed an association between ceri-
tinib and DIP prior to approval.

No reviews of the literature have previously been 
published that have evaluated DIP detection or diag-
nostic processes reported in the literature, thus, we 
have no comparison for our findings. Our review had 
both strengths and weaknesses. We used robust system-
atic review methods, including development and regis-
tration of an a priori protocol. We elected to include 
both review papers and primary studies to encompass 
as wide an evidence base as possible. Our search strat-
egies were designed to be broad enough to capture all 
relevant reviews of DIP; however, for primary studies, it 
is impossible to screen all trials of all drugs ever evalu-
ated. Thus, our primary search strategy was designed to 
capture studies that contained vocabulary and key words 
related to diagnostic processes associated with DIP; trials 
that may have used a DIP diagnostic process but that were 
not indexed by vocabulary related to DIP would not have 
been captured, a source of potential selection bias. As 
well, given the non- quantitative approach to synthesis, a 
degree of confirmation bias may be inherent in the infer-
ences drawn. We attempted to minimise confirmation 
bias through discussion of the data and the inferences 

drawn among all members of the review team as well as 
clinical experts. As well, to improve transparency of our 
inferences, in an appendix we have reported direct quotes 
from the included papers that illustrated key points and 
positions with respect to DIP detection (online supple-
mentary appendix 5). Similarly, all raw data and syntheses 
have been provided in online supplementary appendix 6.

The available evidence indicates that serial monitoring 
of pancreatic enzymes or ultrasound to detect cases of 
DIP is not warranted, even in patients receiving drugs with 
established associations with pancreatitis. Thus, detection 
of DIP in clinical trials remains elusive given its rare occur-
rence in the smaller sample sizes found in many trials, and 
given that more medically complex patients at higher risk 
of DIP are commonly excluded from clinical trials. For 
government drug regulatory bodies interested in identi-
fying new drugs with high risk of AP prior to marketing 
approval, no recommendations could be made regarding 
serial monitoring methods to detect DIP in clinical trials. 
Future research efforts in identifying more specific 
biomarkers for earlier identification of pancreatitis or 
pharmacogenomic testing to identify a higher risk group 
of patients in whom a greater risk of pancreatitis could be 
predicted would be useful to clinicians, trialists and regu-
latory bodies. In the meantime, reliance on heightened 
clinical awareness, identification of high- risk patients and 
the use of standardised diagnostic and causality criteria 
remain key to DIP detection and diagnosis.
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