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Abstract: Background: Drug-induced pancreatitis (DIP) has been increasingly recognized owing to the increased use
of pharmacotherapy; however, valproate sodium (VPA)-associated DIP remains uncommon, particularly in adoles-
cents, though severe and life-threatening cases have been documented in this population. We report an adolescent
patient with epilepsy who developed DIP following long-term VPA therapy and further investigate the risk of anti-
epileptic drug (AED)-related pancreatitis through an analysis of the FDA Adverse Event Reporting System (FAERS)
database. Methods: We present a case of an adolescent male with epilepsy who developed DIP after VPA treatment.
OpenVigil 2.1 was used to conduct a pharmacovigilance analysis of all AED-related adverse events (AEs) reported to
the FAERS up to June 2024. Signal detection was performed using the reporting odds ratio (ROR) and proportional
reporting ratio (PRR). Results: Among 136,681 cases from 104 countries, 2237 (1.64%) were associated with
acute pancreatitis (AP), including 918 serious cases. All evaluated AEDs - except brivaracetam - had ROR and PRR
values >1, indicating a potential risk of pancreatitis. The highest-risk AEDs were amobarbital, quetiapine, VPA, and
carbamazepine. Conclusion: This study reinforces the association between VPA and AP while providing a broader
pharmacovigilance assessment of AED-induced pancreatitis. Clinicians should remain vigilant when prescribing
AEDs, particularly to high-risk patients, given the potential of serious pancreatic toxicity.
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Introduction nolence, dizziness, headache, ataxia, and men-
tal apathy, whereas more severe reactions may
involve hepatotoxicity, acute hepatic necrosis,
and, rarely, hematologic abnormalities such as
leukopenia, erythrocytosis, and thrombocyto-

penia [4-6]. A particularly rare but severe com-

Epilepsy is a chronic neurological disorder char-
acterized by a broad spectrum of symptoms,
challenging treatment, and significant disability
[1]. It often manifests early in life, with frequent

relapses, long disease duration, and high rates
of comorbidities, including an increased risk of
suicide. Valproate sodium (VPA), a widely used
broad-spectrum antiepileptic drug (AED), exerts
its therapeutic effects by inhibiting gamma-
aminobutyric acid (GABA) aminotransferase,
leading to elevated GABA levels in the brain [2,
3]. In addition to controlling seizures, VPA has
demonstrated efficacy in managing mood dis-
orders, with benefits in both depressive and
manic episodes. However, VPA is associated
with several adverse effects (AEs). Common
side effects include cognitive impairment, som-

plication is VPA-induced acute pancreatitis (AP)
[71.

This case report highlights a rare instance of
VPA-induced AP in a patient with epilepsy, with
the aim of increasing clinicians’ awareness of
this uncommon AE and offering recommenda-
tions for the rational and safe use of AEDs. In
addition to this case report, we conducted an
analysisofthe USFoodand DrugAdministration’s
Adverse Event Reporting System (FAERS) data-
base to further investigate cases of AP follow-
ing the use of AEDs. FAERS is one of the largest
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Figure 1. Unenhanced upper abdominal CT before and
after treatment. A. June 10, 2024: Pretreatment CT
showed peripancreatic fluid accumulation and exuda-
tion (arrow). B. June 22, 2024: Posttreatment CT dem-
onstrated mild pancreatic enlargement, decreased
parenchymal attenuation, and minimal residual peri-
pancreatic fluid. C. June 25, 2024: CT showed partial
resolution of the peripancreatic fluid collections.

databases designed to support the FDA’s post-
market safety monitoring program for approved
medications [8]. It is publicly accessible and
widely used by the FDA, health care systems,
clinicians, and pharmaceutical companies to
detect and assess potential safety signals [9].
To date, no comprehensive study has utilized
the FAERS database to specifically analyze ad-
verse reactions linked to the use of common
AEDs causing AP, making this the first such
analysis. In this work, we aimed to examine and
analyze postmarketing adverse reactions relat-
ed to AEDs in clinical practice, with a particular
focus on VPA. Our goal is to enhance the under-
standing of the clinical use of VPA by balancing
its therapeutic benefits with the potential risks
associated with its AEs.

Case presentation

The patient was a 15-year-old male, 166 cm in
height and weighing 54 kg, who presented with
a one-day history of upper and mid-abdominal
pain. He was admitted to our hospital on June
10, 2024. The patient reported sudden onset
of abdominal pain without any obvious cause,
accompanied by nausea and vomiting. He vom-
ited three times during the night, bringing up
gastric contents, but there were no signs of
jaundice, fever, or chills. An abdominal CT scan
revealed AP with peripancreatic exudation
and fluid accumulation in the abdominal and
pelvic cavities (Figure 1A). Initial laboratory
tests revealed a C-reactive protein (CRP) level
of 9.36 mg/L (normal range 0.068-8.2 mg/L),
a white blood cell (WBC) count of 15.78x10°/L
(normal range 4-11x10°%/L), a red blood cell
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(RBC) count of 5.55x10*?/L (normal range 4.0-
5.5x10*2/L), a hemoglobin (Hb) level of 178 g/L
(normal range 120-160 g/L), and a platelet
count (PLT) of 213x10%/L (normal range 100-
300%10°%/L). Biochemical tests revealed an
elevated serum amylase level of 1043 U/L (nor-
mal range 25-125 U/L).

The patient was admitted with a suspected
diagnosis of AP for further evaluation and treat-
ment. At admission, he had intermittent upper
abdominal distension and pain, but his bowel
movements and flatulence were normal. He
had a one-year history of epilepsy and was tak-
ing 1000 mg of VPA and 800 mg of quetiapine
daily. He had experienced two previous similar
episodes of abdominal pain. The patient denied
any history of alcohol consumption, gallstone
disease, hypertriglyceridemia, hypercalcemia,
or other known risk factors for pancreatitis, as
well as any significant medical conditions, prior
surgeries, food or drug allergies, or a family his-
tory of epilepsy. The patient’s vital signs were
as follows: temperature of 36.3°C, pulse rate of
117 beats per minute, respiratory rate of 16
breaths per minute, and blood pressure of
114/80 mmHg. On physical examination, there
was tenderness and rebound tenderness in
the upper abdomen but no palpable masses.
Additional tests after admission revealed a
WBC count of 11.04x10°/L, a neutrophil per-
centage of 80.4% (normal range 50-70%), a uric
acid level of 468.00 umol/L (normal range
150-416 umol/L), a serum amylase level of
832.0 U/L (normal range <122 U/L), and a
lipase level of 1107.1 U/L (normal range 0-110
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The change of serum amylase and lipase
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Figure 2. The change of serum amylase and lipase.

U/L). On the basis of the patient’s medication
history, VPA-induced AP was suspected.

VPA was discontinued, and the patient received
symptomatic treatment, including 75 mg of
intravenous ranitidine daily for gastric mucosal
protection, pain management, hepatoprotec-
tive therapy, fluid resuscitation, fasting, and
water restriction. A nasojejunal feeding tube
was placed, and enteral nutritional support
was provided. After treatment, an unenhanced
CT scan of the upper abdomen on June 22,
2024 revealed mild pancreatic enlargement
with small peripancreatic fluid collections (Fi-
gure 1B). A follow-up scan on June 25, 2024,
revealed only slight pancreatic swelling (Figure
1C). Biochemical tests revealed a serum amy-
lase level of 81 U/L and a lipase level of 142.3
U/L, with no significant abnormalities in the
complete blood count. The changes in serum
amylase and lipase levels during the patient’s
hospitalization are shown in Figure 2. The
patient’'s symptoms improved, and he was
discharged in stable condition. Follow-up in
the outpatient clinic revealed no recurrence of
symptoms to date.
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FAERS database analysis of AP induced by
AEDs

Data collection

The data for this study were sourced from the
FAERS, one of the most comprehensive sponta-
neous reporting system databases available.
The FDA releases FAERS data quarterly, and for
this study, we utilized reports submitted up to
the second quarter of 2024 [10]. The AEDs ana-
lyzed included VPA, carbamazepine, clobazam,
oxcarbazepine, lorazepam, ethosuximide, que-
tiapine, brivaracetam, acetazolamide and amo-
barbital. Initially, all cases of adverse reactions
to AEDs were identified from the FAERS data-
base using the Standardized MedDRA Query
(SMQ) with the code 20000006. From this
dataset, we extracted cases in which AEDs
were implicated in the development of AP.
Several key variables, including patient age,
sex, reporting country, reporter type, and out-
comes, were collected [11]. SAEs were defin-
ed as instances in which the treatment led to
hospitalization, death, disability, or other life-
threatening conditions.
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Records identified through FAERS
database (n=29153222)

using acetazolamide were
generally older, with a median

| Excluding patients taking other
| medications

age of 56 years (interquartile
range: 32-72 years), followed
by those taking lorazepam (52

after taking other medications (n=204492)

{Records after excluding the number of cases

years (35-67)). In contrast,
patients taking clobazam were

sex

| Excluding the duplicate records
‘ and the records without age and

26 years (9-48). Further de-

younger, with a median age of
} tails are provided in Table 1.

Records after deleting duplicate and
missing values (n=136681)

Figure 3. Flowchart of the study.

Methods

For this study, three FAERS tables (“DEMOQ”,
“DRUG”, “REAC”, and “OUTC”") were used for
analysis. Demographic and AE data related
to VPA and other AEDs were analyzed using
OpenVigil 2.1. Duplicated demographic data
were removed according to FAERS recommen-
dations to ensure accuracy.

Data acquisition

Data analysis was conducted using IBM SPSS
V.26.0 and StataCorp Stata 12.0 software.
Normally distributed data are expressed as the
mean (SD), whereas nonnormally distributed
data are presented as the median (Q1, Q3). In
this study, we mainly used frequency methods
for signal mining, including the ROR and PRR
[12]. The ROR reflects the odds of an AE occur-
ring with a specific drug compared with the
odds of the same event occurring with all other
drugs. The PRR compares the proportion of re-
ports of a specific adverse drug reaction (ADR)
for a particular drug to the proportion of the
same ADR for all other drugs [13]. It is another
measure of disproportionality used to detect
signals. A p value <0.05 was considered to in-
dicate statistical significance.

Results

As shown in Figure 3, after excluding duplicate
records and those missing age and sex data, a
total of 136,681 patients were included in the
analysis up to June 2024. The median age of
the included patients was 44 years (interquar-
tile range: 27-61 years). Males represented
a greater proportion of patients taking VPA
(51.64%) and amobarbital (54.24%). Patients
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Among the 136,681 reports,

2,237 cases (1.64%) were as-

sociated with AP. These cases

originated from 104 countries,

including the United States
(1580 cases), France (156 cases), Canada (48
cases), the United Kingdom (34 cases), and
Japan (30 cases), among others. A total of 918
patients were classified as having SAEs, whi-
ch included hospitalization (756 patients,
33.80%), disability (26 patients, 1.16%), life-
threatening outcomes (53 patients, 2.37%) and
death (83 patients, 3.71%). Tables 2 and 3
present the clinical features of AP events asso-
ciated with AEDs.

Table 4 includes the number of AP cases asso-
ciated with each AED, along with the corre-
sponding RORs, PRRs, and their respective
95% confidence intervals (Cls). With the excep-
tion of brivaracetam, all the other AEDs pre-
sented ROR and PRR values greater than 1.
The ROR and PRR values in descending order
are as follows: amobarbital: ROR: 116.729
(95% Cl: 268.371-107.940); PRR: 107.94 (95%
Cl: 47.062-247.567); quetiapine: ROR: 56.869
(95% Cl: 54.041-59.845); PRR: 54.883 (95%
Cl: 52.155-57.753); VPA: ROR: 11.196 (95% Cl:
9.643-13.000); PRR: 11.117 (95% Cl: 9.575-
12.908); carbamazepine: ROR: 5.024 (95% Cl:
4.335-5.822); PRR: 5.010 (95% CI: 4.323-
5.806); clobazam: ROR: 4.790 (95% Cl: 3.497-
6.561); PRR: 4.777 (95% Cl: 3.487-6.544);
oxcarbazepine: ROR: 4.714 (95% Cl: 3.625-
6.131); PRR: 4.702 (95% CI: 3.616-6.115);
lorazepam: ROR: 3.465 (95% Cl: 2.872-4.180);
PRR: 3.459 (95% Cl: 2.867-4.173); ethosuxi-
mide: ROR: 2.468 (95% Cl: 0.795-7.660); PRR:
2.465 (95% Cl: 0.794-7.653); acetazolamide:
ROR: 2.014 (95% CI: 0.838-4.843); PRR: 2.013
(95% CI: 0.837-4.839); brivaracetam: ROR:
0.879 (95% Cl: 0.283-2.726); PRR: 0.879 (95%
Cl: 0.283-2.762).
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Table 1. Demographic characteristics of individuals taking AEDs within the FAERS database

N Male Female Age
Total 136681 59790 (43.74%) 76891 (56.26%) 44 (27, 61)
valproate sodium 15684 8100 (13.55%) 7584 (9.86%) 40 (22,58)
Carbamazepine 34134 15374 (25.71%) 18760 (24.40%) 42 (25,60)
Clobazam 4564 2259 (3.78%) 2305 (3.00%) 26 (9, 48)
Oxcarbazepine 9258 4103 (6.86%) 5155 (6.70%) 38 (18, 55)
Lorazepam 30349 11981 (20.04%) 18368 (23.89%) 52 (35, 67)
Ethosuximide 1015 398 (0.67%) 617 (0.80%) 10 (7, 19)
Quetiapine 37392 15716 (26.29%) 21676 (28.19%) 45 (31, 60)
Brivaracetam 1705 788 (1.32%) 917 (1.19%) 37 (23, 53)
Acetazolamide 2521 1039 (1.74%) 1482 (1.93%) 56 (32, 72)
Amobarbital 59 32 (0.05%) 27 (0.04%) 43 (27, 55)
Normal distribution (mean + standard deviation); Non-normal distribution (median (Q1, Q3)).
Table 2. Demographic characteristics of AEDs-related AP up to June 2024

N Male Female Age
Total 2237 1043 (46.62%) 1194 (53.38%) 43 (33, 51)
valproate sodium 175 129 (5.77%) 46 (2.06%) 37 (18, 57)
Carbamazepine 179 88 (3.93%) 91 (4.07%) 39 (23, 59)
Clobazam 39 18 (0.80%) 21 (0.94%) 30 (18, 34)
Oxcarbazepine 56 27 (1.21%) 29 (1.30%) 23 (14, 45)
Lorazepam 110 44 (1.97%) 66 (2.95%) 47 (44, 52)
Ethosuximide 3 2 (0.09%) 1 (0.04%) -
Quetiapine 1661 728 (32.54%) 933 (41.71%) 44 (32, 50)
Brivaracetam 3 2 (0.09%) 1 (0.04%) -
Acetazolamide 5 0 (0.00%) 5 (0.22%) 23.2420.62
Amobarbital 6 5 (0.22%) 1 (0.04%) 23 (23, 35.75)

Discussion

To the best of our knowledge, this is the first
extensive pharmacovigilance study to use FA-
ERS data mining to examine the relationship
between AEDs and AP. AP is characterized
by sudden abdominal pain resulting from the
abnormal activation of pancreatic enzymes,
leading to localized inflammation of the pan-
creas and surrounding organs and potentially
resulting in organ dysfunction [14, 15]. Com-
mon etiologies include gallstones, alcohol con-
sumption, and hypertriglyceridemia; however,
DIP remains relatively infrequent [16]. DIP re-
fers to pancreatic injury caused either by the
drug’s metabolism or as a hypersensitivity
reaction of the body to the drug [17].

High-risk groups for DIP include children, elder-
ly individuals, women, patients with HIV, indi-
viduals with inflammatory bowel disease, those
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receiving immunosuppressive therapy, and pa-
tients using multiple medications concurrently
[18, 19]. The specific pathogenesis of DIP is not
fully understood but may involve several mech-
anisms: 1. Direct toxic effect: Certain drugs
may cause coagulative necrosis and hemor-
rhagic damage to pancreatic tissue, leading
to dysfunction and the accumulation of toxic
metabolites [20]. 2. Allergic reaction: Drugs can
induce congestion and edema in the pancreas,
which releases histamine and other inflamma-
tory mediators, activating pancreatic enzymes
[21]. 3. Idiosyncratic reactions: Unpredictable
responses to drugs may lead to pancreatitis in
susceptible individuals [22]. 4. Biliary obstruc-
tion: Some medications may increase pressure
within the biliary tract, surpassing that of the
pancreatic duct, resulting in bile reflux and sub-
sequent activation of pancreatic enzymes [23].
5. Drug side effects: Certain drugs can lead to
hyperlipidemia, which increases the viscosity of
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Table 3. Basic data and outcomes of AEDs-
related AP up to June 2024

AEDs-related AP

Gender
Female 1194 (53.38%)
Male 1043 (46.62%)
Age
<20 190 (8.49%)
20-50 1466 (65.53%)
50-80 563 (25.17%)
>80 18 (0.80%)
Reported countries
USA 1580 (70.63%)
France 156 (6.97%)
Canada 48 (2.15%)
United Kingdom 34 (1.52%)
Japan 20 (0.89%)
Grmany 20 (0.89%)
Spain 19 (0.85%)
Poland 17 (0.76%)
Others 343 (15.33%)
Reporter Type
Consumer 738 (32.99%)
Healthcare Professional 907 (40.55%)
Unknown 592 (26.46%)
Outcomes
Hospitalization 756 (33.80%)
Disability 26 (1.16%)
Life-threatening 53 (2.37%)
Death 83 (3.71%)
Non-Serious 11 (0.49%)
Required Intervention 11 (0.49%)

Other Outcomes 1297 (57.98%)

pancreatic secretions and contributes to the
development of pancreatitis [24].

Numerous clinical drugs have been implicated
in causing DIP, and the latency period from ini-
tial drug intake to the onset of pancreatitis
symptoms can vary significantly, complicating
early diagnosis. The diagnostic criteria for DIP
include the following: 1. adherence to the diag-
nostic criteria for AP; 2. onset of AP during the
course of medication treatment; 3. exclusion of
other potential causes of AP; 4. resolution or
alleviation of symptoms upon discontinuation
of the medication; 5. a positive provocation test
[25, 26].

A prior investigation revealed that the mortality
rate of DIP was 15.4% for juvenile patients and
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21.4% for adults [27]. In this case, after other
potential causes were excluded, the patient’s
AP episode was most likely attributable to VPA.
The patient, a male adolescent with a history of
epilepsy, had been taking VPA for one year with-
out episodes of overeating and presented with
normal blood glucose and cholesterol levels.
Most studies suggest that the risk of VPA-
induced DIP is influenced by factors such as
patient age, duration of medication use, and
dosage of the medication.

In this study, we performed a retrospective
analysis of all cases reported in the FAERS
database concerning AEDs associated with AP.
Both preliminary and sensitivity analyses were
conducted to assess the correlation between
commonly used AEDs and AP. Our results indi-
cate that, with the exception of brivaracetam,
all the other AEDs had RORs and PRRs greater
than 1, indicating a significant association with
AP. Multiple mechanisms are thought to under-
lie AED-induced acute pancreatitis. One of the
most widely accepted theories is an immune-
mediated hypersensitivity reaction, in which
the immune system exhibits an exaggerated
response to AEDs [28, 29]. This hypersensitivi-
ty can cause inflammation in several organs,
including the pancreas. The release of proin-
flammatory cytokines and other inflammatory
mediators is believed to be a key factor in trig-
gering pancreatic inflammation, ultimately
leading to AP. Notably, this type of hypersensi-
tivity reaction can occur without warning and is
not necessarily dose dependent. In addition to
immune responses, direct pancreatic toxicity is
also considered a potential cause. AEDs or
their metabolites may accumulate in the pan-
creas, exerting toxic effects on pancreatic cells
and resulting in cellular damage and inflamma-
tion. Oxidative stress is another proposed me-
chanism by which the metabolism of AEDs pro-
duces reactive oxygen species, leading to oxi-
dative damage in pancreatic tissue and exacer-
bating inflammation and tissue injury [30].
Finally, biliary complications may contribute to
AED-induced AP [31]. Some studies suggest
that AEDs may increase biliary pressure, caus-
ing reflux of bile into the pancreas [32, 33]. This
reflux can lead to the premature activation of
pancreatic enzymes within the pancreas, trig-
gering inflammation and AP. In summary, AED-
induced acute pancreatitis likely results from
a combination of mechanisms, including im-
mune-mediated hypersensitivity reactions, di-
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Table 4. The association of AP with AEDs

Drugs of AP reports nomAP reports wit othor s reporiawit oerarugs FOR 9901 PRR (95% C)
valproate sodium 175 22365 20344 29110338 11.196 (9.643-13.000) 11.117 (9.575-12.908)
Carbamazepine 179 50942 20340 29081761 5.024 (4.335-5.822) 5.010 (4.323-5.806)
Clobazam 39 11578 20480 29121125 4.790 (3.497-6.561) 4.777 (3.487-6.544)
Oxcarbazepine 56 16901 20463 29115802 4.714 (3.625-6.131) 4.702 (3.616-6.115)
Lorazepam 110 45248 20409 29087455 3.465 (2.872-4.180) 3.459 (2.867-4.173)
Ethosuximide 3 1726 20516 29130977 2.468 (0.795-7.660) 2.465 (0.794-7.653)
Quetiapine 1661 45051 18858 29087652 56.869 (54.041-59.845)  54.883 (52.155-57.753)
Brivaracetam 3 4847 20516 29127856 0.879 (0.283-2.726) 0.879 (0.283-2.762)
Acetazolamide 5 3525 20514 29129178 2.014 (0.838-4.843) 2.013 (0.837-4.839)
Amobarbital 6 73 20513 29132630 116.729 (268.371-107.940) 107.94 (47.062-247.567)
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rect toxicity, oxidative stress, and potential bili-
ary obstruction. Further research is needed to
fully understand the underlying pathophysiolo-
gy and to identify patients at greater risk for
developing this rare but serious condition.

As a second-generation AED, brivaracetam
offers several advantages in the treatment of
epilepsy, particularly for partial-onset seizures
in adults and adolescents [34]. First, brivarace-
tam exerts its effect by binding to synaptic ves-
icle protein 2A (SV2A), a protein involved in neu-
rotransmitter release. Compared with levetira-
cetam, another commonly used AED, brivarace-
tam has a greater affinity for SV2A. This en-
hanced selectivity results in better seizure con-
trol with fewer off-target effects, thereby reduc-
ing side effects [35, 36]. Moreover, brivarace-
tam has linear pharmacokinetics, meaning that
its plasma levels are predictable and stable
across different doses [37]. This feature simpli-
fies dose adjustments without causing signifi-
cant variability, thereby enhancing patient safe-
ty and facilitating management. Additionally,
unlike many older AEDs, brivaracetam is me-
tabolized primarily via hydrolysis and does not
significantly induce or inhibit cytochrome P450
enzymes [38]. This minimizes the potential for
drug interactions, making brivaracetam a safer
option for patients undergoing polytherapy.

Although AEDs are widely used in clinical set-
tings, a comprehensive evaluation of the asso-
ciation between AEDs and AP is currently lack-
ing in the scientific literature. Clinical case
reports have historically been one of the earli-
est means of identifying adverse drug events.
Leveraging the extensive dataset from the
FAERS, our study provides a detailed explora-
tion of the risk of AP associated with AED ther-
apy, offering valuable evidence for clinical re-
ference.

However, this study is not without limitations.
First, the FAERS is a voluntary reporting sys-
tem, which implies that not all AEs may be doc-
umented, potentially leading to incomplete
data. Second, the reports submitted to the
FAERS may lack completeness or detailed in-
formation, which can affect the accuracy of AE
analysis. Additionally, FAERS reports generally
do not establish a definitive causal relationship
between the AE and the drug or device in ques-
tion. Further epidemiological studies and an-
alyses are needed to ascertain causality. More-
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over, our study did not account for variables
such as dosage or body weight, which pre-
cludes us from evaluating the relationship
between dosage and risk. Finally, we focused
solely on AED monotherapy and did not consid-
er the potential effects of complex polytherapy
involving AEDs.

Conclusion

In this study, we conducted a comprehensive
analysis of VPA-induced AP in a teenage patient
with epilepsy and utilized the FAERS databa-
se to conduct a broader assessment of AED-
induced AP. Our findings indicate that, with the
exception of brivaracetam, most AEDs are sig-
nificantly correlated with AP. These results
emphasize the necessity of enhancing clinical
awareness and conducting further research on
the safety of AEDs, particularly the need for an
intensified monitoring protocol for pancreatic
enzymes during the initial VPA treatment phase
in adolescents and considering alternative
AEDs for therapeutic drug monitoring in high-
risk pediatric populations.
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