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ABSTRACT

Background: Drug-induced liver injury (DILI) is an important but
underdiagnosed adverse drug reaction in hospitalized patients. The
complexity of diagnosis, under-reporting, and a lack of standardized
assessment tools contribute to underestimation of its prevalence.

Objectives: To estimate the prevalence of DILI in a tertiary care hospital
and to discuss the role of clinical pharmacists in using the Roussel

Uclaf Causality Assessment Method (RUCAM) to detect, assess, and
manage DILI.

Methods: This cross-sectional study included patients who were
admitted between January and June 2022 to a tertiary care hospital

in Porto Alegre, Brazil. All hospitalized patients with alanine
aminotransferase (ALT) levels at least 3 times the upper limit of normal
at any point during the hospital stay were screened. Suspected cases of
DILI were evaluated by trained pharmacists using the RUCAM. Data were
collected retrospectively from electronic medical records and analyzed
using descriptive and inferential statistics.

Results: Of 56 014 patients admitted to the hospital during the

study period, 1274 had elevated ALT, of whom 38 were classified

by the RUCAM as having DILI. Among these, 33 (87%) experienced
development of DILI during the hospital stay. Most of the patients

(n =29, 76%) were in general hospital wards, and this factor showed a
significant association with occurrence of DILI. Anti-infectives were the
most commonly implicated drugs (69%), specifically the combination

of rifampicin, isoniazid, pyrazinamide, and ethambutol and various
B-lactams. Simvastatin was also commonly implicated. None of the DILI
cases were reported to the institutional pharmacovigilance system.

Conclusions: DILI remains under-recognized and under-reported in
hospital settings. This study reinforces the potential role of clinical
pharmacists in active surveillance using RUCAM and highlights the need
for institutional strategies prioritizing the monitoring of liver function in
high-risk patients, particularly on general wards.

Keywords: drug-induced liver injury, hospital pharmacy, patient safety,
pharmacovigilance

RESUME

Contexte : La lésion hépatique d'origine médicamenteuse (LHOM) est une
réaction indésirable importante, mais souvent sous-diagnostiquée chez les
patients hospitalisés. La complexité du diagnostic, la sous-déclaration des
cas et le manque d'outils d'évaluation standardisés contribuent a la sous-
estimation de sa prévalence.

Objectifs : Estimer la prévalence de la LHOM dans un hopital de soins
tertiaires et discuter du role des pharmaciens cliniciens dans la détection,
I'évaluation et la prise en charge de la LHOM a I'aide de la méthode
d'évaluation de la causalité Roussel Uclaf (échelle RUCAM).

Méthodologie : Cette étude transversale comprenait des patients admis
de janvier a juin 2022 dans un établissement de soins tertiaires a Porto
Alegre, au Brésil. Tous les patients hospitalisés dont le taux d'alanine
aminotransférase (ALT) était supérieur ou égal a trois fois la limite
supérieure de la normale a un moment quelconque de I'hospitalisation
ont été sélectionnés. Les cas suspects de LHOM ont été évalués a I'aide
de I'échelle RUCAM par des pharmaciens formés. Les données ont été
recueillies rétrospectivement a partir des dossiers médicaux électroniques
et analysées a |'aide de statistiques descriptives et inférentielles.

Résultats : Sur les 56014 patients admis a I'hdpital pendant la période
de I'étude, les taux d'ALT de 1274 patients étaient élevés, dont 38 qui
ont été classés comme ayant une LHOM selon |'échelle RUCAM. Parmi
ceux-ci, 33 patients (87 %) ont développé une LHOM au cours de leur
séjour. La majorité des patients (n = 29, 76 %) se trouvaient dans des
unités d'hospitalisation générale. Ce facteur a démontré une association
significative avec la survenue de la LHOM. Les médicaments anti-
infectieux étaient les plus fréquemment associés a cette derniére (69 %),
en particulier la combinaison rifampicine, isoniazide, pyrazinamide et
éthambutol, ainsi que divers B-lactamines. La simvastatine y était, elle
aussi, frequemment associée. Aucun des cas de LHOM n'a été signalé au
systéme institutionnel de pharmacovigilance.

Conclusions : La LHOM demeure sous-reconnue et sous-déclarée en
milieu hospitalier. Cette étude renforce le role potentiel des pharmaciens
cliniciens dans la surveillance active a |'aide de I'échelle RUCAM et
souligne la nécessité de stratégies institutionnelles visant a prioriser le suivi
de la fonction hépatique chez les patients a haut risque, en particulier dans
les unités d’hospitalisation générales.

Mots-clés : Iésion hépatique d'origine médicamenteuse, pharmacie
d'hdpital, sécurité du patient, pharmacovigilance
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INTRODUCTION

Adverse drug reactions (ADRs) are unintentionally harm-
ful outcomes with negative effects on mortality, length
of stay in hospital, and the costs of health care services.
Drug-induced liver injury (DILI), caused by hepatotoxic
medications, is the leading cause of withdrawal of drugs
from the market.! In the United States, DILI accounts for
13% of cases of acute liver failure.! Although rare, DILI may
be underestimated due to under-reporting and reliance on
retrospective studies.?

The incidence of DILI among hospitalized patients
varies by region and population: 6.6 per 1000 admissions
per week in France, 3.1% in Turkey, and 1.4% in Switzer-
land.’> A Brazilian systematic review identified 32 cases,
with nearly one-third involving drugs included on the Bra-
zilian National List of Essential Medicines (also known as
RENAME).6

DILI is classified as intrinsic (predictable, dose-
dependent) or idiosyncratic (unpredictable), with hepato-
cellular, cholestatic, and mixed patterns.? It may be asymp-
tomatic or may present with symptoms such as jaundice,
nausea, abdominal pain, and vomiting. Most patients recover
spontaneously, although severe outcomes (including liver
transplant or death) may occur.”® The diagnosis of DILI
relies on exclusion of other liver diseases and consideration
of drug exposure, treatment, symptom onset, and evolu-
tion of liver markers.? The Roussel Uclaf Causality Assess-
ment Method (RUCAM) is the tool recommended to assess
liver injury from drugs or medicinal plants, as it shows
greater sensitivity and specificity in this context than the
Naranjo algorithm.’

Identifying DILI remains a challenge for health care
professionals due to its complex clinical presentation and
the requirement for a diagnosis of exclusion. Even when
DILI is identified, the quality of evidence in published
case reports is often questionable, as many lack a causality
assessment with RUCAM, and many do not report the min-
imum data required for diagnosis.!%!!

Substantial gaps remain in terms of detection, diag-
nosis, and treatment of DILI worldwide. In this study, we
aimed to estimate the prevalence of DILI in a Brazilian ter-
tiary care hospital using RUCAM and to discuss the role
of clinical pharmacists in the detection, assessment, and
management of DILI cases.

METHODS

This retrospective cross-sectional study was based on a
review of electronic medical records (EMRs). Data were
collected retrospectively for patients admitted between
January and June 2022 to a tertiary care hospital in Porto
Alegre, Brazil. This 1300-bed facility offers specialized ser-
vices, including internal medicine, surgery, intensive care,

oncology, cardiology, and organ transplant. It is a recog-
nized referral centre for the treatment of liver diseases and
is affiliated with a federal university, serving as a teaching
hospital for medical education. Services are provided to a
primarily urban population, with more than 60% of the
services delivered through Brazil’s public health system,
known as the Sistema Unico de Satde or SUS.

All patients, regardless of age, with at least one alan-
ine aminotransferase (ALT) result greater than or equal
to 3 times the upper limit of normal (ie., = 120 U/L)
were included, regardless of whether the ALT level subse-
quently returned to normal. This ALT cut-off was used to
avoid missing patients with mild or asymptomatic DILL
For example, a threshold of ALT greater than 5 times the
upper limit of normal accompanied by changes in total
bilirubin and international normalized ratio (INR) could
lead to selection bias. The 6-month study period was based
on ensuring data availability during the research time-
frame, and the included patients therefore represent a
convenience sample.

Data extraction and RUCAM assessment were per-
formed independently by 2 clinical pharmacists (G.X.O.and
K.H.S.), who hold master’s and doctoral degrees in hepatol-
ogy, respectively. Both received structured training on the
standardized application of RUCAM, including case-based
simulations. Disagreements were resolved by consensus. A
third expert—an experienced pharmacy professor (C.R.B.)
with a doctoral degree in pharmacy focused on hepatology
and tutor of the clinical pharmacy residence program at the
study hospital—was available for arbitration.

Patients with liver diseases unrelated to drug exposure
(e.g., cirrhosis, viral hepatitis, alcoholic hepatitis, hepato-
cellular carcinoma, autoimmune hepatitis, cytomegalo-
virus infection, cholangitis, or choledocholithiasis) and
those with conditions known to affect transaminase levels
(e.g., COVID-19, hemorrhagic shock, septic shock, cardio-
genic shock, or hemolytic disease) were excluded from
RUCAM assessment. These clinical conditions, clearly
documented in the EMR, were identified through the pri-
mary diagnostic code (International Statistical Classifica-
tion of Diseases and Related Health Problems, 10th revision
[ICD-10]) registered in the EMR. Oncology patients were
excluded, as their treatment followed a distinct pharma-
covigilance protocol for antineoplastics.

For patients with suspected DILI, the RUCAM was
applied for each medication in use, regardless of whether
the drug was initiated before or during the hospital stay. The
RUCAM assesses 7 domains®!%: the interval between drug
initiation and onset of liver injury, with specific scoring
based on latency patterns; the course of liver enzymes—pri-
marily ALT—following drug withdrawal, where a signifi-
cant decline supports causality; the presence of specific risk
factors that increase susceptibility to DILI, such as age 55
years or older and chronic alcohol use; concomitant use of
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other hepatotoxic drugs, which may decrease the attribution
of causality; exclusion of alternative nondrug causes of liver
injury; available literature or regulatory data supporting the
hepatotoxicity of the drug; and response to unintentional
or intentional re-exposure, which may confirm causality if
a similar liver injury recurs upon rechallenge. This struc-
tured assessment allows differentiation between long-term
medications having low temporal association with the liver
injury and those more likely to cause such injury.

In addition, the RUCAM was not applied in cases with
insufficient clinical data, which could compromise the reli-
ability of the causality assessment. Specifically, a minimum
of 3 domains were considered essential for valid applica-
tion of the RUCAM: a complete medication history with
documented start and stop dates in relation to onset of liver
injury, laboratory evidence of elevated transaminases, and
exclusion of alternative causes.®® Patients whose EMRs
lacked data for any of these domains were excluded before
application of the RUCAM. The remaining 4 domains (spe-
cifically hepatotoxicity of concomitant medications, risk
factors, known hepatotoxicity of the drug, and recurrent
injury upon re-exposure) were considered less critical, as
their absence did not preclude assessment and they could
be scored as zero.

The RUCAM score ranges from -9 to +14, with caus-
ality classified as follows: score < 0, causality excluded;
score 1 or 2, causality unlikely; score 3-5, causality pos-
sible; score 6-8, causality probable; and score > 8, causality
highly probable. DILI was defined as a score of 3 or higher.!!
The pattern of liver injury was classified as hepatocellular,
cholestatic, or mixed according to the ratio of ALT to alka-
line phosphatase (AP): ALT/AP > 5, liver injury classified as
hepatocellular; 2 < ALT/AP, liver injury classified as chole-
static; 2 < ALT/AP < 5, liver injury classified as mixed.®

Data collected from the EMR included age, gender,
hospital ward, medical history, symptoms, medications,
hospital laboratory tests, imaging tests, self-reported alco-
hol consumption, and biopsy results (if available), as well
as length of stay, time of recovery from DILI (if applicable),
and final clinical outcomes. Drugs with no known hepato-
toxicity (according to LiverTox!'® or the medication label),
used at standard doses, were excluded from the RUCAM,
unless they were the sole drug used by the patient, with tim-
ing strongly suggestive of DILL

Statistical analysis was performed using SPSS Statistics,
version 25.0 (IBM). The nonparametric Mann-Whitney
test was applied for variables with non-normal distribu-
tion, and the x? test with adjusted residuals was used for
categorical variables. The study was approved by the Eth-
ics Committee of the Hospital Nossa Senhora da Con-
ceicdo, registered on the Brazilian study platform (number
4.763.390 CAAE 46652521.9.0000.5530) and conducted in
accordance with the ethical principles outlined in the Dec-
laration of Helsinki.
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RESULTS

A total of 56 014 patients were admitted to the hospital from
January to June 2022. Of these, 1274 patients had at least one
instance of ALT at least 3 times the upper limit of normal
(i.e., 2 120 U/L) at any time during the hospital stay (Fig-
ure 1). After exclusions, RUCAM was applied in 41 cases,
with 38 patients classified as having possible, probable, or
highly probable DILI for at least one of their medications.

The prevalence of DILI was 7 cases per 10 000 hospital-
ized patients. The median length of stay was 20 days (min-
imum 3 days, maximum 270 days) (Table 1); this extreme
range reflects the presence of some outliers with prolonged
length of stay. In most cases, peak ALT values ranged from
200 to 400 U/L, more than 5 times the upper limit of nor-
mal. Among the 38 patients with RUCAM-based DILI, 20
(53%) were male and 18 (47%) were older than 55 years of
age (most between 65 and 75 years), which highlights the
prominent presence of older adults in the cohort. Most
patients were in the general hospital wards (n = 29, 76%),
followed by the intensive care unit (ICU) (n = 6, 16%) and
the emergency department (n = 3, 8%).

56,014 inpatients

|

1,274 with alanine
aminotransferase
= 120U/L

fa Liver di (n=550)

Y

Oncology (n=186)  ——

) Missing relevant clinical

information (n=178)
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Covid-19 (n=92)
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Mo medication use (n=30)
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DILI cases evaluated
by RUCAM (n=41)

Y

DILI confirmed by
RUCAM (n=38)

FIGURE 1. Evaluation and selection of suspected cases of drug-
induced liver injury (DILI) for application of the Roussel Uclaf Causality
Assessment Method (RUCAM).
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In 5 of the 38 cases, DILI was documented in the
EMR as the reason for hospital admission, based on phys-
icians’ clinical diagnosis, without formal application of the
RUCAM. In the remaining cases, pharmacists inferred
in-hospital DILI based on the clinical data and the RUCAM
assessment. Most patients (n = 31, 82%) recovered after dis-
continuation of the suspected drug. One patient, whose
DILI was attributed to paracetamol (acetaminophen) and
codeine, needed a liver transplant. Five patients died, but
their deaths were not directly linked to DILI in the EMR.

As shown in Table 2, the main drug classes involved
in cases of DILI were anti-infectives (69%), followed by
nervous system (14%) and cardiovascular agents (10%).
The 5 most frequent drugs (or drug combinations) were
ampicillin/sulbactam; piperacillin/tazobactam; the com-
bination of rifampicin, isoniazid, pyrazinamide, and
ethambutol (RHZE); ceftriaxone; and simvastatin. Receipt
of care in the general hospital ward was significantly

TABLE 1. Characteristics of Patients with Drug-Induced

Liver Injury (n = 38)

No. (%) of Patients?

Characteristic (n =38)
SexP

Male 20 (53)

Female 18 (47)
Hospital unit

General hospital ward 29 (76)

Intensive care unit 6 (16)

Emergency department 3 (8)
Pattern of drug-induced liver injury

Cholestatic 19 (50)

Mixed 13 (34)

Hepatocellular 4 (11)

Not reported 2 (5
Outcome

Recovery 31 (82)

Death 5 (13)

Liver transplant 1 (3)

Left against medical advice 1 (3)
Age (years)

Median and IQR 51 (36-70)
Length of hospital stay (days)

Median and range 20 (3-270)

Laboratory test results
ALT (U/L) (median and range)
AP (U/L) (median and range)
Ratio ALT/AP (median and range)

184 (122-4279)
125 (47-1382)
1.7 (0.1-42.8)

ALT = alanine aminotransferase, AP = alkaline phosphatase, IQR = inter-
quartile range.

aExcept where indicated otherwise.

bIn this study, “sex” refers to the biological classification (male or female) as
documented in the electronic medical record, rather than gender identity.

associated with DILI. Table 3 presents the results of the sta-
tistical association tests. The complete results of the caus-
ality assessment through RUCAM, showing drugs, doses,
and outcomes, appear in Appendix 1.

DISCUSSION

In this study, 41 cases of potential DILI were evaluated
with the RUCAM, of which 38 were deemed to represent
possible, probable, or highly probable DILI. Among these
38 cases, only 5 had DILI explicitly recorded in the EMR,
though without formal RUCAM assessment at the time
of care. In the remaining 33 cases (87%), DILI was iden-
tified retrospectively and likely developed during the hos-
pital stay; this situation underscores that when DILI is not
the reason for admission, it is rarely suspected by health
care professionals. These findings highlight the need for
institutional strategies that prioritize monitoring of liver
function in patients receiving high-risk medications, par-
ticularly in hospital wards where such hepatotoxic agents
are commonly used, and indicate an opportunity for phar-
macist surveillance. A significant association was observed
between DILI and receipt of care in general hospital wards
(as opposed to the ICU or emergency department). This
may reflect reduced clinical and laboratory monitoring in
general wards compared to ICUs, despite similar or greater
exposure to polypharmacy and hepatotoxic drugs. Patients
in the ICU may also be excluded from RUCAM assessment
or score lower on the RUCAM because of conditions like
shock or sepsis, which independently cause liver injury and
confound DILI attribution. The prevalence of 7 cases for
every 10 000 hospitalized patients is lower than has been
observed in other studies®; this may reflect our assessment
of DILI only in cases with complete clinical information
needed to apply the RUCAM.

Teschke and Danan!? highlighted the risk of DILI mis-
diagnosis in a review of 46 drugs listed in LiverTox. Key
shortcomings included lack of a standardized DILI defin-
ition, absence of essential clinical data, and absence of valid-
ated causality assessment tools like the RUCAM. The result
was diagnoses based on subjective clinical judgment. Lower
methodological rigour in establishing causality may lead to
overestimation of DILI prevalence, potentially increasing
the number of false-positive cases and resulting in unneces-
sary clinical interventions and avoidable health care costs.!*

The RUCAM is the most validated tool for DILI causal-
ity assessment and is endorsed by international guidelines
such as those of the Council for International Organiza-
tions of Medical Sciences? and the European Association
for the Study of the Liver.” In their 2020 review, Teschke
and Danan!? reported use of RUCAM in 81 856 published
cases, reinforcing its global acceptance. Its structured scor-
ing system ensures standardization, reproducibility, and
ease of use. Although some domains, such as exclusion of
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TABLE 2. List of Medications by Therapeutic Class and Hepatotoxicity Classification for Patients with Drug-Induced Liver

Injury in a Tertiary Care Hospital in Southern Brazil

No. (%) of Implicated Drugs LiverTox Hepatotoxicity
ATC Classification and Specific Medications (n = 80) Classification?
Anti-infectives (J01/J05) 55 (69%)
Ampicillin + sulbactam 9 C
Piperacillin + tazobactam 8 B
Rifampicin + isoniazid + pyrazinamide + ethambutol 7 A
Ceftriaxone 5 B
Cefepime 4 Not applicable
Azithromycin 3 A
Sulfamethoxazole + trimethoprim 3 Not applicable
Fluconazole 3 B
Amoxicillin + clavulanate 2 A
Lamivudine + tenofovir 1 C
Abacavir 1 @
Acyclovir 1 D
Ceftazidime + avibactam 1 Not applicable
Cefuroxime 1 Not applicable
Clindamycin 1 B
Levofloxacin 1 A
Meropenem 1 D
Penicillin G 1 C
Ritonavir 1 C
Vancomycin 1 B
Nervous system (N02/N03/N05/N06) 11 (14%)
Valproic acid 2 A
Sodium valproate 1 A
Divalproex sodium 1 A
Duloxetine 1 B
Fluoxetine 1 C
Paracetamol (acetaminophen) 2 A
Risperidone 1 B
Sertraline 1 B
Trazodone 1 B
Cardiovascular system (C10) 8 (10%)
Simvastatin 5 A
Atorvastatin 2 A
Rosuvastatin 1 A

Digestive and metabolic system (A7/ A10) 2
Semaglutide 1 E
Sulfasalazine 1 Not applicable

Musculoskeletal system (M01/M04) 2 (3%)

Allopurinol 1 A

Ibuprofen 1 A
Antiparasitic (P02) 1 (1%)

Albendazole 1 B
Hormonal system excluding insulins and sex hormones (H02) 1 (1%)

Methylprednisolone 1 Not applicable

ATC = Anatomical Therapeutic Chemical Classification system (https://www.who.int/tools/atc-ddd-toolkit/atc-classification).
aLjverTox classification': A = well-established cause of clinically apparent liver damage, B = probable rare cause of clinically apparent liver injury, C = possible
rare cause of clinically apparent liver injury, D = rare possible cause of clinically apparent liver injury, E = unlikely cause of clinically apparent liver injury.
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alternative causes and re-exposure, may be limited by infor-
mation bias—especially in retrospective studies—RUCAM
remains the preferred method. Therefore, we strongly rec-
ommend consistent application of RUCAM by hospital
pharmacists when DILI is suspected.

No significant associations were found between occur-
rence of DILI and gender, age, or alcohol use, factors
often cited as risks in other studies.>® This discrepancy
may reflect population-specific characteristics, our sam-
ple size, or the multifactorial nature of DILI in hospital-
ized patients. Antibiotics such as ampicillin/sulbactam,
piperacillin/tazobactam, RHZE, and ceftriaxone were the
most commonly implicated agents, consistent with their
known potential for cholestatic livery injury.!>16

In a review of 3312 cases of DILI evaluated by RUCAM,
the predominant drugs were amoxicillin/clavulanate,
atorvastatin, diclofenac, and simvastatin.!” Notably, IV
amoxicillin/clavulanate—one of the agents most frequently
implicated in DILI globally—was absent from our analy-
sis, because it is not included in the hospital’s formulary.
This does not diminish its therapeutic value but highlights
how institutional formularies shape local DILI profiles and
emphasizes the need for pharmacovigilance aligned with
local prescribing patterns.

The RHZE regimen, widely used as first-line ther-
apy for tuberculosis, ranks among the leading causes of
DILL! The incidence of hepatotoxicity associated with
the RHZE regimen has been reported to range from 2% to
28%, reflecting its well-established hepatotoxic potential.’®
In our study, 7 (18%) of the 38 RUCAM-based DILI cases
involved the RHZE regimen, which aligns with previously
reported rates and reinforces the need for close monitoring

of liver function during treatment. Guidelines recommend
discontinuation of this regimen based on transaminase
thresholds and symptomatology, thus addressing the risk—
benefit of drug use.?’ In our study, one patient required a
liver transplant following paracetamol/codeine intoxica-
tion, with a peak ALT of 4279 U/L. Although predictable
and widely recognized, this type of ADR still occurs.?!
Pharmacists may play a role in promoting rational use of
over-the-counter medication through patient education.?!

Health care professionals should consider DILI in
patients with unexplained liver injury.?? Elevated ALT
remains one of the main alerts for detecting this ADR. Recent
studies have suggested that liver markers, combined with
structured assessments such as RUCAM, can support the
development of automated screening systems in hospitals.?
While transaminase levels are useful predictors of DILI, they
must be interpreted in the context of the patient’s medical
history and overall clinical presentation to ensure diagnos-
tic specificity and sensitivity.!8 In other words, ALT should
serve as a trigger for further investigation, not as an isolated
marker.? In clinical practice, pharmacists should also evalu-
ate total bilirubin, INR, and AP to help define the pattern,
severity, and possible alternative causes of liver injury.%’

Polypharmacy and drug interactions are potential
contributors to DILI, especially when agents metabolized
by cytochrome P450 enzymes are involved,?*?> such as the
cases in our study involving concomitant use of antiretro-
viral and tuberculostatic drugs. While the RUCAM method
adjusts the DILI score downward when multiple drugs
are implicated, the theoretical risk of synergistic hepato-
toxicity justifies close monitoring in patients exposed to
complex regimens.

TABLE 3. Association of Drug-Induced Liver Injury with Selected Factors

DILI Group?; No. (%) of Patientsb

Yes No All Patients
Characteristic (n=38) (n =1236) (n=1274) p Value®
Hospital unit 0.001
General hospital ward 29 (76) 569 (46) 598 (47)
Intensive care unit 6 (16) 257 (21) 263 (21)
Emergency department 3 (8 410 (33) 413 (32)
Sex 0.60
Male 20 (53) 612 (50) 632 (50)
Female 18 (47) 624 (50) 642 (50)
Age (median and IQR) 51 (36-70) 56 (36—68) 56 (36—68) 0.83

DILI = drug-induced livery injury, IQR = interquartile range.

aThe "Yes" group consists of 38 patients with possible, probable, or highly probable DILI, according to the Roussel Uclaf Causality
Assessment Method (RUCAM). The “No” group consists of 3 patients who were assessed by the RUCAM but found not to have
DILI plus 1233 patients who were not assessed by the RUCAM (because liver injury was associated with another cause). The “All

Patients” group is the sum of the “Yes” and “No" groups (n = 1274).

bExcept where indicated otherwise.

“Nonparametric Mann—-Whitney U test for variables with non-normal distribution; %2 association test with adjusted standardized

residuals for categorical variables.
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Nearly half of the cases with elevated ALT were
excluded because the DILI could have been due to pre-
existing liver disease, a finding that would be expected in a
hepatology referral centre. Moreover, the inability to assess
178 patients because of incomplete EMRs highlights a
critical limitation of retrospective analyses such as this one.
Missing data included prior medication use, alcohol con-
sumption, and medical history (documented as free-text
fields in the EMR, which may have limited completeness of
the information). In addition, for many patients, viral hepa-
titis serology results were unavailable during the hospital
stay, echoing challenges frequently reported in pharma-
covigilance research.26

Under-reporting of confirmed DILI cases to the hos-
pital’s pharmacovigilance system was observed, indicating
an opportunity for pharmacist-led education and enhanced
surveillance efforts. Factors such as diagnostic complexity,
limited awareness of DILI among health care professionals,
and passive reporting mechanisms may contribute to this
situation.?”?® Strengthening pharmacists’ involvement in
pharmacovigilance programs could improve case detection
and reporting.

DILI is a rare but significant ADR with considerable
implications for patients’ prognosis in the hospital setting.
Over the 6-month period of this study, 38 RUCAM-based
cases of DILI were observed, 33 of which were linked to
medications commonly used in the hospital setting, under-
scoring the importance of this ADR for patient safety.
Antibiotics, particularly the RHZE regimen, remained the
most frequently implicated drugs in DILI within the Bra-
zilian context. The absence of comprehensive clinical data
in many EMRs hindered effective patient management and
early ADR detection.

Clinical pharmacists can play a pivotal role in address-
ing this issue by promoting DILI education, conducting
medication reconciliation, monitoring high-risk patients
on the basis of prioritization scores and pharmaceutical
consultations, providing support in choosing evidence-
based treatment, and ensuring consistent use of RUCAM
in suspected cases of DILL.?” In China, a university hospital
implemented a pharmaceutical consultation service (known
as PAC) for suspected cases of DILI. Clinical pharmacists
applied a standardized protocol that included the RUCAM.
After 180 days, recovery was higher in the PAC group than
in the non-PAC group (96% vs. 86%), an improvement of
10 percentage points with the intervention.?’ However,
the approach demanded substantial manual effort for
case identification.

To overcome this challenge, pharmacists must work
on new forms of systematic detection of DILI using vari-
ous technologies, including the EMR. Manual patient
assessment is laborious and time-consuming, which
makes it an impractical method, in hospitals with limited
human and financial resources, for identifying ADRs that

are considered rare. The use of artificial intelligence and
machine learning could improve this scenario. It is possible
to apply machine learning algorithms by automatically and
prospectively tracking DILI in the EMR and hospital data
sets through relevant laboratory tests, risk factors, ICD-10
codes for hepatic injury, and data mining.3%3!

Francisco and others®? reported that inpatients with
polypharmacy, prolonged length of stay, and use of systemic
antibacterials were more likely to require pharmaceutical
interventions. This finding highlights the importance of
pharmacists in reviewing prescriptions, identifying poten-
tially hepatotoxic drug combinations, and participating in
multidisciplinary rounds to recommend timely adjustments.

This study had limitations due to its retrospective
design and the incompleteness of EMR data, which may
have affected RUCAM scores and the prevalence of DILI
observed. The sample size and various hospital-specific fac-
tors limit generalizability. Cancer patients, who are at high
risk for DILI, were not included because of operational con-
straints. ALT was used exclusively as the laboratory trigger
for identifying DILI cases. The results of other laboratory
tests, such as total bilirubin, INR, and AP, were not con-
sistently available in patients’ EMRs and therefore were
not used as triggers in this retrospective analysis. Critic-
ally ill patients may have been excluded or may have had
lower RUCAM scores due to the multifactorial nature of
liver injury (leading to potential underestimation of DILI).
The high number of inpatient beds in the study facility may
also have influenced case distribution, although this factor
was not assessed quantitatively. Future analyses will com-
pare elevated ALT among patients with and without DILI
who are exposed to drugs suspected of causing this type
of injury. Despite these limitations, this study advances
understanding of DILI prevalence and highlights oppor-
tunities for detection and management by pharmacists.

CONCLUSION

In this study, 38 cases of DILI in a tertiary care hospital
were confirmed by the RUCAM over a 6-month period,
with most cases occurring during the hospital stay and
none reported to the institutional pharmacovigilance sys-
tem. These findings highlight significant under-reporting,
and our insights reinforce the opportunity for active sur-
veillance of DILI by clinical pharmacists using validated
tools such as the RUCAM. The most frequently implicated
drugs were commonly used antibiotics, especially the
RHZE regimen and P-lactams. Given that 82% of patients
recovered after discontinuation of the implicated drug, we
conclude that timely detection can prevent complications.
Institutional strategies should prioritize monitoring of liver
function in patients who are receiving high-risk medica-
tions, particularly in hospital wards where such agents are
commonly used.
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