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Drug-induced hepatotoxicity among critically ill patients in the intensive care
unit
Yogun bakim {nitesindeki kritik hastalarda ila¢c kaynakl hepatotoksisite
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ABSTRACT

Background: Drug-induced liver injury (DILI) is a significant complication in intensive care unit (ICU) patients, driven by polypharmacy and
critical iliness. This study aimed to investigate the incidence, clinical characteristics, implicated agents, and outcomes of DILI in ICU patients.

Methods: This retrospective, cross-sectional study included patients with abnormal liver function tests admitted to a tertiary ICU between
October 2023 and October 2024. Patients with viral, alcoholic, autoimmune, tumor-related, or other non-drug-related liver diseases were
excluded. Data on demographics, clinical scores, medications, and outcomes were analyzed. Causality was assessed using the RUCAM
scale.

Results: Among 475 ICU patients, 16 cases (9.89%) were identified as DILI. The mean age was 47.1+23.6 years; 43.8% were female.
Antibiotics were the most frequently implicated agents (62.5%), followed by anticoagulants and antipsychotics. The predominant pattern of
liver injury was hepatocellular (81.3%). DILI developed approximately 9.5+5.2 days after ICU admission. Mortality among DILI patients was
56.3%, emphasizing the critical nature of hepatotoxicity in this population.

Conclusion: DILI in ICU patients is strongly associated with anti-infectives, particularly B-lactam antibiotics, and predominantly manifests
as hepatocellular injury. High mortality underscores the need for vigilant liver monitoring, timely withdrawal of suspected drugs, and a
multidisciplinary approach where clinical pharmacists can play a key supportive role. DILI may contribute to morbidity and mortality in
critically ill patients, highlighting the importance of early recognition and proactive management.
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6z
Amag: ilac kaynakll karaciger hasari (DILI), yodun bakim nitesi (YBU) hastalarinda polifarmasi ve kritik hastalik nedeniyle énemli bir

komplikasyondur. Bu galisma, YBU hastalarinda DILI insidansi, klinik ézellikleri, etkilenen ilaglar ve sonuglarini arastirmayr amagladi.

Yontem: Retrospektif, kesitsel olarak tasarlanan calismaya, Ekim 2023-Ekim 2024 arasinda YBU'’ye yatisi yapilan ve anormal karaciger
fonksiyon testleri gérilen hastalar dahil edildi. Viral, alkolik, otoimmn, timoér iliskili veya diger ilac disi karaciger hastaliklari olanlar calisma
disi birakildi. Demografik veriler, klinik skorlar, kullanilan ilaclar ve sonuglar analiz edildi. Nedensellik degerlendirmesi RUCAM skalasi ile
yapildi.
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Bulgular: 475 YBU hastas arasinda 16 (%9,89) DILI vakasi tespit edildi. Ortalama yas 47,1+£23,6 yil; ve hastalarin %43,8'i kadin idi. Hasara en
sik yol acan ilag grubu antibiyotikler (%62,5) olup, bunu antikoagilanlar ve antipsikotikler izledi. Karaciger hasari cogunlukla hepatoselltler
(%81,3) idi ve DILI yatistan ortalama 9,5+5,2 gliin sonra gelisti. DILI hastalarinda mortalite %56,3 olarak g&zlendi.

Sonug: Yogun bakim hastalarinda goérulenilag kaynakli karaciger hasari (DILI), 6zellikle B-laktam antibiyotikler olmak tizere anti-infektiflerle guclu
bir iliski gdstermekte ve cogunlukla hepatoseltler hasar seklinde ortaya citkmaktadir. Yiksek mortalite nedeni ile, karaciger fonksiyonlarinin
dikkatle izlenmesi, stpheli ilaclarin zamaninda kesilmesi ve klinik eczacilarin kilit destek rolu Ustlendigi ¢ok disiplinli bir yaklasim gereklidir.
DILI, kritik hastalarda morbidite ve mortaliteyi arttirabilir; bu da erken tani ve proaktif yonetimin énemini ortaya koymaktadir.

Anahtar kelimeler: ilag kaynakli hepatotoksisite, Kritik hastalar, Hepatoselliiler hasar, Polifarmasi

Introduction

Drug-induced hepatotoxicity (DIH), also known
as drug-induced liver injury (DILI), represents a
pathological response to both synthetic and natural
compounds, which can be acute or chronic (1).
While its incidence is relatively low, DILI remains
a major cause of acute liver failure in Europe, the
United States, and Australia (2). The global annual
incidence of DILI is estimated to range between 14
and 19.1 cases per 100,000 individuals exposed to
potential hepatotoxic agents, with approximately 30%
of affected patients developing jaundice (3). Key risk
factors for DILI include female sex, advanced age, and
an elevated body mass index (BMI) (4,5). More than
1,000 pharmaceutical drugs and herbal compounds
are known to be hepatotoxic and are cataloged in the
LiverTox database, a searchable resource (6). Other
factors that may increase susceptibility to DILI include
pre-existing liver disease, concomitant medication
use, high dosages, the lipophilicity of the drug, and
genetic predispositions (7).

DILI is typically classified into two mechanisms:
predictable intrinsic (dose-dependent) and
unpredictable (dose-independent). Unpredictable
reactions, also known as immune-mediated
hypersensitivity or non-immune reactions, occur in a
smaller proportion of individuals (8). Intrinsic DILI is
usually dose-dependent, affects a significant number
of individuals, and has a short onset (hours to days)
(9). Idiosyncratic DILI, on the other hand, is dose-
independent but typically requires a threshold dose of
50-100 mg/day. It can be classified into hepatocellular,
cholestatic, or mixed patterns and further divided into
immune-mediated (allergic) or non-immune-mediated
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reactions. Immune-mediated cases are characterized
by fever, rash, eosinophilia, and autoantibodies,
whereas non-immune-mediated cases lack these
features and have a delayed onset (10).

Approximately half of DILI cases are attributed
to acetaminophen overdose. In addition to
acetaminophen, DILI can beinduced by various agents,
with commonly reported ones being anti-tuberculosis
agents such as isoniazid and rifampicin; antibiotics
such as amoxicillin-clavulanate, tetracyclines, and
macrolides; NSAIDs such as diclofenac; antifungal
agents; antiepileptics; and halothane (8,11).

Liver injury is typically detected through biochemical
testssuchasalanineaminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
and total bilirubin (TBL). In a 2011 expert working
group, a new definition for drug-induced liver injury
(DILI) was proposed, including ALT elevation =5
times the upper limit of normal (ULN), ALP elevation
=2 times ULN (with an accompanying increase in
gamma-glutamyltransferase (GGT)), or ALT =3 times
ULN with a simultaneous increase in total bilirubin
concentration above 2 times ULN. Hepatocellular
injury is classified when the ALT/ALP ratio is =5,
cholestatic injury occurs with ALP =2 times ULN or
an ALT/ALP ratio of <2, and mixed injury is identified
when the ALT/ALP ratio is between 2 and 5.

Total bilirubin (TBL) is typically normal until the later
stages of DILI, and alkaline phosphatase (ALP) levels
are generally normal, although mild elevations (usually
<2x ULN) may occur. Gamma-glutamyltransferase
(GGT) levels can vary widely, with values ranging from
low normal to >400 U/L. It is important to note that the
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majority of clinical trials utilize the ULN values from the
central laboratory employed for the study, which can
vary due to differences in reference populations and
analytical variations in commercial assays (12,13)

A variety of scales have been developed to assess the
causality of drug toxicity objectively (14). Among these,
the CIOMS Roussel-Uclaf Causality Assessment
Method (RUCAM) scale, the Maria & Victorino System,
and the Clinical and Diagnostic Scale (CDS) are widely
used, with RUCAM being the most commonly applied
(15). Since drug-induced hepatotoxicity can present
with symptoms similar to hepatobiliary disorders, it is
crucial to conduct a comprehensive drug history when
DILI is suspected. The diagnostic process begins by
collecting detailed information, including the type of
drug, dosage details (such as frequency, duration, and
any adjustments), and the timing of symptom onset. A
multidisciplinary approach involving the doctor, clinical
pharmacist, and nurse is necessary for diagnosis, and
regulatory agencies must be informed to evaluate the
possibility of removing suspect drugs from the market
(5). Clinical pharmacists play a pivotal role in the
patient-centered diagnosis and treatment process,
offering professional pharmaceutical expertise and
comprehensive medication management. At our
hospital, clinical pharmacists are integral in optimizing
the DILI management model, providing timely and
appropriate treatment recommendations for patients
with DILI (16).

The aim of our study is to investigate the various
causes of drug-induced liver injury, analyze the
different patterns and outcomes of DILI in patients,
and assess the role of the clinical pharmacist in
managing this condition.

Methods

Study design

This retrospective, cross-sectional study was
conducted between October 1, 2023, and October 1,
2024, on patients admitted to the third-level intensive

care unit of a training and research hospital. The study
focused on patients with elevated liver function and
investigated DILI. The sample size of the study was
determined based on the existing dataset without prior
statistical power calculations. The number of patients
included in the study was based on the available data.

Data collection

Data were collected from the hospital’s information
management system. The study investigated the
potential liver injury associated with the medications
used in the treatment process of patients with elevated
liver function. During data collection, liver function
tests of patients were examined without specifically
focusing on the presence of a clear drug relationship
with DILI.

Inclusion criteria

Patients who fulfiled at least one of the clinical
biochemical criteria for the diagnosis of drug- DILI
were included in the study. These criteria include
abnormal results in biochemical tests such as ALT,
AST, ALP, and total bilirubin. Patients meeting these
criteria were included to allow for the investigation of
drug-induced liver injury.

Exclusion criteria

Patients with viral liver diseases, alcoholic liver
disease, autoimmune liver disease, cholestatic liver
diseases, infections (e.g., liver abscess), sepsis
induced liver dysfunction, hepatobiliary pancreatic
tumors, pancreatitis, direct liver injury, osteopathy,
cirrhosis, and other drug-independent or unknown
liver injuries were excluded from the study.

Diagnostic criteria

DILI is typically diagnosed and confirmed through
abnormal results in biochemical tests such as ALT,
AST, ALP, and total bilirubin. In 2011, an international
expert working group proposed new criteria for the
diagnosis of DILI. According to these criteria, an
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increase in ALT =5 times the upper limit of normal
(ULN) or ALP =2 times the ULN, particularly in the
presence of elevated gamma-glutamyltransferase
(GGT), and in the absence of known bone pathologies
influencing ALP elevation, should raise suspicion for
DILI. Additionally, a simultaneous elevation of ALT =3
times the ULN and total bilirubin concentration >2
times the ULN is considered a significant diagnostic
criterion for DILI.

In our study, the type of liver injury is determined
by the ALT/ALP ratio and ALT levels. When the ALT/
ALP ratio is =5, the clinical condition is classified as
hepatocellular. A rise in ALP of twofold or more, or an
ALT/ALP ratio of <2, indicates a cholestatic condition.
When the ALT/ALP ratio falls between 2 and 5, the
clinical condition is considered mixed liver injury.

Ethical approval

The study was approved by the Marmara University
Medical Faculty Research and Ethics Committee
(09.2024.1229). The confidentiality of personal data
was maintained, and all data were collected while
ensuring patient anonymity. Informed consent was not
obtained due to nature of the study.

Statistical analysis

The data collected in this study were analyzed using
SPSS version 22.00. The Shapiro-Wilk test was
employed to assess the normality of the distribution
for numerical variables. Categorical variables were
expressed as frequencies and percentages. Numerical
variables with normal distribution were presented as
mean = standard deviation, whereas non-normally
distributed variables were expressed as median
and interquartile ranges (IQR). For comparisons of
numerical variables, the Independent Samples t-test
was used; if the assumptions of this test were not
met, the Mann-Whitney U test was applied instead.
The Chi-square test was used for comparisons of
categorical variables; when the assumptions of the
Chi-square test were not fulfilled, Fisher’'s exact test
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was performed. A p-value of <0.05 was considered
statistically significant.

Results

Among 475 patients admitted to the intensive care
unit, altered liver test results were detected in 47
patients. Of these, 31 cases of hepatic enzyme
elevation were attributed to non-drug-related causes,
while 16 cases were identified as drug-induced liver
injury (DILI) (Figure 1). The one-year incidence of DILI
was calculated as 9.89%. The mean age of patients
with DILI was 471%+23.6 years; 7 patients (43.75%)
were female and 9 (56.25%) were male (Table 1). The
median Charlson Comorbidity Index (CCI) score was
1 (1-3).

The most common ICU admission diagnoses among
patients who developed DILI
hemorrhage or cerebral lesions (4 patients; 25%) and
postoperative follow-up (4 patients; 25%). Additionally,

were intracranial

3 patients (18.8%) were admitted due to status
epilepticus. The median APACHE Il score was 18 (15—
21) and the median SOFA score was 6 (4-8).

More than half of the patients with DILI (9 patients;
56.3%) were receiving eight different medications
during treatment. The minimum number of medications
administered was five. More than half of the patients
(9; 56.3%) required vasopressor support. Table 2
shows each patient’s SOFA score on the day of peak
liver enzyme elevation, vasopressor use, and average
daily dose of paracetamol. Of the 16 DILI patients, 15
received paracetamol, with a mean daily dose of 1.16
g/day (range: 0—4 g/day).

On ICU admission, the average ALT was 29+16 U/L,
AST was 33+18 U/L, ALP was 77+26 U/L, and total
bilirubin was 0.44+0.14 mg/dL. The average albumin
level was 3.9+0.6 g/dL, INR was 1.09+0.15, and
creatinine was 0.99+0.39 mg/dL. DILI developed
approximately 9.5+5.2 days after ICU admission. After
DILI onset, the average ALT was 375+152 U/L, AST
was 283+157 U/L, and ALP was 141+88 U/L.
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Patients admitted to the university hospital ICU: 475

A4

Included patients: 47
Hepatic enzyme elevation

ALT>5 times the upper limit of normal

ALT>3 times the upper limit of normal and
total bilirubin>2 times the upper limit of

A4

Excluded patients: 428
No hepatic enzyme elevation

|

Pharmacological groups related to

drug-induced liver injury cases: 16

Anti-infectives: 10
Anti-convulsants: 2
Anti-coagulants: 2
Anti-psychotic: 1

Immunomodulator: 1

Figure 1. Flow diagram of patients selection

ICU: Intensive care unit.

Among the drugs associated with DILI, antibiotics
accounted for 62.5% (10 drugs). Other frequently
associated drug classes included anticoagulants
(2; 12.5%) and antipsychotics (2; 12.5%). The most
commonly implicated agents

were ampicillin-

Other causes of hepatic enzyme
elevation: 31

Biliary diseases: 8

Sepsis: 8

Cirrhosis: 4

Neoplasms: 4
Cardiovascular diseases: 3
Pancreatitis: 2

Liver cyst/abscess: 2

sulbactam (2; 12.5%), cefoperazone-sulbactam (2;
12.5%), enoxaparin (2; 12.5%), and quetiapine (2;
12.5%) (Table 3). The median duration of use for the
suspected drugs was 8.5 days (5.25-14.75).
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Table 1. Cases of drug-induced liver injury

Patient
number

0 N o o hAEw NN =

el

10
1
12
13
14
15
16

Age,
year

48
84
19
79
26
29
78
26
58
75
56
23
48
20
24
60

Sex

Male
Male
Male
Female
Male
Male
Female
Male
Female
Female
Male
Female
Male
Male
Female
Female

CCl: Charlson Comorbidity Index.

cCl

1
5
0
1
0
1
4
1
2
4
3
0
1
0
1
3

Suspected Drug

Cefoperazone-sulbactam
Cefoperazone-sulbactam
Quetiapine
Enoxaparin
Enoxaparin
Ampicillin-sulbactam
Ampicillin-sulbactam
Valproic acid
Ceftriaxone
Clindamycin
Imipenem
IVIG
Daptomycin
Quetiapine
Tigecycline
Ceftazidim

Table 2. DILI patients’ SOFA scores, vasopressor use, and
paracetamol doses

Patient No

o N oo AW N =

S R U N I Ve
S oA~ W N = o

o b 00 A OO0 O U1 OO B OO U1 AN

SOFA (peak day) Vasopressor

Yes
Yes
No
No
Yes
Yes
No
Yes
No
Yes
Yes
No
No
Yes
Yes
No

Turk J Intensive Care 2025;23(4):315-325

Paracetamol

(g/day)
2.2

1.18
0.62
0.32
0.55
1.07
1.06
0.54
0.2
0.3
0
1.6
4
0.28
3.5
0.28

Duration of drug,

Rscore Type of liver injury day Mortality
12,0 Hepatocellular 10,0 No
7,0 Hepatocellular 7,0 Yes
16,0 Hepatocellular 11,0 Yes
11,0 Hepatocellular 61,0 Yes
5,1 Hepatocellular 15,0 No
6,7 Hepatocellular 6,0 No
13,5 Hepatocellular 7,0 No
28,0 Hepatocellular 34,0 Yes
12,0 Hepatocellular 2,0 Yes
12,8 Hepatocellular 3,0 No
5,6 Hepatocellular 14,0 Yes
11,5 Hepatocellular 5,0 No
12,0 Hepatocellular 2,0 Yes
3,1 Cholestatic 26,0 No
3,7 Cholestatic 14,0 Yes
2,1 Mixed 7,0 Yes

The median R ratio used to assess injury type
was 11.25 (5.35-12.4). The injury pattern was
hepatocellular in 13 patients (81.25%), cholestatic in
2 patients (12.5%), and mixed in 1 patient (6.25%).
In our cohort, the hepatocellular pattern of injury
together with the latency period (median 9.5+5.2
days after ICU admission) and RUCAM scores (=6)
strongly supported the diagnosis of drug-induced
liver injury. Importantly, although nine patients were
receiving vasopressors at the time of peak enzyme
elevation, the biochemical profile was not consistent
with ischemic hepatitis or sepsis-associated liver
dysfunction. In particular, transaminase elevations did
not exceed 1000 U/L, bilirubin levels remained largely
within normal limits (0.3-0.9 mg/dL), and the pattern
of injury was not compatible with sepsis-related
cholestasis, where conjugated hyperbilirubinemia and
cholestatic enzyme elevations usually predominate.
These findings indicate that the observed liver injury
was more plausibly attributable to DILI rather than
sepsis or ischemia.
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Table 3. Values in liver tests

ALT, first  AST, first  ALP first

Suspected Drug

(/L) (u/L) (/L)
Cefoperazone-sulbactam 23 29 48
Cefoperazone-sulbactam 15 25 81
Quetiapine 73 87 88
Enoxaparin 12 10 43
Enoxaparin 50 18 108
Ampicillin-sulbactam 18 24 81
Ampicillin-sulbactam 15 24 67
Valproic acid 36 24 57
Ceftriaxone 35 44 98
Clindamycin 29 47 59
Imipenem 45 32 144
IVIG 30 31 84
Daptomycin 29 20 51
Quetiapine 19 32 84
Tigecycline 16 54 50
Ceftazidim 26 31 88

Among DILI cases, 7 patients (43.75%) showed
clinical improvement and normalization of liver tests
after liver-protective and supportive therapy. However,
9 patients (56.3%) died. Demographic characteristics
such as age and gender were not associated with
mortality. Likewise, ALT, AST, and ALP levels at
both admission and during DILI episodes were not
significantly associated with mortality (p>0.05).

Discussion

This study provides valuable insight into the incidence,
implicated agents
outcomes of drug-induced liver injury (DILI) among

clinical characteristics, and
critically ill patients in a tertiary intensive care unit (ICU)
over the span of one year. Our findings indicate a DILI
incidence of 9.89% among ICU patients presenting
with elevated liver enzymes. In a recent study from a
university hospital in Colombia, the 1-year incidence of
drug-induced liver injury (DILI) was approximately 6%.
Similar to our findings, antibiotics and anticonvulsants
were reported as the main pharmacological groups
associated with DILI. These results are in line with

ALT high  AST high  ALP high
Total bilirubin, mg/dl

(u/L) (u/L) (u/n)

364 291 89 0,38
680 551 292 0,37
624 446 111 0,39
246 121 67 0,40
280 147 163 0,54
245 212 101 0,30
665 447 145 0,45
348 111 36 0,26
421 394 82 0,30
298 270 70 0,47
270 336 121 0,34
4 349 115 0,58
361 525 69 0,50
247 91 241 0,87
264 130 216 0,52
252 118 345 0,45

our observations, further supporting the notion
that careful patient selection, close monitoring, and
rational prescribing are essential in minimizing the
risk of DILI. Consistent with the recommendations of
this study, the prompt suspension of the suspected
agent should be considered the first protective
measure, followed, when appropriate, by modification
of pharmacotherapy or the initiation of supportive
treatment strategies (17).

In critically ill patients, liver enzyme elevations and drug-
related hepatotoxicity are increasingly recognized as
significant contributors to morbidity and mortality. A
study reported that intensive care unit (ICU) patients
with elevated liver enzymes at admission had
significantly higher mortality compared to those with
normal levels, emphasizing the prognostic relevance
of hepatic dysfunction in critical illness (18). In our
cohort, the liver enzyme abnormalities predominantly
exhibited a hepatocellular pattern, with transaminase
elevations exceeding cholestatic markers and bilirubin
levels largely within normal limits. This biochemical
profile contrasts with sepsis-associated cholestatic
liver injury, which typically presents with conjugated
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322

Giil F. and Under D. Drug-induced liver injury

bilirubin and ALP/GGT predominance and only mild
transaminase elevation (8,19).

R values and RUCAM scores further support the
attribution of these abnormalities to drug-induced liver
injury (DILI) rather than sepsis orischemic hepatopathy
(6). Even among patients receiving vasopressors,
the biochemical profiles remained inconsistent with
sepsis-related liver dysfunction. These findings
underscore that hepatocellular injury observed in
the ICU can be differentiated from hemodynamic or
infection-related liver damage.

Overall, this emphasizes the importance of vigilant
monitoring, rigorous causality assessment, and early
recognition of DILI in critically ill populations. These
findings support the notion that both underlying critical
illness and complex pharmacotherapy contribute to
liverinjury in ICU settings. In addition, findings highlight
that critically ill patients are particularly susceptible
to hepatotoxicity due to complex pharmacotherapy
and polypharmacy, underscoring the need for vigilant
monitoring, early detection, and rigorous causality
assessment to mitigate potential adverse outcomes.

One of the factors potentially contributing to elevated
liver enzyme levels is drug-drug interactions. The
clinical relevance of these interactions in intensive care
units has been emphasized in several studies (20).
For example, some studies (21) have demonstrated
that co-administration of interacting drugs can lead to
increases in liver enzyme levels. In our study, however,
no significant elevations in liver enzymes attributable
to such interactions were observed. Nevertheless, this
potential risk should be carefully considered in the
management of intensive care patients.

A notable observation was the predominance of
hepatocellular injury (81.25%) in our cohort, which
is consistent with existing literature that identifies
hepatocellular injury as the most common form of
DILI (19,22). The onset of DILI approximately 9.5 days
following ICU admission underscores the critical
need for heightened vigilance during the second
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week of ICU stay, particularly when multiple high-risk
medications are being administered.

Interms of causative agents, anti-infectives, particularly
B-lactam antibiotics (e.g., ampicillin-sulbactam,
cefoperazone-sulbactam, ceftriaxone), were the most
commonly implicated drugs (19). This is unsurprising
given the routine and extensive use of broad-
spectrum antibiotics in ICU settings. Interestingly, the
involvement of antipsychotics (such as quetiapine) and
anticoagulants (like enoxaparin) as potential culprits
despite being less frequently reported in the general
population merits attention (23-25). Paracetamol
use was common among patients with suspected
DILI, but the daily doses were generally low and well
below levels typically associated with hepatotoxicity
in adults (26). These agents are more commonly used
in ICUs, where off-label or extended-use practices are
frequent. This emphasizes the need for ICU-specific
DILI monitoring protocols, as opposed to relying
solely on generalized hepatotoxicity data.

The mortality rate observed in our study (56.3%) was
alarmingly high, significantly surpassing the mortality
rates seen in non-ICU DILI cohorts. This increase
likely reflects the severity of baseline illness among
ICU patients, rather than DILI being the primary cause
of death. However, it is important to acknowledge that
DILI may exacerbate multi-organ dysfunction and
increase susceptibility to sepsis, thereby indirectly
worsening patient outcomes. Remarkably, neither
demographic factors (age, gender) nor baseline liver
enzyme levels were predictive of mortality, suggesting
that DILI in the ICU is a multifactorial phenomenon
intricately linked with the progression of critical illness
(27,28).

An important strength of this study is the application
of rigorous diagnostic criteria, including internationally
recognized thresholds for DILI (ALT =5x ULN or
ALT =3x ULN + total bilirubin >2x ULN), ensuring
consistency and comparability with other studies.
Furthermore, causality assessment was systematically
performed using the RUCAM scale, which is
considered the gold standard in hepatotoxicity
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causality assessment. Despite these strengths, the
retrospective design introduces certain limitations,
such as the potential underreporting of subtle DILI
cases and the inability to account for confounding
variables like parenteral nutrition, ischemic hepatitis,
or undiagnosed infections (6,19,29).

From the clinical pharmacy perspective, this study
underscores the pivotal role of clinical pharmacists in
the early detection, risk stratification, and management
of DILI in ICU. Routine medication profile reviews,
proactive deprescribing strategies, and advocacy for
liver-friendly therapeutic alternatives could significantly
reduce the incidence of DILI in ICUs. In light of our
findings, it is plausible to consider the implementation
of prospective DILI screening protocols, led by clinical
pharmacists with the collobration of intensivists, as a
standard practice within ICU settings (16).

A critical revelation from our study is the often
subtle, insidious onset of DILI in ICU patients. At ICU
admission, liver function tests were predominantly
normal or near-normal. Relying solely on initial
admission laboratory results could create a false
sense of security. Therefore, dynamic and repeated
liver function tests should be an integral part of
ongoing ICU pharmacovigilance (30,31).

Study strengths and limitations

This study’s strengths include its focus on a high-
risk ICU patient population, the use of internationally
validated diagnostic and causality tools, and its strong
practical relevance to real-world clinical practice.
However, the relatively small sample size and single-
center design limit the generalizability of our findings.
Additionally, the absence of liver biopsy data and the
retrospective nature of the study preclude the definitive
exclusion of all potential causes of liver injury.

Future research should focus on multicenter
prospective studies to validate these findings and
identify predictive biomarkers for early detection of
DILI in ICU patients. Machine learning approaches

that analyze large, multicenter datasets could provide

insights into subtle risk patterns that may elude
conventional analysis.

Conclusion

DILI remains an important, yet often underrecognized,
complication in ICU patients.
particularly B-lactam antibiotics, dominate the list of
implicated drugs, with hepatocellular injury being
the most common manifestation. Clinical vigilance,
dynamic liver function monitoring, and the active
involvement of clinical pharmacists are essential
for mitigating DILI-related morbidity and mortality.
Establishing structured DILI surveillance programs

Anti-infectives,

in ICUs is a forward-thinking strategy that can
significantly enhance patient safety and improve
clinical outcomes.

Highlights

 DILI incidence among ICU patients was 9.89%
emphasizing that hepatotoxicity is a significant
yet often overlooked complication in critically ill
patients.

* Antibiotics were the most frequently implicated
drug class (62.5%), particularly B-lactam
antibiotics, highlighting the need for cautious use
in ICU settings.

* Hepatocellular injury was the dominant pattern
(81.25%), and DILI onset occurred approximately
9.5 days after ICU admission, underscoring the
importance of dynamic liver monitoring beyond
initial hospitalization.

* The mortality rate among DILI patients reached
56.3%, indicating the critical role of early detection
and interdisciplinary management, particularly
involving clinical pharmacists.
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