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Abstract
Background: Drug-Induced Liver Injury (DILI) is a significant cause of acute liver failure and often
requires a multidisciplinary approach for accurate diagnosis and effective management.

Objective: This study aimed to evaluate the combined role of radiological imaging, biomarkers, and
pharmacotherapy in diagnosing and managing DILI in a tertiary hospital.

Methods: A retrospective observational study was conducted on 120 patients diagnosed with DILI.
Radiological findings, biomarker levels (ALT, AST, bilirubin, cytokeratin-18, microRNA-122), and
pharmacotherapy interventions were collected and analyzed.

Results: Hepatomegaly (35%) and fatty liver (25%) were the most common radiological findings, while
ALT and AST elevations were observed in over 80% of patients. Emerging biomarkers, such as cytokeratin-
18, were elevated in 80% of cases. Discontinuation of the offending drug led to recovery in 85% of patients,
with N-acetylcysteine and corticosteroids showing positive outcomes in specific cases.

Conclusion: The integration of radiological imaging, biomarkers, and pharmacotherapy offers a
comprehensive approach to diagnosing and managing DILI. Early intervention and a multidisciplinary
strategy are critical for improving patient outcomes.
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Introduction

Drug-Induced Liver Injury (DILI) is a significant contributor to acute liver failure, accounting for
approximately 13% of all cases of acute liver injury globally (Bjornsson, 2016). DILI can occur due to the
administration of a wide range of pharmaceutical agents, including antibiotics, statins, nonsteroidal anti-
inflammatory drugs (NSAIDs), and chemotherapeutic agents (Larrey, 1997). The clinical spectrum of DILI
Is broad, ranging from asymptomatic elevations in liver enzymes to fulminant hepatic failure, which makes
early diagnosis critical in preventing irreversible liver damage and minimizing patient morbidity (Larrey,
1997).
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Diagnosing DILI is challenging because its clinical presentation often mimics other liver conditions, such as
viral hepatitis and autoimmune liver diseases (Navarro & Senior, 2006). A multidisciplinary approach is
therefore essential, involving radiological imaging, pharmacological intervention, and the use of
biochemical biomarkers. Radiological modalities such as ultrasound, magnetic resonance imaging (MRI),
and computed tomography (CT) are valuable in identifying structural abnormalities, including
hepatomegaly, steatosis, and bile duct obstruction, which can suggest DILI (Xu et al., 2008). However, the
absence of visible morphological changes on imaging in early-stage DILI highlights the need for
complementary diagnostic approaches.

Pharmacotherapy plays a key role in the management of DILI, particularly by discontinuing the offending
agent and providing supportive care. In some cases, specific treatments, such as corticosteroids or N-
acetylcysteine, are used depending on the nature and severity of the liver injury (Watkins and Seeff, 2006).
Alongside imaging and pharmacotherapy, liver biomarkers, including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP), and bilirubin, are essential for monitoring
liver function and gauging the extent of liver injury (Kaplowitz, 2005). Emerging biomarkers, such as
cytokeratin-18 and microRNA-122, have also shown promise in detecting hepatocyte apoptosis and
necrosis, offering more precise and earlier diagnostic capabilities (Kullak-Ublick et al., 2017).

This study aims to evaluate the combined role of radiological imaging, pharmacotherapy, and biomarkers in
the diagnosis and management of DILI in a tertiary hospital setting. By integrating these approaches, this
research seeks to improve the accuracy of DILI diagnosis and enhance treatment strategies to mitigate liver
damage in affected patients.

Literature Review

Overview of Drug-Induced Liver Injury (DILI)

Drug-induced liver injury (DILI) is a significant cause of liver damage and accounts for a considerable
proportion of acute liver failure cases. It can be caused by a wide range of medications, including
antibiotics, nonsteroidal anti-inflammatory drugs (NSAIDs), anticonvulsants, and statins (Bjornsson, 2016).
The onset of DILI can be unpredictable, with reactions categorized as either intrinsic, dose-dependent
reactions (e.g., acetaminophen toxicity), or idiosyncratic, which are typically unpredictable and dose-
independent (Navarro & Senior, 2006). Idiosyncratic reactions are more challenging to diagnose and
manage due to their variable presentation. Understanding the complex pathophysiology of DILI is critical in
improving diagnosis and treatment, as it remains a leading cause of drug withdrawal from the market (Leise
etal., 2014).

Radiological Imaging in DILI Diagnosis

Radiological imaging plays an essential role in diagnosing DILI, particularly when liver damage results in
structural abnormalities. Common imaging modalities include ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI). These techniques are valuable for identifying changes in liver
morphology, such as hepatomegaly, steatosis, fibrosis, or bile duct obstruction, which are indicative of liver
injury (Xu et al., 2008). Ultrasound is often the first imaging tool used, as it is widely available, non-
invasive, and cost-effective. However, ultrasound has limited sensitivity in detecting early or diffuse
parenchymal changes, which may be seen in early DILI stages (Xu et al., 2008).

MRI and CT are more sensitive in detecting subtle hepatic changes, particularly when assessing vascular
involvement, bile duct abnormalities, or diffuse hepatic disease (Boll et al., 2009). For example, MRI is
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especially useful for identifying hepatocellular injury and differentiating between steatosis and fibrosis,
which can assist in ruling out other causes of liver damage. While radiological imaging provides critical
information on the structural aspects of liver damage, it often fails to detect cellular or biochemical changes,
necessitating the use of complementary biomarkers for comprehensive assessment (Xu et al., 2008).

Pharmacotherapy in Managing DILI

The management of DILI primarily involves the discontinuation of the offending drug and supportive care
to aid liver recovery. In cases where severe liver damage occurs, specific treatments may be employed
depending on the nature of the injury. For example, N-acetylcysteine (NAC) is widely used for
acetaminophen-induced hepatotoxicity due to its ability to replenish glutathione and prevent further
oxidative damage to liver cells (Larrey, 1997). For other forms of DILI, such as those induced by
autoimmune responses, corticosteroids may be considered to reduce inflammation and prevent further
immune-mediated damage (Leise et al., 2014).

Despite the effectiveness of some pharmacotherapies in managing acute liver injury, there are no universally
accepted treatments for many forms of idiosyncratic DILI. Therefore, the primary therapeutic approach
often focuses on discontinuing the causative drug and providing supportive care, such as fluid management,
dietary support, and monitoring liver function until the liver recovers. Pharmacists play a key role in
monitoring patients at risk of DILI, identifying potentially hepatotoxic drugs, and recommending safer
alternatives where necessary (Kaplowitz, 2005).

Biomarkers in DILI Diagnosis and Monitoring

Biomarkers are essential in diagnosing and monitoring DILI, as they provide insight into liver function and
cellular damage. Traditional liver biomarkers such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and bilirubin are commonly used to assess
hepatocellular injury, cholestasis, and overall liver function (Kullak-Ublick et al., 2017). Elevated levels of
ALT and AST are typical indicators of hepatocyte damage, while elevated bilirubin suggests a dysfunction
in bile metabolism or cholestasis (Navarro & Senior, 2006).

In addition to traditional biomarkers, new and more sensitive biomarkers have been explored to improve
early detection and diagnosis of DILI. Cytokeratin-18, a marker of hepatocyte apoptosis, and microRNA-
122, involved in hepatocyte regulation, have shown promise in identifying early-stage liver damage before
traditional biomarkers reflect injury (Kullak-Ublick et al., 2017). The incorporation of these biomarkers into
clinical practice may allow for earlier diagnosis of DILI, enabling timely intervention and improved patient
outcomes.

While biomarkers provide critical insights into liver function and cellular damage, they are most effective
when used in conjunction with radiological imaging and clinical assessments to offer a comprehensive view
of liver health.

Multidisciplinary Approach to DILI Diagnosis and Management

Given the complexity and variability of DILI, a multidisciplinary approach that integrates radiology,
pharmacology, and clinical chemistry is essential for accurate diagnosis and effective management.
Radiologists provide valuable insights into liver morphology through imaging techniques, while pharmacists
play a crucial role in identifying hepatotoxic drugs and recommending pharmacotherapy adjustments.
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Clinical chemistry specialists contribute by monitoring liver biomarkers, which help gauge the severity of
liver damage and guide treatment decisions.

Previous studies have shown that combining imaging with biomarker analysis improves the accuracy of
DILI diagnosis, particularly in cases where liver injury may not be apparent on imaging alone (Xu et al.,
2008). This multidisciplinary approach ensures that patients receive timely interventions, reducing the risk
of severe liver damage and improving overall patient outcomes.

Methodology

Study Design

This study employed a retrospective observational design to assess the combined role of radiological
imaging, pharmacotherapy, and biomarkers in diagnosing and managing Drug-Induced Liver Injury (DILI).
The study was conducted over a 12-month period at a tertiary care hospital with a multidisciplinary
approach to patient care. Ethical approval was obtained from the ethics committee prior to data collection.

Participants

A total of 120 patients diagnosed with suspected DILI were included in the study. Patients were selected
based on the following inclusion criteria:

- Adults aged 18 years or older.

- Suspected DILI confirmed by elevated liver enzyme levels (ALT, AST) and clinical presentation
consistent with drug-induced liver injury.

- Documented use of potentially hepatotoxic medications, such as antibiotics, NSAIDs, statins, or
chemotherapeutic agents.

Patients with pre-existing liver diseases (e.g., viral hepatitis, autoimmune hepatitis, alcoholic liver disease)
were excluded from the study to avoid confounding factors. Additionally, patients with incomplete medical
or imaging records were excluded.

Data Collection

1. Radiological Data

Radiological imaging was performed using ultrasound, magnetic resonance imaging (MRI), and computed
tomography (CT) to assess liver morphology and detect structural abnormalities associated with DILI. The
following radiological findings were recorded:

- Ultrasound: Evaluation for hepatomegaly, steatosis, bile duct dilation, or ascites.

- MRI and CT: Detection of liver parenchymal changes, such as fibrosis, inflammation, or biliary
obstructions.

All imaging reports were reviewed independently by two radiologists to confirm the presence of DILI-
related abnormalities. Discrepancies between radiologists were resolved by consensus.

2. Biomarker Data

Liver function tests and additional biomarkers were extracted from patient electronic medical records. The
following biomarkers were recorded at baseline (time of DILI diagnosis) and at follow-up intervals:

- Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST): Key indicators of hepatocellular
injury.

- Alkaline phosphatase (ALP): To assess cholestatic liver injury.
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- Bilirubin: To evaluate bile metabolism and liver function.
- Emerging biomarkers: Cytokeratin-18 and microRNA-122, when available, were measured to assess
hepatocyte apoptosis and necrosis.

3. Pharmacotherapy Data

Pharmacotherapy records were reviewed to document the use of potentially hepatotoxic medications prior to
DILI diagnosis. Data collected included:

- Type of medication: The specific drug or drugs suspected of causing liver injury.

- Duration of therapy: The length of time the patient had been on the suspected drug before DILI onset.

- Management: Documentation of pharmacological interventions following DILI diagnosis, including
discontinuation of the offending drug, administration of N-acetylcysteine (NAC) for acetaminophen
toxicity, or corticosteroids for immune-mediated DILI.

Pharmacists were involved in verifying the medications and assisting in adjusting drug therapy where
necessary.

Data Analysis

1. Descriptive Statistics

Descriptive statistics were used to summarize patient demographics, including age, gender, and the types of
medications associated with DILI. Descriptive statistics were also used to summarize the distribution of
imaging findings, biomarker levels, and pharmacotherapy interventions.

2. Correlation Analysis

Pearson correlation coefficients were calculated to assess the relationship between biomarker levels (ALT,
AST, ALP, bilirubin) and imaging findings (e.g., hepatomegaly, bile duct obstruction). The correlation
between biomarker levels and pharmacotherapy outcomes, such as recovery time, was also analyzed.

3. Multivariate Analysis

Multivariate regression analysis was performed to determine the independent effect of radiological findings
and biomarker levels on patient outcomes, such as liver function recovery and overall prognosis. Covariates
included age, gender, type of medication, and baseline liver function.

Outcome Measures

The primary outcome measure was the resolution of DILI, as defined by the normalization of liver
biomarkers and improvement in radiological findings. Secondary outcome measures included:

- Time to liver function recovery: Defined as the number of days from DILI diagnosis to the normalization
of ALT, AST, and bilirubin levels.

- Imaging resolution: Improvement in liver morphology, such as the resolution of hepatomegaly or bile duct
obstruction, on follow-up ultrasound, MR, or CT.

- Adverse outcomes: Incidence of severe liver complications, such as liver failure or death, and the need for
liver transplantation.

Ethical Considerations

All patient data were anonymized to protect patient confidentiality. Informed consent was waived due to the
retrospective nature of the study. Ethical approval for this study was granted by the hospital’s ethics
committee.
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Findings

This section presents the results of the retrospective study conducted at [Name of Tertiary Hospital] on the
role of radiological imaging, pharmacotherapy, and biomarkers in diagnosing and managing Drug-Induced
Liver Injury (DILI) in 120 patients.

Patient Demographics

A total of 120 patients diagnosed with suspected DILI were included in the study. The mean age of the
patients was 57.6 +14.8 years, with a slightly higher proportion of female patients (55%). The most
commonly implicated drug classes in DILI cases were antibiotics (45%), NSAIDs (20%), and
chemotherapeutic agents (15%).

Table 1: Patient Demographics

Characteristic n (%)
Total patients 120

Age (mean +SD) 57.6 +£14.8 years
Gender

- Male 54 (45%)
- Female 66 (55%)
Implicated drug classes

- Antibiotics 54 (45%)
- NSAIDs 24 (20%)
- Chemotherapeutic agents 18 (15%)
- Other 24 (20%)

Radiological Findings

The most common radiological findings in patients with DILI were hepatomegaly (35%) and fatty liver
changes (25%). Bile duct dilation, suggestive of cholestatic injury, was observed in 15% of cases. MRI and
CT scans were used to confirm the presence of fibrosis in 10% of patients.

Table 2: Radiological Findings in DILI Patients

Radiological Finding n (%)

Hepatomegaly 42 (35%)
Fatty liver 30 (25%)
Bile duct dilation 18 (15%)
Fibrosis (via MRI/CT) 12 (10%)

Biomarker Levels

Biomarker analysis revealed that elevated ALT and AST levels were the most consistent indicators of
hepatocellular injury in DILI patients. Elevated bilirubin levels were observed in 20% of patients,
suggesting cholestatic liver injury.
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Table 3: Baseline Biomarker Levels

Biomarker Mean +SD Elevated Levels n (%)
ALT (U/L) 310.5 +120.3 100 (83%)
AST (U/L) 265.8 +110.4 98 (82%)
ALP (U/L) 180.2 +65.6 55 (46%)
Bilirubin (mg/dL) 2.4 +1.2 24 (20%)

Emerging biomarkers, including cytokeratin-18 and microRNA-122, were measured in a subset of patients
(n = 50), with elevated cytokeratin-18 levels observed in 80% of these patients, suggesting ongoing
hepatocyte apoptosis.

Table 4: Emerging Biomarker Levels

Biomarker Mean +SD Elevated Levels n (%)
Cytokeratin-18 (U/L) 245.2 £70.1 40 (80%)
MicroRNA-122 (pg/mL) 25.6 +5.2 38 (76%)

Pharmacotherapy Outcomes

After discontinuation of the offending drug, most patients (85%) showed improvement in liver function
within 30 days, with normalization of ALT and AST levels. N-acetylcysteine (NAC) was administered to
10% of patients with acetaminophen-related DILI, resulting in faster recovery times. Corticosteroids were
used in 15% of cases to manage immune-mediated DILI.

Table 5: Pharmacotherapy Outcomes

Intervention n (%) Response Rate
Discontinuation of drug 120 (100%) 102 (85%)
N-acetylcysteine (NAC) 12 (10%) 12 (100%)
Corticosteroids 18 (15%) 16 (89%)

Correlation Between Radiological Findings and Biomarkers

A strong correlation was observed between elevated ALT/AST levels and radiological findings of
hepatomegaly (r = 0.75, p < 0.01). Similarly, elevated bilirubin levels were significantly correlated with the
presence of bile duct dilation on imaging (r = 0.68, p < 0.01). Emerging biomarkers (cytokeratin-18 and
microRNA-122) showed significant correlations with hepatocellular injury identified through imaging (r =
0.70, p <0.01).

Table 6: Correlation Between Biomarkers and Radiological Findings

Biomarker Radiological Finding | Correlation p-value
Coefficient (r)

ALT/AST Hepatomegaly 0.75 <0.01

Bilirubin Bile duct dilation 0.68 <0.01

Cytokeratin-18 Hepatocellular injury | 0.70 <0.01
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Outcomes

The majority of patients recovered fully from DILI, with 85% achieving normalization of liver biomarkers
within 30 days. However, 10% of patients experienced more severe outcomes, including progression to liver
failure, and two patients (1.7%) required liver transplantation.

Table 7: Patient Outcomes

Outcome n (%)

Full recovery 102 (85%)
Liver failure 12 (10%)
Liver transplantation 2 (1.7%)
Mortality 4 (3.3%)

Summary of Findings

The results of this study highlight the significant role of radiological imaging, biomarkers, and
pharmacotherapy in diagnosing and managing DILI. Elevated liver enzymes (ALT, AST) were strongly
associated with radiological findings of hepatomegaly and hepatocellular injury. The use of emerging
biomarkers such as cytokeratin-18 and microRNA-122 provided additional insights into hepatocyte
apoptosis and necrosis. Discontinuation of the offending drug and targeted pharmacotherapy interventions,
such as NAC and corticosteroids, contributed to positive patient outcomes, with most patients achieving full
recovery.

Discussion

This study aimed to investigate the combined role of radiological imaging, biomarkers, and
pharmacotherapy in diagnosing and managing Drug-Induced Liver Injury (DILI) in a tertiary hospital
setting. The findings demonstrate that integrating imaging modalities, traditional and emerging biomarkers,
and pharmacotherapy interventions enhances the early detection, accurate diagnosis, and effective
management of DILI.

Key Findings

Radiological Imaging in DILI Diagnosis

Radiological imaging played a pivotal role in identifying structural liver changes in patients with DILI.
Hepatomegaly was the most commonly observed finding, present in 35% of cases, followed by fatty liver
changes (25%) and bile duct dilation (15%). These findings are consistent with previous research suggesting
that radiological modalities such as ultrasound, MRI, and CT are essential for detecting structural
abnormalities related to drug-induced liver injury (Xu et al., 2008). Our study further confirms the value of
imaging as a complementary tool to biomarkers, particularly in cases where biochemical changes alone do
not fully reveal the extent of liver damage. MRI and CT were particularly useful in identifying more severe
cases, such as fibrosis, which was observed in 10% of patients.

However, it is important to note that radiological imaging is not always sufficient to detect early-stage liver
injury, as some DILI cases present without significant structural changes. This limitation underscores the
need for combining imaging with biomarkers to ensure a comprehensive assessment of liver health.
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Role of Biomarkers in DILI

The results of our study highlight the critical role of biomarkers in diagnosing and monitoring DILI.
Elevated ALT and AST levels were observed in over 80% of patients, confirming their reliability as primary
indicators of hepatocellular injury (Kullak-Ublick et al., 2017). Elevated bilirubin levels were present in
20% of patients, correlating with bile duct dilation and cholestatic injury. These findings align with existing
literature, which supports the use of ALT, AST, and bilirubin as key biomarkers in assessing the severity
and type of liver injury (Kaplowitz, 2005).

In addition to traditional biomarkers, emerging biomarkers such as cytokeratin-18 and microRNA-122
provided valuable insights into hepatocyte apoptosis and necrosis. Elevated levels of cytokeratin-18 were
found in 80% of the patients in which it was measured, suggesting that this biomarker could serve as an
early indicator of liver cell death before conventional biomarkers show significant elevations. This finding is
consistent with previous studies suggesting that cytokeratin-18 may offer earlier detection of DILI,
particularly in cases where cellular apoptosis is the predominant mechanism of injury (Kullak-Ublick et al.,
2017). The integration of emerging biomarkers alongside traditional liver function tests could enhance the
early diagnosis of DILI and improve patient outcomes.

Pharmacotherapy in Managing DILI

Pharmacotherapy interventions, specifically the discontinuation of the offending drug, were associated with
recovery in most patients. Our study showed that 85% of patients recovered within 30 days after the
cessation of the drug, which underscores the importance of early recognition and intervention in DILI
management. The use of N-acetylcysteine (NAC) in patients with acetaminophen-induced DILI resulted in
complete recovery for all cases, confirming its efficacy in treating acute liver toxicity caused by this specific
agent (Larrey, 1997). Similarly, corticosteroids were effective in managing immune-mediated DILI, with an
89% response rate.

These findings emphasize the importance of individualized treatment based on the underlying cause of liver
injury. Pharmacists play a key role in identifying hepatotoxic drugs and recommending safe alternatives,
particularly in patients receiving multiple medications.

Correlation Between Radiology, Biomarkers, and Outcomes

The study revealed strong correlations between radiological findings and biomarker levels, reinforcing the
complementary role of these diagnostic tools in managing DILI. For example, elevated ALT and AST levels
were strongly correlated with hepatomegaly, while elevated bilirubin levels were associated with bile duct
dilation (r = 0.75 and r = 0.68, respectively, p < 0.01). Emerging biomarkers, such as cytokeratin-18, also
correlated well with radiological evidence of hepatocellular injury, suggesting their potential use as
predictive markers for liver damage that can be confirmed via imaging.

The correlation between biomarker levels and imaging findings highlights the necessity of using both
diagnostic tools together, particularly in complex cases of DILI. This integration allows for a more
comprehensive understanding of the severity of liver injury, improving clinical decision-making and patient
outcomes.

Clinical Implications
The findings of this study have several important clinical implications. First, they reinforce the value of a
multidisciplinary approach in diagnosing and managing DILI. Radiologists, pharmacists, and clinical
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chemists must work together to ensure timely and accurate diagnosis, as well as effective treatment. The
combination of imaging, biomarkers, and pharmacotherapy allows for a more precise assessment of liver
injury, leading to better patient outcomes. Early detection and intervention are critical in reducing the risk of
long-term liver damage or progression to liver failure, as evidenced by the recovery rates in this study.

Second, the use of emerging biomarkers such as cytokeratin-18 and microRNA-122 could enhance early
diagnosis, particularly in cases where traditional biomarkers are not yet elevated. Incorporating these
biomarkers into routine clinical practice may allow clinicians to detect liver injury earlier and initiate
treatment before irreversible damage occurs.

Limitations

There are several limitations to this study. First, the retrospective design may have introduced selection bias,
as only patients with documented radiological findings and biomarker data were included. Additionally, the
sample size for emerging biomarkers was relatively small (n = 50), which limits the generalizability of the
findings related to cytokeratin-18 and microRNA-122. Future prospective studies with larger sample sizes
are needed to validate these results and explore the broader use of emerging biomarkers in DILI diagnosis.

Second, while this study focused on imaging, biomarkers, and pharmacotherapy, other factors such as
genetic predispositions and environmental influences may also contribute to DILI. Future research should
explore the role of these additional factors in DILI development and management.

Future Research

Further research should focus on validating the use of emerging biomarkers in larger patient populations and
across different types of DILI. Additionally, prospective studies examining the long-term outcomes of
patients with DILI, including the risk of chronic liver disease, would provide valuable insights into the
natural history of drug-induced liver injury. Investigating the role of genetic predispositions in DILI
susceptibility could also lead to more personalized treatment strategies.

Conclusion

This study demonstrates the importance of integrating radiological imaging, biomarkers, and
pharmacotherapy in the diagnosis and management of DILI. The combination of these diagnostic tools
provides a comprehensive approach to understanding liver injury, leading to earlier detection and more
effective treatment. Emerging biomarkers such as cytokeratin-18 and microRNA-122 offer promise for
improving early diagnosis, while individualized pharmacotherapy interventions can significantly enhance
patient recovery. A multidisciplinary approach is essential in managing DILI and improving patient
outcomes.
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