American
Journal
of

Case

Reports

Received: 2021.02.01
Accepted: 2021.06.15
Available online: 2021.06.30
Published: 2021.08.12
Authors’ Contribution: ADEF
Study Design A ADEF

Data Collection B
Statistical Analysis C
Data Interpretation D

Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author:
Conflict of interest:

ABDEF

e-ISSN 1941-5923
© Am ) Case Rep, 2021; 22: e931418
DOI: 10.12659/AJCR.931418

Hepatotoxicity Induced by Fluvastatin:
A Reversible Acute Cholestatic Liver Injury

Najah S. Alanazi
Tahani S. Alenazi
Khalidah A. Alenzi

Regional Drug Information & Pharmacovigilance Centre, Ministry of Health, Tabuk,
Saudi Arabia

Khalidah A. Alenzi, e-mail: ph_kh@hotmail.com
None declared

Patient:
Final Diagnosis:

Symptoms:
Medication:
Clinical Procedure:
Specialty:
Objective:

Background:

Case Report:

Conclusions:

Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Male, 69-year-old

Acute renal failure ¢ cholestatic jaundice and myositis induced by fluvastatin ¢

stage 3 chronic kidney disease

Abdominal pain, loss of appetite ¢ fatigue ¢ jaundiced and tender in the upper right quadrant of his
abdomen ¢ vomiting, dark urine, and itching ¢ weakness ¢ yellowish discoloration of the skin
Abdominal ultrasound

General and Internal Medicine

Unusual clinical course

Fluvastatin, a commonly prescribed statin, is indicated for treatment of hypercholesterolemia in persons at high
risk for coronary, cerebrovascular, and peripheral artery disease. However, there have been rare reports of liv-
er injury or renal failure associated with use of fluvastatin.

We describe the case of a 69-year-old Saudi man with a medical history of diabetes mellitus and hypercho-
lesterolemia for 2 years, on metformin, gliclazide modified release, daily aspirin, and simvastatin. Fluvastatin
40 mg daily was administered instead of simvastatin for 7 weeks before the patient was admitted to the hos-
pital with fatigue, weakness, abdominal pain, loss of appetite, vomiting, itching, and elevated liver enzymes.
Discontinuation of fluvastatin and other combined therapies led to a decrease in liver enzymes. He was diag-
nosed with fluvastatin-induced cholestatic liver injury and acute kidney disease.

The Naranjo scale indicates a probable relationship between cholestatic liver injury and fluvastatin, as well
as a possible relationship between cholestatic injury and gliclazide and metformin. In our case report, we de-
scribe the synergistic effect of several factors in contributing to liver injuries, such as age, long-term gliclazide
intake, and fluvastatin. Accordingly, we recommend close monitoring of patients’ liver and kidney function, es-
pecially in the elderly and those with polypharmacy, while allowing sufficient time for the liver function to re-
cover from a reversible reaction to fluvastatin.

Chemical and Drug Induced Liver Injury e Cholestasis ¢ Fluvastatin ¢ Gliclazide ¢ Metformin
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Background

Liver injury can be induced in several ways, including, often,
by medications. More than 900 drugs may be associated with
liver injury. Approximately 20-40% of all cases of fulminant
hepatic failure are caused by drugs, with liver transplanta-
tion and death the outcomes of 75% of idiosyncratic drug re-
actions [1]. Drug-induced liver injury (DILI) has been the most
common cause for withdrawal of drugs from the market dur-
ing the past decade [2]. Antidiabetic, anticonvulsant, anti-hy-
pertensive, nonsteroidal anti-inflammatory drugs, and statins
are common inducers of cholestatic liver injury [3]. Adverse
drug reactions (ADRs) include any harmful and unintended ef-
fect that results from the use of a medication in normal dos-
es for diagnosis, prevention, or treatment [4].

The Council of International Organizations of Medical Sciences
defines cholestatic injury as a patient having an alkaline phos-
phate level of more than 2 times the upper limit of normal
(ULN) or in whom alanine aminotransferase (ALT)/alkaline
phosphatase (ALP) <2.

A mixed hepatocellular cholestatic injury can be defined as the
presence of ALT/ALP level of between 2 and 5 and hepatocel-
lular injury as the presence of ALT >2xULN or ALT/ALP >5 [3].
After the causative medication is stopped, cholestatic reactions
need time to return to normal, because hepatocyte recovery
and regeneration take place more rapidly than the return of
cholangiocyte and bile secretion activity to normal levels [3].

Statins are among the most commonly used drugs worldwide,
owing to their efficacy, and have been shown to have a good
safety profile at therapeutic doses. This class of drugs is used
to lower cholesterol levels [5]. The most common adverse ef-
fects associated with the use of statins are elevation of liver
enzymes, myalgia, and rhabdomyolysis. DILI caused by statins
is generally rare but can be severe [6]. Statins can induce my-
ositis and myopathy and consequently lead to renal failure
and liver injury. In animal studies, very high doses of statins
may cause hepatic cell necrosis, but normal therapeutic dos-
es of the drug have not been associated with liver injury [7].

According to the Uppsala Monitoring Center, ADRs reported
with the use of fluvastatin include jaundice (14%), hyperbili-
rubinemia (6.1%), DILI (3.7%), liver injury (3.3%), hypertrans-
aminasemia (1.4%), cholestatic jaundice (0.6%), increased
blood creatine phosphokinase (36.7%), acute kidney injury
(23.4%), and chronic kidney disease (1.3%) [8]. These ADR re-
ports can be retrieved from the VigiAccess database through
URL http://www.vigiaccess.org/.

Gliclazide, a widely used therapy for type 2 diabetes, is gen-
erally considered a first-lines medication for its efficacy and
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safety profile. Clinically, liver injury induced by sulfonylureas
has been rare [9].

Metformin is an oral hypoglycemic agent commonly used to
treat type 2 diabetes mellitus, and metformin-associated meta-
bolic acidosis is one of its commonly recognized adverse effects.
Clinically apparent hepatic injury from metformin is rare [10].

Case Report

A 69-year-old man, a retired soldier with a medical history of
diabetes mellitus and hypercholesterolemia for 2 years, was
on metformin 500 mg 3 times a day, gliclazide modified re-
lease 30 mg daily, aspirin 81 mg daily, and simvastatin 20 mg,
for 2 years. The patient’s physician replaced his simvastatin
with fluvastatin 40 mg per day 7 weeks prior to the patient’s
admission to the hospital. On admission, the patient present-
ed with fatigue, weakness, abdominal pain, loss of appetite,
vomiting, dark urine, and itching. Moreover, on examination,
he was jaundiced and tender in the upper right quadrant of
his abdomen, with yellowish discoloration of the skin. His vital
signs were stable, and his heart and chest were normal, but
he had a distended abdomen and an enlarged liver. Table 1
summarizes the laboratory findings.

An abdominal ultrasound report showed enlarged liver and no
bile duct obstruction. Serology for hepatitis A, B, C, E, cytomegalo-
virus (CMV), and Epstein-Barr virus (EBV) was negative. Serologic
tests were negative for hepatitis B surface antigen, anti-hepa-
titis B core immunoglobulin M (IgM), anti-hepatitis A virus IgM,
anti-hepatitis C virus antibody, anti-CMV IgM; anti-EBV IgM, an-
tinuclear antibodies, anti-smooth-muscle antibodies, anti-mito-
chondrial antibodies, and anti-neutrophil cytoplasmic antibodies.

Fluvastatin, metformin, and gliclazide were discontinued on ad-
mission. One week later, laboratory results showed increased
levels of AST, ALT, ALP, BILT, BILD, and creatinine.

After 4 weeks, he was referred to a specialist hospital because
he appeared edematous. The patient was diagnosed with fluv-
astatin-induced cholestatic liver injury and acute renal failure,
and was identified as a possible candidate for liver transplant.
A liver biopsy was not performed on this patient.

We noticed from the last lab results that his creatinine level
was increasing, and creatine phosphokinase was decreasing.
The patient received supportive treatment at admission which
included good hydration with normal saline. Additionally, the
patient presented with mild

hypocalcemia. Therefore, an oral supplement of calcium car-
bonate 500 mg twice daily was administered with alfacalcidol
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Table 1. Patient laboratory values.

Normal range

4/3/2013 6/4/2013

31.4-38.2 s

ALT — alanine aminotransferase; AST — aspartate transferase; ALP — alkaline phosphatase; GGT — Gamma-glutamyl transpeptidase;
CPK — creatine phosphokinase; BILD — bilirubin, direct; BILT — bilirubin, total; TP — protein, total; Na — sodium; ALB — albumin;
CREA - creatinine; K — potassium; INR — international normalized ratio; PT — prothrombin time; PTT — partial thromboplastin time.

1 mcg once daily. Also, a low-protein diet was followed by the
patient. With supportive treatment, all hepatobiliary laboratory
results completely recovered to normal levels. Kidney function
stabilized at an estimated glomerular filtration rate (GFR) in the
mid-30s, and the coagulation profile returned largely to normal.
The patient has since been diagnosed with stage 3 chronic kid-
ney disease (CKD); he is stable but requires routine follow-up.

Discussion

Our patient was diagnosed with cholestatic jaundice and my-
ositis induced by fluvastatin, as indicated by high creatine
phosphokinase level. Creatine phosphokinase elevation is the
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hallmark of rhabdomyolysis [11]. There have been cases in
which fluvastatin was associated with ADRs such as myalgia,
and with creatine phosphokinase elevation that led to discon-
tinuation of therapy [12]. Creatine phosphokinase was decreas-
ing due to recovery. The Naranjo algorithm is the most com-
monly used tool for assessing ADR causality. We applied this
algorithm for liver injury and found causality ratings of 4 for
gliclazide and metformin, indicating a possible ADR, and 7 for
fluvastatin, indicating a probable ADR (Table 2) [13].

We also used the Maria and Victorino scale to examine the as-
sociation between fluvastatin and cholestatic liver injury. This
scale provides a scoring system involving 5 axes in the deci-
sion strategy based on chronological criteria, including (1) the
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Table 2. Naranjo Causality Scale for adverse drug reactions.

Question/
Scoring Yes/No/Do Not Know Or Unavailable
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Fluvastatin Metformin Gliclazide

Are there previous conclusive reports on this reaction?
1/0/0

Did the adverse event appear after the suspected drug was

2 given?
2/-1/0

Did the adverse reaction improve when the drug was
3 discontinued or a specific antagonist was given?
1/0/0

Did the adverse reaction reappear when the drug was
4 readministered?

Are there alternative causes that could have caused the
5 reaction?

Did the reaction reappear when a placebo was given?
-1/1/0

Was the drug detected in any body fluid in toxic
7 concentrations?

Was the reaction more severe when the dose was
8 increased, or less severe when the dose was decreased?
1/0/0

Did the patient have a similar reaction to the same or
9 similar drugs in any previous exposure?
1/0/0

Was the adverse event confirmed by any objective
evidence?

Scoring

+1 +1 +1
+2 Al =il
*********
***************************** 1 .
******************* N . I
””””””””””””””” o o 0
0 0 0
0 0 0
**********
"""""
"""""""""" 7 a4 &
© Probable ADR  Possible ADR  Possible ADR

Scoring >9 — highly probable ADR; 5-8 — probable ADR; 1-4 — possible ADR; O — unlikely ADR.

temporal relationship between drug intake and the reaction (on-
set and withdrawal), as well as the course of the reaction; (2)
exclusion of alternative causes such as viral hepatitis, alcoholic
liver disease, or biliary obstruction; (3) extrahepatic manifesta-
tions (rash, fever, arthralgia, eosinophilia, cytopenia); (4) re-ex-
posure to the drug (rechallenge); and (5) previous reports in the
literature of cases of hepatotoxicity associated with the drug.
Concordance with the 5 classic degrees of probability of adverse
drug reactions is established based on the tabulated score as
follows: “definite” (score >17), “probable” (score 14-17), “possi-
ble” (score 10-13), “unlikely” (score 6-9), and “excluded” (score
<6) [14]. In the present case, gliclazide had a score of 14 points
(possible), metformin, 14 points (possible), and fluvastatin, 16
points (possible), supporting a conclusion that fluvastatin, rath-
er than metformin and gliclazide, could be the cause of injury.
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The statins most commonly associated with DILI are atorv-
astatin and simvastatin, in that order. Based on total study
cohort and in comparison with DILI from other drugs, fluv-
astatin had the highest proportional incidence of DILI, con-
sistent with our results. However, a possible explanation for
this might be the greater frequency of atorvastatin and sim-
vastatin use compared with fluvastatin use, which hindered
attempts to interpret this finding [5]. A meta-analysis found
that higher doses of statins were associated with significant
transaminase elevation [15].

The mechanism of hepatic injury induced by fluvastatin is still
unknown, but fluvastatin is metabolized in the liver by the cy-
tochrome P450 2C9 enzyme and excreted in bile. The idiosyn-
cratic reaction can be explained by hypersensitivity, failure to
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adapt (a phenomenon marked by initial elevation in amino-
transferase level, then a return to normal range), and elevation
of ALT leading to toxic intermediates of fluvastatin metabo-
lism. Other possible mechanisms are mitochondrial dysfunc-
tion, cell apoptosis, and the concomitant use of drugs that use
the same metabolic pathway, such as cytochrome P450 2C9
enzymes (eg, gliclazide) [2].

Hepatotoxicity associated with sulfonylureas as an adverse
effect is rare but has been reported [16]. The mechanism of
liver injury caused by the sulfonylurea gliclazide is unknown
but is suspected to result from hypersensitivity and immuno-
allergic reaction [17].

Liver injury is rare with metformin, but the literature indicates
a potential association between metformin and liver damage
after administration and suggests careful long-term monitor-
ing. Metformin is not metabolized in the liver, and possible
mechanisms of acute hepatocellular or cholestatic jaundice
may involve drug-drug interactions or direct or idiosyncratic
reactions (hypersensitivity) [18-20].

The patient in this case developed reversible cholestatic liv-
er injury, perhaps because fluvastatin was administered in a
low-intensity dose, hepatotoxicity associated with the com-
bined medications (metformin and gliclazide) is rare, the du-
ration of administration was short, and there was no histo-
ry of alcohol intake.

The patient had an abnormally high level of creatine kinase. It
was probably for this reason that he developed rhabdomyolysis
induced by fluvastatin, which consequently led to acute renal
failure. Acute renal injury is the most serious complication of
rhabdomyolysis, and it is diagnosed on the basis of elevated
creatine kinase and myoglobin [21]. The present patient did
not have elevated antineutrophil cytoplasmic antibodies, anti-
glomerular basement membrane antibodies, positive antinucle-
ar antibodies, or double-stranded DNA antibodies. Therefore,
the diagnosis of acute interstitial nephritis caused by an im-
mune-allergic reaction was ruled out, increasing the likelihood
of acute kidney injury associated with rhabdomyolysis based
on the high creatine kinase level [22].

The role of liver biopsy in the diagnosis of DILI is limited be-
cause there are no significant features that help to differenti-
ate between DILI and another hepatic disease, in addition to
the high complication rate associated with liver biopsy as an
invasive procedure [23]. Therefore, liver biopsy was not per-
formed and the patient was diagnosed with DILI based on the
assessment of lab results and clinical examination.

The Roussel Uclaf Causality Assessment Method (RUCAM) was
introduced in 1993 to assess the causality of medication-induced
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liver toxicity; it is now widely used for its ability to objective-
ly evaluate the likelihood of a drug’s precipitating liver inju-
ry [24]. The RUCAM contains 7 criteria, as follows: onset time,
clinical course, risk factors, other concomitant drugs used, pub-
lished research on hepatotoxicity, reactions associated with re-
administration of the drug, and non-drug-causes. The RUCAM
score ranges from -8 to +14, with higher values indicating a
greater degree of association. The RUCAM score found for
fluvastatin’s probable association with a cholestatic pattern
of liver injury indicated that the evidence supports a link be-
tween fluvastatin and liver injury. The ADR database sourced
from the WHO and the Uppsala Monitoring Center revealed
917 hepatobiliary ADR reports on fluvastatin with variable he-
patic disorders, about 61 reports on cholestatic liver injury, 34
confirmed reports on fluvastatin relating to drug-induced liv-
er injury, 153 reports on metformin-induced liver injury, 10 re-
ports on gliclazide-induced liver injury, and 82 reports on drug-
associated liver function abnormality [8]. However, metformin
does not undergo hepatic metabolism, and hepatotoxicity as-
sociated with it is rare; it has been documented only in cases
with concomitant use of hepatotoxic drugs [19].

Gliclazide is a second-generation sulfonylurea with a docu-
mented risk of cholestatic jaundice due to its metabolism in
the liver [25]. It was associated, in 2 case reports, with acute
hepatitis and inflammation that resolved after discontinua-
tion [26,16]. Because we could not exclude the possible con-
tribution of metformin and gliclazide in the diagnosis of pa-
tients who had liver injury, we assigned -2 points in Step 4.
We reported a cholestatic pattern of liver injury potentially as-
sociated with fluvastatin, based on RUCAM score. This result
supports previous research from the Spanish Hepatotoxicity
Registry that identified fluvastatin and atorvastatin as the
most frequent causes of cholestasis among statins (66%) [27].
The probable causality of fluvastatin in liver injury may be ex-
plained by the dose-dependent toxicity of statins, with our pa-
tient’s medical history showing administration of simvastatin
20 mg followed by fluvastatin 40 mg. Similar outcomes were
observed in a systemic review of 22 cases of statin-induced liv-
er injury, in which fluvastatin was linked to probable causality
of liver injury in 2 cases, both of which had a history of dos-
age increase more than a month before symptom onset [28].

The present case showed a transient elevation in liver en-
zymes 7 weeks after fluvastatin administration, followed by a
rapid recovery 3 months after admission, much like in a pro-
spective study of 8 cases that showed a transient and revers-
ible increase in liver aminotransferase 2 weeks to 3 months
after treatment with fluvastatin [29]. However, 1 case report-
ed chronic liver injury after prolonged exposure to fluvastatin
for more than 1 year. This different outcome may be explained
by the short exposure to fluvastatin (7 weeks) in the present
case compared with the prolonged latency of hepatotoxicity
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after long-term exposure seen in the case with chronic liver
injury [28]. Moreover, our patient had no significant history
of alcohol intake, minimizing the risk of liver damage and en-
hancing recovery. Because the prognosis for liver injury after
fluvastatin intake varies by patient, careful monitoring of liv-
er enzymes is recommended to avoid permanent liver injury.

Conclusions

The 3 scales that we used indicated an association between
fluvastatin use and cholestatic liver injury and renal failure.
The Naranjo scale in particular indicated a probable relation-
ship between cholestatic liver injury and fluvastatin and a pos-
sible relationship between cholestatic liver injury and gliclazide
and metformin. A combination of these therapies can induce
cholestatic hepatic injury, but fluvastatin could be the most
likely cause due to its higher score. This case reveals multiple
factors contributing to liver injury, including age, long-term
intake of gliclazide, and fluvastatin administration. We thus
recommend careful monitoring of liver and renal function at
baseline and periodically thereafter for patients on combined
therapy (fluvastatin, metformin, and gliclazide), to minimize
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the hepatic adverse effects in the elderly. We also recommend
a waiting period of approximately 2 months before deciding
whether to perform a liver transplant, to allow for reversal in
liver function in patients who have developed cholestatic liv-
er injury after fluvastatin administration. Additionally, both
healthcare professionals and the patient should be aware of
this potential side effect.
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