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ABSTRACT

Rhabdomyolysis is a known rare and potentially lethal complication of statin use. This toxic effect is potentiated by alterations in
hepatic physiology in patients with cirrhosis. Transjugular intrahepatic portosystemic shunt placement has the potential to further
compound this effect; yet, examples of this have not previously been described in the literature. We present a case of a patient who
experienced statin-induced rhabdomyolysis likely as a direct consequence of transjugular intrahepatic portosystemic shunt
placement.

INTRODUCTION

Patients with cirrhosis are subject to physiological alterations that influence drugmetabolism including impairment of metabolizing
enzymes such as CYP450, decreased plasma protein synthesis, and alterations in splanchnic blood flow that increase drug bio-
availability.1 Transjugular intrahepatic portosystemic shunt (TIPS), which is increasingly used to treat complications of cirrhosis,
compounds this effect by further altering splanchnic hemodynamics.2 Despite a number of reports describing toxicity of various
drugs after TIPS placement,1–6 clinicians may not intuitively recognize when potentially harmful medications should be dose-
adjusted after placement.We present the case of a patient who experienced statin-induced rhabdomyolysis likely as a direct result of
TIPS placement.

CASE REPORT

A 68-year-old Asian woman with a history of nonalcoholic steatohepatitis cirrhosis, chronic kidney disease, and multiple previous
cerebrovascular accidents underwent elective TIPS placement for refractory ascites (Figure 1) using intravenous propofol for
sedation and without any notable postprocedural sequelae. At the time of postprocedure discharge, her liver function tests were
notable only for amildly elevated alkaline phosphatase (181U/L, reference range 39–117U/L), alanine aminotransferase (ALT 52U/L,
reference range 7–52 U/L), and aspartate aminotransferase (AST 36 U/L, reference range 12–39 U/L). Over the subsequent 2 weeks,
she developed progressive lower extremity edema and weakness, prompting readmission. On presentation, she was noted to have
bilateral pitting edema to the thighs, stable vital signs, and proximal muscle weakness with a nonfocal neurological examination.
Laboratory test results were notable for amarked increase in alkaline phosphatase (315U/L), ALT (103U/L), AST (366U/L), indirect
bilirubin (2.0mg/dL, reference range 0–1.0mg/dL), total bilirubin (2.8mg/dL, reference range 0.1–1.3mg/dL), and internationalized
normal ratio (1.8). Creatininewas 2.32mg/dL,whichwas her baseline.Owing to proximalmuscleweakness and the elevation inAST,
there was clinical concern for rhabdomyolysis. Urinalysis demonstrated a large amount of blood but low red blood cell content,
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suggestive of myoglobinuria. Creatinine phosphokinase was
elevated at 22,080 U/L (reference range 30–223 U/L), con-
firming the diagnosis of rhabdomyolysis.

An MRI of the thighs was obtained to rule out myositis as an
inciting cause of her rhabdomyolysis and in fact was initially
suggestive of an inflammatory myositis (Figure 2). However, an
autoimmune myositis panel was negative, and a muscle biopsy
was performed, which showed histological findings of acute
necrotizing myopathy without a significant inflammatory com-
ponent (Figure 3). Drug-induced myopathy was thus suspected
as the primary diagnosis. Chart review demonstrated that the
patient had been on long-standing high-intensity statin therapy
(atorvastatin 80 mg) for secondary prevention since 8 years be-
fore presentation when she suffered a cerebrovascular accident
despite moderate-dose statin therapy (simvastatin 40 mg).

The sudden development of statin-induced rhabdomyolysis
despite a stable dose was attributed to alterations in hepatic

blood flow caused by recent TIPS placement that resulted in
increased drug bioavailability (Figure 1); therefore, the medi-
cation was stopped. Four days after stopping her medication,
the creatinine phosphokinase peaked at 92,250 with liver en-
zymes peaking as well (AST 1,717 U/L and ALT 706 U/L).
Despite supportive care and withdrawal of the offending
medication, progressive renal failure developed with anuria
with creatinine peak of 4.99 mg/dL. Despite a time-limited trial
of dialysis, she ultimately expired.

DISCUSSION

Although the exact mechanism for statin-induced rhabdo-
myolysis remains a topic of debate, it is clear that the risk of
developing this condition increases in a dose-dependent man-
ner7 exacerbated by both cirrhosis and TIPS placement. Our
patient may have been particularly vulnerable to this phe-
nomenon, given that she had multiple risk factors known to be
associated with the development of statin toxicity (female sex,
Asian ethnicity, multisystem disease, particularly including
renal insufficiency, and generalized frailty).8 Furthermore, de-
spite having been previously exposed to propofolmultiple times
without sequelae, we note that propofol exposure has been as-
sociated with the propagation of statin toxicity and may have
contributed in the context of TIPS placement.9

Regarding specific sequelae of cirrhosis and TIPS placement
that can contribute to statin toxicity, patients with cirrhosis
have decreased first-pass hepatic metabolism, decreased pro-
tein binding, and decreased drug clearance, which leads to in-
creased plasma drug concentrations.10 Atorvastatin and
rosuvastatin, 2 of the most commonly prescribed statins, un-
dergo extensive first-pass metabolism by hepatic CYP3A4 and
CYP2C9, respectively, and thus are subject to significantly in-
creased bioavailability in patients with cirrhosis.10,11 Although
TIPS placement restores portal venous flow in patients with
cirrhosis, it further alters drug bioavailability through increased

Figure 1. (A) Before TIPS placement, portal vein injection shows
flow to the intrahepatic portal vein branches (open arrow). Incidental
note ismade of hepatofugal flow in the inferiormesenteric vein (solid
arrow). (B) After TIPS placement, portal vein injection shows absent
intrahepatic portal flow, with nearly all flow going through the TIPS
(open arrow) and into the right atrium.Minimal flow is seen in the left
portal vein (solid arrow). TIPS, transjugular intrahepatic portosys-
temic shunt.

Figure 2. (A) Precontrast and (B) postcontrast axial T1 fat-saturated image of the right thigh. There is minimal change in the intrinsic signal of
themusculature from precontrast to postcontrast images, indicative of poor enhancement. (C) Axial T2 fat-saturated image of the same thigh
showing diffuse high-intensity signal,most substantially involving the distal adductor andproximal vastusmuscles, indicative of intramuscular
edema. Together, these changes are consistent with an inflammatory myositis.
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splanchnic blood flow and intrahepatic shunting.12 Increased
bioavailability and decreased clearance of drugs that have sig-
nificant first-pass metabolisms such as bisoprolol, nifedipine,
budesonide, midazolam, and phenytoin1,3,4,6 have been dem-
onstrated after TIPS. However, knowledge of the exact effects of
TIPS on statin metabolism is not well understood. Failure to
account for this effect can lead to increased risk of adverse drug
reactions, as seen in this case where despite remaining on a
stable statin dose, the patient developed rhabdomyolysis soon
after TIPS creation.

Given statins are the most commonly prescribed cholesterol-
lowering medications in the United States and have a crucial
role in the treatment of nonalcoholic steatohepatitis, there is a
need for clinicians to understand statin pharmacokinetics after
TIPS. Although the ideal statin type and dose after TIPS is
unknown, a cautious step-up approach with a low dose of a
hydrophilic statin, such as pravastatin, with close monitoring
may protect from serious adverse events.13 As this case high-
lights, increased awareness and thoughtful postprocedural
medication reconciliation is crucial to prevent harm.

DISCLOSURES

Author contributions: EC Swei and AK Brar wrote and ap-
proved the manuscript. EC Swei, AK Brar, JD Rice, and LM
Forman edited the manuscript and revised the manuscript for
intellectual content. EC Swei and AK Brar reviewed the

literature. CF Doe and VM Knez provided the images. EC Swei
is the article guarantor.

Financial disclosures: None to report.

Informed consent could not be obtained for this case report. All
identifying information has been removed.

Received June 29, 2021; Accepted December 3, 2021

REFERENCES
1. WeersinkRA, BoumaM, BurgerDM, et al. Evaluating the safety and dosing

of drugs in patients with liver cirrhosis by literature review and expert
opinion. BMJ Open. 2016;6:e012991.
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Figure 3. Photomicrographs of the rectus femoris muscle. (A) He-
matoxylin and eosin (H&E) stain shows active myopathic damage,
necrosis, and myofiber atrophy without significant inflammation,
inclusion bodies, or evidence of vasculitis (103 objective). Inset
with special stain trichrome shows no significant fibrosis (203 ob-
jective) nor were other signs of chronicity seen, indicating the
changes were acute. (B) Higher magnification of H&E confirms the
above findings (203 objective).
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