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A liver transplant patient developed renal
injury on tacrolimus and experienced
worsening renal function and rhabdomyolysis
after switching to sirolimus: a case report
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Abstract

Renal impairment and rhabdomyolysis are rare in transplant patients receiving sirolimus. We report the case of a
54-year-old male who underwent liver transplantation and was initially treated with tacrolimus, mycophenolate
mofetil, and glucocorticoids for immunosuppression. After the development of renal dysfunction, tacrolimus was
replaced with sirolimus. However, one month after taking sirolimus, the patient’s renal function continued to
deteriorate, and rhabdomyolysis developed one and a half months later. Serum analysis indicated high sirolimus
concentration, whereas renal histopathology revealed acute tubular injury and interstitial arteriopathy. After
reducing the dosage of sirolimus, the patient’s creatine kinase levels returned to normal, and renal function
improved. Two years after discharge, the patient’s renal function had recovered. This case highlights the importance
of monitoring sirolimus blood concentrations in clinical practice, because elevated drug concentrations can lead to
renal dysfunction and rhabdomyolysis as adverse reactions. Further investigations into the pathogenic mechanisms
of sirolimus-induced renal dysfunction and rhabdomyolysis may contribute to clinical practice.
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Introduction

Sirolimus is a macrolide immunosuppressant that inhib-
its T-lymphocyte proliferation under cytokine stimu-
lation [2]. Its structure is similar to that of tacrolimus,
and its immunosuppressive potency has been reported
to be comparable to that of tacrolimus, but with lower
renal toxicity [3]. Sirolimus is primarily used to pre-
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marrow suppression, delayed wound healing, peripheral
oedema, neutropenia, and pneumonitis [6]. However,
concurrent creatine kinase (CK) elevation and rhabdo-
myolysis is rare [11]. Previous studies have reported a few
cases of rhabdomyolysis and renal injury in transplant
patients taking both sirolimus and statins or fibrate drugs
[13-15]. As rhabdomyolysis is a common adverse event
associated with lipid-lowering drugs, the effect of siroli-
mus on rhabdomyolysis in these cases is unclear. Here,
we report the case of a liver transplant patient who expe-
rienced worsening renal function and rhabdomyolysis
after switching from tacrolimus to sirolimus without the
use of statin drugs.

Case report

On April 25, 2021, a 54-year-old male (height: 160 cm,
weight: 62 kg) was admitted to the Nephrology depart-
ment of West China Hospital of Sichuan University with
elevated serum creatinine for seven months and pitting
oedema of both lower extremities for eight days. Eight
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months prior to admission, the patient underwent an
allogeneic liver transplantation for alcoholic liver cir-
rhosis. The renal function was normal before the surgery.
The serum creatinine level was 62 umol/L after the sur-
gery, and the evaluated glomerular filtration rate (eGFR)
was 109.87 mL/min/1.73 m®. Following the surgery,
the patient was started on regular oral administration
of tacrolimus 2 mg twice daily, mycophenolate mofetil
500 mg twice daily, and prednisone 20 mg once daily.
During the first two months of tacrolimus treatment,
the drug concentration was maintained between 5.0 and
10.2 ng/mL, and serum creatinine gradually increased
from 65 pmol/L to 120 umol/L. The tacrolimus blood
concentration fluctuated between 8.97 and 20.6 ng/mL
from the third to sixth month, and serum creatinine level
rose from 120 umol/L to 197 pmol/L. In the seventh to
eighth months, tacrolimus levels ranged from 5.28 to 8.97
ng/mlL, yet renal function continued to deteriorate, with
serum creatinine level increasing from 126 pmol/L to 564
pumol/L (Fig. 1). The medication was adjusted to sirolimus
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Fig. 1 The clinical course of the present case before admission. The X-axis displays the date before admission. The serum creatinine levels (blue) and

tacrolimus blood concentration (green) variations were recorded
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2 mg twice daily (The transplant doctor had informed the
patient that sirolimus should be taken once a day. How-
ever, for convenience, the patient adjusted the dosage to
twice a day in order to take it with other medications),
mycophenolate mofetil 500 mg twice daily and pred-
nisone 10 mg once daily. Before the switching to siroli-
mus, the most recent blood concentration of tacrolimus
was 5.78 ng/mL. Additionally, the patient used roxaresta,
polysaccharide-iron complex, folic acid tablets for anae-
mia correction, calcium carbonate, and complex alpha-
keto acid tablets for protein supplementation. After
multiple verifications, it was confirmed that the patient
did not use statins or other related medications. Half a
month before admission, his serum creatinine gradually
increased to 571 umol/L. Eight days before admission,
the patient developed bilateral lower extremity pitting
oedema accompanied by generalised weakness, and his
serum creatinine level increased to 677 pmol/L.

Upon admission, the patient had a temperature of
36.8 °C, a respiratory rate of 20 breaths per minute, a
heart rate of 91 beats per minute, and a blood pressure
of 138/88 mmHg. The 24-h urine output was approxi-
mately 1500 mL. Physical examination revealed no signif-
icant positive findings in the cardiovascular, respiratory,
or abdominal regions; however, bilateral lower limb pit-
ting oedema was observed. Routine examination of the
peripheral blood showed a haemoglobin level of 74 g/L,
white blood cell count of 20.31x10°/L, and platelet count
of 125x10%/L. Blood biochemistry analysis showed an
albumin level of 31.2 g/L, alanine aminotransferase level
of 51 TU/L, aspartate aminotransferase level of 137 IU/L,
CK level of 25,468 IU/L, serum creatinine level of 677
umol/L, uric acid level of 75 pmol/L, calcium ion level
of 1.29 mmol/L, potassium ion level of 2.56 mmol/L,
anion gap of 20.9 mmol/L, myoglobin level of >3000 ng/
mL, troponin T level of 291.3 ng/L, creatine kinase-MB
level of 1.92 ng/mL, pro-B-type natriuretic peptide level
of 21,695 ng/L, C-reactive protein level of 20.30 mg/L,
procalcitonin level of 0.74 ng/mL, and sirolimus blood
concentration of 21.1 ng/mL. Urine analysis revealed the
presence of protein 3+, white blood cells of 7/HP, and
red blood cells of 8/HP. The protein-to-creatinine ratio
in the urine was 0.268 g/mmol creatinine. The 24-hour
urine protein excretion was 1.51 g/24 h. Clinical immu-
nological examination revealed no obvious abnormali-
ties. The results for 1,3-B-D-glucan (G) test, aspergillus
galactomannan (GM) test, interferon-gamma release
assay for tuberculosis infection (TB-IGRA), Epstein-Barr
virus DNA real-time fluorescence quantification, BK-JC
virus load analysis, cytomegalovirus nucleic acid quanti-
fication, mycoplasma pneumoniae antibody, and TORCH
panel testing were all negative. Sputum smears, sputum
cultures, and blood cultures were negative. Ultrasonogra-
phy of the urinary system showed slightly enhanced renal

Page 3 of 8

parenchymal echogenicity, with the right kidney measur-
ing 12 cm x 5.1 cm x 5.3 cm and the left kidney measur-
ing 11.9 cm x 5.2 cm x 5.6 cm. Single-photon emission
computed tomography (SPECT) renal imaging showed
reduced blood perfusion and severe impairment of renal
function (glomerular filtration rate of 11.3 mL/min in the
left kidney and 19.2 mL/min in the right kidney). Chest
computed tomography (CT) showed minimal signs of
inflammation in both lungs, and a small amount of pleu-
ral effusion.

The patient was diagnosed with chronic renal failure
with acute exacerbation, rhabdomyolysis, and a pulmo-
nary infection. Upon admission, he received treatment,
including citric acid and potassium supplementation to
correct electrolyte imbalances, intravenous piperacillin
sodium and tazobactam sodium for infection control,
water-soluble vitamins for antioxidation, and volume
expansion. Due to the elevated blood concentration of
sirolimus, the sirolimus dose was reduced to 1 mg once
daily. After two weeks of treatment, the patient’s CK
level was within the normal range, but the level of serum
creatinine was still high (574 pmol/L). On the 16th day
after admission, a renal biopsy was performed. Several
pathological findings were observed. Optical micros-
copy findings revealed a total of 22-23 glomeruli, with
two exhibiting global sclerosis and one demonstrat-
ing fibrous thickening. No significant alterations were
observed in the mesangium, basement membrane, or
the capillary lumen. Approximately 25% of the tubules
displayed atrophy, accompanied by moderate-to-severe
degeneration of tubular epithelial cells. Tubular protein
casts were observed in some tubular lumens. Approxi-
mately 25% of the interstitium exhibited fibrosis accom-
panied by infiltration of lymphocytes and monocytes.
Mild-to-moderate thickening of the small arterial walls
was observed, and occasional foam-like changes were
noted in the endothelial cells of some arteries (Fig. 2).
Immunohistochemistry showed that all four glomeruli
were negative for IgG, IgM, IgA, C3, C4, Clq, i, and A
(Fig. 2). Renal pathology indicated acute tubular injury,
which could be explained as a consequence of rhabdomy-
olysis. This type of lesion is often self-limiting. However,
interstitial vascular changes were not typical pathological
manifestations of rhabdomyolysis. Based on the patient’s
history, vascular changes were highly associated with
tacrolimus nephrotoxicity. Therefore, sirolimus was con-
tinued instead of tacrolimus and the blood concentration
of sirolimus was rechecked. On the 14th day of hospitali-
sation, the blood concentration of sirolimus was 10.8 ng/
mL. As the patient did not exhibit signs of liver dysfunc-
tion or rejection, the sirolimus dose was further reduced
to 0.5 mg once daily. On the 20th day of hospitalisation,
the sirolimus blood concentration was rechecked and a
level of 6.6 ng/mL was observed.
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Fig. 2 The histopathological findings of the renal biopsy. (A) Renal interstitial. x200. Hematoxylin and eosin staining. (B) Glomerulus. x400. Hematoxylin
and eosin staining. Red arrow: Protein casts in the lumen of renal tubules; Green arrow: Moderate to severe degeneration of renal tubular epithelial cells;

Blue arrow: Interstitial fibrosis with infiltration of lymphocytes and monocytes

On the 23rd day of hospitalisation, the creatinine
decreased to 393 umol/L. the haemoglobin level had
increased to 89 g/L. CK (68IU/L), aspartate aminotrans-
ferase, alanine aminotransferase, blood potassium, and
calcium levels remained normal. The patient was dis-
charged on the 24th day. After discharge, the patient
continued to receive oral sirolimus (0.5 mg) once daily
and mycophenolate mofetil (500 mg) twice daily. Blood
concentration of sirolimus was regularly monitored, and
the concentration fluctuated between 7 and 15 ng/mL.
Two months after discharge, the patient’s serum cre-
atinine level decreased to 234 pmol/L. Six months after
discharge, the creatinine level was 192 pumol/L. Two
years after discharge, the patient’s renal function further
improved, with serum creatinine level of 126pmol/L and
an eGFR of 54.96 mL/min/1.73 m? (Fig. 3).

Discussion

Tacrolimus is a type of calcineurin inhibitor (CNI) [1].
The reliable immunosuppressive effects of CNIs have
been widely recognised, but hepatorenal toxicity due to

the long-term use of CNIs is common [1]. Sirolimus is
a large-ring lactone antibiotic immunosuppressant that
inhibits T lymphocyte proliferation upon cytokine stim-
ulation [2]. As a lipophilic 35-membered lactone com-
pound, its structure is similar to that of tacrolimus (a
23-membered lactone compound). However, its immu-
nosuppressive potency has been reported to be higher
than that of tacrolimus, while its renal toxicity is lower
[3]. Sirolimus is mainly used to prevent organ rejection
for organs such as the liver and kidney and is especially
suitable for patients with concurrent hypertension, renal
insufficiency, and tremors [4]. It is a new potent immuno-
suppressive agent with low toxicity [4]. In patients with
calcineurin inhibitor nephrotoxicity confirmed through
biopsy, switching to sirolimus improves renal function.
Xu et al. investigated 44 renal transplant recipients with
chronic kidney disease (confirmed by transplant kidney
biopsy) who had their immunosuppressants switched
from tacrolimus to sirolimus. After 1-2 months, the
average serum creatinine level of patients decreased,
and the average glomerular filtration rate increased.
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Fig. 3 The clinical course of the present case. The X-axis shows the date since admission. The serum creatinine levels (Orange), evaluated glomerular
filtration rate levels(yellow), creatine kinase (blue), and sirolimus blood drug concentration (green) variations were recorded. Multiple medication were
given to the patient. Periods using tacrolimus, mycophenolate mofetil, prednisone and sirolimus consisting of immunosuppressive regimen were marked
by purple, green, blue and yellow thick lines, respectively
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By six months, the difference in serum creatinine levels
before and after conversion was statistically significant
(P<0.05), suggesting that sirolimus may have lower renal
toxicity than tacrolimus [5].

In this case, the patient was administered tacrolimus
2 mg twice daily for postoperative immunosuppression.
However, one month after switching from tacrolimus
to sirolimus, the patient’s creatinine level continued to
increase, and the glomerular filtration rate continued to
decline. Renal pathology revealed an acute tubular injury,
tubular epithelial cell shedding, and mild-to-moderate
thickening of the interstitial arterial walls accompanied
by endometrial fibrosis and individual arterial endarte-
rial cell foam-like changes.

Previous studies have shown that adverse reactions
to tacrolimus include acute and chronic renal injury
[6]. Acute renal injury is usually associated with affer-
ent arteriolar vasoconstriction and is generally revers-
ible [6]. Chronic nephrotoxicity is often accompanied
by characteristic histological changes, including arterial
vascular lesions, striped interstitial fibrosis, and focal
segmental glomerulosclerosis-like changes, with arte-
rial lesions being the most common and characterised
by island-like deposition of hyaline in the small arterial
walls [6]. Immunofluorescence of renal biopsies in glo-
merular lesions often reveals the deposition of immune
complexes, such as IgG, IgM, C3, and others [6]. In this
case, the patient experienced an increase in creatinine
levels after taking tacrolimus for seven months, and path-
ological biopsy indicated arterial vascular wall lesions,
consistent with the pathological features of tacrolimus-
induced renal injury. However, after switching from
tacrolimus to sirolimus for one month, the patient’s cre-
atinine level continued to rise. Considering high blood
sirolimus concentration in the patient (21.1 ng/mL),
it is speculated that the elevated sirolimus concentra-
tion might have contributed to the deterioration of kid-
ney function. Many transplant physicians believe that
the appropriate blood concentration of sirolimus ranges
from 5 to 15 pg/L, which can result in higher efficacy
while maintaining a lower incidence of adverse reactions.
Some studies have indicated that although sirolimus had
no impact on renal function at doses sufficient to prevent
heart and kidney transplant rejection (0.01-0.08 mg/kg/
day intravenously) in a rat model, it did accelerate histo-
logical changes, i.e., necrotising vasculopathy and tubu-
lar atrophy in the model. At higher doses (0.8 mg/kg), it
indeed led to a decline in kidney function [7]. In two mul-
ticentre, randomised, double-blind trials, 719 and 576
patients were randomly treated with 2 mg/day sirolimus,
5 mg/day sirolimus, or a placebo. The results showed a
negative correlation (P<0.001) between sirolimus and
eGFR [8]. Boratyn et al. reported five cases of renal trans-
plantation in patients who received immunosuppression
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with cyclosporine and switched to sirolimus after expe-
riencing renal function impairment. The median serum
creatinine level, before treatment, was 167.96 umol/L,
and during the treatment, the blood concentration of
sirolimus ranged from 9.0 to 18 ng/mL (average 12.5 ng/
mL). Three months after using sirolimus, all five patients
developed nephrotic syndrome, with a median serum
creatinine level increase to 309.4 pmol/L, primarily man-
ifesting as glomerulosclerosis and arteriolar hyalinosis in
renal pathology [7]. Dittrich and colleagues also reported
two kidney transplant patients who developed protein-
uria and elevated serum creatinine levels (increased to
283 pmol/L and 354 pmol/L, respectively) two to nine
months after switching from calcineurin inhibitors to
sirolimus. Renal biopsy revealed mesangial proliferative
glomerulonephritis and IgA nephropathy [9]. Butani et al.
observed proteinuria in 12 out of 13 children treated with
sirolimus, which resolved upon switching to a different
medication. The authors suggested that proteinuria may
be due to sirolimus toxicity to the glomeruli, although
this has not been supported by experimental models
[10]. In this case, the patient’s renal pathology did not
indicate glomerular lesions, which is inconsistent with
the previously reported sirolimus-induced kidney injury
pathology. This suggests that the worsening of renal func-
tion after switching to sirolimus in this patient may be
related to rhabdomyolysis after switching to sirolimus.
It is advisable to monitor sirolimus blood concentrations
during use and to remain vigilant for the occurrence of
rhabdomyolysis and renal function impairment.

Based on the patient’s clinical presentation, elevated
levels of serum CK and creatinine, and the pathological
findings of acute renal tubular injury, it is likely that this
case involved rhabdomyolysis and acute kidney injury
(AKI) following the administration of sirolimus.

Rhabdomyolysis is a syndrome characterised by muscle
necrosis and the release of muscle cell contents into the
circulation, often presenting with significantly elevated
levels of serum CK, and may be accompanied by muscle
pain, weakness, and myoglobinuria [11]. Previous studies
have reported that rhabdomyolysis is rare in solid organ
transplant recipients, particularly in patients undergo-
ing liver transplant [11]. In this case, laboratory tests
showed that serum CK levels were 10 times higher than
the normal upper limit, confirming the diagnosis of rhab-
domyolysis [12]. Based on the patient’s history of siroli-
mus medication, significantly elevated sirolimus blood
concentration upon admission (21.1 ng/mL), and gradual
normalisation of CK levels after sirolimus reduction, a
relationship between high sirolimus concentrations and
rhabdomyolysis was suggested.

Few cases of rhabdomyolysis and renal injury follow-
ing transplantation with sirolimus have been reported
[13-15]. However, the reported transplant patients who
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developed rhabdomyolysis after using sirolimus often
received concomitant treatment with statins. Rhabdo-
myolysis is a common adverse effect of statin use, and
the interaction between sirolimus and statin drugs may
increase the risk of rhabdomyolysis [13]. Yu Ah Hong
et al. reported a case of a 64-year-old female kidney
transplant recipient who had been receiving long-term
cyclosporine immunosuppression, concomitantly tak-
ing simvastatin for lipid control. After the diagnosis
of lung adenocarcinoma, the immunosuppressant was
switched from cyclosporine to sirolimus. Rhabdomy-
olysis developed 20 days after the change in immu-
nosuppression [13]. The authors suggested that both
sirolimus and statins are major substrates of the cyto-
chrome P450 3A4 enzyme (CYP 3A4) in the liver. Com-
petition for metabolic processing in the liver may lead
to increased levels of statin drugs, enhancing their tox-
icity and causing rhabdomyolysis [13]. Basic and Dopazo
also reported cases of rhabdomyolysis and acute kidney
failure in two transplant patients following the concur-
rent use of statin drugs and sirolimus [14]. However, in
this case, the patient received oral tacrolimus, myco-
phenolate, and corticosteroid immunosuppression after
liver transplantation and was switched from tacrolimus
to sirolimus after experiencing renal function impair-
ment. The patient developed rhabdomyolysis one month
after switching to sirolimus in the absence of statins or
other potential causes of rhabdomyolysis. Rhabdomy-
olysis resolved after reducing the dose of sirolimus. This
indicates that renal dysfunction and high-dose sirolimus
may lead to rhabdomyolysis. No previous studies have
reported cases of rhabdomyolysis with elevated blood
sirolimus levels. This case suggests a connection between
the two, although the specific pathogenic mechanism
remains unclear. This also indicates the importance of
monitoring the blood concentrations of sirolimus in
patients with liver transplant.

Following a reduction in the oral dose of sirolimus, a
reduction in severity of rhabdomyolysis was observed.
After 2 years, the patient’s renal function further recov-
ered, with creatinine level decreasing to 126 umol/L.
This suggests that both sirolimus and tacrolimus cause
renal damage through various mechanisms. In addition,
the gradual improvement in kidney function in this case
indicates that tacrolimus-induced renal injury may be
partially reversed, although recovery may take several
months.

Conclusion

We report the case of a liver transplant patient who
developed renal function deterioration and rhabdo-
myolysis after switching from tacrolimus to sirolimus.
This case highlights the importance of monitoring
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sirolimus blood concentration in patients undergoing
liver transplantation.
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