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(Abstract )

Background: Tigecycline has an expanded broad-spectrum antibacterial activity including multi-drug re-
sistant pathogens. A case of a renal transplant recipient with tigecycline- induced acute liver injury is pre-

sented.

Case presentation: A 47-year-old female patient with end-stage renal disease underwent a deceased do-
nor kidney transplantation. Due to donor infection, she received perioperative and postoperative antibiotic
prophylaxis, including tigecycline, for 10 days. On day 12 of hospitalization the recipient presented conju-
gated hyperbilirubinemia and elevated liver enzymes. Liver biopsy revealed severe steatosis, large and
small droplet macrovesicular as well as microvesicular and marked hepatocellular, canalicular and cho-
langiolar cholestasis, the latter raising suspicion of sepsis. Exclusion of bacterial infection rendered drugs
as possible causative agent. The findings of patients’ workup complemented by literature data implicated
tigecycline as causative agent. Following drug withdrawal, the patient gradually improved and was dischar-

ged with near normal hepatic biochemistry.

Conclusion: This case demonstrates that, although tigecycline is known to be well tolerated, high doses
can cause severe liver impairment, rendering close patient monitoring mandatory. Awareness of distinct

histology combining steatotic and cholestatic pattern with features imitating sepsis can prevent a possible

\diagnostic pitfall. )
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Introduction

Among advanced antibacterial agents, tigecycline -a glycycline antibiotic- confers activity against a
broad range of highly drug resistant bacteria [1]. Complicated intra-abdominal and respiratory infections,
as well as complicated skin infections, represent the main indications for tigecycline use [2]. The combina-
tion of tigecycline with other broad spectrum antibiotic regimens, such as carbapenems and polymyxins
constitutes a common clinical practice against bloodstream infections caused by multi- drug resistant gram
negative bacteria [3]. Bacteremia represents one of the leading causes of morbidity and mortality following

solid organ transplantation, including renal transplantation [4].

The continuing shortage of organs available for transplant has led to an expansion of the deceased
donor pool, including donors with gram-negative bacteremia. However, there is a low risk of infection trans-

mission, especially if the recipient is offered appropriate antimicrobial treatment after transplantation.

Furthermore, the problem of antibiotic resistance is relevant in intensive care units, suggesting
that in case of complicated infections with carbapenem-resistant enterobacteriaceae the treatment with
a broad-spectrum bacteriostatic agent such as tigecycline, is warranted. Tigecycline is often administered
in immunosuppressed patients and is in general well tolerated [7]. Non-specific gastrointestinal distur-
bances are among the most common adverse events. However, serious complications such as deterioration
of hepatic and pancreatic function [5-7] or life threatening coagulation disorders [8-10] have occasionally
been reported. In the context of renal transplantation, an additional source of drug intolerance originates
from the interaction between tigecycline and calcineurin inhibitors, the main immunosuppressive agents
applied to graft recipients. It has been reported that concurrent administration of the two regimens incites

increased serum levels of these immunosuppressants [11-13].

Herein, a case of a renal transplant recipient who developed acute liver injury showing distinct his-

tological features after tigecycline administration, is reported.
Case Presentation

A 47-year-old female patient with end-stage renal disease secondary to familiar focal segmental glo-
merulosclerosis -dialysis dependent for nine years- underwent renal transplantation, receiving graft from a
deceased donor on December 2021. Her past medical history included hypertension, cholecystectomy and
tonsillectomy. No drug-induced allergic reactions were mentioned. According to pre-transplant evaluation,

no significant pathological findings were determined.

The donor was a 38 years old man who developed central nervous system infection derived from
extensively drug-resistant Acinetobacter baumannii and fungi associated urinary tract infection. The per-
sistence of fever and the high levels of inflammatory markers, despite the advanced antibiotic donor treat-
ment, imposed the administration of perioperative and postoperative preventive antimicrobial recipient

medication.
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Cold ischemia time was 18 hours. The patient received induction therapy with anti-intrerleukin-2
receptor antibody (basiliximab), followed by triple immunosuppressive maintenance regimen consisting of
tacrolimus, mycophenolate mofetil and methylprednisolone. After specialist consultation, she was treated
with meropenem, colistin, daptomycin with dose adjustment according to estimated creatinine clearance,
tigecycline for 10 days, as well as micafungin for 14 days. Tigecycline was administered intravenously with

initial loading dose 200mg, followed by maintenance dose of 100 mg every 12 hours thereafter.

The patient experienced delayed graft function, requiring eight dialysis sessions after operation.
Progressive increase in urine output appeared from the sixth postoperative day, while gradual serum crea-

tinine decline became obvious from the twentieth postoperative day.

Within twelve days of transplantation, laboratory analysis revealed progressive decline of hepatic
function, with direct hyperbilirubinemia and elevated liver enzymes. Laboratory tests were negative for
viral infections. On clinical examination, the patient was hemodynamically stable and exhibited painless
jaundice, without fever or other pathological symptoms and signs. Bilirubin levels were 12.8mg/dl, serum
aspartate and alanine transaminase were 207 U/L and 170 U/L respectively, alkaline phosphatase was
700U /L and Gamma-glutamyl transferase reached serum levels of 950 U/L. Abnormal hematological para-
meters, including anemia requiring red blood cells transfusion (hemoglobulin levels 7 g/dl) and thrombo-
cytopenia (platelet count: 50 K/ul) were also detected. Of note, fibrinogen was decreased to levels below
100 mg/dl (on the tenth postoperative day), while tacrolimus trough levels presented remarkable increase

to 25 ng/ml. Finally, inflammatory markers were within normal range.

Extensive imaging evaluation was performed. Abdominal computed tomography scanning revealed
neither focal liver lesions, nor acute vascular event. Echocardiographic study, including ventricular systolic
and diastolic function and valve hemodynamic assessment, was also normal. Due to the progressive pattern
of abnormal liver function and the risk of developing acute liver failure, a diagnostic liver biopsy was consi-

dered necessary.

Histologically, hepatic parenchyma showed severe steatosis, large and small droplet macrovesicular
as well as microvesicular, characterized by numerous tiny fat droplets within hepatocyte cytoplasm, resem-
bling alcoholic foamy degeneration. There was also marked hepatocellular and canalicular cholestasis pre-
dominantly in zones 3 and 2, as well as prominent ductular reaction periportally (zone 1) accompanied by
the presence of bile concretions in the lumen of dilated cholangioles. This feature referred as cholangiolar
cholestasis or cholangitis lenta, although not entirely specific, it raises high suspicion of sepsis [14]. On the
other hand, the pattern of steatosis implied a toxic liver injury similar to the one observed after parenteral
administration of tetracycline. Since no sign of infection was identified after thorough evaluation, drug
toxicity was implicated for liver dysfunction and antimicrobial agents were discontinued. After withdrawal,
patient’s laboratory status gradually improved. She was discharged with near normal hepatic biochemistry,
creatinine concentration approximately 2 mg/dl, no coagulation disorders, and better regulation of tacro-

limus levels.
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Figure 1: (a). Cholangiolar cholestasis: periportal dilated ductules, their lumina containing bile concretions (black ar-
rowheads). (b). Severe steatosis, large and small droplet macrovesicular as well as microvesicular (white arrowheads),
accompanied by hepatocellular and canalicular cholestasis (black arrows) (a,b H/E X400). )
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Discussion and Conclusion

In the current report, a rare case of renal transplant recipient with tigecycline induced liver dysfunc-
tion and intrahepatic cholestasis is presented. Tigecycline administration is usually associated with mild,
non-specific complications, mainly disorders of the gastrointestinal tract, although more serious adverse

events, including coagulopathy, may also occur [15].

The patient exhibited low fibrinogen levels and decreased platelet count, without bleeding event.
Administration of tigecycline, especially in high doses, has been impeached for reversible hypofibrinoge-
nemia, usually accompanied by thrombocytopenia, in several case reports [16-18]. The mechanism of ti-
gecycline derived coagulopathy remains unclear. A potential pathogenetic link could be based on the pro-
duction of several cytokines mediated by tigecycline. Hepatic dysfunction may also have an impact on fi-
brinogen biosynthesis [19,20]. Renal function, fibrinogen levels at the time of drug initiation, tigecycline
dose and treatment duration are important predictors of tigecycline induced hypofibrinogenemia [21,22].
Regarding tigecycline dosage, although high maintenance doses are associated with better antimicrobial
outcomes compared with more conservative ones, they are associated with more pronounced reduction of
fibrinogen levels [9,23]. Randomized studies which have investigated the impact of tigecycline on the fi-
brinogen concentration compared to other antibiotic regimens, provided further indications of ticegycline
induced hypofibrinogenemia [24], though without major bleeding events [25]. The high doses given to our

patient support a concentration dependent side effect.

Tigecycline-related hepatic impairment manifested by elevated liver enzymes and hyperbilirubine-
mia is considered a relatively uncommon complication [5]. Previous reports acknowledge liver dysfunction
as side effect mainly related to treatment duration [26,27]. Moreover, according to literature data, few renal
transplant patients suffered from acute pancreatitis associated with use of tigecycline, and recovered after
agent discontinuation [6,7]. It remains unresolved whether immunosuppressed patients are more suscep-

tible to this adverse reaction.
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It has to be stated that our patient received maintenance immunosuppressive scheme including
tacrolimus, the concentration of which increased to toxic levels, following tigecycline administration. The
interaction between tigecycline and calcineurin inhibitors leading to heightened levels is well defined and
cautious regulation is required [11-13]. The co-occurrence of increased tacrolimus and decreased fibrino-
gen levels implicates tigecycline as causative agent among several other antimicrobial drugs given to our
patient. In addition, one may suggest a potentiation of the cholestatic toxic effect by the combination of

tigecycline and tacrolimus in high concentrations.

The present case is also remarkable for its histological manifestation. Foremost, cholangiolar cho-
lestasis is an alarming finding requiring careful clinical assessment in order to exclude the possibility of
underlying sepsis. Thus, only by exclusion, other causes, in particular drug-related toxicity, should be taken
into consideration. According to the European Association for the Study of the Liver Clinical Practice Gui-
delines this particular type of cholestasis in a patient with drug induced liver injury (DILI) is an adverse
histological prognosticator, pointing to more severe cases possibly requiring liver transplantation [28]. Se-
condly, the observed microvesicular type of steatosis is a well-established, drug-related pattern of hepatic
injury, characteristic for tetracyclines. In contrast to the severity of our case, tigecycline is thought to be re-
latively safe causing mild, transient transaminasemia and very rarely jaundice of clinical significance. Liang
et al [29] reported the case of a 41-year-old woman who developed cholestasis while receiving tigecycline.
Liver function improved after cessation of the drug, supporting the diagnosis of cholestatic liver injury in-
duced by tigecycline. A biopsy was not performed, so histology remains unknown. Roussel Uclaf Causality
Assessment Method (RUCAM) score was 6, indicating probable DILI. In our case Rucam score was 7, also
indicative of probable DILI [30].

Considering normalization of liver enzymes after drug withdrawal, we may support that tigecycline,
especially in high doses and probably in combination with high levels of calcineurin inhibitors, may cause
severe toxic liver injury, rendering close patient monitoring mandatory. Awareness of distinct histology
combining steatotic and cholestatic pattern with features imitating sepsis can prevent a possible diagnostic
pitfall.
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