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Abstract

Ductopenia is often regarded as a chronic process where [?]50% of portal tracts lack bile ducts, which is also known as vanishing

bile duct syndrome (VBDS). One etiology is drug-induced liver injury. Cloxacillin, an anti-staphylococcal penicillin, typically

causes “bland” cholestasis. We present the first case of cloxacillin-induced acute ductopenia or VBDS and a review of published

cloxacillin-induced liver injuries. A 66-year-old woman with no prior liver disease, but known penicillin allergy, was treated

for post-carotid angioplasty staphylococcal infection with 6 weeks of cloxacillin. She presented with a two-week history of

weakness and jaundice. Laboratory work-up showed elevated liver enzymes, hyperbilirubinemia, and eosinophilia. She required

ICU transfer for hypotension and was started empirically on prednisone. Liver biopsy revealed severe centrilobular cholestasis,

mild necroinflammation, and ductopenia with epithelial injury, but no ductular reaction. Two-months later, she was discharged

on hydrocortisone and ursodiol with persistently elevated alkaline phosphatase and bilirubin. She was considered for liver

transplantation but died of liver failure four months later. Four additional articles were found with histopathologic descriptions

of cloxacillin-related liver injury. These included portal inflammation, cholestasis and mild necroinflammation. Clinical features

were reported in two cases; both had mild symptoms with cholestatic liver enzymes and hyperbilirubinemia. Both patients

recovered completely within 10-60 days. Cloxacillin-induced cholestasis can be secondary to acute ductopenia, which can result

in worse clinical outcomes than previously described “bland” cholestasis. Liver biopsy is recommended to identify cases with

acute VBDS.
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What’s New?

Cloxacillin is known to cause acute or “bland” liver cholestasis. This case study highlights that it can also
cause vanishing bile duct syndrome or ductopenia, which can be more persistent with a worse prognosis.

Abstract

Ductopenia is often regarded as a chronic process where [?]50% of portal tracts lack bile ducts, which is also
known as vanishing bile duct syndrome (VBDS). One etiology is drug-induced liver injury. Cloxacillin, an
anti-staphylococcal penicillin, typically causes “bland” cholestasis. We present the first case of cloxacillin-
induced acute ductopenia or VBDS and a review of published cloxacillin-induced liver injuries.

A 66-year-old woman with no prior liver disease, but known penicillin allergy, was treated for post-carotid
angioplasty staphylococcal infection with 6 weeks of cloxacillin. She presented with a two-week history
of weakness and jaundice. Laboratory work-up showed elevated liver enzymes, hyperbilirubinemia, and
eosinophilia. She required ICU transfer for hypotension and was started empirically on prednisone. Liver
biopsy revealed severe centrilobular cholestasis, mild necroinflammation, and ductopenia with epithelial
injury, but no ductular reaction. Two-months later, she was discharged on hydrocortisone and ursodiol with
persistently elevated alkaline phosphatase and bilirubin. She was considered for liver transplantation but
died of liver failure four months later.

Four additional articles were found with histopathologic descriptions of cloxacillin-related liver injury. These
included portal inflammation, cholestasis and mild necroinflammation. Clinical features were reported in
two cases; both had mild symptoms with cholestatic liver enzymes and hyperbilirubinemia. Both patients
recovered completely within 10-60 days.

Cloxacillin-induced cholestasis can be secondary to acute ductopenia, which can result in worse clinical
outcomes than previously described “bland” cholestasis. Liver biopsy is recommended to identify cases with
acute VBDS.

Introduction

Ductopenia is defined by loss of [?]50% intrahepatic bile ducts. For an accurate diagnosis on a liver biopsy, at
least 11 portal tracts need to be evaluated1-2. Ductopenia is associated with a wide variety of liver pathologies
including congenital and genetic diseases such as biliary atresia and cystic fibrosis, autoimmune diseases such
as primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC), infections such as CMV and
HIV, neoplasms such as Hodgkin lymphoma, ischemic insults, and injuries induced by a large array of
drugs or toxins3. However, some cases have no identifiable etiology, a phenomenon previously recognized as
idiopathic adulthood ductopenia but now better known as vanishing bile duct syndrome (VBDS)3-4. These
conditions typically present with chronic cholestasis, although isolated transaminitis has been reported5-6.

Drug-induced liver injury (DILI) can be divided into hepatitic, cholestatic or mixed hepatitic and cholestatic
patterns clinically. Microscopically, DILI varies from necroinflammatory injury, cholestatic injury, steatosis
or steatohepatitis, fibrosis with cirrhosis, vascular lesions, neoplasia, to other rare patterns7. Drug-induced
cholestatic liver injury also takes several forms. The mildest form is acute cholestasis or bland cholestasis,
which shows intrahepatic cholestasis with minimal inflammation. When intrahepatic cholestasis is accompa-
nied by necroinflammation and duct injury, it is cholestatic hepatitis8. Drug-induced cholestatic liver injury
may also be chronic, and can be further divided into PSC-like, PBC-like, or VBDS pattern8-9. The VBDS
pattern was initially recognized with chlorpromazine, but many other drugs were later found to be associated
with ductopenia9-11. Ductopenia diagnosed on liver biopsy has been reported as early as three weeks after
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the onset of symptoms12. Some sources also distinguish between acute and chronic drug-induced VBDS, the
latter characterized histologically by the presence of ductular reaction and copper accumulation7. In certain
cases, jaundice and abnormal liver function tests may eventually resolve, and successful treatments have
been reported13-15. However, VBDS may also progress to biliary cirrhosis and require liver transplantation
(LT)12,16-18.

Cloxacillin, oxacillin, and flucloxacillin belong to a group of penicillinase-resistant isoxazolyl peni-
cillins which are often used for methicillin-sensitive Staphylococcus species,Pneumococcus , and beta-
hemolyticStreptococci19 . Flucloxacillin is a well-known cause of drug-induced cholestasis and particularly
ductopenia12,20-23. In contrast, oxacillin and cloxacillin have only been reported in cases of acute intrahepatic
cholestasis, with bile accumulation in hepatocytes or canaliculi without duct loss, or cholestatic hepatitis
with associated inflammation24-26. We present the first case of cloxacillin-induced acute ductopenia and
review the clinicopathologic features of reported cases of cloxacillin-related liver injury.

Case Report

This was a 66-year-old female who was initially admitted to a different hospital for balloon angioplasty of a
partially thrombosed internal carotid artery. Following the procedure, she developedStaphylococcus hominis
bacteremia and was prescribed six weeks of cloxacillin. Three weeks after completing her antibiotic course,
she presented to our hospital with a two weeks history of generalized weakness and jaundice. Her past medical
history additionally included gastroesophageal reflux disease, for which she was on pantoprazole twice daily,
and hypopituitarism for which she was on levothyroxine and hydrocortisone. She had no personal or family
history of liver disease, alcohol overconsumption, or IV drug use. She had allergies to codeine and penicillin.
Jaundice and scleral icterus were noted on physical examination.

On admission, her liver enzymes were markedly elevated with a mixed pattern: aspartate aminotransferase
(AST) 822 U/L (5-34 U/L), alanine aminotransferase (ALT) 877 U/L (5-55U/L), and alkaline phosphatase
(ALP) 4279 U/L (40-150 U/L). Her total bilirubin level was also high, 752 umol/L (3.4-20.5 umol/L) and
predominantly conjugated, 588.3 umol/L (1.6-8.6 umol/L). A blood routine test showed leukocytosis, 12.6
x 109/L (4.0-11.0 x 109/L) with eosinophilia, 1.2 x109/L (0.0-0.1 x109/L), as well as microcytic anemia:
hemoglobin 95 g/L (115-155 g/L) and mean corpuscular volume 78.5 fL (82-97 fL). Workup for hemolysis as
well as other causes of acute transaminitis was unremarkable. During her admission, she displayed signs of
hepatic encephalopathy and she became hypotensive necessitating ICU admission. It was unclear whether
this was related to acute liver failure or adrenal insufficiency. Abdominal ultrasound and CT scan showed
no hepatosplenomegaly or ascites and were otherwise unremarkable. She was started empirically on oral
prednisone (40mg daily) for presumed hepatotoxicity and underwent a liver needle biopsy on post-admission
day 15.

The biopsy specimen was adequate for histopathologic evaluation, containing 19 portal tracts. In the lobules,
there was severe zone 3 and focal zone 2 cholestasis in hepatocytes and dilated canaliculi (Figure 1A), patchy
hepatocyte feathering degeneration, and scattered lymphocytes and neutrophils. The portal tracts revealed
mild or no inflammation. However, 13 portal tracts had no interlobular bile ducts nor ductular reaction
(Figure 1B), which was further confirmed by CK7 immunostain (Figure 1B inset). The remaining bile ducts
showed features of epithelial degeneration characterized by cytoplasmic eosinophilia, nuclear pleomorphism,
uneven spacing of nuclei, pyknotic nuclei, and cytoplasmic vacuoles (Figures 1C and 1D). There was no
cholate stasis nor interface hepatitis. Copper stain (Rhodanine) was negative. Given the clinical history of
recent cloxacillin use, the biopsy findings were compatible with acute cholestatic liver injury with bile duct
injury and loss secondary to cloxacillin. The differential also included ischemic cholangiopathy secondary to
her hypotensive episode, however the lack of ischemic changes at zone 3 hepatocytes makes this less likely.

After spending more than two months in hospital, the patient was discharged. In addition to her admission
medications, she was discharged on ursodiol (250mg three times per day for cholestasis), lactulose (30ml three
times per day for hepatic encephalopathy), N-acetylcysteine (600mg daily), and Slow-K (1200mg daily). Her
hydrocortisone was tapered down from stress dose to total 15mg daily because her adrenal insufficiency was
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stable. During follow-up, her liver enzymes, particularly ALP level, remained elevated and an outpatient
MRCP revealed beaded appearance of the common bile duct and the left intrahepatic bile duct. She was
assessed by a liver transplantation center for potential LT. Unfortunately, about two months after discharge,
this patient had a fall and developed multiple fractures. She passed away after two more months hospital
stay. The final cause of death was drug-induced liver failure. No autopsy was performed.

Discussion

Our case report illustrates a new type of cloxacillin-induced liver injury, acute vanishing bile duct syndrome.
Strengths of this study include the collaboration between the clinicians and pathologists in managing this
patient by having liver biopsy to determine the specific pattern of her cholestasis and liver failure, as opposed
to undifferentiated DILI. The patient was also followed closely as an outpatient by her medical providers,
including LT team, which provided information about the persistence of her disease after discharge. One
limitation of this study is the fact that the patient reported a penicillin allergy, which may have made
her more susceptible to a cloxacillin reaction than non-allergic patients, though reported penicillin allergies
are often unreliable27. The other limitation is that patient unfortunately had a fall and developed multiple
traumatic fractures, which likely contributed and accelerated deterioration of her liver disease and her passing
away before getting the LT.

Using Google Scholar, we found four additional cases of cloxacillin-induced livery injury requiring a liver
biopsy. One retrospective study examined a series of drug rechallenge cases, from the Global Safety Database,
where patients who had possible DILI were given the same drug while monitoring liver enzymes27. One of
the 88 confirmed positive rechallenge cases was caused by cloxacillin-related injury, and liver biopsy showed
a portal lymphocytic infiltrate with some eosinophils28. A similar retrospective study examined 77 possible
or probable DILI cases secondary to penicillinase-resistant penicillins reported to the Swedish Adverse Drug
Reactions Advisory Committee29. One case related to cloxacillin underwent liver biopsy which showed
cholestasis with moderate inflammation including some eosinophilic infiltrate29. No specific demographic or
clinical information was reported for either of those two cases.

There have been only two case reports of cloxacillin-induced liver injury that included both clinical and
histopathologic information25-26. Both patients were female, aged 69 and 77 years, and presented with
jaundice and pruritis. Additionally, the first patient had hepatomegaly and the second had weakness and
maculopapular rash. They both had a cholestatic liver injury pattern, but their ALP (1126 and 394), AST
(18 and 313) and total bilirubin (255 and 221) levels were lower than those seen in our case. Eosinophilia
was only noted in the second patient. Both liver biopsies showed moderate to severe intrahepatic cholestasis,
which was canalicular in the first case and hepatocellular in the second. Both also had up to moderate
portal inflammation, and mild lobular necroinflammation. Additionally, the first case showed occasional
hepatocyte variation and multinucleation, Kupffer cell hyperplasia with lipofuscin and ceroid pigmentation,
and minimal steatosis. Normal bile ducts were seen in the first case and no abnormalities were documented
in the second. Prednisone was only used for the second patient, but both had normal liver enzymes and
recovered clinically within 60 and 10 days, respectively.

Altogether, lobular or portal inflammation was described in all four reported cases of cloxacillin-induced liver
injury, whereas eosinophils were documented in three cases. Three patients had cholestasis with moderate
to severe or prominent cholestasis in canalicular or hepatocellular patterns in two cases. Bile ducts were
reported as normal in one case and assumed to be normal in the other three. Both cases that were followed
clinically had a full recovery.

The prognosis of drug-induced VBDS has been variable in general. In a case series of 8 patients with drug-
induced VBDS followed with sequential liver biopsies, three recovered clinically, three recovered biochemically
and clinically, and one developed biliary cirrhosis30. In a 10-year retrospective study, from 2004 to 2014, by
the US DILI network, 26 of 363 (7%) patients that underwent a liver biopsy had bile duct loss (14 lost >50%
bile ducts, while 12 lost 25-50% bile ducts)31. Compared to patients without bile duct loss, patients with
bile duct loss had a higher risk of developing chronic liver disease, persistent cholestasis after six months

4
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(94% vs 47%), and death within two years of follow up (27% vs 9%).

Treatment for drug-induced VBDS is largely similar to that for other types of drug-induced cholestasis,
including immediate withdrawal of the culprit drug and preventing re-exposure, as well as ursodexycholic
acid to protect against toxic bile salts15,32-33. Steroids and other immunosuppressants may be used when
there is an indication of allergic reaction such as eosinophilia, lymphadenopathy, rash or syndromes like
Stevens-Johnson syndrome33. Plasmapheresis has been used successfully in a case of loxprofen-induced
ductopenia in an adolescent female unresponsive to initial treatment measures14. In cases that progress to
biliary cirrhosis, supportive management and LT would be indicated18.

Our case shows that cloxacillin-induced cholestasis can be secondary to acute ductopenia, which is associated
with more severe clinical presentations and worse outcome than the previously described bland cholestasis.
Liver biopsy is therefore important to helping identify patients with VBDS early in the disease process. A
lower threshold for liver transplantation assessment is recommended for those cases.
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Figure Legends

Figure 1 : Figure 1 A) Zone 3 cholestasis, H&E 40x; B) Ductal injury, H&E 40x; Portal tract in C) H&E
40x and D) CK7 stain 40x.
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