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Abstract

BACKGROUND

Patients with obstructive jaundice caused by intrahepatic bile duct stones can be
effectively managed by surgery. However, some patients may develop postoperative
complications, liver failure, and other life-threatening situations. Here, we report a
patient with mutations in the uridine 5’-diphospho-glucuronosyltransferase 1Al
(UGT1A1) and bile salt export pump (ATP-binding cassette subfamily B member 11,
ABCB11) genes who presented multiple intrahepatic bile duct stones and cholestasis,

and the jaundice of the patient increased after partial hepatectomy.

CASE SUMMARY

A 52-year-old male patient admitted to the hospital on October 23, 2021, with a
progressive exacerbation of jaundice, was found to have multiple intrahepatic bile duct
stones with the diagnoses of obstructive jaundice and acute cholecystitis. Subsequently,
the patient underwent left hepatectomy with biliary exploration, stone extraction, T-
tube drainage, and cholecystectomy without developing any intraoperative
complications. The patient had a dark urine color with worsening jaundice
postoperatively and did not respond well to plasma exchange and other symptomatic
and supportive treatments. Since the progressive increase in postoperative bilirubin
could not be clinically explained with any potential reason, including, if not at all, viral
infection, cholangitis, autoimmune liver disease, and other causes, the patient
underwent whole-exon screening for any genetic diseases, which surprisingly identified
UGT1A1 and ABCB11 gene mutations related to glucuronidation of indirect bilirubin as
well as bile acid transport in hepatocytes, respectively. Thus, we hypothesized that
postoperative refractory cholestasis might result from UGT1A1 and ABCB11 gene
mutations and further recommended liver transplantation to the patient, who

eventually declined it and died from liver failure six months later.

CONCLUSION




Surgery may aggravate cholestasis in patients with multiple intrahepatic bile duct
stones and cholestasis associated with UGT1IA1 and ABCBI11 gene mutations. A liver

transplant may be the best option if active medical treatment fails.
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Core Tip: We presented a case of multiple intrahepatic bile duct stones, cholestasis, and
progressive jaundice after surgical treatment, which was diagnosed upon the finding of
ATP-binding cassette subfamily B member 11 (ABCB11) and uridine 5’-diphospho-
glucuronosyltransferase 1A1 (UGT1A1) gene mutation from the genetic study. Since the
patient refused to undergo liver transplantation, his postoperative aggravating jaundice
was medically managed, but he soon died due to liver failure. The UGT1A1 gene is
related to the glucuronidation of indirect bilirubin. Its mutation leads to increased
indirect bilirubin, while the ABCB11 gene is involved in bile transport, and its mutation
may lead to disturbance of bile acid transport, changes in bile composition, cholestasis,
and the formation of intrahepatic bile duct stones. Surgical treatment in such patients
may induce exacerbation of cholestasis, and liver transplantation should be the

preferred treatment if medical management fails.

INTRODUCTION

Obstructive jaundice caused by intrahepatic bile duct stones is relatively common, and
its chief symptoms entail progressive, painless jaundice, occasionally accompanied by

right upper quadrant pain, anorexia and greasy skin, itchy skin, dark yellow urine, and




clay-colored stool. Primary intrahepatic stone disease (PIS) tends to occur regionally
with familial aggregationlll and carries a higher incidence in Southeast Asia than in
Western countriesZ 3. Recurrent episodes and continued progression to advanced
stages of PIS may lead to biliary cirrhosis or intrahepatic cholangiocarcinomal], two of
which account for the most important causes of death from benign biliary tract disease.

PIS requires complex management with multiple surgical interventions, and
hepatectomy has been the primary choice. However, less than 1% of patients may
experience increased postoperative jaundice, liver failure, and even life-threatening
conditions, which are related to various factors, including the underlying liver disease,
the number of liver segments removed, intraoperative liver ischemia time,
intraoperative continuous blood transfusion, postoperative hematoma, parenteral
nutrition, anesthetics and drugs (such as antibiotics, analgesics), and sepsis and
oxidative stress/>7. Moreover, although the PIS pathogenesis remains undefined, the
disease possesses distinct ethnic and regional characteristics. Therefore, genetic factors
may also be involved in the pathogenesis of PIS. Currently, gene mutation-related
multiple intrahepatic bile duct stones, cholestasis, and postoperative jaundice
aggravation have not received much clinical attention. We report a case of uridine
diphosphate glucuronosyltransferase 1A1 (UGT1A1) and ATP-binding cassette
subfamily B member 11 (ABCB11) gene mutations with multiple intrahepatic bile duct
stones, cholestasis, and progressive jaundice after surgical treatment. Furthermore, we
present a literature review on the potential effect, mechanism, and prognosis of
UGT1A1 and ABCBI1 gene mutations on intrahepatic bile duct stones and
postoperative jaundice.

CASE PRESENTATION

Chief complaints
A 52-year-old male was admitted to the hospital on October 23, 2021, with yellowish
skin and sclera for three months and a progressive exacerbation of postoperative

jaundice for one month.




History of present illness

Three months ago, the patient noticed yellowish skin/sclera and dark-brown urine
without any apparent predisposition, which had worsened with abdominal pain a
month later, so he was admitted to a local hospital for further management. The post-
admission examination of liver function test revealed normal transaminases but
elevated levels of direct bilirubin (DBIL), indirect bilirubin (IBIL), gamma-glutamyl
transpeptidase (GGT), and total bile acid (TBA) (Table 1). Upper abdominal computed
tomography (CT) examination showed multiple intrahepatic and extrahepatic bile duct
stones and obstructions, cholestasis, and gallbladder enlargement. The patient was
diagnosed with obstructive jaundice having multiple intrahepatic bile duct stones with
acute cholecystitis, so he underwent left external hepatectomy with bile duct
exploration, stone extraction, T-tube drainage, and cholecystectomy on September 9,
2021. The abdominal pain was significantly relieved postoperatively without fever,
nausea, vomiting, or any sign of abdominal distension, but the urine color had been
persistently getting darker with aggravation of jaundice of skin and sclera. Liver
function re-examination showed a progressive increase in the bilirubin level compared
to before the operation. Thus, the patient was further managed with plasma exchange
and symptomatic and supportive treatments. However, the effect was not good, and he

was admitted to our service for further diagnosis and treatment.

History of past illness
He reported a history of hypertension for ten years and did not take medication
regularly. However, he denied a history of long-term heavy drinking, exposure to

poisons and traditional Chinese medicines, and trauma.

Personal and family history

The patient denied any family history of malignancy and other hereditary disorders.




Physical examination

The patient had a Body Mass Index (BMI) of 23.44, and his vital signs were stable, with
clear consciousness. Moreover, the patient presented with the face of chronic liver
disease and severe jaundice of the skin and sclera but did not have liver palm and
spider nevus. Heart and lung examinations did not find any obvious abnormality, while
the abdominal physical localized a T-tube drainage tube in place at the right abdomen
with palpable tenderness at the right upper quadrant in the absence of rebound pain,

muscle tension, and shifting dullness.

Laboratory examinations

Dynamic changes in biochemical indicators of liver function tests were listed as follows
(Table 1):

On Sep 6, 2021, preoperative LFTs were triglyceride (TG) as 3.62 mmol/, (Ref: < 1.7
mmol/L), total cholesterol (TC) as 4.46 mmol/L(Ref: < 52 mmol/L), high density
lipoprotein cholesterol(HDL-C) as 0.17 mmol/L (Ref:0.91-1.55 mmol/L), and low
density lipoprotein cholesterol(LDL-C): 3.14 mmol/L(Ref: < 3.12 mmol/L).

On October 23, 2021, postoperative LFTs showed TG as 3.46 mmol/L, TC as 5.16
mmol/L, HDL-C as 0.64 mmol/L, and LDL-C as 3.23 mmol/ L.

On October 23, 2021, C-reactive protein and coagulation function were checked with
normal findings, hepatitis B and viral infection were ruled out with negative antigen in
the serum antibody tests, and a negative autoimmune antibody panel ruled out
autoimmune hepatitis. Other tests were in the normal ranges, including thyroid
function tests, ceruloplasmin, total iron binding capacity, and unsaturated iron binding
capacity.

On October 23, 2021, bile drainage fluid was sent for culture, which came back with
positive Pseudomonas putida, being sensitive to antibiotics such as piperacillin,
ceftriaxone, and ceftazidime.

On November 17, 2021, the culture came back with negative gram-negative bacilli

lipopolysaccharide and fungal (1-3)-B-D glucan.




On November 19, 2021, metagenomics next-generation sequencing (mNGS) on
peripheral blood was reported back without detections of bacteria, mycobacteria, fungi,

viruses, mycoplasma, Chlamydia, rickettsia, and parasites.

Imaging examinations

A preoperative non-contrast CT scan of the upper abdomen unveiled left intrahepatic
and multiple bile duct stones with dilated intra-and extrahepatic bile ducts and an
enlarged gallbladder (Figure 1A). Postoperative mon-contrast CT scan and magnetic
resonance imaging of the upper abdomen illustrated signs of liver cirrhosis with
multiple intrahepatic bile duct stones in the upper right posterior lobe of the liver with
cholangitis, peri-cholangitis, and portal hypertension (Figure 1B) and (Figure 2).
Besides, postoperative magnetic resonance cholangiopancreatography (MRCP) further
confirmed multiple intrahepatic bile duct stones with mild dilatation in the upper right
posterior lobe of the liver (Figure 3A), and T-tube angiography could not visualize the
right and left hepatic duct but the lower end of the common bile duct (Figure 3B).
Postoperative histopathologic examination exhibited cholestatic liver disease and
intrahepatic bile duct dilatation with chronic inflammation (Figure 4). Furthermore,
sequential immunohistochemical staining unveiled mild and delicate hyperplasia along
biliary ducts, then Alpha-Smooth Muscle Actin (a-SMA ) staining spotted a few
activated hepatic stellate cells, Masson and Sirius red staining revealed fibrous tissue
hyperplasia in the portal area with an interlobular short fibrous septum, Periodic Acid
Schiff Diastase (D-PAS) Stain displayed a little waxy substance in Kupffer cells, and
Prussian blue signified a little iron granules deposition in hepatocytes and Kupffer cells.

Besides, copper staining was negative.

MULTIDISCIPLINARY EXPERT CONSULTATION

Intra-hospital management
During hospitalization, the patient was managed on the diagnoses of cholestatic

hepatitis, biliary tract infection, and decompensated liver cirrhosis with piperacillin-




tazobactam sodium, dexamethasone, and supportive medications for protecting the
liver and eliminating jaundice. After the treatments, re-examining white blood cells and
C-reactive protein did not confirm any ongoing infection. However, the bilirubin was
significantly higher than before. Afterward, intermittent plasma exchange replacement
therapy with double plasma molecular absorption system (DPMAS) was administered
to the patient four times to control progressive jaundice but failed to stop the
progression.

CT examination was repeated after this admission to unveil the signs of cirrhosis,
which was paradoxical to the preoperative finding of normal liver. Further pathological
examination of the resected liver tissue revealed fibrous tissue hyperplasia in the
hepatic portal area, suggesting that the patient only possessed early hepatic fibrosis
before surgery. Taken together, we advised the patient of whole-exon screening to fish
out any genetic disorder to search for the cause of cirrhosis, which surprisingly revealed

UGT1A1 and ABCB11 gene mutations (Table 2, Figure 5).

FINAL DIAGNOSIS

Based on the clinical, pathological, and genetic findings, the patient was diagnosed with
intrahepatic bile duct stones with cholestasis associated with UGT1A1 and ABCB11

gene mutations, biliary tract infection, and decompensated liver cirrhosis.

TREATMENT

Piperacillin and tazobactam sodium were first given to prevent infection,
dexamethasone to reduce inflammation, compound glycyrrhizic acid monoamine S,
adenosine methionine and ursodeoxycholic acid to protect the liver and eliminate
jaundice, and plasma exchange therapy (DPMAS) was given later, but the effect was
poor. Liver transplantation was recommended, but the patient and his family refused

for financial reasons.

OUTCOME AND FOLLOW-UP




Since the patient and his family refused liver transplantation, his condition quickly

deteriorated after discharge, and he died of liver failure six months later.

DISCUSSION

The patient, diagnosed with obstructive jaundice from multiple intrahepatic bile duct
stones, underwent left hepatectomy combined with biliary exploration, T-tube
drainage, and cholecystectomy. However, he developed aggravation of postoperative
jaundice, featured as the progressive increase of bilirubin, imaging signs of liver
cirrhosis without blatant biliary obstruction, and ineffective medical therapy, including
plasma exchange (DPMAS). This postoperative jaundice with significant cellular
injuries was pathologically characterized by cholestasis on the resected left liver, which
was further examined with the whole-exon examination, identifying hereditary disease
genes that showed UGT1A1 and ABCBI11 gene mutations. The UGT1A1 gene encodes
the enzyme to glucuronidate indirect bilirubin for its removal from the body. Hence, its
mutation causes indirect bilirubin elevation as the main feature. ABCB11 gene encodes
the bile salt export pump (BSEP), and its mutation leads to bile acid transport disorder,
changes in bile composition, cholestasis, and the formation of cholesterol stones with
the elevation of direct bilirubin. In this case, both direct and indirect bilirubin were
significantly elevated. Therefore, by comprehensive analysis, multiple intrahepatic bile
duct stones and cholestasis, in this case, may be related to UGT1A1 and ABCBI11 gene
mutations.

The UGTIA1 gene is located at 2q37 of the human genome and encodes UDP-
glucuronidase (UGT), the only enzyme to glucuronidate bilirubin in the liverls 2l
UGT1A1 gene mutations cause unconjugated hyperbilirubinemia in both Crigler-Najjar
syndrome(CN) and Gilbert syndrome(GS)[10. Crigler-Najjar syndrome is classified as
type I and type II variants, which reduce UGT1A1 enzymatic activity to 0% and 10%,
respegtively, while the enzyme in GS can only release 30% of its activity[1l. The ABCB11
gene 1s located at locus 2g24 in the human genome and contains 28 exons!!!l, which can

be translated into BSEP with a molecular weight of approximately 150-170 kDa. The




BSEP proteins, which can be found along the canalicular membrane of hepatocytes,
consist of two tandem homologous moieties to harbor an intracellular nucleotide-
binding domain (NBD) and six transmembrane domains (TMD), which can be
energized for transporting bile acids out of the cells upon hydrolysis of ATP by NBD.
Mutations in the ABCB11 gene result in the accumulation of primary bile acids in the
intercellular space of the liver, thereby increasing the levels of biliruhin in serum and
bile salts in the liver and blood. Studies have shown that mutations in the ABCB11 gene
are closely associated with cholestasis, including benign recurrent intrahepatic
cholestasisll2 13], progressive familial intrahepatic cholestasis/l4 151 and intrahepatic
cholestasis of pregnancyl1¢ 17l. In addition, beyond its transporting capacity, BSEP can
facilitate cholesterol solubilization and inhibit its supersaturated crystallization% 191,
Taken together, decreased bile salt secretion due to the BSEP alteration from the
mutation of the ABCB11 gene subsequently superimposes the formation of cholesterol
gallstones along with abnormal bile metabolism and composition changes, which
contribute to the pathogenesis of PIS20. Furthermore, cholestasis assists in depositing
bile components to form intrahepatic bile duct stones and accumulates toxic bile acids,
which lead to biliary wall injury and inflammation(2!l. Long-term inflammation can lead
to the thickening and stenosis of the biliary wall, thereby exacerbating cholestasis and
promoting the formation of intrahepatic bile duct stones, further exacerbating
cholestasis. This vicious cycle thus leads to disease progressionl2 231, In our patient, the
point mutation of ¢.211G>A(p.Gly71Arg) and c.1456T>G(p.Tyr486Asp) was found in
exon 1 and exon 5 of the UGT1A1 gene, respectively, which are most frequently seen in
CN-II2t 21 Along with the ABCB11 gene mutation, both genes cooperatively aggravate
intrahepatic cholestasis and hepatocellular injury before and after the surgery.
Intrahepatic bile duct stones and cholestasis can be managed with hepatic
lobectomy, cholangiojejunostomy, Roux-Y anastomosis, simple choledocholithotomy, T-
tube drainage, or liver transplantation according to the different intra- and extrahepatic
biliary stones and clinical manifestations of each patient. After the obstructive

pathologies in most patients with obstructive jaundice are removed surgically, the




bilirubin levels drop, and the liver function gradually improves. However, in a few
patients, bilirubin levels do not decrease but increase after surgery with the aggravation
of jaundice and persistent intrahepatic cholestasis/28l. Postoperative cholestasis has
many predisposing factors, including ischemia-reperfusion injury, the basis of liver
cirrhosis, biliary tract infection, and the down-regulation of the expression level of bile
acid efflux transporter in liver tissue. Long-term intrahepatic and extrahepatic biliary
stones complicated by repeated suppurative cholangitis along the intrahepatic bile duct
cause hepatic parenchyma fibrosis, hyperplasia, and pseudolobular formation,
subsequently leading to the development of cholestatic liver cirrhosislZZ. 28I, which
dysfunctions hepatic uptake, transport, esterification and absorption of bilirubin and
further elevates bilirubin level to make the pathogenesis fall into a vicious circle.
Although the factors of biliary obstruction can be relieved by the operation, the hepatic
injury from the persistent obstruction was deteriorated by anesthesia, ischemia, and
inflammatory reactions. In addition to liver cirrhosis, sepsis with endotoxemia can also
contribute to postoperative intrahepatic cholestasis by breaching the bile excretion
function of hepatocytesl2 3, impairing the ability of hepatocytes to uptake bile salts,
affecting the permeability of the cell membrane, and de-functioning bile transport.
Furthermore, post-hepatectomy hyperbilirubinemia may be associated with hepatic
mitochondrial dysfunction or impaired expression of bile excretion pumps on
hepatocyte canalicular membranes[31-33].

In this report, our patient did not exhibit any evidence of liver cirrhosis in the
preoperative upper abdominal imaging studies but had the feature of liver cirrhosis in
the upper abdominal CT and MRI one month after the operation. Normally, cirrhosis
cannot develop in such a short time unless we might preoperatively omit the existence
of this disease entity so that the patient underwent the inappropriate liver resection
without classifying the patient according to Child’s criteria. Otherwise, another hidden
pathology was blinded until the postoperative stage. The postoperative pathological
examination of the specimen from the surgery showed signs of early hepatic fibrosis,

and the postoperative molecular pathology identified UGT1IA1 and ABCBI1 gene




mutations, thereby giving us another perspective on the underlying causes of
postoperative developments of cholestasis and cirrhosis. While managing the
postoperative cholestasis of this patient, we not only performed T-tube angiography,
which showed no obvious intra- and extrahepatic biliary obstruction but also treated
the patient with antibiotics according to the drug sensitivity results to the infection and
hormone therapy to reduce inflammation. However, since his bilirubin had
progressively increased and was not controlled even with plasma exchange (DPMAS)
replacement therapy, we sent the patient to receive genetic testing to identify the
underlying causes, which showed the genetic defects in UGT1Al and ABCB11, thus
singling out liver transplantation as the only effective method to the patient.
Interestingly, during the postoperative management, the coagulation function of
the patient was always in the normal range, suggesting that the synthesis function of his
lever was never perturbed. Such clinical uniqueness could be explained by the fact that
his UGT1A1 and ABCB11 genes affect bilirubin metabolism and bile transport rather
than significantly damaging liver cells and obstructing intra- and extrahepatic bile ducts
for postoperative liver decompensation and lack of efficacy in the given
treatment. Another issue related to our patient was low serum GGT levels that were
paradoxical to its elevation in patients with biliary obstruction. Low GGT could be
considered a potential laboratory indicator for non-obstruction caused while working

up the patients with cholestasis.

CONCLUSION

UGT1A1 and ABCB11 gene mutations associated with multiple intrahepatic bile duct
stones and cholestasis are rare, so they are easy to ignore in clinical practice. Such
patients have poor surgical treatment effects, which may induce aggravation of
cholestasis, a progressive increase in bilirubin, and rapid progression of liver fibrosis.
Therefore, liver transplantation may be the first choice for patients with multiple
intrahepatic bile duct stones and cholestasis related to UGT1A1 and ABCB11 gene

mutations after active medical treatments are ineffective. Patients with clinically found




cholestasis should pay attention to whether the GGT level is elevated, which is more

valuable for the preliminary judgment of hereditary metabolic intrahepatic cholestasis.
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