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Low phospholipid-associated cholelithiasis (LPAC) is a rare, still poorly understood genetic
disorder characterized by the association of an ABCB4 mutation and low biliary phos-
pholipid concentration with recurrent cholelithiasis, responsible for the development of
intrahepatic lithiasis in adults. The mutation of the ABCB4 gene, which codes for the
ABCB4/MDR3 ductal protein, a biliary transporter, leads to precipitation of cholesterol crys-
tals in the bile ducts leading to the formation of intrahepatic stones. The diagnosis should
be suspected when at least 2 of the following criteria are present: onset of symptoms before
age 40; recurrence of biliary symptoms (biliary colic, jaundice, cholangitis, acute pancreati-
tis) after cholecystectomy; presence of echogenic foci in the liver indicative of intrahepatic
stones or biliary sludge; previous episode(s) of intrahepatic cholestasis during pregnancy;
and a family history of gallstones in first degree relatives. Imaging techniques, especially
ultrasound, play an important role in the detection of intrahepatic stones. The majority of
clinical situations are simple and not serious, often managed by medical treatment with
ursodeoxycholic acid, but certain complicated forms may require more invasive endoscopic
or surgical treatment. We report a case of a 43-year-old woman, cholecystectomized 5 years
ago, who presented with liver colic-like pain with cytolysis and biological cholestasis. Ultra-
sound and MRI showed the presence of intrahepatic calculi disseminated along the bile duct
pathway creating a comet tail appearance and generating a posterior shadow cone. The in-
terrogation of the patient showed that her sister was being followed for LPAC syndrome. The
diagnosis of LPAC syndrome was retained and the patient was put under medical treatment
with ursodeoxycholic acid with regular clinical, biological and radiological follow-up.
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Introduction

Low phospholipid-associated cholelithiasis syndrome (LPAC)
is a recent syndrome first described in 2001 by Rosmorduc,
Hermelin and Poupon at the Saint-Antoine Hospital in Paris
[1]. It is a rare and peculiar form of intrahepatic cholesta-
sis affecting mainly young adults, characterized by recurrent
episodes of hepatic colic, acute cholangitis or pancreatitis,
usually occurring after cholecystectomy [2]. It is often caused
by a mutation in the MDR3/ABCB4 (multidrug resistance/ATP-
binding cassette, subfamily B, member 4) class III gene, which
encodes the bile duct protein MDR3. MDR3 (now known as
ABCB4) is a member of the ABC superfamily of proteins. Itis a
flippase that acts by moving the phospholipid phosphatidyl-
choline from the inner leaflet to the outer leaflet of the
canalicular membrane. From there, the phosphatidylcholine
is flushed into the bile by bile acids [3,4]. This genetic mutation
leads to a defective protein that is totally or partially unable
to transport this major phospholipid into the bile, resulting in
impaired solubilization of biliary cholesterol that precipitates
as crystals in the intrahepatic bile duct and canaliculi [4,5].
LPAC syndrome is an elusive clinical entity and its prevalence
remains unknown [6,7]. The diagnosis should be made when
at least 2 of the following criteria are met:

+ Onset of symptoms before the age of 40

» Recurrence of symptoms after cholecystectomy

« Presence of intrahepatic microlithiasis characterized by
comet-tail artifacts, small hyper echoic foci, or biliary
sludge on liver ultrasound [5].

Diagnosis and treatment of low phospholipid-associated
cholelithiasis syndrome (LPAC) is easy, but the majority of
cases are underestimated because they are not diagnosed [8].
We report a clinical case of a 43-year-old female patient with
LPAC syndrome diagnosed after cholecystectomy.

Case report

A 43-year-old woman, who has undergone a cholecystec-
tomy 5 years ago, presented with intermittent pain of the
right hypochondrium in the form of hepatic colic, with no
fever, vomiting or other symptom and did not improve un-
der analgesics. At physical examination, there was an iso-
lated discrete jaundice. Biological tests revealed a cytoly-
sis associated with a cholestasis with aspartate aminotrans-
ferase (ASAT) 200 IU/L (normal: 0-35 IU/L), alanine aminotrans-
ferase (ALAT) 270 IU/L (normal: 4-36 IU/L), total bilirubin 26
mg/dL (normal: 0.1-1.2 mg/dL), direct bilirubin 15 mg/dL (nor-
mal: <0.3 mg/dL), alkaline phosphatase (ALP) 130 IU/L (nor-
mal: 35-104 IU/L), and gamma-glutamyltransferase (GGT) 340
IU/L (normal: 5-40 IU/L). Ultrasound showed hyperechoic in-
trahepatic formations, outlining the course of the intrahep-
atic bile ducts (IHBD), some of them with a discrete poste-
rior shadow cone, others with a comet-tail artifact proving
their cholesterolic character (Fig. 1). MRCPR (Magnetic res-
onance cholangiopancreatography) demonstrated IHBD mi-
crolithiasis in asignal on all the sequences, more marked in
the segment V (Fig. 2), taking the appearance of an endolu-
minal defect (Fig. 3). The serological screening was negative
including for viral hepatitis A, B, C, and E, Epstein-Barr virus,
cytomegalovirus and human immunodeficiency virus (HIV).
There was no abnormality in the immune status, in particular
tests for (antinuclear antibodies, anti-smooth muscle antibod-
ies, anti-mitochondrial antibodies, anti-neutrophil antibod-
ies, anti-gp 210 cytoplasmic antibodies, anti-Sp100 antibodies,
and IgG4 levels). The biological researches for an overload dis-
ease such as and hemochromatosis were normal. Extensive
anamnesis revealed a story of LPAC syndrome in the sister.
In the light of these data, the diagnosis of low phospholipid-
associated cholelithiasis syndrome (LPAC) was retained. The
patient was made under ursodeoxycholic acid (UDCA) with bi-
ological and radiological follow-up. The evolution was marked
by a clinical improvement few weeks later.

Fig. 1 - Hepatic ultrasound images in B mode showing the presence of hyperechoic intrahepatic formations, outlining the
path of the intrahepatic bile ducts (IHBD), some of which describe a discrete posterior shadow cone, while others produce a

comet-tail artifact testifying of their cholesterolic character.
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Fig. 2 - Axial sections of a Bili MRI in T2 (A), T1 (B and C) and 3D MRCPR (D) sequences showing intrahepatic bile duct (IHBD)
microlithiasis in asignal, predominating at the level of segment V (arrows).

Fig. 3 - Image of a 3D Bili-MR sequence showing the
presence of several endo-luminal defects in the
intrahepatic bile ducts without upstream dilatation.

Discussion

LPAC (Low Phospholipid-Associated Cholelithiasis) syndrome,
or genetic cholesterolic lithiasis, is a very particular form of
biliary lithiasis that was first described in 2001 by the team
of the Saint-Antoine hospital [1,9]. It is a genetic disease re-
sponsible of the formation of intrahepatic stones, character-
ized by the association of ATP-binding cassette subfamily B
member4 (ABCB4) and a low level of bile phospholipids with
symptomatic and recurrent cholelithiasis [8]. The prevalence
of LPAC syndrome is unknown but considered quite low [6].
Some studies have estimated that LPAC syndrome accounts
for approximately 1% of adult patients with symptomatic gall-
stone disease [2,10], another study showed that nearly a quar-

ter of patients under 30 years of age admitted for symptomatic
cholelithiasis have clinical and imaging features of LPAC syn-
drome [11]. It affects mainly women, with a sex ratio of about
1/3[6,10,12] and the average age of onset of symptoms is 29.1
years in women and 38.7 years in men [12]. It is a disease of
young adults, rarely seen in teenagers and exceptional in chil-
dren [13].

The MDR3 (MultiDrug Resistance 3) protein, encoded by
the ABCB4 gene, transports phosphatidylcholine which is the
main phospholipid in human bile. These phospholipids, in as-
sociation with bile acids, ensure the solubilization, the trans-
port of cholesterol in bile and protect the biliary epithelium
from the detergent effects of the hydrophobic physiological
bile acids. A mutation of the ABCB4 gene, responsible for
the dysfunction of the MDR3 protein, leads to a decrease
in the concentration of biliary phosphatidylcholine. This de-
ficiency is responsible of a decrease in cholesterol solubi-
lization, a chronic damage in the biliary epithelium, an in-
flammatory reaction increasing GGT levels (Gamma Glutamyl
transferase) and a precipitation of cholesterol in the various
bile ducts (intrahepatic lithiasis) [1,4]. This diagram summa-
rizes this pathophysiological process (Fig. 4) [9]. Genetic poly-
morphism is of great importance, we can distinguish: non-
sense mutation, missense mutation, partial deletion of the
gene, etc. [4,6,12,14]. One or more mutations in the gene are
detected in only 50%-65% of patients with LPAC syndrome
[4,6,12]. For patients without this mutation, several hypothe-
ses have been put forward: mutation in unexplored regions
of a gene (introns); -mutation on a promoter gene; mutation
on a regulatory region; -mutation of another gene or biliary
transporter (ABCB11 or BSEP, ABCC2, ABCG5/ABCGS, etc.); -
synonymous mutation influencing gene production or regu-
lation, etc. [4,6,12,15].

LPAC syndrome should be evoked when at least 2 of the fol-
lowing features are present: Onset of symptoms before age 40;
recurrence of biliary symptoms (biliary colic, jaundice, cholan-
gitis, acute pancreatitis) after cholecystectomy; presence of
hyperechoic intrahepatic foci detected by ultrasound indicat-
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Fig. 4 - (A) Transporters of bile acids, cholesterol, and phosphatidyl choline (the major bile phospholipid) across the
canalicular membrane of hepatocytes are normal. Mixed micelles are formed which allow the solubilization of cholesterol.
(B) When the phospholipid transporter, the MDR3 protein encoded by ABCB4, is deficient, bile acids are transported without
phospholipids and will form simple micelles that do not have the capacity to solubilize cholesterol. Microcrystals and
cholesterol stones will then form. Moreover, bile acids transported without phospholipids have a detergent effect that will

damage adjacent cholangiocytes.

ing intrahepatic stones or biliary sludge; previous episode(s)
of gestational intrahepatic cholestasis; family history of gall-
stones in first-degree relatives and sensitivity to UDCA ther-
apy [4-6]. The symbolic improvement of symptoms with UDCA
therapy suggests that symptoms are not directly consequen-
tial to stones, but may also be consequential to inflammation
of the IHBD and cholesterol crystals not detected by ultra-
sound [4]. A case-control study was performed in 2020 showed
new clinical features associated with LPAC syndrome, includ-
ing CBD (Common Bile Duct) lithiasis, normal patient weight,
and no history of acute cholecystitis [2].

The diagnosis of LPAC syndrome is based on the above di-
agnostic criteria, radiological findings, biochemical analysis
of bile collected by catheterization during duodenoscopy and
on the search for mutation of the ABCB4 gene [6,9,11,12]. Bile
analysis reveals a high cholesterol/phospholipid ratio [1,6], but
it requires very specialized biochemical expertise and is diffi-
cult to perform. It cannot therefore be proposed as a confirma-
tory element in current practice. However, it should be noted
that hyperechoic intrahepatic foci are observed in only about

80%-85% of patients with proven LPAC and the ABCB4 gene
mutation is present in only 50-65% of cases [6]. This means
that the absence of such foci and the mutation does not ex-
clude the diagnosis [4,13].

Radiological examinations are of paramount importance
to set the diagnosis of LPAC syndrome. These examinations
must be performed and interpreted by a radiologist who is
aware and informed of the diagnostic suspicion. The detec-
tion rate of radiological signs of the syndrome can vary from
90% (sensitized expert radiologist) to 5% (uninformed radiol-
ogist) [9]. In practice, ultrasound is the most relevant means
to confirm the diagnosis. Indeed, in patients with LPAC syn-
drome with ABCB4 mutation, ultrasound detects typical "tell-
tale" signs in 88%-95% of cases [9-12]. This high diagnostic rel-
evance is also found in LPAC syndrome without ABCB4 muta-
tion [12]. It shows intrahepatic hyper-echogenic spots respon-
sible of comet-tail images which topography is compatible
with microcrystal deposits along the biliary tree. Other imag-
ing features are sludge, intrahepatic micro-lithiasis or macro-
calculi with shadow cones [1,4,12,16]. Doppler ultrasonogra-
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phy demonstrates colored comet-tail artifacts called "scintil-
lating artifacts" testifying to microlithiasis [4]. The presence
of numerous intrahepatic stones may be associated with di-
latation of the intrahepatic bile ducts, not only proximal but
also peripheral [13]. Most often, these radiological abnormal-
ities typical of LPAC syndrome are not demonstrated by CT
(Computed tomography) or MRI (Magnetic Resonance Imag-
ing) of the liver. However, a complementary MRCP is necessary
to document intrahepatic calculi, to reveal biliary dilatations
and to rule-out other causes of intrahepatic lithiasis (mainly
primary sclerosing cholangitis and Caroli disease, which rep-
resent the main differential diagnoses), the latter being mostly
normal in case of LPAC syndrome [9].

LPAC syndrome may be associated with biological
cholestasis, including high GGT levels that are likely re-
lated to chronic cholangiocyte injury [1,6].

Without treatment, the clinical course can be severe, with
recurrent episodes of biliary pain (a clinical presentation sug-
gestive of lithiasis migration associating pain and a fleeting
increase in transaminases), cholangitis, jaundice, acute pan-
creatitis. Rarely, a saccular dilatation of the intrahepatic bile
ducts molding the cholesteric lithiasis without underlying bil-
iary stenosis and a gravid cholestasis in case of pregnancy
can be seen. In addition, most often, there is no septic syn-
drome; therefore, no angiocholitis neither cholecystitis. Since
in LPAC syndrome, intrahepatic lithiasis is symptomatic be-
fore vesicular lithiasis, cholecystectomy is often performed at
a young age, preventing, thus, the risk of cholecystitis. Finally,
despite the publication of exceptional cases of secondary bil-
iary cirrhosis and cholangiocarcinoma [4], and although the
long-term prognosis is not yet known, LPAC syndrome can be
considered in the vast majority of cases to be non-serious if
UDCA treatment is well followed [4,9,11,12,16].

LPAC syndrome is an excellent indication for prolonged
medical treatment with UDCA at a dosage of 10 mg/kg/d (MA
obtained in 2011 for this indication) [6]. This treatment in-
creases the pool and the percentage of hydrophilic bile acids
in the bile that protect the cholangiocyte membrane (and de-
creases the toxicity of hydrophobic bile acids). It also increases
the expression of MDR3 protein and thus facilitates the secre-
tion of phosholipids into the bile, leading to a better solubi-
lization of cholesterol and, in long-term, to the dissolution of
cholesterol crystals and stones. The other action of UDCA con-
sists in inhibiting the inflammatory reaction through an at-
tenuation of the expression of phospholipase A2-Ila induced
by pro-inflammatory cytokines [4,17]. In the majority of cases,
the symptoms disappear within the first few weeks of treat-
ment. Ultrasound abnormalities disappear within months or
even years [6]. This disparity between clinical and radiologi-
cal symptom improvement may suggest that cholesterol crys-
tals, which rapidly disappear from the bile during treatment,
and/or associated inflammatory lesions play an important
role in the development of symptoms. In case of failure in op-
timization of treatment with UDCA, adjuvant treatment with
ezetimibe may be proposed on the basis of a pathophysio-
logical mechanism, with no proofs of clinical efficiency [9].
In case of hypercholesterolemia, statins are preferable to fi-
brates, which increase cholesterol secretion into the bile. Fi-
nally, estrogen-progestin treatment should be stopped during
the first few weeks of treatment with UDCA and as long as the

disease remains symptomatic, as this treatment inhibits the
secretion of phospholipids into the bile and thus increases the
symptoms [9].

The effectiveness of medical treatment with UDCA allows
the eviction of cholecystectomy in the majority of cases, since
it does not prevent symptoms recurrence [6]. Cholecystectomy
may be necessary in cases of gallbladder stones complicated
by recurrent biliary colic or acute cholecystitis [4]. In some rare
cases of intrahepatic stones with marked dilatation of the bile
ducts, biliary drainage or even partial hepatectomy may be
necessary if the patient presents with recurrent angiocholitis
[9,16]. In complicated cases with biliary cirrhosis and perma-
nent jaundice or ascites, liver transplantation should be con-
sidered [4].

A family screening by an ultrasound expert (and/or geno-
typing if an ABCB4 mutation has been demonstrated in the
proband) can be proposed to first degree relatives over 18 years
of age. In a young asyptomatic subject, a normal screening ul-
trasound may be repeated few years later because suggestive
radiological signs may occur later. In asymptomatic parents
with intrahepatic lithiasis, it is reasonable to propose treat-
ment with UDCA [8,9].

Conclusion

LPAC syndrome represents about 1% of adult patients with
symptomatic gallstone disease. Through this case, we clarify
the clinical and radiological manifestations allowing to evoke
the LPAC syndrome, to facilitate its early diagnosis, in order
to improve its management and its evolution. The knowledge
of LPAC syndrome, its precise diagnosis by ABCB4 genotyp-
ing and its treatment by UDCA offers to the patients a better
long-term evolution with no recurrence, through an oral drug,
avoiding liver surgery, which must be limited to the treatment
of complications. Genotyping also allows family screening and
treatment of asymptomatic patients before complications oc-
cur.

Ethics approval

Our institution does not require ethical approval for reporting
individual cases or case series.

Patient consent

Written informed consent was obtained from a legally autho-
rized representative(s) for anonymized patient information to
be published in this article.
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