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Abstract

Background: Liver involvement in Turner syndrome (TS) patients has been more clearly clarified in recent years.
Most of the clinical manifestations in TS are asymptomatic and can be detected as liver test abnormalities; however,
a few cases may present with end-stage liver disease and thus require liver transplantation (LT). To the best of our
knowledge, only three cases undergoing LT for liver involvements in TS have been previously reported.

Case presentation: A 30-year-old female successfully underwent living donor LT for liver dysfunction related to TS
syndrome. The diagnosis of TS was established by a cytogenetic analysis at 16 years of age. She received several
sessions of endoscopic therapy for recurrent esophageal varices, which was complicated by ascites and spontaneous
bacterial peritonitis since 27 years of age. Radiological findings of her liver before LT chronologically showed the
progression of atrophy with disturbance of the major portal inflow. And then, she was finally indicated for LT.
Pathologic findings of the explanted liver showed vascular abnormalities, obliterative portal venopathy, which may
have induced liver dysfunction with severe portal hypertension. The patient’s postoperative course was uneventful.

Conclusions: The clinicopathologic information obtained by the current case can provide an insight into
understanding pathophysiological mechanisms of liver involvement in TS patients. TS patients presenting with
severe liver atrophy and disturbance of the major portal inflow should be indicated for LT.
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Background
Turner syndrome (TS), resulting from a total or par-
tial loss of the X chromosome, is characterized by a
short stature, ovarian dysgenesis, dysmorphic syn-
drome, cardiovascular, and renal malformations [1].
Liver involvement in this syndrome is mostly asymp-
tomatic and detected by systematic blood testing [2].
The prevalence of liver function abnormalities ranges
from 20 to 80 % [3, 4], and a few reports have

described severe consequences of the liver
involvement [5]. The risk of cirrhosis in patients with
TS appears to be approximately fivefold higher com-
pared with a control group of patients [6]. However,
liver transplantation (LT) in cases of TS has been
rarely reported [7–9], and thus the microscopic fea-
tures of liver abnormalities associated with this condi-
tion remains to be elucidated.
We herein report a case of LT indicated for severe

portal hypertension associated with TS and describe the
histological findings of the explanted liver, which can
provide an insight into understanding the pathophysio-
logical state of liver involvement in TS patients.
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Case presentation
A 30-year-old female with TS, presenting with liver dys-
function, was referred to the hospital for consideration of
LT. Her height and weight were 149 cm and 40 kg, respect-
ively. At 16 years of age, she was concerned about her short
stature, and the diagnosis of TS was established by a cyto-
genetic analysis, which showed a mosaic pattern of 45, X
and 46, X, r(X). Thereafter, she had received growth hor-
mone therapy until 18 years of age. Liver test abnormalities
were noted at this time. A microscopic examination of a
liver needle biopsy specimen demonstrated grade 3 fibrosis
according to the Metavir classification. She was monitored
with estrogen/progesterone therapy since 24 years of age,
and never showed any symptoms related to liver dysfunc-
tion until she received endoscopic therapy for esophageal
varices at 27 years of age. She received several sessions of

endoscopic therapy for recurrent esophageal varices, which
was complicated by ascites and spontaneous bacterial peri-
tonitis, necessitating frequent hospitalization. She never
experienced any episodes of encephalopathy and hyperam-
monemia. Although the elevation of liver enzymes was
mild, she presented with severe pancytopenia and hypoal-
buminemia (Table 1). Enhanced abdominal computed tom-
ography revealed the progression of atrophy of the right
lobe and severe stricture of the right portal vein (Fig. 1a)
compared to the liver findings using enhanced abdominal
magnetic resonance imaging at 25 years of age (Fig. 1b).
Therefore, living donor LT (LDLT) was indicated as a cura-
tive therapeutic option. Her mother (52 years of age) volun-
tarily donated her left lobe weighing 410 g. Rituximab at a
dose of 375 mg/m3 body surface area was used 2 weeks
prior to the patient’s scheduled LDLT, and concomitant
splenectomy was performed at the time of LDLT for
prophylaxis for antibody-mediated rejection due to ABO-
blood type incompatibility between the mother and daugh-
ter. The patient’s native liver revealed atrophic right lobe
and nearly complete obstruction of right portal vein. How-
ever, the consistency of the liver appeared to be less firm
than expected. The structure from the portal main trunk to
left portal vein was moderately dilated without any wall ab-
normalities. Vascular reconstructions were performed using
the main portal vein for portal vein reconstruction, while
biliary reconstruction was performed using hepaticojeju-
nostomy. The patient’s postoperative course was unevent-
ful, and she was discharged without any surgical
complications 1 month after LDLT.

Pathologic findings of the explanted liver
The explanted liver weighed 673 g. Grossly, the cut sur-
face showed vague nodularity, particularly in the right

Table 1 Chronological changes in laboratory test results

At first biopsy
(17 years of age)

At first episode of
esophageal varices
(27 years of age)

At LDLT
(30 years of age)

AST (U/L) 38 65 51

ALT (U/L) 42 90 36

GGTP (U/L) 40 74 69

T-Bil (mg/dL) 1.6 3.4 2.5

D-Bil (mg/dL) 0.4 0.3 0.4

ALB (g/dL) 4.2 4.3 2.8

WBC (×103/μL) 4.5 1.7 1.9

PLT (×103/μL) 9.7 48 62

PT-INR 1.05 1.15 1.06

ALB albumen, ALT alanine transaminase, AST aspartate transaminase, D-Bil
direct bilirubin, GGTP gamma-glutamyl transferase, LDLT living donor liver
transplantation, PLT platelet, PT-INR prothrombin time-international normalized
ratio, T-Bil total bilirubin, WBC white blood cell

Fig. 1 Chronological changes in radiologic findings of the liver. Enhanced abdominal computed tomography just before LDLT (a) and enhanced
abdominal magnetic resonance imaging at 25 years of age (b). The progression of atrophy of the right lobe and severe stricture of the right
portal vein (white arrow) is revealed
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Fig. 2 (See legend on next page.)
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lobe which showed significant atrophy (Fig. 2a, b). The
left liver also showed nodularity, although it appeared to
be obscure compared with the right side (Fig. 2c). The
right portal vein became narrowed without thrombus
(Fig. 2d), while the left portal venous system remained
patent toward the periphery.
A microscopic examination revealed relatively well-

demarcated nodules with a fibrous septum in the right
lobe (Fig. 2d) and vague nodularity due to hyperplastic
changes in hepatocytes with incomplete fibrous bridging
in the left lobe (Fig. 2e). In addition, dilatation of a
small-sized portal vein protruding into the hepatic par-
enchyma (Fig. 2f ) and sinusoidal dilation (Fig. 2g) were
also observed in areas of both lobes. Medium-sized
interlobular portal veins showed various degrees of lu-
minal narrowing and dilatation, with mild to moderate
intimal thickening (Fig. 2h, i). There was heterogeneity
in the thickness of the smooth muscle wall. Evidence of
thromboembolism, including fenestration suggesting re-
current thrombosis, was not identified.

Discussion
In the English-language literature, there are three cases
of LT for liver involvements in TS [7–9]. The clinico-
pathologic features of these three cases and the current
case are summarized in Table 2. In all cases, the patients
were adults and the indications for LT were related to
end-stage liver disease and/or portal hypertension. The
histological findings of the explanted livers were typically
vascular abnormalities unassociated with severe liver fi-
brosis and grossly appeared to be atrophic. One patient

died of respiratory failure and fungal urosepsis with nor-
mal hepatic graft function [8].
Liver abnormalities associated with TS hitherto de-

scribed [2] include steatosis and steatohepatitis, which
are relatively common in this syndrome, and are consid-
ered to be the result of overweight status, impaired insu-
lin secretion, and diabetes mellitus [10]. Steatohepatitis
may lead to fibrosis and the subsequent progression to
cirrhosis. Another condition associated with TS repre-
sents liver architectural changes secondary to alteration
of the hemodynamic state resulting from vascular abnor-
malities. Patients with TS occasionally may have nodular
regenerative hyperplasia (NRH) or multiple focal nodu-
lar hyperplasia (FNH). The former is currently thought
to represent a form of adaptation to microcirculatory
disturbances causing heterogeneous distribution of the
intrahepatic blood flow [11, 12], while the latter is also
considered to be a focal hyperplastic hepatocellular re-
sponse caused by focal deprivation of portal perfusion
and enhanced arterial perfusion in the corresponding
area [13]. Venous malformations, such as agenesia or hy-
poplasia of the portal venous system, may occur in TS
[14]. A case of presinusoidal portal hypertension caused
by congenital hypoplasia of the intrahepatic portal sys-
tem, known as the Cruveilhier-Baumgarten disease, was
reported [8]. Moreover, vascular abnormalities, especially
cardiovascular malformations including bicuspid aortic
valve and coarctation of the aorta, are common in TS
[15]. Therefore, there is circumstantial evidence to sug-
gest that vascular hepatic involvement in TS patients is
part of a more general disorder, likely of congenital

(See figure on previous page.)
Fig. 2 Pathologic findings of the explanted liver. The right lobe appears to be rather small compared with the left lobe (a). On the cut surface,
vague nodularity is discernible on the right side (b), whereas nodularity is obscure on the left side (c). The right portal vein (RPV) became
narrowed. Metallic probe indicates a narrowing site (d). A low-power view (×1.25 objective) showing nodules surrounded by a fibrous septum in
the right lobe (e Masson’s trichrome stain), and a poorly demarcated and rather pale area of nodularity resulting from hyperplastic changes in
hepatocytes with sinusoidal dilation, surrounded by incomplete fibrous bridging and atrophic areas of the hepatic parenchyma in the left lobe
(f Masson’s trichrome stain). A dilated small-sized peripheral portal vein, protruding into the hepatic parenchyma (g Masson’s trichrome stain)
and sinusoidal dilatation (h H&E stain), consistent with portal hypertension, is observed. Interlobular portal veins showing luminal narrowing
and occasional dilatation, with intimal thickening (black arrow) (i, j Masson’s trichrome stain)

Table 2 Literature review of liver transplantation for the cases with Turner syndrome

Case no. Age at LT Indication of LT Type of LT Histology of explanted liver Outcome Ref. no.

1 n/d Uncontrolledvaricealbleeding,
intractable cholestasis

OLT Obliterative portal venopathy,
periductal fibrosis, multiple focal
nodular hyperplasia

n/d 7

2 52 years Encephalopathy, gastrointestinal
bleeding, refractory ascites/hydrothorax,
hepatorenal syndrome

OLT Atrophic liver, portal vein aneurysm
and thrombus, small portal branches,
no fibrosis

Died 8

3 44 years Worsening liver function OLT? n/d Alive 9

Current case 30 years Variceal bleeding, refractory ascites, hypersplenism LDLT Obliterative portal venopathy,
sinusoidal dilatation

Alive –

LDLT living donor liver transplantation, n/d not described, OLT orthotopic liver transplantation
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origin, involving vessels of different sizes, types, and lo-
cations [2, 7].
As mentioned above, previously described cases of LT

for patients with TS are limited to three in the literature;
however, some cases of major TS-related complications
among patients awaiting LT have been reported [7, 9, 16].
According to the cohort study conducted by Roulot et al.,
portal hypertension was only observed in patients with
marked architectural changes, consisting of NRH, FNH,
and cirrhosis. Conversely, none of the patients without
marked architectural changes experienced progressive or
decompensated liver disease [7]. One explanted liver in
their study revealed areas of multiple FNH coexisting with
areas of sinusoidal dilatation and obliterative portal venopa-
thy, while the other four patients with marked architectural
changes showed changes corresponding to obliterative
portal venopathy at biopsy. Obliterative portal venopathy
can induce local hepatic hypoxia and atrophy, and it may
be considered as one of the features indicating a poor prog-
nosis. The laboratory and imaging features did not differen-
tiate between patients with and without abnormal liver
architecture in half of their patients; therefore, the authors
recommended a liver biopsy for diagnostic and prognostic
purposes in TS patients with persistently abnormal liver
tests [7].
In the current case, imaging studies revealed sequential

morphological changes toward obstruction of the right por-
tal vein and atrophy of the right lobe. On the other hand,
the left portal venous system was patent and the left lobe
appeared with compensatory hypertrophy. Although our
examination failed to reveal complete occlusion of the por-
tal veins, dilatation with intimal thickening and occasional
areas of thinning of the muscular wall suggested underlying
obliterative portal venopathy, which may involve vessels of
different sizes, types and locations, as previously described
in some literature [2, 7]. Furthermore, the left lobe with a
patent portal venous system might not have a reserve to
compensate the liver function when the right lobe pro-
gressed to severe atrophy. Portosystemic shunting and
splenectomy might have been selected as a therapeutic op-
tion in the early phase of this condition. However, TS pa-
tients with vascular liver disorders should be immediately
indicated for LT because vascular abnormalities in the liver
are likely of congenital origin and distributed throughout
the whole liver. In addition, one of the previously reported
cases died from respiratory failure and fungal urosepsis,
which might be negatively affected by a deteriorated pre-
operative condition, and therefore delayed LT would have a
negative impact with an increased risk for septic complica-
tions and failure to thrive [8]. It should be remembered that
the TS patients have other organ dysfunctions due to the
associated congenital anomalies and related complications.
Cardiovascular diseases related to TS are the most serious
comorbidities and substantially contribute to the increased

mortality rates [17]. In general, significant cardiovascular
disease is a relative contraindication to LT. The patients
with congenital heart disease have tenuous hemodynamics
and may be at a higher risk for hypotension, arrhythmia,
and bleeding [18]. Moreover, the potential for air embolism,
leading to either pulmonary embolism or paradoxical em-
boli and cerebral infarction, during the LT procedure and
the risk of infective endocarditis needs to be considered
[19]. Therefore, cardiovascular diseases, especially congeni-
tal heart disease, should be carefully monitored and cor-
rected prior to LT, when feasible, in the TS patients.

Conclusions
In conclusion, LT is rarely indicated for liver involvement
in TS patients; however, patients presenting with severe at-
rophy and a disturbance of the major portal inflow should
be indicated for LT. This strategy is substantiated by the
histological findings in the explanted liver of vascular ab-
normalities, which may be distributed throughout the
whole liver to induce marginal liver function.

Consent
Written informed consent was obtained from the patient
for publication of this Case Report and any accompany-
ing images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.
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