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Abstract

Hepatic sinusoidal obstruction syndrome (HSOS) is a rare hepatic vascular disorder character-
ized by intrahepatic congestion, liver injury, and post-sinusoidal portal hypertension, and it is
frequently associated with hematopoietic stem cell transplantation. In this study, we observed a
case of HSOS associated with the ingestion of Gynura segetum, a pyrrolizidine alkaloid (PA)-
containing Chinese herb, in a patient with alcoholic cirrhosis. The patient was a 43-year-old
man with chief complaints of physical asthenia and a loss of appetite for more than a month.
The diagnosis of HSOS combined with alcoholic cirrhosis was confirmed via the histopathological
examination of liver tissues. With proper supportive and symptomatic care and anticoagulation
therapy using low-molecular-weight heparin, the patient’s condition was stabilized. Because of its
nonspecific symptoms in the early stage and a lack of information about PA consumption,
PA-induced HSOS (PA-HSOS) has been long neglected, especially in patients with underlying
liver diseases. Early identification and intervention are critical for optimizing outcomes. Further
efforts are needed to supervise the use of PA-containing herbal medicines and identify accurate
biomarkers for PA-HSOS.
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Introduction

Hepatic sinusoidal obstruction syndrome
(HSOS) is a potentially life-threatening
hepatic vascular disorder associated with
intrahepatic congestion, liver injury, and
post-sinusoidal portal hypertension, and
its manifestations include hyperbilirubine-
mia, ascites, abdominal distension, and
painful hepatomegaly. It has been most
commonly reported as a side effect of
induction regimens prior to hematopoietic
stem cell transplantation (HSCT), and its
incidence ranges 10% to 60%.'" Other
causative agents include high-intensive che-
motherapy, immunosuppressive  drugs
administered after organ transplantation,
and radiation.*> Pyrrolizidine alkaloid
(PA)-containing herbal remedies have
emerged as another cause of HSOS. PAs
are toxic secondary metabolites generated
naturally by more than 6000 types of
plants worldwide for defense against herbi-
vores.® PA intoxication in humans is often
caused by self-medication with alkaloid-
forming herbs or the unwitting ingestion
of contaminated farm and sideline prod-
ucts.”® PA-induced HSOS (PA-HSOS)
was first reported in 1920 and was described
to be related to the ingestion of senecio tea,
which is made from a PA-containing herb.’
Gynura segetum, a species of the Asteraceae
family, is an alkaloid-forming herb that is
also called “Tusanqgi” in Chinese, and it
shares a similar name as the disparate
Chinese herb Panax notoginseng (“sanqi”).
Thus, it may be easily misused as a
folk medicine in the absence of proper
instructions. In addition, although it was
reported to promote microcirculation,
anti-inflammation, anti-oxidation, and
analgesia, people are often unaware of its
PA-mediated toxicity because of the lack
of medical supervision.'” In addition,
PA-induced toxicity is more likely to be
overlooked in patients with underlying
liver diseases. In this study, we reported a

case of HSOS in a patient with underlying
alcoholic cirrhosis who had consumed G.
segetum for 10 days.

Case description

A 43-year-old man was hospitalized in the
Affiliated  Hangzhou  First  People’s
Hospital of Zhejiang University School of
Medicine on 4 December 2017 with physical
asthenia and a loss of appetite for more
than a month. The patient’s medical history
included hypertension for 3 years. He had
no history of heart, kidney, hematological,
or hereditary metabolic disease. The patient
had drunk 450 mL of 30% alcohol daily for
20 years. He consumed 150 g of medicinal
liquor containing G. segetum per day for 10
days before developing symptoms. Physical
examination revealed severe scleral jaundice,
palmar erythema, and hepatosplenomegaly.
Laboratory tests disclosed deteriorated
liver function as indicated by the following
findings: total bilirubin, 217.6 umol/L; direct
bilirubin, 156.6 pmol/L; alanine aminotrans-
ferase, 24 U/L; aspartate transaminase,
57U/L; albumin, 32.5g/L; alkaline phos-
phatase, 168 U/L; and y-glutamate transam-
inase, 430 U/L. The prothrombin time was
13.7 s (international normalized ratio
[INR]=1.21). Hemogram revealed a
normal white blood cell count but a low
platelet count (89,000/uL) and low hemoglo-
bin level (11g/dL). Ascites examination
revealed that the fluid was transudative.
The total nucleated cell count was 70 x
10°/L, the albumin level was 17.1g/L,
and the serum ascites albumin gradient
exceeded 11g/L. Viral hepatitis testing
was negative. The patient’s immunoglobulin
G level was within normal limits. Serial
autoantibodies related to autoimmune liver
diseases were not detected. Enhanced
abdominal computed tomography (CT) dis-
closed hepatosplenomegaly, ascites, esopha-
gocardial varices, an uneven density, and
diffuse patchy shadows in the whole hepatic
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lobe (Figure 1a). The hepatic veins were not
evident on the images. Abdominal magnetic
resonance imaging (MRI) also revealed
manifestations of cirrhosis. The liver exhib-
ited heterogeneous enhancement, and the
hepatic veins became narrow, making them
not clearly visible (Figure 1b). According to
the history of G. segetum ingestion; clinical
features; blood test results; imaging findings;
and the exclusion of viral hepatitis, autoim-
mune liver diseases, and other types of
drug-induced liver injury, the patient was
diagnosed with HSOS. For treatment,
S-adenosyl-L-methionine injection (1g/day)
and ursodeoxycholic acid capsules (900 mg/
day) were applied to promote cholagogic
effects. Spironolactone and furosemide tab-
lets were used to correct dehydration.
After eliminating the possibility of hemor-
rhage, low-molecular-weight heparin
(100TU/kg every 12 hours) was preferred

for anticoagulant therapy. No adverse
events occurred during anticoagulant treat-
ment. After 7 weeks of treatment, the
patient’s clinical symptoms were improved.
Blooding testing revealed that the total bili-
rubin level had decreased to 75.5umol/L,
indicating the amelioration of liver dysfunc-
tion. Then, liver biopsy was performed 5
days after the discontinuation of low-
molecular-weight heparin. The findings
revealed hepatocyte edema, spotty necrosis,
and congestive liver, which corresponded to
the pathological changes of HSOS (Figure
Ic). Histological features of alcoholic cirrho-
sis, such as pseudolobule formation, hyaline
degeneration, and Mallory’s corpuscles

(Figure 1d), were also found. Masson’s stain-
ing demonstrated fibrinogen thickening in
sublobular venules (Figure le). After hospi-
tal discharge, the patient continued to receive
anticoagulant treatment for

3  months.

Figure |. Diagnosis of hepatic sinusoidal obstruction syndrome. (a) Enhanced abdominal computed
tomography revealed hepatosplenomegaly, an uneven density, and diffuse patchy shadows in the whole
hepatic lobe. (b) Enhanced magnetic resonance imaging revealed heterogeneous hepatic enhancement and
significant stenosis in hepatic veins. (c) Hematoxylin—eosin staining of liver tissues revealed congestive liver
(x10). (d) An image of Mallory’s corpuscles (arrow, x 10). (e) Masson’s staining revealed fibrinogen thick-
ening of sublobular venules (x4). (f) Digital subtraction angiography disclosed narrowing at the initial part of
the left hepatic vein and proximal stenosis of accessory hepatic vein with collateral circulation formation.
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Digital subtraction angiography was per-
formed during a follow-up visit on 23
March 2018. The findings indicated narrow-
ing at the initial part of the left hepatic vein
and proximal stenosis of the accessory hepat-
ic vein with collateral circulation formation.
There were no sites of narrowing or obstruc-
tion in the right and middle hepatic veins.
The flow velocity of the three large branches
of the hepatic vein was normal (Figure 1f).
The laboratory test for liver function tended
to be normal. Mild jaundice persisted
because of the underlying alcoholic cirrhosis.

Discussion

HSOS is defined as a rare clinical syndrome
of post-sinusoidal portal hypertension
resulting from injury of the hepatic sinusoi-
dal endothelium and obstruction of the
hepatic sinus outflow tract. In recent deca-
des, HSCT-induced HSOS (HSCT-HSOS)
has been extensively reported and investi-
gated. However, the ingestion of PA-
containing herbals is currently the major
cause of HSOS in China. G. segetum, a
PA-producing plant, is usually used for
bleeding injuries, hypertension, and stasis
as a self-medication in rural areas in
China.!" However, the severe outcomes of
HSOS caused by G. segetum limit its clinical
application, and they cannot be ignored.
The mechanisms of PA-HSOS have not
been fully clarified. Following PA inges-
tion, metabolic activation is initiated by
catalysis in the liver by cytochrome P450
monooxygenases, and the generated metab-
olite can rapidly combine with cellular
DNA, proteins, or glutathione to form the
corresponding adducts.'>'* The formation
of protein adducts may impair the biologi-
cal function of the target protein or activate
immune responses, leading to toxicity."
However, because of the diverse array of
potential pyrrole—protein adducts, the spe-
cific target proteins and binding sites have
not been fully identified. The metabolic

activation of PAs also leads to extensive
glutathione consumption in sinusoidal
endothelial cells (SECs), causing oxidative
stress injury in the liver and finally resulting
in HSOS.' The intraportal delivery of
exogenous glutathione was demonstrated
to protect against PA-induced toxicity
based on the observation of clinical and his-
tological improvement in a monocrotaline-
induced HSOS rat model.'” This animal
model also provided evidence that PA-
induced toxicity suppressed the function of
endothelial cell progenitors in bone marrow
to repair damaged sinusoidal and central
vein endothelial cells.!® Moreover, PA-
induced cytotoxicity could depolymerize
F-actin in SECs, leading to the upregula-
tion of matrix metalloproteinase (MMP)-9
and MMP-2, which contributed to the deg-
radation of the extracellular matrix in the
space of Disse. Thus, the dehiscence of
SECs and disassembly of the extracellular
matrix destroyed the endothelial barrier
and allowed blood infiltration into the
space of Disse, resulting in the congestion
and obstruction of hepatic sinusoids."”
Recently, Zhang et al.*® found that inflam-
matory signaling pathways and fibrogenic
cytokines also played a pivotal role in the
development of HSOS.

Currently, a few cases of HSOS caused
by G. segetum have been reported in
patients with no coexisting illness.>' >*> The
unique feature of our case is that the patient
had alcoholic cirrhosis. He developed
HSOS with the nonspecific clinical features
of severe jaundice, hepatosplenomegaly,
and ascites. Indeed, information about
prior PA ingestion is usually difficult to
acquire because patients are often unaware
of herbal medicinal ingredients or they may
ignore the use of herbal remedies, assuming
they are safe. It follows that patients could
be easily misdiagnosed with severe alcoholic
hepatitis or decompensated liver cirrhosis if
their medication history is neglected. There
is a major change in the differential
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diagnosis. The patient had no apparent dis-
comfort despite having liver cirrhosis. He
did not increase his alcohol consumption,
but he developed symptoms after consum-
ing medicinal liquor containing G. segetum
for 10 days, which attracted our attention.
The combination of PA exposure, clinical
manifestation, laboratory data, and CT
imaging established the clinical diagnosis
of PA-HSOS. The histological characteris-
tics of alcoholic hepatitis are macrovesicu-
lar steatosis and lobular infiltration of
neutrophils,” which were not evident in
the liver tissues of the patient. Therefore,
the histological evidence further confirmed
the diagnosis of PA-HSOS and concomi-
tant alcoholic cirrhosis. However, percuta-
neous liver biopsy is often delayed because
of massive ascites, coagulation disorder, or
thrombocytopenia, and transjugular liver
biopsy can only be performed in a certified
hospital. The CT and MRI findings con-
tributed to the diagnosis, including the
observation of diffuse patchy liver enhance-
ment, terminal hepatic venous narrowing or
occlusion, and ascites.”> Therefore, when
we encounter a patient suspicious for
HSOS, it is crucial to repeatedly review
the medical history and carefully analyze
the auxiliary data. Early identification and
intervention are critical for treating PA-
HSOS. Increased bilirubin content was
identified as the major prognostic factor
for PA-HSOS.?® Conversely, the patient’s
condition was ultimately stabilized, indicat-
ing the benefit of early anticoagulation
therapy.

To date, there is no international consen-
sus regarding the diagnosis and treatment
of PA-HSOS. PA-HSOS differs from
HSCT-HSOS in many aspects, including
its pathogenesis, underlying diseases, eth-
nicity, and etiology.?” Therefore, the diag-
nostic criteria of HSCT-HSOS cannot be
directly applicable to patients with
PA-HSOS. The latest EBMT criteria®® for
diagnosing HSCT-HSOS are based on a

less strict version of the Baltimore criteria,?
namely the presence of at least two of the
following findings: bilirubin > 34.2 pmol/L,
hepatomegaly, ascites, and weight gain-
>5%. Cytoreductive therapy prior to
HSCT is an essential precondition. The
diagnosis of HSCT-HSOS relies on the
combination of hemodynamic or/and ultra-
sound evidence combined with clinical
manifestations or histological findings.
Because the clinical features of PA-HSOS
and HSCT-HSOS are similar, part of the
diagnostic criteria of HSCT-HSOS can be
applied to PA-HSOS. Recently, the
Nanjing criteria®® were proposed by the
Chinese  Society of Gastroenterology
Committee of Hepatobiliary to establish
the diagnosis of PA-HSOS as follows: (1)
a definite history of PA exposure; (2) the
presence of three findings (clinical symp-
toms, abnormal liver function, and the typ-
ical features of enhanced CT or MRI) or
histopathological evidence; and (3) the
elimination of other known causes of liver
injury. Histological diagnosis is the gold
standard. Swelling and exfoliation of hepat-
ic sinusoidal endothelial cells are believed to
be the initial events in the development of
HSOS. The hepatic sinusoids are signifi-
cantly expansive and congestive. Varying
degrees of atrophy and necrosis of hepato-
cytes can be observed. The venular walls are
thickened by fibrin deposition, and narrow-
ing of terminal hepatic venules is present.>'
The management of PA-HSOS remains dif-
ficult for clinicians. The elimination of PA
exposure, supportive care and symptomatic
therapy, anticoagulation therapy, and liver
transplantation have proven effective for
the treatment of PA-HSOS. Symptomatic
therapy is a basic and important treatment
strategy, and the goals include liver protec-
tion, the management of ascites, and the
improvement of microcirculation. The ben-
eficial effect of anticoagulation therapy is
controversial in patients with HSCT-
HSOS.*> In addition, anticoagulation
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therapy is recommended for treating PA-
HSOS, and it should be applied as soon as
possible after excluding contraindications.*°
Because low-molecular-weight heparin is
safe at the recommended dose (100 1U/kg,
every 12 hours, subcutaneous injection) and
it has a low risk of hemorrhage, it is the
preferred anticoagulant, and it can be
used simultaneously with or prior to warfa-
rin therapy. When warfarin is orally admin-
istered, patients must control INR within
the range of 2.0 to 3.0, which may satisfy
the needs for high anticoagulation intensity
and safety. In addition, clinical manifesta-
tions and hepatorenal function are moni-
tored during treatment. Defibrotide has
been approved for the prevention and treat-
ment of HSCT-HSOS.” With its anti-
ischemic, anti-inflammatory, thrombolytic,
and pro-fibrinolytic effects as well as
absence of systemic anti-coagulant proper-
ties, defibrotide has exhibited promise in
the treatment of PA-HSOS.** Transjugular
intrahepatic portosystemic shunts (TIPS)
can be considered to control intractable
ascites and portal hypertension when med-
ical therapies are not effective. Whether
TIPS can improve long-term outcomes
remains to be further investigated. Khoury
et al.*® reported the efficacy of high-dose
methylprednisolone in 20 patients who
developed HSCT-HSOS. The response
rate was 60%, and no serious side effects
were observed. Evidence of the benefits of
corticosteroids in treating PA-HSOS
remains limited.

It has been suggested that PA-induced
safety issues are widespread globally and
inadequately addressed.*®*” Because of the
wide distribution of PAs, people are at high
risk of exposure, and PA exposure is easily
overlooked in patients with underlying liver
diseases. Because G. segetum-related HSOS
lacks specific symptoms in its early stage,
rapid recognition and proper treatment
are extremely important. Recent attention
has been focused on determining the

pyrrole—protein adducts to identify accurate
biomarkers for PA-HSOS.*®*3°  Further
efforts are needed to regulate the use of PA-
containing herbal medicines under clinical
instruction and supervision. Randomized
controlled trials are required to determine
the optimal treatment options for PA-HSOS.
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