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We retrospectively identified 89 consecutive patients from January 2004 to January 2012 to investigate efficacy of direct intrahepatic
portocaval shunt (DIPS) combined with inferior vena cava (IVC) stenting for sinusoidal obstruction syndrome (SOS) associated
with hepatotoxicity of pyrrolizidine alkaloids. Indications for treatment were variceal hemorrhage and/or refractory ascites. Patients
were treated with DIPS plus IVC stenting (group A, n=68) or DIPS alone (group B, n=21). A technical success rate of 100% was
obtained in all 89 patients, and there were no early procedure-related adverse events or 30-day mortality. Mean portosystemic
gradient decreased in both groups. Changes in aspartate and alanine aminotransferases and total bilirubin did not differ between
the groups. Ascites disappeared in group A but was not obvious in group B until IVC stenting. During follow-up, recurrent bleeding
and ascites and incidence of hepatic encephalopathy did not differ between the groups. The 1-, 3-, and 5-year survival rate was 98,
89.59, and 80%, respectively. Satisfactory clinical results were obtained for combined DIPS and IVC stenting for SOS associated
with pyrrolizidine-alkaloid-related decompensated cirrhosis.

1. Introduction

Sinusoidal obstruction syndrome (SOS) is a rare vascular
disease of the liver, which can lead to lethal liver failure
and portal-hypertension-related complications [1]. The clin-
ical syndrome is characterized [2] by hepatomegaly, ascites,
weight gain, increased aminotransferase levels, and jaundice
due to sinusoidal congestion, which can be caused by alka-
loid ingestion [3], hematopoietic stem cell transplantation
(HSCT) [4], bone marrow transplantation, and radiation-
induced liver disease or chemotherapy, and it is also seen after
solid organ transplantation [5]. The most common cause of
SOS in China is herbal medicines containing pyrrolizidine
alkaloids, mostly Tusangqi (Gynura segetum) [6].
Transjugular intrahepatic portosystemic shunt (TIPS)
was introduced as an alternative treatment for complications
of portal hypertension [7]. TIPS has been progressively

recognized as an effective therapeutic option in a growing
number of clinical situations. Several case reports show the
beneficial effects of TIPS in SOS [8]. It improved ascites and
lowered the levels of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), but not serum total bilirubin
(TB) levels. Most of the patients died despite the creation of
TIPS [9]. Although TIPS in SOS does reduce ascites, there
is no survival benefit; therefore, SOS is not considered an
appropriate indication for TIPS [10].

Direct intrahepatic portocaval shunt (DIPS) involves
creation of a side-to-side shunt between the portal vein
and inferior vena cava (IVC) via the caudate lobe of the
liver [11]. A major advantage of DIPS is that it does not
involve the hepatic vein; thus, it is especially useful in hepatic
vein obstruction. However, patients who have SOS with
hepatomegaly, or narrowed or obstructed IVC, may have
undergone IVC stenting to recanalize the IVC blood flow.
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TABLE 1: Baseline characteristics of SOS cases.
Characteristic/group A B P value
Gender M/F 30/38 9/12 0.366
Age (mean (S.D.)) 38.98+19.34 35.25+8.64 0.299
Child-PughA/B/C 3/55/10 1/11/9 0.328
MELD score (mean (S.D.)) 12.4947.25 13.174£9.16 0.145
Accompanied viral hepatitis 5 3 0.628
Chronic ethanol consumption 6 0 0
Cryptogenic hepatitis 2 0 0
Variceal hemorrhage(VH) 30 5 0.217
Refractory ascites(RA) 65 14 0.134
Both VH and RA 25 2 0
Laboratory tests
Alanine transaminase 249.73+192.12 182.05+81.30 0.595
Aspartate transaminase 383.98+289.49 301.05+214.01 0.604
Alkaline phosphatase 258.32+163.24 264.43£176.91 0.371
Gamma glutamyl transpeptidase 276.45+125.34 297.39+136.73 0.256
Total bilirubin 25.44+10.99 26.31+10.91 0.192
Albumin 29.37+9.25 28.61+9.72 0.261
Prothrombin time 16.24+7.69 18.15+8.46 0.135
Clinical presentations
Abdominal distention 67 18 0.154
Abdominal pain 24 13 0.364
Weakness 51 16 0.412
Poor appetite 63 19 0.346
Jaundice 48 12 0.216
Hepatomegaly 65 18 0.423
Splenomegaly 31 13 0.338
Pleural effusion 2 0
Lower limbs edema 12 3 0.026
Endoscopic therapy 48 15 0.128
Asites paracentesis 154 34 0.093
Seattle criteria 24 13 0.364
Baltimore criteria 18 9 0.379

No difference (P>0.05) could be seen in terms of age, sex, Child-Pugh score, and MELD score; laboratory tests, and clinical presentations. MELD, Model of
End-stage Liver Disease; RA, refractory ascites; VH, variceal hemorrhage; laboratory tests and clinical presentations.

In this study, we retrospectively evaluated 89 patients
with SOS associated with hepatotoxicity of pyrrolizidine-
alkaloid-related decompensated cirrhosis who underwent
IVC stenting combined with DIPS between January 2004
and January 2012. Levels of AST, ALT, and TB, clinical
outcomes, hepatic encephalopathy (HE), and mortality were
compared between patients treated with combined DIPS and
IVC stenting or DIPS alone.

2. Materials and Methods

2.1. Patient Information. Between January 2004 and January
2012, there were 127 patients with suspected SOS, and 38
patients were excluded due to lack of confirmation of SOS. We
retrospectively identified 89 consecutive patients with proven
SOS associated with hepatotoxicity of pyrrolizidine-alkaloid-
related decompensated cirrhosis. Indications for stent graft

shunt were variceal hemorrhage (n=35), refractory ascites
(n=79), and both (n=27). The patients were divided into
group A (DIPS plus IVC stenting, n=68) and group B
(DIPS alone, n=21). We compared the clinical efficacy of
the two treatment methods. The Ethics Committee approved
the study protocol and all of the patients provided written
informed consent. All procedures were conducted according
to the guidelines approved by the Ethics Committee. We
reviewed the patients’ medical records and medical images to
gather information regarding the underlying etiology, clinical
presentation, age, sex, and severity of cirrhosis (Table 1).

2.2. Diagnosis of SOS. All cases had clear botanical hepa-
totoxicity caused by pyrrolizidine alkaloids, such as Gynura
segetum, mushroom tea, and traditional remedies. Color
Doppler ultrasound (US) was used for first-line diagnosis
of SOS, and enhanced computed tomography (CT) and/or
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magnetic resonance imaging (MRI) were performed in all
patients to confirm the US findings. SOS was diagnosed
clinically referring to the Seattle or Baltimore criteria [12],
the occurrence of two or more of the following events before
day 21 after hemopoietic progenitor cell administration:
hyperbilirubinemia (>34.2 ymol/L or >2 mg/dL), ascites or
sudden weight gain (>5% of baseline body weight), and
painful hepatomegaly. No other explanation for these signs
and symptoms (septicemia, cyclosporin toxicity, heart failure,
hepatitis, etc.) could be present at the time of diagnosis.

Three cases underwent transjugular liver biopsy and 86
underwent percutaneous transhepatic biopsy to confirm the
diagnosis of SOS. Diagnosis of liver cirrhosis depended upon
assessing the history of liver disease, liver function, and
liver imaging findings. The decompensated stage was defined
by the presence of ascites, variceal bleeding, jaundice, or
encephalopathy.

The exclusion criteria were as follows: patients with
obscure botanical hepatotoxicity of pyrrolizidine alkaloids,
lack of confirmation of SOS, severe right-sided heart failure,
severe liver failure (bilirubin >4 mg/dL), polycystic liver
disease, dilated biliary ducts, age >75 years, bilirubin level
>5 mg/dL, creatinine level >3 mg/dL, Child-Pugh score >11,
and diagnosis of hepatic carcinoma, sepsis, or spontaneous
bacterial peritonitis.

2.3. IVC Stenting Procedure. Standard local anesthesia was
used. Initially, patients were assessed for stenosis or occlusion
of the hepatic segment of the IVC, which was confirmed by
IVC angiography before the DIPS procedure. The criteria for
IVC stent placement were severe stenosis and occlusion of
the hepatic segment of the IVC. Balloon dilatation was done
first, followed by stent placement (type Z, 25/75 mm, JRZ25-
75; AT&M Biomaterials, Beijing, China), avoiding blood flow
obstruction due to severe stenosis or occlusion of the IVC.
DIPS was performed after 1 week.

2.4. DIPS Procedure. Standard local anesthesia was used. All
patients were evaluated and followed up by the same medical
team using a prospective protocol diagnostic work-up and
surveillance strategy. Before DIPS, medical history was taken,
and, after DIPS, the patients were followed up according to
the same protocol.

DIPS was performed through a transjugular approach,
as described previously [11]. After superior mesenteric artery
angiography was performed, the outflow of the right hep-
atic vein was reached using a TIPS set (RUPS-100; Cook,
Bloomington, IL, USA). The IVC wall was punctured with
the RUPS-100 needle at the level of the hepatic segment
from the junction of the hepatic vein and IVC to the left
or right branch of the portal vein, under the guidance of
digital subtraction angiography, in both the posterior anterior
and lateral positions. When the branch of the portal vein
was punctured and confirmed by portography, a 7-8-mm
balloon (Cook) dilated the hepatic tract and a 7-8-mm
expanded polytetrafluoroethylene stent graft (BARD; Flu-
ency, Voisins le Bretonneux, France) were used for DIPS cre-
ation. Portosystemic gradient (PSG) and IVC pressure were
measured before and after DIPS.

The entire length of the intrahepatic tract should be
covered by the stent graft. The initial stent position in the
distal inflow was to the main portal vein or the left branch
of the portal vein, and the proximal outflow end was to the
junction of the hepatic vein and IVC. If the IVC stenosis or
occlusion had been recanalized by bare stent placement, the
RUPS-100 needle was used to puncture the IVC stent at a
hepatic segment level.

The shunts were dilated to their full nominal diameter
to reach a target PSG of <12 mm Hg. Notable variceal
collateral vessels observed during DIPS were embolized with
coils (Cook), as long as the catheter could be inserted into
the vessel. Covered stents (Viatorr; W.L. Gore & Associates,
Flagstaff, AZ, USA) were not used because they are not
approved by the China State Food and Drug Administration.
Subsequent direct portography was performed to evaluate
whether the portal venous system was completely patent.
After DIPS, intravenous heparin (4000 U/day; Chase Sun
Pharma, Tianjin, China) was given for 3 days and then oral
warfarin (2.5 mg/day; Orion Pharma, Orionintie, Finland)
was prescribed at doses to achieve an international normal-
ized ratio of up 2.0.

2.5. Follow-Up. Baseline duplex US was performed on the
day after DIPS. After the shunt procedure, patients were
placed in an identical routine 5-year follow-up protocol. They
were seen as outpatients 1 month after the procedure and
then every 3 months or whenever needed. Each consultation
included a clinical examination, blood chemistry, and an
assessment of HE. Shunt occlusion needed for shunt revision
during shunt venography or significant recurrent symptoms
acted as the endpoint for loss of primary unassisted patency.
Direct portography was performed in patients with recurrent
symptoms of suspected shunt dysfunction. DIPS revision was
performed when hemodynamically significant shunt stenosis
(>50%) was present, when there was recurrent variceal bleed-
ing, recurrent or gradually worsening ascites, or PSG was
>15 mmHg, unless grade III/IV hepatic encephalopathy(HE)
(West Haven Criteria) was present. Patients lost to follow-up
were censored at the time of the last known imaging of the
shunt (duplex US or shunt venography).

2.6. Statistical Analysis. Continuous variables were summa-
rized as mean + SD and compared using the independent
sample t-test or one-way analysis of variance; categorical vari-
ables were expressed as frequencies and compared using X2
tests. Differences were considered significant at P<0.05. The
statistical analyses were performed with SPSS version 20.0
(Chicago, IL, USA).

3. Results

In both groups, mean PSG and levels of AST, ALT, and
TB were decreased. In group A, ascites disappeared in the
first week without paracentesis; the DIPS stent graft and
the IVC stent both maintained patency and avoided ascites
recurrence. In group B, six cases of ascites disappeared in
the first week; another 15 cases did not disappear until
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TABLE 2: Treatment outcomes in two groups.
A B
Outcomes/groups P value P value
Before After Before After
15.31+£3.13 16.41+6.10 0.248
IVC (mmHg) 17.07+3.93 3.83+3.71 <0.001 16.41+3.79 4.15+3.79 0.001(0.018)
PSG (mmHg) 44.97+11.87 24.88+5.28 <0.001 45.88+9.05 24.13+3.91 0.001(0.604)
TaBLE 3: Treatment outcomes in two groups.
A B
Outcomes/groups P value P value
Before After Before After
AST(U/L) 383.98+289.49 28.61+9.03 0.001 301.05+214.01 20.00+9.40 0.001(0.604)
ALT (U/L) 249.73+192.12 20.46+8.44 0.003 182.05+81.30 20.33+8.01 0.002(0.595)
TB (pmol/L) 25.44+10.99 3.23%1.53 0.005 26.31+10.91 3.40+1.59 0.004(0.192)

after IVC stent deployment. After patients of all the two
groups completed with DIPS plus IVC stenting, there was no
comparison with the HE and the survival rates

3.1. Technical Success. The technical success rate in all 89
patients was 100% and there were no technical failures or
complications. There were no deaths during the perioperative
period. No patient died within 30 days after DIPS and IVC
stenting, with an early survival rate of 100% (Figure 1). There
was no IVC stent migration, despite five cases of IVC stent
deformation during follow-up, but it did not affect IVC blood
flow and DIPS stenting.

3.2. Changes of IVC Pressure and PSG. In group A, the mean
pressure of the distal IVC before IVC stent deployment was
17.07+3.93 mmHg and then dropped to 3.83+3.71 mmHg
after stent placement (P<0.001). In group B, 21 patients
underwent DIPS placement without IVC stenting. Mean
pressure of the distal IVC before and after DIPS deployment
was 15.31+3.13 and 16.41+6.10 mmHg, respectively, but this
difference was not significant (P=0.248). After IVC stent
placement, the mean pressure of the distal IVC dropped
to 4.15+3.79 mmHg, and there were significant differences
before and after IVC stent placement (P=0.001). The mean
interval times were 6 months between DIPS and IVC stenting.
Mean PSG decreased from 44.97+11.87 to 24.88+5.28 mmHg
and 45.88+9.05 to 24.13+3.91 mmHg in group A (P<0.001)
and group B (P=0.001), respectively. Compared with two
groups after IVC stent placement, there were no significant
changes in mean pressure of the distal IVC (P=0.118) or PSG
(P=0.604) (Table 2).

3.3. Improvement of Liver Function. In group A, mean AST,
ALT, and TB concentration dropped from 383.98+289.49
to 249.73+4192.12 U/L, 25.44+10.99 to 28.61+9.03 U/L, and
20.46+8.44 to 3.23+1.53 umol/L, respectively (P=0.001,
P=0.003, and P=0.005). In group B, mean concentration of
AST, ALT, and TB concentration dropped from 301.05+214.01
to 182.05+81.30 U/L, 26.31+10.91 to 20.00+9.40 U/L, and
20.331£8.01 to 3.40+1.59 umol/L (P=0.001, P=0.002, and
P=0.004) at 14 days after shunt treatment, respectively

(P < 0.05). There were no significant changes in AST, ALT,
and TB level between the two groups (P=0.595, P=0.159 and
P=0.192) (Table 3).

3.4. Improvement of Symptoms. In group A, ascites disap-
peared in the first week without paracentesis. In group B,
six (28.57) cases of ascites disappeared in the first week;
another 15 cases ascites did not disappear until after [IVC stent
deployment. There was a significant difference between the
two groups of ascites disappear (P=0.004). The recurrence
rate for bleeding was 10.29% in group A compared to 9.52%
in group B (P=0.651), and the recurrence rate for ascites was
16.18% in group A compared to 14.29% in group B (P=0.616)
(Table 3).

3.5. Shunt and Stent Dysfunction. Total shunt malfunction
occurred in 38 of 89 patients (53.52%) and the mean DIPS
stent primary patency was 21.028 months (95% confidence
interval=17.01--25.04) (Figure 2). Two cases had stenosis at
both ends of the stent in the hepatic tract, 19 had proximal
end stenosis, 11 had distal end stenosis, and six had DIPS stent
occlusion. One patient had IVC stent dysfunction. Patients
with DIPS stent dysfunction were treated with balloon
dilation (n=21) and stent replacement in the hepatic tract
(n=19). The patient with IVC stent dysfunction underwent
balloon dilation, and, after stent revision, their symptoms
disappeared.

3.6. HE. HE occurred in 18 patients in group A and four
in group B during follow-up. The incidence of HE did not
differ significantly between group A and group B (20.59%
versus 19.48%) (P=0.848) (Table 4). After drug treatment, the
symptoms disappeared in patients with grade I or IT HE. In
patients with grade IIT HE, after two stents of shunt reduction
were implanted, the symptoms disappeared.

3.7. Overall Survival. One patient (1.41%) was lost to follow-
up. One patient died within 1 year. Since the endpoint of this
study, nine patients (12.68) have died. The longest follow-up
was 13 years. The 1-year survival rate was 98%, 3-year survival
rate was 89.59%, and 5-year survival rate was 80% (Figure 3).
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FIGURE 1: DIPS placement combined with IVC stenting in SOS. A female patient, aged 44 years, presented with botanical hepatotoxicity of
pyrrolizidine-alkaloid-related decompensated cirrhosis. (a-c) CT shows liver enlargement, thinning portal vein, narrowed hepatic segment
of IVC, presence of ascites, outflow obstruction of hepatic vein, and patchy signal enhancement in the absence of hepatic vein occlusion. (d)
Specimen obtained from percutaneous transhepatic biopsy before treatment. High power image (100x, hematoxylin-eosin staining) showing
dilatation of sinusoids and necrosis of hepatocytes (long arrow). Terminal hepatic vein was occluded (short arrow), but collagen deposition
had not yet occurred. (e) IVC stenosis (black arrow). (f, g) After stent implantation of IVC, the intrahepatic left portal vein was punctured
through the IVC stent. (h,i) DIPS stent implantation (black arrow indicates spring coil in the left gastric vein after embolization; venography
shows that the variceal collateral vessel was not manifested).
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TABLE 4: Outcomes of symptoms in two groups.
Symptoms/group A B P value
Absorption of ascites 68(100%) 6(28.57%) 0.004
Recurrence rate for bleeding ~ 7(10.29%) 2(9.52%) 0.651
Recurrence rate for ascites 11(16.18%) 3(14.29%) 0.616
HE 14(20.59%)  4(19.48%) 0.848
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FIGURE 2: Primary patency of DIPS stent and survival time of
patients with SOS. Mean DIPS stent primary patency was 21.028
months; the median DIPS stent primary patency was 12 months
(95% confidence interval 17.01-25.04).
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FIGURE 3: The total survival time of cases with SOS. The 1-year
survival rate was 98%, 3-year survival rate was 89.59%, and 5-year
survival rate was 80%.

4. Discussion

Our results provide evidence that DIPS combined with IVC
stenting can be performed safely and achieve good clinical
results and survival rates in patients with SOS-related to
botanical hepatotoxicity. This is not consistent with the results
of some previous studies [13], although previous studies about
TIPS in SOS associated with herbal hepatotoxicity have been
rare. Nevertheless, this does not mean that TIPS has no
clinical benefit for SOS. These studies have focused more on
patients treated with HSCT, bone marrow transplantation,
radiation-induced liver disease, chemotherapy, or after solid
organ transplantation.

BioMed Research International

It has been shown that TIPS might be considered as
part of a protocol in patients with SOS and multiorgan
failure who have no hope of survival [14]. The effect of SOS
and multiorgan failure on survival, however, is limited since
most patients die from extrahepatic causes [15]. In view of
this, recent reviews of clinical practice guidelines [16, 17]
have not recommended TIPS for SOS. This is because TIPS
has not been shown to change the prognosis in patients
with SOS. Nevertheless, SOS can be seen in other settings,
in which TIPS may offer potentially useful treatment. The
etiology of SOS caused by herbal hepatotoxicity, for example,
Gynura segetum [18], is not the same as that caused by
HSCT, bone marrow transplantation, radiation-induced liver
disease, chemotherapy, or after solid organ transplantation.
If the evolution of the disease is not the same, then neither
is the clinical course. SOS induced by herbal hepatotoxicity
can be divided into acute, subacute, and chronic stages. Mild
cases of SOS associated with herbal hepatotoxicity can be
cured by medical treatment [19], and, for serious cases of SOS
in patients who often manifest subacute or chronic diseases,
interventional treatment can be chosen.

In the past, we have lacked awareness of SOS, since it is
easy to confuse with Budd-Chiari syndrome (BCS), which
has resulted in misdiagnosis. Since the clinical symptoms of
SOS are easily confused with those of BCS [20], we used
the DIPS procedure to treat SOS, which has also been used
to treat BCS [21]. Clinical presentation of hepatotoxicity
caused by herbal products is nonspecific and is similar to
the presentation of BCS symptoms [22]. The interventional
procedure is often similar between BCS and SOS, and both
are treated through the strut of the preexisting IVC stent.
After IVC stenting, the symptoms were relieved. If there was
IVC stenosis or occlusion, the IVC was recanalized, and, after
1 week, the DIPS procedure was performed. Such a process
assumed that the IVC stent was stable and did not migrate,
guaranteeing the safety of the DIPS procedure. During DIPS
and follow-up, there was no case of IVC stent migration,
despite five cases of IVC stent deformation.

In the traditional TIPS procedure, the puncture needle
starts from the right hepatic vein and proceeds to the right
branch of the portal vein, and then the stent is placed [23].
A major advantage of DIPS is that it does not involve the
hepatic vein, so the technique is especially useful in hepatic
vein obstruction. The improvement of the creation of a side-
to-side shunt between the IVC and left branch of the portal
vein was intended to reduce the incidence of HE and increase
TIPS stent-free patency [24, 25]. Also, the DIPS shunt is short,
smooth, and straight, which reduces stenosis and occlusion of
the shunt due to shear stress. If DIPS is placed first, followed
by IVC stenting, the latter may affect the stability of both
stents, thereby affecting IVC blood flow.

We showed that mean AST, ALT, and TB concentrations
dropped at 14 days after shunt treatment, and ascites and
variceal bleeding disappeared. This showed that IVC stenting
combined with DIPS could have a good clinical effect for
patients with SOS associated with botanical hepatotoxicity,
which confirms the results of some previous studies of TIPS
[26, 27]. In the present study, the levels of AST and ALT were
higher than for other causes of liver cirrhosis, but TB was not
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higher. The cause of this phenomenon warrants further study.
In our study, HE was still a problem despite its low incidence
compared with other diseases that TIPS cannot completely
cure [28].

With regard to survival, our results were inconsistent with
those of previous studies [1, 10, 12, 14]. Because all the cases
in our study demonstrated subacute or chronic symptoms,
there were no early-stage patients included. Compared with
a recent systematic review of Tusanqi-related SOS [29], we
found that cumulative survival rate was higher. This may
be because all the patients in the previous study received
medical treatment, and there was no staging of the disease, or
some cases were not treated with TIPS or DIPS. The interval
between the onset of SOS and DIPS placement has not been
mentioned, and only one small report [30] has specifically
commented on this. Some have recommended [14, 31] that
SOS should be treated with TIPS as early as possible. The
interval could influence the survival rate [32], and if multi-
organ failure is already present, then patients are probably
being treated too late [33]. In our study, because there was no
patient with acute lesions, the relevant information and DIPS
treatment were not available, which should be the goal of our
next study.

Pyrrolizidine alkaloids are present in distinct plant fami-
lies that grow worldwide [34], and although they are sporadic
in western countries, pyrrolizidine alkaloid poisoning attracts
sufficient attention [35, 36]. Whether SOS is caused by herbal
medicines containing pyrrolizidine alkaloids or other factors
[4, 5], its pathological process is similar and leads to elevated
portal pressure [37]. DIPS improved the symptoms of SOS
in our study and resulted in better prognosis; however, these
results were inconsistent with some previous studies [13]. We
believe that in the Far East or western countries, regardless
of the cause of SOS, the results of our study will be useful for
elimination of extrahepatic complications.

This study had several limitations. First, randomized
controlled trials are needed to verify our results. Second, early
SOS-related decompensated cirrhosis due to botanical hepa-
totoxicity was not studied in patients treated with combined
IVC stenting and DIPS. Finally, clinical characteristics and
outcomes were not compared between patients with herbal
hepatotoxicity-related SOS and those with SOS with other
etiology.

In conclusion, in patients with SOS-related decompen-
sated cirrhosis of botanical hepatotoxicity, the use of IVC
stenting combined with DIPS placement was associated with
significant reduction of symptoms.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors thank all the patients who were involved in this
study and our colleagues in the Department of Pathology
of our hospital for their contributions to the data collec-
tion.

References

[1] A. Plessier, P.-E. Rautou, and D.-C. Valla, “Management of
hepatic vascular diseases,” Journal of Hepatology, vol. 56, no. 1,
pp. $25-838, 2012.

[2] A.Helmy, “Review article: updates in the pathogenesis and ther-
apy of hepatic sinusoidal obstruction syndrome,” Alimentary
Pharmacology & Therapeutics, vol. 23, no. 1, pp. 11-25, 2006.

[3] G.Lin,J. Y. Wang, N. Li et al., “Hepatic sinusoidal obstruction
syndrome associated with consumption of Gynura segetum,’
Journal of Hepatology, vol. 54, no. 4, pp. 666-673, 2011.

[4] M. Mohty, E Malard, M. Abecassis et al., “Revised diagnosis
and severity criteria for sinusoidal obstruction syndrome/veno-
occlusive disease in adult patients: A new classification from the
European Society for Blood and Marrow Transplantation,” Bone
Marrow Transplantation, vol. 51, no. 7, pp. 906-912, 2016.

[5] D.-C. Valla and D. Cazals-Hatem, “Sinusoidal obstruction
syndrome,” Clinics and Research in Hepatology and Gastroen-
terology, vol. 40, no. 4, pp. 378-385, 2016.

[6] X.-Z.Yu, T. Ji, X.-L. Bai et al., “Expression of MMP-9 in hepatic
sinusoidal obstruction syndrome induced by Gynura segetum,”
Journal of Zhejiang University Science B, vol. 14, no. 1, pp. 68-75,
2013.

[7] J. C. Garcia-Pagan, K. Caca, C. Bureau et al., “Early use of TIPS
in patients with cirrhosis and variceal bleeding,” The New
England Journal of Medicine, vol. 362, no. 25, pp. 2370-2379,
2010.

[8] 1. Campos-Varela, L. Castells, C. Dopazo et al., “Transjugular
intrahepatic portosystemic shunt for the treatment of sinusoidal
obstruction syndrome in a liver transplant recipient and review
of the literature,” Liver Transplantation, vol. 18, no. 2, pp. 201-
205, 2012.

—
)

P. Rajvanshi and G. B. McDonald, “Expanding the use of tran-
sjugular intrahepatic portosystemic shunts for veno-occlusive
disease,” Liver Transplantation, vol. 7, no. 2, pp. 154-157, 2001.

[10] D. Azoulay, D. Castaing, A. Lemoine, G. M. Hargreaves, and
H. Bismuth, “Transjugular intrahepatic portosystemic shunt
(TIPS) for severe veno-occlusive disease of the liver following
bone marrow transplantation,” Bone Marrow Transplantation,
vol. 25, no. 9, pp- 987-992, 2000.

[11] J. Tsauo, Y. Yu, X. Luo, Z. Wang, L. Liu, and X. Li, “Direct intra-
hepatic portocaval shunt creation via the inter-strut space of
the inferior vena cava stent,” Clinical Radiology, vol. 69, no. 9,
Pp. 896-899, 2014.

[12] E. Carreras, M. Diaz-Beyd, L. Rosifiol, C. Martinez, F.
Fernandez-Avilés, and M. Rovira, “The incidence of veno-
occlusive disease following allogeneic hematopoietic stem cell
transplantation has diminished and the outcome improved over
the last decade,” Biology of Blood and Marrow Transplantation,
vol. 17, no. 11, pp. 1713-1720, 2011.

[13] T. Zenz, M. Rossle, H. Bertz, V. Siegerstetter, A. Ochs, and
J. Finke, “Severe veno-occlusive disease after allogeneic bone
marrow or peripheral stem cell transplantation—role of tran-
sjugular intrahepatic portosystemic shunt (TIPS),” Journal of
Liver, vol. 21, no. 1, pp. 31-36, 2001.

[14] M. Senzolo, G. Germani, E. Cholongitas, P. Burra, and A. K.
Burroughs, “Veno occlusive disease: Update on clinical man-
agement,” World Journal of Gastroenterology, vol. 13, no. 29, pp.
3918-3924, 2007.



(15] E L. Dignan, R. E Wynn, N. Hadzic et al., “BCSH/BSBMT
guideline: Diagnosis and management of veno-occlusive dis-
ease (sinusoidal obstruction syndrome) following haematopoi-
etic stem cell transplantation,” British Journal of Haematology,
vol. 163, no. 4, pp. 444-457, 2013.

[16] T.D. Boyer and Z.J. Haskal, “The role of transjugular intrahep-
atic portosystemic shunt (TIPS) in the management of portal
hypertension: update 2009,” Hepatology, vol. 51, no. 1, pp. 306—
323, 2010.

[17] L. D. DeLeve, D.-C. Valla, and G. Garcia-Tsao, “Vascular

disorders of the liver;” Hepatology, vol. 49, no. 5, pp. 1729-1764,

20009.

H. Zhu, Y. Chu, J. Huo, Z. Chen, and L. Yang, “Effect of pred-

nisone on transforming growth factor-f1, connective tis-

sue growth factor, nuclear factor-«Bp65 and tumor necrosis
factor-a expression in a murine model of hepatic sinusoidal
obstruction syndrome induced by Gynura segetum,” Hepatol-

0gy Research, vol. 41, no. 8, pp. 795-803, 2011.

[19] C. Q Fan and J. M. Crawford, “Sinusoidal obstruction syn-
drome (hepatic veno-occlusive disease),” Journal of Clinical and
Experimental Hepatology, vol. 4, no. 4, pp. 332-346, 2014.

[20] U. D. Bayraktar, S. Seren, and Y. Bayraktar, “Hepatic venous
outflow obstruction: Three similar syndromes,” World Journal
of Gastroenterology, vol. 13, no. 13, pp. 1912-1927, 2007.

[21] X. Qi, W. Guo, C. He et al., “Transjugular intrahepatic por-
tosystemic shunt for Budd-Chiari syndrome: Techniques, indi-
cations and results on 51 Chinese patients from a single centre,”
Liver International, vol. 34, no. 8, pp. 1164-1175, 2014.

[22] A. Mancuso, “An update on the management of Budd-Chiari

syndrome: The issues of timing and choice of treatment;

European Journal of Gastroenterology & Hepatology, vol. 27, no.

3, pp. 200-203, 2015.

X. Luo, Z. Wang, J. Tsauo, B. Zhou, H. Zhang, and X. Li,

“Advanced cirrhosis combined with portal vein thrombosis: A

randomized trial of TIPS versus endoscopic band ligation plus

propranolol for the prevention of recurrent esophageal variceal

bleeding,” Radiology, vol. 276, no. 1, pp. 286-293, 2015.

[24] T. W. 1. Clark, R. Agarwal, Z. ]. Haskal, and S. W. Stavropoulos,

“The effect of initial shunt outflow position on patency of tran-

sjugular intrahepatic portosystemic shunts,” Journal of Vascular

and Interventional Radiology, vol. 15, no. 2 I, pp. 147-152, 2004.

M. Bai, C.-Y. He, X.-S. Qi et al., “Shunting branch of portal vein

and stent position predict survival after transjugular intrahep-

atic portosystemic shunt,” World Journal of Gastroenterology,

vol. 20, no. 3, pp. 774-785, 2014.

[26] E O. Smith, M. S. Johnson, L. R. Scherer et al., “Transjugular
intrahepatic portosystemic shunting (TIPS) for treatment of
severe hepatic veno-occlusive disease;,” Bone Marrow Transplan-
tation, vol. 18, no. 3, pp. 643-646, 1996.

[27] V. Lévy, D. Azoulay, B. Rio et al,, “Successful treatment of
severe hepatic veno-occlusive disease after allogeneic bone mar-
row transplantation by transjugular intrahepatic portosystemic
stent-shunt (TIPS),” Bone Marrow Transplantation, vol. 18, no.
2, pp. 443-445,1996.

[28] P. Berlioux, M. A. Robic, H. Poirson et al., “Pre-transjugular
intrahepatic portosystemic shunts (TIPS) prediction of post-
TIPS overt hepatic encephalopathy: The Critical Flicker Fre-
quency is more accurate than psychometric tests;” Hepatology,
vol. 59, no. 2, pp. 622-629, 2014.

[29] X. Wang, X. Qi, and X. Guo, “Tusangi-related sinusoidal
obstruction syndrome in china: a systematic review of the
literatures,” Medicine, vol. 94, no. 23, article €942, 2015.

[18

(23

[25

(30]

(33]

(34]

(35]

[37]

BioMed Research International

S. I. Bearman, G. L. Anderson, M. Mori, M. S. Hinds, H. M.
Shulman, and G. B. McDonald, “Venoocclusive disease of the
liver: Development of a model for predicting fatal outcome after
marrow transplantation,” Journal of Clinical Oncology, vol. 11,
no. 9, pp. 1729-1736, 1993.

G. Puhl, S. Giil, and P. Neuhaus, “Portosystemic shunt surgery
between TIPS and liver transplantation,” Der Chirurg, vol. 82,
no. 10, pp. 898-905, 2011.

D. Singhal, S. De Castro, N. Goyal, D. J. Gouma, A. Chaudhary,
and T. M. Van Gulik, “Current role of portosystemic shunt
surgery in the management of hepatic venous outflow obstruc-
tion,” Digestive Surgery, vol. 23, no. 5-6, pp. 358-369, 2006.

S. Y. Mahgerefteh, J. Sosna, N. Bogot, M. Y. Shapira, O. Pappo,
and A. I. Bloom, “Radiologic imaging and intervention for
gastrointestinal and hepatic complications of hematopoietic
stem cell transplantation,” Radiology, vol. 258, no. 3, pp. 660-
671, 2011.

A. Popat, N. H. Shear, I. Malkiewicz et al., “The toxicity of
Callilepis laureola, a South African traditional herbal medicine,
Clinical Biochemistry, vol. 34, no. 3, pp. 229-236, 2001.

R. J. Abdualmjid and C. Sergi, “Hepatotoxic botanicals—an
evidence-based systematic review, Journal of Pharmacy &
Pharmaceutical Sciences, vol. 16, no. 3, p. 376, 2013.

E. Mengual-Moreno, M. Lizarzébal-Garcia, 1. Herndndez-
Rincén, and M. D. E Barboza-Nobrega, “Herbals and herbal
nutritional products hepatotoxicity,” Investigacion Clinica
(Venezuela), vol. 56, no. 3, pp. 320-335, 2015.

T. O. Lawal, A. B. Farris, B. E El-Rayes, R. M. Subramanian, and
H. S. Kim, “Oxaliplatin-induced hepatoportal sclerosis, portal
hypertension, and variceal bleeding successfully treated with
transjugular intrahepatic portosystemic shunt,” Clinical Col-
orectal Cancer, vol. 11, no. 3, pp. 224-227, 2012.



