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Background: In China, one of the major causes of hepatic sinusoidal obstruction syndrome (HSOS) is the 
intake of herbals containing pyrrolizidine alkaloid (PA). However, prognostic factors for PA-induced HSOS 
are poorly understood. The aim of this study was to identify the independent prognostic factors for PA-
induced HSOS using a multi-center study.
Methods: A total of 117 PA-induced HSOS patients were enrolled for data collection in three university 
hospitals from November 2003 to September 2018. Univariate and multivariate Cox proportional hazards 
analysis were used to determine prognostic factors for PA-induced HSOS.
Results: The median age of the PA-induced HSOS patients was 61 years (range, 21–88 years), and 64% of 
them were male. The survival rates at 1, 3, and 36 months were 89.71%, 72.60%, and 69.19%, respectively. 
Significant differences in prothrombin time (PT), international normalized ratio, total bilirubin, severity 
grading [new criteria for severity grading of hematopoietic stem cell transplantation (HSCT)-related HSOS 
in adults] were found between patients who survived and those who died. Univariate and multivariate survival 
analysis using Cox’s regression model demonstrated low serum albumin (<35 g/L), elevated serum urea  
(>8.2 mmol/L) and severe or very severe HSOS (European Society for Blood and Marrow Transplantation 
2016 criteria) were independent prognostic factors of survival.
Conclusions: Serum albumin, serum urea, and severity grading were independent prognostic factors for 
patients with PA-induced HSOS, and can contribute to identifying potentially high-risk patients for early 
effective intervention.
Trial registration: ChiCTR-DRD-17010709 (www.chictr.org.cn).
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Introduction

Hepatic sinusoidal obstruction syndrome (HSOS), also 
known as veno-occlusive disease or VOD, is a kind of 
hepatic vascular disease which is caused primarily by 
progenitors of toxic agents to bone marrow and liver 

sinusoidal endothelial cells (LSECs) (1,2). The major 
clinical manifestations of HSOS patients are right upper-
quadrant pain, tender hepatomegaly, ascites, jaundice, 
and unexplained weight gain. In Western countries, major 
etiologies of HSOS are cytoreductive therapy prior to 
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hematopoietic stem cell transplantation (HSCT), and 
oxaliplatin-containing chemotherapy (2-4). Meanwhile in 
China, the major cause of HSOS is the ingestion of herbal 
medicines containing pyrrolizidine alkaloid (PA) (5-8).

The first case of PA-induced HSOS described by 
Willmot and Robertson in 1920 was associated with the 
ingestion of herbal tea containing PA (9). After that, PA-
induced HSOS cases have been extensively reported 
worldwide (10-12). In China, some Chinese herbal 
medicines contain PAs. Among them, Gynura segetum is 
widely used, accounting for 50.0–88.6% of PA-induced 
HSOS (6). Most of the relevant clinical studies of recent 
decades have mainly focused on HSCT-related HSOS 
and oxaliplatin-induced HSOS. Although progress has 
been made in the pathogenesis, diagnosis, and treatment 
of PA-induced HSOS in recent years (5,13-17), few 
studies have investigated the prognostic factors for PA-
induced HSOS patients. A recent retrospective study of 
117 patients demonstrated that hepatic encephalopathy, 
and serum bilirubin and albumin levels were major 
prognostic factors for G. segetum-induced HSOS (18). 
There were, however, some deficiencies in this study, 
such as the treatment strategy, follow-up period, and its 
single-center designs which restrict its scientific value and  
reliability (18). Consequently, we aimed to conduct a 
multicenter retrospective study to determine the prognostic 
factors for PA-induced HSOS patients, in order provide 
basis for a more informed study of PA-induced HSOS 
prognosis in the future. This study will help identify high-risk 
patients at an early stage and help select patients who need 
immediate therapeutic intervention. We present the following 
in accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-731).

Methods

Patients selection

A total of 159 patients with PA-induced HSOS were 
enrolled in this multi-center retrospective study from 
November 2003 to September 2018. These patients were 
admitted to Union Hospital affiliated to Tongji Medical 
College, Huazhong University of Science and Technology 
(Wuhan, China); Tongji Hospital affiliated to Tongji 
Medical College, Huazhong University of Science and 
Technology (Wuhan, China); or Drum Tower Hospital 
affiliated to School of Medicine, Nanjing University 
(Nanjing, China).

The diagnosis of PA-induced HSOS was established 
according to the Chinese expert consensus (6) which 
consists of a definite history of PA-containing plant plus 
pathological evidence or meeting the following three 
criteria: (A) abdominal distention and/or pain in the hepatic 
region, hepatomegaly, and ascites; (B) elevation of serum 
total bilirubin or abnormal liver function testing; (C) typical 
features of contrast-enhanced computed tomography (CT) 
or magnetic resonance imaging (MRI). Patients with other 
liver diseases, such as Budd Chiari syndrome (BCS); viral, 
alcohol, drug, or autoimmune liver diseases; nonalcoholic 
fatty liver disease; congestive heart diseases etc. were 
excluded (6). The other inclusion criteria in the study 
were the following: (I) patients with PA-induced HSOS; 
(II) survival patients with a minimum follow-up period of  
3 years. Meanwhile, the exclusion criteria were the 
following: (I) patients who underwent anticoagulation 
therapy; (II) patients who underwent transjugular 
intrahepatic portosystemic shunt (TIPS); (III) patients who 
underwent liver transplantation; (IV) patients lost to follow-
up; (V) survival patients with fewer than 3 years of follow-up 
(Figure 1). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by institutional ethics committee of Tongji Medical College, 
Huazhong University of Science and Technology (IORG 
no: IORG0003571). The study was registered in Chinese 
Clinical Trial Registry (www.chictr.org.cn, No.: ChiCTR-
DRD-17010709). A waiver of informed consent was 
obtained from all patients due to the retrospective nature of 
the study, and the patient’s personal data have been secured.

Data collection

Clinical profiles and laboratory data were collected at 
the time of diagnosis. The severity of the PA-induced 
HSOS patients was graded according to the new criteria 
of severity grading for HSCT-related HSOS in adults as 
proposed by the European Society for Blood and Marrow 
Transplantation (EBMT) (19). All patients were followed up 
from the date of diagnosis until death, loss to follow-up, or 
study termination on September 30, 2018.

Statistical analysis

Continuous variables are represented by median (25th–75th 
percentile), and categorical variables are represented by 
count (percentage). Continuous variables were analyzed 
with student’s test or Mann-Whitney’s U test; categorical 
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variables were analyzed with Pearson’s χ² or Fisher’s exact 
test. Survival curves were estimated using Kaplan-Meier 
method, and survival curves were analyzed with the log-
rank test. Univariate and multivariate analyses were 
carried out by using Cox proportional hazards regression 
models to determine independent prognostic factors. All 
of the significant univariates (P<0.1) were included in 
the multivariate analysis. Results are expressed as hazard 
ratios (HRs) and 95% confidence intervals (CIs). A P value 
<0.05 was considered statistically significant. All data were 
statistically analyzed by using SPSS version 19.0 (SPSS Inc., 
Chicago, IL, USA).

Results

Baseline clinical and laboratory characteristics

In this study, 42 cases were excluded and a total of 117 
cases met the strict inclusion criteria (Figure 1). The 
characteristics of patients are shown in Table 1. Overall, 
the median age of the patients was 61 years old (range, 
21–88 years) and 64% (75/117) of these patients were male 
(Table 1). Firstly, the results of blood routine examination 
revealed that the median values of erythrocyte, leukocyte, 
hemoglobin, and platelet were all within the normal 
range. Secondly, the elevation of liver enzymes [aspartate 
transaminase (AST) and alanine aminotransferase (ALT)] 
and total bilirubin was observed in PA-induced HSOS 
patients, and the abnormality of albumin and prothrombin 

time (PT) in PA-induced HSOS patients indicated the 
damaged synthetic ability of liver (Table 1). Finally, renal 
function was normal in the most patients, which was 
revealed by serum urea and creatinine.

Baseline clinical characteristics of the two groups (survival 
group and death group) were measured and summarized 
(Table 1). Significant differences existed in PT (15.90 vs. 
17.00 s, P=0.03), international normalized ratio (1.29 vs. 
1.42, P=0.02), total bilirubin (34.31 vs. 43.95 µmol/L, 
P=0.03) between the survival group and the death group. 
The Child-Pugh score (CPS) and model for end-stage 
liver disease (MELD) score are widely used as tools to 
assess the prognosis of liver cirrhosis. As expected, Child-
Pugh and MELD scores were significantly higher in the 
death group than those in the survival group. Recently, 
the EMBT proposed a new HSCT-related HSOS severity 
classification system for adults (2016) (19). The severe or 
extreme mortality rate (61.11%) was higher than the mild 
or moderate mortality rate (38.89%).

Survival and prognostic factors

The median follow-up time for all patients was 1,159 days 
(interquartile range 77.5–1,988). At last follow-up, 81 
(69.23%) of the 117 patients were alive. The 1-, 3-, and 
36-month survival rates were 89.71% [95% confidence 
interval (CI), 84.21–95.19%], 72.60% (95% CI, 64.57–
80.64%), and 69.19% (95% CI, 60.78–77.63%), respectively 

Consecutive patients with HSOS induced by pyrrolizidine alkaloids (PAs) from Nov 2003 to 
Sep 2018 (N=159)

Enrolled patients N=117

Excluded patients (N=42)
1. The patients underwent anticoagulation therapy (n=0) 
2. The patients underwent transjugular intrahepatic 

portosystemic shunt (TIPS) (n=2)
3. The patients underwent liver transplantation (n=1)
4. The patients lost to follow-up (n=18)
5. Survival patients with less than 3 years of follow-up (n=21)

Figure 1 Flowchart showing the inclusion and exclusion criteria for patient selection.
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Table 1 Baseline characteristics of 117 patients with PA-induced HSOS at the time of diagnosis

Variables All patients
Survival outcome

Survival group Death group P value*

Number of patients 117 81 36

Age, years 61.00 (50.50–64.50) 60.00 (49.50–64.50) 61.00 (51.25–64.75) 0.89

Male sex, n (%) 75.00 (64.00%) 50.00 (61.70%) 25.00 (69.40%) 0.42

Erythrocytes, 1012/L 4.46 (4.12–4.91) 4.52 (4.11–4.83) 4.45 (4.14–5.05) 0.69

Hemoglobin, g/L 139.00 (122.50–150.00) 137.50 (122.25–149.00) 141.00 (121.50–159.00) 0.32

Leukocyte, 109/L 6.08 (4.66–8.21) 5.74 (4.44–7.19) 7.51 (5.30–8.73) 0.20

Platelet, 109/L 104.00 (75.00–142.00) 106.00 (75.50–155.50) 98.00 (72.00–128.00) 0.31

PT, S 16.60 (15.08–18.38) 15.90 (14.90–18.10) 17.00 (16.20–18.70) 0.03

INR 1.35 (1.19–1.53) 1.29 (1.17–1.46) 1.42 (1.31–1.60) 0.02

ALT, U/L 66.50 (37.00–146.25) 66.00 (33.00–145.00) 78.00 (42.00–194.00) 0.23

AST, U/L 91.00 (53.00–165.00) 79.00 (48.00–162.00) 111.00 (67.25–188.00) 0.23

Total bilirubin, μmol/L 36.35 (22.85–67.35) 34.31 (21.71–56.32) 43.95 (26.75–116.90) 0.03

ALB, g/L 31.55 (28.30–35.20) 32.85 (28.80–35.58) 29.85 (27.25–32.53) 0.18

Urea, mmol/L 5.95 (4.36–8.18) 5.97 (4.48–7.62) 5.86 (4.22–8.96) 0.28

Creatinine, μmol/L 77.50 (61.07–93.08) 75.50 (62.20–91.70) 81.95 (62.08–99.40) 0.14

Child-Pugh, n (%) 0.08

A 19.00 (17.12) 17.00 (22.37) 2.00 (5.71)

B 75.00 (67.57) 49.00 (64.47) 26.00 (74.29)

C 17.00 (15.31) 10.00 (13.16) 7.00 (20.00)

Severity grading†, n (%) <0.01

Mild 35.00 (30.17) 29.00 (36.25) 6.00 (16.67)

Moderate 37.00 (31.90) 29.00 (36.25) 8.00 (22.22)

Severe 21.00 (18.10) 11.00 (13.75) 10.00 (27.78)

Very severe 23.00 (19.83) 11.00 (13.75) 12.00 (33.33)

MELD 11.32 (8.13–15.63) 10.12 (6.60–14.84) 15.28 (9.69–17.29) <0.01

Continuous variables are presented as median (25th–75th percentiles), and categorical variables are presented as count (percentage). 
*, the P values refer to t-test or chi-square test between patients in the survival group and death group; †, refers to the new criteria for 
severity grading of HSCT-related HSOS in adults (19). Normal ranges: erythrocytes: (3.0–5.5)×1012/L; hemoglobin: 110–160 g/L; leukocyte: 
(4.0–10.0)×109/L; platelet: (100.0–300.0)×109/L; prothrombin time (PT): 11–16 S; international normalized ratio (INR): 0.80–1.31; alanine 
aminotransferase (ALT): 5–35 U/L; aspartate aminotransferase (AST): 8–40 U/L; total bilirubin (T-BIL): 5.1–19 μmol/L; albumin (ALB):  
35–55 g/L; urea: 2.9–8.2 mmol/L; creatinine: 44–106 µmol/L. PA, pyrrolizidine alkaloid; HSOS, hepatic sinusoidal obstruction syndrome; 
MELD, model for end-stage liver disease.
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(Figure 2A). Univariate Cox proportional hazards analysis 
was then used to determine predictors of survival for 
PA-induced HSOS. Univariate analysis showed that 10 
independent variables were significantly associated with a 
poor survival rate (P<0.1): total bilirubin >51.30 µmol /L, 
AST level >2 upper limit of normal (ULN), serum albumin 
<35.00 g/L, international normalized ratio (INR) level >1 
ULN, PT >1 ULN, serum urea >1 ULN, Fibrosis 4 Score 
(FIB-4) score >3.25, Child-Pugh class B or C, MELD score 
>14, and severe-to-very severe patients (19) (EBMT 2016 
criteria) (Table 2). Importantly, a multivariate analysis of 
prognostic factors was performed. The results showed that 
serum albumin level, serum urea level, and severity grading 

were independent prognostic factors for the survival of the 
117 PA-induced HSOS patients.

We then analyzed the survival curve of PA-induced 
HSOS patients. The 3-year overall survival rate of severe 
or extreme severe patients was 63.00%, and the survival 
rate of mild or moderate patients was 83.32% (Figure 2B). 
In addition, the 3-year overall survival rates of patients 
with high serum urea (≥8.2 µmol/L) and low serum urea 
(<8.2 µmol/L) were 47.63% and 75.39%, respectively 
(Figure 2C). At 3 years, the cumulative survival rates of the 
patients with normal serum albumin level (≥35 g/L) and low 
serum albumin level (<35 g/L) were 83.91% and 63.82%, 
respectively (Figure 2D). Unfortunately, the P value between 

Figure 2 Survival curves in the 117 cases of HSOS induced by Gynura segetum. (A) Overall survival of enrolled patients; (B) survival of 
patients according to severity grading; (C) survival of patients according to serum urea; (D) survival of patients according to serum albumin. 
HSOS, hepatic sinusoidal obstruction syndrome.
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these two groups was 0.06 (P=0.06) with this unimpressive 
p-value probably resulting from the small sample size  
(Figure 2D).

Discussion

In China, one of the major causes of HSOS is the intake 
of herbals containing PA. However, prognostic factors 
for PA-induced HSOS are poorly understood. Due to the 
differences in etiology, the outcome of patients with HSCT-
related HSOS cannot be extrapolated to that of patients 
with PA-induced HSOS. In our retrospective multi-center 
study, clinical profiles, laboratory data, and outcomes were 
collected. The results demonstrated that serum albumin, 

serum urea, and severity grading (19) (EBMT 2016 criteria) 
were independent prognostic factors for PA-induced HSOS, 
and these findings may contribute to identifying potentially 
high-risk patients for early effective intervention.

Firstly, serum albumin is a marker of liver synthetic 
function, and was demonstrated to be an independent 
prognostic factor. Secondly, serum urea was identified as an 
independent prognostic factor. To ensure its reliability, the 
patients with chronic kidney disease and drug-induce renal 
injury were excluded. In PA-induced HSOS, the damage of 
sinusoidal endothelial cells and the obstruction of sinusoidal 
venous outflow result in post-sinusoidal portal hypertension. 
Then, ascites and edema caused by portal hypertension 
lead to a reduction in effective circulating blood volume, 

Table 2 Univariate and multivariate analysis of prognostic factors for PA-induced HSOS

Variable

OS

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (<60 vs. ≥60 y) 1.26 (0.65–2.44) 0.50

Sex (female vs. male) 1.24 (0.61–2.52) 0.56

Leukocyte >1 ULN 1.71 (0.60–4.91) 0.32

Erythrocytes <1 LLN 1.10 (0.45–2.69) 0.84

Hemoglobin <1 ULN 1.41 (0.60–3.31) 0.43

Platelet <1 ULN 1.29 (0.66–2.49) 0.46

Total bilirubin >51.3 μmol/L 1.79 (0.91–3.49) 0.09

ALT >2 ULN 1.14 (0.59–2.18) 0.70

AST >2 ULN 1.80 (0.90–3.60) 0.10

Serum albumin <35 g/L 2.33 (0.90–6.02) 0.08 3.58 (1.06–12.10) 0.04

INR >1 ULN 3.31 (1.50–7.31) <0.01

PT >1 ULN 3.90 (1.62–9.40) <0.01

Serum creatinine >1.2 ULN 1.55 (0.47–5.07) 0.47

Urea >1 ULN 2.55 (1.18–5.50) 0.02 2.81 (1.25–6.33) 0.01

FIB-4 score >3.25 3.78 (0.90–15.84) 0.07

APRI score >2 1.33 (0.66–2.69) 0.43

MELD score >14 3.08 (1.49–6.35) <0.01

Grade (mild, moderate vs. severe, very severe)† 3.10 (1.58–6.06) <0.01 2.24 (1.00–5.06) 0.05

Child-Pugh class (A vs. B, C) 4.21 (1.01–17.55) <0.05

HR and relative P values were estimated by Cox proportional hazard regression analysis. †, refers to the new criteria for severity grading 
of HSCT-related HSOS in adults (19). PA, pyrrolizidine alkaloid; HSOS, hepatic sinusoidal obstruction syndrome; OS, overall survival; HR, 
hazard ratio; CI, confidence interval; ULN, upper limit of normal; LLN, lower limits of normal; APRI, AST-to Platelet Ratio; FIB-4, Fibrosis 4 
Score; MELD, model for end-stage liver disease.
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resulting in the elevation of serum urea. Thirdly, it is 
well established that the new EBMT severity-grading 
criteria (EBMT 2016 criteria) for HSCT-related HSOS 
includes the time of first clinical symptoms, bilirubin, 
transaminase, weight increase, and renal function (19).  
The results showed that severity grading (EBMT 2016 
criteria) was positively correlated with PA-induced HSOS 
results. With further analysis, it was found that severity 
grading is an independent prognostic factor. However, the 
results suggested that the level of bilirubin, transaminase, 
and serum creatinine were not independent prognostic 
factors. This means that the new EBMT severity-grading 
criteria used for HSCT-related HSOS does not necessarily 
apply to the severity-grading system of PA-induced HSOS. 
In summary, a new severity grading system for PA-induced 
HSOS should be established and validated in prospective 
studies.

To the best of our knowledge, our is the first multicenter 
study to examine the prognostic factors for the PA-induced 
HSOS patients. In this study, the 3-year survival rate was 
69.19%, which was higher than that of the patients with 
HSCT-related HSOS (20-24). The difference in survival 
time between HSCT-related HSOS and PA-induced HSOS 
is associated with underlying disease and the function of 
bone marrow-derived endothelial progenitor cells. In the 
related research, adult patients undergoing HSCT usually 
have been found with hematological malignancy; in addition, 
HSCT-related HSOS is prone to develop into severe 
status since cytoreductive therapy prior to HSCT damages 
bone marrow-derived endothelial progenitor cells which 
replenish the injured sinusoidal endothelial cells (25-27). In 
addition, the pathogenesis, clinical profiles, and pathological 
features vary with the different causes of HSOS. Sustained 
and uncontrolled endothelial/sinusoidal activation is the 
likely culprit of thrombocytopenia in patients with HSCT-
related HSOS, and thus thrombocytopenia was listed 
in the 2017 EBMT diagnostic criteria for children (28). 
Thrombocytopenia have not been observed in most PA-
induced HSOS and oxaliplatin-induced HSOS (5,18,29-31).  
Interestingly, platelet aggregation in Disse’s space is 
involved in the development of SOS (32,33), and thus the 
inhibition of platelet aggregation with phosphodiesterase 
III inhibitors can attenuate rat sinusoidal obstruction  
syndrome (34). In the pathogenesis of HSOS, LSECs 
are damaged by toxic metabolites of PAs, pyrrole-
protein adducts (PPAs) in PA-induced HSOS (35); 
while toxic damage of LSECs may result from increased 
metabolic activation by LSECs (dacarbazine) or decreased 

detoxification by glutathione (GSH) (azathioprine and the 
cyclophosphamide metabolite, acrolein). In pathological 
examinat ion,  mass ive  s inusoida l  congest ion and 
hepatocellular necrosis predominantly in zone 3 have been 
found to be pathological features of PA-induced HSOS 
and HSCT-related HSOS; multifocal sinusoidal dilatation 
without hepatocytes necrosis has also been observed in 
oxaliplatin-induced HSOS (30,36).

To our knowledge, several studies have described the 
outcome of PA-induced HSOS patients. A systematic 
review of published case reports showed that increased 
total bilirubin and AST were indicators of poor survival 
in patients with PA-induced HSOS (37). Gao et al.’s study 
demonstrated that the concentration of blood PPAs was 
related to the severity and clinical outcome of PA-induced 
HSOS (38); however, the assay of PPAs concentration by 
ultra-performance liquid chromatography-tandem mass 
spectrometry (UPLC-M) analysis was not available in most 
of hospitals. In addition, the concentration of PPA in the 
blood decreased significantly after 40 days of exposure to 
PA. It is clear that histological evidence plays a critical role 
in evaluating prognosis. Unfortunately, only 12 patients 
received liver biopsy due to ascites, thrombocytopenia, 
and coagulation disorders in this study. Fortunately, a 
diagnosis of PA-HSOS can also be established by diagnostic 
criteria consisting of history, clinical manifestations, lab 
examinations, and imaging signs (Figure 3) (6). Sinusoidal 
dilation and congestion, the necrosis of hepatocytes, the 
extravasation of erythrocytes in zone 3 were found to be the 
characteristics of PA-induced HSOS (Figure 3) (39,40).

Recently, a retrospective study reported 117 cases of 
hepatic encephalopathy, and serum bilirubin and albumin 
levels were found to be major prognostic factors affecting G. 
segetum-induced HSOS (18). However, several shortcomings 
of the study restrict its value. Firstly, it was a retrospective, 
single-center study. Secondly, enrolled patients received 
different therapeutic approaches including anticoagulant 
therapy or TIPS, and anticoagulant therapy or TIPS 
probably improved the outcome of the patients (6). Thirdly, 
the follow-up period ranged from 3 days to 60 months (18), 
and survival patients with a short follow-up period should 
be excluded. Finally, clinical characteristics of the patients 
who received non-anticoagulant therapy or anticoagulant 
therapy should be similar; however, relevant data of the 
patients were not provided. These factors limited the 
scientific value and reliability of the research. Therefore, 
our study used stringent inclusion criteria such as similar 
therapeutic strategy, long-term follow-up periods, and 
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multi-center participation which to improve the reliability.
These measures notwithstanding, our study had several 

limitations. Firstly, it was a retrospective cohort study, 
and unrecognized biases could not be excluded. Secondly, 
enrolled patients were recruited from 2003 to 2018, and the 
consensus guidelines on clinical management of PA-induced 
HSOS were published by the Hepatobiliary Diseases 
Committee of the Chinese Society of Gastroenterology 
in 2018 (6). Thus, therapeutic strategies for PA-induced 
HSOS were based on respective institutional protocols and 
physicians’ decisions in this study, and the outcomes might 
have been overestimated or underestimated. Thirdly, the 
efficacy of anticoagulant, TIPS and liver transplantation 
has been demonstrated in PA-induced HSOS patients; thus, 

the patients who received the treatment of anticoagulant, 
TIPS, and liver transplantation were excluded in the study 
in order to guarantee the reliability of our study. Fourthly, 
the correlation between the dosage of PA exposure and the 
prognosis was not determined. In China, plants containing 
PA are soaked in liquid, and the liquid containing PA is 
ingested by patients; given this, it was difficult to precisely 
calculate the dosage of PA exposure. Finally, as only 10% 
(12/117) of the PA-induced HSOS patients underwent liver 
biopsy, the correlation between lesion and patient prognosis 
could not be determined.

Conclusions

Figure 3 Representative CT, MRI, and histological imaging. (A) Representative CT image. (B) Representative MRI image; 49-year-old 
man with Gynura segetum-induced HSOS received contrast-enhanced CT and a gadoxetic acid-enhanced MRI scan. Heterogeneous 
hypoattenuation/hypointensity and patchy enhancement are shown. (C) Representative histological results; 36-year-old man with Gynura 
segetum-induced HSOS received liver biopsy, with the results showing massive sinusoidal dilatation and sinusoidal congestion accompanied 
by the extravasation of erythrocytes into the space of Disse. HAP, hepatic arterial phase; PVP, porta-venous phase; EP, equilibrium phase; 
HBP, hepatobiliary phase; HSOS, hepatic sinusoidal obstruction syndrome.
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We identified three important prognostic factors for PA-
induced HSOS: serum albumin, serum urea, and severity 
grading, which can aid in identifying high-risk patients 
who should receive early clinical intervention. Prospective 
studies will be performed to validate the results, the findings 
of which can act as a basis for a new severity-grading system 
for PA-induced HSOS.
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