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Abstract
Background: Platelet index was reported to be used as a potential prognostic marker 
in patients with liver fibrosis. We aimed to explore the association between platelet-
crit (PCT) and severity of hepatic sinusoidal obstruction syndrome (HSOS).
Methods: Seventy consecutive patients who diagnosed as HSOS by CT and medical 
history during January 2017-November 2021 were included. All patients were divided 
into two groups which confirmed as favorable prognosis and poor prognosis on the 
basis of Child-Turcotte-Pugh score system. The clinical manifestation and laboratory 
parameters of two groups were retrospectively selected. PCT was evaluated within 
two groups, and the diagnostic accuracy was evaluated by the area under the receiver 
operating characteristic curve.
Results: The significant difference between the two groups not only in diarrhea, ab-
dominal pain, abdominal distention, urine volume, and skin ecchymosis (p < 0.005), 
but also in WBC count, NE count, PLT count, TBIL, and D-Dimer (p < 0.005) were 
found. The PCT level was significantly higher in HSOS patients with poor prognosis 
(0.169Â ± 0.060) than favorable prognosis patients (0.110Â ± 0.047). The area under 
the receiver operating characteristic curve of RDW in predicting poor prognosis was 
0.781, with 67.70% sensitivity and 79.5%specificity.
Conclusions: The PCT level was correlated positively with the poor prognosis in HSOS 
patients. PCT can be a promising indicator for predicting prognosis in HSOS
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1  |  INTRODUC TION

In recent years, the epidemiology of liver diseases has changed with 
the development of diagnosis and treatment technology. Hepatic 
sinus obstruction syndrome (HSOS), also known as hepatic veno-
occlusive disease (HVOD), is an obliterative phlebitis of the terminal 
hepatic venules that has gradually attracted extensive attention. In 
developed countries, HSOS usually occurs not only after hematopoi-
etic stem cell transplantation (HSCT) pretreatment,1 but also after 
chemotherapy for acute myeloid leukemia.2 In China, the main cause 
of HSOS is the oral administration of traditional Chinese medicine 
containing pyrrolizidine alkaloids, such as Herb of Chrysanthemum-
like Groundsel.3–5 Therefore, this type of HSOS is also called pyr-
rolizidine alkaloid associated hepatic sinusoidal obstruction syndrome 
(PA-HSOS). The clinical manifestations include acute manifestations of 
rapid and massive abdominal swelling and pain related to hemorrhagic 
central lobular necrosis and jaundice, subacute recurrent ascites, hep-
atosplenomegaly associated with extensive fibrosis in the central area 
of the lobules, and a chronic variant of venocentric cirrhosis.6

The pathophysiological mechanism of hepatic veno-occlusive 
disease or sinusoidal obstruction syndrome (VOD/SOS) is believed 
to be the initial toxic damage to the sinusoidal endothelium caused 
by a variety of factors, which trigger the activation and damage of 
endothelial cells, resulting in an increased permeability of the sinu-
soidal barrier.6–8 This primary endothelial injury allows red blood 
cells, leukocytes, and other cell debris to be deposited in the space 
of Disse, which may lead to a pathophysiological cascade, including 
loss of thrombo-fibrinolytic balance, further endothelial detach-
ment, downstream embolization, and occlusion of microcircula-
tion.6–10 These events may lead to hepatorenal hypertension and 
cause multiple organ dysfunction (MOD).6,8,9

There is growing recognition of the critical role of platelets in in-
flammation and immune responses of various diseases, such as nasal 
polyps,11 type 2 diabetes mellitus,12 lumbar disc hernias,13 autoim-
mune liver diseases,14 and irritable bowel syndrome.15 Plateletcrit is 
also one of these platelet parameters and is associated with various 
conditions, including rheumatoid arthritis16 and papillary thyroid can-
cer.17 At present, it remains challenging to use blood indicators to pre-
dict the prognosis of HSOS, especially in an earlier stage. It is reported 
that platelet hematocrit (PCT) is a potential index for evaluating liver 
fibrosis and deterioration of liver function.6,7 However, the associ-
ation between PCT and HSOS remains largely unknown. Thus, this 
study aimed to investigate the relationship of PCT and the severity 
of HSOS disease to predict the prognosis of HSOS in the early stage.

2  |  PATIENTS AND METHODS

2.1  |  Patients

In this study, 200 patients with jaundice, hepatomegaly, and as-
cites admitted to The Second Hospital of Nanjing from July 2017 
to September 2021 were selected as the research objects. The 

inclusion criteria are detailed in the Nanjing criteria in Table  1. 
The exclusion criteria are as follows: (a) Patients with other liver 
diseases, such as viral hepatitis, primary biliary cirrhosis, nonal-
coholic steatohepatitis, autoimmune hepatitis, drug-induced liver 
disease, metabolic liver disease, or alcoholic liver disease, (b) have 
hepatocellular carcinoma (HCC) or other tumors, (c) suffer from 
serious primary diseases of other systems, including heart, kidney, 
respiratory system, immune system, blood system, and mental 
sickness, (d) pregnancy, and (e) a history of hematopoietic stem 
cell (HSCT) transplantation.

2.2  |  Diagnostic and subgroup criterion

Currently, the international clinical diagnostic criteria for HSCT-
HSOS mainly include the revised Seattle Criteria and Baltimore 
Criteria.18 However, the sensitivity and specificity of the above 
two criteria have not been fully verified in the diagnosis of HSOS 
caused by other reasons.19 Therefore, this study implemented the 
“Nanjing Standard”20 for the diagnosis of PA-HSOS (Table 1). The 
hepatic histological changes in SOS include damage to the hepato-
cytes and sinusoidal endothelial cells in the central lobular zone 
(zone 3) of the liver acinus, leading to subendothelial edema in 
hepatic venules, fibrin deposition, fibrin microthrombosis, venular 
narrowing and sclerosis, and sinusoidal fibrosis, followed by hepat-
ocyte necrosis.6,9 Typical CT/MRI shows Patchy liver enhancement 
and heterogeneous hypoattenuation in contrast-enhanced portal 
phase CT scans.21

2.3  |  Group criteria

The Child-Turcotte-Pugh (CTP) scoring system is widely used to 
predict the prognosis of patients with cirrhosis. It contains three 
objective symptoms (serum bilirubin, albumin concentration, and 
prothrombin time) and two subjective symptoms (ascites and en-
cephalopathy) of liver failure. The CTP scores range from 5 to 
15 points and are divided into three grades, including grade A 
(5–6 points), grade B (7–9 points), and grade C (10–15 points).22 
According to the CTP score, all enrolled patients were divided into 
two groups, with good prognosis in grade A and B and poor prog-
nosis in grade C.

2.4  |  Clinical and laboratory data

We retrospectively reviewed the demographic characteristics 
and laboratory results of the enrolled patients, including age, 
sex, platelet (PLT), PCT, white blood cell count, liver enzymes, 
total bilirubin, albumin, prothrombin time (PT), and D-Dimer. 
The three objective symptoms and two subjective symptoms 
related to CTPS were abstracted and calculated at the end of 
hospitalization.
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2.5  |  Statistical analysis

The continuous variables were expressed as mean ± standard devia-
tion or median (iqr) and the categorical variables were displayed as 
counts and percentages. Kolmogorov-Smirnov test was used to detect 
the normal distribution of the continuous variables. The independent 
group t test or Mann–Whitney U was used to compare continuous 
variables between groups. Chi-square or Fisher's exact test was used 
to compare categorical variables. p < 0.05 was considered statistically 
significant. The receiver-operating characteristic curve was used to 
evaluate the diagnostic performance of predictors of significant liver 
inflammation. The area under the receiver-operating characteristic 
curve (AUROC) and the 95% confidence interval (CI) of AUROC were 
calculated. If AUROC > 0.7, it indicated that the index has certain di-
agnostic value and can be used for clinical reference. All data analyses 
were performed using SPSS version 22.0 software (SPSS Inc.).

3  |  RESULTS

3.1  |  Baseline characteristics of two groups

In this study, 76 SOS patients were selected from 200 patients 
with liver injury. After the exclusion of six patients (5 patients were 
treated with HSCT and 1 patient had taken oxaliplatin), 70 patients 
were eventually diagnosed as PA-HSOS (Figure 1).

Based on the PA-HSOS diagnostic criteria and the Child-
Turcotte-Pugh scoring system, the enrolled 70 patients were divided 
into two groups. The favorable prognosis group contained 17 cases 
of grade A (5–6 points) and 22 cases of grade B (7–9 points), and 
the poor prognosis group had 31 cases of grade C (Table 2). There 
were 33 men and 6 women in the favorable prognosis group with an 
average age of 61.77 ± 8.74 years, while the other group had 22 men 
and 9 women with an average age of 61.23 ± 10.42 years (Table 3).

3.2  |  Clinical manifestations and laboratory data

The clinical data of the enrolled patients at the initial stage of onset 
were collected and summarized as follows: hepatic hemangioma 
(3/70), type 2 diabetes (10/70), hypertension (8/70), rheumatoid 
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arthritis (1/70), cholecystolithiasis (10/70), renal insufficiency (4/70), 
coronary atherosclerotic heart disease (2/70), gouty liver cyst (3/70), 
renal cyst (4/70), chronic cholecystitis (5/70), rectal polyps (1/70), 
and thyroid nodules (1/70). In addition to the common jaundice and 
ascites, other clinical manifestations are shown in Table 4.

3.3  |  Comparison of PCT levels in the two groups

As shown in Table 5, we compared the PCT levels of the two groups 
and analyzed the PCT with Wilson correlation index. The result 
showed that OR = 0.489.

Groups CTP scores Score HE ASCITES TBIL ALB PT

Favorable prognosis Grade A
(5–6 points)
n = 17

1 17 10 8 6 12

2 0 7 6 12 7

3 0 0 3 1 0

Grade B
(7–9 points)
n = 22

1 22 16 13 12 10

2 0 5 7 9 2

3 0 1 2 1 10

Poor prognosis Grade C
(≥10 points)
n = 31

1 29 23 26 20 30

2 2 8 5 11 1

3 0 4 11 5 11

TA B L E  2 Child-Turcotte-Pugh 
scores of the two groups at the end of 
hospitalization

Parameters

Groups

p-ValuePoor prognosis Favorable prognosis

SEX (M/F) 22/9 33/6 0.167

AGE (years old) 61.23 ± 10.42 61.77 ± 8.74 0.813

WBC (109/L) 8.21 ± 5.28 5.97 ± 2.19 0.033

NE (109/L) 5.84 ± 4.77 3.82 ± 1.73 0.031

PLT (1012/L) 368 ± 59.68 310 ± 47.42 0.026

ALT (U/L) 54.10 (24.10,146.30) 47.80 (26.90,126.20) 0.175

AST (U/L) 134.10 ± 153.30 148.87 ± 152.50 0.689

TBIL (umol/L) 56.10 (36.40,82.20) 35.80 (24.30,50.30) 0.012

PT (second) 17.82 ± 9.61 16.71 ± 7.70 0.595

PTA 57.60 ± 21.88 59.40 ± 19.65 0.718

HCT 41.97 ± 8.40 42.28 ± 6.36 0.862

ALB (g/L) 32.12 ± 5.54 33.76 ± 5.03 0.199

INR 1.80 ± 2.45 2.18 ± 2.99 0.634

D-Dimer (mg/L) 1.78 ± 1.49 3.76 ± 2.35 0.002

TA B L E  3 Laboratory findings of 
the two groups at the beginning of 
hospitalization

Parameters

Groups

p-Value
Favorable prognosis 
(n = 39)

Poor prognosis 
(n = 31)

Fatigue 32 29 0.153

Nausea 17 19 0.141

Diarrhea 10 15 0.049

Abdominal pain 22 25 0.032

Abdominal distension 26 31 0.000

Abdominal circumference (cm) 99.3 ± 10.24 110 + 22.34 0.011

Urine volume (ml) 1500 ± 240 1000 ± 330 0.000

Edema of lower limbs 32 31 0.013

Skin ecchymosis 22 29 0.001

TA B L E  4 Clinical symptoms of the two 
groups at the beginning of hospitalization
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3.4  |  PCT for predicting poor prognosis

The ROC curve of PCT was constructed by taking the poor prog-
nosis group as the study group and the favorable prognosis group 
as the control group. The analysis of ROC curve showed that the 
area under the ROC curve of PCT for poor prognosis of HSOS 
was 0.781, and the yoden index was 0.472. When the PCT value 
was 0.135, the diagnostic value for the poor prognosis of HSOS 
patients reached the maximum, and the sensitivity and specific-
ity at this time were 67.7% and 79.5%, respectively (as shown in 
Figure 2).

4  |  DISCUSSION

Hepatic sinusoidal obstruction syndrome (HSOS), also known as 
hepatic veno-occlusive disease (HVOD), has gradually attracted 
the attention of researchers.23–26 The clinical manifestations of 
HSOS are typically the classic triad of weight gain, painful he-
patomegaly, and jaundice. HSOS usually occurs in patients who 
have received cytoreductive therapy prior to HSCT or oxaliplatin-
containing chemotherapy for colorectal cancer.9,25–27 In China, 
the primary cause of HSOS is the intake of herbals containing 
PA.20,28,29 It has been reported that the mortality of PAs-induced 
HSOS ranges from 16% to 40%,30–33 and the common cause of 
death is liver failure.22,24 Previous studies aimed to find some use-
ful indicators to predict the poor prognosis of HSOS, such as total 
bilirubin, aspartate aminotransferase, and blood pyrrole-protein 
adducts (PPA) concentration. In this study, 70 patients were 

separated into two groups according to CPT scores, and WBC, NE, 
ALT, AST, TBIL, ALB, PT INR, D-Dimer, and PCT were analyzed in 
each group. We found that PCT levels were significantly different 
in the two groups and speculated that it has the potential to be a 
prognostic indicator of HSOS.

Platelets are cytoplasmic fragments of megakaryocytes that play 
a role in inflammation and hemostasis. Platelet hematocrit (PCT) is 
the product of mean platelet volume (MPV) and platelet count (PLT), 
and its role in liver disease remains unclear. Many studies have found 
that platelet index is related to thrombotic diseases, infections, ma-
lignancies, inflammatory diseases, and trauma.26 At present, it has 
been reported that PCT can be used as a potential prognostic marker 
for patients with liver fibrosis and deterioration of liver failure.34,35 
Based on data analysis, we found that higher PCT levels were as-
sociated with poor prognosis in PA-HSOS patients (p < 0.01). The 
AUC of PCT predicting poor prognosis of HSOS was 0.781, and the 
sensitivity and specificity were 67.7% and 79.5%, respectively, indi-
cating the importance of PCT in assessing the prognosis of HSOS. 
Moreover, PCT is one of the routine blood examination items with 
low price and convenient detection and can also be standardized in 
rural hospitals.

There are still some limitations in this study. On the one hand, it 
was a retrospective study with a smaller sample size. On the other 
hand, some patients in this study were combined with infection, 
which may have an impact on the results.

To sum up, bilirubin level and refractory ascites are still the 
main indicators for evaluating the prognosis of HSOS. This study 
confirmed that PCT is related to the prognosis of HSOS and may 
have certain reference value for prognostic evaluation. For regions 
with relatively poor medical conditions, the price of PCT testing is 
relatively advantageous. Currently, HSOS still faces many problems 
and challenges and more large-scale prospective studies are also 
needed to verify the importance of PCT in the assessment of HSOS 
prognosis.
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