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Quantitative Analysis of Ct Images 
in patients with pyrrolizidine 
Alkaloid-Induced sinusoidal 
obstruction syndrome
Chao Wang1, Xingwang Wu2, Wentao Xie3, Xiaofei Ren1, Weiping Zhang1 & Jianming Xu1

this study evaluated hepatic lesion volumes on contrast-enhanced computed tomography (Ct) 
images in patients with pyrrolizidine alkaloid-induced sinusoidal obstruction syndrome (pA-sos) and 
the association of lesion volume with the clinical severity and prognosis of the disease. Twenty-five 
patients with pA-sos were included in this study, and all patients were subjected to a complete Ct 
imaging series. the imaging results were quantitatively analyzed by a threshold-based region growing 
algorithm. the liver volumes and hepatic lesion volumes of the patients were estimated. Based on 
clinical presentations, PA-SOS was classified into three categories: mild, moderate and severe. The 
associations of hepatic lesion volumes with liver function test parameters and the clinical severity 
and prognosis of the disease were analyzed. Based on estimations using the threshold-based region 
growing algorithm, hepatic lesion volumes in patients with mild PA-SOS were significantly lower than 
those in patients with moderate and severe pA-sos (p < 0.05). The ratio of hepatic lesion volume to 
liver volume (Ratio) varied based on alanine aminotransferase (ALt), aspartate aminotransferase (Ast) 
and serum total bilirubine levels; clinical severity; and disease prognosis, and the differences were 
statistically significant (P < 0.05). In conclusion, the threshold-based region growing algorithm can be 
employed to quantitatively analyze enhanced Ct images of pA-sos patients. And the ratio of hepatic 
lesion volume to liver volume in patients with pA-sos is associated with a more serious clinical course 
and a poorer outcome.

Sinusoidal obstruction syndrome (SOS), also known as veno-occlusive disease (VOD), is a potentially 
life-threatening disease. It is clinically characterized by hepatomegaly, ascites and jaundice due to damage to 
sinusoidal endothelial cells and congestion of the hepatic sinusoids1,2. One of the major etiologies of SOS is 
the intake of pyrrolizidine alkaloid (PA)-containing products, such as Gynura segetum (Tusanqi), a traditional 
Chinese herbal medicine3–5. The clinical presentations of PA-SOS are nonspecific, but characteristic changes of 
sinusoidal dilation and congestion can be observed in the liver biopsies of patients with the disease2,4–6. The 
diagnosis of PA-induced SOS (PA-SOS) mostly depends on computed tomography (CT) imaging and a history 
of PA consumption7 because liver biopsy is invasive and cannot be performed in patients with extensive ascites. 
Furthermore, several studies have shown that the grade of hepatic changes in patients with SOS, which is deter-
mined according to heterogeneous hypoattenuation areas on enhanced CT images, is associated with the clinical 
severity of the disease8,9. However, the methods used to classify the severity of the disease based on imaging find-
ings mainly include visual assessment and lack objective and quantitative parameters. Thus, a method to quanti-
tatively measure hepatic lesions in patients with SOS is necessary. A threshold-based region growing algorithm 
can be applied to quantitatively analyze CT images10,11. Therefore, the objectives of this study were to establish a 
method for quantitative measurement of hepatic lesion volumes on CT images and to investigate the relationship 
between the measurements and the clinical severity and prognosis of the disease.
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Results
the measurements based on the threshold-based region growing algorithm and the character-
istics of the patients. Table 1 summarizes the liver volume, hepatic lesion volume, and the ratio of the two 
volumes (Ratio) obtained by the threshold-based region growing algorithm during the initial CT examinations. 
The average liver volume in the group of patients with PA-SOS was 1.727 ± 0.398 L. Heterogeneous low-density 
areas (ROI lesion) were present on the CT images of 25 patients with PA-SOS, and the volume of the areas was 
1.015 ± 0.355 L. In addition, the clinical features of these patients and laboratory test results were also evaluated 
(Table 2). Ascites was the most common feature in PA-SOS, while hepatomegaly and jaundice were evident in 
most patients. Liver function tests during the same period showed that biomarkers of liver damage (ALT and 
AST) and cholestasis (ALP and γ-GT) and serum total bilirubin exceeded the upper limits of their respective 
normal ranges, while erythrocyte, leukocyte and platelet counts were within normal ranges, as was creatinine 
(Cr) in kidney function tests.

Relationship between quantitative measurements and clinical severity in patients with 
pA-sos. The ROI lesion volumes were compared and correlated with clinical severity. The volume of the 
ROI lesion was significantly lower in patients with mild PA-SOS than it was in patients with moderate and severe 
PA-SOS (P < 0.05). Additionally, the Ratio varied according to the clinical severity of the disease, and the differ-
ence was statistically significant (P < 0.05) (Table 3).

In addition, liver functional test parameters were also compared with the severity of the disease. The results 
showed that the alanine aminotransferase (ALT), aspartate aminotransferase (AST) and serum total bilirubin 
levels varied according to the severity of the disease (Table 4).

The correlations between the Ratio and the ALT, AST and serum total bilirubin levels were determined by 
the Pearson correlation test. Significant associations were observed between the Ratio and ALT level (ρ = 0.400, 
P < 0.05), AST level (ρ = 0.519, P < 0.05) and serum total bilirubin level (ρ = 0.543, P < 0.05).

Relationships between quantitative measurements and the prognosis of patients with 
pA-sos. According to the follow-up results for the patients with PA-SOS, six patients recovered, nine patients 
had cirrhosis, and six patients died. Compared with the CT imaging measurements, the Ratio was associated with 
the incidence of death or cirrhosis (P < 0.05, Table 5).

Patient Sex Age (y) ROI liver (L) ROI lesion (L) Ratio

Case 1 F 69 1.306 0.833 0.6378

Case 2 F 44 1.166 0.498 0.4271

Case 3 M 74 1.342 0.949 0.7072

Case 4 F 70 1.289 0.956 0.7417

Case 5 F 80 2.018 0.798 0.3835

Case 6 F 58 1.921 1.426 0.7423

Case 7 F 59 1.545 0.538 0.3482

Case 8 M 71 2.069 1.453 0.7023

Case 9 M 50 2.136 1.300 0.6086

Case 10 F 43 1.950 0.999 0.5123

Case 11 F 66 1.857 0.739 0.3980

Case 12 F 67 1.032 0.671 0.6502

Case 13 M 42 1.584 1.015 0.6408

Case 14 M 73 1.413 0.762 0.5393

Case 15 M 74 2.200 1.412 0.6418

Case 16 M 65 1.850 1.295 0.7000

Case 17 M 47 1.808 1.518 0.8396

Case 18 F 66 1.389 1.021 0.7351

Case 19 M 49 2.335 1.650 0.7066

Case 20 M 29 2.617 1.476 0.5640

Case 21 F 62 1.769 1.052 0.5947

Case 22 M 66 1.722 1.242 0.7213

Case 23 F 70 1.976 0.545 0.2758

Case 24 M 71 1.281 0.767 0.5988

Case 25 F 62 1.534 0.465 0.3031

Average 61.08 ± 12.70 1.727 ± 0.398 1.015 ± 0.355 0.5888 ± 0.1535

Table 1. Summary of Patients with PA-SOS and Measurements.
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Clinical manifestation

Patients with PA-SOS

n/N (%)

hepatomegaly 18/25 (72.00%)

ascites 25/25 (100%)

jaundice 16/25 (64%)

Laboratory tests* Mean ± SD

erythrocytes 4.61 ± 0.49

HGB 135.92 ± 16.16

leukocytes 5.94 ± 1.63

PLT 95.52 ± 37.07

ALT 103.56 ± 123.27

AST 155.56 ± 166.00

ALP 153.04 ± 67.00

γ-GT 139.44 ± 95.24

total bilirubin 49.46 ± 33.29

albumin 34.02 ± 4.34

PT 17.28 ± 3.42

INR 1.45 ± 0.34

Cr 83.68 ± 37.72

BUN 7.57 ± 3.91

Table 2. Clinical Manifestations of the Patients and Laboratory Test Results. *Normal ranges for the laboratory 
test results: erythrocytes: 3.0–5.5 × 1012/L, hemoglobin: 110–160 g/L, leukocytes: 4–10 × 109/L, platelets: 100–
300 × 109/L, alanine aminotransferase (ALT): 5–35 U/L, aspartate aminotransferase (AST): 8–40 U/L, alkaline 
phosphatase (ALP) 40–150 U/L, albumin: 35–55 g/L, total bilirubin: 5.1–19 μmol/L, γ-glutamyl-transferase 
(γ-GT) 7–32 U/L, prothrombin time (PT): 11–16 s, creatinine: 44–106 μmol/L, blood urea nitrogen (BUN): 
1.8–7.1 mmol/L.

Mild (n = 6) Moderate (n = 10) Severe (n = 9) F value P value

ROI liver (L) 1.824 ± 0.232 1.743 ± 0.552 1.645 ± 0.289 0.357 >0.05

ROI lesion (L) 0.681 ± 0.202 1.067 ± 0.381 1.015 ± 0.355 4.986 <0.05*

Ratio 0.3701 ± 0.0837 0.6070 ± 0.0742 0.7143 ± 0.0781 35.638 <0.05

Table 3. Comparison of Liver Volumes, Hepatic Lesion Volumes and Ratios with Clinical Severity in Patients 
of PA-SOS. *The volume of ROI lesion in patients with mild PA-SOS was significantly lower than that in patients 
with moderate and severe PA-SOS.

Mild (n = 6) Moderate (n = 10) Severe (n = 9) F value P value

ALT (U/L) 42.50 ± 33.71 58.20 ± 35.98 194.67 ± 169.44 5.239 <0.05

AST (U/L) 58.33 ± 35.86 91.40 ± 47.01 291.67 ± 215.17 7.337 <0.05

ALP (U/L) 124.17 ± 31.13 165.40 ± 93.10 158.56 ± 47.51 0.742 >0.05

γ-GT (U/L) 92.33 ± 38.91 160.50 ± 135.75 147.44 ± 56.93 1.011 >0.05

Total bilirubin (μmol/L) 19.93 ± 10.54 43.23 ± 14.49 76.06 ± 38.98 9.033 <0.05

Albumin (g/L) 34.35 ± 5.45 34.52 ± 3.44 33.23 ± 4.84 0.217 >0.05

Table 4. Comparison of the Parameter of Liver Functional Test with Clinical Severity in Patients of PA-SOS.

Recovery (n = 10) Cirrhosis (n = 9) Death (n = 6) F value P value

ROI liver (L) 1.938 ± 0.403 1.558 ± 0.364 1.629 ± 0.322 2.738 >0.05

ROI lesion (L) 0.939 ± 0.428 1.006 ± 0.300 1.156 ± 0.309 0.683 >0.05

Ratio 0.4732 ± 0.1512 0.6398 ± 0.0322 0.7050 ± 0.0969 8.000 <0.05

Table 5. Comparison of Liver Volumes, Hepatic Lesion Volumes and Ratios with Clinical Outcomes in Patients 
with PA-SOS.
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Discussion
SOS is mostly observed after hematopoietic stem cell transplantation (HSCT) and is associated with risk factors 
such as high intensity of the conditioning regimen2,12,13. SOS induced by PA-containing herbal medicine has 
been increasingly reported in recent years. Ge Lin et al. reported that more than 8,000 cases of PA-SOS had been 
documented worldwide by 2011, at least 51 of which were attributed to Gynura segetum (Tusanqi) intake4. The 
diagnosis of the disease depends mostly on the Seattle criteria and Baltimore criteria14,15, which are more appli-
cable for the diagnosis of HSCT-related SOS. However, the diagnosis of PA-SOS should consider the intake of 
PA-containing products and typical CT imaging findings7. Patchy enhancement and heterogeneous hypoattenu-
ation are the most informative features on contrast CT images. One study reported a sensitivity of 92.96% and a 
specificity of 92.79% for patchy enhancement and a sensitivity of 100% and a specificity of 95.05% for heterogene-
ous hypoattenuation, illustrating diagnostic efficacy compared with the Seattle criteria8. This finding suggests that 
CT imaging is important for the diagnosis of PA-SOS. However, several studies have reported that heterogeneous 
hypointensity was also found on most magnetic resonance imaging (MRI) images of patients with PA-SOS9,16. 
Unfortunately, only a small proportion of the enrolled patients received MRI examinations. Therefore, the MRI 
images of the patients with PA-SOS were not evaluated in this study.

Furthermore, the grade of hepatic lesions on CT imaging and clinical severity have been reported to be cor-
related. Xuefeng Kan et al. reported that heterogeneous hypoattenuation was obviously related to the incidence 
and severity of PA-SOS8, while Hua Zhou et al. found that the grade of hepatic lesions in patients with PA-SOS 
was correlated with clinical severity9. Additionally, in another study, heterogeneous hypointensity was also found 
on most MRI images of patients with PA-SOS and was significantly associated with ALT (ρ = 0.409, P = 0.02) 
and AST levels (ρ = 0.509, P = 0.003)16. However, the extent of heterogeneous hypoattenuation on CT images or 
heterogeneous hypointensity on MRI images was visually assessed and lacked objective and quantitative indica-
tors. A threshold-based region growing algorithm can be used to extract ROIs such that ROI volumes in PA-SOS 
patients can be calculated. An advantage of this study is that the areas of hepatic lesions on contrast CT images 
of patients with PA-SOS can be quantitatively analyzed by the threshold-based region growing algorithm. Then, 
the measurements were compared and correlated with liver function test parameters, clinical severity and disease 
prognosis. The ROI lesion volumes in patients with mild disease were significantly lower than those in patients 
with moderate or severe disease. Furthermore, a significant difference between the Ratio and clinical severity was 
identified based on the CT images of patients with PA-SOS. Greater clinical severity corresponded to a higher 
Ratio. Simultaneously, liver function test results were compared and correlated with clinical severity in patients 
with PA-SOS. The results showed significant associations between clinical severity and ALT and AST levels, which 
is consistent with the findings in a previous study. However, in our study, we found that the serum total biliru-
bin level also varied according to the severity of the disease. We also determined the correlations between the 
Ratio and the ALT, AST and serum total bilirubin levels and found that these levels were significantly associated 
with the Ratio. Another finding in our study was a significant difference between the Ratio and clinical out-
comes, suggesting that quantitative measurement of ROI lesion volumes in patients with PA-SOS by using the 
threshold-based region growing algorithm can be used to predict their prognoses.

Quantitatively measuring the extent of hepatic lesions in patients with PA-SOS may assist in assessing the 
severity of the disease and developing intervention strategies. Because their clinical severities and clinical inter-
ventions varied, the patients with SOS had significantly different outcomes. Nelson Chao reported that patients 
with mild SOS have a tendency to recover by themselves, while patients with moderate and severe SOS may die 
or progress to cirrhosis17. It has also been suggested that SOS treatment be modulated according to the severity of 
the disease. Defibrotide has been considered the only effective treatment for the disease. Paul G. Richardson et al. 
reported that patients with SOS treated with defibrotide experienced significant improvements in their 100-day 
survival and remission rates18. However, due to cost and other factors, the strategy cannot be universally applied 
and is used only in patients with severe disease and in the early stages of the disease. Moreover, quantitative anal-
ysis of CT images can lead to preliminary indications of disease severity, which may facilitate treatment during 
the clinical course of the disease.

A limitation of the study may be that pathological evidence was not available due to ascites and coagulation 
disorders in the patients with PA-SOS. Therefore, a quantitative histological analysis could not be performed. 
However, the obstructed areas manifested as heterogeneous hypoattenuation or heterogeneous low-density areas 
because of the delay in the uptake and obstruction of the contrast agent. Thus, hepatic lesion areas could be 
detected on CT images. Nevertheless, more research should be performed to correlate histological changes with 
CT imaging findings.

Another limitation of the study may be the relatively small number of subjects. However, our work was 
focused on establishing a novel method for estimating hepatic lesion volume and investigating its applicability 
to clinical practice. In particular, the method can provide objective CT imaging evidence for treatment during 
the clinical course and follow-up. Of course, the method must be tested and evaluated in a larger patient sample.

Conclusion
In summary, a threshold-based region growing algorithm can be employed to quantitatively analyze contrast CT 
images of patients with PA-SOS. A higher ratio of ROI lesion to ROI liver volumes on contrast CT images in patients 
with PA-SOS corresponds to greater clinical severity and a worse prognosis. Quantitative measurement of het-
erogeneous low-density areas and the ratio of ROI lesion to ROI liver volumes are highly reliable for assessing the 
severity and prognosis of PA-SOS.

Methods
All methods were carried out in accordance with relevant regulations and guidelines.
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patients. Fifty-five consecutive patients diagnosed with PA-SOS were admitted to our hospital between 
December 1, 2009, and July 31, 2017. Patients with other liver diseases or incomplete clinical records and/or con-
trast CT examinations and patients who were lost to follow-up were excluded. Finally, 25 patients with PA-SOS, 
12 males and 13 females (age range, 29–80 years; mean age, 61.08 ± 12.70 years), were enrolled (Fig. 1).

The criteria for the diagnosis of PA-SOS were generally based on the Seattle and Baltimore clinical criteria with 
modifications7,19 including a history of PA-containing drug intake and fulfillment of three of the following five 
items: (1) abdominal distention, hepatomegaly and ascites; (2) an increased serum total bilirubin level; (3) liver 
biopsy revealing obstruction and extension of the hepatic sinusoids in zone 3 of the hepatic acinus; (4) typical 
findings on enhanced CT examinations; and (5) detection of pyrrole protein adducts in serum.

Furthermore, the severity of the disease based on the classification of the clinical course used for retrospective 
assessment was as follows12,20: (1) mild SOS, the disease may have been clinically obvious but was resolved after 
cessation of exposure or after receiving simple drug treatment; (2) moderate SOS, symptoms required supportive 
treatment, such as diuretics or pain medication; and (3) severe SOS, the disease required treatment but did not 
resolve after 100 days of treatment and was complicated with multiple organ dysfunction syndrome or led to 
mortality.

Patients with PA-SOS were followed up by one of the following three methods: outpatient visits, inpatient vis-
its or telephone calls. Follow-up evaluations were performed via outpatient visits for one patient, inpatient visits 
for 6 patients, and telephone calls for 18 patients. The patients were followed up every 3 to 6 months after dis-
charge from the hospital. The end point of the follow-up was the date of death or January 31, 2018; the follow-up 
time ranged from 4 to 65 months, and the average follow-up time was 30.68 ± 16.98 months. The clinical outcome 
was classified as follows: recovery, liver cirrhosis or death.

Imaging technique. All patients were examined by three-phase liver CT (64-multidetector CT scanner 
LightSpeed, GE Healthcare, Milwaukee, WI, USA) after an intravenous injection of contrast media (100 mL of 
Omnipaque, GE Healthcare Co. Ltd, China; 300 mgI/mL at a rate of 3.0 mL/s) at 25–30, 55–70 and 90–120 sec-
onds, respectively. Timing for arterial phase imaging was determined by using a bolus-tracking technique or a 
test-bolus injection technique. The scanning parameters were 120 kVp, 500 mA, 5-mm section thickness and 
1.375 pitch.

ROI definition. Patchy liver enhancement and heterogeneous hypoattenuation have been reported as the 
most typical manifestations of SOS on CT images. Because SOS causes sinusoid congestion and therefore delays 
contrast agent inflow, hepatic lesion areas appeared darker on contrast CT images and exhibited heterogeneous 
hypoattenuation or heterogeneous low density21. The imaging changes mentioned above were most obvious at 
the hepatic venous phase on contrast CT22. Therefore, CT images at the hepatic venous phase were analyzed for 
quantitative measurements. Regions of interest (ROIs) were defined for the hypoattenuation area, enhancement 
area and liver.

Liver extraction and measurement without denoising are difficult because the intensity distribution of the 
liver is irregular due to noise23. The anisotropic diffusion method can reduce the effect of noise while preserving 
the boundaries and fine details of organs and tissues on a CT image. The parameters of the anisotropic diffusion 
method were as follows: iterations = 4 and time step = 0.125. CT images of patients with PA-SOS were denoised 
through an anisotropic diffusion filter24 (Fig. 2).

threshold-based region growing method. The threshold-based region growing algorithm is an image 
segmentation method applied with region growing based on the Hounsfield unit (HU) of the ROI and can be 
used to extract the ROI24. To determine the ROI of the liver (ROI liver), the approximate range of the liver was 
first manually delineated, and the threshold of the ROI liver was then obtained by Analyze 12.0 software (Mayo 
Clinic College of Medicine, Rochester, Minnesota). Based on the threshold of the ROI liver, region growing was 
performed to extract the ROI liver, and then the ROI liver volume was calculated.

When employing the method to analyze the ROI of a lesion (ROIlesion), the threshold of the ROI of low-density 
areas (ROIlow density) and the ROI of the enhancement areas (ROIenhancement) were initially obtained. For the ROI low density, 

Figure 1. Flowchart for patient selection.
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the threshold was obtained as [a, b] HU, while for ROIenhancement, the threshold was [c, d] HU. Then, we adjusted the 
threshold of the ROIlow density as [a, (b + c)/2)] and defined it as ROIlesion. The ROIlesion was regionally segmented, and 
the lesion area was then automatically measured using a computer to obtain the volumes of hepatic lesions. We also 
calculated the ratio of ROIlesion volume to ROIliver volume (Ratio). The ROIliver and ROIlesion of patients with PA-SOS 
were extracted by the threshold-based region growing algorithm (Fig. 3).

statistical analysis. The statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, 
IL, USA). The volume measurements of the ROI liver, ROI lesion and Ratio were compared against clinical severity 
and patient outcomes and analyzed by one-way analysis of variance (ANOVA). An LSD test was used to compare 
intergroup variables. The volume measurement of the Ratio was correlated with liver function test parameters 
and analyzed with the Pearson correlation test. A P value less than 0.05 was considered to indicate a significant 
difference.

ethical approval and informed consent. Institutional Review Board approval was obtained by ethics 
committee of Anhui Medical University. Approval for this retrospective study was obtained from the ethics com-
mittee, and the requirement for informed consent was waived (approval number: 20170219).

Data Availability
The datasets generated and analyzed during the current study are available from the corresponding author on 
reasonable request.

Figure 2. (A) 49-year-old man was diagnosed with PA-SOS and underwent contrast-enhanced CT. CT images 
were denoised using the anisotropic diffusion method; (A) original and (B) denoised.

Figure 3. ROIs were extracted by the threshold-based region growing method (ROIliver, ROIlesion and 
ROIenhancement are represented by the green line, yellow line and red line, respectively): The volumes for (A) 
ROIliver and (B) ROIlesion were 2334821.84 mm3 (2.335 L) and 1650085.09 mm3 (1.650 L), respectively.

https://doi.org/10.1038/s41598-019-38669-6


www.nature.com/scientificreports/

7Scientific RepoRts |          (2019) 9:2179  | https://doi.org/10.1038/s41598-019-38669-6

References
 1. Mohty, M. et al. Sinusoidal obstruction syndrome/veno-occlusive disease: current situation and perspectives-a position statement 

from the European Society for Blood and Marrow Transplantation (EBMT). Bone Marrow Transpl 50, 781–789 (2015).
 2. Carreras, E. & Diazricart, M. The role of the endothelium in the short-term complications of hematopoietic SCT. Bone Marrow 

Transpl 46, 1495–1502 (2011).
 3. DeLeve, L. D., Shulman, H. M. & McDonald, G. B. Toxic injury to hepatic sinusoids: sinusoidal obstruction syndrome (veno-

occlusive disease). Semin Liver Dis 22, 27–42 (2002).
 4. Lin, G. et al. Hepatic sinusoidal obstruction syndrome associated with consumption of Gynura segetum. J. Hepatol 54, 666–673 

(2011).
 5. Gao, H., Li, N., Wang, J. Y., Zhang, S. C. & Lin, G. Definitive diagnosis of hepatic sinusoidal obstruction syndrome induced by 

pyrrolizidine alkaloids. J. Digest Dis 13, 33–39 (2015).
 6. Shao, H. et al. Computed tomography findings of hepatic veno-occlusive disease caused by Sedum aizoon with histopathological 

correlation. Braz J. Med Biol Res. 48, 1145–1150 (2015).
 7. Ji Yao, W. & Hong, G. Tusanqi and hepatic sinusoidal obstruction syndrome. J. Digest Dis. 15, 105–107 (2014).
 8. Kan, X. et al. Diagnostic performance of Contrast-enhanced CT in Pyrrolizidine Alkaloids-induced Hepatic Sinusoidal Obstructive 

Syndrome. Sci. Rep-Uk 6, 37998 (2016).
 9. Zhou, H., Wang, Y. X., Lou, H. Y., Xu, X. J. & Zhang, M. M. Hepatic sinusoidal obstruction syndrome caused by herbal medicine: CT 

and MRI features. Korean J. Radiol 15, 218–225 (1900).
 10. Mazonakis, M. & Damilakis, J. Computed tomography: What and how does it measure? Eur J. Radiol 85, 1499–1504 (2016).
 11. Nestle, U. et al. Comparison of different methods for delineation of 18F-FDG PET-positive tissue for target volume definition in 

radiotherapy of patients with non-Small cell lung cancer. J. Nucl Med. 46, 1342–1348 (2005).
 12. Dignan, F. L. et al. BCSH/BSBMT guideline: diagnosis and management of veno-occlusive disease (sinusoidal obstruction 

syndrome) following haematopoietic stem cell transplantation. Brit J. Haematol 163, 444–457 (2013).
 13. Fan, C. Q. & Crawford, J. M. Sinusoidal obstruction syndrome (hepatic veno-occlusive disease). J Clin Exp Hepatol 4, 332–346 

(2014).
 14. Mcdonald, G. B. et al. Veno-occlusive Disease of the Liver and Multiorgan Failure after Bone Marrow Transplantation: A Cohort 

Study of 355 Patients. Ann Intern Med. 118, 255–267 (1993).
 15. Jones, R. J. et al. Venoocclusive disease of the liver following bone marrow transplantation. Transplantation 44, 778–783 (1987).
 16. Li, X. et al. Magnetic Resonance Imaging Findings in Patients With Pyrrolizidine Alkaloid–Induced Hepatic Sinusoidal Obstruction 

Syndrome. Clin Gastroenterol H. 15, 955–957 (2017).
 17. Chao, N. How I treat sinusoidal obstruction syndrome. Blood 123, 4023–4026 (2014).
 18. Richardson, P. G. et al. Phase 3 trial of defibrotide for the treatment of severe veno-occlusive disease and multi-organ failure. Blood 

127, 1656–1665 (2016).
 19. Zhuge, Y. Z. et al. Clinical characteristics and treatment of pyrrolizidine alkaloid-related hepatic vein occlusive disease. Liver Int 38, 

1867–1874 (2018).
 20. DeLeve, L. D., Valla, D. & Garcia-Tsao, G. Vascular disorders of the liver. Hepatology 49, 1729–1764 (2009).
 21. Han, N. Y., Park, B. J., Kim, M. J., Sung, D. J. & Cho, S. B. Hepatic Parenchymal Heterogeneity on Contrast-enhanced CT Scans 

Following Oxaliplatin-based Chemotherapy: Natural History and Association with Clinical Evidence of Sinusoidal Obstruction 
Syndrome. Radiology 276, 766–774 (2015).

 22. Yang, S., Wu, J. & Lei, S. CT Features of Hepatic Veno-occlusive Disease: A Meta-analysis. Acad Radiol 25, 328–337 (2018).
 23. Lee, J. et al. Efficient liver segmentation using a level-set method with optimal detection of the initial liver boundary from level-set 

speed images. Comput Meth Prog Bio 88, 26–38 (2007).
 24. Yang, X. et al. A hybrid semi-automatic method for liver segmentation based on level-set methods using multiple seed points. 

Comput Meth Prog Bio. 113, 69–79 (2014).

Acknowledgements
This work was supported by the National Natural Science Foundation of China (no. 81370529 and no. 81700521).

Author Contributions
Jianming Xu and Chao Wang wrote the main manuscript text. Chao Wang and Xingwang Wu performed the 
study design, data retrieval. Wentao Xie, Xiaofei Ren and Weiping Zhang were equally contributing principal 
investigators. All authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-38669-6
http://creativecommons.org/licenses/by/4.0/

	Quantitative Analysis of CT Images in Patients with Pyrrolizidine Alkaloid-Induced Sinusoidal Obstruction Syndrome
	Results
	The measurements based on the threshold-based region growing algorithm and the characteristics of the patients. 
	Relationship between quantitative measurements and clinical severity in patients with PA-SOS. 
	Relationships between quantitative measurements and the prognosis of patients with PA-SOS. 

	Discussion
	Conclusion
	Methods
	Patients. 
	Imaging technique. 
	ROI definition. 
	Threshold-based region growing method. 
	Statistical analysis. 
	Ethical approval and informed consent. 

	Acknowledgements
	Figure 1 Flowchart for patient selection.
	Figure 2 (A) 49-year-old man was diagnosed with PA-SOS and underwent contrast-enhanced CT.
	Figure 3 ROIs were extracted by the threshold-based region growing method (ROIliver, ROIlesion and ROIenhancement are represented by the green line, yellow line and red line, respectively): The volumes for (A) ROIliver and (B) ROIlesion were 2334821.
	Table 1 Summary of Patients with PA-SOS and Measurements.
	Table 2 Clinical Manifestations of the Patients and Laboratory Test Results.
	Table 3 Comparison of Liver Volumes, Hepatic Lesion Volumes and Ratios with Clinical Severity in Patients of PA-SOS.
	Table 4 Comparison of the Parameter of Liver Functional Test with Clinical Severity in Patients of PA-SOS.
	Table 5 Comparison of Liver Volumes, Hepatic Lesion Volumes and Ratios with Clinical Outcomes in Patients with PA-SOS.




