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Novel method for assessing sinusoidal obstruction syndrome
using four-dimensional computed tomography
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Abstract

Introduction: To diagnose sinusoidal obstruction syndrome/veno-occlusive disease

(SOS/VOD), transabdominal ultrasonography is usually used to detect hemodynamic

changes, but we tried to detect the changes using four-dimensional computed

tomography (4D-CT). A 42-year-old Japanese woman was diagnosed with late-

onset SOS/VOD with transabdominal ultrasonography and was also assessed using

4D-CT.MethodWeanalyzed the portal vein (PV) contrast effect every 1.5 seconds and

plotted the values of the contrast effect. With this graph, we analyzed three hemody-

namic parameters.

Result: We found that these parameters correlated with the patient’s status and

indicated stasis due to sinusoid constriction.

Conclusion: 4D-CT may become a helpful tool to diagnose and follow up with

SOS/VOD.
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1 INTRODUCTION

Sinusoidal obstruction syndrome (SOS), also known as hepatic

veno-occlusive disease (VOD), is a life-threatening complication

of hematopoietic stem cell transplantation (HSCT) [1]. SOS/VOD

usually develops within 3 weeks after HSCT, although in 15–

20% it can occur later [2]. SOS/VOD is believed to cause injury

to microvascular and endothelial cells hence, causing obstruc-

tion of the sinusoid [3]. Its diagnosis is often based on clinical

criterion scoring systems such as the Baltimore and Seattle

criteria.
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Although the detection of hemodynamic changes in SOS/VOD is

well known, it has long been considered unnecessary to diagnose

SOS/VOD. In 2016, the new European Society for Blood and Mar-

row Transplantation (EBMT) criteria for the diagnosis of SOS/VOD in

adultswere reported. According to the newEBMTcriteria, a late-onset

SOS/VOD diagnosis requires hemodynamic and/or ultrasonographic

evidence. Some studies have reported that transabdominal ultra-

sonography (US) is a useful tool for detecting blood flow abnormalities

in SOS/VOD [4–6]. Nishida et al. reported that the Hok-US criteria

using US had very high sensitivity and specificity although diag-

nosis is dependent on the skills of the operator [7]. Some studies
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F IGURE 1 (A) Paraumbilical vein (arrow). (B) Gallbladder wall thickening (arrow). (C) Increased portal vein (PV) diameter (12.8mm). (D)
Hepatomegaly (left lobe vertical diameter, 70.8mm). (E) The value of the contrast effect at the portal vein scan every 1.5 s.

have shown the efficacy of other imaging modalities, such as mag-

netic resonance imaging (MRI), computed tomography (CT), and

18F-fluorodeoxyglucose (FDG) positron emission tomography CT

(PET/CT), in detecting hemodynamic changes.

Recently, four-dimensional CT (4D-CT) has been shown to detect

blood flow abnormalities in cardiovascular and cerebrovascular dis-

eases. Hepatic diseases such as cirrhosis have also been reported.

Herein,we report thedetectionof blood flowabnormalities in a patient

with SOS/VOD by using 4D-CT.

1.1 Case presentation

A 42-years-old Japanese woman with cerebral arteriovenous mal-

formation was referred to our hospital because of pancytopenia in

2020 and was diagnosed with B lymphoblastic leukemia with t(9;22)

(q34.1;q11.2); BCR::ABL. She achieved complete remission (CR) after

multiple chemotherapy sessions, followed by allogeneic HSCT (allo-

HSCT) using a myeloablative regimen from an unrelated donor. After

the first HSCT, she experienced a first relapse 127 days later although

she received ponatinib (15 mg on day 32). She was then treated with

blinatumomab after the recurrence, achieved second molecular CR,

and underwent cord blood transplantation (CBT). However, she expe-

rienced a second relapse on day 138 again from the second HSCT, was

treatedwith inotuzumabozogamicin (0.5mg/sqm), and finally achieved

a thirdmolecular CR.

On day 206 from the second HSCT, she presented to the hospital

with right upper extremity pain. Upon admission, blood test results

were as follows: WBC 3500/µL, Hb 10.4 g/dL, Plt 4.1×104/µL, T-Bil
2.6 mg/dL, AST 385 U/L, ALT 375 U/L, LDH 702 U/L, ALP 824 U/L and

γGT642U/L. No evidence of viremia or other infections was observed.

The patient alsomaintained a completemolecular response in ALL.

The patient was diagnosed with late-onset SOS based on the diag-

nostic criteria for adult SOS using EBMT (body weight gain [> 5%],

ascites, right upper lobe pain, and evidence of hemodynamics). Ultra-

sound taken scored more than five points in the Hokkaido US-based

scoring system (HokUS-10), namely; hepatic right lobe vertical diam-

eter, gallbladder wall thickening, portal vein (PV) diameter, amount of

ascites, and portal vein mean velocity. On the same day, the patient

also underwent 4D-CT. A 320-row CT system (Aquilion ONE; Canon

Medical Systems) was used after intravenous injection of iopromide

(Iopromide; BAYEL) at 600mI/kg. Each scan was acquired during quiet

free breathing. First, we assessed the 4D-CT scan similar to the

HoKUS-10.

CT revealed hepatomegaly, gallbladder wall thickening, and

increased PV diameter like the US findings (Figure 1A–D). Moreover,
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F IGURE 2 Clinical course of this patient.

the paraumbilical vein (PUV) was detected on 4D-CT, but not on US.

To assess the hemodynamics of the liver, we started the value of the

contrast effect at the PV scan every 1.5 s from when 200 Hounsfield

units (HU) were achieved in the aorta (Figure 1E).

Defibrotide (25 mg/kg) was administered every 6 h since the day

of admission. On day 14 from the initiation of defibrotide, the total

bilirubin level gradually decreased and the patient had better phys-

ical symptoms. The patient underwent 4D-CT and US on days 0,

20, and 56 after initiation of defibrotide, with three 4D-CT imag-

ing tests. Each of the three times, we administered the same amount

of the contrast agent. The HokUS-10 scores on the abdominal US

did not change during the hospital stay. With the 4D-CT appearance,

the value of each item was evaluated. Only the thickened gallblad-

der wall improved while the other positive scores did not change.

The patient was finally discharged from the hospital, with noted

molecular CR.

2 DISCUSSION

To the best of our knowledge, this is the first study to assess SOS/VOD

using 4D-CT. With 4D-CT, we can detect hemodynamic changes in

SOS/VOD and monitor their improvement. Current evidence sup-

ports the need for ultrasonography because of its ability to detect

abnormalities in blood flow.

Recently, Some studies have reported that quantitative digital

subtraction angiography (DSA) is an efficient method for assessing

cerebral hemodynamics using an agent to detect stasis [8]. They plot-

ted the values of the contrast agent and analyzed some hemodynamic

parameters. Lin et al. proposed a stasis index for cerebral hemody-

namic analysis using the plotted graph [9]. This index is defined as the

inflow gradient divided by the absolute value of the outflow gradient. A

decreased absolute outflowgradient suggests hemodynamic stasis and

the stasis index may indicate pressure on the assessed vein. We apply

the assessing technique of the stasis into 4D-CT to detect the stasis.

Recently, 4D-CT has been used to visualize the flow dynamics of the

portal circulation [10]. This visualizes the flow dynamics less invasively

than DSA. To detect hemodynamic changes using 4D-CT, we analyzed

the main PV contrast effect every 1.5 s and plotted the values of the

contrast effect (Figure 1E). We analyzed three hemodynamic param-

eters, the inflow gradient, the absolute value of the outflow gradient,

and the stasis index.

Essentially, also evaluated the inflow gradient and the absolute

value of the outflow gradient, which indicated vascular resistance at

that site. Anatomically, the portal vein flows through the Glisson area

to the sinusoid area. Therefore, we believe that the absolute value of

the outflow gradient provides more information about stasis due to

sinusoid constriction. We identified day 10 as the patient’s most criti-

cal clinical day (Figure 2). On day 20, the patient’s clinical conditionwas

improving, as indicated by AST/ALT and CBC levels, although her total

bilirubin remained elevated. This discrepancy in results is the reason

for the controversy between the absolute value of the outflowgradient

and the value of the inflow gradient (Table 1 and Figure 2).

Therefore, to assess the stasis index to indicate the hemody-

namic change, we also use the application ‘Vitrea’ produced by

Canon. This application is a noninvasive post-processing software that
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F IGURE 3 (A, B) Artery (A) and portal vein (PV) (B) perfusionmaps calculated by Vitrea (Day0, 20, and 56).

TABLE 1 Hepatic hemodynamic parameters with
four-dimensional computed tomography (4D-CT).

Day0 Day20 Day56

Inflow gradient 21.156 23.431 16.191

Absolute value of outflow

gradient

10.943 15.282 15.068

Stasis index 1.93 1.53 1.07

calculates perfusion characteristics fromdynamicCT image data. After

input and reference points are identified, the Vitrea software calcu-

lates the arterial flow and portal flow and makes perfusion maps.

We measured the flow at 4 points (A: left globe lateral segment,

B: left globe medial segment, C: right globe anterior segment, D:

right globe posterior segment). We got the same trend with PV flow

as the stasis index (Figure 3B). The whole liver perfusion images

get brighter as the flow gets faster (Figure 3A). In this application,

we can also assess the hepatic artery flow, and tend to get better

(Table 2).

We also assessed the Hok-US parameters with AUS and 4D-

CT. Compared with Hok-US by transabdominal US, the PUV

could be detected using CT although it cannot be detected using

US.

Contrast-enhanced CT is a good way to detect collateral veins

because of its reproducibility [11]. And, 4D-CT can measure ascites,

hepatic volume, and collateral circulation more objectively and pre-

cisely, thereby improving clinical conditions. In this case, theHokUS-10

score did not improve, contradicting the laboratory data. Gallbladder

wall thickness improved and correlated with laboratory data such as

total bilirubin and sinusoid obstruction. The reasons for no improve-

ment in the score with AUS may include hepatomegaly, small ascites,

and no change in the PVmean velocity.

It is now believed that the ability to detect abnormalities in blood

flow using US is superior to other modalities. But, there are some

demerits with US. First, the result is very subjective and relies on the

operator’s skill. Second, thedifficulty of detection alsodependsoneach

patient’s obesity or morphology.

This study has some limitations. First, preparation of a 4D-

CT scanner. The problem is whether the hospital had it. Second,

although CT is less invasive, it poses risks for radiation exposure

and contrast agent allergies. Such contrast agents could not also be

administered especially for patients with severe renal failure. Third,

patients must hold their breath for 40 seconds during the CT scan,

which may be difficult for some patients. And how we determine

the amount of contrast is controversial. Patients with SOS/VOD

tend to gain weight, but their blood flow is thought to remain

the same.

Hence, 4D-CT was used in only one case. Further studies are

required to validate the effectiveness of 4D-CT in diagnosing

SOS/VOD.
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TABLE 2 Flow rate (mL/min/100mL) calculated by Vitrea on 4 points. (A) Left globe lateral segment, (B) Left globemedial segment, (C) Right
globe anterior segment, and (D) Right globe posterior segment.

Day0 Day20 Day56

Artery flow PV flow Artery flow PV flow Artery flow PV flow

A 162.2± 23.2 35.9± 19.9 137.8± 19.9 40.2± 17.1 239.1 ± 34.1 41.6± 16.7

B 146.5± 21.5 33.2± 16.8 134.8± 14.2 36.3± 11.8 204.5 ± 25.0 38.7± 10.8

C 182.7± 27.7 34.4± 24.1 135.1± 11.8 44.7± 11.7 212.9 ± 25.1 46.2± 16.6

D 183.1± 34.8 35.8± 18.2 158.0± 45.9 36.6± 13.2 21.8 ± 38.3 42.2± 17.1
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