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Abstract: Sinusoidal obstruction syndrome (SOS) is a rare complication after allogeneic hematopoietic
stem cell transplantation (alloHSCT) caused by endothelial dysfunction. Previous definitions and
diagnostic criteria for the presence of SOS include bilirubinemia, hepatomegaly and weight gain, but
histological evaluation is still the only way to prove the diagnosis of SOS. However, biopsy remains
an invasive technique and is therefore undesirable in the alloHSCT scenario. Hence, a non-invasive
diagnostic strategy is critical. Besides thorough clinical assessment and laboratory values, ultrasound
examination remains part of the diagnostic workflow in clinical routine. Previous studies defined
sonographic abnormalities, which are associated with the occurrence of SOS, but a standardized
protocol to perform reliable abdominal ultrasound has not been finally defined. In this study, we
evaluated a multi-parameter protocol including laboratory values as well as ultrasound examination
pre- and post-alloHSCT. The application of this protocol was feasible in clinical practice and achieved
a high inter- and intra-rater reliability. In our population, no case of SOS was identifiable and, in line
with previous studies, no changes known to be associated with SOS were detected by ultrasound
examination in our cohort. Additionally, we investigated subgroups of patients partly fulfilling SOS
diagnostic criteria analyzing correlations between the fulfilled criteria and aberrances in ultrasound
measurements pre- and post-alloHSCT. Although statistical examination may be limited by a small
sample size and missing SOS cases, hyperbilirubinemia, thrombocytopenia and weight gain showed
only a coincidence with selected, enlarged liver dimensions in few patients. This may underline the
fact that hepatomegaly occurs as an unspecific finding after alloHSCT. Our protocol, including the
ultrasound examination pre- and post-alloHSCT and laboratory parameters, may help to rule out
SOS early, but validation in a greater population and different transplantation centers is required
to warrant broader appliance. Nevertheless, we aim to contribute to an elaborate and standardized
work-flow in peri-alloHSCT patient care.

Keywords: SOS; VOD; alloHSCT; gray-scale ultrasound

1. Introduction

Hematopoietic allogeneic stem cell transplantation (alloHSCT) is a potentially curative
therapy for certain hematological diseases maintained by immunological control [1,2].
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However, survival of patients undergoing alloHSCT is strongly affected by their
comorbidities and organ function [3–5]. Besides relapse-related mortality, transplant-
related mortality (TRM) is a major concern [6]. TRM may be caused by allo-reactive T
cells leading to massive tissue damage (Graft-versus-Host disease) [7], infections [8,9] or
organ failure.

Veno-occlusive disease (VOD) or sinusoidal-obstructive-syndrome (SOS) is a rare but
potentially life-threatening complication [10–13] with mortality rates above 65% in severe
cases [14]. In SOS, occlusion of hepatic vessels is caused by the destruction of local en-
dothelial cells following the conditioning regimen’s toxicity [15]. Factors contributing to an
increased risk of SOS have been reviewed recently [16], but diagnosis remains challenging.
Among various diagnostic criteria proposed, the most commonly used parameters have
been known as the Seattle and Baltimore criteria [17,18], whereas newer studies define
modified diagnostic criteria [19]. Nonetheless, research groups like Carreras et al. ques-
tioned the reliability of these scores in the past as they seem to offer high specificity but
low sensitivity [20]. In response, revised diagnostic criteria have been described by the
European Society for Blood and Marrow Transplantation (EBMT) [21]. All these consider
hepatomegaly, weight gain and increase of serum bilirubin within the first 3 weeks after
transplant as diagnostic criteria.

Other clinical criteria potentially present in SOS are: Elevation of serum alanine amino-
transferase (ALT), thrombocytopenia and consumption of transfused platelets, esophageal
varices or signs of multi organ failure [22].

That background in mind, more accurate tools for diagnosis in clinical practice are
required. Measurement of the hepatic venous gradient pressure has been acknowledged for
its high diagnostic precision [23] but remains an invasive method. In contrast, ultrasound
imaging as a non-invasive, reliable and easily accessible method, is recommended to
exclude suspected SOS [24]. Pathological findings in abdominal ultrasound described to be
associated with the diagnosis of SOS include: gallbladder wall thickening, reversal of portal
vein blood flow, ascites, hepatomegaly as well as splenomegaly (as reviewed by Dignan
et al. [24]). One study investigating the value of gray scale and Doppler ultrasound in the
diagnosis of SOS attributed a high positive predictive value solely to a limited selection
of parameters (positive predictive value >80% only for identifiable ascites, visualization
or flow record of the paraumbilical vein, and main portal vein flow reversal) [25]. Among
these, only the flow recorded in the paraumbilical vein significantly correlated with the
severity grade of SOS [26]. More recent reports have extended the data about sonographic
changes in SOS patients by using more specific examinations like shear wave elastography,
which has been described to be increased in SOS patients [27]. As this technique is not
easily and broadly available, its use in clinical routine may be limited. In line with that,
contrast-enhanced ultrasound (CEUS) was assessed in the context of SOS and pathologic
examinations were associated with diagnostic criteria for SOS patients [28]. Recently
revised criteria for grayscale ultrasound examination have been published, including
sonographic measurements of the diameter of the following structures: the hepatic left
lobe, hepatic right lobe, the gallbladder wall, the portal vein and the paraumbilical vein.
Moreover, detection of ascites, a reduced flow velocity or even a flow congestion inside the
portal vein, as well as an increased resistance index of the hepatic artery and detection of
paraumbilical vein blood flow are of diagnostic relevance for SOS in this protocol [29]. A
recent review [30] recommends measurement of all these parameters, named as HOKUS
10 [29], or those defined by Lassau in 1997 [25].

In this article, we present an abdominal ultrasound protocol for the identification
of SOS incorporating all parameters described in previous studies, with the exception of
those requiring contrast agents, maintaining optimal feasibility and reliability. Thereby, this
protocol aims to define a standardized protocol in upcoming trials. Additionally, we inves-
tigated whether abnormalities in parameters traditionally serving as SOS diagnosis criteria
(e.g., hyperbilirubinemia or weight gain) were associated with ultrasound abnormalities
pre- and post-alloHSCT.
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2. Methods
2.1. Patient Characteristics

This prospective study included patients receiving an alloHSCT between September
2019 and September 2020 at the Clinic of Internal Medicine III, University Hospital Bonn,
Germany. All patients included were adults (>18 years old). Patient demographics and
laboratory parameters (platelet count, C-reactive protein (CRP), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), gamma glutamyltransferase (yGT), alkaline
phosphatase (AP) and bilirubin levels) were recorded before and after alloHSCT.

2.2. Ultrasound Examination

Ultrasound examinations were conducted by experienced ultrasonographers using an
Alpinion E Cube (manufactured in 2019) with a 1–6 MHz curvilinear probe as a routine
procedure before alloHSCT. Standard preset for abdominal ultrasound was used and
adapted for each patient. The follow-up investigation post alloHSCT was performed either
when there was clinical suspicion of SOS (indication by the head of the transplant unit,
TAWH) or within 21 days after transplantation.

Spleen size was measured in sagittal and transversal diameter. We scanned for free
fluid in three areas: the hepatorenal recess (Morison’s pouch), the splenorenal recess, and
the rectovesical or rectouterine space (Douglas pouch). Liver size evaluation contained
measurements in the right mid-clavicular line, pre-renal as well as pre-aortic diameters.
Flow and size of the hepatic portal vein and the proper hepatic artery were measured
at the hepatic hilum. Resistance index of the hepatic artery was calculated. Liver vein
measurements (flow curve, velocity and diameter) were performed at a two centimeters
distance from their confluence, where they merge to form the inferior vena cava. Gallblad-
der wall thickness was determined at its thickest part. We scanned for reperfusion of the
paraumbilical vein in the ligamentum teres hepatis (see Figure 1a,b for the illustration of
all ultrasound scanning views applied).
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Figure 1. Schematic ultrasound scanning approach. Illustration of all ultrasound scanning axes
applied within the SOS ultrasound protocol. Gray boxes represent areas scanned for ascites. Vertical
lines show places for measurements as described in the methods section. Images were created with
BioRender.com. (a,b) for the illustration of all ultrasound scanning views applied.

2.3. Inter- and Intra-Rater Reliability

To test inter- and intra-rater reliability, the ultrasonographers SS and FS each performed
a reference ultrasound examination, as defined by the protocol (Supplemental File S1), of a
healthy volunteer independently (after each other) on the identical two consecutive days.

2.4. Statistical Analysis

The statistic software R, version 4.0.3 was used for statistical analysis [31]. All analyses
shown are exploratory. Categorical data are presented in absolute and relative frequencies.
Metric variables are summarized as mean ± standard deviation (SD). Chi-square test was
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applied for comparison of categorical data. The distribution of variables was assessed
graphically. When normality was assumable, a t-test was applied, otherwise a Wilcoxon
test was used. In general, p-values presented with this publication are not adjusted for
multiple testing (unless stated as such).

For categorical decisions, Cohen’s kappa (κ) coefficient was used to evaluate intra-
and inter-rater repeatability. For metric parameters, the Intraclass Correlation coefficient
ICC [32] was used to evaluate intra- and inter-rater repeatability. ICC was rated according
to the following classification: below 0.50: poor, between 0.50 and 0.75: moderate, between
0.75 and 0.90: good, above 0.90: excellent.

2.5. Ethics

The study was conducted in accordance with the declaration of Helsinki and re-
ceived ethical approval by the institutional ethics committee of the University of Bonn
(IRB#084/19). Written informed consent was obtained from every trial participant before
inclusion.

3. Results
3.1. Patient Population

This investigation included 23 patients with a median age of 64 years (mean 61.8,
range 19–79 years). Eight patients were female and 15 participants were male. Detailed
patient characteristics are displayed in Table 1. Results of laboratory parameters and
ultrasound measurements are listed in Tables 2 and 3. Baseline sonographic measurements
were conducted a median of 29 days (mean 35 days (range: 2–104 days)) before the day
of transplantation; laboratory values and patient characteristics from the same day were
used for further analysis. The second ultrasound examination was performed a median of
9 days (mean: 10.43 days (range 5–27 days)) after alloHSCT; laboratory values and patient
characteristics were recorded on the same day after alloHSCT. No patient was diagnosed
with SOS.

Table 1. Patient Characteristics.

Patient Characteristics (N = 23)
Age

Mean (SD) 61.8 (12.8)
Median [Min, Max] 64.0 [19.0, 79.0]

Sex
Female 8 (34.8%)
Male 15 (65.2%)

Weight
Mean (SD) 79.9 (17.5)
Median [Min, Max] 78.0 [45.4, 119]

Disease
Leukemia 15 (65%)
Multiple myeloma 1 (4.3%)
Myelodysplastic syndrome 6 (26%)
Myeloproliferative syndrome 1 (4.3%)

Conditioning regimen
Myeloablative 1 (4.3%)
Non-myeloablative 22 (95.7%)

AlloHSCT donor compatibility
Matched unrelated donor 15 (65.21 %)
Mismatch unrelated donor 3 (13.04%)
Matched related donor 2 (8.69%)
Haploidentical related donor 3 (13.04%)

Peritransplantational findings
Presence of fever 19 (82.61%)
Abdominal pain 7 (30.43%)
Body weight increase >2% 9 (39.13%)

alloHSCT = Hematopoietic allogeneic stem cell transplantation.
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Table 2. Laboratory Parameters.

Pre Post p Value
(N = 23) (N = 23)

CRP (mg/L)
Mean (SD) 22.1 (36.1) 61.4 (79.0) 0.0091
Median [Min, Max] 3.71 [0.340, 125] 46.0 [0.600, 296]

Bilirubin (mg/dL)
Mean (SD) 0.641 (0.837) 2.96 (3.86) 0.0001
Median [Min, Max] 0.420 [0.200, 4.36] 2.56 [0.330, 19.4]

AP (U/L)
Mean (SD) 154 (117) 110 (61.3) 0.36
Median [Min, Max] 99.0 [35.0, 376] 92.0 [35.0, 297]
Missing 1 (4.3%) 0 (0%)

AST (U/L)
Mean (SD) 34.3 (23.6) 26.7 (26.6) 0.048
Median [Min, Max] 29.0 [8.00, 120] 18.0 [7.00, 138]

ALT (U/L)
Mean (SD) 53.3 (56.5) 28.3 (24.3) 0.0031
Median [Min, Max] 44.0 [5.00, 267] 21.0 [5.00, 113]

γGT (U/L)
Mean (SD) 168 (186) 114 (91.1) 0.12
Median [Min, Max] 101 [10.0, 745] 80.0 [0.680, 280]

Thrombocytes (G/L)
Mean (SD) 140 (124) 45.8 (58.8) 0.0051
Median [Min, Max] 102 [11.0, 395] 24.0 [7.00, 260]

Pre = median 29 days before hematopoietic allogeneic stem cell transplantation, post = median 9 days after
hematopoietic allogeneic stem cell transplantation, laboratory parameters measured at the day of ultrasound
examination. AP: alkaline phosphatase, AST: aspartate aminotransferase, ALT: alanine aminotransferase, γGT:
gamma-glutamyl transferase.

Table 3. Sonography Measurements.

Pre Post
(N = 23) (N = 23)

Ultrasound of the liver
Vertical diameter—pre-aortic measurement

Mean (SD) 9.55 (2.53) 10.3 (2.94)
Median [Min, Max] 9.65 [5.30, 15.5] 10.2 [4.10, 15.0]
Missing 1 (4.3%) 1 (4.3%)

Vertical diameter—medio-clavicular line
Mean (SD) 15.1 (3.68) 16.5 (2.99)
Median [Min, Max] 15.1 [7.60, 25.0] 16.9 [10.6, 22.0]
Missing 1 (4.3%) 0 (0%)

Vertical diameter—pre-renal measurement
Mean (SD) 15.1 (3.13) 16.3 (2.78)
Median [Min, Max] 15.1 [8.10, 21.0] 17.1 [10.5, 21.7]
Missing 1 (4.3%) 1 (4.3%)

Maximal thickness of gallbladder
Mean (SD) 0.256 (0.0934) 0.314 (0.0954)
Median [Min, Max] 0.250 [0, 0.400] 0.310 [0.100, 0.430]
Missing 3 (13.0%) 5 (21.7%)

Ultrasound of hepatic vessels
Maximal diameter of liver veins

Mean (SD) 0.752 (0.267) 0.868 (0.312)
Median [Min, Max] 0.700 [0.370, 1.20] 0.850 [0.200, 1.90]
Missing 0 (0%) 0 (0%)

Maximal velocity of liver veins
Mean (SD) 17.9 (7.77) 17.9 (9.99)
Median [Min, Max] 17.8 [5.00, 37.1] 16.3 [0, 30.9]
Missing 4 (17.4%) 14 (60.9%)
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Table 3. Cont.

Pre Post
(N = 23) (N = 23)

Hepatopetal flow of liver veins
No 23 (100%) 23 (100%)
Yes 0 (0%) 0 (0%)
Missing 0 (0%) 0 (0%)

Maximal diameter of portal vein
Mean (SD) 0.963 (0.227) 1.01 (0.295)
Median [Min, Max] 0.900 [0.600, 1.40] 0.980 [0.500, 1.80]
Missing 3 (13.0%) 1 (4.3%)

Maximal velocity of portal vein
Mean (SD) 17.8 (14.0) 18.2 (11.7)
Median [Min, Max] 16.3 [0.700, 69.6] 15.2 [6.20, 57.0]
Missing 1 (4.3%) 3 (13.0%)

Hepatopetal flow of portal vein
No 0 (0%) 0 (0%)
Yes 23 (100%) 22 (95.7%)
Missing 0 (0%) 1 (4.3%)

Hepatic artery RI
Mean (SD) 0.805 (0.186) 0.831 (0.125)
Median [Min, Max] 0.795 [0.400, 1.10] 0.830 [0.470, 1.00]
Missing 3 (13.0%) 2 (8.7%)

Ultrasound of the spleen
Spleen length

Mean (SD) 12.9 (3.58) 12.6 (2.66)
Median [Min, Max] 12.0 [8.40, 24.2] 12.1 [7.50, 18.3]
Missing 0 (0%) 2 (8.7%)

Spleen width
Mean (SD) 4.99 (1.53) 5.39 (1.33)
Median [Min, Max] 4.40 [3.60, 10.0] 5.18 [3.40, 8.40]
Missing 1 (4.3%) 3 (13.0%)

Ultrasound of the abdominal cavity
Pathologic recanalization of umbilical vein

No 23 (100%) 22 (95.7%)
Yes 0 (0%) 0 (0%)
Missing 0 (0%) 1 (4.3%)

Ascites
No 22 (95.7%) 19 (82.6%)
Yes 1 (4.3%) 4 (17.4%)
Missing 0 (0%) 0 (0%)

pre = median 29 days before hematopoietic allogeneic stem cell transplantation. post = median 9 days after
hematopoietic allogeneic stem cell transplantation. SD = standard deviation; Min = minimal, Max = maximal.

We observed a significant decrease in AST (34.3 U/L pre, 26.7 U/L post; p = 0.048)
and ALT (53.3 U/L pre, 28.3 U/L post; p = 0.0031) during the course of allogeneic stem
cell transplantation. Thrombocyte counts (140 G/L pre, 45.8 G/L post; p = 0.0051) were
also considerably reduced after alloHSCT. Moreover, a significant increase in bilirubin
(0.6 mg/dL pre, 2.96 mg/dL post, p = 0.0001) and CRP (22.1 mg/L pre, 61.4 mg/L post;
p = 0.0091) levels was noted after alloHSCT. Levels of γGT (168 U/L pre, 114 U/L post;
p = 0.12) and AP (154 U/L pre, 110 U/L post; p = 0.36) remained statistically unchanged.

Presence of fever throughout the course of alloHSCT (defined as measurable body
temperature ≥38.5 degrees Celsius within the timespan of the alloHSCT inpatient stay)
occurred in 19 out of 23 patients. In most cases, this was temporally correlated with the
administration of anti-thymocyte-globulin (n = 10) or intravenous immunoglobulins (n = 2).
In fewer cases fever was interpreted as a sign of infection.

In seven out of 23 patients, abdominal pain was recorded during the peritransplantperi-
transplant period. Four cases were interpreted as painful hepatomegaly, one case showed
CT-proven mild appendicitis, in one case computer tomography revealed an incomplete
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paralytic ileus at the recto-sigmoid junction, and one patient showed self-limiting signs of
gastritis. An increase in body weight greater than two percent between both ultrasound
examinations was observed in nine out of 23 trial participants.

When comparing ultrasound measurements pre- and post-alloHSCT, a significant
increase in the maximum diameter of the liver veins was detected (0.75 cm pre, 0.86 cm
post; p = 0.038). Regarding further ultrasound parameters, we did not find statistically
significant changes.

Because hyperbilirubinemia and weight gain are required for the diagnosis of SOS, we
investigated whether we can identify changes of ultrasound findings in these specific two
subgroups by comparing their pre- and post-alloHSCT examination. As thrombocytopenia
is reported to be associated with higher probability of SOS [22] as well, we investigated
this subgroup (defined by thrombocytes ≤20 G/L at the day of the second ultrasound
examination) additionally. Groups for the other previously described risk factors (e.g.,
ALT elevation) were too small to be investigated. However, in the investigated subgroups
we rarely observed any significant changes in ultrasound parameters. Comparing the
difference in measurements between pre- and post-alloHSCT examination within those
subgroups, an increase in vertical diameter of the liver showed significant changes. In
detail this could be shown for the pre-aortically measured vertical diameter of the liver,
when comparing patients with thrombocyte counts of above 20 G/L vs. ≤20 G/L after
transplantation (p = 0.039; adjusted for multiple testing). Moreover, an increase of the
vertical liver diameter in pre-renal measurement was statistically significant comparing
patients with respect to their bodyweight gain of above vs. below two percent (p = 0.0199;
adjusted for multiple testing).

3.2. Inter-Rater and Intra-Rater Reliability Exercise

Reliability exercise was performed as described before. Intra-rater reliability was
0.997 and 0.968, respectively. Inter-rater reliability was 0.873 for the first and 0.916 for the
second examination.

4. Discussion

Although various diagnostic criteria have been published [17,19,21,33,34] the diagnosis
of SOS is still challenging. SOS remains a clinical diagnosis until proven by biopsy. For a
long time, ultrasound examinations have been used to rule out SOS rather than to confirm
its presence [24]. Nevertheless, novel scoring systems have been developed to diagnose
SOS by ultrasound including a selection of 10 sonographic parameters (HOKUS-10) [29].
These parameters have been refined recently [35] and the diagnosis of SOS by ultrasound
was called “confirmed” when ascites was present and two of the following six findings were
detected at the same time: moderate amount of ascites, the appearance of a paraumbilical
vein blood flow signal, gallbladder wall thickening, portal vein dilatation, portal vein
velocity decrease, and hepatic artery resistive index increase [35].

In summary, standardized ultrasound protocols for SOS investigation may help to
facilitate diagnosis. We included laboratory as well as ultrasound values and present
the first study to incorporate all published parameters into a comprehensive SOS ultra-
sound protocol.

In our study population of 23 patients, no case of SOS was detected, but we observed
significant changes in laboratory parameters comparing them pre- and post-alloHSCT.

Results from this study showed a significant increase in bilirubin levels after allogeneic
transplantation, which may be explained in part by the design of our study protocol, in
which patients were scheduled for a second ultrasound evaluation when their bilirubin level
rose or when their timeline approached day 21 following transplantation. Few patients
without bilirubin increase or clinical suspicion of SOS missed their second ultrasound
examination and needed to be excluded from the analysis, which leads to a slight tilt of the
study population. Other reasons for hyperbilirubinemia besides SOS (where a bilirubin
level greater than 2 mg/dL is a diagnostic criterion [33]) have to be taken into account, such
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as toxic effects of the conditioning regimen and other drug toxicities, e.g., anti-thymocyte-
globulin-induced hyperbilirubinemia [34–36]. In this study, 65.21% (15 out of 23) of the
enrolled patients received anti-thymocyte-globulin (ATG), which may have contributed to
increased bilirubin levels in our cohort. However, as bilirubinemia serves as a diagnostic
criterion for SOS, we kept this parameter as part of the protocol. The reasonability of this
approach is emphasized by results of a recent study that reported a correlation between
early bilirubinemia (cut off defined at 3.6 mg/dL) and increased non-relapse mortality
independent of SOS [37]. Again, this fact may highlight the importance to monitor bilirubin
levels with caution.

Other changes in laboratory parameters observed in our study may also be explained
by transplant-related side effects. For example, application of ATG or transplant-related
infections may contribute to increased CRP levels as observed in our population [38].

Patients in our study had a median thrombocyte count of 24 G/L at the day of their
ultrasound examination after alloHSCT, which was markedly decreased compared to
values before transplantation, owing mostly to the conditioning regimen and aplasia that
is prevalent following alloHSCT. Even though clinical separation from thrombocytopenia
related to other reasons can be tough, increased consumption of thrombocytes may be
observed in SOS [22], and therefore we included platelet count evaluation in our protocol.

In line with a previously published study [39], which described an elevation of the
liver enzymes ALT and AST higher than grade 3 (according to CTCAE v5.0) to be very rare
after alloHSCT, we observed even a decrease in the level of these enzymes in our cohort.
Therefore, being less confounded by other factors, AST and ALT levels may serve as a
favorable surrogate marker for liver damage in general and SOS specifically, provided that
veno-occlusive disease is rather associated with increased ALT levels [22].

The only statistically significant sonographical change between pre- and post-alloHSCT
examination found in our study was an increase in the diameter of the hepatic vein. In
contrast, Lassau et al. identified a hepatic vein diameter reduction to less than 3 mm to
be specific for SOS (93% specificity) [25]. Given that none of our patients showed signs
of SOS, our observation is in line with previous literature. Furthermore, as expected in a
cohort without SOS occurrence, we were not able to detect any other significant changes by
ultrasound examination. Nevertheless, the limited sample size may contribute to missing
significant changes. To our knowledge, we are the first to report a protocol including
pre-alloHSCT examination and to note changes in these parameters.

In order to underline the predictive impact of regular results from ultrasound ex-
amination in patients without SOS we examined subgroups of patients partly fulfilling
non-ultrasound diagnostic criteria for SOS or showing signs associated with an increased
risk of SOS. Here we compared the differences between pre- and post-alloHSCT examina-
tion. In detail, we performed three separate subgroup analyses each dividing our patient
collective into two groups by applying a cutoff regarding either weight gain (>2% vs. <2%),
thrombocyte count post alloHSCT (< or > 0G/L), or bilirubin level post-alloHSCT (< or
>2 mg/dL). Considering our SOS-free cohort, only changes regarding the hepatic size were
detectable. Remarkably, in all cases, we only detected a significant increase in hepatic
diameter in one out of three measured dimensions, which calls this finding into question
in general. Nevertheless, hepatomegaly has its place as ultrasound criterion with low
specificity for SOS and should be monitored with caution [25,40].

In this protocol, already published ultrasound as well as laboratory and clinical param-
eters known to be associated with the occurrence of SOS are summarized in a standardized
and reproducible work-flow. Statistical analysis, which may be limited by the number
of patients included and the lack of any SOS case, was in line with previous published
findings in SOS. Nevertheless, to warrant additional validation of this protocol, evaluation
of our approach, including pre- and post-alloHSCT laboratory, clinical and ultrasound
examination, is needed in additional transplant centers with larger patient populations.

Our protocol introduced with this publication achieved good to excellent [32] inter-
and intra-rater reliability, which emphasizes the reliability of abdominal ultrasound in
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clinical practice. We were able to validate a protocol for the exclusion of SOS after alloHSCT
incorporating all published parameters. The protocol has already been implemented as
an integral part of our peri-alloHSCT management—applied before alloHSCT as part of
our screening examinations and after alloHSCT whenever evaluation due to SOS suspicion
is necessary. With this protocol, we aim to exclude SOS early and accurately in order to
improve patient survival. Additional validation at multiple transplantation centers with
larger patient cohorts may underline its significance.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app12020829/s1, Data form of the used protocol is attached as
Supplementary File.
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