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Abstract

Background: Splenomegaly and hypersplenism are common presentations of portal hypertension and can result in severe comorbidities.
The degree of splenomegaly is associated with disease severity and has been established as a reliable noninvasive indicator for disease
surveillance.

Objectives: This study aimed to propose a simple and repeatable splenic measurement model to estimate the splenic volume in patients
with portal hypertension.

Methods: In total, 161 patients with portal hypertension were admitted to our hospital from March 2017 to August 2020, with a final
enrollment of 106 subjects. The splenic volume calculated via IQQA-Liver software was used for reference. Radiological data were
retrospectively reviewed to measure the height, length, and width of the spleen. Different volume prediction models were constructed
based on statistically significant laboratory and radiological parameters.

Results: The average spleen volume measured by the IQQA-Liver software was 852.29+362.26cm3. Model 0 was constructed based on
hematological and radiological parameters, while Models 1 and 2 were based on radiological parameters alone. Model 1 was superior to
the others according to the Bland-Altman scatterplot and correlation analysis.

Conclusion: The proposed estimation model is a reliable predictor for splenic volume, providing valuable information in patients with

portal hypertension. The simple technique allows for widespread clinical application.
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1. Background

The prevalence of splenomegaly in patients with
portal hypertension ranges from 60%-65% with
varying degrees of severity, often attributed to hyper-
inflow congestion (1, 2). Hypersplenism and
splenomegaly can result in anemia, thrombocytopenia,
and leukopenia in patients with end-stage liver
disease, posing risks for severe comorbidities (3).
Pathohistological evidence has  demonstrated
splenomegaly as a combination of blood pooling in the
red pulp, hyperplasia of histocytes, and the eventual
evolution of diffuse fibrosis extending to the entire
parenchyma. Historically, the direct correlation
between splenomegaly and portal hypertension has
been contested due to its congestive-hyperplastic
changes (4, 5). However, recent studies have
established a significant relationship between spleen
volume and the degree of portal hypertension through
hepatic ~ venous  pressure gradient (HVPG)
measurements, which is a well-established indicator
for assessing disease severity (6). Clinically significant
portal hypertension (CSPH) defined as HVPG =

10mmHg, is often associated with severe
complications, including ascites, hepatic
encephalopathy, and gastroesophageal variceal

bleeding, resulting in high morbidity and mortality
rates in patients with portal hypertension (7, 8). Some
studies have also established the direct correlation
between spleen size and the presence of
gastroesophageal varices, providing a non-invasive
diagnostic alternative (9, 10).

Splenic measurements can be achieved through
different imaging modalities, including
ultrasonography (US), computed tomography (CT),
and magnetic resonance imaging (MRI), with
promising accuracy (11-13). Although 3-dimensional
volume rendering technology has gained popularity
in recent years, the lack of widespread availability in
primary healthcare facilities and secondary hospitals
limits its application. The process of volume
rendering not only requires adequate equipment but
can also be operator-reliant and time-consuming
depending on the automatic or interactive nature of
the volume rendering software (14).

2. Objectives

Therefore, this study aimed to propose an easy,
accurate, and repeatable method for predicting
splenic volume in patients with splenomegaly
secondary to portal hypertension.
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3. Methods

3.1. Study Design and Participants

A total of 161 patients diagnosed with
gastroesophageal variceal hemorrhage secondary to
portal hypertension were admitted to our hospital for
the treatment of gastroesophageal varices from
March 2017 to August 2020. All patients with
available abdominal CT imaging studies were
included in this study, with a final enrollment of 106
subjects. In total, 55 patients were excluded due to
incomplete radiological data (n=11) or a prior history
of splenectomy (n=44). Patients with previous
endoscopic treatment for gastroesophageal varices,
such as band ligation or sclerotherapy, as well as
those with portovenous, portocaval, or portosplenic
shunts were not excluded from the study. We were
concerned with the prediction of splenic volume and
did not correlate it with splenic volume; therefore, we
did not have strict exclusion criteria. Written
informed consent was obtained from each patient
included in the present study. The study was not
double-blinded. However, the author responsible for
measuring the CT parameters was unaware of the
splenic volume. The institutional review board (IRB)
approval was obtained from the Ethics Committee of
Zhongshan Hospital, Fudan University, Shang Hai Shi,
China (B2015-133R).

3.2. CT Technique

All CT examinations were commenced after an
overnight fast. Volume measurements were achieved
based on the analysis of abdominal contrast CT
images via IQQA-Liver software (EDDA Technology,
Shanghai, China). The area of the spleen was
manually traced on the sagittal, coronal, and
transverse planes. IQQA-Liver allows for an
automatic calculation of the 3-dimensional volume of
the traced region, which calculates the actual spleen
volume. Each window was then meticulously
reviewed and corrected for any inconsistencies by

two physicians (YJT and LLM). All volume
measurements were measured in cubic centimeters
(cm3). A sample of the volume calculation process is
shown in Figure 1. All available CT studies were
retrieved for splenic volume construction for
reference purposes, with a final enrollment of 106
subjects.

The radiological data were retrospectively
reviewed on the Centricity Enterprise Web V3.0 (GE
Healthcare, Illinois, USA). The height (H) of the spleen
was calculated based on the number of consecutive
5mm slices containing the spleen. Due to the large
variability of the organ, two different methods were
tested for the measurement of the splenic length (L)
and width (W). Method A employed a straight
horizontal line drawn across the left and right border
(La), and a second perpendicular line was drawn
across the hilum between the superior and inferior
borders (Wa). Method B includes an anterior-
posterior diagonal line to determine the maximum
length (L), and a second perpendicular line was
drawn across the hilum to determine the splenic
width (Wg) (Figure 2) (15). Method A was depicted
by the green lines, while method B was depicted by
the purple lines.

3.3. Data collection

Respective laboratory parameters were collected
upon hospital admission, including total bilirubin,
albumin, alanine aminotransferase, aspartate
aminotransferase, hemoglobin, platelet, prothrombin
time, and serum creatinine. The Child-Pugh Score and
Child-Pugh Class of each patient were also calculated,
which is a system for assessing the prognosis and
severity of the chronic liver disease. It includes the
assessment of five clinical and laboratory criteria:
serum bilirubin, serum albumin, ascites, neurological
disorder, and INR. Comorbidities including
hepatocellular carcinoma, portal venous thrombosis,
spontaneous portosystemic shunt, ascites, and
hepatic encephalopathy were documented.

Figure 1. Semi-automated volume calculation of spleen volume with IQQA-Liver software
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Figure 3. Bland Altman scatterplot comparing the differences between the actual splenic volume and the predicted splenic

volume derived from Models 0, 1, and 2

3.4. Statistical Analyses

A correlation analysis was conducted to identify
significant  correlations between independent
variables and splenic volume. All variables were
tested via the one-sample Kolmogorov-Smirnov Test
for normal distribution. Parameters that abided by
normal distribution were assessed based on
Pearson’s rho, while the contrary was assessed with
Spearman’s rho. All significant variables from the
correlation analysis were entered into a multivariate
regression analysis to identify an independent
association, and a subsequent predictive equation
was constructed with the automatic linear modeling
function in SPSS software. A Bland-Altman scatterplot
was used to assess the difference between actual
spleen volume and estimated spleen volume. Finally,
a reassessment of the degree of correlation was
performed to further validate the predictive abilities
of the proposed estimation models. All analyses
achieving A P-value of <0.05 were considered
statistically significant.
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4. Results

Of the included subjects, 68 (64.2%) patients
were male, and 38 (35.8%) were female with a mean
age of 58.50%11.47 years old. The mean HVPG
measurement of the study subjects was 14.04+6.06
mmHg, with 66 (62.3%) patients classified as Child-
Pugh Class A, 38 (35.8%) patients as Child-Pugh Class
B, and 2 (1.9%) cases as Child-Pugh Class C. The
mean spleen volume measured by the IQQA-Liver
software was 852.29+362.26cm3, which was
referenced for constructing a predictive model.
Radiological parameters included splenic height,
splenic length, and width, wherein the latter was
measured by two different methods. The mean
splenic height is 15.71+3.77cm; moreover, the mean
values of splenic length and width measured by
method A were obtained at 8.41+1.42cm and
6.02+1.28cm, respectively, whereas the
corresponding values of method B are 14.16£2.22cm
and 5.44+135cm. A summary of patient
characteristics was listed in Table 1.
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The laboratory parameters, Child-Pugh score, as
well as class and comorbidities, are shown in Table 2.
A univariate correlation analysis was conducted
between all variables and actual spleen volume
measured with 1QQA-Liver software. The following

laboratory and radiological parameters achieved a
statistical significance of P<0.05: hemoglobin,
platelet, prothrombin time, splenic height (H),
method A splenic width (Wa), method B splenic
length (Ls), and method B splenic width (Ws).

Table 1. Summary of Patient Characteristics (n=106)

Variable MeanzSD or n (%)
Gender

Male 68 (64.2%)
Female 38 (35.8%)
Age (y) 58.50+£11.47
HVPG (mmHg) 14.04+6.06
Laboratory Findings

Total Bilirubin (numol/L) 18.35+18.67
Albumin (g/L) 34.49+4.88
ALT (U/L) 27.93+17.04
AST (U/L) 39.46+27.21
Creatinine (umol/L) 68.67+17.59
Hemoglobin (g/L) 92.48+25.09
Platelet (x10°/L) 69.58+35.49
Prothrombin Time (s) 14.13+1.52
Radiologic Findings

Spleen Volume (cm3) 852.29+362.26
Spleen Height, H (cm) 15.71+3.77
Method A: Spleen Length, La (cm) 8.41+£1.42
Method A: Spleen Width, W (cm) 6.02+1.28
Method B: Spleen Length, Lg (cm) 14.16+2.22
Method B: Spleen Width, Wz (cm) 5.44+1.35
Child-Pugh Score 6.32+1.39

Child-Pugh Class

A

B

C

Comorbidities

Portal Venous Thrombosis
Hepatocellular Carcinoma
Spontaneous Portovenous Shunt
Ascites

Hepatic Encephalopathy
Gastroesophageal Varices Classification

66 (62.3%)
38 (35.8%)
2 (1.9%)

28 (26.4%)
2 (1.9%)
28 (26.4%)
55 (51.9%)
0 (0%)

GOV Type 1 58 (54.7%)
GOV Type 2 29 (27.4%)
IGV Type 1 8 (7.5%)
IGV Type 2 0 (0%)
Esophageal Varices 10 (9.4%)

* HVPG: hepatic venous pressure gradient, ALT: Alanine transaminase, AST: Aspartate Transferase, GOV: gastroesophageal varies, IGV:

isolated gastric varices.

Table 2. Correlation analysis of continuous variables and actual spleen volume with Pearson’s and Spearman’s correlation

Variable Pearson’s rho P-value Spearman’s rho P-value
Age -0.122 0.211 -0.131 0.180
HVPG (mmHg) -0.026 0.792 0.027 0.782
Laboratory Findings

Total Bilirubin (umol/L) 0.023 0.813 0.043 0.664
Albumin (g/L) 0.133 0.173 0.120 0.221
ALT (U/L) -0.023 0.818 -0.008 0.939
AST (U/L) -0.149 0.136 -0.125 0.211
Creatinine (umol/L) 0.072 0.481 0.060 0.553
Hemoglobin (g/L) -0.228 0.019 -0.135 0.168
Platelet (x109/L) -0.481 <0.001 -0.562 <0.001
Prothrombin Time (s) 0.239 0.014 0.265 0.006
Child-Pugh Score -0.081 0.410 -0.018 0.853
Radiological Findings

Spleen Height, H (cm) 0.392 <0.001 0.387 <0.001
A: Spleen Length, L (cm) 0.180 0.065 0.136 0.166
A: Spleen Width, W (cm) 0.257 0.008 0.278 0.004
B: Spleen Length, L (cm) 0.268 0.005 0.284 0.003
B: Spleen Width, W (cm) 0.205 0.035 0.335 <0.001

* HVPG: hepatic venous pressure gradient, ALT: Alanine transaminase, AST: Aspartate Transferase. Univariate correlation analysis with

Pearson’s rho or Spearman’s rho
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All significant variables were entered into the
automatic linear modeling, generating the following
predictive equation.

Model 0: Splenic Volume=24.838 (splenic height,
H, cm) - 3.840 (Hemoglobin, g/L) - 4.627 (Platelet,
x109/L) + 1137.469

Two subsequent models were constructed
excluding hematological variables to assess the
predictive ability of radiological parameters according
to two independent proposed measurement methods
(Method A and Method B):

Model 1 (Method A): Splenic Volume=33.392
(splenic height, H, cm) + 45.888 (Splenic Width A,
Wa, cm) + 51.453

Model 2 (Method B): Splenic Volume=32.110
(splenic height, H, cm) + 22.426 (Splenic Length B, Ls,
cm) + 29.588

The mean values of the predicted spleen volume
based on the above-listed models 0, 1, and 2 were
850.63£226.10 cm3, 852.28+152.75 cm3, and
851.76+149.08 cm3, respectively. To further assess

the predictive abilities of the three different proposed
models, a Bland-Altman scatterplot was constructed
to assess the differences between actual spleen
volume measured via IQQA-Liver software and
predicted splenic volume. The arithmetic means
between the actual spleen volume and predicted
spleen volume by models 0, 1, and 2 were -1.66 (95%
Cl: -57.02-53.71), -0.004 (95% CI: -63.27-63.26), and
-0.53 (95% CI: -64.23-63.18), respectively (Figure 3).

Validation of model accuracy of the two
radiological-based models (Models 1 and 2) was
assessed based on the correlation between predicted
spleen volume and laboratory parameters and was
further compared to that of actual spleen volume
measured via IQQA-Liver software. The correlation
between platelet and the predictive spleen volume by
Models 1 and 2 was statistically significant, with a
respective correlation coefficient of -0.320 and -0.272.
However, significant correlations among
hemoglobin, prothrombin time, and both predicted
volumes were not retained (Table 3).

Table 3. Reassessment of correlation analysis between two radiological-based models (Model 2 and Model 3) and significant hematological

variables

Actual Spleen Volume Model 1 Model 2
Hematologial Variable Rho P-value Rho P-value Rho P-value
Hemoglobin (g/L) -0.228 0.019 -0.112 0.255 -0.118 0.226
Platelet (x109/L) -0.562 <0.001 -0.320 0.001 -0.271 0.005
Prothrombin Time (s) 0.265 0.006 0.182 0.062 0.116 0.237

* Multivariate regression analysis was used to construct predictive models.

5. Discussion

The present study explored the construction of
different models in the prediction of splenic volume
with reference to the results derived from the IQQA
software. Splenic volume prediction models were
based on a different combination of laboratory and
radiological parameters. Splenomegaly is a common
clinical presentation in patients with portal
hypertension, especially in those who suffer from
end-stage liver diseases. Subsequent hypersplenism
can often result in anemia, thrombocytopenia, and

leukopenia, which can contribute to portal
hypertension-related bleeding (1-3).
Hepatic  vein  catheterization for = HVPG

measurements is currently considered the gold
standard for assessing portal pressure with an
accurate reflection of disease severity. Although the
technique has been employed for decades, its invasive
nature and high costs limit its repeatability (16-18).
According to the Baveno VI consensus, the therapeutic
goal for decreasing portal pressure is defined as a
decrease in HVPG of at least 10% from baseline, or to <
12mmHg (7). Unfortunately, this method is an
unrealistic surveillance modality in clinical practice
because it requires multiple repetitions of the
catheterization procedure. In recent years, many
researchers have focused on exploring different
noninvasive alternatives with comparable accuracy.

IranRed Crescent Med]. 2023; 25(5):e1647.

Among the many proposed replacements, spleen size
and volumetry showed a substantial correlation with
portal hypertension (6, 19). Others have established
the novel use of volumetric measurements in
predicting patient prognosis or the presence of
gastroesophageal varices, expanding the clinical value
of spleen volume measurements (10, 20).

Based on the current study, we aimed to develop
an easy and accurate replacement for estimating
splenic volume in patients with portal hypertension.
A univariate correlation analysis unveiled several
statistically significant variables associated with
actual spleen volume measured by IQQA-Liver
software. Based on the automatic linear modeling
analysis, the following equation was generated based
on both laboratory and radiological parameters:
Splenic Volume=24.838 (splenic height, H, cm) -
3.840 (Hemoglobin, g/L) - 4.627 (Platelet, x10%/L) +
1137.4609.

Due to the large individual variation of spleen
size, we attempted two different methods of
measuring splenic length and width. Model 1 Splenic
Volume=33.392 (splenic height, H, cm) + 45.888
(Splenic Width A, Wa, cm) + 51.453, Model 2: Splenic
Volume=32.110 (splenic height, H, cm) + 22.426
(Splenic Length B, Lg, cm) + 29.588, wherein Model 1
was based on radiological measurements of method
A, while Model 2 was based on radiological
measurements of method B.
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The predicted spleen volume generated via the
three different models listed above was assessed with
a Bland-Altman scatterplot. Based on the arithmetic
mean, we can conclude that Model 1 is superior to
Models 0 and 2 although the difference is rather
subtle. Model 1 has fewer outliers beyond the +1.96
standard deviation, with a mean difference of -0.004
(95% CI: -63.27-63.26).

Further confirmation of model accuracy was
achieved based on correlation analysis with
laboratory parameters. Actual spleen volume
measured with IQQA-Liver software is significantly
correlated  with hemoglobin, platelet, and
prothrombin time. We reevaluated the correlation
between the predicted spleen volume and the above-
mentioned laboratory variables. Although the
predicted volumes did not retain statistical
significance with hemoglobin and platelet, based on
the trend of rho value, or correlation coefficient,
Model 1 is superior to Model 2.

The present study explored the estimation of
splenic volume based on CT parameters. Similar
studies have been conducted based on ultrasound
results. However, ultrasound studies can be heavily
reliant on the operators’ experience, patients’
cooperation, and gas disturbances. CT on the other
hand, can provide a more objective measurement of
the splenic dimensions. However, unlike ultrasound,
CT is not a truly noninvasive surveillance method,
especially when CT with contrast is ordered.

There are several limitations to this study. First,
there was no direct correlation between the
measured HVPG and splenic size in our study
subjects, which may be due to inaccurate
measurements of HVPG. During the study period, our
center lacked a uniform protocol for HVPG
measurement apparatuses (end-hole versus balloon-
occlusion catheter). The balloon-occlusion tip
catheter has been proven to be superior to the end-
hole catheter and is recommended for HVPG
measurements with high precision (18, 21). Second,
the subjects included in this study had no available
weight and height data, which made it impossible to
caliber the organ size according to the patient’s body
mass index (BMI) (15). Third, the small sample size
limits the confirmation of the study results on a
validation cohort. A larger sample size is warranted
to evaluate the repeatability and accuracy of the
study results.

6. Conclusion

Splenic volume can provide valuable clinical
information in patients with splenomegaly secondary
to portal hypertension. However, the lack of
widespread availability of 3-dimensional rendering
technology and software limits its novelty. The
current study provides an easy approach for
accurately predicting splenic volume based on CT

imaging, which is readily available in most patients
with portal hypertension. The simple technique
allows for volume measurement even without
adequate radiological training, promoting its
application in clinical settings.
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