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Abstract 

Background: Portal hypertension as a result of liver cirrho-
sis, which lead to severe clinical symptoms and death. Spleen 
stiffness measurements (SSM) are a noninvasive, simple tech-
nique has a correlation with the hepatic venous pressure gradi-
ent (HVPG). 

Aim of Study: This study aimed to determine whether SSM 
can predict high-risk varices in patients with liver cirrhosis. 

Patients and Methods: This is a case control study, which 
took place between December 2021 and April 2022 at the Kasr 
Al-Ainy Radiology Department’s ultrasound unit, 22 patients 
with cirrhotic patients and 24 healthy controls participated. 
SSM and ultrasound were performed in correlated to endoscop-
ic findings of varices. 

Results: Patients were 17 males and 5 female with mean 
age (49.8), age was positively weakly linked with high shear 
wave elastography (SWE) values with a p-value of 0.046. 
p-values of 0.011 indicated a statistically significant difference 
between high SWE values and higher grade esophageal varices. 
Age and SWE of >29 kpa are independent predictors of liver 
cirrhosis, according to multivariate regression analysis, with 
p-values of 0.016 and 0.002, respectively, and an OR for SWE 
of 27.2 (3.3-220.3). 

Conclusion: SSM By 2D-shear wave elastography is a 
good method for assessment of liver cirrhosis and associated 
clinically significant portal hypertension. 
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Introduction 

PORTAL hypertension as a consequence of liver 
cirrhosis, which raises risk of patient death and puts 
patients at risk for severe clinical symptoms [1]. 
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Hepatic vein pressure gradient (HVPG) is the 
best method for determining the severity of portal 
hypertension [2]. 

“Clinically significant PH” (CSPH) is defined 
by an HVPG >10mmHg, and “clinically severe PH” 
(CSPH) is defined by an HVPG >12mmHg [3]. 

Gastroesophageal varices (GEV) and a risk of 
decompensation clinically with occurence of as 
cites, variceal hemorrhage, and hepatic coma have 
been related to clinically significant portal hyper-
tension [4]. The likelihood of GEV hemorrhage is 
mostly determined by variceal size; however, it 
could be managed when receiving the appropriate 
medical or endoscopic treatment which is primarily 
administered to high-risk varices (HRV), which are 
identified by the presence of big varices or hemor-
rhagic stigmata regardless the size [5]. 

Transient elastography (TE) assessments of 
spleen stiffness (SSM) are a simple, noninvasive 
technique that have been thoroughly investigated 
and found to be linked with HVPG and the exist-
ence of GEV [6]. 

Recently developed two-dimensional shear 
wave elastography (2D-SWE) technology seems 
to have superior success rates than TE for SSM [7]. 
Moreover, it has been discovered that SSM employ-
ing 2D-SWE correlates with HVPG [8]. Our study’s 
objective is to determine whether SSM can exclude 
high-risk varices from cirrhosis patients without 
the need for an upper gastrointestinal endoscopy 
(UGE). 

Patients and Methods 

This case control observational study was con-
ducted at the radiology department’s Kasr Al-Ainy 
Ultrasonography Unit between December 2021 and 
April 2022, patients were gathered from inpatient 
units or outpatient clinics. 
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Every patient agreed to be included in the re-
search. Both gender cirrhotic patients with portal 
hypertension who are older than 20 years were cho-
sen in this study 

Patients that were younger than twenty years 
old, with a history of sepsis, alcoholic hepati-
tis, transjugular intrahepatic Porto systemic shunt 
(TIPS), splenectomy, porto-splenic venous throm-
bosis, pregnancy/lactation, and severe sickness 
were excluded. 

Every procedure was conducted in compliance 
with the 1975 Helsinki Declaration, as revised in 
2008, and the ethical guidelines developed by the 
relevant committee on human experimentation (na-
tional and institutional). 

The full history, clinical examination, lab inves-
tigation, upper gastrointestinal tract endoscopy, ab-
dominal ultrasound using a conventional ultrasound 
machine (TOSHIBA Aplio 500) with (6C1) curvi-
linear probe, and shear-wave elastography examina-
tion were performed on all included patients. 

The statistical data and techniques: The 22nd 

edition of SPSS was used for the statistical analy-
sis. The quantitative data were given as mean and 
standard deviation, and the Mann Whitney U test 
was used for means when comparing two groups, 
and the Kruskal Wallis test for groups larger than 
three. The Chi

2 
 test was used in comparing the 

categorical data between the research groups. The  

results were given as percentages and frequencies. 
Sensitivity analysis was used to evaluate SWE’s di-
agnostic potential for splenic affection in high-risk 
varices and cirrhotic individuals. significant p-value 
when became less than 0.05. 

Results 

This case-control study included 22 cirrhotic pa-
tients and 24 healthy controls. The age and gender 
distributions of the study groups differed statistical-
ly significantly (p=0.0001 and 0.001, respectively). 
Table (1) illustrates that the cases had significant-
ly bigger PV diameters (p 0.0001), larger spleen 
lengths (p 0.0001), and higher Kpa in SWE with a 
p-value of 0.0001. 

They also had significantly smaller liver lengths 
(p 0.048). 

Nine patients (40.9%) in the cases group had 
grade II esophageal varices. The majority of cases 
had upper gastrointestinal bleeding as their clin-
ical presentation; 10 (45.4%) had hematemesis, 8 
(36.4%) had melena, 3 had both hematemesis and 
melena, and 1 patient only had anemia symptoms. 
Table (2) Fig. (1A,B,C). 

Sensitivity study revealed that, with a Cutoff 
value of 29, shear wave elastography may diagnose 
splenic affection in cirrhotic patients with 81.8% 
sensitivity, 87.5% specificity, 84% NPV, 85.7% 
PPV, 84.8% diagnostic accuracy, 80% AUC, and 
p-value of 0.0001. Fig. (2). 

Table (1): Demographics and SWE findings among study groups. 

Group 
p- 

value Cases 
(n=22) 

Control 
(n=24) 

Age (years): 
Mean, SD 49.8 9.0 38.3 7.9 0.0001 

Gender: 
Female 

N, % 5 22.7% 17 70.8% 0.001 

Male 
N, % 17 77.3% 7 29.2% 

Liver length (cm): 
Mean, SD 13.6 1.5 14.4 1.2 0.048 

P.V diameter (mm): 
Mean, SD 13.3 2.6 10.0 1.8 0.0001 

Length of spleen (cm): 
Mean, SD 16.8 2.8 10.9 1.5 0.0001 

Elasticity of spleen measured 
by elastography (Kpa): 

Mean, SD 30.3 6.7 28.8 12.8 0.0001 



Length of 
spleen (cm) 

P.V diameter 
(mm) 

Liver length 
(cm) 

Correlation Coefficient 
p-value 

Correlation Coefficient 
p-value 

Correlation Coefficient 
p-value 

0.295* 
0.046 

0.517** 
0.0001 

0.290 
0.050 

–0.039 
0.796 

Age Correlation Coefficient 
p-value 
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Table (2): Clinical presentation and grade of esophageal varices 
among cases group. 

Control 
(n=22) 

Grade of varices 0 N, % 1 4.5% 

I N, % 7 31.8% 

II N, % 9 40.9% 

III N, % 4 18.2% 

IV N, % 1 4.5% 

Clinical presentation Anemia N, % 1 4.5% 

Both N, % 3 13.6% 

Hematemesis N, % 10 45.4% 

Melena N, % 8 36.4% 

Age was positively weakly associated with high 
shear wave elastography values, according to the 
correlation matrix, with a p-value of 0.046. With a 
p-value of 0.0001, the length of the spleen showed a 
substantial and positive correlation with high shear 
wave elastography results. SWE levels, however, 
did not substantially associated with liver length or 
PV diameter. Table (3). 

A statistically significant difference in SWE kpa 
according to grade of EV was seen when SWE val-
ues according to grade of esophageal varices were 
compared; higher grade was linked to higher spleen 
stiffness (p=0.011). Fig. (3). 

Sensitivity analysis revealed that, with p-value 
of 0.256 and an AUC of 67.1%, SWE is not a sig-
nificant predictor of high risk esophageal varices. 
Fig. (4). 

Multivariate regression model demonstrated 
that, with p-values of 0.016 and 0.002, respectively, 
and an OR for SWE 27.2 (3.3-220.3), age and SWE 
of >29 kpa are independent predictors for liver cir-
rhosis. Table (4). 

Table (3): Correlation matrix between Elasticity of spleen 
measured by elastography and other US parameters 
and age. 

Elasticity of spleen 
measured by 
elastography 

Table (4): Binary regression model showing predictors for liv-
er cirrhosis. 

95% C.I. 
p-value OR 

Lower Upper 

Age .016 .844 .735 .969 

Gender .243 3.192 .455 22.392 

SWE (>29 kpa) .002 27.220 3.362 220.382 

Fig. (1A): 55yrs old HCV male patient Male patient presented with hematemesis Liver & spleen appearance by grey scale ultrasonog-
raphy showing mildly enlarged spleen & cirrhotic liver. 
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Fig. (1B): Shear-Wave Elastography stiffness values in 37.7kPa in case of Portal Hypertension Gastropathy & Grade III varix. 
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Fig. (1C): Esophgealvarices, Grade III (banded), Gastropathy-
portalhypertension. 

Fig. (2): ROC curve showing predictability of SWE for splenic 
stiffness among cirrhotic patients. 
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Fig. (3): Box plot showing stiffness of spleen according to 
grade of EV. 

Fig. (4): ROC showing SWE diagnostic ability for high-risk 
varices. 
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Discussion 

Portal hypertension is a severe consequence of 
liver cirrhosis because it leads to the occurance of 
sever clinical symptoms and increases mortality in 
patients [1]. 

A promising technique for expecting the exist-
ence of gastroesophageal varices and clinically se-
vere portal hypertension is the transient elastogra-
phy spleen stiffness test [9]. Since it was believed 
that spleen stiffness and PH were intimately con-
nected [10]. In order to check the accuracy of Spleen 
stiffness assessment assessed by 2D-SWE for ruling 
out the presence of HRV with the gold standard (es-
ophagogastroduodenoscopy), we conducted a case 
control study with 22 patients with liver cirrhotic 
and 24 healthy individuals as control. 

Current study showed, the cases showed higher 
Kpa in SWE with p-value 0.0001, greater PV diam-
eter (p 0.0001), larger spleen length (p 0.0001), and 
considerably smaller liver length (p 0.048). These 
results are supported by the fact that chronic liver 
disease caused the liver to shrink, which is indic-
ative of a decrease in liver length [11,12] and that 
chronic liver disease is linked to a dilated portal 
vein (≥13mm), which is primarily explained by the 
fibrotic blocks of cirrhotic liver pulling against the 
PV walls [13]. 

Our results demonstrated that, with a Cutoff val-
ue of 29, shear wave elastography can detect splenic 
stiffness in cirrhotic patients with 81.8% sensitivity, 
87.5% specificity, 84% NPV, 85.7% PPV, 84.8% 
diagnostic accuracy, 80% AUC, and p-value of 
0.0001. SWE was used by Grgurevic et al. [14] to 
asses hepato-splenic stiffness in 123 patients. The 
study’s findings demonstrated that spleen stiffness, 
with a cutoff of 24 kpa, can significantly predict liv-
er cirrhosis with a p-value <0.05, sensitivity 66.7%, 
specificity 86.7%, and AUC 82.1%. 

A comprehensive meta-analysis carried out by 
Song et al. [15] revealed that splenic stiffness can ac-
curately predict liver cirrhosis with high PHT, with 
88% sensitivity and 84%, specificity, and an AUC 
of 92%. Nevertheless, they also noted a remarkable 
degree of Variability among the included research. 

Age was shown to be positively weakly associ-
ated with high shear wave elastography values in 
the current investigation, as indicated by the corre-
lation matrix (p=0.046). With a p-value of 0.0001, 
the length of the spleen showed a substantial and 
positive correlation with high shear wave elastog-
raphy results. Our results were in line with those of 
Grgurevic et al. [14] , who used SWE and found a 
substantial association (p=0.0002) between spleen 
stiffness and size. 

Our findings demonstrated a statistically signifi-
cant difference in SWE kpa based on EV grade, with  

a p-value of 0.011 connecting higher grade with 
greater spleen stiffness. With a p-value of 0.256 and 
an AUC of 67.1%, sensitivity analysis revealed that 
SWE is not a significant predictor of high risk eso-
phageal varices. 

Karagiannakis et al. [16] found a remarkable dif-
ference in splenic stiffnessstatistically based on EV 
grade; however, their results indicate that SWE can 
significantly predict high-risk EV with an AUC of 
79.2% and a cutoff point of 33.7 kPa (specificity 
60%, sensitivity 91.7%). Our findings partially cor-
roborate their findings. The primary reason for the 
differences between our results and those of Karagi-
annakis and colleagues is that they included all cir-
rhotic patients including those with cholestatic liver 
disease without requiring a control group. 

Using a multivariate binary regression model, 
we were able to determine that liver cirrhosis may 
be independently predicted by age and SWE of >29 
kpa, with p-values of 0.016 and 0.002, correspond-
ingly, and an odds ratio of 27.2 (95% confidence in-
terval 3.3-220.3) for SWE. These results disagreed 
with those of Grgurevic et al. [14] , who noted that 
spleen size and obesity could be confounding vari-
ables when utilizing splenic stiffness by SWE as a 
diagnostic tool for liver cirrhosis. 

Lastly, we advise carrying out a large-scale 
study to measure spleen stiffness in cirrhotic pa-
tients and correlate it with factors including age, 
gender, spleen size, EV grade, and portal vein pres-
sure gradient. Validation of a SWE procedure for 
EV and splenic stiffness evaluation in patients with 
liver cirrhosis. Verification of a trust worthy thresh-
old for splenic stiffness. 
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