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Background: The presence and extent of severity of esophageal varices (EV) in patients with liver cirrhosis (LC) are 
predicted using noninvasive clinical, biochemical, and imaging parameters. The aim of this study was to investigate the 
accuracy of noninvasive predictors of EV, such as the platelet count-to-spleen diameter ratio (PSR), platelet count-to-spleen 
volume ratio (PSVR), spleen size (SZ), and a combination of these markers in determining the severity of EV in patients with 
cirrhosis.
Methods: We recruited 82 inpatients with LC from the Department of Gastroenterology at the First Affiliated Hospital of Guangxi 
Medical University between January 2018 and December 2019 for this diagnostic investigation. All patients underwent endoscopy, 
ultrasound, computed tomography, and routine laboratory investigations. For the study, we evaluated and compared the diagnostic 
accuracy of PSR, PSVR, SZ, and their combinations.
Results: There were significant differences in the area under the receiver operating characteristic (ROC) curve (AUC) in the 
prediction of severe and moderate/severe EV for all the variables. PSR+PSVR had the highest AUC at 0.735 (95% CI: 0.626– 
0.826) and 0.765 (95% CI: 0.659–0.852) for predicting severe and moderate/severe EV, respectively. There were statistically 
significant differences in the AUCs (95% CI) for PSR, PSVR, and PSR+PSVR in predicting the existence of EV. As per the 
overall model quality chart, the combination of PSR+PSVR was the best indicator for detecting the presence of EV (AUC, 
0.696; 95% CI: 0.584–0.792).
Conclusion: In our study, we found that these noninvasive parameters could predict the extent of severity of EV in patients 
with LC. We anticipate the use of a combination of PSR + PSVR to emerge as the superior indicator as studies progress.
Keywords: esophageal varices, liver cirrhosis, noninvasive predictors, platelet count-to-spleen diameter ratio, platelet count-to-spleen 
volume ratio, spleen size

Background
Liver cirrhosis (LC) often causes portal hypertension by changing the structure of hepatic tissue and blood flow in 
the liver.1 There are numerous collateral vessels between the portal vein and the vena cava. When there is high 
pressure in the portal vein to allow blood to flow back from the congested portal vein system, these collateral 
vessels open up in large numbers to establish collateral circulation. One of the main collateral circulations is the 
variances between the lower part of the esophagus and the gastric fundus veins. Portal hypertension is strongly 
associated with esophageal varices (EV).2 Hence, patients with chronic liver disease often have EV.3 The 
incidence of progression to EV is approximately 7% per year.4 It is estimated that 20% to 40% of patients with 
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EV will have at least one episode of hemorrhaging as a result of a ruptured varix.5,6 A major cause of death in 
patients with cirrhosis is esophageal variceal bleeding (EVB). The EVB-related mortality rate at six weeks has 
been reported to be as high as 15% to 20%.4

The gold standard for the screening and diagnosis of EV and EVB is endoscopy.7–9 However, it is an invasive technique and 
unpleasant for patients, while also being expensive and time-consuming.9 Additionally, the majority of patients with LC have 
small varices, which carry a very low risk of bleeding, and up to 50% of patients with LC may not have developed EV 10 years 
later.9 Hence, endoscopy need not be used in every patient with hepatic cirrhosis to screen for EV. Various noninvasive methods, 
including clinical, biochemical, and imaging parameters, have been used to predict the existence and severity of EV in patients 
with LC.

Due to differences in the study population and pathogenesis of LC, various identified predictors of the 
presence of EV have been identified; therefore, there is no predictive model that can be extensively applied 
currently. However, there have been several studies focused on exploring noninvasive methods of assessing EV so 
as to identify patients with low-risk varices who do not need to undergo endoscopy and to predict the presence of 
high-risk varices, indicating the need for prophylaxis for primary bleeding.10–14 Therefore, the use of simple, 
noninvasive markers to identify the presence and severity of EV is essential.

In this study, we prospectively evaluated and compared the platelet count-to-spleen diameter ratio (PSR), 
platelet count-to-spleen volume ratio (PSVR), spleen size (SZ), and the combinations of these values (PSR + 
PSVR, PSR + SZ, PSR + PSVR + SZ, and PSVR + SZ) for their ability to noninvasively predict severe, 
moderate/severe, and the presence of EV in patients with LC.

Materials and Methods
Study Design
For this diagnostic study, we recruited 82 inpatients with LC from the Department of Gastroenterology at the First 
Affiliated Hospital of Guangxi Medical University between January 2018 and December 2019. LC was diagnosed 
based on clinical signs, symptoms, laboratory investigations, and imaging results. A liver biopsy was performed in 
the case of patients with an uncertain diagnosis of compensated cirrhosis. All patients enrolled in the study 
underwent routine clinical, biological, and laboratory investigations, imaging examinations, and upper gastro-
intestinal (GI) endoscopy for evaluation of EV.

We excluded patients with severe renal, cerebral, or cardiopulmonary dysfunction; liver cancer; or portal vein 
thrombosis; and patients who were unwilling to undergo endoscopy. Patients who previously underwent injection 
sclerotherapy, band ligation or surgery, or beta blocker therapy for EV were also excluded. We obtained informed 
consent from all participants as per the guidelines of the 2013 amended version of the Declaration of Helsinki. This study 
was reviewed and approved by the Clinical Research Ethics Committee of the First Affiliated Hospital of Guangxi 
Medical University (Approval Number: 2021(KY-E-244)).

Data Collection and Definition
We collected details pertaining to clinical characteristics, laboratory investigations, imaging examinations, and endo-
scopy data from the medical records of patients included in the study.

Clinical Characteristics
The clinical characteristics included age, gender, etiology, course of the disease, Child-Pugh class, presence of ascites, 
and presence of hepatic encephalopathy.

Laboratory Investigations
The laboratory investigation data collected for this study included white blood cell count, platelet count (PC), levels of total 
bilirubin (TBil), albumin (Alb), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and prothrombin time.
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Imaging Examinations
Patients underwent routine ultrasound (US) and computed tomography (CT) imaging. The US examination was performed 
with the patient positioned in the supine position after fasting for 4 hours or more prior to the imaging. All the patients 
underwent US of the abdomen to determine the liver size and echotexture, assess the grade of ascites, measure the length and 
thickness of the spleen (Figure 1A), and calculate the SZ (mm2), which was determined by multiplying half the spleen length 
by its thickness.15 The spleen volume in all enrolled patients was measured on images obtained using 64-slice spiral CT 
(Figure 1B and C). An experienced radiologist performed all the US and CT examinations.

Figure 1 Ultrasound and CT images of the spleen. Ultrasound of spleen and measuring method of spleen length (red arrow) and thickness (yellow arrow) (A). The spleen 
contours are manually outlined on the CT (B) and 3-D spleen image (C).

Figure 2 Endoscopic performance for the degree of EV. Mild EV (a). Moderate EV (b). Severe EV (c).
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Endoscopy
All patients underwent upper GI endoscopy to assess the severity of EV (graded as absent, mild, moderate, or severe) 
(Figure 2). The endoscopic grading of EV is determined using the guidelines “The General rules for recording 
endoscopic findings of esophageal varices”, which were published by the Japanese Research Society for Portal 
Hypertension.16 An experienced endoscopist who was blinded to all other information about the patients performed 
the upper GI endoscopies for all the patients. The primary end point was the determination of PSR, PSVR, and SZ, which 
were calculated as follows:

PSR = PC (109/L) / spleen length (mm).
PSVR = PC (10 9/L) / spleen volume (cm3).
SZ = ½ × spleen length (mm) × spleen thickness (mm).

Statistical Analysis
Data were entered into the Statistical Package for the Social Sciences software (SPSS version 23.1; IBM Corporation, 
Armonk, NY, USA), which was then used to review, double check, manage, and analyze the data using inbuilt range 
checks with automatic error prompts. We described continuous variables with a normal distribution using the mean ± 
standard deviation (SD), and non-normally distributed variables were represented using the median (quartile). 
Categorical variables were expressed as frequencies and percentages. We used Student’s t-test for normally distributed 
data and the Mann–Whitney U-test for non-normally distributed data. We compared quantitative variables using the 
independent-sample t-test and categorical data using a chi-square (χ2) test. We used Fisher’s exact test when the expected 
frequency was < 5.

We plotted receiver-operating characteristic (ROC) curves using the sensitivity as the ordinate and 1-specificity as the 
abscissa. We calculated the area under the receiver operating characteristic (ROC) curve (AUC) and determined the best 
cutoff value based on the Youden index. We assessed the diagnostic performance of noninvasive markers using the 
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR+), 
and negative likelihood ratio (LR–). We constructed overall model quality charts and set the threshold at 0.5. Those with 
values exceeding 0.5 were relatively better markers, while a value of less than 0.5 indicated that the parameter was no 
better than a random prediction. We considered a P value of < 0.05 to be statistically significant.

Results
We included 82 patients with LC in this study. The baseline characteristics showed that there were 65 men (79.3%) and 
17 women (20.7%), with an average age of 52.65 ± 10.84 years. The most common etiology was hepatitis B virus (HBV) 
infection in 36 patients (43.9%), followed by alcohol consumption in 26 patients (31.7%), and other etiologies in 20 
patients (24.4%). The median (quartile) course of the disease was 11.5 (1.0–36.0) months. Among the 82 patients with 
LC, only one patient had hepatic encephalopathy. Nine of the patients who did not have EV did not have any gastric 

Table 1 Baseline Characteristics of the Study Population (82 Cirrhotic 
Patients)

Variable Mean ± SD or N (%) or M (P25~P75)

Gender
Males 65 (79.3%)

Females 17 (20.7%)

Age(years) 52.65 ± 10.84
Etiology

HBV cirrhosis 36 (43.9%)

Alcohol cirrhosis 26 (31.7%)
Others cirrhosis 20 (24.4%)

(Continued)
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varices (GV). Two of the seven patients who had mild EV had GV. GV was present in 4 of the 17 patients with moderate 
EV. However, GV were present in 36 of the 49 patients with severe EV (Table 1).

The PSVR and PSR decreased with increasing severity of EV, and the SZ increased with increasing EV grade. There 
were significant differences among the median (quartile) PSVR, PSR, and SZ in their ability to detect severe and 
moderate/severe EV (P < 0.05) (Table 2). However, there were no differences among the median (quartile) PSVR, PSR, 
and SZ in their ability to detect the presence of EV (P > 0.05) (Table 2).

PSR, PSVR, SZ, and their combinations performed better than random chance in predicting severe and moderate/ 
severe EV. In particular, the combined parameters had exceptionally good predictive performance. The AUCs (95% 
confidence intervals, CI) of all variables were statistically significant (Table 3). Results of the pairwise comparisons 

Table 1 (Continued). 

Variable Mean ± SD or N (%) or M (P25~P75)

Child-Pugh class

A 32 (39%)
B 34 (41.5%)

C 16 (19.5%)

Ascites
Absent 32 (39%)

<3cm 14 (17.1%)

≥3cm 16 (43.9%)
Platelets (×109/L) 99.5 (64.8~153.6)

AST (U/L) 45.0 (32.0~70.8)

ALT (U/L) 30.0 (22.0~57.0)
Splenic thickness (mm) 45.0 (41.0~53.2)

Splenic length (mm) 131.0 (114.0~148.5)

Splenic volume (cm3) 479.6 (296.0~736.7)
Grade of EV

Absent 9 (11%)

Mild 7 (8.5%)
Moderate 17 (20.7%)

Severe 49 (59.8%)
GV

Absent 40 (48.8%)

Present 42 (51.2%)

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; EV, esophageal 
varices; GV, gastric varices.

Table 2 Baseline Characteristics of PSVR, PSR, SZ to Detect the Severe, Moderate/Severe and Present EV

PSR [M(P25~P75)] PSVR [M(P25~P75)] SZ [M(P25~P75)]

Absent/Mild/Moderate EV 33 patients 0.963(0.604~2.257) 0.337(0.170~0.919) 2662.0(2021.500~3312.800)

Severe EV 49 patients 0.663(0.429~1.121) 0.154(0.770~0.365) 3307.5(25,657.500~4454.000)
P 0.024 0.002 0.003

Absent/Mild EV 16 patients 1.133(0.811~2.501) 0.399(0.262~0.996) 2653.0(1718.100~3097.000)

Moderate/Severe EV 66 patients 0.671(0.411~1.135) 0.184(0.079~0.382) 3122.5(2518.600~4157.600)
P 0.005 0.001 0.009

Absent EV 9 patients 0.937(0.815~1.464) 0.353(0.272~0.648) 2666.0(2021.500~3218.700)

Present EV 73 patients 0.703(0.419~1.185) 0.192(0.090~0.436) 2992.5(2488.800~3940.000)
P 0.101 0.071 0.202

Abbreviations: EV, esophageal varices; PSR, platelet count-to-spleen diameter ratio; PSVR, platelet count-to-spleen volume ratio; SZ, spleen size.
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revealed significant differences in the AUCs (95% CI) among all parameters of SZ, PSR + PSVR, PSR + SZ, PSVR + 
PSR + SZ, and PSVR + SZ compared with PSR and PSVR (P < 0.05) (Table 3). Pairwise comparisons revealed that there 
were no significant differences in the AUCs among SZ, PSR + PSVR, PSR + SZ, PSR + PSVR + SZ, and PSVR + SZ 
(P > 0.05) (Table 3). Comparing the AUCs of PSR and PSVR, the difference was statistically significant for the 
prediction of severe EV (P < 0.05) but not for the prediction of moderate/severe EV (P > 0.05). PSR + PSVR had the 
largest AUC among all the variables evaluated for predicting severe and moderate/severe EV, with values of 0.735 (95% 
CI: 0.626–0.826) and 0.765 (95% CI: 0.659–0.852), respectively. The best cutoff values and sensitivity (%), specificity 
(%), PPV (%), NPV (%), LR+, and LR-, were 0.744, 42.86, 96.97, 95.5, 53.3, 14.14, 0.59, and 0.869, 56.06, 93.75, 97.4, 
34.1, 8.97, 0.47, respectively (Table 3, Figures 3 and 4).

Three variables (PSR, PSVR, and PSR + PSVR) showed significant differences in the AUCs (95% CI) for 
predicting the presence of EV. The combination of PSR+PSVR was more effective in predicting EV than individual 
variables. Pairwise comparisons showed no significant difference between the AUC for the PSR and PSVR (P > 
0.05). The AUCs of PSR and PSVR both significantly differed from those of PSR + PSVR (P < 0.05). The PSR + 
PSVR combination had the maximum AUC (95% CI) value of 0.696 (95% CI: 0.584–0.792). The best cutoff values 
and sensitivity (%), specificity (%), PPV (%), NPV (%), and LR- were 0.896, 52.05, 100, 100, 20.5, and 0.48, 
respectively (Table 3 and Figure 5).

Based on the overall model quality chart, all parameters other than PSR and PSVR were relatively better predictors of 
severe and moderate/severe EV (Figure 6A and B). The combination of PSR+PSVR was a relatively better predictor of 
the presence of EV (Figure 6C).

Table 3 Performance of PSR, PSVR, SZ, and Their Combination in the Prediction of the Severe, Moderate/Severe and Present EV

Variables Best Cutoff Value AUROC (95% CI) P Se (%) Sp (%)

Predict the severe EV PSR (1) ≤1.510 0.648 (0.535–0.750) 0.023 93.88 36.36
PSVR (2) ≤0.576 0.698 (0.587–0.795)* 0.001 97.96 36.36

SZ (3) >3564 0.695 (0.584–0.792)*,§ 0.001 44.90 84.85

PSR+PSVR (4) >0.744 0.735 (0.626–0.826)*,§ <0.001 42.86 96.97
PSR+SZ (5) >0.525 0.703 (0.591–0.798)*,§ <0.001 85.71 51.52

PSR+PSVR+SZ (6) >0.713 0.718 (0.608–0.812)*,§ <0.001 51.02 84.85

PSVR+SZ (7) >0.600 0.712 (0.602–0.807)*,§ <0.001 71.43 63.64
Predict the moderate/severe EV PSR (1) ≤0.730 0.726 (0.617–0.819) 0.001 56.06 87.5

PSVR (2) ≤0.168 0.759 (0.651–0.846) <0.001 48.48 93.75
SZ (3) >3564 0.711 (0.600–0.806)†,♯ 0.003 39.39 93.75

PSR+PSVR (4) >0.869 0.765 (0.659–0.852)†,♯ <0.001 56.06 93.75

PSR+SZ (5) >0.843 0.723 (0.613–0.816)†,♯ 0.001 54.55 81.25
PSR+PSVR+SZ (6) >0.848 0.757 (0.649–0.845)†,♯ <0.001 62.12 87.50

PSVR+SZ (7) >0.807 0.746 (0.638–0.836)†,♯ <0.001 69.70 75

Predict the present EV PSR (1) ≤0.730 0.668 (0.556–0.768) 0.007 53.42 100
PSVR (2) ≤0.172 0.685 (0.573–0.783) 0.005 46.58 100

SZ (3) >3313.5 0.631 (0.517–0.735) 0.144 41.10 88.89

PSR+PSVR (4) >0.896 0.696 (0.584–0.792)& 0.002 52.05 100
PSR+SZ (5) >0.898 0.642 (0.529–0.745) 0.119 47.95 88.89

PSVR+PSR+SZ (6) >0.904 0.639 (0.526–0.742) 0.132 43.84 88.89

PSVR+SZ (7) >0.870 0.647 (0.534–0.749) 0.131 65.75 66.67

Notes: *(2), (3), (4), (5), (6), (7) VS (1) (P<0.05); §(3), (4), (5), (6), (7) VS (2) (P<0.05); †(3), (4), (5), (6), (7) VS (1) (P<0.05); ♯(3), (4), (5), (6), (7) VS (2) (P<0.05); &(4) VS (1), 
(2) (P<0.05). 
Abbreviations: EV, esophageal varices; PSR, platelet count-to-spleen diameter ratio; PSVR, platelet count-to-spleen volume ratio; SZ, spleen size; AUROC, area under 
receiver operating characteristic curves; CI, confidence interval; Se, sensitivity; Sp, specificity; VS, versus.

https://doi.org/10.2147/RMHP.S418892                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2023:16 1560

Du et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
In the present study, we investigated the diagnostic accuracy of noninvasive predictors of EV, namely, PSR, PSVR, and 
SZ, and a combination of these. We found that a combination of markers, particularly PSR + PSVR, were good indicators 
of the presence of EV. Additionally, PSR + PSVR could better predict severe and moderate/severe EV in patients with 
liver cirrhosis.

EV can be identified in at least two-thirds of cirrhotic patients during their lifetime.17 It is crucial to detect EV at high 
risk of hemorrhage, and patients with such EV require prophylactic treatment. The current gold standard for identifying 
EV continues to be endoscopy. However, endoscopy is an invasive procedure that is expensive, time-consuming, and 
often uncomfortable for the patient, and repeated endoscopies are associated with adverse effects such as aspiration, 

Figure 3 ROC of non-invasive predictors for the prediction of severe EV. PSR (a); PSVR (b); SZ (c); PSVR+PSR (d); PSR+SZ (e); PSVR+PSR+SZ (f); PSVR+SZ (g).
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perforation, and bacteremia.18 Therefore, it is essential to develop novel, reliable, and noninvasive methods such as the 
use of clinical, imaging, and biochemical parameters either alone or in combination to determine the presence and 
severity of EV and the risk of hemorrhage. These predictors include the AST-to-platelet ratio index (APRI), AST-to-ALT 
ratio, fibro-index, fibrosis-4 score (Fib-4), and the PSR.19–22 To date, the PSR is considered a better predictor of EV,17 

although its sensitivity and specificity have been found to vary substantially across studies, ranging from 57.8% to 100% 
and from 40% to 89%, respectively.1,12,23–25 In our study, we found that the PSR had the best sensitivity (93.88%) for the 
prediction of severe EV and the best specificity (100%) for detecting the presence of EV.

Patients with advanced LC develop common complications such as thrombocytopenia and splenomegaly. These 
complications are directly or indirectly linked to portal hypertension. Hypersplenism due to splenomegaly caused by 
portal hypertension can result in reduced PC.25 Therefore, the spleen plays an important role in the prediction of cirrhosis 

Figure 4 ROC of non-invasive predictors for the prediction of moderate/severe EV. PSR (a); PSVR (b); SZ (c); PSVR+PSR (d); PSR+SZ (e); PSVR+PSR+SZ (f); PSVR+SZ (g).
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and its complications. Most studies on patients with cirrhosis have relied on measuring the diameter of the spleen to 
reflect the state of EV.

To date, only a few studies have used spleen volume and spleen size to predict EV. Therefore, in this study, we 
evaluated the volume and size of the spleen in addition to its diameter. We used PSR, PSVR, and SZ and also introduced 
combinations of these variables, namely, PSR + PSVR, PSR + SZ, PSVR + SZ, and PSR + PSVR + SZ, for predicting 
severe, moderate/severe EV and the presence of EV in patients with LC. In this cohort of patients with LC, the PSR, 
PSVR, and SZ values were significantly correlated with severe and moderate/severe EV (Table 2). Moreover, these 
predictors can be readily obtained using routine laboratory investigations, US, and CT, and do not require specialized 
equipment or additional biochemical investigations.

In the current study cohort of patients with LC, we found that the PSR, PSVR, and SZ and the combinations of those 
variables could effectively predict severe EV, moderate/severe EV, and the overall presence of EV risk. Further, we found 
that a combination of these variables was more effective than individual variables at predicting the severity of EV in 
patients with LC. In particular, the combination of PSR + PSVR proved to be the best predictor as per our data in the 
current study; however, this result requires to be verified through further exploration on a larger sample size. However, 
we also found that the sensitivity values obtained in this research were lower than those reported in other studies. In 
a meta-analysis of 3063 patients, a pooled sensitivity of 92% was noted for PSR, but there was significant 
heterogeneity.26 In another meta-analysis comprising 1169 patients, the pooled sensitivity of PSR was 89%; however, 
the quality of the included studies was relatively low, and the heterogeneity was substantial.27

The study design and small sample size of this study are the limitations of this research effort. It is likely that the sampling 
procedure could have generated selection bias even though we only enrolled patients who fulfilled the inclusion criteria. In the 
subsequent stages of this investigation, we intend to use larger samples and obtain more information, including the size of the 
varices, red wale signs, stages of hepatic fibrosis, and hepatic venous pressure gradient, all of which may improve the prediction 
of the risks of EV and EVB. Additionally, we also propose to analyze subdivisions within the population based on factors such as 
etiological classification and the concomitant presence of GV, to minimize the likelihood of selection bias.

Conclusions
In conclusion, our preliminary results showed that PSR, PSVR, SZ, and their combinations were good predictors of the 
severity of EV in patients with hepatic cirrhosis. We anticipate that, in subsequent phases of this study with an increase in 
the sample size, PSR + PSVR will likely emerge as the best indicator of the severity of EV in patients with LC. Although 
these methods cannot yet replace endoscopy, patients who cannot tolerate or afford endoscopy, especially outpatients 
with LC who require long-term and frequent follow-ups, can benefit from these noninvasive techniques being used as 
a screening tool. Predicting EV using noninvasive parameters can help physicians reduce the use of endoscopy.

Figure 5 ROC of non-invasive predictors for the prediction of present EV. PSR (a); PSVR (b); PSVR+PSR (c).
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Abbreviations
Alb, albumin; ALT, alanine aminotransferase; APRI, aspartate aminotransferase-to-platelet ratio index; AST, aspartate 
aminotransferase; AUROC, area under the receiver-operating characteristic curve; CI, confidence interval; CT, computed 
tomography; EV, esophageal varices; EVB, esophageal variceal bleeding; Fib-4, fibrosis-4 score; GI, gastrointestinal; GV, 
gastric varices; LC, liver cirrhosis; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive 
value; PC, platelet count; PPV, positive predictive value; PSR, platelet count-to-spleen diameter ratio; PSVR, platelet count-to 
-spleen volume ratio; ROC, receiver-operating characteristic; SD, standard deviation; SZ, spleen size; TBil, total bilirubin; 
US, ultrasound.

Figure 6 The overall model quality diagram of non-invasive predictors for the severe EV (A), moderate/severe EV (B) and present EV (C).
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