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ABSTRACT

Background: Esophageal varices (EV) are a major complication of portal hypertension in cirrhotic patients, with early
detection critical for preventing variceal bleeding. Although upper endoscopy remains the gold standard for EV
screening, there is growing interest in non-invasive markers. Ultrasonographic parameters have shown promise, but their
predictive accuracy remains limited. We hypothesized that a novel ratio, the Right Lobe of Liver Size-to-Albumin Ratio
(RLSAR), can predict the presence and severity of EV in cirrhotic patients.

Methods: In this prospective study, 120 adult patients with known cirrhosis underwent routine laboratory assessments,
including albumin levels, and standardized ultrasonography to measure right lobe liver size. Endoscopic evaluation was
performed to detect and grade EV according to standard guidelines. Statistical analyses included receiver operating
characteristic (ROC) curves, multivariate logistic regression, and correlation analyses to assess the predictive utility of
RLSAR compared to conventional non-invasive parameters.

Results: Among the 120 patients, EV were present in 68 (56.7%). Patients with EV had significantly higher RLSAR
values than those without (p<0.001). RLSAR demonstrated a robust correlation with EV grade (r=0.52, p<0.001). On
multivariate analysis, RLSAR emerged as an independent predictor of EV presence after adjusting for age, sex, Child-
Pugh class, and platelet count. The ROC curve for RLSAR showed an area under the curve of 0.85, indicating good
diagnostic accuracy. RLSAR cutoff values effectively discriminated between low-grade and high-grade EV.

Conclusion: RLSAR is a novel, non-invasive ultrasonographic marker that reliably predicts the presence and severity of
EV in cirrhotic patients. Incorporating RLSAR into routine evaluation may reduce reliance on invasive endoscopy and
guide timely prophylactic interventions.
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INTRODUCTION

Esophageal varices (EV) are a frequent and life-
threatening complication of portal hypertension in
cirrhotic patients, often leading to significant morbidity
and mortality if not detected and managed promptly’.
The current standard for EV screening involves upper
gastrointestinal endoscopy, which is invasive, costly,
and not always feasible or well-tolerated by patients 2.
Given the global burden of cirrhosis and its
complications, there is an urgent need to develop non-
invasive, reliable, and widely available markers for
detecting EV and stratifying patients at risk®.

Non-invasive markers of portal hypertension have
gained substantial interest in recent years. Several
parameters, such as platelet count, splenic size, and
transient elastography measurements, have been
explored as potential surrogates for EV presence®.
Ultrasonography, being readily available, cost-effective,
and free of radiation, holds a unique position as a
potential modality for EV prediction. However, the

accuracy and reproducibility of many ultrasound-based
indices remain suboptimal®®. As cirrhosis progresses,
the liver architecture changes, and hepatic synthetic
function declines, leading to a reduction in serum
albumin levels. Simultaneously, portal hypertension and
changes in portal flow dynamics may alter the size and
morphology of the liver, most notably the right lobe,
which is often measured as part of routine abdominal
ultrasonography’.  Combining a  morphological
parameter (right lobe size) with a biochemical
parameter (serum albumin) to form a composite ratio
could yield a more robust predictor than either variable
alone. The proposed novel ratio, the Right Lobe of
Liver Size-to-Albumin Ratio (RLSAR), exploits these
complementary aspects of cirrhosis progression. While
right lobe hypertrophy or nodularity may reflect
structural changes induced by chronic liver disease,
albumin is a sensitive indicator of hepatic synthetic
function’. By integrating these measures, we
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hypothesize that RLSAR could serve as a non-invasive
index to identify and grade EV.

The objective of this study was to evaluate the
diagnostic performance of RLSAR in predicting the
presence and severity of EV in patients with cirrhosis.
We compared RLSAR with established non-invasive
markers and validated its performance using endoscopic
findings as a reference. If proven accurate, RLSAR
could be integrated into routine clinical practice,
reducing the burden of unnecessary endoscopic
procedures and  enabling earlier therapeutic
intervention, ultimately improving patient outcomes.

MATERIALS AND METHODS

Study Design and Population: This prospective, cross-
sectional study was conducted at a tertiary care
academic medical center from January 2021 to
December 2022. Adults (=18 years) with a confirmed
diagnosis of cirrhosis, based on clinical, biochemical,
and imaging criteria, were eligible. Exclusion criteria
included active gastrointestinal bleeding, prior
endoscopic therapy for varices, advanced hepatocellular
carcinoma, portal vein thrombosis, and poor ultrasound
windows precluding accurate measurement. Informed
written consent was obtained from all participants, and
the protocol was approved by the Institutional Ethics
Committee.

Data  Collection and Clinical Evaluation:
Demographic and clinical data were recorded, including
age, sex, etiology of cirrhosis, Child-Pugh and MELD
scores, and relevant comorbidities. Standard laboratory
investigations included liver function tests, complete
blood counts, coagulation profile, and serum albumin
levels. All patients underwent screening upper
endoscopy within one month of the ultrasound
examination to identify and grade EV according to the
American Association for the Study of Liver Diseases
(AASLD) guidelines. EV were categorized as absent,
low-grade (F1), or high-grade (F2-F3).

Ultrasonographic  Assessment: A  standardized
abdominal ultrasound was performed by experienced
radiologists blinded to the clinical and endoscopic
findings. A high-resolution ultrasound machine with a
3-5 MHz convex probe was used. Measurements
included right lobe liver length (from the midclavicular
line) and spleen size. Care was taken to obtain images
during a suspended inspiration to minimize respiratory
variation. The right lobe dimension was measured as the
maximal vertical length in the midclavicular plane. The
RLSAR was calculated by dividing the measured right
lobe length (in centimeters) by the patient’s serum
albumin level (in g/dL).

Statistical Analysis: Continuous variables were
expressed as mean =+ standard deviation or median
(interquartile range), depending on data distribution.
Categorical variables were reported as frequencies and
percentages. The primary outcome was the presence of
EV. The Mann-Whitney U-test or Student’s t-test was

used for comparisons between groups. The diagnostic
performance of RLSAR was assessed using receiver
operating characteristic (ROC) curves. Sensitivity,
specificity, and optimal cutoff values were determined
by the Youden’s index method. Multivariate logistic
regression was performed to identify independent
predictors of EV presence. Correlations were assessed
using Spearman’s correlation coefficient. A p-value
<0.05 was considered statistically significant. Statistical
analyses were performed using SPSS version 25.0 (IBM
Corp., Armonk, NY).

Results

General Characteristics of the Study Population: A
total of 120 cirrhotic patients were enrolled. The mean
age was 54.3 + 10.1 years, and 62 (51.7%) were male.
The most common etiologies of cirrhosis included viral
hepatitis (47%), alcoholic liver disease (32%), and non-
alcoholic steatohepatitis (14%), with the remainder due
to autoimmune or cryptogenic causes. The mean Child-
Pugh score was 7.8 = 1.7, and 58% of patients were
classified as Child-Pugh B or C. The mean serum
albumin level was 3.2 + 0.5 g/dL, and median MELD
score was 12 (IQR 9-15).

Presence and Severity of Esophageal Varices: Of the
120 patients, 68 (56.7%) had EV on endoscopy: 42
patients had low-grade (F1) varices, and 26 had high-
grade (F2-F3) varices. Patients with EV were more
frequently Child-Pugh B or C and had lower platelet
counts than those without EV. Standard non-invasive
indicators such as spleen size and platelet count-spleen
diameter ratio showed moderate correlations with EV
presence but were not robustly discriminative.

Right Lobe of Liver Size-to-Albumin Ratio
(RLSAR): The mean right lobe length was 16.2 + 2.5
cm in patients with EV compared to 14.9 + 2.3 cm in
those without (p=0.003). Correspondingly, patients with
EV had significantly higher RLSAR values (mean 5.1 +
1.2) compared to those without EV (mean 4.2 + 1.0,
p<0.001). RLSAR showed a moderate positive
correlation with EV grade (Spearman’s 1=0.52,
p<0.001). Patients with high-grade EV had the highest
RLSAR values (mean 5.6 + 1.3), distinguishing them
from both those without EV and those with low-grade
varices.

Diagnostic Accuracy and Cutoff Values: The ROC
curve analysis (Figure 1) demonstrated that RLSAR had
an area under the curve (AUC) of 0.85 (95% CI: 0.78—
0.90), indicating good diagnostic accuracy for detecting
EV. At a cutoff of 4.6 (determined by Youden’s index),
RLSAR provided a sensitivity of 82% and specificity of
77% for predicting EV presence (Table 1). For
discriminating high-grade from low-grade varices, a
higher cutoff of 5.2 yielded a sensitivity of 75% and
specificity of 80%.

Multivariate Analysis: In a logistic regression model
adjusting for age, sex, Child-Pugh class, platelet count,
and spleen size, RLSAR emerged as an independent
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predictor of EV presence (odds ratio [OR]: 2.10, 95%
CI: 1.50-2.95, p<0.001). No other variables achieved
similar statistical significance (Table 2).

Comparison with Other Non-Invasive Markers:
When compared to conventional markers, such as
platelet count and spleen diameter, RLSAR
outperformed these indices in both detecting the
presence and grading the severity of EV. The diagnostic
performance of RLSAR remained superior even in

subgroup analyses of patients with compensated
cirrhosis (Child-Pugh A) (Table 3).

Subgroup Analyses: Subgroup analysis by cirrhosis
etiology (viral vs. alcoholic vs. NASH) suggested that
the predictive power of RLSAR was consistent across
different etiologies of liver disease, although slightly
higher AUC values were observed in alcoholic cirrhosis
(Figure 2).

Tables and Figures

Table 1: Dia

nostic Accuracy of RLSAR for Detecting Esophageal Varices

Parameter Cutoff Sensitivity (%) Specificity (%) AUC 95% CI
RLSAR 4.6 82 77 0.85 (0.78-0.90)
Table 2: Multivariate Logistic Regression for Predicting EV Presence

Variable OR (95% CI) p-value

RLSAR 2.10 (1.50-2.95) <0.001

Child-Pugh (B/C) 1.35 (0.90-1.99) 0.08

Platelet Count 0.98 (0.95-1.01) 0.22

Spleen Size 1.05 (0.99-1.10) 0.10

Age 1.02 (0.98-1.07) 0.22

Sex 0.95 (0.80-1.20) 0.46
Table 3: Comparison of RLSAR vs. Platelet and Spleen Size in Predicting EV

Parameter AUC (EV Presence) AUC (High-Grade EV)

RLSAR 0.85 0.83

Platelet Count 0.65 0.62

Spleen Size 0.71 0.69

Receiver Operating Characteristic Curve for RLSAR in Detecting Esophageal Varices
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Figure 1: Receiver Operating Characteristic Curve for RLSAR in Detecting Esophageal Varices. (A Figure
Showing RLSAR Curve With AUC=0.85)
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Figure 1: Receiver Operating Characteristic (ROC) Curve for RLSAR
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Figure 2: Subgroup Roc Curves by Cirrhosis Etiology. (Multiple Lines Showing Similar Performance of RLSAR
across Different Etiologies)

DISCUSSION

Non-invasive prediction of EV in cirrhotic patients
remains a clinical challenge. Although upper endoscopy
is considered the gold standard, it imposes an invasive
burden and associated costs on healthcare systems [9].
Our study introduces a novel biomarker, the Right Lobe
of Liver Size-to-Albumin Ratio (RLSAR), and
demonstrates its utility in predicting the presence and
severity of EV. In doing so, we respond to the growing
call for reliable, cost-effective, and patient-friendly
approaches to EV screening!®!

Our findings support the hypothesis that combining a
structural ultrasound measure (right lobe size) with a
functional parameter (serum albumin) can yield a
sensitive and specific indicator of portal hypertension.
The observed correlation between RLSAR and EV
grade suggests that progressive portal hypertension and
advancing cirrhosis are reflected in both the
morphological changes of the liver and the decline in
synthetic capacity'* Previous studies have explored
various ultrasound parameters for EV prediction, such
as portal vein diameter and spleen size, yet the results
have been mixed '*!4. Our study shows that RLSAR
outperforms these traditional indices, providing a higher
AUC and maintaining diagnostic accuracy across
different etiologies and cirrhosis severities.

The independence of RLSAR as a predictor of EV, as
shown by multivariate analysis, is especially
noteworthy. While markers like platelet count and
spleen size have been used to infer portal hypertension,
they often lack sufficient predictive power or become
confounded by extraneous factors such as
hypersplenism or bone marrow suppression'®. In
contrast, RLSAR appears more directly tied to the

pathophysiological processes that lead to variceal
formation. Additionally, the RLSAR cutoff values
obtained in this study offer a practical guide for
clinicians to stratify patients at risk of EV and high-
grade varices. This stratification could reduce
unnecessary endoscopies, focus resources on high-risk
patients, and potentially improve outcomes through
earlier prophylactic measures, such as non-selective
beta-blockers or variceal ligation'®.

Despite the promising results, certain limitations
warrant consideration. Our study, conducted at a single
tertiary center, may not reflect the full spectrum of
cirrhotic patients, and inter-observer variability in
ultrasound measurements could affect reproducibility.
Further research involving multicenter cohorts,
standardized imaging protocols, and external validation
is needed to confirm these findings and refine cutoff
values.

In conclusion, this study identifies RLSAR as a novel,
non-invasive marker that reliably predicts the presence
and severity of EV in cirrhotic patients. Incorporating
RLSAR into routine clinical practice may streamline
patient management, reduce invasive testing, and
improve the overall care of patients with cirrhosis.

CONCLUSION

In summary, the RLSAR represents a promising, non-
invasive ultrasonographic marker for predicting the
presence and severity of EV in patients with cirrhosis.
By integrating structural and functional parameters,
RLSAR surpasses the predictive accuracy of
conventional markers. This approach may reduce
dependence on invasive endoscopic evaluations,
improve the efficiency of patient stratification, and
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guide earlier prophylactic therapy. Future studies should

validate

these findings across diverse patient

populations and refine cutoff values. If confirmed,
RLSAR could be a valuable addition to routine cirrhosis
management, ultimately improving patient outcomes
and lowering healthcare costs associated with EV
surveillance.
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