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ABSTRACT - Objective: Clinically significant portal hypertension drives the development of esophagogastric varices.
Endoscopy remains the gold standard, but it is invasive and resource demanding. The aim of the study is to evaluate the
diagnostic accuracy of spleen stiffness measurement (SSM) by transient elastography in predicting esophagogastric varices.

Materials and Methods: We systematically reviewed 20 studies. Techniques included standard 50 Hz TE and
spleen-dedicated 100 Hz probes. Outcomes included AUROC, sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), feasibility, and varices prevalence.

Results: SSM accuracy was high across studies (AUROC 0.75-0.97). 100 Hz SSM showed superior diagnostic perfor-
mance and feasibility, even though the sample size was small, leading to important variability in evidence. SSM demon-
strated excellent rule-out ability, with NPV consistently >90% in HRV-focused studies. Etiology influenced performance.

Conclusions: SSM is a robust, non-invasive tool for detecting varices and may help triage patients to reduce unnecessary
endoscopy. Integration into assessment algorithms for clinically significant portal hypertension is strongly supported.

KEYWORDS: Portal hypertension, Transient elastography, Non-invasive diagnostics, Chronic liver disease, Clinically
significant portal hypertension (CSPH).

ABBREVIATIONS: ACLD — Advanced Chronic Liver Disease; Al — Autoimmune (general category); AIH — Autoimmune
Hepatitis; ALD — Alcohol-Related Liver Disease; AUROC — Area Under the Receiver Operating Characteristic Curve; Baveno
VI / VIl — Consensus guidelines for portal hypertension management; BMI — Body Mass Index; cACLD — Compensated
Advanced Chronic Liver Disease; Cl — Confidence Interval; CLD — Chronic Liver Disease; CSPH — Clinically Significant Portal
Hypertension; DAA — Direct-Acting Antiviral (therapy for HCV); DILI — Drug-Induced Liver Injury; EBL — Endoscopic Band
Ligation; EGD / EGDS — Esophagogastroduodenoscopy (Endoscopy); EV — Esophageal Varices; FO—F4 — Fibrosis Stages 0—4;
HBV — Hepatitis B Virus; HCV — Hepatitis C Virus; HRV — High-Risk Varices; HVPG — Hepatic Venous Pressure Gradient; IQR
— Interquartile Range; kPa — Kilopascal; LSM — Liver Stiffness Measurement; LT — Liver Transplant; MASLD — Metabolic-
Associated Steatotic Liver Disease; MELD — Model for End-Stage Liver Disease; NAFLD — Non-Alcoholic Fatty Liver Disease
(older terminology); NASH — Non-Alcoholic Steatohepatitis; NPV — Negative Predictive Value; NSBB — Non-Selective Beta-
Blocker; PPV — Positive Predictive Value; PSC— Primary Sclerosing Cholangitis; PBC — Primary Biliary Cholangitis; ROB — Risk
of Bias; ROl — Region of Interest; SSM —Spleen Stiffness Measurement; SVR —Sustained Virological Response; TE—Transient
Elastography; VEGF — Vascular Endothelial Growth Factor; Varices GO—G3 — Varix; Grades 0 to 3; VG/GV — Gastric Varices.
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Spleen Stiffness Measurement by Transient Elastography
for Detecting Esophagogastric Varices

A systematic review of 20 diagnostic accuracy studies
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Spleen stiffness measurement by transient elastography is a highly feasible, accurate, and non-invasive tool for

evaluating portal hypertension and identifying esophagogastric varices and clinically significant portal hypertension.
It shows excellent ability to rule out high-risk varices (high NPV and sensitivity), especially with 100-Hz spleen-specific probes
and in viral hepatitis cohorts. Integration of SSM into non-invasive algorithms may substantially reduce screening endoscopies

Graphical Abstract. Spleen stiffness measurement (SSM) by transient elastography is a non-invasive method for assessing clini-
cally significant portal hypertension and detecting esophagogastric varices in patients with chronic liver disease. This systematic
review included 20 diagnostic accuracy studies involving 2,762 patients. SSM demonstrated moderate-to-excellent diagnostic
performance (AUROC 0.75-0.97), high feasibility (80-100%), and consistently high negative predictive values, particularly for
ruling out high-risk varices. Diagnostic performance was highest with spleen-dedicated 100-Hz probes, supporting the integra-
tion of SSM into non-invasive algorithms to reduce unnecessary screening endoscopy and improve risk stratification.

INTRODUCTION

Portal hypertension (PH) is a clinical syndrome
characterized by an increase in the portal pres-
sure gradient (PPG); it is a major consequence of
hepatic cirrhosis, and it is responsible for its most
severe complications, including ascites, bleeding
from esophageal varices, and encephalopathy®?.

All patients with cirrhosis should be evaluated
to assess the presence of portal hypertension.
Since cirrhosis implies a pathological (invasive) di-
agnosis, at the Baveno VI consensus conference,
the concept of compensated advanced chronic
liver disease (cACLD) was introduced based on
non-invasive tests (NITs) that predict the develop-
ment of the complications of cirrhosis**.

The Baveno VIl consensus has further empha-
sized the importance of detecting clinically sig-
nificant portal hypertension (CSPH) to prevent
patients in compensated advanced chronic liver
disease (cACLD) from the first episode of decom-
pensation, meaning a different prognosis and risk
of severe complications such as bleeding from
esophageal varices, ascites, and encephalopa-
thy>®,

In addition to invasive methodologies as HVPG,
the use of non-invasive diagnostic tools for liver
stiffness measurement (LSM) to evaluate clinical-
ly significant portal hypertension is already well
established and can drive clinical decisions, com-
bining safety, accessibility, and the capacity for
repeated assessments without procedural risk’?,
In particular, cut-off values for liver stiffness mea-
surement by transient elastography (TE), combined
with platelet count, can provide an indication to
use NSBB for variceal bleeding prophylaxis with-
out performing an invasive screening test such as
esophagogastroduodenoscopy®. LSM TE <15 kPa
plus platelet count >150x10°/L rules out clinically
significant portal hypertension (sensitivity and neg-
ative predictive value >90%) in patients with com-
pensated advanced chronic liver disease. A LSM TE
> 25 kPa is sufficient to rule in CSPH (specificity and
positive predictive value >90%) in cACLD (virus or
alcohol-related etiology and non-obese), defining
the group of patients at risk of clinical decompen-
sation and variceal bleeding who would benefit
from NSBBs as primary prophylaxis'®*,

Nevertheless, there is still a grey area between
liver stiffness values of 15-25 kPa. In that range,
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the “ANTICIPATE” model could predict the risk of
clinically significant portal hypertension. Based
on this model, patients with LSM values between
20-25 kPa and platelet count <150x10°/L, or with
LSM values between 15-20 kPa and platelet count
<110x10°/L, have a CSPH risk of at least 60%%%*3.

Since the accuracy of LSM in this range of val-
ues remains unreliable, spleen stiffness measure-
ment (SSM) has gained significant interest as a
complementary and potentially superior marker of
portal hypertension severity!*. By capturing splen-
ic congestion, microvascular remodeling, and the
consequences of collateral formation, SSM offers
valuable insights into the systemic manifestations
of portal hypertension®>¢. Some studies'’*® have
demonstrated that spleen stiffness measurement
outperforms liver stiffness measurement in pre-
dicting clinically significant portal hypertension,
esophagogastric varices, and the risk of decom-
pensation. Its incorporation into the NICER model
represents an important step toward more precise
and widely applicable non-invasive stratification.

Transient elastography (TE), also known as vi-
bration-controlled transient elastography (VCTE),
is the most widely used technique for LSM and
SSM? largely due to its affordability and its high
sensitivity (87.5%) and specificity (85.3%) in iden-
tifying clinically relevant portal hypertension
(CSPH)?*2L TE utilizes a single-element transducer
to create transient shear waves by applying a me-
chanical impulse to the tissue?2.

TE generates a low-frequency mechanical vi-
bration that propagates through splenic tissue as a
shear wave. The wave velocity is detected by ultra-
sound-based pulse-echo tracking and converted into
a quantitative stiffness value, expressed in kilopas-
cals (kPa)?®. Two probe settings are relevant. Stan-
dard 50 Hz probe — originally designed for liver stiff-
ness measurement; feasible for spleen assessment
but sometimes limited by the spleen’s anatomical
position and higher intrinsic stiffness®. Spleen-ded-
icated 100 Hz probe — developed specifically to im-
prove measurement depth, feasibility, and diagnostic
accuracy; now increasingly used in clinical research
(FibroScan® Expert 630)7-%, TE offers excellent re-
producibility, rapid acquisition, and wide availabil-
ity. However, feasibility may be reduced in patients
with obesity, narrow intercostal spaces, ascites, or
markedly enlarged spleens?’. TE measurement can
be used to identify those at low probability of high-
risk varices. The role of spleen stiffness in identify-
ing clinically significant portal hypertension (CSPH) is
already well established in cACLD due to viral hep-
atitis, but the correlation in non-viral etiologies is
still unclear?”=°. Given this uncertainty, an updated
systematic review is warranted to summarize the
current evidence regarding the accuracy of spleen
stiffness measurement (SSM) by TE test in detecting

or excluding esophageal varices as an expression of
CSPH, and to clarify its role, with an overview of the
different etiologies of chronic liver diseases.

Therefore, we conducted this systematic re-
view to evaluate the diagnostic performance of
spleen stiffness measurement (SSM) obtained by
TE in predicting clinically significant portal hyper-
tension, based on the presence of esophagogas-
tric varices. The secondary outcome will be the
assessment of this correlation in different etiolo-
gies of chronic liver disease.

MATERIALS AND METHODS

We used the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA)
guidelines® and the Systematic Reviews of in-
tervention®2. We registered the protocol of this
systematic review in the International Prospec-
tive Register of Systematic Reviews (PROSPERO:
CRD420251180818).

Eligibility criteria

Eligible studies for inclusion in our systematic re-
view were those that met the following criteria:
(1) human retrospective and prospective observa-
tional studies, interventional studies and random-
ized clinical trials; (2) adult patients with chronic
liver disease (age = 18 years); (3) SSM estimated
by transient elastography (TE); (4) esophagogas-
tric varices detected by EGDS, VCE, CT, MRI; (5)
papers written in English with no restriction on
date, sample size, country, or clinical setting.

We excluded from our systematic review: (1)
systematic reviews, commentaries and editorials;
(2) adolescents/children (under 18 years of age),
patients who had a history of splenic surgery or
balloon-occluded retrograde transvenous obliter-
ation (BRTO); (3) SSM detected by pSWE, 2D-SWE,
ARFI, STE, MRE or scores; (4) animal research.

Information sources and search strategy

A literature search was conducted in PubMed, Em-
base, Ovid MEDLINE® ALL, Scopus, and the Cochrane
Library on October 31, 2025, including adult human
studies without date restrictions. We used the PICO
strategy to formulate our search. The literature
search was performed by two authors (ER, AR).

Selection process

All duplicates were identified by the automa-
tion tool Rayyan (https://new.rayyan.ai/), then
checked by two reviewers (ER, RA) and removed
before screening.
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All titles and abstracts were evaluated for ap-
propriateness by two reviewers independently
(ER, RA), and the potentially relevant titles were
chosen for full-length review. All selections were
decided by consensus.

Articles were then evaluated in full text in de-
tail and selected by two study reviewers (ER, RA),
based on the inclusion and exclusion criteria de-
tailed above. Any disagreements regarding study
selection were resolved by discussion and con-
sensus between two additional reviewers (SF, ED)
and the lead reviewers (ER, RA).

Data collection process

Data extraction from the finally selected docu-
ments was carried out independently by two au-
thors using a predefined data extraction form and
then reviewed by a third author (SF). Divergences
were resolved by consensus. From each study,
we extracted the following information: first au-
thor, year of publication, study design, sample
size, age, sex, BMI, etiology of liver disease, Child-
Pugh, MELD, varices prevalence, technique, SSM
cut-off (KPa), sensitivity (%), specificity (%), direct-
ly extracted or calculated AUROC, PPV (%), NPV
(%), HVPG, outcome (Any EV/HRV/CSPH), notes
(e.g., Baveno VI/VII integration, LSM+SSM mod-
els, probe 100Hz).

Risk of bias assessment

The risk of bias was assessed by two authors inde-
pendently (ER, RA) using the Quality Assessment
of Diagnostic Accuracy tool (QUADAS-2)%*34, Dis-
agreements were resolved by consensus or dis-
cussion with a third author (SF). The traffic light
plot and the summary plot were obtained using
an online tool (Robvis).

RESULTS
Study selection and characteristics

The initial search strategy led to the identification
of 229 records; after duplicate removal, 168 un-
derwent screening for title and abstract.

We removed 124 records either because they
were not related, did not evaluate our outcomes
of interest, or were not clinical studies.

We assessed 44 articles for full-text screen-
ing: 4 were excluded because the text or the data
were not accessible, 2 had full-text in Chinese,
and 18 might have met our inclusion criteria, but
after accurate analysis of the results, they did not

meet one of the items of our PICO strategy. The
selection process is illustrated in the PRISMA flow
diagram (Figure 1).

A total of 20 studies were included in our sys-
tematic review, comprising 2.762 patients with
chronic liver disease (CLD) of various etiologies,
validating transient elastography (TE) for spleen
stiffness measurement (SSM) against the gold
standard reference test (EGDS) for any esoph-
agogastric varices (EV), including high-risk varices
(HRV).

Most of the studies were prospective (n=11)
or cross-sectional (n=7), with two retrospective
cohorts. The sample sizes ranged from 26 to 355
patients. The mean patient age across studies
ranged from 46 to 63 years, and the proportion of
males varied between 40% and 82%, with a more
marked prevalence of male patients in Western
countries. BMI was reported in 13 studies, with
means ranging from 23 to 34 kg/m?2. The studies
were conducted in different countries, improving
the generalizability of the results.

The most common etiologies of CLD were HBV
(predominant in 5 studies), HCV (5 studies), ALD (4
studies), and mixed etiological cohorts, while one
study specifically focused on MASLD. This variabil-
ity necessitated subsequent subgroup analysis.

Disease severity varied across studies, al-
though most cohorts predominantly included
compensated cirrhosis (Child-Pugh A ranging from
60-95%). Eight studies explicitly reported MELD
scores, generally within the compensated range
(7-11). Four studies used spleen-dedicated 100
Hz FibroScan probes, while the remaining sixteen
used standard 50 Hz TE devices with conventional
M-probes. SSM, where reported, had a high fea-
sibility between 80-100%. Across the studies in-
cluded in this systematic review, specific data on
gastric varices (GV) were generally scarce, as most
cohorts evaluated esophagogastric or esophageal
varices rather than gastric varices. Detailed char-
acteristics of the included studies are presented
in Table I.

Risk of bias assessment (QUADAS-2)

Across the 20 studies included in this systematic
review, the overall methodological quality was
moderate-high, with some variability across QUA-
DAS-2 domains (Figure 2).

Patient selection used consecutive or clearly
defined cohorts; however, the spectrum of pa-
tients included was not fully representative of all
etiologies or stages of chronic liver disease, which
may limit generalizability. Transient elastography
was performed using standardized techniques,
and interpreters were blinded, when specified, to
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Figure 1. Flow chart of study selection process. °®PRISMA 2020 flow diagram. Page MJ, et al. BMJ 2021; 372: n71. doi: 10.1136/

bmj.n71. This work is licensed under CC BY 4.0.

endoscopic results. All studies used endoscopy as
reference standard. In the majority of the studies,
the interval between SSM and endoscopy was not
precisely reported, introducing a potential verifi-
cation bias and may overestimate diagnostic ac-
curacy3s-46,

The methodological quality is sufficient to
support qualitative synthesis, but the risk of bias
must be considered when interpreting the accu-
racy of spleen stiffness measurement for predict-
ing esophagogastric varices. The heterogeneity in
study design, SSM thresholds, feasibility reporting,
and patient populations also introduces variabili-
ty that is likely to contribute to diagnostic perfor-
mance differences across studies. contributed to
diagnostic performance differences across studies.

Overall diagnostic accuracy of spleen
stiffness measurement

16 studies out of 20 were reporting directly AUROC
values for the detection of esophageal varices (EV)
or high-risk varices (HRV); the diagnostic perfor-
mance of SSM ranged from 0.514 to 0.97, measured
as AUROC, with the majority clustering between
0.75 and 0.90. The highest accuracy was observed
in Kwape et al¥” (AUROC 0.97), Wang et al*’ (AUROC
0.923), and Fraquelli et al*® (AUROC 0.90).

The 4 studies that did not report AUROC direct-
ly were included in the analysis, as they are still
evaluating our outcomes and report values such
as sensitivity, specificity, and SSM cut-off, but were
not considered when discussing AURQC?#+46:48:49,
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Table I. Characteristics of the included studies.

First Location Study Technique  Sample Size Age (Y) Sex (%M) BMI Etiology of CLD % Severity of CLD Child Pugh MELD
Author Design for SSM (kg/m?)
Colecchia et al*® Italy, R (1) TE . 240 1. 60 |.55 l. 26 HCV | 84 E 40.9 cACLD A:1.73.8% 1.8
2018 Switzerland P (E) E. 115 E. 58 E. 67.8 E. 26.4 HBVIGE4.4 /E. 86.9% E.7
ALD I8 E 16.5 B:1.26.2%
Other12E19.1 /E. 13.1%
Stefanescu at al* Romania, P TE 260 59 65 26 HCV 59.6 NR NR 9.2
2019 Italy, 100 Hz HBV 7.3
France, UK ALD 30.4
Other 2.7
Wang et al China R TE 124 55 79 NR Mixed Cirrhosis NR NR
2019
Grgurevic et al* Croatia CS TE 76 62 78.9 28.3+5 ALD 36.8 NR NR NR
2022 UK NAFLD 30.3
Australia HBV/HCV 14.5
Al 9.2
Other 9.2
Wang et al*¢ 2020 China P TE 341 48 82.4 23.4 HBV in viral NR A94.7% NR
suppression B4.4%
C0.9%
Patcharaporn Thailand P TE 38 54.58 £ 10.15 81.6 24.7 £3.3 ALD 60.5 NR NR NR
etal®* 2018 HBV 31.6
HCV 23.7
NAFLD 10.5
Mufioz et al*® 2021 Spain CS TE 97 63 57 27.1 HCV (SVR) NR A 100% NR
Kwape et al*’ South Africa CS TE 50 46.6 £ 15.00 40 25.1+4.0 ALD 22 cACLD NR NR
2024 USA HBV 22
Botswana AlH 20
Others 36
Fraquelli et al*® Italy CS TE 26 52 60 23 HCV 81 NR NR NR
2012 HBV 21
Colecchia et al*® Italy P TE 113 54 71 25 HCV NR A 68% NR
2012 B32%

Continued
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Table | (continued). Characteristics of the included studies.

First Location Study Technique  Sample Size Age (Y) Sex (%M) BMI Etiology of CLD % Severity of CLD Child Pugh MELD
Author Design for SSM
Wong et al* China, P TE 144 58+9 79.2 24.4+3.3 HBV NR NR NR
2016 Australia
Calvaruso et al*2 2013 Italy P TE 96 NR NR NR HCV NR A NR
Kurniawan et al* Indonesia CS TE 100 Hz 141 52 68.8 23.44 HBV 50.4 NR A 68.8% NR
2024 HCV 31.9 B 25.5%
MASLD -Cripto 17.7 C5.7%
Arribas Anta et al* Spain CS TE 66 59.6+2.4 76 NR HCV 51.6 NR 6.1+1.3 9.5%+3.2
2018 ALD 21.7
HBV 10
NASH 8.3
PBC 1.7
Cripto 1.7
Williams et al*® 2024 USA P TE 154 59 45.5 34 MASLD Cirrhosis NR NR
Buetcher et al** Germany P TE 113 NR NR NR AlH 16.8 NR NR NR
2016 75 patients NAFLD 14.2
on EGDS Other 69
Liu et al*® China P TE 100 Hz 171 58 64.3 NR HBV 46.8 cACLD 7 10.8
2023 HCV 8.8 25.2%
ALD 22.2
NAFLD 4.1
AIH/PBC 8.8/4.7
Other 4.7
Stefanescu et al** Romania, CS TE 137 56 56.2 26.36 HCV Cirrhosis A 64.9% NR
2011 Italy, ALD B 28.4%
France, UK C6.8%
de Silva et al*° 2024 Sri Lanka P TE 174 61.4 63.2 25.4 ALD NR A 100% NR
Nababan et al*® Indonesia CS TE 100 Hz 86 52 +11.4 75.6 23.9 NAFLD 3.5-3.8 NR A 61.6%-40.4% NR
2024 HRV 52 52+11.3 80.8 23.5 HBV 60.5-51.9 B 31.4%-50.0%
HCV 25.6-32.7 C7.0%-9.6%

Others 10.5-11.5

BMI: body mass index, CLD: chronic liver disease, MELD: model for end-stage liver disease, HCV: hepatitis C virus, HBV: hepatitis B virus, ALD: alcohol-related liver disease, Al: autoimmune, NAFLD: non-alcoholic fatty liver disease, cACLD:
compensated advanced chronic liver disease, TE: transient elastography, EGDS: esophagogastroduodenoscopy, HRV: High-Risk Varices, PBC: primary biliary cholangitis, MASLD: metabolic-associated steatotic liver disease, NASH: non-
alcoholic steatohepatitis, AIH: autoimmune hepatitis.



260 E.RONDINI, R. ACCATTOLI, E. DISTRUTTI, S: FIORUCCI

.

Patient selection

Index test

Reference standard

Flow & timing

50% 75% 100%

. Low risk of bias D Some concerns

Figure 2. Risk of bias graphic representation by summary plot. Made by Robvis tools®.

SSM cut-off values

Across the study population examined, there was
a substantial heterogeneity in spleen stiffness (SS)
cut-off values identified for the noninvasive diag-
nosis of esophageal varices, ranging from 18.9 to
56 kPa.

The most frequently reported cut-off values
clustering around 46 kPa to 54 kPa were associat-
ed with optimal overall balanced accuracy (sensi-
tivity/specificity).

To optimize accuracy, some studies employed
a dual-cutoff strategy, with low values < 21 kPa
used to rule out CSPH and high values > 70 kPa
used to rule in varices, demonstrating the tech-
nique’s utility as a triage tool. Dual cut-off strat-
egy rule-out performance was especially strong
in several studies, with negative predictive values
(NPV) often exceeding 90%.

Sources of heterogeneity
and limitations

The variability in reported accuracy and in cut-
off values is likely due to differences in reference
standards. We identified the following as sources
of heterogeneity:

— Definition of outcomes: any EV and high-risk
varices (slight variations in defining ‘HRV’
across studies).

— Technique variation: the results highlight a dif-
ference in performance between standard Liv-
er probe TE and specific splenic TE probe (100
Hz).

— Etiology of liver disease: the extracted data
suggest performance varied by the etiology of
chronic liver disease (viral, ALD, Mixed, ...). This
heterogeneity may influence the mechanical
properties of the spleen, leading to different
optimal cut-off values for SSM (Table II).

Subgroup analysis

Due to this heterogeneity, we conducted a sub-
group analysis of the references we found crucial.

High-risk varices (HRV)

Six studies®*"5952 explicitly assessed SSM perfor-
mance for HRV, defined as large varices (grade 2
and 3) or small varices (grade 1) with red signs. SSM
cut-offs for HRV varied from 20-46 kPa, influenced
by screening aims (rule-out vs. rule-in thresholds).
Sensitivity for HRV ranged from 83-98%, particu-
larly high in rule-out strategies. Specificity ranged
from 35% to 97%, with higher values typically ob-
served with rule-in cutoffs. AUROC values for HRV
ranged from 0.756 to 0.90. Across all HRV studies,
NPV was consistently high (64-100%), supporting
SSM’s use to safely exclude HRV. Rule-in accuracy
was more variable, with positive predictive values
spanning from 18.9% to 99.1%, depending on prev-
alence and cut-off strategy. Overall, SSM demon-
strated robust capability to rule out HRV, especially
when using high-sensitivity cut-offs.

Spleen-dedicated probes vs.
standard 50 Hz TE probe

Four studies®#+#54 employed 100 Hz spleen-spe-
cific probes. These studies reported high AUROC
values (0.756-0.90), particularly for HRV and large
varices. Sensitivity for any EV was 83-98%, high-
er than 50 Hz studies, and specificity ranged from
50-97%. Feasibility exceeded 92% in all studies (up
to 97%). Rule-out performance was particularly
strong, with NPV often reaching 290%, including
99% in Liu et al**. Cut-offs ranged from 40-70 kPa,
depending on whether the aim was to exclude or
confirm HRV.
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Table IlI. Diagnostic accuracy of SSM.

Author Feasibility SSM Cut-off Sensitivity Specificity AUROC PPV NPV
of SSM % (kPa) (%) (%) (%) (%)
Colecchia et al*°2018 87 46 1.94.2% 1. 43.9% 0.84 1. 29.3% 1.96.1%
E.87.7% E. 35.4% E. 18.9% E. 100%
Stefanescu et al*1 2019 a92.5 NR NR NR EV0.728 NR NR
Large EV 0.767
HRV 0.756
Wang et al” 2019 NR 55.2 EVB 90.48 EVB 86.41 0.923 NR NR
Grgurevic et al*® 2022 NR 421 92.9 61.7 0.797 NR NR
Wang et al*¢ 2020 95.9 46 HRV 95.71 HRV 76.38 NR HRV 51.15 HRV 98.57
Patcharaporn et al*® 2018 100 46 74.2 28.6 0.514 82.1 20
Mufioz et al*® 2021 773 27 83 32 0.624 47 74
Kwape et al*’ 2024 NR 34.5 100 88 0.97 94 100
Fraquelli et al*® 2014 92.3 48 100 60 0.9 NR 100
Colecchia et al*® 2012 88.50 Rule-out: Rule out: 98.1  Rule out: 66 0.92 Rule out: 77 Rule out: 97
41.3 kPa Rulein: 71 Rule in: 96 Rule in: 95 Rulein: 75
Rule-in:
55 kPa
Wong et al*° 2016 87.0 Rule-out: 18.9 91.4 32.1 0.68 30.2 92.1
Rule-in: 54.9 371 90.8 56.5 81.8
Calvaruso et al*2 2013 85.7 EV: 50 EV: 65 EV: 61 EV:0.701 EV: 69 EV: 57
Large EV: 54 Large EV: 80  Large EV: 70 Large Large EV: 47 Large EV:90
EV 0.819
Kurniawan et al* 2024 NR 40 88.79 80 0.892 95.37 60.61
Arribas et al*> 2018 90.90 48 85.7 68.7 0.8 70.5 84.6
Williams et al** 2024 81.2% 56 72.4 73.5 0.74 70 75.8
Buetcher et al** 2016 90 42.6 89 64 NR NR 0.97
Liu et al*> 2023 97.1% 43.4 83.2 97.5 0.9 99.1 64.0
Stefanescu et al** 2011 89.1% 46.4 83.56 71.43 0.781 93.8 455
De Silva et al* 2024 NR 30 81.4 72.3 NR 82.2 71.2
Nababan et al*¢ 2024 NR Rule out 20 98.1 20.6 NR 65.4 87.5
Rule in 70 50 82.4 81.3 51.9

EV: esophageal varices, HRV: high-risk varices, SSM: spleen stiffness measurement, AUROC: area under the receiver operating characteristic

curve, PPV: positive predictive value, NPV: negative predictive value, NR: not reported.

Overall, 100 Hz SSM demonstrated compara-
ble sensitivity but outperformed standard 50
Hz probe in specificity and feasibility.

cACLD etiology

Among the studies evaluating subpopulations of
patients with cACLD of viral etiology (untreated
HCV, treated and untreated HBV), the most accu-
rate in terms of specificity and diagnostic accura-
cy is the 55 kPa cut-off identified by Colecchia et
al*® (Sp 96%, PPV 95%, AUROC 0.92), which aligns
with the Baveno VIl value of SS > 50 kPa to rule
in CSPH. The AUROC of SSM in Colecchia is 0.92,
indicating very good diagnostic accuracy, and the
study also has very low risk of bias.

Kurniawan and Siahaan* identify a value of 40
kPa to rule in for HBV and HCV with good statis-
tical significance. The SSM cut-offs tend to con-
verge (41.3-48 kPa).

This holds particularly when excluding the two
studies from the analysis that report extreme cut-
offs within this subpopulation: Wong et al*°, which
identifies an SS value of 18.9 kPa as the rule-out,
and Calvaruso et al®?, which instead reports 54
kPa. Regarding the aforementioned article by
Wong et al*? 2016 it provides an interesting analy-
sis on patients with HBV, dividing them into NSBB
users and non-users. The noteworthy finding is
that no significant difference in SS is observed
between the two groups; it identifies an SS cut-
off of 18.9 kPa to rule out any varices. This study,
however, raises some concerns in terms of risk of
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bias, particularly regarding in-time flow. Further-
more, the AUROC of SSM obtained for any vari-
ces is 0.685 (95% Cl 0.584-0.878), which does not
demonstrate high diagnostic accuracy. Finally, the
sensitivity of the identified cut-off is 91.4%, good
but significantly lower than that of the second
cut-off identified by the other studies evaluating
this subpopulation, namely the 41.3 kPa report-
ed by Colecchia et al®®, which has a sensitivity of
98.1% and an NPV of 97%, compared with 92.1%
in Wong et al*.

Therefore, accepting 41.3 kPa as the most sen-
sitive value to rule out EV in patients with cACLD
of viral etiology appears reasonable. This aligns
with the Baveno VIl indication for ruling out vari-
ces in this population (SS < 40 kPa).

A separate mention deserves the study by
Mufioz-Codoceo et al*®, which evaluates a specific
subgroup of cACLD patients with HCV-related dis-
ease after DAA therapy, identifying a cut-off of 27
kPa, but with low sensitivity (83%), an NPV of only
74%, and low diagnostic accuracy (AUROC 0.624).

In studies evaluating patients with CLD of
mixed etiology (viral, alcoholic, MASLD, crypto-
genic, etc.), SS cut-offs show greater variability
(20-56 kPa)3>37:4244-47505153,54 The study reporting
the lowest cut-off with high sensitivity (98.1%,
NPV 87.5%) is that by Nababan et al*6, which uses
the CSPH rule-out and rule-in SS values proposed
by Baveno VII (20 and 50 kPa) and applies them to
assess their accuracy for ruling out and ruling in
HRV, obtaining good results. The strength of this
study is the use of a spleen-dedicated TE probe
(100 Hz), whereas its limitations include being a
single-center study with a high prevalence of HRV
(50%) and the predominance of viral etiologies in
the cohort compared with MASLD.

The study by Williams et al*® on a CLD popula-
tion with exclusively MASLD etiology identifies a
cut-off of 56 kPa, but with low sensitivity (72.4%)
for EV of any size and suboptimal diagnostic accu-
racy (AUROC 0.74).

Performance is better for HRV (AUROC 0.82,
NPV 92.5%), although sensitivity remains low
(78.6%). Further studies on this increasingly prev-
alent etiological subgroup in the general popula-
tion are needed.

De Silva et al* is the only study that specifically
evaluates ALD and identifies 30 kPa in combina-
tion with LSM > 15.

Etiology-related differences were evident
across the dataset. HBV cohorts (n = 900 patients
across 5-6 studies) consistently showed high
SSM performance, including some of the stron-
gest AUROC values. HCV cohorts (=700 patients)
demonstrated generally good accuracy but with
moderate variability, particularly in post-SVR pop-
ulations, where SSM accuracy was lower. ALD

cohorts showed slightly lower and more hetero-
geneous accuracy, potentially reflecting inflam-
matory confounders and advanced portal hyper-
tension at baseline. MASLD cohorts, represented
mainly by Williams et al*®, exhibited moderate
performance (AUROC 0.74), suggesting etiolo-
gy-specific variability and underlying the necessi-
ty of further studies on this population. Mixed eti-
ologies produced expected intermediate results.

Etiology-specific SSM cut-offs and accuracy

Our data heterogeneity clearly indicates that the
optimal SSM cut-off value varies significantly de-
pending on the underlying liver disease etiology,
suggesting the need for etiology-specific thresh-
olds in clinical practice. The main key interpreta-
tions were the following:

— Higher cut-offs for HCV/mixed etiologies: the
highest reported cut-offs were found in stud-
ies dominated by Hepatitis C Virus (HCV) and
general Mixed etiologies.

— Lower cut-offs for HBV/non-viral: studies fo-
cusing on Hepatitis B Virus (HBV) and non-viral
predominant causes reported lower cut-offs.

— Impact of SVR: the lowest reported cut-off was
in this group, suggesting that successful viral
eradication may lead to a reduction in spleen
stiffness, requiring a lower threshold for pre-
dicting varices. This group also had the lowest
AUROC, suggesting that the diagnostic accura-
cy of SSM drops significantly after treatment
(Table 111).

DISCUSSION

In this systematic review, we evaluated the diag-
nostic accuracy of spleen stiffness measurement
(SSM) using transient elastography for detecting
esophagogastric varices as an indicator of clinical-
ly significant portal hypertension (CSPH).

Across 20 included studies encompassing
2,724 patients with chronic liver disease (CLD) of
mixed etiologies, SSM consistently showed mod-
erate to excellent diagnostic performance, with
AUROC values generally between 0.75 and 0.90
and, in some studies, exceeding 0.90.

Although this review focused on SSM, the
majority of studies3®45474954 glso provided LSM
values. When reported, SSM sensitivity outper-
formed LSM for detection of EV or HRV. This
likely reflects the closer mechanistic association
between splenic congestion and portal hyperten-
sion, compared with hepatic stiffness, which may
be influenced by parenchymal inflammation or fi-
brosis unrelated to PH.
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Table Ill. Etiology specific diagnostic accuracy of SSM.

Etiology Mean SSM AUROC Mean Mean

Cut-off (kPa) Sensitivity % Specificity %
HBV 36.24 0.872 93.71 79.38
HCV 54.0 0.820 80.00 70.00
Mixed 51.15 0.843 84.49 85.14
HCV (SVR) 27.0 0.624 NA NA

HBV: Hepatitis B Virus, HCV: Hepatitis C Virus, SVR: sustained virological response, SSM: spleen stiffness measurement, AUROC: area under

the receiver operating characteristic curve, NA: not applicable.

The data demonstrate that SSM displays
high sensitivity and moderate-to-high specificity
across most studies, with NPV frequently above
90% (in five studies, 295%). This performance
profile is characteristic of a test optimized for ex-
clusion rather than inclusion. Studies that used
low cutoffs (typically 35-46 kPa) demonstrated
sensitivity between 83% and 98%, making these
thresholds particularly appropriate for avoiding
missed detection of esophagogastric varices.

Conversely, rule-in cut-offs (55-70 kPa) achieved
excellent specificities above 80-90% in multiple
studies, particularly in viral hepatitis. However, PPVs
were more variable. Therefore, while rule-in strat-
egies may help prioritize urgent endoscopy, they
cannot fully replace endoscopy for confirmation.
The concept of using dual cutoffs to maximize either
sensitivity (rule-out) or specificity (rule-in) is well
supported by our extracted data.

The overall range of AUROC values (0.514—
0.97) indicates heterogeneity across studies, but
most reported values were above 0.75, which is
considered clinically meaningful. The lowest AU-
ROC values (e.g., Patcharaporn et al**, AUROC =
0.514) appeared to be associated with very small
sample sizes, mixed etiologies, and low prevalence
of varices. Conversely, the highest AUROC values
(Kwape et al¥, Fraquelli et al*®, Wang et al*’) oc-
curred in studies using optimized 100 Hz probes
or in carefully selected viral hepatitis cohorts.

Etiology emerged as an important determinant of
SSM performance. Viral hepatitis cohorts (HBV and
HCV) consistently demonstrated stronger diagnostic
accuracy, often with AUROC values above 0.80. These
patients tend to have a more predictable relationship
between portal pressure, splenic congestion, and fi-
brosis progression, making SSM more reliable.

Alcohol-related liver disease (ALD) cohorts
showed moderately lower performance. ALD is char-
acterized by fluctuations in inflammation, dynamic
changes in portal flow, and variable patterns of fi-
brosis, all of which can independently alter splenic
biomechanics regardless of variceal severity. This
likely explains the more heterogeneous AUROC val-
ues in ALD-dominant studies (e.g., Grgurevic et al*3).

MASLD (metabolic-associated steatotic liver
disease) had the weakest performance (Williams
et al*®, AUROC 0.74). MASLD-associated portal hy-
pertension often develops at earlier fibrosis stag-
es and is influenced by cardiometabolic factors
that may alter spleen perfusion independently of
structural portal hypertension. This reinforces the
need for etiology-specific SSM cutoffs.

Mixed-etiology cohorts produced interme-
diate results, likely reflecting dilution of pheno-
type-specific patterns.

The feasibility of SSM was consistently high
(80-100%) even among obese patients (e.g.,
MASLD cohorts); it remained above 80%, suggest-
ing that SSM may outperform LSM in certain an-
thropometric subgroups.

A particularly important finding of this review is
the superior specificity of 100 Hz spleen-dedicated
transient elastography devices. Four studies*4>46:51
using this technology reported AUROC values rang-
ing from 0.756 to 0.90, with some of the highest
sensitivities observed in the entire dataset. In ad-
dition, 100 Hz probes show excellent feasibility
(>95%), outperforming 50 Hz probes in both tech-
nical success and inter-operator consistency.

Limitations

Despite overall promising results, several limitations
merit discussion. Heterogeneity of cutoffs makes
direct comparison challenging, and meta-analytic
pooling may require hierarchical modeling. Vari-
able variceal prevalence across the studies, from as
low as 10% to more than 80%, directly influences
PPV and NPV. High-prevalence cohorts (>60% EV)
showed higher PPV but lower NPV; low-prevalence
cohorts (<30% EV) showed high NPV and moderate
PPV. Composition of cACLD etiologies varied wide-
ly between studies and influences spleen stiffness
independently of portal pressure. Small sample siz-
es in some studies introduce a risk of imprecision,
while the lack of standardized measurement proto-
cols for SSM (breathing phase, intercostal location)
may affect reproducibility.
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The review process also carried inherent con-
straints. The data extraction relied on summary
measures (AUROC, sensitivity, specificity), poten-
tially introducing reporting bias.

Heterogeneity in reporting (e.g., differing EV
grading systems, inconsistent HRV definitions)
may have introduced classification bias. Narrative
synthesis was favored over meta-analysis given
the observed methodological variability, which,
although appropriate, limits the ability to provide
pooled accuracy estimates. Some risk-of-bias do-
mains (particularly patient flow and timing) were
rated “some concerns” due to incomplete report-
ing, which may influence the robustness of the
findings. The review did not include unpublished
data or conference abstracts, potentially intro-
ducing publication bias toward studies reporting
favorable results.

CONCLUSIONS

The strong performance of SSM by TE in detect-
ing esophagogastric varices is consistent and re-
inforces the growing body of evidence supporting
its role as a key biomarker for portal hypertension
(PH) severity and for prevention of clinical decom-
pensation.

This finding supports the growing trend in Bav-
eno VIl recommendations to incorporate SSM into
non-invasive risk stratification algorithms, partic-
ularly where LSM vyields indeterminate results®.

For patients with cACLD, a low SSM value could
safely rule out varices, particularly in HRV, allow-
ing them to forgo screening endoscopy. Converse-
ly, a high SSM value can confirm CSPH and prompt
further monitoring or primary prophylaxis.

Due to the limitations we reported, we cannot
conclude on an SSM cut-off, nor can we validate
the method for non-viral etiology.

This systematic review, however, reinforces
the potential of the technique, encouraging clin-
ical studies of non-viral etiology cACLD, carried
out by a specific splenic probe where possible, to
identify an SSM cut-off for validation in all cACLD
etiologies.

TE is a robust technique for SSM that can be
reliably applied across a broad spectrum of pa-
tients, potentially overcoming limitations seen
with other abdominal ultrasound-based elastog-
raphy techniques that require very expensive ma-
chines (MRE) or very trained ultrasonographers
(SWE, 2D-SWE).

In summary, spleen stiffness measurement is a
highly feasible, highly accurate, non-invasive tool
for evaluating portal hypertension and identify-
ing esophagogastric varices and CSPH, with high
negative predictive value and sensitivity for ruling

out varices, particularly high-risk varices. Its per-
formance is stronger when using spleen-specific
100 Hz probes and in viral hepatitis cohorts. SSM
should be considered an essential component of
a non-invasive work-up for portal hypertension in
patients with advanced chronic liver disease, po-
tentially allowing for a significant reduction in the
number of screening endoscopies, fast primary
prophylaxis with NSBBs, and reduction of the risk
of decompensation. Future prospective studies
should focus on standardizing the SSM technique
and validating specific cut-off values tailored to
different etiologies of chronic liver disease and
integration into combined risk models for the
non-invasive assessment of clinically significant
portal hypertension.
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