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Abstract

Background: Periodic Upper Gastrointestinal Endoscopy (UGIE) for Oesophageal Varices (OVs) is recommended in all compensated
cirrhotic patients. The prevalence of early stage cirrhosis is on the rise with the contribution of non-invasive models for liver fibrosis.
The healthcare system needs to focus on cost-effective surveillance strategies re-channelling its efforts for high-risk OVs. This study
evaluated whether non-invasive means for prediction of high-risk OVs could limit UGIEs among the the Child-Pugh class A cirrhosis
population.
Materials and Methods: Endoscopic, clinical, and laboratory data were retrieved from medical records. Shear-Wave Elastography
(SWE) and ultrasound spleen measurements, Platelet Count/Spleen Diameter (PC/SD) ratio and Child-Pugh score calculations were
performed.
Results: Successful elasticity acquisitions were performed in 99 cirrhosis patients. Child-Pugh score was A in 67.2% cases. The PC/SD
ratios were significantly associated with high-risk (grade ≥ II) OVs (P = 0.002), whereas elasticity measurements were not. No sig-
nificant differences were found between Child-Pugh classes for both parameters (P > 0.05). The AUROC values for the prediction
of high-risk (≥ grade II) OVs were moderate for PC/SD ratio (0.748), and poor for SWE (0.514). The PC/SD ratio cut-off level with best
negative predictive function (93%) was 1298 to serve for excluding high-risk OVs in Child A patients.
Conclusions: For compensated cirrhosis patients, the SWE was limited in accuracy to predict high-risk OVs, while PC/SD ratio ap-
peared as a useful tool to exclude high-risk OVs giving UGIE priority to those at greatest risk for bleeding. High-quality evidence
is required to delineate and prioritize endoscopy indications for Child A patients in consensus guidelines to minimize the burden
from unnecessary screening UGIE procedures.
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1. Background

Progressive hepatic fibrosis is a common pathological
process of chronic liver injuries, eventually leading to cir-
rhosis. Esophageal varix related to Portal Hypertension
(PHT) is a potentially lethal complication of cirrhosis be-
cause of the dangerous variceal hemorrhage risk; despite
the improvements in the management, mortality rate still
remains as high as 20% within 6 weeks of the bleeding
episode (1), justifying screening for OVs.

The prevalence of OVs is strongly associated with the
severity of liver disease as assessed by Child-Pugh class. The

OVs are present in 40% of patients with Child-Pugh class
A and 85% in those with class C cirrhosis (2). Annual rate
of variceal hemorrhage is 5% to 15% (3), and the highest
risk occurs from larger varices (medium/large OV), espe-
cially those with red signs, and in patients with decompen-
sated cirrhosis (Child B/C) (4); therefore, primary prophy-
laxis, which relies on either pharmacologic or endoscopic
treatment applies to these conditions. For this purpose,
current guidelines recommend endoscopic screening for
all cirrhotic patients at diagnosis (5), although patients
with Child A cirrhosis have substantially lower rates of
medium/large OVs. In addition, a subsequent surveillance
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is advocated with a periodicity of every 1 to 3 years, depend-
ing on the size of varices, the presence of red signs and
decompensated cirrhosis (Child B/C) (5). The latest Amer-
ican Association for the Study of Liver Diseases (AASLD)
guideline does not recommend primary prophylaxis for
patients, who do not have varices; recommends primary
prophylaxis for patients in any Child-Pugh classes with
medium/large varices, and with small varices as long as
they have Child B/C decompensated cirrhosis (5).

Considerable interest has been directed to develop
non-invasive models to predict Clinically Significant PHT
(CSPH), OVs, and variceal hemorrhage risk. Researchers
have investigated different prediction models by using lab-
oratory or Ultrasound (US) parameters, such as Platelet
(PLT) count, Aspartate Transaminase (AST) to PLT Ratio In-
dex (APRI), Fibrotest, spleen size, portal vein diameter, And
Transient Elastography (TE). However, no consensus exists
with regards to an optimal measure. Shear-Wave Elastogra-
phy (SWE) is a relatively new modality, which has some ad-
vantages with respect to TE: It has the advantage of display-
ing a quantitative map of liver elasticity on a color-coded
image superimposed on real-time B-mode images (6, 7).
The elasticity acquisitions can be performed by the visual
control of the operator, avoiding measurements from the
interfering structures like kidneys or in nearby vessels. Pre-
liminary results suggest that SWE is at least as good as TE
for diagnosis of clinically significant fibrosis, and may have
higher applicability in challenging cases of obesity and as-
cites (8-10), yet there is limited data on the issue of non-
invasive prediction of high-risk OVs, based on SWE values.
Since SWE could be implemented into a regular US imaging
device, it would bring no additional burden when simulta-
neously assessed during the recommended Hepatocellular
Carcinoma (HCC) US surveillance. One other non-invasive
means is the Platelet Count (PC)/Spleen Diameter (SD) ratio
(PC/SD) based on a regular laboratory result and an imag-
ing parameter, which are already available for cirrhotic pa-
tients. Since an initial report in 2003 by Giannini et al. (11), a
number of studies have investigated the accuracy of PC/SD
linking to the presence of OVs in cirrhotic patients (12-15).

Preventive measures are only applied in the presence
of medium-large OVs for Child A cirrhotic population be-
cause of the lack of established primary prophylaxis, en-
doscopic screening in Child A subjects with no or small
varices are of unclear benefit. Previously, early stage cirrho-
sis was underdiagnosed, possibly due to low rates of biopsy
in this silent state. Currently, the prevalence of histological
cirrhosis may be significantly on the rise due to purpose-
ful screening for prognosis and treatment decisions with
the contribution of non-invasive models for liver fibrosis.
Moreover, the decrease in fibrosis progression rate or even
fibrosis regression in the era of successful hepatitis B and C

therapeutics is expected to be translated to important clin-
ical outcomes, such as improvement in Child Pugh’s score,
decrease in portal pressure, and increased survival. Thus,
at this point, endoscopic surveillance may be less neces-
sary and may not be justified for all Child A patients. Con-
cerning the increasing patient burden, related morbidity
and costs, the healthcare system needs to focus on more
cost-effective surveillance strategies re-channelling its ef-
forts for high-risk OVs. Search of the literature indicates
limited studies on non-invasive prediction of high-risk OVs
specifically in Child A cirrhotic population.

The present study specifically attempts to evaluate the
accuracy of SWE for non-invasive prediction of high-risk
OVs and compares it with a non-invasive simple score
PC/SD ratio to clarify whether screening UGIE could be per-
formed selectively only on high-risk patients in the com-
pensated Child-Pugh class A cirrhosis population.

2. Patients and Methods

2.1. Patients

The study cohort included adult patients retrospec-
tively identified from the Hepatology Clinic of Marmara
University Hospital medical records by an extensive re-
view between June and August 2014. The inclusion crite-
ria included, (a) cirrhosis diagnosis made histologically
or based on imaging with compatible clinical features;
(b) having undergone screening endoscopy in the last 6
months; (c) having medical records including complete in-
formation for the Child-Pugh score calculation. Patients
with hepatic tumor involvement were excluded due to the
potential confounding effect. The study protocol was ap-
proved by the institutional ethics review board of the Mar-
mara University Clinical Research.

2.2. Esophageal Varices Assessment

Esophageal Varices were classified by a semi-
quantitative morphological assessment as follows, Grade I
(small) varices were defined as minimally elevated straight
veins flattening with the endoscopic insufflation, grade II
(medium) varices were defined as non-confluent tortuous
veins occupying less than one-third of the esophagus
lumen, and grade III (large) varices were defined as con-
fluent coil-shaped veins occupying more than one-third of
the lumen (4, 16). Presence of no or small (grade 1) varices
were categorized as low-risk, while medium (grade II) or
large (grade III) varices were categorized as high-risk.
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2.3. Real-Time Shear-Wave Elastography

Successful elasticity acquisitions were performed
within a median study period of 2.0 months, following
the review visit using real-time iU22 Liver Shear Wave
ElastPQ (Philips Ultrasound, Bothell, WA, USA) with a
convex broadband probe (1 to 5 MHz) by the same trained
operator. The examination of the patient was performed in
left lateral decubitus position with the right arm elevated,
and restricting breathing or any movement. A mean value
of seven consecutive measurements (one from the left
and the other 6 from the right lobe) from each patient, all
sampled from the liver areas at least 6 cm thick and free
of large vessels and ligaments, were obtained. The results
were expressed in kilopascals (kPa).

2.4. Platelet Count/Spleen Diameter Ratio

All patients underwent liver US examination at the
time of elasticity acquisitions to assess the SD. The PC/SD
ratio was calculated by dividing the number of PLTs/mm3

by the maximum spleen bipolar diameter in millimeters.

2.5. Child-Pugh Score Calculation

Cirrhotic patients were classified according to the
Child-Pugh score, using 5 parameters, including albumin,
ascites, bilirubin, prothrombin activity, and encephalopa-
thy; class A: score 5 to 6, class B: score 7 to 9, and class C:
score: 10 to 15.

2.6. Statistical Analysis

Statistical analyses were performed using the SPSS 17.0
software (IBM, Armonk, NY, USA). Categorical variables
were presented as numbers and percentages. Continuous
variables of PC/SD ratio, Child-Pugh score, and elasticity
data were expressed as medians and Interquartile Range
(IQR). The comparison of the continuous variables among
patient groups was conducted with the Mann–Whitney U-
test or Kruskal–Wallis non-parametric tests, whereas cate-
gorical variables were compared using the Chi-square or
Fischer’s test. Spearman’s rank correlation coefficient was
used to analyze the correlations between Child-Pugh score
and elasticity. The Receiver Operating Characteristic (ROC)
curve analysis was performed, and the area under the ROC
Curve (AUROC) was calculated to evaluate the accuracy of
SWE and PC/SD ratio for the prediction of the presence of
high-risk (grade II or III) OVs in Child A cirrhotic patients. A
two-tailed P < 0.05 was considered statistically significant.

3. Results

3.1. Patients

The study cohort included a total of 99 patients, af-
ter 7 patients with unsuccessful elasticity measurements,
mainly due to obesity or incompliance, were excluded. As
for all the enrolled subjects, the mean age was 55.5 years
(range, 25 to 84 years), and 55 patients (55.6%) were male.
The etiologies of cirrhosis mainly included chronic hepati-
tis B (n = 30), chronic hepatitis C (n = 18), and cryptogenic
(n = 22) cirrhosis. Child-Pugh score was A in 67 (67.2%) cases,
B in 22 cases (22.2%), and C in 10 (10.1%) cases. In this co-
hort, 75 patients (75.8%) had OVs on UGIE, 44 patients had
either no or small (grade 1) varices (low-risk varices), and
55 patients had either medium (grade II) or large (grade III)
varices (high-risk varices). Table 1 summarizes the charac-
teristics of the enrolled patients.

3.2. Associations of the SWE Measurements and PC/SD Ratio Val-
ues with OVs and Child-Pugh Class of Cirrhosis

When the total study cohort was considered, the uni-
variate analysis showed that cirrhosis patients with OVs
were more likely to have lower PC/SD ratio values than
those without OVs (P = 0.004). Also, in univariate analy-
sis, median PC/SD ratio values were significantly associated
with the presence of high-risk (grade ≥ II) OVs (P = 0.002)
and a past history of variceal hemorrhage (P = 0.017). How-
ever, the elasticity measurements did not significantly dif-
fer between the 2 groups of patients with and without OVs,
with low- and high-risk OVs, or with and without a history
of variceal hemorrhage (all P > 0.05). There were no signif-
icant differences between Child-Pugh class A and B, A and
C, or B and C (all P > 0.05) for these 2 parameters; elasticity
measurements and PC/SD ratio values (Table 2).

Spearman’s rank correlation analysis illustrated that
there was a weak (rs = -0.205), but statistically significant (P
= 0.042) decreasing trend toward PC/SD ratio values with
the increasing Child-Pugh scores. Liver elasticity was not
correlated with Child-Pugh scores (P = 0.410) (Table 3).

When only the Child A cirrhotic study cohort was con-
sidered, patients with high-risk OVs had significantly lower
level of PC/SD ratios than those with low-risk OVs (469.5 vs
1053.8 (median), P = 0.000); however, the liver elasticity val-
ues did not differ significantly for the patients harboring
high-risk OVs (25.8 vs 26.6 (median), P = 0.841). (Illustrated
in Figure 1)

3.3. ROC Analysis for the Performances of Liver Elasticity by SWE
and PC/SD Ratio in Discriminating the Presence of High-Risk (≥
grade II) OVs in Child-Pugh Class A Cirrhotic Patients

This research studied the ROC analysis for the predic-
tion of the presence of high-risk (≥ grade II) OVs by 2
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Figure 1. Box Plots of PC/SD Ratio (a) and Liver Elasticity (kPa) by SWE (b) Illustrate the Stratification According to the Presence of Low-Risk (Grade < II) and High-Risk (Grade
≥ II) OVs in the Child-Pugh Class A Cirrhotic Patients (n = 67)
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percentile). The horizontal line in each box shows the median. Error bars represent minimum and maximum values (range). Circles (o) represent the outliers. Abbreviations:
OV, esophageal varices; PC/SD, platelet count/spleen diameter ratio; SWE, shear-wave elastography.

parameters; SWE and PC/SD ratio in the Child A cirrhotic
study cohort. The accuracies indicated by the AUROC val-
ues were moderate for PC/SD ratio (0.748), yet poor for SWE
(0.514); the accuracy of PC/SD ratio was significantly supe-
rior to that of SWE after pairwise comparisons of the AU-
ROCs (P = 0.025). The optimal PC/SD ratio cut-off level was
determined as 731, and its sensitivity, specificity, Positive
Predictive Value (PPV), and Negative Predictive Value (NPV)
were 77.1%, 71.9%, 75.8%, and 70.6%, respectively (Table 4). The
ROC curves for these parameters are presented in Figure 2.

Figure 2. ROC Curves for PC/SD Ratio Values and Liver Elasticity Measurements by
SWE for the Prediction of High-Risk (Grade ≥ II) in Child-Pugh Class A Cirrhotic Pa-
tients; Corresponding AUROC Values Are 0.748 and 0.514
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Abbreviations: OV, esophageal varices; PC/SD, platelet count/spleen diameter ratio;
ROC, Receiver Operating Characteristic; SWE, shear-wave elastography.

The study determined another PC/SD cut-off level to

achieve the best Negative Predictive Function (NPV = 93%),
which was 1298 to serve as a cut-off to exclude high-risk OVs
in Child A cirrhotic patients. This cut-off revealed a sensitiv-
ity of 97.1%, specificity of 40.6%, and PPV of 64.2%.

4. Discussion

It is essential to detect high-risk OVs to initiate timely
primary prophylaxis in order to reduce the rate of the life-
threatening variceal hemorrhage. An entirely non-invasive
means for prediction of high-risk OVs would allow us to
limit UGIE screening to a subgroup especially at risk of
OV hemorrhage, while minimizing the cost and poten-
tial complications by avoiding unnecessary UGIEs in low-
risk patients. It could be suggested that a better goal
would be the non-invasive prediction of high-risk OVs in
Child A cirrhotic population. Patients belonging to Child-
Pugh class B/C have higher probability of bearing larger
OVs, and also other than the variceal size, their degree of
liver failure influences the variceal hemorrhage potential.
Also, preventive options of proven benefit, including small
varices exist for these patients. A satisfactorily accurate
non-invasive model that could replace UGIE seems diffi-
cult for OV surveillance in this high-risk Child-Pugh B/C
cirrhotic population. In the case of Child A patients, the
prevalence of medium/large varices are lower (2), thus the
majority of those undergoing UGIE will have small or no
varices at all. Detection of no or small varices is of unclear
benefit for them, because established prophylactic mea-

4 Hepat Mon. 2017; 17(12):e57226.

http://hepatmon.com


Yegin EG et al.

sures exist only for medium/large OVs in Child-Pugh class
A cirrhosis according to the recent guidelines (5). In the
recent years, with the availability of non-invasive methods
to quantify liver fibrosis, more Chronic Liver Disease (CLD)
patients have been identified at the very initial stage when
compatible clinical and laboratory evidence (e.g. throm-
bocytopenia and elevated PT) of cirrhosis do not exist. Fur-
thermore, therapeutic advances in the viral hepatitis have
resulted in an improved or stable course in hemodynamic
and functional consequences of cirrhosis; the rate of pro-
gression of PHT to high-risk OVs could be expected to be
slower than before. With this new scenario, an increased
proportion of patients are diagnosed in Child A stage, who
will be concerned with UGIE surveillance for longer peri-
ods than before but with a lower yield. In the situation of
increasing UGIE burden and related costs, inconvenience
and complications, it could be suggested that endoscopic
surveillance cannot be justified for all Child A patients, and
non-invasive models are required to restrict UGIE only to
those at greatest risk for larger OVs. Recognizing these, the
present study was performed to reveal the performances
of SWE and PC/SD ratio for the discrimination of high-risk
OVs, specifically for the Child A cirrhotic patient popula-
tion.

In the recent years, additional roles for ultrasound-
based techniques beyond the initial purpose of a non-
invasive detection of significant fibrosis and early stage cir-
rhosis, have included non-invasive prediction of PHT and
its consequences. The TE has been extensively studied in
this context, but less data exists for the utility of Real-Time
Elastography techniques like SWE, which deserves more at-
tention. The SWE could be incorporated in widely available
conventional US device, thus could permit the risk estima-
tion simultaneously at the time of cirrhosis diagnosis or
during the HCC surveillance. Thus, an SWE-based high-risk
varix prediction model could be advantageous regarding
economic benefits, patient acceptance, and medical bur-
den. However, the current study revealed that accuracy
with the ROC model of elasticity for the prediction of high-
risk OV (≥ grade II) for Child-Pugh class A cirrhotic pa-
tients was poor, and significantly inferior than that of the
simple PC/SD ratio (0.514 vs 0.748, P = 0.025). Also, elas-
ticity values were not only non-indicative of variceal size,
but also were not correlated with the Child-Pugh scores,
which reflect the liver synthetic function as well as hemo-
dynamic consequences of cirrhosis. Regarding the PC/SD
ratio, this research found a weak but significant negative
correlation (rs = -0.205, P = 0.042) between the PC/SD ra-
tio and Child-Pugh score. Consistent with the SWE results,
in a recent prospective study including 79 Child-Pugh A
- C patients, both SWE and TE techniques demonstrated
poor diagnostic accuracies (AUROC 0.600, and 0.630, re-

spectively) for high-risk OV presence (8), despite the high
diagnostic accuracies by SWE or TE for detection of CSPH
diagnosed by means of Hepatic Venous Pressure Gradient
(HPVG) (AUROC 0.870 and 0.780, respectively) (8). Likewise,
several studies have demonstrated a good correlation be-
tween liver stiffness (1) values and HVPG (17-20), yet there
are contradictory results with regards to the size of OVs.
Some studies reported a correlation between LS values and
size of the OVs (21), while others could not show such cor-
relation (8, 20). A recent meta-analysis (22) stated that LS
by TE was limited in specificity and PPV with wide range
of performance and cut-off values, precluding its use to re-
place UGIE for large OV detection. Even though good corre-
lations have been reported between LS and CSPH, LS mea-
surements may not be good enough at predicting high-risk
OVs. Two studies (20, 23) stated important findings on the
relationship between LS and CSPH, to explain this contra-
diction. Strong correlation coefficient existed between LS
by TE and HVPG values < 12 mmHg, while correlation co-
efficient dropped to a suboptimal level for HPVG values of
≥ 12 mmHg, which is the threshold for variceal formation
and hemorrhage (20, 23). They explained this by the fact
that mechanisms of PHT become less dependent on the
intra-hepatic vascular resistance caused by accumulation
of fibrous tissue (as reflected by an increase in LS) above
a degree of HPVG, while complex hemodynamic changes
(e.g. hyper-dynamic circulation and splanchnic vasodilata-
tion) contribute to the increase in portal pressure that are
not assessed by the means of LS (20, 23). Accordingly, at
higher HPVG levels (where larger OV and hemorrhage risk
increases), LS may not be an ideal non-invasive surrogate
of HVPG, and, thus, its direct consequence OVs.

Different predictors, including routine laboratory pa-
rameters, such as PC or prothrombin index (24), serum fi-
brosis markers like FibroTest (25), and US parameters like
splenomegaly (26), and portal vein diameter (27), have
been proposed revealing certain abilities to predict the
presence of OVs; prediction models combining 2 or more
of them were also tried to allow a more accurate predic-
tion (11, 28-30). The PC/SD ratio was introduced to allow
a higher accuracy than that of the single parameter by
the combined model of 2 PHT dependent parameters. Sev-
eral factors that are not dependent on PHT may contribute
to the reduction in PC besides splenic sequestration and
include lower thrombopoietin levels, immune-mediated
PLT destruction (31), acute bleeding, malnutrition (vita-
min B12 deficiency), myelotoxic effects of alcohol, hepati-
tis viruses, or medications. The PC/SD ratio model nor-
malizes PC to the splenic size by taking into account the
splenic sequestrated PLTs attributed to PHT. The increase
in spleen size is mainly caused by PHT actively congest-
ing the splenic blood flow, though the interrelation may
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be complex, while pulp hyperplasia and fibrosis also have
some contribution. Using PC/SD ratio strategy is ideal as
it is simple, widely available, and clearly preferable to pa-
tients, and it would necessarily lower the costs since no ad-
ditional expenses would be entailed by the use of these 2
routinely performed parameters. Especially, it would help
prioritize and refer patients for endoscopy exam where
healthcare resources are limited and endoscopy facilities
are not widely available. In the proposal report by Giannini
et al., PC/SD ratio yielded high diagnostic accuracy (AUROC
0.981) with the cut-off 909 for the presence of OVs in Child-
Pugh A-C cirrhotic patients (11). The PC/SD ratio 909 cut-off
has been prospectively validated in independent cohorts
reporting NPV s of 73% to 100% and PPVs of 74% to 93.8%
(12, 15, 32). Also, different cut-offs ranging from 666 to 1014
were proposed with a variety of accuracy values (0.78 to
0.942) for the PC/SD ratio model (13, 14, 33-35). In a multicen-
ter, prospective, validation study by Giannini et al., the AU-
ROC for the PC/SD was 0.860; though lower than that of the
initial study, it was still acceptable (15). Additionally, high
accuracy was proven to be generalizable across all Child-
Pugh classes (15). One study reported a high diagnostic ac-
curacy by combining LS (by TE), PC, and SD for the predic-
tion of high-risk OVs (AUROC = 0.953), while the AUROC val-
ues for LS, SD, and PC individually were 0.886, 0.885, and
0.809, respectively (36). Whether addition of LS to form a
TE-PC-SD-based prediction model has better diagnostic per-
formance than the PC/SD ratio is not known, because a di-
rect comparison is not available.

This research studied PC/SD ratio specifically for pre-
diction ability of high-risk OVs in the Child-Pugh Class A
cirrhotic population to assist the selection of UGIE candi-
dates. Most of previous studies either did not exclude de-
compensated cirrhosis (Child-Pugh B/C) or tried to predict
the presence of OVs rather than high-risk ones. In the cur-
rent study, the diagnostic accuracy of the PC/SD model de-
termined by the AUROC was 0.748, and the optimum cut-
off of 731 had 77.1% sensitivity, 71.9% specificity, 75.8% PPV,
and 70.6% NPV, to differentiate Child A patients with high-
risk OVs. This research determined a higher threshold of
1298 to serve as the best negative predictive cut-off (93%),
which was better at excluding the patients with high-risk
OVs when above the threshold. In the validation study by
Giannini et al., when the analysis was confined to Child
A subgroup, the initially proposed 909 cut-off was found
to have a NPV of 86.9% for the presence of OVs (15). From
a safety point of view, it is suggested that a higher cut-
off could be more confidently applied with a lower risk
of missing high-risk OVs by this non-invasive means, and
spare UGIE to those patients below this cut-off, who poten-
tially may have larger OVs.

The current study had some limitations, which need to

be considered. The existing time between UGIE and SWE ex-
amination could have affected the accuracy of SWE on OV
prediction. Since OV size classification is mainly a morpho-
logical one, assessment over the video records of UGIE ex-
aminations by one researcher could have provided more
reliable results. These limitations are due to the retrospec-
tive part of the study design. Although the researchers pro-
vided homogeneity with studying the compensated cir-
rhosis subgroup, different cirrhosis etiologies may still be
potential sources of heterogeneity. Among previous stud-
ies, the variability of PC/SD ratio accuracy and cut-off re-
sults might relate to different etiologies and severity of cir-
rhosis as well as the subjective OV size assessment and pre-
clude generalizability of the results. In this sense, some
issues need to be resolved before widely applying a pre-
diction model like PC/SD ratio to delay the timing of first
screening endoscopy; high-risk OV formation and relevant
outcomes should be assessed dynamically by PC/SD ra-
tio monitoring and standard UGIE surveillance in a large-
scaled longitudinal study. Errors in spleen bipolar mea-
surement during serial US examinations is another issue
to consider when evaluating the changes of PC/SD ratio,
yet generally acceptable intra-observer and inter-observer
variability has been noted for US spleen measurements (37,
38). Also, the degree of enlargement may vary depending
on the etiology of cirrhosis, and spleen tended to be less en-
larged in alcoholic cirrhosis compared to other forms (39).
Thus, the accuracy of this screening model needs to be clar-
ified across various etiologies of cirrhosis.

This present study indicated that SWE was limited in ac-
curacy to predict high-risk OVs precluding its use in clini-
cal practice in the compensated cirrhosis population. The
PC/SD ratio’s major role appeared to be the exclusion of
high-risk OVs giving the priority for endoscopy exam to
those Child A patients at greatest risk for larger OVs, and
might be worth translating into clinical practice on the ba-
sis of data from future prospective studies. Accumulation
of high-quality evidence for non-invasive approaches to
delineate and prioritize endoscopy indications for Child-
Pugh class A cirrhosis patients in consensus guidelines are
expected to minimize the medical and social burden from
unnecessary screening UGIE procedures that will likely in-
crease in the future due to the diagnostic and therapeutic
advances in CLD.
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Table 1. Characteristics of the Study Cohorta

Total Cirrhosis Cohort (n = 99)

Age, years 55.5 ± 11.5

Gender, male 55 (55.6)

Etiology (CHB/Cryptogenic/CHC/Ethylism/NASH/CHD/AIH/Otherb 30/22/18/9/7/4/3/6 (30.3/22.2/18.2/9.1/7.1/4.0/3.0/6.1)

Child score- median (IQR) (range) 5 (2) (5 - 13)

Child Pugh category (A/B/C) 67/22/10 (67.2/22.2/10.1)

Presence of OV 75 (75.8)

OV size, grade I/II/III 20/36/19 (26.7/48/25.3) (n = 75)

OV size; no or small OV (grade < II)/ large OV (grade≥ II) 44/55 (44.4/55.6)

Presence of OV hemorrhage 15 (15.2)

Platelets (103 /mm3)- median (IQR) (range) 87 (84) (20 - 446)

Spleen diameter (29)- median (IQR) (range) 139 (47) (78.5 - 216.2)

PC/SD ratio- median (IQR) (range) 649.7 (834.6) (120.3 - 4523.3)

SWE value (kPa)- median (IQR) (range) 25.9 (21.6) (3.1 - 68.3)

Abbreviations: AIH, autoimmune hepatitis; CHB, chronic hepatitis B; CHC, chronic hepatitis C; CHD, chronic hepatitis D; NASH, nonalcoholic steatohepatitis; OV,
esophageal varices; PC/SD, platelet count/spleen diameter ratio; SD, standard deviation; SWE, shear-wave elastography
aData are presented as mean ± SD or No (%).
b Two Wilson disease, one chronic hepatitis B virus and hepatitis C virus co-infection, one primary biliary cirrhosis, one primary sclerosing cholangitis, one hemochro-
matosis.

Table 2. Comparison of Liver Elasticity by SWE and PC/SD Ratio of the Total Cohort according to the Child-Pugh Classes, Presence of OVs, High-risk OVs, or Variceal Hemorrhage
History

(n = 99) Liver Elasticity by SWE (kPa)- Median (IQR) P PC/SD Ratio - Median (IQR) P

Child-Pugh class A / B / C 26.1(18.5) / 27.2(23.1) / 18.8(18.7) 0.338 719.4 (929.7) / 562.1(710.5) / 596(1078.4) 0.530

OV absent/ present 27.9 (31) / 25.7 (17.5) 0.269 1116.8 (1125) / 532.3 (603.4) 0.004

Presence of low-risk OV (grade < II)/ high-risk OV
(grade ≥ II)

26 (22.1) / 25.7 (20.1) 0.759 983.6 (1063.2) / 439.4 (425) 0.000

History of variceal hemorrhage absent/ present 26.1 (19.4) / 21.4 (26.2) 0.661 719.2 (894.8) / 341.5 (484.8) 0.017

Abbreviations: OV, esophageal varices; PC/SD, platelet count/spleen diameter ratio; SWE, shear-wave elastography

Table 3. Correlation Coefficients (Spearman’s) of Liver Elasticity by SWE and PC / SD ratio with Child-Pugh Scores of Severity of Liver Disease

rs and P value (n = 99)

PC/SD ratio and Child-Pugh score rs = -0.205, P = 0.042

Liver elasticity and Child-Pugh score rs = -0.084, P = 0.410

Abbreviations: PC/SD ratio, platelet count/spleen diameter ratio; rs, Spearman’s rank correlation coefficient; SWE, shear-wave elastography

Table 4. Receiver Operating Characteristic Analysis Results of the Liver Elasticity by SWE and PC/SD Ratio Values in Discriminating the Presence of High-risk (≥ grade II) OVs
in the Child-Pugh Class A Cirrhotic Patients (n = 67)

Parameter Optimal Cut-off AUROC (95% CI) Sensitivity, % Specificity, % PPV, % NPV, %

PC/SD Ratio ≤ 731 0.748 (0.627-0.846) 77.1 71.9 75.8 70.6

Liver elasticity (kPa) > 13 0.514 (0.389-0.638) 85.7 25 55.6 61.5

Abbreviations: AUROC, area under receiver operating curve; NPV, negative predictive value; OV, esophageal varices; PC/SD, platelet count/spleen diameter ratio; PPV,
positive predictive value; SWE, shear-wave elastography
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