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ABSTRACT
Objective: Esophageal variceal bleeding is a severe complication of portal
hypertension. The standard diagnostic screening test and therapeutic procedure for esophageal varices (EV) is endoscopy, which is invasive in pediatric
patients. This study aimed to evaluate the role of noninvasive parameters as
predictors of large varices in children with intrahepatic portal hypertension.
Methods: Participants included in this cross-sectional study underwent a
screening endoscopy. Variceal size, red marks, and portal gastropathy were
assessed and rated. Patients were classified into two groups: Group 1 (G1) with
small or no varices and Group 2 (G2) with large varices. The population consisted
of 98 children with no history of gastrointestinal (GI) bleeding, with a mean age of
8.9 4.7 years. The main outcome evaluated was the presence of large varices.
Results: The first endoscopy session revealed the presence of large varices
in 32 children. The best noninvasive predictors for large varices were
platelets (Area under the ROC Curve [AUROC] 0.67; 95% CI 0.57–
0.78), the Clinical Prediction Rule (CPR; AUROC 0.65; 95% CI 0.54–
0.76), and risk score (AUROC 0.66; 95% CI 0.56–0.76). The logistic
regression model showed that children with a CPR value under 114 were
8.59 times more likely to have large varices. Risk scores higher than 1.2
also increased the likelihood of large varices (OR 6.09; P ¼ 0.014), as did a
platelet count/spleen size z score lower than 25 (OR 3.99; P ¼ 0.043). The
combination of these three tests showed a high negative predictive value.
Conclusions: The CPR, the risk score, and the platelet count/spleen size z
score could be helpful in identifying cirrhotic children who may be eligible
for endoscopy.
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liver cirrhosis, pediatrics, portal hypertension
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What Is Known


Platelet count, the Clinical Prediction Rule described
by Gana et al, and the risk score could be used in
children with portal hypertension to reduce the number of unnecessary endoscopies.

What Is New


A combined analysis of the Clinical Prediction Rule,
risk score, and platelet count/spleen size z score could
be helpful as a pre-endoscopy risk assessment to
select children with intrahepatic portal hypertension
who may benefit from a surveillance endoscopy.

A

pproximately 50% of pediatric patients with chronic liver
disease are estimated to present with gastrointestinal (GI)
bleeding at some point. Such symptoms may require blood
transfusions and intensive care hospitalization, and may potentially lead to the development of sepsis, ascites, and occasionally,
death (1,2).
Duché et al estimated that the prevalence of endoscopic
esophageal varices (EV) in children with cirrhosis because of
biliary atresia is 70.4%. The first episode of GI bleeding observed
in these children generally occurred before the 2nd year of age and
was found to be associated with large EV, gastric varices and/or the
presence of red marks on endoscopic examination (3). A study by
Miga et al (4) also reported that patients with biliary atresia have a
50% risk of death or need for liver transplantation at the 6-year mark
after their first episode of EV bleeding.
Hepatology guidelines recommend that all cirrhotic adult
patients undergo endoscopic screening for EV (5). However,
due to a lack of evidence for use of primary prophylaxis in
pediatric patients, the benefit of endoscopic screening remains
controversial (6).
Upper endoscopy is the gold standard for diagnosing varices,
and therapy can be provided as the diagnostic assessment is
performed. However, this procedure is expensive and associated
with risks, especially in children. Preliminary data suggest that
noninvasive methods may predict the presence of EV in adult (7–
20) and pediatric patients (21–23). Noninvasive pediatric markers
such as the Clinical Prediction Rule (CPR) presented good diagnostic accuracy in identifying children with EV, but they were not
superior to upper endoscopy for patients who may have varices
(22,23). Recently, we also observed that platelet count, the CPR as
described by Gana et al (22,23), and the risk score (20) could be
used in children with portal hypertension to reduce the number of
unnecessary endoscopies (24).
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It is well known that the risk of EV bleeding is related to
variceal size, the presence of red signs on varices as assessed by
endoscopy, and to the degree of liver dysfunction determined by the
Child-Pugh classification (5). Although the Child-Pugh classification is not validated in children, a higher Child-Pugh score has been
previously associated with a higher rate of complications and
mortality in children waiting for liver transplantation (25). Methods
such as CT scans, transient elastography and endoscopic capsule
imaging seem to be promising tools for detecting large EV, but their
cost-effectiveness is questionable (26). To the best of the authors’
knowledge, few studies have investigated the use of noninvasive
methods to predict large EV in pediatric populations.
The aim of the present study was to assess the role of
noninvasive methods in predicting large EV in pediatric patients
with intrahepatic portal hypertension.

MATERIALS AND METHODS
The study was conducted on patients younger than 18 years
with a diagnosis of chronic liver disease who had undergone
esophagogastroduodenoscopy (EGD) between 2000 and 2011 at
the Hospital de Clı́nicas de Porto Alegre, a tertiary care medical
center in southern Brazil. All patients were retrospectively evaluated, and those who met the following criteria were excluded from
the analysis: active or previous variceal bleeding; any kind of
variceal treatment or variceal bleeding prophylaxis (such as nonselective b-blocker use, endoscopic variceal ligation/sclerotherapy,
surgical portosystemic shunt, or transjugular intrahepatic portosystemic shunt insertion); or previous liver transplants or malignancies.
The primary variable assessed was the presence of EV in the
endoscopy. Clinical and demographic patient data, as well as
information regarding diagnosis, medication use, and previous
physical examinations, were collected. The results of any laboratorial tests and ultrasound scans performed within 3 months of the
EGD were also included in the analysis.
The endoscopy procedures were carried out as part of a
clinical care routine by 4 different endoscopists. Endoscopic features such as variceal size (F1, F2, and F3), red marks, and portal
gastropathy were classified according to the Japan Society for
Portal Hypertension system (27), and gastric varices were categorized according to the Sarin classification (28). Patients were
classified into two groups: small or no varices (F1, Group 1: G1)
or large varices (F2 and F3, Group 2: G2).
We assessed the role of the following noninvasive markers in
predicting large EV: platelet count (103/mL); spleen z score,
expressed as standard deviation from the expected values for the
patient’s age (29); platelet count (103/mL)/spleen z score ratio;
platelet count (103/mL)/spleen size (cm) ratio; the CPR, calculated
according to the following formula proposed by Gana et al (22):
([0.75  platelets]/[spleen z score þ 5]) þ (2.5  albumin); Aspartate aminotransferase (AST)-to-Platelet Ratio Index (APRI) test;
risk score: (14.2 – 7.1  log10 platelets [109/L]) þ (4.2  log10 bilirubin [mg/dL]) (20); and the Child-Pugh classification and score.
Follow-up data regarding upper GI bleeding in both groups
and progression to large EV in Group 1 were also reported.

STATISTICAL ANALYSIS
Data are presented as mean and standard deviation, median
and interquartile range, proportions and 95% confidence interval
(95% CI), as appropriate. A P value of less than 0.05 was considered
statistically significant in all analyses. Continuous variables (such
as laboratory data, spleen z score, CPR, risk score) were compared
using Student t-test or the Mann-Whitney test. Categorical variables
(such as the presence of ascites, encephalopathy, splenomegaly)
were compared by the chi-squared test or Fisher exact test.

Noninvasive Methods of Predicting Large Esophageal Varices
TABLE 1. Demographic characteristics of the sample

Variables
Age
Sex
Man
Woman
Diagnosis
Biliary aresia
Autoimmune hepatitis
Idiopathic biliary cirrhosis
Sclerosing cholangitis
Cystic fibrosis
Other causes

G1
(F1 or no varices)
(n ¼ 66)

G2
(F2 or F3)
(n ¼ 32)

8.8 (4.8)

9.1 (4.7)

29 (44%)
37 (56%)

17 (53%)
15 (47%)

18
12
10
5
6
15

(27%)
(18%)
(15%)
(7%)
(9%)
(23%)

8
9
2
1

(25%)
(28%)
(6%)
(3%)
0
12 (37%)

G1 ¼ Group 1; G2 ¼ Group 2.

To assess the performance of the variables evaluated for EV
prediction, a receiver operator characteristic (ROC) curve was
constructed, and the area under the curve (AUROC) was calculated.
This analysis determined the following cut-off values for each
variable assessed: platelet count, 115 (103/mL); platelets/spleen
size z score, 25; CPR, 114; risk score, 1.2; platelets/spleen size,
1; and APRI test, 1.4 (24).
Independent predictors for large EV were assessed by including variables that reached statistical significance in the univariate
analyses (P < 0.05) into subsequent multivariate analyses. In order
to enhance the prediction of large EV, a combined analysis of these
variables was performed. We categorized them into three classes:
all variables positive, at least one variable positive, and none
positive.
Statistical analysis was performed using the SPSS software,
version 18.0.
This study was approved by the Research Ethics Committee
of the Hospital de Clı́nicas de Porto Alegre, accredited by the
National Research Council of the Brazilian Ministry of Health, and
registered at the Office for Human Research Protection—OHRPUSDHHS (Institutional Review Board-IRB00000921) under the
code 110635.

RESULTS
Three thousand EGDs were reviewed, and 122 patients with
chronic liver disease were identified. Twenty-four patients were
excluded: 11 due to previous variceal bleeding, 4 due to nonselective b-blocker therapy, 4 due to liver transplants, 2 whose
laboratory tests were performed over 3 months following the EGD,
1 due to surgical shunting, 1 due to a lack of etiologic confirmation
of the diagnosis and 1 due to band ligation. Ninety-eight (95%)
patients were selected for participation. Sixty-eight (69.4%)
patients presented EV. Demographic data are described in
Table 1. Thirty-two patients were classified as G2 (F2 and F3),
and red spots were identified in 10 patients. Fifteen patients
presented both esophageal and gastric varices, and 1 had gastric
varices only. Eighteen patients had portal hypertensive gastropathy.
Univariate analyses showed that platelets, CPR, the ChildPugh scores, platelets-spleen size ratio, platelets-spleen size z score
ratio, and risk score discriminated between patients in G1 and G2
(Table 2).
According to the ROC curve analysis, the best predictors for
large EV were: platelet count; the ratio of platelet count/spleen z

443

www.jpgn.org

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

Adami et al

JPGN



Volume 66, Number 3, March 2018

TABLE 2. Univariate analysis of large esophageal varices (LEV)
No varices or F1 (n ¼ 66)

Variables
3

Platelets (10 /mL)
Bilirubin (mg/dL)
Albumin (g/dL)
Splenomegaly
Spleen size (cm)
Spleen size z score
Platelets/spleen size z score ratio
Platelets/spleen size ratio
CPR
Risk score
Child-Pugh classification A/B/C
Child-Pugh score
MELD
PELD
APRI

147.5
0.9
3.98
84.6%
13.4
5.16
27.42
0.93
112.38
0.23
6.77
5.75
2.09
1.6

(83.35)
(0.5–2.2)
(0.70)
(55)
(3.2)
(3.11)
(13.15–58.19)
(0.57–1.44)
(21.98)
(3.16)
41/20/5
(1.4)
(6.03) (n ¼ 23)
(10.25) (n ¼ 43)
(0.7–3.92)

Varices F2 or F3 (n ¼ 32)
98.08
1.5
3.79
96.9%
14.8
6.31
15.25
0.52
102.42
1.37
7.14
6.28
0.82
2.3

(47.06)
(0.9–2.2)
(0.59)
(31)
(3.3)
(3.35)
(7.9–31.7)
(0.4–1.21)
(14.96)
(2.42)
12/17/3
(1.3)
(2.69) (n ¼ 8)
(7.14) (n ¼ 24)
(0.9–3.1)

P value
0.000
0.060
0.149
0.073
0.081
0.110
0.020
0.016
0.013
0.005
0.079
0.043
0.740
0.538
0.495

APRI ¼ AST-to-Platelet Ratio Index; CPR ¼ Clinical Prediction Rule; MELD ¼ Model for End-stage Liver Disease; PELD ¼ Pediatric End-stage Liver
Disease.

score; the CPR; the risk score; platelet count/spleen size and the
spleen size z score.
A logistic regression model was applied, with G2 group
membership as the dependent variable, correcting for albumin,
bilirubin, spleen size z score, and the Child-Pugh score
(Table 3). Children with CPR values under 114 were 8.59 times
more likely to have large EV. A risk score value over 1.2
increased the likelihood of having large EV (OR ¼ 6.09), as did
having a platelet/spleen size z score ratio <25 (OR ¼ 3.99). The
results regarding the sensitivity, specificity, positive predictive
value, negative predictive value, positive likelihood ratio, and
negative likelihood ratio of each variable studied are presented
in Table 4. Combined analysis showed that sensitivity and negative
predictive value were 100% for CPR values >114, risk scores
< 1.2, and platelet count/spleen size z score >25 (Table 5).
During Group 1 follow-up, 1 (1.5%) patient presented upper
digestive bleeding, and 40 (60.6%) patients underwent at least 1
additional EGD. Of those, 19 (47.5%) presented with large varices
on follow-up EGD, during a period of time ranging from 0.15 to
7.98 years (mean 3.41, SD 2.30). Each of these patients was
submitted to between 2 and 9 EGDs (mean 4.26, SD 1.98).
During Group 2 follow-up, 22 (68.7%) patients were submitted to variceal band ligation, of which 3 (13.6%) presented upper
digestive bleeding later on. From those who did not undergo

TABLE 3. Logistic regression for large esophageal varices with platelets, spleen size z score, albumin, bilirubin and Child-Pugh score as
independent variables
Variables

OR

95% CI

P value

Platelets
Platelets <115 103/mL
Platelets/spleen size z score <25
Platelets/spleen size <1
CPR <115
CPR <114
Risk score >1.2
APRI >1.4

0.99
1.74
3.99
1.76
4.87
8.59
6.09
0.48

0.98–1.00
0.63–4.82
1.04–15.32
0.55–5.68
1.10–21.55
1.78–41.38
1.43–25.90
0.14–1.57

0.055
0.287
0.043
0.342
0.037
0.007
0.014
0.226

APRI ¼ AST-to-Platelet Ratio Index; CPR ¼ Clinical Prediction Rule.

variceal band ligation, 3 (30.0%) presented upper digestive bleeding later on.

DISCUSSION
We and other authors have demonstrated that some noninvasive EV tests allow for the identification of pediatric patients
who may benefit from EGD while taking into account the known
risks of the procedure (21,23,24). However, the question of
whether these methods are able to identify patients at risk for
variceal bleeding remains unanswered. This issue is without a
doubt relevant, as the first episode of variceal hemorrhage can be
catastrophic, particularly in children (30). This risk seems to
be higher in patients with EV grades II and III (F2 and F3),
endoscopic red marks and gastric varices as observed in adult
cirrhotic patients (5).
To address this research question, we assessed the sensibility, specificity, positive predictive value, and negative predictive
value of 7 noninvasive methods in predicting large EV, which are at
risk of bleeding and should always receive immediate treatment.
The predictive power of these tests was tested in a pediatric
population.
In the present study, of the 5 tests that reached statistical
significance in a univariate analysis, 3 were identified as good
predictors of large EV: the CPR (OR: 8.59), the risk score (OR:
6.09), and the platelet/spleen size z score <25 (OR: 3.99).
In a prospective, multicenter clinical trial, Gana et al validated CPR as a means to predict the presence of EV in children with
chronic liver disease, 79% of them classified as Child-Pugh A. The
secondary outcome pursued was the diagnosis of large EV. They
demonstrated that CPR scores under 115 were able to predict the
presence of EV of any size, but not large EV (AUROC ¼ 0.68 [95%
CI 0.58–0.79]) (23).
We demonstrated that patients with a CPR score under 114
were about 8 times more likely to have large EV. Our patients had a
more severe disease than those studied by Gana et al (46% ChildPugh B or C), and the estimated cut-off value for diagnosis was
slightly below the one previously identified. After applying the 115
cut-off point, we observed that both scores presented reasonable
diagnostic performance and low accuracy. CPR values are calculated based on results of unspecific tests, which could explain the
low accuracy results observed in this and other studies. We hypothesized that, with a 114 cut-off point, the model proposed by Gana

444

www.jpgn.org

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

JPGN



Volume 66, Number 3, March 2018

Noninvasive Methods of Predicting Large Esophageal Varices

TABLE 4. Predictive power of Clinical Prediction Rule, platelet count, platelet/spleen z score, platelet/spleen size, risk score and AST-to-Platelet
Ratio Index as large esophageal varice predictors
Variables

Sensibility (95% CI) Specificity (95% CI)

Platelets <115 103/mL
Platelets/spleen size z score <25
Platelets/spleen size <1
CPR <115
CPR<114
Risk score >1.2
APRI >1.4

65.7
71.4
71.4
80.0
80.0
85.7
57.1

(47.7–80.3)
(53.4–84.7)
(53.5–84.7)
(62.5–90.9)
(62.5–90.9)
(68.9–94.6)
(39.5–73.2)

54.4
54.7
44.4
47.2
52.8
46.3
47.0

(41.9–66.3)
(40.5–68.2)
(31.1–58.5)
(33.5–61.2)
(38.7–66.4)
(34.2–58.8)
(34.9–59.5)

PPV (95% CI)
75.5
74.3
70.6
78.1
80.0
86.1
68.0

(60.8–86.2)
(57.6–86.4)
(52.3–84.2)
(59.5–90.0)
(62.5–90.9)
(69.7–94.7)
(52.7–80.5)

NPV (95% CI)
42.5
51.0
45.4
50.0
52.8
45.4
35.7

(29.5–56.7)
(36.5–65.3)
(32.2–59.3)
(36.5–63.5)
(38.7–66.4)
(33.3–58.1)
(23.7–49.7)

PLR (95% CI)
1.44
1.58
1.29
1.51
1.70
1.60
1.08

(1.01–2.05)
(1.10–2.27)
(0.94–1.77)
(1.12–2.05)
(1.22–2.36)
(1.23–2.07)
(0.75–1.55)

NLR (95% CI)
0.63
0.52
0.64
0.42
0.38
0.31
0.91

(0.38–1.05)
(0.29–0.93)
(0.35–1.17)
(0.21–0.87)
(0.19–0.77)
(0.13–0.72)
(0.58–1.44)

APRI ¼ AST-to-Platelet Ratio Index; 95% CI ¼ 95% confidence interval; CPR ¼ Clinical Prediction Rule; PLR ¼ positive likelihood ratio; PPV ¼ positive
predictive value; NLR ¼ negative likelihood ratio; NPV ¼ negative predictive value.

et al may be useful as a screening tool for predicting large EV in
patients with a more severe disease.
Park et al (20), with a study design that differs from our own,
determined the diagnostic accuracy of a laboratory protocol in
predicting the presence of EV in adult patients with advanced
fibrosis. The variables assessed (platelets and bilirubin) were
combined to produce a risk score. With a cut-off point of 1.0,
this score showed good sensibility and specificity. The authors did
not test the accuracy of the score in discerning between patients
with different EV sizes. Our study is a pioneer effort in assessing the
sensibility and specificity of a risk score in pediatric patients with
intrahepatic portal hypertension and large EV. Using a similar cutoff point, the score was successful in predicting large EV. Children
with risk scores >1.2 had a 6-fold probability of having large EV,
which is not surprising. According to the study by Park et al (20), a
similar model allowed for the identification of patients with
advanced fibrosis and a significant degree of portal hypertension
as measured by hepatic venous pressure gradient.
Although the tests involved in the study by Park et al (20) are
all routine laboratory procedures, the model developed may have
some disadvantages: its scores are laborious to calculate, and the
present results have not yet been validated in any prospective
studies. The predictive validity of this model in children is
also unknown.
Another noninvasive parameter worth mentioning is the
platelet count/spleen size z score ratio. In a previous study, Giannini
et al (7) demonstrated that a platelet count to spleen diameter ratio
under 909 may be independently associated with the presence of
EV, even in patients with compensated disease. These results,
however, have not been consistently obtained in the literature
(17,31,32), and a recent meta-analysis has raised some questions
about the cut-off point used by Giannini et al (19). In the present
study, this variable was not able to accurately detect patients with
large EV. As the spleen size in children varies linearly with age, we
replaced the ‘‘spleen size’’ variable with a z score of the expected
spleen size, using this value to calculate the ratio. The resulting

numbers reached statistical significance in a logistic regression
(OR ¼ 3.99; 95% CI 1.04–15.32; P ¼ 0.043). The spleen size z
score was 1 of 3 variables studied by Gana et al (23) in an
investigation of a model to predict EV in children with portal
hypertension.
Despite the enthusiastic OR values obtained, none of the
parameters evaluated alone outperformed upper endoscopy in
detecting the presence of varices at risk of bleeding. Thus, we
conducted an analysis combining these variables. With an isolated null accuracy to identify patients with large EV and a
moderated accuracy to identify patients without large EV, the
combination of these 3 tests showed a high negative predictive
value. This suggests that the probability of patients with CPR
values >114, risk scores <1.2, and platelet count/spleen size z
score >25 having large EV was null. However, we should stress
that the overall sample size studied does not allow us to generalize findings.
The present study has limitations. An important limitation of
retrospective studies is that they generate a great deal of missed
data. Missing data have the effect of reducing the size and power of
a study. The wide confidence interval reflects a small sample size.
In order to discriminate the true state of patients, we constructed a
ROC curve, calculated the AUROC, and determined the cut-off
values for each variable. With this approach, the reducing effect
should be minimized. The strength of this study lies in its
originality.
In conclusion, despite upper endoscopy being the gold
standard for detecting varices at risk for bleeding, our results
suggest that the CPR, the risk score, and the platelet count/spleen
size z score ratio could be used to screen children with portal
hypertension and to identify individuals who should be considered
for endoscopic treatment.
We should emphasize that our conclusions need to be
replicated with a larger sample size before these noninvasive
markers replace the routine screenings already performed based
on an experienced hepatologist’s clinical assessment.

TABLE 5. Predictive power of combined and isolated analysis of Clinical Prediction Rule, platelet count and platelet/spleen z score as large
esophageal varice predictors
Criteria
All negatives
At least, 1 positive
All positives

Sensibility (95% CI)

Specificity (95% CI)

PPV (95% CI)

NPV (95% CI)

100 (86.7–100)
84.4 (66.5–94.1)
65.6 (46.8–80.8)

32.7 (20.7–47.2)
50 (36–64)
67.3 (52.8–79.3)

47.8 (35.6–60.2)
50.9 (37–64.7)
55.3 (38.5–71)

100 (77.1–100)
83.9 (65.5–93.9)
76.1 (60.9–86.9)

95% CI ¼ 95% confidence interval; PPV ¼ positive predictive value; NPV ¼ negative predictive value.
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