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Abstract

AIM: To evaluate clinical and laboratory parameters
for prediction of bleeding from esophageal varices (EV)
in children with portal hypertension.

METHODS: Retrospective study of 103 children (mean
age: 10.1 £ 7.7 years), 95.1% with intrahepatic portal
hypertension. All patients had no history of bleeding
and underwent esophagogastroduodenoscopy for EV
screening. We recorded variceal size (F1, F2 and F3),
red-color signs and portal gastropathy, according to
the Japanese Research Society for Portal Hypertension
classification. Patients were classified into two groups:
with and without EV. Seven noninvasive markers were
evaluated as potential predictors of EV: (1) platelet
count; (2) spleen size z score, expressed as a standard
deviation score relative to normal values for age; (3)
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platelet count to spleen size z score ratio; (4) platelets
count to spleen size (cm) ratio; (5) the clinical predic-
tion rule (CPR); (6) the aspartate aminotransferase to
platelet ratio index (APRI); and (7) the risk score.

RESULTS: Seventy-one children had EV on first en-
doscopy. On univariate analysis, spleen size, platelets,
CPR, risk score, APRI, and platelet count to spleen size
z score ratio showed significant associations. The best
noninvasive predictors of EV were platelet count [area
under the receiver operating characteristic curve (AU-
ROC) 0.82; 95%CI: 0.73-0.91], platelet: spleen size z
score (AUROC 0.78; 95%CI: 0.67-0.88), CPR (AUROC
0.77; 95%CI: 0.64-0.89), and risk score (AUROC 0.77;
95%CI: 0.66-0.88). A logistic regression model was ap-
plied with EV as the dependent variable and corrected
by albumin, bilirubin and spleen size z score. Children
with a CPR < 114 were 20.7-fold more likely to have
EV compared to children with CPR > 114. A risk score
> -1.2 increased the likelihood of EV (odds ratio 7.47;
95%CI: 2.06-26.99).

CONCLUSION: Children with portal hypertension with
a CPR below 114 and a risk score greater than -1.2 are
more likely to have present EV. Therefore, these two
tests can be helpful in selecting children for endoscopy.

© 2013 Baishideng. All rights reserved.
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Core tip: Children with portal hypertension (PH) are at
risk for variceal bleeding. The standard test for screening
varices is endoscopy, an invasive method. We evaluated
non-invasive markers for diagnosing esophageal varices
(EV) in 103 children (95% intrahepatic PH). All patients
had no bleeding history and underwent endoscopy for
EV screening. Platelet count (< 115 000), clinical predic-
tion rule (< 114) and risk score (cutoff > -1.2) were the
best predictors of EV. Limitations are the retrospective
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design and the small number of pre-hepatic PH patients.
The strength is the paucity of pediatric studies related to
this issue and the assessment of risk score in children.

Adami MR, Ferreira CT, Kieling CO, Hirakata V, Vieira SMG.
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INTRODUCTION

Portal hypertension is the underlying pathophysiological
process that leads to the formation of portosystemic col-
laterals and heralds the onset of a severe complication:
variceal hemorrhage. It is estimated that approximately
50% of pediatric patients with chronic liver disease and
90% of those with extrahepatic portal vein obstruction
(EHPVO) will experience gastrointestinal bleeding“’z].
Esophagogastroduodenoscopy (EGD) is considered the
primary modality for detection and surveillance of esoph-
ageal varices (EV) and to determine the risk of bleeding,

Guidelines for adult cirrhotic patients recommend uni-
versal EV screening by EGD at the time of the diagnosis
of cirrhosis””.

Many studies have sought to determine clinical, labo-
ratory, or other noninvasive methods that could predict
the presence of EV. Preliminary data suggests that labo-
ratory tests such as platelet count, albumin and ultraso-
nographic parameters such as presence of splenomegaly,
spleen size z score and platelet count to spleen size ratio
and the clinical prediction rule (CPR; calculated from
platelet count, spleen size z-score, and albumin concen-
tration) developed by Gana may be useful as first-line
tools for identification of adults and pediatric patients at
risk of variceal development and thus reduce the num-
ber of unnecessary EGDs" .,

The aim of this study was to analyze the following
non-invasive methods for predicting EV in pediatric pa-
tients with portal hypertension submitted to EGD: plate-
let count, spleen size z score, platelet count to spleen
size (cm) ratio, platelet count to spleen size z score ratio,
CPR, risk score and the aspartate aminotransferase to
platelet ratio index (APRI).

MATERIALS AND METHODS

We conducted a retrospective evaluation of patients aged
< 18 years with a diagnosis of chronic liver disease or
EHPVO who underwent EGD between the 2000 and
2011 at Hospital de Clinicas de Porto Alegre, a tertiary
referral center in Southern Brazil. Portal hypertension
was defined after the diagnosis of some conditions which
natural progression occurs along with portal hyperten-
sion such as chronic liver disease and extra hepatic portal
vein thrombosis. The following exclusion criteria were

(49

TR
JBaishideng®

WJG | www.wjgnet.com

applied: active or previous variceal bleeding, prior variceal
treatment (any type) or variceal bleeding prophylaxis (in-
cluding nonselective B-blocker use, endoscopic variceal
ligation or sclerotherapy, surgical portosystemic shunt or
transjugular intrahepatic portosystemic shunt insertion),
liver transplantation, and malignancy.

The presence of EV on endoscopy was the primary
endpoint. Clinical and demographic data, diagnoses,
medication use, physical examination findings, and sever-
ity of liver disease, as assessed by pediatric end-stage liver
disease and model for end-stage liver disease (for children
> 12 years old) and the Child-Pugh classification, were
reviewed. The results of laboratory tests and ultrasound
scans were considered for analysis if performed within 3
mo of EGD.

Endoscopy was carried out as part of routine clinical
care. Four different endoscopists, recorded variceal size
(F1, F2 and F3), red-color signs, and portal gastropathy,
according to Japanese Research Society for Portal Hy-
pertension classification™, and gastric varices according
to the Sarin classification™.

Three thousand EGDs were reviewed and 127 pa-
tients with chronic liver disease or EHPVO were identi-
fied. Twenty-four patients were excluded: eleven due
to previous variceal bleeding, four due to non-selective
B-blocker therapy, four due to liver transplantation, two
with laboratory test performed over than 3 mo of EGD,
one due to surgical shunting, one due to no etiologic
confirmation and one due to band ligation.

Seven non-invasive markers, previously described in
adults and pediatric patients with portal hypertension,
were evaluated as potential predictors of EV: (1) platelet
count; (2) spleen size z score, expressed as a standard
deviation score relative to normal values for agem; 3
platelet count to spleen size z score ratio; (4) platelet
count to spleen size (cm) ratio; (5) the CPR, proposed
by Gana e# al” which is calculated according to the fol-
lowing formula: [(0.75 X platelets)/(spleen z score + 5)]
+ (2.5 X albumin); (6) the APRI test; and (7) a risk score,
calculated as follows: [14.2 - 7.1 X logu platelets (1 0’/1)]
+ [4.2 X logio bilirubin (mg/dL)]*".

For statistical analyses, patients were classified into
two groups: patients with EV and patients without EV.

Statistical analysis

Data are expressed as mean and standard deviation, me-
dian and interquartile range, and proportions and 95%CI
as appropriate. A P value of < 0.05 was considered sta-
tistically significant in all analyses. Continuous variables
(such as laboratory data, spleen size z score, CPR, risk
score) were compared using the Student #test or the
Mann-Whitney U test. Categorical variables (such as as-
cites, encephalopathy, and splenomegaly) were compared
by the chi-squate test or Fishet’s exact test.

To determinate test performance for prediction of
EV, a receiver operator characteristic (ROC) curve was
constructed and the area under the ROC curve (AUROC)
was calculated. The cutoff value of the variables was de-
termined at the point of highest sensitivity and specific-
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Table 1 Univariate analysis for esophageal varices

Table 2 Odds ratios for esophageal varices

Variables Varices No varices P
(n=171) n =32) value
Age (yr) 91+49 85+4.4 0.530
AST (U/L) 87 (51-158) 68 (36-178) 0.417
ALT (U/L) 78 (40-141) 54 (22-160) 0.197
INR 1.2 (1.1-1.4) 1.1 (1.1-1.3) 0.066
Bilirubin (mg/dL) 1.4 (0.8-2.4) 0.6 (0.4-2.2) 0.016
Albumin (g/dL) 3.8+0.6 41+0.7 0.077
Creatinine (mg/dL) 05+0.2 0.5+0.2 0.686
Splenomegaly 64 (95.5%) 22 (73.3%) 0.001
Spleen size (cm) 14.6 £33 122427 0.001
(n = 65) (n=24)
Spleen size z score 6.3+3.2 3.7+2.6 0.000
(n = 65) (n=24)
Platelets (10°/pL) 102 +50.8 195 + 85.2 0.000
Encephalopathy(1/2/3)" 31/0/0 68/3/0 0.245
Ascites (1/2/3)* 31/0/1 59/9/3 0.100
Model of end-stage liver 6.6+£4.6 36+71 0.290
disease (n =23) (n=8)
Pediatric end-stage liver -1.3£8.6 -2.2+10.2 0.708
disease (n=48) (n=24)
Child-Pugh A/B/C 35/31/5 22/8/2 0.169
Child score 70+14 6.6+13 0.074
Clinical prediction rule 103.6 £17.5 121.1+21.1 0.001
(n = 65) (n=24)
Platelets/spleen size z score  16.7 (7.9-31.1) 47.1 (27.2-123.3) 0.000
APRI 2.3 (1.0-3.7) 1.0 (0.3-2.3) 0.001
Platelets/spleen size 0.7 (0.4-1.1) 1.3 (0.8-2.2) 0.000
(n = 65) (n=24)
Risk score 1.2+26 -1.6+£29 0.000

'Determined clinically or by electroencephalogram: 1 = none; 2 = grade
1 or 2; 3 = grade 3 or 4; “Determined clinically or by ultrasound: 1 = no
ascites; 2 = controlled or mild; 3 = moderate or tense. AST: Aspartate ami-
notransferase; ALT: Alanine aminotransferase; INR: International normal-
ized ratio; APRI: Aspartate aminotransferase to platelet ratio index.

ity. Sensitivity, specificity, predictive values and likelihood
ratios were calculated for these cutoff values. A logistic
regression model was used to evaluate the variables that
reached statistical significance on univariate analysis,
with EV as the dependent variable. All statistical analyses
were performed in the SPSS 18.0. This study was ap-
proved by the local Research Ethics Committee.

RESULTS

A hundred and three patients were included, with a mean
age of 8.9 ( 4.7) years. Fifty-six (56/103; 54.3%) pa-
tients were female. Ninety-eight (98/103; 95%) patients
had a diagnosis of chronic liver disease and five (5/103;
4.8%) had EHPVO. Seventy-one of the (71/103; 68.9%)
patients had EV. Varices were classified as F2 and F3 in
35 patients, with red spots in 12 patients. Sixteen (16/71;
22.5%) patients presented both esophageal and gastric var-
ices, and one had isolated gastric varices. Twenty (20/103;
19.4%) patients had portal hypertensive gastropathy.

Spleen size, platelet count, CPR, APRI, platelet count
to spleen size ratio, platelet count to spleen size z score
ratio, and the risk score were able to discriminate patients
with and without varices (Table 1).

On ROC curve analysis, the best predictors of EV
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Variables OR' 95%Cl P value
CPR <115 7.9 1.45-43.82 0.017
CPR <114 20.74 2.66-161.50  0.004
Platelets/spleen size z score <25  4.27 0.90-20.26 0.067
Platelets/spleen size <1 2.20 0.65-7.43 0.203
Platelets 0.98 0.97-0.99 0.016
Platelets < 115 3.10 0.97-9.88 0.056
Risk score > -1.2 7.47 2.06-26.99 0.002
APRI > 14 1.85 0.56-6.10 0.309

'Odds ratio computed by multivariate logistic regression model. CPR:
Clinical prediction rule; APRI: Aspartate aminotransferase to platelet ratio
index.

were: platelet count; platelet count to spleen size z score
ratio; CPR; risk score; platelet count to spleen size (cm)
ratio; spleen size z score; and the APRI test (Figure 1).
The cutoff points were established with the best rela-
tionship between sensitivity and specificity for each vari-
able as follows: platelet count, 115 000; platelet count to
spleen size z score ratio, 25; CPR, 114; risk score, -1.2;
platelet count to spleen size ratio, 1.0; APRI test, 1.4.

A logistic regression model was applied with EV as
the dependent variable, corrected by albumin, bilirubin
and spleen size z score. Patients with a CPR < 114 were
20.74-fold more likely to have EV compared to children
with CPR > 114. Risk score > -1.2 increased the likeli-
hood of varices (odds ratio 7.47; 95%CI: 2.06-26.99)
(Table 2). Sensitivity, specificity, positive predictive value,
negative predictive value, positive likelihood ratio and
negative likelihood ratio values for CPR, platelet count,
platelet count to spleen size z score ratio, platelet count
to spleen size (cm) ratio, risk score and APRI as EV pre-
dictors are presented on Table 3.

DISCUSSION

We evaluated seven non-invasive markers, two of which
had never been tested in children, the platelet count to
spleen size (cm) ratio and the risk score. We found that
platelets, the platelet count to spleen size z score ratio,
CPR, and the risk score were able to predict EV. The
prevalence of EV observed in our sample was similar to
those reported elsewhere™***",

Thrombocytopenia is a common complication of chro-
nic liver disease, affecting 76% of cirrhotic patientslzgj.
Unlike in adults"”, isolated platelet count has been de-
scribed as a predictor of EV in four out of four studies
of pediatric patients™***"*". Nevertheless, there is still
no consensus as to the best cutoff points, ranging from
100 000 to 130 000, Gana ef a/”" demonstrated that
platelet count (cutoff point = 115 000) was the best pre-
dictor of EV, with an area under the AUROC curve of 0.79
(95%CI: 0.69-0.90). In the present study, the cutoff of
point was similar to that observed by Gana ef al” with an
area under the ROC curve = 0.82 (95%CI: 0.73-0.91).

Splenomegaly is an important clinical sign of portal
hypertension, especially in patients with chronic liver dis-
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Table 3 Diagnostic performance of variables as esophageal varices predictors

Variables Sensitivity Specificity Positive predictive Negative predictive Positive likelihood Negative likelihood
(95%CI) (95%CI) value (95%Cl) value (95%Cl) ratio (95%Cl) ratio (95%ClI)
Clinical prediction rule < 115 76.6 (64.0-85.8)  70.8 (48.7-86.5)  87.5 (75.3-94.4) 53.1 (35.0-70.4) 263 (1.38-496)  0.33(0.20-0.53)
Clinical prediction rule < 114 75.0 (62.3-84.6)  79.2(57.3-92.0)  90.5 (78.5-96.5) 54.2 (36.8-70.8) 3.60 (1.63-7.95)  0.32 (0.20-0.49)
Platelets <115 67.6 (55.3-77.9)  81.3(62.9-921)  88.8 (76.6-95.4) 53.0 (38.4-67.2) 3.61 (1.72-7.54)  0.40 (0.28-0.56)
Platelets/spleen size z score <25  68.8 (55.8-79.4)  79.2(57.3-92.0)  89.8 (76.9-96.2) 487 (32.7-64.9) 3.30(148-7.32)  0.39 (0.27-0.58)
Platelets/spleen size <1 723 (59.6-82.3)  66.7 (44.6-83.6)  85.4 (72.8-93.0) 47.0 (30.1-64.6) 217 (1.20-3.89)  0.42 (0.27-0.64)
Risk score > -1.2 80.3 (67.2-89.3)  70.9 (51.7-85.1)  86.3 (75.2-93.2) 61 1 (43.5-76.4) 277 (157-4.85)  0.28 (0.17-0.45)
APRI > 1.4 634 (51.0-742)  65.6 (46.7-80.8)  80.3 (67.2-89.3) 7 (30.4-59.8) 1.84 (1.10-3.07)  0.56 (0.39-0.78)

APRI: Aspartate aminotransferase to platelet ratio index.
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Figure 1 Receiver operator characteristic curves for presence of esophageal varices. AUROC: Area under the receiver operating characteristic curve.

ease®™. Tt has been used as such in several studies, both studied by Fagundes ez a/*” patients with splenomegaly
as an isolated parameter and as a component of scores were almost 15-fold more likely to have EV compared
or mathematical algorithms”****"*, In cirrhotic children with those without splenomegaly. In our study, 83.5%
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of patients had splenomegaly on physical examination,
and, as observed by others, this vatiable discriminated
patients with and without EV (P = 0.001).

Based on the premise that both thrombocytopenia
and splenomegaly may depend on several factors related
to chronic liver disease per se, Giannini ez al” proposed
studying the platelet count to spleen diameter ratio as
a noninvasive rule predicting EV. According to the au-
thors, a ratio less than 909 was independently associated
with the presence of EV, the negative predictive value
found was reproducible even in patients with compen-
sated disease, and it was cost effective’.

In our study, a platelet count to spleen size (cm) ratio
< 1.0 was able to discriminate patients with and without
EV (P < 0.000), but did not reach statistical significance
on logistic regression (OR = 2.2; 95%CI: 0.65-7.43; P =
0.203). This could be explained by age and gender differ-
ences in spleen size. We tried to minimize the impact of
this factor by using the spleen size z score, but this pa-
rameter was also not able to reach statistical significance
on logistic regression (OR = 4.7; 95%CI: 0.90-20.26; P
= 0.067). A disadvantage of considering platelet count
and spleen size is that this evaluation needs to be syn-
chronously due the great variability of both.

More recently, a systematic review and meta-analysis
sought to determine the evidence on the diagnostic ac-
curacy of platelet count to spleen diameter ratio < 909
as a noninvasive predictor of EV and concluded that
the quality of evidence of these studies was low, rais-
ing questions about the reliability of the platelet count
to spleen diameter ratio as a good predictor of EV.
We agree with Chawla ez al™ that the heterogeneity of
patients studied may limit the value of this ratio as a
noninvasive predictor of EV. The etiological diversity
of patients in our sample may have played a role in our
findings.

An interesting CPR was developed and validated by
Gana et a/”” in a retrospective study, using platelet count,
spleen size z score and albumin as variables”. In a pro-
spective, multicenter clinical trial, a CPR < 116 had a
sensitivity of 81%, a specificity of 73% and an AUROC
of 0.84. The authors suggested that CPR under 115
could screen patients for endoscopym.

Apart from Gana et al™, we are the first group to
test the CPR in children. To do so, we used two differ-
ent cutoff points: 115 and 114. The best specificity was
observed with a cutoff of 114 (79%). Others predic-
tors identified by Gana ¢ a/*” were platelet count under
115 000 and serum albumin level. On multivariate analy-
sis, CPR (OR 0.62; 95%CI: 0.45-0.84; P = 0.002) and
albumin (OR 3.1; 95%CI: 1.5-6.7; P = 0.004) wete inde-
pendent predictors””. In our study, logistic regression,
adjusted for albumin, bilirubin and spleen size z score,
had an OR of 7.79 (95%CI: 1.45-43.82) with a CPR cut-
off of 115 and an OR of 20.74 (95%CI: 2.66-161.5; P
= 0.004) with a CPR cutoff of 114. This mathematical
algorithm is simple, composed by available and noninva-
sive variables, and our results suggest that it is reproduc-

ible.
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The degree of fibrosis can determine significant chan-
ges in the hepatic venous pressure gradient, and seems
related to complications such as the development of
EV". Non-invasive markers for fibrosis have been tested
in children with biliary atresia®”!!. There was good cor-
relation between APRI and Metavir scores in patients
studied by Kim ¢z a/’", suggesting that the APRI test
could predict the appearance of fibrosis in those patients
(a cutoff of 1.42 was correlated with grade 4 fibrosis).

The APRI was studied by Colecchia ¢z @/*” as a non-
invasive marker of EV in pediatric patients with chronic
liver disease. A cutoff > 0.96 had a total accuracy of
83%. These results were not confirmed on multivari-
ate analysis”™). APRI, with a cutoff of > 1.4, was also
used as a vatiable in this study, and we did not find this
parameter to be statistically significant for prediction of
EV on logistic regression. We did not test other cutoffs.
In fact, the exact thresholds of APRI for prediction of
fibrosis constitute the main issue related to its diagnostic
accuracym].

The risk score was another clinical model tested for
predicting EV in adults with advanced fibrosis and por-
tal hypertension. The AUROC of the risk score for pre-
diction of EV was 0.82. The -1.0 cutoff had a sensitivity
of 82% and a specificity of 76%. The authors suggested
that this score should be Vali%la]ted as a noninvasive test
to detect the presence of EV' . This was the first pedi-
atric study to use the risk score. The cutoff of -1.2 had a
sensitivity of 80.3%, a specificity of 70.9%, an AUROC
of 0.77 (95%CI: 0.66-0.88), and an OR of 7.47 (95%CI:
2.06-26.99; P = 0.002). This method is also composed
by simple and available variables that proved to be good
noninvasive parameters for EV detection in our patients.
Furthermore, this method avoids the frequent use of
ultrasound. It is worth noting that this method has not
been tested in patients with pre-hepatic portal hyperten-
sion, and may not be an effective method in such pa-
tients, whose bilirubin levels are usually normal.

We tried to apply all known non-invasive clinical
methods for prediction of EV to the study population.
According to other pediatric studies, we also found
platelet count to be a good predictor of EV, with a cut-
off of 115 000. Children with a CPR under 114, in a
logistic regression model, were 20.7-fold more likely to
have EV compared to children with CPR > 114. More
studies of this rule are required to find the optimal cut-
off value.

The risk score, previously studied in adults, was a
good and inexpensive predictor of EV in our patients.
We believe it should be tested as a tool that can poten-
tially limit the number of endoscopies in pediatric pa-
tients.

This study has some limitations. The retrospective
design precludes blinding of the endoscopists or con-
trolling for interobserver variability in ultrasound tests.
The small number of patients with pre-hepatic portal
hypertension could not be compared with those with in-
trahepatic portal hypertension.

In conclusion, the results of this study suggest that
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platelet count, the CPR and risk score could be used to
screen children with portal hypertension for endoscopy.
Further studies with a prospective design are necessary
to confirm these suggestions.

ACKNOWLEDGMENTS

The authors would like acknowledge Professor Renato

Borges Fagundes and Dr. Alexandre Aragjo for sugges-
tions.

COMMENTS

Background

Esophageal varices (EV) bleeding is a severe complication of portal hyperten-
sion. The standard diagnostic screening tool for EV is endoscopy, which is
considered an invasive procedure in pediatric patients. Evaluate clinical and
laboratory parameters for prediction of EV is very important to avoid unneces-
sary endoscopy, especially in children. Some studies have reported that platelet
count and spleen size could be used to predict EV, but there is no agreement in
the cut-off point.

Research frontiers

The development of mathematical models, such as clinical prediction rule (CPR)
and risk score, that involves variables associated with intrahepatic portal hyper-
tension seems to be promising. The research hotspot is to evaluate the param-
eters that could predict EV in children and reduce the indication of endoscopy.

Innovations and breakthroughs

Few previous studies in pediatric patients evaluated platelet count, CPR sple-
nomegaly isolated in different population. The risk score was studied only in
adults and aspartate aminotransferase to platelet ratio index was not used to
predict EV in children. The risk score, that use platelet count and bilirubin as
variables, should be used as a tool that can limit endoscopies indications in
pediatric patients with the advantage of not using spleen size. The predictive
value was similar to CPR and better than platelet count isolated.

Applications
The study suggests that both CPR and risk score could be used to screen chil-
dren with portal hypertension for endoscopy.

Terminology

CPR is a clinical prediction rule, proposed by Gana et al that use as indepen-
dent variables platelet count, spleen size z score (based on age and gender)
and albumin. Risk score is a score proposed by Park et al to be used in patients
with advanced fibrosis to determine clinically significant portal hypertension and
was used to predict EV, using platelet count and bilirubin.

Peer review

This is a very interesting manuscript that further delineates clinical variables
that are readily available and which can be used to increase the yield of en-
doscopy for identifying EV in children with portal hypertension. Though the
variables studied have all been reported previously, the validation of these vari-
ables in children is an important extension of this work.
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