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clinical outcomes in children with extrahepatic portal vein obstruction (EHPVO).
Methods: This was a retrospective, single-center study evaluating children with EHPVO between 2000 and

Keywords:

Sarcopenia 2024, with an abdominal CT scan performed. Psoas muscle surface area was measured at two intervertebral
Malnutrition lumbar disc levels, L3-4 and L4-5.

Children Results: Seventy patients aged between 1 and 16 years whose CT images were available were included in the

Extrahepatic portal vein obstruction
Psoas muscle surface area

study. The frequency of sarcopenia among the patients included in the study was 58.6%, as calculated from
the L3-4 and/or L4-5 levels. Eighteen-point six percent of the patients were classified as underweight, 17.1%
were wasted, and 15.7% were stunted. Furthermore, 31.4% of the patients were either underweight and/or
wasted and/or stunted, conditions that are classified as malnutrition. The frequency of sarcopenic malnutri-
tion was 24.3%. When the patients with EHPVO are stratified according to the presence of sarcopenia, no sig-
nificant differences in demographic and laboratory features have been observed between the two groups.
Conclusions: To our knowledge, this is the first study that analyses the frequency of sarcopenia and its rela-
tion with malnutrition in children with EHPVO. The frequency of sarcopenia was similar to those observed in
cirrhotic pediatric patients in recent studies. Because of the retrospective design of the study, it was not pos-
sible to assess functional muscle parameters of the patients. The major challenges in diagnosing sarcopenia
in children include the absence of a gold standard test and reference data for healthy body composition.
© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar
technologies.

Introduction

Pediatric malnutrition is an imbalance between nutrient
requirements and intake resulting in cumulative deficits of energy,
protein, or micronutrients that may negatively affect growth,
development, and other relevant outcomes [1]. Malnutrition is
common in children with cirrhosis with a prevalence of 61% and
extrahepatic portal vein obstruction (EHPVO) with a prevalence of
66% [2,3]. Sarcopenia is defined as a clinical condition character-
ized by the reduction of muscle mass and function. Sarcopenia typ-
ically affects geriatric patients with chronic diseases, but it has
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recently been recognized in the pediatric literature with a growing
interest. Some methods for determining sarcopenia include dual-
energy x-ray absorptiometry (DEXA), bio-electric impedance anal-
ysis (BIA), and cross-sectional imaging of the abdomen with com-
puted tomography (CT) and magnetic resonance imaging (MRI)
techniques. Total body muscle mass is commonly estimated by
measuring the cross-sectional area of selected or all muscles at the
lumbar levels using CT or MRI. Alternatively, mid-thigh muscle
measurement has also been employed as a surrogate marker. In
addition, functional tests including handgrip strength and the 400-
meter walk test are available to assess muscle function. The gold
standard technique is CT or MRI despite their cost, radiation expo-
sure, and need for anesthesia. Our study aims to determine the fre-
quency of sarcopenia and malnutrition and to establish the
relationship between sarcopenia and clinical outcomes in children
with EHPVO.

0899-9007/© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar technologies.
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Materials and methods

This was a retrospective, single-center study conducted at Gazi University,
Department of Pediatric Gastroenterology, Hepatology, and Nutrition (Ankara,
Turkey), evaluating all children (1-16 years old) with EHPVO between 2000 and
2024, with an abdominal CT scan performed. Abdominal CT was performed in all
subjects to confirm the diagnosis of EHPVO and/or prior to splenorenal shunt sur-
gery. Patients with chronic diseases other than EHPVO were excluded from the
study. Additionally, children under 12 months and over 16 years of age were
excluded due to the absence of a validated definition of sarcopenia for these age
groups.

Demographic (age, sex), anthropometric (weight, height, body mass index),
clinical (grade of esophageal varices, gastrointestinal bleeding), and laboratory
(full blood count, alanine transaminase, aspartate transaminase, gamma-glutamyl
transferase, total bilirubin, international normalized ratio, serum albumin) data
were collected from patient charts. Anthropometric, endoscopic, and laboratory
parameters were recorded within the month preceding or following CT imaging.

For each patient, the nutritional status assessment was performed based on
weight, height, and body mass index, and z-scores were calculated according to
reference values for Turkish children [4]. Underweight was defined as a weight-
for-age z-score below —2 SD, wasting was defined as a body mass index (BMI) z-
score below —2 SD, while stunting was defined as a height-for-age z-score below
—2 SD, in accordance with the World Health Organization (WHO) standards.
Patients with either underweight and/or wasting and/or stunting were classified
as malnourished.

In each patient, the axial plane passing through the inter-somatic disk
between L3 and L4, L4 and L5 were evaluated for the quantitative analysis of psoas
muscle. All CT images were analyzed with Extreme Pacs version 3.4 by trained
radiologists. Psoas muscle surface area (PMSA) was measured at two intervertebral
lumbar disc levels, L3-4 and L4-5. Total PMSA (tPMSA) was expressed as a sum of
the left and right PMSA at each level and corrected for height, described as tPMSA/
m? defined as psoas muscle index (PMI). Previously published reference values of
total psoas area measures derived from CT of children undergoing trauma scans
were used [5]. Sarcopenia was defined as a t-PMSA z-score for age and sex less
than -2 SD.

SPSS 26.0 software (SPSS, Chicago, IL, US) was used for data analysis. Quantita-
tive results are presented as means & SD or median with minimum-maximum
(min-max) values and compared using the Mann—Whitney U-test or Student’s t-
test. Categorical data are presented as counts and percentages and compared using
Fisher's exact test or Pearson’s Chi-square test. Correlations between continuous
variables were assessed using Spearman correlation analysis and expressed as r
(P-value). A two-sided P-value < 0.05 was considered statistically significant.

Ethics statement

Due to the retrospective design of the study and the use of archived data, per-
missions were obtained from individuals who contributed to the archive without
the need for patient-informed consent. The study was approved by the local
research ethics committee at Gazi University with the study number of 2024 —
397.

Results

One hundred and twenty-five patients with EHPVO were fol-
lowed in our department from 2000 to 2024. Seventy patients
aged between 1 and 16 years whose CT images were available
were included in the study. Demographic and anthropometric
characteristics of patients with EHPVO are shown in Table 1.

The frequency of sarcopenia among the patients included in the
study was 58.6%, as calculated from the L3-4 and/or L4-5 levels. As
analyzed separately by spinal levels, the frequency of sarcopenia
was found to be 52.9% at the L3-4 level and 37.1% at the L4-5 level.
There were strong correlations between those calculated from L3-
4 and L4-5 levels for tPMSA, tPMSA z-score, and PMI (P < 0.001,
r=0.963; P < 0.001,r=0.641; P < 0.001, r = 0.938, respectively).

Eighteen-point six percent of the patients were classified as
underweight, 17.1% were wasted, and 15.7% were stunted. Further-
more, 31.4% of the patients were either underweight and/or
wasted and/or stunted, conditions that are classified as malnutri-
tion. Sarcopenia was more commonly observed in patients with
malnutrition (P = 0.032). The frequency of sarcopenic malnutrition
was 24.3% (Fig. 1). Two of our patients were obese and none of
them were sarcopenic. There were correlations between t-PMSA z-

Table 1

Demographic and anthropometric characteristics of patients with EHPVO
Variables n=70
Sex, M, nn (%) 43 (61.4)
Age (years) 9.1+43
Weight-for-age z-score' -0.76 + 1.44
Height-for-age z-score' -037 +1.84
BMI z-score! —0.74+1.48
Malnutrition, n (%) 22 (31.4)
Underwent splenorenal shunt surgery, n (%) 51(72.9%)

t-PMSA (mm?), L3-4"
t-PMSA (mm?), L4-5*
PMI (mm?/m?), L3-4*
PMI (mm?/m?),

750 (154-3062)
1003 (259-3893)
466 (196-1932)
14-5* 615 (182-2432)

BMI, body mass index; t-PMSA, total psoas muscle surface area; L, lumbar; PMI,
psoas muscle index.

"Mean =+ SD.

*Median (min-max).

scores at the L3-4 level and both weight and height z-scores, as
well as between t-PMSA z-scores at the L4-5 level and both weight
and body mass index z-scores. The correlations between t-PMSA z-
scores at both levels and z-scores of anthropometric measure-
ments are presented with scatter plot graphs in Figure 2.

In Table 2, when the patients with EHPVO are stratified accord-
ing to the presence of sarcopenia, no significant differences in
demographic and laboratory features have been observed between
the two groups. As expected, significant differences were observed
in the anthropometric measurements, including weight, height,
and BMI z-scores, between sarcopenic and nonsarcopenic patients
(P=0.003, P=0.018, P=0.011, respectively).

Discussion

To our knowledge, this is the first study that analyses the fre-
quency of sarcopenia and its relation with malnutrition in children
with EHPVO. We show that the frequency of sarcopenia in children
with EHPVO was 52.9% and 37.1% from the L3-4 and L4-5 levels
according to age and gender-matched healthy pediatric trauma
patients. This prevalence was similar to those observed in cirrhotic
pediatric patients (23—-56%) in recent studies [6,7]. Given that our
center is a referral center for splenorenal shunt procedures and
predominantly manages severe cases of portal hypertension, this
may explain the elevated incidence of sarcopenia observed in our
patient population.

In pediatric patients with chronic diseases, sarcopenia may
coexist with malnutrition, amplifying its negative impact on the

No sarcopenia or malnutrition

34.3%

Malnutrition Sarcopenic
71% malnutrition
' 24.3%

Sarcopenia

34.3%

Fig. 1. Distribution of sarcopenia and malnutrition in patients with EHPVO.
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Fig. 2. Correlations between t-PMSA z-scores at L3-4 and L4-5 levels and z-scores of anthropometric measurements. TPMSA, total psoas muscle surface area; L, lumbar.

patients’ prognosis. The frequency of malnutrition in patients with
EHPVO was 31.4%. As patients with EHPVO have no liver damage,
it may suggest that portal hypertension is the main cause of the
development of malnutrition and sarcopenia.

The mechanism of malnutrition is not fully understood in
patients with EHPVO. Portal hypertensive enteropathy leading to
malabsorption might be the first reason. Jejunal biopsy specimens
in patients with portal hypertension showed an increase in the
size of vessels compared with controls and in the number of ves-
sels per villus suggests that the mucosal and vascular changes of
jejunopathy are part of the spectrum found throughout the gastro-
intestinal tract in patients with portal hypertension [8]. A pro-
tein—losing enteropathy has been described in a cirrhotic patient
with portal hypertension, which resolved after the insertion of a
transjugular intrahepatic portosystemic stent-shunt [9]. Secondly,
growth hormone (GH) and insulin-like growth factor I (IGF-I) axis
could be disrupted. Mehrotra et al. reported elevated GH and
decreased IGF-I levels in children with EHPVO, suggesting GH
resistance [10]. That is reasonable, as IGF-I is produced in the liver
and is known to exert anabolic effects; consequently, any

Table 2
Comparisons between sarcopenic and nonsarcopenic patients with EHPVO

Sarcopenic Nonsarcopenic P

(n=41) (n=29)
Sex, M, n (%) 22 (53.7) 21(72.4) 0.112
Age, years™ 9.08 £448 925+4.24 0.873
Weight-for-age z-score” -122+138 -0.11+1.28 0.001
Height-for-age z-score® -0.81+2.04 0.23+1.31 0.018
BMI z-score” -112+134 -0.21+1.53 0.011
Malnutrition, n (%) 17 (41.5) 5(17.2) 0.032
Hemoglobin, g/dL* 102 +2.2 109+1.7 0.152
WBC, x10°/uL* 5.7+45 5.7 +3.7 0.995
Platelet, x10°/p.L* 137+ 116 143 £ 127 0.846
Grade of esophageal varices 2241 25+05 0.156
Esophageal variceal bleeding episodes 1.9 & 2 24+1.7 0.272

WABC, white blood cells; BMI, body mass index.

*Mean + SD.

abnormality that disrupts physiological hepatic blood flow could
hinder the normal production of IGF-I and its subsequent anabolic
effects. Other endocrine disturbances resulting from portal hyper-
tension may also contribute to impaired growth.

Malnutrition is frequently observed in children with chronic
diseases. For example, the rate of malnutrition in cirrhotic children
can reach up to 50% [7]. Hulst et al. determined that weight loss
was present in 35% of the patients with a hospital stay of 4 days or
longer and that could be related to decreased oral intake, pain, pro-
longed fasting periods, and chronic disease [11]. Recurrent hospi-
talizations contribute to malnutrition, while malnutrition also
extends the duration of hospital stays. In a multicenter study from
Europe, length of stay was 1.3 days longer for children with malnu-
trition [12]. The major cause of hospitalization in patients with
portal hypertension is variceal bleeding. Sarcopenia is significantly
and independently related to a high 2-year rebleeding rate in cir-
rhotic adult patients who received endoscopic therapy for prevent-
ing variceal rebleeding [13]. In our cohort, the frequency of variceal
bleeding episodes did not differ between patients with and with-
out sarcopenia. This absence of difference may be explained by the
relatively small number of patients, which restricts the ability to
demonstrate a significant association. Although the impact of sar-
copenia on clinical outcomes could not be demonstrated in our
cohort as in adult studies, early diagnosis and management remain
of considerable importance. Moreover, in this patient population,
the presence of sarcopenia may merit consideration as an addi-
tional criterion in the decision-making process for splenorenal
shunt surgery.

Gielchinsky et al. reported that early satiety was observed in
approximately 15% of patients with Gaucher disease presenting
with massive splenomegaly [14]. Splenomegaly resulting from
EHPVO can exert pressure on the stomach, leading to symptoms
such as early satiety and loss of appetite, which may contribute to
the development of malnutrition in patients [15].

The etiopathogenesis of sarcopenia and malnutrition is similar,
although there are distinct differences between them. One such
difference is the patients’ exercise status. For instance, due to con-
cerns about splenic rupture, exercise restrictions are often applied
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to patients with severe splenomegaly. Splenic injuries have been
reported in cases with splenomegaly due to infectious mononucle-
osis. There are some recommendations for activity restriction for a
minimum of four weeks or until the resolution of splenomegaly
[16,17]. As a result, despite gaining weight, these patients may
experience significant reductions in muscle mass. In our study,
34.3% of the patients exhibited sarcopenia without malnutrition, a
finding that can be elucidated by this explanation.

The primary limitation of our study was its retrospective design
and the small cohort size; however, it represents an important ini-
tial step in defining sarcopenia in children with EHPVO. Sarcopenia
definitions include not only morphometric criteria but also func-
tional parameters such as handgrip strength or physical perfor-
mance measures. However, due to the retrospective design of our
study, functional assessments were not available and thus could
not be incorporated into our analysis. Additionally, there are no
validated PMSA reference values for Turkish children. Therefore,
we utilized reference values from Canadian children as criteria for
diagnosing sarcopenia. This may introduce ethnic and constitu-
tional bias, which could affect the accuracy and generalizability of
our findings. Another limitation of the study is that the majority of
the CT scans were performed on advanced-stage patients, particu-
larly those scheduled for splenorenal shunt surgery, which may
have led to an overestimation of sarcopenia prevalence.

Conclusion

This study provides valuable insights into the frequency of sar-
copenia and malnutrition in children with EHPVO. The observed
association between portal hypertension and the development of
both sarcopenia and malnutrition suggests the need for early
screening and intervention strategies. Despite the limitations of
our study, including its retrospective nature and small sample size,
these results highlight the importance of addressing sarcopenia
and malnutrition in the management of children with EHPVO. The
major challenges in diagnosing sarcopenia in children include the
absence of a gold standard test and reference data for healthy body
composition. In our study, we observed a high prevalence of sarco-
penia among children with EHPVO; however, its clinical implica-
tions remain uncertain, likely due to the limited sample size and
reduced statistical power. Future prospective studies with larger
cohorts and longitudinal follow-up, evaluating not only muscle
mass but also muscle function, are needed to better define the clin-
ical relevance of sarcopenia in this population.
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