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Phthalates are a class of manufactured 
chemicals that are commonly used to enhance 
the flexibility of plastics. By far, the major use 
of phthalates is as plasticizers in the production 
of polyvinyl chloride (PVC) products. PVC is 

the second most commonly used plastic in the 
world based on its use in pipes, construction 
materials, electronic wiring, and thousands 
of other applications. Phthalates are also used 
as additives in various consumer products, 
including food packaging, toys, shoes, 
cosmetics, and skin care products. Furthermore, 
phthalates are included in some medications 
and pesticides.1

Maternal phthalate exposure during pregnancy and male 
reproductive disorders: a systematic review and meta-
analysis

Chengjun Yu1,2,3 , Jiandong Lu1,2,3 , Jie Zhao1,2,3 , Tianxin Zhao1,2,3,4 ,  
Chunlan Long3,4,5 , Tao Lin1,2,3 , Shengde Wu1,2,3,5,6 , Sheng Wen1,2,3,5,6 ,  
Guanghui Wei1,2,3,5,6

1Department of Urology, Children’s Hospital of Chongqing Medical University, Chongqing, China; 2Chongqing Key Laboratory of 
Children Urogenital Development and Tissue Engineering, Chongqing, China; 3National Clinical Research Center for Child Health and 
Disorders, Chongqing, China; 4Ministry of Education Key Laboratory of Child Development and Disorders, Chongqing, China; 5China 
International Science and Technology Cooperation Base of Child Development and Critical Disorders, Chongqing, China; 6Chongqing 
Key Laboratory of Pediatrics Chongqing, Chongqing, China.

ABSTRACT

Background. Phthalates are ubiquitous in the environment and they can penetrate the human body via multiple 
routes. However, the impact of phthalates on human male reproductive disorders remains unclear. 

Methods. A critical review of published studies was conducted to clarify the association of phthalates and male 
reproductive disorders and to highlight future research needs. PubMed, Cochrane Library, and Web of Science 
Database were systematically searched for relevant articles written in English, independent of region and time 
period. If more than one paper overlapped in study design or participants included, the most recent manuscript 
was included in our review. Due to limited homogeneous statistical data, observed trends were summarized to 
draw approximate conclusions.

Results. Nineteen manuscripts were included in our final analysis. Exposure to di-(2-ethylhexyl) phthalate 
(DEHP), di-n-butyl phthalate (DBP), diethyl phthalate (DEP), and/or benzyl butyl phthalate (BBP) is associated 
with a shorter anogenital distance (AGD). Meanwhile, exposure to DEHP and/or di-isodecyl phthalate (DIDP) 
is associated with higher risks for cryptorchidism and hypospadias. 

Conclusions. Generic exposure to phthalates has an adverse effect on human reproductive development, 
especially exposure to DEHP, DBP, DEP, BBP, and DIDP. A critical time for exposure sensitivity is during 
early pregnancy. Due to the lack of significant statistical power in this study, the conclusions drawn should 
be cautiously interpreted and they remain to be validated. Thus, additional well-designed studies, as well as 
propaganda and education regarding phthalate exposure and safer substitutes for these compounds, are greatly 
needed.

Key words: anogenital distance, cryptorchidism, hypospadias, male reproductive disorders, phthalates.
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Phthalate-containing products are quite 
common in daily life, yet they are not covalently 
bound to a product’s matrix. Therefore, it is 
possible for phthalates to be released into the 
environment. As a result, phthalates have 
routinely been found to contaminate indoor 
air, dust, food, and water.2-4 The major route of 
phthalate exposure is via ingestion of phthalate-
contaminated food. However, phthalates 
can also permeate our body via dermal and 
inhalation pathways.5 

Phthalates are endocrine disrupting chemicals 
(EDCs) which have been associated with male 
reproductive disorders (MRDs) in animal 
models over the past 20 years. For example, 
phthalates have been shown to act as anti-
androgens and to downregulate the production 
of testosterone.6,7 In rats, this is described as, 
“Phthalate Syndrome”. Following in utero 
exposure to anti-androgen phthalates, a decrease 
in testosterone levels leads to an increased 
risk of conditions such as cryptorchidism 
and hypospadias.7,8 Rodent studies have also 
identified that phthalates, especially di-(2-
ethylhexyl) phthalate (DEHP) and di-n-butyl 
phthalate (DBP), can negatively affect androgen 
signaling when administered during a critical 
period of development in the genitourinary 
tract.9,10 Furthermore, antenatal exposure to 
phthalates [notably DEHP, DBP, and butyl 
benzyl phthalate (BBzP)] induces a shorter 
anogenital distance (AGD) in rodents.10,11 

To date, only a few studies have explored 
the relationship between prenatal phthalate 
exposure and the development of MRDs in 
humans. As a result, knowledge regarding this 
possible correlation remains incomplete. A key 
finding was made by Jensen et al.12 who detected 
phthalate metabolites in amniotic fluid, thereby 
indicating the capacity for these compounds to 
cross the placental barrier and expose fetuses 
to their effects. Newborns are also vulnerable 
to endocrine disruption by chemicals, 
especially during the period of masculinization 
programming. The latter process of male sexual 
differentiation is driven by gonadal hormones. 
Here, we conducted a systemic review and 

meta-analysis to summarize the information 
currently available, to clarify associations 
between phthalate exposure and higher risks of 
cryptorchidism and hypospadias, as well as a 
shorter AGD, and to highlight future directions 
for studies of phthalates and their health risks. 

Methods

Definition of MRDs and phthalate exposure

MRDs examined

Cryptorchidism refers to the testes being located 
somewhere along the path from the waist 
retroperitoneum down to the scrotum, yet not 
in accordance with the descent that normally 
occurs. Hypospadias is defined as displacement 
of the urethral meatus from the tip of glans 
penis to the ventral side of the phallus, scrotum, 
or perineum.13 These conditions represent the 
two most common types of congenital defects 
that lead to abnormalities in male genitalia.14,15 
AGD is the distance from the center of the anus 
to an external genital landmark. In males, the 
external genital landmarks can include: (1) the 
base of the scrotum where the skin changes from 
rugated to smooth (AGDas); (2) the posterior or 
caudal insertion of the penis (AGDapp), and (3) 
the anterior or cephalad insertion of the penis 
where the penile tissue meets the pubic bone 
(AGDap).16-18 Details regarding measurements 
of AGD are provided in Table I. AGD has 
been shown to serve as a readout of androgen 
concentrations during prenatal development in 
mammals.19 Moreover, a shorter AGD in males 
is typically associated with higher risks for 
cryptorchidism and hypospadias. Since the AGD 
is easy to measure, it can have significant utility 
in clinical evaluations and epidemiological 
research studies. In this study, we identified 
risk of cryptorchidism, risk of hypospadias, and 
AGD as outcome parameters to assess the effect 
of prenatal phthalate exposure on MRDs. 

Exposure to phthalates

Prenatal exposure to phthalates was defined as 
epidemiological exposure to generic phthalates 
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(details provided in eligibility criteria) or 
urinary phthalate metabolite concentrations 
(PMCs). The main phthalates examined and 
their urinary metabolites are listed in Table II. 

Study registration

This study was registered with PROSPERO 
describing the aims and methods in advance. 
The amendments specified the four target 
comparisons that were made between 
phthalate exposure and MRDs, and they 
discarded the initial goal of exploring AGD 
changes in male infants according to maternal 
epidemiological exposure to generic phthalates 
versus no exposure to phthalates. This study 
was conducted in accordance with Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.20 

Information sources and search strategy terms

Systematic literature searches of various 
databases were conducted. These databases 
included: PubMed, Cochrane Library, Web 
of Science Database, Russian Science Citation 
Index, and the SciELO Citation Index. Initially, 
a search was conducted to identify articles 
that considered antenatal phthalate exposure 
and MRDs/male genital abnormalities, or any 
outcome of cryptorchidism, hypospadias, or 
AGD in humans. 

Using the Boolean approach, the above-
mentioned databases were searched for the 
following key terms in titles, keywords, 
and Abstracts: (“male reproductive 
disorders” / “male genital abnormalities” 
OR “cryptorchidism” OR “cryptorchism” 
OR “undescended test*” OR “hypospadias” 
OR “anogenital distance” OR “AGD”) AND 
(“phthalat*” and its specific types). In addition, 
two experts in the field advised us regarding 
the newest relevant studies and recommended 
the following articles published by Swan et al.17, 
Sathyanarayana et al.21, Martino-Andrade et 
al.22, and Sathyanarayana et al.23 A manual check 
of the reference lists of the relevant studies and 

reviews that were retrieved was also conducted. 
As a result, three additional manuscripts were 
selected according to the eligibility criteria of 
this study.

Eligibility and exclusion criteria 

Criteria for study eligibility 

(1) Epidemiological studies examining generic 
exposure to total phthalates (with phthalates 
regarded as compounds rather than specific 
exposure to phthalate-containing products 
such as pesticides, cosmetics, and personal skin 
care products) which also provided data for an 
exposure group and a non-exposure group for 
examinations of risk of cryptorchidism, risk of 
hypospadias, or measurement of AGD.

(2) Clinical studies focused on exploring the 
relationship between risk of cryptorchidism, 
risk of hypospadias, or AGD and urine PMCs.

(3) Papers written in English, without restriction 
regarding the region studied or period of time 
studied, and involving human beings.

Manuscripts that satisfied criteria (1) and (3), 
or criteria (2) and (3), were considered eligible 
papers.

2.4.2 Criteria for study exclusion

(1) Animal models, reviews, guidelines, and in 
vitro or in vivo experimental studies.

(2) Studies addressing cellular or molecular 
mechanisms and other outcomes related to 
EDCs and MRDs (e.g., effects of hormone levels 
in tissues and measures of semen quality).

(3) Prenatal exposure to phthalates defined as 
concentrations in amniotic fluid, colostrum, or 
another biomarker matrix.

(4) Reports with a study design or participants 
that were updated in a subsequent report.

(5) Ecological studies with exposure information 
at the population level rather than at the 
individual level.
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Table II. List of main specific phthalates and major urinary metabolites with abbreviations.
Phthalates name Abbreviation Majority usage Urinary metabolites Abbreviation
Di-2-ethylhexyl 
phthalate, Di-(2-
ethylhexyl) phthalate, 
Diethylhexyl phthalate

DEHP Polychlorinated vinyl (PVC), 
flexible plastics (toys, film 
packaging, medical devices, 
building materials, garden 
hoses, etc.)

Mono-2-ethylhexyl 
phthalate

MEHP

Mono-(2-ethyl-5-
hydroxyhexyl) phthalate

MEHHP, oh-
MEHP

Mono-(2-ethyl-5-
oxohexyl) phthalate 

MEOHP, 
oxo-MEHP 

Mono-(2-ethyl-
5-carboxypentyl) 
phthalate

MECPP, cx-
MEPP

Di-n-butyl phthalate, 
Dibutyl phthalate

DBP Personal care products, 
medications

Mono-n-butyl phthalate, MnBPa

Mono-isobutyl phthalate MiBPa

Di-isobutyl phthalate DiBP Personal care products, 
medications 

Mono-isobutyl phthalate MiBPa

Benzylbutyl phthalate 
Benzyl butyl phthalate 
Butyl benzyl phthalate

BzBP
BBP
BBzP

PVC, adhesives, sealants, car 
care products

Monobenzyl phthalate, 
Mono-benzyl phthalate

MBzP

Di-isononyl phthalate DINP, DiNP PVC, flexible plastics Mono-(carboxyoctyl) 
phthalate

MCOP

Mono-isononyl 
phthalate

MiNP

Mono-(4-methyl-7-
hydroxyloctyl) phthalate

oh-MMeOP 

Mono-(4-methyl-7-oxo 
octyl) phthalate

oxo-MMeOP 

Mono-(4-methyl-
7-carboxyheptyl) 
phthalate

cx-MMeHP

Di-isodecyl phthalate DIDP, DiDP PVC, flexible plastics Mono-(carboxynonyl) 
phthalate

MCNP

Di-n-octyl phthalate DOP, DnOP PVC, flexible plastics Mono-(3-carboxypropyl) 
phthalate 

MCPPb

Mono-n-octyl phthalate MOP
Diethyl phthalate DEP Personal care products, 

fragrance 
Mono-ethyl phthalate MEP

Dimethyl phthalate DMP Mono-methyl phthalate MMP
a sum of MnBP and MiBP is MBP.
b MCPP is also a minor metabolite of DBP and a non-specific metabolite of several high molecular weight phthalates( 
mainly refers to DEHP, BzBP, DOP, DiDP, DiNP, etc.)
AGD: anogenital distance, EDCs: endocrine disrupting chemicals, MRDs: male reproductive disorders, PMCs: phthalate 
metabolite concentrations.
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Study selection and data extraction

Study selection

Our initial database search yielded 592 potential 
articles. Four additional records were identified 
based on recommendations made by expert 
authorities, and three articles were identified 
based on a manual review of reference lists. 
After 61 duplicate articles were eliminated, 538 
articles were screened based on their titles and 
abstracts. A total of 507 reports were identified 
as irrelevant papers and were excluded, leaving 
31 records to undergo full text screening. After 
a comprehensive screening of these texts, 19 
manuscripts were found to conform to the 
eligibility criteria of this systemic review and 
meta-analysis. An overview of this selection 
process and its details are presented in Figure 1.

Data extraction

Each of the 19 articles selected was carefully 
reviewed and the following data were 
extracted: reference information; population; 
method and time of exposure assessment; 
assessment of cryptorchidism and hypospadias, 
measurement of AGD, and time of assessment 
if available; type of biomarker matrix; pivotal 
design and comparisons methods; specific 
phthalates identified; and main discoveries. 
For the epidemiological studies, statistical data 
regarding the proportion of cryptorchidism 
and hypospadias in exposed and non-exposed 
groups were recorded. These data were 
maintained in three electronic spreadsheets 
(Tables I, III–IV) for comparison of incidence 
of cryptorchidism, hypospadias, and AGD in 
relation to phthalate exposure.

Statistical analysis

It was a challenge to assess the pooled risk 
estimate of epidemiological exposure to generic 
phthalates and MRDs (mainly cryptorchidism 
and hypospadias). Heterogeneity of the 
manuscripts selected was tested by using both 
the Chi-squared test (P ≥ 0.1 indicated low 
heterogeneity) and I2 index statistics. When I2 
was < 50%, the Mantel-Haenszel fixed effects 

model was applied; otherwise, the Mantel-
Haenszel random effects model was applied.24

In the subsequent analyses of urinary PMCs 
and MRDs, we analyzed possible associations 
between: (1) generic phthalate exposure and 
risk of cryptorchidism, hypospadias, and AGD; 
(2) specific phthalate (DEHP, DBP, benzyl butyl 
phthalate (BBP), etc.) exposure and incidence 
of generic MRDs; and (3) specific phthalate 
exposure and incidence of cryptorchidism, 
incidence of hypospadias, or AGD. Log-
transformed regression of phthalate metabolite 
coefficients and p-values of adjusted models for 
AGD/anogenital index in five manuscripts are 
summarized in Table V.

Results

Literature search results

Figure 1 provides an overview of the screening 
and selection procedure used. Due to the 
limited number of published studies regarding 
human exposure to phthalates and MRDs, only 
19 manuscripts met the inclusion criteria for this 
study. The papers that were excluded after a 
screening of their full text, and the corresponding 
reasons, are listed in Supplemental Table I. 
Among the 19 selected papers, 15 focused 
on exploring possible correlations between 
urinary PMCs and risk of cryptorchidism, 
risk of hypospadias, or measurement of AGD. 
The remaining four papers presented generic 
epidemiological studies (Wagner-Mahler et 
al.25, Morales-Surez-Varela et al.26, Nassar et 
al.27, and Vrijheid et al.28). To date, there are 
no published studies which have focused on 
examining the risk of MRDs between mothers 
with undetectable urinary PMCs and those 
with detectable urinary PMCs.

Cryptorchidism and phthalate exposure

Two epidemiological studies compared the risk 
of cryptorchidism between populations exposed 
to generic phthalates and populations that were 
not exposed to phthalates. Due to the high 
heterogeneity between these studies, a random-
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effect model was applied. Unfortunately, the 
results were not significant and a conclusion 
could not be made (pooled crude odds ratio 
(OR): 2.16; 95% confidence interval (CI): 0.30–
15.45; P = 0.44; I2 = 70%) (Fig. 2).

Very few studies have investigated a possible 
association between urine PMCs and risk of 
cryptorchidism. However, it has been observed 
that the male offspring of mothers with higher 
PMCs of DEHP and di-isodecyl phthalate 
(DIDP) have a higher risk of cryptorchidism.23,29 
The design methods and findings for the 
phthalate-based and urine PMC-based studies 
are summarized in Table III.

Hypospadias and phthalate exposure

Risk of hypospadias was also examined for 
populations with and without exposure to 
phthalates in three studies.26,28,30 Similar to the 
studies of cryptorchidism described above, the 
studies selected exhibited high heterogeneity 
and a random-effect model was applied. A 
trend towards an increased risk of having a 
boy affected by hypospadias was observed for 
mothers who were exposed to phthalates versus 

those who were not, although this result did not 
achieve statistical significance (pooled crude 
OR: 1.38; 95% CI: 0.93–2.04; P = 0.11; I2 = 78%). 

A few studies have clarified a possible correlation 
between urine PMCs and hypospadias.24,31 For 
example, the greater the exposure of pregnant 
mothers to DEHP and DIDP, the greater the 
likelihood that they will have a boy affected 
by hypospadias. Thus, a similar trend as that 
observed for cryptorchidism is also relevant for 
hypospadias. The design methods and findings 
for the phthalate-based and urine PMC-based 
studies are summarized in Table IV.

AGD and phthalate exposure

Eleven studies have explored a possible 
correlation between urine PMCs and AGD. 
The first study was published by Swan et 
al.32 in 2005. Detailed information regarding 
the design methods, data comparisons, and 
results of all 11 studies are presented in Table 
IV. It was not possible to synthesize the data 
of these different studies to conduct a meta-
analysis, since the pivotal designs of each 
article varied and the statistical data greatly 

Fig. 1. Flow diagram of the systematic searches performed for various databases to identify potentially eligible 
publications for this study.
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differed as well. However, we did identify an 
overall trend in which exposure to higher levels 
of phthalates was associated with a shorter 
AGD in humans. Moreover, a prominent 
association between exposure to DEHP, DBP, 
diethyl phthalate (DEP), or BBzP/BBP with a 
shorter AGD was observed. When the adjusted 
multiple regression model coefficients of log-
transformed PMCs and AGD from 5 of the 11 
articles were examined (Table V), almost all of 
the PMCs detected were found to be inversely 
associated with AGD, consistent with the 
overall trend observed for all 11 studies.

A graphical diagram, Figure 3, depicted these 
outcomes for convenience of detection of 
information at first sight.

Discussion

In many animal models, exposure to phthalates 
leads to an adverse effect on reproductive 
development. This phenomenon derives from 
the ability of phthalates to inhibit the synthesis 
of testosterone and disrupt androgen signaling. 
As a result, higher risks of cryptorchidism and 

hypospadias, as well as a shorter AGD, have 
been observed in male laboratory animals. 
It has been speculated that human exposure 
to phthalates may result in similar effects. 
However, it is difficult to investigate this 
possible correlation because specific exposure in 
humans is rare. Swan et al.32 published the first 
human study of phthalates exposure and MRDs 
in 2005. Currently, there are approximately 
20 manuscripts which have focused on 
investigations of the effects of exposure to 
specific phthalates on MRDs.

To clarify the adverse effects of specific 
compounds on human developmental 
health, epidemiological studies are often 
considered the “gold standard”. However, 
epidemiological studies are expensive and 
often involve a minimum of five years from 
conception to results.29 As a result, we found 
only two epidemiological studies which have 
investigated phthalate exposure and risk of 
cryptorchidism, and four epidemiological 
studies which investigated phthalate exposure 
and hypospadias. (Note, Ormond et al. was 
excluded due to insufficient data even after 
requests for additional data were submitted 

Fig. 2. Forest plot of epidemiological exposure to generic phthalates and risks of cryptorchidism (a) and 
hypospadias (b).
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to the authors). Furthermore, we found that 
large-scale epidemiological studies of generic 
phthalate exposure were not published until 
after 2011. Due to this limited availability of 
epidemiological data, the results of our meta-
analysis were rendered non-significant due to 
a lack of power. Moreover, our study design, 
which included manuscripts only written in 
English, may have increased the publication 
bias in the present study, thereby representing 
a limitation of this mini systematic review.

Detection and measurements of phthalate 
concentrations in vitro are complex and costly. 
In contrast, the excretion of high concentrations 
of phthalate metabolites in urine make it an 
optimal biomarker matrix.33 However, a majority 
of phthalate metabolites may not exhibit a 
significant positive correlation between urine 
and amniotic fluid or with other biomarkers.34 
Hence, we emphasize that only urinary PMCs 
are regarded as indicating phthalate exposure 
in this paper.

Since the relationship between metabolites 
levels and AGD cannot be directly evaluated, 
the indirect methods most often used include: 
(1) a comparison of metabolite levels between 
“shorter” and “longer” AGD groups; (2) an 
examination of ORs of having a “shorter AGD” 

in individuals exposed to general or specific 
PMCs in different groups of higher and lower 
PMCs could reach statistical significance; 
and (3) the use of regression models to detect 
coefficients between log-transformed PMCs 
and AGD. However, the use of these various 
indirect methods in different studies has made 
it difficult to synthesize the data obtained to 
enhance statistical efficacy. Currently, advances 
in technology have allowed different phthalate 
metabolites to be detected in urine, and this has 
been applied in various studies. In this review, 
the majority of specific phthalates which were 
detected exhibited an inverse association with 
AGD in humans, particularly DEHP, DBP, 
DEP, and BBzP/BBP.5,17,22,23,32,34-39 Furthermore, 
only a few studies focused on clarifying urine 
concentrations of phthalate metabolites and 
risks of cryptorchidism or hypospadias have 
been conducted. Thus, limited evidence is 
available regarding exposure to higher levels 
of DEHP and DIDP and increased risks of 
cryptorchidism and hypospadias. Furthermore, 
among these complex compounds, only a few 
have exhibited a protective effect in male genital 
disorders. The short-lived nature of these 
compounds, as well as analyses of single spot 
urine samples, may not effectively reflect the 
average exposure level to phthalates, and this 

Fig. 3. Graphical diagram of effects of maternal phthalates exposure on male reproductive disorders in 
offsprings.
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limitation existed in almost all of the included 
studies. In addition, all of the conclusions 
drawn in these studies derived from analyses of 
descriptive comparisons, and thus, they should 
be interpreted with caution. 

Robust evidence has demonstrated that DEHP 
increases the risks of cryptorchidism and 
hypospadias, and shortens the AGD.40 Di-
isononyl phthalate (DINP/DiNP) has been 
introduced to replace DEHP, and consequently, 
DINP exposure has been rapidly increasing 
in populations worldwide. While animal data 
suggest that DINP may have an anti-androgen 
property that is similar to that of DEHP.7,41 
Bornehag et al.5 demonstrated that urinary 
concentrations of DINP metabolites are also 
associated with a shorter AGD. Consequently, 
DINP exposure should be reexamined and safe 
replacements for harmful phthalates remains a 
critical need.

The effects mediated by phthalates depend on 
dosage, duration of action, and the stage of 
development for exposed individuals.33 The 
primary programming period for human genital 
development is within the first 5–18 weeks 
of gestation.23,42 During this time, phthalate 
metabolites can cross the placental barrier, 
thus, making the fetus in early pregnancy one 
of the most vulnerable groups to the effects of 
phthalate exposure. In a study conducted by 
Martino-Andrade et al.22, exposure to DEHP 
metabolites only in the first trimester were 
found to be inversely associated with AGD. 
These findings are consistent with critical 
window data obtained in rodent studies43, and 
they also support the biological plausibility of 
similar associations occurring in both humans 
and rodents. Therefore, avoiding exposure to 
phthalates during early pregnancy is the most 
efficient strategy for reducing the adverse 
effects of these compounds on male genital 
development in both humans and animals. 

Phthalates are not covalently bound to a 
product matrix and they are currently used in 
a wide array of consumer products. In addition, 
their presence in the environment has made 

exposure to these compounds ubiquitous in 
daily life over the past 30 years. Consequently, 
phthalates have opportunities to penetrate the 
human body via multiple routes. Thus, nearly 
all human beings are exposed to phthalates, 
albeit at different levels. Consequently, there 
is not a need for more studies to evaluate the 
differences in risk of MRDs between mothers 
with and without exposure to phthalates. 
Rather, it would provide greater insight if well-
designed studies were conducted to learn the 
effect of different concentration intervals of 
phthalate metabolites on MRDs.

The limited number of studies that have been 
published suggest that generic exposure to 
phthalates induces an adverse effect on human 
genital development, especially exposure to 
DEHP, DBP, DEP, BBP, and DIDP. Among 
these phthalates, DBP and DEP are most often 
found in personal skin care products, cosmetics, 
and fragrance, and this increases the exposure 
of pregnant women to these phthalates. As 
a result, public awareness of approaches to 
reduce phthalate exposure is important and 
necessary, especially during the early stages 
of pregnancy. Furthermore, safer substitutes 
that provide similar properties for plastics are 
greatly needed. These advances, in combination 
with additional well-designed and multi-center 
human studies, could provide valuable insight 
into the mechanisms mediated by phthalates 
and possible opportunities to prevent their 
adverse effects. 

Multiple studies support the association 
between exposure to DEHP, DBP, DEP, and/
or BBP and a shorter AGD. In addition, DEHP 
and DIDP are associated with higher risks of 
cryptorchidism and hypospadias. Thus, generic 
exposure to phthalates has an adverse effect on 
MRDs in both animals and humans, especially 
exposure to DEHP, DBP, DEP, BBP, and DIDP. 
Moreover, a critical time window for exposure 
to phthalates is during the first trimester of 
pregnancy, which supports the biological 
plausibility that similar effects are induced in 
both rodents and humans. However, due to 
the lack of significant statistical power in our 
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present meta-analysis, these conclusions should 
be interpreted with caution, and they remain to 
be confirmed in future well-designed studies. In 
the meantime, education of the public regarding 
phthalate exposure and the development of 
safer substitutes for these compounds are 
greatly needed.
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Epilepsy is the most common chronic 
neurologic disorder that requires continued 
medication for long-term management in 
children. However approximately 20-30% 

of all children with epilepsy do not respond 
sufficiently to antiepileptic drugs (AED), 
and are considered medically intractable, 
despite recent development of a number of 
anticonvulsant agents.1 The ketogenic diet 
(KD), defined as a high-fat, adequate-protein, 
and low-carbohydrate diet, is one of the most 
effective alternative treatment options for drug 
resistant epilepsy.2 It is not a benign therapy, 
however, being associated with a number of 
adverse effects.3 Moreover, compliance with 
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ABSTRACT

Background. We aimed to investigate the effectiveness of ketogenic diet (KD) in children with various types of 
refractory epilepsy. 

Methods. A total of 91 children (49 females) aged 3 to 193 months (median, 52 months) with drug resistant 
epilepsy who received KD treatment for at least 12 months were enrolled in the study. Seizure frequency, 
adherence to diet, reason for discontinuation of KD, and adverse effects were recorded. Response was defined 
as ≥50% improvement in seizure frequency compared to baseline. We also searched for influences of different 
variables on the outcome.

Results. Intent-to-treat analysis revealed an improvement in seizure frequency for ≥50% in 73.6%, 80.2%, 
75.8%, 73.6%, and 70.3% of patients at month-1, -3, -6, -9, and month-12, respectively. Overall, 32 (35.2%) 
patients remained seizure-free at month-12. There was no significant differences between responders and non-
responders in terms of age at onset of epilepsy, age at onset of KD, gender, or etiology. Mild hyperlipidemia 
was associated with a higher response rate. At the last follow-up (median: 20 months), 38 (41.8%) patients were 
still maintained on KD. While 15.4% of patients completed the diet with a success in seizure control, remainder 
discontinued KD due to lack of efficacy (23.1%), non-adharence to diet (11%), intercurrent infection (4.4%), 
adverse effects (3.3%), and death (1.1%).

Conclusion. Ketogenic diet treatment appears to be effective in about two-thirds of children with various 
types of drug-resistant epilepsy, including one-third remaining seizure free. Mild hyperlipidemia seems to 
be associated with a higher response rate. Discontinuation of KD is mostly due to lack of efficacy or non-
adherence, and rarely side effects. 

Key words: ketogenic diet, drug-resistant epilepsy, effectiveness, tolerability.
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diet for both patients and their caregivers 
appears to be one of the main concerns in 
KD implementation. Differences in food 
culture, locally available food, eating habits 
and children’s preferences may affect dietary 
compliance, and therefore the effectiveness 
of the diet in various parts of the world. For 
instance, since Asian diet is predominantly 
cereal-based and its carbohydrate content is 
much higher compared to Western diets, it is 
not surprising that compliance with the diet 
and, accordingly, the response to treatment 
in children from East Asian countries is lower 
than those from Western countries where 
ordinary diet is based mainly on high-lipid, 
low carbohydrate foods such as butter and 
cream.4,5 In this study, we aimed to investigate 
effectiveness of KD in different types of drug 
resistant childhood epilepsy in Turkey where 
the fat content of ordinary diet consists mainly 
of olive oil.

Material and Methods

Patients and settings 

Hospital charts of children treated with KD 
at the University of Health Sciences Turkey, 
Dr. Behçet Uz Children’s Education and 
ResearchHospital between the years 2013 and 
2019 were retrospectively reviewed. Patients 
who had drug resistant epilepsy (defined as 
failure to ≥2 appropriate antiepileptic drugs), 
who had more than four seizures per month, 
and patients who continued KD treatment for 
at least 12 months were identified. Patients who 
discontinued treatment before 12 months due to 
ineffectiveness, side effects or nonadherence to 
KD were also included into the analysis. Ethical 
permission for the study was obtained from the 
institutional ethical committee (2020/08-05). 

Dietary protocol 

A standardized KD with a non-fasting gradual 
initiation protocol during a 5-day hospital stay 
was started on a 3:1-ratio. During the inpatient 
treatment, parents were educated about diet 

and ways to prepare KD at home. Ketogenic 
diet was started with full calories. A 1:1 ratio 
on the 1st day, 2:1 ratio on the 2nd day, and 3:1 
ratio thereafter was administered. Continuing 
adjustments to dietary ratio between 2:1 to 4:1, 
energy, and protein intake were made while 
children remained on the diet in order to optimize 
ketone levels and seizure control, minimize side 
effects, and maintain appropriate growth. We 
tried to maintain ketone levels at ≥3+ (50–150 
mg/dl) in routine urinalysis or 4–6 mM for serum 
β-hydroxybutyrate. No water restriction was 
applied. As there is evidence showing similar 
efficacy at ratios of 2:1 to 4:1,6,7 we included all 
children receiving KD at ratios between 2:1 and 
4:1. The recipes were individually prepared 
with locally available foods, taking into account 
the preferences of families and the children, and 
cultural differences. The principal unsaturated 
fat source of the diet was olive oil (about 80% 
of all fats in the diet), which is widely used, 
readily available, and relatively inexpensive in 
Turkey. Saturated fats including cream, butter, 
and fatty beef made up about remaining 20% 
of the fat in the diet, and no other types of fat 
were used. We tried to manage patients who 
developed hyperlipidemia using simple dietary 
modifications such as replacing saturated 
fats with extra-virgin olive oil, carnitine and/
or omega-3 fatty acid supplementation, 
or reducing the ketogenic ratio gradually 
down to the level of 2:1, trying not to alter 
ketosis and seizure control. We had to reduce 
the KD ratio to 2:1 in only two patients. 
Omega-3 supplements (docosahexaenoic acid 
/ eicosapentaenoic acid) were given to five 
patients whose high triglyceride levels persisted 
despite dietary modifications. Carnitine 
supplements were given to six patients with 
low carnitine concentrations, because carnitine 
supplementation has been reported to reduce 
triglyceride levels in adults.8 In order to 
reach optimum ketone levels, medium-chain 
triglyceride (MCT) oil was added to the diet 
in seven children. The initial daily calorie 
requirement was calculated individually for 
each patient as the average between their pre-
diet intake and their energy requirements for 
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ideal body weight for children younger than 
two years of age and ideal body mass index for 
children aged two years or older (approximately 
60 – 80 kcal/kg/day), taking into account their 
levels of physical activity, and trying to bring 
patients to their ideal weight. Calories were 
generally adjusted in increments or decrements 
of 100 kcal at intervals of at least 2 weeks before 
any further changes were made in order to 
optimize ketone levels and seizure control. 
Protein content was generally calculated 
according to World Health Organization (WHO) 
minimum requirements for age (about 1 – 1.5 
g/kg/day).9 All foods and beverages weighed 
precisely on a gram scale, and the recipes were 
largely planned with a computer program called 
“ketodietcalculator” freely released by Charlie 
Foundation.10 The amount of fat, carbohydrate, 
protein, and calories contained in all locally 
available food and beverages were entered 
into the programme by our dietitian (Z.A.). A 
formula with 4:1 ratio produced for KD therapy 
were added to the diet for formula fed babies. 
Urine or blood ketone and glucose levels were 
checked and recorded by parents using ketostix 
and dextrostix strips twice daily during the 
first week and as needed clinically thereafter. 
Medications were changed to carbohydrate free 
preparations wherever available. Multivitamins 
were given to all patients, as the KD is not 
nutritionally complete. 

Data collection and variables

Detailed demographic and clinical information 
including age at onset of seizures, age at 
initiation of KD, gender, developmental 
status, etiology, type of seizure and epilepsy 
syndrome, improvement in alertness, seizure 
frequency, and treatment history were noted. 
Seizure types, etiology and epilepsy syndromes 
were classified, where possible, according 
to the criteria proposed by the International 
League Against Epilepsy (ILAE).11,12 Before 
the diet was started, each patient underwent 
detailed metabolic screening in order to rule 
out disorders contraindicated for KD treatment 
such as primary carnitine deficiency, fatty acid 

oxidation disorders, or pyruvate carboxylase 
deficiency. A thorough laboratory investigation 
was carried out, as well, including complete 
blood count, biochemical profile (liver and 
kidney function tests, fasting lipid profile), and 
abdominal ultrasonography. Brain magnetic 
resonance imaging and electroencephalogram 
(EEG) were performed in all cases. 

Patients were assessed through clinic visits at 
1, 3, 6, 9, and 12 months, and every 6 months 
thereafter. At each visit, seizure frequency, 
adverse events, compliance with the diet, 
adherence, and the reason for KD discontinuation 
were recorded. The main measure of efficacy 
was the decrease in seizure frequency as 
assessed by parental report and seizure diaries. 
The average seizure number in one month 
prior to each visit was compared to the baseline 
average seizure number in the month before the 
start of the diet, and expressed as a percentage 
of reduction. Improvement in seizure frequency 
was classified into four categories: seizure-
free, ≥50% improvement, <50% improvement, 
or no improvement/ increase in seizure 
frequency compared to baseline. Response 
was defined as ≥50% seizure reduction. An 
intent-to-treat analysis was employed, and 
patients who discontinued KD for any reason 
(ineffectiveness, incompatibility, or adverse 
effects) were counted as non-responders from 
the point of discontinuation of KD. Assessment 
of improvement in alertness was based on 
parental reports and clinical examination; no 
formal developmental tests were performed. 
Tolerability and adverse events were assessed 
with physical examination, laboratory testings, 
and adverse events spontaneously reported by 
the parents or the children. Hyperlipidemia 
was defined as serum total cholesterol levels 
≥ 200 mg/dl and/or serum triglyceride levels ≥ 
130 mg/dl, and graded as mild, moderate, or 
severe hyperlipidemia (serum total cholesterol 
level between 200 - 399 mg/dl; 400 - 599 mg/dl; 
≥ 600 mg/dl, and/or serum triglyceride levels 
between 130 -259 mg/dl; 260 -389 mg/dl; ≥ 390 
mg/dl, respectively). Adherence was assessed 
by direct questioning and by measurement 
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of serum/urine ketone concentrations. The 
decision to continue antiepileptic medications 
was made by the treating physician based on 
seizure frequency, epilepsy type, and EEG 
results at each visit.

Statistics 

The data were analyzed using SPSS for Windows 
software package, version 20.0 (SPSS, Chicago, 
IL). Due to non-parametric distribution of data, 
Mann—Whitney U and Friedmann tests were 
used for continuous variables, and Pearson Chi 
Square, Fisher exact or Cochrane Q tests for 
categorical variables. A p-value less than 0.05 
was regarded as statistically significant.

Results

A total of 91 children (49 females) aged from 3 
to 193 months (median, 52 months) at the onset 
of KD treatment with drug resistance epilepsy 
due to various types of etiology, who received 
a KD for at least 12 months were enrolled in the 
study. Etiologic distribution of study sample is 
shown in Table I.

Of the 91 patients, 16 (17.6%) stopped KD 
before 12 months due to lack of efficacy 
(7 patients), non-adherance to the diet (5 
patients), adverse effects (2 patients) and severe 
intercurrent infection (2 patients), and these 
patients were counted as non-responders in 
the analysis. Intent-to-treat analysis revealed 
an improvement in seizure frequency for ≥50% 
in 73.6%, 80.2%, 75.8%, 73.6%, and 70.3% of 
patients at month-1, -3, -6, -9, and month-12, 
respectively. Overall, 32 (35.2%) patients 
remained seizure-free at month-12. The median 
number of AEDs used during this 12-month 
period decreased significantly (Table II).

The comparative demographic and clinical 
characteristics of the study sample between 
responder and non-responder groups are 
presented in Table III. There was no significant 
difference between these groups in terms of 
age at onset of epilepsy, age at onset of KD, 
gender, and etiology. Mild hyperlipidemia 

was significantly higher in the responder 
group compared to non-responders. Number 
of children with individual syndrome groups 
was too small for intergroup statistical analysis. 
However KD appeared to be particularly 
effective in patients with glucose transporter 1 
(GLUT-1) deficiency, pyruvate dehydrogenase 
deficiency, and Dravet syndrome. At the last 
follow-up (median: 20 months), 38 (41.8%) 

Table I. Etiologic distribution of the patients treated 
with ketogenic diet.
Etiology  n (%)
Total 91 (100)
Unknown 36 (39.6)
Structural causes 21 (23.1)

Hypoxic ischemic encephalopathy 7 (7.7)
Cortical malformation 4 (4.4)
Encephalitis with unknown etiology 3 (3.3)
Herpes encephalitis 1 (1.1)
Stroke 2 (2.2)
Congenital cytomegalovirus infection 1 (1.1)
Hypothalamic hamartoma 1 (1.1)
Traumatic brain injury 1 (1.1)
Neonatal cerebral hemorrhage 1 (1.1)

Epileptic encephalopathies 23 (25.3)
West syndrome 6 (6.6)
Lennox-Gastaut syndrome 6 (6.6)
Dravet syndrome 3 (3.3)
Rett syndrome 2 (2.2)
SCN1B Encephalopathy 1 (1.1)
CDKL5 encephalopathy 1 (1.1)
KCNB1 related encephalopathy 1 (1.1)
STXBP1 related encephalopathy 1 (1.1)
EMC1 gene mutation related disorder 1 (1.1)
DYRK1A related disorder 1 (1.1)

Metabolic causes 11 (12.1)
Glucose transporter-1 deficiency 3 (3.3)
Pyruvate dehydrogenase deficiency 2 (2.2)
Nonketotic hyperglysinemia 1 (1.1)
Tay Sachs Disease 1 (1.1)
Cobalamin synthesis defect 1 (1.1)
Mitochondrial DNA depletion 
syndrome type 14 1 (1.1)

Congenital glycosylation defect 1D 1 (1.1)
Hypomyelinating leukodystrophy 1 (1.1)
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Table II. Seizure outcomes and number of antiepileptic drugs currently used at 1, 3, 6 and 12 months after 
initiation of the ketogenic diet.

Baseline 
N:91

Month 1 
N:91

Month 3 
N:91

Month 6 
N:91

Month 9 
N:91

Month 12 
N:91 p

Responders, %, (n)
73.6
(67)

80.2 
(73)

75.8 
(69)

73.6  
(67)

70.3  
(64) 0.086 

Seizure free 18.7  
(17)

25.3  
(23)

27.5  
(25)

30.8  
(28)

35.2  
(32)

Reduction ≥50% 54.4  
(50)

54.9  
(50)

48.4  
(44)

42.9  
(39)

35.2  
(32)

Non-responders, %, (n) 26.4  
(24)

19.8  
(18)

24.2  
(22)

26.4  
(24)

29.7  
(27)

Reduction <50% 11.0  
(10)

8.8  
(8)

6.6  
(6)

8.8  
(8)

8.8  
(8)

No change 15.4  
(14)

11.0  
(10)

17.6  
(16)

17.6  
(16)

20.9  
(19)

Number of AEDs currently  
used, n±S.D, (median)

2.96±1.01 
(3)

2.71±0.98 
(3)

2.54±1.03 
(3)

2.43±1.11 
(3)

2.37±1.15 
(2) 

2.34±1.1 
(2) <0.0001 

AEDs: antiepileptic drugs, SD: standard deviation.

Table III. Comparison of variables between Responders and Non-responders at month-12.
Characteristics Total Responders Non-responders p
Patients enrolled, n (%) 91 64 (70.3) 27 (29.7)
Gender 0.479

Female, n (%) 49 (53.8) 36 (56.3) 13 (48.1)
Male, n (%) 42 (46.2) 28 (43.7) 14 (51.9)

Age at onset of epilepsy, yr; mean ± SD 12.0 ± 20.4 12.3 ± 21.4 11.3 ± 18.1 0.885
Duration of epilepsy at onset of KD, mon; mean ± SD 51.9 ± 42.4 52.9 ± 40.3 49.3 ± 47.8 0.414
Age at onset of KD, yr; mean ± SD 64.5 ± 49.6 65.7 ± 48.8 61.7 ± 52.1 0.578

Patients under the age of 2 years, n (%) 25 (27.5) 17 (26.6) 8 (29.6) 0.765
Patients under the age of 6 years, n (%) 56 (61.5) 40 (62.5) 16 (59.5) 0.772
Patients under the age of 12 years, n (%) 79 (86.8) 55 (85.9) 24 (88.9) 0.498

Duration of KD at last follow up, mon; mean ± SD 25.8 ± 17.0 29.7 ± 15.6 16.6 ± 16.9 <0.001
Improvement in alertness 76 (84.4) 59 (93.7) 17 (63.0) 0.001
Continuation of the ketogenic diet at month 12 75 (82.4) 63 (98.4) 12 (44.4) 0.001
Constipation during KD treatment, n (%) 22 (24.2) 15 (23.4) 7 (25.9) 0.800

Constipation at baseline, n (%) 17 (18.7) 11 (17.2) 6 (22.2) 0.574
Renal stone, n (%) 11 (12.1) 8 (12.5) 3 (11.1) 0.853
Hyperlipidemia 69 (75.8) 52 (81.3) 17 (63.0) 0.063

• Mild 47 (51.6) 39 (60.9) 8 (29.6) 0.006
• Moderate 11 (12.1) 6 (9.4) 5 (18.5) 0.292
• Severe 11 (12.1) 7 (10.9) 4 (14.8) 0.726

Ambulant, n (%) 57 (62.6) 40 (62.5) 17 (63.0) 0.967
Number of AEDs at baseline, mean ± SD 2.96±1.01 2.91±1.05 3.07±0.92 0.473
Number of AEDs at month 12, mean ± SD 2.34±1.16 2.09±1.18 2.96±0.84 0.002
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patients were still on the KD. While 14 (15.4%) 
patients completed the diet due to success in 
seizure control, remainder stopped KD due 
to lack of efficacy (23.1%), nonadharence to 
diet (11%), adverse effects (3.3%), intercurrent 
infection (4.4%), and death (1.1%) (Table IV). 

Discussion

Due to the difficulties in developing a blinded 
placebo-controlled prospective trial of the KD, 
so far, no placebo-controled study has been 
conducted for the efficacy of KD in children with 

Table III. Continued.
Characteristics Total Responders Non-responders p
Etiology, n (%)

• Unknown 36 (39.6) 28 (77.8) 8 (22.2) 0.208
• Structural causes 21 (23.1) 13 (72.9) 8 (27.1) 0.335

 ◦ Hypoxic ischemic encephalopathy 7 (7.7) 4 (57.1) 3 (42.9) 0.419
 ◦ Cortical malformation 4 (4.4) 1 (25) 3 (75) 0.077

• Epileptic encephalopathies 23 (25.3) 14 (73.5) 9 (26.5) 0.251
 ◦ West syndrome 6 (6.6) 2 (33.3) 4 (66.7) 0.061
 ◦ Lennox-Gastaut syndrome 6 (6.6) 3 (50) 3 (50) 0.357
 ◦ Dravet syndrome 3 (3.3) 3 (100) 0
 ◦ Rett syndrome 2 (2.2) 1 (50) 1 (50)

• Metabolic causes 11 (12.1) 9 (68.8) 2 (31.2) 0.496
 ◦ GLUT-1 deficiency 3 (3.3) 3 (100) 0
 ◦ Pyruvate dehydrogenase deficiency 2 (2.2) 2 (100) 0

AEDs: antiepileptic drugs, GLUT-1: glucose transporter 1, KD: ketogenic diet, mo: months, SD: standard deviation, yr: years.

Table IV. Continuation of Ketogenic Diet at month-12 and at the last follow up.
Characteristics n (%)
Patients enrolled 91
Continuation of KD at month 12 75 (82.4)
Reason for discontinuation of KD at month 12
Lack of efficacy 7 (7.7)
Completion of treatment
Nonadharence to KD 5 (5.5)
Adverse effects 1 (1.1)
Nephropathy 1 (1.1)
Intercurrent infection 3 (3.3)
Continuation of KD at last follow up (median 20 months) 38 (41.8)
Reason for discontinuation of KD at last follow up (median 20 months)
Lack of efficacy 21 (23.1)
Completion of treatment 14 (15.4)
Nonadharence to diet 10 (11.0)
Adverse effects 3 (3.3)
Nephropathy 2 (2.2)
Elevation of liver enzymes 1 (1.1)
Intercurrent infection 4 (4.4)
Death 1 (1.1)
KD: Ketogenic diet
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drug resistant epilepsy. Few randomized non-
placebo-controlled trials provided an overall 
low to very low-quality evidence for the efficacy 
of KD due to the limited number of studies 
and small sample sizes.2 Furthermore, except 
for one study that provided data on 12-month 
outcomes.13 all other randomized controlled 
trials reported outcome measures for short 
periods ranging from 3 to 6 months.2 On the 
other hand, many more observational studies 
have provided evidence of the effectiveness 
of KD for longer periods.14 However most of 
these studies are heterogenous in terms of 
patient population, age, and duration of follow-
up.14 Therefore, more studies are still needed 
to address the effectiveness and safety of KD 
in daily clinical practice. The present study, 
although observational, provides outcome 
measures at different time points including 
short and long term data, and showed that 
about 70% of the children with various types 
of drug-resistant epilepsy, including one third 
of all patients remained seizure free, achieved 
≥50% improvement in seizure frequency. Our 
rates are higher than those of most of studies 
reporting 50% or greater reduction in seizure 
frequency from 18 to 53%4,5,13,15,16, and are 
comparable to others with reported response 
rates between 63 and 72%.17,18 Various factors, 
such as differences in eating habits, culinary 
culture and traditional dishes, heterogeneity of 
study samples in terms of age at onset of KD 
or etiology may contribute to the wide range 
of effectiveness rates. Our high response rate, 
likely due in part to high retention rate, may be 
partly explained by the high olive oil content 
in the customary diet, which seems slightly 
more similar to KD than, for instance, cereal 
based high-carb Asian diet. Low retention rates 
from Asian countries reported between 24 and 
46% at 12 months support this hypothesis.4,16 

Our retention rate at month 12 (82%) was even 
higher than those of many Western countries 
(55%)5,13, suggesting olive oil based KD might 
be more palatable regarding KD. Similar to 
previous reports, lack of effectiveness was the 
most common reason for dietary withdrawal in 
our series.3-5,16 However, unlike previous studies 

that reported discontinuation rates due to non-
compliance between 14-23%4,16, in the present 
study, only 6% of children stopped the diet 
due to non-adherence, which underlines the 
importance of individualized diet preparation 
taking into account various factors such as the 
families and the child’s preferences, cultural 
differences, close follow up and rapid changes 
in recipes in case of refusal to eat.

Few data, limited to case reports or small 
case series, are available on the effectiveness 
of KD by etiology.16,19-21 In our series there 
was no difference between main etiologic 
groups in terms of effectiveness. Although the 
effectiveness of the KD treatment for individuals 
with a specific etiology could not be determined 
due to the small numbers of patients in each 
specific group in our series, KD appeared to be 
particularly effective in patients with GLUT-1 
deficiency, pyruvate dehydrogenase deficiency, 
hypoxic ischemic encephalopathy, and Dravet 
and Rett syndrome, in line with previous 
reports.4,6,15,19,20 It is also noteworthy that KD 
treatment was found to be safe and effective in 
some single cases for which the effectiveness 
and tolerability of KD have not been previously 
reported including SCN1B encephalopathy, 
hypotalamic hamartoma, hypomyelinating 
leukodystrophy, cobalamin synthesis 
defect, EMC1 encephalopathy, KCN1B 
encephalopathy, DYRK1A related disorder, 
STXBP1 related encephalopathy, congenital 
glycosylation defect 1D, and nonketotic 
hyperglysinemia. However an infant with 
Tay-Sachs syndrome did not respond to KD 
treatment, and another infant with a diagnosis 
of mitochondrial DNA depletion syndrome 
type 14 developed severe pneumonia and we 
stopped KD during the initiation period. 

Age at onset of KD did not have any effect 
on effectiveness in our series similar to some 
studies15,16,21,22, but contrary to the others that 
demonstrated higher effectiveness in younger 
ages.4,5,23,24 One of the suggested explanations 
for the question of why KD treatment in older 
children is less effective, is the longer duration 
of epilepsy.25,26 This has been supported by 
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the observation that KD was more effective in 
patients with shorter duration of epilepy before 
epilepsy becomes intractable.22 However this 
explanation was not supported by our study 
where the duration of epilepsy had no effect 
on effectiveness. Thus, the lower efficacy of 
KD in older children may be due to decreased 
compliance to the diet rather than the longer 
duration of epilepsy or age of the patients, as 
suggested before.24 

Improvement in cognition and alertness has 
been reported as an additional therapeutic 
effect in children receiving KD.24,27 This was also 
remarkable in our series, in which parents of 
more than 90% of responders, and also about 
two third of patients who did not achieve 
improvements in seizure frequency reported 
improvement in alertness which was the most 
important reason for continuation of diet for 
non-responders. 

Our rates of adverse effects were comparable 
to those of previous reports.3,6,13,28 Among more 
than 40 known categories, the most commonly 
reported side effects of KD therapy include 
gastrointestinal disturbances, hyperlipidemia, 
and kidney stones.3,6,15 Consistent with previous 
reports, constipation was the most frequently 
observed advers effect in our series affecting 
about a quarter of the children at any time 
during the KD therapy.3,6,13,15,20 However, 19% 
of our patients already had constipation prior 
to the onset of KD, and in line with published 
studies, no patient stopped the diet because of 
constipation.3,15 Thus, it appears that patients 
with drug resistant epilepsy are prone to having 
constipation but this problem can be managed 
by increasing dietary water and fibers, enema, 
or polyethylene glycol. 

Hyperlipidemia, another frequently reported 
adverse effect in children receiving KD, was also 
observed in approximately three quarters of the 
patients in our series.3,15,29 However, as expected, 
most of them had mild hyperlipidemia and 
none needed antilipidemic medication. Since 
children with mild hyperlipidemia were found 

to be more likely to respond to KD therapy in 
our series, it would be more appropriate to call 
it a desired effect rather than an adverse effect. 
Severe hyperlipidemia were observed in 12% of 
our patients and similar to a previous report, it 
was successfully managed by reducing KD ratio 
and/or the amount of saturated fat in the diet.30 

Ketogenic diet has been associated with a 
reported incidence of kidney stones between 2.2 
and 6.7%, which rarely leads to cessation of KD 
therapy.4,5,30,31 Although the incidence of kidney 
stones, which was 12% in our study, was slightly 
higher than those in previous studies, no child 
had to terminate the diet because of stones.5,31 

Following potassium citrate supplementation 
and increasing fluid intake, the size of the stones 
decreased in two patients, remained unchanged 
in most, and one patient required lithotripsy. 
In addition, a patient who had kidney stones 
before starting diet successfully received KD 
without any renal complications. Surprisingly 
two patients stopped the diet due to grade II 
nephropathy detected on ultrasonography, 
which was very rarely reported32, and none of 
these patients had calculi on ultrasonography. 
Nephropathy might have developed due to 
chronic acidosis and dehydration since these 
two children admitted emergency room with 
poor food and fluid intake, severe acidosis, 
persistent vomiting, and dehydration. Therefore 
hydration with larger amounts of water should 
be encouraged to prevent the formation of renal 
calculi, dehydration, acidosis and nephropathy.

In our series, the most common reason for 
discontinuation of KD therapy was a lack 
of efficacy, in line with previous studies 
reporting that up to half of patients stopped 
the diet due to limited efficacy.3,5,6,16 Conversely, 
patients likely remain on diet for as long as 
they respond to treatment.5 Indeed, nearly 
all patients in our series who showed more 
than 50% improvement in seizure frequency 
continued on the diet for more than 12 months; 
this is comparable to the 80% probability rate 
of remaining on the diet at 12 months reported 
previously.5 Similar to previous reports, being 
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too restrictive for patients or parents, and refusal 
to eat was the second most common reason for 
diet cessation.3,5,7,16 In agreement with previous 
reports, side effects and intercurrent ilnesses 
were not common causes of KD discontinuation 
in our study.3,5,30 Except for two patients with 
acidosis, dehydration and nephropathy and 
one patient with elevated liver enzymes, most 
of the complications in our series were transient 
and improved with conservative management, 
and as reported previously, did not require 
cessation of the KD.30 Consistent with previous 
studies, the cause of death of one patient in our 
series was attributed not to KD but to severe 
global developmental delay, malnutrition, and 
severe infection.3,5 

Limitations

The main limitations of this study are its 
retrospective nature and the heterogeneity 
of the study sample. There is also a risk of 
subjective error due to the use of parental or 
caregiver seizure records and determination 
of certain parameters, including improvement 
in alertness, based on verbal expressions 
of the parents. Our inability to evaluate the 
effectiveness of KD treatment for individual 
syndromes due to the small number of patients 
in each group was another significant limitation. 
In this study, the effectiveness of olive oil-
based (approximately 80% of dietary fats) KD 
in daily clinical practice was investigated. To 
reflect the results of our daily clinical practice, 
we included all children who received KD 
between 2:1 and 4:1 ratios; children whose diets 
differed slightly in olive oil content, and also 
children who had dietary modifications such as 
replacing saturated fats with unsaturated fats 
or medium-length chain triglycerides, carnitine 
and/or omega-3 fatty acid supplementation, or 
changing olive oil content or KD ratio during 
the study period, to optimize ketone levels, 
minimize adverse effects or normalize serum 
lipid concentrations. Thus, this is not a study 
of the effectiveness of well-controlled olive-oil-
based KD, but a study that reflects the results 
of daily clinical practice of olive-oil-based KD. 

Future comparative studies are needed for the 
effectiveness of well-controlled olive oil-based 
KD.

In conclusion, individualized olive oil-based 
KD appears to be effective in about two-thirds 
of children with various types of drug-resistant 
epilepsy, including one-third who remain 
seizure free. Mild hyperlipidemia seems to 
be associated with a higher response rate. 
Although the small number of patients with 
specific etiologies did not allow us to provide 
evidence for effectiveness, KD appears to be 
particularly effective in patients with GLUT-1 
deficiency, pyruvate dehydrogenase deficiency, 
and Dravet Syndrome. Discontinuation of KD is 
mostly due to lack of efficacy or nonadherence 
to diet, and rarely side effects.
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Retinopathy of prematurity (ROP), a 
vasoproliferative retinal disease in premature 
neonates, is a leading cause of avoidable 
childhood blindness and impaired vision.1,2 The 
advancement of neonatal care in developing 
countries including Iran has led to an increase 
in the incidence of ROP.3,4 The main preventive 
measure in these neonates is serial fundus 

examinations for timely diagnosis of vision-
threatening ROP.

An adequate ROP screening program should be 
cost-effective, detect those in need of treatment 
and avoid redundant examinations which are 
stressful for infants and families. As various 
population-based and prenatal care factors 
influence ROP and its severity, the development 
of specific screening criteria tailored to the local 
population seem necessary.5-7 The current ROP 
screening guideline of the American Academy 
of Pediatrics (AAP) has shown to be inadequate 
in developing countries.5,6 Furthermore, the 
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ABSTRACT

Background. To determine the applicability of current international and national retinopathy of prematurity 
(ROP) screening guidelines and to identify a suitable community-based screening criterion.

Methods. A retrospective study on premature neonates (≤37 weeks gestation) referred to a tertiary eye hospital 
ROP clinic in the north of Iran was conducted over a 10-year period. Neonates were classified as no ROP, 
with ROP and type 1 ROP. Data consisting of birth weight (BW), gestational age (GA) and chief risk factors 
were evaluated. Various screening criteria and currently established screening guidelines were applied and 
compared for applicability using a receiver operating characteristic curve.

Results. A total of 716 neonates with a mean GA of 31.4 ± 2.8 weeks and BW of 1629 ± 502 grams were screened. 
The incidence of ROP was 22.9% and type 1 ROP requiring treatment was 0.28%. When applying the national 
Ministry of Health Guidelines, all neonates with type 1 ROP requiring treatment were identified; These criteria 
had a specificity of 7% for the diagnosis of type 1 ROP, and a large number of neonates (n=645) who are not at 
risk for type 1 ROP will be redundantly screened. Guidelines of the American Academy of Pediatrics and the 
UK would miss 4.5% of patients requiring ROP treatment. According to our data a threshold of GA≤32 weeks 
and/or BW ≤1600 grams demonstrated a sensitivity of 95.7% and specificity of 33.6% for the diagnosis of any 
ROP and a sensitivity of 100% and specificity of 26.8% for type 1 ROP requiring treatment.

Conclusions. The ideal ROP screening guideline is one that is very sensitive and identifies patients requiring 
treatment without delay. To minimize redundant screening while maintaining optimum ROP requiring 
treatment diagnosis, we proposed a new local evidence-based screening guideline.
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current Iranian screening guideline which 
recommends screening neonates of birth 
weights (BWs) ≤2000 grams and/or gestational 
age (GA) <34 weeks seems to place a large 
burden on the health-care system.

The purpose of this study was to access the 
applicability of international guidelines 
(including the AAP’s and United Kingdom’s) 
and our current national screening guideline 
in premature neonates in the north of Iran. 
This study was carried out at the main referral 
hospital for ROP in the north of Iran and is one 
of the few of its kind in Iran. We aimed to modify 
and determine a screening threshold that would 
be safer and more efficient to identify type 1 
ROP requiring treatment in neonates.

Material and Methods

Data were retrospectively collected from the 
records of all premature neonates (≤37 weeks 
gestation) examined in the ROP clinic from 
2008 to 2018 at Amiralmomenin Hospital, a 
tertiary hospital in the Guilan province. The 
study was approved by our institutional ethics 
review board and was conducted in accordance 
with the tenets of the Declaration of Helsinki 
with the code of IR.GUMS.REC.1394.195. The 
patients were all referred from local neonatal 
intensive care units or by a pediatrician. The 
same protocol was applied for all neonates and 
patients were examined by retina specialists 
with expertise in ROP. After the instillation 
of mydriatic eye drops (0.5% tropicamide and 
1% phenylephrine) indirect ophthalmoscopy 
was performed using a sterile eyelid speculum, 
depressor and 2.2 or 30 diopter lenses. The 
staging of ROP was recorded according to the 
International Classification of ROP.

Medical data regarding gestational age (GA), 
birth weight (BW) and additional risk factors 
for the development of ROP, such as twin 
birth, O2 therapy, mechanical ventilation, acute 
respiratory distress syndrome, apnea, intra-
ventricular hemorrhage and transfusion were 
extracted. ROP staging was done according to 

the International Classification of Retinopathy 
of Prematurity (2005). Neonates requiring 
treatment were indicated based on the early 
treatment of ROP (ETROP) study and included 
(Type 1 ROP): eyes with any stage of ROP with 
plus disease in zone 1, stage 3 without/with 
plus disease in zone 1, and stage 2 or 3 with plus 
disease in zone 2. Treatment included indirect 
diode laser pan-retinal photocoagulation for 
type 1 ROP and anti-VEGF injection or pars-
plana vitrectomy when indicated.

Statistical analysis

Statistical analysis was performed using SPSS 
version 21 (SPSS Inc., Chicago, IL). Student t-test 
was used to compare the GA and BW of infants 
with no ROP, with ROP and type 1 ROP. The 
Chi-square test was used to compare categorical 
variables. To determine the appropriate GA 
and BW for screening of ROP and type 1 ROP, 
a receiver operating characteristic (ROC) plot 
was used. Different BW and GA thresholds 
were combined to establish sets of criteria and 
the sensitivity and specificity was determined 
in each setting. Also, the AAP, UK, and the 
national Iranian guidelines were applied to 
our patients to determine their efficacy. In the 
multivariate analysis, we used logistic models 
with the backward likelihood ratio method. 
All variables with significant levels less than 
0.1 in multivariate analysis were entered in the 
logistic model. A p-value of less than 0.05 was 
considered to be statistically significant.

Results

A total of 716 neonates with a GA of ≤37 weeks 
were enrolled in this study. The mean GA ± SD 
of the patients was 31.4 ± 2.8 weeks (range: 24-
37 weeks). The mean BW of the patients was 
1629 ± 502 grams (range: 600-3360 grams).

ROP was observed in either one or both eyes 
of 164 (22.9%) patients, of which 22 patients 
(13.41%) required treatment. There was no 
significant difference for type 1 ROP patients in 
terms of gender (45.5% female vs. 54.5% male, 
p-value=0.67).
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GA and BW of patients with and without ROP 
and type 1 ROP are compared in Table I.

Systemic factors and potential risk factors 
for ROP were compared between patients 
presenting with and without treatment 
requiring ROP (Table II). According to logistic 
regression analysis none of the investigated 
variables showed a significant effect on the 
development of type 1 ROP requiring treatment.

ROC curve analysis on GA for ROP detection 
demonstrated that the area under the curve 
(AUC) was 0.815 (95% CI 0.779 to 0.852). 
ROC curve analysis on BW for ROP detection 
confirmed that the AUC was 0.798 (95% CI 0.760 
to 0.837). Also, the AUC for type 1 ROP was 
0.745 (95% CI 0.673 to 0.818) and 0.773 (95% CI 
0.709 to 0.837) for GA and BW, respectively.

According to our data, when a screening 
threshold of BW ≤2000 grams and GA≤35 
weeks was considered; 100% sensitivity for the 
diagnosis of ROP and type 1 ROP was reached. 

When applying the current national screening 
threshold for ROP (BW ≤2000 grams and/or 
GA<34 weeks), 99.9% of ROP patients would 
be diagnosed without any cases of type 1 
ROP requiring treatment being missed. This 
threshold would result in a very weak specificity 
(8.6% for ROP and 7% for treatment requiring 
ROP diagnosis) and 645 neonates who are not 

at risk of type 1 ROP requiring treatment are 
screened. This screening factor results in a high 
burden on the health care system.

On the other hand, following the screening 
recommendations of the AAP, would 
demonstrate 84.1% and 95.4% sensitivity for 
ROP and type 1 ROP requiring treatment, 
respectively. The AAP threshold would miss 
the diagnosis of one (4.5%) patient requiring 
ROP treatment. Also, using the UK’s screening 
criteria one patient requiring ROP treatment 
would be missed.

In order to determine an appropriate screening 
threshold, we investigated several potential 
screening criteria in terms of sensitivity and 
specificity (Fig. 1). The best option was a 
threshold of GA≤32 weeks and/or BW ≤1600 
grams which demonstrated a sensitivity of 
95.7% and specificity of 33.6% for the diagnosis 
of any ROP and a sensitivity of 100% and 
specificity of 26.8% for type 1 ROP requiring 
treatment.

Discussion

Improvement in neonatal care and the 
consequent rise in survival rates has led to an 
increase in the prevalence of ROP in middle-
income countries. Early diagnosis and treatment 
of this disease is very important in preserving 
vision.1,2,8-10 

Table I. Comparison of GA and BW of patients with and without ROP and type 1 ROP requiring treatment.

Total
Group

Difference
95% CI

p-value*
No-ROP ROP Lower Upper

GA Mean ±SD 31.4 ± 2.8 32.1±2.51 28.9±2.3 3.1 2.7 3.5 < 0.001
Range 24-37 25-37 24-35

BW Mean ±SD 1629 ±502 1739±485 1257±362 482 401 562 < 0.001
Range 600-3360 600-3360 720-3000

Total
Group

No-ROP ROP
GA Mean ±SD 31.4±2.8 31.4±2.7 29.0±2.0 2.3 1.1 3.5 < 0.001

Range 24-37 25-37 24-32
BW Mean ±SD 1629±502 1642±503 1202±239 439 107 228 < 0.001

Range 600-3360 600-3360 750-1600
*Student t-test
GA: gestational age; BW: birth weight
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The present study was conducted at the 
Amiralmomenin Hospital; the only tertiary 
hospital to specialize in ROP management in 
the Guilan province, north of Iran. The hospital 
is the main referral hospital for ROP in the north 
of Iran.

ROP was detected in 22.9% of the premature 
neonates. This rate was somewhat lower than 

the previous studies from Iran, reporting 
incidences of 33.3%, 42.1%, 37.2% and 26.2% 
from Tehran, Shiraz, Southern and North-east 
Iran, respectively.11-14 We also noted lower rates 
compared to countries such as Turkey (27%), 
Oman (40.4%), Saudi Arabia (38.7%), India 
(25.3%), Egypt (34.4%) and Canada (40.4%).9,15-

19 In comparison lower incidence was reported 

Table II. Comparison of associated risk factors in ROP requiring (Type 1 ROP) and not requiring treatment 
groups.

Total
ROP requiring Treatment

p-value*
No Yes

Intubation Yes 63 (8.8) 61 (8.8) 2 (9.1) 0.961
No 653 (91.2) 633 (91.2) 20 (90.9)

Transfusion Yes 131 (18.3) 121 (17.4) 10 (45.5) 0.001
No 585 (81.7) 573 (82.6) 12 (54.5)

O2 Therapy Yes 476 (66.5) 454 (65.4) 22 (100) 0.001
No 240 (33.5) 240 (34.6) 0 (0)

Phototherapy Yes 367 (51.3) 349 (50.3) 18 (81.8) 0.004
No 349 (48.7) 345 (49.7) 4 (18.2)

ARDS Yes 459 (64.1) 438 (63.1) 21 (95.5) 0.002
No 257 (35.9) 256 (36.9) 1 (4.5)

IVH Yes 32 (4.5) 29 (4.2) 3 (13.6) 0.035
No 684 (95.5) 665 (95.8) 19 (86.4)

Apnea Yes 82 (11.5) 76 (11) 6 (27.3) 0.018
No 634 (88.5) 618 (89) 16 (72.7)

Twin birth Yes 189 (26.4) 185 (26.7) 4 (18.2) 0.37
No 527 (73.6) 509 (73.3) 18 (81.8)

*Chi-square test
ARDS: acute respiratory distress syndrome, IVH: intraventricular hemorrhage

Fig. 1. Sensitivity and specificity for ROP and ROP requiring treatment diagnosis at different gestational age 
(GA) and birth weight (BW) thresholds using receiver operating characteristic curves.
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from China (15.9%), Bahrain (20.4%) and the 
United States (19.88%).20-22

Among neonates with ROP, the frequency of 
type 1 ROP requiring treatment in this study 
was 13.41%, which was higher than previous 
studies reported from Iran. Various studies 
from several provinces of Iran have reported 
rates from 7.5 to 11.1%.11,12,23,24 The mean GA 
(29.0 ± 2.0 weeks) and BW (1202 ± 239 grams) 
of neonates with type 1 ROP in this study was 
similar to previous studies from Iran and in 
moderately developed countries.11

This difference between countries can be 
associated with genetics, NICU care facilities, 
socioeconomic status and the criteria set out 
in screening guidelines. Maintaining a balance 
between identifying all ROP infants in need 
of treatment and minimizing unnecessary 
examinations, as well as saving financial 
and human resources is very challenging.9,25 
Therefore, assessing screening criteria 
and determining criteria justified to each 
countries resources and requirements seems 
necessary.8,19,26

When applying the AAP and UK’s guidelines to 
our data, we noticed that they would miss the 
diagnosis of one (4.5%) ROP infant in need of 
treatment. According to the latest regulations of 
the Ministry of Health and Medical Education 
of Iran, it is recommended that all infants with a 
GA of less than 34 weeks (33 weeks and 6 days 
or less) or a BW of 2000 grams or less, as well as 
infants born at birth more than or equal to 34 
weeks gestation or weighing >2000 g if clinically 
unstable or are diagnosed as high-risk by a 
physician, should be examined for retinopathy. 
When we used our current national Ministry 
of Health Guidelines, all neonates with ROP 
in need of treatment were identified. However, 
when using these criteria, a large number of 
neonates (645) who are not at risk for type 1 
ROP are being screened.

The most suitable ROP screening criteria would 
be one that does not miss any neonates with ROP 
that require treatment while limiting the burden 
on the health-care system and minimizing 

examinations of infants with mild or no ROP. By 
evaluating several potential screening criteria in 
terms of sensitivity and specificity, we reached 
a cut-off point of GA≤32 weeks and/or BW 
≤1600 grams as the ideal criteria. This criterion 
has 100% sensitivity and 26.8% specificity for 
type 1 ROP. Roohipoor et al.8 in 2016 showed 
that using the guidelines of other countries 
in Iran can lead to missing cases requiring 
treatment, so they suggested a cut-off point of 
G ≤32 weeks or BW≤2000 grams as the basis 
screening in Iran. A recent study from Tehran 
has proposed a cut-off point of GA≤32 weeks 
or BW≤1750 grams.11 Findings of our study are 
in accordance with both mentioned studies and 
this suggests that national guidelines may need 
regular re-evaluation, especially in developing 
countries. In comparison to the two studies 
from Tehran, the lower cut-off BW reached in 
our study may be due to the larger number of 
patients referring to Tehran (a countrywide 
referral center), different socioeconomic status, 
different neonatal care and diagnostic facilities 
(e.g. ultrasound for accurate determination of 
GA and precision of weight scales).27

Evidence-based screening criteria are essential 
for ROP screening and are ongoing in various 
countries. A study in China found that using 
optimized criteria (GA <32 weeks or BW 
<1600 g) in comparison to China’s Ministry of 
Health criteria (GA ≤34 weeks or a BW ≤1750 
g) can reduce 43.2% of the examinations.20 A 
study in Saudi Arabia showed that by using 
the Canadian criteria (GA ≤30 weeks or BW 
≤1250 g) all ROP cases in need of treatment can 
be identified with 100% sensitivity and 13.6% 
specificity. These GA and BW values are lower 
than the values specified by the National Eye 
Health Program of the Saudi Ministry of Health 
(BW ≤1500 g or GA of ≤32 weeks).9 A cohort 
study in Germany showed that in the absence 
of a specific risk factor, the risk of developing 
type 1 ROP in neonates with a GA ≥30 weeks 
is very low or zero.10 This number is also lower 
than the current German national guideline 
(GA<32 weeks).10 The newly defined criteria 
in these studies indicated a lower cut-off than 
the previously established values. The present 
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study and similar aforementioned studies 
indicate the need for periodic revision of criteria 
and even generating provincial specific criteria. 

This study had some limitations, including 
the retrospective design and the relatively 
small sample size. Although our hospital is the 
primary referral center for ROP in the north of 
Iran, the short distance to the country’s capital 
city medical centers may have limited the 
accuracy of populational demographics.

In conclusion, the most ideal ROP screening 
guideline is one that is very sensitive and does 
not miss any patients requiring treatment. 
Owing to different ethnic, diagnostic and 
therapeutic facilities and socioeconomic statuses 
in different countries and different regions of a 
country, it seems reasonable to determine local 
or even institutional evidence-based screening 
criteria. According to the present study for 
timely detection of type 1 ROP in this geographic 
region, it seems reasonable to screen for ROP at 
GA≤32 weeks or BW ≤1600 grams.
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Transient hypogammaglobulinemia of 
infancy (THI) is a primary immune deficiency 
disease that is a subclass of predominantly 
antibody deficiencies.1 THI is characterized 
by prolongation of the physiological 
hypogammaglobulinemia period due to the 
delay in the production of immunoglobulin 
(Ig).2 In THI, mainly IgG levels, prevalently IgA 

and IgM levels, are lower than two standard 
deviations (SDs).3 Although the actual incidence 
of this disease is unknown because most patients 
are asymptomatic and severe infections are rare, 
different results have been reported in studies of 
various centers.3-6 According to Kılıç et al.5, 73.9% 
of primary immunodeficiencies were primary 
antibody deficiencies, and THI constituted 
31% of primary antibody deficiencies (22.9% in 
primary immunodeficiencies) in Turkey.

Clinically, THI is characterized by recurrent 
lower respiratory tract infection (LRTI) and 
upper respiratory tract infection (URTI), urinary 
tract infections, gastroenteritis, and invasive 
infections.3 THI can be distinguished from 
other immunodeficiencies by its intact cellular 
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ABSTRACT

Background. Transient hypogammaglobulinemia of infancy (THI) is a heterogeneous disorder caused by an 
abnormal delay in reaching normal IgG levels in the first three years of life. Although THI is a common primary 
immune deficiency, its pathogenesis has not been fully elucidated. We aimed to investigate the role of regulatory 
T cells (Tregs) and B cells (Bregs) in the pathogenesis of THI.

Methods. T and B cell subsets were evaluated in 40 patients with THI aged 6–41 months and 23 healthy controls 
aged 6–51 months using flow cytometry. CD4 and interleukin-2 receptor-α alpha (CD25) expression and a lack 
of interleukin-7 receptor-α (CD127) were used for Treg identification. FoxP3 expression in Tregs was determined 
as a percentage and mean fluorescence intensity. B cell subsets (plasmablast, mature naive, primarily memory, 
new memory) and Bregs were defined according to CD19, CD38, and CD24 expressions.

Results. Patients with THI (15 females and 25 males; mean age: 18.8 ± 8.6 months) and controls (10 females and 
13 males; mean age: 22.6 ± 13.1 months) participated in this study. While the proportion of Tregs of children 
with THI were significantly increased compared to the controls, primarily memory B cells were reduced. 
Additionally, the proportions of CD127 in CD3+ and CD3+CD4+ T cells were significantly reduced in the patients 
with THI compared to the control. No significant difference was detected in the FoxP3 expression of Tregs and 
the frequency of Bregs in the children with THI.

Conclusions. Increased Tregs and decreased primarily memory B cells may cause antibody production delay 
in children with THI. Changes in the T and B cell compartments may be related to chronic immune activation 
and affected cellular immunity in THI. Further studies are needed to use T and B cell subsets in the prediction 
of IgG level recovery.
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immunity, protective antibody response, and 
clinical improvement in serum Ig levels.6 
Spontaneous clinical improvement occurs in the 
9th–15th month, but normalization of IgG levels 
can be delayed up to 2-5 years of age.7 

The cause of the immune system disorder 
leading to hypogammaglobulinemia has not 
been fully understood in THI.8 Studies have 
reported reasons for low Ig levels in THI 
as abnormalities in the B cell compartment, 
decreased numbers of the CD19 complex and 
memory B cells, defects in T helper cell (Th) 
maturation and function, aberrant cytokine 
production, and increased number of regulatory 
T cells (Tregs) and myeloid-derived suppressor 
cells.6,9-13 

In studies involving children with THI, it 
has been reported that antibody production 
deficiency is associated with delayed 
maturation of Th cells.6 IL-2 receptor-α (CD25) 
and IL-7 receptor-α (CD127) play an essential 
role in T cell development and antigen-specific 
T cell responses. As a result of the binding of 
IL-7 to its receptor (CD127), antiapoptotic 
molecules upregulate in T cells, and the T cell 
receptor–mediated signaling pathway initiates, 
leading to IL-2 production and proliferation 
in newly activated T cells. After activation by 
antigens and IL-7 binding, T cells lose CD127 
surface expression. Therefore, CD127 is used 
to distinguish between effector, memory, and 
regulatory T cells.14 CD25+CD127low/- cells (Tregs) 
have regulatory functions and play an essential 
role in suppressing excessive inflammatory 
responses, preventing reactions to harmless 
environmental molecules, and suppressing the 
autoantibody response to self-antigens.15,16 

CD19+ B cell subsets at different maturation 
stages have been defined according to their CD38 
and CD24 expressions.17 CD38 is a coreceptor in 
mature B cells and leads to apoptosis in early B 
cells while increasing survival in B cells derived 
from the lymph node germinal center.18 CD24 is 
a cell surface receptor responsible for regulating 
the maturation stage of B cells in the bone 
marrow, similar to CD38.19 Together with the 

B cell receptor, CD24 functions in the apoptosis 
of autoreactive B cells. CD24 can regulate B cell 
receptor–mediated B cell selection in the bone 
marrow, thereby producing and leading to the 
migration of regulatory B cells (Bregs).20 Bregs 
(CD19+CD38hiCD24hi B cells) regulate T and 
B cell responses, including the maintenance 
of Tregs.21,22 The functions of Bregs have been 
demonstrated in autoimmunity, allergy, 
infections, and cancer.22-24 Inborn errors of 
immunity associated with Breg deficiency have 
not been described so far. However, a decrease 
in CD19+CD38hiCD24hi B cells (Bregs) of patients 
with common variable immune deficiency has 
been reported.25,26 

Although B cells have often been investigated 
due to hypogammaglobulinemia in THI, the role 
of Bregs is unclear. In this study, we investigated 
Tregs and Bregs to elucidate the immunological 
mechanisms causing hypogammaglobulinemia 
in children with THI.

Material and Methods

Study participants

Forty patients diagnosed with THI aged 6–41 
months and 23 healthy controls aged 6–51 
months were included in this study. Informed 
consent was obtained from the parents of the 
children with THI before they were included 
in the study. This study was approved by the 
Ethical Committee of Selcuk University Medical 
Faculty (2015/265).

The diagnosis of THI was based on the 
following criteria: (i) low serum levels of mainly 
IgG (< 2 SDs below age-defined norms) with 
and/or without reduced IgA and IgM levels 
diagnosed in the first three years of life; (ii) 
normal vaccine responses, isohemagglutinins, 
peripheral blood lymphocyte subpopulations, 
and cellular immunity; and (iii) defined causes 
of hypogammaglobulinemia (such as other 
primary immunodeficiencies, genetic disorders, 
chromosomal abnormalities, and other systemic 
illnesses or drugs) were excluded.3,27 
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The initial indications for testing 
immunoglobulin levels were recurrent URTI 
and/or LRTI, recurrent otitis media, and 
gastroenteritis.28 The patients’ demographic 
data and clinical history (such as age, gender, 
types and frequency of infections in the last year, 
hospitalizations, and history of allergic diseases 
and other systemic diseases) were obtained 
from their medical records. Hemoglobin, 
leukocyte, lymphocyte, and platelet levels, as 
well as IgG, IgA, and IgM levels, were recorded 
on admission. Clinical observation was 
performed regularly every three months, and 
immunoglobulin levels were checked every six 
months. Infections and treatments (antibiotic 
prophylaxis, inhaled steroid, or intravenous 
immunoglobulin) of the patients were recorded 
during the follow-up.

Flow cytometric analysis

Peripheral lymphocyte subsets, Tregs, and 
Bregs in ethylenediamine tetra-acetate 
anticoagulated peripheral blood samples of 
the patients with THI and the control group 
were analyzed using FACSAria III flow 
cytometer (Becton–Dickinson, CA, USA) and 
FACSDiva version 6.1.3 software package. 
Peripheral blood mononuclear cells were 
isolated from heparinized blood using Ficoll-
Histopaque density gradient centrifugation, 
and flow cytometric analysis of these cells was 
performed on at least 50,000 acquired events. 
Treg staining was performed using CD3 (APC), 

CD4 (PerCP), CD25 (PE), FoxP3 (Alexa fluor 
488), and CD127 (Alexafluor 700) monoclonal 
antibodies (Biolegend, San Diego, USA). In 
the flow cytometric analysis, lymphocytes 
were gated, and then CD25+CD127low/- Tregs, 
CD25low/-CD127+ T, and CD25-CD127- T cells 
were identified at the CD3+CD4+ Th gate (Fig. 1A 
and 1B).15 FoxP3 expression of CD25+CD127low/- 
Tregs was determined as a percentage and 
mean fluorescence intensity (MFI).

B cell subsets were determined according to 
their expression at maturation stages using 
CD19 (FITC), CD24 (APC), CD38 (Alexa fluor 
700) monoclonal antibodies (Biolegend, San 
Diego, USA) (Fig. 2).29 At the CD19+ B cell gate in 
the lymphocyte population, the CD38hiCD24hi 
Bregs, CD38intCD24int mature naive B cells, 
CD38hiCD24- plasmablast, CD38-CD24+ 
primarily memory B cells, and CD38-CD24- new 
memory B cells were determined (Fig. 3A).30

Statistical analysis

Statistical analysis of the data was performed 
using IBM SPSS for Windows 17.0 software 
package (IBM Corp, Armonk, NY, USA). 
Tregs and B cell subsets were determined and 
compared in the patients with THI and the 
control groups. Descriptive statistics such as 
the number of patients in the THI and control 
groups, geometric mean, arithmetic mean, 
minimum and maximum values, and mean ± 
2 SD values were given for both groups. When 

Fig. 1. Flow cytometric analysis of Tregs according to CD127 and CD25 expressions (A - B), statistically 
comparison of Tregs (C) in THI and control groups. CD3+CD4+ Th cells were classified as CD25low/-CD127+ T 
cells (I), CD25−CD127− T cells (II) and CD25+CD127low/- Tregs (III).
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examining the differences in the comparison 
of means between two groups, the student 
t-test was used in independent groups for data 
showing normal distribution, while the Mann-
Whitney U test was used for data without 
normal distribution. The significance level was 
accepted as p < 0.05.

Results

Demographic characteristics and clinical 
features of the study population

The THI group had 15 females and 25 males 
with a mean age of 18.8 ± 8.6 months (range: 
6–41 months), while the control group consisted 
of 10 females and 13 males with a mean age of 
22.6 ± 13.1 months (range: 6–51 months). There 
was no significant difference between the 
patient and control groups based on sex and 
age distribution.

When the clinical findings of the patients 
with THI were evaluated, the most common 
clinical presentations were recurrent URTIs in 
24 patients (60%), LRTIs in 27 patients (67.5%), 
diarrhea in 10 patients (25%), urinary tract 
infection in 2 patients (5%), and allergic disease 

in 8 patients (20%). Twenty patients (50%) were 
hospitalized at least once due to infection. 
The main causes of hospitalization were acute 
bronchiolitis (70%), gastroenteritis (20%), and 
pneumonia (10%). Etiological agents were 
determined in 10 of 20 patients. Rhinovirus, 
human metapneumovirus, and respiratory syncytial 
virus were identified as causative pathogens of 
bronchiolitis cases. Rotavirus and Streptococcus 
pneumonia were detected as etiological agents 
for gastroenteritis and pneumonia cases, 
respectively. None of these patients had severe 
infections, including sepsis or meningitis. Four 
patients (10%) received intravenous IgG, and 
one of them had Kawasaki disease. Thirty-one 
patients with THI (77.5%) were taking antibiotic 
prophylaxis during months 2–29 (Table I). The 
serum levels for IgG reached age-matched 
normal values in the median age of 32 months 
(range: 24–58 months).

Laboratory studies

The laboratory findings of the study groups 
are shown in Tables II and III. Serum IgG, IgA, 
and IgM levels at diagnosis were 406.4 ± 119.1, 
19.2 ± 14.9, and 62.1 ± 22.8 mg/dL, respectively. 
Twenty-eight patients (70%) had low IgA, and 

Fig. 2. B cell differentiation pathways and B cell subsets identified in this study. Immature B cells that develop 
in the bone marrow differentiate into regulatory B cells or mature naive B cells. Upon activation by antigen, 
mature naive B cells either give rise to plasmablasts or enter the germinal center reaction, in which somatic 
hypermutation, affinity maturation and class switch recombination to differentiate memory B cells.29
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23 patients (57.5%) had low IgM titers. There 
was no significant difference between the 
patients in the THI and those in the control 
group based on leukocyte, lymphocyte, platelet, 
and hemoglobin levels (p > 0.05) (Table II).

CD3+ Total T cell, CD3+CD4+T cells, CD3+CD8+ 
cytotoxic T cells, CD19+ B cells, CD16+56+ 
natural killer cell counts, and CD4/CD8 T cell 
ratio were within normal ranges according 
to age in patients with THI.31 There was no 
significant difference between the patients in 
the THI group and the control group based on 
lymphocyte subsets (p > 0.05) (Table II).

In the CD127 expression of T cells, although the 
percentage of CD127 in CD3+ T and CD3+CD4+ T 
cells reduced (p = 0.00, p = 0.00, respectively), the 
CD127 MFI of these cells increased in patients 

Table I. Clinical features and treatment of the patients 
with THI.

THI group (N = 40)
n %

Clinical features
LRTI 27 67.5
URTI 24 60
Diarrhea 10 25
Allergic symptoms 8 20
UTI 2 5

Treatment
Antibiotic prophylaxis 31 77.5
Hospitalization 20 50
The use of IVIG 4 10

THI: transient hypogammaglobulinemia of infancy, LRTI: 
lower respiratory tract infections, URTI: upper respiratory 
tract infections, UTI: urinary tract infection, IVIG: 
intravenous IgG

Table II. Serum immunoglobulin levels and lymphocyte subsets in THI and control groups.
THI Control

p
Mean ± SD Min – Max Mean ± SD Min – Max

IgG (mg/dl) 406.4 ± 119.1 169 - 575 640.1 ± 163.9 358 – 950 0.000*
IgA (mg/dl) 19.2 ± 14.9 6.7 – 81 48.9 ± 38.8 8.1 – 166 0.00**
IgM (mg/dl) 62.1 ± 22.8 19.8 – 152 78.1 ± 35.6 30.1 – 209 0.02**
WBC (x109) 9.1 ± 2.5 5.2 – 15.5 9.4 ± 2.7 6 – 16.4 0.76**
Lymphocyte

% 56.0 ± 9.9 29 – 74 53.6 ± 11.6 34 – 76 0.38*
Absolute (x109) 5.1 ± 1.5 2.8 – 9 5.0 ± 1.7 2.6 – 8.9 0.55**

CD3
% 65.9 ± 6.8 51 – 88 65.5 ± 7.3 49 – 77 0.91**
Absolute number 3261.5 ± 1094.5 1711 – 6686 3246.0 ± 1266.5 1328 – 6590 0.89**

CD3+CD4+ T cells
% 42.3 ± 7.0 30.6 – 56.3 41.1 ± 9.2 26.1 – 59.1 0.49**
Absolute number 2083.2 ± 719.8 1151 – 4090 2078.7 ± 1015.0 703 – 4717 0.63**

CD3+CD8+ T cells
% 19.9 ± 4.7 10.2 – 28 19.9 ± 4.4 10.4 – 26.8 0.96*
Absolute number 1002.0 ± 436.9 399 – 2429 963.7 ± 349.2 357 – 1687 0.72*

CD19+ B cells
% 23.3 ± 6.3 7.9 – 35.5 23.4 ± 6.3 14.1 – 36 0.68**
Absolute number 1215.2 ± 707.7 288 – 4089 1137.8 ± 526.1 616 – 2601 0.62**

CD16+CD56+ NK Cells
% 6.7 ± 3.5 1.3 – 14.7 6.2 ± 4.3 0.5 – 18.0 0.27**
Absolute number 333.2 ± 264.1 44 – 1669 313.4 ± 227.8 110 – 782 0.45**

SD: standard deviation, IgG: immunoglobulin G, IgA: immunoglobulin A, IgM: immunoglobulin M, WBC: white blood cell,
* Independent sample t-test **Mann–Whitney U test
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with THI compared to the control group (p = 
0.04, p = 0.05, respectively). In the analysis of 
CD4+ Th cell subsets according to CD25 and 
CD127 expressions, the CD4+CD25low/-CD127+ Th 
cells decreased (p = 0.00), while the CD4+CD25-

CD127- Th cells and the CD4+CD25+CD127-/low 
Tregs increased in the THI group (p = 0.00, p = 
0.01) (Table III) (Fig. 1).

Flow cytometric analysis of B cells showed that 
the CD38-CD24+ primarily memory B cells were 
reduced in the THI group (p = 0.00). There was 
no significant difference in the CD38hiCD24hi 
Bregs, the CD38intCD24int mature naive B cell, 
the CD38briCD24- plasmablast cells, and CD38-

CD24- new memory B cell subset (p > 0.05) 
(Table III) (Fig. 3).

Correlation analysis showed that there was no 
relationship between Tregs/Bregs and serum 
IgG, IgA, and IgM levels; frequency of infection; 

and intravenous IgG requirement. However, 
the ratio of FoxP3 in Tregs was negatively 
correlated with IgG recovery age.

Discussion

In this study, to elucidate the pathophysiology 
of THI, we analyzed, for the first time, Th 
subsets in regards to CD127 and CD25 
expressions and B cell subsets according to 
CD38 and CD24 expressions in 40 children with 
THI. This study demonstrated that patients 
with THI had some changes in the Th subsets, 
including CD4+CD25+CD127-/low Tregs and B 
cell subsets. While the percentage of CD127 
of CD3+ T and CD3+CD4+ Th cells decreased 
in children with THI, CD127 expression (MFI) 
increased. The children with THI had higher 
CD4+CD25+CD127low/- Tregs than the controls, 
but their CD19+CD38-CD24+ primarily memory 
B cells were low.

Table III. T and B cell subsets in THI and control groups.
THI Control

p
Mean ± SD Min – Max Mean ± SD Min – Max

CD3+ T cells
CD127 (%) 82.46 ± 10.20 43.4 – 96.3 89.97 ± 7.95 66.3 – 97.2 0.00**
CD127 (MFI) 6574.3 ± 3471.3 1438 – 18537 5271.8 ± 3946.9 1458 – 20343 0.04**

CD3+CD4+ T cells 
CD127 (%) 77.6 ± 13.0 34.5 – 96.6 87.9 ± 9.7 58.1 – 96.1 0.00**
CD127 (MFI) 6114.8 ± 3207 1197 – 15962 4989.7 ± 3821 1335 – 19573 0.05**

CD3+CD4+T cell subsets (%)
CD25+CD127low/- Tregs 2.6 ± 2.3 0.2 – 12.7 1.5 ± 1.1 0.4 – 4.9 0.01**
CD25low/-CD127+ 68.0 ± 13.6 29.1 – 89.6 77.4 ± 9.8 44.7 – 86.5 0.00**
CD25-CD127- 19.4 ± 11.8 2.8 – 56.7 10.4 – 8.6 3.1 – 36.9 0.00**

CD25+127low/- Tregs - FoxP3 Expression 
Level

FoxP3 (%) 29.0 ± 21.4 1.5 – 72.9 25.7 ± 13.4 2.4 – 49.2 0.79**
FoxP3 (MFI) 300.4 ± 65.1 210 – 535 300.2 ± 113.3 207 – 764 0.30**

CD19+ B cell subsets (%)
CD38hiCD24hi Bregs 10.1 ± 3.8 2.7 – 23.5 9.0 ± 2.4 5.4 – 14.6 0.22*
CD38hiCD24- Plasmablast 2.4 ± 3.1 0.1 – 14.1 2.1 ± 2.1 0 – 8.4 0.96**
CD38intCD24int Mature Naive B Cell 58.7 ± 8.6 39.1 – 77.1 55.0 ± 9.8 38.1 – 73.6 0.13*
CD38-CD24+ Primarily Memory B Cell 14.2 ± 5.6 5.7 – 26.0 18.9 ± 5.3 11.1 – 30.1 0.00*
CD38-CD24- New Memory B Cell 4.9 ± 3.6 0.1 – 21.1 6.4 ± 3.2 2.4 – 12.3 0.06**

Treg: Regulatory T cells, Bregs: Regulatory B cells, * Independent sample t-test, **Mann–Whitney U test
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Fig. 3. Flow cytometric gating strategy of B cell subsets (A) in patients with THI and control groups (B-F). CD19+ 
B cells were classified as CD38-CD24+ primarily memory B cell (B), CD38hiCD24hi Bregs (C), CD38intCD24int 
mature naive B cell (D), CD38-CD24- new memory B cell (E), CD38hiCD24-plasmablast (F).
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In our study, CD4+CD25+CD127-/low Tregs 
were found to increase in children with THI. 
CD4+CD25+FoxP3+ Tregs in THI were first 
studied by Rutkowska et al.11-13, and they 
reported elevated Treg numbers in children 
with THI11, which is consistent with our 
findings. We found no significant difference in 
FoxP3 expression of Tregs in patients with THI 
compared to the control. However, the FoxP3 
ratio of Tregs was negatively correlated with 
the IgG recovery age in THI.

Siegel et al.6 reported that antibody production 
deficiency might be related to immature or 
delayed development of Th cells. In the current 
study, we found the Th cell count to be normal. 
However, IL-7 receptor-α (CD127) expression of 
total T and Th cells was reduced. In our study, 
the low percentage of CD127 in T cells may be 
expected to affect cellular immunity. However, 
the increased expression of CD127 (MFI) in T 
cells may be compensating for developmental 
and functional defects in these cells.

Dunham et al.15, in their study of patients with 
AIDS, found that the CD25low/-CD127+ subset 
significantly decreased and the CD25−CD127− 
subset increased in HIV–infected adult patients. 
A study by Shen et al.32 among chronic patients 
with human hepatitis C virus (HCV) reported 
that all three Th cell subsets (CD25+CD127low/-, 
CD25low/-CD127+, and CD25−CD127−) increased 
compared to the healthy controls. In both 
studies among patients with HIV and HCV, the 
change in CD4+ T cell subsets defined according 
to CD127 and CD25 expression profiles may 
be associated with mitigating chronic immune 
activation. Rutkowska et al.12 reported that 
patients with THI had low serum IL-2 levels. 
These findings indicated that variations in 
different fractions of CD4+ T cells and low 
efficiency of the immune response might be 
associated with infection susceptibility in 
children with THI.

In this study, Bregs and other B cell subsets 
according to CD38 and CD24 expressions were 
first investigated in THI. Primarily memory B 
cells significantly decreased in the THI group 

compared to the control. However, there was no 
significant difference in the percentage of Bregs, 
plasmablast, mature naive B cell, and new 
memory B cell subsets between the groups. In 
Eroglu et al.28, memory B cell subsets were low 
in patients with THI, but there was no significant 
difference. Our previous study determined 
low immunoglobulin class switching and 
IgM+ memory B cells, and the percentage of 
CD21 and CD81 that constituted the CD19 
complex increased in THI.10 In this study, CD38 
expression in CD19+ B cells was also low in 
children with THI. CD38 controls a signaling 
pathway involved in the growth, survival, 
and activation of lymphoid cells.33,34 Deaglio et 
al.35 reported that CD38-mediated signals are 
regulated at three distinct levels, and the CD19/
CD81 complex mediates one of them. In vivo 
and ex vivo stimulation studies have revealed 
that B cells without CD81 have a hyperactive 
phenotype, and therefore, CD81 negatively 
regulates B cell activation.35 The increased 
number of CD81 may suppress CD38 expression 
and cause insufficient B cell activation due to 
developed hypogammaglobulinemia in THI.

In our series, IgG levels reached normal levels 
at 24–58 months. Although the upper cutting 
age of normal IgG production is reported as 3–4 
years, some studies indicate delayed recovery of 
IgG levels extending to 10 years.3 Most children 
with THI spontaneously recover their IgG 
levels, which is consistent with our findings.36,37 
These studies showed that if these patients with 
THI were not suffering from recurrent or severe 
infections during their follow-up, IgG levels 
achieved normal levels within the expected 
time.36,37 

Our study demonstrated that changes in the 
T cell compartment, including a decreased 
percentage of CD127 and increased CD127 
expression in T cells, may be related to immune 
compensation mechanisms in THI. The higher 
percentage of CD4+CD25+CD127-/low Tregs and 
lower primary memory B cells may cause a 
delay in antibody production in children with 
THI. To summarize, our observations about 
changes in the T cell and B cell subsets may 
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contribute to improving our understanding of 
the pathogenesis of THI. Further studies are 
needed to determine whether the changes in the 
T cell compartment are associated with chronic 
immune activation caused by recurrent viral 
and bacterial stimulation.
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The presence of many peptides such as leptin, 
ghrelin, adiponectin, obestatin, resistin, and 
nesfatin-1 has been shown in breast milk.1 
Ghrelin, leptin, and adiponectin molecules 
present in breast milk are effective in growing 
infants have also been reported.2 Leptin hormone 
released from adipocytes plays a pivotal role 
in energy expenditure via the hypothalamus. 
In a previous study, leptin levels in small for 
gestational age (SGA) infants were found to be 
lower compared to appropriate for gestational 
age (AGA) and large for gestational age infants, 
and it has been suggested that this might 

contribute to faster growth of SGA infants.3 

As far as we know, it is the first research in the 
current literature regarding the relationship 
between breast milk ghrelin and nesfatin-1 levels 
and SGA infants’ growth. Ghrelin is mainly 
synthesized from the stomach and is a growth 
hormone releaser that affects the hypothalamus-
pituitary axis.4 It exerts a stimulatory effect 
on food intake, and ghrelin cells have been 
found in the gastrointestinal tract.5,6 It is related 
to the neuro-regulation of appetite, energy 
balance, and nutrient uptake.7,8 Experimental 
studies have shown that ghrelin was found in 
the intestinal system, and it is associated with 
weight gain and calorie intake.5,9 Ghrelin is also 
synthesized and released from breast tissue.10 
During the first four months of life, serum 
ghrelin levels of breastfed infants were higher 
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ABSTRACT

Background. Current studies claim that peptides such as leptin, adiponectin, ghrelin, and nesfatin-1 found 
in breast milk may be responsible for the growth of infants. Therefore, we aimed to determine the association 
between breast milk total ghrelin and nesfatin-1 levels and anthropometric measurements of infants who were 
small for gestational age (SGA).

Methods. 20 SGA and 20 appropriate for gestational age (AGA) infants were enrolled in the study. Anthropometric 
measurements of infants were carried out at birth, 1st, and 4th months. In addition, total ghrelin and nesfatin-1 
levels in the breast milk were concomitantly measured.

Results. Total ghrelin at the 4th month in breast milk waslower-level in the SGA group (p=0.015). In both 
groups, nesfatin-1 levels at the 4th month were lower than the values at the 1st month. Additionally, nesfatin-1 
levels of SGA infants at the 4th month were higher (p=0.035). 

Conclusions. Breast milk total ghrelin and nesfatin-1 levels differed in both groups, and it is probably referred 
to the growth discrepancy of these infants during the first months of life. Furthermore, we consider that higher 
breast milk nesfatin-1 levels at the 4th month may be a preventive against obesity in SGA infants who have 
potential risk for obesity in childhood and adulthood.
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than formula-fed infants.11 Cord blood ghrelin 
levels of SGA infants were significantly higher 
than AGA infants, and a negative correlation 
existed between anthropometric measurements 
and ghrelin levels in both groups.12 A study 
has shown that serum ghrelin levels directly 
correlated with infants’ age, weight, and height 
after the feeding period.13 

Nesfatin-1 is also a peptide hormone with 
anorexigenic influences on the regulation of 
nutritional homeostasis.14 In SGA infants, 
serum nesfatin-1 levels were higher than AGA 
infants, and a negative correlation had between 
serum nesfatin-1 levels and oral caloric intake.15 
Furthermore, nesfatin-1 has been detected in the 
breast milk of healthy and gestational diabetes 
mellitus women.16 The role of nesfatin-1 levels 
in infant metabolism is not well-known. 

This study aimed to investigate the relationship 
between breast milk total ghrelin (TGh) 
and nesfatin-1 levels and anthropometric 
measurements of SGA infants in the first four 
months of life.

Material and Methods

Twenty SGA and 20 AGA infants were included 
in the study. SGA and AGA were defined 
as a birth weight below the 10th percentile 
and birth weight between the 10th and 90th 
percentile for gestational age and gender, 
respectively.17 Anthropometric measurements 
of all infants, including weight, supine length, 
head circumference, chest circumference, mid-
arm circumference, triceps skinfold thickness, 
were performed by the same researcher 
at birth, 1st, and 4th months. Weight was 
measured using an electronic scale (±5 g, 
EBSC 20, NECK), and the supine length was 
measured by a standard baby measuring 
board (± 0.1 cm). Body mass index (BMI; kg/
m²) was calculated by dividing the weight by 
the square of height. Head circumference was 
measured using a narrow non-stretch tape, 
passing it around the head, placing it on the 
most anterior protuberance of the forehead 

and the most posterior protuberance of the 
head’s back with the nearest 0.1 cm. Chest 
circumference and mid-arm circumference 
measurements were recorded to the nearest 
0.1 cm, using a non-elastic, flexible measuring 
tape. Chest circumference was measured at the 
level of the nipple during expiration. Mid-arm 
circumference was measured at the mid-point 
between the tip of the acromion process and the 
right upper arm’s olecranon process. Triceps 
skinfold thickness was measured from the left 
side of the body to the nearest 0.1 mm, at the 
midpoint between the acromion and olecranon 
protrusions on the arm’s posterior centerline 
using a skinfold caliper. 

Infants with congenital malformations, 
chromosomal abnormalities, intrauterine 
infections, or fed with formula or mix were 
excluded from the study. In addition, mothers 
with preeclampsia, gestational diabetes mellitus, 
medications, or multiple pregnancies and those 
who did not sign the informed consent were 
excluded. The mothers of the infants were non-
obese healthy postpartum women, and were 
on no medication. Five milliliters of breast milk 
were taken at the 1st and 4th months. Samples 
were collected in glass tubes and stored at -80◦C 
until TGh and nesfatin-1 levels were assayed. 

The local ethics committee of Tepecik Training 
and Research Hospital for Interventional Clinical 
Studies approved the study (Date:09.02.2017, 
Number:21). Informed verbal and written 
consent was obtained from the parents. The 
study was conducted by the principles of the 
Declaration of Helsinki.

Assays

Breast milk TGh and nesfatin-1 were 
determined by enzyme-linked immunosorbent 
assay (ELISA). Nesfatin-1 levels were measured 
with Nesfatin-1 Phoenix kits ((1-82)/NUCB-2, 
Phoenix Pharmaceuticals, Inc., USA), and TGh 
levels were measured with Ghrelin Phoenix kits 
(Phoenix Pharmaceuticals, Inc., USA). Seven 
samples of standard materials with known 
concentrations for nesfatin-1 and ghrelin 
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molecules were studied with patient samples. 
The color intensity of all pieces in the plates was 
read as absorbance with the semi-automatic 
ELISA plate reader (Biotek, EL800, USA). 
Standard calibration curves were obtained by 
absorbance given by the standards. TGh and 
nesfatin-1 concentrations were calculated from 
the absorbance values in breast milk samples 
using standard calibration curves.

Statistical analysis

Statistical analysis was performed using 
SPSS, version 25 (SPSS, Chicago, IL, USA). 
Measured values were expressed as mean ± 
SD (minimum-maximum). The Kolmogorov-
Smirnov test evaluated the normal distribution 
of the data. The Chi-square test was used 
to compare the nominal variables between 
the groups. Mann Whitney-U and Wilcoxon 
signed-rank tests were used for non-normally 
distributed variables. Compatibility for normal 
distribution of the numeric measurement by 
independent groups was analyzed using the 
independent sample t-test. Pearson correlation 
test was applied to calculate the correlation 

between breast milk TGh and nesfatin-1 levels 
and infants’ anthropometric measurements. 
A p< 0.05 value was considered statistically 
significant. 

Results

The SGA group’s anthropometric measurements 
were lower than the AGA group at the birth and 
1st month (p<0.05). In the 4th month, except for 
weight and chest circumference, the differences 
disappeared between the two groups (p>0.05) 
(Table I).

The increases in anthropometric measurements 
throughout four months were examined in all 
infants. There was no difference in the delta 
anthropometric measurements during the first 
month between SGA and AGA groups (p>0.05). 
However, in the fourth month, the increases in 
BMI, head circumference, chest circumference, 
mid-arm circumference, and triceps skinfold 
thickness were significantly higher in the 
SGA group (p=0.003, p=0.006, p<0.001, p=0.007, 
p<0.001).

Table I. SGA and AGA infants’ anthropometric measurements at birth, 1st month and 4th month.

Weight (g)
Body Mass 

index  
(kg/m²)

Head 
Circumference 

(cm)

Chest 
Circumference 

(cm)

Mid-arm 
Circumference 

(cm)

Triceps 
Skinfold 

Thickness 
(mm)

At birth

SGA 
(n=20) 345.25±177.65 10.6±0.17 33±0.29 28.9±0.33 5.1±0.16 5.1±0.16

AGA 
(n=20) 3361.25±315.08 13.1±0.21 34.85±0.93 32.63±1.32 6.49±0.74 6.4±0.73

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1st month

SGA 
(n=20) 3558±477.80 13.14±1.59 35.70±1.23 33.88±2.22 8.3±0.36 8.3±1.64

AGA 
(n=20) 4607.50±471.04 14.67±1.18 37.3±1.09 37.07±1.47 9.5±0.28 9.55±1.28

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

4th month

SGA 
(n=20) 6255.50±679.80 16.34±2.12 40.43±0.96 40.35±1.66 11.61±1.87 11.6±1.23

AGA 
(n=20) 7057±521.04 16.95±1.51 41±1.03 41.45±1.41 11.55±1.58 11.5±1.58

p <0.001 >0.05 >0.05 <0.001 >0.05 >0.05
SGA: Small for gestational age, AGA: Appropriate for gestational age. Values were expressed as mean ± standard deviation.
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Breast milk TGh and nesfatin-1 levels were 
compared between SGA and AGA groups. 
There was no significant difference between the 
1st and 4th-month breast milk TGh levels in both 
groups (p>0.05). While there was no difference 
between SGA and AGA groups in terms of the 

TGh levels at the 1st month, breast milk TGh 
levels at the 4th month were significantly higher 
in the AGA group (p=0.015) (Table II).

Breast milk nesfatin-1 levels at the 1st month 
were significantly higher than the 4th-month 

Table IV. Correlation between anthropometric measurements and breast milk nesfatin-1 level in the SGA group 
(n=20).

Anthropometric measurements Nesfatin-1  
at 1st month

Nesfatin-1  
at 4th month

r p r p
Weight(g) -0.436 >0.05 -0.330 >0.05
Body Mass index (kg/m²) -0.043 >0.05 0.115 >0.05
Head Circumference (cm) -0.568 0.009 -0.265 >0.05
Chest Circumference (cm) -0.428 >0.05 0.003 >0.05
Mid-arm Circumference (cm) -0.425 >0.05 -0.144 >0.05
Triceps Skinfold Thickness (mm) -0.210 >0.05 -0.263 >0.05

Table V. Correlation between anthropometric measurements and breast milk total ghrelin level in the SGA 
group (n=20).

Anthropometric measurements Total ghrelin 
at 1st month 

Total ghrelin 
at 4th month

r p r p
Weight(g) -0.189 >0.05 0.146 >0.05
Body Mass index (kg/m²) -0.186 >0.05 0.222 >0.05
Head Circumference (cm) -0.159 >0.05 -0.014 >0.05
Chest Circumference (cm) -0.415 >0.05 0.069 >0.05
Mid-arm Circumference (cm) 0.291 >0.05 -0.04 >0.05
Triceps Skinfold Thickness (mm) -0.305 >0.05 -0.223 >0.05

Table II. The concentrations of breast milk total ghrelin in SGA and AGA infants.
Total Ghrelin (pg/mL) SGA (n=20) AGA (n=20) p
1st month 624.05±53.7 536.90±27.2 >0.05ª
4th month 521.80±45.7 596.45±26.9 0.015ª
p >0.05ᵇ >0.05ᵇ
SGA: Small for gestational age, AGA: Appropriate for gestational age 
ªMann Whitney-U test, ᵇWilcoxon signed-rank test

Table III. The concentrations of breast milk nesfatin-1 in SGA and AGA infants.
Nesfatin-1 (pg/mL) SGA (n=20) AGA (n=20) p
1st month 447.4±86.5 375±35.4 >0.05ª
4th month 305.2±30.3  267±122.2 0.034ª
p 0.006ᵇ <0.001ᵇ
SGA: Small for gestational age, AGA: Appropriate for gestational age 
ªMann Whitney-U test, ᵇWilcoxon signed-rank test
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levels in both groups (p=0.006, p<0.001). Breast 
milk nesfatin-1 levels at the 4th month were 
lower in the AGA group (p=0.034). Nevertheless, 
there were no differences in nesfatin-1 levels at 
1st-month breast milk between groups (p>0.05) 
(Table III).

The relationship between anthropometric 
measurements of infants and breast milk TGh 
and nesfatin-1 levels was evaluated by Pearson 
correlation analysis. In the AGA group, there 
was no correlation between the anthropometric 
measurements of infants and breast milk TGh 
and nesfatin-1 levels (at 1st and 4th months) 
(p>0.05). While there was no correlation 
between anthropometric measurements of SGA 
infants and breast milk TGh levels, only head 
circumferences of SGA infants were negatively 
correlated with breast milk nesfatin-1 levels at 
the 1st month (r= -0.568, p= 0.009) (Table IV and 
Table V).

Discussion

SGA infants grow faster and show a different 
growth pattern than AGA infants in the 
postnatal period.18,19 Similarly, in our study, 
SGA infants overgrew and showed catch-up 
growth in many anthropometric measurements 
at the 4th month.

Studies related to ghrelin’s effect on infants’ 
growth have conflicting results. In SGA infants, 
serum ghrelin levels were significantly higher 
than AGA infants.20 In another study performed 
on term and preterm infants, plasma ghrelin 
was inversely correlated with birth weight and 
body length in the term infants.21 On the other 
hand, increases in ghrelin levels in colostrum, 
transition, and mature milk suggest that ghrelin 
levels in breast milk might also be parallel 
to infant growth.16 Cesur et al.22 showed that 
4th month-breast milk active ghrelin levels 
positively correlated with term infants’ weight 
gain. In our study, 4th month-breast milk TGh 
levels were lower in the SGA groups. Because 
the anthropometric parameters of the SGA 
infants at four months caught up, this decrease 

might be explained with a protective step from 
rapid growth by reducing appetite and calorie 
intake. However, no correlation between 
infants’ anthropometric measurements and 
breast milk TGh levels in both groups was 
determined. Additionally, breast milk TGh 
levels in the 4th month were lower than in the 
1st month, although not statistically significant. 
This decrease might be related to an increase in 
active ghrelin levels, like previously reported.22 
However, active ghrelin levels could not be 
evaluated in our study. Active ghrelin in breast 
milk may have a more pronounced effect than 
TGh on the catch-up period. 

Serum nesfatin-1 level was not different 
among preterm and term infants, but it was 
higher in SGA infants than in AGA infants.15 
Also, in the same study, it was reported that 
serum nesfatin-1 levels were high at birth but 
decreased in the first seven days and increased 
after seven days over again.15 In the current 
study, we found that breast milk nesfatin-1 
level significantly reduced during the first four 
months of life, both in AGA and SGA infants. 
However, the breast milk nesfatin-1 level at 
the 4th month was higher in the SGA group 
than in the AGA group. One of the important 
health benefits of breast milk is its protective 
effect against obesity.23 As we know, early rapid 
weight gain in SGA infants is associated with 
increased obesity risk in later life.24 We suggest 
that higher breast milk nesfatin-1 levels in SGA 
infants at four months might help prevent early 
rapid weight gain in SGA infants that grow fast 
but have an increased risk of obesity in later 
life.25 Only head circumference measurements 
at 1st month were negatively correlated with 
breast milk nesfatin-1 levels at 1st month. 
However, this correlation did not exist in the 
4th month, and it might be explained by the 
small number of cases. These results supported 
that nesfatin-1 may also play an essential role in 
the catch-up period.

The effects of breast milk peptides on the growth 
of infants may occur directly or indirectly. 
Peptides are broken down in the intestinal 
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system. It has been shown that some peptides 
in breast milk resist proteolytic degradation in 
the gastrointestinal tract during the infantile 
period due to low gastric proteolytic activity 
and high permeability of intestine mucosa.23,26 A 
long isoform of the leptin receptor was found 
in the human small intestines’ enterocytes.27 
Experimental results have revealed that the 
expression of ghrelin mRNA in lambs’ stomach 
increased rapidly in the early period and 
slowed down in the later period, and there 
was a significant linear correlation between 
this change and stomach weight in lambs.9 
The effects of ghrelin on the intestinal tract 
have not been resolved clearly; however, the 
results suggest that it is closely related to 
appetite, weight gain, and energy metabolism. 
However, there is no evidence that breast milk 
nesfatin-1 can pass into the systemic circulation 
or preserve biological function or has a receptor 
in the intestinal system.

There were some limitations to our study. The 
follow-up period was limited to four months 
which was relatively short for evaluating catch-
up growth. We could not measure breast milk 
active ghrelin levels or serum levels of TGh and 
nesfatin-1. Another limitation was the small 
number of cases in the AGA and SGA groups. 
We also aimed to record the duration and 
frequency of feeding infants with breast milk 
included in the study, but data could not be 
collected due to incomplete records. 

In conclusion, breast milk ghrelin and nesfatin-1 
may play an important role in SGA infants’ 
growth, and their effects on infant metabolism 
remain an undiscovered and controversial issue. 
Therefore, we believe that nesfatin-1 and ghrelin 
levels in both serum and breast milk should be 
investigated with a larger study population to 
reach a final judgment. Also, long-term follow-
up studies are needed to better understand the 
effects of breast milk ghrelin and nesfatin-1 on 
growth, especially in SGA infants.
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Irisin is a myokine which was first described 
by Boström et al.1 in 2012. The peroxisome 
proliferator-activated receptor-ɣ coactivator-1’ 
(PGC1)-α expression increases in the muscle 
cell during exercise, activates the Fibronectin 
type III domain-containing 5 (FNDC5) gene 
and forms the FNDC5 protein. As a result of 
the proteolysis of this protein, irisin is released 
into circulation. The circulating irisin increases 

the expression of uncoupling protein 1 (UCP1) 
mRNA in subcutaneous white adipose tissue 
(WAT) cells which is a characteristic of the 
brown adipose tissue (BAT) cells. The WAT 
cells gain features of BAT cells (browning). 
UCP1, a protein found in the inner membrane 
of the mitochondria, causes protons to 
escape from the intermembrane space to the 
matrix and results in heat generation during 
oxidative phosphorylation.2 Irisin is thereby 
involved in thermogenesis and energy 
expenditure. Furthermore, increase of irisin 
levels in circulation was found to be protective 
against diet-induced weight gain and causes 
improvement of insulin resistance (IR).1 The 
association of irisin levels with physical activity, 
parameters of glucose and lipid metabolism, 
obesity and obesity-related morbidities such as 
type 2 diabetes mellitus (DM), and metabolic 
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ABSTRACT

Background. Irisin is a newly defined myokine which is induced by exercise, which stimulates white fat cells 
to have the characteristics of brown adipose tissue cell. It thereby causes thermogenesis, energy and weight loss 
and improvement in insulin sensitivity. These effects of irisin suggest that it may be associated with obesity, 
insulin resistance and non-alcoholic fatty liver disease (NAFLD). 

Methods. The aim of the present study was to determine the relationship of serum irisin levels in obese children 
with NAFLD. A total of 60 pubertal obese adolescents (age range: 11-18 yrs) as well as age and sex matched 28 
healthy children were included in the study. Thirty of obese patients had NAFLD. 

Results. The median irisin levels were lower in the obese patients both with and without NAFLD when 
compared with the control group. NAFLD group had a higher BMI than obese controls, however, the irisin 
levels were not different between these groups. The irisin levels were negatively correlated with BMI, BMI SDS, 
waist, hip and arm circumferences, waist/hip ratio, triceps-biceps skinfold thickness and AST, ALT levels in the 
all study groups. However, it was positively correlated with BMI, BMI SDS and waist and hip circumference in 
the entire obese group and positively with BMI SDS in the NAFLD subgroup. 

Conclusions. Consequently, circulating irisin levels are lower in obese adolescents and negatively correlated 
with body adiposity. In NAFLD patients, it may be related to steatosis and may decrease with liver damage.
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syndrome (MetS) have been investigated, and 
inconsistent results have been reported.3-20

Non-alcoholic fatty liver disease (NAFLD) is the 
most common chronic liver disease in children 
and adolescents, with fat accumulation in the 
liver without any other diseases or alcohol and 
drug intake that could cause liver disease. The 
prevalence is increasing in parallel with the 
increasing prevalence of obesity.21 Although the 
disease is generally detected as asymptomatic 
simple steatosis, it may slowly progress to 
steatohepatitis (NASH), characterized by 
liver cell damage and inflammation and 
may eventually lead to cirrhosis and rarely 
hepatocellular carcinoma through liver 
fibrosis. IR is primarily responsible for the 
etiopathogenesis of steatosis in the liver; 
obesity and dyslipidemia are the other main 
risk factors.22,23 The prevalence of NAFLD is 
relatively higher in obese patients and patients 
with type 2 DM. Lifestyle changes such as 
diet and exercise are recommended in order 
to lose weight and increase insulin sensitivity 
for treatment of NAFLD.24 It is known that 
hepatic steatosis and inflammation may be 
reduced by physical exercise without any 
weight loss.25,26 As these lifestyle changes are 
generally not implemented completely, many 
pharmacological agents are used to prevent 
liver damage and to reduce the risk factors for 
NAFLD.23,27

Due to its similar relationship with exercise, 
obesity and IR which are the major risk factors 
in NAFLD development, irisin has been 
suggested to have a role in the development 
and prognosis of NAFLD by increasing 
energy expenditure and insulin sensitivity.17 
Contradictory results have been reported on 
the association between irisin and NAFLD in 
several previous studies.17-20,28,29 To the best of 
our knowledge, there is no study investigating 
the relationship between circulating irisin levels 
and NAFLD in children. Therefore, we aimed 
to determine whether serum irisin levels are 
related to anthropometric measurements and 
metabolic and biochemical parameters in obese 
children with NAFLD.

Material and Methods

Sixty pubertal patients with exogenous obesity 
(31 girls, 29 boys), between 11 and 18 years of 
age admitted to our pediatric endocrinology 
outpatient clinic were included in the study. 
Thirty of 60 obese patients had NAFLD. The 
control group consisted of 28 healthy pubertal 
children (14 girls, 14 boys) with similar age and 
gender. The patients with another disease or 
those using any drugs were excluded from the 
study.

The study was approved by Eskişehir 
Osmangazi University Clinical Researches 
Ethics Committee (Approval no: 148 – 
03.06.2016). Children and their families were 
informed about the objective and methods of 
the study. Informed consent was obtained from 
the parents. 

Physical examination was performed on all 
children. Puberty was determined according 
to the method of Tanner.30,31 Body weight (BW) 
and height were measured. Body mass index 
(BMI) was calculated by BW (kg)/height (m)2 
and compared with the references according 
to age and gender.32 Any BMI level at and 
above 95 percentile was considered as obese. 
The standard deviation scores (SDS) of BW, 
height and BMI were determined according to 
age and gender.32 Subcutaneous fat thickness 
was measured from the triceps and biceps 
regions by a caliper. The arm circumference 
was measured from the mid-point of the arm 
between olecranon and acromion. The waist 
circumference was measured in the horizontal 
plane midway between the lowest rib and the 
iliac crest. The hip circumference was measured 
over the widest area of the hips. The waist-hip 
ratio was calculated.

After fasting for one night, two venous serum 
samples were collected for irisin level and 
biochemical analyses. Glucose, total cholesterol 
(TC), triglycerides (TG), low-density lipoprotein-
cholesterol (LDL-C), high-density lipoprotein-
cholesterol (HDL-C), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and 
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gamma-glutamyl transferase (GGT) levels 
were determined with photometric methods by 
Roche Cobas 8000 analyser, c702 module (Roche 
Diagnostics GmbH, Penzburg, Germany) 
autoanalyser. Insulin levels were determined 
through the electrochemiluminescence 
immunoassay (ECLIA) method by Roche Cobas 
8000 c602 (Roche Diagnostics GmbH, Penzburg, 
Germany) autoanalyser.

Venous serum samples collected for irisin levels 
were stored at -80ºC until the analysis. Serum 
irisin levels were measured by commercial 
ELISA kits (RAG018R, BioVendor Inc., Candler, 
NC, USA) on VICTOR X3 (PerkinElmer, USA). 
The sensitivity of the method was 1 ng/ml; the 
intra-assay CV value was below 8.2%, and the 
inter-assay CV value was below 9.7%.

The homeostasis model assessment of IR 
(HOMA-IR) was calculated by using the 
following formula: fasting insulin level (uIU/
ml) x fasting glucose (mg/dl) / 405. A HOMA-
IR value above 5.22 in males and above 3.82 in 
females was considered as IR.33

A hepatobiliary USG was performed for 
NAFLD. The hepatosteatosis of the participants 
was graded as 1, 2, and 3 through the USG.34

Statistical analysis was performed by SPSS 23.0 
program (IBM SPSS, Chicago, IL). Variables 
were expressed as mean ± standard deviations 
(SD), median (25%-75%), and percentage (%). 
All variables were assessed for normality and 
homogeneity of variance by the Shapiro Wilk 
test. The comparisons were performed through 
the t-test analysis and One-Way ANOVA when 
the variable was distributed normally or Mann-
Whitney U test and Kruskal-Wallis H test when 
the variable was not distiributed normally. 
Pearson and Spearman correlation coefficients 
were conducted for the correlations. Chi-square 
analysis was used for the analysis of the cross 
tables. Any p-value below 0.05 was considered 
statistically significant.

Results

Clinical characteristics and laboratory data 
of all the study groups are shown in Table I. 
The BW, BW SDS, BMI, BMI SDS, waist, hip, 
arm circumference, waist-hip ratio, skinfold 
thicknesses (triceps and biceps), ALT, TG, 
insulin and HOMA-IR levels were higher in the 
obese patients with and without NAFLD when 
compared to the control group; however, HDL-C 
was lower (p<0.05). Furthermore BW, BW SDS, 
BMI, BMI SDS, waist, hip circumference, ALT 
and GGT levels were higher in the patients 
with NAFLD than the patients without NAFLD 
(p<0.05).

The median irisin levels in patients with both 
NAFLD [5.7 (4.6-6.5) μg/ml] and without 
NAFLD [5.05 (3.8-5.7) μg/ml] were also lower 
than in the control group [7.5 (6.5-9.08) μg/ml] 
(p<0.05). However, no significant difference 
was shown between obese patients with and 
without NAFLD (p>0.05) (Fig. 1). 

The median irisin levels were not significantly 
different between the genders in all the study 
groups (p>0.05). 

When the relationship between serum irisin 
level and other parameters were investigated, 
a negative correlation was detected between 
irisin and BMI (r=-0.53, p=0.001), BMI SDS 
(r=-0.346, p=0.001), BMI percentile (r=-0.3, 
p=0.000), waist circumference (r=-0.37, p=0.000), 
hip circumference (r=-0.3, p=0.000), waist-hip 
ratio (r=-0.374, p=0.000), skinfold thicknesses 
triceps (r=-0,36, p=0.001) and biceps (r=-0.389, 
p=0.000), arm circumference (r=-0.3, p=0.002), 
insulin (r=0.24, p=0.02), glucose/insulin ratio 
(r=-0.675 p=0.000), ALT (r=-0.4, p=0.000); and a 
positive corelation was detected between irisin 
and HDL-C (r=0.43, p=0.000) in the entire study 
group including obese and normal-weight 
group. However, the analysis performed in 
the subgroups revealed that irisin levels were 
positively correlated with skinfold thickness 
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(triceps) (r=0.5, p=0.005) and negatively 
correlated with AST (r=-0.459, p=0.014) in the 
control group. In the entire obese group, there 
was a positive correlation between irisin levels 
and BMI (r=0.327, p=0.01), BMI SDS (r=0.376, 
p=0.003), waist circumference (r=0.27, p=0.03), 
hip circumference (r=0.26, p=0.04) and arm 
circumference (r=0.3, p=0.01). Moreover, the 
irisin levels were positively corelated with 

BMI SDS (r=0.39, p=0.034) and HDL-C (r=0.387, 
p=0.035) in the NAFLD group. No correlation 
was found between the irisin levels and other 
measured parameters in the obese patients 
without NAFLD (p>0.05).

Five patients with NAFLD had AST and ALT 
levels above 40 U/L. According to the severity 
of steatosis, there was grade 3 hepatosteatosis in 

Table I. Clinical characteristics and laboratory results of all study groups*.

Control Group 
(n=28)

Obese Patients with 
NAFLD 
(n=30)

Obese Patients 
without NAFLD 

(n=30)
p value

Gender (F/M) 14/14 12/18 19/11
Age (Month) 167 (145.5 - 192) 166 (146.2 – 174.2) 173 (154.7 – 186.7) 0.49
Height (cm) 158.2 ± 10.3 159 (155.7- 163.5) 158.2 (151.5 – 163) 0.72
Height SDS -0.12 ± 0.69 0.67 ± 1.16 -0.44 ± 1.13 0.22
BW (kg) 50.2 ± 9.5 81.1 ± 11.3a 70.6 ± 11.5b,c <0.001
BW SDS -0.32 ± 0.49 2.6 ± 0.91a 1.94 ± 0.84b,c <0.001
BMI (kg/m²) 19.7 (18.3 – 21) 31.2 (29.1 – 34.7)a 27.7 (26.1 – 29.5)b,c <0.001
BMI SDS -0.27 (-0.47 – -0.02) 2.44 (2.2 – 3.1)a 2.09 (2 – 2.23)b,c <0.001
Waist (cm) 70.4 ± 6.3 102.2 ± 9.6a 94.1 ± 10.5b,c <0.001
Hip (cm) 87.1 ± 7.8 109.4 ± 8a 104 ± 10.3b,c <0.001
Waist/Hip Ratio 0.81 (0.77 – 0.83) 0.95 (0.89 – 0.98)a 0.92 (0.84 – 0.96)b <0.001
Waist/Height Ratio 0.44 (0.42 – 0.45) 0.63 ± 0.06a 0.59 ± 0.06b,c <0.001
Arm Circumference (cm) 23 ± 2.6 31.3 ± 2.77a 29.7 ± 3.62b <0.001
Skinfold Thickness (Triceps)(mm) 1.1 ± 0.4 3.2 ± 0.87a 3 ± 0.89b <0.001
Skinfold Thickness (Biceps)(mm) 0.5 (0.4 – 0.8) 2.3 ± 0.72a 2.1 ± 0.89b <0.001
Glucose (mg/dl) 84.5 (81 – 93.7) 83.2 ± 8.56 87.6 ± 11.22 0.16
Insulin (uIU/ml) 8.5 (6.62 – 13.17 ) 20.7 (14.68 – 27.88)a 17.9 (12.6 – 23.87)b <0.001
Glucose/Insulin Ratio 9.69 (6.74 – 13.04) 3.7 (3.07 – 5.87)a 5.21 (3.86 – 6.34)b <0.001
HOMA-IR 1.76 (1.37 – 2.83) 3.88 (2.59 – 5.72)a 3.53 (2.7 – 5.95)b <0.001
AST (U/L) 20 (17 – 23) 22 (17.75 – 29) 20.5 (17.75 – 25.25) 0.59
ALT (U/L) 12 (8.2 – 14) 23 (14 – 41.5)a 15 (10.75 – 23.25)b,c <0.001
GGT (U/L) 9.5 (6.5 – 12.5) 17 (13.75 – 26)a 12 (9 – 17)c <0.001
TC(mg/dl) 148 ± 22.4 162.2 ± 32.71 154.9 ± 21.12 0.12
TG (mg/dl) 73.2 (49.2 – 100.2) 122.3 ± 54.72a 116.3 ± 55.75b 0.005
HDL-C (mg/dl) 56.5 (48.7 – 63.7) 43.5 (35.75 – 48.25)a 44 (39.75 – 47)b <0.001
LDL-C (mg/dl) 87.3 (65.9 – 102.8) 104.6 ± 25.33a 95.5 ± 17.91 0.009
Irisin (μg/ml) 7.5 (6.5-9.08) 5.7 (4.6-6.5)a 5.05 (3.8-5.7)b <0.001
*Parameters with normal distribution were given as mean ± SD. Parameters without normal distribution were given as 
median (25% -75%). a: p<0.05, comparison between control group and obese patients with NAFLD. b: p<0.05, comparison 
between control group and obese patients without NAFLD. c: p<0.05, comparison between obese patients with and 
without NAFLD. NAFLD: non-alcoholic fatty liver disease, BW: body weight, SDS: standard deviation scores, BMI: body 
mass index, HOMA-IR: the homeostasis model assessment of insulin resistant, AST: aspartate aminotransferase, ALT: 
alanine aminotransferase, GGT: gamma-glutamyl transferase, TC: total cholesterol, TG: triglycerides, LDL-C: low-density 
lipoprotein-cholesterol, HDL-C: high-density lipoprotein-cholesterol.
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1 (n=1/30, 3.3%) patient, grade 2 hepatosteatosis 
in 5 (n=5/30, 16.7%) patients, and grade 1 
hepatosteatosis in 24 (n=24/30, 80%) patients. 

Insulin resistance was found in 25 patients 
(n=25/60, 41.7%) including 13 (n=13/60, 52%) 
patients with NAFLD. The serum irisin levels 
were not significantly different between the 
obese patients with and without IR (p>0.05).

Discussion

In our study, serum irisin levels were lower in 
obese patients with and without NAFLD than 
the controls with normal body weight and 
negatively correlated with adiposity parameters 
in all study groups. It was reported in previous 
studies, that irisin levels in the circulation of 
obese adults and children were lower similar 
to our study, higher in some studies and did 
not change in others.3-11 In addition, the irisin 
levels were negatively correlated with adiposity 
parameters in some studies and positively 
correlated in others.3-8,13,15,35

Boström et al.1 first reported that irisin is 
secreted from muscle cells as the product of 

the FNDC5 gene. It was later shown that irisin 
was synthesized in both muscle and adipose 
tissue.9,12,36,37 However, FNDC5 gene expression 
in adipose tissue was 100-200 times higher 
in muscle tissue than adipose tissue in some 
studies.9,12 The elevated irisin levels with a 
positive correlation with adiposity markers in 
obese subjects in previous studies suggested 
that it may also be released from adipose 
tissue, or it may be a compensatory regulator 
for maintenance of the energy balance due 
to increased adipose tissue.5,6,12,38 Palacios-
Gonzales et al.6 found that the irisin level was 
positively correlated with BMI in obese adults 
and suggested that circulating irisin in the basal 
metabolic state has arisen from adipose tissue, 
and irisin originated from the skeletal muscle is 
produced during exercise. Huh et al.12 showed 
that lean body mass did not change in those who 
had bariatric surgery however, muscle FNDC5 
mRNA and circulating irisin levels decreased 
along with the decrease in weight loss and BMI 
after the surgery. They also indicated that the 
amount of adipose tissue is a determinant of 
irisin. However, as in our study, Gonzales-Gil 
et al.3 showed that circulating irisin levels were 
lower and negatively correlated with adiposity 

Fig. 1. Median irisin levels in all the study groups.
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markers in obese and MetS patients than those 
with normal-weight subjects. They found that 
circulating irisin is determined by the lean-
fat ratio rather than the total amount of body 
muscle and fat mass.

In our study, serum irisin levels were negatively 
correlated with adiposity parameters in all 
the study groups and levels were lower in 
obese patients with and without NAFLD than 
the control group. These findings could be 
explained as a result or cause of the ratio of 
fat to muscle mass. However, the amount of 
muscle and adipose tissue was not determined. 
The lower irisin levels in obese patients may 
not be a result of obesity, but, also a cause of 
obesity. It is not possible to clarify the comment 
with this cross-sectional study plan. 

Although serum irisin levels were positively 
correlated with adiposity parameters in the 
entire obese group including patients with 
and without NAFLD, levels were not different 
from obese patients without NAFLD from the 
patients with NAFLD. These results suggest that 
there may be a relationship between circulating 
irisin and steatosis, apart from the associations 
mentioned above between adipose tissue and 
irisin or obesity and irisin. It is suggested that 
there may be an adaptive response for the 
presence of steatosis. In addition to supportig 
this statistically insignificant comment, the 
irisin levels were numerically higher in NAFLD 
patients than obese controls without NAFLD. 
This finding may be related to relatively small 
size of the groups. 

As in our study, Polyzos et al.17 demonstrated 
that serum irisin levels were lower in obese 
patients with NAFLD and NASH diagnosed 
with biopsy and in obese controls than healthy 
controls. It was not different between the two 
patient groups. Circulating irisin levels did 
not correlate with ALT in this study. However, 
serum irisin levels were higher in patients with 
a higher degree of portal inflammation. They 
suggested that the irisin may have a preventive 
role in portal inflammation. Zhang et al.18 found 
that circulating irisin levels are lower in Chinese 

obese adults with NAFLD than those without 
NAFLD. There was no healthy control group in 
this study. Serum irisin levels were negatively 
correlated with ALT and AST levels, and its 
levels increased in parallel with the increase in 
intrahepatic triglyceride content determined 
by MRI. Thus, the authors suggested that irisin 
could have a protective effect from hepatic 
steatosis. 

Contrary to our study, Choi et al.19 found that 
circulating irisin levels were higher in those 
with NAFLD than healthy controls, and those 
with mild NAFLD than those with severe 
NAFLD; however, no difference was detected 
between obese controls and healthy controls. 
In the NAFLD group, the irisin levels were not 
different between obese and non-obese patients. 
However, in the normal control group, serum 
irisin levels were lower in obese subjects than 
non-obese subjects. Furthermore, ALT levels 
were negatively correlated with irisin levels. 
Although the BMI was higher in patients with 
NAFLD, it was suggested that the increase of 
irisin was independent of BMI. Thus, increased 
irisin levels could be a protective factor for 
the early stage of NAFLD, and irisin levels 
decreased with steatosis severity.

Petta et al.22 found in 593 patients with NAFLD 
who had a liver biopsy with a pre-diagnosis of 
NASH that neither the serum irisin nor hepatic 
irisin mRNA levels were not associated with 
the rs3480 A.G variant and any demographic, 
anthropometric and metabolic parameters. Both 
serum irisin levels and hepatic mRNA levels 
were found to be higher in those with grade 
2-3 steatosis, those with NASH, and severe 
fibrosis. In contrast to these results, Choi et al.19 
reported that serum irisin levels were lower in 
patients with severe steatosis than those with 
mild steatosis. In the study by Petta et al.22, it 
was found that hepatic cell fat accumulation in 
mice fed with high fat content was not affected 
by irisin, but it was related to the severity of 
NAFLD. In the invitro study conducted by 
these authors, it has been shown that irisin had 
an expression in hepatic stellate cells which is 
responsible for collagen synthesis and fibrosis, 



Ulualan G, et al Turk J Pediatr 2022; 64(2): 246-254

The Turkish Journal of Pediatrics ▪ March-April 2022252

and this expression was higher in patients with 
hepatic fibrosis. These findings indicated that 
irisin may be associated with extracellular fat 
accumulation and hepatic fibrogenesis.

NASH is considered as a further form of 
NAFLD. Furthermore, it is known that 
elevated serum ALT levels indicate liver cell 
destruction and are a favored marker indicating 
the presence of NASH.21 In our study, the 
association between irisin and presence of 
NASH could not be evaluated because there 
were only five patients with elevated levels of 
ALT and AST. However, there was a negative 
correlation between ALT-AST levels and irisin 
levels as in previous studies.18-20 This finding 
suggested that circulating irisin decreases with 
liver damage besides the relationships between 
irisin and steatosis. As mentioned above, it 
is suggested that irisin may be a protective 
factor for liver injury. However, in the study 
by Polyzos et al.17, serum irisin levels were not 
correlated with ALT levels. On the other hand, 
Rizk et al.29 found a positive correlation between 
serum irisin levels and ALT and AST levels. 
Furthermore, the irisin levels were higher in a 
group of MetS with normal liver enzymes and 
with both fatty liver disease and elevated liver 
enzymes than in the healthy control group and 
those with elevated liver enzymes compared 
to patients with normal liver enzyme levels in 
this study. Thus, they suggested that circulating 
irisin levels may be affected by hepatic clearance 
in these patients. 

As a result of our study, obese adolescents with 
and without NAFLD have lower circulating 
irisin levels and the level decreases with body 
adiposity. In addition, irisin may be related to 
steatosis and may decrease with liver damage 
in NAFLD. On the other hand, NAFLD was not 
diagnosed through biopsy. This was a limitation 
of our study. These results as well as the studies 
mentioned above regarding serum irisin levels 
in patients with NAFLD, concluded that lower 
irisin levels may be a risk factor for NAFLD and 
may also have an association with the severity 
of NAFLD. In this context, it has been suggested 
that irisin may have a therapeutic role in 

obesity and type 2 DM and NAFLD.27,39 Further 
comprehensive and detailed researches would 
be useful to clarify the issue.
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Obesity can affect 5.0 % of children 
worldwide, especially among the economically 
disadvantaged.1 It may affect children across all 
age groups and there seems to be a temporal 
trend of increase within the last 40 years.1,2 The 
current consensus is that pediatric obesity may 
arise due to interactions between biological, 

developmental, behavioral, genetic and 
environmental factors.3 The ongoing COVID-19 
pandemic may also contribute to the emergence 
and persistence of pediatric obesity.4 

Neurotensin (NT) is a 13 amino acid peptide 
secreted from the enteroendocrine cells in 
the small intestine and the central nervous 
system.5 It may modulate the dopaminergic, 
serotonergic and glutamatergic function in 
the nigro-striatal and meso-cortical limbic 
systems and may have an anorexigenic effect 
via the lateral hypothalamic region.6,7 Various 
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ABSTRACT

Background. In this study, we aimed to evaluate the serum neurotensin (NT) levels and their relationships with 
self-reported anxiety, emotion regulation skills and impulsivity in healthy and obese adolescents. 

Methods. Adolescents who gained weight between 12- 17 years of age and who were above the 95th percentile 
(p) for body mass index (BMI)>95p were compared with age- and gender-matched healthy adolescents with a 
BMI of 3-85 p. Anthropometric measurements were performed, and serum NT levels were analyzed with ELISA 
method in all participants. Barrat Impulsivity Scale-11 (BIS-11), Screen for Child Anxiety Related Disorders 
(SCARED) and Difficulties in Emotion Regulation Scale (DERS) were used for evaluating self-reported 
impulsivity, anxiety and emotion regulation. MANOVA with follow-up univariate ANOVAs (Bonferroni 
corrected) were used for group comparisons. P was set at 0.05 (two-tailed). 

Results. Sixty-five obese and 65 healthy adolescents were included in the study. In the obese group, NT levels 
were significantly elevated compared to the control group. Self-reported emotion-regulation difficulties, anxiety 
and impulsivity were significantly elevated among obese adolescents. Serum NT levels among the obese group 
were positively correlated with emotion dysregulation and impulsivity scores. 

Conclusions. In this study, we found emotional dysregulation, anxiety, impulsivity, and serum NT levels were 
significantly elevated among obese adolescents compared to controls. NT levels in the obese group correlated 
with impulsivity and emotion dysregulation. Further studies should evaluate the potential role of NT in the 
etiology of psychopathology among adolescents who are obese. 
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pre-clinical studies suggest that it may have 
a role in anorexia as a response to stress, 
emergence of anxiety- like behavior, hedonic 
eating, reward/ reinforcement and memory.8-11 
A recent review suggested that NT may have 
therapeutic potential12 and another study 
suggested that elevated levels of its precursor 
may predict weight gain and associated 
metabolic abnormalities among children.13 
Butler et al. (2015) found that plasma NT levels 
were elevated among children with Prader-
Willi syndrome characterized by hyperphagia 
via decreasing gastric motility.14 Available 
studies suggest that pediatric obesity at least 
in a subgroup of patients may be associated 
with elevated levels of anxiety, impulsivity and 
emotional eating.15-17 

Despite the importance of NT functioning 
in those constructs, no study up to now has 
evaluated the relationships between NT 
levels and anxiety, impulsivity and emotion 
regulation among obese children. 

Therefore; in this study, we aimed 

a) to compare serum NT levels among obese 
and healthy adolescents 

b) to compare self-reported emotion 
regulation, anxiety and impulsivity scores 
among obese and healthy adolescents, and

c) to investigate the relation of NT with 
emotional regulation, anxiety and 
impulsivity among obese adolescents.

Material and Methods

Study design, center and time frame

The study was designed as a uni-center, cross-
sectional, case-control study and obese and 
healthy adolescents aged between 12-17 years 
were enrolled between April 2017 and April 
2018.

Inclusion Criteria and Exclusion Criteria

Patients with a body mass index (BMI) percentile 
of > 95 according to the WHO criteria18 formed 

the obese group. Obese adolescents with a 
body mass index (BMI) >95 percentile and 
healthy adolescents with a BMI between 3 
and 85 percentiles, according to the data of 
Turkish National Growth Charts [A], who 
had similar age and gender distribution and 
admitted for routine control were enrolled in 
the study.19 Patients with underlying endocrine 
(hypothyroidism, Cushing syndrome, etc.) or 
non-endocrine (hypothalamic dysfunction, 
drug use, syndromic diseases) pathologies were 
excluded from the study. Psychiatric disorders 
including neurodevelopmental disorders 
were excluded with semi structered clinical 
interview via Schedule for Affective Disorders 
and Schizophrenia for School Age Children 
Present and Life-time Version (KIDDIE-SADS-
PL)20 and Diagnostic and Statistical Manual 
of Mental Disorders (DSM–5). Both life-time 
and acute psychopathology (within two 
months) were excluded. Ninety eight obese 
adolescents were evaluated with K-SADS-
PL and DSM-5 criteria. 33 adolescents were 
excluded, 21 of the adolescents had attention 
deficit and hyperactivity disorder; 8 of them 
had anxiety disorder; 2 of the adolescents 
had major depressive disorder and 2 of them 
had obsessive compulsive disorder. The same 
child and adolescent psychiatrist evaluated 
all the adolescents in one year. She gave new 
appointments to adolescents for psychiatric 
evaluation after pediatric endocrinologic and 
pediatric examination. Patients with a history 
of intracranial operation, syndromic obesity 
findings (Prader Willi, Alström, Laurence–
Moon-Biedle syndrome, etc.) or a genetic cause 
for monogenic obesity (leptin gene defect, 
leptin receptor defect, etc.), an active infection, 
evidence of hypothalamic dysfunction, a history 
of pregnancy or lactation that can affect OXT 
release, and who were not willing to participate 
in the study were also excluded. 

Adolescents who applied to the general 
pediatrics outpatient clinic for any complaints, 
who were similar to the obese group in terms of 
age and gender, without chronic diseases, and 
whose BMI percentile were between 3-85 were 
included in the healthy control group. 
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Anthropometric Evaluation

Height (cm), body weight (kg) and waist 
circumference (cm) of all cases included in the 
study were measured after an overnight fast in 
the morning. The height was measured with the 
Harpenden stadiometer (Holtain Ltd., Crosswell, 
Wales, UK) with a measurement accuracy of 0.1 
cm, and the body weight was measured with a 
SECA scale (SECA Medizinische Messsysteme 
und Waagen, Hamburg, Deutschland) with 
a measurement sensitivity of 0.1 kg after all 
clothes were removed except underwear.

The BMI is calculated by dividing body weight 
in kilograms (kg) by height in meters squared 
(m2) and it is expressed as kg/ m2. The website 
www.ceddcozum.com, developed by the 
Turkish Pediatric Endocrinology and Diabetes 
Association, was used to calculate percentile 
and standard deviation scores for weight, 
height, head circumference, and BMI according 
to Olcay Neyzi19, CDC and WHO references. 
BMI SDS was calculated for all children aged 
12-17 years included in the study.

Blood Samples

Blood samples were taken after a minimum 
of 12 hours of fasting. Serum NT levels were 
studied using the firm’s original reactives with 
standardized methods on Architect AU5800 
(Beckman Coulter, Brea, CA, USA) analyzer 
on serum samples kept at -80°C. Serum was 
analyzed with NT (Neurotensin (Human, Rat, 
Mouse)- EIA Kit, 96 wells, CAT No:EK-048-03, 
Phoenix Pharmaceuticals) using enzyme-linked 
immunosorbent assay (ELISA) method. 

Psychiatric Evaluation

Sociodemographic Data Form: This form 
was prepared to collect information about 
sociodemographic characteristics of children 
and parents and completed by the clinicians. 

Schedule for Affective Disorders and 
Schizophrenia for School Age Children 
Present and Life-time Version (KIDDIE-
SADS-PL): It is a semi-structured interview 

form which was developed by Kauffman et 
al. in order to examine present and life-time 
psychopathology in children and adolescents 
aged between 6-18 years.20 Turkish translation 
and reliability and validity study of KIDDIE-
SADS-PL were carried out by Gökler et al., in 
2004.21

Difficulties in Emotion Regulation Scale 
(DERS): Gratz and Roemer developed DERS 
in order to measure difficulties in emotion 
regulation.22 The scale has six subscales 
including awareness, clarity, non-acceptance, 
strategies, impulse, and goals. Higher scores 
indicate the existence of difficulty in the 
regulation of stronger emotions. Turkish 
adaptation, reliability and validity study of the 
scale was conducted by Rugancı et al., in 2010.23 
Adolescents completed the DERS forms in this 
study. Confirmatory Factor Analyses of the 
DERS was evaluated in Turkish adolescents.24 
This scale has been used in various studies in 
Turkish adolescents.25,26

The Screen for Anxiety-Related Emotional 
Disorders (SCARED): This instrument consists 
of 41 Likert-type items evaluating symptoms 
of anxiety over the previous three months 
and has parent/ caregiver and child versions.27 
The Turkish reliability and validity study was 
conducted by Çakmakçı, in 2004.28 Both child 
and parent’s report were used in this study.

Barratt Impulsiveness Scale-11 (BIS-11): BIS-
11 was developed by Barratt to evaluate motor, 
attentional and cognitive facets of impulsivity. 
Elevated scores denote greater impulsivity.29 
Turkish validity and reliability study of BIS-
11 was conducted by Güleç et al., in 2008.30 
Adolescents completed BIS-11 in this study. It 
has been used in various studies on adolescents 
in Turkey.31,32

Ethics Approval

IRB approval was granted by the İzmir Katip 
Çelebi University Faculty of Medicine Clinical 
Research local Ethics Board (Date:13.09.2017 
Approval Number:193). Written informed 

http://www.ceddcozum.com
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consent of adolescents and their parents were 
procured prior to study participation and all 
study procedures were in accordance with 
the Declaration of Helsinki and local laws and 
regulations. 

Sampling size (Power analysis)

G*Power Version 3.0.10 was used for statistical 
power analysis.33 Since there were no similar 
studies in literature, regarding the difference 
between two mean values at a moderate level 
and taking effect size as 0.5 (using cohen 
criteria), alpha as 0.05 and power as 0.80, 
the total sample size was determined as 128 
adolescents with equal number of obese youth 
and controls. 

Statistical analysis

Statistical analyses were conducted with 
SPPS 24.0 (IBM Inc., ChicaArmonk, NY, USA) 
program. Assumptions of normality were 
evaluated with Kolmogorov-Smirnov test. 
Quantitative variables were summarized as 
means and standard deviations. Comparison 
of multiple dependent variables across groups 
was conducted with MANOVA (via Pillai’s 
trace) followed with univariate ANOVAs 
(Bonferroni corrected). DERS, BIS-11 and 
SCARED domains of adolescents with obesity 
and control adolescents along with NT levels 
were compared with MANOVA. Due to non-
normal distribution, lack of equality of error 
variances for several subscales (Levene’s 
test, DERS-nonacceptance p=0.001, DERS-
impulsivity p=0.004, DERS-strategy p=0.03, 

DERS-clarity p<0.001, all BIS-11 subscales, 
SCARED-child form and neurotensin p<0.001), 
Pillai’s trace was used to evaluate results. Chi-
square test was used for the comparison of 
nominal variables across groups. Spearman’s 
rank order correlation analyses were conducted 
to evaluate relationships between quantitative 
variables. Partial correlations were used to 
control for effects of age, gender and BMI. P was 
set at 0.05 (two-tailed). 

Result

A total of 65 obese (mean age 14.6 ± 1.4 years, 
32 female) and 65 healthy adolescents (control 
group) (mean age 14.6 ± 1.5 years, 32 females) 
were included in the study. The groups did not 
differ significantly in terms of gender and mean 
age. BMI, BMI- SDS and NT levels of obese 
youth and the controls are shown in Table I (for 
each, p<0.001). 

DERS, BIS-11 and SCARED scores according to 
groups is illustrated in Table II. In MANOVA, 
the effect of diagnosis (F = 52.179, p= 0.000, 
partial η2= 0.84] was significant while results 
for univariate ANOVAs are presented in Table 
III. 

For pair-wise comparisons, adolescents with 
obesity had significantly elevated scores in 
DERS-clarity (p= 0.000, 95% CI= 1.6-3.5), DERS-
goal (p=0.000, 95% CI= 3.5-6.0), DERS-strategy 
(p=0.000, 95% CI= 6.7-10.7), DERS-impulsivity 
(p=0.000, 95% CI= 5.5-8.7), DERS-nonacceptance 
(p=0.000, 95% CI= 2.9-6.2), DERS-awareness 
(p=0.000, 95% CI= 2.5-4.6), DERS-total score 

Table I. Demographic characteristics, BMI and neurotensin levels between obese and healthy adolescents.
Obese Group 

(n=65) 
mean± SD

Control Group 
(n=65) 

mean± SD
Statistics (p value)

Age (years) 14.6±1.4 14.6±1.5 0.976
Sex (male/ female) 32/33 32/33 1.000
BMI (kg/m2) 35.5±4.4 20.8±2.1 <0.001
BMI SDS 3.1±0.6 -0.02±0.7 <0.001
Neurotensin (ng/ml) 0.61±0.39 0.40±0.11 <0.001
BMI: body mass index, BMI SDS: body mass index standard deviation score
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(p=0.000, 95% CI= 26.3-36.2), BIS-11-attentional 
impulsivity (p=0.000, 95% CI= 6.2-8.6), BIS-11-
motor impulsivity (p=0.000, 95% CI= 5.7-8.6), 
BIS-11-non planning (p=0.000, 95% CI= 6.3-8.7), 

BIS-11-total impulsivity (p=0.000, 95% CI= 19.0-
25.0), neurotensin (p=0.000, 95% CI= 0.1-0.3) 
and SCARED-child form (p=0.000, 95% CI= 
17.4,23.0; all Bonferroni corrected).

Table II. Comparisons of DERS, BIS, SCARED subscale scores of obese and healthy adolescents.
Obese Group  

(n=65) 
mean± SD

Control Group 
(n=65) 

mean± SD
DERS subscales

Clarity 12.36±2.69 9.72±2.67
Goal 17.24±3.45 12.50±3.48
Strategy 20.81±6.53 12.04±4.03
Impulsivity 19.29±5.18 12.23±3.32
Non-acceptance 15.33±5.17 10.80±3.62
Awareness 16.07±3.51 12.40±1.59
Total score 101.14±16.52 69.70±9.27

BIS-11 subscales
Attentional impulsivity 19.24±3.75 11.86±2.86
Motor impulsivity 24.52±2.67 17.09±5.03
Non planning 23.40±2.22 15.89±4.13
Total Impulsivity 67.16±5.30 44.84±10.30

SCARED scores
SCARED child 26.90±10.07 6.66±4.53
SCARED parent 26.37±10.70 6.38±5.14

DERS: difficulties in emotion regulation scale, SCARED: the screen for anxiety-related emotional disorders, BIS-11: barratt 
impulsiveness scale-11

Table III. Effect of obesity diagnosis on domains of emotion regulation difficulties, impulsivity, neurotensin 
levels and severity of anxiety symptoms.
Independent variables Dependent Variables Univariate F dF P* Partial η2
Obese vs. Control DERS Clarity 27.8 (1,119) 0.000 0.190

DERS Goal 54.8 (1,119) 0.000 0.315
DERS Strategy 74.3 (1,119) 0.000 0.384
DERS Impulsivity 76.3 (1,119) 0.000 0.391
DERS Nonacceptance 30.2 (1,119) 0.000 0.203
DERS Awareness 48.8 (1,119) 0.000 0.291
DERS Total score 157.4 (1,119) 0.000 0.569
BIS Attentional impulsivity 143.0 (1,119) 0.000 0.546
BIS Motor impulsivitiy 94.1 (1,119) 0.000 0.442
BIS Non planning 151.6 (1,119) 0.000 0.560
BIS Total Impulsivity 214.2 (1,119) 0.000 0.643
Neurotensin 17.1 (1,119) 0.000 0.126
SCARED-Child form 199.7 (1,119) 0.000 0.627

DERS: difficulties in emotion regulation scale, SCARED: the screen for anxiety-related emotional disorders, BIS-11: barratt 
impulsiveness scale-11. 
*Bonferroni corrected.
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In obese and control groups, serum NT level 
was found to be positively correlated with all 
BIS and DERS subscales and total scores (p 
<0.05). After adjustment for age, gender, and 
BMI, the positive correlation among NT and BIS 
attentional, non-planning and total impulsivity 
scores, DERS strategy, impulsivity and total 
scores persisted; however, the relationship 
between serum NT level and BIS motor 
impulsivity, DERS goal, clarity, non-acceptance, 
awareness disappeared (Table IV). 

Discussion

This uni-center, cross-sectional, case-control 
study evaluated NT levels along with self 
and parent–reported anxiety, self-reported 
impulsivity and emotion regulation problems 
and the relationships among those constructs in 
adolescents with obesity and age and gender-
matched controls. As a result, NT levels were 
found to be significantly elevated along with 

impulsivity, anxiety and emotion regulation 
problems among adolescents with obesity. NT 
levels correlated significantly with cognitive 
and attentional impulsivity and impulsivity 
while trying to regulate emotions after adjusting 
for BMI, age and gender. 

Various pre-clinical and clinical studies suggest 
an important role for NT in emergence of 
obesity.10,12,34 Butler and colleagues reported that 
plasma NT levels were elevated among children 
with Prader-Willi syndrome characterized by 
hyperphagia14 and obesity while Barchetta and 
colleagues (2020) reported that plasma pro-NT 
levels may predict weight gain and associated 
metabolic abnormalities among children.13 A 
previous study by the same group suggested 
that NT may also be a biomarker of insülin-
resistance and problems in metabolism.35 Our 
results support those reported previously and 
suggest that elevations in NT levels may be 
associated with adolescent obesity. However, 
as NT levels were also elevated among children 

Table IV. Correlations of serum NT levels (ng/mL) with self-reported impulsivity, self- and parent- reported 
anxiety, self-reported emotion regulation and anthropometric parameters.

All subjects (n=130) All subjects (n=130)
Spearman’s Rho *p Partial Correlation **p

Age (years) -0.088 0.322
Gender 0.041 0.643
BMI (kg/m2) 0.293 0.001
BIS Attentional impulsivity 0.523 <0.001 0.472 <0.001
BIS Motor impulsivity 0.303 <0.001 0.142 0.128
BIS Non planning 0.387 <0.001 0.262 0.004
BIS Total Impulsivity 0.447 <0.001 0.346 <0.001
DERS Clarity 0.178 0.043 0.050 0.590
DERS Goal 0.308 <0.001 0.172 0.064
DERS Strategy 0.344 <0.001 0.202 0.029
DERS Impulsivity 0.375 <0.001 0.249 0.007
DERS Non-acceptance 0.286 0.001 0.163 0.079
DERS Awareness 0.241 0.006 0.097 0.300
DERS Total score 0.413 <0.001 0.286 0.002
SCARED Child score 0.171 0.061 -0.080 0.390
SCARED Parent score 0.105 0.074 -0.163 0.078
DERS: difficulties in emotion regulation scale, SCARED: the screen for anxiety-related emotional disorders, BIS-11: barratt 
impulsiveness scale-11
*Spearman’s correlation analysis; Serum NT level as dependent variable
** Partial correlation coefficient; controlling for age, gender and BMI.
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with coeliac disease and among patients with 
disrupted renal functioning36,37, elevations in 
NT may be due to increased gastro-intestinal 
permeability, low grade inflammation or 
changes in renal function, rather than obesity 
per se. Further studies on obese adolescents 
may also evaluate renal functioning and 
inflammatory markers or use gastro-intestinal 
endoscopy along with NT levels to elucidate the 
contribution of those factors. 

Previous studies suggest that pediatric obesity at 
least in a subgroup of patients may be associated 
with elevated levels of anxiety, impulsivity, 
emotion regulation problems and emotional 
eating.15-17 Supporting those views, Sezer Efe 
and colleagues found that social anxiety and 
emotional eating were elevated and displayed 
positive correlations among obese adolescents.38 
Yilmaz Kafali and colleagues found that 
although emotion regulation problems were 
elevated among obese adolescents, unhealthy 
life-style practices such as internet addiction and 
emotional eating mediated the effects of those 
problems on obesity.39 Sönmez and colleagues 
found that inattention, hyperactivity and 
impulsivity symptoms were elevated among 
obese children and adolescents.40 A study 
employing ecological momentary assessment 
suggested that impulsivity may contribute to 
dysregulated eating among over-weight and 
obese youth.41 The results of our study also 
support those reported previously and suggest 
that emotion regulation problems, impulsivity 
and self- and parent-reported anxiety were 
significantly elevated among obese adolescents. 
Due to a lack of evaluating life-style practices 
and emotional eating patterns among our 
sample and due to the cross-sectional design 
of our study we could not offer hypotheses on 
causality and mediation. Further studies may 
employ larger samples and prospective designs 
to evaluate the differential contributions of those 
constructs to the emergence and persistence of 
pediatric obesity. 

Pre-clinical studies suggest that NT may have a 
role in regulation of stress and anxiety, hedonic 
eating, reward/ reinforcement and memory.8-11 

Furthermore, recent studies suggest that NT 
may be involved in cognitive changes associated 
with obesity.42,43 Despite those promising 
studies, no study up to now evaluated the 
relationships between NT levels and anxiety, 
impulsivity and emotional dysregulation 
among obese adolescents. We found that NT 
levels correlated significantly with emotion 
dysregulation and all facets of impulsivity. NT 
levels correlated significantly with cognitive and 
attentional impulsivity and impulsivity while 
trying to regulate emotions after adjusting for 
BMI, age and gender. The correlations between 
serum NT level and BIS motor impulsivity, 
DERS goal, clarity, non-acceptance, awareness 
disappeared after adjusting for age, gender 
and BMI, while others remained unchanged. 
Although the cross-sectional nature of our 
study precludes hypotheses about causality, 
those findings may suggest a role of BMI, age 
and gender in NT levels. Also, effects of NT 
on motor impulsivity, DERS-goal, clarity, non-
acceptance and awareness may partially overlap 
with emotional eating and binging. Our results 
may support a role of NT in emotional and 
cognitive symptoms associated with obesity 
which may be primarily due to impulsivity. 
Previous reports on association of impulsivity 
with changes in dopaminergic functioning and 
inhibition of D2R signaling by neurotensin may 
also support this hypothesis.44,45 However, this 
hypothesis should be evaluated with further 
pre-clinical and clinical studies evaluating the 
role of NT and its precursors in impulsivity and 
obesity. 

Our results should be evaluated within their 
limitations. Firstly, the precursor of NT, pro-NT 
is more stable and has a longer half-life than 
NT and our results may be further enriched 
had we measured this precursor along with 
NT. Secondly; our results are valid only for 
adolescents evaluated within the specified 
time-frame at the study centers who were 
free of endocrine and genetic etiologies and 
they may not be generalized to other patients 
or obese adolescents in the community. 
Thirdly, NT levels may interact with growth 
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hormone levels and may change during 
puberty and our results sohuld be replicated 
with obese children and adults.46 Fourth, we 
did not evaluate the role of NT in emotional 
eating and further studies on the role of NT 
in pediatric obesity may use age-appropriate 
questionnaires (e.g. Child-Three Factor Eating 
Questionnaire) to evaluate it.47 Fifth, NT levels 
may also depend on renal function, integrity 
of the gastro-intestinal mucosa and low grade 
inflammation36,37 and further studies are needed 
to evaluate the contributions of those factors 
to elevations of NT in pediatric obesity. Sixth, 
we did not evaluate for the effects of exercise, 
diet and binge eating.48,49 Seventh; there may be 
distinct patterns of pediatric obesity according 
to change in BMI through development and the 
relative contribution of NT may differ across 
those groups.50 Eighth, while determining the 
exclusion criteria, some psychiatric disorders 
were diagnosed according to DSM-IV (with 
help of K-DSADS-PL) and some disorders (e.g., 
neurodevelopmental disorders) according to 
DSM-5 criteria. Lastly, although the DERS 
and BIS-11 scales are used in many studies in 
adolescents, there is no validity and reliability 
study in the adolescent age group. Longitudinal 
studies may illustrate the role of NT in 
developmental subgroups of pediatric obesity. 

Regardless of its limitations, our results suggest 
that circulating NT levels may be elevated 
among obese adolescents along with anxiety, 
impulsivity and emotion dysregulation. Also, 
NT levels may correlate significantly with 
various facets of impulsivity.

Overall, NT signaling could be an important 
target for pharmacotherapeutic interventions 
for psychiatric problems in obesity.
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Urinary tract infections (UTI) have been noted 
as the most common bacterial infections among 
young children.1 If UTI is not diagnosed and 
treated correctly and adequately in children, it 
can lead to complications such as chronic kidney 
disease, hypertension, and even end-stage renal 
failure due to scar formation in kidneys.1-3 It 
has been reported that 91% of bacteria causing 

UTIs in children are Gram-negative bacteria.4 
According to recent reports, Escherichia coli (E. 
coli) and Klebsiella pneumoniae (K. pneumoniae) 
were isolated among the most resistant 
bacteria in children with UTIs.5 Especially 
in the past 10 years, E. coli has increased 
dramatically worldwide as the cause of UTIs.6 
The production of β-lactamase is the main 
mechanism of resistance against the action of 
β-lactam antibiotics in Gram-negative bacteria.7 
Besides, extended-spectrum β-lactamase (ESBL) 
producing Gram-negative bacteria also have 
resistance to trimethoprim/sulfamethoxazole, 
fluoroquinolones, and aminoglycosides. This 

Predictors of febrile urinary tract infection caused by 
extended-spectrum beta-lactamase-producing bacteria
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ABSTRACT

Background. We aimed to evaluate the predictability of extended-spectrum beta-lactamase (ESBL)-producing 
bacteria (PB) with inflammation markers and hemogram parameters as neutrophil-lymphocyte-ratio (NLR), 
platelets-lymphocyte-ratio (PLR) and mean-platelet-volume (MPV) in infants with febrile urinary tract infection 
until the urine cultures are resulted.

Methods. Infants between 2-24 months hospitalized for the first febrile urinary tract infections were grouped as 
those infected with ESBL-PB and non-ESBL-PB. The demographic and laboratory data (inflammation markers 
and hemogram parameters) and the ultrasonographical findings were compared between the two groups. 

Results. A total of 232 patients were included in the study. The mean age was 8.82 ± 5.68 (2-23) months and 114 
(49%) of them were female. Escherichia coli was the most common isolated bacteria (79%) followed by Klebsiella 
pneumoniae (15.5%) in urine cultures. There were 88 patients in ESBL-PB infected group and 144 patients in the 
non-ESBL-PB group. The hematologic parameters such as white blood cell count (WBC) count, NLR, PLR, MPV 
and procalcitonin (PCT) were similar between the two groups. Only the rate of ultrasonographic abnormalities 
was significantly higher in infants infected with ESBL-PB (p=0.012). The risk of ESBL-PB positivity in urine 
cultures increased with age (OR 1.068, 95% CI 1.002-1.139, p=0.045), PCT (OR 1.094, 95% CI 1.011-1.184, p=0.025), 
and ultrasonographic abnormalities (OR 3.981, 95% CI 1.792-8.845, p=0.001).

Conclusions. Platelet counts, WBC, MPV, NLR, PLR, and PCT were not reliable markers, however having an 
ultrasonographic abnormality is the most important independent risk factor for prediction of infection with 
ESBL-PB. 

Key words: urinary tract infection, extended-spectrum beta-lactamase-producing bacteria, platelet-to-
lymphocyte ratio , neutrophil-to-lymphocyte ratio.
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makes infection management caused by these 
pathogens even more complicated.8,9 The 
increased resistance to antimicrobial agents 
results in inappropriate empirical therapy.9 
To avoid this, it is very important to predict 
the bacteria until urine culture results in UTIs 
caused by ESBL producing bacteria (ESBL-
PB).10 However, there are a limited number of 
studies on the presence of a rapid marker in 
UTIs caused by ESBL-PB.

Recent studies have reported the predictors 
of upper UTIs, which include systemic 
inflammatory markers. A significant high 
C-reactive protein (CRP) has been reported in 
patients with UTIs caused by E. coli, Proteus 
spp., K .pneumoniae, Staphylococcus aureus, and 
others, than those without UTI.11-13 White blood 
cell (WBC) count, neutrophil-to-lymphocyte 
ratio (NLR), and procalcitonin (PCT) were all 
reported to be correlated with upper UTI as 
well as CRP.14 However, it has not been stated 
which marker is predictive for ESBL-PB.

The NLR and platelet-to-lymphocyte ratio (PLR) 
have been proposed as new markers of systemic 
inflammation.15 Several studies reported that 
NLR is a measure of systemic inflammation 
and it has been used as a guide in the prognosis 
of bacterial diseases, ischemic heart disease, 
and several types of cancer.16 Besides NLR and 
PLR; the mean platelet volume (MPV) has been 
evaluated as a biochemical marker in chronic 
and/or acute inflammatory disorders, including 
bacterial and rheumatologic diseases.17,18

In this study, we aimed to evaluate the 
predictability of ESBL-PB with inflammation 
markers including WBC, CRP, PCT, NLR, 
PLR, and MPV in infants with febrile UTI until 
the urine culture and antibiogram results are 
reported. To the best of our knowledge, this is 
the first study evaluating these associations. 

Material and Methods

Patients aged between 2-24 months who were 
admitted to our pediatrics polyclinic and 

pediatric emergency unit with fever, diagnosed 
and hospitalized for the first febrile UTI between 
2016 - 2020 were retrospectively analyzed. 
The diagnosis of febrile UTI was based on 
the following criteria: 1) body temperature 
≥38°C; 2) a positive urine culture collected by 
catheterization (bacterial growth of ≥100,000 
cfu/ml of a single uropathogen). The indications 
for hospitalization were; age <3 months; having 
toxic or septic state; having symptoms of 
urinary obstruction or significant underlying 
disease and inability to tolerate adequate oral 
fluids or medications. The families were asked 
whether the patients had any medical history 
of urinary system anomalies. Patients with 
no ultrasonographic imaging in their medical 
history and those who had ultrasonographic 
imaging with normal urinary system findings 
were recorded as patients without a pathological 
urinary system history. The demographical data 
of the patients including age, gender, personal 
medical history about renal pathologies 
[hydronephrosis (urinary distention of the renal 
pelvi-calyceal system with/without obstruction 
to the urinary outflow distal to the renal pelvis), 
vesicoureteral reflux (VUR), ureteropelvic 
or ureterovesical obstructions or stenosis, 
neurogenic bladder, renal hypo-dysplasia, and 
posterior urethral valve (PUV)], urine dipstick 
analysis including pyuria (presence of ≥5 white 
blood cells/hpf in centrifuged urine sample) and 
nitrite positivity, complete blood count (CBC) 
including white blood cell (WBC), platelet, 
neutrophil to lymphocyte ratio (NLR), platelet 
to lymphocyte ratio (PLR), mean platelets 
volume (MPV), C-reactive protein (CRP), 
procalcitonin (PCT) and the ultrasonographical 
findings at the admission to hospital due to UTI 
were recorded. 

Culture plates were incubated in incubators at a 
mean ambient temperature of 35±2°C, and under 
normal atmospheric conditions for 18-24 hours; 
culture plates with bacterial growth of ≥105 cfu/
ml of a single species on their surfaces were 
examined. Cultures with mixed growths were 
excluded. The isolates obtained were identified 
at a species level using conventional methods, 
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and fully automated bacterial identification 
system (Phoenix TM 100, Becton Dickinson, 
MD, USA). Antimicrobial susceptibilities of 
isolates were determined using Kirby-Bauer disc 
diffusion system and fully automated systems 
in compliance with the recommendations 
of European Committee on Antimicrobial 
Susceptibility Testing (EUCAST).19 The presence 
of extended-spectrum beta-lactamase (ESBL) 
was determined using ceftazidime, ceftazidime-
clavulanic acid, and cefotaxime-cefotaxime 
clavulanic acid discs. As a control ATCC 25923 
strain of E. coli was used.

Patients were grouped as those infected 
with ESBL-PB and those with non-ESBL-
PB. Urine analysis results (pyuria, nitrite 
positivity), NLR, PLR, MPV, CRP, PCT, and the 
ultrasonographical findings were compared 
between the two groups. 

The study has been approved by the Ethics 
Committee of Tepecik Training and Research 
Hospital (no: 2020/5-8).

Statistical analysis

Analyses were performed using SPSS 22.0 
(SPSS Inc., Chicago, IL). Kolmogorov-
Smirnov test was used to evaluate the normal 
distribution of continuous variables between 
groups. Continuous parameters with normal 
distribution were compared by the Student’s 
t-test and shown in mean ± standard deviation, 
whereas those without normal distribution 
were evaluated by Mann-Whitney U test and 
defined as median (25th – 75th percentile). 
Categorical variables between groups were 
compared using the Chi-square test. We also 
performed a multivariate statistical analysis 
of factors related to the ESBL-PB positivity in 
urine cultures by using a logistic regression 
model and Odds ratios were evaluated after 
adjustment for other factors. A p value of <0.05 
was considered significant in all statistical 
evaluations.

Results

A total of 232 patients were included in the study. 
The demographic data of the patients including 
age, gender, personal medical history about 
renal pathologies, pyuria and nitrite positivity, 
renal ultrasonography findings during febrile 
UTI are presented in Table I. While 57 cases had 
a known urinary tract abnormality, there was 
no defined urinary system pathology in the 
remaining 175 cases (Table I). The underlying 
bacterial pathogens are shown in Table I, with 
E. coli being the most common (79%) followed 
by K. pneumoniae with a 15.5% isolation rate. 
Among patients, 88 (38%) had ESBL-PB and 
144 (62%) had non-ESBL-PB yielded in urine 
cultures (Table I). 

When demographic and laboratory findings 
of patients were compared between the 
ESBL-PB and non-ESBL-PB groups, none of 
the demographic findings, urine, or blood 
parameters were significantly different between 
the groups (p>0.05). The hematologic parameters 
such as WBC count, NLR, PLR, MPV, and CRP 
were similar between the two groups. Only the 
rate of patients with renal ultrasonographic 
abnormalities during hospitalization for febrile 
UTI regardless of their medical history; was 
significantly higher in infants infected with 
ESBL-PB (p=0.012, Table II). 

Age, PCT levels, and presence of 
ultrasonographic abnormalities were adopted 
as confounders in the logistic regression model 
for the multivariate analysis (Table III). All 
three variables were found to be independently 
associated with ESBL-PB positivity in urine 
cultures of infants with febrile UTI (Table III). 

Discussion

Febrile UTI is one of the most common bacterial 
infections in children and usually causes 
irreversible renal damage when not diagnosed 
and treated early. Timely medication and 



Soyaltın E, et al Turk J Pediatr 2022; 64(2): 265-273

The Turkish Journal of Pediatrics ▪ March-April 2022268

adequate antibiotic duration can considerably 
improve the disease outcome.1,2 In the 
current study, we evaluated characteristics 
and inflammation markers of 232 children 
admitted with febrile UTI aged between 2-24 
months and their association with ESBL-PB. 
We found that having ultrasonographic urinary 

system abnormalities was the most significant 
independent risk factor for ESBL-PB associated 
UTI, increasing the risk up to almost 4-fold. 
This result was in accordance with some recent 
studies, in which UTIs with ESBL-PB were 
found to be significantly higher in patients with 
urinary system anomalies in USG.10,20,21

Table I. Demographical, clinical and microbiological data of patients with febrile urinary tract infection (N=232).
Results

Age (month), mean ± SD (minimum-maximum) 8.82 ± 5.68 (2-23)
Gender, n (%)

Female 114 (49.1)
Male 118 (50.9)

History of renal pathology, n (%)
None 175 (75.4)
Hydronephrosis 19 (8.2)
Vesicoureteral reflux 14 (6.0)
Posterior ureteral valve 7 (3.0)
Renal stone 7 (3.0)
Renal hypoplasia 3 (1.3)
Neurogenic bladder 3 (1.3)
Ureteropelvic obstruction 3 (1.3)
Ureterovesical obstruction 1 (0,4)
Pyuria 211 (90.9)
Nitrite positivity 91 (39.1)

Bacteria
Escherichia coli, n (%) 184(78.9)

ESBL (+) 69 (37.5)
ESBL (-) 115 (62.5)

Klebsiella pneumoniae, n (%) 36 (15.5)
ESBL (+) 19 (52.7)
ESBL (-) 17 (47.3)

Other ESBL (-) bacteria, n (%)
Pseudomonas aeruginosa 8 (3.4)
Proteus mirabilis 2 (0.9)
Enterococcus cloacae 1 (0.4)
Citrobacter koseri 1 (0.4)

Ultrasonography findings during UTI, n (%)
Normal 161 (69.0)
Hydronephrosis 57 (24.6)
Renal stone 8 (3.4)
Renal hypoplasia 4 (1.7)
Renal cysts 2 (0.9)

ESBL: extended-spectrum beta-lactamase, UTI: urinary tract infection
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In many studies, inflammation markers such 
as WBC, CRP, PCT, NLR, PLR were evaluated 
in patients with UTIs. These markers were 
used to differentiate lower UTIs and acute 
pyelonephritis and to predict renal complications 
with non-invasive and widely used biomarkers 
rather than invasive screening methods such as 
dimercaptosuccinic acid scintigraphy (DMSA) 
or voiding cystourethrography in most of the 
studies.14,22-24 In our study, we evaluated these 
inflammation markers to predict infections 
with ESBL-PB, which have been known to have 
a higher risk for renal complications, to initiate 
the appropriate treatment, until the urine 
culture results are out. 

Some recent studies have reported that platelets 
have an important role in the pathogenesis of 
inflammatory diseases and they can be referred 
to as an indicator of UTIs.25 Not only platelet 

count, but also MPV has been reported as a 
useful index in the diagnosis of inflammatory 
diseases, tuberculosis, acute pyelonephritis, 
and UTIs in some studies.26-29 MPV has also been 
reported at high levels in UTIs caused by Gram-
positive bacteria.25,30 Conversely, we have found 
similar MPV values between the two groups. 

The NLR is a substitute marker of inflammation 
and it has been reported to be useful for the 
discrimination of systemic bacterial infection 
and also to predict the outcomes in studies.31-34 
In this study, we aimed to present the NLR 
as a practical biomarker to predict ESBL-PB 
in febrile UTI. Han et al.31 evaluated NLR to 
predict acute pyelonephritis and they found a 
significant correlation between elevated NLR 
and DMSA defect of acute pyelonephritis. 
Similar results were detected in the study by 
Lee et al.35 about the prediction of renal cortical 

Table II. Comparison of demographic and laboratory data of infants infected with ESBL-PB (extended-spectrum 
beta-lactamase producing bacteria) and non-ESBL-PB.

Variables Patients infected with 
ESBL-PB (n=88)

Patients infected with 
non-ESBL-PB (n=144) p

Age (month) 9.88 (4-15) 7 (4-10) 0.056
Gender (female), n (%) 43 (49) 71 (49) 1.000
Urological abnormality in medical history, n (%) 41 (47) 51 (35) 0.160
Pyuria, n (%) 85 (96) 127 (88) 0.102
Nitrite positivity, n (%) 35 (39) 8 (40) 0.996
White blood cell (/mm3) 13,900 (10,400-19,675) 14,700 (10,375-19,250) 0.463
C-reactive protein (mg/dl) 33.60 (10-89.25) 30.50 (9.83-95.75) 0.893
Procalcitonin (ng/ml) 0.39 (0.18-4.47) 0.16 (0.11-1.03) 0.078
NLR (neutrophil-to-lymphocyte ratio) 1.68 (0.77-2.54) 1.41 (0.76-2.59) 0.603
PLR (platelets-to-lymphocyte ratio) 79.44 (60.38-126.62) 77.75 (53.08-115.6) 0.564
Mean platelet volume (μm3) 7.8 (7.3-8.4) 7.6 (7.13-8.3) 0.252
Platelets count (× 103/ml) 383 (315-458) 380 (297-471) 0.733
Renal ultrasonographic abnormality, n (%) 44 (50) 46 (32) 0.012
Continuous variables are presented as median (25th – 75th percentile).

Table III. Results of multivariate analysis of variables related to extended-spectrum beta-lactamase producing 
bacteria positivity in urine culture.
Variables Unit Odds ratio 95% CI p
Age 1 month 1.068 1.002-1.139 0.045
Procalcitonin 1 ng/ml 1.094 1.011-1.184 0.025
Ultrasonographic abnormality Yes 3.981 1.792-8.845 0.001
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defect and scar using NLR in children. Gökhan 
et al.36 also reported that NLR was significantly 
higher in patients with a UTI compared to 
healthy subjects. Contrary to these studies, 
Kazımoğlu et al.37 reported that there was no 
significant difference in NLR between infected 
and non-infected kidney transplant patients. 
But they found a significant difference in the 
NLR ratio between the patients infected with 
E. coli and others.37 There is no previous study 
evaluating NLR in patients infected with ESBL-
PB and non-ESBL-PB, and in our study, we 
could not define any difference in NLR levels 
between the groups. 

Platelets to lymphocyte ratio is another 
inflammation marker and it is used to predict 
disease activity, prognosis, and survival 
rates in systemic inflammatory diseases as 
rheumatologic diseases, cancers, and bacterial 
and bloodstream infections.38 The PLR is a 
new hematological marker related to systemic 
inflammation result syndrome. It has been 
reported as a predictor of severe infections, 
malignity, coronary artery disease, and 
inflammatory rheumatic diseases in large cohort 
studies.39-42 However, PLR has not been reported 
as predictive as NLR in some studies.43-45 Similar 
to those studies, we could not detect differences 
in PLR between ESBL-PB infected and non-
ESBL-PB infected patients.

Many recent studies have reported that 
inflammation markers could not constantly 
distinguish renal damage.24,46,47 Gervaix et al.46 
and Smolkin et al.47 reported that CRP was 
not sufficient as a predictive marker, with a 
sensitivity of 83% and 100%, respectively, but 
a specificity of 18.5%. Shaikh et al.48 reported 
a comprehensive review of 24 studies about 
the usefulness of CRP, ESR, and PCT for renal 
damage in UTI and they found that none of 
the tests were accurate enough to allow for 
detecting renal scarring. They have reported the 
sensitivity of CRP (cut-off 20 mg/L) and PCT in 
predicting pyelonephritis is high (94% and 86%, 
respectively), but specificity varies (39% and 
74%, respectively).48 In contrast, Yi Han et al.31 
reported high CRP levels correlated with renal 

scarring on a positive DMSA scan. Mushi et al.3 
evaluated CRP levels to predict Gram-negative 
bacterial UTI and patients with Gram-negative 
bacterial infections had 3.54 times higher Odds 
of having positive CRP values. Additionally, 
many studies have reported high CRP values 
in patients with UTIs caused by Gram-negative 
bacteria.49-51 In our study, we compared CRP 
values between patients with UTIs caused by 
ESBL-PB and non-ESBL-PB and we could not 
find any significant differences between the two 
groups (p=0.893).

PCT has developed as a favorable marker for 
diagnosing bacterial infections because of its 
higher levels in patients infected with bacteria 
than viruses or non-specific inflammatory 
diseases. In recent studies, increased levels of 
PCT have been reported in patients infected with 
Gram-negative bacteria which are explained by 
the fact that these pathogens produce exotoxins 
and cause more inflammation.52-55 Moreover, 
Watanabe et al. reported that ESBL-BP positive 
cases presented higher levels of PCT than cases 
infected with non-ESBL-PB and they specified 
that PCT might be a useful marker for detecting 
patients infected with ESBL-PB and facilitating 
rapid and appropriate antibiotic treatment.55 
We could not find any difference in PCT levels 
between the groups. In multivariate analyses, 
age and PCT emerged as statistically significant 
risk factors for infection with ESBL-PB, however, 
we thought that was practically insignificant 
since the Odds ratios were quite low. 

Our study has some limitations. The 
retrospective nature of the study was one 
limitation. To rule out false-positive reactions 
and contamination in the urine culture, only 
the cases whose urine samples for culture were 
collected with a urinary catheter were selected. 
Another limitation was that this group of 
patients might not represent the whole pediatric 
population who had a febrile UTI between 2 to 
24 months. 

In conclusion, this is the first study evaluating 
the use of easily accessible and cheap parameters 
including WBC, platelet counts, MPV, NLR, 
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PLR to predict UTIs caused by ESBL-PB in 
infants. We could not demonstrate that they 
were reliable markers for the prediction of 
ESBL- PB positivity. One possible explanation 
for these differences can be the small number 
of UTIs with ESBL-PB in our study. However, 
we have demonstrated that having renal 
ultrasonographic abnormality is the most 
important independent risk factors. Further 
studies in larger populations would help to 
decide the predictivity of the inflammation 
markers and ultrasonographic findings for 
UTIs caused by ESBL-PB since the number of 
studies is limited.
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Cystic fibrosis (CF) is an autosomal recessive, 
multi-systemic disorder which forms as a 
result of mutation in the protein encoding 
gene known as cystic fibrosis transmembrane 
conductance regulator (CFTR). The two most 

significant problems determining survival are 
malnutrition and pulmonary disease.1 The 
nutritional status in CF is related to insufficient 
macro/micronutrient intake, maldigestion/
malabsorption, increased energy requirement, 
and genotype.2 Maldigestion and malabsorption 
associated with exocrine pancreatic failure 
cause loss of energy. This loss may be increased 
in conditions such as accompanying intestinal 
inflammation, small intestinal bacterial 
overgrowth, insulin resistance and impaired 
liver functions. In addition, total and resting 
energy expenditure (TEE, REE) are increased 
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ABSTRACT

Background. This study aimed to evaluate the nutritional status and body composition in children with cystic 
fibrosis (CF), in accordance with the new nutritional targets defined by European Society for Clinical Nutrition 
and Metabolism (ESPEN), the European Society for Paediatric Gastroenterology, Hepatology and Nutrition 
(ESPGHAN) and the European Cystic Fibrosis Society (ECFS) 2016.

Methods. In this cross-sectional study, data were collected prospectively in a single centre. A record was made 
for a total of 95 patients with CF of clinical data. Anthropometric data were evaluated using the World Health 
Organization growth standards. The bone mineral density (BMD) z-score was adjusted for height by measuring 
dual-energy X-ray absorptiometry (DXA). The speed of sound z-score values were measured with quantitative 
ultrasound (QUS).

Results. The nutritional status was normal in 37.9% of patients aged <2 years and 33.3% of patients aged 2-18 
years. When the DXA BMD z-score values were corrected for height, it was determined that the BMD deficit 
was less. The calcaneus QUS SOS z-score mean value was lower than the mean height for age z-score adjusted 
BMD (BMDHAZ). 

Conclusions. The malnutrition rates of CF patients were higher than the rates previously reported in literature. 
As there are insufficient nutritional data in Turkey, there is a need for multi-centre studies to determine the 
frequency of malnutrition according to the new classifications. It is clear that QUS measurements cannot replace 
DXA in the diagnosis of osteopenic bone disease. However, when low values are determined with QUS as the 
first recommended measurement in the screening of bone status, it can be considered appropriate to confirm 
the status with DXA.
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in CF patients, and CF-related infections and 
persistent pulmonary inflammation cause a 
further increase in energy requirement. In 
addition to all these problems, loss of appetite 
because of infections, gastrointestinal problems 
or side-effects of medications and inability to 
obtain sufficient calorie intake have been found 
to contribute to malnutrition.3 

Under-nutrition leads to retarded growth 
development, impaired respiratory muscle 
function, reduced exercise tolerance, 
immunological disorders and increased 
sensitivity to infections.4 Severe nutritional 
deficiency in infancy and childhood can result 
in a significant deterioration in respiratory 
functions, short life expectancy and impairments 
in cognitive functions.3 Correction of the 
nutritional status improves quality of life.4

In 2002, the European and US nutrition 
consensus reports for CF patients were 
published. Subsequently, it was reported that 
the ideal body weight percentage (IBW%) could 
ignore malnutrition in children of short height 
and could exaggerate the severity of malnutrition 
in tall children.5 The nutritional classifications 
for CF patients were updated in 2016 by the 
European Society for Clinical Nutrition and 
Metabolism (ESPEN), the European Society 
for Paediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) and the European 
Cystic Fibrosis Society (ECFS). The parameters 
recommended for use in nutritional status 
evaluation and the target values defined 
for use in the determination of a sufficient 
nutritional status has changed with these 
reports. According to this consensus, IBW% is 
no longer used. Malnutrition classification is 
made according to length and weight percentile 
in infants aged < 2years and according to body 
mass index percentile (BMIp) in children and 
adolescents aged 2-18 years. Normal nutritional 
status is defined as ≥50th percentile of these 
parameters, impaired nutritional status as 10th-
50th percentile, and persistent under-nutrition 
as <10th percentile. 

Another factor related to nutritional status 
is bone mineralisation, and the incidence of 
osteopenic bone disease in adolescents and 
adults with CF is extremely high.6 In the 2016 
ESPEN- ESPGHAN-ECSF nutrition consensus 
report in accordance with the 2011 European 
Cystic Fibrosis Bone Mineralisation guidelines, 
it is recommended for CF patients that bone 
mineral density (BMD) measurements are 
taken with dual-energy X-ray absorptiometry 
(DXA) at specific intervals starting with the first 
measurements at age 8-10 years. In the presence 
of risk factors for osteopenia, it has been stated 
that first measurements can be taken earlier. In 
the presence of short stature, the BMD z-score 
should be corrected for height, since the deficit 
in BMD will seem overestimated. Even though 
a sufficient nutritional status can currently 
be obtained at increasing rates in CF patients, 
under-nutrition remains an important problem 
and is a risk factor for osteopenic bone disease.3,7 

BMD measurements made with quantitative 
ultrasound (QUS) is a rapid, easy to apply 
method and has the advantage of no radiation 
exposure.8 Studies of adults on this subject and 
the few studies conducted on children with CF 
have reported that it can be used for screening 
purposes in CF patients with a sufficient 
nutritional status, but no consensus has been 
reached on this subject as yet. 

There are insufficient data related to the 
nutritional status of CF patients in Turkey. The 
aim of this study was to determine the incidence 
of malnutrition in a cystic fibrosis centre in 
Turkey with anthropometric measurements 
made in accordance with the new nutritional 
classifications defined in 2016 by ESPEN, 
ESPGHAN and ECSF, and to evaluate the 
relationship of the nutritional status with 
clinical, laboratory and genetic characteristics 
and bone mineralisation values. 
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Material and Methods

Ethical statement

Ethical approval for the study has been obtained 
from the Ethics Committee of Necmettin 
Erbakan University Meram Medical Faculty 
(code number: 2017/990). In addition, written 
informed consent was obtained from parents 
or legal guardians of all children prior to any 
study-related procedure in the study.

Study Design

This single-centre, cross-sectional study 
included patients diagnosed with CF 
according to the 2016 consensus criteria who 
attended regular follow-up examinations in 
the period between 2017-2018, and for whom 
measurements were taken and recorded.9 
Patients were excluded from the study if they 
were aged >18 years, or if <18 years were 
determined with mutations not defined in the 
Cystic Fibrosis Mutation database following 
all gene DNA analysis, or were receiving 
systemic steroid treatment. For patients with 
hospitalisation within the previous month, 
pulmonary exacerbation, or antibiotic use, 
measurements were taken at the follow-up visit 
after clinical stabilisation was obtained. A total 
of 95 patients who met the study criteria and 
consented to participate, were included in the 
study. 

Clinical parameters

A record was made for each patient of age, 
gender, gestational age, birthweight, number of 
hospitalisations, whether or not enteral nutrition 
support was administered, medical treatments 
and mutations. The mutations were separated 
into 3 groups according to the ECSF Patient 
Registry Annual Data Report 2015. Group 1 
was classified as F508del homozygote, Group 
2 as F508del heterozygote, and Group 3 as 
other mutations. For patients aged >5 years, the 
highest values from 2 consecutive spirometry 
measurements were selected. If there was a 
difference of >5% between the FEV1 and FVC 
values of the two spirometric measurements, it 

was applied for a third time. Patients without an 
acceptable spirometry value were not included 
in the study. In the evaluation of the nutritional 
status, the serum markers recommended in 
the 2015 consensus were used (blood count, 
iron status, plasma fat-soluble vitamin levels, 
serum liver function tests, and electrolytes). 
For the evaluation of body composition, total 
body DXA was applied and the BMD z-scores 
were recorded. Since the children included in 
our study were shorter in height for age, BMD 
measurements were also ajusted according to 
the height for age z-score (HAZ). The BMD 
z-scores below -2 are considered to be CF-
related low BMD. Calcaneus QUS was applied 
using a Hologic Sahara bone sonometer device 
(35 Crosby Drive, Bedford, MA 01730). The 
z-score values of the QUS speed of sound (SOS) 
measurements were recorded. 

Anthropometric measurements

Body weight, height, mid-upper arm 
circumference (MUAC), triceps skin fold 
(TSF) and subscapular skin fold (TSF, SSF) 
measurements were taken and recorded for 
each patient. Height measurements were 
taken with a stadiometer, standing for patients 
aged >2 years and lying down for patients 
<2 years. Body weight measurements were 
recorded using a 10-gram-sensitive infant 
scale for infants, who were weighed naked, 
and a 100-gram-sensitive digital adult scale 
for children aged >2 years. The MUAC was 
measured from the middle of the acromion 
notch and the olecranon notch of the left arm 
with the elbow joint in mild flexion. The TSF and 
SSF were measured by a single person using a 
Holtain Skinfold Caliper, and the average of 3 
measurements was recorded for the analyses. 
Using the measured parameters, the body 
mass index (g/m2) (BMI), weight-for-age (WA), 
height-for-age (HA), weight-for- height (WH) 
percentile and z-score values were calculated 
using the World Health Organisation (WHO) 
growth standards and Anthro/AnthroPlus 
(version 3.2.2, January 2011) software. In 
accordance with the recommendations of the 
new nutritional consensus, we used WA, HA 
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and WH percentile (WAp, HApandWHp) for 
nutritional classification in children younger 
than 2 years old, and BMI (g / m2) percentile 
(BMIp) for children older than 2 years old. The 
non-adjusted real weight and height values were 
used in the analysis. Calculations not in Anthro/
AnthroPlus program (TSF, SSF percentile, 
z-score calculations for children >5 years) were 
made using the Center for Disease Control 
and Prevention (CDC) growth standards. The 
z-scores of the anthropometric measurements 
were compared. Normal nutritional status was 
accepted as ≥50th percentile of the WAp and 
HAp in patients up to the age of 2 years and 
of the BMIp in those aged >2 years, impaired 
nutritional status was accepted as 10th-50th 
percentile and persistent under-nutrition as 
<10th percentile.3 

Statistical analysis

Data obtained in the study were analysed 
statistically using SPSS 20.0 software (IBM Inc, 
Chicago, IL, USA). By calculating descriptive 
measurements, categorical variables were stated 
as frequency and percentage and numerical 
variables as mean ± standard deviation (SD) 
or median (interquartile range, IQR), as 
appropriate. Conformity of continuous variables 
to normal distribution was assessed with 
the Kolmogorov-Smirnov test. The variables 
were seen not to have normal distribution so 
the Mann-Whitney U-test and the Kruskal 
Wallis test were used in the comparisons. To 
determine correlations between categorical 
variables, Chi-square analysis with Monte 
Carlo correction was used and for correlations 
between numerical variables, Spearman’s Rho 
correlation analysis was applied. Significant 
results were demonstrated with graphs. Taking 
the type-1 error value as 5% for the whole study, 
a value of p<0.05 was accepted as statistically 
significant. 

Results

The 95 patients with CF included in the study 
comprised 51 (53.7%) girls and 44 (46.3%) boys 
with a mean age of 79 months (79.26 ± 61.18) 

and 66 (69.5%) patients were aged >2 years. 
According to gestational age, 13.7% were pre-
term. In almost half (45.3%) of the patients, there 
was parental consanguinity, and in 40% there 
was a familial history of CF. The median (IQR) 
number of hospitalisations was 2 (35). Other 
clinical characteristics are shown in Table I.

All anthropometric measurements of patients 
were evaluated according to the z-scores. The 
mean z-score values of the anthropometric 
measurements are shown as a box-plot graph in 
Figure 1.

When the nutritional classifications were 
examined in the 29 infants aged ≤2 years, 
normal nutritional status was determined 
in 27.6% (n=8) according to W-Ap, in 41.4% 
(n=12) according to H-Ap, and in 37.9% (n=11) 
according to W-Hp. In the 66 patients aged 2-18 
years, normal nutritional status was determined 
in 33.3% (n=22) (Table II). 

The nutritional classifications were compared 
with FEV1, FVC, BMD z-score, BMDHAZ, SOS 
z-score and mutation classifications. Patients 
aged <2 years were only compared with 
mutation groups as BMD and spirometry 
values were not measured. A statistically 
significant correlation was determined between 
the presence of Delta F508 heterozygote 
mutation and normal and impaired nutritional 
status according to W-Ap (p=0.017). None of 
the patients with F508 homozygote mutation 
had normal nutritional status. Of the patients 
in the normal nutritional status group, 75% 
had other mutations, 54.5% of patients in the 
impaired nutritional status group had F508 del 
heterozygote mutation and 50% of the patients 
in the persistent under-nutrition group had 
F508del homozygote mutation. No statistically 
significant correlation was determined between 
the mutation groups and the H-Ap and W-Hp 
nutritional classifications (Table III). 

In patients aged >2 years, the nutritional 
classifications made according to BMIp were 
compared with the clinical and laboratory 
parameters. In the 56 patients aged >5 years, 
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Table I. Clinical characteristics of 95 patients with cystic fibrosis.
Patients characteristics Results
Age (month) 79.26 ± 61.18
Age at diagnosis (month) 19.12 ± 36.87
Height (cm) 108.95 ± 34.10
Weight (kg) 21.18 ± 14.30
Mutation, n (%)

F508del homozygous 22 (23.2)
F508del heterozygous 17 (17.9)
Other mutations 56 (58.9)

Comorbidities, n (%)
No 91 (95.8)
Hypothyroid 2 (2.1)
Phenylketonuria 1 (1.1)
Down’s syndrome 1 (1.1)

Clinical presentation, n (%)
Neonatal screening 24 (25.3)
Malnutrition 9 (9.5)
Cough 12 (12.6)
Recurrent pulmonary infections 7 (7.4)
Malnourishment/nausea 5 (5.3)
Chronic diarrhea 2 (2.1)
Pseudo-Bartter Syndrome 10 (10.5)
Nasal polyps 2 (2.1)
Elevated liver enzymes /cholestasis 4 (4.2)
Chronic/Recurrent pancreatitis 3 (3.2)
Meconium ileus 4 (4.2)
Respiratory distress/cyanosis 13 (13.7)

Medical treatments, n (%)
PERT 85 (89.5)
Enteral nutrition supplementation

Polymeric 34 (35.8)
Oligomeric 15 (15.8)

Fat-soluble vitamin 78 (82.1)
Proton pump inhibitor 23 (24.2)
Dornase alpha 89 (93.7)
Inhaler beta-2 agonist 41 (43.2)
Inhaler corticosteroids 26 (27.4)

Laboratory findings, mean ± SD
Hemoglobin (g/dl) 12.81 ± 1.6
Serum iron (μg/dl) 64.72 ± 33.98
Iron-binding capacity(μg/dl) 262.3 ± 74.89
Ferritin (ng/ml) 57.29 ± 78.49
Vitamin A (μg/dl) 247.2 ± 180.45
Vitamin D (ng/ml) 27.28 ± 26.19

PERT: pancreatic enzyme replacement treatment
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when the respiratory function tests, DXA 
and calcaneus QUS results were compared, 
the QUS SOS z-score value (p=0.041) and 
FVC (p=0.040) were found to be lower in the 
impaired nutritional status and persistent 

under-nutrition groups according to BMIp. 
When nutritional classifications according to 
BMIp were compared with BMD z-score and 
height for age z-score adjusted BMD (BMDHAZ), 
although both parameters were measured quite 

Table I. Continued.
Patients characteristics Results
Laboratory findings, mean ± SD

Vitamin E (μg/ml) 13.02 ± 7.44
Vitamin B12 (pg/ml) 520.96 ± 254.74
Folic acid (ng/ml) 17.19 ± 6.11
Zinc (μmol/l) 19.38 ± 34.7
Albumin (g/dl) 4.27 ± 0.46
Sodium (meq/L) 138.16 ± 3.91
Calcium (mg/dl) 9.68 ± 0.62
FEV1 (%) 86.36 ± 21.6
FVC (%) 81.33 ± 19.01
DXA/BMD z-score 0.32 ± 0.83
QUS/SOS z-score -0.129 ± 1.21
BMDHAZ 0.548 ± 0.698

BMD: bone mineral density, BMDHAZ: height for age z-score adjusted BMD, DXA: dual-energy X-ray absorptiometry, 
FEV1: forced expiratory volume in 1 second, FVC: forced vital capacity, PERT: pancreatic enzyme replacement treatment, 
QUS: quantitative ultrasound, SOS: speed of sound.

Fig. 1. Box-plots of z-scores of anthropometric measurements. BMI: body mass index, H-A: height-for-age, 
MUAC: mid-upper arm circumference, TSF: triceps skin fold, SSF: subscapular skin fold, W-A: weight-for-age, 
W-H: weight-for-height.
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low in the persistent undernutrition group, 
there was no significant difference between the 
groups (p=0.086, p=0.730) (Table IV). 

The z-scores of the anthropometric 
measurements were compared with the BMD 
measurements and the spirometry results. A 
moderate positive correlation was determined 
between the W-A z-score and the BMD z-score 
(DXA), FEV1 and FVC. A significant correlation 
was determined between the H-A z-score and 

the BMD z-score (DXA) and FEV1. There was 
a negative correlation between BMDHAZ and 
H-A z-scores, however it was not statistically 
significant. A low-level positive correlation 
was determined between the BMI z-score and 
FEV1 and FVC. Significant correlations were 
determined between the MUAC z-score and 
FEV1, between the TSF z-score and the BMD 
z-score (DXA) and FEV1, and between the SSF 
z-score and all the variables (Table V). 

Table II. Nutritional classification based on age-specific anthropometric measurements.
Anthropometric parameters n (%)
W-A percentile Normal nutritional status (≥ 50th percentile) 8 (27.6)
(Infants ≤ 2 years) Impaired nutritional status (10-50th percentile) 11 (37.9)

Persistent under-nutrition (<10th percentile) 10 (34.5)
H-A percentile Normal nutritional status (≥ 50th percentile) 12 (41.4)
(Infants ≤ 2 years) Impaired nutritional status (10th-50th percentile) 9 (31)

Persistent under-nutrition (<10th percentile) 8 (27.6)
W-H percentile Normal nutritional status (≥ 50th percentile) 11 (37.9)
(Infants ≤ 2 years) Impaired nutritional status (10-50th percentile) 9 (31)

Persistent under-nutrition (<10th percentile) 9 (31)
BMI percentile Normal nutritional status (≥ 50th percentile) 22 (33.3)
(Children 2-18 years) Impaired nutritional status (10-50th percentile) 27 (40.9)

Persistent under-nutrition (<10th percentile) 17 (25.8)
W-A: weight-for-age, H-A: height-for-age, W-H: weight-for-height, BMI: body mass index.

Table III. The mutation results of patients (< 2 years) according to nutritional classification system.

Mutation groups according to nutritional 
classification system

Nutritional status, n (%)

Normal Impaired Persistent 
undernutrition P value

W-A percentile (n=8) (n=11) (n=10)
Mutation F508del homozygous 0 3 (27.3) 5 (50) 0.017*

F508del heterozygous 2 (25)a 6 (54.5)b 2 (20)
Other mutations 6 (75) 2 (18.2) 3 (30)

H-A percentile (n=12) (n=9) (n=8)
Mutation F508del homozygous 4 (33.3) 1 (11.1) 3 (37.5) 0.871

F508del heterozygous 3 (25) 5 (55.6) 2 (25)
Other mutations 5 (41.7) 3 (33.3) 3 (37.5)

W-H percentile (n=11) (n=9) (n=9)
Mutation F508del homozygous 2 (18.2) 3 (33.3) 3 (33.3) 0.443

F508del heterozygous 3 (27.3) 5 (55.6) 2 (22.2)
Other mutations 6 (54.5) 1 (11.1) 4 (44.4)

* p <0.05
a, b: percentages denoted by a different letter indicate significant differences between groups.
W-A: weight-for-age, H-A: height-for-age, W-H: weight-for-height.
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Discussion

The recommended parameters and target 
values for use in the evaluation of nutritional 
status in patients with CF were changed with 
the most recent guidelines published in 2016 by 

the ECSF and the Cystic Fibrosis Foundation. 
In the 2002 consensus reports, height for age 
<5%, ideal body weight < 90% and BMIp<10% 
were defined as nutritional deficiency. “At-risk 
nutritional status” was defined as 10-25% of 
weight-for-length percentile in infants <2 years 

Table V. Relationships between the z-scores of the anthropometric measurements and the spirometry and bone 
mineral density values.

Measurements BMD (DXA)
z-score BMDHAZ

SOS (QUS)
z-score FEV1 (%) FVC (%)

W-A z-score
R 0.340 -0.109 0.223 0.355 0.310
p 0.010* 0.424 0.095 0.008* 0.021*

H-A z-score
R 0.284 -0.217 0.060 0.317 0.218
p 0.033* 0.109 0.659 0.019* 0.111

W-H z-score
R 0.900 0.200 -0.200 0.500 0.500
p 0.037* 0.800 0.747 0.667 0.667

BMI z-score
R 0.253 -0.003 0.307 0.306 0.289
p 0.057 0.981 0.020 0.023* 0.033*

MUAC z-score
R 0.199 -0.041 0.204 0.326 0.253
p 0.139 0.765 0.127 0.015* 0.062

TSF z-score
R 0.288 0.068 0.175 0.295 0.257
p 0.030* 0.621 0.192 0.029* 0.058

SSF z-score
R 0.352 0.091 0.331 0.398 0.325
p 0.007* 0.507 0.012* 0.003* 0.016*

BMI: body mass index, H-A: height-for-age, MUAC: mid-upper arm circumference, TSF: triceps skin fold, SSF: subscapular 
skin fold, W-A: weight-for-age, W-H: weight-for-height.
* p<0.05

Table IV. The bone mineral density, spirometry and mutation results of patients (>2 years) according to the 
nutritional classifications.

Variables
BMIp Nutritional Classification

Normal  
(n=17)

Impaired  
(n=22)

Persistent 
undernutrition (n=17) P value

DXA BMD z- score 0.54 ± 0.52 0.44 ± 0.50 -0.09 ± 1.23 0.086
BMDHAZ 0.67 ± 0.36 0.66 ± 054 0.27 ± 1.02 0.730
QUS SOS z- score 0.27 ± 1.18 0.001 ± 0.99 -0.74 ± 1.34a 0.041*
FEV1 (%) 95.12 ± 17.17 87.45 ± 18.20 76.70 ± 26.18 0.063
FVC (%) 87.02 ± 15.22 84.68 ± 16.24 71.58 ± 22.52a 0.040*
Mutation, n (%)

F508del homozygous 5 (22.7) 7 (25.9) 2 (11.8) 0.298
F508del heterozygous 3 (13.6) 3 (11.1) 1 (5.9)
Other mutations 14 (63.6) 17 (63) 14 (82.4)

Data are parented as mean ± standard deviation unless otherwise specified. 
BMDHAZ: height for age z-score adjusted BMD, BMIp: body mass index percentile, DXA BMD: dual-energy x-ray 
absorptiometry bone mineral density, FVC: forced vital capacity, FEV1: forced expiratory volume in 1 second, QUS SOS: 
quantitative ultrasound speed of sound.
* p<0.05
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and as 10-25% of BMIp for children >2 years. 
According to the most recent consensus, the 
50th percentile was defined as the nutritional 
target, in other words, it was stated that to be 
able to be said to have a sufficient nutritional 
status, children with CF should have similar 
growth as their healthy peers. For acceptance 
of a population as mostly healthy, the mean 
z-score should be close to zero.3,10

According to the ECSF 2015 Patient Registry 
Annual Data Report, which included the data of 
42,054 CF patients from 29 countries, including 
Turkey, in 20,196 patients aged ≤18 years, the 
mean W-A z-score ranged from -0.3 to -0.7, and 
the mean H-A score from -0.2 to -0.4. However, 
in the 2015 data, only 95 patients were reported 
from Turkey, and of those, height and weight 
measurements were available in only 35.11 In 
the current study, the z-score values of all the 
anthropometric measurements of all 95 patients 
were negative (W-A z-score -1.016±1.36; H-A 
z-score -0.862±1.38; W-H z-score -0.313±1.41; 
BMI z-score -0.706±1.35; MUAC z-score 
-1.116±1.44; TSF z-score -0.752±1.13; SSF z-score 
-0.458±1.18).

In the evaluation of the current study according 
to nutritional classifications, 31% of the patients 
aged <2 years, and 25.8% of those aged >2 
years were determined with persistent under-
nutrition. In a 2016 study by Bahreyn et al.12 
which evaluated 109 CF patients, 72% were 
determined as malnourished. In a small study 
conducted in Brazil by Silva Pinta et al.13 
malnutrition was determined at the rate of 
33.3%, and in a multi-centre study in Italy in 
2009, Lucidi et al.14 determined malnutrition in 
12.9% of patients aged <2 years and in 20.9% of 
those aged >2 years.

Although the malnutrition rates in the current 
study were lower than those reported from 
other Asian countries, they were higher than 
the rates reported from European countries. 
In the current study population, a sufficient 
nutritional status was determined in only 37.9% 
(W-Hp>50%) of patients aged <2 years, and 
in 33.3% (BMIp>50%) of older children and 

adolescents. Lucidi et al.14 reported a sufficient 
nutritional status in 64.4% (W-Hp>25%) of 
patients aged <2 years and in 69.5% (BMIp>25%) 
of children >2 years, although when BMIp >50% 
was used as the nutritional target, a sufficient 
nutritional status was reported in only 45.6%. 
Thus it can be seen that some patients who were 
accepted as having a normal nutritional status 
according to the old classifications should now 
be accepted as impaired nutritional status. 

In the current study, it was observed that there was 
a proportional deterioration of the BMD (DXA, 
QUS) values with the spirometric parameters 
with progression from normal nutritional status 
towards persistent under-nutrition. There was 
a positive correlation between nutritional status 
and BMD in CF patients. Although there was 
no statistically significant relationship between 
BMDHAZ and nutritional parameters, we found 
that BMDHAZ values were better than BMD 
z-score values corrected for age and gender. 
BMD measurements are affected by height. In 
particular, conditions such as inflammation, 
immobilization, and malabsorption negatively 
affect both bone mineralization and linear 
growth.15 In cases where linear growth is 
impaired, BMD z-score values adjusted for only 
age and sex may not reflect the truth and may 
overestimate the BMD deficit. In our study, 
we found that BMD deficit was less when 
BMD z-score values were corrected for height, 
however the difference was not statistically 
significant. Andrea Kelly et al.16 compared 
BMD z-scores measured by DXA with height-
adjusted BMD z-scores in 82 patients with 
cystic fibrosis and 322 healthy children and they 
found that BMD deficits were less when BMD 
values were adjusted for height. They stated that 
BMD deficits in children with cystic fibrosis can 
be attributed to the change in linear growth.16 
According to the 2011 European Cystic Fibrosis 
Bone Mineralisation Guidelines, DXA is the 
gold standard method for BMD evaluation in 
CF patients. In children z-score values corrected 
for height should be used. Those with a BMD 
z-score of <-2 can be accepted as CF-related low 
BMD. The guideline recommends that the first 
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measurement is taken at the age of 8-10 years, 
then repeated once every 5 years if the z-score is 
>-1, once every 2 years if between -1 and -2, and 
once a year if <-2, and if there is a risk factor for 
low BMD, the first measurement should be taken 
at a younger age.7 In a study that compared the 
DXA and QUS methods in the BMD evaluations 
of adult CF patients, it was concluded that even 
if QUS was used instead of DXA, screening of 
these patients could be useful.8 In the first study 
(2009) that evaluated the efficacy of QUS in 
BMD evaluations of children with CF, the QUS 
results of 29 relatively healthy CF patients with 
a sufficient nutritional status were found to 
be similar to those of a healthy control group. 
Similar results were reported in another study 
of 35 CF patients in Spain.17,18

In the current study group, which had higher 
rates of malnutrition compared to reports in 
literature, QUS and DXA were applied to the 
56 patients aged >5 years and the QUS values 
were lower than the mean BMDHAZ (BMDHAZ 

0,548±0,698; QUS/BMD z-score -0.129±1.21). 
Thus, the BMD was shown to be lower with QUS 
measurements than with DXA measurements. 
Considering that QUS has lower sensitivity and 
specificity than DXA, we suggest that screening 
QUS in CF patients and when a low BMD is 
detected confirming it by DXA may be an option 
to reduce the radiation exposure of patients. 

Increasing awareness and determining the 
current nutritional status are the first steps 
to be taken in reaching nutritional targets 
in CF patients. When the new nutritional 
classifications are used, it is clear that fewer 
patients can be accepted as having a normal 
nutritional status. As there are insufficient 
nutritional data of CF patients in Turkey, there 
is a need for multi-centre studies using the new 
classifications. 

QUS measurements cannot replace DXA in 
the diagnosis of osteopenic bone disease in CF 
patients. However, if low BMD is determined 
following QUS as the first recommended 
measurement in the screening of bone health, 
confirmation with DXA can be considered a 

better choice to be able to reduce radiation 
exposure.
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Retinoblastoma, which can occur unilaterally 
or bilaterally, is the most common intraocular 
malignancy of childhood, constituting 11% of all 
cancers in the first year following birth and 3–4 
% of all pediatric cancers.1-3 The annual global 
incidence of retinoblastoma is 1 in 15,000–20,000 
live births, and about 8000 new cases occur each 
year.2 A study in the United States determined 
a 10-year survival rate of 90.3% in patients with 
bilateral retinoblastoma and 96.1% in those with 
unilateral retinoblastoma.4 In a study conducted 

in Turkey, the 10-year survival rate of patients 
with unilateral retinoblastoma were found to be 
90.74%, with 87.35% in bilateral cases.5 Another 
study from a tertiary referral center in Turkey 
reported a 96.1% survival rate in a 20-year 
period.6 In less developed countries, the 5-year 
survival rate is lower as 60.2%.7

The treatment methods include chemotherapy 
(intravenous, intra-arterial, intravitreal, 
periocular), focal therapies (thermotherapy, 
photocoagulation, cryotherapy, brachytherapy), 
external beam radiotherapy, and enucleation. 
With recent increases in treatment options, 
eye protection has become an important 
goal.8,9 Selecting the appropriate treatment is 
determined by considering the size of the tumor, 

Episcleral Iodine-125 radioactive plaque brachytherapy as 
a salvage treatment for retinoblastoma in the era of intra-
arterial chemotherapy
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ABSTRACT

Background. Retinoblastoma shows high rates of recurrence after initial chemotherapy (systemic or intra-
arterial). Our aim was to evaluate the effectiveness of iodine-125 radioactive plaque brachytherapy as a salvage 
treatment with globe-preserving attributes after initial chemotherapy in patients with intraocular retinoblastoma. 

Methods. The effect of brachytherapy was investigated retrospectively in 17 eyes of 17 patients who were 
followed up due to retinoblastoma between May 2012 and June 2018 and who received iodine-125 radioactive 
plaque brachytherapy as a salvage treatment after systemic or intra-arterial chemotherapy. The regression, 
ocular toxicity, and enucleation rates were evaluated at the end of the follow-up period. 

Results. The tumor locations were post equator, macular, anterior to the equator, and peripapillary in 5, 3, 7, 
and 2 patients, respectively. Regression was initially and rapidly observed in 17 of the 17 eyes that underwent 
brachytherapy. Enucleation was performed in 5 (29.42%) of these patients due to recurrence with diffuse tumor 
involvement, and 4 of the tumors were located anterior to the equator. In 12 (70.58%) patients, the eyes were 
protected from enucleation following local brachytherapy. 

Conclusions. Radioactive plaque brachytherapy can be applied as an effective salvage therapy with successful 
results in retinoblastoma patients who have received initial systemic or intra-arterial chemotherapy. Post 
equator-located solitary tumors have the highest success rate.
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whether it is unilateral or bilateral, macular 
involvement, the tumor’s relationship with 
other tissues such as the optic disc, choroid, 
and sclera, the patient’s age and general health 
status, and the family’s wishes.10,11 In recent 
years, recurrences after previous systemic 
or intra-arterial chemotherapy are generally 
managed by intra-arterial chemotherapy as 
a salvage treatment.12,13 However, vascular 
complications from intra-arterial chemotherapy 
can cause total visual loss and can therefore be 
devastating, particularly in patients where this 
is the only seeing eye.14

Our aim was to evaluate the effectiveness of 
iodine-125 plaque brachytherapy as a salvage 
treatment in patients with recurrences after 
systemic or intra-arterial chemotherapy and 
to emphasize its role, particularly in patients’ 
whose parents are concerned about the vascular 
complications of intra-arterial chemotherapy. 

Material and Methods

Following the approval of the local ethics 
committee (Cerrahpaşa School of Medicine 
Ethic Committee reference no.: E-83045809-
604.01.02-35245), the effect of brachytherapy 
was investigated retrospectively in 17 eyes 
of 17 patients who were followed-up due to 
intraocular retinoblastoma at a tertiary clinic 
between May 2012 and June 2018. The patients’ 
files were reviewed, and the patients who 
had received iodine-125 radioactive plaque 
brachytherapy as a salvage treatment for tumor 
recurrence after the completion of primary 
systemic or intra-arterial chemotherapy were 
enrolled in the study. The data were collected 
from the patients’ files and included the patient’s 
gender, age at the time of brachytherapy, 
laterality of the tumor, and tumor classification 
according to the International Classification 
of Retinoblastoma. Any treatments prior to 
brachytherapy were noted. The tumor response 
(regression or recurrence), need for enucleation, 
radiation-related complications, metastasis, 
and fatal events were evaluated at the end of 
the follow-up period. Recurrences were defined 

as the progression of the main tumor and the 
occurrence of a new tumor (aside from the 
main tumor) that could not be managed by 
cryotherapy or laser. Regression was defined 
as a decrease in the tumor basal diameter and 
thickness and the inactivation of the tumor. The 
regression and enucleation rates evaluated at 
the end of the follow-up period were the main 
outcomes. 

An individualized brachytherapy plan was 
generated for each patient. Tumors adjacent 
to the optic disc (peripapillary; Figures 1 
and 2) were managed with notched plaques. 
The maximum tumor diameter and distance 
from the inner sclera were used for treatment 
planning. The prescription dose was 45–50 Gy 
to the prescription point, which was defined as 
the tumor distance from the inner sclera plus 1 
mm to account for scleral thickness. The mean 
dose was 70.04 cGy per hour, and the mean 
duration of the brachytherapy was 68.8 hours. 
The plaque diameter was chosen based on the 
largest diameter of the tumor and included a 
lateral margin of 2 mm around the target. All 
episcleral plaques were inserted under general 
anesthesia following careful tumor localization 
by indirect ophthalmoscopy and temporary 
disinsertion of the extraocular muscles, if 
required. The plaques were temporarily affixed 
to the globe with nonabsorbable sutures and 
subsequently removed under general anesthesia 
after delivery of the prescribed radiation dose 
based on the calculated treatment time. The 
iodine-125 sources (Eckert & Ziegler BEBIG, 
Berlin, Germany) were loaded in Collaborative 
Ocular Melanoma Study type plaques (Eckert & 
Ziegler BEBIG, Berlin, Germany).

Before and after the application of the 
radioactive plaque, the patients were regularly 
examined under general anesthesia in operating 
room conditions at intervals of 3–4 weeks, and 
the images were recorded using a Retcam® 
(Clarity Medical Systems, Inc., Pleasanton, CA). 
The radioactive plaque treatments were all 
performed by the same surgeon (AS), who also 
conducted the regular examinations. 
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The statistical analysis was performed using 
SPSS version 21.0. The descriptive statistics 
were expressed as mean ± standard deviation 
for the continuous data, and the categorical 
variables were presented as percentages. The 
globe salvage rates were assessed using the 
Kaplan–Meier survival analysis method.

Results

The 17 patients who received plaque 
brachytherapy included 11 (64.7%) boys and 
6 (35.3%) girls with a mean age of 32 ± 10.3 
months (range, 24–56 months) at the time of 
the radioactive plaque application. The mean 
interval between the first diagnosis and the 
radioactive plaque application was 21 ± 10.83 
months (range: 10–48 months). The mean 
post-brachytherapy follow-up time was 23 ± 
17.11 months (range, 6–50 months). The tumor 
locations were post equator, macular, anterior 
to the equator, and peripapillary in 5, 3, 7, and 2 
patients, respectively. The tumors were classified 
as group B in 5 (30%) eyes, C in 1 (5%) eye, and D 
in 11 (65%) eyes (Table I). Thirteen (76%) of the 
17 patients had bilateral retinoblastoma, and all 
these patients had previously received systemic 
chemotherapy. Four of the 13 patients with 
bilateral retinoblastoma had had the other eye 
enucleated. Nine patients had received intra-
arterial chemotherapy as a salvage treatment 
before the plaque treatment. Two patients 
underwent plaque brachytherapy for the same 
eye for different tumors. Initial regression was 
observed in 17 of the 17 eyes that underwent 
brachytherapy (Figures 1-4). Enucleation was 
performed in 5 (29,42 %) of these patients due to 
diffuse tumor recurrence. In total, globe salvage 
was ensured in 12 (70.58%) eyes among the 17 
patients after brachytherapy (Figures 1-4). The 
local control rate was 70.58 % at 2 years (Figure 
5). In all the patients who required enucleation, 
the surgery was performed within the first 
6 months of therapy. Two (11.76%) patients 
developed cataract, and 2 (11.76%) had radiation 
maculopathy after treatment. One patient who 

Fig. 1. Patient 1 peripapillary tumor recurrences after 
systemic chemotherapy.

Fig. 2. The tumor was successfully treated by notched 
iodine-125 plaque brachytherapy.

Fig. 3. Patient 12, tumor recurrences beneath to the 
previous scar. The fellow eye was enucleated.
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had high risk factors pathologically was lost 
during follow-up after enucleation. They had 
subsequently developed metastasis and died 6 
months after enucleation. 

Discussion

The primary goal in the treatment of 
retinoblastoma is to ensure survival and, if 
possible, to protect the eye. The success of 
globe-protecting treatment has increased with 
the introduction of localized therapies such as 
intra-arterial chemotherapy and intravitreal 
chemotherapy following reduction with 
systemic chemotherapy.10,11

In their 1993 study, Hernandez et al. mentioned 
plaque brachytherapy as an effective primary 
treatment modality as well as in cases where 
other modalities had failed.15 In recent years, 
several reports have shown that brachytherapy 
is still on the agenda of ocular oncologists in the 
era of intra-arterial chemotherapy. In the study 
conducted by Echegaray et al. in 2019, only 2 
of their 11 patients who received brachytherapy 
had recurrence.16 In that study, both recurrent 
eyes were identified as Group D tumors. No 
recurrences were observed in the Group A, B, 
or C patients. In our study, no recurrence was 
observed in either the Group B or C tumors, 
whereas recurrence was seen in the Group 
D patients. Eye preservation was achieved 
with brachytherapy in 12 (70.58%) eyes of 
the 17 patients in our study, all of whom had 
already received intra-arterial chemotherapy or 
systemic chemotherapy. In their study, Francis 
et al. reported their brachytherapy results as 
a salvage/adjuvant following intra-arterial 
chemotherapy for intraocular retinoblastoma 
and concluded that brachytherapy was effective 
after intra-arterial chemotherapy.17 

We had a high success rate with the group B 
and C tumors in our study. Recurrences after 
plaque brachytherapy were seen in the group D 
tumors located anterior to the equator and were 
eventually enucleated. Solitary tumors with 
no previous intravitreal chemotherapy (IVC) 
or tumors that had received limited IVC had a 
higher success rate. We observed that the failed 
group consisted of tumors that responded very 
well to the initial therapy but had a diffuse 
endophytic recurrence early within the first 
year following brachytherapy. The other risk 
factor was previous IVC. We concluded that the 
eyes that had produced vitreous or subretinal 
seedings were more prone to failure after 
brachytherapy. 

We preferred brachytherapy over intra-arterial 
chemotherapy in the patients whose fellow 
eyes were already enucleated and had solitary 
recurrences. Stathopoulos et al. reported a 

Fig. 4. The tumor totally regressed after iodine-125 
plaque brachytherapy.

Fig. 5. Kaplan-Meier analysis of globe salvage.
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17% risk of acute choroidal ischemia after 
intra-arterial chemotherapy, and one third of 
these patients in their study developed total 
visual loss.14 Shields et al. also detected retinal 
vascular abnormalities at a rate of 13% and 
choroidal vascular abnormalities at a rate of 
11% by fluorescein angiography after intra-
arterial chemotherapy.18 Our main concern was 
potential severe vascular (e.g., total ophthalmic 
artery occlusion) complications as a result of 
intra-arterial chemotherapy in the only seeing 
eye. In our opinion, radiation complications 
can be more easily managed than severe 
vascular complications following intra-arterial 
chemotherapy in patients who have only one 
functional eye. Although it is very well known 
that external beam radiotherapy increases 
secondary cancer risk in retinoblastoma patients, 
there have been no reports of secondary cancer 
after radioactive plaque brachytherapy.19,20 In 
our study, we did not observe any secondary 
cancer following brachytherapy.

Among our patients, two (11.76%) developed 
cataract, and two (11.76%) had radiation 
maculopathy. Abouzeid et al. reported only one 
case of radiation retinopathy in their patients 
who received an average dose of 50 Gy to the 
tumor apex using Ru-106.21 Echegaray et al. 
confirmed a rate of 18% for non-proliferative 
retinopathy and 9% for cataract after a mean 
apical dose of 44 Gy.16 Our apical radiation dose 
(45–50 Gy) was similar to that used in those 
studies, with similar results. Clinicians should 
therefore follow up if the development of 
radiation retinopathy side effects is suspected 
in these patients. 

The weakness of our study was its retrospective 
design. However, in the management of 
retinoblastoma, the treatment modality is 
decided individually and based on many 
different parameters, such as patient age, 
the condition of the fellow eye, and previous 
treatment responses. Because of this, even if a 
treatment protocol has been established, the 
tumor response can affect the treatment choice 
dynamically.

A strength of our study was that each patient’s 
follow-up was undertaken by the same 
experienced ocular oncologist and recorded in 
detail to allow the collection of homogenous 
data that could be analyzed without any bias. 
This further provided a standard evaluation of 
each patient. An additional strength was the 
relatively long mean follow-up (almost 2 years) 
after radioactive plaque treatment. 

In conclusion, radioactive plaque brachytherapy 
can be applied as an effective treatment option 
with successful results in retinoblastoma 
patients who have received systemic or intra-
arterial chemotherapy prior to brachytherapy. 
Our results were similar to those of previous 
reports. Plaque brachytherapy can be used 
not only in Group A and B tumors, but also in 
advanced tumors as a globe-saving procedure. 
Tumors located in the post-equatorial region in 
our study responded with a high success rate. 
Eyes with anteriorly located recurrences and 
eyes that had previously had multiple IVC to 
control seedings had a lower chance of treatment 
success with brachytherapy. Solitary tumors 
located posteriorly were the best candidates 
for brachytherapy, and brachytherapy can thus 
be recommended to patients’ parents who are 
concerned about the vascular complications of 
intra-arterial chemotherapy.
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Measuring the head circumference (HC) is one 
of the most crucial tasks during a pediatric 
physical examination. The HC of infants and 
children correlates with cognitive functions, 
intracranial volume, and brain volume.1-3 
Therefore, pediatricians and neurologists 
frequently use the HC standard charts as a 
valuable tool to trace the brain development in 
children and diagnose neurological diseases, if 
any. 

In 2000, the HC growth charts for US children 
were produced by the Centers for Disease 
Control and Prevention (CDC).4 In this 
research, only children aged birth to 36 months 
were studied. In 2002, the US epidemiological 
researchers found that the HC was shown to be 
an “important magnitude to predict the brain 
volume in children aged 7 to 16 years (r = 0.67)” 
as well as a “excellent predictor of brain volume 
in children aged 1.7 to 6 years (r = 0.93).1 Similar 
correlation was also reported for adults aged 17 
to 42 years (r = 0.69).1 After that, various studies 
in different countries have reported the HC 
charts for the justification of monitoring head 
growth beyond 36 months. For example, Rollins 
et al.5 included the US pediatric population 
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ABSTRACT

Background. Head circumference (HC) measurement is a significant measure of brain volume. It is also 
considered a powerful predictor in the evaluation of developmental and neurological disorders in children. 
This study aims to develop smoothed reference curves for HC of the Pakistani children of age 6 to 18 years.

Methods. A cross-sectional dataset, consisting of 9194 school-going children of age 6-18 years, were obtained 
using a multi-ethnic anthropometric survey. For the measurement of HC (cm), the standard procedure was 
adopted. For both sexes, the smoothed centile curves of HC were developed by using the lambda-mu-sigma 
(LMS) statistical approach. Moreover, we compared our 50th percentile curves to those produced for few other 
countries. 

Results. The centiles curves of both sexes indicated that the HC increased with age. Until the age of 10 years, 
the boys had larger HC percentiles than those of the girls. From the age of 11 years, upper percentiles (90th, 
95th and 97th) of the girls were higher than those of the boys. The comparison of our 50th percentile data for 
the HC with the data from the United States (US) and Turkish children revealed that the Pakistani children of 
both genders had smaller head sizes in all ages when compared to those reported for the latter stated countries. 

Conclusions. Our results show the larger disparity of HC percentiles in different countries. This comprehensive 
study suggests that the references from the US Centers for Disease Control and Prevention data and other 
populations are not suitable for Pakistani children. Therefore, each country is required to create its own HC 
reference curves, separately. 
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aged birth to 21 years for presenting the HC 
growth reference charts and Neyzi et al.6 in 
2015, produced HC growth reference curves 
for the sample of Turkish children, aged birth 
to 18 years. Another study7 established the HC 
reference charts for 5 to 18 years old Turkish 
children. Zaki et al.8 presented the HC data 
by using a sample of 27,826 healthy Egyptian 
children and adolescents. 

The reference data on head size for children of 
different developing countries is very limited. 
To the best of our knowledge, one study9 from 
Iran presented the HC standards for school-
going children aged 6.5-11.5 years using a 
sample of 2237 children during the years, 2002-
3 and a more recent study10 during 2016 from 
Pakistan, presented the HC charts for children 
of 2 to 5 years. However, the HC reference 
data for children aged 6 to 18 years are still not 
that much available. There is also a significant 
disparity in head sizes among the children of 
different countries as well as among different 
ethnicities of the same country6-9, suggesting 
that growth references for each country should 
be established separately. Therefore, we 
present a study with the developed HC growth 
reference curves for 6 to 18 years Pakistani 
children. This data would be helpful not only 
for the child neurologists in Pakistan but also 
for neurologists of the region. 

Material and Methods

Study population and design

Our study enrolled 9194 school-going 
children who participated in a multi-ethnic 
anthropometric survey (MEAS) conducted in 
2016. The MEAS was conducted in three densely 
populated cities of the Punjab province (i.e., 
Lahore, located in central Punjab; Rawalpindi, 
located in North of Punjab and Multan, located 
in south Punjab) and the capital city, Islamabad. 
The main reasons for choosing these cities were 
their growing educational & health facilities and 
sufficient job opportunities in the public and 
private sectors. For these reasons, families have 

more commonly migrated to these cities from 
the other regions of the country. Furthermore, 
the Pakistan National Human Development 
Report (PNHDR-2017) also placed these cities 
in the medium to high human development 
category.11 The mixed- ethnic population of 
these cities can be expected to be a representative 
of Pakistan’s pediatric population. In previous 
studies12,13, further information on the children’s 
selection in this multi-ethnic survey may be 
found. Briefly, the studied children aged 6 to 
18 years were sampled from different schools. 
On demand of an investigator, Punjab, and the 
Federal Department of Education (Schools) 
provided a grade-by-grade complete list of 
schools (i.e., elementary, secondary, and higher 
secondary schools) in the designated cities, 
and schools were picked using simple random 
sampling from the lists. Each school’s classes 
were chosen at random, and all the children 
present on the day of data collection were 
invited to take part in the study. In order to 
obtain the HC measurement, a written informed 
consent was taken from both the school’s heads 
and children’s parents. The authors claim that 
all procedures used in this study adhere to the 
Helsinki Declaration and the ethical norms of 
relevant national and institutional committees 
on human experimentation (2013). The 
Departmental Ethics Committee of Bahauddin 
Zakariya University, Multan. Pakistan approved 
this study (Approval Date: 13 March 2017, IRB 
#: Stat-271/2017). 

Although in the MEAS, different measurements 
were collected by the data collection team 
members, but the measurement of HC is of 
concern here. The HC was measured using a 
non-stretch tape after following the standard 
techniques.14 During measurement, the children 
was instructed to look straight, and tape was 
placed over the child’s head in the distance 
from above the eyebrows and ears and around 
the back of the head to get the maximum 
circumference. The HC measures were collected 
by the same experts to avoid possible bias (for 
further details about the data collection, see 
Aslam et al.10 and Asif et al.12). 
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For this study, inclusion criteria were: (a) 
agreeing to participate in the study, (b) age 
between 6 and 18 years, (c) absence of congenital 
disorders that may affect the HC (confirmed 
based on information from the parents). 
Whereas exclusion criteria were (a) having a 
chronic, disease such as renal failure, cystic 
fibrosis, Celiac disease, and non-idiopathic 
epilepsy etc. (b) history of premature delivery.

Statistical analysis

The descriptive analyses for quantitative 
variables, age (years) and HC (cm) are 
described as mean with standard deviation 
(SD). The LMS statistical method, proposed 
by Cole15,16, was used to estimate the age and 
gender specific smoothed set of centiles “3rd, 
5th, 10th, 25th, 50th, 75th, 90th, 95th, and 97th” 
of HC. This technique represents the evolving 
HC distribution in terms of three curves: the 
Box-Cox power (L) to remove skewness from 
the data by age, the median (M), and the 
coefficient of variation (CV) (S). The smooth 
spline function in R was used to smooth these 
three curves. The needed centile (C) value for a 
given age was calculated as C= M (1+LSZ) 1/L, 
where L, M, and S are the fitted curve values, 
and Z is the normalized distribution’s Z-score. Z 
was substituted as -1.88, -1.645, 0.00, 1.645, and 
1.88, respectively, for predicting the 3rd, 5th, 
50th, and 95th and 97th percentile values.15 The 
software “Statistical Package for Social Sciences 
(SPSS) version 21.0” and R version 3.2.0 were 
used to analyze the data.

Results

Mean, standard deviation (SD), the frequency 
distribution of subjects by age and age-and-sex-
specific smoothed percentile values of HC are 
listed in Table I. Fig. 1(a) and Fig. 1(b) displayed 
the HC percentile curves for both boys and 
girls, respectively. The centiles curves of both 
sexes indicated that HC increase with age. Sex-
wise notable differences in data of the HC were 
also seen. The lower percentiles (3rd, 5th, 10th 
and 25th) of boys were higher than girls except 
between the ages of 11 and 12 years. It was 

noted that the girls’ HC during 11- and 12-years 
of age was larger than those of boys. The upper 
percentiles (90th, 95th and 97th) of girls were 
also higher than of boys after 13 years of age. 
The LMS-derived median (50th) percentile 
curves were compared with those for the data 
from the US5 and Turkish children6 through 
Fig. 2 (a + b). The HC values for the Pakistani 
children of both genders were lower than the 
reference values from the latter stated studies.

Discussion

Growth monitoring during infancy and 
childhood age is very crucial for pediatric care 
and growth charts of length /height, weight 
and HC are commonly used for this purpose. 
The gathering of reference data for the study 
of growth in HC among children of similar 
ethnic backgrounds is a fundamental goal of 
auxologic investigations.17 The HC growth 
charts of children are considered as powerful 
anthropometric tools for monitoring brain 
growth and diagnosing neurological disorders, 
because the size of HC is tightly connected to 
cognitive function, intracranial volume, and 
brain volume.1,3,17,18 Furthermore, microcephaly 
and macrocephaly may be linked to a variety of 
medical issues, including different syndromes.17 
According to Winter and Baraitser19, there are 
114 syndromes that are linked to macrocephaly. 
Among these, macrocephaly perseveres into 
adulthood and the most common of which 
is Fragile X syndrome.20 Some intrauterine 
infections may also be related to both 
microcephaly and macrocephaly.17 All of these 
emphasize the need for some valid HC reference 
charts for higher ages also. 

Up to 3 years of age, head size reaches 
approximately 90% of the adult size and 
clinicians usually do not recommend the 
routine follow-up of the HC growth after this 
age for normal developing children. However, 
some neurological disorders and genetic 
syndromes may appear after 3 years of age 
among abnormally developing children and 
any significant reduction in the HC found 
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in malnourished children may have serious 
implications for their future performance and 
achievement.18 A colossal literature have also 
demonstrated that serial HC measurements 
taken in infancy or prepubertal period are a 
reliable predictor of brain volume and may 
be used to map the course of brain growth, 
hence predicting cognitive performance later in 
life.1,3,21,22 A Helsinki Birth Cohort Study (HBCS) 
has demonstrated that infancy, childhood, 
and adolescent periods are critical for the 

development of intellectual abilities and slow 
HC growth during infancy may continue to 
appear in childhood and adolescents that extend 
widespread consequences on mental health 
throughout the lifespan.23 In a prospective study 
of children aged 9 to 10 years old from Southern 
India, HC was found to be positively linked with 
learning and visio-spatial abilities.22,24 Thus, 
population-specific HC references are needed 
for clinical evaluations and early detection of 
HC overgrowth and undergrowth.

Table I. Age-and- gender-specific Mean, SD and smoothed HC (cm) percentiles (3rd to 97th) for the Pakistani 
boys and girls, aged 6-18 years.

Age (years)
Smoothed Percentiles

Mean (SD)
N 3rd 5th 10th 25th 50th 75th 90th 95th 97th

Boys (n=4972)
6 292 46.79 47.14 47.69 48.64 49.74 50.88 51.95 52.61 53.05 49.77 (1.66) 
7 279 47.09 47.45 48.02 48.98 50.09 51.23 52.30 52.95 53.38 50.17 (1.73) 
8 273 47.20 47.59 48.19 49.21 50.33 51.46 52.49 53.31 53.66 50.31 (1.58)
9 247 47.43 47.86 48.57 49.48 50.57 51.76 52.92 53.37 54.05 50.71 (1.71) 
10 420 47.56 48.05 48.74 49.68 50.79 51.97 53.10 53.61 54.02 50.84 (1.74) 
11 439 47.69 48.14 48.82 49.92 51.09 52.22 53.19 53.76 54.12 51.06 (1.67) 
12 675 48.18 48.59 49.22 50.27 51.42 52.56 53.58 54.18 54.57 51.43 (1.79) 
13 593 48.80 49.16 49.74 50.72 51.84 53.00 54.08 54.74 55.17 51.80 (1.63) 
14 563 49.16 49.60 50.27 51.35 52.51 53.62 54.59 55.15 55.51 52.50 (1.75) 
15 546 49.72 50.16 50.83 51.90 53.04 54.13 55.07 55.62 55.97 53.01 (1.68) 
16 381 50.26 50.65 51.24 52.23 53.31 54.39 55.34 55.91 56.28 53.32 (1.59) 
17 169 50.69 51.02 51.54 52.43 53.44 54.50 55.49 56.10 56.50 53.44 (1.53) 
18 95 51.10 51.41 51.88 52.71 53.68 54.71 55.68 56.29 56.70 53.76 (1.46) 
Girls (n=4222)
6 405 46.00 46.36 46.94 47.93 49.09 50.31 51.48 52.20 52.68 49.17 (1.80)
7 381 46.39 46.77 47.38 48.41 49.58 50.80 51.94 52.63 53.09 49.61 (1.66)
8 376 47.00 47.40 48.02 49.08 50.28 51.50 52.63 53.10 53.56 50.30 (1.90)
9 336 47.28 47.68 48.30 49.37 50.57 51.79 52.92 53.60 53.76 50.60 (1.77)
10 459 47.47 47.88 48.51 49.57 50.78 52.00 53.12 53.80 54.24 50.82 (1.71)
11 325 48.12 48.54 49.18 50.27 51.49 52.72 53.84 54.52 54.96 51.45 (1.85)
12 436 48.39 48.80 49.45 50.54 51.75 52.99 54.11 54.78 55.22 51.80 (1.90)
13 460 48.68 49.11 49.78 50.89 52.12 53.34 54.44 55.10 55.52 52.17 (1.86)
14 341 48.98 49.45 50.17 51.34 52.59 53.80 54.86 55.48 55.87 52.50 (1.84)
15 257 49.23 49.71 50.44 51.62 52.87 54.08 55.12 55.73 56.12 52.83 (1.81)
16 191 49.56 50.00 50.67 51.78 53.01 54.22 55.31 55.95 56.37 52.92 (2.04)
17 129 49.95 50.31 50.87 51.86 53.03 54.29 55.50 56.27 56.78 53.13 (1.67)
18 126 50.26 50.56 51.03 51.90 53.01 54.32 55.73 56.73 57.45 53.22 (1.77)
HC: head circumference, SD: standard deviation
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To the authors’ best knowledge, after an Iranian 
research9, this is the first comprehensive study 
in the developing nations that presented the 
reference values of HC for 6 to 18 years aged 
children using a standardized measurement 
technique. As a result, we attempted to 
compare our findings to those of Iranian9 
and other international investigations.5-7 Our 
findings revealed that, except for the ages 11 
to 13 years, boys have higher mean HC values 
than. A study with Iranian children9 found 
parallel findings for the mean values of HC 
and the mean HC of girls was higher around 

11 years age. In our study, the mean differences 
in HC between boys and girls decreases before 
puberty, become negative around pubertal age, 
and increases after puberty. These findings 
were also consistent with the Iranian study.9 
The most recent study by Kara et al.7 also 
accounted for the lower differences in pubertal 
age (around 0.54 to 0.59cm) and after puberty, 
the difference gradually increases. This lower 
difference in pubertal age may be due to the 
fact that pubertal growth spurt occurs earlier in 
girls than boys. 

Fig. 1. (a) and (b): Smoothed head circumference growth curves for the Pakistani boys and girls using the LMS 
method.
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Similar to the previous studies5-7,9, the percentile 
values (3rd to 97th) of HC increased in both 
sexes with age. Sex-related differences in HC 
percentiles indicated that all percentile values 
among boys were larger than girls till the 
age of 10 years. From 11 years of age, upper 
percentiles (90th, 95th and 97th) of girls were 
higher than boys that were consistent with a 
study of Iranian children.9 Another study with 
the Turkish children25 aged between 6 and 12 
years also report a higher percentile (98th) value 
for girls at the age of 12 years. 

Several studies26,27 confirmed the disparity in 
the head sizes of children belongs to different 
countries as well as in the children of different 
ethnic groups of the same country. Recent data 
from Turkish children collected by Kara et 
al.7 greatly differed from the US children and 
Iranian data by Ayatollahi and Shayan9 also 
highly differed from the Japanese, Turkish, 
Irish and US children. We also compared 
our 50th percentile values for HC with the 
data from the US5 and Turkish studies.6 Our 
HC reference values were moving parallel to 
those of other countries. However, they were 
considerably smaller than the corresponding 
international data (see Fig 2. (a) and (b). It is 
important to discuss here some visible factors 
that may associate with the low HC percentile 
values in children. Children grow differently 
over the globe28, and we know that the growth 
and body shape of children is assessed by 
different anthropometric parameters in the 
form of height for age, weight for age, and body 
mass index (BMI) for age etc. The studies29,30 
with the Pakistani children already showed 
that Pakistani boys and girls had lower height, 
weight and BMI as compared to the WHO and 
US CDC references population. A study by 
Bushby et al.31 emphasized that the HC was 
closely related to the height of the individual. 
Another study by Nguyen et al.32 with Canadian 
male adults also found a significant positive 
correlation between HC and height and weight. 
This could explain the results of our study in 
which we indicated that HC 50th percentile 
of Pakistani children and adolescents was 

significantly smaller than the US population. 
Moreover, multiple environmental factors 
also have a great influence on the head size 
of children including maternal education and 
diet, maternal intelligent quotient, maternal 
BMI, socio-economic profile, child birth weight, 
exclusive breast feeding, maternal smoking 
and maternal reproductive history etc.33 These 
factors are very common among Pakistani 
women and may have caused the disparity in 
HC references values in different populations 
and emphasize the need for every population to 
develop their own HC standards. 

In Pakistan, WHO HC growth standards34 (birth 
to 5 years) are used by child neurologists to see 
the growth in the brain of children. But there are 
no HC standards over 5 years of age children. 
The major strength of our study is that we 
developed HC reference data by using a sample 
of healthy Pakistani children aged 6 to 18 years 
that are free from any neurological disorders. 
Our developed reference data are satisfactory 
for local use than for use in other countries. This 
information can be used to identify neurological 
abnormalities in children whose head size are 
beyond the normal ranges and these abnormal 
population of children can be referred to 
neurologists for further neurological diagnoses 
and monitoring as mentioned in an earlier 
study.9 Using the LMS method, we presented 
HC-for-age growth reference curves based on 
a comprehensive sample of Pakistani children 
from 6 to 18 years of age which is the first for 
the Pakistani pediatric population of a wide age 
range. It was reported that boys had a larger 
average head size than girls except for pubertal 
age. The results showed a significant disparity 
between our centiles and centiles of the other 
populations. Based on these findings and to 
avoid wrong interpretation, it is recommended 
that each country should produce its own HC 
growth charts. Since the current and earlier 
local published study10 did not include the HC 
data of newborn children or children up to 2 
years of age and the results of this study suggest 
that this gap might be filled because a sufficient 
increase in head size is shown during this age. 
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Epileptic encephalopathy with electrical 
status epilepticus during slow sleep (ESES) is 
characterized by an electrographic pattern of 
encephalopathy, neurocognitive regression, 
and different behavioral disorders, with typical 
electroencephalogram (EEG) findings as 
continuous epileptic slow-spike wave activity 
in non-rapid eye movement (NREM) sleep.1-3

Tassinari et al.1 first used the term status 
epilepticus in sleep in 1977, but the same group 
termed this phenomenon as ESES in 2000 
because it did not always appear with seizures. 
In the literature, it is used synonymously with 
continuous spikes and waves during slow sleep 
(CSWS).4

ESES is an age-related epileptic syndrome. 
Therefore, patients may be in various clinical 
stages at admission. The average time for the 
first seizure is 2-4 years, and neurocognitive 
regression occurs in 5-6 years. Different types 
of seizures may occur in completely normal 
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children or may occur following neurocognitive 
regression.5-7

There is no consensus in the literature on ESES 
diagnostic criteria. Typical EEG findings are 1-3 
Hz focal or generalized spike-wave activities 
(SWI), taking on 85% of NREM sleep.2,3 
However, some authors have accepted lower 
cut off rates in clinically similar patients with 
SWI <85%.8-10

Clinical seizures tend to resolve spontaneously 
during adolescence. ESES EEG pattern also 
disappears in all cases, on average by the age 
of eleven years.1 The disappearance of the 
seizures and the ESES pattern on the EEG may 
be simultaneous, or the seizures may disappear 
before or after the disappearance of the ESES 
pattern on the EEG.2

It is currently recommended that ESES syndrome 
should be treated as soon as possible.7 Although 
many antiseizure medications can be used in 
treatment, different data have been obtained 
regarding their efficacy, so there is a wide range 
of treatment strategies and combinations.10

Our study aimed to evaluate the clinical, 
electrophysiological, etiological characteristics 
and treatment responses of ESES patients.

Material and Methods

The files of pediatric patients with ESES 
followed at Istanbul Medipol University 
Faculty of Medicine Pediatric Neurology 
Clinic between 2014 and 2017 were reviewed. 
Demographic data, age at the time of first 
seizure and ESES diagnosis, consanguineous 
marriage, family history of febrile convulsion 
and epilepsy, seizure type, neurological 
examination, cognitive evaluation, sleep and 
wakefulness EEG findings, ESES characteristics, 
antiseizure treatments, comorbid psychiatric 
findings, brain magnetic resonance imaging 
(MRI) findings, etiological causes, two-year 
treatment efficacy, and the follow-up period of 
the patients were evaluated.

All patients underwent long-term sleep and 
awake EEG (at least one hour), and 13 patients 
underwent all-night video EEG in addition 
to routine EEG recordings. Long-term EEGs 
were repeated at least twice a year. SWI (%) 
was obtained as the total number of minutes 
of all spike- and slow-wave activities divided 
by the total number of minutes of NREM and 
multiplied by 100.11 The diagnosis of ESES was 
made with calculated SWI, occupying ≥50% of 
NREM sleep EEG tracing.

Neurological examination and brain MRI were 
performed for all patients. Neuropsychological 
evaluation could only be performed in five 
patients with the WISC-R test. In our study, 
neurocognitive tests could not be performed 
to all patients due to inability to reach the 
examination and presence of intellectually 
disabled patients. Parents, teachers, and 
caregivers were interviewed about the 
patients’ neurocognitive status regarding the 
deterioration and recovery, and they were also 
evaluated by clinical judgements. Accordingly, 
neurocognitive abnormalities were graded 
between 1-5 points according to school success, 
learning difficulties, intellectual deterioration, 
memory deficits, behavioral changes (e.g., 
hyperactivity, aggressiveness, anxiety, lying, 
nail-biting, shyness, encopresis), and expressive 
language disturbances. Neurocognitive and 
behavioral evaluations performed before and 
after treatment were compared according to 
seizure outcome and EEG improvement.

The estimated onset of ESES was determined as 
the regression onset, the end of the ESES period 
as the time of seizure control, and cognitive 
improvement time with the disappearance 
of ESES pattern on the NREM sleep EEG. 
Response to antiseizure medications was 
evaluated as the complete disappearance of 
the ESES pattern, more than 50% reduction of 
the SWI, less than 50% reduction of the SWI, 
and unresponsiveness. The clinical response 
was graded as complete disappearance of the 
clinical findings observed during the ESES 
phase, partial recovery, and nonresponsive.
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Statistical analysis

Non-measurable values were expressed as 
mean ± standard deviation. Pearson chi-square 
and Fisher’s exact test were performed for 
categorical variables. The correlations between 
cognitive improvement, and SWI change, also 
seizure reduction were calculated. SPSS for 
Windows v.17 (SPSS, Chicago, IL, USA) was 
used for the analysis. A p-value <0.05 was 
considered to indicate significance.

The study was conducted in accordance 
with the Helsinki Declaration, and the study 
protocol was approved by the Ethics Committee 
of Istanbul Medipol University Faculty of 
Medicine (08.01.2020/09).

Results

General clinical features/seizure and EEG 
findings before the onset of ESES

A total of the 33 patients (19 boys and 14 girls) 
diagnosed with ESES syndrome were evaluated 
in the study. The mean age of the patients was 
10.45 ± 2.88 (min. 5, max. 17) years. In all, 12.1% 
of the patients had a consanguineous marriage 
of parents, 36.3% had a family history of 
epilepsy, and 3% had febrile seizures. A total of 
90% of patients had seizures at first admission, 
and 10% had school failure. One of the three 
patients who presented with school failure had 
night terrors as an additional complaint, and 
the other had headaches.

Twelve (36.3%) patients had childhood focal 
epileptic syndrome, 11 were benign childhood 
epilepsy with centrotemporal spikes, and 
one was early-onset childhood occipital 
epilepsy. Six patients (18%) had a history of 
asphyxia, two had hydrocephalus, one had 
polymicrogyria, and one had mesial temporal 
sclerosis. Before ESES period, nine patients 
had mental retardation, one had attention 
deficit hyperactivity disorder, one had bipolar 
disorder, and one had migraine.

Neurological examination was abnormal in 
27.3%, and brain MRI findings were pathological 
in 36.3% of the patients. Abnormal brain MRI 
findings of the patients are summarized in 
Table I.

Thirty of 33 patients had seizures before ESES, 
and the mean age at first seizure was 5.06 ± 
3.01 (1-13 years). The period between the age 
of seizures onset with ESES onset age was 2.7 
± 2.2 years. The seizure type was generalized in 
33.3% (eight patients had tonic-clonic, two had 
myoclonic seizures), focal in 56.7%, combined 
generalized, and focal in 10.0%. 

EEG findings before ESES period were focal in 
29 (87.9%), multifocal in 9.1%, and generalized 
in only one patient (3.1%). In 12 (41.4%) of these 
patients, focal EEG findings were dominant 
in the left hemisphere and 58.6% (17/29) in 
the right hemisphere. While 97% of the focal 
epileptic discharges on the EEG originated from 
the anterior regions (frontal, frontocentral, or 
frontotemporal), only 3% were observed on the 
posterior regions (posterior temporal, temporo-
occipital, or occipital).

Seizure and EEG characteristics in ESES

The mean age at initial ESES diagnosis was 
7.93 ± 2.65 years (4–12 years), and the mean 
follow-up period was 29.1 ± 14.2 months (12-
36 months). In the ESES phase, there were 16 
(48.5%) patients with SWI >85% and 17 patients 
(51.5%) with 50-85% SWI on the NREM sleep 
EEG. The cognitive development of our patients 
was found to be abnormal in 45.5%. There was 
no significant relationship between SWI on 
the EEG and neurocognitive status (p = 0.07). 

Table I. Magnetic resonance imaging (MRI) findings 
of ESES patients.
Findings n (%)
Periventricular leukomalacia 4 (12.1)
Thalamus involvement 4 (12.1)
Hydrocephalus 2 (6.1)
Polymicrogyria 1 (3.0)
Mesial temporal sclerosis 1 (3.0)
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Hemi ESES was detected in 30.3% of patients 
(n = 10/33), and was higher in patients with 
pathological brain MRI (p=0.02). Neurocognitive 
abnormalities were detected in 17 patients 
during ESES phase (51.5%). A statistically 
significant correlation was found between the 
difference in neurocognitive and behavioral 
scores graded before and after treatment with 
EEG recovery (r=0.53, p=0.001; Fig. 2), but not 
with seizure control (r=0.1, p=0.54; Fig. 1).

Response to treatment

Among all patients, 97% received polytherapy, 
and 3% had monotherapy. Initially, 13 patients 
were treated with valproic acid, 16 patients 
with carbamazepine, two with clonazepam, 

and two with phenobarbital. Only one of 
them continued treatment with monotherapy. 
The remaining 32 patients used two or more 
antiseizure medications. In additional therapy, 
benzodiazepines were found to be the most 
effective treatment (in 20 patients). Also, 
additional therapy included sulthiame in six 
patients, and levetiracetam in one patient was 
found to be effective (Table II). None of the 
patients received steroids during the follow-
up period. ESES recovery time on the EEG was 
found to be 9.09 ± 6.9 months. At the end of at 
least two-year follow-up, a clinically significant 
response was obtained in 90.9% of patients (24 
seizure-free, partial response in 6 patients), and 
only three patients were clinically unresponsive. 
Nineteen patients (57.6%) had complete 
disappearance of the ESES pattern on the 
EEG, three patients (9.1%) had more than 50% 
improvement of the SWI, four patients (12.1%) 
had less than 50% improvement of the SWI, and 
unresponsiveness was observed in 7 (21.2%) 
patients. There was a significant relationship 
between reduction of the SWI on the EEG and 
a seizure control (p <0.001). Only seven patients 
with structural lesions in etiology did not have 
a significant improvement in neurocognitive 
functions during follow-up. Especially in 
childhood focal epileptic syndromes, significant 
improvement in neurocognitive functions was 
observed before and after treatment.

Gender, age, consanguinity, family history of 
epilepsy and febrile convulsion, age at the time 
of ESES, ESES duration, and SWI on the EEG 
at the diagnosis did not significantly differ in 
treatment response. In follow-up with treatment, 
there was a significant difference in seizure 
control only according to etiology. Family 
history of epilepsy, pre-ESES seizure type, 
abnormal brain MRI, abnormal neurological 
examination, neurocognitive retardation, 
etiology, and the type of additional therapy 
were statistically significant in the reduction of 
SWI on the NREM sleep EEG. Despite the lack 
of significant difference in treatment of seizure 
control, benzodiazepines were found to be the 
most statistically significant treatment in terms 

Fig. 1. The relationship between seizure reduction 
and cognitive improvement.

Fig. 2. The relationship between reduction of the SWI 
on NREM EEG and cognitive improvement.
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of reduction of the SWI on the NREM sleep EEG 
(p = 0.009; Table III, Fig. 3). 

Discussion

In our study, age, gender, age at the first seizure, 
and age at ESES were found to be consistent 
with the literature. It has been reported in the 
literature that the age of onset of seizures in 
patients with ESES is younger than in other 
epileptic patients.12,13 In our cases, while no 
patient was diagnosed before the age of 4, only 
one patient was diagnosed at the age of 16. 
The time between the age of first seizure and 
the diagnosis of ESES was approximately two 
years.

Although the classical ESES definition suggests 
that the SWI occurs between 85 to 100% of 
NREM sleep, in later studies, lower threshold 
values were accepted in the ESES definition 
since patients with an SWI <85% also showed 

neuropsychological regression.6,8,10,14-18 In our 
study, no correlation was found between SWI 
and psychomotor evaluation (p = 0.07). Also, we 
did not find a significant statistical relationship 
between SWI on the EEG at the diagnosis and 
treatment response. 

The certain cause of ESES is unknown. 
However, in most patients, structural lesions of 
the brain that begin at an early stage are shown, 
and genetic factors have been described. There 
is a notable group of patients whose etiology 
remains unknown.4,5,13,19,20

Abnormal brain MRI findings were found 
in 36.3% of our cases. The most common 
abnormal findings were thalamic involvement 
in four patients (33.3%) and periventricular 
leukomalacia in four patients (33.3%). In 
the literature, the incidence of structural 
brain abnormalities has been reported as 
20- 50%, thalamic involvement in 29%, and 
periventricular leukomalacia in approximately 

Table II. Demographic and clinical characteristics of patients and response to treatment of seizure.

Characteristics
Seizure response to treatment, n (%)

p
Seizure free >50% reduction <50% reduction

Gender
Female 13 (92.9) 1 (7.1) 0 (0) 0.059
Male 11 (57.9) 5 (26.3) 3 (15.8)

Abnormal neurological 
examination

Yes 4 (44.4) 4 (44.4) 1 (11.1) 0.056
No 20 (83.3) 2 (8.3) 2 (8.3)

Neurocognitive retardation
Yes 10 (58.8) 4 (23.5) 3 (17.6) 0.139
No 14 (87.5) 2 (12.5) 0 (0.0)

Abnormal brain MRI
Yes 10 (83.3) 1 (8.3) 1 (8.3) 0.49
No 16 (76.2) 4 (19.0) 1 (4.8)

Etiology 0.02
Childhood focal epileptic syndrome 11 (91.7) 0 (0.0) 1 (8.3)
Structural 4 (40.0) 4 (40.0) 2 (20)
Unknown 9 (81.8) 2 (18.2) 0 (0)

SWI on the EEG at the diagnosis 0.162
>85% 14 (87.5) 1 (6.3) 1 (6.3) 
50-85% 10 (58.8) 5 (29.4) 2 (11.8) 

Additional treatment 0.14
Benzodiazepines 16 (80.0) 3 (15.0) 1 (5.0)
Sulthiame 5 (83.3) 1(16.7) 0 (0) 
Levetiracetam 1 (100) 0 (0.0) 0 (0)

SWI: spike-wave index ,EEG: electroencephalogram, MRI: magnetic resonance imaging 
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25% of patients.3,13,17,21-23 The presence of thalamic 
lesion alone can lead to epilepsy and ESES, with 
impaired neurodevelopment. An impaired 
thalamocortical circuit leads to the propagation 
of sudden wave discharges.24 Polymicrogyria 
and hydrocephalus are the most commonly 
reported cortical malformations in the etiology 
of ESES.6,25 The presence of polymicrogyria 
allows rapid propagation of sudden wave 
discharges.26 In our series, only one patient 
had polymicrogyria, and two patients had 
hydrocephalus.

Family history of epilepsy and consanguineous 
marriage were significantly higher in our 
patients. These results suggest that the possible 
genetic causes of ESES may be higher in our 

patients. However, genetic studies could not be 
performed on our patients due to economical 
problems.

In previous studies, it was reported that the rate of 
moderate-to-severe neurocognitive impairment 
was 53% in ESES, and neurocognitive decline 
was observed in two-thirds of the patients.3,6,27 
Arhan et al.10 reported that cognitive impairment 
was 40.6%. The present study determined 
neurocognitive impairment in 51.5% of our 
patients. In addition, the first complaint of 
10% of our patients was school failure without 
seizures. Attention deficit hyperactivity 
disorder, hyperkinetic behavior, expressive 
language disorders, and learning disability 
have also been reported in the ESES period.6 

Table III. Demographic and clinical characteristics of the patients and their SWI on the EEG after treatment.

Characteristics
EEG: reduction in spike–wave index, n (%)

pComplete disappearance 
+ >50%reduction 

<50% reduction + no 
response

Gender Female 11 (78.6) 3 (21.4)
0.21

Male 11 (57.9)  8 (42.1)

Focal seizures
Yes 16 (76.2) 5 (23.8)

0.04
No 4 (40.0) 6 (60.0)

Abnormal neurological examination
Yes 3 (33.3) 6 (66.7)

0.01
No 19 (79.2) 5 (20.8)

Neurocognitive retardation
Yes 8 (47.1) 9 (52.9)

0.01
No 14 (87.5) 2 (12.5)

Abnormal brain MRI
Yes 6 (50.0) 6 (50.0)

0.04
No 16 (76.2) 5 (23.8)

Hemi ESES
Yes 8 (80.0) 2 (20.0)

0.28
No 14 (60.9) 9 (39.1)

SWI on the EEG at the diagnosis 0.085
>85% 13 (81.3) 3 (18.8)
50-85% 9 (52.9) 8 (47.1)

Etiology 0.001
Childhood focal epileptic syndrome 10 (83.3) 2 (16.7)
Structural 2 (20.0) 8 (80.0)
Unknown 10 (90.9) 1 (9.1) 

Additional treatment 0.009
Benzodiazepines 15 (75.0) 5 (25.0)
Sulthiame 5 (83.3) 1 (16.7)
Levetiracetam 1 (100.0) 0 (0.0)

ESES: electrical status epilepticus during slow sleep SWI: spike-wave index ,EEG: electroencephalogram, MRI: magnetic 
resonance imaging
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Therefore, it can be considered that patients with 
various neurocognitive psychiatric symptoms 
should be evaluated in terms of ESES. van den 
Munckhof et al.22 showed that in children with 
ESES, cognitive improvement after treatment 
was strongly associated with reduction of the 
SWI, but there was no significant increase in 
intelligence quotient (IQ). Previous studies 
have found that cognitive performance and 
prognosis are related to the location, severity, 

and duration of EEG abnormalities.6,7,10,22 In 
our study, improvement in EEG abnormality 
and reduction of the SWI showed a significant 
correlation with cognitive improvement. 
However, it was found that decrease of seizures 
and cognitive recovery did not correlate (Figs. 
1-2).

Seizures in our patients were mostly focal. 
While seizures were initially uniform and less 
frequent, it was reported that seizures varied, 

Fig. 3 . (a) ESES pattern (SWI> 85%) is seen in NREM sleep of an 8-year-old female patient with atypical benign 
rolandic epilepsy treated with valproic acid; (b) after the addition of benzodiazepine to the treatment of the 
same patient, the ESES pattern on the EEG shows complete disappearance.
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and the incidence and duration of seizures 
increased in resistant cases. In a retrospective 
study, 98% of 117 patients, and in another study 
77% of 21 cases had focal seizures.8,9 It has been 
reported that seizures are generally focal in 
ESES syndrome, and seizures mostly start as 
focal during sleep in patients with generalized 
seizures.8,9,13

Most of our patients had focal EEG discharges 
before the ESES period. The epileptic focus in 
the EEG was mostly on anterior regions of the 
hemisphere (97%). Other ESES studies have 
also reported that epileptic activities are more 
common on anterior regions of the brain.9,13

The electrographic activity in ESES may 
occur diffusely in both hemispheres or 
predominantly asymmetric in one hemisphere 
or limited hemispheric in only one hemisphere. 
Caraballo et al.9 reported that there was 
no significant relationship between the 
asymmetric electroencephalographic findings 
of ESES, and the clinical presentation of the 
patients regarding the percentage of the SWI. 
All patients with asymmetric ESES were 
found with symptomatic/structural etiology. 
In our study, 30.3% of the patients (n = 10/33) 
had limited EEG findings in the form of hemi-
ESES in only one hemisphere, and there was 
a significant relationship between hemi-ESES 
and brain MRI abnormalities (p = 0.02). It was 
observed that the presence of hemi-ESES did 
not make a significant difference in terms of the 
reduction of the SWI after treatment.

Although many antiseizure medications can be 
used in the treatment of seizures, different data 
have been obtained regarding their efficacy. 
Therefore, a wide range of treatment priorities 
and combinations are proposed, and there is still 
no consensus on the treatment of ESES. It is also 
reported that immunomodulatory treatments, 
ketogenic diet, and surgical treatment are 
effective in selected cases.18

In a study that analyzed 112 articles and 
950 treatments administered to 575 patients, 

antiseizure medications were found to 
be effective in 49% of patients (n=495), 
benzodiazepines in 68% (n=171), and steroids in 
81% (n=166), as cognitive or EEG improvements. 
Surgical treatment resulted in improvement in 
90% of patients (n=62). In a subgroup analysis of 
sequentially reported patients (585 treatments in 
282 patients), antiseizure medications improved 
34% of the patients, benzodiazepines 59%, and 
steroids 75%. The postoperative recovery rate 
was 93% in selected cases. Before the onset of 
ESES, normal development and the absence of 
structural abnormalities have been observed to 
affect the treatment rate positively.18

The efficacy of antiseizure medications 
(including benzodiazepines) that we used in our 
study was quite high (90.9%) without steroid 
use. Benzodiazepines were the most effective 
treatment in additional therapy. Although 
it was not statistically significant in patients 
receiving sulthiame for additional treatment, 
it was observed to have a clinically and 
electrographically significant effect. In a study, 
it was reported that sulthiame (5-30 mg/kg/day) 
given in additional treatment had a significant 
effect on seizure control and EEG abnormalities 
in children with ESES syndrome.28

The limitations of our study were the small 
number of patients, the retrospective nature of 
the study, and the lack of neurocognitive tests 
due to inability to reach the examination. A 
larger number of more comprehensive studies 
are needed in terms of etiology determination 
and treatment efficacy.

This study confirms that ESES is an epileptic 
encephalopathy over a wide SWI range. Patients 
with SWI >50% on the NREM EEG should be 
followed up regularly with neuropsychological 
evaluations. The etiology and duration of ESES 
can be considered to significantly affect long-
term prognosis. In our study, benzodiazepines, 
and sulthiame were found to be effective in 
combination with other antiepileptic drugs or 
alone.
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In personalized medicine, clinicians can decide 
on the appropriate treatment for a patient based 
on the individual’s demographic and genetic 
characteristics and/or biomarker measures 
so that the right treatment can be provided at 
the right time to the right patient.1,2 Biomarker 
selection is currently the starting point for 
research on the diagnosis, identification, and 
treatment of many diseases.3 Determining the 
biomarkers that provide the most beneficial 
information about disease risk is an important 
phase in the treatment process of complex 
diseases such as sickle cell disease (SCD).4 Vaso-
occlusive crisis (VOC) is the hallmark of SCD 
and is associated with various complications, 

including acute chest syndrome, multi-organ 
failure, and sudden death. VOC is both a cause 
of death and responsible for the majority of 
SCD patient hospitalizations.5 It is important 
to understand the differences between VOC 
pain and other pain syndromes such as bone 
infarction, avascular necrosis, and leg ulcers in 
SCD patients so that the appropriate treatment 
can be determined.6 No specific biomarker(s) 
are available for VOC diagnosis in SCD patients. 
This makes the treatment process challenging.7 
The prediction and classification of VOC risk 
would therefore be useful in treating these 
patients.

Biomarkers are used to classify or predict the 
risk according to the purpose of the research. 
Statistical processes are necessary to describe 
and select biomarkers.8,9 The diagnostic 
classification performance of biomarkers is 
usually evaluated by a receiver operating 
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characteristic (ROC) curve, sensitivity, and 
specificity criteria. These statistics can classify 
individuals as completely diseased or healthy; 
however, they do not provide information about 
future disease risk.10 The risk of contracting 
a disease can be modelled as a function of the 
biomarkers using prediction models such as 
logistic or Cox regression.11 Both methods 
are frequently used in biomarker selection in 
personalized medicine; however, individual 
differences should be considered when 
choosing a biomarker based on a diagnostic test 
because, main aim of personalized medicine is 
to determine which biomarker or biomarker 
combination can be used to separate patients into 
subgroups so that relevant treatment is offered 
to each patient.1,2 The predictiveness curve (PC), 
which is a new prediction technique, offers an 
alternative to the classic statistical methods. 
PC visually presents population distribution of 
disease risk predicted by a continuous marker 
or risk model.11

In this study, we present a new graphic method, 
the PC, to calculate VOC risk. Our aim was to 
classify SCD patients based on their VOC risk. 
In doing so, we aimed to help clinicians develop 
patient-specific treatment plans and prevent the 
complications of this disease in the early stages 
so that treatment can be managed easily and 
fast. 

Several candidate inflammatory biomarkers 
were identified in this feasibility study to 
predict the risk of VOC in a cohort of pediatric 
patients with SCD, namely, leucocytes (WBC) 
and C-reactive protein (CRP), which are routine 
follow-up markers, and the inflammation 
markers interleukin-6 (IL-6), tumor necrosis 
factor (TNF-α), and YKL-40 (also called 
chitinase-3-like-1)

Material and Methods 

Predictiveness curve 

The most common method for classifying 
patient risk is the ROC curve, which is obtained 
by pointing the false positive ratio (1– specificity) 

of the diagnostic test at different cut points 
against the true positive ratio (sensitivity). The 
minimum value for the sum of the false positive 
and false negative ratios is considered to be the 
appropriate threshold to indicate disease12, but 
the obtained results only provide information 
only about disease status, not about disease risk. 
The PC plays an important role in the treatment 
management process for chronic diseases as 
it can be used to determine the population 
distribution of the predicted disease risk and 
the low-and high- risk groups.13

The PC models a biomarker’s capacity of 
risk prediction and visually presents the 
distribution of the risk levels for the population 
from which the cohort is selected. It is used to 
determine disease risk for both the population 
and each individual and it illustrates absolute 
risk probabilities against the expected absolute 
disease risk values of individuals.14 The most 
striking feature of the PC is the creation of 
a common scale that facilitates comparisons 
between biomarkers or risk models because the 
original scale is different and cannot be used for 
comparison purposes.13

The disease risk indicated by the biomarker (Y) 
is calculated using Equation 1, where D is the 
binary outcome variable related to disease (D=1 
[present], D=0 [absent]) and Y is the biomarker 
value as the continuous variable:

Risk (Y) = P(D = 1|Y = y)   Equation 1

The PC is then drawn as the function of the 
disease risk versus cumulative risk percentage 
(v). The PC is a curve of R(v) versus to v and is 
indicated by Equation 2:11

R (v) = P(D = 1|Y = F-1 (v))  Equation 2

The inverse functions are easier to interpret than 
risk percentages. The inverse function R-1(p) 
of the risk percentage R(v) gives a cumulative 
distribution of risk (Y) in the population, and it 
is the proportion of the population that has a 
risk less than or equal to p (R-1(p) = P[risk (Y) ≤ 
p]).13
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To obtain the inverse functions, the low-and 
high-risk thresholds of the disease should be 
determined. These thresholds are detected by 
the trajectory of disease, the type of treatment, 
and the general prevalence of the disease. 
PL and PH represent the low- and high-risk 
thresholds, respectively. 1 - R-1 (pH) is the ratio 
for a high-risk population, and R-1 (pL) is the 
ratio for a low-risk population. This determines 
the percentage of the patient population that 
is below the low-risk threshold and above the 
high-risk threshold. The PC can be interpreted 
easily and quickly using the inverse functions. 
The percentage of the cohort between the low- 
and high-risk thresholds are unclear and are 
calculated using R-1 (pH) − R-1 (pL).11,13,14 This risk 
class can be termed “the equivocal risk range.”15 
We have defined this equivocal risk range as the 
“gray area”.

Two or more risk models can be compared with 
the PC. When evaluating biomarkers, both the 
percentage of patients in the gray area and the 
true positive fraction (TPF) and false positive 
fraction (FPF) of the classification performance 
statistics are considered.11,16

Data collection

We designed a retrospective feasibility 
study and reviewed the medical records of 
hospitalized pediatric patients diagnosed with 
SCD who were admitted to the Department of 
Child Hematology, Mersin University Faculty 
of Medicine, Research Center Hospital, Mersin, 
between May 2016 and May 2017. The study 
group consisted of SCD patients between 3 and 
17 years of ages. Patients who had been followed 
up regularly for a year, were not receiving 
erythrocyte transfusions, had not had VOC at 
last one month prior to the study, and did not 
have an inflammatory disease aside from SCD 
were included in the study.

The protocol was approved by the Mersin 
University Clinical Research Ethics 
Committee (protocol number of Mersin 
University-2018/258). All patient’s parent was 
well informed about the protocols of study, and 
written informed consent was obtained.

The patients were divided into two groups: 
those who had had VOC for at least one year 
and the steady-state SCD patients who reported 
no VOC episodes for at least one year. The 
WBC, CRP, and inflammation parameters of 
IL-6, TNF-α, and serumYKL-40 were used to 
predict VOC risk in the steady-state patients. 
During the steady state period, 5 ml of blood 
samples was collected from the patients for a 
complete blood count and to measure the CRP, 
IL-6, TNF-α and serumYKL-40 levels. The blood 
samples were kept at −20°C until the study was 
complete. 

Statistical methods

Univariate analysis

The Shapiro–Wilk test was used to check the 
normal distribution. We presented continuous 
variables as mean and standard deviation 
(mean ± SD). Frequencies (n) and percentages 
(%) were used for categorical data Student’s 
t-test was used to compare age means between 
the steady-state and VOC patients. A chi-
square test was performed to determine the 
relationships between the VOC and gender 
groups. McNemar’s test was performed for the 
categorical data. Agreement between the new 
risk groups and the VOC groups was calculated 
using the Kappa statistic. Statistical significance 
was set at p < 0.05 for all the comparisons. 

Multiple analysis and predictiveness curve

A multiple logistic regression (MLR) model 
was used to calculate age-and gender-adjusted 
risk thresholds for all the biomarkers. The risk 
predictions were recorded for each patient with 
the MLR analysis. The mean of the predicted 
values and the 95% confidence interval (95% CI) 
of the mean were then calculated. The lower and 
upper limits of the CI were defined as the low- 
and high- risk thresholds for the biomarkers, 
thereby establishing the risk groups. The low- 
and high-risk thresholds of VOC for a randomly 
selected patient were determined visually using 
the PC model. To select the biomarkers that 
could detect VOC risks in SCD patients, TPF ≥ 
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0.60 and FPF ≤ 0.30 criteria and CIs not including 
0 were considered statistically significant.

ROC analysis was conducted twice. First, we 
studied the performance of the biomarkers 
in discriminating between the VOC and 
steady-state patients. Second, we assessed the 
performance of the biomarkers in discriminating 
between the low- and high-risk groups. The 
area under the curve (AUC), accuracy, positive 
predictive value (PPV), negative predictive 
value (NPV) and 95% CIs of these values were 
then calculated. 

Software

STATISTICA Version 13.5.0.17 (TIBCO Software 
Inc., Hillview Avenue Palo Alto, CA) was used 
for the univariate statistics. Stata/MP 11.0 (Stata 
Corp, College Station, TX) and its risk prediction 
package predcurve was used for PC analyses.17,18

Results

The diagnostic performances of biomarkers

In this study, the mean age of the patients was 
12.6 ± 4.2 years. In the steady-state group, 55% 
of the patients were girls (n = 11), and 45% 
were boys (n = 9). In the VOC group, 27.8% of 
patients were girls (n = 5), and 72.2% were boys 
(n = 13). Both the gender (p = 0.090) and age (p 
= 0.941) distributions of the groups were similar 
(age means, 12.5 ± 4.2 years, 12.8 ± 4.3 years, 
respectively).

The AUC values of the WBC, IL-6, YKL-40 
and TNF-α markers were calculated as less 
or equal to 0.50 (AUC= 0.434, 0.391, 0.535, 
0.358, respectively). These biomarkers failed to 
distinguish the patients with VOC and those 
with steady-state disease. Although only CRP 
was greater than 0.50, it was not statistically 
significant (AUC=0.616, p=0.20).

Evaluation of the risk thresholds using 
prediction model 

All the biomarkers were modeled together with 
adjusted age and gender to assess their risk 

prediction performance for VOC. Based on the 
MLR, the risk prediction model was:

(VOC risk) = 2.089 − 0.082 (WBC) + 0.130 (CRP) 
+ 0.001 (YKL-40) − 0.008 (IL-6) − 0.028 (TNF-α) − 
0.014 (age) − 1.43 (gender).

The risk predictions were recorded for each 
patient using MLR. The mean of the predicted 
values and the 95% CI of the mean were 
calculated. The mean of the risk predictions 
was calculated as 0.47 ± 0.28, and the 95% CI 
was 0.38 – 0.55. For VOC in SCD patients, the 
low-risk threshold was 0.38, and the high-risk 
threshold was 0.55. This meant that the patients 
whose risk estimation value was below 0.38 
had a slight possibility of experiencing a VOC 
episode and those whose risk estimation value 
was above 0.55 had a higher possibility of 
experiencing a VOC episode. The contribution 
of biomarkers to risk estimation was evaluated 
visually by plotting the PC for each biomarker 
along with these thresholds. When the TNF-α, 
IL-6, and WBC markers were evaluated together 
with the covariate variables, we observed that 
they could be used to classify patients with a 
high risk of VOC. As shown in Table I, TNF-α 
had maximum TPF of 0.67 and minimum FPF 
of 0.20 Among the patients in the cohort, 31.6% 
were at or below the low-risk threshold. The 
patients with a VOC risk of 0.55 or greater 
comprised 39.5% of the cohort. TNF-α levels 
accurately predicted that 67% of the patients 
had a high risk of VOC (TPF = 0.67). 28.9% of the 
patients could not be classified into either the 
low- or high-risk groups, and allocated to the 
gray area based on their TNF-α levels (Table I).

The PC for TNF-α (Fig. 1) provided a more 
efficient predictive performance than the other 
biomarkers. The PC was interpreted in two 
ways without considering the risk thresholds. 
First, we evaluated the cumulative distributions 
using the x-axis. The results showed that 80% 
of the population had a VOC risk of 0.73 and 
lower, while 20% of the population had a VOC 
risk higher than 0.73. Second, we interpreted 
the cumulative distribution versus the risks on 
the y-axis. It could therefore be said that the 
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patients whose VOC risk was 0.45 comprised 
55% of the cohort. 

For IL-6, the TPF was 0.67 and the FPF was 
0.25 Accordingly, 41.1% of the patients were 
in the high-risk group or above. Since both 
CIs included 0, IL-6 was evaluated as not 

statistically significant. On the other hand, 
the other biomarkers were excluded from 
evaluation because of a low TPF, a high FPF, or 
a CI of 0 (Table I).

The biomarkers did not identify the low-risk 
patients as successfully as the high-risk patients. 
The TPF values were calculated as above 0.60 
for all the biomarkers, while the FPF values 
were over 0.30 (Table I). Even though the low-
risk threshold of the population was known, 
not all the biomarkers could accurately identify 
the patients at low risk of VOC.

Differences between the VOC and risk groups

According to the risk model, the risk predictions 
of 14 patients were below the low threshold, 
while the risk predictions of 16 patients were 
above the high threshold. Notwithstanding, 
eight patients’ risk predictions were unclear 
(in the gray area), and these patients were not 
considered in the analysis. We constituted new 
risk groups based on the low- and high-risk 
thresholds using individual risks calculated by 
applying MLR. 

Fig. 1. Predictivenes curve for TNF- α
(TNF-α is predictive of low risk in R-1(0.38) = 31.6% of 
the population, of high risk in 1-R-1(0.55) = 39.5% and 
it leaves 28.9% of patients in the gray area.)

Table I. Summary statistics for the biomarkers according to the predictiveness curve.

Low risk threshold (pL)=0.38 (n=14) High risk threshold (pH)=0.55 (n=16) GA (n=8)

TPF 
(95% CI)

FPF 
(95% CI)

Risk percentile 
R-1(0.38)

TPF 
(95% CI)

FPF 
(95% CI)

100-Risk percentile 
1-R-1(0.55)

Risk 
percentile

TNF- α
0.89 0.55

31.60%
0.67 0.20

39.50% 28.90%
(0.63-1.00) (0.16-0.88) (0.23-0.91) (0.04-0.50)

IL-6
0.71 0.60

34.20%
0.67 0.25

41.10% 23.70%
(0.64-1.00) (0.18-0.85) (0.00-0.93) (0.00-0.58)

WBC
0.72 0.55

39.50%
0.66 0.30

44.70% 15.80%
(0.53-1.100) (0.21-1.00) (0.00-0.88) (0.00-0.56)

CRP
0.78 0.60

34.20%
0.39 0.25

28.90% 36.90%
(0.45-1.00) (0.21-1.00) (0.07-0.91) (0.00-0.57)

YKL-40
0.78 0.40

42.10%
0.72 0.45

55.30% 2.60%
(0.50-1.00) (0.20-1.00) (0.00-0.90) (0.00-0.57)

WBC: leucocyte, TNF-α: tumor necrosis factor, IL-6: interleukin-6, CRP: C-reactive protein,YKL40:chitinase-3-like-1,pL: 
low-risk threshold, pH: high-risk threshold, R-1(0.38): the ratio for a low-risk population, 1-R-1(0.55) : the ratio for a high-
risk population,GA: Grey Area; (R-1(0.55)- R-1(0.38)), TPF: true positive fraction, FPF: false positive fraction, 95% CI: 95% 
confidence interval for TPF and FPF. 
TPF > 0.60 and FPF < 0.30 criteria and confidence intervals not including zero were considered statistically significant. For 
IL-6, TPF was 0.67 and FPF was 0.25 and 41.1 percent of patients were in the high-risk group or above for IL-6. Since TPF 
and FPF confidence intervals included zero, IL-6 was evaluated as not statistically significant.)
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The agreement between the new predicted 
risk groups and the observed VOC groups 
was investigated (Table II). No statistically 
significant differences were noted between 
the observed VOC and the predicted VOC 
risk groups when applying McNemar’s test 
(p > 0.05) (Table II). This meant that the new 
prediction technique was agreement with the 
gold standard test results. The new technique 
can therefore be used for the prediction of VOC 
risk. The classification performance statistics 
were also calculated for these groups. The new 
risk groups distinguished the VOC and steady 
state patients with 70% accuracy (95% CI 50.60 - 
85.26). The risk groups identified 62.5% of those 
at high risk of having a VOC episode (PPV = 
62.5%) and 78.57% of those at low risk of having 
steady state (NPV = 78.57). Moderate agreement 
was also observed between the new risk groups 
and crisis groups’ results (Kappa = 0.405 95% CI 
0.086% – 0.725%).

The discrimination of power in the observed 
and predicted VOC groups was assessed for all 
the biomarkers using ROC analysis (Table III). 

The patients in the gray area were not included 
in this analysis. The discrimination power of 
TNF-α, IL-6, and WBC was uninterpretable 
for the VOC and steady-state patients in the 
observed VOC groups (AUC <0.50). CRP and 
YKL-40 had weak discrimination power and 
were not statistically significant. While TNF-α 
and IL-6 had excellent discrimination power 
in the low-and high-risk VOC groups, the 
discrimination power of WBC was acceptable 
in the predicted VOC risk groups. 

Discussion

The most common reason of hospitalization 
among SCD patients is acute VOC episodes. 
Different risk factors trigger VOC episodes, 
which are sometimes unpredictable. VOC can 
cause a variety of complications, including 
acute chest syndrome, multi-organ failure 
and sudden death.5 Treatments for VOC have 
focused on the symptomatic management of 
painful episode like to reduce pain, but it is 
currently not possible to prevent the painful 
episodes.19 We therefore focused on developing 

Table II. Differences between and observed and predicted groups.

Predicted VOC groups
Observed VOC groups

p
VOC Steady-state

High risk (>0.55) 10 (76.9) 6 (35.3)
0.50Low risk (<0.38) 3 (23.1) 11 (64.7)

Total 13 (100) 17 (100)
VOC: vaso-occlusion crisis. Data are shown as n (%) and were compared by McNemar test. PPV: positive predictive value, 
NPV: negative predictive value. 95% CI: 95% confidence interval for PPV and NPV. PPV is 62.50% (95% CI (45.05%-77.20%]) 
NPV is 78.57% (95% CI (56.13%-91.31%]). Accuracy is 70% (95% CI (50.60%-85.26%]))

Table III. ROC analysis results for observed and predicted groups for biomarkers.
Observed crisis groups Predicted risk groups

Crisis (n=13) vs steady state (n=17) High risk (n=16) vs Low risk(n=14)
AUC (95%CI) p Power AUC (95%CI) p Power

TNF-α 0.335 (0.138-0.531) 0.32 0.13 0.835 (0.685-0.985) <0.001 0.94
IL-6 0.385 (0.179-0.591) 0.18 0.39 0.929 (0.773-0.990) <0.001 0.99
WBC 0.439 (0.228-0.650) 0.08 0.57 0.710 (0.520-0.900) 0.03 0.53
CRP 0.683 (0.490-0.876) 0.38 0.09 0.650 (0.450-0.850) 0.14 0.30
YKL-40 0.606 (0.389-0.824) 0.16 0.32 0.585 (0.377-0.793) 0.42 0.11
AUC: area under the curve, 95% CI: 95% confidence interval for AUC, Power: statistical power for AUC. If risk is ≥ 0.55, it is 
high risk. If risk is ≤0.38, it is low risk.
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a useable PC method to help clinicians prevent 
the complications of SCD in the early stages 
using predictive risk biomarkers and risk 
groups. Our study results are not generalizable 
to the entire SCD population because our 
sample size was small. However, we used our 
data to introduce a new prediction technique 
and obtained reasonable results. Nevertheless, 
risk models like PC should be calculated using 
a large cohort that is representative of the target 
population.11 The use of a large cohort could 
provide greater confidence in the results and be 
generalizable. Patients could then be classified 
with high accuracy, and percentage of grey 
area patients would decrease. We aimed to 
demonstrate that this new prediction technique 
could be applicable for use in patients with this 
important chronic disease However, we did 
not consider the patients’ genotypes and other 
important clinical factors. The simultaneous 
evaluation of genotypes and such clinical factors 
in a large sample size may have a considerable 
effect on the results of future studies.

The hematologic changes that appear in the 
steady state or during the VOC are very 
important for SCD treatment.20 WBC, CRP, IL-6, 
and TNF-α levels are known to increase during 
VOC episodes in SCD patients.21 Although 
many biomarkers have been identified to assist 
in the diagnosis of SCD, none is a reliable and 
certain indicator of VOC risk.7 Although high 
LDH, PCT, and WBC levels are statistically 
associated with VOC risk on admission, WBC 
and PCT are not used as risk markers for VOC. 
When red blood cell transfusion or exchange is 
considered during VOC episode but the clinical 
indication is unclear, LDH level may help in 
making a decision. But this result for LDH does 
not guarantee predict VOC risk.22,23 Studies 
have shown a strong correlation between CRP 
and WBC levels and hospitalization with VOC 
episodes.24,25 These studies have suggested that 
WBC and CRP levels could be used as predictive 
biomarkers for VOC by applying a univariate 
statistical analysis to compare the means of the 
biomarkers between groups or a correlation 
analysis. We aimed to determine the best 

biomarkers to predict VOC risk. Accordingly, 
we classified patients at risk of VOC based on 
their biomarker values using the new statistical 
technique, PC.

ROC analysis is insufficient for risk prediction, 
because ROC analysis only distinguishes people 
as diseased or healthy.26,27 The proposed PC 
indicates the capacity of a biomarker to predict 
disease risk. It also provides information about 
the performance of these predictive models 
while estimating risk in the population.13 The 
PC can further be used to display the population 
distribution of disease risk as predicted by the 
chosen biomarker.15 The PC provides important 
information about risk, which cannot be shown 
using the ROC curve, by classifying patients 
who have low- and high disease risk based on 
the biomarker values. By applying thresholds to 
classify patients as high or low risk, the value 
of a continuous biomarker can be evaluated by 
estimating the PPV and the NPV.28

An acceptable low- and high-risk threshold 
or risk intervals should be determined in the 
research, development, and selection of studies 
for biomarkers.11 Risk thresholds depend on 
the context of the disease and include weighing 
the expected costs against benefits associated 
with a high-risk findding.13 However, 
alternative methods can be used to determine 
risk thresholds because such analyses are 
difficult and time-consuming.27 In our study, 
we calculated the low- and high-risk thresholds 
using a MLR risk model. By applying the PC 
model and risk thresholds, we were able to 
obtain the VOC risks for children with SCD.

The probability of VOC is estimated according 
to the threshold value of a biomarker calculated 
using the PC and can thereby help to start, 
continue, or complete treatment for a clinical 
study.29,30 A perfect marker is indicated if the 
biomarker has a TPF = 1 and a FPF = 0. Even 
if the TPF and the FPF are not equal to 1 and 
0, respectively, or are less, the marker can 
still be beneficial. The criteria to decide which 
biomarker will be useful depends on the study 
purpose. The general approach is that the TPF 
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and the FPF should be balanced.16 Biomarkers 
can be classified as fitting the optimal balance 
of TPF and FPF if the risk value > risk threshold 
rule, which is often used as a clinical decision 
criterion.11 In our study, we considered the 
clinical status of the patients, calculated their 
risk thresholds, and then used this status to 
determine the biomarker selection criteria; TPF 
≥ 0.60 was the ratio of detecting patients with 
VOC, while a FPF ≤ 0.30 was the ratio indicated 
to show the steady-state patients with VOC. 
Our results showed that all the biomarkers were 
insufficient to classify low-risk patients. 

If the risk of the disease is close to 0 or 1, the 
drug dose, variety of treatment, and duration of 
treatment can easily be determined. However, if 
the risk of disease is in the gray area, the decision 
becomes more difficult.11 If a biomarker assigns 
a large number of individuals to the low- and 
high-risk groups and a smaller number of 
individuals to the gray area, it is accepted 
that the risk biomarker is strong or best.14,15 In 
our study, five patients with VOC and three 
steady-state patients were in the gray area. In 
such instances, the question of whether such 
individuals should be evaluated as low- or 
high-risk patients is important. The status of 
patients who cannot not be assigned to any risk 
class and remain in the gray area is an important 
topic as this could lead to these patients being 
over- or under-treated. For patients in the gray 
area, genetic and environmental risk factors and 
compliance with treatment should therefore be 
investigated retrospectively.

According to the PC results, TNF-α was the best 
biomarker for classifying patients at a high risk 
of VOC (Table I). TNF-α, IL-6, and WBC were 
found to discriminate between the low- and 
high-risk groups when the PC risk model was 
used with the ROC analysis (Table III). The 
PC and ROC analysis results were consistent. 
On the other hand, the classic statistic results 
showed that classifications based on the 
performance of the biomarkers for steady-state 
patients and those with VOC were not good. 
AUC values were above 0.60 for all biomarkers. 

These results mean that making comparisons 
according to risk categories using the PC 
method can provide more accurate results in 
critical diseases like SCD.

It is a feasibility study. So, we evaluated 
statistical power of study in the table III. The 
statistical power for AUCs was lower than 0.80 
and an unacceptable level for the observed 
groups. Once the low- and high- risk groups had 
been predicted, AUC values and the statistical 
power increased for TNF-α, IL-6, and WBC. 
Notably, the statistical powers were higher than 
0.80 for the TNF-α and IL-6 (Table III). Although 
our sample size was small, agreement was 
established between the predicted and observed 
results.

The findings of our study showed that 
classifying patients by their VOC risk group 
and managing their treatment accordingly are 
extremely important. Group comparisons of 
biomarkers should be done in line with the low 
and high VOC risk groups in SCD patients. 
Attention should be paid to the treatment of 
patients whose VOC risk is unclear.
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Monosymptomatic nocturnal enuresis (MNE) is 
involuntary urination only during sleep which 
is not accompanied by any bladder symptoms 
and with completely normal daytime urination 
pattern. Its prevalence is about 10% in seven-
year-olds and about 5% in 10-year-olds.1,2

Numerous factors influence the etiology of 
primary MNE. The least implicated among 
these factors are nocturnal polyuria, sleep 
disorders, decreased bladder capacity and 
bladder dysfunction. However, the same 
pathophysiological mechanisms do not apply 
to each patient and it is considered that different 
mechanisms could be responsible for different 
wet nights of the same patient.2,3

It is well established that sodium and potassium 
excretion of normal children present a diurnal 
rhythm and that excretion is reduced during 

Evaluation of nocturnal blood pressure changes and urinary 
electrolyte excretion in children with enuresis

Zeynep Şengül Emeksiz1 , Pınar Işık Ağras2 , Serhat Emeksiz1 , Yıldız Bilge Dallar1

Departments of 1Pediatrics and 2Pediatric Nephrology, Ministry of Health Ankara Training and Research Hospital, Ankara, Turkey.

ABSTRACT

Background. Monosymptomatic nocturnal enuresis (MNE) is defined as involuntary nighttime urination of 
children over five years of age without any congenital or acquired defect in the central nervous system. Many 
factors, mainly nocturnal polyuria, sleep disorders, decreased bladder capacity, and bladder dysfunctions play 
a role in the etiology of MNE.

Methods. Eighty-three children diagnosed with MNE were included in the study. Complete blood cell count, 
blood biochemistry, renin, and aldosterone levels of all children were obtained. Twenty-four-hour urine samples 
were collected separately daytime and nighttime and urinary electrolytes were evaluated. Also, 24-hour 
ambulatory blood pressure monitoring (ABPM) was performed for each patient. The results were evaluated by 
comparing both enuretic children vs. control group and enuretic children with polyuria vs. without polyuria. 

Results. When we compared the enuretic children and the control group in terms of urinary electrolytes, the 
fractional excretion of sodium (FENa) and fractional excretion of potassium (FEK) values of the enuretic group 
were higher than the control. The evaluation of the 24-hour ABPM findings revealed no significant difference in 
terms of the mean arterial pressure (MAP) and diastolic blood pressure (DBP) during the daytime and nighttime 
measurements. The daytime systolic blood pressure (SBP), however, was significantly lower in the enuretic 
group. When enuretic children with and without polyuria and the control group were compared, the nighttime, 
FENa, FEK, as well as nighttime urinary excretion of calcium and protein were significantly higher in enuretic 
children with polyuria. No difference was detected on the MAP, SBP, or DBP values. 

Conclusions. In conclusion, the nighttime urinary solute excretion of enuretic children was found to be higher 
and this condition may especially be associated with pathogenesis of nighttime polyuria. In enuretic children, 
nighttime blood pressure changes were not influential in the etiopathogenesis in all patient groups and multiple 
mechanisms may play a role in the pathogenesis of enuresis.

Key words: enuresis, ambulatory blood pressure, urinary electrolyte excretion.
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nighttime but this rhythm is impaired in 
enuretic children.4 Increased solute excretion 
accompanying tubular reabsorption of water can 
also explain this situation. In the literature, there 
are studies suggesting that the pathogenesis of 
enuresis is affected by disturbances in distal 
renal tubules.5

In enuretic children; our knowledge on the 
relationship between nocturnal blood pressure 
changes and nocturnal polyuria is still limited. 
In this study, it is aimed to reveal the correlation 
between the daytime – nighttime blood pressure 
changes and electrolyte excretion in children 
with primary MNE. 

Material and Methods

In this study; 83 children diagnosed with 
MNE were included. The control group was 
constituted by 62 patients with same age and 
gender characteristic. Children with MNE with 
minimum three wet nights a week were included 
in the patient group before any medical or 
behavioral treatment were started. The control 
group consisted of children who applied to 
outpatient clinics with complaints other than 
enuresis, including acute mild respiratory tract 
infection or for routine check-up.

Complete blood cell counts, biochemical 
parameters, renin and aldosterone levels of all 
children were worked on venous blood samples 
that were taken at 08:00 a.m. For determination 
of renin and aldosterone levels, RAI-DSL 
kit (Active® RIA DSL; Diagnostic Systems 
Laboratories, Inc., Webster, TX) was used. The 
samples were employed in the Ministry of 
Health Ankara Training and Research Hospital 
Biochemistry and Hematology laboratories.

During the following 24-hour following 
sampling, urine samples were collected 
separately in nighttime and daytime for 
evaluating sodium, potassium, creatinine, 
phosphorous, calcium and protein values. 

For night time urine collection, the child was 
awakened once more than the usual nightly 

incontinence frequency, taken to the toilet 
and urine was collected for the whole night 
including the first morning urine sample.

FENa, FEK, tubular phosphorous reabsorption 
(TPR) was calculated with following formulae:

FENa (%) = [(urinary sodium / urinary 
creatinine) x (serum creatinine / serum sodium)] 
x 100

FEeK (%) = [(urinary potassium / urinary 
creatinine) x (serum creatinine / serum 
potassium)] x 100 

TPR (%) = [(1- (urinary phosphorous / urinary 
creatinine) x (serum creatinine / serum 
phosphorous)] x 100

Urinary protein excretion was calculated as 
“mg/m²/h” while urinary calcium excretion was 
calculated as “mg/kg/day”.

The bladder capacity of the enuretic children 
was calculated by the formula: 30 + [age (years) 
x 30] ml formula. Children with a nighttime 
urine volume exceeding 130% of the expecting 
bladder capacity were acknowledged as 
polyuric enuretic children. The results were 
compared in two stages: enuretic children 
vs. control group and enuretic children with/
without polyuria vs. control group.

Simultaneously with urine collection, the 
ambulatory blood pressures of all children 
were measured with Mobil – O – Graph NG 
(I.E.M. GmbH, Germany) device at intervals of 
15 minutes during daytime and 30 minutes on 
average during nighttime while children were 
conducting their normal daily activities. During 
ambulatory blood pressure measurement, 
sleeping and waking up times were recorded. 
Day and night time measurements were 
defined and evaluated according to these data. 
Blood pressure percentiles according to age, 
gender and height were used for evaluation of 
measurements.6 

Written informed consent was obtained for 
each child included in the study. The study was 
approved by the Ethics Committee of Ministry 
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of Health Ankara Training and Research 
Hospital (no: 0398/2010).

Statistical analysis 

The data obtained from this study were 
evaluated by means of SPSS 22 package software. 
Descriptive statistics were indicated as mean ± 
standard deviation (minimum – maximum) or 
as median (IQR, 25th–75th percentile) while 
nominal variables were indicated as observation 
count and (%). For double group comparisons 
Student’s t-test, for triple group comparison 
Kruskall-Wallis test; for comparison of paired 
variables, the Wilcoxon tests were used. For 
correlation analysis, Pearson correlation 
analysis method was used. The significance 
level was accepted <0.05. 

Results

Among 83 enuretic children, 33 (39.8%) were 
girls and 50 (60.2%) were boys with average 
age of 9.2 ± 2.6 years. In the control group, 32 
children out of 62 (51.7%) were girls while 30 
(48.35) were boys with an average age of 9.9 ± 2.2 
years. In terms of age and gender, the children 
with enuresis were of similar characteristics 
with the control group (p>0.05).

Comparison of enuretic children with the 
control groups 

When the results of complete blood cell count of 
patients were assessed, no significant difference 
(p>0.05) was found between the children with 
enuresis and the control group in terms of 
hemoglobin, white blood cell count and platelet 
counts. However, hematocrit values were lower 
in the control group (p<0.05).

Among biochemical parameters, urea, 
creatinine, albumin, sodium, potassium, calcium 
and phosphorous were evaluated. The values of 
phosphorous were determined to be lower in the 
control group (p<0.05). No significant difference 
in terms of other biochemical parameters was 
detected between two groups (p>0.05). There 
was no significant difference in terms of serum 
renin and aldosterone levels. (p>0.05) (Table I)

The mean nighttime urine volume of enuretic 
group was distinctively higher (1.1 ± 0.7 ml/
kg/h) than control group (0.9 ± 0.5 ml/kg/h) 
(p<0.05). Daytime urine volumes were similar 
in both groups (Table II).

The mean FENa of the enuretic group, 
calculated in the nighttime urine samples was 
found to be significantly higher than that of 

Table I. Laboratory findings of children included in the study.

Variables Enuretic children  
(N=83)

Control group  
(N=62) P value

Hemoglobin (gr/dl) 13.2 ± 0.9 12.9 ±1.2 >0.05
Hematocrit (%) 39.0 ± 2.7 37.7 ± 3.6 <0.05*
White blood cell count (/mm3) 7938 ± 2864 7740 ± 2563 >0.05
Platelet count (/mm3) 302,554 ± 82,209 286,916 ± 66,685 >0.05
Urea (mg/dl) 24.9 ± 7.3 25.1 ± 7.3 >0.05
Creatinine (mg/dl) 1.5 ± 0.2 0.6 ± 0.1 >0.05
Albumin (gr/dl) 4.5 ± 0.2 4.6 ± 0.4 >0.05
Sodium (mEq/L) 137.9 ± 13.8 139.3 ± 2.3 >0.05
Potassium(mEq/L) 4.4 ± 0.3 4.2 ± 0.6 >0.05
Calcium (mg/dl) 9.9±0.4 9.9 ± 0.4 >0.05
Phosphorus (mg/dl) 4.7±0.5 4.4 ± 0.6 <0.05*
Renin (pg/ml) 30.2 ± 18.5 25.7 ± 12.0 >0.05
Aldosterone (pg/ml) 211.3 ± 136.8 176.1 ± 129.0 >0.05
Data are presented as mean ± standard deviation.
*p <0.05
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the control group (p<0.05). Yet there was no 
significant difference between enuretic children 
and control group regarding the mean FENa 
calculated in daytime urine samples (p>0.05) 
(Table II).

FEK value calculated in nighttime urine samples 
was higher in enuretic children compared to 
control group. No significant difference was 
determined regarding the daytime values of 
the same parameters (p>0.05). When comparing 
enuretic children with the control group in 
terms of daily urinary excretion of calcium 
and protein, no significant difference was 
determined (p> 0.05) (Table II).

TPR values were comparable between the two 
groups (p>0.05) (Table II).

Evaluation of ambulatory blood pressure values 
showed that daytime mean systolic blood 
pressure of enuretic children (104.1± 6.5 mm Hg) 
was lower compared to that of the control group 
(107.2± 8.4 mm Hg) (p<0.05). When systolic 
daytime blood pressure load was analyzed; 
enuretic children showed lower results (5.1± 
5.9 mm Hg) than the control group (8.7± 10.1 

mm Hg) (p<0.05). No significant difference was 
determined between the two groups in terms 
of other ambulatory blood pressure parameters 
(p>0.05; Table III).

Comparison of enuretic children with vs. 
without polyuria and control group

Children with polyuria had significantly 
higher mean FENa and FEK in nighttime 
urine samples (p <0.05); but in daytime urine 
samples, there were no differences. Similarly, 
the urinary calcium and protein excretion in 
nighttime urine samples were distinctly higher 
in the group of enuretic children with polyuria, 
compared to enuretic children without polyuria 
and the control group (p<0.05; Table IV). Mean 
TPR values were comparable. 

Comparison of 24-hour ABPM parameters of 
the children included in the study showed 
only one significant difference which was the 
systolic blood pressure load. Daytime systolic 
blood pressure load was significantly higher 
in enuretic children with polyuria compared 
to those enuretic children without polyuria 

Table II. 24-hour urine findings of enuretic children and the control group.

Variables Enuretic Children  
(N=83)

Control Group  
(N=62) P value

Daytime urine volume (ml/kg/h) 1.3 ± 0.8 1.1 ± 0.5 >0.05
Nighttime urine volume (ml/kg/h) 1.1 ± 0.7 0.9 ± 0.5 <0.05*
FENa in daytime urine (%) 1.2 ± 1.8 0.9 ± 0.7 >0.05
FENa in nighttime urine (%) 1.0 ± 1.4 0.5 ± 0.3 <0.05*
FEK in daytime urine (%) 6.3 ± 5.4 7.9 ± 1.9 >0.05
FEK in nighttime urine (%) 2.2 ± 2.9 1.5 ± 1.5 <0.05*
Daytime urinary calcium excretion 
(mg/kg/day) 1.2 ± 1.1 1.2 ± 1.2 >0.05

Nighttime urinary calcium 
excretion (mg/kg/day) 0.7 ± 0.6 0.5 ± 0.4 >0.05

Daytime urinary protein excretion 
(mg/m²/h) 4.6 ± 3.5 5.4 ± 4.5 >0.05

Nighttime urinary protein excretion 
(mg/m²/h) 5.1 ± 4.9 5.3 ± 5.5 >0.05

TPR daytime (%) 95.2 ± 3.8 93.6 ± 11.2 >0.05
TPR nighttime (%) 94.6 ± 3.1 94.9 ± 5.8 >0.05
Data are presented as mean ± standard deviation.
FENa: fractional excretion of sodium, FEK: fractional excretion of potassium, TPR: tubular phosphorus reabsorption.
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Table III. 24-hour blood pressure monitoring data of enuretic and control group.

Variables Enuretic Children 
(N=83) Control Group (N=62) P value

MAP daytime (mmHg) 81.3 ± 5.0 83.1 ± 6.7 >0.05
MAP nighttime (mmHg) 72.2 ± 5.6 73.4 ± 4.7 >0.05
SBP daytime (mmHg) 104.1 ± 6.5 107.2 ± 8.4 <0.05*
SBP nighttime (mmHg) 94.7 ± 7.4 97.1 ± 7.1 >0.05
DBP daytime (mmHg) 62.0 ± 4.8 63.2 ± 6.8 >0.05
DBP nighttime (mmHg) 53.2 ± 5.0 53.9 ± 4.4 >0.05
Data are presented as mean ± standard deviation.
*p < 0.05 
DBP: mean diastolic pressure, MAP: mean arterial pressure, SBP: mean systolic pressure.

Table IV. 24-hour urine findings of enuretic children with/without polyuria and control group.

Parameters
Enuretic children  

with polyuria (N=24)
Enuretic children  

without polyuria (N=59)
Control Group  

(N=62)
Daytime Nighttime Daytime Nighttime Daytime Nighttime 

FENa (%) 1.7 ± 3.3 1.4 ± 1.9 *, a 1.0 ± 0.8 0.7 ± 0.4 *, a 0.9 ± 0.7 0.5 ± 0.3 *, a

FEK (%) 7.8 ± 5.2 3.8 ± 2.8 *, a 5.9 ± 5.5 1.6 ± 2.7 *, a 8.0 ± 1.9 1.5 ± 1.5 *, a

Protein excretion 
(mg/m2/h) 5.5 ± 3.1 7.9 ± 7.9 *, a 4.3 ± 3.6 4.2 ± 2.9 *, a 5.5 ± 4.5 5.4 ± 5.5 *, a

Calcium excretion 
(mg/m2/h) 1.2 ± 0.7 0.9 ± 0.5 *, a 1.2 ± 1.2 0.6 ± 0.7 *, a 1.2 ± 1.3 0.5 ± 0.4 *, a

TPR (%) 94.6 ± 2.5 94.0 ± 2.4 95.4 ± 4.2 94.8 ± 3.3 93.6 ± 11.3 94.9 ± 5.8
Data are presented as mean ± standard deviation.
FEK= fractional excretion of potassium, FENa: fractional excretion of sodium, TPR: tubular phosphorus reabsorption. 
*p < 0.05 
a: nighttime FENa, FEK, protein, and Ca excretion were significantly higher in enuretic children with polyuria, compared to 
enuretic children without polyuria and the control group.

Table V. 24-hour blood pressure monitoring data of enuretic children with/without polyuria and the control 
group.

Parameters
Enuretic children  

with polyuria (N=24)
Enuretic children  

without polyuria (N=59)
Control Group  

(N=62)
Daytime Nighttime Daytime Nighttime Daytime Nighttime 

SBP (mm Hg) 105.7 ± 6.7 94.8 ± 5.6 103.5 ± 6.7 94.5 ± 7.3 106.8 ± 8.1 96.8 ± 6.9
SBP-SDS 0.0±0.8 -0.1 ± 0.7 -0.2 ± 0.8 -0.1 ± 0.9 0.1 ± 1.0 0.1 ± 0.9
DBP (mm Hg) 63. 3± 4.2 53.3 ± 4.3 61.7 ± 4.8 53.0 ± 4.0 62.8 ± 6.5 53.8 ± 4.4
DBP-SDS 0.1 ± 0.7 -0.0 ± 0.9 -0.1 ± 0.8 -0.1 ± 0.8 0.0 ± 1.1 0.0 ± 0.9
MAP (mm Hg) 82.5 ± 4.9 72.3±4.7 80.9 ± 5.0 71.8 ± 4.7 82.9 ± 6.6 73.4 ± 4.7
MAP-SDS 0.0 ± 0.8 -0.0 ± 0.8 -0.2 ± 0.8 -0.1 ± 0.8 0.1 ± 1.1 0.1 ± 0.8
SBP load (%) 6.8 ± 8.9 * 7.8 ± 16.4 4.6 ± 6.4* 7.9 ± 14.5 8.7 ± 10.1 10.5 ± 15.5
DBP load (%) 5.2 ± 11.8 9.8 ± 9.8 6.5 ± 8.4 10.4 ± 9.4 6.7 ± 9.0 12.7 ± 12.6
SBP dipping (%) 10.2 ± 3.4 9.4 ± 4.1 9.6 ± 4.9
DBP dipping (%) 15.7 ± 4.9 13.9 ± 6.1 14.1 ± 7.3
Data are presented as mean ± standard deviation.
DBP: diastolic blood pressure, MAP: mean arterial pressure, SBP: systolic blood pressure, SDS: Standard derivation score 
*p <0.05; daytime systolic blood pressure load was significantly higher in enuretic children with polyuria compared to those 
enuretic children without polyuria
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(p<0.05). When all three groups are compared, 
the highest MAP pressure was found in the 
control group, but it did not reach to statistical 
significance (p >0.0.5, Table V).

No significant correlation was determined 
between the ABPM parameters and urinary 
excretion of electrolytes day and nighttime. 
Similarly, serum renin and aldosterone levels 
were not correlated with ABPM parameters 
(p>0.05).

Discussion

Monosymptomatic nocturnal enuresis is 
a multifactorial health issue that affect 
approximately 10% of children between the 
ages of 5 -10 years.7 Children with normal 
pediatric development, daytime bladder control 
is usually achieved between the age of 2–3 years 
and nighttime control is developed around 
3–5 years of age. According to the criteria of 
International Children’s Continence Society, 
children over 5 years of age are expected to 
have urinary control during sleep.8 For this 
reason, our study included 83 enuretic children 
above 5 years of age with an average age of 9.2 
± 2.6 years. 

It has been shown that enuresis is seen equally 
in both genders until the age of five, then the 
incidence increases gradually in boys and its 
incidence is twice higher in boys than girls 
around the age of 11.9 In our study, 60.2% of 
the enuretic children were boys, which was 
compatible with the literature.10 The frequent 
occurrence of enuresis in boys can be attributed 
to the lower rate of spontaneous recovery and 
the higher frequency of secondary enuresis in 
boys.11,12

In our study, the electrolyte excretion in 
daytime and nighttime urine samples of 
enuretic children and the children in the 
control group were calculated. No difference 
was determined on the daytime mean FENa 
and FEK values but the mean FENa and FEK 
values calculated in nighttime urine samples of 
enuretic children was found to be significantly 

higher than the control group. Review of the 
literature shows that FENa and FEK excretion 
were found to be higher in children with MNE 
compared to controls.13 Another study including 
30 enuretic children showed only increased 
potassium excretion.5 Increased potassium 
excretion in those children suggests that there 
may be failure of some potassium -regulating 
mechanisms in distal tubules. Excessive K+ 
in the distal tubule together with the low 
ADH in enuretic may cause less tubular fluid 
reabsorption, and insufficiently reabsorbed K+ 
remains in the distal tubule concomitantly with 
water. Kir 4.1 is expressed in the kidney with 
high specificity only in the distal convoluted 
tubule (DCT) on the basolateral membrane, and 
speculated that it is critical for K+ recycling. 
KCNJ10 channel protein is a member of the 
Kir 4.1 family.13 Balat et al.13 studied relation 
between urinary electrolytes, especially K+ and 
KCNJ10 gene promoter polymorphism. They 
found that SNP3 in promoter of KCNJ10 gene 
was strongly associated with either distribution 
of genotype and allele frequency in enuretic, 
and TT genotype was associated with higher 
urinary K+ excretion. They also suggested 
that determination of the relationship between 
KCNJ10 gene polymorphism and polyuria in 
enuretic children could be more informative. 

When polyuric–non polyuric children and 
control group were compared in terms of 
urinary excretion of electrolytes in our study, 
no difference was determined in daytime urine 
samples. In children with nocturnal polyuria, 
however, the mean nighttime FENa, the mean 
nighttime FEK urinary excretion, protein and 
calcium excretions were found to be significantly 
higher. These data, which are compatible with 
previous studies, suggest that FENa correlates 
with nocturnal polyuria and nocturnal enuresis, 
especially in enuretic patients with polyuria.12

When enuretic children and the control group 
were compared in terms of urinary calcium 
and protein excretion and TPR in daytime 
and nighttime urine samples, no significant 
difference was found between these two 
groups. When these parameters were evaluated 
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regarding enuretic children with vs. without 
nocturnal polyuria and the control group, 
however, the urinary calcium and protein 
excretion of children with nocturnal polyuria 
was determined to be higher. Raes et al.14 
determined hypercalciuria in 12% of children 
with nocturnal enuresis and stated a correlation 
between urinary calcium excretion, nocturnal 
urine volume and increased sodium excretion 
in urine. However, hypercalciuria is a symptom 
already present in the normal population with 
a ratio around 3 - 7%. Furthermore, enuresis is a 
symptom that can be seen in cases with primary 
hypercalciuria. Depending on these data, it can 
be stated that this correlation between enuresis 
and hypercalciuria should not be considered as 
a primary factor but as a co-morbid factor in the 
pathogenesis of enuresis. 

Increased Na and K excretion accompanied 
by increased protein and calcium excretion in 
nighttime urine samples of enuretic children 
with nocturnal polyuria as shown by our study 
suggests that renal tubular defects may have a 
role in the etiopathogenesis in enuretic children 
with nocturnal polyuria. Yet, it should be also 
kept in mind that hormonal factors also have a 
role in the regulation of renal water and solute 
excretions. The literature contains limited data 
regarding the role of atrial natriuretic peptide, 
renin, aldosterone and angiotensin-2 in the 
etiology of enuresis.3 In our study, enuretic 
children and control group were compared in 
terms of renin and aldosterone levels but no 
significant difference was found. Kamperis et 
al.15 compared ANP, angiotensin-2, aldosterone 
and renin levels and, they determined no 
difference between enuretic children and the 
control group which is similar to the findings 
of our study. However, in the same study, 
a significant increase was determined in the 
prostaglandin E-2 (PGE2) level of patients with 
nocturnal polyuria and it was suggested that 
renal prostaglandins were the key molecule in 
the etiopathogenesis of enuresis. PGE2 prevents 
ADH’s effects on tubular water reabsorption and 
at the same time potentiates its natriuretic effect. 
For this reason, even though the natriuresis 

in children with nocturnal polyuria cannot be 
directly explained with abnormalities in the 
circadian rhythm of ANP, renin, aldosterone 
and angiotensin-2, it is possible that increased 
PGE2 is the main factor responsible for this 
occurrence.16

When enuretic children and the control group 
was compared in terms of the findings of ABPM, 
no significant difference was determined 
between the two groups in terms of the MAP and 
the DBP values that were measured both during 
daytime and nighttime. The only difference 
determined between the two groups was the 
lower SBP in the enuretic group. However, it 
was considered that this reduction in daytime 
values was not involved in the pathogenesis 
of enuresis. Additionally, enuretic children 
with versus without nocturnal polyuria and 
the control group were also compared. No 
significant difference was found among all 
three groups in terms of the SBP, DBP and MAP 
as measured both daytime and nighttime. 

Review of the literature shows that most 
of the studies on this subject revealed no 
significant difference between the nocturnal 
blood pressure values of enuretic children with 
polyuria versus without polyuria.17,18 Normally, 
nocturnal decrease in urine production is 
accompanied by reduced blood pressure 
during sleep. On the basis of this information, 
one can expect to determine some variations 
in nocturnal blood pressure pattern in enuretic 
children with nocturnal polyuria. In order to 
explain why ABPM findings of children with 
polyuria versus without polyuria were found to 
be similar in our study and some other studies 
in the literature, one can speculate that sleep 
patterns of enuretic children included in the 
study may be different or disturbed. Another 
reason for this finding may be the presence of 
additional pathophysiological mechanisms, 
other than nocturia, affecting the blood 
pressure. Contrary to the data in our study, 
in a study conducted by Anne et al.17 higher 
MAP values were found in enuretic children 
with nocturnal polyuria compared to enuretic 
children without nocturnal polyuria and to 
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the control group and it was reported that the 
enuresis might be caused by polyuria resulting 
from this increase in blood pressure. In another 
study evaluating the role of autonomic activity 
in the pathogenesis, selective nocturnal increase 
in the mean diastolic and mean arterial pressure 
was found in children with enuresis, and this 
increase was thought to be associated with 
sympathetic nervous system hyperactivation.2

Various conclusions in the literature related to 
nocturnal blood pressure changes in children 
with enuresis may be related to variability of 
nocturnal activity of the autonomic nervous 
system. Dundaroz et al.19 analyzed the heart rate 
changes in children with nocturnal enuresis and 
increase in heart rate supporting sympathetic 
hyperactivity was determined.20 Contrary to 
this, many studies in this field showed existence 
of parasympathetic neural system hyperactivity 
and consequent bladder hyperactivity.20 
Conflicting results in the literature, give rise 
to the thought that the autonomic nervous 
system can be more active in sympathetic or 
parasympathetic way in different enuretic 
patient groups. 

According to the theory that anticipates a 
relationship between nocturnal blood pressure 
changes and enuresis; in enuretic children, 
it is expected that the nocturnal increase of 
blood pressure should increase glomerular 
filtration and consequently the urinary solute 
excretion. As a result, urinary volume should 
increase during the night. However, from the 
data obtained in our study, no correlations 
between ABPM findings and urinary electrolyte 
excretions and volumes were found.

In the literature, the nocturnal blood pressure 
increase was determined predominantly in 
enuretic children with polyuria.17 In general, 
also in our study, approximately one out of 
every five enuretic children showed polyuria. 
However, results of separate evaluations of 
cases with polyuria provided similar nocturnal 

blood pressure levels with those without 
polyuria. These findings support the idea that 
the nocturnal blood pressure changes are not 
an invariable finding in enuretic children and 
that in addition to the blood pressure, different 
pathogenic mechanisms play a role in the 
etiology of enuresis. 

In the literature, there are various studies 
on nighttime urinary electrolyte excretion in 
enuretic children. However, the number of 
studies on blood pressure changes in enuretic 
children is limited. Yet, our study included 
the highest number of patients compared to 
other studies. Additionally, the study bears a 
certain significance by evaluating both blood 
pressure and urinary volume as well as urinary 
electrolyte excretion. We can conclude that our 
study reflects the findings of enuretic children 
on a broader basis and provides more reliable 
data since it included a large number of patients 
than any other study in the literature and since 
it examined various parameters and their 
correlations. Our study compared the ABPM 
findings and urinary electrolyte excretions 
in detail rather than a specific pathogenetic 
mechanism, which may be considered a 
limitation. But still, this may provide a broader 
view to the subject. 

In conclusion; it has been shown that 
nighttime urinary solute excretion is higher 
in enuretic children. This finding may play a 
role in the pathogenesis of nocturnal polyuria. 
Furthermore, it has been found that nocturnal 
blood pressure changes are not invariably 
present in all enuretic children. As a result, it has 
been concluded that pathogenesis of enuresis is 
multifactorial and different factors may play a 
role in each individual patient.
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Strabismus is a common ophthalmic condition 
in children, with a prevalence around 2-3%.1-3 
Pediatricians should promptly identify ocular 
motor disorders in children for two main 
reasons: strabismus may be the only sign of a 
critical ocular, neurologic or systemic disease 
with significant health implications4, and an 
ocular misalignment may lead to irreversible 
amblyopia and loss of binocularity if treatment 
is delayed beyond the age of visual plasticity.5-6 

An ocular motor disorder may be observed as a 
crossing in of an eye (esotropia), a drifting out 
of an eye (exotropia), a vertical misalignment 
(hypertropia or hypotropia), or an incomplete 
rotation of an eye. Pediatricians are often the 
first medical providers to encounter infants 
or children who have strabismus, and have a 
pivotal role in the identification and referral of 
these patients. 

The term strabismus in medical texts is often 
narrowly defined to describe an ocular motor 
problem in which the eyes are not properly 
aligned. Ophthalmologists tend to use a 
broader usage to include any type of eye muscle 
disturbance that may not necessarily include 
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Background. Pediatricians are regularly involved in the initial examination of children presenting with 
strabismus, a common ocular condition occurring in 3% of children. The objective of this review was to gain 
insight into pediatric residents, fellows and attendings’ understanding of strabismus, and to propose an 
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Methods. A survey was conducted in a single Department of Pediatrics in a university academic institution in 
order to assess the degree of understanding of the classification, etiology and nomenclature of strabismus. A 
targeted literature review, pertinent to our classification scheme for strabismus in the pediatric age group, is 
provided to clarify the various underlying etiological conditions for pediatricians. 

Results. The surveyed cohort (n=26) consisted of 10 (38.5%) attendings and 16 (61.5%) pediatricians-in-training. 
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a clear understanding of the underlying etiology of strabismus, 8% had a clear understanding of strabismus 
nomenclature and none of the participants had clear knowledge of a classification scheme of strabismus. We 
propose an etiologic-based strabismus classification scheme with streamlined nomenclature geared towards 
Pediatricians to facilitate the management of pediatric patients with various ocular misalignments. Eight 
major categories of this classification scheme include (1) physiologic, (2) comitant, (3) paralytic, (4) sensory, (5) 
syndromic, (6) orbital, (7) supranuclear and (8) pseudostrabismus.

Conclusions. Pediatricians at all levels of professional experience have a limited command of strabismus. An 
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facilitate the management of strabismus in the pediatrician’s office.
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a misalignment of the eyes, such as in a gaze 
palsy or apraxia.

Various classification schemes exist for 
strabismus, most of which are penned by 
pediatric ophthalmologists for use within 
the ophthalmology community.7 These same 
schemes show up in primary care texts, and 
classify strabismus in terms of direction of 
misalignment, whether constant or intermittent, 
as comitant versus incomitant, as patterns with 
over- or under-actions of oblique extraocular 
muscles, as a relationship to accommodation, 
as excesses or insufficiencies of convergence 
or divergence, and in terms of age of onset or 
laterality.7 Confusing nomenclature such as high 
accommodative convergence/accommodation 
esotropia or divergence excess exotropia may 
show up in these types of schemes. Also, these 
classification schemes provide little insight 
as to why patients develop the strabismus, 
the necessity for early referral or the expected 
work-up.

In the present study, we aimed to construct a 
clinically relevant classification of strabismus 
to simplify the differential diagnosis and work-
up of pediatric patients for pediatricians and 
primary care physicians. In order to assess the 
current understanding of strabismus conditions 
by the pediatricians, we undertook a survey of 
the pediatrician faculty and pediatric residents/

fellows at our academic institution to see if 
these individuals had a working knowledge 
or comfort level in understanding strabismus. 
We propose an alternative etiology-based 
classification scheme for strabismus with 
simplified nomenclature tailored towards the 
needs of pediatricians in dealing with this 
disorder.

Material and Methods

This cross-sectional survey was conducted on 
Pediatrician attendings and Pediatric trainees 
in a single university-based Department of 
Pediatrics. The demographics of the physicians 
surveyed are presented in Figure 1. A five-
question survey was administered through 
a web-based portal (i.e. surveymonkey.com) 
in a blind fashion during a 4-week period 
(July-August 2019). The survey questions are 
presented in Table I, and the questions sought 
to identify the participant’s level of comfort 
and knowledge regarding strabismus. No 
patient data was extracted and therefore an IRB 
approval was not required for this survey.

Data sources

A PubMed data search was conducted between 
the years 1980 and 2020, utilizing the key words 
“strabismus”, “strabismus classification”, 

Fig. 1. Demographics of physicians who participated in the survey according to current practice/training status.

http://surveymonkey.com
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and “strabismus etiology”. Targeted searches 
based on the articles found through the initial 
PubMed query were additionally conducted. 
Publications written in a language other than 
English were not analyzed, apart from those 
that had abstracts provided in English. 

Results

The preliminary survey that served as the 
basis for the current review consisted of 26 
physicians; 16 were pediatricians in training 
and 10 were attendings of the same department 
(Fig. 1). Of the surveyed physicians, 50% were 
comfortable with performing an eye screening 
exam on a pediatric patient and 69% were 
comfortable with performing an ocular motility 
examination. No physician surveyed had a 
clear understanding of a classification system of 
strabismus and only 19% had an understanding 
as to the etiology of strabismus in children. 
Furthermore, the majority (92%) of the surveyed 
population did not have a clear understanding 
of strabismus nomenclature. The response rates 
of pediatricians in training versus attending 
pediatricians are presented in Table I.

In the light of these results, a clinically 
relevant classification scheme was proposed 
to assist pediatricians with improving their 
understanding of the underlying causes of 
strabismus (see below and Table II). Eight 

major categories of this classification scheme 
include (1) physiologic, (2) comitant, (3) 
paralytic, (4) sensory, (5) syndromic, (6) orbital, 
(7) supranuclear and (8) pseudostrabismus, 
provided in more detail in the following section.

Discussion

Our proposed classification scheme for 
strabismus is clear and concise, and provides 
a sense of the importance of identifying 
strabismus in the pediatric patient, the need 
for prompt referral and the possible work-up. 
It should be emphasized that the role of the 
pediatrician is not to assign an etiology to the 
strabismus, but to identify and refer, as the 
skills and knowledge for assigning an etiology 
in these cases require advanced training in 
ophthalmology. 

Particular important clinical clues for expedited 
referral in suspected cases of strabismus include 
an acute onset, presence of diplopia, limited 
ocular rotations, visual impairment, leukocoria, 
pupillary abnormalities, proptosis, ptosis, signs 
of ocular inflammation or other neurologic 
findings.8 Many forms of strabismus, including 
comitant strabismus, may present either as 
alternating strabismus where either eye will 
be used for fixing on objects of interest or non-
alternating strabismus where there will be 
a dominant eye that will be used for fixation. 

Table I. Responses to survey questions regarding the perception of pediatricians towards strabismus.

Questions

All participants 
(n=26)

Pediatricians in-training 
(n=16)

Attendings 
(n=10)

Response, n (%) Response, n (%) Response, n (%)
Yes No Yes No Yes No

1. Do you feel comfortable performing a 
screening eye exam on a child?

13 (50) 13 (50) 4 (25) 12 (75) 9 (90) 1 (10)

2. Do you feel comfortable performing the 
ocular motility portion of the exam?

18 (69) 8 (31) 12 (75) 4 (25) 6 (60) 4 (40)

3. Do you have a clear understanding of 
the classification system of strabismus?

0 (0) 26 (100) 0 (0) 16 (100) 0 (0) 10 (100)

4. Do you have a clear understanding as 
to the etiology of strabismus?

5 (19) 21 (81) 1 (6) 15 (94) 4 (40) 6 (60)

5. Do you have a clear understanding as 
to the strabismus nomenclature?

2 (8) 24 (92) 2 (13) 14 (87) 0 (0) 10 (100)
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Non-alternating strabismus may be an ominous 
sign potentially indicative of an underlying 
amblyopia, structural pathology such as 
cataract, optic nerve hypoplasia or retinal 
pathology, or both in the non-fixing eye of the 
strabismic patient.

Etiology-based Strabismus Classification 
Scheme for Pediatricians 

1. Physiologic strabismus: Misalignment of 
the eyes in early infancy is a feature of normal 
development.9,10 Normal ocular alignment is 
a learned process that should be complete by 
around 4-6 months of age. In one study, out of 
2271 newborns, 67% showed some exotropia, 
30% had straight eyes, 1% had esotropia and 
2% had variable angle misalignments changing 
between exo- and esotropia.9 All esotropes 
were noted to resolve by 2 months and almost 
all exotropes (97%) were resolved by 6 months 
of age.9 Thus, esotropia that persists beyond 
3 months of age and exotropia that persists 
beyond 6 months of age should be considered 
non-physiologic and then referred. A key 
feature of physiologic strabismus is full ocular 
rotations, and so if rotations are seen to be 
limited by voluntary movements or Doll’s 
head maneuver, another etiology needs to be 

considered with an early referral. 

2. Comitant strabismus: Term used by 
ophthalmologists to denote the commonly 
occurring childhood-type, benign strabismus. 
The word “comitant” was first introduced to 
describe an ocular horizontal misalignment that 
showed the same degree of misalignment in 
center, right and left positions of gaze, with no 
regard as to the etiology of the misalignment. 
The term has evolved with time to mean an 
etiologic grouping that includes the whole 
gamut of childhood-onset strabismus that 
does not require a neurologic or orbital work-
up.8 Key features include the same degree 
of misalignment in center, right and left 
positions of gaze, full ocular rotations, and no 
structural changes to the globe or orbit. Vertical 
misalignments and oblique extraocular muscle 
dysfunction often co-exist. Non-alternating 
comitant strabismus could indicate the presence 
of visual impairment. 

The etiology is actually idiopathic, but probably 
represents a variety of dysfunctions of central 
nervous system (CNS) centers of ocular motor 
coordination and/or sensory centers of binocular 
vision, all below the resolution of current 
imaging techniques. Comitant strabismus is 

Table II. Proposed classification scheme for strabismus geared towards pediatricians.
Type of strabismus Feature Work-up
1. Physiologic misalignment of 
early infancy

Resolves by 6 months of age; mostly exodeviations None

2. Comitant (Essential) Onset: 3 mo.-6 years; full ocular motility; often 
intermittent onset

Ophtho w/u 
required

3. Paralytic Limited ocular motility; diplopia may be reported in 
older children

Required (imaging 
and neurology w/u)

4. Sensory Visual loss in one or both eyes; may have absent red 
reflex

Ophtho w/u 
required

5. Syndromic Limited ocular motility; noted in early infancy Ophtho w/u 
required

6. Orbital Associated with proptosis ± limited ocular motility Ophtho w/u and 
imaging required

7. Supranuclear (Neurologic) Associated with neurologic findings; abnormal gaze 
findings may be present

Required (imaging 
and neurology w/u)

8. Pseudostrabismus Negative cover-uncover test result; epicanthal folds  
or flat nasal bridge noted on exam

None

Ophtho: ophthalmology, w/u: work-up.
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the most common etiologic group of all ocular 
misalignments and occurs in approximately 
3% of otherwise healthy, neurologically intact 
children.11 This same type of strabismus also 
occurs in a much higher frequency in children 
with other neurologic impairments, such as 
Down syndrome and cerebral palsy.12 Onset is 
usually between 3 months of age to 6 years.13,14 
The most common sub-types of strabismus 
falling into this etiologic group include 
accommodative esotropia, congenital/infantile 
esotropia, and intermittent exotropia.13,14

3. Paralytic strabismus: Ocular misalignments 
resulting from a lesion anywhere along the 
pathway of cranial nerves (CN) III, IV and VI 
from the lower motor nuclei in the midbrain 
to the neuromuscular junction with their 
corresponding extraocular muscles. Among a 
cohort of 627 pediatric patients with any type 
of strabismus, paralytic strabismus secondary 
to CN III palsy was observed in 11 (1.8%) of the 
patients, CN IV palsy in 13 (2.1%) and CN VI 
palsy in 25 (4.0%).11 Paralytic strabismus can 
occur congenitally or develop secondarily due to 
intracranial neoplasms, trauma, inflammations, 
infarctions, demyelination, elevated intracranial 
pressure, aneurysms and myasthenia gravis.15-18 
The principal ophthalmic findings of paralytic 
strabismus are an ocular misalignment 
and impaired ocular rotation(s). Ptosis and 
pupillary dysfunction may occur with CN III 
palsy. An anomalous head tilt or a head turn in 
any direction may be present to compensate for 
the limited ocular motility.19 These patients will 
often require pediatric neurology consultation, 
as well as magnetic resonance imaging (MRI) 
imaging of the brain and orbits with contrast.

4. Sensory strabismus: An ocular misalignment 
that develops secondary to poor vision in one or 
both eyes, due to any ocular sensory pathology 
or unilateral amblyopia.20 Properly aligned 
eyes are not just a matter of anatomy or healthy 
extraocular muscles. Rather, there is a very 
active CNS process of checks and balances that 
maintains normal ocular alignment, referred 
to as fusional amplitudes. This process has 
a variety of requirements and inputs, one of 

which is a clear visual image from both eyes 
received by the CNS visual centers. With a loss 
of vision, the fusional amplitude process fails, 
and a secondary ocular misalignment may 
ensue, either in the form of an esotropia or an 
exotropia.21 Sensory esotropia occurs in 6.7% of 
all strabismus cases in children younger than 
19 years of age.14 Underlying causes include 
retinal dystrophies, foveal hypoplasia, optic 
nerve disease, intraocular tumors, cataracts, 
glaucoma, and corneal opacification.20 The 
presence of an abnormal red reflex, nystagmus 
and sluggish pupillary reflexes often point out 
the sensory nature of strabismus. This type of 
strabismus is also the second most common 
presentation of retinoblastoma.

When a young child presents with a 
unilateral loss of vision and strabismus, the 
ophthalmologist must distinguish if the loss of 
vision occurred first with a subsequent sensory 
strabismus, versus a child who develops a 
strabismus first and secondarily develops a 
strabismic amblyopia. These children may 
require ancillary testing for those cases in which 
a suspected primary loss of vision is not readily 
evident.

5. Syndromic strabismus: Specific forms 
of strabismus that have stereotypic and 
unique misalignment patterns, and are 
distinguishable from the other etiologic groups 
on an ophthalmologic exam. These strabismic 
“syndromes” are mostly isolated to the ocular 
motility system, but can also be a feature of 
systemic syndromes. Examples that fall within 
this group include Duane syndrome, Brown 
syndrome, Mobius syndrome, monocular 
elevation deficiency (double elevator palsy) 
congenital fibrosis of the extraocular muscles 
(CFEOM) and chronic progressive external 
ophthalmoplegia.22 A key feature common to 
this group is a limitation of some ocular rotation. 
The specific entities within this group have 
a variety of etiologies, which include aplasia 
of cranial nerves, intra-uterine anomalous 
innervation and dysinnervation, tendon 
dysfunction, and CNS lesions, amongst others.22 
Some of these forms are strictly congenital, some 
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are strictly acquired, and some can be either. 
These patients may warrant limited, directed 
work-ups, such as an audiogram for patients 
with Duane syndrome, or genetics work-up for 
Duane syndrome and CFEOM.23

6. Orbital strabismus: Ocular misalignments 
that result from structural changes within one 
or both bony orbits. These changes can result 
from birth anomalies, trauma, inflammations, 
infections or masses.24 Proptosis with or without 
limited ocular rotations often accompany this 
type of misalignment. Examples include the 
craniosynostoses, blow-out fractures, thyroid 
eye disease, orbital cellulitis and orbital 
neoplasms.24-26 Additional testing, such as 
orbital computed tomography or MRI with 
ensuing surgical treatment of the underlying 
lesion is often required.27

7. Supranuclear strabismus: Ocular 
misalignments that develop secondary to 
lesions above the level of the midbrain lower 
motor nuclei.28 The ocular motor system is 
complex and diffuse, with many diverse inputs 
such as from proprioceptors throughout the 
body and the vestibular system, and control 
centers such as those to maintain a steady 
gaze, to coordinate horizontal and vertical 
gaze, and for fast or slow eye movements.29 
The pathways from these control centers 
to the lower motor nuclei of CN III, IV and 
VI are also complex and indirect. Lesions 
anywhere along the various inputs, centers or 
pathways may result in ocular misalignments 
or eye movement abnormalities.30 Sometimes, 
discrete lesions may produce localizing ocular 
motility abnormalities, such as an internuclear 
ophthalmoplegia from lesions of the medial 
longitudinal fasciculus.31 Other times, lesions 
result in ocular motility abnormalities that 
are non-specific and non-localizing, such as 
those observed in the setting of fetal alcohol 
syndrome.32 According to two previous US 
studies, 17.2% of childhood esotropias and 
21.3% of childhood exotropias have been found 
to be associated with congenital or acquired 
abnormalities of the CNS.13-14 Given the 
common association of childhood strabismus 

with CNS abnormalities, it is important to have 
a lower threshold for neurologic workup of 
childhood strabismus if the strabismus cannot 
be easily identified as “comitant” by a pediatric 
ophthalmologist. These supranuclear patients 
are often the most complex to diagnose, and 
may require hospitalization, imaging and 
various consultations in consideration of 
possible tumors, vascular and inflammatory 
processes, infections and neurodegenerations.

8. Pseudostrabismus: The false appearance of 
misaligned eyes in a patient with normal ocular 
alignment and no evidence of strabismus with 
the cover-uncover test.19 Often, this appearance 
is due to normal morphological features of the 
child’s face such as epicanthal folds, flat nasal 
bridge and wide-set or narrow-set eyes, creating 
an illusion of misalignment. Pseudostrabismus 
can also arise from pathological ocular or facial 
changes such as alterations of the visual axis from 
retinal dystopias (so called positive or negative 
angle kappas), blepharophimosis or facial 
dysmorphisms.8,33 Pseudostrabismus can be a 
common diagnosis in a pediatrician’s office but 
the true prevalence of the condition is unknown. 
As a caveat, studies suggest an increased 
incidence of true strabismus ranging between 
10-12% in patients who had been diagnosed 
previously with pseudostrabismus.33-35 True 
strabismus should be ruled out prior to 
diagnosing pseudostrabismus, and these 
patients may need to be followed at 4 to 6-month 
intervals to monitor for the development of true 
strabismus.33,34

It is not the intention of this paper to provide 
an in-depth literature survey of the individual 
types of strabismus conditions discussed here. 
Thus, the reader is encouraged to review 
relevant publications for a more comprehensive 
evaluation of these medical conditions. 
The preliminary survey was limited to one 
academic center; it is possible that pediatricians 
in other clinical settings may have different 
levels of competencies regarding strabismus 
evaluation. However, it is the authors’ opinion 
that the results of the survey conducted are 
representative of academic centers where 
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Pediatrics residency programs are being 
implemented.

Strabismus is a fairly common ocular condition 
in children, and may be the presenting sign 
of a serious underlying medical condition. 
Pediatricians are often the first physicians to 
diagnose strabismus in their patients, and so, 
having a clear understanding of the underlying 
causes, the nomenclature and a classification 
scheme for strabismus is imperative. Certain 
ocular misalignments such as physiologic 
strabismus and comitant strabismus are benign 
in nature. However, other types of strabismus 
such as paralytic and supranuclear may be 
associated with life-threatening disorders and 
need a more expedited approach.

The classification scheme of strabismus 
presented in this paper is specifically developed 
for Pediatricians in light of an unmet need 
observed in our survey of our university’s 
Department of Pediatrics. The classification 
scheme uses mostly familiar nomenclature, 
and emphasizes the underlying etiology of 
the strabismus in order to present a clearer 
understanding of strabismus to the Pediatrician. 
It is anticipated that this scheme can assist 
Pediatricians with improving their triaging 
skills when faced with various strabismic 
conditions in the outpatient setting. By providing 
non-ophthalmic medical terminology, 
this classification scheme can familiarize 
Pediatricians with various strabismic conditions 
and help identify which patients need to be 
promptly referred to the Ophthalmologist (i.e. 
non-alternating comitant, sensory, orbital) or 
urgently to the emergency room for urgent care 
(i.e. acute paralytic strabismus), thus expediting 
the work up and improving the overall care of 
children with strabismus.
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Ocular misalignment and amblyopia are 
common and important ocular diseases 
that might cause visual impairment if left 
untreated in childhood. Ocular misalignment 
or in other words, strabismus might be 
caused by abnormalities in binocular vision 
or by anomalies of neuromuscular control of 
ocular motility. Amblyopia can be defined 

as a unilateral or bilateral reduction of best-
corrected visual acuity (BCVA) that can not be 
attributed directly to the effect of any structural 
abnormality of the eye or visual pathways.1

The prevalence of strabismus was 1.93% 
worldwide, in a recent meta-analysis.2 Ocular 
risk factors for strabismus development were 
found to be hyperopia, moderate anisometropia, 
and amblyopia, in a recent study.3 Other risk 
factors, including positive family history, 
additional neurological diseases, history of 
trauma, Down Syndrome, prematurity, and 
low birth weight were assessed previously, in 
the literature.4-8

The prevalence of amblyopia was reported 
to be 2.8% in a recent study that investigated 

Non-ocular risk factors in Turkish children with strabismus 
and amblyopia
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ABSTRACT

Background. To evaluate non-ocular risk factors including family history, febrile seizure, history of trauma, 
neurological diseases, and prematurity in Turkish children with strabismus and amblyopia.

Methods. The records of patients diagnosed with strabismus and/or amblyopia below 18 years old, were 
recruited. The current mean age, sex, types and subtypes of strabismus and amblyopia, family history, history 
of trauma, and febrile seizure were investigated. The presence of neurological diseases and prematurity were 
noted. Family history was investigated whether the presence of strabismus or amblyopia was maternal or 
paternal. Blood relatives were divided into 3 groups including first, second, and third-degree relatives. The 
relationship between blood relative degrees and types of strabismus or amblyopia were assessed.

Results. There were 803 patients with a current median age of 8 years (1-29 years). Of these patients, 786 
patients could be evaluated and 55% had esotropia (ET), 32.6% had exotropia (XT) and 12.5% had amblyopia 
as a primary diagnosis. Positive family history of strabismus or amblyopia was more common among all risk 
factors. There was a statistically significant rate of patients with a positive family history in the first-degree 
relatives, in the esotropic patient group (p= 0.002). Maternal positive family history was more common in 
patients with refractive ET (p= 0.024) and paternal positive family history was more common in patients with 
intermittent XT (p= 0.009).

Conclusions. The rates of positive family history of amblyopia and strabismus were not statistically different. 
Family history of strabismus in first-degree relatives of patients with esotropia was markedly high. The family 
history of strabismus on the maternal or paternal side might be different in patients with different subtypes of 
strabismus.
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amblyopia among children in an Eastern 
European Country.9 Ocular risk factors for 
amblyopia were strabismus, anisometropia, 
hyperopia, astigmatism, and congenital 
nasolacrimal duct obstruction.9,10 Non-ocular 
risk factors, including a family history of 
amblyopia, prematurity, low birth weight, 
maternal age, neurological diseases were found, 
in previous studies.5,7,11,12 

To the best of our knowledge, there have 
been no studies focusing on these risk factors 
in Turkish children. In the present study, 
we aimed to assess non-ocular risk factors, 
including family history, previous trauma, 
febrile seizure history, prematurity, and 
neurological diseases in Turkish children with 
different types of strabismus or amblyopia. We 
focused on children with strabismus and/or 
amblyopia because these disorders are the most 
common disorders we have to deal with in our 
Pediatric Ophthalmology Department and they 
are related closely with each other. We also 
investigated possible differences in maternal or 
paternal family history and the differences in 
family blood relative degrees. 

Material and Methods

The present, retrospective study was conducted 
at Sakarya University hospital. Prior approval 
from the Institutional Review Board was taken 
(Sakarya University Ethical Committee, IRB 
number: 71522473/050.01.04/54). The study was 
performed in adherence to the Declaration of 
Helsinki.

A retrospective chart review of all records at 
the Pediatric Ophthalmology Department was 
performed. The chart reviews included medical 
records between January 2014 and December 
2019. The records of patients with strabismus 
and amblyopia were enrolled. The number 
of patients with the primary diagnosis of 
esotropia (ET), exotropia (XT), hypertropia, and 
amblyopia was noted. When present, secondary 
and tertiary diagnoses were also noted. The 
inclusion criteria were the presence of ET, XT, 

hypertropia, and/or amblyopia in the patients 
who were diagnosed below the age of 18 years 
old. Patients who were diagnosed above the 
age of 18 years old and who had incomitant 
strabismus were the exclusion criteria of the 
study. 

Strabismus types of patients were classified. 
Subtypes of ET were refractive accommodative 
ET (RAET), partially refractive ET 
(PAET), infantile ET (IET), basic acquired 
nonaccommodative ET (BANAET), and sensory 
ET (SET). Subtypes of XT were intermittent XT 
(IXT), constant XT (CXT), infantile XT, and 
sensory XT (SXT). Amblyopia might be defined 
as the reduction of best-corrected visual acuity 
of one or both eyes that cannot be attributed 
exclusively to a structural abnormality 
of the eye.13 Amblyopia was classified as 
isoametropic, anisometropic, strabismic, and 
visual deprivation (VD) amblyopia.

The mean age, gender, mean BCVA which 
was measured by Snellen chart, spherical 
equivalent (SE), the value of astigmatism, 
presence of myopia or hyperopia, presence 
of inferior oblique overaction (IO OA), and 
strabismus surgery requirement were noted. 
Refractive error measurements were done 
under cycloplegic conditions by using an auto 
refractometer (Nidek ARK-30) or retinoscopy. 
An alternate cover test in near and distance 
was performed by using prism bars to measure 
ocular deviations.

Positive family history was defined as the 
presence of the same type of strabismus or 
amblyopia in blood relatives. The presence of 
strabismus or amblyopia in the first, second, 
and third-degree relatives of patients were 
investigated. Additionally, the information, 
whether these relatives were maternal or 
paternal, was also assessed. These data were 
obtained from the parents of children besides 
first and second degree relatives were also 
examined in our strabismus department. The 
characteristics of family history were evaluated 
in different subtypes of strabismus and 
amblyopia. 
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Previous febrile seizure history of patients was 
noted and the rates of febrile seizure history 
was investigated in subtypes of strabismus or 
amblyopia.

Previous head trauma which was linked to the 
beginning of strabismus, in the infancy period 
was asked to all patients or parents of patients 
and noted. The distribution of the number of 
patients with trauma history, among patients 
with different types of strabismus, was also 
investigated.

Neurological diseases including hydrocephalus, 
developmental delay, cerebral palsy and 
attention deficit and hyperactivity disorder 
(ADHD) were found out and evaluated in 
strabismic or amblyopic patients. Besides, 
patients who had Down Syndrome were also 
noted and evaluated in this group.

Prematurity was investigated among patients 
with strabismus or amblyopia. The effect of 
prematurity on different types of strabismus 
was also evaluated. Besides, the mean birth 
weight, gestational age, and neonatal intensive 
care unit (NICU) requirement were noted.

Statistical Analysis

Statistical analysis was performed by using 
SPSS statistical software (IBM SPSS Statistics, 

Version 23.0. Armonk, NY: IBM Corp.) 
Descriptive analyses were performed to provide 
information on the general characteristics of the 
study population. Kolmogorov-Smirnov test 
was used to evaluate whether the distributions 
of numerical variables were normal. The 
numeric variables were presented as mean ± 
standard deviation. Categorical variables were 
compared by the Chi-Square test. A p-value 
<0.05 was considered significant.

Results

Totally 803 patients were enrolled in this 
study. Table I reveals the characteristics of 
patients. The mean age given in the Table I was 
the current age of patients. All patients were 
diagnosed with strabismus and amblyopia 
below 18 years old. The number of patients 
with solely vertical deviation was only 9 and 
8 patients had unclassifiable diagnoses such 
as Duane syndrome, restrictive strabismus. 
So 786 patients with the diagnosis of exo-
, esodeviations, and amblyopia could be 
analyzed in comparisons (Of these patients, 432 
had ET, 256 had XT, and 98 had amblyopia as a 
primary diagnosis). The number of patients who 
had vertical deviations as a secondary diagnosis 
was 16. In Table II, subtypes of eso- and 
exodeviations and amblyopia are seen. Patients 

Table I. General characteristics of patients.
The median age (minimum-maximum) 8 years (1-29 years)
Female/male ratio 412/391
The mean BCVA of right eyes (decimal) (n:687) 0.80±0.24
The median SE of right eyes (n:797) (min-max) 2.25D (-0.50-13.5D)
The median astigmatism of right eyes (n:797) (min-max) 0.50D (0D-5.25D)
The median astigmatism axe of right eyes (n:797) 65° (0°-180°)
The percentage of patients with ET 55 %
The percentage of patients with XT 32.6 %
The percentage of patients with amblyopia as a primary diagnosis 12.5 %
Presence of IO OA (%) 21%
Patients with surgery requirement (%) 31,3%
The mean GA of preterms (n:134) 32.0±3.6 week
The mean BW of preterms (n:134) 1856.3±787.6 gram
BCVA: best corrected visual acuity, SE: spherical equivalent, IO OA: inferior oblique overaction, GA: gestational age, BW: 
birth weight, ET: esotropia, XT: exotropia
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with RAET in the esodeviation group and IXT 
in exodeviation group were more common. In 
the amblyopia group, anisometropic amblyopia 
was more common. The number of patients 
who had amblyopia as a primary diagnosis was 
98 (12,5%) but in total 327 amblyopic patients 
were evaluated (Fig. 1). 

The percentage of patients with a non-ocular 
risk factor was 83.9%. Table III reveals these 
rates in detail. Positive family history was 
found to be more common among all risk 

factors. Neurological diseases included 
global developmental delay, cerebral palsy, 
hydrocephalus, epilepsy, history of intracranial 
hemorrhage, attention deficit disorders, and 21 
patients had Down Syndrome. The diagnosis of 
these neurological diseases were obtained from 
the records of patients in the hospital system 
and from the parents of the children.

Positive family history was more common 
in patients with esotropia but statistically, a 
significant difference was not seen between 
amblyopic patients and patients with eso- 
and exodeviatons (p= 0.088). Rates of other 
risk factors including febrile seizure, history 
of trauma, presence of neurological diseases, 
and prematurity were also not different 
between groups (p=0.16, p=0.50, p=0.20, p=0.42, 
respectively).

Table IV reveals positive family history rates of 
patients with subtypes of eso-, exodeviations, 

Fig. 1. The flow chart of the patients recruited in the 
study.

Table II. Number of patients with subtypes of ET, 
XT, and amblyopia.

N %
Subtypes of ET RAET 207 26.3

PAET 84 10.7
IET 46 5.9
BANAET 86 10.9
Sensory ET 9 1.1
Total 432 55

Subtypes of XT IXT 189 24
CXT 56 7.1
Infantile XT 3 0.4
Sensory XT 8 1
Total 256 32,5

Subtypes of 
Amblyopia*

Strabismic 124 15.8
Anisometropic 152 19.3
Isometropic 39 5
VD 12 1.5
Total 327 41.6

ET: esotropia, RAET: refractive accommodative esotropia, 
PAET: partially refractive esotropia, IET: infantile 
esotropia, BANAET: basic nonaccommodative esotropia, 
XT: exotropia, IXT: intermittent exotropia, CXT: constant 
exotropia, VD: visual deprivation
*: patients with the diagnosis of amblyopia in all groups.

Table III. Percentages of esotropic, exotropic, and amblyopic patients with nonocular risk factors.
ET n (%) XT n (%) Amblyopia n (%) Total n (%)

Positive family history 151(19.2) 75 (9.5) 42 (5.3) 268 (34.1)
Positive febrile seizure history 36 (4.6) 33 (4.2) 9 (1.1) 78 (9.9) 
Previous trauma history 28 (3.6) 18 (2.3) 3 (0.4) 49 (6.2) 
Presence of neurological diseases 80 (10.2) 50 (6.4) 12 (1.5) 142 (18.1)
Prematurity 81 (10.3) 40 (5.1) 12 (1.5) 133 (16.9)
ET: esotropia, XT: exotropia
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and amblyopia. There were no statistically 
significant differences in patients with different 
subtypes of diseases (p=0.08). All amblyopic 
patients were assessed to find out the possible 
differences between subtypes.

Table V reveals information about the degrees 
of relatives in patients with positive family 
history. A positive family history of strabismus 
in the first-degree relatives was more common 
in patients with esotropia (43.3%). There was 
a significant difference between esotropia, 
exotropia and amblyopia groups in terms of 
degrees of relatives (p=0.002). 

Table VI reveals whether the family history of 
strabismus was maternal or paternal. Of 268 
patients with positive family history, we could 
receive 213 patients’ information (79,5%) about 
this item. There was no statistically significant 
difference between patients with eso-, 
exodeviations, and amblyopia (p=0.08). When 
evaluating patients with subtypes of these 
diseases, there was a statistically significant 
difference among patients with subtypes of ET 
(p= 0.024) and positive maternal family history 
was more common in patients with RAET 
and PAET (38 %). A statistically significant 
difference was found among patients with XT 

Table IV. Positive family history in patients with different subtypes of ET, XT, and amblyopia.
N % within each group

Subtypes of ET RAET 78 51.7
PAET 32 21.2
IET 14 9.3
BANAET 24 15.9
Sensory ET 3 2

Total ET 151 100
Subtypes of XT IXT 58 77.3

CXT 12 16
Sensory XT 3 4
Infantile XT 2 2.7

Total XT 75 100
Subtypes of amblyopia* Strabismic 28 27.5

Anisometropic 54 52.9
Isometropic 15 14.7
Visual deprivation 5 4.9

Total amblyopia 102 100
ET: esotropia, RAET: refractive accommodative esotropia, PAET: partially refractive esotropia, IET: infantile esotropia, 
BANAET: basic nonaccommodative esotropia, XT: exotropia, IXT: intermittent exotropia, CXT: constant exotropia, VD: 
visual deprivation
*: all amblyopic patients with positive family history.

Table V. Degrees of relatives in esotropic, exotropic, and amblyopic patients with positive family history.
First degree (n/%) Second degree (n/%) Third degree (n/%) Total 

(n/%)
Esotropic patients 116/43.3 31/11.6 4/1.5 151/56.3
Exotropic patients 47/17.5 23/8.6 5/1.9 75/28
Amblyopic patients* 39/14.6 2/0.7 1/0.4 42/15.7
Total 202/75.4 56/20.9 10/3.7 268/100
*: patients who had amblyopia as a primary diagnosis and had positive family history.
 Chi-square test, p=0.002
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(p=0.009) and a positive paternal family history 
was more common in patients with IXT (40 %).

Discussion

In this current study, 33,7% of patients with 
strabismus or amblyopia had a positive family 
history of strabismus or amblyopia. Cotter et 
al.14 reported that positive family history of 
strabismus was independently associated with 
a greater risk for exotropia. In another study, 
children with a family history of strabismus 
were observed and the development of constant 
or intermittent esotropia occurred in 17,6% of 
these children.15 Positive family history of 
strabismus seems to be an important risk factor 
for the development of strabismus in a child 
thus this entity should be asked during the 
ophthalmic examination of a child.

In the literature, family history was found to 
be positive in only 2.6% of patients with IXT. 
The sample of this study was composed of 1228 
patients from South China.16 In our study, 30,7 

% of patients with IXT had a positive family 
history of strabismus. Differences in race, 
ethnicity, and sample sizes could explain these 
results. Further evaluation should be performed 
on these patients to find out the possible genetic 
factors.

Matsuo et al.17 studied risk factors for different 
types of comitant strabismus. They reported 
that when compared with patients with 
infantile esotropia, positive family history was 
found to be a marked risk factor in patients 
with IXT, constant XT, and accommodative 
esotropia. Eroğlu et al.18 reported that the 
risk of strabismus development was high in 
esotropic patients with positive family history. 
The most common form was found to be the 
non-Mendelian type. In our study, there was 
no statistically significant difference between 
esotropic, exotropic, and amblyopic patients in 
terms of positive family history of strabismus or 
amblyopia. 

Mocanu et al.9 reported an association between 
amblyopia development and family history 

Table VI. Differences between suptypes of ET, XT, and amblyopia in terms of positive maternal and paternal 
family history.

Maternal family history (n/%) Paternal family history (n/%)
Subtypes of ET RAET 38/25.3 25/16.7

PAET 19/12.7 8/5.3
IET 5/3.3 5/3.3
BANAET 6/4 11/7.3
Sensory ET 1/0.7 1/0.7

ET Total ET 69/26.8 50/19.2
Subtypes of XT IXT 22/29.3 30/40

CXT 4/5.3 6/8
Sensory XT 2/2.7 0/0

XT Total XT 28/10.7 36/13.8
Subtypes of amblyopia Strabismic 11/10.8 14/13.7

Anisometropic 25/24.5 16/15.7
Isometropic 5/4.9 3/2.9
Visual deprivation 3/2.9 1/1

Amblyopia Total Amblyopia 44/6.5 34/5
Chi-square test, p=0.024 in ET group, p=0.009 in XT group, p=0.32 in amblyopia group.
ET: esotropia, RAET: refractive accommodative esotropia, PAET: partially refractive esotropia, IET: infantile esotropia, 
BANAET: basic nonaccommodative esotropia, XT: exotropia, IXT: intermittent exotropia, CXT: constant exotropia, VD: 
visual deprivation.
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of amblyopia. Guimaraes et al.11 reported that 
positive family history was more common in 
patients with strabismic amblyopia. Not only 
amblyopia but also the presence of strabismus 
might have affected this result. When we 
investigated positive family history in patients 
with different subtypes of amblyopia, we found 
no statistically significant difference. Further 
studies are needed to clarify this. 

In this current study, positive family history 
of strabismus was more common in the first-
degree relatives of patients with esotropia. 
Ziakas et al.19 reported that first-degree family 
history was remarkably common in patients 
with hyperopic accommodative esotropia. 

Having a first-degree relative with amblyopia 
was also found to be a risk factor for amblyopia, 
in the literature.20 

The origin of the family history of strabismus 
was also investigated in this current study. 
Statistically, a significant difference was not 
found between patients with eso-, exodeviations, 
and amblyopia. On the other hand, positive 
maternal family history of strabismus was 
more common in patients with RAET and 
PAET and positive paternal family history 
of strabismus was more common in patients 
with IXT. Although genetic-based studies were 
available, this item was not deeply discussed 
in previous studies.19-21 The origin of the family 
history of strabismus might be important in the 
development of strabismus. 

In this current study, 16,7% of patients had a 
history of prematurity. Prematurity was also 
found to be associated with a higher risk of 
having eso- and exotropia in a study.7 Low BW 
and preterm delivery were also found to be 
risk factors for isolated strabismus. In a recent 
review; prematurity was found to be a risk factor 
for amblyopia, too.22 Prematurity was also found 
to be associated with a high risk of esotropia.23 
Subtypes of strabismus or amblyopia did not 
differ in preterm born patients, in our study. 
The alterations in the results might be due to the 
characteristics and sizes of samples.

Both patients with esotropia (17,2%) and 
exotropia (21,3%) were found to be associated 
with neurological diseases such as cerebral 
palsy and developmental delay.24 In a review, 
the incidence of strabismus was found to be 
higher in patients with cerebral palsy than 
neurologically normal patients. Esotropia 
was the most common ocular misalignment 
according to this review.25 In our study, 
17,7% of patients had neurological diseases 
and neurological diseases were not different 
between patients with different types of 
strabismus or amblyopia.

In our country, the prevalence of febrile 
seizures in children was also found to be 4,3%, 
compatible with the literature.26 In this current 
study, the prevalence of the history of febrile 
seizure was 9,7% in patients with strabismus 
or amblyopia. This higher rate was remarkable 
and in our opinion, further studies just focused 
on the possible link between febrile seizures 
and decompansation of binocular fusion might 
give us more accurate results. In the literature, 
there was no information about this item. 

The prevalence of patients with a history of 
head trauma possibly linked with strabismus 
was 6,2% in this current study. This rate was not 
high and did not enlighten us about the effect 
of trauma history on comitant strabismus and 
amblyopia. Further studies might explain the 
effect more precisely. 

The major limitation of this current study 
might be the relatively small sample size 
and the retrospective manner. Because of the 
retrospective manner, the characteristics of 
febrile seizures, the severity of neurological 
diseases and head trauma were not avaliable. 
Besides, additional factors such as maternal 
smoking and factors associated with birth 
were not investigated. On the other hand, the 
investigation of head trauma linked with the 
beginning of strabismus or amblyopia, febrile 
seizure, and comparisons between subtypes of 
strabismus and amblyopia in terms of all risk 
factors were the positive sides of this current 
study. The evaluation of only Turkish children 
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with strabismus and amblyopia was also the 
unique side of the study.

In conclusion; the rates of positive family 
history of amblyopia and strabismus were 
not statistically different between esotropic, 
exotropic, and amblyopic patients. Family 
history of strabismus in first-degree relatives of 
patients with esotropia was markedly high. The 
positive maternal family history of strabismus 
was common in patients with RAET and PAET. 
Finally, the positive paternal family history of 
strabismus was more common in patients with 
IXT.
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Vaccines, an indispensable public health 
measure, are very effective in preventing 
infectious diseases.1 The multicomponent 
meningococcal serogroup B vaccine (4CMenB), 
Bexsero® (GSK Vaccines Srl, Siena, Italy) is the 
first vaccine approved to prevent the invasive 
disease caused by Neisseria meningitides 

serogroup B. The vaccine contains aluminum 
hydroxide in addition to its active ingredients.2

In general, there is a fear of reactions to 
vaccine components and that vaccines may 
trigger the development of various diseases.1 
Most of the adverse effects that develop after 
4CMenB vaccination have been reported to 
be general disorders and administration site 
conditions. Suspected immune-mediated and/
or neurological diseases are less common, but 
Kawasaki disease, Henoch-Schoenlein purpura, 
Juvenile idiopathic arthritis, myositis, vasculitis, 
epilepsy, paralysis, Guillain-Barre syndrome 
have been reported.3

Autoimmune/autoinflammatory syndrome induced by 
adjuvants after multi-component meningococcal serogroup 
B vaccination in a 7-year-old girl: a case report

Özge Atay1 , Suna Asilsoy1 , Gizem Atakul1 , Serdar Al1 ,  
Özge Kangallı Boyacıoğlu1 , Tayfun Çinleti2 , Nevin Uzuner1 ,  
Özlem Giray Bozkaya2 , Özkan Karaman1

Departments of 1Pediatric Immunology and Allergy and 2Pediatric Genetics, Dokuz Eylül University Faculty of Medicine, İzmir, 
Turkey.

ABSTRACT

Background. Vaccines, which make it possible to be protected from many life-threatening infectious diseases, 
have been used safely and effectively for years. Most vaccines used today contain a variety of adjuvants and 
exogenous proteins. Severe reactions, in addition to transient and self-limiting mild reactions, mostly caused 
by these components, have been reported. The effects of vaccine adjuvants on the pathogenesis of immune-
mediated diseases are still under investigation. The syndrome called Autoimmune/inflammatory syndrome 
induced by adjuvants (ASIA) has been defined in the literature. 

Case. We found a novel mutation of autoinflammatory diseases in the genetic analysis of our patient. The 
patient developed symptoms of prolonged fever, rash, arthritis and serositis after multicomponent serogroup 
B meningococcal (Bexsero®) vaccination, without a previously known rheumatic disease. In the presence of 
clinical findings in our patient, the diagnostic criteria of ASIA syndrome were met.

Conclusion. To the best of our knowledge, this is the first case report of a patient diagnosed with the 
autoinflammatory disease with a novel mutation after Bexsero® vaccination. We consider that genetic 
examinations will be useful in patients with a systemic vaccine reaction in the presence of ASIA when diagnostic 
criteria are met.

Key words: vaccines, cryopyrin-associated periodic syndromes, ASIA syndrome, adjuvants, autoimmune 
diseases.
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Autoimmune/inflammatory syndrome induced 
by adjuvants (ASIA) was first reported in 2011. 
The presence of 2 major or 1 major and 2 minor 
criteria is sufficient for diagnosis. (Table I).4

In recent years, as a result of a better 
understanding of the natural immune system 
regulation, immune activation pathways 
and in consequence of genetic studies, the 
number of diseases included in the group of 
autoinflammatory diseases has increased.5

We found a novel mutation in the NLRP12 gene 
in the genetic analysis of our patient who had 
no known disease other than seasonal allergic 
rhinitis before, who developed symptoms of 
prolonged fever, rash, arthritis and serositis 
after Bexsero® vaccination, and who met 
ASIA diagnostic criteria. Here, we presented 
the difficulties in the differential diagnosis 
and treatment of our patient in the light of the 
literature.

Case Report

A 7-year-old girl was admitted to our emergency 
service with the signs of a rash, redness in the 
eyes, pain and swelling in her ankles and the 

complaint of high fever for 3 days. The Bexsero® 
vaccine had been administered 3 days ago. 
The patient had no known diseases except for 
seasonal allergic rhinitis and occasionally used 
antihistamines for the rhinitis. No previous side 
effects were observed in the patient, who was 
vaccinated according to the national vaccination 
schedule. Her mother was followed up with 
the diagnosis of Hashimoto’s thyroiditis, and 
there were no additional features in her family 
history. On physical examination, her body 
weight was 24 kg (SDS: 0.06, Percentile: 52.39) 
and her height was 132 cm (SDS: 1.8, Percentile: 
96.41). Her axillary temperature was 38.3⁰C, 
pulse 150 beats per min, respiratory rate was 
28 breaths per min, arterial blood pressure 
was 90/65mmHg. Her general condition 
was moderate, and widespread skin lesions 
compatible with erythema multiforme, bilateral 
non-purulent conjunctivitis and periorbital 
heliotrope rash were observed. Breathing 
sounds decreased in the base of the lungs 
on auscultation. On palpation, the liver was 
3 cm below the costal margin. Swelling and 
warmth in the ankles were present (Fig 1). 
Her laboratory examination results were as 
follows; Leukocytes (WBC) 17300 (4000-10000)/
μL, Neutrophils (NEU) 16200 (2000-6000)/

Table I. Diagnostic criteria for Autoimmune/inflammatory syndrome induced by adjuvants.
Major criteria • Exposure to external stimuli (infection, vaccine, silicone, adjuvant) before clinical 

manifestations
• The appearance of “typical” clinical manifestations

Myalgia, myositis, or muscle weakness
Arthralgia and/or arthritis
Chronic fatigue, unrefreshing sleep, or sleep disturbance
Neurological manifestations (especially associated with demyelination)
Cognitive impairment, memory loss
Pyrexia, dry mouth

• Removal of inciting agent induces improvement
• Typical biopsy of involved organs

Minor criteria • The appearance of autoantibodies or antibodies directed at the suspected adjuvant 
• Other clinical manifestations (ie, IBS) 
• Specific HLA (ie, HLA DRB1, HLA DQB1) Progression of an autoimmune disease (ie, MS, 

SS)
HLA: human leukocyte antigen, IBS: irritable bowel syndrome, MS: multiple sclerosis, SS: systemic sclerosis.
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μL, Lymphocytes (LYM) 1000 (1500-3500)/
μL, Eosinophils (EOS) 200 (0-500)/μL. CRP 
375.80 (0-5) mg/L, erythrocyte sedimentation 
rate 91 (0-20) mm/h and procalcitonin was 0,98 
(0-0.5) ng/ml. She was lymphopenic because 
her lymphocyte count was below 1500/ μL, 
but lymphocyte subsets and Ig G,A,M,E 
values were within normal reference ranges 
for her age. House dust, cat, grass/cereal for 
specific IgE values were <0.10 kU/L. Other 
laboratory findings planned to assess systemic 
involvement were: Creatine phosphokinase 
(CPK): 30 (0-145) U/L, CK MB: 0.6 (0.6-6.3) ng/
ml, HS-TROPONIN I: 106.6 (8.4-18.3) ng/L. 
C3:1.65 (0,9-1,8) g/L, C4: 0.372 (0,1-0,49) g/L. 
HS-TROPONIN was high and other parameters 
were within normal range. On abdominal 

ultrasound (USG) hepatosplenomegaly with 
43mm and minimal abdominal fluid; on neck 
USG, reactive lymph nodes smaller than 1 
cm were observed. Minimal pleural effusion 
on the right was seen on chest radiography. 
The transthoracic echocardiography revealed 
1-2. 1st-degree tricuspid regurgitation, 1st-
degree mitral insufficiency and a 5-6 mm 
mild pericardial effusion adjacent to the right 
ventricle. Coronary arteries were evaluated 
as normal. These findings were compatible 
with pancarditis. She was hospitalized with 
pre-diagnoses of atypical Kawasaki disease, 
vaccine reaction, sepsis, and connective tissue 
disease. Oral cetirizine dihydrochloride and 
empirical intravenous (iv) cefotaxime treatment 
was initiated for the patient. TORCH, Ebstein 

Fig. 1. Skin and occular findings of our patient.
a, b. Maculopapular erythema in the palm and lower extremities,
c. Nonpurulent conjunctivitis, d. Heliotrope rash, e. Erythema multiforme.



Autoimmune/Autoinflammatory Syndrome Induced by Adjuvants (ASIA)

The Turkish Journal of Pediatrics ▪ March-April 2022 353

Turk J Pediatr 2022; 64(2): 350-356

barr virüs (EBV), Human immunodeficiency 
virus (HIV) and Brucella serological test results 
of the patient were negative. Cefotaxime 
treatment was discontinued on the 4th day 
because no growth was found in blood, urine 
and throat cultures. In the follow-up, mild 
hypoalbuminemia (3.14 g / dL) developed along 
with microscopic hematuria and proteinuria. 
Antinuclear antibody (ANA) pattern was 
spotted and positive with a titer over 1/100. A 
genetic panel was run for autoinflammatory 
diseases due to clinical findings. Anti-extractible 
nuclear antigens (ENA) antibodies (Anti nRNP 
/ Sm, Anti Sm, Anti SS-A, Anti SS-B, Anti Scl 70, 
Anti CENP-B, Anti Nucleosome, Anti Histone, 
Anti Jo1, Anti Ribosomal P, Anti PM-Scl) was 
negative. With a serum sickness-like reaction, 
atypical Kawasaki and autoinflammatory 
disease pre-diagnosis, the patient was started 
on intravenous (IV) methylprednisolone 2 
mg/kg on the 5th day of hospitalization. Her 
fever dropped dramatically after the first dose 
of steroid therapy. Acute phase reactants and 
leukocytosis regressed over time. On the 4th 
day of the steroid treatment of the patient who 
clinically recovered, the CRP value decreased 
to 19.30 mg/L and the procalcitonin value was 
normal. Hypoalbuminemia and urine tests 
improved. Control laboratory test results were: 
WBC 24300 (4000-10000)/μL, NEU 13900(2000-
6000)/μL, LYM 8600(1500-3500)/μL, EOS 
100(0-500)/μL, HGB 11.7 (12-16) g/dL, HCT 
34%, PLT 1212000(150000-450000) /μL. It was 
thought that neutrophilia and thrombocytosis 
developed secondary to steroid treatment. 
The steroid dose was reduced to 1mg/kg/day. 
Control echocardiography showed mild left 
ventricular hypertrophy and minimal mitral 
insufficiency. The antiaggregant dose of aspirin 
(5mg/kg/day) treatment was initiated for the 
patient. The patient, whose control laboratory 
findings, active complaints and skin findings 
improved, was discharged on the 8th day of 
admission to continue outpatient follow-up. 
Steroid (1mg/kg/day) and aspirin (100 mg/kg/
day) treatment was discontinued within two 
weeks and the patient had no active complaints 
at her follow-up control. Genetic analysis 

revealed pathogenic heterozygous p Lys695Arg 
(c.2084A>G) mutation in the 10th exon of the 
MEFV gene; Possibly pathogenic, heterozygous 
novel p.Val151GlnfsTer41 (c.451_452delGT) 
mutation in exon 3 of NLRP12 gene and 
heterozygous, of unknown clinical significance 
p.Arg860Trp (c.2578C>T) mutation in exon 6 of 
NLRP12 gene. Informed consent was received 
from her family.

Discussion

Diseases with a rash accompanying fever 
are common in children. The most common 
causes are infections, collagen tissue diseases 
and drug reactions.6 Possible infectious causes 
were primarily excluded in our patient, who 
was accompanied by symptoms of rash, 
arthritis, serositis and fever that continued for 
three days after vaccination. We considered 
the pre-diagnosis of a serum sickness-like 
reaction (SSLR) in our patient, who had a 
clinic compatible with serum sickness, because 
complement levels were found to be normal.

SSLR is a systemic hypersensitivity reaction 
which generally occurs secondary to drugs. The 
characteristic symptoms, which begin within 1-2 
weeks after exposure to the causative agent, are 
rash, fever, polyarthralgia and/or polyarthritis. 
It is differentiated from serum sickness with the 
absence of immune complexes in the circulation 
and normal complement levels.7

After vaccination, the onset of the findings in 
the patient was shorter than three days and her 
clinic did not improve with time. Due to these 
reasons, we ruled out the diagnosis of SSLR.

Juvenile dermatomyositis disease, which was 
mentioned in the preliminary diagnosis due 
to the finding of heliotrope rash and muscle 
weakness, was excluded because of the absence 
of additional dermatological findings, normal 
CPK values and the development of acute 
clinical findings after vaccination. In addition, 
although ANA positivity was detected in our 
patient, the diagnosis of other collagen tissue 
diseases was excluded because the ENA profile 
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was negative and the clinical findings were not 
sufficient for diagnosis. 

Kawasaki disease (KD) is a systemic vasculitis 
that is most commonly seen in males between 
the ages of six months and five years, and 
mostly involves the middle and small arteries. 
The presence of fever lasting five days or longer 
and at least 4 of the following clinical findings: 
changes in the periphery of the extremities, 
polymorph exanthema, bilateral conjunctival 
congestion, changes in the oropharyngeal 
mucosa, and cervical lymphadenopathy are 
necessary for the diagnosis. In addition to the 
fever criterion, atypical KD is also mentioned in 
patients with lung and gastrointestinal system 
involvement that do not meet all the diagnostic 
criteria.8

In our patient, fever lasting more than five days, 
diffuse maculopapular rash, serositis, non-
purulent conjunctivitis were findings compatible 
with KD. However, oropharynx involvement, 
pathological cervical lymphadenopathy, 
coronary artery involvement, were not 
observed in our patient. However, the diagnosis 
of atypical Kawasaki with the detection of 
pleural effusion and free fluid in the abdomen 
remained among the possible diagnoses. 

Studies also support that vaccines induce 
autoinflammatory diseases, especially in 
genetically susceptible individuals. Severe 
exacerbations of chronic rheumatic diseases 
have frequently been reported in the literature 
following vaccination. Based on this, ASIA 
syndrome has been defined.9-12 Sarcoidosis, 
Sjögren’s syndrome, undifferentiated 
connective tissue disease, silicone implant 
incompatibility syndrome, and immune-related 
adverse events are defined as classic examples of 
ASIA. These disorders have been described after 
an adjuvant stimulus (silicone implantation, 
drugs, infections, metals, vaccines, etc.) 
among genetically predisposed individuals, 
which induce an hyperstimulation of the 
immune system resulting in the production 
of autoantibodies, eventually leading to the 
development of autoimmune diseases.12

However, the presence of ASIA syndrome is still 
debated in studies due to the lack of syndrome-
specific diagnostic criteria and evidence for the 
triggering role of adjuvants in this syndrome. 
Also, the time between antigen exposure and 
the development of ASIA syndrome is unclear. 
A recent study reported that this time ranged 
from 2 days to 23 years.4

In the presence of clinical findings developing 
3 days after vaccination in our patient, 2 major 
diagnostic criteria of ASIA syndrome were 
met. Although there was no family history 
and recurrent complaints, genetic analysis 
was planned for the patient with suspected 
autoinflammatory disease. In the treatment 
plan for possible diagnoses, we preferred 
IV methylprednisolone and oral cetirizine 
dihydrochloride treatments, since there were 
no contraindications for any disease and this 
is a common treatment method. At the end of 
two weeks of treatment, the patients clinical 
and laboratory findings improved. During her 
follow-up, a significant mutation in the NLRP12 
gene was detected in her genetic analysis.

To date, only 62 patients with NLRP12 
mutations were reported in a 2020 review. 
Therefore, a comprehensive description of 
the phenotypic variations associated with this 
mutation is lacking. Similar to our patient, the 
main symptom reported in the cases was fever 
(93%), while other findings were rash, urticaria, 
myalgia, polyarthralgia/arthritis, abdominal 
pain (41-62%).13

In a different study involving 246 children with 
periodic fever of unknown cause, NLRP12 
mutation was identified in 15 patients as a 
result of next-generation sequencing analysis. 
The age of the first autoinflammatory disease-
related fever attack has been reported to vary 
between 2 months and 13 years. While short-
term corticosteroid therapy was found to be 
effective in the treatment of attacks in most 
patients, it has been reported that canakinumab 
(anti-interleukin-1p antibody) was successfully 
used in a severe case.14
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Familial cold autoinflammatory syndrome-2 
(FCAS2) is an autoinflammatory disease 
characterized by recurrent rash, fever, urticaria, 
arthralgia and myalgia in which autosomal 
dominant mutations are detected in the 
NLRP12 gene. In most patients, exposure to 
cold is a trigger for attacks. Although the age 
of onset varies from the first to middle ages 
of life, the clinical symptoms are also quite 
heterogeneous.5

In our case, there was no history of a periodic 
finding and cold exposure was not a triggering 
factor. A definitive diagnosis was made in 
our patient with the help of the genetic tests 
planned as a result of the presence of non-
specific but multisystemic findings occurring 
after vaccination.

As a result, to the best of our knowledge, no 
autoinflammatory disease diagnosed with a 
novel mutation after Bexsero® vaccination in 
children has been reported in the literature. 
The differential diagnosis of rash and 
prolonged fever findings accompanied by 
systemic findings is not always easy, as in our 
patient. It is beneficial to use genetic tests for 
autoinflammatory diseases in suspected cases, 
even if it is the first attack. In this way, the 
genetic variations and phenotype relationships 
of rare autoinflammatory diseases will become 
apparent in time. 
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According to a study from Turkey, the lifetime 
prevalence of tobacco and substance use among 
adolescents was 45.4% for hookah, 34.2% for 
alcohol, 24.4% for cigarettes, 4.9% for volatile 
substances, 3.8% for benzodiazepines, 2.9% 
for marijuana, 0.6% for cocaine, and 0.4% for 
heroin.1 According to the Turkish National 
Monitoring Center for Drugs and Drugs 
Addiction (TUBIM, 2019), alcohol and cigarette 
smoking were the antecedents of using other 
drugs, and the marijuana trial was the most 
common one at the beginning.2 

Gabapentinoids, (pregabalin, and gabapentin) 
are inhibitors of the presynaptic voltage-
dependent calcium channels of gamma-
aminobutyric acid (GABA). They are prescribed 
for partial-onset seizures, anxiety, restless legs 
syndrome, neuropathic and non-neuropathic 
pain.3 However, they are also assumed to 
have the potential for abuse.4 Here, three cases 

of pregabalin abuse with different clinical 
presentations will be discussed. The first case 
is an adolescent girl presenting pregabalin 
dependency. The second case is an adolescent 
boy who had been using pregabalin to overcome 
heroin withdrawal symptoms, and the last case, 
also an adolescent boy who had been using 
pregabalin to increase the hedonic effects of 
cannabis. 

These cases aim to increase awareness 
concerning the use of pregabalin and its 
addictive potential. Informed consent was 
received from the cases and their families for 
this report. 

Case 1

Sixteen years-8 months girl applied to the 
child and adolescent outpatient clinic with her 
mother due to pregabalin abuse. She had been 
taking 900-1500 mg/day pregabalin, smoking 
cigarettes (1 package/day) for two years and 
occasionally drinking alcohol in social settings. 
Her family was of low socioeconomic status. 
Her parents divorced when she was seven, and 
she has been living with her father and two 
sisters (15 years and 13 years, respectively). 

Pregabalin abuse in adolescence: a case series
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The parents were not close with her. Instead, 
they blamed her 19-year-old boyfriend, who 
also suffered from substance abuse problems of 
synthetic cannabinoids and pregabalin.

She started using pregabalin two years ago, 
after her boyfriend was hospitalized because 
of a fight. At first, she was using pregabalin to 
tranquilize herself and help her sleep. Then she 
progressively increased pregabalin use when 
she was angry, unhappy and anxious, and 
described withdrawal symptoms of sweating, 
irritability, insomnia, and loss of appetite. Her 
longest period of abstinence from pregabalin 
was two weeks. No other substance use was 
mentioned. 

She had repeated 9th grade two years ago 
due to truancy and academic failure, and she 
dropped out the year before. She did not have 
any plans or hobbies, was unemployed, and all 
her friends were using heroin and pregabalin. 
She reported being depressive and hopeless, 
feeling aimless, having concentration problems, 
and cutting herself, but she had no suicidal 
ideation. At her initial psychiatric assessment, 
although she described depressive symptoms, 
she was euthymic. She had no formal and 
content thinking problems. Her judgment, 
insight and motivation were poor. Physical 
and neurological examinations and laboratory 
investigations were normal. Besides truancy, 
her parents reported acting-outs, running away 
from home, lying, stealing money from home 
and self-harm behaviors. Family history was 
significant for substance abuse (her uncle), 
conduct disorder (her sister), and antisocial 
personality disorder (her uncle). 

She was diagnosed with oppositional defiant 
disorder (ODD) with conduct problems, 
substance abuse disorder, and unspecified 
anxiety disorder. She was prescribed olanzapine 
and sertraline, which gradually increased to 7.5 
mg/day and 100 mg/day respectively during 
weekly follow-ups. She had been spending 
her days doing nothing except being with her 
friends. During the follow-up, although she 
reported not using pregabalin, her parents 

stated otherwise. After separating from her 
boyfriend, she refused treatment, started cutting 
herself, and expressed suicidal ideation in her 
acting-outs. Her parents admitted her to social 
services. Approximately four months after the 
initial assessment, she dropped out of follow-
up. Social services continued to follow her. 

Case 2

Seventeen years-6 months boy applied 
voluntarily to the adolescent medicine clinic for 
poly-substance abuse. He had been smoking 
cigarettes since the age of 12 (currently, 
approximately 20 cigarettes/per day) and 
drinking alcohol occasionally for the last three 
years. He started using cannabis two years 
ago, and synthetic cannabinoids one year ago. 
He had only tried hallucinogens for once. Two 
months ago, he started inhaling heroin two or 
three times a week. When he could not find 
heroin, he used pregabalin 900-1200 mg/day 
to deal with depressive feelings, loss of joy, 
and exhaustion. He described his motives for 
substance use as self-medication, peer pressure, 
and impulsivity. He had not used any drugs 
for the last two days. He stayed at home under 
his father’s supervision for these 2 days with 
some vegetative withdrawal symptoms such as 
sweating, tremor, and aggression and started 
feeling better at the current hospital visit. He 
had never undergone a detoxification trial 
before. 

Two years ago, he first presented to 
the emergency department with visual 
hallucinations, drowsiness, and confusion after 
trying synthetic cannabinoids for the first time. 
His blood toxicology panel was negative at that 
time, and the urine toxicology panel was only 
positive for clomipramine (521 ng/ml). After 
the emergency room workup and treatment, 
he was consulted to the department of child 
and adolescent psychiatry and was discharged 
with a risperidone prescription. After a while 
he stopped using risperidone due to feeling 
drowsy all the time and dropped out of follow-
up.
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He had been living with his father and his 
eight years old brother in the family home. 
Family history was negative for substance 
use disorders. He had dropped out after 
finishing 8th grade due to academic failure. His 
academic performance was always poor. Due to 
difficulty focusing on lessons and impulsivity 
in elementary school, he was taken to a child 
and adolescent psychiatrist and diagnosed 
with attention deficit hyperactivity disorder 
(ADHD). He was prescribed methylphenidate 
but stopped taking this medication due to 
severe appetite loss, and he was never properly 
treated afterward. He had been working in a 
marketplace during night shifts as a porter for 
the last two years. According to his father, he 
had anger management issues where he harms 
himself and others during anger episodes. 
He was also engaged in several fights while 
attending school. 

During the interview, he was slightly 
agitated. Physical examination and laboratory 
investigation were normal. Although he was 
consulted to the department of child and 
adolescent psychiatry, he refused to go. He 
was referred to a withdrawal center for further 
evaluation and detoxification. 

Case 3

Fifteen years-9 months old boy applied 
voluntarily to the adolescent medicine clinic for 
his poly-substance abuse problem. He had been 
smoking cigarettes (6-7 cigarettes per day) and 
using cannabis regularly since he was 13. One 
year ago, after his cousin’s death, who also had 
substance abuse problems, there was a 6-month 
long abstinence period for cannabis. However, 
after a while, he started using cannabis again, 
progressively increased the amount up to 3-4 
times a week, and experimented with volatile 
substances such as paint thinner, lighter fluid, 
automotive fuel, and adhesives. He rarely 
consumed alcohol. For the last six months, he 
started taking pregabalin (900 mg/day) and 
phenprobamate (up to 4 grams) right after 
using cannabis to boost its euphoric effects. 

He reported that he had been using drugs 
to suppress his agitation, anger, depressive 
feelings and improve his mood. He had been 
using drugs mostly alone and sometimes with 
peers. He had been living with his parents and 
18 years old brother. Other than his cousin, 
there was no family history of substance use 
disorders. His academic performance was good 
until last year. Then, he dropped out of regular 
school after 10th grade due to truancy and 
started attending an apprenticeship training 
school for the last three weeks. 

On his first visit, he had been abstinent for one 
week. He had been evaluated at two child and 
adolescent psychiatry clinics during the past 
week, but was unsatisfied with the treatment. 
Other than these visits he had not received 
treatment for substance abuse before or had 
not been diagnosed with a psychiatric disorder. 
The physical and neurological examination 
and laboratory investigation were normal. The 
urine toxicology panel was negative. He was 
consulted to the child and adolescent psychiatry 
department.

In his psychiatric examination, he was dysphoric 
with blunt affect; his speech, formal and content 
of thinking was normal, but his motivation was 
poor. He was prescribed Quetiapine XR 150 mg/
day and was referred to a withdrawal center for 
further evaluation and detoxification.

Discussion

In this article, three adolescents with pregabalin 
abuse are described: An adolescent girl with 
pregabalin use disorder who had many 
individual and environmental risk factors, an 
adolescent boy with multidrug abuse who had 
been using pregabalin to self-manage heroin 
withdrawal symptoms, and an adolescent boy 
using pregabalin to boost the euphoric effects 
of cannabis. Based on these cases, different 
aspects of pregabalin abuse in adolescence will 
be discussed and summarized in Table I. 

Besides epilepsy, pregabalin can be used 
to treat anxiety disorders5, alcohol, and 
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benzodiazepine dependence.6 The therapeutic 
doses of pregabalin are between 150-600 
mg/day, and the risk of abuse increases at 
high doses as its dose-dependent anxiolytic, 
euphoric and dissociative effects increase 
along with the risk of withdrawal symptoms.7 
Pregabalin abuse can be seen especially in 
individuals with a history of polydrug misuse 
or addiction.8,9 In a qualitative research from 
Jordan, some participants described combining 
pregabalin with other substances, mainly 
hashish, and caffeinated sweet beverages, 
to enhance the euphoric effects.10 The use of 
pregabalin to induce the anxiolytic, sedative, 
or euphoric effects of other substances such as 

alcohol11, opioids12, benzodiazepines, cannabis, 
and amphetamines7,13,14 was also reported 
previously. In literature, the treatment of 
pregabalin withdrawal symptoms has not 
been fully established yet.15 Physicians should 
be careful about the withdrawal symptoms, 
including insomnia, headache, nausea, anxiety, 
depression, diarrhea, flu syndrome, and 
convulsion.16 Benzodiazepine use for pregabalin 
withdrawal symptoms can be controversial in 
terms of abuse risk.

Self-medication is defined as using drugs to 
self-treat a medical problem without receiving 
healthcare providers’ advice. The risks of self-
medication have been well documented, leading 

Table I. Different aspects of pregabalin abuse among the 3 adolescents.
Risk factors Case 1 Case 2 Case 3
Sex/Age Female/16 y 8 m Male/17 y 6 m Male/ 15 y 9 m
Smoking/Alcohol One package/day for 2 years / 

occasionally in social settings
20 cigarette/day for 5 
years / occasionally for 3 
years

6-7 cigarette/day for 2 
years /rarely

Academic performance Dropped out of school 
because of truancy and 
academic failure

Dropped out of school 
due to academic failure

Good academic 
performance, but 
dropped out of school 
because of truancy

Family history Low SES, divorced, antisocial 
uncle, drug-abuser uncle, 
sister with CD

Low SES, No history of 
drug abusers

Substance abuser cousin

Social setting Drug-abuser friends and 
boyfriend

Drug-abuser friends Drug-abuser friends

Pregabalin abuse duration Two years Two months Six months
Pregabalin abuse doses 900-1500 mg/day 900-1200 mg/day 900 mg/day
Purpose of pregabalin 
abuse

To tranquilize and sleep, 
continue to use in order to 
reduce withdrawal symptoms 

To deal with depressive 
symptoms and heroin 
withdrawal symptoms

To boost cannabis 
euphoric effects

Withdrawal symptoms Sweating, irritability, sleep 
disturbances, loss of appetite

Sweating, tremor, 
aggression

None

Drug abuse other than 
pregabalin

None Cannabis, synthetic 
cannabinoids, heroin

Volatile substances, 
phenprobamate

Comorbid psychiatric 
disorder

ODD, Anxiety disorder, 
Symptoms of depression and 
CD 

ADHD, Depression Depressive symptoms

Individual factors Poor judgment, having no 
insight and any goal settings, 
poor problem solving skills

Impulsivity Hopelessness, prolong 
mourning

ADHD: attention deficit hyperactivity disorder, CD: conduct disorder, ODD: oppositional defiant disorder, SES: 
socioeconomic status
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to a delay in seeking medical advice, excessive 
dosages or prolonged drug-use duration, 
and drug abuse.17 Appropriate treatment of 
psychiatric conditions could have prevented 
the use of pregabalin in our cases. Substance 
abuse, especially opioid abuse, is associated 
with anxiety disorders.18 Also many pregabalin 
abusers have comorbid anxiety problems.19 
Self-medication is highly prevalent among 
adolescents with psychiatric disorders20, so 
screening for self-medication is recommended. 

Pregabalin might potentially be used to treat 
opioid, benzodiazepine, nicotine, cannabinoid, 
and alcohol abuse withdrawal symptoms. 
However, there is limited evidence for the 
efficacy and safety of pregabalin.6,21 Evidence 
for the use of pregabalin to treat opioid 
addiction is based on case reports.22-24 On the 
other hand, the abuse potential of pregabalin 
makes prescription controversial.8,25 In a 
study of 124 patients with opiate dependency 
syndrome, 12.1% of urine samples were tested 
positive for pregabalin, suggesting pregabalin 
has a potential of abuse among individuals with 
opiate addiction. It can act as a weak rewarding 
substance in patients with long-term opioid 
tolerance.9 A systematic review of 59 studies 
estimated the prevalence of gabapentinoids 
abuse to be 1.6%. However, the prevalence 
increases from 2% to 68% among patients 
with opioid abuse.26 A study investigating the 
postmortem toxicology results of medico-legal 
deaths demonstrated that 91.4% of cases with 
pregabalin abuse also were using opioids.27 
Additionally, a case study reported an opioid 
dependent patient using pregabalin to reduce 
the opiate withdrawal symptoms.22 Instead of 
an intention to experience its hedonic effects, 
opioid-addicted patients might use pregabalin 
to self-treat symptoms of opiate withdrawal 
syndrome. In a qualitative study analyzing 
the online reports of pregabalin, gabapentin 
and clonazepam users through Google search 
revealed that some cases were using pregabalin 
to overcome heroin withdrawal symptoms 
and cravings.7 In the presence of sedative drug 

abuse, clinicians should be careful about the 
possibility of additional pregabalin abuse, as 
the risk of overdose and death increases with 
their combination.28

Pregabalin has been perceived as an easily 
accessible drug that can be abused to induce 
euphoria.29 Pregabalin rarely causes a mild, 
dose-dependent euphoria effect.30 Patients 
increasingly had been using higher than the 
recommended doses of pregabalin to achieve 
these euphoric effects.26 Other than taking 
orally, pregabalin might also be abused rectally, 
intravenously, and with inhalation.8 Pregabalin 
has been hypothesized to have euphoric 
effects due to its direct or indirect effect on the 
dopaminergic reward system.31

Being easily accessible can make pregabalin 
addiction is increasing among adolescents. 
Abuse of over the counter and prescription 
drugs is a global problem.32 Previously, 
pregabalin could be obtained through a regular 
prescription written by any physician from 
pharmacies in Turkey. However, the Turkish 
Ministry of Health upgraded the prescription 
category of pregabalin as a psychotropic drug 
with a potential of abuse that can only be 
obtained through special prescription recently. 
Therefore, physicians should carefully assess 
the risk factors for drug abuse when they are 
prescribing pregabalin.
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Spinal muscular atrophy with respiratory 
distress type 1 (SMARD1, OMIM #604320) is a 
very rare autosomal recessive disorder caused 
by mutations in the immunoglobulin μ-binding 
protein 2 (IGHMBP2, OMIM #600502) gene on 
chromosome 11q13.2-q13.4.1 Only slightly more 
than 100 SMARD1 patients have been reported 
in the literature thus far. Although SMARD1 
and spinal muscular atrophy (SMA) share 
some similar pathological characteristics, such 

as anterior horn motor neuron degeneration, 
they occur as a result of mutations in distinct 
genes and have diverse clinical phenotypes. 
The initial symptoms of patients with SMARD1 
are respiratory distress and distal muscle 
weakness, manifesting during the infantile 
period due to progressive degeneration of 
α-motor neurons.2 Progressive respiratory 
distress is thought to be related with unilateral 
or bilateral diaphragmatic weakness.3 Although 
lower limbs and distal muscle involvement 
are more prominent, muscle weakness 
becomes generalized during the course 
of the disease. Preterm birth, intrauterine 
growth retardation, feet deformities, sensory 

Spinal muscular atrophy with respiratory distress type 
1 (SMARD1): a rare cause of hypotonia, diaphragmatic 
weakness, and respiratory failure in infants
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ABSTRACT

Background. Spinal muscular atrophy with respiratory distress type 1 (SMARD1) is a very rare autosomal 
recessive disorder caused by mutations in the immunoglobulin μ-binding protein-2 (IGHMBP2) gene on 
chromosome 11q13.2-q13.4. The initial symptoms of patients with SMARD1 are respiratory distress and distal 
muscle weakness manifesting in the infantile period due to progressive degeneration of α-motor neurons. 
Preterm birth, intrauterine growth retardation, feet deformities, sensory and autonomic neuropathy are other 
main features. 

Case. Herein, we report the characteristics of a 6-year-old Turkish girl with a diagnosis of SMARD1 confirmed 
by homozygous c.1738G>A (p.Val580Ile) missense IGHMBP2 variant. She had unusual features such as vocal 
cord paralysis, nystagmus, and lack of congenital foot deformities besides typical findings including hypotonia, 
respiratory distress, and diaphragmatic weakness in the early infantile period. Epileptic seizures, cognitive 
impairment, and brain magnetic resonance imaging (MRI) abnormalities were other, unexpected, features 
which developed during the course of the disorder possibly due to several hypoxic episodes.

Conclusions. SMARD1 should be kept in mind in hypotonic infants with diaphragmatic weakness and 
respiratory failure during the early infantile period, even in the presence of unexpected findings including 
vocal cord paralysis, nystagmus, epileptic seizures, and brain MRI abnormalities.

Key words: spinal muscular atrophy with respiratory distress type 1, hypotonia, diaphragmatic weakness, 
vocal cord paralysis.
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and autonomic neuropathy are other main 
features of SMARD1.4,5 In 2003, Pitt et al.4 
developed a set of clinical, histopathological 
and electrophysiological criteria for SMARD1 
diagnosis (Table I). A few years later, a cluster 
analysis showed that the onset of respiratory 
distress between the ages of 6 weeks and 6 
months, in combination with preterm birth or 
diaphragmatic weakness, had a 98% sensitivity 
and 92% specificity for predicting IGHMBP2 
mutation in 47 out of 141 patients presenting 
with respiratory distress and a spinal muscular 
atrophy phenotype.5

IGHMBP2 consists of 993 amino acids and 
has ATP-dependent 5→3 helicase activity. It 
is composed of three domains: DNA/RNA 
helicase, a R3H and a zinc-finger. Inactivation 
of the helicase domain is likely to be the cause 
of clinical symptoms and the majority of the 
pathological variants are found in this domain. 
R3H domain is thought to play a regulatory 
role on helicase activity. Although the precise 
function of IGHMBP2 is still uncertain, it 
has been demonstrated that it has a role in 
transcription, pre-mRNA processing, and 
translation.6,7

Herein, we report the characteristics of a 6-year-
old Turkish girl with homozygous c.1738G>A 
(p.Val580Ile) missense IGHMBP2 variant.

Case Report

The subject was the only child of healthy 
nonconsanguineous Turkish parents. She was 
born by a caesarian section weighing 2,180 g at 
39 weeks of gestation due to fetal distress. There 
was no abnormality at antenatal follow up visits. 
Among her relatives, there were individuals 
who died during the infantile period (Fig. 1). She 
was admitted to the neonatal intensive care unit 
on the first day of life due to respiratory distress 
during postnatal adaptation. Following clinical 
improvement with non-invasive respiratory 
support, she was discharged from the hospital 
in a week.

At about 6 weeks of age, the parents noticed less 
than usual spontaneous movement in her legs. 
Physical and neurological examination revealed 
laryngomalacia, prominent generalized 
hypotonia, lack of head control and deep 
tendon reflexes at the age of 3 months. There 
were no fasciculations on the tongue. Complete 
blood count, serum biochemistry tests, creatine 
phosphokinase level, thyroid function tests, 
ferritin, vitamin B12, folate, uric acid, and 
metabolic tests (lactate, pyruvate, ammonia, 
homocysteine, biotinidase activity, long chain 
fatty acids, serum free carnitine / acyl carnitine 
profile, serum and urine amino acids, and urine 
organic acid) were all within normal limits. 

Table I. Diagnostic criteria of spinal muscular atrophy with respiratory distress type 1 (SMARD1) from 
Pitt et al.4

Clinical criteria
• Low birthweight below the 3rd centile
• Onset of symptoms within the first 3 months
• Diaphragmatic weakness either unilaterally or bilaterally
• Ventilator dependence within less than one month of onset with an inability to wean
• Absence of other dysmorphology or other conditions

Histopathological criteria
• Reduction of myelinated fiber size in sural nerve biopsies
• Minimal evidence of ongoing myelinated fiber degeneration in biopsies taken up to 3 ± 4 months
• No evidence of regeneration or of demyelination that might account for the change in fiber size.

Electromyography criteria 
• Evidence of acute or chronic distal denervation
• Evidence of severe slowing [<70% of lower limit of normality in one or more nerves (motor or sensory)]
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Multiplex ligation probe amplification (MLPA) 
methodology and sequence analysis of the SMN 
gene revealed non-diagnostic heterozygous 
deletion in exon 8. At 4 months of age, she was 
admitted to the emergency department with 
respiratory distress and intubated during follow-
up. Elevation of the right hemidiaphragm was 
noted on a chest X-ray (Fig. 2), and paradoxical 
movement on ultrasonography. Laryngoscopic 
examination of the vocal cord revealed bilateral 
mild impairment in abductor motion. The 
duration of intubation was longer than six 
months and repeated extubation attempts failed. 
Hemidiaphragm elevation has ameliorated only 
at moderate to high peak inspiratory pressures 
on the ventilator, and it was obvious following 
extubations. Tracheostomy and percutaneous 

endoscopic gastrostomy (PEG) were performed 
at the age of 14 months and 20 months, 
respectively. She had to be admitted to hospital 
several times with respiratory symptoms.  
At 17 months of age, she experienced clonic and 
myoclonic seizures during hospitalization for 
pneumonia in the intensive care unit. Interictal 
electroencephalography (EEG) revealed left 
temporal, frontotemporal and generalised 
sharp waves with normal background activity. 
Complete seizure cessation was achieved with 
levetiracetam treatment. Dilatation of lateral 
ventricles and decreased frontal white-matter 
volume were detected on brain magnetic 
resonance imaging (MRI) at 18 months of 
age. Nerve conduction studies demonstrated 
undetectable motor action potentials of 
peroneal, posterior tibial, median and ulnar 
nerves. Muscle biopsy of gastrocnemius 
muscle indicated neurogenic changes with 
atrophic myofibers. She had episodes of 
sweating, constipation, hypertension, sinus 
bradycardia, and tachycardia attributed 
to autonomic dysfunction. There was no 
abnormality in echocardiography. A custom 
target capture – based on next generation 
sequencing (NGS) panel (Celemics, Inc., Seoul, 
Korea) containing 579 genes associated with 
hereditary diseases indicated a homozygous 
c.1738G>A (p.Val580Ile) variant in IGHMBP2 
gene which was likely pathogenic according to 
ClinVar database (https://www.ncbi.nlm.nih.
gov/clinvar/variation/9114/), confirming the 

Fig. 1. Family pedigree of the SMARD1 case. The asterix (*) indicates sudden infant death.

Fig. 2. Right hemidiaphragm elevation (white arrow) 
on chest X-ray at 5 months old.

https://www.ncbi.nlm.nih.gov/clinvar/variation/9114/
https://www.ncbi.nlm.nih.gov/clinvar/variation/9114/
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Fig. 3. Sanger sequencing electropherogram of IGHMP2 gene of the patient and family. Homozygous c.1738G>A 
(p.Val580Ile) variant in IGHMBP2 gene of the patient, and maternal and paternal heterozygosity were confirmed 
by Sanger sequencing.



Pekuz S, et al. Turk J Pediatr 2022; 64(2): 364-374

The Turkish Journal of Pediatrics ▪ March-April 2022368

diagnosis of SMARD1 at the age of 3.5 years. 
Sanger sequence analysis of parents revealed 
that both father and mother are heterozygous 
carriers of c.1738G>A (p.Val580Ile) variant (Fig. 
3).

At the most recent examination, she had severe 
mentally retardation, unable to move both 
proximal and distal parts of her extremities 
against gravity, dependent on mechanical 
ventilation and gastrostomy tube feeding at 
the age of 6 years. Fatty pads at the fingers 
(Fig. 4), moderate contractures in the wrist, 
elbow, knee, and ankle were apparent. Facial 
weakness, absence of deep tendon reflexes, lack 
of eye tracking ability and bilateral horizontal 
nystagmus were the other features.

Informed consent was received from the family 
of the patient for publication.

Discussion

SMARD1 is a very rare autosomal recessive 
neuromuscular disorder with high mortality. 
Low birth weight, early onset respiratory 

distress (requiring permanent artificial 
ventilation), diaphragmatic paralysis, and 
progressive wasting of the distal muscles are the 
main delineated features of reported patients, 
(Table II) although variations exist in clinical 
phenotypes. In this case report, we presented 
a 6-year-old Turkish girl with a homozygous 
c.1738G>A (p.Val580Ile) variant in IGHMBP2 
gene causing SMARD1. This rare variant has 
been previously reported in a few SMARD1 
patients with compound heterozygosity and 
to the best of our knowledge in only one other 
Turkish girl with homozygosity.1,8 Experimental 
studies have demonstrated that this variant 
impairs enzymatic activity in vitro conditions.9

The subject was born as a full term baby weighing 
2,180 g, small for gestational age, indicating 
intrauterine growth retardation and she had 
respiratory distress shortly after delivery. 
SMARD1 patients have been characterized by 
intrauterine growth retardation, premature 
birth and decreased fetal movements, but 
respiratory distress is rare in the early neonatal 
period.2,5 Onset of respiratory failure appears 
a key clinical diagnostic factor for SMARD1 
patients with IGHMBP2 mutation. While the 
single criterion scoring highest in favor of 
an IGHMBP2 mutation with 87% sensitivity 
and 92% specificity was the ‘‘manifestation 
of respiratory failure between 6 weeks and 
6 months’’, ‘‘congenital manifestation of 
respiratory failure’’ was found to be the single 
criterion shown scoring highest against the 
diagnosis of SMARD1 with a 66% sensitivity 
and 98% specificity in a cluster analysis.5 
Consistently, respiratory failure developed at 
about 4 months of age in our case, although 
transient respiratory distress was observed 
in the early neonatal period, where elevation 
of the diaphragm was not a chest radiograph 
finding. Among the expected findings of 
SMARD1, weakness manifested by congenital 
foot deformities was not found in our patient.3,5

Life threatening progressive respiratory distress 
in infancy, due to diaphragmatic paralysis 
which requires mechanical ventilation, is 
the most prominent presenting symptom 

Fig. 4. Fatty pads on the paralyzed fingers of the 
patient with SMARD1.
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in SMARD1.1,2,9 In a retrospective study of 
twenty-nine SMARD1 patients, all patients had 
respiratory distress between 1–13 months of 
life with a median age of 3.5 months.2 Muscle 
weakness usually becomes obvious shortly 
after the onset of respiratory symptoms.9 
However, the initial parental concern of our 
patient was the less than usual spontaneous 
movement of the legs, which was regarded 
as distal muscle weakness by two months of 
age before the respiratory symptoms started. 
Respiratory distress was the chief complaint at 
4 months of life and she was intubated at the 
age of 5 months. She had inspiratory stridor and 
a weak cry at 3 months of age, both of which 
are usually the first indicators of respiratory 
distress in SMARD1.2 Inspiratory stridor due 
to laryngomalacia and impaired abduction of 
the vocal cords were remarkable and gave rise 
to the thought of vagus or its branch recurrent 
laryngeal nerve paralysis. Vocal cord paralysis 
is an unexpected finding for SMARD1, 
although it can be significant for other certain 
types of SMA-like motor neuron disorders.10,11 
Laryngomalacia and tracheomalacia without 
vocal cord paralysis were also reported in 
two infants with SMARD1, presenting with 
stridor.12,13 Interestingly, they had the mutation 
c.1737C>A (p.Phe579Leu) which is located in 
exon 12 of IGHMBP2 gene, the same affected 
exon as in our patient.

Diaphragm elevation leading to respiratory 
failure is the hallmark of SMARD1, in 
comparison with SMA, which is characterised 
by the involvement of the intercostal muscles 
causing a bell-shaped thorax deformity, 
whilst the diaphragm is relatively spared. 
It is more commonly seen in the right side, 
presumably secondary to the mass effect of the 
liver, but bilateral involvement is possible.14 
Interestingly, diaphragmatic elevation may 
not be apparent in chest X-rays at the onset 
of respiratory symptoms and occur with a 
delay.14 A chest X-ray of our patient revealed 
eventration of the right hemidiaphragm which 
was confirmed by paradoxical movement on 
ultrasonography at the onset of respiratory 

symptoms. Thin and membranous appearance 
of diaphragm was observed during surgery of 
the previously published patient with the same 
homozygous variant who underwent plication.4 
Plication of the diaphragm has not been 
shown to be beneficial to the clinical courses 
of reported SMARD1 patients and therefore 
is not a recommended intervention.12,13,15 The 
main cause of death in the infantile period is 
respiratory failure. Most of the patients need 
invasive or non-invasive respiratory support 
and once mechanical ventilation is initiated, it 
is highly unlikely that the patient will be able 
to be weaned off ventilation.15 However, a case 
was reported in which a girl had regained 
independent breathing for twelve hours per 
day by 4 years of age after a dramatic loss of 
independent breathing in the first year of life, 
despite persisting diaphragmatic paralysis.9 

A multicentric retrospective study has shown 
that tracheostomy had a positive impact on 
life expectancy of children with SMARD1, and 
only 1 of 22 patients survived without artificial 
ventilation beyond 2 years of age.14 Therefore, 
families should be encouraged in favor of this 
procedure.

After the initial distal muscle weakness, 
predominantly in lower limbs, progressive 
generalized hypotonia, and absent deep tendon 
reflexes are inevitable features in SMARD1 
patients. The natural course of the disease leads 
to complete paralysis of both limbs and trunk, 
which were noted on the follow-up examinations 
of our patient.9,16 Marked distal weakness and 
atrophy caused adipose tissue replacement as 
fatty pads on the fingers, another characteristic 
finding of SMARD1 patients. This was a late 
manifestation in our patient, appearing after 2 
years of age.3,9,16

Facial muscle weakness and tongue fasciculations 
can be observed due to the involvement of 
facial and hypoglossal nerves during the 
course of the disease.2 Eckart et al.9 have 
observed approximately one third of patients 
had facial weakness over an observational 
period of eight years. On the other hand, the 
oculomotor nerve is mostly spared and eye 
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movement disorders have not been previously 
reported in SMARD1 patients. A complete lack 
of eye tracking ability and bilateral horizontal 
pendular nystagmus of our patient was noted at 
18 months of age although she had appropriate 
eye coordination and ability to follow brightly 
colored objects at 3 months of age prior to the 
onset of respiratory distress. Besides recurrent 
severe pneumonia episodes and autonomic 
dysfunction, she developed chronic filamentary 
keratitis with prominent epithelial erosion 
and mucopurulent discharge involving both 
eyes. Repeated slit lamp examinations of eyes 
revealed mucoepithelial strands attached to 
the corneal surface and epithelial defects after 
a long-term intubation period at 1-year old. 
Facial weakness and sedatives, to avoid patient-
ventilator asynchrony, caused lagophthalmos 
and aqueous tear deficiency, which were 
thought to be main risk factors for filamentary 
keratitis. Fundoscopic examination and visual 
evoked potential responses were normal. 
In addition, hypoxic episodes may have 
contributed to eye movement disorders and 
visual impairment. Thereby, nystagmus and 
visual tracking disorder of our patient do not 
seem to be etiologically related to the disease 
itself, but most likely occurred as a secondary 
complication.

Epileptic seizure was another manifestation 
in our patient, uncommon in SMARD1 and 
generally thought to be related to secondary 
phenomena such as hypoxic episodes.3,17 

Electroencephalography revealed left temporal, 
frontotemporal and generalized sharp 
waves. The seizures were well controlled by 
levetiracetam treatment. No abnormalities 
were detected in brain ultrasonography during 
the infantile period. Brain MRI revealed mild 
dilatation of lateral ventricles and decreased 
frontal white-matter volume at 18 months 
of age, after the onset of epileptic seizures. 
Imaging abnormalities of the central nervous 
system are not expected in SMARD1. In a 
multicentric study, brain MRIs were normal in 
71.4% of SMARD1 patients and most of the rest 

had non-specific imaging features.13 However, 
an atypical SMARD1 patient was previously 
reported with microcephaly, cerebral atrophy 
and thin corpus callosum.18 Cognitive skills 
and social interactions of SMARD1 patients 
were usually found appropriate for age in the 
literature.15,19 Viguier et al.14 in 2018, reported 
normal cognition in 14 of 17 children with 
SMARD1, and 7 of 9 survivors beyond 2 years of 
age were also able to talk and had normal facial 
expressions. Moreover, Eckart et al.9 noted that 
most SMARD1 patients were well integrated 
into their home environment and two thirds 
of them were able to attend kindergarten or 
school, although severe disabilities in a long 
term follow-up were observed in 11 SMARD1 
patients. In contrast, our patient had obvious 
impairment in cognitive functions although she 
wasn’t assessed with objective psychometric 
tests. Both MRI findings and cognitive 
impairment may be attributed to the hypoxic 
episodes but not the natural course of the 
disease.

Dysfunction of the autonomic nervous 
system in SMARD1 is not rare and symptoms 
of autonomic neuropathy should not be 
overlooked or misinterpreted. Sudden changes 
in vital signs due to dysautonomia may lead to 
deterioration in the clinical condition of critically 
ill patients. Cardiac arrhythmia, variability of 
blood pressure, excessive sweating, urinary 
retention and constipation may be observed in 
the course the of the disease.9,14 The prevalence 
of constipation, excessive sweating and cardiac 
arrhythmia were found in 53%, 58%, and 71% 
of 29 patients SMARD1 patients respectively.2 

Moreover, in a longitudinal study with a mean 
observational period of 7.8 years, all of 11 
SMARD1 patients developed signs of autonomic 
neuropathy during the course of the disease, the 
latest was beyond 9 years of age.9 Our patient 
had multiple periods of constipation, sweating, 
blood pressure fluctuations and arrhythmia 
which were prominent features consistent with 
autonomic neuropathy.
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Reduction of the compound muscle action 
potential and abnormal nerve conduction 
velocities are commonly seen in patients with 
SMARD1. Electromyography (EMG) studies of 
SMARD1 patients revealed motor neuropathy, 
frequently accompanied by sensory 
neuropathy, and muscle biopsies indicated 
distally pronounced neurogenic muscular 
atrophy.14 Nerve conduction studies of our 
patient failed to reveal any electrophysiological 
response in peroneal, posterior tibial, median 
and ulnar nerves, and muscle biopsy revealed 
neurogenic changes with atrophic myofibers at 
1-year old. Although SMARD1 is also currently 
named as distal spinal muscular atrophy 1 
(DSMA1, MIM#604320) and distal hereditary 
motor neuropathy type VI (dHMN6), both of 
which are confusing because these terms do 
not take into account sensory neuropathy and 
demyelination. This confusion of terminology 
may have occurred as a result of a broad spectrum 
of manifestations and electrophysiological 
results of defined SMARD1 patients initally.20 
Grohmann et al.2 described clinical features 
of 29 SMARD1 patients who had neurogenic 
changes in EMG studies (22 of 25 patients), 
decrease in motor nerve conduction velocity 
(16 of 20 patients), and absent motor response 
after maximum stimulation (11 of 12 patients). 
Needle EMG results indicated chronic and 
active denervation in more than two thirds of 
patients.14 Axonal degeneration was observed 
in sural nerve biopsies (10 of 15 patients) and 
histopathological examinations of muscle 
biopsy specimens revealed neurogenic changes 
with fiber hypertrophy and atrophy (21 of 
22 patients).2 Abnormal EMG results of the 
diaphragm compatible with denervation have 
previously been mentioned in patients with 
SMARD1.4

Homozygous c.1738G>A (p.Val580Ile) missense 
IGHMBP2 variant in our patient was previously 
reported in only one other Turkish girl.1,15 
These two patients with the same homozygous 
variant, had similar clinical characteristics 
in the infantile period, although the onset of 

respiratory distress was earlier in the previously 
reported patient. Inspiratory stridor, facial 
weakness, absent deep tendon reflexes, distally 
marked weakness and progressive muscular 
hypotonia were common features. They were 
completely paralysed at 2 years of age but a 
slight improvement in the motor functions of 
the previous patient, mentioned above, was 
noted. Although she was not able to speak, her 
cognitive and social skills were appropriate for 
her age in contrast to our patient.15

SMARD1 is a severe motor neuron disease and 
the prognosis is usually poor.9,14 The majority 
of patients die due to respiratory problems 
unless ventilatory support is initiated and few 
will survive into adulthood.9,19 Viguier et al.14 
have shown that patients with diaphragmatic 
paralysis or areflexia before 3 months of age had 
significantly lower survival rates. In a multicentric 
retrospective study, tracheostomized patients 
had evidently higher survival rates and all 
survivors beyond 32 months of life were 
tracheostomized, and weaning from ventilation 
was unlikely once initiated.14,15 Although most 
of the patients develop respiratory distress in 
the first few months of life and become non-
ambulant and ventilator dependent during the 
infantile period, a plateau phase or even slight 
improvement of clinical symptoms may occur 
in survivors beyond 2 years of age.9 Milder 
clinical courses with a late onset respiratory 
distress and distal muscle weakness have also 
been reported.3,9,21 In 2015 Hamilton et al.19 
reported one of the oldest SMARD1 patients, a 
21-year-old tracheostomized woman who had 
presented with respiratory distress at 16 months 
of age and remained stable for several years 
with only nocturnal mechanical ventilation. She 
was working full time in an office using her self-
propelled electric wheelchair after completing 
her education. Previous studies showed high 
residual levels of IGHMBP2 enzymatic activity 
in fibroblasts and lymphoblastoid cells of the 
patients which correlated with a late onset 
form of the disease and/or better prognosis.5,7,9,21 

On the other hand, there is no evidence for a 
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genotype-phenotype correlation of the disease.14 
Treatment is primarily supportive with no 
known cure. Studies are ongoing for new 
treatment modalities and therapies.10,22 Genetic 
counseling is crucial for the families with history 
of a child with SMARD1 and preimplantation 
genetic diagnosis should be considered to 
prevent this rare and lethal disease. Recent 
clinical advances in the treatment of another 
similar neuromuscular disease, SMA, give hope 
to development of new possible therapeutic 
approaches for this disease as well.

In conclusion; physicians should be alert for the 
possible diagnosis of SMARD1 in hypotonic 
infants presenting with respiratory distress 
and/or distal muscle weakness, and assess 
diaphragmatic weakness, congenital foot 
deformities, pre- and peri-natal medical history, 
siblings of sudden infant death syndrome, even 
in the presence of unexpected findings such 
as vocal cord paralysis, nystagmus, epileptic 
seizures, cognitive impairment, and brain MRI 
abnormalities. Concomitant motor and sensory 
neuropathy revealed by electrophysiological 
studies and dysautonomia are also noteworthy 
characteristics of the disease. Despite rapid 
progressive life threatening clinical symptoms 
in the first years of life, the clinical course of 
some survivors may remain stable without 
deterioration over many years and they may 
have normal social interactions with other 
people. Appropriate management, with 
supportive care, during the progressive phase 
of the disease and prevention of devastating 
complications may have a positive impact on 
quality of life and survival in these patients 
with an incurable disease. 
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Many metabolic and endocrinological 
abnormalities are encountered in chronic kidney 
disease (CKD). Studies showed that decrease 
in glomerular filtration rate, and change in the 
metabolic environment due to uremia can cause 
impaired extrarenal metabolism and integrity 
of feedback controls regulating secretion or 
synthesis of the peptide hormones.1

Prolactin (PRL) is responsible for the hormonal 
regulation of lactation and regulation of 
gonadal luteinizing hormone receptors in both 
genders. PRL also has many physiological 
functions such as osmoregulation, immune 
response and angiogenesis.1 The pathogenesis 
of uremic hyperprolactinemia in CKD is not 
fully understood. In prepubertal children and 
postmenopausal women, hyperprolactinemia 
rarely results in galactorrhea.2 Galactorrhea is 
not an expected finding in prepubertal cases. 
We aimed to discuss hyperprolactinemia and 
galactorrhea in a 12-year-old male with CKD. 

A rare endocrinological complication of chronic kidney 
disease

Seçil Arslansoyu Çamlar1 , Berna Filibeli2 , Eren Soyaltın1 , Hayrullah Manyas2 ,  
Gönül Çatlı2,3 , Demet Alaygut1 , Fatma Mutlubaş1 , Bumin Nuri Dündar2,3 ,  
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ABSTRACT

Background. Chronic kidney disease (CKD) may lead to increase in serum levels of peptide hormones as a 
result of changes in peripheral metabolism. The pathogenesis of uremic hyperprolactinemia in CKD is not fully 
understood. Plasma prolactin levels are elevated in women, pubertal girls, and also in men with chronic kidney 
disease. But this is not comon in prepubertal boys. Also in prepubertal children and postmenopausal women, 
hyperprolactinemia rarely results in galactorrhea. We aimed to discuss hyperprolactinemia and galactorrhea in 
a 12-year-old male with CKD. 

Case. A twelve-year-old boy with chronic kidney disease (CKD) suffered from bilateral galactorrhea. He was 
on follow-up at Pediatric Nephrology Department from the age of two due to bilateral dysplastic kidney. On 
physical examination, his weight was - 0.59 SDS, height was -2.82 SDS, Blood pressure was 115 / 72 (75p), 
stretched penis length was 6 cm, testicular volume was 3mL / 3mL, pubic hair was Tanner Stage 1, breast 
examination did not reveal plaque on bilateral breast. He was receiving recombinant erythropoietin, sodium 
bicarbonate, polystyrene sulfonate, calcium acetate, and calcitriol treatments. Glomerular filtration rate was 
23ml/min/1.73 m2 (CKD stage IV). Serum prolactin (PRL) was >200 μg/L (N, 2.64-13.13). The pituitary adenoma 
was excluded with pituitary and cranial magnetic resonance imaging (gadolinium). Cabergoline (0.5 mg/ twice 
weekly) was initiated to decrease PRL levels and reduce galactorrhea. In the second week of treatment, serum 
PRL level was suppressed (0.4 μg/L) and galactorrhea was completely resolved. 

Conclusions. Although uremic hyperprolactinemia is very rarely seen in childhood, it is important to evaluate, 
and initiate an appropriate treatment since it is associated with delayed puberty and infertility in adulthood in 
many cases. 

Key words: children, chronic kidney disease, galactorrhea, hyperprolactinemia.
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Case Report

A twelve-year-old boy with chronic kidney 
disease (CKD) suffered from bilateral 
galactorrhea. He was on follow-up at Pediatric 
Nephrology Department from the age of two due 
to congenital anomalies of kidney and urinary 
tract (congenital bilateral dysplastic kidney). In 
his medical history; he was born at 40 weeks’ 
gestation with a birth weight of 3100 g and there 
was a hospitalization in the neonatal intensive 
care unit because of asphyxia. He received 
antibiotic therapy many times due to recurrent 
urinary tract infection. He had no vesico 
ureteral reflux. 99mTc dimercaptosuccinic acid 
(DMSA) scan show only bilateral small kidneys. 
On physical examination, his weight was 37.2 
kg (- 0.59 SDS), height was 128.6 cm (-2.82 SDS), 
z-score of body mass index (BMIz score) +1.01 
SDS, target height 172.1 cm (-0.61 SDS), blood 
pressure was 115/72 mmHg (75/75p), stretched 
penis length was 6 cm, testicular volume was 
3mL/3mL, and pubic hair was at Tanner stage 
I. Breast examination did not reveal plaque or 
gynecomastia but galactorrhea was noted. Other 
systems and neurologic examinations were 
normal. Bone age according to Greulich- Pyle 
was 10 years and predicted adult height was 
calculated as 160 cm (-2.27 SDS) by the Bayley-
Pinneau method. He was receiving recombinant 
erythropoietin, sodium bicarbonate, 
polystyrene sulfonate, calciumacetate, and 
calcitriol treatments. Glomerular filtration 
rate was 23 ml/min/1.73 m2 (CKD stage IV). 
Labaratory investigations revealed; Hb 10.2 g/
dL, blood urea 152 mg/dL, creatinine 3.9 mg/
dL, calcium 10.5 mg/dL, phosphate 6.1 mg/
dL, alkaline phosphatase 264 mg/dL (160-500), 
25-hydroxy vitamin D 32 μg/L (N, 20-100), 
parathyroid hormone 182 ng/L (N, 10-69), free 
T4 0.82 ng/dL (N,0.54-1.24), thyroid-stimulating 
hormone 3.2 mU/L (N, 0.34-5.6), luteinizing 
hormone(LH) 1 mIU/mL (N, <0.1), follicle 
stimulating hormone 2.8 IU/L (N, 0.1-4.3), total 
testosterone 10.3 ng/dL (N, <20), PRL>200 μg/L 
(N,2.64-13.13), and somatomedin-C (IGF-1) 168 
g/L (N, 68-316). Pituitary and cranial magnetic 
resonance imaging with gadolinium showed 

no intracranial pathology. Pre-emptive renal 
transplantation was planned in our patient. 
However, peritoneal dialysis was started since 
no suitable donor could be found. Cabergoline 
(0.5 mg/ twice weekly) was initiated to decrease 
PRL levels and reduce galactorrhea. In the 
second week of treatment, serum PRL level was 
suppressed (0.4 μg/L) and galactorrhea was 
completely resolved. Informed consent was 
received from the parents. 

Discussion

Decrease in renal function causes changes 
in the synthesis, secretion, metabolism, and 
elimination of peptide hormones.3 Deranged 
metabolic environment of uremia may 
contribute to impaired metabolism which 
regulates the integrity of feedback controls 
regulate the synthesis of secretion.2 Elimination 
of PRL occurs both through glomerular 
filtration and tubular breakdown.2 PRL is 
reabsorbed by tubular cells by blood flowing in 
peritubularcapillaries from the anti-luminal pole 
of proximal tubular cells.4 The pathogenesis of 
uremic hyperprolactinemia in CKD is not fully 
understood. Chronic renal failure stimulates 
dysregulation of PRL secretion by a resistance 
of lactotrophs to dopaminergic inhibition.5 

Plasma PRL correlates with serum creatinine 
levels; as the renal functions deteriorate, PRL 
level increases. Therefore, hyperprolactinemia 
is seen in patients with CKD with advanced 
or even end-stage renal failure. Peces et al.1 
reported that patients diagnosed with CKD 
who have hemodialysis had higher PRL levels 
compared to healthy controls and patients who 
had undergone kidney transplantation. The 
serum PRL levels in women were higher than 
in men in this study. In a study conducted by 
Ijaiya et al.5 it was reported that serum PRL 
levels in children with acute renal insufficiency 
and renal transplantation were similar to 
healthy children, while those with chronic 
renal failure were 2.5 times higher. Moreover 
elevated basal PRL could not be stimulated by 
TRH stimulation.5
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Dysfunction due to vitamin D deficiency, 
anemia, zinc depletion and pituitary regulation 
of PRL release can be the other etiological 
factors resulting in hyperprolactinemia in 
CKD patients.6,7 The presence of inflammatory 
cytokines and chronic metabolic acidosis may 
contribute to dysregulation of the hypothalamic-
pituitary-thyroid axis in CKD.6 Pathological 
thyroid profile, including clinical or subclinical 
hypothyroidism, can also cause alterations in the 
hypothalamo-hypophyseal-gonadal axis and 
can manifest with hyperprolactinemia.6 Thyroid 
function tests should be evaluated in cases with 
hyperprolactinemia. Thyroid function tests, 
vitamin D and hemoglobulin were normal in our 
patient. Many antipsychotic drugs increase PRL 
levels by affecting the dopaminergic system. 
Methyldopa and verapamil used in the treatment 
of hypertension are other causes of drug-
related hyperprolactinemia.8-10 Gulleroğlu et al.9 
reported an eleven-year-old boy on peritoneal 
dialysis with galactorrhea. He was using 
methyldopa for hypertension so they thought 
that galactorrhea was related to methyldopa 
instead of uremia as he was already on renal 
replacement therapy for long-term. Tacrolimus 
and amlodipine-induced hyperprolactinemia 
has been reported in a 19-year-old woman with 
kidney transplantation who presented with 
galactorrhea and mastalgia.10 The medications 
of our patient were questioned in detail, but 
there were no agents causing drug-related 
hyperprolactinemia. Cases with chronic kidney 
disease and hyperprolactinemia reported in the 
literature are summarized in Table I . 

Hyperprolactinemia is defined as an increase in 
serum prolactin levels. Normal prolactin levels 
are < 25 μ g/L in girls, and < 20 μ g/L in boys.11 

Plasma prolactin levels are elevated in women, 
pubertal girls, and also in men with chronic 
kidney disease.12

This situation is not usual in prepubertal boys. 
Our case was prepubertal according to testis 
volume, however, high levels of basal LH was 
incompatible with the prepubertal period. 
Hypothalamic and hormonal causes were 
excluded, so hyperprolactinemia in our patient 
was attributed to uremia. Our patient was 
clinically prepubertal, therefore, we focused 
primarily on a possible PRL-secreting adenoma. 
PRL levels > 200 μg/L are highly related to 
secretion PRL by prolactinoma.13 Pituitary 
imaging is recommended for symptomatic 
patients.14 Therefore, the patient was evaluated 
for pituitary adenomas by the pituitary and 
cranial magnetic resonance imaging. However, 
there were no findings related to pituitary 
compression, and no adenoma or tumor was 
found on MRI. Hyperprolactinemia can cause 
gonadotropin suppression, anovulation, 
irregular menstrual cycles, infertility, 
hypoestrogenism, gynecomastia, sexual 
dysfunction and galactorrhea in adults.3,14 Male 
patients usually show intracranial pressure 
symptoms such as headache and visual loss due 
to tumor growth.14 

Disturbances in the control of hypothalamic-
pituitary-gonadal axis in men and women with 
CKD and end-stage renal disease is well-known; 
however, it is not fully understood. Delayed 
puberty and reduced pubertal growth are very 
pronounced in children with CKD due to long-
term dialysis treatment and high glucocorticoid 
exposure.15 Hyperprolactinemia also contributes 
to this situation by decreasing pulsatile 
gonadotropin-releasing hormone secretion and 

Table I. Cases reported in the literature with hyperprolactinemia and chronic renal diseases.
Cases Age Gender Renal status Suspected etiology
Bry-Gauillard17 34 male Hemodialysis Macroadenoma of the hypophisis
Pratap7 42 female Hemodialysis Methlydopa
Khira9 19 female Renal tx Tacrolimus, amlodipine
Rondeau2 4 female Hemodialysis Chronic kidney disease
Gulleroglu8 11 male Periton dialysis Methlydopa
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thus inhibiting luteinizing hormone (LH) and 
follicle-stimulating hormone secretion as well 
as gonadal steroidogenesis(hypogonadotropic 
hypogonadism).11 In uremic patients, despite 
decreased LH secretion from the pituitary 
gland, serum LH concentration may be 
elevated due to impaired renal clearance, but 
bioactivity of LH is decreased.16 Interestingly, 
central precocious puberty was also reported 
in girls and boys with CKD.16-18 Furthermore, 
a case of precocious puberty associated with 
hyperprolactinemia was also reported.19 The 
authors hypothesized that high prolactin levels 
might have both stimulated and inhibited 
the hypothalamic-pituitary-gonadal axis.19 In 
brief, the pathophysiology of neuroendocrine 
dysregulation in uremic patients remains 
unclear. Despite the increased LH level, our 
patient’s testicular volumes, serum total 
testosterone level and bone age were compatible 
with the prepubertal period. Besides, following 
normalization of PRL levels with cabergoline 
treatment, LH levels decreased to 0.5 mIU/mL 
and no progression in pubertal findings was 
observed at clinical follow-up.

Hyperprolactinemia treatment varies 
according to the underlying etiology. The 
main objectives of treatment are normalizing 
prolactin level, reducing the diameter of the 
adenoma and reducing clinical signs related 
to hyperprolactinemia.11,14,15 The reduction of 
the drug dose or transition to another drug 
is enough for the treatment of drug-induced 
hyperprolactinemia.14 Dopamine agonists are a 
successful therapeutic option in prolactinomas. 
Cabergoline has been shown to be more 
effective in normalizing prolactin levels and 
reducing tumor size with fewer adverse effects 
than bromocriptine.13 A significant tumor 
shrinkage can be achieved with cabergoline in 
microadenomas (<10 mm), whereas surgery 
may be needed in addition to cabergoline 
treatment in macroprolactinomas (> 10 mm). In 
uremic hyperprolactinemia, it may be beneficial 
to start renal replacement therapy due to the 

contribution of uremia. Renal replacement 
therapies should be considered to eliminate the 
uremic state in hyperprolactinemia due to CKD. 
However, in the literature, hyperprolactinemia 
has been reported in cases receiving peritoneal 
dialysis. Frequent hemodialysis sessions did 
not decrease the prolactin levels.20 Bilateral 
nephrectomy was performed in a 4-year-old 
girl with an end-stage renal failure due to 
uncontrolled severe hypertension. PRL levels 
rose following bilateral nephrectomy. After 
kidney transplantation, PRL levels decreased 
dramatically in 8 hours in this patient. Authors 
suggest that even uremic kidneys can eliminate 
PRL through tubular breakdown since PRL 
levels increase after bilateral nephrectomy.2 
After renal transplantation, hyperprolactinemia 
can usually be corrected or significantly 
improved.21 It has been reported that PRL levels 
decrease or return to normal levels with the 
increase of glomerular filtration rate after kidney 
transplantation.5 It has been demonstrated 
repeatedly that serum PRL levels rapidly return 
to normal after kidney transplantation, as in the 
cases reported in the literature.8,22,23

Early renal transplantation in the pediatric 
population has demonstrated adequate pubertal 
developmental outcomes. Therefore, the most 
appropriate approach is to find a suitable donor 
for the patient and perform renal transplantation. 
Although uremic hyperprolactinemia is very 
rarely seen in childhood, it is important to 
evaluate, and initiate an appropriate treatment 
since it is associated with delayed puberty and 
infertility in adulthood in many cases.
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Paroxysmal sympathetic hyperactivity (PSH) 
is a disorder due to the loss of regulation of 
autonomic activity. PSH has previously been 
described as autonomic storms, hypothalamic 
dysregulation syndrome, dysautonomia, 
paroxysmal autonomic instability with 
dystonia, and diencephalic autonomic epilepsy. 
The most common condition predisposing to the 
development of PSH is traumatic brain injury 
(TBI), followed by anoxic brain injury, stroke, 
tumors, and infections. In 2014, an international 
panel was convened and published a consensus 
statement to define symptoms and diagnostic 
criteria of PSH. 

Hereby we report a 4-year-old child with 
tuberculous meningitis with symptoms of PSH 
who developed cardiac failure.

Case Report

A four-year old boy was admitted with fever, 
headache for three days, intermittent vomiting, 
and loss of consciousness. On his examination, 
neck stiffness has been determined, Glasgow 
coma scale (GCS) was 11. Vital signs were 
within the normal range. The diagnosis of 
tuberculous meningitis was made after head 
magnetic resonance imaging (MRI) and 
cerebrospinal fluid examination. Therapy 
of isoniazid, pyrazinamide, rifampin, and 
ethambutol has been initiated. On the 2nd day, 
he had a seizure, his computed tomography 
showed hydrocephalus. He was referred to our 
hospital after a ventriculoperitoneal (V/P) shunt 
placement and because of the need for tertiary 
intensive care follow up.

On admission to the pediatric intensive care 
unit (PICU), his heart rate was 110 beats per 
minute (bpm), blood pressure 105/60 mmHg, 
temperature 37.8 °C, GCS was 8. Physical 
examination revealed no abnormalities except 
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ABSTRACT

Background. Paroxysmal sympathetic hyperactivity (PSH) is a disorder due to the loss of regulation of 
autonomic activity. The most common condition predisposing to the development of PSH is traumatic brain 
injury (TBI), followed by anoxic brain injury, stroke, tumors, and infections. Awareness about the condition and 
early recognition is important to avoid life threatening complications.

Case. We report a 4-year-old child with tuberculous meningitis with symptoms of PSH who developed cardiac 
failure. PSH episodes were treated with beta blocker, benzodiazepine, morphine, dexmedetomidine, baclofen, 
and tizanidine. Three weeks after readmission PSH episodes decreased and the patient was transferred to the 
general ward.

Conclusions. PSH assessment tool has benefits such as monitoring the patient, evaluating response to treatment 
and early diagnosing PSH patients.
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increased muscle tone. On the 2nd day in the 
PICU the patient deteriorated with a GCS 
of 5. Cerebral MRI showed progression of 
hydrocephalus and angio-MRI showed left 
anterior carotid artery (segment A2) and 
posterior carotid artery (segment P1, P2) 
occlusion with embolic infarcts in the left 
cerebral hemisphere.

Tracheostomy was placed for long term 
ventilation and the patient has transferred to 
the general ward in a stable condition with 
home mechanical ventilatory support on the 
24th day of admission. Cerebrospinal fluid 
culture detected M.tuberculosis with multiple 
drug resistance. His treatment was changed 
to linesolide, moxifloxacin, streptomycin, and 
ethambutol. Baclofen and tizanidine were 
continued for dystonia.

After 2 months of transfer to the general ward, 
he was readmitted to the PICU with symptoms 
of congestive heart failure. The heart rate was 
190 bpm, blood pressure 190/110 mmHg, 
temperature 38 °C, and oxygen saturation 
85% with fractional inspired oxygen of 50%. 
On his physical examination, his liver was 
palpable 4 cm under the right costal margin. 
On neurological examination, he had extensor 
posturing, mydriasis, and GCS of 4 points. 
Intravenous antihypertensive therapy (esmolol 
and glyceryl trinitrate) was immediately 
initiated. Transthoracic echocardiography 
revealed decreased systolic ventricular function 
with an ejection fraction (EF) of 30%.

On the 2nd day of readmission, 
antihypertensive treatment was weaned off 
gradually. During his observation in the 
PICU, he developed intermittent bradycardia 
and tachycardia episodes with high blood 
pressure, piloerection, mydriasis, dystonia, and 
fever. These episodes lasted approximately 30 
minutes and improved after benzodiazepines. 
The electroencephalogram showed no epileptic 
discharge. During his stay in the PICU, sudden 
hypotension and hypertension periods with 
dystonia were observed. Serum cortisol level was 

within the normal range. Cardiac MRI revealed 
no abnormalities. Cultures of blood, urine, and 
tracheal aspirate were negative. A subsequent 
MRI showed progression of tuberculomas in the 
bilateral cerebral hemisphere and basal cisterns, 
and infarction in the basal ganglia. 

The patient was considered as probable PSH 
according to the PSH assessment measure 
(PSH-AM). PSH episodes were treated with 
beta blocker, benzodiazepine, morphine, 
dexmedetomidine, baclofen, and tizanidine. 
Three weeks after readmission PSH episodes 
decreased and the patient was transferred to the 
general ward. Transthoracic echocardiography 
revealed improved systolic ventricular function 
with EF of 50%. Written informed consent was 
obtained from the parents for publication of the 
case. 

Discussion

PSH is a disorder in the regulation of the 
sympathetic nervous systems which is mostly 
caused by severe traumatic brain injury (TBI). 
In 2014, an international panel was convened 
and published a consensus statement to 
define symptoms and diagnostic criteria.1 The 
reported incidence of PSH ranges from 8% to 
33% in adults and %13 in children following 
acquired brain injury.2,3 In adult studies, most 
PSH cases have been reported to occur after TBI. 
Anoxic brain injury, stroke, tumor, infections, 
subarachnoid hemorrhage, hydrocephalus, and 
suprasellar cyst have been reported as causes of 
PSH.4-6

PSH shows a wide spectrum of clinical 
symptoms. Main clinical symptoms include 
tachycardia, hypertension, tachypnea, fever, 
sweating, and/or increased muscle tone with 
possible dystonic posturing. Patients may 
present with various combinations of these 
symptoms. These clinical features can manifest 
spontaneously or in response to slight-noxious 
stimuli such as aspiration of secretions, change 
of position, or physiotherapy. In a previous 
study, tachycardia has been reported as the 
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most common symptom.7 The combination of 
hypertension, diaphoresis, and dystonia best 
predicted a diagnosis of pediatric PSH.3 In acute 
settings patient treatment generally includes 
deep sedation and analgesia which may hide the 
symptoms of PSH. It is important to recognize 
PSH because, if untreated, PSH can persist and 
potentially result in serious complications such 
as dehydration, muscle loss, and contractures. 

Clinical Features Scale and Diagnosis Likelihood 
Score has been determined when dominant 
symptoms are observed, and appropriate 
interventions were made according to the clinical 
situation. Kirk et al.3 diagnosed 10% PSH in TBI 
in pediatric rehabilitation settings by clinical 
diagnosis of dysautonomia. However, recently 
Alofisan et al.8 showed a prevalence of 20% PSH 
in severe TBI children by using the diagnostic 
tool. The tool has benefits of monitoring the 
patient, evaluating response to treatment and 
diagnosing PSH patients early. In this case, the 
PSH-AM score was 22 and the score dropped to 
9 before the patient was transfer to the general 
ward. 

In the hyperacute phase, most brain injury 
patients require deep sedation and analgesia 
during their follow up in intensive care units 
which makes it difficult to recognize PSH. 
In this case, the patient underwent invasive 
procedures and needed a longer duration of 
sedoanalgesia. During his stay in the general 
ward, noninvasive monitorization resulted in 
underdiagnosed hypertension-hypotension 
periods and medical treatment was continued 
with baclofen and tizanidine only. The patient 
was admitted to the intensive care unit with a 
life-threatening complication due to a delay in 
diagnosis. 

Recent studies reported that older age in 
children and early tracheostomy was associated 
with an increased risk for developing PSH.8,9 
It is important to develop tools to define risk 
factors that may help recognize PSH patients.
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Currarino is a rare syndrome consisting of 
anorectal malformation, presacral mass and 
sacral bone deformation and may have different 
presentations. The type of the presacral mass, 
which is one of the components of the triad, is 
frequently meningocele, but may be teratoma 
in 20-40% of cases.1 Malignant transformation 
of teratoma was reported in 6 children with 
Currarino syndrome in the literature as far 
as we know.2 This transformation was in the 
form of carcinoma, rhabdomyosarcoma and 
leukemia. However, development of a primitive 
neuroectodermal tumor (PNET) has been 
observed in only two cases in the literature.3,4 
Here we report a girl with Currarino syndrome 
and a sacrococcygeal teratoma with a PNET foci 
inside. 

Case Report

Our case is a 19 month-old-girl born with 
ceasarian section weighing 2980gr at 37 weeks 
of gestation from consanguineous parents. It 
was learned that there were no similar cases 
in the family history of the patient. Informed 
consent was received from the family for this 
case report. Colostomy was performed on the 
second postnatal day due to vomiting and 
delayed stool discharge. In the lumbosacral 
MRI, a presacral mass lesion of 29mm x 23mm 
x 24mm with lobulated contours consisting 
of fat, dense content and cystic areas was 
detected, and interpreted as teratoma. In the 
preoperative examinations of the patient serum 
AFP level was 57 ng/ml (reference range for 
6-12 months is 0-80 ng/ml) and serum NSE level 
was 21.7 ng/ml (reference range is <18 ng/ml). 
On examination under general anesthesia, it 
was observed that the rectum opened into the 
perineum in the form of a fistula, and presacral 
mass excision and anorectoplasty were 
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ABSTRACT

Background. Curarino syndrome is a rare and complex anomaly with the triad of anorectal malformation, 
presacral mass and sacral bone deformation. The most common cause of the presacral mass is meningioma, but 
teratoma is the diagnosis in about one-third of the cases. Malignant transformation of teratoma in the form of 
carcinoma, rhabdomyosarcoma and leukemia have previously been reported on rare occasions. 

Case. A 19 month-old-girl was referred with a presacral mass of 29mm x 23mm x 24mm. She was diagnosed as 
Currarino syndrome. The presacral mass was surgically resected and pathological examination revealed a foci 
of primitive neurectodermal tumor. 

Conclusions. This is the first case of Currarino syndrome with a primitive neuroectodermal tumor (PNET) foci 
in the presacral mass. Considering the risk of malignant transformation, the accurate pathological examination 
is important for complete systemic evaluation and treatment plan in these children.
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performed with a posterior sagittal incision due 
to anorectal malformation with perineal fistula. 
During the operation, dysmorphic coccyx and 
sacrum were observed and the coccyx was 
excised. The patient, in whom all 3 components 
of the syndrome observed, was diagnosed with 
Currarino syndrome. Pathological examination 
was revealed such that grade 2 ependymal 
components constituted approximately 30% 
of the tumor in a nodular infiltrative pattern. 
In addition, the primitive neuroectodermal 
tumor (PNET) area was seen in a focal area of 
approximately 1x1mm as a part of ependymal 
component. (Fig. 1) 

The surgical margins were negative with a 0.1 
mm to normal tissue. Given the presence of a 
PNET foci inside the tumor, the thorax CT and 
PET-MRI were performed, and no metastatic 
lesion was observed. Genetic testing was not 
done at this stage. The patient was discussed 
at the local tumor board. Considering the 
PNET foci is small and excised totally with no 
metastatic lesion, adjuvant therapy was not 
scheduled. She is under close follow-up with 

monthly AFP and MRI every three months, and 
6 months since the diagnosis, with no evidence 
of disease.3,4 

Discussion

Currarino syndrome is a rare syndrome that 
includes one or more of the components of 
anorectal malformation, presacral mass and 
sacral bone deformation. While no pathology 
has been found in the cytogenetic examination 
of most cases, an autosomal dominant inherited 
mutation in the HLXB9 (MNX1) gene on 
chromosome 7q36 was observed in some 
cases.5,6 There may be asymptomatic cases, as 
well as cases with compression symptoms such 
as intestinal obstruction or chronic constipation 
as observed in our case, and malignant 
transformation. 

Sacrococcygeal teratoma, which may 
accompany the syndrome, is generally 
observed more frequently in sporadic cases and 
in females. It also carries a 1% risk of malignant 
transformation.3 In a comparative study by Dirix 

Fig. 1. a. Synaptophysin immunopositivity in PNET areas (Synaptophysin X200), b. Focal primitive 
neuroectodermal component in ependymal areas (H&EX200), c. High Ki-67 proliferative index in PNET 
areas (Ki-67X100), d. GFAP immunopositivity in ependymal component and immunonegative PNET areas 
(GFAPX100).
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et al, the risk of malignant transformation was 
found to be higher in sporadic sacrococcygeal 
teratomas than components of Currarino 
syndrome. Also, malignant transformation of 
teratomas occurred at an older age in patients 
with the syndrome.7,8 The authors proposed that 
the teratomas in Currarino syndrome might 
have a different biology and have a higher 
chance for complete resection. It was suggested 
that the treatment should be personalized for 
those patients. 

As far as we know, malignant transformation of 
teratoma has been detected in 6 pediatric cases 
with Currarino syndrome in the literature.2 
This transformation is often in the form of 
carcinoma, rhabdomyosarcoma and leukemia. 
Peripheral PNET is an aggressive tumor with 
a high metastatic potential and systemic 
treatment is usually indicated irrespective of 
the size. Despite local and systemic treatment, 
the 5-year estimated survival rates are 75% 
in nonmetastatic cases and worse outcomes 
are reported in the presence of metastasis.8 
There are only two other cases of Currarino 
syndrome with malignant transformation of 
teratoma to PNET in the literature. A 3-year-
old patient with Currarino syndrome having 
sacral teratoma component of PNET presenting 
with long-term constipation was mentioned 
in the case report of Sen et al.4.The patient 
was treated according to the Euro Ewing 99 
protocol, followed by local radiotherapy after 
resection. She remained in complete remission 
after 8 months from end of treatment. The 
second case with Currarino syndrome having 
malignant transformation to PNET within a 
sacral mass component had presented with a 
painless abdominal swelling at the age of 19.9 
After surgical excision of the tumor, considering 
that the pelvic washings were negative with no 
evidence of lymphovascular invasion, it was 
decided to closely monitor the patient without 
any additional intervention. The patient was 
monitored with abdomen and pelvis ultrasound 
and tumor markers (Carcinoma antigen 125, 

lactate dehydrogenase, beta human chorionic 
gonadotropin and a-fetoprotein) every 6 
months. She remained in complete remission 
after 8 months of surgery. Our case is the third 
and the youngest one reported with a PNET foci 
inside the teratoma component of the Currarino 
syndrome. 

The prognosis of Currarino Syndrome parallels 
the diversity in clinical involvement and 
death has been reported due to malignancy 
and sepsis in approximately 30% of cases.10 
As the malignant transformation to PNET 
was diagnosed in the first years of two cases, 
we think timely and margin-safe resection of 
the teratoma should be performed as soon as 
detected in these patients. 

Since the clinical presentation of Currarino 
syndrome varies, it should be kept in mind 
that there may be asymptomatic cases that 
do not include all components of the triad, 
and Currarino syndrome should be included 
in the differential diagnosis in patients 
with at least one of the components of the 
syndrome. Considering the risk of malignant 
transformation, evaluation should be made 
in terms of systemic involvement and the 
treatment plan should be shaped specifically for 
sacrococcygeal teratoma in these patients.
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Processionary moths include many different 
species in Europe, the Middle East and 
African countries and their mature larvae 
are urticating for humans and many other 
mammalians. Several forms of cutaneous 

or less frequent ocular lesions caused by 
pine processionary caterpillar, named as 
Thaumetopoea Pityocampa (TP) are frequent 
in the Mediterranean region especially affecting 
forest workers in pinewood areas. The common 
symptoms include swelling, rash or burns like 
any forms of dermatitis. The first descriptions 
were made by Reaumur1 in 1736 and since then, 
many studies have been performed to identify 
the pathogenesis of the reactions caused by TP. 
Nowadays, knowledge on the reactions is that 
they can be triggered by mechanical, chemical 
or allergic factors.2-4 Mechanical way of the 
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ABSTRACT

Background. Thaumetopoea Pityocampa (TP) are frequent in the Mediterranean region especially affecting 
forest workers in pinewood areas. The common symptoms include swelling, rash or burns like any form of 
dermatitis. The reactions can be triggered by mechanical, chemical or allergic factors and the “allergic” reaction 
is caused by sensitization to a hair protein named “thaumetopoein”. This protein triggers the IgE mediated 
reaction resulting in the mast cell degranulation causing urticaria. Different kinds of allergic reactions like 
urticaria or anaphylaxis have been reported previously commonly in adults, especially in forest workers while 
severe reactions without direct contact are rare in pediatric population.

Case. A 28 month old healthy boy was admitted to Near East University Pediatric Allergy and Immunology 
Outpatient Clinic in March with complaints of pain, hyperemia and swelling on the left hand. His complaints 
had started the day before his admission just after walking around in their garden which is surrounded by pine 
trees. On admission, his physical examination revealed serious edema and hyperemia on his left hand limiting 
his finger movements with a few bullae on the skin. His temperature was 38 C and the other vital parameters 
were normal. Based on hyperemia, swelling and high acute phase reactants he was hospitalized with the 
differential diagnosis of soft tissue inflammation and cellulitis. The case was treated with iv antihistamines, 
systemic steroids and antibiotics. 

Conclusions. Pine processionary (PP) is an important irritant and allergen especially in endemic areas like 
Cyprus which is a Mediterranean Country. It must be kept in mind in case of local or generalized urticaria, 
dermatitis, bullae and other allergic reactions even if there had been no direct contact with PP. Systemic 
involvement with fever and elevated acute phase reactants in infancy may necessitate hospitalization and 
intravenous treatment. Hereby, we reported an infant who presented with fever in addition to severe cutaneous 
lesions following the exposure to TP without direct contact. This is the first case reported from North Cyprus.
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damage occurs when the hairs of the caterpillar 
penetrate the skin. In the chemical reaction, 
there is a discharge of a toxic substance coming 
from the caterpillar and causing the irritation on 
the skin. The third and the “allergic” reaction is 
caused by sensitization to a hair protein named 
“thaumetopoein”. This protein triggers the IgE 
mediated reaction resulting in the mast cell 
degranulation causing urticaria.5 Different kinds 
of allergic reactions like urticaria or anaphylaxis 
have been reported previously commonly in 
adults, especially in forest workers.6,7 In 2006, 
Aparicio et al.8 from Spain, documented the 
largest group of pediatric patients having 
several types of allergic reactions to TP. This 
report demonstrated IgE mediated allergic 
reactions proven by either skin prick test 
(SPT) or specific IgE measurements including 
urticaria, angioedema, anaphylaxis, rhinitis, 
asthma and conjunctivitis in children between 
6-14 years of age. Hereby, we reported an infant 
who presented with fever in addition to severe 
cutaneous lesions following the exposure to 
TP without direct contact. This is the first case 
reported from North Cyprus. 

Case Report

A twenty-eight- month-old healthy boy was 
admitted to Near East University Pediatric 
Allergy and Immunology Outpatient Clinic 
with complaints of pain, hyperemia and 
swelling on the left hand. His complaints had 
started the day before his admission just after 
walking around in their garden which was 
surrounded by pine trees. Hyperemia and 
urticarial rash with intense itching were the 
first signs on his first and the second fingers 
of the left hand, then, swelling spread through 
his whole hand. He also had some urticarial 
rash on his trunk. The father also developed 
urticarial lesions located at the back of the neck. 
(Fig. 1 and Fig. 2) The next morning, he had 
a fever of 38.2 C and he was unable to use his 
hand because of intense pain. On admission, his 
physical examination revealed serious edema 
and hyperemia on his left hand limiting his 
finger movements with a few bullae on the skin. 

Fig. 1. Bullea, vesicles and edema on his left hand.

Fig. 2. Urticarial rashes on his neck.
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His temperature was 38 C and the other vital 
parameters were normal. On his laboratory 
tests, white blood cell count was 19600/μl, 
neutrophils: 9380/μl, hemoglobin level: 12.3 
gr/dl, platelet count: 332000/μl and C-reactive 
protein: 6.04 mg/dl. Based on hyperemia, 
swelling and high acute phase reactants he was 
hospitalized with the differential diagnosis 
of soft tissue inflammation and cellulitis. The 
patient was treated with intravenous 150mg/kg/
day amoxicillin sulbactam, 1mg/kg/day methyl 
prednisolone and feniramin maleat. In addition, 
his left hand was elevated and cold compress 
was performed in order to prevent further 
swelling. On the 48th hour of his hospitalization 
the fever subsided, edema regressed, the pain 
was resolved and the patient was able to 
move his fingers. He was discharged from the 
hospital with oral antibiotics and antihistamine 
treatment. Informed consent was received from 
the family of the patient for publishing the 
patient data and pictures.

Discussion

Processionary caterpillar is one of Lepidoptera 
species that can cause damage to human skin.9 
Pine processionary (PP) is commonly seen in the 
Mediterranean coast and European countries.10 
Contaminations are usually in pine forests and 
rarely in urban areas.11,12

Urticant hairs appear in the third stage of 
the caterpillars’ development (L3) around 
September and increase up to the last stage 
(L5) which can be seen from January to May 
according to climate conditions.13 There are 
two pathogenic mechanisms that PP can cause 
harmful effects, the first being direct contact 
with nests or caterpillars which can result in 
dermatitis. The second is aero-mediated contact 
that can result in skin, ocular and respiratory 
effects.14 

Thaumetopoein is the protein that is isolated 
from processionary hairs. This protein acts 
directly on mast cells triggering degranulation 
which results in nonspecific urticarial lesions.5 

Beside toxic-irritant mechanisms; an Ig E 
mediated mechanism of hypersensitivity 
has been demonstrated in studies especially 
in adults.3,6,7 Moneo et al.15 described an IgE 
binding protein as the major allergen of PP that 
is named as Tha p 1. Less commonly delayed 
cutaneous reactions lasting several days, that 
is presented as small papules, papulo-vesicles 
and pustules are observed.1,3,9,13 The responsible 
mechanism is thought to be toxic- irritant.1,2,5,13,16 
In the presented case, skin reaction was severe 
with bullae formation, severe edema and 
hyperemia with loss of function of the hand. In 
addition, the patient had systemic involvement 
signs such as fever and elevated acute phase 
reactants. This reaction was probably airborne, 
as the patient did not touch the caterpillars. 
PP setae can be released into the air and can 
penetrate the skin causing symptoms without 
touching like in the presented case.5,17 On the 
other hand, as we did not test the patient for 
Tha p1 specific IgE, the pathogenesis of our case 
cannot be defined clearly.

In a study of the pediatric population; IgE 
mediated cutaneous reactions due to PP 
caterpillar were only 6.7%.9 On the other hand, 
studies on adults revealed a rate of 50% of Ig E 
mediated cases.3,4

In the pediatric population, the most common 
symptomatology is contact urticaria.9 
Processionary dermatitis can be seen in every 
age, especially in children who tend to play 
with larvae. Involved body areas are forearms, 
digits, hand dorsum, face and neck.3,9,18,19 In 
the pediatric age group, mostly extremities 
are found to be affected, followed by trunk, 
neck and head.9 If direct contact is present the 
lesions may be limited to the contact region. If 
the exposure is aero-mediated multiple lesions 
may be seen, as in our case.14

In general, lesions cause intense and continuous 
itching, with pink to bright red macules 
and papules overlapping the urticarial base. 
Papules can be surrounded by vesicles or may 
sometimes accompany by bullous lesions.12 
Dermatitis resolves in 3-4 days and leaves a 
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brownish macule resolving in 1-2 weeks.14 To 
date, no cases with fever and elevated acute 
phase reactants have been reported. Systemic 
involvement of our case may be due to 
secondary infection of the lesions. 

For the diagnosis, direct contact with 
caterpillars or history of residing, passing 
through or nearby pine forest are important 
clues. Similar lesions can be detected in the 
accompanying family members or friends. In 
the presented case, the father also had lesions 
at the same time. Caterpillar hairs can be seen 
in microscopic examination like in our case.14,20 
Both our patient and his father were examined 
by magnifying glass but nothing was seen as 
they came after showering. We found irritant 
hairs on the father’s clothes on microscopic 
examination. Diagnosis of IgE mediated 
reactions can be made by means of skin prick 
testing or detection of specific IgE in sensitized 
cases. Unfortunately, due to the lack of the 
material specific for the major allergen in our 
hospital, we could not perform those tests.

Approximately 10% of cases develop early or 
late ocular involvement and rarely respiratory 
involvement and anaphylaxis.1,2,6,14,21

Treatment includes systemic antihistamines, 
antipruritic lotions and topical steroids for 
persistent cutaneous reactions. For severe 
cases, systemic steroids are used.21 Immediate 
epinephrine treatment is essential in case 
of anaphylaxis.21 Our case was treated with 
IV antihistamines, systemic steroids and 
antibiotics. 

PP is an important irritant and allergen 
especially in endemic areas like Cyprus which 
is a Mediterranean Country. It must be kept in 
mind in case of local or generalized urticaria, 
dermatitis, bullae and other allergic reactions 
even if there had been no direct contact with PP. 
Systemic involvement with fever and elevated 
acute phase reactants in infancy may necessitate 
hospitalization and intravenous treatment.
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Juvenile systemic sclerosis (JSS) is an extremely 
rare multisystemic disease characterized 
by skin stiffness, vasculopathy and internal 
organ involvement.1-4 The precise worldwide 
incidence of the disease is unknown. The disease 

pathophysiology is not completely explained. 
Possible triggers (infections, trauma, chemicals 
etc.) initiate an auto-immune response which 
is characterized by the production of auto-
antibodies and increased skin and internal 
organ fibrosis.1,3

Studies among adults reported an increased 
frequency of malignancies (namely lung 
cancer) in patients with systemic sclerosis (SS).5-

8 However, it is still controversial weather the 
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pulmonary airway malformation related mucinous 
adenocarcinoma of the lung: paraneoplastic syndrome or 
just a coincidence?

Ayten Aliyeva1 , Amra Adrovic1 , Süheyla Ocak2 , Şebnem Batur3 ,  
Mehmet Yıldız1 , Fatih Haşlak1 , Oya Köker1 , Sezgin Şahin1 , Kenan Barut1 , 
Özgür Kasapçopur1

Departments of 1Pediatric Rheumatology, 2Pediatric Hematology and Oncology and 3Pathology, İstanbul Cerrahpaşa University Faculty 
of Medicine, İstanbul, Turkey.

ABSTRACT

Background. Juvenile systemic sclerosis (JSS) is an extremely rarely seen auto-immune disease characterized 
by the increased fibrosis of skin and internal organs. Congenital pulmonary airway malformation (CPAM) 
is a developmental disorder of the lung, characterized by atypical cell hyperplasia which creates the ground 
for lung adenocarcinoma. In general, CPAM is diagnosed in early childhood, due to recurrent respiratory 
symptoms including cough, hemoptysis and respiratory infections. Although rare, there are some sporadic 
asymptomatic cases of CPAM that have been reported. We present a case with a coincidental presence of two 
rare diseases: JSS and CPAM.

Case. An adolescent female patient was admitted to hospital due to clinical signs of JSS. During the follow-
up, the patient had been diagnosed with cystic adenoid malformation of the lung complicated by mucinous 
adenocarcinoma. The patient was previously healthy with an unremarkable history, including lack of 
respiratory symptoms. Left inferior lobectomy was performed. Considering the small size of malignant loci, the 
total resection of the tumor and absence of any sign for metastasis disease, adjuvant therapy was not scheduled. 

We haven’t found a pediatric case of CPAM associated adenocarcinoma of the lung presented by signs of JSS in 
the literature. In this case, the clinical signs of JSS possibly represent part of the paraneoplastic syndrome related 
to adenocarcinoma of the lung.

Conclusions. Internal organ involvement, including respiratory system, should not be omitted even in 
asymptomatic patients with JSS. Auto-antibody negativity represents a clue for the possible underlying 
condition. Further studies with a higher number of patients would reveal more relevant data.
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signs of systemic sclerosis appear as a part of 
paraneoplastic syndrome or whether systemic 
sclerosis itself carries an increased risk for 
malignancies (lung cancer, gastric cancer, etc.). 
The possible association between systemic 
sclerosis and malignancy has been explained by 
a variety of theories, majority of them requiring 
further investigation and confirmation.6-10

Previously known as congenital cystic 
adenomatoid malformations (CCAM), the 
congenital pulmonary airway malformation 
(CPAM) represents localized developmental 
defects of airway formation at different times of 
lung development with an estimated incidence 
at 1:25,000 –1:35,000 births.11 Previous studies 
showed that atypical goblet cell hyperplasia 
(AGCH) in CPAM represents a precursor lesion 
for pulmonary adenocarcinomas.12,13

In this report, we present a case with 
coincidental presence of two rare diseases: 
JSS and CPAM, an adolescent female patient 
admitted to hospital due to clinical signs of 
JSS. During the follow-up, the patient was 
diagnosed with cystic adenoid malformation 
of the lung. The pathophysiologic evaluation 
revealed mucinous adenocarcinoma. We 
sought to emphasize the importance of further 
evaluation of patients with JSS, especially those 
with negative autoantibodies.

Case Report

A 14- year-old female patient was admitted 
to our outpatient department due to swelling 
and stiffness of her fingers continuing for 
2.5 years (Fig. 1). The patient was previously 
healthy with an unremarkable medical history. 
All complaints started 6 months prior to 
admission. At the physical examination, she 
had marked Raynaud’s phenomenon on her 
fingers. The skin of the face looked “shiny and 
stiff”. She had unremarkable initial laboratory 
test results: white blood cells count 4.900/mm3, 
hemoglobin 13.1 gr/dl, thrombocytes count 
244.000/ mm3. Acute phase markers were in 

normal ranges: erythrocyte sedimentation 
rate 11 mm/h, CRP 0.04 mg/dl. The values of 
urea, creatinine, alanine-aminotransferase, 
aspartate-aminotransferase were in referent 
values. Evaluation of autoantibodies revealed 
the positivity of anti-nuclear antibody (ANA, 
>1/100), while anti-double strand DNA 
(ds-DNA), anti-Smith (Sm) and anti-Scl 70 
antibodies were negative.

The patient was diagnosed with JSS according 
to Pediatric Rheumatology European Society 
(PReS)/American College of Rheumatology 
(ACR)/European League Against Rheumatism 
(EULAR) criteria for JSS10 and prednisolone (10 
mg/day, per oral) and methotrexate (15 mg/m2/
week, subcutaneous) were started.

Lung involvement

Although the patient had no respiratory 
symptoms and her previous medical history was 
unremarkable, the evaluation of the respiratory 
system was performed as a part of the routine 
workup for JSS patients. During the regular 
screening for internal organ involvement, the 
chest X-ray and the spirometry were performed 
and found to be in the normal range with a 
forced vital capacity (FVC) of 80%, forced 
expiratory volume in 1 second (FEV1) 76%, 

Fig. 1. Swelling of fingers, Gottron papules, 
Raynaud’s phenomenon. Contracture in the proximal 
interphalangeal joint of the 5th finger of the right 
hand.
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FEV1/FVC 92% and carbon-monoxide diffusion 
capacity (DLCO) 92%. The X-ray revealed a 
round shaped cystic lesion in the basal part of 
the left lung. The irregularity of the patient’s 
X-ray was a reason to perform the thoracic high-
resolution computerized tomography (HRCT) 
which revealed the cystic lesion (57 x 44 mm) in 
the basal part of the left lung lobe (Fig. 2). The 
left inferior lobectomy was performed. 

Histopathological evaluation

Pathologic specimen demonstrated two focal 
mucinous adenocarcinoma (0.4 cm in diameter) 
with lepidic and focal acinar growth pattern 
without pleural invasion (Fig. 3A). Mucinous 
adenocarcinoma exhibited diffuse cytoplasmic 

expression for CK7 (Fig. 3B), CK20 staining was 
negative (Fig. 3C). The genetic analysis of the 
Kirsten rat sarcoma viral oncogene homolog 
(KRAS) mutation revealed KRAS 12 (612C, 
612S) positivity. The pathology report suggested 
congenital pulmonary airway malformation 
(CPAM type-2) as a basis for development of 
mucinous adenocarcinoma.

Follow-up

Considering the small size of malignant loci, the 
total resection of the tumor and absence of any 
sign for metastasis disease, adjuvant therapy 
was not scheduled and clinical surveillance with 
periodical thorax HRCT was planned. After 
1.5 years of follow-up, at the last clinic visit, 
the patient had no complaints. The stiffness 
of the skin remarkably decreased modified 
Rodnan skin score (mRSS; 38 vs. 16). She had 
no signs of Raynaud phenomenon but still 
had puffy fingers in the physical examination 
with normal thoracic HRCT findings. The 
immunosuppressive treatment was continued 
during the 12 months after the surgical 
treatment. Due to regression of clinical findings 
(except for limited range of motion in the 
proximal interphalangeal joints in 4th and 5th 
fingers of the right arm, which are considered 
as disease sequela), the immunosuppressive 
treatment was canceled. Physiotherapy for her 
fingers continued.

Written consent to publish was obtained from 
the study participant. 

Fig. 2. Thoracic high-resolution computerized 
tomography (HRCT) of the patient showing cystic 
lesion (57 x 44 mm) in the basal part of the left lung 
lobe (arrow).

Fig. 3. Histopathological evaluation of the surgical material obtained by the left basal lobectomy. A) Mucinous 
proliferation composed of back-to-back glands, consistent with mucinous adenocarcinoma (arrows, H&E 
x100). B) Mucinous adenocarcinoma exhibiting diffuse cytoplasmic expression for CK7. C) CK20 staining was 
negative.
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Discussion 

This is the first report of a patient with JSS and 
congenital pulmonary airway malformation 
complicated by the mucinous adenocarcinoma 
of the lung.

The increased frequency of malignancy among 
patients with systemic sclerosis has been 
reported among adults.6-9 Studies including 
pediatric patients are scarce due to rarity of 
the disease and the increased risk for cancers 
among children with JSS has not been reported 
yet.

The main dilemma regarding our patient was 
whether the lung mucinous adenocarcinoma 
as the complication of CPAM 2 represented 
the basis for clinical signs of JSS or the two 
conditions appeared coincidentally.

CPAM is a developmental disorder of the 
lung, characterized by the atypical cell 
hyperplasia which creates the ground for lung 
adenocarcinoma.11-13 Fakler et al.13 reported 
that 5 out of 33 CPAM patients developed 
lung adenocarcinoma. All of them had positive 
KRAS oncogenic mutation, which is considered 
to be an oncogenic driver in this patients’ 
group.13,14 Similarly, our patient had positive 
KRAS mutation which was confirmed in the 
cancer tissue. 

In general, CPAM is a condition recognized 
early in childhood due to prominent 
respiratory symptoms including recurrent 
pulmonary infections, productive cough, 
and hemoptysis.15-26 However, a certain 
number of patients remain asymptomatic 
until adulthood.15,20,23,27 Frick et al. reported a 
68-year-old male patient with invasive lung 
mucinous adenocarcinoma on the basis of 
CPAM.17 The reported patient presented with 
chest pain but no systemic symptoms including 
signs of vasculopathy and systemic sclerosis 
were reported. Abecasis et al.23 described an 
asymptomatic 14-year-old male patient who 
was coincidentally diagnosed with a mucinous 
bronchioloalveolar carcinoma associated with 
a CPAM type-1. The patient underwent right 

inferior lobectomy. After two years of follow-
up he is completely asymptomatic and free of 
complications.

In a study by Pogoriler et al.14, over a 2.5-year 
period 184 surgical specimens from 174 infants 
with congenital lung lesions were identified. 
No malignancy was identified. There were no 
cases of pleuropulmonary blastoma or acinar 
dysplasia. 

Papagiannopoulos et al.20 reported their 
19-years’ experience with cystic lesions of the 
lung among pediatric and adult population. 
A total of 46 operations were performed on 
44 patients (24 children and 20 adults). Cystic 
adenomatoid malformation was the most 
common pathological finding. Malignancy 
was confirmed in three pediatric patients 
(12.5%): bronchoalveolar carcinoma in 2 and 
pleuropulmonary blastoma in 1 patient. In 
the adult population cystic adenomatoid 
malformation was the second most common 
lesion, seen in 5 (25%) patients. In half of the 
adults 11 (55%) were asymptomatic while 
the rest had signs and symptoms related to 
expansion or infection of the cysts. However, 
none of the adults had malignancy at the 
pathophysiological evaluation of the surgical 
specimen. Authors suggest resections of the 
congenital cysts in childhood, in order to 
avoid later complications, which could make 
operating more difficult.20

As we mentioned previously in the manuscript, 
our patients fulfilled PReS)/ACR/EULAR 
Classification Criteria for Juvenile Systemic 
Sclerosis.10 She had proximal sclerosis and 
induration of the skin (initial mRSS 38), 
sclerodactyly, Raynaud’s phenomenon and 
ANA positivity. The scleroderma specific anti 
Scl-70 was negative, but we should keep on 
mind the low percentage of its positivity in JSS 
patients. The acute phase markers and routine 
laboratory work-up was non-significant as it is 
in the majority of JSS patients.1,3-5

Bearing in mind the rarity of both conditions 
(JSS and mucinous adenocarcinoma associated 
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with CPAM) makes it inappropriate to consider 
both of them separately. Consequently, in our 
patient we prefer to consider JSS findings as 
a possible paraneoplastic sign of mucinous 
adenocarcinoma of the lung. Improvement of 
skin stiffness and disappearance of Raynaud’s 
phenomenon after the resection of the tumor 
support our hypothesis.

Still, this is the first reported case which 
requires further confirmation by extending 
patient numbers. The other limitation is that 
the serologic evaluation of our patients has 
been limited since we were not able to perform 
analysis of tests which are associated to 
malignancy in systemic sclerosis.

As far as we know, this is the first report of 
patients with JSS with co-existing mucinous 
adenocarcinoma of the lung associated with 
cystic adenoid malformation. The underlying 
condition should be evaluated in patients 
with JSS, especially those with negative 
autoantibodies. Further studies with higher 
number of patients would reveal more relevant 
data.
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High Altitude Pulmonary Edema (HAPE) is 
a fatal form of severe high-altitude illness. It 
is a form of noncardiogenic, noninfectious 
pulmonary edema secondary to alveolar 
hypoxia. Dyspnea on exertion, dry cough, 
followed by dyspnea at rest, and chest crackles 
that happen after a rapid ascent for more 
than 2500 meters are the common clinical 
manifestations of HAPE.1-4 However, HAPE 
has been reported in patients with underlying 
cardiac diseases at an altitude as low as 1400 
meters.5 There are three proposed HAPE 
types including classic HAPE, reentry HAPE, 
and high-altitude resident pulmonary edema 
(HARPE). Classic HAPE occurs in people 

who live in low altitude areas and travel to 
high altitude, while reentry HAPE happens in 
people living in high altitude, returning from 
travels near sea level.4 HARPE happens without 
changing altitude, and respiratory infections 
are the usually obvious trigger.2 In addition, 
genetic polymorphisms have been reported 
as a critical factor of HAPE predisposition.6,7 
The exact incidence of HAPE in children is 
unknown; however, most literature reports an 
incidence between 0.5-15%.3

The risk of HAPE increases with rapid ascent 
above 2500 meters, recent respiratory tract 
infection, previous HAPE episode, and male sex. 
The underlying pathophysiology is an increase 
in pulmonary artery pressure, secondary to 
hypoxic pulmonary vasoconstriction, which 
results in leakage of fluids into the alveolar 
spaces.3,8 As per the Lake Louise diagnostic 
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criteria for HAPE, a recent gain in altitude 
associated with at least two of the four typical 
symptoms (dyspnea at rest, cough, weakness/
decreased exercise performance, and chest 
tightness/congestion) and at least two of the 
four typical signs (crackles/ wheezes, central 
cyanosis, tachypnea, and tachycardia) are 
suggestive the diagnosis of HAPE.1 In addition, 
the chest radiograph is mandatory to confirm 
the diagnosis, which mainly shows bilateral 
opacities.4 If HAPE is left untreated, it can 
progress to severe respiratory failure and a 
mortality rate of up to 50%. Unfortunately, 
HAPE is commonly misdiagnosed as 
pneumonia or asthma.9 Herein, we report three 
cases of severe reentry HAPE, which are the 
first reported cases from Saudi Arabia to the 
best of our knowledge. 

Case Reports

Patient 1

A 9-year-old female presented to the emergency 
room with acute onset of shortness of breath 
and cough for a 12-hour duration that happened 
after arriving at Abha city (her residential area 
2200 Meters above sea level) from sea level 
area (Tehama area). There was a history of 
mild upper respiratory infection symptoms, 
fever, mild cough, and sore throat. She had 
a history of two similar episodes requiring 
hospitalization, with the average hospital stay 
being 2-3 days. She was in third grade and had 
good school performance. The patient was fully 
immunized. She also reported intermittent 
snoring and morning headaches for almost 
a year. She scored 15 out of 22 in the on The 
Sleep Related Breathing Disorder (SRBD) 
scale. SRBD scale is a validated pediatric sleep 
questionnaire that was described by a group of 
experts in pediatric sleep medicine with good 
sensitivity and specificity for obstructive sleep 
apnea diagnosis.10 According to the publishing 
group, a score of 7 out of 22 has most frequently 
been used as diagnostic of OSA.10 Physical 
examination showed she was in acute distress 
and severe hypoxia with SpO2 of 35% at room 

air; heart rate was 175 beats per minute, blood 
pressure was 120/ 72 mmHg (normal for age). 
Her weight was 51 kg above the 95th percentile. 
Her lung exam revealed bilateral diminished 
air entry with diffuse inspiratory crackles. 
Chest x-ray on admission (Fig. 1a) showed 
bilateral patchy opacities. Echocardiography 
showed normal heart function and structure 
without pulmonary hypertension which was 
done on day 2 of admission. Laboratory tests 
are summarized in Table I. She was admitted to 
the pediatric intensive care unit (PICU), started 
on High Flow Nasal Cannula (HFNC) running 
at 15 liter per minute (LPM) due to persistent 
hypoxic respiratory failure, and treated for 
presumed severe asthma exacerbation. She was 
started on continuous Albuterol nebulizer and 
intravenous (IV) methylprednisolone. 

The pediatric pulmonary team was consulted. 
The patient was diagnosed with re-entry high-
altitude pulmonary edema (reentry HAPE) 
given her past medical history, traveling to high 
altitude areas, and good response to oxygen 
therapy. On the second day of admission, the 
patient’s symptoms improved, and was able 
to tolerate oxygen support at 2 LPM via nasal 
cannula. On the third day, she was discharged 
home on RA with normal heart rate, and 
significant improvement of patchy opacities on 
chest x-ray (Fig. 1b). Parents were instructed to 
monitor SpO2 when returning to high altitude 
from low altitude and, if SpO2 was less than 
92% on RA, they were advised to start oxygen 
therapy immediately. After 18 months, she has 
been doing well without any episodes of HAPE. 
Informed consent was taken from patient and 
patient’s parents. 

Patient 2 

An 11-year-old boy, twin A, from Abha 
(specifically AlSouda 3,015 m above sea level) 
presented with a one-day history of progressive 
dyspnea and productive cough, two days 
after returning from the city of Jizan (sea 
level) to Abba. The family spent their winter 
vacation (three weeks) in the Jizan area. Before 
traveling back to Abha, the mother reported 
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Fig. 1. Chest x-ray upon admission (A) and prior to discharge (B) for Patient 1.

Table I. Clinical characteristics, laboratory results and hospital outcome measures for the patients.
Variables Patient 1 Patient 2 Patient 3
Age in years/sex 9/F 11/M (twin A) 11/M (twin B)
Clinical characteristics 

- Previous similar illness + - -
- Recent respiratory infection + + +
- Dyspnea + + +
- Chest pain - - -
- Initial ER a SpO2 b 37% 79% 63%
- Altered mental status + - -

Laboratory results
- WBC c (4-11x103/ul) 21.21 6.71 8.99 
- Hb d (12-16 g/dl) 12.4 15.4 15.6
- HCT e (%) 37.1 46.4 47.2
- Echocardiography Normal Normal Normal

Therapies and Hospital outcome 
- Asthma therapies + + +
- Broad spectrum antibiotics + + +
- Duration of oxygen therapy 24 hours 36 hours 36 hours
- Length of stay (days) 3 3 3

a ER: emergency room; b SpO2: oxygen saturation; c white blood cell counts; d hemoglobin level; e hematocrit
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a history of respiratory infection in all family 
members, but there was no history of contact 
with confirmed or suspected Coronavirus 
Disease 2019 (COVID-19) patients. His vital 
signs on admission to the emergency unit were 
a heart rate of 145 bpm, respiratory rate of 28 
breaths/min, blood pressure of 110/ 65 mmHg, 
temperature of 36.5°C, and SpO2 of 79% on RA. 
The lung examination revealed mild respiratory 
distress with crackles most commonly heard at 
lung bases. The throat examination revealed 
oropharyngeal erythema without tonsillar 
inflammation. Neurologically, the patient was 
fully awake with a Glasgow coma scale of 
15/15. Laboratory tests are summarized in Table 
I. Chest x-ray revealed bilateral heterogeneous 
opacities that involved both lung fields (Fig 2a). 
He was admitted to the general pediatric ward 
with suspected COVID-19 pneumonia. The 
patient was placed on 4 liters of oxygen through 
a nasal cannula and started on broad-spectrum 
antibiotics (ceftriaxone and vancomycin). 

Nasopharyngeal swab for SARS-CoV-2 
PCR was sent, and the patient was placed 
in an isolation room. On the second day of 
admission, the patient’s condition improved 
with resolution of respiratory symptoms and 
normalization of oxygen saturation (97% 
oxygen saturation on ambient air). Cardiology 
was consulted on the second day of admission. 
The patient underwent echocardiography that 
showed normal cardiac structure and function 

without evidence of pulmonary hypertension 
or pulmonary artery anomalies. On the third 
day of admission, the SARS-CoV-2 PCR result 
returned negative, and the chest x-ray revealed 
complete resolution of opacities (Fig 2b). The 
patient was discharged home with diagnosis 
of re-entry HAPE given the clinical symptoms, 
history of travelling from low altitude areas 
to high altitude areas, improving respiratory 
symptoms, and chest x-ray abnormalities on 
oxygen support. Informed consent was taken 
from patient and patient’s parents. 

Patient 3 

An 11-year-old boy, twin B, (sibling of patient 
2) from the city of Abha (specifically AlSouda 
3,015 m above sea level) presented with a 
one-day history of progressive dyspnea and 
productive cough, two days after returning 
from the town of Jizan (sea level) to Abha. The 
family spent their winter vacation (three weeks) 
in the Jizan area. Before traveling back to Abha, 
the mother reported a history of respiratory 
infection in all family members, but there 
was no history of contact with confirmed or 
suspected COVID-19 patients. His vital signs 
on admission to the emergency unit were a 
heart rate of 145 bpm, respiratory rate of 28 
breaths/min, blood pressure of 110/ 65 mmHg, 
temperature of 36.5°C, and SpO2 of 63% on RA. 
The lung examination revealed mild respiratory 
distress with crackles most commonly heard at 

Fig. 2. Chest x-ray upon admission (A) and prior to discharge (B) for Patient 2.
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lung bases. The throat examination revealed 
an oropharyngeal erythema without tonsillar 
inflammation. Neurologically, the patient was 
fully awake with a Glasgow coma scale of 
15/15. Laboratory tests are summarized in Table 
I. Chest x-ray revealed bilateral heterogeneous 
opacities that involved both lung fields (Fig 3a). 
He was admitted to the general pediatric ward 
with suspected COVID-19 pneumonia. The 
patient was placed on 4 liters of oxygen through 
a nasal cannula and started on broad-spectrum 
antibiotics (ceftriaxone and vancomycin). 

Nasopharyngeal swab for SARS-CoV-2 
PCR was sent, and the patient was placed 
in the isolation room. On the second day of 
admission, the patient’s condition improved 
with resolution of respiratory symptoms and 
normalization of oxygen saturation (97% 
oxygen saturation on ambient air). Cardiology 
was consulted on the second day of admission. 
The patient underwent echocardiography that 
showed normal cardiac structure and function 
without evidence of pulmonary hypertension 
or pulmonary artery anomalies. On the third 
day of admission, the SARS-CoV-2 PCR result 
returned negative, and the chest x-ray revealed 
complete resolution of opacities (Fig 3b). The 
patient was discharged home with diagnosis 
of re-entry HAPE given the clinical symptoms, 
history of traveling from low altitude area 
to high altitude area, improving respiratory 
symptoms, and chest x-ray abnormalities on 

oxygen support. Informed consent was taken 
from patient and patient’s parents. 

Discussion

The exact pathophysiological mechanisms 
of HAPE are unknown. However, several 
studies have proposed mechanisms such 
as dysfunctioning voltage-dependent 
potassium channel and calcium channel due 
to non-homogenous pulmonary circulation 
constrictions.11 Further, decreased nitric 
oxide synthesis plays a crucial role in 
HAPE manifestations.12 Exaggeration of 
hypoxic pulmonary vasoconstrictions from 
the mechanisms mentioned above lead to 
pulmonary hypertension and increased 
capillary permeability in genetically susceptible 
individuals.3,4,6,13 An increase in inflammatory 
markers, interleukins, and tumor necrosis 
factors were also reported in several cases, 
which indicate possible role of viral-induced 
inflammation in capillary permeability.12,14 
All patients reported mild upper respiratory 
infection before their illnesses, which are 
the likely predisposing factor for HAPE 
diagnosis. Several studies have correlated 
HAPE prevalence with concurrent respiratory 
infections, specifically re-entry HAPE and 
HARPE.2,9,15 The exact mechanism of upper 
respiratory tracts (URT) predisposing to HAPE 
is unknown; however, increased vascular 
permeability and priming the pulmonary 

Fig. 3. Chest x-ray upon admission (A) and prior to discharge (B) for Patient 3.
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capillaries for fluid leaking are the proposed 
pathological mechanisms.2-4,16,17 

Our patients were misdiagnosed with severe 
asthma exacerbation vs pneumonia despite the 
absence of typical symptoms and signs of the 
two illnesses, which is likely due to the lack 
of awareness about the diagnosis of HAPE, 
especially re-entry type. Rapid improvement of 
our patients’ clinical condition and resolution of 
radiographic changes support the diagnosis of 
reentry HAPE. Based on a published pediatric 
HAPE case series, more than two thirds of 
patients received antibiotics and around half of 
them were misdiagnosed with pneumonia.9 

Most of the reported pediatric case series of 
reentry HAPE have male predominance (Table 
II). Patients 2 and 3 are males and have other 
three female siblings who have never had 
any HAPE episodes. The sex difference was 
observed in most of the published case series 
and reports, suggesting that sex hormones 
play a role in HAPE susceptibility. Male sex 
hormones could predispose patients to HAPE, 
or that female sex hormones are protective.9,15,16 
Further prospective and genetic studies with 
detailed phenotyping of HAPE patients are 
needed to investigate this finding. 

Patient 1 reported chronic symptoms of 
obstructive sleep apnea with high scoring on the 
SRBD scale (15 out of 22) almost a year prior to her 
HAPE illnesses. Further, her body mass index 
was more than the normal age. These factors 
cause susceptibility to pulmonary hypertension 
and restrictive lung physiology with low 
functional residual capacity, respectively, and 
could explain HAPE development (patient 1) at 
moderate altitude (2200m). 

Due to the low prevalence of this condition and 
the absence of randomized clinical trials to guide 
the treatment, management differs significantly 
between centers with overuse of antibiotics, 
steroids, and diuretics. HAPE is mostly 
misdiagnosed as asthma and pneumonia, which 
lead to overuse of the medications mentioned 
above.9,15,17 Rapid descent and supplemental Ta
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oxygen are the primary treatment of HAPE. 
Targeting saturation level of 93% and above 
is recommended to relieve the pulmonary 
vasoconstrictions and improve hypoxemia. A 
nasal cannula/ face mask is the common oxygen 
delivering device, and rarely mechanical 
ventilation is necessary. Pharmacological 
interventions are also recommended if 
rapid descent is not possible, or the patients 
are severely distressed with more oxygen 
requirements. Direct pulmonary vasodilators 
are the main therapies used. Nifedipine has been 
recommended in children, especially for those 
who do not improve after oxygen therapy and 
descent.1,4,8 Furosemide is not recommended 
since it decreases the pulmonary circulation 
and worsens the hypoxemia as most patients 
present with low intravascular volume.4

Patients 2 and 3 presented at the time of the 
COVID-19 pandemic, and they were suspected 
to having complicated COVID-19 pneumonia 
despite the absence of contact with COVID-19 
patients. Nasopharyngeal swabs for SARS-
CoV-2 were sent and returned negative on 
the third day. Response to therapies and 
pathophysiology of HAPE and COVID-19 differ 
significantly.18 Development of Pulmonary 
edema in HAPE is due to exaggerated hypoxic 
pulmonary vasoconstriction while in COVID-19 
the lung injury is due to an intense host 
cytokine-mediated inflammatory response that 
eventually leads to capillary permeability and 
surfactant dysfunction.19 

In conclusion, these are the first reported 
cases of children with re-entry HAPE in Saudi 
Arabia. Re-entry HAPE can occur in otherwise 
healthy children, with the rapid ascent to high 
altitude and recent respiratory infections being 
the commonly reported triggers. Prognosis is 
favorable with a very rapid response to oxygen 
therapy. Education about HAPE is mandatory 
for families and health care workers working in 
high altitude areas.
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Pulmonary artery aneurysms and 
pseudoaneurysms are rare and reportedly 
associated with various etiologies including 
pulmonary tuberculosis, trauma, pulmonary 
hypertension, and congenital conditions. 
Rasmussen’s aneurysm was first described in 
1868 by Danish physician Fritz Rasmussen. 
It is described as an inflammatory pseudo-
aneurysmal dilatation of a branch of the 
pulmonary artery adjacent to or within a 
tuberculous cavity.1,2-5 Here, we reported a case 
of Rasmussen’s aneurysm in a 9-year-old child 
with Down syndrome.

Case Report

A 9-year-old female with Down syndrome was 
presented to the outpatient clinic with fever and 

productive cough. She had a history of recurrent 
lower respiratory tract infection episodes and 
had undergone cardiac surgery for correction 
of ductus arteriosus in infancy. She had no 
known contact with a person with tuberculosis. 
She had a BCG vaccine scar. On physical 
examination, bilateral crepitant rales were 
heard during lung auscultation. Hematological 
examination revealed lymphocytosis (19950 
103 /uL), anemia (hemoglobin: 9.6 g/dl), 
thrombocytosis (758000 103 /uL), and an elevated 
serum C-reactive protein level (9.78 mg/dl). 
Combined antibiotic therapy (teicoplanin 
and ertapenem) was initiated following the 
presumed diagnosis of bacterial pneumonia. 
Thorax computerized tomography showed 
bilateral widespread areas of consolidation in 
the upper lobes of the lungs associated with 
mediastinal lymphadenopathy and an increase 
in the diameter of the main pulmonary artery. 
Tuberculin skin test induration was 0 mm. The 
sputum sample was positive for acid-fast bacilli, 
later confirmed by the BACTEC culture system 
to be Mycobacterium tuberculosis and the patient 
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was started on quadruple antituberculosis drug 
therapy (isoniazid, rifampicin, pyrazinamide, 
and ethambutol). An immunology consultation 
was carried out. Lymphocyte subset analysis 
revealed CD19+ B cell deficiency (<5 percentile). 
Functional T cell deficiency was also suspected 
due to Down syndrome and fluconazole 
prophylaxis was recommended by the 
immunologist. Testing for T-cell function was 
postponed until the end of the antituberculosis 
treatment.

One month after the initiation of antituberculosis 
treatment, the patient was admitted to the 
emergency room with complaints of massive 
hemoptysis. Serum hemoglobin level was 
dropped from 10.6 g/dl to 8.5 g/dl in the 
following hours. Her contrast-enhanced thorax 
CT with pulmonary angiography revealed 
cavitary lesions in both upper lobes and a 
peripheral pseudoaneurysm in a pulmonary 
artery branch (upper lobe posterior segment). 
(Fig. 1a, 1b,) The upper lobe posterior segment of 
the pulmonary artery was coaxially catheterized 
with a 5F multipurpose catheter (Boston 
Scientific Co., USA) and a 2.4 F microcatheter 
(Direction, Boston Scientific Co., USA). (Fig. 
2a, 2b) Superselective embolization was done 
using a 2.4-F catheter, the aneurysmal cavity 
was completely obliterated with detachable 
coils (Concerto Detachable Coil, Medtronic) 

and a 5 mm- Amplatzer Vascular Plug 4 (AGA 
Medical Corporation, Golden Valley, MN, 
USA). (Fig. 2c). The patient was treated with 
antituberculosis therapy for 12 months. 

In the X-ray taken 1 year later, the materials 
of embolization was observed without any 
complications (Fig. 3). During the 2-year follow-
up period, she had no further episodes of 
bleeding and no sign of relapsing tuberculosis. 

Informed consent was obtained from legal 
guardians of the patient.

Discussion

Rasmussen’s aneurysm is a critical entity that 
requires urgent recognition and treatment. It 
may result in rupture of the pulmonary artery 
wall and life-threatening massive hemoptysis 
with high mortality rates.6 The incidence 
is reported to be around 5% in cavitary 
tuberculosis7,8, however the data are limited to 
only a few case reports in childhood.2-5 Timely 
implementation of angiographic embolization 
for massive hemoptysis was reported to be 
successful in up to 90% of the cases.9

Hemoptysis is an unusual manifestation of 
pediatric pulmonary tuberculosis10,11 and it 
could be seen due to the extensive disease 

Fig. 1. a. Contrast-enhanced CT demonstrates a peripheral pseudoaneurysm in a pulmonary artery branch 
(upper lobe posterior segment) and cavitary lesions, b. Cavitary lesions in both upper lobes.
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and excavation and ulceration of blood 
vessels within the cavity wall. In our case, the 
patient had a history of recurrent episodes 
of lower respiratory tract infection which 
can be observed in patients with Down 
syndrome; and was probably misdiagnosed 
as bacterial necrotizing pneumonia instead 
of cavitary tuberculosis previously. Although 
the difference in the incidence of tuberculosis 
between the patients with Down syndrome and 
the general population has not been shown so 
far12, we considered that T cell insufficiency 
associated with Down syndrome might have 
played a role in the spread of the disease and 
facilitated cavitation in the lung parenchyma 

in this patient. Furthermore, different types 
of aneurysms including infected (mycotic) 
and non-infected (such as sinus of Valsalva 
aneurysm) types are reported in Down 
syndrome so far.13-15 However, the coexistence 
of Down syndrome with Rasmussen aneurysm 
has not been reported to date. We hypothesized 
that there may be an association between Down 
syndrome and structural abnormality of the 
connective tissue which may predispose the 
patient to the development of the aneurysm. 
Further data are needed to support the possible 
association. 

In conclusion, in case of the development of 
massive hemoptysis during the follow-up of a 
patient with pulmonary tuberculosis and Down 
syndrome, this lethal complication should be 
considered.
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Fig. 2. a. A right selective upper lob pulmonary arteriogram demonstrates the aneurysm, 2b. The upper lobe 
posterior segment pulmonary artery was coaxially catheterized with a 5F catheter (multipurpose, Boston 
scientific) and a 2.4 F microcatheter (Direction, Boston Scientific). A selective posterior segment pulmonary 
arteriogram demonstrated the presence of a Rasmussen’s aneurysm, 2c. Superselective embolization was done 
using a 2.4-F catheter, and the aneurysmal cavity was completely obliterated with detachable coils (Concerto 
Detachable Coil, Medtronic) and a 5 mm AmplatzerTM Vascular Plug 4(AGA Medical Corporation, Golden 
Valley, MN, USA). 

Fig. 3. One year later, chest X-ray showed materials 
of embolization of the Rasmussen’s aneurysm.
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