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Abstract
Introduction: There is insufficient data on neurodevelopmental outcomes of 
infants small for gestational age (SGA) with ≤30 weeks of gestation. The aim of 
our study was to compare the neurodevelopmental outcomes of preterm infants 
who are ≤30 weeks, in terms of being SGA or appropriate for gestational age 
(AGA).
Materials and Methods: The data of infants who were born at ≤30 GW, were 
evaluated retrospectively. Neurological examinations and developmental 
assessment using Bayley Scales of Infant Development 2nd edition was performed 
at the corrected age of 18-24 months.
Results: The data of 228 infants of whom 65 were SGA and 163 were AGA was 
evaluated in terms of neurodevelopment at the corrected age of 18-24 months. The 
mean gestational age (GA) was 28.4±1.1 in both groups (p=0.82) and the mean BW 
was 810±135 g in the SGA group and 1175±183 g in the AGA group (p<0.001). 
The SGA group had significantly lower Mental Development Index (p=0.01) and 
Psychomotor Development Index (p<0.001). In multivariate regression analysis, 
SGA was identified as an independent risk factor for neurodevelopmental delay 
(RR: 2.27; p=0.02).
Conclusion: Being SGA is a risk factor for neurodevelopmental impairment of 
preterm infants (≤30 GW).

Öz
Giriş: Gestasyon haftasına göre küçük (SGA) olan ≤30 hafta bebeklerin 
nörogelişimsel sonuçları hakkında yeterli veri bulunmamaktadır. Çalışmadaki 
amacımız SGA ve gestasyon haftasına göre normal (AGA) doğum ağırlığına sahip 
≤30 hafta prematüre bebeklerde nörogelişimsel sonuçları karşılaştırmaktır.
Gereç ve Yöntem: Düzeltilmiş 18-24. aylarda nörolojik muayeneleri ve “Bayley 
Bebekler için Gelişimsel Değerlendirme Ölçeği II” ile gelişimsel değerlendirmeleri 
yapılan ≤30 hafta prematüre bebeklerin verileri retrospektif olarak değerlendirildi.
Bulgular: Düzeltilmiş 18-24. ayda SGA (n=65) ve AGA (n=163) gruplarında 
toplam 228 bebek nörogelişimsel açıdan değerlendirildi. SGA ve AGA grubunda 
ortalama gestasyon yaşı (sırasıyla 28,4±1,1 ve 28,4±1,1, p=0,82) ve doğum ağırlığı 
(sırasıyla 810±135 ve 1175±183 g, p<0,001) olarak tespit edildi. Nörogelişimsel 
değerlendirmede, SGA grubunda bilişsel ölçek puanı (p<0,01) ve hareket ölçek 
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Introduction
Prematurity is a major cause of neonatal morbidity 

and mortality resulting from anatomical and functional 
immaturity of the organ systems. Lower gestational age 
(GA) and/or birth weight (BW) lead to greater morbidity 
due to the higher degree of immaturity. Infants may 
have low BW for their GA due to maternal, placental, 
or fetal factors. Being small for gestational age (SGA) 
has been associated with numerous morbidities in term 
and preterm infants, and intensive care prognosis can 
be improved by a thorough knowledge of additional 
SGA-related problems of preterm infants, who already 
constitute a high-risk group (1,2).

Long-term follow-up of preterm infants has shown 
that as morbidities increase, neurodevelopmental 
outcomes are affected by numerous factors. The 
prevalence of neurodevelopmental anomalies in 
preterm infants with BW less than 750 g and 1500 g 
was reported as 50% and 10-20%, respectively, and 
BW and GA were identified as the main determinants 
of neurodevelopmental outcomes (3,4). 

Neurological examination at 2 years of corrected 
age in 183 children born at extremely low BW 
revealed severe neurological sequelae in 20.6%, mild 
deficits in 18.7%, and normal neurological findings 
in 60.7%. The authors reported that GA was the 
most important factor impacting the development of 
neurological sequela in the long term (5). It was also 
shown that the first 2 years of life is most risky period 
in terms of complications of prematurity and requires 
close monitoring (6). Early diagnosis is critical for the 
treatment and rehabilitation of preterm infants.

Compared to appropriate for gestational age (AGA) 
infants, SGA infants have possible different growth 
patterns, adverse neurodevelopmental outcomes, and 
increased morbidity. Considering this, results related 
to both SGA and prematurity should be analyzed 
separately. Studies on neurodevelopmental outcomes 
of preterm SGA infants with ≤30 weeks of gestation 
are very few. While growth is one of the main goals 
in this particular group of premature infants, there 
is controversy regarding the neurodevelopmental 

outcomes. Therefore, there is a need to investigate the 
neurodevelopmental consequences of being premature 
and SGA in the childhood age group (7,8). 

The aim of our study was to compare the long-term 
neurodevelopmental outcomes of preterm infants with 
≤30 gestational weeks born SGA and AGA.

Materials and Methods
This retrospective cohort study included infants 

born before 30 weeks of gestation and followed up 
in a tertiary level neonatal intensive care unit (NICU) 
between 2015 and 2017. Neurodevelopmental testing 
was conducted at a corrected age of 24 months during 
follow-up in our center. Medical records were accessed 
from patient files and the hospital electronic database, 
retrospectively.

The study was approved by the Dr. Zekai Tahir 
Burak Women’s Health Training and Research 
Hospital  Ethics Committee (date: 29.05.2018, 
number:24/2018).

Demographic Characteristics 
SGA was defined as BW below the 10th percentile 

for GA, AGA as BW between 10th and 90th percentile, 
and large for gestational age (LGA) as BW over the 
90th percentile. Weight at birth was evaluated according 
to Fenton growth charts (9). GA at the time of birth 
was determined based on the mother’s last menstrual 
period and the results of obstetric evaluation. Only 
AGA and SGA infants were included in the study. 
Children who had major congenital anomalies, who 
needed resuscitation in the delivery room, who died 
prior to neurodevelopmental assessment, or who had 
incomplete data were excluded. 

The following data was obtained from the medical 
records: GA, BW, head circumference at birth, sex, 
maternal age, maternal hypertension and diabetes 
history, multiple pregnancy, antenatal steroid (ANS) 
use, mode of delivery, prolonged premature rupture 
of membranes (pPROM), first and fifth minute Apgar 
scores, respiratory distress syndrome (RDS; need for 
surfactant) (10), hemodynamically significant patent 

puanı (p<0,001) anlamlı olarak daha düşük bulundu. Çok değişkenli lojistik regresyon analizinde SGA’nın nörogelişimsel gerilik 
için bağımsız risk faktörü olduğu saptandı (RR: 2,27, p=0,02).
Sonuç: Prematüre bebeklerin (≤30 hafta) gestasyon haftasına göre düşük doğum ağırlığı ile doğmaları, nörogelişimsel gerilik 
açısından risk faktörüdür. 
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ductus arteriosus (PDA; was diagnosed according 
to echocardiography performed between 24 and 72 
hours (left atrium/aortic root >1.5 and/or ductus 
diameter >1.5 mm) (11), early-onset neonatal sepsis 
(ENS; sepsis on first 3 postnatal days) (12), culture-
proven late-onset neonatal sepsis (LOS; sepsis after 
3rd postnatal day) (13), necrotizing enterocolitis 
(NEC; was diagnosed according to laboratory, 
clinical, and radiological findings and was staged 
according to the modified Bell criteria, Bell stage ≥ 
IIb) (14), intraventricular hemorrhage (IVH; grade 
≥3, cranial ultrasound imaging results were based on 
the worst finding at any given time for this patient 
before discharge) and periventricular leukomalacia 
(PVL) (15), oxygen levels, non-invasive respiratory 
support, mechanical ventilation (MV) durations, 
bronchopulmonary dysplasia (BPD; BPD was defined 
using the classification developed through a National 
Institutes of Health Workshop and reported by Jobe 
and Bancalari moderate/severe) (16), retinopathy 
of prematurity (ROP; was defined according to 
the International Classification of Retinopathy of 
Prematurity (ICROP) (17), postnatal corticosteroid 
treatment and length of NICU stay. These clinical 
and demographic characteristics were evaluated and 
compared between SGA and AGA patients.

Neurodevelopmental Evaluation
Developmental assessment was performed by 

developmental pediatrics specialist using the Bayley 
Scales of Infant Development II (BSID-II) at a 
corrected age of 18 to 24 months. Neurodevelopmental 
follow-up was conducted by a team consisting of 
a neonatologist, a developmental pediatrician, an 
audiologist, and an ophthalmologist.

Measures of neurodevelopmental outcomes 
included Mental Developmental Index (MDI) and 
Psychomotor Developmental Index (PDI) with 
recommended adaptations for visual and auditory 
impairments. The mean BSID II score is 100 for MDI 
and PDI, with a standard deviation (SD) of 15; a score 
of less than 70 (42 SDs below the mean) indicates 
a significant delay. Infants who were so severely 
impaired that testing with the BSID II could not be 
performed were assigned an MDI and PDI score of 
49 (18). 0 Neurodevelopmental impairment (NDI) 
was defined as the presence of any of the following: 
a) moderate-to severe cerebral palsy (CP; hypotonic, 

spastic diplegia, hemiplegia, or quadriplegia) with 
functional deficits that required rehabilitative services, 
or b) bilateral hearing loss (requiring amplification) 
and/or blindness in either eye, or c) MDI or PDI scores 
<70 (19). 

Sample Size
Sample size calculation was based on the morbidity 

variable. The power calculation was performed 
according to the data from a previous study which was 
conducted in the relationship of neonatal morbidity in 
SGA and AGA (20). The total sample size of 185 (61 
for SGA group, 124 for AGA group) was sufficient to 
detect power of 80% and a significance level of 5%.

Statistical Analysis 
SPSS® version 22.0 (IBM Corp, Armonk, NY) 

for Windows software was used for data analysis. 
Categorical variables were compared using chi-square 
test. Continuous data were summarized as mean and 
standard deviation and compared using Student’s t-test. 
P values less than 0.05 were considered significant 
for all tests. Correlation analyses with MDI and 
PDI were performed using Pearson correlation tests. 
Multinomial logistic regression analysis was used to 
assess the effect of GA, BW, and other risk factors on 
NDI outcomes.

Results 
Two hundred and eighty four patients with 

neurodevelopmental data were evaluated to be a 
participant of the study. Since 15 SGA and 41 AGA 
patients did not attend follow-up, their data was not 
available. These patients were excluded from the 
study. Therefore, a total of 228 SGA (n=65) and 
AGA (n=163) infants were evaluated in terms of 
neurodevelopment at the corrected age of 18-24 
months, the flowchart of the patients was presented in 
Figure 1. The mean GA was 28.4±1.1 weeks in both 
groups (p=0.82) and the mean BW was 810±135 g 
in the SGA group and 1175±183 g in the AGA group 
(p<0.001). The median head circumference at birth 
was 24 (23.2-25.8) cm in the SGA group and 27 (26-
28) cm in the AGA group (p<0.001). The groups were 
statistically similar in terms of sex, APGAR scores, 
rates of multiple pregnancy, antenatal steroid therapy 
and pPROM. Prevalence of preeclampsia and cesarean 
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delivery was significantly higher in the SGA group 
(p<0.05) (Table 1).

In terms of respiratory morbidities, SGA infants 
had higher surfactant requirement (61.5% vs. 47.8%; 
p=0.06) and significantly higher moderate/severe 
BPD incidence (15.3% vs. 2.4%; p=0.001), total 
duration of mechanical ventilation (median 1 day vs. 
0 days; p<0.001), duration of noninvasive ventilation 
(median 6 days vs. 4 days; p<0.001), and duration of 
supplemental oxygen requirement (median 16 days 
vs. 6 days; p<0.001). The incidence of ENS, hsPDA, 
NEC, IVH, and ROP was similar between the groups, 
whereas culture-proven LOS was significantly more 
common among SGA infants (47.6% vs. 18.4%, 

p<0.001). Moreover, SGA infants showed significantly 
higher rates of postnatal corticosteroid treatment, 
spontaneous intestinal perforation (SIP) and PVL 
incidences (p<0.05) (Table 2).

In neurodevelopmental assessment, the SGA group 
had significantly lower MDI [78 (56-92) vs. 84 (76-
96); p=0.01] and PDI [74 (55-87) vs. 82 (73-94); 
p<0.001], and significantly higher incidences of NDI 
[25 patients (38.4%) vs. 32 patients (19.6%); p=0.003] 
and CP [6 patients (9.2%) vs. 4 patients (2.4%); 
p=0.03]. No differences were observed between the 
groups in terms of blindness or deafness (Table 3). 

In multivariate regression analysis; grade III-IV 
IVH (RR: 9.85; p=0.002), GA (<28 weeks) (RR: 2.32; 

Figure 1. The flowchart of the patients.
SGA: Small for gestational age, AGA: Appropriate for gestational age

Table 1. Demographic features and neonatal outcomes

Variables 
SGA
n=65

AGA
n=163 p

Gestational age, weeks* 28.4±1.1 28.4±1.1 0.82
Birth weight, gram* 810±135 1175±183 <0.001
Head circumference at birth, cm† 24 (23.2-25.8) 27 (26-28) <0.001
Male gender, n (%) 26 (40) 80 (49) 0.20
Cesarean delivery, n (%) 62 (95.3) 126 (77.3) 0.01
APGAR score at 5 minute† 8 (7-8) 8 (7-8) 0.08
Multiple pregnancy, n (%) 9 (13.8) 27 (16.5) 0.61
Antenatal corticosteroid, n (%) 52 (80) 115 (70.5) 0.14
pPROM, n (%) 8 (12.3) 20 (12.2) 0.99
Preeclampsia, n (%) 35 (53.8) 25 (15.3) <0.001
*Mean ± standard deviation, †Median (interquartile range)
p<0.05 was considered significant (in bold)
SGA: Small for gestational age, AGA: Appropriate for gestational age, pPROM: Prolonged premature rupture of membranes
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p=0.02), being SGA (RR: 2.27; p=0.02), postnatal 
corticosteroid treatment (RR: 2.62; p=0.03) and, 
antenatal corticosteroid treatment (RR: 0.40; p=0.01) 
were identified as an independent risk factors for 
neurodevelopmental delay (Table 4). 

Discussion
This study showed that being SGA alone was 

associated with poor neurodevelopmental outcomes at 
the corrected age of 18-24 months in preterm infants. 

Moreover, being SGA is also associated with poor 
obstetric and fetal outcomes in preterm infants. Our 
evaluation of respiratory morbidities in the SGA group 
demonstrated higher surfactant requirement, longer 
durations of noninvasive and mechanical ventilation, 
and a greater prevalence of moderate/severe BPD in 
these infants. 

Previously it was believed that with the effect 
of stress response and because of an unfavorable 
intrauterine environment, SGA infants would exhibit 
rapid lung maturation and RDS would decrease. 

Table 2. Morbidities in the study group

Variables
SGA
n=65

AGA
n=163 p

RDS, surfactant requirement, n (%) 40 (61.5) 78 (47.8) 0.06
hsPDA,requiring medical treatment, n (%) 23 (35.3) 62 (38) 0.70
Early onset neonatal sepsis, n (%) 9 (13.8) 25 (15.3) 0.77
Culture-proven late onset neonatal sepsis, n (%) 31 (47.6) 30 (18.4) <0.001
Spontaneous intestinal perforation, n (%) 5 (7.6) 0 (0) 0.002
Necrotizing enterocolitis ≥ stage II, n (%) 4 (6.1) 2 (1.2) 0.06
IVH> grade II, n (%) 7 (10.7) 7 (4.2) 0.12
Periventricular leukomalacia, n (%) 8 (12.3) 4 (2.4) 0.005
Total duration of MV, day* 1 (0-5) 0 (0-2) <0.001
Total duration of NIV, day* 6 (3.5-11) 4 (2-7) <0.001
Supplemental oxygen requirement, day* 16 (5.5-27) 6 (3-15) <0.001
Postnatal corticosteroid treatment, n (%) 12 (18.4) 13 (7.9) 0.02
BPD, moderate-severe, n (%) 10 (15.3) 4 (2.4) 0.001
ROP, laser treatment needed, n (%) 10 (15.3) 14 (8.5) 0.81
*Median (interquartile range)
p<0.05 was considered significant (in bold)
SGA: Small for gestational age, AGA: Appropriate for gestational age, RDS: Respiratory distress syndrome, hsPDA: Hemodynamically significant patent ductus arteriosus, MV: 
Mechanical ventilation, NIV: Non-invasive ventilation, IVH: Intraventricular hemorrhage, BPD: Bronchopulmonary dysplasia, ROP: Retinopathy of prematurity 

Table 3. Neurodevelopmental assessment

Variables 
SGA
n=65

AGA
n=163 p

MDI, median IQR* 78 (56-92) 84 (76-96) 0.01
PDI, median IQR* 74 (55-87) 82 (73-94) <0.001
Neurodevelopmental impairment, n (%) 25 (38.4) 32 (19.6) 0.003
MDI <70, n (%) 21 (32.3) 18 (11) <0.001
PDI <70, n (%) 26 (40) 29 (17.7) <0.001
Cerebral palsy, n (%) 6 (9.2) 4 (2.4) 0.03
Blindness, n (%) 2 (3) 1 (0.6) 0.19
Deafness, n (%) 0 (0) 1 (0.6) 1.00
*Non-parametric test
p<0.05 was considered significant (in bold)
SGA: Small for gestational age, AGA: Appropriate for gestational age, MDI: Mental development index, PDI: Psychomotor development index
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However, recent studies suggest that preterm SGA 
infants have severe respiratory problems that can 
be attributed to altered endogenous surfactant 
metabolism, underexpression of surfactant protein 
genes, inadequate response to exogenous surfactant, 
irreversible underdevelopment of the terminal airways 
and gas exchange units in the lungs (21-23). Similar 
to our findings, Nobile et al. (24) conducted a study 
of 515 preterm infants born at or before 30 weeks’ 
gestation and found that preterm SGA infants received 
more surfactant than the AGA group and had a higher 
incidence of BPD. Literature data indicate that being 
SGA doubles the incidence of BPD. The incidence of 
BPD and rate of poor neurodevelopmental outcomes 
due to BPD observed in our study are consistent with 
the literature (24-27). 

Fetal malnutrition in periods of critical cell 
development may cause permanent alterations in 
various organs, including the brain. A correlation 
between GW and cognitive function has been posited 
in the literature (17). There are also studies indicating 
that preterm SGA infants have lower Bayley scores 
(19). Preterm and term-born children with SGA had 
lower cognitive scores compared with those with 
AGA (28). In contrast, Latal-Hajnal et al. (20) showed 
that for very low BW infants, being born SGA was 
not correlated with unfavorable neurodevelopmental 
course. Preterm birth is a major perinatal risk factor 
for neurodevelopment and the literature highlights 
heterogeneity in developmental outcomes of 
preterm children (29). The main reasons for this 
heterogeneity in the literature are the use of different 
gestational weeks and different neurodevelopmental 
evaluation scales in studies. Neurodevelopmental 
outcomes of SGA with <32 gestational weeks as 
the lowest gestational week were examined (7,30). 
NDI has been reported to be approximately 10% in 
term SGA infants and approximately 17% in SGA 

infants at <32 weeks of gestation (7,28). However, 
there are insufficient data on the neurodevelopment 
of SGA infants <30 weeks of gestation, who are 
more susceptible to poor neurodevelopment (31). In 
this respect, in our study, NDI was 38.5% in SGA 
premature infants with a gestational week of <30 
weeks. It was approximately two times higher in 
SGA premature infants than AGA premature infants. 
Although it is not the right approach to attribute a 
poor NDI to a single cause, we have shown that being 
SGA is as significant a risk as any other morbidities. 

According to our results, the cause of poor 
neurodevelopmental outcome in SGA premature 
infants may be the development of hypoxic brain injury 
due to recurrent episodes of hypoxia, hypercapnia, and 
respiratory acidosis due to high rates of respiratory 
morbidities. In addition, respiratory morbidities may 
have increased postnatal steroid use and contributed 
negatively to neurodevelopment. Therefore, being 
both premature and SGA may increase the risk 
of brain damage more than AGA infants (32). In 
addition, fluctuations in cerebral blood flow during 
hypoxic episodes can increase the risk of IVH and 
subsequently negatively affect neurodevelopmental 
outcomes. In a study evaluating preterm infants 
weighting less than 1000 g at birth when they reached 
55 months of age, the risk of developmental sequelae 
was found to be 39%, and was associated with IVH 
grade and PVL (33). In another study, CP was reported 
in all preterm infants with stage III and stage IV IVH 
(34). CP, poor motor development, and significant 
sensory deficits were reported in another study of 
preterm infants with severe IVH (35). Consistent with 
the literature, we detected a significant correlation 
between IVH and neurodevelopmental sequela, and 
our logistic regression analysis showed that stage III 
and stage IV IVH were independent risk factors for 
neurodevelopmental impairment. We believe that 

Table 4. Independent risk factors for neurodevelopmental delay
Relative risk 95% CI p

Grade III-IV Intraventricular hemorrhage 9.85 2.37-40.96 0.002
Gestational age, <28 weeks 2.32 1.11-4.85 0.02
Small for gestational age 2.27 1.08-4.76 0.02
Postnatal corticosteroid treatment 2.62 1.07-6.41 0.03
Antenatal corticosteroid treatment 0.40 0.19-0.83 0.01
p<0.05 was considered significant (in bold)
CI: Confidence interval 
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IVH, PVL and postnatal steroid use reduce MDI and 
NDI while increase CP rate. It is an essential factor for 
poor neurodevelopmental outcome in out-of-hospital 
care, especially in family care after discharge. It is an 
essential factor that we could not evaluate in our study 
(30). 

According to the few studies conducted in preterm 
SGA infants and our results, as the gestational 
week decreases, the risk of SGA-related poor 
neurodevelopmental outcomes exponentially increases 
compared to term SGA infants. However, it is not 
clear how much of an increased neurodevelopmental 
impairment risk for premature SGA infants has at 
which GA (28). A small head circumference at birth 
is a predictor of poor neurodevelopment at seven 
months and seven years old, according to another 
research. Rapid myelination and brain growth take 
place in the third trimester of human pregnancy. It 
is theoretically conceivable that SGA children might 
have slower brain development and an increased risk 
of neurodevelopmental issues in the future (36). Small 
head size at birth is associated with neurodevelopment. 
This may be the reason for our neurodevelopment delay 
in preterms with SGA. We believe that our results will 
make an essential contribution to the literature in this 
regard.

Räikkönen et al. (37) presented a study in which 
live births (8138 were born preterm) in Finland from 
2006-2017, any mental or behavioral disorders were 
more frequent in the children exposed to antenatal 
corticosteroids. Our findings suggest a need for 
caution in administering antenatal corticosteroids. 
Similar to the literature, although we found antenatal 
steroids risk factors for the neurodevelopmental 
delay, prospective studies are required to make such a 
definitive judgment.

Study Limitations
The present study has certain limitations. A 

limitation of our study is that it was retrospective and 
single-centered. Other limitations are that the patients 
had no follow-up and neurodevelopmental evaluation 
until a later stage, and our data are based on the BSID-
II because this was the scale used during the study 
period. Another limitation related to the retrospective 
data collection is that we were not able to use the most 
recently introduced 3rd edition of the Bayley Scales of 
Infant and Toddler Development (Bayley III). In light 

of these, the MDI and PDI values of our patients may be 
lower compared to the current assessment scales (38). 
However, because risky pregnancies are referred to our 
center for follow-up, we were able to follow and include 
a large number of preterm infants in the sample group 
during the 2-year study period. A strength of this study 
is the standardization of neurodevelopmental outcome 
assessment provided by the patients’ single-center 
follow-up and the institution-wide implementation 
of approaches consistent with those indicated in the 
current guidelines for neonatal morbidities. We also 
believe that our results provide important information 
about neurodevelopmental outcomes in SGA infants 
<30 weeks of gestation.

Conclusion
In conclusion, being SGA is a risk factor for 

neurodevelopmental delay. Especially at <30 weeks 
of gestation, the risk of poor neurodevelopmental 
outcome is higher than in term SGA infants. Strategies 
are needed to reduce the risk of neurodevelopmental 
impairment in preterm SGA infants.

Ethics
Ethics Committee Approval: Ethical approval 

was received for this study from the Local Ethics 
Committee of Dr. Zekai Tahir Burak Women’s Health 
Training and Research Hospital (date: 29.05.2018, 
number:24/2018). 

Conflict of Interest: No conflict of interest was 
declared by the authors.

Financial Disclosure: The authors declared that 
this study received no financial support.

References
1. Griffin IJ, Lee HC, Profit J, Tancedi DJ. The smallest of the 

small: short-term outcomes of profoundly growth restricted 
and profoundly low birth weight preterm infants. J Perinatol 
2015;35:503-10.

2. Pallotto EK, Kilbride HW. Perinatal outcome and later 
implications of intrauterine growth restriction. Clin Obstet 
Gynecol 2006;49:257-69.

3. Hee Chung E, Chou J, Brown KA. Neurodevelopmental 
outcomes of preterm infants: a recent literature review. Transl 
Pediatr 2020;9:S3-8. 

4. Vohr BR, O’Shea M, Wright LL. Longitudinal multicenter 
follow-up of high-risk infants: why, who, when, and what to 
assess. Seminars in Perinatology 2003;27:333-42.

5. Valcamonico A, Accorsi P, Sanzeni C, Martelli P, La Boria P, 
Cavazza A, et al. Mid- and long-term outcome of extremely low 



338      Ceran et al. Being SGA Premature Affects Neurodevelopmental Outcomes

J Curr Pediatr 2022;20:331-8

birth weight (ELBW) infants: an analysis of prognostic factors. J 
Matern Fetal Neonatal Med 2007;20:465-71.

6. Gücüyener K, Ergenekon E, Soysal AS, Aktaş A, Derinöz O, Koç 
E, et al. Use of the bayley infant neurodevelopmental screener 
with premature infants. Brain Dev 2006;28:104-8.

7. Cho H, Kim EK, Song IG, Heo JS, Shin SH, Kim HS. Head 
growth during neonatal intensive care unit stay is related to the 
neurodevelopmental outcomes of preterm small for gestational 
age infants. Pediatr Neonatol 2021;62:606-11.

8. Frisk V, Amsel R, Whyte HE. The importance of head growth 
patterns in predicting the cognitive abilities and literacy skills 
of small-for-gestational-age children. Dev Neuropsychol 
2002;22:565-93.

9. Fenton TR. A new growth chart for preterm babies: Babson and 
Benda’s chart updated with recent data and a new format. BMC 
Pediatr 2003;3:13.

10. Bozkaya D, Dizdar EA, Korkut S, Ceran B, Alkan M, Oğuz ŞS. 
Evaluation of Different Types of Natural Surfactants by Lung 
Ultrasound in Respiratory Distress Syndrome. Am J Perinatol 
2021;38:590-6. 

11. Canpolat FE, Kadıoğlu Şimşek G, Webbe J, Büyüktiryaki 
M, Karaçağlar NB, Elbayiyev S, et al. Late Administration of 
Surfactant May Increase the Risk of Patent Ductus Arteriosus. 
Front Pediatr 2020;8:130. 

12. Ebenebe CU, Hesse F, Blohm ME, Jung R, Kunzmann S, 
Singer D, et al. Diagnostic accuracy of interleukin-6 for early-
onset sepsis in preterm neonates. J Matern Fetal Neonatal Med 
2021;34:253-8. 

13. Dong Y, Speer CP. Late-onset neonatal sepsis: recent 
developments. Arch Dis Child Fetal Neonatal Ed 2015;100:257-
63. 

14. Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton 
L, et al. Neonatal necrotizing enterocolitis. Therapeutic decisions 
based upon clinical staging. Ann Surg 1978;187:1-7. 

15. Allan WC, Volpe JJ. Periventricular-intraventricular hemorrhage. 
Pediatr Clin North Am 1986;33:47-63. 

16. Tayman C, Cakir U, Yucel C, Bekmez BO. Is Endocan a Novel 
Diagnostic Marker for the Severity of Bronchopulmonary 
Dysplasia in Very Low Birth Weight Infants? Arch Bronconeumol 
2019;55:465-71. 

17. Elbayiyev S, Özdemir Ö, Ceran B, Akın MŞ, Canpolat FE, Oguz 
S. Evaluation of Infants with Retinopathy of Prematurity Treated 
with Intravitreal Bevacizumab. Türkiye Çocuk Hastalıkları 
Dergisi 2022; 1-6.

18. Bayley N. Nature and purpose of the scale. In: Bayley N, (ed). 
Bayley scales of infant development. Second edition. Orlando: 
USA. The Psychological Corparation 1993. p.1-8.

19. Oncel MY, Eras Z, Uras N, Canpolat FE, Erdeve O, Oguz SS. 
Neurodevelopmental Outcomes of Preterm Infants Treated with 
Oral Paracetamol Versus Ibuprofen for Patent Ductus Arteriosus. 
Am J Perinatol 2017;34:1185-9.

20. Latal-Hajnal B, von Siebenthal K, Kovari H, Bucher HU, Largo 
RH. Postnatal growth in VLBW infants: significant association 
with neurodevelopmental outcome. J Pediatr 2003;143:163-70.

21. Malhotra A, Sasi A, Miller SL, Jenkin G, Polglase GR. The 
Efficacy of Surfactant Replacement Therapy in the Growth-
Restricted Preterm Infant: What is the Evidence? Front Pediatr 
2014;2:118.

22. Qiu X, Lodha A, Shah PS, Sankaran K, Seshia MM, Yee W, et 
al. Canadian Neonatal Network. Neonatal outcomes of small 
for gestational age preterm infants in Canada. Am J Perinatol 
2012;29:87-94.

23. Rozance PJ, Seedorf GJ, Brown A, Roe G, O’Meara MC, Gien J, 
et al. Intrauterine growth restriction decreases pulmonary alveolar 
and vessel growth and causes pulmonary artery endothelial cell 
dysfunction in vitro in fetal sheep. Am J Physiol Lung Cell Mol 
Physiol 2011;301:860-71.

24. Nobile S, Marchionni P, Carnielli VP. Neonatal outcome of small 
for gestational age preterm infants. Eur J Pediatr 2017;176:1083-
8.

25. Sharma P, McKay K, Rosenkrantz TS, Hussain N. Comparisons 
of mortality and pre-discharge respiratory outcomes in small-for-
gestational-age and appropriate-for-gestational-age premature 
infants. BMC Pediatr 2004;4:9.

26. Soudée S, Vuillemin L, Alberti C, Mohamed D, Becquet O, 
Farnoux C, et al. Fetal growth restriction is worse than extreme 
prematurity for the developing lung. Neonatology 2014;106:304-
10.

27. Halliday HL, Ehrenkranz RA, Doyle LW. Delayed (>3 weeks) 
postnatal corticosteroids for chronic lung disease in preterm 
infants. Cochrane Database Syst Rev 2009;1:CD001145.

28. Sacchi C, Marino C, Nosarti C, Vieno A, Visentin S, Simonelli 
A. Association of Intrauterine Growth Restriction and Small for 
Gestational Age Status With Childhood Cognitive Outcomes: 
A Systematic Review and Meta-analysis. JAMA Pediatr 
2020;174:772-81.

29. Allotey J, Zamora J, Cheong-See F, Kalidindi M, Arroyo-
Manzano D, Asztalos E, et al. Cognitive, motor, behavioural 
and academic performances of children born preterm: ameta-
analysis and systematic review involving 64 061 children. BJOG 
2018;125:16-25.

30. Bickle Graz M, Tolsa JF, Fischer Fumeaux CJ. Being Small for 
Gestational Age: Does it Matter for the Neurodevelopment of 
Premature Infants? A Cohort Study. PLoS One 2015;10:e0125769.

31. Singer D, Thiede LP, Perez A. Adults Born Preterm-Long-Term 
Health Risks of Former Very Low Birth Weight Infants. Dtsch 
Arztebl Int 2021;118:521-7.

32. Bauer S, Schneider L, Lynch S, Malleske DT, Stepherd EG, Nelin 
LD. Factors associated with neurodevelopmental impairment in 
bronchopulmonary dysplasia. J Pediatr 2020;218:22-7.

33. Piecuch RE, Leonard CH, Cooper BA, Sehring SA. Outcome of 
extremely low birth weight infants (500 to 999 grams) over a 12-
year period. Pediatrics 1997;100:633-9.

34. Pidcock FS, Graziani LJ, Stanley C, Mitchell DG, Merton D. 
Neurosonographic features of periventricular echodensities 
associated with cerebral palsy in preterm infants. J Pediatr 
1990;116:417-22.

35. Sherlock RL, Anderson PJ, Doyle LW; Victorian Infant 
Collaborative Study Group. Neurodevelopmental sequelae of 
intraventricular haemorrhage at 8 years of age in a regional cohort 
of ELBW/very preterm infants. Early Hum Dev 2005;81:909-16.

36. McCowan LM, Pryor J, Harding JE. Perinatal predictors 
of neurodevelopmental outcome in small-for-gestational-
age children at 18 months of age. Am J Obstet Gynecol 
2002;186:1069-75. 

37. Räikkönen K, Gissler M, Kajantie E. Associations Between Maternal 
Antenatal Corticosteroid Treatment and Mental and Behavioral 
Disorders in Children. JAMA 2020;323:1924-33. 

38. Lowe JR, Erickson SJ, Schrader R, Duncan AF. Comparison of 
the Bayley II Mental Developmental Index and the Bayley III 
Cognitive Scale: are we measuring the same thing? Acta Paediatr 
2012;101:55-8.


