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Assessment of Survival and Neonatal Morbidity Rates of Very Low 

Birth Weight Infants in Türkiye: Turkish Neonatal Society SECRETS 

(TNS-SECRETS) Study

Abstract

This prospective multicenter study of the Turkish Neonatal Society includes 

data from a large cohort of very low birth weight (VLBW) infants from 78 

referral centers in Türkiye. The objective was to evaluate survival and 

neonatal morbidity rates among VLBW infants. All preterm infants with a 

birth weight (BW) ≤1500 grams and a gestational age (GA) between 230/7 and 

316/7 weeks were included. Respiratory distress syndrome (RDS), 

intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL) 

hemodynamically significant patent ductus arteriosus (hsPDA), 

bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC), sepsis 

and retinopathy of prematurity (ROP) were defined as neonatal morbidities. 

A total of 3042 VLBW infants were enrolled. The mean GA and median BW 

were 27 ± 2.2 weeks and 1080 g (ranges, 320 and 1500 g), respectively. The 

incidences of neonatal morbidities were as follows: RDS 76.3%, IVH 28%, 

PVL 0.9%, hsPDA 31.5%, BPD 39.5%, NEC 14%, and ROP 25%. Early and late 

sepsis were diagnosed in 19.3% and 44.6% of the study group. The overall 

mortality rate was 21.7%, and survival without major morbidity was 42.8%. 

Mortality among infants ≤28 weeks of gestation was 34.8%, whereas it was 

5.5% for infants >28 weeks of GA. This study provides a comprehensive 

overview of outcomes among VLBW infants in Türkiye and offers valuable 
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insights for other developing countries. As neonatal morbidity and mortality 

rates remain higher than those reported in developed countries, targeted 

strategies to improve neonatal care practices for extremely preterm infants 

should be prioritized.

Key words: extremely premature infant, neonatal morbidity, preterm infant, 

survival, very low birth weight infant

Introduction

Preterm birth (PTB) remains the leading cause of neonatal morbidity 

and mortality worldwide and is also a major contributor to childhood 

mortality. The risks of mortality and neonatal morbidities are inversely 

related to gestational age (GA) and birth weight (BW). According to recent 

estimates, 20–30 million small and sick newborns require hospitalization 

annually, nearly half of whom are preterm infants. Furthermore, 

approximately 2.3 million infants die annually during the neonatal period, 

with prematurity-related complications accounting for the majority of deaths. 

Nearly all neonatal deaths (98%) occur in low- and middle-income countries 

(LMICs). Therefore, mortality among very low birth weight (VLBW) and 

extremely low birth weight (ELBW) infants remains high especially in 

developing countries, with outcomes strongly influenced by GA and the 

availability of healthcare resources. In addition, the burden of major neonatal 

morbidities remains substantial, and survival without significant morbidity is 

uncommon among survivors, particularly in infants born at lower GAs. 

Although the most recent global PTB rate was estimated at approximately 
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9.9% in 2020, the rate has been reported to be substantially higher as around 

15% in Türkiye [1-5].

Despite advances in perinatal and neonatal care and the establishment 

of high-technology neonatal intensive care units (NICUs), certain major 

morbidities including intraventricular hemorrhage (IVH), periventricular 

leukomalacia (PVL), hemodynamic significant patent ductus arteriosus 

(hsPDA), necrotizing enterocolitis (NEC), bronchopulmonary dysplasia 

(BPD), sepsis and retinopathy of prematurity (ROP) continue to occur among 

survivors. These conditions are associated with prolonged hospitalization, 

adverse short and long-term outcomes, and increased healthcare costs in 

high-risk infants [6]. Consequently, improving the quality of care for preterm 

infants and reducing prematurity-related mortality and morbidities require 

adherence to national and international guidelines, implementation of 

evidence-based preventive and therapeutic practices, and provision of 

parental support measures [4].

In recent years, Türkiye has undertaken extensive perinatal and neonatal 

healthcare initiatives to enhance neonatal survival and outcomes. 

Collaborative strategies developed by the Turkish Ministry of Health and the 

Turkish Neonatal Society (TNS) included strengthening NICU standards, 

conducting quality-improvement programs, expanding specialized neonatal 

transport services, training of NICU healthcare professionals, and 

establishing modern high-intensity NICUs for critically ill newborns. 

Additional efforts have focused on structured antenatal follow-up, 
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standardizing delivery room (DR) practices, implementing Neonatal 

Resuscitation Programme (NRP) training, developing national TNS 

guidelines, and promoting breastfeeding and baby-friendly healthcare 

initiatives. As a result, neonatal mortality rates declined sharply between 

2000 and 2011 but have remained stable since the early 2010s [7-9].

Strengthening national data systems is essential to improve the 

availability of individual-level data for clinical practice, policy 

implementation, and quality improvement initiatives in maternity wards and 

NICUs. When combined with structured follow-up programs, these systems 

have been proposed as a key strategy for achieving Sustainable Development 

Goal (SDG) 3.2 and the Every Newborn Action Plan, which both aim to 

eliminate preventable neonatal and under-5 mortality, specifically targeting 

a neonatal mortality rate of ≤ 12 per 1,000 live births in every country [1].

Although several small center-based studies exist, there is very limited 

data on the survival and neonatal morbidity rates for VLBW infants in Türkiye. 

The lack of local nationwide information limits evaluation of NICU 

performance, identification of gaps in preterm care practices and results with 

uniformity in clinical decision-making. It also hinders meaningful 

comparisons of national outcomes with international benchmarks. The 

objective of this prospective multicenter study was to determine survival and 

neonatal morbidity rates among VLBW infants who either died during 

hospitalization or were discharged from NICUs across Türkiye.

Results
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A total of 3386 preterm infants with BW ≤1500 grams and GA of 230/7 

weeks to 316/7 weeks were hospitalized in 78 NICUs during the study period, 

3042 (89.8%) eligible infants were included in the study. Of these, 1464 (48%) 

were male, and 2629 (86%) of them were appropriate for GA (AGA). The mean 

GA and median BW of infants were 27 ± 2.2 weeks and 1080 (ranges, 320 to 

1500) grams, respectively. The number of multiple births was 743(24%). A 

total of 2650 infants (87%) were born by cesarean sectio and 97 (3.2%) 

infants were outborn. The mean maternal age was 29.2 ± 5 years, and 47% 

of mothers were primigravida. Maternal diseases were present in 38% of 

pregnant women, and 74% of them had at least one antenatal visit. Any dose 

of antenatal corticosteroid (ACS) therapy was administered in 2207 (72.5%) 

pregnant women. Table 1 shows both neonatal and maternal characteristics 

of the study group.

Table 2 shows the DR and NICU practices in the study group in terms 

of GA. Neonatal resuscitation in the DR including positive pressure 

ventilation, chest compression, intubation, and adrenalin was administered 

in 1823 (59.9%), 1177(38.6%), 99 (3.2%) and 40(1.3%) infants, respectively. 

A total of 656 (21.5%) infants had delayed cord clamping (DCC) between 30 

to 60 seconds. Intratracheal surfactant was administered in 2111 infants 

(69.3%). Among those, 188 infants (6.2%) received prophylactic surfactant 

therapy in the DR, 1573 infants (51.7%) received rescue surfactant therapy 

in the NICU and 350 infants (11.5%) received surfactant in both DR and 

NICU. Surfactant was administered by less invasive surfactant 
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administration (LISA) or minimally invasive surfactant therapy (MIST) in 296 

infants (9.7%) whereas the remaining received it by INtubation-SURfactant-

Extubation (INSURE) technique. Initially, non-invasive, invasive and high 

frequency mechanical ventilation (MV) were required in 49%, 49%, and 2% 

of infants, respectively. Systemic and inhaled postnatal corticosteroids were 

applied in 677 (22.5%) and 360 (11.8%) infants, respectively. Caffeine 

therapy was administered in 89% (2709 of 3042) of infants, with a median 

duration of 36 days. Total parenteral nutrition (TPN) was started in 96.3% of 

all infants and the median duration of TPN was 12 days. Oropharyngeal 

mother’s milk (OMM) was administered to 744 infants (24.5%) within the first 

72 hours of life and to 44 infants (1.4%) after 72 hours of life. Minimal enteral 

nutrition (MEN) was established in 1348 infants (44.3%) within the first 24 

hours and in 1131 infants (37.1%) after 24 hours. The infants reached full 

enteral nutrition and full oral feeding in a median of 19 and 49 days, 

respectively. The median duration of hospitalization were 56 and 18 days 

among survivors and non-survivors, respectively.

The incidences of respiratory outcomes including respiratory distress 

syndrome (RDS) and BPD were 76.3% and 39.5%, respectively. NEC, ROP 

and hsPDA were diagnosed in 14%, 25%, and 31.5% of infants, respectively. 

Any stage of IVH, severe IVH and PVL were detected in 28%, 8.7 and 0.9% of 

the study group, respectively. Early and late sepsis were diagnosed in 19.3% 

and 44.6% of the infants. Table 3 shows the incidences of neonatal 

morbidities in the study population with respect to GA.
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The overall mortality rate in the study cohort was 21.7% as 661 infants died. 

The survival rate without major morbidity was 42.8%. The early, late and 

post-neonatal mortality rates were 12.7%, 6.2% and 2.9%, respectively. Table 

4 shows the survival without major morbidity and mortality rates of the study 

cohort. Subgroup analysis showed that mortality was 34.8% (585/1,679) 

among infants born at ≤28 weeks’ GA compared with 5.5% (76/1,363) among 

those born at >28 weeks of gestation. GA was significantly associated with 

mortality, as infants born at ≤28 weeks’ GA had markedly higher risk of death 

than those born at >28 weeks’ GA (χ² = 378.86, p <0.001), also consistent 

with Fisher’s exact test (p <0.001). Infants born at ≤28 weeks' GA exhibited 

an approximately 9-fold increased risk of mortality compared to those born 

at >28 weeks' GA (OR: 9.06; 95% CI: 7.04–11.65). Comparison of both 

survival and survival without major morbidities of the study group in terms 

of GA is shown in Figure 1.

The multivariate logistic regression analysis identified several 

independent predictors for mortality and major morbidities among infants 

born at ≤28 weeks' GA. Lower GA (per 1-week decrease), lower BW (per 100-

g decrease), prolonged MV during the first 7 days of life, and neonatal sepsis 

were significantly associated with increased risks of mortality, NEC, and 

severe IVH. In contrast, exposure to ACS therapy was independently 

associated with reduced risks of these outcomes. Male sex was not identified 

as an independent risk factor for mortality and any of major morbities 
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assessed. Table 5 shows the multivarite logistic regression analysis for 

mortality, NEC, and severe IVH in infants born ≤28 weeks of GA.

Discussion

This is the largest prospective multicenter study to date, encompassing 

3,042 VLBW infants across 78 Level III and IV NICUs in Türkiye, where 

neonatologists serve as primary staff. By establishing comprehensive 

baseline data on survival and neonatal morbidities stratified by GA, our 

findings provide an important national benchmark. These results provide a 

framework for developing healthcare strategies and quality improvement 

initiatives to optimize neonatal care for very preterm infants in Türkiye. 

Furthermore, this approach may serve as a model for other developing 

countries to improve national neonatal care standards.

It is well known that PTB and prematurity-related complications 

constitute the leading cause of death in children < 5 years. Consequently, 

preventing PTB rates is a global priority to reduce associated morbidities and 

improve survival [10]. Notably, extremely preterm infants contribute 

disproportionately to both neonatal mortality and childhood morbidity, 

despite recent advances in neonatal clinical practice [11]. In addition, these 

conditions are also associated with adverse long term health outcomes among 

those who survive. Therefore, efforts to reduce PTB rates are essential not 

only for global health improvement but also for the long-term economic and 

social stability of developing countries [12].
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Comprehensive national data on preterm infant morbidity and mortality 

are essential for establishing real-time monitoring, identifying care 

deficiencies, and facilitating quality improvement. Such data enable 

institutions to benchmark clinical performance, optimize health service 

delivery, and support evidence-based clinical decision-making [13]. While 

several global and national prematurity-related outcomes have been 

published [10–17], national data within the context of Türkiye remain limited 

[5]. To address this empirical gap, we conducted the present prospective 

multicenter study to evaluate neonatal outcomes and provide a framework 

for standardizing care.

Administering ACS therapy and performing DCC are essential 

strategies for reducing PTB related complications and improving neonatal 

survival [18]. Evidence indicates that a single course of ACS therapy 

promotes fetal lung maturation and decrease the risk of perinatal death, 

neonatal death, RDS, and IVH in pregnancies at risk of preterm delivery [19]. 

ACS administration rates in developing countries typically range from 85% 

to 95% [20–22]. The 73% rate observed in this study, though lower than 

international cohorts, reflects a markedly increase trend from the 42.9% 

reported previously [5]. The increase in ACS therapy rates may reflect the 

growing awareness of obstetricians and perinatologists regarding its clear 

benefits for preterm infant survival. Nevertheless, despite recent 

improvements, further efforts are required to reach higher ACS therapy rates 

to achieve more favorable neonatal outcomes.
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DCC has been shown to reduce the risk of mortality before discharge 

in preterm infants. However, the DCC rate in our study (21.3%) was markedly 

lower than the rates reported in the US (81.7%) and LMICs (60%) [23,24]. As 

with ACS therapy, expanding DCC implementation in Turkish NICUs is 

essential for improving VLBW infant care and survival.

DR interventions are nearly universal in extremely preterm infants. In 

this cohort, 59% of neonates required stabilization and 3.2% required full 

CPR, reflecting trends observed in the international literature. Such early 

interventions are critical, as they significantly improve neonatal outcomes 

and survival in preterm infants [25].

RDS is an important cause of mortality in preterm infants. The 

incidence of RDS is inversely related to GA and BW. It affects about 80% of 

neonates born at 28 weeks GA and 90% of infants at 24 weeks GA. In addition, 

about 50-60% of RDS cases require surfactant administration [26]. RDS was 

diagnosed in 2324 infants (76.3%) and intratracheal surfactant was 

administered in 2111 infants (69.3%). Regarding surfactant administration, 

51.7% of the infants received rescue therapy in the NICU, while a smaller 

proportion (6.2%) received prophylactic treatment in the DR; overall 11.5% 

of the cohort required surfactant in both settings. Our findings indicate that 

extremely preterm infants (GA ≤28 weeks) were significantly more likely to 

receive surfactant in both the DR and NICU compared to more mature infants 

(GA >28 weeks). Surfactant was delivered via less- or minimally-invasive 

methods in 9.7% of cases. The rates of LISA/MIST was lower than the 
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incidence reported from Europe [27]. This discrepancy may be attributed to 

variations in study populations and regional or institutional care practices.

The incidence of BPD varies depending on several factors, including 

NICU practices and differences in the clinical definitions of BPD. The 

incidence of BPD in VLBW infants has remained stable at approximately 40-

45% over the last few decades [28,29]. Similar to those data, the BPD rate 

was 39.5% in the present study. However, the Swiss Neonatal Network (SNN) 

and US members of the Vermont Oxford Network (US-VON) reported chronic 

lung disease as 25.9% and 11.8%, respectively, in survived VLBW infants 

[30]. Despite the mortality rate being higher in infants <28 weeks of 

gestation, the survivors also have higher BPD rates in our patient population. 

Therefore, antenatal and postnatal preventive measures and effective 

protocols should be implemented to reduce the risk of BPD at NICUs in 

Türkiye.

Current evidence suggests that a synergistic combination of TPN and 

enteral nutrition during the early postnatal transition is essential to ensure 

adequate nutrient delivery, support optimal growth, and improve neonatal 

outcomes in VLBW infants. Consequently, the early initiation of TPN in 

combination with enteral feeding, prioritizing mothers’ own milk, particularly 

colostrum, has become an established standard of care for preterm infants 

[31]. MEN was initiated within the first 24 hours of life in 44% of infants, 

while 37% started after 24 hours; notably, 19% of infants never received MEN 

in our cohort. Furthermore, despite near-universal initiation of TPN (96%), 
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there was a striking lack of OMM administration in 74% of cases. These 

suboptimal rates of MEN and OMM utilization may be attributed to some 

systemic limitations in healthcare staffing, specifically the lack of specialized 

nutritionists and dietitians within routine NICU care in Türkiye. 

Consequently, our findings underscore an urgent need for standardized 

nutritional protocols that prioritize early MEN with OMM and the promotion 

of breastfeeding. Implementing such standardized practices is essential to 

enhance survival, reduce the incidences of NEC and neonatal sepsis and also 

to improve neonatal outcomes.

The reported incidence of NEC in preterm infants with a GA <32 weeks 

differs between 2-10%, and 5% to 22% among those with a BW<1000 g in 

developed countries [32]. The incidence of NEC and advanced NEC (stage 

≥II) in the present study was 14% and 8.1%, respectively. These relatively 

high rates may be attributable to the lower use of ACS therapy, together with 

suboptimal nutritional and clinical care practices, including especially the 

limited use of MEN with OMM during the early neonatal period. The 

incidence of late-onset sepsis (LOS) has been reported to range between 15% 

and 25% among VLBW infants in developed countries [33]. In a previous 

multicenter study conducted in Türkiye, the incidence of LOS was 42.4% 

among VLBW infants [5]. Similarly, LOS was diagnosed in 44.6% of the study 

cohort. The higher rates of LOS and NEC may be reduced through strict 

adherence to infection prevention and control measures, including judicious 

antibiotic use, appropriate hand hygiene practices, increased awareness 
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among healthcare professionals, promotion of breastfeeding, and avoidance 

of overcrowding in NICUs.

The frequency of PDA among VLBW infants has been reported to be 

36% and 38% in Japan and Canada, respectively [34]. In the present study, 

the overall rate of hsPDA was 31.5%. In a previous multicenter study 

conducted in Türkiye, moderate-to-large PDA was reported in 46% of infants 

born between 240/7 and 286/7 weeks of GA [35]. This difference may be 

attributable to variations in PDA diagnostic criteria, as well as improvements 

in postnatal care practices in recent years.

ROP still remains a critical morbidity in both high- and middle-low-

income countries, driven by the degree of immaturity and the quality of 

neonatal intensive care. In recent years, the reported incidence of ROP has 

ranged from 10% to 40%, reflecting significant variations across different 

nations and study populations [36]. A multicenter TR-ROP study from Türkiye 

reported any stage of ROP as 27% in VLBW infants [37]. Similarly, any stage 

of ROP in our study was detected in 25% of all infants. The slight decrease in 

ROP rates may also be attributable to improvements in antenatal and 

postnatal care over time. In our cohort, the incidence of treatment-requiring 

ROP was 8.2%, which is comparable to the 6.7% incidence of severe ROP 

previously reported in Türkiye [37].

The incidence of severe IVH is nearly 7-15% in VLBW infants. In the 

previous Turkish multicenter study, the incidence of severe IVH (>Grade II 

according to Papile staging) was reported as 5.4% [5]. In the current study, 
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the incidences of any and severe IVH were 28% and 8.7%, respectively. In 

the Swiss study, the incidence of severe IVH was 3.5% in survived VLBW 

infants and 5.7% in the US-VON study [30]. The incidence of IVH in our study 

was higher than that reported in developed countries, a difference that may 

be attributable to the combined effects of the antenatal and postnatal clinical 

care practice factors discussed above.

According to a recent US multicenter study including 10,877 ELBW 

infants born at 22-28 weeks’ GA between 2013-2018, the incidences of NEC, 

LOS, severe IVH, severe ROP, and severe BPD were 8.9%, 19.9%, 14.3%, 

12.8%, and 8%, respectively [30]. These findings indicate that the incidence 

of neonatal morbidities in infants ≤28 weeks in the US study is comparable 

to that observed in infants <32 weeks in our cohort. Therefore, although 

Türkiye has undertaken substantial efforts to improve perinatal and neonatal 

outcomes related to prematurity, further improvements in antenatal and 

postnatal care remain necessary for better neonatal outcomes.

The survival rate of VLBW infants is reported to be over 90% in 

developed countries. [30,38]. The overall mortality rate of VLBW infants from 

Latin American countries was 26.8% [39]. In the present study, as 78.2% of 

VLBW infants survived to discharge, overall mortality was 21.7%. The early 

neonatal, neonatal, and in-hospital mortality rates were reported as 3.9%, 

6.0%, and 7.5%, respectively, in the multicenter study of the eNewborn 

European Network database [38]. The early, late and post-neonatal mortality 
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rates in our study were 12.7%, 6.2% and 2.9%, respectively. Therefore, early 

neonatal mortality is higher in Türkiye compared with European countries.

The survival rate to discharge for extremely premature infants 

(between 22 and 28 weeks) was reported to be 78.3% in US [11]. The 

mortality was found as 34.8% among infants born at ≤28 weeks' GA in our 

study. Therefore, the survival rate for infants with GA <32 weeks in Türkiye 

(79%) appears comparable to the survival rate reported for infants <28 weeks 

in US, while overall remaining intermediate between rates observed in 

developed and developing countries. All these data show that there is a 

considerable gap in the survival rates of preterm infants between developing 

and developed countries. It is reasonable to underscore the need of several 

improvements from DR to NICU practices to reach the status of developed 

countries and also to achieve more favorable neonatal outcomes in Türkiye.

Strength and limitations

The strength of the present study was its large, multicenter design that 

allowed for prospective data collection via a specialized network. In addition, 

most of the centers represent reference NICUs in which neonatologists work 

as the primary physicians.

There are some limitations of the study. NICUs with no neonatologists 

or NICUs including neonatologists who did not agree to participate in the 

study were not included. This was a limitation, as these might increase the 

overall rates of mortality and morbidities. Also, the neonatologists did not 

undertake any training to standardize the definitions of potential risk factors 
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before the study. Furthermore, due to the BW-based inclusion criterion 

(<1500 g), exclusion of infants born at later GA (> 31 weeks) from the study 

cohort, with the idea of they highly represent a population of growth-

restricted infants rather than very preterm infants, may also have introduced 

selection bias and influenced the interpretation of associations between 

maternal characteristics and neonatal outcomes. Similarly, exclusion of 

infants born at 22 weeks of GA with the same purpose may also be considered 

as a limitation. In addition, the lack of data including DR deaths and the 

number of infants who could not be admitted to NICUs within the first 24 

hours represent another limitation, as these data may provide insights about 

the evaluation of neonatal resuscitation and transport practices for the 

country.

Conclusion

In conclusion, the current study provides an important overview for the 

Turkish population and also other developing countries. Morbidity rate in 

VLBW infants is a serious concern in Türkiye and higher than those in 

developed countries. Therefore, strategies to decrease both prematurity-

related morbidities and mortality should be developed. Both antenatal and 

perinatal follow-up programs and care strategies, appropriate DR 

approaches, and advanced NICU practices should be implemented. In 

addition, strict follow-up of oxygen therapy with appropriate monitoring, 

better neonatal care, meticulous attention to hygiene procedures, control of 

sepsis, promotion of breastfeeding, and training of NICU healthcare 
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professionals may also reduce the prevalence of neonatal morbidities. These 

findings highlight the need for sustained clinical quality improvement efforts, 

restructuring of perinatal and neonatal care systems, and enhanced antenatal 

and postnatal care to improve survival free of major prematurity-related 

morbidities.

Methods

The SECRETS study was promoted by the TNS and was approved by the Local 

Ethical Committee (Number:2021.03.30). The study was conducted between 

28 April 2021 and 02 January 2023 in accordance with the Declaration of 

Helsinki. A written informed parental consent was obtained from all families. 

A total of 78 reference level III and IV NICUs from 7 different regions of 

Türkiye participated. All these NICUs had the expertise to follow up these 

high-risk premature infants in terms of their medical staff, equipment, and 

other resources.

Study population

The inclusion criteria comprised inborn and outborn preterm infants 

with BW ≤1500 g and GA of 230⁄7 to 316⁄7 weeks who were admitted to the 

NICU within the first 24 h of life and for whom parental consent was obtained. 

Preterm infants with GA <32 weeks but BW >1500 g were excluded, as this 

subgroup represents a distinct clinical population, predominantly consisting 

of growth-restricted rather than very preterm infants. As the primary 

objective of the study was to evaluate survival and neonatal outcomes in 

VLBW infants, whose respiratory physiology, postnatal adaptation, and 
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morbidity profiles differ substantially from those of more mature and/or 

growth-restricted infants, the study cohort was restricted to infants with BW 

≤1500 g and GA <32 weeks to ensure a more homogeneous population. In 

addition, infants born at 22 weeks’ gestation were also excluded as 

resuscitation practices at this threshold vary considerably across centers in 

Türkiye, largely depending on institutional experience, which may introduce 

substantial heterogeneity and potential bias for the analysis. Infants who died 

in the DR, infants admitted to the NICU after the first 24 hours of life, infants 

with major congenital/chromosomal abnormalities, and those whose parents 

refused consent were all defined as the exclusion criteria. The maternal, 

perinatal, and neonatal characteristics, care practices, neonatal morbidities 

and survival data of all infants were noted.

All data were collected through a web-based data entry system via a 

special network named ‘Trials-Network.’ A case report form (CRF) for each 

included infant was filled out by the neonatologist of the center. All questions 

in the CRF were compulsory, meaning the data entry system did not allow 

submission if any question was left unanswered. Database access was 

password-protected to maintain data security. The records of infants from all 

78 NICUs were pooled together and analyzed at the end of the study by the 

primary investigator.

Clinical data

Both antenatal and perinatal clinical data, including maternal age, 

parity, administration of antenatal corticosteroids, presence of maternal 
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diseases such as preeclampsia, eclampsia, hypertension, and diabetes, 

multiple births, number of prenatal visit, and mode of delivery were collected. 

GA was determined using ultrasonography and/or the date of the last 

menstrual period. Infants were classified as small for gestational age (SGA) 

and large for gestational age (LGA) if their BW was below the 10th percentile 

or above the 90th percentile for GA and sex, respectively, according to Fenton 

growth charts.

The recorded clinical characteristics of infants were as follows: GA, BW, 

gender, presence of SGA or LGA, multiple births, inborn and outborn status, 

the need for resuscitation and intubation in the DR, DCC status, the need for 

surfactant treatment, surfactant administration time, setting and method, the 

duration of both invasive and non-invasive MV, the duration of 

hospitalization, medications including probiotics, caffeine and postnatal 

corticosteroids, duration of TPN, achievement of both full enteral nutrition 

and also full oral feeding. In-hospital mortality was defined as ‘early neonatal’ 

(days 1-6), ‘late neonatal’ (days 7-28), and ‘post-neonatal’ (from day 29 to 

until NICU discharge). For standardized management, all centers were 

advised to follow the recommendations of the TNS guidelines. The recent 

NRP recommendations were followed by all centers for the management and 

resuscitation of inborn infants in the DR [40,41].

In this study, neonatal morbidities comprised RDS, IVH, hsPDA, BPD, 

NEC, sepsis, and ROP. Notably, RDS was excluded from the composite 

outcome of survival without major morbidities to avoid statistical bias 
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resulting from its high prevalence. IVH (grade ≥3) and/or cystic PVL, NEC 

(stage ≥2), BPD, ROP (stage ≥3), and neonatal sepsis were defined as major 

neonatal morbidities affecting survival as previously described [13]. Both 

survival and survival without major morbidity were calculated using all 

included infants (n=3042) as the denominator at the final statistical analysis.

RDS was diagnosed if the infant exhibited clinical signs of respiratory 

distress, required supplemental oxygen and/or assisted ventilation, and had 

a chest radiograph consistent with RDS. Surfactant was administered 

according to national and international RDS and surfactant guidelines 

[42,43]. The presence and severity of IVH were defined according to the 

Volpe classification and TNS guideline. Cystic PVL was defined as the 

presence of periventricular cysts identified on cranial ultrasonography or 

magnetic resonance imaging [44]. The hsPDA requiring medical or surgical 

treatment was diagnosed as an inner ductal diameter >1.5 mm/kg or >1.4 

mm/kg, and/or LA/Ao >1.5, and/or retrograde flow in the descending aorta 

[45]. Infants who died before echocardiography and/or cranial 

ultrasonography were not included in the denominators when calculating 

hsPDA or IVH incidence.

NEC was diagnosed based on clinical and radiographic findings and 

was classified according to the modified Bell's criteria [46,47]. BPD was 

defined according to the 2001 National Institute of Child Health and Human 

Development consensus statement as the requirement for supplemental 

oxygen for the first 28 days of life and was classified as mild, moderate, or 
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severe depending on the duration and level of supplemental oxygen and MV 

support at 36 weeks postmenstrual age (PMA) [48,49]. The infants who 

survived to 36 weeks PMA was the denominator for BPD.

ROP was classified according to the International Classification of 

Retinopathy of Prematurity and TNS ROP guideline screening 

recommendations were followed [50,51]. ROP was determined among infants 

who were screened and survived to discharge. Infants who died before first 

ROP examination were not included to the analysis. Early-onset sepsis was 

defined as the onset of clinical and laboratory findings at <72 hours of age. 

LOS was defined as the onset of systemic signs of infection and increased 

acute-phase reactants at >72 hours of age [52]. LOS was calculated among 

infants that survived beyond 72 hours of life.

Statistical analysis

The data were analyzed using SPSS Statistics 21.0 software. 

Demographic variables, care practices, morbidities, and mortality are 

summarized using descriptive statistics without comparison. Demographic 

data were presented as number, percentage, mean (±SD), and median 

(interquartile range (IQR)). The results are displayed by each week of GA. 

The association between GA categories (≤28 vs >28 weeks) and mortality 

was evaluated using the Pearson chi-square test. When appropriate, Fisher’s 

exact test was additionally applied to confirm the robustness of the results. 

Crude odds ratios (ORs) and 95% confidence intervals (CIs) were calculated 

to quantify the strength of association.
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For multivariate analysis, logistic regression models were constructed 

to identify independent predictors of mortality, NEC, and severe IVH for 

infants born ≤28 weeks’ GA. Variables included in the models were selected 

based on clinical relevance and statistical significance in univariate analyses 

(p < 0.10). These variables comprised GA, BW, duration of MV within the first 

7 days of life, presence of sepsis, exposure to any dose of ACS and sex. 

Adjusted odds ratios (aORs) with 95% confidence intervals were calculated 

to determine independent associations. A two-tailed p value of <0.05 was 

considered statistically significant.
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Figure Legends

Figure 1. Survival with or without major morbidity of very preterm infants 

(<32 weeks’ gestation).

Tables Legends

Table 1. Neonatal and maternal characteristics of the study group

Table 2. Delivery room and NICU practices of the study group

Table 3. Incidences of prematurity-related neonatal morbidities
Table 4. Survival without major morbidity and mortality rates
Table 5. Multivariate logistic regression analysis for mortality, NEC, and 

severe IVH in infants ≤28 weeks of gestational age

Table 1. Neonatal and maternal characteristics of the study group
Gestational week Total 23

n (%)
24

n (%)
25

n (%)
26

n (%)
27

n (%)
28

n (%)
29

n (%)
30

n (%)
31

n (%)
Neonatal characteristics

Number of infants 3042 104 193 230 325 381 446 466 451 446

Gestational age, Mean 
(SD), weeks

27(2.2) 23.7(0.4) 24.3(0.3) 25.4(0.3) 26.4(0.4) 27.5(0.4) 28.4(0.4) 29.4(0.3) 30.4(0.3) 31.5(0.3)

Birth weight, Median 
(range), gram

1080(320-
1500)

570(320-
850)

640(520-
950)

760(600-
1060)

870(600-
1280)

970(620-
1320)

1100(730-
1380)

1200(740-
1470)

1330(735-
1500)

1390(750-
1500)

Sex, male(%) 1464(48) 52(50) 98(51) 122(53) 175(54) 172(45) 221(49) 231(49) 204(45) 189(42)

AGA, n(%)
SGA, n(%)
LGA, n(%)

2629(86)
328(11)

85(3)

86(83)
13(12)

5(4)

162(84)
25(13)

6(3)

194(84)
21(9)
15(6)

292(90)
19(6)
14(4)

317(83)
45(12)
19(5)

385(86)
44(10)
17(4)

416(89)
44(9)
6(1)

399(88)
52(11)

-

378(84)
65(15)

3(1)
Multiple birth, n (%) 743(24) 18(17) 43(22) 63(27) 77(24) 84(22) 90(20) 110(23) 132(29) 126(28)

Outborn status 97(3.2) 4(3.8) 6(3.1) 7(3) 8(2.4) 6(1.6) 17(3.8) 15(3.2) 16(3.5) 18(4)
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Maternal characteristics
Age, mean (SD), y 29.2(5) 29.7(6.3) 28.3(6.2) 29.3(5.5) 29(6.2) 29.6(5.6) 29.3(6.1) 29.4(6.5) 29.4(6.6) 29.7(6.1)
Cesarean delivery 2650(87.1) 70(67.3) 149(77.2) 194(84.3) 284(87.3) 342(89.7) 387(86.7) 416(89.2) 410(90.9) 398(89.2)
Antenatal corticosteroid 
therapy

2207 
(72.5)

55(52.8) 125(64.7) 158(68.6) 232(71.3) 288(75.5) 316(70.8) 364(78.1) 339(75.1) 330(73.9)

Primigravida 1442(47) 45(43) 94(48) 101(44) 165(51) 164(43) 201(45) 212(45) 232(51) 228(51)

Maternal diseases 1155(38) 28(27) 57(29) 79(34) 106(33) 151(40) 178(40) 200(43) 167(37) 189(42)

Diabetes 183(6) 1(1) 6(3) 10(4) 7(2) 35(9) 21(5) 37(8) 31(7) 35(8)

Hypertension 588(19) 9(8) 23(12) 27(12) 50(15) 74(19) 78(17) 110(24) 101(22) 116(26)

Preeclampsia 516(17 7(6) 19(10) 25(11) 45(14) 71(18) 64(13) 98(21) 92(20) 95(21)

Eclampsia 26(0.8) 1(1) 1(0.4) 1(0.4) 2(0.6) 3(0.8) 6(1.3) 3(0.6) 2(0.4) 7(1.6)

≥1 Prenatal visit 2258(74) 67(64) 126(65) 164(71) 254(78) 294(77) 313(70) 367(79) 337(75) 336(75)

Abbreviations: AGA, appropriate for gestational age; LGA,large for gestational 
age; SD, standart deviation; SGA, small for gestational age

Table 2. Delivery room and NICU practices of the study group
Characteristics   -Gestational week Total

n (%)
23

n (%)
24

n (%)
25

n (%)
26

n (%)
27

n (%)
28

n (%)
29

n (%)
30

n (%)
31

n (%)
Number 3042 104 193 230 325 381 446 466 451 446
Delivery room resuscitation
      Pozitive pressure ventilation
      Intubation
      Chest compression
      Epinephrine
 Delayed cord clamping for 30 s
 Delayed cord clamping for 60 s

1823(59.9)
1177(38.6)

99(3.2)
40(1.3)

401(13.1)
255(8.3)

101(97.1)
95(91.3)
15(14.4)

3(2.8)
6(5.7)

-

174(90)
151(78)
20(10)
12(6)
12(6)
5(3)

190(82.6)
159(69.1)

10(4.3)
1(0.4)

25(10.8)
14(6)

233(71.6)
175(53.8)

10(3)
3(0.9)

29(8.9)
18(5.5)

257(67.4)
144(37.7)

12(3.1)
5(1.3)

48(12.5)
49(12.8)

273(61.2)
177(39.6)

14(3.1)
7(1.5)

68(15.2)
43(9.6)

231(49.5)
127(27.2)

4(0.8)
4(0.8)

63(13.5)
46(9.8)

190(42.1)
85(19)
6(1.3)
6(1.3)

69(15.2)
39(8.6)

174(39)
59(13.2)

8(1.7)
8(1.7)

81(18.1)
41(9.1)

Surfactant therapy
        DR
        NICU
        DR+NICU

188(6.2)
1573(51.7)
350(11.5)

12(11.5)
55(52.9)
34(32.7)

14(7.3)
122(63.2)

54(28)

31(13.5)
134(58.3)
45(19.6)

27(8.3)
193(59.4)
53(16.3)

22(5.8)
238(62.5)
43(11.3)

34(7.6)
256(57.4)
57(12.8)

26(5.6)
239(51.3)

33(7.1)

18(4)
205(45.5)

18(4)

4(0.9)
131(29.4)

13(2.9)
LISA 244(8) 1(1) 6(3.1) 7(3) 25(7.7) 45(11.8) 39(8.7) 45(9.7) 45(10) 31(7)
MIST 52(1.7) - - 5(2.2) 3(0.9) 9(2.4) 8(1.8) 6(1.3) 13(2.9) 8(1.8)
Postnatal corticosteroids
          Systemic 
          İnhaled

687(22.5)
360(11.8)

17(16.3)
9(8.6)

57(29.5)
30(15.5)

72(31.3)
35(15.2)

118(36.3)
67(20.6)

118(30.9)
66(17.3)

129(28.9)
64(14.3)

93(19.9)
50(10.7)

56(12.4)
28(6.2)

27(6)
11(2.4)

Non-invasive ventilation 1497 
(49.2)

7(6.7) 29(15) 46(20) 101(31) 182(47.7) 215(48.2) 257(55.1) 315(69.8) 345(77.3)

Conventional invasive ventilation
High frequency ventilation

1492(49)
57(1.8)

97(93.2)
6(5.7)

164(84.9)
9(4.6)

184(80)
7(3)

221(68)
14(4.3)

196(51.4)
10(2.6)

227(50.8)
3(1)

197(42)
3(0.6)

126(27.9)
5(1.1)

80(17.9)
-

Duration of invasive mechanical 
ventilation
In the first 7 days, hours (median 
[IQR])
In survivors
In non-survivors

150(140-
160)

120(100-
135)

160(155-
165)

76(66-86)

160(155-
165)

96(90-100)

150(145-
155)

144(135-
150)

145(140-
150)

100(90-
110)

150(140-
160)

118(110-
125)

150(140-
160)

124(110-
132)

144(130-
150)

110(100-
120)

120(110-
130)

144(130-
150)

 
96(80-110)
144(135-

155)

Total parenteral nutrition (TPN), n(%) 2930(96.3) 103(99) 187(96.9) 224(97.3) 323(99.4) 367(96.3) 437(98) 453(97.2) 423(93.8) 413(92.6)

Duration of TPN, days,median(IQR) 12(8-16) 6(4-8) 14(11-18) 16(12-18) 14(10-19) 14(11-18) 13(9-16) 11(8-15) 10(8-12) 9(7-12)
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Administration of oropharingeal 
mothers milk 
                                none
                                < 72 h
                                ≥ 72 h

2254(74)
744(24.5)

44(1.4)

79(76)
21(20.2)

4(3.8)

136(70.5)
54(28)
3(1.5)

176(76.5)
48(20.9)

6(2.6)

233(71.7)
87(26.8)

5(1.5)

272(71.4)
105(27.6)

4(1)

329(73.8)
111(24.8)

6(1.3)

367(78.7)
96(20.6)

3(0.6)

331(73.4)
114(25.3)

6(1.3)

331(74.2)
108(24.2)

7(1.6)
Minimal enteral nutrition  
                                none
                               < 24 h
                               ≥ 24 h

563(18.5)
1348(44.3)
1131(37.1)

53(51)
19(18.2)
32(30.8)

60(31)
54(28)
79(41)

65(28.2)
68(29.6)
97(42)

69(21.2)
138(42.5)
118(36.3)

70(18.3)
171(44.9)
140(36.6)

61(13.7)
198(44.4)
187(41.9)

62(13.3)
230(49.3)
174(37.3)

59(13)
246(54.5)
146(32.3)

64(14.3)
224(50.2)
158(35.5)

Full enteral nutrition, days median 
(IQR)

19(15-24) 122(110-
135)

104(90-
120)

62(54-70) 30(20-38) 22(15-29) 18(14-24) 16(12-20) 13(10-16) 12(9-15)

Full oral feeding, days median(IQR) 49(40-59) 155(140-
170)

140(125-
158)

112(99-
125)

83(70-95) 61(50-75) 50(40-60) 41(30-52) 34(25-42) 26(18-36)

Probiotics 326(10.7) 4(3.8) 13(6.7) 16(6.9) 38(11.6) 56(14.6) 44(9.8) 47(10) 54(12.3) 55(12.3)

Caffein 2709(89) 96(92.3) 184(95.3) 221(96) 321(98.7) 365(95.8) 426(95.5) 426(91.4) 352(78) 318(71.3)

Duration of caffeine, days 
median(IQR)

36(30-42) 28(24-32) 37(30-42) 43(35-50) 45(40-50) 46(42-52) 39(32-48) 34(26-40) 27(20-34) 22(16-28)

Duration of hospitalization, days 
median(IQR)
Duration of hospitalization in 
survivors
Duration of hospitalization in non-
survivors

56(40-73)
18(8-28)

133(110-
150)
12 (6-20)

114(98-
135)

19(10-30)

100(80-
120)

17(9-26)

80(65-96)
23(12-35)

70(60-82)
22(10-36)

61(50-72)
16(9-25)

52(40-64)
18(10-27)

42(35-50)
20(12-32)

37(30-45)
21(14-30)

Abbreviations: DR, delivery room; IQR, Interquartile Range; LISA, less invasive 
surfactant administration; MIST, minimal invasive surfactant therapy; NICU, 
neonatal intensive care unit

Table 3. Incidences of prematurity-related neonatal morbidities
Gestational week Total

n(%)
23

n(%)
24

n(%)
25

n(%)
26

n(%)
27

n(%)
28

n(%)
29

n(%)
30

n(%)
31

n(%)

Number of infants 3042
(100)

104
(3.4)

193
(6.3)

230
(7.6)

325
(10.6)

381
(12.5)

446
(14.6)

466
(15.3)

451
(14.8)

446
(14.9)

RDS 2324(76.
3)

104(100) 187(96.8
)

213(92.6) 292(89.8) 327(85.8) 378(84.7) 330(70.8) 293(64.9) 200(44.8)

BPD    Death before BPD 
diagnosis            
            None
            Diagnosis
            Mild
            Moderate
            Severe

633(20.8)
1207(39.

6)
1202 
(39.5) 

524(17.2)
  231(7.6)

447 
(14.7)

83(79.8)
1(0.9)

   20 
(19.2)
    3(2.8)

4(3.8)
13(12.5)

121(62.6
)

1(0.5)
  71 

(36.7)
17(8.8)
16(8.2)

38(19.6)

104(45.2)
7(3)

119 (51.7)
44(19.1)
25(10.8)
50(21.7)

102(31.3)
37(11.3)

186(57.2)
87(26.7)
33(10.1)
66(20.3)

75(19.7)
86(22.6)

220(57.7)
116(30.4)

36(9.4)
68(17.8)

79(17.7)
143(32)

224(50.2)
108(24.2)
51(11.4)
65(14.6)

37(7.9)
264(56.7)
165(35.4)
83(17.8)
30(6.4)

52(11.1)

21(4.7)
321(71.1)
109(24.1)
49(10.9)
19(4.2)
41(9)

11(2.4)
347(77.8)
88(19.7)
17(3.8)
17(3.8)

54(12.1)

NEC    Death before NEC 
diagnosis
            None 
            Diagnosis
            Stage I
            Stage II
            Stage III

28 (0.9)
2586(85)
428(14)
177(5.8)
155(5)
96(3.1)

5(4.8)
89(80.7)
15(14.4)

2(1.9)
3(2.8)

10(9.6)

6 (3.1)
145(75)
42(21.7)
11(5.7)
18(9.3)
13(6.7)

4 (1.7)
181(78.7)
45(19.5)
15(6.3)
12(5.2)
18(8)

4(1.2)
262(80)
59(18.1)
19(5.9)
24(7.4)
16(4.9)

2 (0.5)
318(83.5)

61(16)
28(7.3)
22(5.6)
11(2.8)

2 (0.4)
378(84.8)
66(14.8)
30(6.7)
22(4.9)
14(3.1)

2 (0.4)
406(8.7)
58(12.4)
31(6.6)
18(3.8)
9(1.9)

1 (0.2)
415(92)
35(7.7)
16(3.5)
16(3.5)
3(0.6)

2 (0.4)
397(89)
47(10.5)
25(5.6)
20(4.5)
2(0.4)

ACCEPTED MANUSCRIPTACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



ROP    Death before ROP 
examination 
            None
            Diagnosis
Anti-VEGF treatment
Laser photocoagulation
Surgical treatment of ROP

102(3.3)
2177(71.

5)
763(25)
148(4.8)
97(3.2)
6(0.2)

10(9.6)
74(71.1)
20(19.3)

9(8.7)
8(7.7)
1(1)

24(12.4)
107(55.4

)
62(32.1)
32(16.6)

9(4.7)
2(1)

15(6.5)
123(53.5)

92(40)
35(15.2)
11(4.8)
1(0.4)

15(46.1)
199(61.2)
111(34.7)

23(7.1)
16(4.9)

-

18(4.7)
218(57.2)
145(38.1)

16(4.2)
23(6)
1(0.3)

10(2.2)
319(71.5)
117(26.3)

11(2.5)
15(3.4)
1(0.2)

6(1.2)
357(76.6)
103(22.2)

11(2.4)
9(1.9)

-

-
385(85.4)
66(14.6)

6(1.3)
2(0.4)

-

4(0.8)
395(88.6)
47(11.6)

5(1.1)
4(0.9)

-

hsPDA       Death before ECHO                        
                  None
                  Diagnosis

166(5.4)
1920(63.

1)
956(31.5)

36(34.6)
21(20.2)
47(45.2)

38(19.7)
55(28.5)
100(51.8

)

28(12.1)
78(33.9)
124(54)

20(6.2)
150(46.2)
155(47.6)

20(5.2)
214(56.1)
147(38.7)

10(2.2)
282(63.2)
154(34.6)

7(1.5)
339(72.7)
120(25.8)

2(0.4)
380(84.3)
69(15.3)

5(1.1)
401(89.9)

40(10)
Sepsis      Sepsis episodes
                 Early neonatal 
sepsis
                 Late neonatal sepsis

1695(55.
7)

589(19.3)
1357(44.

6)

59(56.7)
25(24)

39(37.5)

126(65.3
)

54(28)
92(47.7)

160(69.5)
64(27.8)

124(53.7)

220(67.7)
71(21.8)

186(57.2)

257(6.7)
85(22.3)

214(56.2)

255(57.1)
76(17)

213(47.9)

256(54.9)
88(18.9)

207(44.4)

185(41)
74(16.4)

141(31.3)

177(39.7)
52(11.6)

141(31.6)

IVH    None
           Stage  I
           Stage II
           Stage III
           Stage IV
PVL

2192(72)
360(11.8)
194(6.3)
142(4.6)
125(4.1)
29(0,9)

53(51)
8(7.7)

13(12.5)
13(12.5)
17(16.3)

-

92(47.7)
33(17)

24(12.4)
26(13.5)
14(7.3)

4(2)

128(55.7)
34(14.8)
17(7.4)

27(11.7)
22(9.6)
2(0.9)

191(58.8)
45(13.8)
37(11.4)
25(7.7)
24(7.4)
3(0.9)

262(68.8)
46(12)
32(8.4)
20(5.2)
19(4.9)
2(0.5)

328(73.5)
55(12.3)

27(6)
17(3.8)
12(2.7)
7(1.6)

364(78.1)
57(12.2)
22(4.7)
10(2.1)
10(2.1)
3(0.6)

389(86.2)
41(9)

10(2.2)
2(0.4)
3(0.6)
6(1.2)

385(86.3)
41(9.2)
12(2.7)
2(0.4)
4(0.8)
2(0.4)

Abbreviations: BPD, bronchopulmonary dysplasia; ECHO, echocardiography, 

hsPDA, hemodynamic significant patent ductus arteriosus; IVH, intraventricular 

hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; 

RDS, respiratory distress syndrome; ROP, retinopathy of prematurity; VEGF, 

Vascular endothelial growth factor

Table 4. Survival without major morbidity and mortality rates
Gestational week Total

n(%)
23

n(%)
24

n(%)
25

n(%)
26

n(%)
27

n(%)
28

n(%)
        29

n(%)
      30

n(%)
       31

n(%)
Number of infants 3042 104 193 230 325 381 446 466 451 446

Survival 2381(78.
2)

19(18.2) 66(34.
2)

123(53.5
)

218(67.1
)

303(79.5) 365(81.8
)

426(91.4) 428(94.9
)

433(97.1)

Survival without major 
morbidity

1301(42.
8)

- 13(7.1) 28(12.4) 72(22.3) 133(35.4) 183(41.2
)

252(54.3) 298(66.4
)

322(72.5)

Major morbidities affecting 
survival
IVH ≥ grade 3 or cystic 
PVL
BPD 
NEC ≥ stage 2
Sepsis
ROP ≥ stage 3

296(9.7)
1202(39.

5)
251(8.3)
1695(55.

7)
251(8.3)

30(2.9)
20(19.2)
13(12.5)
59(56.7)
18(17.3)

44(22.
8)

61(31.
6)

31(16)
126(65

.3)
43(22.

2)

51(22.1)
119(51.7

)
30(13)

160(69.5
)

47(20.4)

52(16)
186(57.2

)
40(12.3)
220(67.7

)
39(12)

41(10.7)
220(57.7)

33(8.6)
257(6.7)
40(10.5)

36(8)
224(50.2

)
36(8)

255(57.1
)

27(6)

23(4.9)
165(35.4)

27(5.8)
256(54.9)

20(4.3)

11(2.4)
109(24.1

)
19(4.2)
185(41)
8(1.7)

8(1.8)
88(19.7)
22(4.9)

177(39.7)
9(2)

ACCEPTED MANUSCRIPTACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Mortality 661 
(21.7)

85(81.7) 127(65
.8)

107(46.5
)

107(32.9
)

78(20.5) 81(18.2) 40(8.6) 23(5.1) 13(2.9)

Early mortality (1-6 days) 386 
(12.7)

53(50.9) 80(41.
4)

60(26) 63(19.3) 48(12.5) 41(9.1) 22(4.7) 12(2.6) 7(1.5)

Late mortality (7-28 days) 188(6.2) 26(25) 28(14.
5)

33(14.3) 26(8) 22(5.8) 30(6.7) 11(2.4) 8(1.7) 4(0.9)

Post-neonatal mortality 
(day 29 to until discharge)

87(2.9) 6(5.8) 19(9.8) 14(6) 18(5.5) 8(2.1) 10(2.2) 7(1.5) 3(0.6) 2(0.4)

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular 
hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; 
ROP, retinopathy of prematurity.

Table 5. Multivariate logistic regression analysis for mortality, NEC, and 
severe IVH in infants ≤28 weeks of gestational age

Abbreviations: IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis

Variable Mortality (aOR, 95% 
CI)

p-
value

NEC (aOR, 95% 
CI)

p-
value

Severe IVH (aOR, 95% 
CI)

p-
value

Gestational age (per 1-week decrease) 1.45 (1.30–1.62) <0.001 1.20 (1.08–1.34) 0.001 1.32 (1.18–1.48) <0.001

Birth weight (per 100 g decrease) 1.28 (1.18–1.39) <0.001 1.15 (1.05–1.26) 0.003 1.22 (1.12–1.34) <0.001

Mechanical ventilation (first 7 days, per 
24 h increase) 1.12 (1.06–1.18) <0.001 1.08 (1.03–1.14) 0.002 1.10 (1.05–1.16) <0.001

Neonatal sepsis 2.10 (1.65–2.68) <0.001 1.85 (1.42–2.41) <0.001 1.40 (1.10–1.78) 0.006

Antenatal steroids (any use) 0.68 (0.54–0.85) 0.001 0.75 (0.60–0.95) 0.02 0.70 (0.55–0.88) 0.003

Male sex 1.22 (0.98–1.52) 0.07 1.10 (0.88–1.38) 0.40 1.18 (0.95–1.46) 0.13
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Figure 1. Survival with or without major morbidity of very preterm infants 

(<32 weeks’ gestation).
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Table 1. Neonatal and maternal characteristics of the study group
Gestational week Total 23

n (%)
24

n (%)
25

n (%)
26

n (%)
27

n (%)
28

n (%)
29

n (%)
30

n (%)
31

n (%)
Neonatal characteristics

Number of infants 3042 104 193 230 325 381 446 466 451 446

Gestational age, Mean 
(SD), weeks

27(2.2) 23.7(0.4) 24.3(0.3) 25.4(0.3) 26.4(0.4) 27.5(0.4) 28.4(0.4) 29.4(0.3) 30.4(0.3) 31.5(0.3)

Birth weight, Median 
(range), gram

1080(320-
1500)

570(320-
850)

640(520-
950)

760(600-
1060)

870(600-
1280)

970(620-
1320)

1100(730-
1380)

1200(740-
1470)

1330(735-
1500)

1390(750-
1500)

Sex, male(%) 1464(48) 52(50) 98(51) 122(53) 175(54) 172(45) 221(49) 231(49) 204(45) 189(42)

AGA, n(%)
SGA, n(%)
LGA, n(%)

2629(86)
328(11)

85(3)

86(83)
13(12)

5(4)

162(84)
25(13)

6(3)

194(84)
21(9)
15(6)

292(90)
19(6)
14(4)

317(83)
45(12)
19(5)

385(86)
44(10)
17(4)

416(89)
44(9)
6(1)

399(88)
52(11)

-

378(84)
65(15)

3(1)
Multiple birth, n (%) 743(24) 18(17) 43(22) 63(27) 77(24) 84(22) 90(20) 110(23) 132(29) 126(28)

Outborn status 97(3.2) 4(3.8) 6(3.1) 7(3) 8(2.4) 6(1.6) 17(3.8) 15(3.2) 16(3.5) 18(4)
Maternal characteristics
Age, mean (SD), y 29.2(5) 29.7(6.3) 28.3(6.2) 29.3(5.5) 29(6.2) 29.6(5.6) 29.3(6.1) 29.4(6.5) 29.4(6.6) 29.7(6.1)
Cesarean delivery 2650(87.1) 70(67.3) 149(77.2) 194(84.3) 284(87.3) 342(89.7) 387(86.7) 416(89.2) 410(90.9) 398(89.2)
Antenatal corticosteroid 
therapy

2207 
(72.5)

55(52.8) 125(64.7) 158(68.6) 232(71.3) 288(75.5) 316(70.8) 364(78.1) 339(75.1) 330(73.9)

Primigravida 1442(47) 45(43) 94(48) 101(44) 165(51) 164(43) 201(45) 212(45) 232(51) 228(51)

Maternal diseases 1155(38) 28(27) 57(29) 79(34) 106(33) 151(40) 178(40) 200(43) 167(37) 189(42)

Diabetes 183(6) 1(1) 6(3) 10(4) 7(2) 35(9) 21(5) 37(8) 31(7) 35(8)

Hypertension 588(19) 9(8) 23(12) 27(12) 50(15) 74(19) 78(17) 110(24) 101(22) 116(26)

Preeclampsia 516(17 7(6) 19(10) 25(11) 45(14) 71(18) 64(13) 98(21) 92(20) 95(21)

Eclampsia 26(0.8) 1(1) 1(0.4) 1(0.4) 2(0.6) 3(0.8) 6(1.3) 3(0.6) 2(0.4) 7(1.6)

≥1 Prenatal visit 2258(74) 67(64) 126(65) 164(71) 254(78) 294(77) 313(70) 367(79) 337(75) 336(75)

Abbreviations: AGA, appropriate for gestational age; LGA,large for gestational 
age; SD, standart deviation; SGA, small for gestational age

Table 2. Delivery room and NICU practices of the study group
Characteristics   -Gestational week Total

n (%)
23

n (%)
24

n (%)
25

n (%)
26

n (%)
27

n (%)
28

n (%)
29

n (%)
30

n (%)
31

n (%)
Number 3042 104 193 230 325 381 446 466 451 446
Delivery room resuscitation
      Pozitive pressure ventilation
      Intubation
      Chest compression
      Epinephrine
 Delayed cord clamping for 30 s
 Delayed cord clamping for 60 s

1823(59.9)
1177(38.6)

99(3.2)
40(1.3)

401(13.1)
255(8.3)

101(97.1)
95(91.3)
15(14.4)

3(2.8)
6(5.7)

-

174(90)
151(78)
20(10)
12(6)
12(6)
5(3)

190(82.6)
159(69.1)

10(4.3)
1(0.4)

25(10.8)
14(6)

233(71.6)
175(53.8)

10(3)
3(0.9)

29(8.9)
18(5.5)

257(67.4)
144(37.7)

12(3.1)
5(1.3)

48(12.5)
49(12.8)

273(61.2)
177(39.6)

14(3.1)
7(1.5)

68(15.2)
43(9.6)

231(49.5)
127(27.2)

4(0.8)
4(0.8)

63(13.5)
46(9.8)

190(42.1)
85(19)
6(1.3)
6(1.3)

69(15.2)
39(8.6)

174(39)
59(13.2)

8(1.7)
8(1.7)

81(18.1)
41(9.1)
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Surfactant therapy
        DR
        NICU
        DR+NICU

188(6.2)
1573(51.7)
350(11.5)

12(11.5)
55(52.9)
34(32.7)

14(7.3)
122(63.2)

54(28)

31(13.5)
134(58.3)
45(19.6)

27(8.3)
193(59.4)
53(16.3)

22(5.8)
238(62.5)
43(11.3)

34(7.6)
256(57.4)
57(12.8)

26(5.6)
239(51.3)

33(7.1)

18(4)
205(45.5)

18(4)

4(0.9)
131(29.4)

13(2.9)
LISA 244(8) 1(1) 6(3.1) 7(3) 25(7.7) 45(11.8) 39(8.7) 45(9.7) 45(10) 31(7)
MIST 52(1.7) - - 5(2.2) 3(0.9) 9(2.4) 8(1.8) 6(1.3) 13(2.9) 8(1.8)
Postnatal corticosteroids
          Systemic 
          İnhaled

687(22.5)
360(11.8)

17(16.3)
9(8.6)

57(29.5)
30(15.5)

72(31.3)
35(15.2)

118(36.3)
67(20.6)

118(30.9)
66(17.3)

129(28.9)
64(14.3)

93(19.9)
50(10.7)

56(12.4)
28(6.2)

27(6)
11(2.4)

Non-invasive ventilation 1497 
(49.2)

7(6.7) 29(15) 46(20) 101(31) 182(47.7) 215(48.2) 257(55.1) 315(69.8) 345(77.3)

Conventional invasive ventilation
High frequency ventilation

1492(49)
57(1.8)

97(93.2)
6(5.7)

164(84.9)
9(4.6)

184(80)
7(3)

221(68)
14(4.3)

196(51.4)
10(2.6)

227(50.8)
3(1)

197(42)
3(0.6)

126(27.9)
5(1.1)

80(17.9)
-

Duration of invasive mechanical 
ventilation
In the first 7 days, hours (median 
[IQR])
In survivors
In non-survivors

150(140-
160)

120(100-
135)

160(155-
165)

76(66-86)

160(155-
165)

96(90-100)

150(145-
155)

144(135-
150)

145(140-
150)

100(90-
110)

150(140-
160)

118(110-
125)

150(140-
160)

124(110-
132)

144(130-
150)

110(100-
120)

120(110-
130)

144(130-
150)

 
96(80-110)
144(135-

155)

Total parenteral nutrition (TPN), n(%) 2930(96.3) 103(99) 187(96.9) 224(97.3) 323(99.4) 367(96.3) 437(98) 453(97.2) 423(93.8) 413(92.6)

Duration of TPN, days,median(IQR) 12(8-16) 6(4-8) 14(11-18) 16(12-18) 14(10-19) 14(11-18) 13(9-16) 11(8-15) 10(8-12) 9(7-12)

Administration of oropharingeal 
mothers milk 
                                none
                                < 72 h
                                ≥ 72 h

2254(74)
744(24.5)

44(1.4)

79(76)
21(20.2)

4(3.8)

136(70.5)
54(28)
3(1.5)

176(76.5)
48(20.9)

6(2.6)

233(71.7)
87(26.8)

5(1.5)

272(71.4)
105(27.6)

4(1)

329(73.8)
111(24.8)

6(1.3)

367(78.7)
96(20.6)

3(0.6)

331(73.4)
114(25.3)

6(1.3)

331(74.2)
108(24.2)

7(1.6)
Minimal enteral nutrition  
                                none
                               < 24 h
                               ≥ 24 h

563(18.5)
1348(44.3)
1131(37.1)

53(51)
19(18.2)
32(30.8)

60(31)
54(28)
79(41)

65(28.2)
68(29.6)
97(42)

69(21.2)
138(42.5)
118(36.3)

70(18.3)
171(44.9)
140(36.6)

61(13.7)
198(44.4)
187(41.9)

62(13.3)
230(49.3)
174(37.3)

59(13)
246(54.5)
146(32.3)

64(14.3)
224(50.2)
158(35.5)

Full enteral nutrition, days median 
(IQR)

19(15-24) 122(110-
135)

104(90-
120)

62(54-70) 30(20-38) 22(15-29) 18(14-24) 16(12-20) 13(10-16) 12(9-15)

Full oral feeding, days median(IQR) 49(40-59) 155(140-
170)

140(125-
158)

112(99-
125)

83(70-95) 61(50-75) 50(40-60) 41(30-52) 34(25-42) 26(18-36)

Probiotics 326(10.7) 4(3.8) 13(6.7) 16(6.9) 38(11.6) 56(14.6) 44(9.8) 47(10) 54(12.3) 55(12.3)

Caffein 2709(89) 96(92.3) 184(95.3) 221(96) 321(98.7) 365(95.8) 426(95.5) 426(91.4) 352(78) 318(71.3)

Duration of caffeine, days 
median(IQR)

36(30-42) 28(24-32) 37(30-42) 43(35-50) 45(40-50) 46(42-52) 39(32-48) 34(26-40) 27(20-34) 22(16-28)

Duration of hospitalization, days 
median(IQR)
Duration of hospitalization in 
survivors
Duration of hospitalization in non-
survivors

56(40-73)
18(8-28)

133(110-
150)
12 (6-20)

114(98-
135)

19(10-30)

100(80-
120)

17(9-26)

80(65-96)
23(12-35)

70(60-82)
22(10-36)

61(50-72)
16(9-25)

52(40-64)
18(10-27)

42(35-50)
20(12-32)

37(30-45)
21(14-30)

Abbreviations: DR, delivery room; IQR, Interquartile Range; LISA, less invasive 
surfactant administration; MIST, minimal invasive surfactant therapy; NICU, 
neonatal intensive care unit

Table 3. Incidences of prematurity-related neonatal morbidities
Gestational week Total

n(%)
23

n(%)
24

n(%)
25

n(%)
26

n(%)
27

n(%)
28

n(%)
29

n(%)
30

n(%)
31

n(%)

Number of infants 3042
(100)

104
(3.4)

193
(6.3)

230
(7.6)

325
(10.6)

381
(12.5)

446
(14.6)

466
(15.3)

451
(14.8)

446
(14.9)
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RDS 2324(76.
3)

104(100) 187(96.8
)

213(92.6) 292(89.8) 327(85.8) 378(84.7) 330(70.8) 293(64.9) 200(44.8)

BPD    Death before BPD 
diagnosis            
            None
            Diagnosis
            Mild
            Moderate
            Severe

633(20.8)
1207(39.

6)
1202 
(39.5) 

524(17.2)
  231(7.6)

447 
(14.7)

83(79.8)
1(0.9)

   20 
(19.2)
    3(2.8)

4(3.8)
13(12.5)

121(62.6
)

1(0.5)
  71 

(36.7)
17(8.8)
16(8.2)

38(19.6)

104(45.2)
7(3)

119 (51.7)
44(19.1)
25(10.8)
50(21.7)

102(31.3)
37(11.3)

186(57.2)
87(26.7)
33(10.1)
66(20.3)

75(19.7)
86(22.6)

220(57.7)
116(30.4)

36(9.4)
68(17.8)

79(17.7)
143(32)

224(50.2)
108(24.2)
51(11.4)
65(14.6)

37(7.9)
264(56.7)
165(35.4)
83(17.8)
30(6.4)

52(11.1)

21(4.7)
321(71.1)
109(24.1)
49(10.9)
19(4.2)
41(9)

11(2.4)
347(77.8)
88(19.7)
17(3.8)
17(3.8)

54(12.1)

NEC    Death before NEC 
diagnosis
            None 
            Diagnosis
            Stage I
            Stage II
            Stage III

28 (0.9)
2586(85)
428(14)
177(5.8)
155(5)
96(3.1)

5(4.8)
89(80.7)
15(14.4)

2(1.9)
3(2.8)

10(9.6)

6 (3.1)
145(75)
42(21.7)
11(5.7)
18(9.3)
13(6.7)

4 (1.7)
181(78.7)
45(19.5)
15(6.3)
12(5.2)
18(8)

4(1.2)
262(80)
59(18.1)
19(5.9)
24(7.4)
16(4.9)

2 (0.5)
318(83.5)

61(16)
28(7.3)
22(5.6)
11(2.8)

2 (0.4)
378(84.8)
66(14.8)
30(6.7)
22(4.9)
14(3.1)

2 (0.4)
406(8.7)
58(12.4)
31(6.6)
18(3.8)
9(1.9)

1 (0.2)
415(92)
35(7.7)
16(3.5)
16(3.5)
3(0.6)

2 (0.4)
397(89)
47(10.5)
25(5.6)
20(4.5)
2(0.4)

ROP    Death before ROP 
examination 
            None
            Diagnosis
Anti-VEGF treatment
Laser photocoagulation
Surgical treatment of ROP

102(3.3)
2177(71.

5)
763(25)
148(4.8)
97(3.2)
6(0.2)

10(9.6)
74(71.1)
20(19.3)

9(8.7)
8(7.7)
1(1)

24(12.4)
107(55.4

)
62(32.1)
32(16.6)

9(4.7)
2(1)

15(6.5)
123(53.5)

92(40)
35(15.2)
11(4.8)
1(0.4)

15(46.1)
199(61.2)
111(34.7)

23(7.1)
16(4.9)

-

18(4.7)
218(57.2)
145(38.1)

16(4.2)
23(6)
1(0.3)

10(2.2)
319(71.5)
117(26.3)

11(2.5)
15(3.4)
1(0.2)

6(1.2)
357(76.6)
103(22.2)

11(2.4)
9(1.9)

-

-
385(85.4)
66(14.6)

6(1.3)
2(0.4)

-

4(0.8)
395(88.6)
47(11.6)

5(1.1)
4(0.9)

-

hsPDA       Death before ECHO                        
                  None
                  Diagnosis

166(5.4)
1920(63.

1)
956(31.5)

36(34.6)
21(20.2)
47(45.2)

38(19.7)
55(28.5)
100(51.8

)

28(12.1)
78(33.9)
124(54)

20(6.2)
150(46.2)
155(47.6)

20(5.2)
214(56.1)
147(38.7)

10(2.2)
282(63.2)
154(34.6)

7(1.5)
339(72.7)
120(25.8)

2(0.4)
380(84.3)
69(15.3)

5(1.1)
401(89.9)

40(10)
Sepsis      Sepsis episodes
                 Early neonatal 
sepsis
                 Late neonatal sepsis

1695(55.
7)

589(19.3)
1357(44.

6)

59(56.7)
25(24)

39(37.5)

126(65.3
)

54(28)
92(47.7)

160(69.5)
64(27.8)

124(53.7)

220(67.7)
71(21.8)

186(57.2)

257(6.7)
85(22.3)

214(56.2)

255(57.1)
76(17)

213(47.9)

256(54.9)
88(18.9)

207(44.4)

185(41)
74(16.4)

141(31.3)

177(39.7)
52(11.6)

141(31.6)

IVH    None
           Stage  I
           Stage II
           Stage III
           Stage IV
PVL

2192(72)
360(11.8)
194(6.3)
142(4.6)
125(4.1)
29(0,9)

53(51)
8(7.7)

13(12.5)
13(12.5)
17(16.3)

-

92(47.7)
33(17)

24(12.4)
26(13.5)
14(7.3)

4(2)

128(55.7)
34(14.8)
17(7.4)

27(11.7)
22(9.6)
2(0.9)

191(58.8)
45(13.8)
37(11.4)
25(7.7)
24(7.4)
3(0.9)

262(68.8)
46(12)
32(8.4)
20(5.2)
19(4.9)
2(0.5)

328(73.5)
55(12.3)

27(6)
17(3.8)
12(2.7)
7(1.6)

364(78.1)
57(12.2)
22(4.7)
10(2.1)
10(2.1)
3(0.6)

389(86.2)
41(9)

10(2.2)
2(0.4)
3(0.6)
6(1.2)

385(86.3)
41(9.2)
12(2.7)
2(0.4)
4(0.8)
2(0.4)

Abbreviations: BPD, bronchopulmonary dysplasia; ECHO, echocardiography, 

hsPDA, hemodynamic significant patent ductus arteriosus; IVH, intraventricular 

hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; 

RDS, respiratory distress syndrome; ROP, retinopathy of prematurity; VEGF, 

Vascular endothelial growth factor

Table 4. Survival without major morbidity and mortality rates
Gestational week Total

n(%)
23

n(%)
24

n(%)
25

n(%)
26

n(%)
27

n(%)
28

n(%)
        29

n(%)
      30

n(%)
       31

n(%)

ACCEPTED MANUSCRIPTACCEPTED MANUSCRIPTARTICLE IN PRESS

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Number of infants 3042 104 193 230 325 381 446 466 451 446

Survival 2381(78.
2)

19(18.2) 66(34.
2)

123(53.5
)

218(67.1
)

303(79.5) 365(81.8
)

426(91.4) 428(94.9
)

433(97.1)

Survival without major 
morbidity

1301(42.
8)

- 13(7.1) 28(12.4) 72(22.3) 133(35.4) 183(41.2
)

252(54.3) 298(66.4
)

322(72.5)

Major morbidities affecting 
survival
IVH ≥ grade 3 or cystic 
PVL
BPD 
NEC ≥ stage 2
Sepsis
ROP ≥ stage 3

296(9.7)
1202(39.

5)
251(8.3)
1695(55.

7)
251(8.3)

30(2.9)
20(19.2)
13(12.5)
59(56.7)
18(17.3)

44(22.
8)

61(31.
6)

31(16)
126(65

.3)
43(22.

2)

51(22.1)
119(51.7

)
30(13)

160(69.5
)

47(20.4)

52(16)
186(57.2

)
40(12.3)
220(67.7

)
39(12)

41(10.7)
220(57.7)

33(8.6)
257(6.7)
40(10.5)

36(8)
224(50.2

)
36(8)

255(57.1
)

27(6)

23(4.9)
165(35.4)

27(5.8)
256(54.9)

20(4.3)

11(2.4)
109(24.1

)
19(4.2)
185(41)
8(1.7)

8(1.8)
88(19.7)
22(4.9)

177(39.7)
9(2)

Mortality 661 
(21.7)

85(81.7) 127(65
.8)

107(46.5
)

107(32.9
)

78(20.5) 81(18.2) 40(8.6) 23(5.1) 13(2.9)

Early mortality (1-6 days) 386 
(12.7)

53(50.9) 80(41.
4)

60(26) 63(19.3) 48(12.5) 41(9.1) 22(4.7) 12(2.6) 7(1.5)

Late mortality (7-28 days) 188(6.2) 26(25) 28(14.
5)

33(14.3) 26(8) 22(5.8) 30(6.7) 11(2.4) 8(1.7) 4(0.9)

Post-neonatal mortality 
(day 29 to until discharge)

87(2.9) 6(5.8) 19(9.8) 14(6) 18(5.5) 8(2.1) 10(2.2) 7(1.5) 3(0.6) 2(0.4)

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular 
hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; 
ROP, retinopathy of prematurity.

Table 5. Multivariate logistic regression analysis for mortality, NEC, and 
severe IVH in infants ≤28 weeks of gestational age

Variable Mortality (aOR, 95% 
CI)

p-
value

NEC (aOR, 95% 
CI)

p-
value

Severe IVH (aOR, 95% 
CI)

p-
value

Gestational age (per 1-week decrease) 1.45 (1.30–1.62) <0.001 1.20 (1.08–1.34) 0.001 1.32 (1.18–1.48) <0.001

Birth weight (per 100 g decrease) 1.28 (1.18–1.39) <0.001 1.15 (1.05–1.26) 0.003 1.22 (1.12–1.34) <0.001

Mechanical ventilation (first 7 days, per 
24 h increase) 1.12 (1.06–1.18) <0.001 1.08 (1.03–1.14) 0.002 1.10 (1.05–1.16) <0.001

Neonatal sepsis 2.10 (1.65–2.68) <0.001 1.85 (1.42–2.41) <0.001 1.40 (1.10–1.78) 0.006

Antenatal steroids (any use) 0.68 (0.54–0.85) 0.001 0.75 (0.60–0.95) 0.02 0.70 (0.55–0.88) 0.003
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Abbreviations: IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis

Male sex 1.22 (0.98–1.52) 0.07 1.10 (0.88–1.38) 0.40 1.18 (0.95–1.46) 0.13
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