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↑What is “already known” in this topic: 
Advances in the management of perinatal period, including 
increased use of steroid therapy, mechanical ventilation and 
treatment with surfactant, have been resulted in increasing the 
survival of very preterm infants.   
 
→What this article adds: 

• The overall survival of very preterm infants was 56.70% at the 
end of the one year follow up period.  
• Even with modern perinatal technology and care, early deaths 
of very preterm infants were still common. There is a need for 
equality in resource distribution based on the perinatal 
regionalization program.  
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Abstract 
    Background: Estimation of the survival of very preterm infants is necessary to make decisions and design interventions in order to 
improve their quality of care. This survey aimed to estimate the survival of very preterm infants born at 23 up to 33 weeks of 
gestational age (GA) in Iran.  
   Methods: This population-based retrospective cohort study included 8536 infants born before 33 weeks of GA, from March 21st to 
December 22nd  2013 in Iran. The primary data were extracted from the Iranian national maternal and neonatal registration network 
(IMAN). All infants who have been discharged alive, followed up by telephone contact up to one year after birth. The Kaplan-Meier 
and Log-rank tests were performed to estimate survival and to compare survivals, respectively, using SPSS version 26 and R 3.5.2 
softwares. 
   Results: The overall survival was estimated at 56.70% (95% C.I: 55.60%-57.80%) at the end of the follow-up period. Total death 
rate was estimated at 43.30% and was significantly decreased with increasing birth weight (p<0.0001). Survival was increased 
significantly with increasing GA (p<0.0001), from 5.7% at 23 weeks to 79.6% at 32 weeks. The estimated cumulative proportion of 
death until the end of the neonatal period had a decreasing trend and then had a steady trend until the end of the follow-up period. The 
hazard ratio of quadruple or more birth and GA were 1.46 (p=0.021) and 0.83 (p<0.001), respectively. 
   Conclusion: The overall estimated survival of very preterm infants was not high. Even with modern perinatal technology and care, 
early deaths of very preterm infants were still common.  
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Introduction 
The global burden of preterm births is very high world- wide. Over the world, for at least a decade, prematurity 
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has been the leading cause of neonatal morbidity and mor-
tality. It is estimated 15 million newborns are born pre-
term that accounts for 11 % of births. According to the 
WHO, the birth between weeks 28-32 is considered as 
very preterm birth PTB, and the birth between weeks 22-
28 is considered as extremely PTB. These categories and 
their differences are clinically significant due to an in-
crease in the rate of mortality and morbidity associated 
with the reduction in gestational age (GA) at birth (1, 2). 
On the other hand, perinatal management varies in differ-
ent stages of pregnancy and preterm births are associated 
with higher costs (2, 3). 

The high rates of death and loss of potential for the de-
velopment of under-5 children are major challenges in the 
developing countries. Approximately two-thirds of deaths 
occur during the neonatal period due to insufficient access 
to neonatal intensive care units (NICUs) or inappropriate 
care (4-6) With rising neonatal survival in the 1990s, the 
survival of preterm infants has been associated with many 
severe disabilities. 90% of babies who are born before 28 
weeks survive in HICs, compared with 10% in LMICs. 
Low birth weight (BW) and low gestational age (LGA), 
especially in extremely preterm infants, are associated 
with the increased disease, death, and subsequent compli-
cations such as delay of development, neurological disor-
ders, retinopathy, and visual impairments (7, 8). 

Integrated interventions have several benefits, including 
the optimal use of resources, as well as the feasibility of a 
comprehensive approach to infant-centered care (6). Ad-
vances in the management of the perinatal period, includ-
ing increased use of steroid therapy, mechanical ventila-
tion and treatment with surfactant, and also improvement 
of quality of care, have been resulted in a significant in-
crease in the survival of LGA infants (9).  

It is important to decide whether or not to rescue new-
borns who are at risk of death or major morbidity ethical-
ly. Internationally, there are controversies to decide about 
resuscitation and early interventions for those infants born 
before 25 weeks of gestation (10). Estimation of the sur-
vival of very and extremely preterm infants is necessary to 
make decisions and design interventions in order to im-
prove their quality of care. Perinatal interventions in these 
infants should also be designed to reduce long-term com-
plications (7).  

Clinical decisions in preterm births and counseling par-
ents requires the most relevant estimates about outcomes. 
Although the decision-making process varies from one 
country to another, a European study on the attitude and 
practice of physicians suggests that a large group of Euro-
pean neonatologists attending special care in the delivery 
room or the NICUs suffers some limitations and moral 
dilemmas (11).  

Iranian national maternal and neonatal registration net-
work (IMAN) was launched by the Neonatal Health Of-
fice of the Ministry of Health and Medical Education 
(MOHME) in 2011 to record inpatient birth data. A mid-
wife in each hospital is responsible for entering primary 
data of the live births, such as sex, GA, BW, Apgar score, 
resuscitation measures, and neonatal malformations to 
assess the current situation. The processing of the data 

helps us to analyze the current situation and design the 
necessary interventions at the level of each medical uni-
versity as well as at the national level. Given the high 
prevalence of preterm birth in Iran (9.2%) (12) and be-
cause of the selective bias of survival data which are usu-
ally derived from NICUs , in order to achieve exact esti-
mates for better decisions and interventions, we need pop-
ulation based studies (13). Therefore, this population 
based survey aimed to estimate the survival of preterm 
infants born at 23 up to 33 weeks of GA from birth to one 
year across Iran. 

 
Methods 
This population-based retrospective cohort study in-

cluded 8536 preterm infants born in less than 33 weeks of 
gestation, between March 21st 2013 and December 22nd 
2013 in Iran. Some preterm infants (n=742) were excluded 
from the study due to incompleteness of information.  

After extracting primary data of live births with a 
GA<33 weeks from the IMAN network, including gesta-
tional age, sex, weight, number of newborns, Apgar score, 
resuscitation measures, and neonatal malformations In 
order to increase the credibility of the data, the primary 
data was controlled and completed by the infants’ hospital 
records. In the next step, if the baby had been discharged 
from the hospital alive, the experts were filling out the 
follow-up form by telephone contact with the infant’s 
mother. All infants were followed at the age of one year. 
If it was not possible to make a phone call up to three 
times, the infant would be excluded from the study. Then 
primary and follow up data were merged as a dataset and 
were analyzed. 

The pivotal outcome in this study was specified as in-
fants’ survival during follow up that was defined as being 
alive up to infant one year. Gestational age was defined 
according to an early pregnancy ultrasound scan before 20 
weeks of gestation or a certain date of the last menstrual 
period that has been previously calculated and entered into 
the IMAN network, based on the instructions. Maternal 
age, infant’s sex, BW, the frequency of pregnancy and 
multiple births were assessed as the risk factors to update 
a simple prediction model with a limited number of highly 
predictive variables.  

Descriptive statistics included frequency and percentage 
were expressed for all factors. The Kaplan-Meier method 
was used to calculate the survival between different GAs, 
and a Log-rank test was performed to compare survival. 
The risk of death was demonstrated with hazard ratios in a 
95% confidence interval. The univariate and multiple Cox 
regression analysis was used to investigate the effect of 
variables on infant survival. The stepwise regression anal-
ysis was applied in the multiple Cox regression and the 
multicollinearity problem was completely checked for 
final selection. The proportional hazard assumption (PH) 
was tested based on the scaled Schoenfeld residuals for all 
variables in the Cox regression. The relationship between risk 
factors was calculated using the chi-square test and linear 
trend alternative to independence. All analyzes were per-
formed using the IBM SPSS version 26 and R 3.5.2 soft-
wares. A P-value less than 0.05 was considered significant.  
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Results 
A total of 7737 preterm infants included in the study, 

while 4113 (53.2%) were male and 3624 (46.8%) were 
female. Among All cases, 43.29% died (including 44.37% 
of males and 42.08% of females) during the study. Most 
of the infants (28.80%) were born from mothers aged 26-
30 years which approximately half of them (43.30%) died 
eventually. 199 births (2.60%) belonged to the youngest 
maternal age group (<18 years) and 95(47.74%) of them 
died. In mothers over age 3 years, 801 (10.40%) births 
occurred  and 340 (42.45%) cases died. Most of the in-
fants were born from first pregnancy (49.70%), and al-
most half of them died during the follow-up period. 
Through the six levels of BW, the death rate for BWs  
with less than 500 and 500-750 gm was at least 90%, 
while in the BWs 1500-2000 gm was 15.52%. Further-
more, there was a significant relation between infant’s 
survival status and BW, as the death rate decreased with 
increasing BW (p <0.001). The death rate also declined 

with increasing GA, significantly (p<0.001). At the GA of 
23 weeks, only 5.7% of infants survived and the death rate 
was about 50% at the GA of 28 weeks (Table 1).  

The overall survival was 56.70% (95% C.I: 55.60%-
57.80%) at the end of the study period. In addition, the 
estimated cumulative proportion of survival had a down-
ward trend until the end of the neonatal period and then 
followed a relatively steady trend until the end of the 
study period (Figs. 1 and 2). The difference in survival 
between the 28th and 365th days after birth was only 
0.044 (Table 2).  

The survival was 0.56 (95% C.I: 0.54-0.57) in males 
and 0.57 (95% C.I: 0.56-0.60) in females at the end of the 
study period, which were not significantly different (log-
rank p>0.05). The survival was less than 10% at the BW 
group of 500-750 gm and had an upward trend until the 
rate reached 84% at the BW group of 1500-2000 gm. The 
survival of infants born between 23- 28 weeks of GA was 
less than 50%. Furthermore, the highest survival was ob-

 
Table 1. Frequency distribution of demographic characteristics of preterm infants and their living status 
Variable Total (%) Status p 

Alive (%) Dead (%) 
Infant Sex     
Male 4113 (53.20) 2288 (55.63) 1825 (44.37) 0.042a

Female 3624 (46.80) 2099 (57.92) 1525 (42.08) 
Maternal Age     
<18 199 (2.60) 104 (52.26) 95 (47.74) 0.292b

19-25 2227 (28.80) 1259 (56.63) 968 (43.47) 
26-30 2770 (35.80) 1565 (56.50) 1205 (43.50) 
31-35 1740 (22.50) 998 (57.36) 742 (42.64) 
>35 801 (10.40) 461 (57.55) 340 (42.45) 
Frequency of  Pregnancy     
1 3848 (49.70) 2190 (56.91) 1658 (43.09) 0.398b

2 1725 (22.30) 991 (57.45) 734 (42.55) 
3 1242 (16.10) 695 (55.96) 547 (44.04) 
4 544 (7.00) 296 (54.41) 248 (45.59) 
5 321 (4.10) 184 (57.32) 137 (42.68) 
6 42 (0.50) 23 (54.76) 19 (45.24) 
7 11 (0.10) 8 (72.73) 3 (27.27) 
8 4 (0.10) 0 (0.00) 4 (100.00) 
Multiple Births     
1 5687 (73.50) 3207 (56.39) 2480 (43.61) 0.567b

2 1613 (20.80) 924 (57.28) 689 (42.72) 
3 374 (4.80) 231 (61.76) 143 (38.24) 
≥4 63 (0.80) 25 (39.68) 38 (60.32) 
Birth Weight (g)     
<500 36 (0.5) 0 (0.0) 36 (100.00)  

 
<0.0001b 

500-750 507 (6.6) 50 (9.86) 457 (90.14) 
750-1000 1935 (25.0) 594 (30.70) 1341 (69.30) 
1000-1250 2042 (26.4) 1222 (59.84) 820 (40.16) 
1250-1500 2151 (27.8) 1666 (77.45) 485 (22.55) 
1500-2000 1005 (13.0) 849 (84.48) 156 (15.52) 
Missing 61 (0.8) 6 (9.83) 55 (90.17)  
Gestational Age     
23 106 (1.4) 6 (5.7) 100 (94.3) <0.001b 
24 246 (3.2) 30 (12.2) 216 (87.3) 
25 388 (5.0) 46 (11.9) 342 (88.1) 
26 695 (8.9) 168 (24.2) 527 (75.8) 
27 756 (9.7) 286 (37.8) 470 (62.2) 
28 1172 (15.0) 587 (50.1) 585 (49.9) 
29 1193 (15.3) 746 (62.5) 447 (37.5) 
30 1472 (19.9) 1122 (76.2) 350 (23.8) 
31 1469 (18.8) 1205 (82.0) 264 (18.0) 
32 240 (3.1) 191 (79.6) 49 (20.4) 
Total 7737 (100.00) 4387 (56.70) 3350 (43.30) <0.0001c 
a: chi-square test of independence; b: linear trend alternative to independence; c: the binomial proportion test 
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served at the GA of 32 weeks with a value of 0.80 (95% 
C.I: 0.75-0.85) (Table 3).  

According to the univariate Cox regression results, the 
BW, multiple births, and GA had significant impacts on 
the infants’ survival. A BW of 1500-2000 gm was consid-
ered as the reference group and all other levels were com-
pared with this category. The risk of death in infants 
weighting less than 500 gm was about 32 times more than 
the reference group (p<0.001). The hazard ratio declined 
with increasing BW and the BW group of 1250-1500 gm 
had a 51% higher hazard death ratio compared to the BW 
group of 1500-2000 gm (p<0.001). Among the multiple 
births, only the level of quadruple or more births had a 
significant impact on the hazard ratio compared to the 
singleton as the reference group. Accordingly, the hazard 
ratio for quadruple or more births was about 78% higher 
than singleton birth (p<0.001). GA was used as the nu-
meric variable in the cox regression analysis due to viola-
tion of PH assumption in the categorical form. It was 
showed that per each week increase in GA, death hazard 
decreased by 31% (p<0.001). The multiple birth and GA 
were included in multiple Cox analyses, and the BW was 
removed due to the multicollinearity problem. According 
to multiple Cox regression, the HR of quadruple or more 
births and GA were 1.46 (95% C.I: 1.06-2.01; p=0.021) 
and 0.83 (95% C.I: 0.080-0.85; p<0.001), respectively 
(Table 3). 

 
Discussion 
Awareness of the survival of very and extremely pre-

term infants is necessary to make decisions and design 
interventions in order to improve their quality of life and 
prevent long-term complications. Based on the findings, 
overall survival was estimated at 56.70% at the end of the 
follow-up period. As expected, the survival was increased 
significantly with increasing GA, from 5.7% at 23 weeks 
to 79.6% at 32 weeks; the estimated cumulative propor-
tion of survival had a downward trend until the end of the 
neonatal period and then followed a relatively steady trend 
until the end of the study period. The total death rate was 
estimated at 43.30% and was significantly decreased with 
increasing BW. The survival was less than 10% at the BW 
group of 500-750 gm and had an upward trend until the 
rate reached 84% at the BW group of 1500-2000 gm. In a 
study on 338 infants with BW ≤1500 gm or GA≤32 weeks 
who were hospitalized in NICUs of Iran, from October 
2013 to March 2014, overall survival based on the point of 
discharge from the NICU was estimated at 71% (14). In 
another study on the survival of 194 newborns with the 
BW ≤1500 gm and GA≤30 weeks who had been hospital-
ized in NICUs of the two referral hospitals in Iran, 75% of 
infants survived after 2days, 50% after 14 days, and 25% 
after 69 days (15). In a population-based audit of inpatient 
neonatal care based in the East Midlands and Yorkshire 
regions of England (2013), 2995 white singleton infants 
were born at 23 to 33 weeks’ GA, who survived following 
admission to a NICU, were included in the study. Overall, 
91.9% of the infants survived to discharge including 
91.2% of male infants and 92.6% of female infants (16). 
In a study on the survival of 729 VLBW infants in China 
(2014), the overall survival of the infants to discharge was 
92% which increased with increasing GA and most of the 

 
Fig. 1. Survival pattern of preterm infants during follow up period 
 
 

 
Fig. 2. Survival pattern of premature infants up to 28 days after birth 
 

Table 2. Cumulative proportion of Survival pattern at the end of 
interval times 
Interval Times 
(days) 

Cumulative 
proportion of 

survival 

95% Confidence Interval 
Lower Upper 

0-1 0.863 0.855 0.870 
1-2 0.803 0.794 0.811 
2-7 0.682 0.671 0.692 
7-14 0.638 0.628 0.649 
14-21 0.621 0.610 0.632 
21-28 0.611 0.600 0.622 
28-35 0.604 0.593 0.615 
35-42 0.599 0.588 0.610 
42-49 0.596 0.585 0.607 
49-56 0.594 0.583 0.605 
56-63 0.591 0.581 0.602 
63-70 0.590 0.579 0.601 
70-77 0.589 0.578 0.600 
77-84 0.588 0.577 0.599 
84-91 0.586 0.576 0.597 
91-98 0.585 0.574 0.596 
98-105 0.584 0.573 0.595 
105-120 0.583 0.572 0.594 
120-150 0.581 0.570 0.592 
150-180 0.579 0.568 0.590 
180-210 0.579 0.568 0.590 
210-240 0.577 0.566 0.588 
240-300 0.575 0.564 0.586 
300-365 0.567 0.556 0.578 
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deaths occurred within the neonatal period. The mortality 
rate of VLBW and ELBW infants was 11% and 27%, re-
spectively, which was higher than that in infants with a 
BW ≥1500 gm (17). Shim et al. (2015) in their study on 
the survival of 2,386 VLBW infants in Korea also, report-
ed decreasing mortality rates with increasing BW and GA. 
The survival of Korean VLBW and ELBW infants based 
on the point of discharge from the NICU was 84.8% and 
69.6%, respectively. Comparison of the results of the pre-
sent study with the results of similar studies shows the 
similarity of the trend of survival in preterm infants. De-
spite our study, in most studies, survival has been calcu-
lated from the time of admission in NICUs and therefore 
was more. Higher survival in similar studies can also be 
related to the smaller sample size and short follow up pe-
riod. 

The survival were not significantly different between 
male and female infants at the end of the study period.  
According to multiple Cox regression, the hazard ratio of 
quadruple or more birth and GA were 1.46 and 0.83, re-
spectively. This means that the risk of death is reduced by 
17% per week increasing in GA, and for births of 4 or 
more, the risk of death increases by 46%, comparing with 

single births. In a multicenter study of preterm infants, 
survival improved especially at 30 weeks of GA, and fe-
male and single infants survived more than males and 
multiples (18). A Canadian multicenter study also report-
ed better survival of female infants (19). Multiple preg-
nancies are associated with a greater risk of preterm birth 
and therefore higher rate of infant death.  Based on results 
of the Demographic and Health Survey (DHS, 1990-
2000), the risk of death in multiple births was about six 
times higher than single birth in the neonatal period in 
developing countries (20). Thus, it seems for those infants 
born after 25 weeks, the decision for early interventions 
should be mainly made based on infants’ GA, BW, and 
the number of neonates born in each pregnancy regarding 
the level of regional perinatal care services, which is close 
to results of similar studies (10). Implementation of the 
perinatal regionalization program has been shown to im-
prove utilization of resources and neonatal outcomes (21). 
Although several guidelines have been adopted and im-
plemented to provide standard care, national studies have 
shown the need for better care to improve outcomes of 
preterm infants (22, 23).  

As with any retrospective study, this point can be con-

Table 3. Parameter estimates from the univariate and multiple Cox proportional hazard regression model for infants 
Variable Proportional 

Hazard 
p 

Survival 
(95% C.I) 

univariate  Analysis Multiple Analysis 
Hazard Ratio 

(95% C.I) 
p Hazard Ratio 

(95% C.I) 
p 

Sex of Infants       
Male (reference) 0.19 0.56 (0.54-0.57) 1 ---- 1 ---- 
Female 0.57 (0.56-0.60) 0.94 (0.88-1.00) 0.063 0.96 (0.90-1.03) 0.212 
Maternal Age       
18> (reference) 0.32 0.52 (0.46-0.60) 1 ---- ---- ---- 
19-25 0.56 (0.55-0.59) 0.91 (0.74-1.13) 0.393 ---- ---- 
26-30 0.56 (0.55-0.58) 0.91 (0.74-1.12) 0.387 ---- ---- 
31-35 0.57 (0.55-0.60) 0.89 (0.72-1.11) 0.303 ---- ---- 
>35 0.58 (0.54-0.61) 0.89 (0.71-1.11) 0.293 ---- ---- 
Frequency of  Pregnancy       
1 (reference) 0.77 0.60 (0.55-0.58) 1 ---- ---- ---- 
2 0.57 (0.55-0.60) 0.99 (0.91-1.08) 0.737 ---- ---- 
3 0.56 (0.53-0.59) 1.04 (0.94-1.14) 0.455 ---- ---- 
>4 0.55 (0.52-0.59) 1.05 (0.94-1.17) 0.371 ---- ---- 
Birth Weight (g)  **     
<500 0.06 0.00 (0.00-0.00) 32.25 (25.86-53.66) <0.001 ---- ---- 
500-750 0.09 (0.08-0.13) 14.19 (11.82-17.03) <0.001 ---- ---- 
750-1000 0.31 (0.29-0.33) 6.85 (5.80-8.09) <0.001 ---- ---- 
1000-1250 0.60 (0.59-0.62) 3.00 (2.53-3.56) <0.001 ---- ---- 
1250-1500 0.78 (0.76-0.79) 1.51 (1.26-1.81) <0.001 ---- ---- 
1500-2000 (reference) 0.84 (0.82-0.87) 1 ---- ---- ---- 
Multiple Births  **     
1 (reference) 0.21 0.56 (0.55-0.58) 1 ---- 1 ---- 
2 0.57 (0.55-0.60) 0.98 (0.90-1.06) 0.594 0.97 (0.0.89-1.06) 0.507 
3 0.62 (0.57-0.69) 0.85 (0.72-1.00) 0.055 0.85 (0.72-1.01) 0.066 
>4 0.40 (0.29-0.54) 1.78 (1.29-2.46) <0.001 1.46 (1.06-2.01) 0.021 
Gestational Age  **     
23 0.24 0.06 (0.03-0.12) 0.69 (0.68-0.70) <0.001 0.83 (0.80-0.85) <0.001 
24 0.12 (0.09-0.17) 
25 0.12 (0.09-0.16) 
26 0.24 (0.21-0.28) 
27 0.38 (0.35-0.41) 
28 0.50 (0.47-0.53) 
29 0.63 (0.60-0.65) 
30 0.76 (0.74-0.78) 
31 0.82 (0.80-0.84) 
32 0.80 (0.75-0.85) 
* The p-value of test the Proportional Hazards Assumption of a Cox Regression 
** The significant difference between survivals with p-value less than 0.05 according to Log-Rank test 
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sidered as a limitation because of missing information. 
Given the need for enough time to complete the data by all 
universities, the analysis of the first data set was done with 
delay. But despite other studies, estimation of survival 
after one year follow up period from birth than from hos-
pitalization in NICUs to discharge time is the strength 
point of our study. The results can also be considered as 
baseline survival to compare and determine the variations 
in further years.  

 
Conclusion 
The estimated total survival of very preterm infants 

shows that even with modern perinatal technology and 
care, early deaths of very and extremely preterm infants 
were still common across the country. The findings can 
help us for ethical decision- making to withhold or with-
draw the care of very and extremely preterm infants at the 
time of birth and after it based on available resources and 
survival in different areas. Regionalization of perinatal 
care and decision-making based on survival and influenc-
ing factors, especially in provinces with high percentages 
of preterm infants born outside of level III centers, is rec-
ommended to improve survival and perinatal outcomes. 
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