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Abstract: Background: Limited literature was available on the pattern and determinants of mortality among inborn 
neonates in comparison to the out born ones. The study’s goal was to investigate the patterns and risk factors 
for mortality among hospitalised, on-ventilator inborn and out born neonates. Materials and methods: It was an 
unmatched, case-control, pilot study conducted between January and December 2020 using information retrieved 
from the medical records of patients attending the neonatal intensive care unit (NICU) of a tertiary healthcare fa-
cility, namely Narayan Medical College & Hospital, situated in eastern India. Results: Congenital pneumonia was 
the leading cause of death in inborn neonates, with an overall mortality rate of 33.4%. Meanwhile, the overall 
fatality rate for out born neonates was found to be 43.3%, with birth hypoxia being the most common cause. The 
only significant attribute affecting mortality in inborn neonates was low arterial blood gas (ABG) pH, whereas in 
out born neonates they were prematurity, thrombocytopenia, low ABG pO2, and high pCO2. Overall, new-borns with 
thrombocytopenia, low ABG pO2, and high pCO2 were observed to be at higher risk for mortality compared to others. 
Conclusion: The mortality rate of out born neonates was higher than inborn ones. The attributes affecting mortality 
were observed to be prematurity, thrombocytopenia, low ABG pH, pO2, and high pCO2.
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Introduction

The neonatal period is the most vulnerable one 
in a child’s life. India has made considerable 
progress in reducing the neonatal mortality 
rate (NMR) from 29.5 (2016) to 24.9 (2020) per 
1000 live births, although this was still high 
than the reported global average for the year 
2020 (17 per 1000 live births) [1, 2]. The major-
ity of these neonatal deaths were attributed to 
preterm birth, intrapartum-related issues (birth 
asphyxia or lack of breathing at birth), infec-
tions, and birth abnormalities [3].

In hospital settings, Neonatal intensive care 
units (NICUs) are the most likely place of such 
deaths. Although indications of NICU admis-
sions has differed in developed (i.e., congenital 
abnormalities) and developing countries (i.e., 
prematurity, infections, jaundice, birth asphyx-
ia, pneumonia etc.) [4]. As per available litera-
ture in this regard, predominant causes of NICU 

admissions in India were sepsis, perinatal as- 
phyxia, prematurity, respiratory distress syn-
drome (RDS), meconium aspiration syndrome 
(MAS) and jaundice with the first three being 
the leading causes of mortality [4-7].

Out born neonates were more vulnerable to 
death compared to inborn ones as per the exist-
ing reports [6]. The attributes affecting neona-
tal mortality were reported to be prematurity, 
gestational age, hypoglycaemia, apnoea, pul-
monary and intracranial haemorrhage, sepsis, 
hypoglycaemia, thrombocytopenia, pneumotho- 
rax, shock etc. [5, 7-12]. Sadly, no such relevant 
literature is available from the eastern part of 
India. There is also a paucity of data about  
predictors of mortality for inborn in comparison 
to out born neonates. Therefore, this pilot un- 
matched case-control study was planned to 
investigate patterns and predictors of mortality 
among inborn and out born neonates on venti-
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latory support, admitted in a tertiary care 
health facility in eastern India.

Materials and methods

It was an unmatched, case-control, pilot study 
carried out between January and December 
2020 utilizing information retrieved from the 
medical records of patients attending the neo-
natal intensive care unit (NICU) of a tertiary 
healthcare facility, namely Narayan Medical 
College & Hospital, situated in Rohtas district 
of Bihar, India. An inborn neonate was consid-
ered as a case in this study, while an out born 
ne was recruited as a control. Notably, a new-
born, delivered by a skilled birth attendant 
(SBA) in the study healthcare facility was con-
sidered as inborn. All other births including 
home deliveries who were referred from out-
side to the study healthcare facility for seeking 
NICU care were considered out born. 

The minimum sample size for the study was cal-
culated to be 179 for cases and 358 for con-
trols using OpenEpi (an online sample size cal-
culator), taking into account the death rates of 
inborn and out born neonates as 14.9% and 
25.4%, respectively, as reported by a prior 
study from Uttarakhand by Rakholia R et al. [6], 
two controls for one case, 95% confidence, and 
80% power [13]. Although considering the fea-
sibility and logistic constraints, a record-based 
pilot study conducted among 20% of the small-
est required sample (30 cases and 60 controls) 
to investigate the issue and explore the feasibil-
ity of a larger study. 

All the inborn and out born neonates admitted 
to the SNCU of the Narayan Medical College & 
Hospital during the study period were the 
potential study participants. Incomplete medi-
cal records of neonates with missing study vari-
ables were excluded. Although, there was no 
such incomplete medical record found within 
the sampling frame. During the study period, in 
total 56 inborn and 103 out born neonates 
attended the concerned healthcare facility. 
Using simple random sampling (SRS), the pre-
determined number of samples was chosen 
from the serially numbered census list for both 
groups. Random numbers generated using an 
OpenEpi random number generator [14]. Indi- 
cations for SNCU admission, birth weight, ges-
tational age, hypoglycaemia, intraventricular 
haemorrhage, seizures, pulmonary haemorrh- 

age, shock, ventilator-associated pneumonia 
(VAP), pneumothorax, thrombocytopenia, and 
arterial blood gas (ABG) readings (pH, pO2 and 
pCO2) were the variables that were document-
ed from medical records for the study. These 
variables were considered based on review of 
the literature and their documentation status  
in the study hospital [5-12] (Figure 1).

Ethical issues

Institutional ethics committee (IEC) of the con-
cerned tertiary healthcare facility approved the 
study (reference number: NMCH/IEC/07/2020). 
Since this was a retrospective study using hos-
pital records, informed written consent from 
the study participants cannot be taken. During 
data collection and reporting, anonymity of the 
study participants was assured. The study  
abided all the principles of the Declaration of 
Helsinki.

Statistical analysis

Microsoft Excel was initially used to enter the 
data, which was later imported for analysis into 
the statistical package for social sciences 
(SPSS) (version 16.0). The quantitative vari-
ables of the study were expressed as n (%). 
Assess the difference regarding ventilatory su- 
pport indications between cases and controls, 
the chi-square test of proportion was applied. 
Univariate logistic regression analysis was us- 
ed to determine the relevant factors associated 
with mortality among the study participants, 
and odds ratios (ORs) were used to express  
the strength of the association. The 95% confi-
dence level was taken as the default for all 
inferential statistics.

Results

The overall mortality rate for inborn neonates 
was 33.4%, with congenital pneumonia, persis-
tent pulmonary hypertension of the new-born 
(PPHN) and hyaline membrane disease (HMD) 
accounting for 50.0%, 40.0%, and 37.5% of 
deaths respectively. Although, birth asphyxia 
(47.6%), MAS (46.7%), and HMD (44.5%) were 
the most frequent causes of death among out 
born neonates with an overall mortality rate of 
43.3%. However, there was no discernible dif-
ference in the overall and cause-specific mor-
tality rates of inborn and out born neonates 
(Table 1).
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The only significant attribute affecting mortality 
in inborn neonates was ABG pH (≤7.1) [OR=6.0 
(1.1-31.9)], although for out born neonates it 
was gestational age (<37 weeks) [OR=3.1 (1.0-
9.5)], thrombocytopenia (yes) [OR=13.2 (3.6-
48.2)], ABG pO2 (<50) [OR=7.7 (2.3-25.5)], as 

well as pCO2 (≥60) [OR=11.0 (3.3-36.7)]. 
Overall, those with thrombocytopenia (yes) 
[OR=5.8 (2.1-16.1)], ABG pO2 (<50) [OR=5.1 
(2.0-13.1)], and pCO2 (≥60) [OR=3.1 (1.3-7.5)] 
was observed to be at higher risk for death 
compared to others (Table 2).

Figure 1. Map of India showing the location of the study hospital.

Table 1. Distribution of neonates as per indication of ventilatory support and treatment outcome

Indication of Ventilatory 
Support

Inborn [N=30] Out born [N=60]
P-value*Survivor

N (%)
Death
N (%)

Survivor
N (%)

Deaths
N (%)

Birth Asphyxia 4 (66.6) 2 (33.4) 11 (52.4) 10 (47.6) 0.54
HMD 5 (62.5) 3 (37.5) 5 (55.5) 4 (44.5) 0.78
MAS 3 (75.0) 1 (25.0) 8 (53.3) 7 (46.7) 0.45
Sepsis 2 (66.6) 1 (33.4) 5 (62.5) 3 (37.5) 0.90
CP 1 (50.0) 1 (50.0) 2 (66.6) 1 (33.4) 0.74
AOP 2 (100.0) 0 (0.0) 1 (100.0) 0 (0.0) #
PPHN 3 (60.0) 2 (40.0) 2 (66.6) 1 (33.4) 0.85
Overall 20 (66.6) 10 (33.4) 34 (56.7) 26 (43.3) 0.36
*chi-square test of proportion; #could not be calculated as outcome was null; BA: Birth Asphyxia; HMD: Hyaline membrane 
disease; MAS: meconium aspiration syndrome; CP: Congenital Pneumonia; AOP: Apnoea of prematurity; PPHN: Persistent 
Pulmonary Hypertension of the New-born. 
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Discussions

According to our knowledge, this was the first 
study from eastern India to investigate patterns 
and predictors of mortality among hospitalised 
inborn and out born neonates on ventilatory 

support in a tertiary care hospital in eastern 
India. The mortality rate of out born neonates 
(two out of every five) observed to be higher in 
comparison to inborn ones (one out of every 
three) in the present study. Our observations 
were similar to research from Uttarakhand by 

Table 2. Univariate logistic regression analysis showing predictors of mortality among the study popu-
lation

Predictors Total
n (%)

Inborn [N=30] Out born [N=60] Total [N=90]
Death 
n (%)

OR 
(95% CI)

Death 
n (%)

OR 
(95% CI)

Death 
n (%)

OR 
(95% CI)

Birth weight: (In Kg)
    <2.5 kg 56 (62.2) 6 (33.3) 1.0 (0.2-4.7) 16 (42.1) 0.6 (0.2-1.7) 22 (39.2) 0.7 (0.3-1.7)
    ≥2.5 kg 34 (37.8) 4 (33.3) Ref. 12 (54.5) Ref. 16 (47.1) Ref.
Gestational age: (In weeks)
    <37 36 (40.0) 3 (18.7) 0.2 (0.1-1.2) 13 (65.0) 3.1 (1.0-9.5) 16 (44.4) 1.2 (0.5-2.7)
    ≥37 54 (60.0) 7 (50.0) Ref. 15 (37.5) Ref. 22 (40.7) Ref.
Hypoglycaemia 
    Yes 37 (41.1) 5 (41.7) 1.8 (0.4-8.7) 8 (32.0) 0.4 (0.1-1.0) 13 (35.1) 0.6 (0.2-1.4)
    No 53 (58.9) 5 (27.7) Ref. 20 (57.1) Ref. 25 (47.1) Ref.
Intraventricular haemorrhage 
    Yes 18 (20.0) 4 (50.0) 2.7 (0.5-14.2) 5 (50.0) 1.2 (0.3-4.6) 9 (50.0) 1.5 (0.5-4.2)
    No 72 (80.0) 6 (27.3) Ref. 23 (46.0) 29 (40.3) Ref.
Seizure 
    Yes 22 (24.4) 2 (28.6) 0.7 (0.1-4.8) 4 (26.7) 0.3 (0.1-1.1) 6 (27.3) 0.4 (0.1-1.2)
    No 68 (75.6) 8 (34.8) Ref. 24 (53.3) Ref. 32 (47.0) Ref.

Pulmonary Haemorrhage 
    Yes 12 (13.3) 3 (75.0) 8.1 (0.7-91.8) 3 (37.5) 0.6 (0.1-2.9) 6 (50.0) 1.4 (0.4-4.8)
    No 78 (86.7) 7 (26.9) Ref. 25 (48.1) Ref. 32 (41.0) Ref.
Shock 
    Yes 29 (32.2) 3 (33.3) 1.0 (0.2-5.2) 6 (30.0) 0.4 (0.1-1.1) 9 (31.0) 0.5 (0.2-1.3)
    No 61 (67.8) 7 (33.3) Ref. 22 (55.0) Ref. 29 (47.5) Ref.
Ventilator-Associated Pneumonia 
    Yes 11 (12.2) 1 (33.3) 1.0 (0.1-12.5) 4 (50.0) 1.2 (0.3-5.2) 5 (45.4) 1.2 (0.3-4.1)
    No 79 (87.8) 9 (33.3) Ref. 24 (46.1) Ref. 33 (41.8) Ref.
Pneumothorax 
    Yes 5 (5.5) 1 (50.0) 2.1 (0.1-37.7) 2 (66.6) 2.4 (0.2-27.8) 3 (60.0) 2.1 (0.3-13.5)
    No 85 (94.5) 9 (32.1) Ref. 26 (45.6) Ref. 35 (41.2) Ref.
Thrombocytopenia 
    Yes 57 (63.3) 8 (34.8) 1.3 (0.2-8.5) 24 (70.6) 13.2 (3.6-48.2) 32 (56.1) 5.8 (2.1-16.1)
    No 33 (36.7) 2 (28.5) Ref. 4 (15.4) Ref. 6 (18.2) Ref.
pH 
    ≤7.1 33 (36.7) 6 (60.0) 6.0 (1.1-31.9) 8 (34.8) 0.5 (0.1-1.3) 14 (42.4) 1.0 (0.4-2.4)
    >7.1 57 (63.3) 4 (20.0) Ref. 20 (54.1) Ref. 24 (42.1) Ref.
pO2 
    <50 49 (54.5) 6 (42.8) 2.2 (0.5-10.6) 23 (65.7) 7.7 (2.3-25.5) 29 (59.2) 5.1 (2.0-13.1)
    ≥50 41 (45.5) 4 (25.0) Ref. 5 (20.0) Ref. 9 (21.9) Ref.
pCO2 
    <60 40 (44.4) 5 (50.0) Ref. 6 (20.0) Ref. 11 (27.5) Ref.
    ≥60 50 (55.6) 5 (25.0) 0.3 (0.1-1.6) 22 (73.3) 11.0 (3.3-36.7) 27 (54.0) 3.1 (1.3-7.5)
OR: odds ratio; CI: confidence interval.
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Rakholia et al. [6], which found that out born 
NMR (N=98) (66.2%) was statistically greater 
than inborn NMR (N=50) (33.8%). Although, 
due to un-attainment of the smallest desired 
sample size for the study, we were unable to 
detect a statistically significant difference 
between the two rates. The probable reasons 
for higher mortality among out born infants 
might be unclean birth practices (especially in 
the case of home deliveries), delayed presenta-
tion, mismanagement by faith healers etc.

Contrary to the findings of a study from Northern 
India by Rakholia et al. [6], which revealed that 
respiratory distress syndrome (RDS) was the 
most frequent reason for SNCU admission 
among inborn new-borns, we found that con-
genital pneumonia was the most common 
cause in the present study. Similarly, we found 
that birth asphyxia accounted for the majority 
of SNCU admissions for out born neonates, 
which differed from the observations of Rak- 
holia et al. [6] in which RDS was reported to be 
the most common cause for the same. The vari-
ations in the study population, their health-
seeking behaviour, and other unexplored fac-
tors could handle the variability of obser- 
vations.

We found that those who were premature, 
thrombocytopenic, low ABG pH, pO2 and high 
pCO2 had significantly higher mortality risk. 
Other Indian research has identified perinatal 
asphyxia, sepsis, preterm, birth asphyxia, hypo-
thermia, shock at presentation, severe low 
birth weight, convulsion, and cyanosis as sig-
nificant predictors of neonatal mortality [4, 
6-10]. Although except Rakholia et al. [6], none 
of the studies evaluated the determinants of 
death for inborn in comparison to out born neo-
nates. When taking into account international 
literature concerning this, a study from Egypt  
by G. Hany et al. [15] found that haemorrhage, 
sepsis, and pneumothorax were the three most 
important factors in determining mortality risk 
among neonates. This finding was like our ob- 
servations as we found neonates with pulmo-
nary and intraventricular haemorrhage had a 
higher risk of death. However, these associa-
tions were not statistically significant. We have 
also documented variability between predic-
tors of inborn and out born mortality alone and 
overall mortality. On the other hand, neonatal 
hypothermia, lack of antenatal care (ANC) vis-
its, and a delayed start to breastfeeding were 

listed as important determinants of neonatal 
mortality in a different study from Ethiopia by 
Tolossa et al. [16]. Due to the lack of availability 
of these data in our hospital records, the effect 
of these variables on neonatal mortality could 
not be decided in the current investigation.

The limitations of the study were first, the 
recruitment of study participants from only  
one tertiary healthcare facility. Secondly, non-
attainment of the desired sample size. This was 
a monocentric pilot study conducted among a 
20% sample of the desired minimum number of 
samples. The full sample size for the study 
could not met considering the feasibility and 
logistic constraints. Lastly, the use of unma- 
tched case-control design leads to possible 
selection bias and limits generalisability. Al- 
though, the use of SRS for recruitment might 
have eliminated chances of any selection bias.

Conclusion

Out born neonates were found to be at higher 
risk for mortality compared to the inborn ones. 
Overall, premature neonates with thrombocy- 
topenia, low ABG pH, pO2, and high pCO2 were 
observed to be at higher risk for death com-
pared to others. Studies with a larger sample 
size are required to give more insights into the 
issue.
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