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Abstract:

Background: Children face the highest risk of dying in their first month of life. The acute neonatal physiology is
significantly affected based on temperature, oxygenation, perfusion, and blood sugar (TOPS). This study was
conducted to investigate the role of TOPS in predicting mortality in transported neonates in our institute.
Materials and Method: This is a prospective observational study was conducted on 373 out-born neonates,
admitted in Special New-born Care Unit (SNCU)/ Neonatal Intensive Care Unit (NICU) of tertiary care hospital.
Complete history, examination, and including Temperature, oxygenation, Perfusion by Capillary Refill Time
(CRT), and blood sugar were recorded in predesigned proforma at the time of admission, and they were followed
till discharge or death. Data thus collected was entered in a Microsoft Excel sheet and was subjected to statistical
analysis.

Results: Out of 373 neonates, 74.3% of neonates were discharged, while 25.7% neonates were expired. 89% of
neonates were referred during the early neonatal period. Derangements in TOPS variables had a significant
correlation with mortality, as shown by the univariate odds ratio. Prolonged capillary refill time was the strongest
predictor of mortality with the highest Odds ratio (18.7%). Among all parameters, hypothermia had the highest
sensitivity (71.8), prolonged CRT had highest specificity (97.7%) and positive predictive value (82.2%), hypoxia
had highest negative predictive value (89%). We found that there is a 100% mortality in neonates with alteration
in all four TOPS variables.

Conclusion: The TOPS score remains a valuable tool for assessing neonatal mortality, particularly in resource-
limited settings.
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Introduction

The first 28 days of life — the neonatal period — is the
most vulnerable time for a child's survival. Children
face the highest risk of dying in their first month of
life at an average global rate of 18 deaths per 1000
live births in 2018. Globally 2.5 million neonates
expired in 2018 — 7000 neonatal deaths every day —
half of them died in their first 24 hours.[1] 98% of
these deaths occurred in developing countries. The
current NMR (Neonatal Mortality rate) contributing
to 44 % of USMR (Under Five Mortality Rate) and
more than 50% of IMR.[2] In our country, 0.7
million neonates died in 2018. The Current NMR is
24 per 1000 live births, thel2® worst among the
lower-middle-income Countries.[1] The current
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NMR of Andhra Pradesh is 27 per 1000 live
births.[3] In India, since 1991, infant mortality rate
(IMR) has been steadily declining at a rate of 2-3
points per year, but this pace of decline has failed to
achieve the MDG 4, which had aimed to reduce the
USMR by 2/3" between 1990 and 2015.[4] From
1991 to 2018 post-neonatal mortality rate was
reduced by 62 % (29 to 8 per 1000 live births), but a
reduction in NMR was only 43% (51 to 24 per 1000
live births). A Decline in early neonatal mortality
rate was even slower, with only a 38% reduction
during this period. Now early neonatal deaths have
become the main component of Infant Mortality,
contributing to more than 50% of total infant
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deaths.[5] Most of the neonatal transport takes place
during this early neonatal period. In recent studies
from India, the mortality rate among out-born
neonates was higher than inborn neonates reflecting
the high death rate among transported neonates.[6]
Prognostication is an essential part of the
Counselling of a sick baby. For this purpose, various
survival scores have been devised and are in use in
developed countries, but these are time- consuming
and require sophisticated equipment.[7,8] There is a
need for a simple, rapid score that does not require
advanced equipment and can be used by
paramedical staff in resource-limited settings. One
of the scores devised by Mathur NB et al[9], and
given the acronym TOPS (temperature,
oxygenation, perfusion, blood sugar). The acute
Neonatal physiology is significantly affected based
on temperature, oxygenation, perfusion, and blood
sugar (TOPS), that have shown to predict the
mortality in transported neonates.[9] We aimed to
investigate the role of TOPS (temperature,
oxygenation, perfusion, blood sugar) in predicting
mortality in transported neonates in our institute.

Materials and Methods

This prospective observational study was in the
Special New-born Care Unit (SNCU)/ Neonatal
Intensive Care Unit (NICU) of tertiary care hospital
from 1/12/2018 to 30/9/2019, after obtaining
approval from Institutional Ethical committee .
Study included 373 neonates up to 28 days of life,
weighing more than 1 kg, who were transported and
admitted in the SNCU/NICU. The neonates with
significant ~ congenital  anomalies,  surgical
conditions, weighing <1 kg, and those who were
referred to higher centre or left against medical
advice were excluded from the study. Complete
history, examination, and vital parameters (TOPS)
were recorded in predesigned proforma at the time
of admission, and they were followed till discharge
or death. The TOPS parameters included
temperature by thermometer probe, oxygenation by
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SPO2 monitoring with the use of pulse oximetry,
perfusion by Capillary Refill Time (CRT) on mid-
sternum, blood sugar by reagent strip and
glucometer. TOPS score was applied to eligible
neonates. Hypothermia (temperature of less than
36.5 C), Hypoxia (spo2 less than 90%), prolonged
CRT (>3 seconds), hypoglycemia (Random Blood
Sugar <45 mg/dl) were taken as abnormal
parameters and given a score of 1, and a score of 2
was assigned to normal parameters. Data thus
collected was entered in a Microsoft Excel sheet and
was subjected to statistical analysis.

Statistical Analysis: Data was analyzed using
statistical presentation system software. Sensitivity,
specificity, positive predictive value, negative
predictive value, odds ratio, chi-square test, arca
under ROC curve were calculated for validation of
TOPS score. A ‘p’ value of <0.05 was taken as
significant.

Results

In this study, of 373 neonates, 197 were male and
176 were female, most of them weighed >2500
grams. (Table 1) Most of the neonates were referred
during the early neonatal period (89%). 89% of
neonates were transported by ambulance. In this
study, we received most of the referrals from district
hospitals (37%), followed by private nursing homes
(26%). The mean gestational age was 35.9 weeks,
and most of the referred neonates were full-term
(46.8%). Mode of delivery was normal vaginal
delivery in majority and 98.1% being delivered at
institution. Most common indication for admission
observed in this study was respiratory distress
syndrome (27%), and prematurity was the most
common cause of mortality in neonates (32.2%).
Hypothermia was observed in 167 patients, hypoxia
in 99 patients, prolonged CRT in 40 patients and
hypoglycemia was observed in 26 patients. (Table 1)

Table 1: Characteristics of Neonates

Parameters Number (n=373) | Percentage (%)
Gender Male 197 52.8
Female 176 47.2
Weight (grams) 1000-1499 51 13.7
1500-2499 134 35.9
>2500 188 50.4
Age at Admission <7 days 332 89
>7 days 41 11
Mode of transport Ambulance 333 89
Self-arranged vehicles 40 11
Referral pattern of | District hospitals 138 37
Neonates Private nursing homes 97 26
Community health centers 79 21
Area hospitals 42 11
PHCs 17 4.5
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Gestational Age (Weeks) 28 TO 31 (early-term) 26 6.9
32 TO 34 (moderate term) 69 18.4
35 TO 36 (late term) 96 25.7
37 TO 42 (full term) 174 46.8
>42 8 2.2
Mode of delivery NVD 193 51.8
LSCS 180 48.2
Place of delivery Institutional 366 98.1
Home and during transport 7 1.9
Indications for Admission | Birth asphyxia 75 20.1
RDS 101 27
Sepsis 95 25.5
MAS 40 10.7
Neonatal jaundice 13 3.6
Low birth weight 20 5.4
Miscellaneous 29 7.7
Cause of Mortality Prematurity 31 32.2%
Sepsis 28 29.1%
Birth asphyxia 24 25.5%
MAS 13 13.2%
Altered Parameters of | Hypothermia 167 44.6%
TOPS Hypoxia 99 26.5%
Prolonged CRT 40 11%
Hypoglycemia 26 7%

*RDS- Respiratory Distress Syndrome, TOPS-
Temperature, Oxygenation, Perfusion, Sugar; CRT-
Capillary refill time; PHC- Primary Healthcare;
MAS- Meconium Aspiration Syndrome; NVD-
Normal vaginal delivery; LSCS- Lower segment
caesarean section

In this study, out of 373 babies, 277 babies were
discharged, and 96 Babies died, resulting in a
mortality rate of 25.7%. (Figure 1)

Outcome

m discharges
m deaths

Figure 1: Outcome in Neonates

In this study, mortality rate was approximately equal
in male and female groups (51% vs. 49%). Early
NMR was observed in majority of the neonates
(72%). The mean duration of transport in our study
was 1.23 hours. We found that mortality rate was
significantly higher in unstable patients (p=0.0003),
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and those with duration of transportation >1 hour
(p=0.0001). There was no difference in the mortality
rate between neonates who were accompanied by
healthcare personnel and those who were not. (Table
2)
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Table 2: Factors Associated with Mortality

Parameters Deaths (n=96) Discharge (n=277) p-value

Gender Male 49 (51%) 148 (53.42%) >0.05
Female 47 (49%) 129 (46.57%)

Age at Death <7 days 69 (72%) 263 (94.94%) <0.001
>7 days | 27 (28%) 14 (5.05%)

Pre-transport Stabilization No 80 (83.33%) 177 (63.89%) 0.0003
Yes 16 (16.66%) 100 (36.10%)

Duration of Transport >1 hour 64 (66.66%) 140 (50.54%) 0.00015
<l hour | 32 (33.33%) 133 (48.01%)

Accompanied Trained | No 24 (25%) 68 (24.54%) 0.9295

Healthcare personnel Yes 72 (75%) 209 (75.45%)

Out of 373 babies, the TOPS parameters were
deranged in 227 babies, of which 56% babies were
discharged successfully, and 44% babies expired.
Hypothermia was observed in 167 babies, of which,
69 died (41.3%). Hypoxia was found in 99 babies,
of which, 67 died (67.7%). Hypoperfusion was
found in 40 babies, of which, majority (82.5%)
expired. Hypoglycemia was found in 7% of babies,

of which, 40 % were discharged and 60% died.
(Table 3) In this study, mortality rate was
significantly higher in neonates with TOPS scoring
of 4 to 6 (76.8%), and those with a score of 7 and 8
(11.7%). (p<0.00001) Thus, a cut-off of two or
more deranged parameters in TOPS had a significant
predictor of mortality.

Table 3: Association of Altered TOPS score with OQutcome

Altered TOPS Score Discharge (n=277) | Death (n=96) | Total (n=373)
Overall Normal (8) 143 (94.5%) 08(5.5%) 151 (40.48%)
Abnormal (<7) 134(56%) 88(44%) 222 (59.51%)
Temperature Normal 179 (86.8%) 27(13.2%) 206 (55.22%)
Hypothermia 98(58.7%) 69 (41.3%) 167 (44.77%)
Oxygenation Normal 245 (89%) 29 (11%) 274 (73.45%)
Hypoxia 32 (32.3%) 67 (67.7%) 99 (26.54%)
Perfusion Normal 270(81.1%) 63(18.9%) 333 (89.27%)
Hypoperfusion 7(17.5%) 33(82.5%) 40 (10.72%)
Random Blood Sugar Normal 266 (77.6%) 81 (29.4%) 347 (93.02%)
Hypoglycemia 11 (40%) 15 (60%) 26 (6.97%)
Total Score 4TO6 19 (23.2%) 63 (76.8%) 82 (21.98%)
7TO8 258 (88.7%) 33 (11.3%) 291 (78.01%)

Among all parameters of TOPS score, hypothermia

had the highest sensitivity (71.8), prolonged CRT
had the highest specificity (97.49) and the highest

positive predictive value (82.5), while hypoxia had
the highest negative predictive value (87.7). (Table
4)

Table 4: Test characteristics of TOPS variables

Parameter Sensitivity | specificity | Positive predictive value | Negative predictive value
Hypothermia 71.8 64.64 41.3 86.8
Hypoxia 70 87.80 67.6 87.79
Prolonged CRT 34 97.49 82.5 81.05
Hypoglycemia 15.62 96 57.6 76.6
Univariate odds ratio analysis showed that strongest predictor of mortality with the highest

derangements in TOPS variables had a significant
correlation with mortality. Prolonged CRT was the

odds ratio (20.2). (Table 5)

Table 5: Comparison of the odds ratio of TOPS variables.

Variable ODDS RATIO p — VALUE
Hypothermia 4.66 <0.00001
Hypoxia 17.5 <0.00001
Prolonged CRT 20.2 <0.00001
Hypoglycemia 4.45 0.0001
Rao et al. International Journal of Current Pharmaceutical Review and Research
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Discussion

In our study of 373 transported neonates, 96 died,
resulting in a mortality rate of 25.7%, (Figure 1)
which is slightly higher than the 20-24% reported in
earlier studies [10-13]. As a major referral center for
Krishna and West Godavari districts, our hospital
receives high-risk cases, possibly explaining the
elevated mortality. A comparable study by Mathur
NB et al[14] reported a higher mortality of 34.2%.
In our study, institutional deliveries accounted for
98.1%, (Table 1) closely matching Baghel AK et al
[15] (99.5%), and exceeding rates reported in earlier
Indian studies. Similar trends have been observed in
developing countries, where institutional births
exceed 95%. Gogia S et al [16] observed a marked
rise in institutional deliveries over the years. This
might be an effect of Janani Shishu Suraksha
Karyakaram, an incentive-based scheme, launched
by the Government of India. Ambulances were the
primary mode of transport (89%) in our study, which
is comparable to the study by Baghel AK et al [15]
(79.51%), However, it is higher than Dalal E et al
[10] (47.3%) and Narang M et al [17] (29.6%). It is
probably an effect of widespread availability of 108
ambulance services. Common referral causes in our
study included prematurity, sepsis, birth asphyxia,
meconium aspiration syndrome,
hyperbilirubinemia, and low birth weight. (Table 1)
Begum A et al [12] reported similar reasons, with
birth asphyxia (38%), prematurity (30.8%), and
meconium aspiration (27.8%) being prominent. In
our study, leading causes of out-born mortality were
prematurity (32%), sepsis (29%), birth asphyxia
(26%), and MAS (13%), which is consistent with
previous literature. [11,12,18,19]

Normal vaginal delivery (NVD) was the most
common mode of delivery (52%), while LSCS
accounted for 48%, which is higher than Verma SK
etal[11] reported (10%). In our study, most neonates
were referred from government facilities: district
hospitals (37%), CHCs (21%), area hospitals (12%),
and PHCs (4.5%), with 25.5% from private centers,
which is in caccordance with the study by Verma SK
et al [11]. In our study, majority (89%) of neonates
were referred during the early neonatal period, and
nearly half (50%) among them were referred within
the first 24 hours, aligning with the study by Verma
SK et al [11], who reported 78.46% and 41%,
respectively. These patterns highlight the need to
strengthen perinatal care at peripheral health centers.
The average transport duration in our study was 1.23
hours, ranging from 20 minutes to 2 hours. Verma
SK et al[11] found 6.41% of transports exceeded 4
hours, while 71.79% took 1-4 hours. A review by
Mori R et al [20] showed that transports over 90
minutes doubled mortality risk, while those lasting
60-89 minutes increased it by 80% compared to
shorter durations (30-59 minutes). Our findings
support the need for prompt, stabilized transfers.
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However, Baghel AK et al [15] and Niermeyer S et
al [21] found no effect of duration of transport on
mortality of the admitted babies.

Only 32% of neonates in our study were stabilized
before transport. (Table 2) Higher mortality was
noted in our study among neonates without proper
stabilization, similar to Mehta N et al [13]. Buch PM
et al [19] observed poor pre-referral stabilization,
whereas Parekh ZR et al [23] reported 59%
stabilization. A healthcare personnel accompanied
75.5% of neonates in our study, compared to 11%
and 28% in studies by Buch PM et al [ 18] and Parekh
ZR et al [19], respectively. However, 108 ambulance
staff are generally not trained in neonatal
resuscitation, and newborn monitoring during
transport is limited. One study found that only 58%
of medical escorts had neonatal resuscitation
training.[23] Despite higher accompaniment rates,
we found no significant mortality difference
between neonates accompanied by healthcare
workers and those who were not.

Hypothermia was the most frequent physiological
alteration, seen in 44.7% of our cases, (Table 1)
which is in accordance with the studies by Dalal E
et al[10] (55%), Verma SK et al[11] (46%), and
Begum A et al[12] (39%), but lower than Baghel AK
et al[15] (74.6%). Hypothermia showed a sensitivity
of 71.8%, specificity of 64%, PPV of 41%, and NPV
of 86%, (Table 4) aligning with the findings by
Verma SK et al [11]. The odds ratio (OR) was 4.66
(p=0.00001), indicating a strong statistical
association with mortality in our study. Severe
hypothermia occurred in 4% of neonates in our
study, with a high mortality rate of 76%.

Hypoxia was the second most common alteration,
observed in 26.5% of cases, which is consistent with
findings of Dalal E et al[10], Verma SK et al[11],
and Begum A et al[12]. In our study, sensitivity,
specificity, PPV, and NPV were 70%, 87%, 67.6%,
and 89.3%, respectively, which is similar to the
study by Verma SK et al [11]. Hypoxia had an OR
of 17.5 (p=0.00001), showing significant predictive
value for mortality. Prolonged CRT, indicating
hypoperfusion, was found in 11% of neonates in our
study, similar to Verma SK et al[11] (14.3%) and
Begum A et al[12] (11%), though lower than rates
reported by Mehta N et al[13] (33.9%), Narang M et
al[17] (69.3%), and Buch PM et al[18] (33.3%). In
our study, 82.5% of neonates with hypoperfusion
died. CRT showed sensitivity of 34%, specificity of
97%., PPV of 82.5%, and NPV of 81.1%, consistent
with Verma SK et al [11]. In our study, OR was 20.2
(p<0.00001), making it the strongest predictor of
mortality. Hypoglycemia was observed in 7% of
neonates in our study, with a mortality rate of 58%.
This is in line with Begum A et al[12] and Buch PM
et al[18], although Verma SK et al[11] (21.28%) and
Mehta N et al[l13] (22.2%) reported higher
incidence. In our study, sensitivity was 15.62%,
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specificity 96%, PPV 57.6%, and NPV 76.6%,
aligning with Verma SK et al [11]. The OR was 4.45
(p=0.0001), confirming statistical significance in
our study.

Our data showed mortality increased with the
number of altered TOPS parameters, consistent with
findings by Mathur NB et al[9], Dalal E et al[10],
Verma SK et al[11], Mehta N et al[13], Baghel AK
et al[15], and Hapani PT et al[19]. The TOPS score
demonstrated fair predictive value for hospital
mortality, with an AUC of 0.934 under the ROC
curve, consistent with previous studies [7,9,11-13]
Among TOPS parameters, delayed CRT had the
highest OR for mortality, followed by hypoxia,
hypothermia, and hypoglycemia, (Table 5) which is
similar to Verma SK et al [11] and Begum A et al
[12]. In contrast, Buch PM et al [18] found a higher
OR for hypothermia than CRT (3.65 vs. 3).
Hypothermia and hypoxia were the most sensitive
indicators, while CRT, hypoglycemia, and hypoxia
were the most specific. Delayed CRT emerged as the
strongest mortality predictor, with all four
parameters showing high NPV. These findings align
with Verma SK et al [11] and Begum A et al [12],
who also observed hypothermia and hypoxia as the
most sensitive predictors and CRT as the most
specific with highest PPV. Mehta N et al [13] found
hypoxia and hypoglycemia most sensitive for
predicting mortality at 48 hours. This study has
several limitations. It lacks a direct comparison
between out-born and in-born neonates and does not
include initial TOPS scores at the referring centers
or during transport, which could have offered better
insight into transport quality and score validation.
Long-term follow-up was not conducted, limiting
assessment of morbidity outcomes. Additionally,
results may be influenced by regional, seasonal, and
socioeconomic factors. Confounding variables such
as gestational age, underlying conditions, maternal
risk factors, and transport duration were not
accounted for during TOPS score validation.

Conclusion

The TOPS score remains a valuable tool for
assessing neonatal mortality, particularly in
resource-limited settings. It proved effective in
predicting mortality among transported neonates,
making it useful for triaging and guiding
resuscitation efforts to improve survival. Mortality
was mainly linked to prematurity, sepsis, asphyxia,
and MAS. Reducing out-born mortality requires
strengthening peripheral healthcare facilities and
ensuring better training for accompanying
personnel. Most neonates were transferred without
adequate pre-referral stabilization, communication,
referral notes, or skilled staff. Additionally,
temperature management during transport is crucial,
as hypothermia remains the most frequently affected
and high-risk parameter.
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