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Abstract

Introduction: Evaluation of the transition from the intrauterine environment in newborns is
carried out with the Apgar score (1953), which provides a quick estimation of the clinical state;
however, it contains subjective variables in its qualification. The new Neonatal Resuscitation
and Adaptation score incorporates neonatal resuscitation interventions. The objective was to
demonstrate the noninferiority of the new score compared to the Apgar score.

Methods: An observational, descriptive, cross-sectional study was carried out that used the
two scores simultaneously. With a sample of 396 neonates. The univariate analysis used ab-
solute and relative frequencies, and the bivarial analysis used ROC curves for diagnostic ac-
curacy and statistical significance tests.

Results: The need for resuscitation was 35.6%, mechanical ventilation was 19.6%, and the di-
agnosis of asphyxia was 22%. The ROC curve that examined the variable asphyxia showed a
Youden index in favor of the new score in the first and fifth minutes, with similar resultsin the
variables mechanical ventilation and neonatal resuscitation.

Conclusion: The neonatal resuscitation and adaptation scores were not lower than the Apgar
score in the assessment of asphyxia. Like its predecessor, it recognizes the need for resusci-
tation as well as the need for mechanical ventilation in neonates with low scores. It is a new
tool with easy application and understanding for the determination of the transition state in
newborns.
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Introduction

Birth is a critical period; therefore, countless investiga-
tions have focused on perinatal conditions and ways
to evaluate it, such as the Neonatal Resuscitation Pro-
gram that was developed by the American Heart As-
sociation and the American Academy of Pediatrics [{],
the ACORN strategy, initial care for neonates at risk [2],
developed by the ACoRN Neonatological Society of
Canada or the STABLE program for post-resuscitation
and pre-transport care for ill neonates [3]. The oldest
score, Apgar, has been more than 60 years since Vir-
ginia Apgar published it; it is used universally to this
day for its speed and ease of performance. It com-
prises 5 components in its evaluation: color, heart rate,
reflexes, muscle tone and respiration. Each of these
components is assigned a score of O, 1, or 2 [4]. Quan-
tify clinical signs of neonatal depression, such as cya-
nosis or paleness, bradycardia, depressive response to
stimulation, hypotonia, and apnea or gasping. It is re-
ported at the first minute and 5 minutes after birth for
all infants and at 5-minute intervals thereafter until 20
minutes for infants with a score less than 7 [4]. Of the
signs previously listed, Dr. Apgar herself indicated in
her original work that color was the least satisfactory
sign to evaluate due to the large difference between
observers. Other signs that can be considered contro-
versial in their qualification are reflexes and muscle
tone, since the latter, for example, can vary signifi-
cantly depending on gestational age [4].

According to the American Academy of Pediatrics
[1] the Apgar score is a convenient method of inform-
ing the newborn's status after birth and the response
to resuscitation. In the Neonatal Encephalopathy and
Neurological Outcome report [5] an Apgar score of O
to 3 at 5 minutes was considered a nonspecific sign of
disease; however, a persistently low score by itself is
not a specific indicator of intrapartum compromise.
Although the score is widely used in studies, its inap-
propriate use has led to an erroneous definition of
birth asphyxia.

Perinatal asphyxia is considered a lack of blood
flow or gas exchange to or from the fetus in the period
immediately before, during or after the birth process,
and it canlead to profound systemic and neurological
sequelae due to decreased blood flow and/or oxygen
to a fetus or baby during the peripartum period [6].

The diagnostic criteria for neonatal hypoxic-is-
chemic encephalopathy are as follows: metabolic ac-
idosis with pH <7.0 (in umbilical cord or infant blood
sample), base deficit -12, APGAR score = five at 10
minutes with a continued need for resuscitation, pres-
ence of multiple organ-system failures, clinical evi-
dence of encephalopathy: hypotonia, abnormal ocu-
lomotor or pupillary movements, weak or absent suck,
apnea, hyperpnea, or clinical seizures, and neurologic
findings that cannot be attributed to other causes (in-
born error of metabolism, a genetic disorder, congen-
ital neurologic disorder, medication effect) [6].

It is important to recognize the limitations of the
Apgar score. Its evaluation is the expression of the
physiological condition of the baby at a point in time,
which includes subjective components, and there are
numerous factors that can influence the score, includ-
ing sedation or maternal anesthesia, congenital mal-
formations, gestational age, trauma, and interob-
server variability [1].

Furthermore, biochemical alterations must be sig-
nificant before the scoreis affected. The score can also
be affected by variations in the normal transition. For
example, lower initial oxygen saturations in the first
few minutes do not require immediate supplemental
oxygen delivery [1].

The incidence of low Apgar scores is inversely re-
lated to birth weight, and a low score cannot predict
the morbidity or mortality of any individual infant [1]. A
change in the score between the first and fifth minute
is a useful index of the response to resuscitation; if it is
less than 7 at 5 minutes, the Neonatal Resuscitation
Program guidelines well that the evaluation should be
repeated every 5 minutes for up to serve 20 minutes
(7].

However, an Apgar score assigned during resus-
citation is not equivalent to a score assigned to a spon-
taneously breathing infant. There is no accepted
standard for reporting an Apgar scorein infants resus-
citated after birth because many of the items that are
scored are altered by resuscitation.

From the above, it is concluded that it is necessary
to concatenate the knowledge acquired over the
years. Therefore, in 2015 Jurdi and Cols. [8], published
the evaluation of a neonatal resuscitation scale called
the Neonatal Resuscitation and Adaptation Score
(NRAS) (Table 1), comparing it with the Apgar score, in
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which the concepts of neonatal resuscitation were in-
cluded.

The new score evaluates 5 parameters compara-
ble to its predecessor: cardiovascular component, with
two elements, heart rate and cardiac compressions;
neurological component with reflex response; and, fi-
nally, a respiratory component related to the supple-
mental oxygen requirement; each element is capable
of measurement and verification [8].

In the NRAS, resuscitation actions also receive ten
points and are recorded in minutes 1 and 5. Similar to
the Apgar score, each element is scored with O, 1 and
2. Inclusion in the new method of elements of the pro-
gram neonatal resuscitation, especially for the respir-
atory component, is where its novelty lies and its ability
to improve the usefulness at the time of reporting on
the need for mechanical ventilation of the resuscitated
neonate [8].

The results obtained in the NRAS study tipped the
balance in favor of the new evaluation method, since
it was superior in relation to the prediction of mortality
and the need for ventilatory support at 48 hours [8, 9].
Furthermore, the strong correlation between the two
scores (r> 0.80 at 1 and 5 min) implies that the ability
of NRAS to assess the infant's status during resuscita-
tion is similar to that of the Apgar score [9].

There were small differences that are significant
between the two systems and that in the results show
the real differences in what each one measures: while
the Apgar focuses on the baby's condition, the NRAS is
more focused on the needs and responses to resusci-
tation of the same. In addition, NRAS was superior in
predicting mortality, as it reduced the number of false
positive scores. An NRAS <7 had higher positive pre-
dictive values than a similar Apgar score for the need
for ventilation at 48 hours of life [9].

A system such as the NRAS could be useful to iden-
tify newborns who deserve subsequent resuscitation,
beyond the current recommendations of the neonatal
resuscitation program, which would allow us to obtain
better long-term results in the treatment of babies re-
quiring supplemental oxygen or positive pressure ven-
tilation at the time of delivery [9]. Therefore, the aim of
the present study was to demonstrate the noninferior-
ity of the new score compared to the Apgar scorein a
Hispanic population in Ecuador.

Population and methods

Design of the investigation
This is an observational cross-sectional study.

Stage

The study was carried out in the neonatology area of
the Enrique Garcés Hospital of the Ministry of Public
Health, Quito, Ecuador. The study period was from
January 1, 2018, to December 31, 2019. The report was
completed on July 30, 2020.

Inclusion criteria

Newborn patients from week 23 of gestation onwards
entered the study. Patients transferred to another
health home, newborns born at home and newborns
arriving at the institution after birth (hours or days)
were excluded. The elimination criteria were cases
with incomplete or inconsistent records.

Study size

The sample calculation was probabilistic and of a sim-
ple random type. The determination of the sample size
was made based on the calculation to estimate a pro-
portion [10], with a 95% confidence interval and 5% er-
ror, and the sample size was 347 cases.

Table 1 Neonatal Resuscitation and Adaptation Score (NRAS)

Ietem/Scor 0 1 2
I(-|CeSrt rate Absent <100 bpm >100 bpm
Cardio- Heartrate im- L
No response to No additional
vascular chest compres- proves to>60 cardiovascular
support sions bpm with chest support
(C2) compressions PP
Incomplete .
Reflex . _ - Full Grasping
response NoGrasping re Grasplng reﬂex reflex (full finger
(N1) flex (partial finger flexion)
flexion)
Supple-
g"x%t:r'l > 40% <40%  Room air (21%)
(R1)
Positive pres-
sure breaths
Respiraciones tavr\::gagtrsezgir;:
Respira- Cosri]ti\?;essilr?r:ef—o_ atory effort No additional
tory Sup- fuerzo respira- CPAP or posi- respiratory sup-
port (R2) P tive pressure port

torio esponta-
neo

ventilation with
irregular spon-
taneous respir-

atory effort

bpm: beats per minute
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Variables

The variables were gestational age, sex, need for ne-
onatal resuscitation, Apgar test, and NRAS score (see
Table ).

Data / Measurement Sources

The data were collected from the normal activities of
the neonatology service. This research work did not in-
volve any additional procedure to the one that is rou-
tinely provided in the initial care of newborns in any
public or private health home nationwide in Ecuador
and has no experimental action on the study subjects,
so this study did not imply any short, medium or long
risks for newborns. The data were compiled in an elec-
tronic spreadsheet to later be transferred to the statis-
tical software.

Statistical method
Descriptive statistics are used through tables, which
represent the absolute and relative frequencies of the
qualitative variables. Diagnostic test analysis using
ROC curves is used.

Results

The study included 396 newborns: 74.48% at term,
24.5% preterm, and 2.02% postterm. They were 55.8%
men and 44.2% women.

According to the Apgar score at the Ist minute,
7.07% had severe depression, and 13.63% had moder-
ate depression. Apgar at the 5th minute, 0.5% had se-
vere depression, and 6.31% had moderate depression.
With the NRAS at the Ist minute, 5.30% had a minute
severe depression and 20.45% had moderate depres-
sion, 20.45%. NRAS at the 5th minute showed that 0.5%
had severe depression and 8.58% had moderate de-
pression.

35.6% of the newborns required neonatal resusci-
tation. Neonates diagnosed with asphyxia were 22%. A
total of 19.7% of the newborns required mechanical
ventilation.

Diagnostic tests

For the neonatal asphyxia variable, using the Ist mi-
nute Apgar and NRAS scores, the area under the curve
was 0.935 for Apgar and 0.968 for NRAS.

0,5

0,69

Sensibilidad

0,44

0,2

Origen de la curva

— A pgariing
s RASMING
Linea de referencia

0.0 T T
00 02 04

a difference of 0.086, statistically significant (P <0.001).

1 - Especificidad

Fig. 1 ROCcurve: Apgarvs. NRAS in Birth Asphyxia at 1st minute. Figure 1 shows the ROC curve that compares the Apgar score and
NRAS at minute 5, evaluating the variable asphyxia. The two tests have veryimportant areas under the curve with values very close
to unity, with 0.878 and 0.964 for Apgar and NRAS respectively, however,the NRAS score is higher with a higher Youdenindex and
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Fig. 2 Neonatal asphyxia measured with the Apgar test (left) and NRAS (right) at minute 5. Figure 2 shows in bars, the distribution of
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the frequencies of those neonates in whom asphyxia was diagnosed in relation to the Apgar score qualification.
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Fig. 3 ROCApgar curve vs. NRAS in Neonatal Resuscitation at minute 5. The graph shows the ROC curve in which the Apgar score
and NRAS at minute 5 are compared, evaluating the neonatal resuscitation variable. The two tests have very important areas under

clearly higher Youden index.

the curve, with values indicating 0.830 for Apgar and 0.920 for NRAS, with a difference of 0.09 in favor of the second test, with a

At the 5th minute, the area under the curve was 0.878
for the Apgar scale and 0.964 for NRAS (Figure 1). The

NRAS score is higher than the Apgar score because it
presents a higher Youden index, and a similar pattern
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is repeated when an extra comparison was made at
minute 10. The Apgar score underestimates the clinical
status score, giving higher scores to patients in whom
the diagnosis of asphyxia is subsequently confirmed,
while NRAS is more accurate in the classification, as
can be observed in the comparison between the bars
in Figure 2.

For the neonatal resuscitation variable at the Ist
minute, the area under the curve for the Apgar test
was 0.91, and for NRAS, it was 0.989. At the 5th minute,
the area under the curve for the Apgar test was 0.83,
and for NRAS, it was 0.92 (Figure 3).

For the variable mechanical ventilation at the 1st
minute, the area under the curve of the Apgar test was
0.85 and that of the NRAS was 0.78. At the 5th minute,
the area under the curve for the Apgar test was 0.74,
and for NRAS, it was 0.89 (Figure 4). ). In an extra as-
sessment at minute 10, values of 0.676 vs.0.780 for Ap-
gar and NRAS, respectively, in this last comparison,
Apgar lost statistical significance, while NRAS main-
tained its superiority with statistical significance at P=
0.004.

Sensitivity and specificity of NRAS

For the variable “neonatal asphyxia”, a high specificity
and a high negative predictive value were obtained.
For the variable “neonatal resuscitation”, a high spec-
ificity, a low sensitivity and a high positive predictive
value were obtained. Finally, in the variable “mechan-
ical ventilation”, a very good specificity and a good
negative predictive value were obtained (Table 2).

Table 2 NRAS diagnostic tests

S E PPV NPV
Birth Asphyxia 0.75 0.94 0.80 0.93
Neonatal resuscitation 054 098 093 0.79
Mechanic ventilation 0.52 0.87 0.5 0.88

S: Sensitivity, E: specificity, PPV: positive predictive value, NPV:
negative predictive value.

Discussion

The sample was calculated in 347 newborns; however,
due to the number of births and the ease of obtaining
the data, it was possible to evaluate 396 newborns
with the two scores performed simultaneously, with the
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Fig. 4 ROCcurve: Apgar vs. NRAS in mechanical ventilation at minute 5. The graph shows the ROC curve in which the Apgar score
and NRAS at minute 5 are compared, evaluating mechanical ventilation. The two tests have significant areas under the curve, whose

Youden index, and a difference between scores of 0.149.

values correspond to 0.742 and 0.89 for Apgar and NRAS respectively, after comparison, the NRAS score is higher with a higher
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qualification in all cases, so all data were included for
analysis, without losses.

The percentage distribution of sex corresponded to
a predominance of sex, at a ratio of 12:1 males in
relation to females.

When the Apgar and NRAS tests were scored at the
first and fifth minutes, similar fluctuations were
evidenced in terms of the estimated classification.

Regarding asphyxia, 22% of newborns confirmed
this diagnosis with blood gas determination. Male
babies were the ones who most frequently presented
this diagnosis, as they represented 63.2% of all cases.
According to international reports, the asphyxia rate is
1 per thousand live births [11], In the present study, 6 per
thousand live births were reported; likewise, when
evaluating the need for neonatal resuscitation, the
international reference was 10% [7, 12, 13], and in the
present study, 35.6% was reported. These differences
are because the center in which the study was carried
out is a second-level unit to which cases refer that
cannot be resolved at the first level of care.

In hospital follow-up, approximately 20% of
neonates required mechanical ventilation, which
contrasts with a regional study carried out in Havana
in which 7% of those admitted received this therapy
[14].

The areas under the ROC curves showed
superiority of the NRAS over the Apgar test in all the
main comparisons, whether for asphyxia, neonatal
resuscitation or mechanical ventilation, statistical
significance was maintained even in evaluations at 10
minutes.

Within the sensitivity and specificity analysis, the
Apgar score was taken as the gold standard.
Regarding the variable asphyxia, NRAS has significant
values that would help in an early evaluation of
asphyxia, as it is one of the main causes of mortality in
newborns [ll]. For the neonatal resuscitation variable,
the sensitivity value was not satisfactory, but the rest of
the results were useful. For the mechanical ventilation
variable, the results reduce the usefulness of this test in
terms of determining the need for it.

A multicenter study at the national level is necessary
to confirm and strengthen the evidence found in this
research work, with amplification in the clinical
variables of the study, with the aim of improving the
specific application of NRAS.

Conclusions

The present study shows that the Neonatal Resuscita-
tion and Adaptation Score is not inferior to the Apgar
score for the diagnosis of asphyxia. It was possible to
define that the NRAS score has a high sensitivity and
specificity for the assessment of asphyxia that could in-
fluence the long-term neurological prognosis in new-
borns. By confirming that the NRAS test is not lower
than Apgar, itcould replace the latter in the initial eval-
uation of the newborn. This new test provides an easy -
to-apply and understandable tool for determining the
transition state in newborns.
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