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1 Introduction

Since the original observation, made by VIRGI-
NIA APGAR [1], it has been increasingly evident
that low Apgar scores imply an elevated risk
for development of neonatal respiratory distur-
bance (RD) [5, 7]. It is not clear whether a low
Apgar score represents a causal factor, or if a
low score merely reflects respiratory difficulty
present immediately after birth.
In this work our intention was to further an-
alyze by epidemiological methods the associ-
ation between low Apgar scores and the total
spectrum of respiratory diseases in an unse-
lected population. The influence of varying ges-
tational ages and different modes of delivery
on the risk factor associated with the Apgar
score was studied. Furthermore, we investi-
gated the impact of the various components of
the Apgar score on the incidence of respiratory
disturbance and the association between the
Apgar score and the onset of signs of respirat-
ory disease.

2 Material and methods

In a prospective, epidemiologic study, all live
born infants of mothers living in Gothenburg,
Sweden (about 450,000 inhabitants) were
screened over one year for signs of respiratory
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disease. This unselected population could be
obtained since virtually all infants in Gothen-
burg are born in the two maternity hospitals.
The approximate number of deliveries, general
standard, equipment, treatment principals and
neonatal care are the same in both hospitals.
During the year of study, all infants were as-
sessed by Apgar score and screened for devel-
opment of signs of respiratory disease accord-
ing to a special routine developed for the study.
Apgar scores at one and five minutes after birth
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were assessed by the midwife or obstetrician on
duty. Apgar scores of 0 — 6 were classified as
low, and 7 —10 as high.
All infants who developed one of the following
signs were considered to have a respiratory
disturbance: a breathing frequency of > 60/
min or < 30/min for at least three hours, expi-
ratory grunting or retractions of the chest wall,
at the age of two hours or later, central cyanosis
or apneic spells. All infants fulfilling these crite-
ria were supervised in a neonatal unit and moni-
tored according to a fixed program.
Gestational age was assessed from the number
of complete weeks from the onset of the
mother's last menstrual period, from ultra-
sound examinations of the biparietal diameter
early in pregnancy and from clinical evaluation
of the infants based on external characteristics
according to FINNSTRÖM [4]. When maternal
data were uncertain or when there was a dis-
crepancy of two weeks or more between ma-
ternal and infant data, the results of the latter
were used. For the analysis the infants grouped
according to gestational age into those up to
32 weeks, between 33 and 36 weeks, and 37
weeks or more.
All information was stored and analyzed using
a specially designed computer program, and
supplementary data concerning Apgar score
distribution in healthy term infants were ob-
tained from the National Birth Registration.
For statistical analyses the chi-square test with
Yate's modification and the median test were
used.

3 Results

During the year 4,656 infants were born alive
in Gothenburg. Two hundred and forty-one
infants were preterm, i. e. < 36 gestational
weeks. There were 528 cesarean sections, which
constitutes 11.3 per cent of the deliveries.
Two hundred and sixteen infants (4.6 per cent)
had low Apgar scores at one minute and 62
(1.3 per cent) at five minutes. In figure 1, one
and five minute Apgar scores are related to
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Figure 1. Incidence rate of low Apgar score (< 7) at one
and five minutes in the population, related to gestational
age.

gestational age. The Apgar distribution is
closely related to gestational age, with a higher
incidence of low Apgar scores at low gestational
ages.
Table I gives the incidence rates of RD at high
and low Apgar scores at different gestational
ages and also related to mode of delivery.
In term infants of vaginal delivery the incidence
rate of RD was substantially higher when Ap-
gar score at one minute was low than when
Apgar score at one minute was high, 26 per
cent versus 3 per cent. The incidence after a
low five minute Apgar score was 43 per cent.

Thus in these term infants a low Apgar score
at five minutes implied an even greater risk for
RD than a low one minute score. The same
pattern was seen after cesarean section but the
difference reached statistical significance at five
minutes scores only.
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Table I. Incidence rate of respiratory disease at high and low one and five-minute Apgar scores. The results are
related to gestational age and route of delivery.

Route of
delivery

Vaginal

Cesarean

Gestational
age (weeks)

<32

33-36

> 37

<32

33-36

>37

Apgar score

> 7

14/14
(100%)
36/117
(31%)

118/3861
(3%)
2/3

(67%)
21/47
(45%)
75/397
(19%)

1'

< 7

20/20
(100%)
10/14
(71%)

27/102
(26%)
9/10
(90%)
9/16
(56%)

14/55
(25%)

P

.99

.007

«.001

.96

.61

.33

Apgar score

> 7

20/20
(100%)
42/126
(33%)

135/3940
(3%)
7/11

(64%)
29/61
(48%)
81/438
(18%)

5'

< 7

12/14
(86%)
4/5
(80%)

10/23
(43%)
4/4

(100%)
1/2
(50%)
8/14
(57%)

P

.32

.096

«.001

.46

.52

.0012

In infants born between 33 and 36 weeks of
gestation there was a significantly higher inci-
dence of RD after vaginal delivery with low
Apgar score at one minute (71 per cent) than
when the Apgar score was high (31 per cent).
After cesarean section, no significant differen-
ces were found, and the picture did not change
when emergency and elective cesarean sections
were analyzed separately, both in this group
and in full term infants. A low Apgar score at
five minutes did not imply any additional risk.

Infants below 33 weeks of gestation were few
in number, and the incidence rates of RD were
generally high. No significant differences be-
tween high and low Apgar scores were found.

When only the 195 infants with RD lasting
more than 24 hours were considered in the
analysis the same pattern was found (table II).
A low one minute Apgar score implied an in-
creased incidence rate from 1.5 to 8.8 per cent
in the vaginal group and from 4.5 to 20 per

Table II. Incidence rate of respiratory diseases lasting more than 24 hours at high and low one and five-minute
Apgar score. The results are related to gestational age and route of delivery.

Route of
delivery

Vaginal

Cesarean

Gestational
age (weeks)

< 32

33-36

> 37

<32

33-36

>37

Apgar score

> 7

8/14
(57%)
20/117
(17%)
56/3861
(1%)
2/3

(67%)
9/47

(19%)
18/397
(5%)

r
< 7

8/20
(40%)
7/14

(50%)
9/102
(9%)
7/10

(70%)
4/16

(25%)
11/55
(20%)

P

.52

.012

«.001

.71

.89

<.001

Apgar score

> 7

11/20
(55%)
24/126
(19%)
64/3940
(2%)
6/9

(67%)
12/61
(20%)
21/438
(5%)

5'

< 1

5/14
(36%)

3/5
(60%)
6/23

(26%)
3/4

(75%)
1/2

(50%)
3/14

(21%)

P

.45

.098

«.001

.65

.88

.033
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cent in the cesarean group. A low five minute
score further increased the incidence rate in
both groups, to 26 per cent after vaginal and
21 per cent after cesarean delivery.

Meperidine (Pethidine), given to 30% of
mothers of preterm infants and 20% of mothers
of full term infants was not a confounder as
the incidence rate of RD was the same whether
meperidine was given or not, in preterm as well
as full term infants.
In order to elucidate whether onset of signs of
RD was more rapid in infants with low Apgar
scores compared to those with high scores the
interval from birth to the first appearance of
signs of RD was noted (table III). There were
no statistically significant differences between
the groups with the exception of infants of
33 — 36 weeks born by cesarean section. In this
group newborns with high Apgar scores had a
significantly later onset of signs of RD (0.9
versus 0.3 hours). In the majority of the cases,
signs of RD did not appear immediately after
birth but from 0.5 up to 4 hours later. The signs
appeared somewhat earlier in preterm infants

than in term infants. No differences attributable
to mode of delivery were found.
To evaluate whether any particular component
in the Apgar score was more predictive of res-
piratory disease than the others, all infants with
low one minute Apgar scores were analyzed.
The same distribution of the components of the
score was seen in all groups (x2-test; n. s.)
(figure 2). The respiratory effort was no more
affected than the other signs in the Apgar score.
Infants < 32 weeks are not included in the
figure since there were few such infants in each
category.

4 Discussion

It has been demonstrated that the Apgar score
is not a reliable measure of intrauterine as-
phyxia [9]. Both this study and previous ones
have shown that a low Apgar score is a remark-
ably powerful risk factor for neonatal respirat-
ory disturbance in full term infants. Conse-
quently, this power should be based on other
mechanisms than fetal asphyxia. The great

Table III. Onset of respiratory disease (RD) in infants with high and low one minute Apgar scores and after
different routes of delivery. Time for onset of respiratory signs was missing for some infants and thus the number
in each category is not always the same as that given in tables I and II.

Route of Gestational
delivery age (weeks)

< 32

Vaginal 33-36

> 37

< 32

Cesarean 33 — 36

>37

Apgar score at one minute

> 7

Infants
with RD
(N)

12

36

112

2

21

68

Median
and ranges
(hours)

0.4
0-1
0.9
0-13
2.0
0-86
0.3
0.1-0.5
0.9
0-8
1.0
0-12

< 7

Infants
with RD
(N)

17

9

24

8

9

13

Median
and range
(hours)

0.3
0-14
0.6
0-8
1.3
0-26
0.6
0-2.4
0.3
0-2
0.4
0-6

P

.46

.40

.16

.44

.037

.81
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Figure 2. Mean rates of the components of Apgar score
in infants with and without respiratory disturbance
(RD). Results from all infants between 33 and 36 weeks
of gestation and above 37 weeks with one minute Apgar
score < 7 are shown.
Η = heart rate, R = respiration, C = color, T = mus-
cle tone, I = reflex irritability.

majority of the infants with respiratory signs in
this study had disturbances of short duration
with or without pathological chest films. They
fit diagnostic criteria for 'transient tachypnea'
[2] or 'pulmonary maladaptation'/'mild respir-
atory disease' [7].
As expected we found that preterm infants in
general run considerably higher risks for RD
than term infants do. On the other hand the
importance of a low Apgar score as an addi-
tional risk factor is reduced or becomes negligi-
ble when gestational age is low. The effect of
a low Apgar score was less pronounced after
cesarean section than after vaginal delivery.

It is generally believed that alveolar or intersti-
tial edema is the dominating phenomenon in

the main neonatal lung disorders. In animal
studies it has been well demonstrated that cate-
cholamines play an important part in eliminat-
ing fluid from the lungs before and at term
birth [10]. In animals this mechanism cannot
be elicited before term [10]. If this is also true
in humans it may offer one explanation of
the high incidence rate of RD among preterm
infants. It has also been shown that mildly
acidotic, term infants with low Apgar scores
have lower levels of catecholamines in cord
blood than infants with high scores, suggesting
that the Apgar score, to some extent, may re-
flect sympathoadrenal activity at birth [8].

These observations may offer an explanation
for our results. The risk factors for RD, identi-
fied in the analysis, low gestational age and low
Apgar scores, may be associated with a failure
to release or respond to catecholamines at birth
and hence to eliminate lung fluid effectively.
Such a common mechanism may also explain
the interdependence of the risk factors, and
why the risk factor associated with low Apgar
score is most powerful in full term infants.
The reduced power of this factor after cesarean
section is also compatible with the hypothesis
that abdominal delivery per se disposes to neo-
natal lung hyperhydration leading to respirat-
ory disease.
According to the hypothesis presented, a low
Apgar score is a marker of a disturbed adaption
process also associated with lung hyperhydra-
tion. Other data suggest that low vitality imme-
diately after birth may play a more direct part
in the pathogenesis of neonatal lung disease.
Lung expansion at the first breaths after birth
has been shown to be important for the estab-
lishment of appropriate lung circulation, and
also for lung surfactant release [6]. Conse-
quently, failure to expand the lungs effectively
after birth may lead to interstitial edema forma-
tion due to high surface tension and to partial
atelectasis. BOON et al. [3] also found the forma-
tion of functional residual capacity after birth
to be delayed in newborn infants with low Ap-
gar scores. This means that anything affecting
the fetus and the newborn severely enough to
cause low vitality at birth, and thus a low Apgar
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score, such as cerebral birth trauma, anoxia or
anesthetic agents, may also initiate a distur-
bance of the lung adaption process leading to
respiratory difficulty. In this context it is of
interest to note that in the group with low
Apgar scores the distribution of the various
components of the score was the same in infants
who developed RD and those who did not. One
might speculate that if RD was only an effect
of lung water retention, the respiratory compo-
nent of the score would have been lower among
infants who developed RD.

Although most of our data may be explained
by the catecholamine hypothesis, there is no
doubt that insufficient initial lung expansion
may play an important part as an alternative
mechanism in explaining the relationship be-
tween low Apgar scores and neonatal RD. We
could exclude RD after a low Apgar score being
merely a prolongation of the initial respiratory
difficulty. In the infants with RD, regardless of
Apgar score level, there was normally an inter-
val free from respiratory signs after birth. Why
this period exists remains to be explained.

Summary

The value of the Apgar score as a risk factor for all
neonatal respiratory disturbances (RD) was evaluated
in a prospective study of an unselected population. All
liveborn infants (n = 4656) of mothers living in Gothen-
burg were screened over one year for signs of respiratory
disease. This unselected population could be obtained
since virtually all infants in Gothenburg are born in two
maternity hospitals, with similar treatment principles,
the same equipment standard and neonatal care. A low
one minute Apgar score (< 7) was found to be a power-
ful risk factor for RD in full term newborns and infants
of 33 — 36 weeks gestation provided that the delivery
had been vaginal. In these infants a low Apgar score at
five minutes further increased the risk of RD. In imma-
ture infants < 32 weeks and after cesarean section in
all gestational ages a low Apgar score did not mean
any additional risk of RD (table I). The respiratory
component in the Apgar score was not more predictive

of RD than any of the others (figure 2). In most infants
with RD, irrespective of Apgar score, there was a few
hours interval free from respiratory signs after birth
(table III).
It has been well shown in other studies that Apgar score
is not a reliable index of intrauterine or birth asphyxia.
Nevertheless the one-minute score is a powerful predic-
tor of neonatal respiratory difficulties. One explanation
might be that Apgar score is correlated with sympa-
thoadrenal activity at birth. Another might be that the '
vitality in the period immediately after birth — reflected
by the Apgar score — is crucial for the ability of the
infant to expand the lungs effectively after birth. This
may affect the respiratory adaptation in the postnatal
period by hampering the ability to eliminate lung water,
by suppressing surfactant release or by other mechan-

Keywords: Apgar score, neonatal asphyxia, newborn infant, respiratory disorders.

Zusammenfassung

Niedriger Apgar-Score als Risikofaktor für pulmonale
Komplikationen bei Neugeborenen
In einer prospektiven Studie wurde in einem unselektier-
ten Kollektiv die Aussagekraft des Apgar-Scores als Risi-
kofaktor für respiratorische Störungen beim Neugebore-
nen geprüft. In einem Zeitraum von einem Jahr wurde
bei allen lebendgeborenen Kindern in Gothenburg
(n = 4656) ein Screening durchgeführt, um respiratori-
sche Störungen zu erfassen. Die Zusammenstellung die-
ses großen Kollektivs war deshalb möglich, weil alle
Kinder in Gothenburg in zwei großen Entbindungsklini-
ken geboren werden, die mit vergleichbaren Behand-
lungsprinzipien sowie ähnlicher technischer Ausrüstung
und Neonatologie arbeiten. Bei Reifgeborenen und bei
Kindern aus der 33. —36. Gestationswoche, soweit sie

vaginal entbunden wurden, war ein niedriger Apgar-
Wert l Minute post partum (< 7) ein sehr aussagekräfti-
ger Parameter im Hinblick auf die Entwicklung pulmo-
naler Komplikationen. Bei diesen Kindern war das Ri-
siko bei einem niedrigen Apgar-Wert nach 5 Minuten
nochmals erhöht. Bei unreifen Kindern < 32 Wochen
und nach Sectiones unabhängig vom Schwangerschafts-%
alter bedeutete ein niedriger Apgar-Score kein erhöhtes
Risiko (Tabelle I). Die Beurteilung der Atmung im Ap-
gar-Score war nicht aussagekräftiger als andere Parame-
ter im Hinblick auf die Entwicklung respiratorischer
Störungen (Abb. 2). Bei den meisten Kindern mit pulmo-
nalen Komplikationen war, unabhängig vom Apgar-
Score, zunächst ein Intervall von wenigen Stunden, in
dem die Atmung ungestört war (Tabelle III).
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In anderen Untersuchungen wurde nachgewiesen, daß
der Apgar-Score keine zuverlässige Aussage über intra-
uterine oder subpartuale Asphyxien liefert. Trotzdem
ist der l-Minuten-Wert ein wichtiger Hinweis, was die
Entwicklung respiratorischer Störungen beim Neugebo-
renen betrifft. Eine mögliche Erklärung ist, daß der
Apgar-Score mit der sympathoadrenergen Aktivität zum
Zeitpunkt der Geburt korreliert. Darüber hinaus ist die

Vitalität unmittelbar post partum, die sich im Apgar-
Score ausdrückt, entscheidend für die Fähigkeit des
Neugeborenen zur effektiven Lungenexpansion. Ist die
Vitalität beeinträchtigt, wird die respiratorische Adapta-
tion in der Postnatalperiode durch mangelhafte Elimi-
nierung von Lungenwasser, Unterdrückung der Surfac-
tant-Ausschüttung oder andere Mechanismen gestört

Schlüsselwörter: Apgar Score, neonatale Asphyxie, Neugeborenes, respiratorische Störungen.

Resume

Le score d'Apgar bas comme facteur de risque de troubles
respiratoires chez le nouveau-ne
On a evalue dans une etude prospective sur une popula-
tion non selectionnee la valeur du score d'Apgar comme
facteur de risque de l'ensemble des troubles respiratoires
(TR). Tous les enfants nes vivants (n = 4656) de meres
habitant in Gothenburg ont etc examines pendant un
an a la recherche de signes d'affections respiratoires.
On a pu obtenir cette population non selectionnee car
pratiquement tous les enfants de Gothenburg sont nes
dans deux maternites hospitalieres qui appliquent des
principes therapeutiques semblables, qui possedent les
memes equipements Standards et pratiquent les memes
soins neonataux. On a mis en evidence le fait qu'un
score d'Apgar bas ä une minute (< 7) est un excellent
facteur de risque de TR chez les nouveaux-nes ä terme
et chez les enfants de 33 — 36 semaines gestationnelles ä
condition que l'accouchement ait etc effectue par voie
basse. Chez ces enfants un score d'Apgar bas ä cinq
minutes augmente encore le risque de TR. Chez les
enfants prematures de moins de 32 semaines et nes par
cesarienne quel que soit l'äge gestationnel, un score

d'Apgar bas n'apporte pas de risque supplementaire de
TR (tableau I). La composante respiratoire du score
d'Apgar n'est pas plus predictive de TR que les autres
composantes (figure 2). Chez la plupart des enfants avec
TR, quel que soit le score d'Apgar, il existe un Intervalle
libre de quelques heures apres la naissance sans signes
respiratoires (tableau III).
D'autres etudes ont bien montre que le score d'Apgar
n'est pas un indice fiable d'asphyxie intra-uterine ou ä
la naissance. Neanmoins, le score d'Apgar a une minute
est un excellent moyen de prevoir des difficultes respira-
toires neonatales. Une explication de ce fait pourrait etre
que le score d'Apgar est correle ä l'activite sympathique ä
la naissance. Une autre explication pourrait etre que
la vitalite dans la periode qui suit immediatement la
naissance, refletee par le score d'Apgar, est cruciale pour
la capacite d'expansion efflcace des poumons apres la
naissance chez les enfants. Cela pourrait affecter adap-
tation respiratoire dans la periode postnatale en entra-
vant la capacite d'eliminer le liquide pulmonaire, en
supprimant la liberation de surfactant ou par d'autres
mecanismes.

Mots-cles: Asphyxie neonatale, nouveau-ne, score d'Apgar, trouble respiratoire.
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