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Abstract

Objective

To assess the inter-observer variability of the Apgar Score (AS)
across various perinatal Health Care Providers (HCP) taking care of
newly born premature infants in the delivery room.

Methods

Design: Prospective observational study.

Setting: 4 general hospitals and 3 university hospitals in Switzer-
land.

Subjects: 43 neonatologists, 68 obstetricians and 55 midwives as-
sessed the AS from 15 video sequences showing delivery room sta-
bilisations or resuscitations of 15 preterm infants born below 34 0/7
weeks gestational age.

Results

Overall and for all observers, the mean inter-observer variability
was low (ICC 0.72). There was a significant difference between the
professions (p < 0.001) and hospitals (p < 0.001). The AS assigned
by neonatologists for this group of preterm infants were significantly
higher than the scores given by midwifes (p = 0.001). The scores as-
signed by obstetricians were the lowest for all infants; the difference
from neonatologists being -0.53 (pairwise comparison). There was
no significant difference between the AS assessed by profession-
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als working in university hospitals compared to HCPs from general
hospitals (p = 0.86). For all observers and in the majority of the se-
quences, heart rate showed the lowest and skin colour the highest
standard deviation.

Conclusion

Our study revealed a relatively high inter-observer agreement in
assessing the AS for premature infants among all perinatal health
care professionals for the whole group of infants. A significant differ-
ence however was seen between the AS given by the different peri-
natal professional groups and between hospitals. A clearer definition
and assessment method of each Apgar parameter in the setting of
infants born premature and of resuscitation measures are needed.
This may contribute to reduce the variations between profession-
als and hospitals, and to increase the value of this scoring within
national and international databases to describe study populations
for research, for benchmarking in neonatal intensive care and for
comparison of outcome data.
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Introduction

The Apgar score, as designed by Virginia Apgar in 1953, was
primarily developed to assess the effect of maternal analgesia and
anaesthetic during labor and different obstetrics techniques on the
immediate neonatal adaptation of infants born at term, and also to
guide neonatal resuscitation measures directly after birth [1,2]. From
a locally developed clinical assessment tool, it rapidly gained interna-
tional acceptance as the first standardized method, and eventually as
the “gold standard” to evaluate and to document the immediate neo-
natal adaptation as well as the efficacy of neonatal stabilisation and
resuscitation measures in the delivery room [3-7]. Over the past de-
cades, a low AS at 5 minutes of life has also gained interest regarding
its prediction of neonatal mortality [8-13] and long-term morbidity
[11,13-15].

Due to the advances in neonatal medicine over the last 50 years, an
increasing number of very preterm infants are being offered resuscita-
tion measures and intensive care; yet the AS has not been adjusted to
this population of immature infants. No consistent data are available
on the interpretation and on the applicability of the AS in premature
infants. When compared to term infants, preterm infants may well
be given lower AS only due to the immaturity itself, even when the
immediate adaptation is not impeded by cardio-respiratory problems
[16]. This fact questions the prognostic significance of the AS for this
population of preterm patients although it has been suggested that low
AS may be of predictive value regarding neonatal mortality of infants
born premature [9,10,17,18].
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Livingston and co-workers showed that the inter-observer vari-
ability was smaller when assessing the AS in infants born at term than
in those born preterm [19]. Elements of the score such as skin colour,
muscle tone and reflex irritability very much depend on the matura-
tion, and thus on the gestational age of the newborn infant [20-22].

A further problem in documenting the neonatal adaptation in the
delivery room may be due to the fact that many Health Care Pro-
viders (HCPs) are not sufficiently trained in assessing the AS which
is mirrored by a high inter-observer variation [2,23,24]. Using three
written clinical scenarios of two term and one preterm infant, Gupta
and co-workers showed that a simple clarification of the AS such as
proposed by Lopriore can improve the inter-observer variability be-
tween paediatricians, obstetricians, nurse practitioners and neonatol-
ogy fellows [25,26].

Significant differences in assessing the AS challenge the value of
this scoring within national and international databases to describe
study populations for research, for benchmarking in neonatal inten-
sive care and for comparison of outcome data. Therefore and using
a series of video recordings of the immediate neonatal adaptation,
the aims of our study were to explore the inter-observer variability
between different perinatal professional groups taking care of new-
ly born infants in the delivery room, namely midwives, obstetricians
and neonatologists, with regard to assessing the AS in infants born
preterm in a setting as realistic as possible. We also aimed at studying
the influence of different hospital settings on the variability. More-
over, we included bigger numbers of participating perinatal profes-
sionals to improve the statistic validity.

Methods

Based on the Swiss Human Research Act (Art. 7, category A;
Coordination Office for Human Research, Federal Office of Public
Health), this non-clinical observational study was exempt from the
requirement for approval by the Ethics Committee of the Canton Zu-
rich and by the Clinical Trial Centre of the University Hospital Zurich
as no patient data or health-related data of the participating HCPs was
assessed. Participation was voluntary, the determination of the Apgar
scores was anonymously collected, and no identifying data such as
name, gender or age was included. The chosen video sequences were
used only with written parental permission. Care was taken to avoid
any identifier of the infant and of the attending HCPs. The eyes of the
infants, however, were not covered by a black bar in order to allow the
assessment of the facial expression of the given infant.

The video sequences were recorded using a professional digital
video camera with a spotlight and a microphone (Panasonic DVC-
Pro HD P2, Panasonic Corp. Osaka, Japan; Sennheiser Microphone,
Sennheiser Electronics, Wedemark-Wennebostel, Germany; Dedoli-
ght DLH4, Dedotec Inc. Ashley Falls, MA, USA). The camera was
attached to a movable pivot arm mounted on the ceiling above the
resuscitation cot in the labour ward of the Perinatal Centre at the Uni-
versity Hospital Zurich. This camera was positioned such to acquire a
clear view of the newborn without disturbing the professionals taking
care of the neonate.

We enrolled 15 preterm infants with a gestational age below 34 0/7
weeks. These newly born infants were video recorded while receiving
various stabilisation measures or resuscitation interventions. No chest
compressions and no medications were given. From each of the video
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sequences, 15 seconds were extracted on which the following four
parameters of the AS were clearly visible, namely respiratory effort,
muscle tone, reflex irritability, and skin colour. These sequences were
chosen independently from the Apgar assessment time points at 1, 5
or 10 minutes of life. Heart rate was provided visually by finger tip-
ping, no oximetry reading was shown. Audio sound was eliminated in
order to avoid a bias through audible AS assessments and comments
performed by the attending staff. The infant’s crying could be esti-
mated by mimic changes. These video sequences were then shown
to midwifes, obstetricians and neonatologists regularly involved in
neonatal care in the delivery room. A date was defined for all profes-
sionals for each hospital in order to include as many staff member as
possible for this study. Participation was defined as a teaching session.
The participating professionals were asked to assign the AS for all 15
sequences. Altogether, 55 midwives, 68 obstetricians and 43 neona-
tologists from 4 general hospitals and from 3 university hospitals in
Switzerland participated in the study. No sample size calculation was
performed as we chose an observational approach.

Prior to scoring the study sequences, the participants were in-
formed about the purpose of the study. A few delivery room resusci-
tations were shown using test video sequences in order to accustom
them to perform the AS from video sequences in the same time frame
as in the real delivery room situation. However, no teaching regarding
the assessment of the AS was performed. All participants of a given
hospital were shown the video sequences simultaneously on the same
screen. No discussion was allowed among the participants. Between
the sequences, short breaks were interposed to allow for noting the
scores.

Statistics

Statistical analysis was performed using R (R free software envi-
ronment for statistical computing and graphics, Free Software Foun-
dation’s GNU General Public License; www.r-project.org). The AS
for each of the 15 patients was evaluated by midwives, obstetricians
and neonatologists from seven different hospitals. Thus, each new-
born infant was scored by a total of 166 observers. The objective was
to estimate the variance components and to evaluate assignable caus-
es of variability in the assigned AS. The Intra-Class Correlation Coef-
ficient (ICC) was calculated to evaluate the inter-observer variability.
Ideally, most of the variation should be explained by newborn infant’s
differences, and the calculated ICC should thus be high (close to 1), or
low if the source of variation was due to the observers or error. Con-
ventionally, an ICC > 0.75 is defined as high. To demonstrate if there
was a significant difference in evaluating the AS depending on the
different professions or on the hospital setting, a linear mixed effect
model was used that incorporated both fixed and random effects.

In addition, the standard deviation of the AS across the observers
was calculated, yielding a standard deviation score among observers
for each patient. The mean and range of these standard deviations
were then computed for all patients, providing a quantitative measure
in the Apgar unity as to how the observers varied in the evaluation of
the AS.

To control if there were significant differences between the hos-
pitals and professions, an F-test was performed. Furthermore, a pair-
wise comparison was made to link the different professions. For the
p-value, a Bonferroni correction was used. Finally, to compare the
university hospitals with the general hospitals, a test based on the
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method of the contrasts was used. Statistical significance was as-
sumed for p-values < 0.05.

Results

Figure 1 depicts the distribution of the total AS for each infant
given by all observers. Figure 2 represents the distribution of scores
assessing ‘breathing’ and figure 3 the distribution for the scores as-
signed for ‘heart rate’.
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Figure 1: Box plot (with median; lower and upper quartile; sample minimum and
maximum; and outliers) for the total Apgar score given by all observers for all infants.
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Patients (n=15)
Figure 2: Apgar score given for ‘breathing’ for the 15 video sequences of the preterm
infants. The dashed boxes show how often 0 point was given for each sequence, the
grey boxes how often 1 point, and the black boxes how often 2 points were assigned.

Apgar Score: Heart Rate

Number of score assignements

Patients (n=15)

Figure 3: Apgar score given for the ‘heart rate’ for the 15 video sequences of the
preterm infants. The dashed boxes represent the number of times 0 point was given for
each sequence, the grey boxes for 1 point and the black boxes for 2 points.
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The Intra-Class Correlation Coefficient (ICC) for all infants and
all observers was 0.72. The mean inter-observer variability for the
AS among all observers was 1.28 (minimum 1.04; maximum 1.51).
Moreover, there was a significant difference between the professions
(p <0.001) and hospitals (p <0.001). The AS assigned by neonatolo-
gists for all infants were significantly higher than the scores given by
midwifes (p = 0.001). The median Apgar score was similar for 2/3 of
the determinations made by neonatologists and midwifes with a dif-
ference of only -0.26 (pairwise comparison). The scores assigned by
obstetricians were the lowest for all infants; the difference from neo-
natologists being -0.53 (pairwise comparison). For all infants, there
was no significant difference between the AS assessed by profession-
als working in university hospitals compared to HCPs from general
hospitals (p = 0.86).

Discussion

With regard to the assessment of the AS, our study revealed a rela-
tively high inter-observer agreement among all observers for the whole
group of preterm infants. On the other hand, a significant difference
was seen between the AS given by the different professional groups.
When assessed by neonatologists and using a pairwise comparison
model, the Apgar scores were significantly higher than the ones as-
signed by midwifes, although the median Apgar score was identical
for 10 out of 15 infants studied. Interestingly, the lowest scores were
given by obstetricians, and again there was a trend towards lower me-
dian Apgar scores assigned by obstetricians. One reason for this dif-
ference could be the fact that obstetricians assess the AS less often in
preterm infants. For this gestational age group, the AS is mainly per-
formed by neonatologists, paediatricians and midwifes. The signifi-
cant difference with regard to the AS between the professionals was
seen across all 7 hospitals. Our results are in accordance with earlier
findings by Clark et al., who demonstrated by means of a case presen-
tation that paediatric professionals have a significant lower variability
in assigning the AS than community hospital nurses [27]. On the other
hand and using three written case descriptions, Riidiger and collabo-
rators found that the large variations seen in the AS of VLBW infants
were not affected by the degree of professional experience of the 121
paediatric professionals. They found large variations for both clinical
and case scores between the centres, and units assigning low median
clinical AS also had low median case scores [22]. We also showed a
significant difference between scores assigned in the seven participat-
ing hospitals. Interestingly, no significant difference merged between
scores assigned in university hospitals compared to those assigned in
general hospitals. In a study performed by O’Donnell, ten-second vid-
eo clips displaying neonatal resuscitation of 30 newborns were shown
to 42 observers of six different professions in order to assign the AS
[28]. In contrast to our results, they revealed a higher inter-observer
variability of 0.68, even though the heart rate was reliably monitored
with a pulse oximeter. Moreover, the variability in the AS assigned by
observers on the base of video recordings was higher than the vari-
ability of those attending the delivery. Similarly, the scoring did not
depend on the experience of the observer.

The higher inter-observer agreement seen in our study could be
explained by the different statistics used. In contrast to the study of
O’Donnell, we applied a linear mixed effects model incorporating the
two parameters profession and clinic into the calculation. Moreover,
the number of enrolled observers was higher in our study. These two
differences may explain why in our study the AS differed significantly
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between the professionals, and not so in the study of O’Donnell and
co-workers. In accordance with their study, the time pressure during
the assessment of the AS was also problematical in our study as many
observers had difficulties assigning and noting the score during the
break in between the video sequences. Taking into account that in real
life the AS needs to be performed quickly and at well-defined points
in time after birth, the original assessment protocol was followed in
both studies. Of note, Virginia Apgar herself found less variation if
the AS was assigned quickly [2]. In her study, the variation of the
score was only 1 point between different observers and occurred
mainly in the mildly depressed group.

With regard to using the AS for premature infants, this was first
done by Virginia Apgar [3]. She included 70 newborns with a birth
weight between 500 g and 2500 g into her study group. The score
was found to measure the relative handicaps in preterm infants not
without emphasizing the need for further investigations. Although
being considered a relatively objective score, single parameters such
as skin colour, muscle tone and reflex irritability may depend on the
physiologic maturity and therefore on the gestational age. Hegyi et
al., found in 1105 preterm infants with a birth weight < 2000 g that
the incidence of low Apgar scores was inversely related to the birth
weight and with a significant difference for gestational age [29]. In a
study by Riidiger and co-workers, the Apgar score of 1000 very low
birth weight infants was evaluated from clinical charts across seven
NICUs [22]. The median clinical score for all VLBW infants clearly
depended on gestational age and increased with increasing gestational
age.

Looking separately at the Apgar parameters determined in our
study, the heart rate showed the lowest (0.2 - 0.5 points) and skin
colour the highest (0.5 - 0.7 points) standard deviation for all observ-
ers. The assessment of the skin colour seems to yield the least accu-
racy, which makes it the weakest parameter of the AS. Besides the
above-mentioned difficulties to evaluate and interpret the skin colour
in preterm infants, it has also been shown that it doesn’t reflect accu-
rately the oxygenation of the infant. O’Donnell et al. using video clips
reported a wide variation in the oxygenation when comparing new-
born infants considered being pink by the assessors and the pre-ductal
oxygen saturation values. One explanation for the highest variability
seen in our study with regard to assessing the skin colour could be due
to the fact that the video sequences were shown at different sites with
different technical equipment, which may well have had an impact on
the general colour rendering index. Besides this technical aspect and
based on the discussion above, the question whether skin colour as a
proxy for the oxygenation of the brain deserves it’s place in the AS
in the future has to be frankly asked and discussed. This is especially
true on the background that a quick and accurate assessment of the
cerebral oxygenation in the delivery room can only be achieved by
using pre-ductal oximetry, thereby giving a reliable indication for the
need of supplemental oxygen but also for steering this therapy.

The high standard deviation for the muscle tone (0.2 - 0.6 points)
may be explained by the fact that this parameter could not be directly
assessed by the observers themselves. Instead, they had to rely on
their observation of the infant’s body and limbs position and move-
ments. As mention before, again the maturity and therefore gestation-
al age have an influence on this parameter. Due to these maturational
and technical limitations, it may well be that in our study the inter-ob-
server variability was overestimated for skin colour and muscle tone.
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Conversely, the lower variation among HCPs in assessing the heart
rate is reassuring when considering the pivotal role of heart rate in
determining the need for changing interventions, for escalating or
de-escalating resuscitation care [30].

Although many score parameters are altered by resuscitation mea-
sures [26,28,31], there is no accepted standard for reporting the Apgar
score in neonates undergoing resuscitation. Clinical practice shows
that same ventilated newborn infants are scored with 0 points for
missing breathing effort whereas other observers will assign 2 points
based on the sufficient oxygenation due to appropriate resuscitation.
The same disparity applies to nasal CPAP where some centres assign
2 points for spontaneous and regular breathing while others would
only give only 1 point. Bashambu and collaborators enrolled 335 neo-
natologists who were shown video sequences of four delivery room
cases at 1, 5 and 10 minutes of life with the task to assess the AS.
They found a high inter-observer agreement for respiratory efforts,
grimace and muscle tone in preterm infants in the lower and higher
score range, and a disagreement which was depending on the level
of respiratory intervention [32]. The introduction of an expanded AS
resulted in a more detailed but also complicated score and has not
been shown to improve the inter-observer variability. This may be the
reason for not having gained wide acceptance so far. Of note, even
though the different score parameters were described more precise-
ly in studies using written case presentations such as in the previ-
ous study as compared to the video presentations in our study, the
inter-observer variability was not lower. These observations reveal an
important potential for high inter-observer variability which was also
addressed by The American Academy of Pediatrics emphasizing that
perinatal health care providers need to be consistent in assigning the
Apgar score [33].

Additionally, a source of bias could be the participant sampling
method. We tried to avoid this bias by declaring the participation as an
teaching session for all staff members on duty that shift. The maximal
number of video sequences shown to the perinatal health care profes-
sionals was given by the time allocated by the hospitals for the teach-
ing session (usually 45 to 60 minutes). Each video sequence needed
2-3 minutes. Besides the above-mentioned difficulties impeding on
the correct assessment of the neonatal transition of an individual in-
fant born prematurely, there is also a potential impact on the level of
population studies when it comes to the prediction of neonatal mor-
tality and long-term outcome of this patient group. Worldwide, there
is a growing interest in finding suitable benchmarking indicators for
international comparisons to assess differences in interventions and
outcomes in order to define a quality level of neonatal care and health
based on best practices [17]. Assessing the association between AS at
5 minutes of life and mortality across European countries (Euro-Peri-
stat Project), Siddiqui et al. found a weak correlation between neona-
tal mortality and AS < 7 at 5 minutes. The authors concluded that the
large variations seen in the distribution of AS at 5 minutes may reflect
differing national scoring practices, and that without further research
into standardising the coding and reporting, the AS was not suitable
for evaluating the burden of neonatal mortality across countries. In
their view however, the AS remains interesting on a nation-wide level
as observed trends may indicate real changes within a given country.

Conclusion

In conclusion, our study revealed a relatively high inter-observ-
er agreement in assessing the AS for premature infants among all
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perinatal health care professionals for the whole group of infants. On
the other hand, a significant difference was seen between the AS giv-
en by the different perinatal professional groups and between hospi-
tals, but not between university and general hospitals.

In our view, and with respect to the physiological applicability
of the actual AS to newly born premature infants and to resuscita-
tion measures, a clearer definition and assessment method of each
Apgar parameter needs to be discussed, it’s relevance within the AS
critically evaluated and eventually implemented into future teaching
models. Video sequences seem to be a suitable teaching tool for it.
This may contribute to reduce the variations between professionals
and hospitals, and to increase the value of this scoring within national
and international databases to describe study populations for research,
for benchmarking in neonatal intensive care and for comparison of
outcome data.
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