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Abstract

A careful assessment of the postnatal condition of a newborn is mandatory. However,
to assess the condition appropriately, the purpose of the assessment has to be known.
The following three aims of assessing an infant’s postnatal condition are discussed: (1)
To predict outcome and to perform clinical studies, an objective, numerical score is
needed to describe the condition of groups of infants. The Combined Apgar consists
of the Specified and the Expanded Apgar and allows a more detailed description of
infant’s postnatal condition. Whereas the Specified Apgar describes the infant’s con-
dition regardless of gestational age and interventions needed to achieve the condition,
the Expanded Apgar gives a description of the administered interventions. (2) To
guide interventions in clinical routine, a conceptual approach for assessing the post-
natal condition in the individual infant is needed. The single items of the conventional
Apgar score are a system of interdependent variables; respiration affects oxygenation
(color), which affects heart rate and subsequently muscle tone and reflexes. Keeping
the interdependency in mind helps to give the appropriate medical support. (3) To
improve the quality of delivery room management in extremely preterm infants, a de-
tailed description of the clinical condition, administered interventions with the sub-
sequent response, and other environmental factors (team work, communication,
technical parameters, etc) are needed. For that purpose, new technologies have dem-
onstrated to be more reliable than clinical assessment to evaluate the classic Apgar pa-
rameters and on the other hand, uniform recordings of resuscitation interventions
should be performed. In relation to this, video recording in the delivery room might
help to register all these data as objectively as possible.

After completing this article, readers should be able to:

1. Distinguish between three different purposes of evaluating postnatal condition of the
newborn.

2. Properly assess the newborn in the delivery room by using the best available
technology.

3. Score infant's condition and interventions needed to achieve the condition.

4. Record carefully all interventions made during the resuscitation process.

5. Critically evaluate the quality of delivery room management.

Why Is an Assessment of an Infant's Postnatal Condition Needed?
Transition from fetal to neonatal life represents a major challenge. Term infants mainly
adapt spontaneously to postnatal conditions, and only a few of them will require medical
support in the form of resuscitative interventions due to life-threatening complications dur-
ing birth. Preterm infants are often born because of maternal problems. Because vital pa-
rameters in these infants are not disturbed, resuscitation becomes seldom necessary.
However, preterm infants do often require medical support during postnatal adaptation
due to immaturity of organ systems.

The process of postnatal adaptation and the need for interventions varies between
infants. Thus, an individual approach with a careful evaluation of the postnatal condition
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is required. To assess the condition appropriately, the
purpose of the assessment has to be known.

The following three aims of assessing an infant’s post-
natal condition will be discussed in more detail:

1. To predict outcome and to perform clinical studies, an
objective, numerical score is needed to describe the
condition of groups of infants.

2. To guide interventions in clinical routine, a conceptual
approach for assessing the postnatal condition in the
individual infant is needed.

3. To improve quality of delivery room (DR) man-
agement in extremely preterm infants, a detailed
description of the clinical condition, administered
interventions with the subsequent response, and other
environmental factors (team work, communication,
technical parameters, etc) are needed.

A Numerical Score to Assess Groups of Infants
Management in the DR should be based on clinical evi-
dence. The clinician not only needs to know about the
efficacy of medical interventions but should also be
able to predict the risk of mortality and morbidity.
Therefore, valid clinical data for large groups of infants
are needed.

A Historical Perspective
The question on the prognosis of a newborn is not a re-
cent one. Soranus and Temkin (1) put the question
~2,000 years ago as follows: “How to recognize the
newborn that is worth rearing?” According to his descrip-
tion, “the infant, which is suited by nature for rearing will
be distinguished ... by the fact that it has been born at the
due time ... it immediately cries with proper vigor ... and
is properly sensitive in every respect.”

At the end of the 19th century, Max Runge (2) in his
text book “Die Krankheiten der ersten Lebenstage”
mentioned the following aspects as being of importance
for the assessment of the newborn: a deep blue skin color
is a sign of moderate asphyxia, whereas the skin is pale in
infants who have severe asphyxia. Heart frequency is slow
but strong in mild asphyxia but weak in severe asphyxia.
Respiration is missing in both types of asphyxia. Although
the infant responds to an external stimulus in mild as-
phyxia, there is no response in infants who have severe
asphyxia. Muscle tone is weak but present in mild as-
phyxia but absent in severe asphyxia.

More than half a century later, Virginia Apgar devel-
oped a score consisting of five clinical signs: heart rate
(HR), skin color, respiratory eftorts, muscle tone, and reflex
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status. (3) The score, which bears her name, is now being
used to describe the postnatal condition of almost every
newborn in developed countries.

The Apgar Score: How It Is Used Today
The Apgar score was initially designed to help in deciding
what interventions are required to support postnatal ad-
aptation. However, it has been (mis-)used for different
purposes in subsequent years.

Shortly after its introduction in clinical routine, the
Apgar score was used to predict mortality, not only in
term but also in preterm infants. (4)(5)(6)(7) Because
it was not her initial intention, Apgar warned that the
score cannot be used to predict outcome in individual in-
fants but only in groups of infants. (8)

Later, the score was also used to predict neurological
long-term outcome. (9) Even recent studies, using the
Apgar score, reveal “infants with a poor condition at birth
have an increased risk of poor functioning in cognitive
test at age 18, even if they recovered quickly and did
not develop encephalopathy.” (10) In the light of newly
emerging therapies, the use of the Apgar score to pre-
dict mortality and neurological disability and to subse-
quently help in clinical decision-making was discussed.
(11)(12)

Besides using the Apgar score to predict outcome of
groups of infants, it has also been used for clinical studies.
In many studies on hypothermia, a low Apgar score was
an important inclusion criterion. (13)(14) Furthermore,
the authors of other studies used the Apgar score as the
primary end point of DR interventions. (15)

Apgar Score: An Objective Parameter?

As described above, the Apgar score has been used for
different purposes during the last decades. Therefore, it
is reasonable to assume that the Apgar score represents
an objective tool with a high reproducibility. However,
in recent years, several studies have revealed that the
“conventional Apgar” has a poor reproducibility.

Apgar et al (16) found only small variations if different
caregivers assess an infant; however, she noted that the
infants should be scored by someone who was not in-
volved in the DR. O’Donnell et al (17) showed great var-
iations if medical professionals assessed the condition of
video recorded newborns. Similar variations were de-
scribed by Lopriore et al (18) by using written case de-
scriptions. Our group was able to show that variation
on assessing written case descriptions directly translate in-
to variations in clinical care. Centers that scored low case
descriptions did also have lower Apgar scores in their very
low birth weight infants. (19)
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The large variations can be explained by two main rea-
sons. Despite assessing preterm infants, Virginia Apgar
did not define how to evaluate muscle score and reflexes
in preterm infants. Because both are physiologically re-
duced when compared with term infants, it has been ar-
gued to score preterm infants lower than term infants.
The second reason is the missing agreement on how to
score the condition of infants receiving medical interven-
tions. Scoring of a pink skin color in a newborn receiving
oxygen can vary between zero points (because the infant
requires oxygen) to two points (skin color is pink). To
overcome that problem, it has been suggested to stop
the intervention during scoring; however, that would
be in contrast to the intention of Virginia Apgar to have
a score that does not interfere with the interventions.

To objectively describe the condition of an infant ap-
propriately without interfering with the medical interven-
tions, a score is needed that (a) describes the condition
of the infant regardless of the interventions or gestational
age and (b) describes the medical interventions needed to
achieve the condition. (20)

The Combined Apgar
To overcome that problem, we have suggested a specifica-
tion of the conventional Apgar score. (21) According to
our suggestion, the Specified Apgar will contain the same
items as the Conventional Apgar; however, this will slightly
change its perspective. It will describe the condition regard-
less of the interventions needed to achieve the condition or
the gestational age. Thus, for instance the term “respira-
tion” will be substituted by “chest movement” regardless
of its origin. The advantage of that specification is an assess-
ment without interfering with medical interventions (Fig 1).

In addition to that specification, the American Acad-
emy of Pediatrics and the American College of Obstetri-
cians and Gynecologists suggested an extension of the
conventional Apgar score. (22) This Expanded Apgar will
count the medical interventions given to the infant. If the
infant receives an intervention, it will be scored 0; if not,
the intervention is scored 1. Thus, an optimal Expanded
Apgar of 7 points describes an infant who is receiving no
interventions; a score of 0 points represents an infant re-
ceiving all seven interventions (Fig 1).

The combination of both scores (Combined Apgar)
results in a maximum of 17 points and describes a perfect
clinical condition of the infant without any medical inter-
vention. In contrast, a poor score of 0 points will describe
an infant who is receiving all resuscitative interventions
but without any clinical response.

The Combined Apgar has been tested in a multicen-
ter trial (entitled “Trial to evaluate a specified type of
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Apgar”) in preterm infants. We were able to show that
the Combined Apgar predicts perinatal mortality signifi-
cantly better than the Specified or Expanded Apgar
alone. Currently, the Combined Apgar is also tested in
term infants requiring postnatal interventions.

A Conceptual Approach to Guide Management
of the Individual Infant
Although clinical decisions are based on data obtained
from groups of infants, in a clinical routine a conceptual
approach will help to evaluate the clinical situation of the
individual infant and help to guide interventions. Virginia
Apgar’s original intent was to provide a valuable tool that
helps to decide what to do in clinical routine. However,
that aspect has been forgotten due to (mis-)using the Ap-
gar score as a tool to predict outcome.

Recently, Pinheiro (23) revitalized the usage of the
Apgar score as a system of interdependent parameters.

The clinician should be aware of the importance of
respiration during the process of postnatal adaptation.
Disturbances in respiration will cause deterioration in ox-
ygenation (skin color), which subsequently will lead to
poor cardiac perfusion causing bradycardia (HR). As
a consequence, ventilation and oxygenation do not im-
prove, muscle tone decreases, and subsequently muscle
reflexes disappear. Viewing the Apgar score as a circle
of interdependent variables will help with understanding
the process of postnatal adaptation and guiding interven-
tions. It stresses the importance of respiration within the
complex process of postnatal adaptation. Therefore,
causal treatment of low HR will be respiratory support
instead of cardiac massage. The interdependency of single
Apgar items is shown in Figure 2.

A Detailed Description to Improve the Quality
of DR Management

There are significant intercenter variations not only in the
outcome of preterm infants but also in the care given.
(24)(25) It could be speculated that reducing varia-
tions will not only improve care of the newborn but will
also help to improve the outcome in that vulnerable
population.

A first step in decreasing variations is awareness of
variations. Although different benchmarking activities
concerning the care in the NICU have been described,
(26)(27)(28) the DR still represents a magic black box.
Only a small group of professionals takes care of the new-
born and reports thereafter upon their activities. Thus, an
objective, external evaluation of the interventions is dif-
ficult to obtain.
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Minute(s)

1 5 10

C Continuous positive airway pressure?

Oxygen

M-B | Mask and Bag VentilationP

Intubation and Ventilation

Neonatal Chest Compression

Exogenous Surfactant

o/ m| =

Drugs

Sum of Expanded Apgar

Scoring each item:
0 = intervention was performed; 1 = no intervention was performed

28core 0if"Mask and Bag" or "Intubation and Ventilation" is scored 0
b Score 0 if"Intubation and Ventilation" is scored 0

Appearance (Skin Color)
2= Completely pink

A 1 = Centrally pink with acrocyanosis
0= Centrally hlue or pale
Pulse (HR)
2 =>100 beats per min
P 1= <100 beats per min

0=no heart heat

Grimmacing (Reflex)

2 = Appropriate for gestational age
G 1 = Reduced for gestational age
0= No reflex response

Appearance (Muscle tone)

2 = Appropriate for gestational age
A 1 = Reduced for gestational age
0= No reflexresponse

Respiration (Chest movement)
2 = Regular chestmovement

R 1 = Small or irregular chest moverment

0= No chest movement

Sum of Specified Apgar

Total (Sum of Expanded + Specified)

Figure 1. The Combined Apgar: Consists of the Expanded and Specified Apgar.

newborn assessment

To raise awareness of the man-
agement in the DR and to expose
the situation to effective benchmark-
ing activities, a detailed description of
the postnatal situation is warranted.
The description should include a de-
tailed recording of vital parameters,
of administered medical interven-
tions, of teamwork, and other influ-
encing factors (that maybe nobody is
aware of at the moment).

These data can be used not only
to improve individual performance
but also team interaction. Further-
more, these recordings provide good
data for teaching young colleagues
and for benchmarking activities.

Recording Vital Parameters
Although the Apgar score contains
different vital parameters, recent stud-
ies have revealed that these clinical
signs are relevant to subjective inter-
pretation by the caregiver. To obvi-
ate these inconveniences and seeking
objectivity, more reliable approaches
have been developed in the last 10
years. This approach brings DR sta-
bilization much closer to the new
concept of DR intensive care em-
phasized by Vento et al, (29) pro-
viding a controlled and monitored
environment in these first golden
minutes after birth, which have
been shown to be one of the most
decisive moments in the newborn’s
life. (30)

OXYGENATION. Accuracy in the
clinical assessment of color in the
first minutes after birth is poor.
O’Donnell et al (31) demonstrated
a low consistency when they tried to
match the perception of “pink” color
and oxygen saturation measured by
pulse oximetry among medical and
nursing staff.

Oxygenation can be easily mea-
sured by pulse oximetry. In addi-
tion, Kopotic et al (32) confirmed
an improvement in patient outcome
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Disturbed respiration

( Oxygenation (Skin Color)

HR

Muscle Tone

Reflex

Figure 2. Apgar score as a system of interdependent parameters.

when this new technology was applied to newborn resus-
citation in terms of more appropriate and gentle manage-
ment. The use of pulse oximetry is even more important
during preterm infant resuscitation because frequently
they require assistance with ventilatory support and
supplementary oxygen only because of their premature
condition.

Given that in this period premature infants are most
vulnerable to both hyper- and hypoxemia, the need to
provide a strict control of oxygenation state has been con-
firmed. (33) Of note, the new resuscitation guidelines
have echoed all these clinical research studies, and the
2010 recommendations have removed color for oxygen-
ation assessment and have included pulse oximetry as the
routine method. (34) Therefore, it is desirable that all
DRs have a pulse oximetry for oxygen monitoring and
all teams involved in resuscitation know how to use it.
Some studies have revealed that measurements are ob-
tained faster by applying the oximeter sensor on the right
hand (preductal) and attaching it to the infant before
connecting it to the oximeter. (35) Finally, it is essential
to know the dynamic changes in pulse oxygen satura-
tion in both term and preterm infants. Dawson et al
(36) have published the first reference chart showing
pulse oxygen saturation changes in the first minutes after
birth, providing a tool for guiding oxygen administration
in the DR.

HEART RATE. HR guides the need of resuscitation and
the efficacy of this. International consensus statements rec-
ommend HR evaluation by auscultation or palpation of
umbilical cord pulsations, but this traditionally performed
appraisal has also important inconsistencies. Kamlin et al
(37) compared HR determined clinically with data obtained
from electrocardiographic monitoring of the newly born in-
fant as gold standard and found that clinical methods
were inaccurate and often underestimated the real HR.

The slow reading in a wet newborn and the technical
difficulties of electrocardiographic monitoring in the DR
make it hard for widespread use. Instead of this, heart
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monitoring in the DR can be easily performed by pulse
oximetry and has been shown to be the best available
procedure to reliably evaluate both parameters (HR and
saturation). Kamlin et al (38) corroborated how pulse
oximetry can provide an accurate display of HR in the
DR including infants receiving advance resuscitation. Be-
cause of that, once again, pulse oximetry proves to be the
best option to monitor heart beat and avoid unnecessary
resuscitation maneuvers. Besides, Dawson et al (39) pub-
lished recently the first centile charts of HR changes in
the first minutes after birth, which now makes it possible
to guide resuscitation accurately.

RESPIRATION. Resuscitation guidelines state that new-
born respiratory effort should be assessed and if it is not
sufficient or the patient is apneic, intermittent positive-
pressure ventilation must be initiated. The peak inflating
pressures used must achieve chest movement, trying to
open the lung, and administering a physiologic tidal vol-
ume. However, chest rise is a subjective measure of chest
expansion and has an inaccurate correlation with the tidal
volume given, as has been shown by Brugada et al. (40)
Therefore, low or excessive volumes may be given leading
to inadequate ventilation or volutrauma. On the other
hand, mask leak is a common and underestimated problem
during ventilation, reported as high as 100%, (41) making
the situation worse. Consequently, better assessment
of ventilatory support is needed in the DR, and recent
publications have confirmed how the use of respiratory
function monitors can improve ventilatory techniques,
allowing recognition of incorrect pressures and mask
leak. (42)

Recording Administered Medical Interventions
Registration of medical interventions at any point of care
of the newborn is a universal practice at NICUs. How-
ever, this is not always so in the DR, and important ac-
tions are often not recorded and lost. Like any other
time in patient care, maneuvers, drugs, or any other sup-
port should be carefully registered besides the classical pa-
rameters of the Apgar score. Data collection should be
performed in a uniform manner with defined criteria be-
cause of medico-legal and professional implications, and
more important, for improving the quality of care, re-
search, and resource provision. All registered information
could determine the most effective actions during neona-
tal resuscitation.

VENTILATION. Ventilatory support is clearly the most
recurrent and important intervention in neonatal resus-
citation. It is necessary to collect the reason for need-
ing respiratory support, airway management (opening
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maneuvers, suction), type of support (continuous positive
airway pressure or intermittent positive pressure ventila-
tion), device used, and parameters administered such as
peak pressure, end expiratory pressure, flow, and sup-
plementary oxygen. If intubation is needed, also register
the moment of intubation and the number of attempts.

CHEST COMPRESSION. Chest compressions are infre-
quently given in the DR but mean a greater severity.
The essential information to record is the moment of
starting and its duration.

DRUGS. The use of medications during neonatal resus-
citation is an even more uncommon event, required in
only 0.1% to 0.15% of all live-born deliveries. Any drug
dispensed during neonatal resuscitation should be regis-
tered with its doses and route of administration.

Video Recording DR Management
The Apgar score has been, for decades, the only way to
compare resuscitation results with regard to patient out-
come and between different centers. However, Apgar
scoring has a poor interobserver reliability independent
of the degree of experience or qualification, which has
been shown by using video recording of newborn resus-
citation. (17) Of note, video recording has been used to
evaluate patients’ behavior since the 1980s. Neonates
were first video recorded to monitor feeding behavior,
(43) presence of seizures, (44) or even sleeping patterns.
(45) A few years later, this technology was applied to the
DR. The first study in this area was carried out to evi-
dence the kind of touch a preterm infant receives during
the resuscitation, including mechanical and human touch,
which many times caregivers are unaware of because of
the stressful environment. (46) The purpose of this qual-
itative study was to describe in an objective way how an
intervention given in a stressful environment such as the
DR was performed. Seemingly, in this scenario, it is really
difficult to remember and recognize all the details related
to the intervention. Furthermore, circumstances accom-
panying such a stressful situation are not the most favor-
able for learning and teaching. Resuscitation video
recording has the advantage of documenting timing
and events during DR interventions and has been used
therefore for performing trials, audits, and internal qual-
ity improvement in many hospitals. There are some re-
ports that trials in which this technology was used
revealed video recording to be a powerful educational
tool valuable in auditing and improving performance.
(47)(48)(49) Therefore, the challenge in the coming
years will be to establish this procedure as a routine

newborn assessment

in the DR aiming to achieve excellence in newborn
resuscitation.
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