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Apparently stillborn neonates are born in the terminal stage of secondary apnoea
and respond poorly to basic resuscitation procedures proposed by the Neonatal
Resuscitation Program (NRP). Increasing experimental and clinical evidence shows
that stringently adhering to the NRP guidelines may delay sufficient ventilation and
chest compressions and consequently prolong the duration of asystole in apparently
stillborn neonates. To add to this information, we summarized our experience with the
resuscitation of apparently stillborn neonates and reported the neonatal outcomes in a
cohort of apparently stilloorn neonates resuscitated at a tertiary care center in China.
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INTRODUCTION

Although the definition of apparent stillbirth is inconclusive, it generally refers to a severely
asphyxiated neonate with a 1-min Apgar score (AS1) of 0-1 in a clinical setting (1-3), particularly a
neonate who had a heartbeat before or during labor. It is estimated that 44% of stillbirths and 73%
of newborn deaths occur around the time of labor and within the first week after birth, with birth
asphyxia among the most common causes of deaths (4). In 2014, the Every Newborn Action Plan
(ENAP) was endorsed by the World Health Assembly. It was developed to reduce newborn deaths
and stillbirths (5) and highlights the apparently stillborn population whose deaths are likely to be
prevented with rapid and effective resuscitation.

Apparently stillborn neonates are often born in the stage of secondary apnoea, a situation in
which their central nervous system and direct diaphragmatic functioning are depressed due to
prolonged hypoxia (6). Secondary apnoea may last for 5-8 min before death occurs (7). In addition,
experimental evidence shows that the myocardium in neonates is more vulnerable to ischemia
than the myocardia in juveniles and adults (8). Furthermore, the outcomes (including survival
and cerebral disabilities) of resuscitation mostly depend on the duration of asystole. Therefore,
resuscitation in apparently stillborn neonates aims to shorten the duration of asystole.

Although the guidelines on the resuscitation of neonates jointly proposed by the American
Academy of Pediatrics and American Heart Association (AAP/AHA) are internationally
recognized, the guideline may not be very applicable in this unique population of apparent
stillbirths. Recently, Sharma et al. investigated the time that resuscitators needed to perform the
steps required for corrective ventilation (MRSOPA) and the time to initiate chest compressions in
bradycardic and asystolic newborns. The authors reported that many resuscitators preferred early
endotracheal intubation instead of the MRSOPA method considering that corrective steps may
delay the initiation of intubation and chest compressions in newborns with severe cardiovascular
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compromise (9). In our experience, the resuscitation procedures
according to the NRP guidelines might postpone the recovery of
apparently stillborn neonates.

In this report, our institutional resuscitation practice for
apparent stillborns is systematically described (Figure 1) and
compared with the NRP (10) and Chinese neonatal resuscitation
guidelines [(11), Table 1].

DEFINITION OF APPARENT STILLBIRTH IN
THIS REPORT

As mentioned above, there is no consensus on the definition of
apparent stillbirth worldwide. Apparent stillbirth in this report
refers to neonates with continuous fetal bradycardia (<60 bpm),
born with apnea, no muscle tone, breath or reflex, and pale
in color immediately after birth. When heart auscultation is
performed, it is usually when a heartbeat of around 0-1 beats
within 6 s (which equates to a heart rate of 0-10 bpm) is detected.
For these neonates, any delay in initiating effective resuscitation
will lead to a 4-fold longer period to restore respiration (12, 13).

KEY POINTS IN OUR RESUSCITATION OF
APPARENTLY STILLBORN NEONATES

1. Team assembly. Since intubation, chest compression, and
umbilical venous catheterization may need to be performed
concurrently, an experienced team made up of at least four
skilled caregivers is required.

2. Ventilation. Intubate the baby immediately and start
ventilation with an oxygen concentration of 100% if breath
and muscle tone are both absent, and HR is below 10 bpm
(0-1 beats within 65). Concomitantly, electrocardiography
(ECG, 3-lead) and pulse oxygen monitors should be connected
to facilitate heart rate (HR) assessment. ECG enables
resuscitators to obtain an HR without interrupting chest
compressions. These procedures should be completed within
30s. The flow of oxygen can be increased to 10-15 L/min
to ensure the delivery of oxygen. An initial peak inspiratory
pressure (PIP) of 30 cmH,0 is recommended. In the case
of tracheal obstruction (such as meconium-stained amniotic
fluid, MAS), endotracheal suction can be performed to
facilitate ventilation. We recommend a PIP of 30 cmH,0O
at the initiation of ventilation and modifications should be
monitored closely.

3. Chest compressions. Chest compressions should be started
immediately if the HR is below 60 bpm after intubation is
performed. In apparently stillborn neonate resuscitation, the
frequencies of both chest compressions and ventilation are
increased and the ratio is not restricted to 3:1 (14). A ratio
between 2:1 and 3:1 is recommended to facilitate aeration in
the resuscitation of apparent stillbirth. Chest compressions
should be performed 120-140 times/min (resembling the
average HR of a newborn), and ventilation should be
performed 60-80 times/min. Generally, compression and
ventilation are still synchronized, but it can also be
unsynchronised if the infant’s condition does not improve. If
the baby’s HR improves to above 60 bpm, a return to standard

resuscitation is considered. If the HR does not improve
after 1 min of chest compressions, immediate intravascular
administration of epinephrine is recommended. If the HR
improves but remains under 60 bpm, epinephrine can be given
after 2 min of continuous chest compressions.

OUTCOMES OF APPARENTLY STILLBORN
NEONATES RESUSCITATED IN THE LOCAL
WARD

The Shenzhen Maternal and Child Healthcare Hospital
(SMCHH) is a tertiary center with an average of 15,000 births
per year. From 2003 to 2018, there were 232,043 registered
births at SMCHH. During the study period, 50 newborns
termed apparently stillborn (gestation: 39 £ 2 weeks; weight:
2,978 £ 701g) were successfully resuscitated and transferred
to the neonatal intensive care unit (NICU). A total of 38
(76%) survived until discharge, among whom 50% (19/38)
had no obvious morbidity at discharge. A total of 31.6%
(12/38) of survivors were diagnosed with moderate or severe
hypoxic-ischemic encephalopathy (HIE).

DISCUSSION

Apparently stillborn neonates are mostly born at the terminal
stage of secondary apnea (15). If they are left untreated or
not resuscitated timely and sufficiently, death often occurs
(13). Apparently stillborn neonates are different from neonates
born with primary apnea, who generally have noticeable tone
or reflex and respond to drying and stimulation. A very
small proportion of neonates at primary apnea might also
show no vital signs, they are difficult to be differentiated
from apparent stillbirth. Nevertheless, no vital sign itself
also indicates a severe condition approaching the secondary
apnoea. Furthermore, neonates in the primary apnea hardly
have an HR below 10 bpm and are not applied with
this algorithm.

Resuscitation for apparently stillborn neonates aims to deliver
the well-oxygenated blood to the hypoxic-ischaemic organs in
a time as short as possible to avoid cerebral damage in these
infants. Therefore, ventilation is considered the top priority.
Drying, suction, and stimulation will not work in neonates with
secondary apnoea (13). Experimental evidence has demonstrated
that even adequate positive pressure ventilation (PPV) failed to
increase the HR within a short time in bradycardic newborn
piglets (16). Therefore, we recommend that apparently stillborn
newborns are intubated immediately after birth for an effective
and speedy recovery of the heart beat. Cardiac compression is
often needed in the resuscitation of asystolic neonates which
requires intubation to improve ventilation efficacy (Textbook of
neonatal resuscitation 7th edition, page 118) as recommended
by NRP guidelines. Although no studies clearly demonstrate
that restoration of heart rate is faster with intubation than
with mask ventilation, at least 30% air leak during mask PPV
were found in the delivery rooms (17). In contrast to many
centers in other countries, only experienced neonatologists are
allowed to perform the resuscitation of apparent stillbirths in
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FIGURE 1 | Algorithm for the resuscitation of asphyxiated newborns with asystole or severe bradycardia. ECG, electrocardiography; SpOs, saturation pulse oxygen;
HR, heart rate; bpm, beats per minute; IV, intravenous.
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TABLE 1 | Comparison of apparently stilloorn neonate resuscitation algorithms with international guidelines (NRP, 2015) and Chinese neonatal resuscitation guidelines

(CNR, 2016).
NRP algorithm CNR algorithm Apparent stillbirth lllustration
algorithm

Team Three people Three people Four people (1) Resuscitation of apparently stilloorn neonates often
requires intubation, heart compressions, and umbilical
venous catheter (UVC) placement simultaneously;
therefore, multiple people are needed.

Assessment Term, tone, Term, clean amniotic Any breathing, tone (1) Apparently stillborn neonates are mostly in asystolia

Drying and stimulation

Intubation

Initiate FiO» %

Frequency of ventilation

First assessment of heart
rate

Initiation of chest
compressions

Frequency of heart

compression

Chest compression to
ventilation ratio

uvec

First dose of epinephrine

breathing, or crying

Yes

Initiate after 1 min (if
needed)

>35 weeks 21%,
<35 weeks 21-30%

40-60 times/min

100 bpm

After 1-2 min if
needed

90 times/min

3:1

After ~2min

After ~4 min

fluid, tone, breathing,
or crying

Yes

Initiate after 1 min (if
needed)

21, 40, and 100%**

40-60 times/min

100 bpm

After 1-2 min if
needed

90 times/min

3:1

After ~2min

After ~4min

or HR > 10 bpm?

No

Preferably finish
within 30 s

100%

>60 times/min

10 bpm

After 30s

>120 times/min

Not restricted to 3:1

After 30, initiate at
the same time as
chest compressions
After 1.5min, if
needed.

or approaching it (HR < 10 bpm). (2) Infants may die
from complications of MAS [such as pneumothorax and
persistent puimonary hypertension (PPHN)] in
low-resource areas of China. Therefore, to prevent
subsequent complications, the CNR still recommends
suctioning the airway in fluid-contaminated newborns
with low vitality*.

Apparently stillborn neonates are at the terminal stage of
secondary apnoea, and stimulation does not help (13). In
addition, apparently stillborn infants often need
therapeutic hypothermia later to prevent brain injury;
warming and drying are less important than aeration in
this case.

(1) Intubation facilitates the recovery of heart beat and
cerebral perfusion. (2) Heart compression is mostly
needed in resuscitation of apparent stillbirth and NRP
guidelines recommend to intubate before heart
compression. (3) Only experienced neonatologists are
allowed to perform the resuscitation of apparent
stilloirths in most level lll centers in China, which ensures
intubation to be accomplished within 20 s and less
intubation-related injury.

Evidences about the injury of 100% oxygen are slightly
conflicting. According to our experience, restoring
cerebral perfusion is the top priority in these infants and
recommend using pure oxygen to initiate ventilation;
however, we are always aware of potential hyperoxia
injury.

Facilitate aeration and restore oxygenation in cerebral
blood.

Apparently stillborn neonates are mostly in asystolia or
approaching to it.

Timely chest compressions facilitate perfusion of
well-oxygenated blood throughout the body, preventing
organ injury caused by hypoxia.

Facilitate perfusion of the well-oxygenated blood
throughout the body.

Evidence from piglets shows sustained inflations (Sls)
combined with chest compressions significantly
shortened the time needed to induce spontaneous
circulation compared to the standard 3:1 compression:
ventilation ratio (14).

Epinephrine is often needed in the resuscitation of
apparently stillborn neonates. Therefore, the UVC can be
placed concurrently with chest compressions.

Since the UVC is established early, epinephrine can be
administered early if needed.

The key to resuscitation of apparently stillborn neonates is to deliver oxygenated blood to the body. Therefore, never start chest compressions before the establishment of

effective ventilation.

“Low vitality refers to one of the following symptoms: low tone, no breathing or gasping, HR < 100 bpm.
“In rural areas of China, self-inflating bags are the most common devices for resuscitation. Air-oxygen mixers and blenders are not available. The CNR is aware of the toxicity of 100%
oxygen and therefore suggests removing the corrugated tube from the self-inflating bag to generate a concentration of 40% oxygen after mixing ambient air with 100% oxygen.
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most level III centers in China, which ensures intubation to
be accomplished within 20s and less intubation-related injury.
This recommendation is also supported by Berglund et al., who
recommended direct intubation in neonates with asystolia (18).
Besides, to reduce “excessive resuscitation” we suggest returning
to the standard resuscitation if neonates’ performance improves
after each assessment. There might still be some neonates who
would be excessively intubated, however, the risk of delayed
ventilation in neonates with secondary apnea outweighs the
risk of over resuscitation in neonates with primary apnea given
that differentiation between primary and secondary apnea is
challenging in this population.

Investigating the concentration of oxygen used for initial
resuscitation has long been a focus of interest. Hyperoxia may
increase the risk of brain injury due to loss of function in
overvasodilated cerebral vessels (19). In contrast, evidence from
severely hypoxic-ischaemic rats suggested that no difference
was observed in the rate of brain injury between 100
and 21% oxygen (20). Solevdg et al. recently performed a
literature review on whether to use 21 or 100% oxygen
in the resuscitation of severely asphyxiated neonates and
concluded that resuscitation with 100% oxygen may restore
cerebral blood flow more rapidly than resuscitation with 21%
oxygen but cautioned that pure oxygen may damage the
ischaemic brain (21). The brains of apparently stillborn newborns
remain under hypoxic-ischaemic conditions for a relatively
long period, and there is a balance between prolonging this
period and causing hyperoxia-related injury. According to our
experience, restoring cerebral perfusion is the top priority in
these infants therefore we recommend using pure oxygen to
initiate ventilation; however, we are always aware of potential
hyperoxia injury.

The pressure during PPV is also different between intensive
resuscitation and standard guidelines. Since an adequate PIP
is instrumental for the swift establishment of ventilation in
emergencies, we recommend starting with a PIP of 30 cmH,O
and modifying it according to the experience of the resuscitators.
Notably, it is crucial to lower the PPV promptly to avoid
pneumothorax, overventilation, and hypocarbia, which are also
associated with brain injury (22).

Studies on the outcomes of stillbirths are difficult and
limited. Our hospital’s survival rate at discharge is 76%,
which is higher than the 62% which was reported in 42
successfully resuscitated apparently stillborn neonates during
the period 1986-1994 by Casalaz et al. (23). Nelson et al.
reported a survival rate of 83.9% at discharge in 93 successfully
resuscitated apparently stillborn neonates during 2002-2007
(2); this rate was slightly higher than that in our center.
This may be because parental responsibility for their child’s
medical costs has increased, and parents receive little social
help in China. In our center, most of the neonatal deaths
were due to the withdrawal of intensive care as decided by
the parents.

We summarized neonatal morbidities in apparently stillborn
infants in the NICU who survived. Nelson et al. reported a
similar rate of 33.7% (28/83) for significant neonatal morbidities,
including seizure and HIE (2). The long-term outcomes of

survivors were not reported in their study. Casalaz et al. reported
that 62% of neonate survivors (16/26) were free of morbidities
at 20 months and at 8 years later (23). Notably, these studies
were performed decades ago. There is an urgent need to assess
the long-term outcomes of apparently stillborn infants.

Unfortunately, we do not have complete data on the
number of apparent stillbirths during the study period. This
algorithm is mostly based on clinical experience. While
experience is not evidence, in the absence of evidence, it
is likely to be the best option for guiding clinical practice.
Nevertheless, it is important to perform a trial or quality
assurance study to evaluate the effectiveness of the algorithm
in these severely asphyxiated neonates although the logistic
and ethical principles are challenging if not impossible to
overcome. Additionally, resuscitation of apparent stillbirth
significantly relies on experienced neonatologists with skilled
intubation and venous catheterization, which might reduce the
transferability of our algorithm to the units without adequate
healthcare settings.

The ILCOR guidelines are based on currently available
evidence through a vigorous and consensus-driven process.
The guidelines are widely recognized and appropriate for the
resuscitation of neonates under most circumstances. However,
how to resuscitate apparent stillbirth was not stated in the
guidelines. Lack of evidence suggests that ILCOR guidelines are
applicable to this unique population. Therefore, our algorithm
proposed in this report is not challenging the ILCOR guidelines,
but an adjunctive specific to apparent stillbirths.

In conclusion, accumulating experimental evidence and
clinical practice experience suggest that standard resuscitation
guidelines may not precisely apply to apparently stillborn
neonates and to restore oxygenation and perfusion in a
timely manner, we propose to initiate intubation and chest
compressions immediately in apparently stillborn neonates and
summarize our institutional algorithm.
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