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Abstract

Objective: To describe the timing of major resuscitation events in the Delivery room.

Methods: A retrospective study of neonates born at a level I birthing hospital who received chest compressions in the delivery room was con-
ducted. The timing of the resuscitation events i.e., intubation, UVC, endotracheal (ETT), epinephrine and intravenous (IV) epinephrine were
described. The timing of these events were compared for deliveries with the presence of neonatology team.

Results: 51 neonates were included. The primary outcome occurred in 28 (65%) of deliveries. An alternate airway was secured at 4.24 + 5.9 min-
utes. Endotracheal epinephrine and 1V epinephrine were administered at a mean time of 3.98 + 3 minutes and 10.87+ 5.18 minutes after the initiation

of chest compressions respectively.

Conclusion: Data from real-life cases on the timeline of events suggest that major resuscitation events as suggested by Neonatal Resuscitation

Program Guidelines, are often significantly delayed.
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Introduction

Neonatal deaths account for approximately 47% of deaths globally
under 5 years in 2019." Worldwide, 25% of neonatal deaths occur
secondary to birth asphyxia.? Although most term newborns (85%)
transition spontaneously to extrauterine life with no or little assis-
tance, 5% of term infants require positive pressure ventilation
(PPV), 2% need alternate airway placement, and 1-3 neonates per
1000 live births receive chest compressions (CC) and emergency
medications.® This emphasizes the importance of the presence of
appropriately trained personnel at deliveries, especially high-risk
deliveries, to provide timely assistance to improve outcomes and
reduce morbidities.

The Neonatal Resuscitation Program (NRP) provides step-by-
step guidelines in newborn resuscitation, including the appropriate
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timing of initiation of PPV and medication administration. Unlike the
resuscitation guidelines for adults and children, NRP guidelines
emphasize providing effective ventilation as the most important
and effective step for resuscitation in the delivery room for
neonates.**

Specifically, the NRP guidelines*> recommend initiation of posi-
tive pressure ventilation (PPV) within 1 minute of birth, securing an
alternate airway before starting chest compressions, administering
CC for 60 seconds if there is no response to 30 seconds of effective
PPV and administering epinephrine after 60 seconds of coordinated
CC and ventilation.

NRP guidelines further recommend, “If the use of epinephrine
can be anticipated because the baby is not responding to PPV,
one member of the resuscitation team should prepare to place an
Umbilical Venous Catheter (UVC) while others continue to provide
PPV and CC”.°> Many of these events are time-sensitive, and poor

E-mail addresses: praveenkumar.boddu@childrens.harvard.edu (P.K. Boddu), thoma11ir@cmich.edu (R. Thomas).
' Present address: 300, Longwood Ave, Boston Children’s Hospital, Boston, Massachusetts, USA. 02115.

https://doi.org/10.1016/j.resplu.2024.100571

Received 21 October 2023; Received in revised form 18 January 2024; Accepted 28 January 2024

2666-5204/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.resplu.2024.100571&domain=pdf
https://doi.org/10.1016/j.resplu.2024.100571
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:praveenkumar.boddu@childrens.harvard.edu
mailto:thoma11r@cmich.edu
https://doi.org/10.1016/j.resplu.2024.100571
https://doi.org/10.1016/j.resplu.2024.100571
http://www.sciencedirect.com/science/journal/26665204
http://www.elsevier.com/locate/resuscitation-plus

2 RESUSCITATION PLUS 17 (2024) 100571

adherence could affect the neonate’s short- and long-term out-
comes. Finally, the NRP recommends having at least 1 qualified indi-
vidual, with the sole responsibility of newborn’s care, for every birth
and at least 2 individuals for infants with risk factors. Anticipation
and preparation for at-risk deliveries, the presence of skilled person-
nel, closed-loop communication, and teamwork, all help in adher-
ence to the guidelines.

Among the studies published,®® adherence to the algorithm
appears to be variable and is based on clinical setting, number of
providers and their skills and knowledge. However, there are a lim-
ited number of studies looking at the real-world timing of the resusci-
tation'® and to the best of our knowledge there are no or very few
such reports among neonates born in the United States of America.
To address this knowledge gap, and ascertain improvement in the
standard of care, we conducted a retrospective study to evaluate
the actual timing of major resuscitation events in the delivery room
at our institution.

Material and methods

We conducted a retrospective study reviewing the medical records
and code sheets of all neonates who met the inclusion criteria and
were born between January 2015 and May 2022. The study was con-
ducted at Hutzel Women'’s Hospital, Detroit, Michigan, USA, which is
a tertiary hospital with approximately 4000 deliveries each year and
with an affiliated level 1l Neonatal Intensive Care Units (NICU). The
study was approved by the Institutional Review Board (2021-1173)
at Central Michigan University. At our institution, high risk deliveries
are attended by a team comprising of neonatologist, neonatal fellow,
pediatric resident, registered nurse, and a respiratory therapist who
all had completed NRP course. In our center, in case of a major
resuscitation event, a member of the clinical team (generally NICU
registered nurse) is identified to document the timing of events on
a standard code sheet that is uploaded to the patient’s chart.

All infants who received at least CC in the delivery room were
included in the study. Neonates with “do not resuscitate orders/com-
fort care”, with major congenital anomalies or dysmorphism were
excluded from the study.

The timing of the resuscitation events i.e., intubation, UVC, endo-
tracheal (ETT) epinephrine and intravenous (V) epinephrine were
described. While all the events are reported in seconds, the PPV tim-
ing was documented as initiated within 60 seconds or not.

The timing of these events were compared for deliveries with the
presence of the neonatology team (presence of either neonatology
fellow, attending or nurse practitioner) prior to delivery versus when
the neonatology team arrived after the delivery of the baby.

Statistical analysis was done using Stata17 software (College
Station, TX: StataCorp LLC). Continuous variables were reported
as mean with standard deviation (SD) and median with inter-
quartile ranges (IQR). For comparisons, Kruskal-Wallis test, t test,
Mann-Whitney U test, and Fisher's exact test were used and a p-
value of < 0.05 was considered statistically significant.

Results

A total of 51 neonates met the inclusion criteria. The baseline char-
acteristics are presented in Table 1. The mean gestational age was
30.2 + 6.6 weeks. The neonatal team was present prior to the

delivery of the neonate in 38 (74.5%) deliveries and in 25.5% of
the deliveries the neonatal team reached the delivery room after
the birth of the baby. The timing of major events is presented Table 2.
PPV was initiated within 60 seconds after birth in 66.7% (n = 34) of
cases and data was missing in 19.6% of cases. An alternate airway
was secured at a median time of 2.5 minutes (IQR 1-5 minutes). The
median time from the initiation of resuscitation at which an umbilical
venous catheter (UVC) was secured was 14 minutes (IQR 9—-20 min-
utes). Endotracheal epinephrine was administered at a median time
of 2.5 minutes (IQR 2-5 minutes) after the initiation of CC and IV epi-
nephrine was administered at a median time of 10 minutes (IQR 7—
16 minutes) after the initiation of CC.

The timing of major resuscitation events (Timing of intubation,
Timing of IV Epinephrine and timing of UVC) was not significantly dif-
ferent in relation to the presence of the neonatal team before the
delivery. A significant difference was found in the median timing of
administration of ETT epinephrine with the presence of neonatal
team prior to delivery (2.3 (2 to 5) minutes vs 8 (5 to 11) minutes,
p = 0.01) Table 3.

Among the study subjects, 25 neonates (49%) died of which 13
neonates died in the delivery room. Return of Spontaneous Circula-
tion (ROSC) (defined as a persistent heart rate > 100 beats/min) was
achieved in 37 neonates (72.6%) in delivery room. In the neonates
who achieved ROSC, the mean time of ROSC was 11.15 minutes
(SD = 10; Median 7; IQR = 4.5-15).

Discussion

Adherence to the NRP recommendations could be challenging, and
studies on neonates as well as mannequins have shown deviations.
Although there are many studies observing deviations in the NRP
recommendations, there are limited data overall focusing on the tim-
ing of various resuscitation events. Ours is one of the few studies
focusing on the timing of major resuscitation events in a real-life sce-
nario. While there are limited studies that looked at real life and sim-
ulation data, there are no studies in the USA to best of our
knowledge that looked at the timing of the major resuscitation events
in real life.

American Academy of Pediatrics and American Heart Associa-
tion along with various Resuscitation councils across the world
release consensus statements with treatment recommendations on
neonatal resuscitation. In the United States, the NRP Steering Com-
mittee develops educational materials for providers to acquire the
skills to perform the neonatal resuscitation. A combination of proce-
dural skills, medical knowledge, communication skills, and effective
teamwork is vital while resuscitating a high-risk newborn in achieving
a best possible outcome.

Real world resuscitation data

A retrospective study of video recordings of neonatal resuscitation of
preterm infants of < 32 weeks noted errors attributable to timing of
events, with a global adherence to protocol in 80.9% cases, and only
12.5% of intubations were achieved within the allotted 30 seconds.®
Heathcote et al, in a retrospective study published in 2018 from U.K
analyzed 27 newborns who received full resuscitation, including CC.
Similar to the current study, they also noted a delay in securing UVC
(median time 9.0 minutes (Cl 7.0-14.0) and administration of first
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Table 1 - Baseline characteristics.

Variable n Mean (SD) or % Median (IQR)
Gestational age (weeks) 50 30.2 (+6.6) 28 (24-37)
Mean (SD)
Median (IQR)
Birth weight (grams) 49 1743 (£1226) 1380 (640—2930)
Mean (SD)
Maternal age(years) 51 29.2 (x6.1) 30 (25-34)
Mean (SD)
Median (IQR)
1 minute Apgar 49 1.63 (1.73) 1(1-2)
5-minute Apgar 49 2.5 (2.3) 2 (1-4)
10-minute Apgar 45 3.9 (3.1) 3 (1-6)
Male sex 25 50%
Black race 41 80.4%
Primigravida 14 27.5%
Multiple gestations 6 11.8%
Clinical chorioamnionitis 3 6%
Histological chorioamnionitis 26 51%
Vaginal delivery 17 33%
Neonatal team present prior to birth 38 74.5%

classified as errors of commission (errors in administration of PPV,
Table 2 - Timing of resuscitation events. intubation, CC, coordination between PPV and CC).”
Key Resuscitation Event Median

(IQR) Simulation studies

Timing of intubation since birth (min) 2.5 (1-5)
Timing of ETT epinephrine from chest 2.5 (2-5) Various simulation studies done on adherence to neonatal resuscita-
compressions (min) tion guidelines also noted similar findings of variability in knowledge
Timing of IV epinephrine from chest 10 (7-16) and adherence to resuscitation guidelines.®"'~"® Foglia et al, in an
CQmpreSS|ons (mln) in-situ study on manikin by 50 NRP providers demonstrated nonad-
Timing of securing UVC 14 (9-20)

dose of epinephrine was (median time 10.0 minutes (Cl 8.0-14.0).
Neonatal team was present at the time of delivery in only 30% of
cases and in 48% of cases the neonatal team was summoned after
delivery and undocumented in 22%.'° In the current study, neonatal
team was present before the delivery in 74.5% of the resuscitations.
In a similar study analyzing 23 complex resuscitations, Yamada et al,
noted deviations from NRP algorithm with 72% of the errors were

herence to NRP algorithm while performing coordinated CC and ven-
tilations."! As evidence shows, adherence to the algorithm is variable
and is based on the clinical setting, number of providers and their
skills and knowledge, which can significantly impact the outcomes.
Bender et al in a prospective study have observed a simulation
booster given 7-10 months after NRP training and reassessing at
15—-18 months, showed improvement in both procedural skills and
teamwork behaviors.'? In another simulation study, RubioGurung
et al, analyzing the effectiveness of simulation training on neonatal
resuscitation performance, noted a significant improvement in

Table 3 - Comparison of mean timing of events in relation to the neonatal present before delivery team.

Variable Neonatal team present before Neonatal team present after p
delivery delivery

Timing of intubation 2 (1to 5) 3.9 (2 to 6) 0.21

Timing of ETT epinephrine after chest 2.3(2to5) 8 (5to 11) 0.01

compressions

Timing of 1V epinephrine after chest compressions 9.1 (6.5 to 16) 12 (8 to 19) 0.63

Timing of UVC 14 (9 to 18.8) 17 (13 to 25) 0.31
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performance among the providers who received in situ simulation
training when compared to who did not receive.'®

Medicolegal claims related to neonatal
resuscitation

Neonatal resuscitation and delivery room management is a common
area for malpractice suits in clinical neonatology. Berglund et al
reviewed details of neonatal resuscitation for 177 claims for financial
compensation related to medical malpractice in conjunction to child-
birth in Sweden. They noted a delay in initiation of artificial ventilation
when indicated in 7 (4.2%) cases. The median time for endotracheal
intubation was 6 minutes (range 0 to 180 minutes).’* A systematic
review of medico-legal claims and complaints in neonates by Aiyen-
gar A et al found that delay in the initiation of resuscitation, including
delay in the administration of emergency drugs, was reported in 5 of
the 12 studies.'® The current study also noted delay in timing of
some resuscitation events. Further studies are needed to identify
the criteria for delayed resuscitation events that are associated with
clinically significant outcomes.

How long should resuscitation continue?

The NRP 7th edition'® suggested that it may be reasonable to stop
resuscitation after 10 minutes of resuscitation if asystole persisted.
Per the latest NRP guidelines, a reasonable timeframe for consider-
ing cessation of resuscitation efforts has been revised to 20 minutes,
with consideration of individual circumstances.® In the current study,
IV epinephrine was administered at a median time of 10 minutes
after chest compressions. The decision to discontinue resuscitation
efforts should be individualized considering the timing of endotra-
cheal intubation, and IV epinephrine.

The strength of this study includes, a single center study, from a
level 1l NICU, with a consistent group of providers attending deliver-
ies and data from 7 years making the study observations real and a
persistent problem. Our study emphasizes the importance of ongo-
ing quality improvement projects to keep up with the skills and knowl-
edge which tend to lose over time. The data regarding timing of
events such as alternate airway, epinephrine administration and
securing a UVC described in the study bridges the gap in the avail-
able literature.

Being a retrospective study, we acknowledge the inherent limita-
tion regarding sequence of events and reasons for delays in certain
procedures. The timing of events is collected based on the documen-
tation of code sheets during the resuscitation, completed by member
of the clinical team and not dedicated research personnel. There is a
possibility of actual timing of interventions being later than docu-
mented. Trevisanuto D et al. noted that the health care providers
often underestimate the passage during neonatal resuscitation.'”
This suggests that the timing of major resuscitation events may actu-
ally be later than documented.

Conclusions

In the current study, we observed delay in some resuscitation events
for neonates in the delivery room. The presence of a skilled neonatal
team prior to delivery was associated with better timing for resuscita-

tion events. Quality improvement projects to identify key factors for
improvement in adherence to NRP guidelines would be needed tai-
lored to each institution’s unique situation. These may include pres-
ence of more skilled personnel, keeping epinephrine and umbilical
venous catheter readily available for high risk deliveries with anticipa-
tion of resuscitation. Further studies are needed to identify the crite-
ria for delayed resuscitation events that are associated with clinically
significant outcomes.

CRediT authorship contribution statement

Praveen Kumar Boddu: Conceptualization, Data curation, Writing —
original draft, Investigation, Methodology. Pradeep Kumar
Velumula: Methodology, Writing — reviewing & editing. Sanket Jani:
Methodology, Writing — reviewing & editing. Nithi Fernandes:
Methodology, Writing — reviewing & editing. Jorge Lua: Methodol-
ogy, Writing — reviewing & editing. Girija Natarajan: Methodology,
Writing — reviewing & editing. Monika Bajaj: Methodology, Writing
— reviewing & editing, Formal Analysis. Ronald Thomas: Formal
Analysis, Data curation. Sanjay Chawla: Conceptualization,
Methodology, Supervision.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Author details

2Department of Pediatrics, Boston Children’s Hospital, Harvard
Medical School, Boston, MA 02115, USA bMercyOne Waterloo
Medical Center, Waterloo, IA, USA °Department of Pediatrics,
Neonatal-Perinatal Medicine, Central Michigan University, Children’s
Hospital of Michigan and Hutzel Women’s Hospital, Detroit, M|
48201, USA “Department of Pediatrics, Central Michigan University,
Detroit, MI, 48201, USA

REFERENCES

1. Lawn JE, Blencowe H, Oza S, et al. Every Newborn: progress,
priorities, and potential beyond survival [published correction
appears in Lancet. 2014 Jul 12;384:132]. Lancet. 2014;384:189-205.
doi:10.1016/S0140-6736(14)60496-7.

2. Black RE, Cousens S, Johnson HL, et al. Global, regional, and
national causes of child mortality in 2008: a systematic analysis.
Lancet. 2010;375:1969-87. https://doi.org/10.1016/S0140-6736(10)
60549-1.

3. Wyllie J, Perlman JM, Kattwinkel J, et al. Part 7: Neonatal
resuscitation: 2015 international consensus on cardiopulmonary
resuscitation and emergency cardiovascular care science with
treatment recommendations. Resuscitation 2015;95:e169—201.
https://doi.org/10.1016/j.resuscitation.2015.07.045.

4. Aziz K, Lee CHC, Escobedo MB, et al. Part 5: Neonatal resuscitation
2020 American heart association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care. Pediatrics. 2021
Jan; 147: e2020038505E. doi: 10.1542/peds.2020-038505E. Epub
2020 Oct 21. PMID: 33087555.



https://doi.org/10.1016/S0140-6736(10)60549-1
https://doi.org/10.1016/S0140-6736(10)60549-1
https://doi.org/10.1016/j.resuscitation.2015.07.045

RESUSCITATIONUPLUS

17 (2024) 100571 5

10.

11.

. Textbook of Neonatal Resuscitation 8th ed (2021) Weiner GM, and

Zaichkin J (Eds). American Academy of Pediatrics, USA.

. Maya-Enero S, Botet-Mussons F, Figueras-Aloy J, Izquierdo-Renau

M, Thié M, lriondo-Sanz M. Adherence to the neonatal resuscitation
algorithm for preterm infants in a tertiary hospital in Spain. BMC
Pediatr. 2018; 18: 319. Published 2018 Oct 9. doi:10.1186/s12887-
018-1288-3.

. Yamada NK, Yaeger KA, Halamek LP. Analysis and classification of

errors made by teams during neonatal resuscitation. Resuscitation
2015;96:109-13. https://doi.org/10.1016/j.resuscitation.2015.07.048.

. Binkhorst M, van de Wiel |, Draaisma JMT, van Heijst AFJ, Antonius

T, Hogeveen M. Neonatal resuscitation guideline adherence:
simulation study and framework for improvement. Eur J Pediatr
2020;179:1813-22. https:/doi.ora/10.1007/s00431-020-03693-6.

. Sloane AJ, Kenaley KM, Favara MT. Assessment of temporal

variations in adherence to NRP using video recording in the delivery
room. Resusc Plus. 2021; 8: 100162. Published 2021 Sep 6.
doi:10.1016/j.resplu.2021.100162.

Heathcote AC, Jones J, Clarke P. Timing and documentation of key
events in neonatal resuscitation. Eur J Pediatr 2018;177:1053-6.
https://doi.org/10.1007/s00431-018-3160-8.

Foglia E, Patel J, Niles D, Aasland PH, Nadkarni V, Ades A. Provider
Adherence to Neonatal Resuscitation Program Recommendations

12.

13.

14.

15.

16.

17.

for Coordinated Neonatal Chest Compressions and Ventilations.
Analg Resusc 2013;Suppl 1. https://doi.org/10.4172/2324-903X.S1-
010 2324-903X.S1-010.

Bender J, Kennally K, Shields R, Overly F. Does simulation booster
impact retention of resuscitation procedural skills and teamwork? J
Perinatol. 2014;34:664-8. https://doi.org/10.1038/|p.2014.72.
Rubio-Gurung S, Putet G, Touzet S, et al. In situ simulation training
for neonatal resuscitation: an RCT. Pediatrics 2014;134:e790-7.
https://doi.org/10.1542/peds.2013-3988.

Berglund S, Norman M, Grunewald C, Pettersson H, Cnattingius S.
Neonatal resuscitation after severe asphyxia—a critical evaluation of
177 Swedish cases. Acta Paediatr 2008;97(6):714-9. https:/doi.org/
10.1111/1.1651-2227.2008.00803.x.

Aiyengar A, Morris T, Bagshaw K, Aladangady N. Systematic review
of medical literature for medicolegal claims and complaints involving
neonates. BMJ Paediatr Open. 2021;5:e001177. Published 2021 Oct
6. doi:10.1136/bmjpo-2021-001177.

Textbook of Neonatal Resuscitation 7th ed (2016) Weiner GM, and
Zaichkin J (Eds). American Academy of Pediatrics, USA.
Trevisanuto D, De Bernardo G, Res G, Sordino D, Doglioni N,
Weiner G, Cavallin F. Time perception during neonatal resuscitation.
J Pediatr 2016;177:103-7. https://doi.org/10.1016/].
jpeds.2016.07.003. Epub 2016 Aug 4 PMID: 274992.



https://doi.org/10.1016/j.resuscitation.2015.07.048
https://doi.org/10.1007/s00431-020-03693-6
https://doi.org/10.1007/s00431-018-3160-8
https://doi.org/10.4172/2324-903X.S1-010
https://doi.org/10.4172/2324-903X.S1-010
https://doi.org/10.1038/jp.2014.72
https://doi.org/10.1542/peds.2013-3988
https://doi.org/10.1111/j.1651-2227.2008.00803.x
https://doi.org/10.1111/j.1651-2227.2008.00803.x
https://doi.org/10.1016/j.jpeds.2016.07.003
https://doi.org/10.1016/j.jpeds.2016.07.003

	Neonatal resuscitation program (NRP) guidelines and timing of major resuscitation events in delivery rooms at a level III NICU: Understanding deviations
	Introduction
	Material and methods
	Results
	Discussion
	Real world resuscitation data
	Simulation studies
	Medicolegal claims related to neonatal resuscitation
	How long should resuscitation continue?
	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	References


