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Abstract

Background—The contemporary characteristics and outcomes of cardiopulmonary resuscitation
(CPR) in the neonatal intensive care unit (NICU) are poorly described. The objectives of this study
were to determine the incidence, interventions, and outcomes of CPR in a quaternary referral
NICU.

Methods—Retrospective observational study of infants who received chest compressions for
resuscitation in the Children’s Hospital of Philadelphia NICU between April 1, 2011 and June 30,
2015. Patient, event, and survival characteristics were abstracted from the medical record and the
hospital-wide resuscitation database. The primary outcome was survival to hospital discharge.
Univariable and multivariable analyses were performed to identify patient and event factors
associated with survival to discharge.

Results—There were 1.2 CPR events per 1,000 patient days. CPR was performed in 113 of 5,046
(2.2%) infants admitted to the NICU during the study period. The median duration of chest
compressions was 2 minutes (interquartile range 1, 6 minutes). Adrenaline was administered in 34
(30%) CPR events. Of 113 infants with at least one CPR event, 69 (61%) survived to hospital
discharge. Factors independently associated with decreased survival to hospital discharge were
inotrope treatment prior to CPR (adjusted Odds Ratio [aOR] 0.14, 95% Confidence Interval [CI]
0.04, 0.54), and adrenaline administration during CPR (aOR 0.14, 95% CI 0.04, 0.50).
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Conclusions—Although it was not uncommon, the incidence of CPR was low (<3%) among
infants hospitalized in a quaternary referral NICU. Infants receiving inotropic therapy prior to
CPR and adrenaline administration during CPR were less likely to survive to hospital discharge.
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Introduction

Methods

Little is known about the current practices and outcomes of cardiopulmonary resuscitation
(CPR) in the neonatal intensive care unit (NICU). In historical studies, the reported
incidence of CPR ranged from 1% to 6% of all infants admitted to the NICU,1-3 and was as
high as 10% to 34% among extremely preterm infants.*~ Between 49% to 100% of infants
who received CPR in these studies died before hospital discharge, prompting some authors
to question whether CPR in extremely preterm infants in the NICU is futile.#6

However, many of these studies are over 15 years old and may not reflect current trends in
CPR practice or outcomes in newborns. In addition, many of these early reports only
included extremely preterm infants who received CPR in the first days after birth.2:5:6

With growing survival of extremely preterm newborns, complications of prematurity that
require management at referral NICUs are increasing in prevalence.8 After surviving the
initial neonatal periods with unstable fetal-neonatal transition and early neonatal
cardiorespiratory disorders, these patients remain acutely ill throughout infancy and may
suffer from acute cardiopulmonary instability requiring CPR. Characteristics and outcomes
of CPR in the referral neonatal population are not well described. The objectives of this
study were to determine the incidence, interventions, and outcomes of CPR events in a
contemporary quaternary referral NICU.

Study design and population

This was a retrospective cohort study of all infants < 1 year of age who received CPR
(defined as chest compressions for resuscitation) between April 1, 2011 and June 30, 2015 in
the Children’s Hospital of Philadelphia (CHOP) NICU. This time period was selected
because it encompasses the years when a hospital wide CPR database was in place. Delivery
room CPR events were not captured in this database and were not evaluated in this analysis.
The CHOP Institutional Review Board approved this study with a waiver of parental
informed consent.

The CHOP NICU is a 96-bed level 4 referral NICU.® The most common reasons for
admission are surgery (38%), respiratory management (16%), neurologic problems (9%),
and congenital anomalies (7%). Infants with complex congenital heart disease are not
typically managed in the CHOP NICU in the immediate perioperative period but may be
transferred to the NICU once their acute cardiac problems resolve. Approximately half of
admitted infants are preterm (<37 weeks gestation); 14% have a gestational age < 29 weeks
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at birth, and 9% are of 29 to 33 weeks gestation at birth. At the time of admission, 42% of
infants are greater than 2 weeks postnatal age. The baseline in-unit mortality is 5%.

All staff in the CHOP NICU are trained in the Neonatal Resuscitation Program (NRP)
guidelines.10 CPR is initiated in infants with a heart rate <60 beats per minute after
attempting to establish effective positive pressure ventilation. Chest compressions are
performed with a backboard in place and are coordinated with ventilation in a 3:1 ratio.

Data Sources

Infants were identified from a hospital-wide resuscitation database that captures all acute
events for which the NICU emergency (code) alarm is activated. Per unit policy, a dedicated
staff member records pre-specified data in real time into a resuscitation record during the
resuscitation event. Basic demographic, resuscitation, and outcome data are subsequently
entered into the resuscitation database (Supplemental File). We independently confirmed all
resuscitation events using the infant’s primary medical record and abstracted detailed
information about the resuscitation from the resuscitation database. Additional pre-specified
demographic, medication, and laboratory data was abstracted from the medical record. We
used administrative data to determine the baseline number of NICU admissions and patient
days during the study period.

Study Definitions and Outcomes

CPR was defined as any event for which chest compressions were performed. If an infant
had more than one CPR resuscitation event during his/her hospital admission, only the first
event was included in this analysis. CPR events were sub-classified as either acute
respiratory compromise (ARC) preceding cardiopulmonary arrest (CPA), or CPA alone,
according to American Heart Association definitions.}! Briefly, ARC is defined as activation
of a unit-based emergency response for absent, agonal or inadequate respiration that requires
emergency assisted ventilation. CPA is defined as a cardiopulmonary resuscitation event
requiring chest compressions and/or defibrillation.

The duration of chest compressions, inclusive of pauses for pulse checks or other
interventions, was abstracted from the resuscitation record and recorded in whole minutes.
Medications administered during the resuscitation were abstracted from the resuscitation
record. Medications given prior to CPR were classified as any medication administered
during the 24 hours prior to the event, as documented in the electronic medical record.
Continuous capnography monitoring of intubated patients is not routinely used in the CHOP
NICU, and monitoring tools such as arterial line waveforms during CPR were not recorded
in the database.

The primary study outcome was survival to hospital discharge. Secondary outcomes were
return of circulation (ROC), defined as no further need for chest compression within 20
minutes of the event, and survival for >24 hours after CPR.
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Data Analysis

Results

Descriptive summary statistics were generated for the interventions performed during
resuscitation and the baseline characteristics and outcomes of infants who received CPR. We
examined the association between in-hospital mortality and the following covariates:
gestational age, post-natal age at event, primary diagnosis, inotropes prior to CPR (as an
indicator of hypotension), systemic antibiotics prior to CPR (as an indicator for proven or
suspected sepsis), primary CPA event, duration of chest compressions, and administration of
adrenaline (epinephrine) during CPR. These potential risk factors were a priori selected
because they were reported to be associated with mortality in previous studies of neonates or
older children or were hypothesized to be significant contributors to in-hospital mortality in
our population. %1213 We explored the associations between these covariates and the study
outcomes using chi-square or Fisher’s exact tests for dichotomous variables and Wilcoxon
rank sum tests for continuous variables. A p-value <0.05 was considered statistically
significant.

We used stepwise backwards logistic regression to identify patient and resuscitation
characteristics that were independently associated with survival to hospital discharge.
Variables associated with the primary outcome at p<0.1 in univariate analysis were included
in the initial model. We then sequentially removed each variable from the model, using the
likelihood ratio test to identify the most parsimonious model. We analyzed the data using
Stata 14.0 (Statacorp, College Station TX).

Infant characteristics and CPR events

During the study period 5,046 infants were admitted to the CHOP NICU. There were 162
CPR events in 113 infants, representing 2.2% of infants admitted during the study period.
Thirty infants had more than one CPR event (Figure 1). There were 1.2 CPR events per
1,000 patient days.

Study infants had a median gestational age of 28 weeks, median birth weight of 950 grams,
and median chronological age of 11 weeks at the time of the first CPR event (Table 1). Of
113 infants, 92 (81%) were receiving invasive mechanical ventilation at the time of the CPR
event. Twenty-three infants (20%) were treated with inotropic support within 24 hours prior
to CPR, and 63 (56%) received antibiotics for confirmed or suspected infection within 24
hours prior to the CPR event

CPR Characteristics

The majority (77%) of CPR events were classified as ARC to CPA (Table 2). Endotracheal
intubation was performed in 50 (44%) infants during CPR. Among these 50 infants, 42
(84%) were mechanically ventilated immediately prior to CPR. The indication for the
intubations that occurred during CPR (e.g., confirmed unplanned extubation or elective
change of the endotracheal tube) was not consistently documented in the resuscitation
records.
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The median duration of chest compressions was 2 minutes (Interquartile range [IQR] 1-6
minutes). Chest compressions were performed for one minute or less in 47 (42%) events,
and were performed for longer than 10 minutes in 22 (19%) CPR events (Figure 2).

Adrenaline was administered during 34 (30%) CPR events, with a median of 3 doses (IQR 2,
4 doses). The most common other medications administered during resuscitation were
opiates (30%), sodium bicarbonate (18%), and atropine (16%) (Table 2).

Among 113 infants who received CPR in this study, 69 (61%) survived to hospital discharge
(Figure 1). ROC was achieved in 103 (91%) infants, and 92 (81%) infants survived for at
least 24 hours after CPR.

In univariable analysis, infants who survived to discharge had a lower median gestational
age at birth (28 weeks vs. 30 weeks, p=0.037) and were less likely to have a primary CPA
event (6% vs. 43%, p<0.001). In addition, infants who survived to discharge were less often
treated with inotropes (7% vs. 41%, p<0.001) and antibiotics (48% vs. 68%, p=0.034)
during the 24 hours prior to CPR. The primary diagnosis was not associated with survival to
discharge

The CPR characteristics associated with survival to discharge were duration of chest
compressions (median 1 minute [IQR 1, 4 minutes] for survivors vs. 5 minutes [IQR 2, 24
minutes] for non-survivors, p<0.001) and adrenaline administration during CPR (10%
survivors vs. 61% non-survivors, p<0.001) (Table 3). The proportion of infants who survived
at least 24 hours after CPR event and subsequently had another CPR event did not
significantly differ between survivors (39%) and non-survivors (29%) (p=0.36).

The final multivariable model included the following covariates: gestational age, post-natal
age, inotrope treatment prior to CPR, primary CPA, and adrenaline administration during
CPR. Factors that were independently associated with decreased survival to hospital
discharge were inotrope treatment prior to CPR (adjusted Odds Ratio [aOR] 0.14, 95%
Confidence Interval [CI] 0.04, 0.54), and adrenaline administration during CPR (aOR 0.14,
95% CI 0.04, 0.50).

Discussion

We conducted the present study to describe the incidence, characteristics, and outcomes of
CPR in a contemporary, quaternary referral NICU. CPR was performed in 2.2% of infants.
Most CPR events started as an acute respiratory compromise that progressed to
cardiopulmonary arrest. Most events were also brief. Chest compressions were performed
for <10 minutes in 81% of CPR events. Sixty-one percent of infants receiving CPR survived
to hospital discharge. Factors that were independently associated with decreased survival to
discharge were treatment with inotropes prior to CPR and adrenaline administration during
CPR.

The incidence of CPR in the present study was lower than described in several previous
studies.>® However, many prior reports focused on extremely preterm infants who received
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CPR early in life.4=® Our population consists largely of former extremely preterm infants
who continue require hospitalization due to complex medical needs as well as full term
infants with congenital anomalies. The incidence of CPR in our unit was comparable to that
reported by Barr and colleagues,3 who found that CPR was performed in 1% of infants
admitted to a referral NICU that provides care for diverse medical and surgical diagnoses.
This result is also similar to reports from pediatric intensive care units, where 1-2% of
admitted patients receive CPR.14:15

The proportion of infants who survived to discharge was higher in our cohort than previous
neonatal studies 24-% Similar to the lower incidence of CPR, this finding may also reflect
inherent differences in the baseline characteristics of the study populations. The infants we
described were generally older at the time of CPR and had more diverse underlying
conditions than infants found in many previous studies. There may also be an inherent
selection bias in our cohort as some critically ill infants likely died prior to desired transport
to our center

Most of the CPR events in this study progressed from an initial acute respiratory
compromise. Neonates and infants are especially susceptible to CPA following acute
respiratory decompensation.18 Continuous capnography monitoring in NICU patients
permits identification of elevated CO2 levels, 17 and capnography permits rapid
identification of endotracheal tube dislodgement in intubated patients.18 Enhanced
respiratory monitoring with continuous capnography may therefore help providers recognize
and prevent ARC, averting some cases of CPA in the NICU.

Consistent with previous studies, 2° inotropic therapy prior to CPR was independently
associated with decreased survival, suggesting that antecedent cardiovascular compromise
portends a poor outcome. In addition, we found that adrenaline administration during CPR
was associated with decreased survival. Strategies to improve survival in infants with these
characteristics are needed. Moreover, interventions that improve CPR performance, such as
real-time feedback during CPR and interdisciplinary team debriefings after CPR, have been
shown to improve the quality and outcomes of CPR in the pediatric intensive care
setting.19-20 These interventions merit further investigation to improve CPR in the NICU.

We acknowledge study limitations. The CHOP NICU is a referral setting, and study results
may not generalize to an inborn NICU population. Reliable information about the cardiac
rhythm immediately before or during CPR was not recorded. Infants who received CPR
were not consistently seen in the CHOP follow-up program, preventing assessment of
neurodevelopmental outcomes in survivors.

Study strengths include the analysis of data that were recorded in real-time during
resuscitation events. In addition, we were able to characterize the incidence of CPR in our
population, which is not possible using CPR registries.

Conclusions

Although it was not uncommon, the incidence of CPR was low (<3%) among infants
hospitalized in a quaternary referral NICU. Most CPR events progressed from acute
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respiratory compromise. Survival following CPR in the present study was higher than in

pr
pr
Su

ior reports of extremely preterm infants. Among this referral population, inotropic therapy
ior to CPR and adrenaline administration during CPR were associated with decreased
rvival to hospital discharge. Future studies in the tertiary neonatal population should focus

on methods to improve outcomes in infants with these risk factors.
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Refer to Web version on PubMed Central for supplementary material.
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283 events in NICU patients |—>| 121 CPR not performed

49 repeat CPR events in 30 infants
162 CPR events in 113 « 21infants: 2 CPR events
infants * 4infants: 3 CPR events

* 5infants: 5 CPR events

| 113 CPR events analyzed |

ROC: 103 (91%)
Survival >24 hours: 92 (81%)
Survival to hospital discharge: 69 (61%)

Figure 1.
Flow diagram of CPR events included in the analysis
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Distribution of duration of chest compressions (in minutes) during CPR, according to

survival to hospital discharge.
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Baseline infant characteristics.

Table 1

Characteristic

n (%), N=113

Gestational age (weeks), median (IQR) 28 (26,34)
Birth weight (grams), median (IQR) 950 (650, 2215)
Male sex 66 (58%)
Age at CPR event (weeks), median (IQR) 11 (4,19)
Inotropes prior to CPR 23 (20%)
Antibiotics prior to CPR 63 (56%)
Invasive mechanical ventilation prior to CPR 92 (81%)
Primary Diagnosis
Prematurity 27 (24%)
Chronic lung disease 25 (22%)
Major surgical anomaly* 14 (12%)
Genetic anomaly/Syndrome/Minor congenital anomalies | 18 (16%)
Necrotizing enterocolitis 10 (9%)
Respiratory Failure (not RDS) 6 (5%)
Other 13 (12%)

Abbreviations: CPR: cardiopulmonary resuscitation, IQR: Intraquartile range, RDS: respiratory distress syndrome

Page 11

*
surgical anomalies include congenital diaphragmatic hernia (4), esophageal atresia/fistula (3) omphalocele (4), gastroschisis (1), lung lesion (1),

pentology of Cantrell (1)
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Interventions performed during cardiopulmonary resuscitation

Table 2

Characteristic

n (%), N=113

Duration of Chest Compressions (minutes), median (IQR)

2(1,6)

Type of Event
Acute Respiratory Compromise to Cardiopulmonary Arrest | 87 (77%)
Primary Cardiopulmonary Arrest 23 (20%)
Not classified 3(3%)
Medications administered”™
Adrenaline 34 (30%)
Opiates (fentanyl, morphine) 34 (30%)
Sodium bicarbonate 20 (18%)
Atropine 18 (16%)
Sodium chloride fluid bolus 16 (14%)
Calcium gluconate 16 (14%)
Neuromuscular blockade 16 (14%)

*
only medications administered to =5% of infants presented
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Table 3

Characteristic Survivors (n=69) | Non- survivors (n=44) | p value
Gestational age (weeks), median (IQR) 28 (25, 32) 30 (26, 37) 0.037
Age at event (weeks), median (IQR) 13(7,19) 7(3,16) 0.051
Inotropes prior to CPR 5 (7%) 18 (41%) <0.001
Antibiotics prior to CPR 33 (48%) 30 (68%) 0.034
Invasive ventilation prior to CPR 58 (84%) 34 (77%) 0.37
Primary CPA event 4 (6%) 19 (43%) <0.001
Duration of chest compressions (minutes), median (IQR) 1(1,4) 5(2,24) 0.0001
Adrenaline administered 7 (10%) 27 (61%) <0.001
Primary Diagnosis 0.29

Prematurity 19 (28%) 8 (18%)

Chronic lung disease 18 (26%) 7 (16%)

Major surgical anomaly* 7 (10%) 7 (16%)

Genetic anomaly/Syndrome/Minor congenital anomalies | 11 (16%) 7 (16%)

Necrotizing enterocolitis 3 (4%) 7 (16%)

Respiratory Failure (not RDS) 3 (4%) 3 (7%)

Other 8 (12%) 5 (11%)

*
calculated with Fisher’s exact test
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Univariable analysis of infant and resuscitation characteristics associated with survival to hospital discharge
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