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Abstract
Objective—To determine whether delivery room cardiopulmonary resuscitation (DR-CPR)
independently predicts morbidities and neurodevelopmental impairment (NI) in extremely low
birth weight (ELBW) infants.

Study design—Cohort study of infants born with birth weight (BW) 401-1000g and gestational
age (GA) 23-30wks. DR-CPR was defined as chest compressions and/or drugs. Logistic
regression was used to determine associations between DR-CPR and morbidities, mortality and NI
at 18-24 months (Bayley II mental or psychomotor index < 70, cerebral palsy, blindness or
deafness). Data are adjusted Odds Ratio (OR) with 95% confidence interval.

Results—Of 8685 infants, 1333(15%) received DR-CPR. DR-CPR infants had lower BW
(708±141vs 764±146g, p<0.0001) and GA (25±2 vs 26±2 wks, p<0.0001). DR-CPR infants had
more pneumothoraces (OR 1.28, 1.48-2.99), Grade 3-4 intraventricular hemorrhage (OR 1.47,
1.23-1.74), bronchopulmonary dysplasia (OR 1.34, 1.13-1.59), death by 12 hours (OR 3.69,
2.98-4.57) and by 120 days after birth (OR 2.22, 1.93-2.57). NI among survivors (OR 1.23,
1.02-1.49), and death or NI (OR 1.70, 1.46-1.99) were higher for DR-CPR infants. Only 14% of
DR-CPR recipients with 5-minute Apgar score<2 survived without NI.

Conclusions—DR-CPR is a prognostic marker for higher mortality and NI for ELBW
survivors. New DR-CPR strategies are needed for this population.
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The birth of an extremely-low-birth-weight (ELBW ≤1000g) infant is associated with
tremendous anxiety for families and physicians. Despite improvements in survival of infants
at the limits of viability, ELBW survivors continue to be at risk for adverse
neurodevelopmental sequelae.1,2 Failure to initiate effective respiration at birth is common
among ELBW infants. The incidence of true cardiovascular collapse and need for
cardiopulmonary resuscitation in the delivery-room (DR-CPR) is unknown and its use varies
significantly across clinical centers.3,4 Although immaturity, lack of establishment of a
functional residual capacity5 and impaired placental gas exchange with profound fetal
acidemia are possible etiologies for DR-CPR,6 some reports describe cardiac compressions
being given prior to establishment of effective ventilation.3,7-9 This raises concern as to
whether DR-CPR was really needed as differences in the effectiveness of ventilation may
explain some of the variation in use of DR-CPR for ELBW infants.

Although several neonatal morbidities are associated with adverse neurodevelopmental
outcome following preterm birth,10,11 data are limited regarding neonatal morbidities and
neurodevelopmental outcome of ELBW infants who undergo DR-CPR. The few published
reports have low rates of follow-up.4 This analysis of ELBW infants born at centers
participating in the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) Neonatal Research Network (NRN) determined the frequency of
DR-CPR and whether DR-CPR is an independent predictor of adverse neurodevelopmental
outcome. Associations between DR-CPR and neonatal morbidities and mortality were
examined. An a priori secondary objective was to explore the association of a 5 minute
Apgar score < 2 versus ≥ 2 on neonatal morbidities, mortality and neurodevelopmental
outcome in infants who received DR-CPR.

Methods
The study population included all inborn infants with birth weight (BW) 401-1000g and
estimated gestational age (GA) of 23-30 weeks who were enrolled in the NRN Generic
Database (GDB) from January 1996 to December 2002. During this time, the GDB included
inborn and outborn babies < 1500g admitted to a participating center in the first 14 days of
life. Infants with congenital anomalies and those who were not candidates for CPR and died
without receiving resuscitation and mechanical ventilation were excluded. Perinatal data
were collected prospectively by research personnel using standard registry forms. All
definitions, protocols, and procedures were uniform throughout the study period. Complete
antenatal steroids was defined as either 2 doses of betamethasone or 4 doses of
dexamethasone given in the 7 days prior to delivery. Data regarding neonatal morbidities
and mortality were collected through 120 days of life. As previously described,10 families
are invited to participate in the NRN Follow-up Study that includes a comprehensive
assessment at 18-22 months corrected age. This visit consists of a structured medical history,
anthropometrics, and a neuromotor exam and the Bayley Scales of Infant Development II
(BSID-II) performed by certified examiners. Details of the procedures have been previously
published.10,12,13 The BSID-II was used to derive a Mental Developmental Index (MDI) and
a Psychomotor Developmental Index (PDI). Cerebral palsy (CP) was defined as a
nonprogressive central nervous system disorder characterized by abnormal muscle tone in at
least one extremity and abnormal control of movement or posture. Moderate to severe CP
included children who were non-ambulatory or required an assistive device for ambulation.
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DR-CPR was defined as chest compressions ± drugs. Neonatal morbidities included
pulmonary hemorrhage, pneumothorax, patent ductus arteriosus (PDA) requiring medical or
surgical therapy, severe intraventricular hemorrhage (Grade 3 or 4 IVH)14, cystic
periventricular leukomalacia (PVL), early-onset sepsis (positive blood culture within 72
hours of birth and antibiotic therapy for five or more days or intent to treat in those who died
before 5 days), late-onset sepsis (occurring after 3 days of age), necrotizing enterocolitis
(NEC, Bell’s stage II or greater), bronchopulmonary dysplasia (BPD-defined as oxygen
requirement at 36 weeks postmenstrual age), postnatal steroids for ventilator dependence
due to BPD, death at < 12 hours (including deaths in the delivery room), 12-24 hours, 24-72
hours, 3-7 days, and in hospital death by ≤ 28 and ≤ 120 days of life. NDI was assessed at
18-22 months corrected age and was defined as any of MDI<70, PDI<70, moderate or
severe cerebral palsy, blindness in both eyes or deafness requiring amplification in both ears.
Post-discharge mortality was assessed at 18-22 months of age.

Student T-test, Chi-square analysis, and Fisher exact test were used to compare the
demographic and outcome variables between infants with and without DR-CPR. Logistic
regression models were developed to determine the independent effects of DR-CPR on
neonatal morbidities, mortality and neurodevelopmental outcomes. To explore the
prognostic implications of DR-CPR, only covariates antecedent to DR-CPR were included
in the logistic models: estimated GA, BW, multiple birth, maternal hypertension, maternal
hemorrhage, complete course of antenatal steroids within 7 days of birth, mode of delivery,
sex, race, and center of birth. The results are expressed as adjusted odd ratios (ORs) and
95% confidence intervals (CI). Infants with and without follow-up were compared for
demographic and neonatal morbidities using student t-tests and chi-square analysis. In order
to assess the potential impact of a longer versus a shorter interval of DR-CPR, a similar set
of analyses were performed among infants who received DR-CPR comparing infants with
an Apgar score at 5 minutes of < 2 with those ≥ 2. A p value of <0.05 was considered
significant. All data were analyzed by RTI International.

Results
During the study period 10,476 infants 401-1000g BW and ≥ 23 and ≤ 30 weeks estimated
GA were managed at 19 participating academic centers. After excluding outborn infants
(n=1209), those with major congenital anomalies (n=242), infants who were not candidates
for CPR and mechanical ventilation (n=331), and those missing data related to chest
compressions or medications in the delivery- room (n=9), 8685 infants comprised the study
cohort (Figure 1; available at www.jpeds.com). Among these infants, 1333 (15%) received
DR-CPR and 7352 (85%) did not. Demographic factors among infants who did and did not
receive DR-CPR are compared in Table I. No differences were found in proportions of
multiple births between DR-CPR and No DR-CPR infants. Infants whose mothers had
hypertension or had received antenatal steroids were less likely to receive DR-CPR.
Antepartum hemorrhage, vaginal breech delivery, younger GA, lower BW, and male sex
increased the likelihood of receiving DR-CPR. There were more black and fewer Hispanic
infants in the DR-CPR group.

By bivariate analysis, DR-CPR infants experienced more death within 12 hours of birth, had
more early onset sepsis, more pneumothorax, pulmonary hemorrhage, Grade 3 or 4 IVH,
BPD and use of postnatal steroids than infants who did not receive DR-CPR (Table II). No
difference was found in proportions of infants with PDA, PVL, late-onset sepsis, or NEC.
Table II includes the adjusted OR and 95% CI for each short term outcome for all infants
receiving DR-CPR. Results of adjusted analyses indicated similar associations as unadjusted
analyses except pulmonary hemorrhage did not reach significance after logistic modeling.
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Among DR-CPR infants who died during the initial hospitalization before 120 days, 38%
died within 12 hours, 44% by 24 hours, 61% by 72 hours, and 88% by day 28.

DR-CPR recipients had higher rates of death by 18-22 month follow-up, more NDI, and thus
more composite NDI or death according to bivariate analysis (Table II). The individual
components of NDI such as MDI < 70, PDI < 70, moderate or severe cerebral palsy and
hearing aid in both ears were higher in DR-CPR infants although there was no difference in
blindness. DR-CPR infants also had lower mean ± sd MDI (76±18 (n=587) vs 80±18
(n=4420), p<0.0001) and PDI (80±20 (n=574) vs 84±18 (n=4375), p<0.0001) scores.
Adjusted analyses for neurodevelopmental outcomes were similar to bivariate analyses
(Table II) except for MDI < 70 which no longer reached significance. DR-CPR increased the
risk of death by 18-22 months follow-up, NDI at 18-22 months, NDI or Death, PDI < 70,
moderate or severe CP and need for hearing aid in both ears. There were too few cases of
blindness in both eyes to perform logistic modeling for this variable.

Outcome data for death or NDI were available for 84% of study patients. Infants lost to
follow-up were of higher GA (26.2±1.8 vs 26.0±1.7 wks, p=0.0003) and BW (797±138 vs
786±134 g, p=0.0091) compared with those who completed follow-up. Infants lost to
follow-up had similar rates of DR-CPR compared with those who completed the follow-up
visit (11% vs 12%, p=0.26). Those lost to follow-up had less PDA (39 vs 44%, p=0.0002)
and IVH Grade 3 or 4 (8 vs 12%, p<0.0001) and were more likely to have been discharged
prior to 120 days in the hospital (84 vs 82%, p=0.047) but had similar rates of
pneumothorax, PVL, NEC, BPD and use of postnatal steroids.

Of the previously described 1333 DR-CPR infants, 9 were missing 5 minute Apgar score
data. This left a cohort of 1324 DR-CPR infants for further analysis of associations between
low 5 minute Apgar score and outcomes: 271 (20%) infants with 5 minute Apgar < 2 and
1053 (80%) with 5 minute Apgar ≥ 2. Perinatal and demographic factors for DR-CPR
infants with 5 minute Apgar < 2 and 5 minute Apgar ≥ 2 infants are compared in Table III.
DR-CPR infants with 5 minute Apgar < 2 were less likely to be exposed to maternal
hypertension and antenatal steroids than those with 5 minute Apgar ≥ 2, but more likely to
be of younger GA, lower BW and male sex. Racial distribution between groups did not
differ.

DR-CPR infants with 5 minute Apgar < 2 were more likely to die before 12 hours of life or
by hospital day 120 in both unadjusted and adjusted analyses (Table IV). They were also
more likely to suffer Grade 3 or 4 IVH and develop BPD compared with those with higher 5
minute Apgar scores. There were no significant differences in early-onset sepsis,
pneumothorax, pulmonary hemorrhage, PDA, PVL, late-onset sepsis, NEC or use of
postnatal steroids with either unadjusted or adjusted analyses.

Outcomes at 18-22 months for infants with 5 minute Apgar < 2 versus ≥ 2 are also shown in
Table IV. Mortality was higher in DR-CPR infants with 5 minute Apgar < 2 by 18-22 month
follow-up compared with those with 5 minute Apgar ≥ 2; however, there were no
differences in NDI or the individual components of NDI. The combined NDI or death
outcome was available for 87% of DR-CPR recipients and was greater in the low 5 minute
Apgar group. DR-CPR infants lost to follow-up had similar proportions of 5 minute Apgar <
2 (13 versus 12%, p>0.99) compared with those who presented for follow-up. Odds ratios
and 95% CI for long-term outcomes for DR-CPR infants with 5 minute Apgar < 2 following
logistic regression are included in Table IV. Similar to the bivariate analysis, increased risk
of death by time of follow-up and the combined NDI or death outcome remained significant
and NDI, MDI < 70 and PDI < 70 did not.
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Rates of DR-CPR differed among network centers and ranged from 7% to 28%; the
percentage of infants receiving DR-CPR increased with decreasing GA (Figure 2; available
at www.jpeds.com).

Discussion
Although DR-CPR is a prognostic marker for mortality in ELBW infants, over half of DR-
CPR recipients survived (56%). Unfortunately, DR-CPR survivors had worse short-term
complications such as pneumothorax, severe IVH, and BPD. Those who survived until the
18-22 month follow-up visit had a heavier burden of psychomotor dysfunction, CP, bilateral
deafness and composite neurodevelopmental impairment compared with infants who did not
receive DR-CPR. Only 28% of infants who received DR-CPR were alive and unimpaired at
18-22 month follow-up. Loss to follow-up appears unlikely to bias the results given similar
rates of DR-CPR between those who did and did not complete follow-up, the respectable
follow-up rates (>80%) and the fact that those lost to follow-up were more mature and of
higher BW.

Low 5 minute Apgar scores were used as a proxy to assess outcomes for infants receiving
brief versus more prolonged DR-CPR. Impairment-free survival decreased to 14% in those
with 5 minute Apgar scores < 2 and these infants had much higher odds of dying in the first
12 hours of life as well as by time of follow-up. Surprisingly, 5 minute Apgar score < 2 was
not associated with a higher burden of short and long term morbidities for DR-CPR
recipients with the exception of increased BPD. Thus, it appears that the initial length of the
intensive resuscitative efforts (at least up to 5 minutes) may help prognosticate regarding
mortality but not morbidities.

Initial reports regarding the efficacy of CPR in the delivery-room for ELBW infants were
not encouraging with a high burden of mortality and very few reported intact
survivors,7,16-20 but the total number of infants reported was small. This was in stark
contrast to a subsequent single center experience where 79% of the 19 DR-CPR ELBW
infants were reported to be alive and well at discharge.21 Ten month outcomes were
available for 66% of survivors and were reported to be normal. This difference prompted the
investigators to propose that intact survival was possible for DR-CPR ELBW infants. The
Vermont Oxford Network subsequently reported on a large multi-center experience detailing
short-term outcomes of survival, severe IVH (Grade 3 or 4), and survival without severe
IVH for VLBW infants who did or did not receive DR-CPR.3 Of 27,707 501 to 1500g
infants, 6% received DR-CPR. Similar to our findings, DR-CPR infants were less likely to
survive (63% vs 89%), had more severe IVH (16% vs 5%), and were less likely to survive
without severe IVH (53% vs 85%) than those who did not receive DR-CPR. The
investigators concluded that, because more than one-half survived and one-half of survivors
were free of IVH, DR-CPR was a reasonable intervention for VLBW infants. No
information was available regarding whether DR-CPR was administered according to
guidelines and no long-term outcomes were available. Subsequent reports of DR-CPR for
preterm infants suffer from similar shortcomings9,22-24 with limited insight into the need for
DR-CPR, low rates of follow-up for long-term outcomes and small numbers of reported
babies, making the data difficult to interpret. In addition, the length of follow-up is not
consistent among all reports. The corrected age at time of follow-up varies from 4-60
months and results are not stratified by birth weight or gestational age, making it impossible
to determine the outcome of VLBW or ELBW infants separately. These are major
shortcomings to the above studies as noted in a recent systematic review.4

The current study using the NRN GDB and 18-22 month follow-up data provides a large
number of infants from multiple geographically and ethnically diverse clinical centers,
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uniform definitions of neonatal morbidities, greater detail regarding in-hospital morbidities,
and a consistent follow-up examination at 18-22 months for infants ≤ 1000g with a uniform
battery of tests. To our knowledge, this cohort with > 80% follow-up is the first of its kind
for infants receiving DR-CPR. In addition, those that were lost to follow-up had similar rates
of DR-CPR compared with those who received follow-up and were not different in short-
term outcomes other than lower rates of PDA and IVH. The examination of those with
continued Apgar score < 2 at 5 minutes offers insight into a group of ELBW infants who
received more prolonged CPR. The study is limited by its retrospective design, the inability
to determine the effect of differences in obstetrical or pediatric practice on DR-CPR, the
inability to glean the exact necessity for the DR-CPR or other measures of the quality of
delivery room resuscitations as well as variable criteria for determining who to resuscitate at
the edge of viability.

This report suggests that there are antenatal risk factors that increase the need for DR-CPR
for ELBW infants such as antepartum hemorrhage, lack of antenatal steroids, breech
position, lower gestational age and lower birth weight, and presence of early-onset sepsis.
With this in mind, it is critical that when such risk factors are present, appropriately trained
personnel and resources are present at delivery in the event that CPR is needed. Indeed, one
might speculate that if a team of well-trained providers were to be present at deliveries of
ELBW infants and able to provide adequate positive pressure ventilation when such risk
factors are present, the need for DR-CPR might be reduced. The wide center to center
variation in rates of DR-CPR from as low as 7% to as high as 28% is striking. Variations in
obstetrical practice may have an impact on DR-CPR but as the NRN GDB does not collect
center level obstetrical practice data, this study cannot adequately address this. Similarly,
there may be center differences in the pediatric approach as to whether DR-CPR is an
“experimental” procedure for this vulnerable population at the extreme of prematurity (e.g.
<25 weeks) and whether CPR should be routinely offered versus solely optimizing airway
management. Differences in ELBW population may exist from center to center including
rates of delivery of ELBWs at the lowest gestations, differences in allowing families to
forego resuscitation at the edge of viability, and adequacy of resuscitation training. Given
the strong association between decreasing GA and increased use of DR-CPR, centers may
need to examine who they are sending to stabilize ELBW infants at birth. Focused team
training and education regarding neonatal resuscitation that closely looks at actual
competency of resuscitation skills is a strong consideration.25,26 High-fidelity simulation
models of ELBW infants could be developed to enhance such training.

It is unknown whether the increased rates of pneumothoraces in DR-CPR infants were
caused by the intensive resuscitation or led to the need for the intensive resuscitation.
Certainly, during DR-CPR, pneumothorax should be considered as a possible reason for lack
of response to ventilation. The increased risk for Grade 3-4 IVH in DR-CPR infants is not
surprising given that blood pressure swings are associated with IVH.15 Infants receiving
DR-CPR may go from very low blood pressure during asphyxia induced bradycardia to
rebound hypertension following epinephrine administration. The small number of infants
who developed PVL did not allow sufficient power to evaluate DR-CPR as a risk factor for
PVL. Increased rates of BPD and the need for postnatal steroids may be exacerbated by
barotrauma from aggressive positive pressure ventilation and significant oxygen exposures
during the resuscitation.27

This report suggests DR-CPR is a prognostic marker for adverse neurodevelopmental
outcome in ELBW infants. Its occurrence should prompt appropriate parental counseling
and neurodevelopmental follow-up. The significant mortality and morbidity in ELBW DR-
CPR recipients suggests that improved CPR techniques potentially tailored for the ELBW
infant, enhanced resuscitation education and educational tools such as high-fidelity ELBW
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simulators and better post-resuscitation cardiovascular and neuro-protective strategies
should all be investigated for this vulnerable population.
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Figure 1.
Flow diagram of patient selection

Wyckoff et al. Page 10

J Pediatr. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Proportion of ELBW infants receiving DR-CPR by A, center and B, gestational age. Note:
There were center differences (p<0.0001) and gestational age differences (p<0.0001) in the
proportion of infants who needed DR-CPR.
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Table 1

Demographic and maternal clinical characteristics of infants who received DR-CPR vs those with No DR-
CPR

DR-CPR
(N = 1333)

No DR-CPR
(N = 7352) P-value

% Multiple birth 24% 25% 0.53

% Maternal hypertension 20% 25% < 0.0001

% Antepartum hemorrhage 21% 16% < 0.0001

% Antenatal steroids* 43% 51% <0.0001

Mode of delivery

% Vaginal vertex 31% 34% < 0.0001

% Vaginal breech 14% 7%

% Cesarean section 55% 59%

Gestational age (wks) 25 ± 2 26 ± 2 <0.0001

Birth weight (g) 708 ± 141 764 ± 146 <0.0001

% Males 52% 49% 0.01

Race/ethnicity

% Black, not Hispanic 46% 43%

% White, not Hispanic 39% 39% 0.04

% Hispanic 12% 15%

% Other 3% 3%

*
Complete antenatal steroids within 7 d of delivery
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Table 3

Demographic characteristics for all infants who received DR-CPR and had 5 minute Apgar < 2 versus ≥ 2

5 min Apgar < 2
(N = 271)

5 min Apgar ≥ 2
(N = 1053) P-value

% Multiple birth 23% 24% 0.93

% Maternal hypertension 13% 21% 0.0015

% Antepartum hemorrhage 24% 20% 0.11

% Antenatal steroids* 35% 46% 0.0025

Mode of delivery

% vaginal vertex 34% 30% 0.10

% vaginal breech 17% 13%

% cesarean section 50% 57%

Gestational age (wks) 24.9 ± 1.6 25.3 ± 1.6 0.0028

Birth weight (g) 692 ± 142 713 ± 140 0.03

% Small for gestational age 15% 15% 1.00

% Males 59% 51% 0.02

Race/Ethnicity

% Black, not Hispanic 43% 47%

% White, not Hispanic 42% 39% 0.61

% Hispanic 12% 12%

% Other 4% 3%

*
Complete antenatal steroids within 7 d of delivery.
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