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Abstract

Objectives: The objective of this study was to compare survival outcomes and intra-arrest 

arterial blood pressures between children receiving cardiopulmonary resuscitation for bradycardia 

and poor perfusion and those with pulseless cardiac arrests.

Design: Prospective, multicenter observational study.

Setting: PICUs and cardiac ICUs of the Collaborative Pediatric Critical Care Research Network.

Patients: Children (< 19 yr old) who received greater than or equal to 1 minute of 

cardiopulmonary resuscitation with invasive arterial blood pressure monitoring in place.

Interventions: None.

Measurements and Main Results: Of 164 patients, 96 (59%) had bradycardia and poor 

perfusion as the initial cardiopulmonary resuscitation rhythm. Compared to those with initial 

pulseless rhythms, these children were younger (0.4 vs 1.4 yr; p = 0.005) and more likely to have a 

respiratory etiology of arrest (p < 0.001). Children with bradycardia and poor perfusion were more 

likely to survive to hospital discharge (adjusted odds ratio, 2.31; 95% CI, 1.10–4.83; p = 0.025) 

and survive with favorable neurologic outcome (adjusted odds ratio, 2.21; 95% CI, 1.04–4.67; p = 

0.036). There were no differences in diastolic or systolic blood pressures or event survival (return 

of spontaneous circulation or return of circulation via extracorporeal cardiopulmonary 

resuscitation). Among patients with bradycardia and poor perfusion, 49 of 96 (51%) had 

subsequent pulselessness during the cardiopulmonary resuscitation event. During cardiopulmonary 

resuscitation, these patients had lower diastolic blood pressure (point estimate, −6.68 mm Hg 

[−10.92 to −2.44 mm Hg]; p = 0.003) and systolic blood pressure (point estimate, −12.36 mm Hg 

[−23.52 to −1.21 mm Hg]; p = 0.032) and lower rates of return of spontaneous circulation (26/49 

vs 42/47; p < 0.001) than those who were never pulseless.

Conclusions: Most children receiving cardiopulmonary resuscitation in ICUs had an initial 

rhythm of bradycardia and poor perfusion. They were more likely to survive to hospital discharge 

and survive with favorable neurologic outcomes than patients with pulseless arrests, although there 

were no differences in immediate event outcomes or intra-arrest hemodynamics. Patients who 
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progressed to pulselessness after cardiopulmonary resuscitation initiation had lower intra-arrest 

hemodynamics and worse event outcomes than those who were never pulseless.

Keywords

bradycardia; cardiac arrest; cardiopulmonary resuscitation; hemodynamics; pediatrics

More than 15,000 children receive cardiopulmonary resuscitation (CPR) while hospitalized 

in the United States annually (1). As opposed to adult in-hospital cardiac arrests (IHCAs), 

the majority of pediatric IHCAs occur in the ICU and greater than 85% have a nonshockable 

initial rhythm (2–4). As with adult IHCAs, most are the result of progressive shock or 

respiratory failure (5–7).

In children, bradycardia and poor perfusion is a life-threatening response to hypoxemia 

and/or profound circulatory shock that often progresses to pulseless cardiac arrest within 

minutes (8–10). As such, Pediatric Advanced Life Support guidelines recommend the 

provision of CPR for children with bradycardia and poor perfusion (11). In several 

contemporary studies, bradycardia and poor perfusion is the initial cardiac arrest rhythm in 

the majority of events (2, 4, 7, 12). These children have higher rates of survival to hospital 

discharge compared with children with pulseless nonshockable rhythms (8). Additionally, a 

recent registry study found that 31% of children with bradycardia and poor perfusion 

subsequently became pulseless during CPR. These patients had lower rates of survival to 

hospital discharge than either those with initial pulselessness or those with bradycardia that 

never became pulseless (4). The precise mechanisms driving these survival differences are 

not entirely known, but superior hemodynamics during CPR has been speculated perhaps 

because CPR is initiated at an earlier stage in the process of cardiorespiratory collapse.

The Pediatric Intensive Care Quality of CPR (PICqCPR) study was a multicenter, 

prospective cohort study that established that mean diastolic blood pressure (DBP) values 

greater than or equal to 25 mm Hg during CPR for infants and greater than or equal to 30 

mm Hg for older children were associated with higher rates of survival to hospital discharge 

and survival with favorable neurologic outcome (2). We aimed to perform a secondary study 

of PICqCPR patients to compare rates of survival and intra-arrest hemodynamics between 

children with CPR initiated for bradycardia and poor perfusion versus those with pulseless 

IHCA. Our primary hypotheses were that children with bradycardia and poor perfusion 

would have both higher rates of survival and higher intra-arrest blood pressures (BPs), thus 

providing a potential physiologic mechanism for these superior outcomes. Additionally, 

among patients with bradycardia and poor perfusion, we aimed to compare patients with and 

without subsequent pulselessness during CPR.

MATERIALS AND METHODS

Setting and Design

The PICqCPR study was a prospective, multicenter, observational cohort study of CPR 

events occurring in the ICUs of 11 institutions between July 1, 2013, and June 30, 2016. The 

study was conducted by the Collaborative Pediatric Critical Care Research Network 
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(CPCCRN), a Eunice Kennedy Shriver National Institute of Child Health and Human 

Development funded research collaborative. The main PICqCPR study evaluated the 

association of invasively measured BPs during CPR with survival outcomes (2). This study 

was a secondary analysis of data from the PICqCPR study. The institutional review boards 

of each clinical site and of the CPCCRN Data Coordinating Center (DCC) at the University 

of Utah approved the PICqCPR study protocol with waiver of informed consent.

Patient Population

All children less than 19 years old and greater than or equal to 37 weeks’ corrected 

gestational age who received greater than or equal to 1 minute of CPR for an index IHCA 

event in the ICU of a participating center and who had invasive arterial BP monitoring at the 

time of CPR were eligible for inclusion. Events were required to have the beginning of CPR 

captured in arterial BP waveform data; greater than or equal to 1 minute of continuous 

arterial BP waveform available; and central venous pressure, respiratory plethysmography, 

or electrocardiographic waveform data sufficient to determine stops and starts in CPR.

Measurements and Waveform Analyses

Trained research coordinators at each site collected standardized Utstein-style data elements 

(2, 13–17). Waveforms were printed from central monitoring stations, deidentified, and 

transmitted to the DCC. Only index IHCA event data were collected. Investigators at the 

Children’s Hospital of Philadelphia, who were blinded to patient characteristics and 

outcomes, then digitized, manually reviewed, and analyzed the waveforms. The central 

venous pressure, respiratory plethysmography, and electrocardiographic waveforms were 

used to determine starts, stops, and interruptions in CPR. For each individual compression, 

systolic BP (SBP) was sampled at the peak of the arterial pressure waveform and DBP at the 

mid-point of the relaxation phase. Values of SBP and DBP for each minute of CPR and for 

the entire event, up to 10 minutes, were calculated by averaging each individual compression 

value, excluding periods of interruptions in chest compressions. Patients were categorized 

according to the rhythm at the time CPR commenced as follows: 1) bradycardia and poor 

perfusion or 2) pulseless cardiac arrest (asystole, pulseless electrical activity [PEA], 

ventricular fibrillation [VF], or pulseless ventricular tachycardia). For the secondary 

analysis, based on review of the entire waveform for identification of subsequent 

pulselessness, patients with bradycardia and poor perfusion were classified as follows: 1) 

subsequently pulseless or 2) never pulseless. Pulselessness was defined by pulse pressure 

less than 10 mm Hg and SBP less than 50 mm Hg (≥ 1 yr) or less than 40 mm Hg (< 1 yr) 

(18, 19).

Outcomes and Statistical Analysis

The primary survival outcome was survival to hospital discharge with favorable neurologic 

outcome, defined by a Pediatric Cerebral Performance Category (PCPC) score of less than 

or equal to 3 or no worse than baseline (20, 21). Secondary survival outcomes were event 

outcome (return of spontaneous circulation [ROSC] ≥ 20 min [13], return of circulation via 

extracorporeal CPR [ECPR], or death); survival to hospital discharge; and new morbidity 

among survivors, defined as an increase in Functional Status Scale (FSS) score by greater 

than or equal to 3 (22). The primary hemodynamic outcome was mean event DBP. 
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Secondary hemodynamic outcomes were mean event SBP and whether or not mean event 

DBP met threshold targets (≥ 25 mm Hg for infants and ≥ 30 mm Hg for older children) (2).

Patient and cardiac arrest characteristics and outcomes were compared between the primary 

groups with the Fisher exact test for categorical variables, Wilcoxon rank-sum test for 

continuous variables, and Cochran-Armitage test for trend for baseline PCPC and duration 

of CPR. Logistic and linear regression models adjusting a priori for age category (< 1 yr, ≥ 1 

yr), location of CPR (PICU, cardiac ICU), and study site were used to compare 

hemodynamic outcomes, survival to hospital discharge, and survival to discharge with 

favorable neurologic outcome (6, 23, 24). Among patients with bradycardia and poor 

perfusion, the same analyses above were used to compare those with subsequent 

pulselessness and those who were never pulseless. All analyses were performed with SAS 

Version 9.4 (SAS Institute, Cary, NC).

RESULTS

Over the 3-year study period, 164 patients met all criteria and were included in the final 

cohort. The majority of patients (96/164; 59%) had bradycardia and poor perfusion as the 

initial CPR rhythm. Patient characteristics and CPR event characteristics, including their 

univariable associations with bradycardia versus pulseless rhythms are detailed in Tables 1 

and 2, respectively.

Event hemodynamics and survival outcomes and their univariable association with initial 

rhythm are contained in Table 3 and Figure 1. The median intra-arrest DBP was 29.3 mm Hg 

(22.8–37.9 mm Hg); 101 of 164 patients (62%) met mean DBP goals. The median intra-

arrest SBP was 74.4 mm Hg (54.9–98.2 mm Hg). Event survival occurred in 148 of 164 

(90%), 112 (68%) via sustained ROSC and 36 (22%) via ECPR. Seventy-seven of 164 

(47%) survived to hospital discharge and 70 of 164 (43%) survived with favorable 

neurologic outcome. There were no differences in hemodynamics between children with 

bradycardia and poor perfusion versus those with pulseless rhythms on univariable (Table 3) 

or multivariable analyses (Table 4). Event outcomes did not differ between groups, but 

patients with bradycardia and poor perfusion were more likely to survive to hospital 

discharge (52/96 [54%] vs 25/68 [37%]; p = 0.039) and to survive with favorable neurologic 

outcome (48/96 [50%] vs 22/68 [32%]; p = 0.026) (Table 3). On multivariable analysis, 

bradycardia with poor perfusion was associated with higher odds of survival to hospital 

discharge (adjusted odds ratio [aOR], 2.31; 95% CI, 1.10–4.83; p = 0.025) and survival with 

favorable neurologic outcome (aOR, 2.21; 95% CI, 1.04–4.67; p = 0.036) (Table 4).

Of the 96 patients with bradycardia and poor perfusion, 49 (51%) subsequently became 

pulseless and 47 (49%) were never pulseless. The patient and arrest characteristics of these 

groups are detailed in Supplemental Table 1 (Supplemental Digital Content 1, http://

links.lww.com/CCM/F410) and Supplemental Table 2 (Supplemental Digital Content 2, 

http://links.lww.com/CCM/F411), respectively. Of the 49 patients with subsequent 

pulselessness, the initial pulseless rhythm was PEA in 44 (90%), asystole in four (8%), and 

VF in one (2%). The median time to subsequent pulselessness was 1.0 minutes (0.4–1.7 

min).
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Event hemodynamics and survival outcomes in patients with bradycardia and poor perfusion 

and their association with subsequent pulselessness are contained in Supplemental Table 3 

(Supplemental Digital Content 3, http://links.lww.com/CCM/F412), Supplemental Table 4 

(Supplemental Digital Content 4, http://links.lww.com/CCM/F413), and Figure 1. Those 

with subsequent pulselessness had lower DBP during CPR than those who were never 

pulseless (25.3 mm Hg [19.0–33.0 mm Hg] vs 33.0 mm Hg [25.0–41.5 mm Hg]; p = 0.009). 

On multivariable analysis, patients with subsequent pulselessness had lower DBP (point 

estimate, −6.68 mm Hg [−10.92 to −2.44 mm Hg]; p = 0.003) and lower SBP (point estimate 

−12.36 mm Hg [−23.52 to −1.21 mm Hg]; p = 0.032). Event outcomes varied between 

groups, as those with subsequent pulselessness had lower rates of ROSC and higher rates of 

ECPR or death (p < 0.001). There were no differences in survival to hospital discharge or 

survival with favorable neurologic outcome in univariable or multivariable analyses.

DISCUSSION

In this multicenter study of pediatric IHCA, the majority of children (59%) had bradycardia 

and poor perfusion as their initial CPR rhythm. Consistent with previous studies (4, 8), these 

children were more likely to survive to hospital discharge and to survive with favorable 

neurologic outcomes compared with children with pulselessness at the time of CPR. 

Contrary to our hypothesis, intra-arrest hemodynamics were not different between these 

groups. However, within the group with bradycardia and poor perfusion, half of patients 

subsequently became pulseless during CPR, and those patients had lower BPs and lower 

rates of ROSC than those who were never pulseless.

This high proportion of bradycardia and poor perfusion is consistent with a recent registry 

study in which 50% of index CPR events were in children with bradycardia and poor 

perfusion (4). In contrast to this registry data in which rhythm determination is based on 

clinical impressions and retrospective medical record abstraction, all children in our study 

had arterial catheters in place and continuous monitoring in an ICU setting. Therefore, 

bedside clinicians had more objective data regarding pulselessness at the time of CPR onset, 

although the manner in which it influenced their decision making regarding the provision of 

CPR cannot be ascertained. Furthermore, we were able to determine whether or not patients 

subsequently became pulseless rather than relying entirely on clinician observation and 

report.

Most IHCA deaths occur after initially successful resuscitation (7, 25). Indeed, in this study, 

90% of children survived the CPR event—the survival differences between groups were 

observed at the time of hospital discharge. By promptly supporting myocardial and cerebral 

perfusion rather than awaiting “no flow” from a pulseless cardiac arrest, aggressive CPR for 

children with bradycardia and poor perfusion presumably lessened hypoxic-ischemic injury 

and optimized the chances for meaningful recovery and survival. It is also possible that 

children with this initial rhythm may represent a less critically ill cohort with less severe 

IHCA mechanisms. However, while children with bradycardia and poor perfusion were 

more likely to have a respiratory etiology of their cardiac arrest, they did not have substantial 

pre- or intra-arrest clinical differences or BP differences during the 10 minutes preceding 

CPR. Although it could be argued that CPR was provided unnecessarily or when other 
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interventions would have sufficed, all of these critically ill children decompensated despite 

ICU care. Furthermore, half of these events progressed to pulseless IHCA. Cumulatively, 

these findings stand in support of current guidelines that recommend the provision of CPR 

for bradycardia and poor perfusion (26).

Coronary perfusion pressure is the principal determinant of myocardial blood flow, the 

generation of which is imperative for successful resuscitation from cardiac arrest (27–30). 

Previous investigations, including the parent study from this same cohort of patients, have 

found that DBP, the upstream pressure of coronary perfusion pressure, is correlated with 

survival (2, 29). Therefore, we expected that patients with more favorable initial CPR 

rhythms would have higher BPs, providing a physiologic mechanism for superior outcomes. 

BPs during CPR were similar between patients with and without pulses at the onset of CPR. 

However, in children with bradycardia with poor perfusion, BPs were significantly higher in 

those without subsequent pulselessness. This may suggest that achieving adequate 

hemodynamics early in CPR can prevent the development of pulselessness and improve 

outcomes.

In addition to their lower BPs during CPR, patients with bradycardia and subsequent 

pulselessness had longer CPR duration (14 vs 3 min), lower rates of ROSC, higher rates of 

ECPR, and equivalent rates of survival to discharge compared with those who were never 

pulseless. These data indicate that those patients in whom CPR efforts were effective 

responded early while those in whom they were insufficient deteriorated early—the median 

onset of pulselessness in this group was 1 minute after CPR commencement. Among this 

group with bradycardia that progressed to pulselessness, the clinical team deemed ECPR to 

be necessary in a high proportion. Overall, these findings demonstrate that while children 

receiving CPR for bradycardia with poor perfusion are more likely to have favorable 

outcomes than those with pulseless arrests, this group’s characteristics and event outcomes 

are dichotomized by whether or not subsequent pulselessness develops. The specific 

association between timing of pulselessness and outcome should be a focus of future studies.

This study had limitations. First, its observational nature allowed us to measure associations 

yet precluded ascertainment of causality. Second, the relatively small sample size limited 

statistical power. It is possible that event survival, intra-arrest hemodynamics, or other 

characteristics would have differed in a larger study. Determining the association between 

hemodynamics and survival within individual patient groups (e.g., specific rhythms or arrest 

etiologies) would also be of value. Third, we only collected waveform data for the first 10 

minutes of CPR. Therefore, in the group with bradycardia and poor perfusion, we were 

unable to identify subsequent pulselessness during CPR if it first occurred more than 10 

minutes after the initiation of CPR. Given the median CPR duration of 3 minutes in the 

group that never had pulselessness identified, we anticipate that there were few cases of 

unidentified subsequent pulselessness. Fourth, although we reported SBP, its physiologic 

significance as an indirect measure of blood flow is likely modest relative to DBP. 

Furthermore, the accuracy of measuring the narrow systolic peak generated by chest 

compressions is unknown. Finally, PCPC is a gross measure of neurologic status and likely 

underestimated functional morbidity among survivors—importantly, there were no 
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differences in the incidence of new morbidity between patients with bradycardia and poor 

perfusion and those with pulseless IHCA using FSS, a more granular outcome scale.

CONCLUSIONS

In this multicenter observational study of pediatric IHCA, bradycardia and poor perfusion 

was the initial CPR rhythm in 59% of arrests. Compared to pulseless rhythms, children with 

bradycardia and poor perfusion were more likely to survive to hospital discharge and survive 

with favorable neurologic outcomes, although there were no differences in immediate event 

outcomes or intra-arrest hemodynamics. Patients who progressed to pulselessness after CPR 

initiation had lower intra-arrest hemodynamics and lower rates of ROSC than those who 

were never pulseless during CPR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram depicting frequency of outcomes between groups. DBP = diastolic blood 

pressure.
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TABLE 4.

Multivariable Models of Initial Rhythm With Hemodynamic and Survival Outcomes

Outcome Adjusted Estimate
a
 (95% CI) p

Event hemodynamics
b

 Above DBP targets
c

0.92 (0.44–1.92)
d 0.817

 DBP, mm Hg
−3.28 (−7.49 to 0.94)

e 0.129

 Systolic blood pressure, mm Hg
3.33 (−6.36 to 13.02)

e 0.501

Survival outcomes

 Survival to hospital discharge
2.31 (1.10–4.83)

d 0.025

 Survival with favorable neurologic outcome
f

2.21 (1.04–4.67)
d 0.036

DBP = diastolic blood pressure.

a
Results are based on multiple logistic or linear regression models, adjusting for age category (< 1 yr, ≥ 1 yr), location of cardiopulmonary 

resuscitation (CPR), and study site. All estimates show bradycardia and poor perfusion vs asystole/pulseless electrical activity/ventricular 
fibrillation/ventricular tachycardia.

b
Average over (up to) the first 10 min of CPR.

c
Average DBP ≥ 25 mm Hg for infants or ≥ 30 mm Hg for children.

d
Odds ratio estimate.

e
Linear effect estimate.

f
Discharge Pediatric Cerebral Performance Category ≤ 3 or no worse than baseline.
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