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Objectives: The objective of this study was to compare survival 
outcomes and intra-arrest arterial blood pressures between chil-
dren 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 out-
come (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 cir-
culation via extracorporeal cardiopulmonary resuscitation). Among 
patients with bradycardia and poor perfusion, 49 of 96 (51%)  
had subsequent pulselessness during the cardiopulmonary re-
suscitation 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 sys-
tolic blood pressure (point estimate, –12.36 mm Hg [–23.52 to 
–1.21 mm Hg]; p = 0.032) and lower rates of return of sponta-
neous circulation (26/49 vs 42/47; p < 0.001) than those who 
were never pulseless.
Conclusions: Most children receiving cardiopulmonary resuscita-
tion in ICUs had an initial rhythm of bradycardia and poor perfu-
sion. They were more likely to survive to hospital discharge and DOI: 10.1097/CCM.0000000000004308
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survive with favorable neurologic outcomes than patients with 
pulseless arrests, although there were no differences in imme-
diate event outcomes or intra-arrest hemodynamics. Patients who 
progressed to pulselessness after cardiopulmonary resuscitation 
initiation had lower intra-arrest hemodynamics and worse event 
outcomes than those who were never pulseless. (Crit Care Med 
2020; 48:881–889)
Key Words: 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 pro-
gressive shock or respiratory failure (5–7).

In children, bradycardia and poor perfusion is a life-threat-
ening 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 ini-
tial pulselessness or those with bradycardia that never became 
pulseless (4). The precise mechanisms driving these survival 
differences are not entirely known, but superior hemody-
namics during CPR has been speculated perhaps because CPR 
is initiated at an earlier stage in the process of cardiorespira-
tory collapse.

The Pediatric Intensive Care Quality of CPR (PICqCPR) 
study was a multicenter, prospective cohort study that estab-
lished 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, observa-
tional 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 (CPCCRN), a Eunice Kennedy Shriver 
National Institute of Child Health and Human Development 
funded research collaborative. The main PICqCPR study eval-
uated the association of invasively measured BPs during CPR 
with survival outcomes (2). This study was a secondary anal-
ysis of data from the PICqCPR study. The institutional review 
boards of each clinical site and of the CPCCRN Data Coordi-
nating 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 ve-
nous pressure, respiratory plethysmography, or electrocardio-
graphic waveform data sufficient to determine stops and starts 
in CPR.

Measurements and Waveform Analyses
Trained research coordinators at each site collected standard-
ized 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 col-
lected. 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 compres-
sion, 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 averag-
ing each individual compression value, excluding periods of 
interruptions in chest compressions. Patients were categorized 
according to the rhythm at the time CPR commenced as fol-
lows: 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).
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Outcomes and Statistical Analysis
The primary survival outcome was survival to hospital dis-
charge with favorable neurologic outcome, defined by a Pedi-
atric 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. 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 regres-
sion 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 dis-
charge, 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 crite-
ria 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 associa-
tions with bradycardia versus pulseless rhythms are detailed 
in Tables 1 and 2, respectively.

Event hemodynamics and survival outcomes and their uni-
variable 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 pulse-
less rhythms on univariable (Table 3) or multivariable analy-
ses (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 dis-
charge (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).

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 subse-
quent 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 neuro-
logic 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 dif-
ferent 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 perfu-
sion (4). In contrast to this registry data in which rhythm de-
termination is based on clinical impressions and retrospective 
medical record abstraction, all children in our study had arte-
rial catheters in place and continuous monitoring in an ICU 
setting. Therefore, bedside clinicians had more objective data 

http://links.lww.com/CCM/F410
http://links.lww.com/CCM/F411
http://links.lww.com/CCM/F411
http://links.lww.com/CCM/F412
http://links.lww.com/CCM/F412
http://links.lww.com/CCM/F413
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TABLE 1. Patient Characteristics by Initial Rhythm

Patient Characteristic
Overall  

(n = 164)
Bradycardia and Poor  

Perfusion (n = 96)
Pulseless  
(n = 68) p

Age, yr, median (IQR) 0.7 (0.1–3.1) 0.4 (0.1–1.5) 1.4 (0.3–7.4) 0.005a

Age, yr, n (%)    < 0.001b

 < 1 98 (60) 68 (71) 30 (44)  

 ≥ 1 66 (40) 28 (29) 38 (60)  

Male, n (%) 90 (55) 55 (57) 35 (51) 0.525b

Ethnicity, n (%)    0.702b

 Hispanic or Latino 28 (17) 16 (17) 12 (18)  

 Not Hispanic or Latino 120 (73) 69 (72) 51 (75)  

 Unknown or not reported 16 (10) 11 (11) 5 (7)  

Race, n (%)    0.487b

 White 82 (50) 47 (49) 35 (51)  

 Black or African American 37 (23) 19 (20) 18 (26)  

 Other 8 (5) 6 (6) 2 (3)  

 Unknown or not reported 37 (23) 24 (25) 13 (19)  

Preexisting conditions, n (%)

 Respiratory insufficiency 132 (80) 79 (82) 53 (78) 0.551b

 Hypotension 128 (78) 72 (75) 56 (82) 0.339b

 Congestive heart failure 19 (12) 7 (7) 12 (18) 0.050b

 Pneumonia 13 (8) 8 (8) 5 (7) 1.000b

 Sepsis 44 (27) 24 (25) 20 (29) 0.593b

 Trauma 8 (5) 4 (4) 4 (6) 0.719b

 Renal insufficiency 24 (15) 10 (10) 14 (21) 0.077b

 Malignancy 5 (3) 1 (1) 4 (6) 0.161b

 Congenital heart disease 99 (60) 64 (67) 35 (51) 0.054b

Illness category, n (%)    0.186b

 Surgical cardiac 88 (54) 58 (60) 30 (44)  

 Medical cardiac 25 (15) 12 (13) 13 (19)  

 Surgical noncardiac 13 (8) 7 (7) 6 (9)  

 Medical noncardiac 37 (23) 18 (19) 19 (28)  

 Unknown 1 (1) 1 (1) 0 (0)  

Baseline Pediatric Cerebral Perform-
ance Category score, n (%)

   0.589c

 Normal (1) 77 (47) 47 (49) 30 (44)  

 Mild disability (2) 47 (29) 27 (28) 20 (29)  

 Moderate disability (3) 23 (14) 12 (13) 11 (16)  

 Severe disability (4) 13 (8) 8 (8) 5 (7)  

 Coma/vegetative state (5) 4 (2) 2 (2) 2 (3)  

Baseline Functional Status Scale score, 
median (IQR)

8.0 (6.0–11.0) 8.0 (6.0–10.5) 8.0 (6.0–11.5) 0.933a

IQR = interquartile range.
a  Wilcoxon rank-sum test.
b  Fisher exact test.
c  Cochran-Armitage trend test.
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TABLE 2. Event Characteristics by Initial Rhythm

Event Characteristic
Overall  

(n = 164)
Bradycardia and Poor  

Perfusion (n = 96)
Pulseless  
(n = 68) p

Prearrest hemodynamics, median (IQR)

 Mean DBP (6–10 min prearrest) 41.5 (34.0–50.2) 42.1 (33.2–52.0) 40.8 (35.2–49.6) 0.686a

 Mean SBP (6–10 min prearrest) 75.0 (59.2–92.0) 75.5 (60.8–94.0) 67.6 (55.6–89.6) 0.357a

 Mean DBP (1–5 min prearrest) 39.8 (31.0–48.8) 38.1 (30.1–49.2) 40.8 (32.4–45.3) 0.322a

 Mean SBP (1–5 min prearrest) 66.0 (54.0–88.8) 65.1 (53.9–92.1) 68.0 (54.0–84.4) 0.704a

Immediate cause, n (%)

 Hypotension 110 (67) 66 (69) 44 (65) 0.616b

 Respiratory decompensation 72 (44) 53 (55) 19 (28) < 0.001b

Location of CPR event, n (%)    0.516b

 PICU 64 (39) 35 (36) 29 (43)  

 Cardiac ICU 100 (61) 61 (64) 39 (57)  

Initial pulseless rhythm, n (%)

 Asystole/pulseless electrical activity   49 (72)  

 Ventricular fibrillation/pulseless  
ventricular tachycardia

  19 (28)  

Duration or CPR, min, median (IQR) 8.0 (3.0–27.0) 7.0 (3.0–23.0) 12.0 (4.0–36.5) 0.092a

Duration of CPR, min, n (%)    0.105c

 1–5 69 (42) 43 (45) 26 (38)  

 6–15 34 (21) 21 (22) 13 (19)  

 16–35 29 (18) 18 (19) 11 (16)  

 > 35 31 (19) 13 (14) 18 (26)  

 Unknown 1 (1) 1 (1) 0 (0)  

Timed, n (%)    0.948b

 Weekday 102 (62) 60 (63) 42 (62)  

 Weeknight 34 (21) 19 (20) 15 (22)  

 Weekend 28 (17) 17 (18) 11 (16)  

Interventions in place, n (%)

 Central venous catheter 142 (87) 84 (88) 58 (85) 0.817b

 Vasoactive infusion 128 (78) 73 (76) 55 (81) 0.566b

 Invasive mechanical ventilation 134 (82) 77 (80) 57 (84) 0.683b

 Noninvasive ventilation 19 (12) 12 (13) 7 (10) 0.806b

Pharmacologic interventions

 Epinephrine, n (%) 143 (87) 86 (90) 57 (84) 0.344b

 Number of doses (when used),  
median (IQR)

3 (1–5) 2 (1–4) 3 (2–6) 0.061b,e

 Calcium, n (%) 78 (48) 41 (43) 37 (54) 0.155a

 Sodium bicarbonate, n (%) 93 (57) 54 (56) 39 (57) 1.000a

CPR = cardiopulmonary resuscitation, DBP = diastolic blood pressure, IQR = interquartile range, SBP = systolic blood pressure.
a  Fisher exact test is used for categorical variables.
b  The Wilcoxon rank-sum test is used for continuous variables.
c  The Cochran-Armitage test for trend is used for duration of CPR category variables.
d  Weekdays: Monday to Friday, 07:00 to 22:59; weeknights: Monday to Friday, 23:00 to 06:59; and weekends: Saturday to Sunday.
e  The comparison of the number of epinephrine doses is based only on index events for which epinephrine was used.
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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 re-
suscitation (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 myocar-
dial and cerebral perfusion 
rather than awaiting “no flow” 
from a pulseless cardiac arrest, 
aggressive CPR for children 
with bradycardia and poor 
perfusion presumably less-
ened hypoxic-ischemic injury 

and optimized the chances for meaningful recovery and sur-
vival. 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 

TABLE 3. Associations Between Hemodynamic and Survival Outcomes by Initial Rhythm

Outcome
Overall  

(n = 164)
Bradycardia and Poor 

Perfusion (n = 96)
Pulseless  
(n = 68) p

Event hemodynamicsa

 Above DBP targetsb, n (%) 101 (61.6) 60 (63) 41 (60) 0.871c

 DBP, mm Hg, median (IQR) 29.3 (22.8–37.9) 29.5 (22.0–36.4) 29.0 (24.9–39.0) 0.502d

 Systolic blood pressure, mm Hg, median (IQR) 74.4 (54.9–98.2) 72.8 (55.0–97.4) 77.6 (54.0–99.1) 0.716d

Outcome of cardiopulmonary resuscitation 
event, n (%)

   0.658c

 Return of spontaneous circulation ≥ 20 min 112 (68) 68 (71) 44 (65)  

 Return of circulation via extracorporeal 
cardiopulmonary resuscitation

36 (22) 19 (20) 17 (25)  

 Died 16 (10) 9 (9) 7 (10)  

Survival outcomes, n (%)

 24-hr survival 135 (82) 80 (83) 55 (81) 0.684c

 Survival to hospital discharge 77 (47) 52 (54) 25 (37) 0.039c

 Survival with favorable neurologic outcomee 70 (43) 48 (50) 22 (32) 0.026c

Outcomes among survivors, n (%)

 New morbidityf 22/77 (29) 16/52 (31) 6/25 (24) 0.600c

 New domain morbidityg 30/77 (39) 21/52 (40) 9/25 (36) 0.805c

DBP = diastolic blood pressure, IQR = interquartile range.
a  Average over (up to) the first 10 min of cardiopulmonary resuscitation.
b  Average DBP ≥ 25 mm Hg for infants or ≥ 30 mm Hg for children.
c  Fisher exact test.
d  Wilcoxon rank-sum test.
e  Discharge Pediatric Cerebral Performance Category ≤ 3 or no worse than baseline.
f  Increase in Functional Status Scale (FSS) ≥ 3 from baseline.
g  Increase in a single FSS domain ≥ 2 from baseline.

Figure 1. Flow diagram depicting frequency of outcomes between groups. DBP = diastolic blood pressure.
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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 interventions 
would have sufficed, all of these critically ill children decom-
pensated 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 imper-
ative 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 sur-
vival (2, 29). Therefore, we expected that patients with more fa-
vorable 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 ad-
equate hemodynamics early in CPR can prevent the develop-
ment of pulselessness and improve outcomes.

In addition to their lower BPs during CPR, patients with 
bradycardia and subsequent pulselessness had longer CPR du-
ration (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 ascertain-
ment 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 dif-
fered 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 pulse-
lessness 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 iden-
tified, 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 accu-
racy 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 dif-
ferences 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 out-
comes, although there were no differences in immediate event 
outcomes or intra-arrest hemodynamics. Patients who pro-
gressed to pulselessness after CPR initiation had lower intra-
arrest hemodynamics and lower rates of ROSC than those who 
were never pulseless during CPR.
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TABLE 4. Multivariable Models of Initial 
Rhythm With Hemodynamic and Survival 
Outcomes

Outcome
Adjusted Estimatea  

(95% CI) p

Event hemodynamicsb

 Above DBP targetsc 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 outcomef

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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