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Aim: Approximately 40% of children who have an in-hospital cardiac arrest (IHCA) in the US
survive to discharge. We aimed to evaluate the impact of post-cardiac arrest hypotension during
targeted temperature management following IHCA on survival to discharge.

Methods: This is a secondary analysis of the therapeutic hypothermia after pediatric cardiac
arrest in-hospital (THAPCA-IH) trial. “Early hypotension” was defined as a systolic blood
pressure less than the fifth percentile for age and sex for patients not treated with extracorporeal
membrane oxygenation (ECMO) or a mean arterial pressure less than fifth percentile for age and
sex for patients treated with ECMO during the first 6 hours of temperature intervention. The
primary outcome was survival to hospital discharge.

Results: Of 299 children, 142 (47%) patients did not receive ECMO and 175 (53%) received
ECMO. Forty-two of 142 (29.6%) non-ECMO patients had systolic hypotension. Twenty-three of
157 (14.7%) ECMO patients had mean arterial hypotension. After controlling for confounders of
interest, non-ECMO patients who had early systolic hypotension were less likely to survive to
hospital discharge (40.5% vs. 72%; adjusted OR [aOR] 0.34; 95%ClI, 0.12-0.93). There was no
difference in survival to discharge by blood pressure groups for children treated with ECMO
(30.4% vs. 38.8%; aOR=0.53; 95%Cl, 0.19-1.48).

Conclusions: In this secondary analysis of the THAPCA-IH trial, in patients not treated with
ECMO, systolic hypotension within 6 hours of temperature intervention was associated with lower
odds of discharge survival. Blood pressure groups in patients treated with ECMO were not
associated with survival to discharge.

Introduction

In-hospital cardiac arrest (IHCA) occurs in >6,000 children each year in the United States.12
In recent years, more than 95% of resuscitations occur in ICUs, with approximately 3%
receiving extracorporeal cardiopulmonary resuscitation (E-CPR).3 Outcomes from IHCA are
improving, however, many survivors of pediatric IHCA sustain short and long-term
neurologic morbidity.4°

The Post-Cardiac Arrest Syndrome is characterized by myocardial dysfunction, a systemic
ischemia-reperfusion response, brain injury, and multi-organ dysfunction.5-8 Early post-
resuscitation systolic hypotension (within 6 hours of return of circulation [ROC]) following
pediatric cardiac arrest is common and associated with increased rates of in-hospital
mortality and unfavorable functional outcomes.? In a secondary analysis of the Therapeutic
Hypothermia After Pediatric Cardiac Arrest Trial out-of-hospital cardiac arrest (THAPCA-
OH), both the presence and burden of systolic hypotension in the first 6 hours after
randomization to either therapeutic hypothermia or normothermia was associated with
decreased survival to discharge.10

The THAPCA trial for IHCA (THAPCA-IH) was a randomized controlled trial comparing
therapeutic hypothermia (33°C) to therapeutic normothermia (36.8°C) for 48 hours after
pediatric IHCA.11 Approximately 55% of these patients were treated with extracorporeal
membrane oxygenation (ECMO). In this secondary analysis of the THAPCA-IH trial, we
aim to evaluate the impact of hypotension within 6 hours of study intervention on survival to
hospital discharge in patients treated with and without ECMO.

Resuscitation. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Topjian et al.

Methods

Page 3

The trial design, protocol and results of the THAPCA-IH trial have been previously
published. 11-14

THAPCA-IH Trial

The THAPCA-IH trial was conducted from September 1, 2009 through February 27, 2015 in
37 pediatric intensive care units in the United Stated, Canada and United Kingdom.11
Children >48 hours and <18 years of age who had an IHCA, received >2 minutes of chest
compressions, and remained mechanically ventilated after ROC were eligible. Major
exclusion criteria were inability to randomize within 6 hours of ROC and a Glasgow Coma
Scale motor response of 5 or 6. The complete list of exclusion criteria is included in the
appendix of the original publication.1! Subjects were randomized 1:1 to either therapeutic
hypothermia or therapeutic normothermia within 6 hours of ROC.

The temperature intervention was initiated as soon as possible after randomization (median
21 min [11, 47]) and maintained for 120 hours in both groups: therapeutic hypothermia:
33°C (range 32-34°C) or therapeutic normothermia: 36.8°C (range 36 to 37.5°C).1! Subjects
were sedated and pharmacologically paralyzed to achieve target temperature using external
cooling blankets (Cincinnati Sub-Zero). Subjects who received therapeutic hypothermia
were cooled to 32-34°C, maintained in this range for 48 hours, and rewarmed over
approximately 16-24 hours to 36.8°C which was actively maintained through hour 120.
Subjects randomized to therapeutic normothermia had their core temperature actively
maintained in the 36 to 37.5°C range through 120 hours.

Per the THAPCA protocol, blood pressure was monitored by an arterial catheter. Blood
pressures were documented hourly during induction, maintenance and rewarming. There
was no explicit hemodynamic management protocol, however, protocol training
recommended the clinical team maintain blood pressure in a normal range for age and
diagnosis accounting for preload, contractility and afterload. The primary outcome of
THAPCA-IH was survival with a favorable neurologic outcome at 12 months.

Hypotension Study

All subjects included in the THAPCA-IH trial were eligible for this study. Subjects were
excluded if they did not have the temperature intervention initiated or blood pressure
measurements available. This secondary study was exempt by The Children’s Hospital of
Philadelphia Institutional Review Board.

For patients not treated with ECMO (non-ECMO), hypotension was defined as a systolic
blood pressure (SBP), diastolic blood pressure (DBP) or mean arterial blood pressure (MAP)
less than the fifth percentile derived from normative data for age, sex and height.1® Mean
arterial blood pressure (MAP) normative values were derived using the equation 1/3 SBP

+ 2/3 DBP.1> Because patients treated with veno-arterial ECMO do not have a pulse, SBP
may overestimate hypotension and DBP may underestimate hypotension8 and therefore, for
patients treated with ECMO, hypotension was defined as a MAP less than the fifth percentile
for age. Hourly invasive arterial blood pressure measurements (SBP, DBP and MAP) were
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recorded during the first 6 hours of temperature intervention. Blood pressures between ROC
and TIM intervention initiation were not available. If a measured height was not available,
the 50t percentile for height was used for normalization. This was done for 14 subjects. If
the measured height was above the 97t percentile or below the 3™ percentile, the 97t or 31
percentiles were used, respectively. This was done for 121 subjects. Our primary exposure
variable was at least one episode of hypotension during the first 6 hours following
temperature intervention (early hypotension). Hypotension burden was defined as the
percentage of hypotensive measurements during this time period.

Time 0 was defined as the time of initiation of the temperature intervention. Therefore, the
0-6 hour blood pressure time period occurred for patients treated with therapeutic
hypothermia during induction or induction and maintenance and the corresponding time
period for patients treated with therapeutic normothermia.

Data collected in the THAPCA-IH trial included subject demographics, arrest characteristics
and post-cardiac arrest care data after intervention initiation. Nights and weekends were
defined as previously published.1” The number of vasoactive agents were counted from the
subject’s concomitant medication log and included: epinephrine, phenylephrine,
norepinephrine, dobutamine, and dopamine. Vasopressin, milrinone and steroids
(hydrocortisone, methylprednisolone) were analyzed as yes or no. Indications for medication
administration and the timing of medication initiation, dosing, titration or discontinuation
within a 24-hour period were not documented. Additional variables collected in the
THAPCA-IH trial were the hospital location of arrest, previous PICU hospitalization during
the current hospitalization, the presence of septic shock with hypotension, whether open
chest CPR was performed, the epinephrine dosing interval and the use of ECMO at the time
of treatment initiation.

Medications administered were documented by day from randomization (day 0) which
concluded at midnight of each day. Day of medication administration was aligned with
blood pressure time period (0-6 hours) for each subject. If subjects’ time period crossed two
days, the higher number of vasoactive agents was used for analysis. Description of
vasoactive medications by phase (induction or maintenance) could not be performed because
of the variable time to achieve maintenance phase.

Frequencies and percentages or median and quartiles were used to summarize subject, arrest,
and post-arrest care characteristics. Univariate associations between characteristics and the
presence of hypotension were assessed using the Wilcoxon rank-sum test or the Chi-squared
test of no association. A stratified analysis was performed evaluating ECMO and non-
ECMO patients as separate cohorts. A forward stepwise multivariate logistic regression
model estimated the association between early hypotension and survival to hospital
discharge. A two-sided p-value of 0.1 was used as criterion for entering or leaving the
model. Other variables entered as potential predictors into the model included: age, gender,
pre-existing condition, night or weekend arrest, initial cardiac rhythm, primary cardiac arrest
etiology, septic shock with hypotension, presence of 1V at time of arrest, intubated at time of
arrest, previous PICU admission during current hospitalization, open chest CPR, duration of
CPR, epinephrine dosing interval, temperature treatment group, time from ROSC/ROC to
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treatment initiation, maximum or minimum measured lactate, and medications. The primary
outcome was survival to hospital discharge. Analyses were completed using SAS software
V9.4 (Cary, NC).

Three hundred twenty-nine subjects were eligible. After applying exclusion criteria, 299
subjects were analyzed; 8 patients did not receive TTM and 22 did not have blood pressure
measurements available within the first 6 hours of treatment. One hundred forty-two (47%)
patients did not receive ECMO at temperature treatment initiation (non-ECMO) and 157
(53%) patients received ECMO at temperature treatment initiation. The median time from
ROC to TTM initiation was 4.9 hours [4.0, 5.8].

Patients were analyzed in two subgroups, those who did not receive ECMO (non-ECMO)
and those who received ECMO.

Non-ECMO Patients

During the first 6 hours of temperature intervention, 42 of 142 subjects (29.6%) had at least
one episode of systolic hypotension, 15 (10.6%) had at least one episode of diastolic
hypotension and 20 (14.1%) had at least one episode of mean arterial hypotension. Subjects
who had early systolic hypotension were more likely to have a pre-existing renal condition,
an initial rhythm of asystole or PEA, a higher minimum lactate level, or to have received
therapeutic normothermia (Table 1). They were less likely to be black or white; have a
preexisting neurologic condition or acyanotic congenital heart disease, an initial cardiac
arrest rhythm of VF, VT or bradycardia, a cardiac etiology of arrest, or an 1V in place at the
time of arrest (Table 1). There was no difference in age, sex, arrest time of week or day,
duration of CPR, number of epinephrine doses, post arrest vasopressor agents, milrinone or
vasopressin. Of the 42 subjects with early hypotension, the median “burden of hypotension”
per subject was 21% of measurements [IQR: 14.3%, 42.9%]. Of the 31 subjects with a
“burden of hypotension” of at least 14.3% of measurements (i.e., 75% of subjects with early
hypotension), 11/31 (35%) did not receive a vasoactive infusion.

Eighty nine (62.7%) subjects survived to discharge. Subjects who had early systolic
hypotension had lower rates of survival to hospital discharge (hypotension: 17/42 [40.5%] vs
no hypotension: 72/100 [72%], p<0.001) (Table 1). On univariable analysis, lower rates of
survival to discharge were also associated with early diastolic hypotension (hypotension:
5/15 [33%] vs no hypotension: 84/127 [66%], p= 0.013) and mean arterial hypotension
(hypotension: 8/20 [40%] vs no hypotension: 81/122 [66%], p=0.024). Due to small sample
size multivariable analysis for diastolic and mean arterial blood pressure was not performed.
After controlling for time between ROC and treatment initiation, minimum lactate
measured, the number of vasoactive agents administered, and milrinone and steroid
administration, early systolic hypotension was associated with significantly decreased odds
of discharge survival (adjusted OR=0.34; 95%Cl, 0.12-0.93). (Table 2) Early hypotension
burden (0-6 hours) was not associated with survival to discharge on multivariable analysis
(per 10% increase in burden, adjusted OR=0.94; 95%Cl, 0.70-1.26).
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ECMO Patients

During the first 6 hours of temperature intervention, 23/157 (14.7%) had at least one episode
of mean arterial hypotension. Subjects who had mean arterial hypotension were older, more
likely to have pre-existing condition of acquired cardiac disease, pulmonary hypertension
without congenital heart disease, a respiratory or neurologic condition, or a higher maximum
or minimum lactate level (Table 3). There was no difference in sex, race, arrest time of
week, initial rhythm, duration of CPR, number of doses of epinephrine administered, or
post-arrest vasoactive agents administered. There was no difference in the prevalence of
hypotension by TTM intervention. Of the 23 subjects with early hypotension, the median
“burden of hypotension” per subject was 50% of measurements [IQR: 25.0%, 66.7%].

Seventy-three (46.5%) subjects survived to discharge. There was no difference in survival to
discharge in patients treated with ECMO who had early mean arterial hypotension versus
those who did not have mean arterial hypotension (7 [30.4%] vs 66 [49.3%], p=0.095). After
controlling for minimum lactate level in the first 6 hours following TTM intervention, early
mean arterial hypotension was not associated with survival to discharge (adjusted OR=0.60;
95%Cl, 0.22-1.63) (Table 4). Early hypotension burden (0-6 hours) was not associated with
survival to discharge on multivariable analysis (per 10% increase in burden, adjusted
OR=0.97; 95%Cl, 0.89-1.06).

Discussion

In this secondary analysis of the THAPCA-IH trial, for patients not treated with ECMO,
systolic hypotension within 6 hours of TTM intervention occurred in at least one quarter of
patients and was associated with decreased odds of survival to discharge. For patients who
were treated with ECMO, mean arterial hypotension occurred in 15% of patients and was
not associated with survival to discharge. These data highlight the differential impact of
post-cardiac arrest hemodynamics in patients treated with or without ECMO support.

We evaluated systolic hypotension as the primary exposure in non-ECMO patients based on
previous pediatric cardiac arrest literature.® 10 A previous study of combined IHCA and
OHCA demonstrated that systolic hypotension occurred in more than 56% of patients with 6
hours of ROSC and was independently associated with lower odds of survival to discharge. ©
More recently, a secondary analysis of the THAPCA-OH trial demonstrated that systolic
hypotension within 6 hours of temperature intervention, approximately 6-12 hours following
ROSC, occurred in more than one-quarter of patients and was associated with lower rates of
survival to hospital discharge.10 The rate of hypotension in this THAPCA-IH cohort is
similar to the THAPCA-OH rate, although in this current study, blood pressures were
measured at a range of 4-10 hours following ROSC.

In this study, 62.7 % of non-ECMO patients survived to discharge, compared to 38.7% in the
THAPCA-OH cohort.10 Survival rates from IHCA are higher than OHCA, in part due to
ischemic time, differences in cause of arrest and in cardiac arrest interventions, such as pre-
existing 1V access, early CPR from trained care providers and CPR quality guidance.18. 19 |t
is presumed that more severe ischemia and hypoxia may be a cause of post-cardiac arrest
hypotension, raising the concern that post-cardiac arrest hypotension may be a non-
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modifiable marker of injury. However, in this in-hospital cohort, early hypotension was not
associated with the duration of CPR or number of epinephrine doses. Higher post-cardiac
arrest lactate levels, markers of hypoxic-ischemic injury, were associated with both
hypotension and outcomes in this study and the THAPCA-OH study.2%:21 Despite the
elevated lactate levels in both THAPCA-IH and THAPCA-OH, almost twice as many
survived to discharge among the patients who suffered an IHCA compared with an OHCA,
despite the similar prevalence of hypotension. This provides further evidence that
hypotension may be a marker of injury severity, but also may be a modifiable risk factor
with appropriate treatment.

For non-ECMO patients with at least one episode of hypotension, the median “burden” of
hypotension was 21% of measured blood pressures. Of patients with any hypotension, one-
third did not receive a vasoactive infusion. The American Heart Association Pediatric
Advance Life Support Guidelines recommend, “that parental fluids and/or inotropes or
vasoactive dugs be used to maintain a systolic blood pressure greater than fifth percentile for
age.”?2 A growing body of adult literature demonstrates a dose effect of post-cardiac arrest
blood pressure on outcomes, showing that it is not just presence or absence but how low for
how long.23 A recent assessment of “hypotension exposure index (HEI)” which subtracted
the dose of hypotension from a normal adult MAP of 65 mmHg demonstrated that a lower
HEI (less hypotension) was associated with higher rates of survival to discharge. 24 This
suggests that treatment to target these indices over time may impact outcome. We were
unable to analyze our data in this manner because pediatric blood pressures differ by age and
therefore must be normalized for comparison across age groups making a continuous
measure difficult to quantify for appropriate analyses.®

More than half the patients in this cohort were treated with ECMO. For patients treated with
veno-arterial ECMO, we used MAP to evaluate hypotension because many patients lack
substantial pulsatile blood flow initially with the SBP similar to the MAP. Mean arterial
hypotension occurred in 14.7 % of patients, and at least 7% of patients were hypotensive for
at least half of the study period. More than 60% of patients treated with ECMO received at
least 30 minutes of CPR and had maximum lactate levels of 10.2 [4.7, 16] as compared to
the non-ECMO group of whom 68% received less than 15 minutes of CPR with maximum
lactate levels of 4.3 [1.7,7.2]. Despite more severe cardiac arrest markers, patients treated
with ECMO had lower rates of hypotension (14.1% versus 56% in the non-ECMO group.)
This may be due to (1) continuous mechanical support from ECMO providing higher levels
of cardiac output than a non-ECMO supported native heart with myocardial dysfunction, (2)
patients treated with ECMO having less of a systemic ischemic perfusion response or (3) the
blood pressure cutpoints selected for comparison in ECMO and Non ECMO groups in our
study were not equivalent to compare the impact of blood pressure on outcome.

In this cohort of pediatric cardiac arrests treated with ECMO, mean arterial hypotension was
not associated with survival to discharge. While data demonstrate that the use of ECMO for
pediatric cardiac arrest is associated with higher survival to discharge, significant
confounding by indication has been difficult to identify.2°> The physiology of post arrest care
on ECMO has not been well delineated. ECMO support can provide a near normal or
normal cardiac output. Cardiac output is impacted by multiple factors including preload,
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afterload and contractility. Recent adult cardiac arrest literature demonstrates that higher
MAP is associated with improved rates of survival and neurologic outcomes, however,
ECMO treated patients were not a subgroup.28:27 Further delineation of the post arrest care
of this subset of patient in the future will be important.

This study had several limitations. First, this study was a secondary analysis of a randomized
controlled trial of TTM of a pediatric IHCA population of which 50% received ECMO and
therefore it may not be generalizable to all IHCA survivors treated in pediatric intensive care
units. Furthermore, this analysis was on a subpopulation of severe cardiac arrests who were
comatose with a post cardiac arrest GCS motor score of < 5. Second, blood pressure data
were not collected between ROC and intervention, approximately the first 4 hours after
ROC, a potentially important time when blood pressure and treatment may impact outcomes.
Third, vasoactive medication infusion dosing and timing were not available and our data are
limited to ordered medications rather than medications confirmed to be administered.
Fourth, echocardiogram and ECMO data were not available to characterize myocardial
function and cardiac output. Finally, this is an observational study and thus cannot determine
cause and effect.

Conclusions:

In this secondary analysis of the THAPCA-IH trial, 29.6% of subjects not treated with
ECMO had hypotension within 6 hours of study intervention. Early post-arrest hypotension
in patients not treated with ECMO was associated with a lower odds of discharge survival,
even after adjusting for covariates of interest.

Acknowledgments

Funding

Supported by grants from the National Heart, Lung, and Blood Institute (HL094345, to Dr. Moler; and HL094339,
to Dr. Dean), federal planning grants for the planning of the THAPCA trials (HD044955 and HD050531, both to
Dr. Moler), cooperative agreements from the Pediatric Emergency Care Applied Research Network (U03MC00001,
U03MC00003, UO3MC00006, UO3MC00007, and UO3MCO00008) and the Collaborative Pediatric Critical Care
Research Network (U10HD500009, U10HD050096, U10HD049981, U10HD049945, U10HD049983,
U10HDO050012 and U01HD049934), and a National Emergency Medical Services for Children Data Analysis
Resource Center Demonstration grant (U07MCQ09174). Several centers were supported by supplemental grants or
cooperative agreements (UL1RR024986, UL1TR000433, U54HD087011, UL1TR000003, and P30HD040677).

References

1. Berg RA, Sutton RM, Holubkov R, et al. Ratio of PICU versus ward cardiopulmonary resuscitation
events is increasing. Crit Care Med 2013;41:2292—7 [PubMed: 23921270]

2. Knudson JD, Neish SR, Cabrera AG, et al. Prevalence and outcomes of pediatric in-hospital
cardiopulmonary resuscitation in the United States: an analysis of the Kids’ Inpatient Database*.
Crit Care Med 2012;40:2940-4 [PubMed: 22932398]

3. Raymond TT, Cunnyngham CB, Thompson MT, et al. Outcomes among neonates, infants, and
children after extracorporeal cardiopulmonary resuscitation for refractory inhospital pediatric
cardiac arrest: a report from the National Registry of Cardiopulmonary Resuscitation. Pediatr Crit
Care Med 2010;11:362-71 [PubMed: 19924027]

4. van Zellem L, Buysse C, Madderom M, et al. Long-term neuropsychological outcomes in children
and adolescents after cardiac arrest. Intensive Care Med 2015;41:1057-66 [PubMed: 25894622]

Resuscitation. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Topjian et al.

10

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 9

. Meert KL, Donaldson A, Nadkarni V, et al. Multicenter cohort study of in-hospital pediatric cardiac

arrest. Pediatr Crit Care Med 2009;10:544-53 [PubMed: 19451846]

. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac arrest syndrome: epidemiology, pathophysiology,

treatment, and prognostication. A consensus statement from the International Liaison Committee on
Resuscitation (American Heart Association, Australian and New Zealand Council on Resuscitation,
European Resuscitation Council, Heart and Stroke Foundation of Canada, InterAmerican Heart
Foundation, Resuscitation Council of Asia, and the Resuscitation Council of Southern Africa); the
American Heart Association Emergency Cardiovascular Care Committee; the Council on
Cardiovascular Surgery and Anesthesia; the Council on Cardiopulmonary, Perioperative, and
Critical Care; the Council on Clinical Cardiology; and the Stroke Council. Circulation
2008;118:2452-83 [PubMed: 18948368]

. Kern KB, Hilwig RW, Rhee KH and Berg RA. Myocardial dysfunction after resuscitation from

cardiac arrest: an example of global myocardial stunning. J Am Coll Cardiol 1996; 28:232-40
[PubMed: 8752819]

. Kern KB, Hilwig RW, Berg RA, et al. Postresuscitation left ventricular systolic and diastolic

dysfunction. Treatment with dobutamine. Circulation 1997;95:2610-3 [PubMed: 9193427]

. Topjian AA, French B, Sutton RM, et al. Early postresuscitation hypotension is associated with

increased mortality following pediatric cardiac arrest. Crit Care Med 2014;42:1518-23 [PubMed:
24561563]

. Topjian AA, Telford R, Holubkov R, et al. Association of Early Postresuscitation Hypotension
With Survival to Discharge After Targeted Temperature Management for Pediatric Out-of-Hospital
Cardiac Arrest: Secondary Analysis of a Randomized Clinical Trial. JAMA Pediatr 2018;172:143—
153 [PubMed: 29228147]

Moler FW, Silverstein FS, Holubkov R, et al. Therapeutic Hypothermia after In-Hospital Cardiac
Aurrest in Children. N Engl J Med 2017;376:318-329 [PubMed: 28118559]

. Holubkov R, Clark AE, Moler FW, et al. Efficacy outcome selection in the therapeutic hypothermia
after pediatric cardiac arrest trials. Pediatr Crit Care Med 2015;16:1-10 [PubMed: 25268768]

Pemberton VL, Browning B, Webster A, Dean JM and Moler FW. Therapeutic hypothermia after
pediatric cardiac arrest trials: the vanguard phase experience and implications for other trials.
Pediatr Crit Care Med 2013;14:19-26 [PubMed: 23295834]

Moler FW, Silverstein FS, Meert KL, et al. Rationale, timeline, study design, and protocol
overview of the therapeutic hypothermia after pediatric cardiac arrest trials. Pediatr Crit Care Med
2013;14:e304-15 [PubMed: 23842585]

Rosner B, Cook N, Portman R, Daniels S and Falkner B. Determination of blood pressure
percentiles in normal-weight children: some methodological issues. Am J Epidemiol
2008;167:653-66 [PubMed: 18230679]

Itoh H, Ichiba S, Ujike Y, et al. Effect of the Pulsatile Extracorporeal Membrane Oxygenation on
Hemodynamic Energy and Systemic Microcirculation in a Piglet Model of Acute Cardiac Failure.
Aurtif Organs 2016;40:19-26 [PubMed: 26526784]

Meert KL, Telford R, Holubkov R, et al. Pediatric Out-of-Hospital Cardiac Arrest Characteristics
and Their Association With Survival and Neurobehavioral Outcome. Pediatr Crit Care Med 2016

Girotra S, Spertus JA, Li Y, et al. Survival trends in pediatric in-hospital cardiac arrests: an analysis
from Get With the Guidelines-Resuscitation. Circ Cardiovasc Qual Outcomes 2013;6:42-9
[PubMed: 23250980]

Fink EL, Prince DK, Kaltman JR, et al. Unchanged pediatric out-of-hospital cardiac arrest
incidence and survival rates with regional variation in North America. Resuscitation
2016;107:121-8 [PubMed: 27565862]

Topjian AA, Clark AE, Casper TC, et al. Early lactate elevations following resuscitation from
pediatric cardiac arrest are associated with increased mortality*. Pediatr Crit Care Med
2013;14:e380-7 [PubMed: 23925146]

Moler FW, Silverstein FS, Holubkov R, et al. Therapeutic hypothermia after out-of hospital cardiac
arrest in children. N Engl J Med 2015;372:1898-908 [PubMed: 25913022]

Resuscitation. Author manuscript; available in PMC 2020 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Topjian et al.

22.

23.

24.

25.

26.

217.

Page 10

de Caen AR, Berg MD, Chameides L, et al. Part 12: Pediatric Advanced Life Support: 2015
American Heart Association Guidelines Update for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Circulation 2015;132:5526—42 [PubMed: 26473000]

Kilgannon JH, Roberts BW, Jones AE, et al. Arterial blood pressure and neurologic outcome after
resuscitation from cardiac arrest*. Crit Care Med 2014;42:2083-91 [PubMed: 24901606]

Chiu YK, Lui CT and Tsui KL. Impact of hypotension after return of spontaneous circulation on
survival in patients of out-of-hospital cardiac arrest. Am J Emerg Med 2018; 36:79-83 [PubMed:
28734702]

Lasa JJ, Rogers RS, Localio R, et al. Extracorporeal Cardiopulmonary Resuscitation (E-CPR)
During Pediatric In-Hospital Cardiopulmonary Arrest Is Associated With Improved Survival to
Discharge: A Report from the American Heart Association’s Get With The Guidelines-
Resuscitation (GWTG-R) Registry. Circulation 2016;133:165-76 [PubMed: 26635402]

Roberts BW, Kilgannon JH, Hunter BR, et al. Association Between Elevated Mean Arterial Blood
Pressure and Neurologic Outcome After Resuscitation From Cardiac Arrest: Results From a
Multicenter Prospective Cohort Study. Crit Care Med 2019;47:93-100 [PubMed: 30303836]
Russo JJ, James TE, Hibbert B, et al. Impact of mean arterial pressure on clinical outcomes in
comatose survivors of out-of-hospital cardiac arrest: Insights from the University of Ottawa Heart
Institute Regional Cardiac Arrest Registry (CAPITAL-CARe). Resuscitation 2017;113:27-32
[PubMed: 28109998]

Resuscitation. Author manuscript; available in PMC 2020 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Topjian et al.

Table 1.

Page 11

Patient and Cardiac Arrest Characteristics by Systolic Hypotension Group (0-6 hrs) non-ECMO patients

Any Hypotensive Systolic Pressure (0-6 hrs)

Overall (N = 142) No (N =100) Yes (N = 42) P-value
Age at randomization (months) 17.0 [4.0, 102.0] 16.5 [4.0, 45.5] 29.5[4.0, 153.0] 0 3231
Male 78 (54.9%) 55 (55.0%) 23 (54.8%) 0 9792
Race 00 462
Black or African American 40 (28.2%) 30 (30.0%) 10 (23.8%)
White 81 (57.0%) 60 (60.0%) 21 (50.0%)
Other/Unknown 21 (14.8%) 10 (10.0%) 11 (26.2%)
Ethnicity 0 9762
Hispanic or Latino 32 (22.5%) 23 (23.0%) 9 (21.4%)
Not Hispanic or Latino 103 (72.5%) 72 (72.0%) 31 (73.8%)
Unknown 7 (4.9%) 5 (5.0%) 2 (4.8%)
Any pre-existing condition 127 (89.4%) 93 (93.0%) 34 (81.0%) 0 0332
Pre-Existing Conditions
Cardiac condition 75 (52.8%) 59 (59.0%) 16 (38.1%) 0 0232
Congenital heart disease 68 (47.9%) 56 (56.0%) 12 (28.6%) 0 0032
Congenital acyanotic heart disease 59 (41.5%) 49 (49.0%) 10 (23.8%) 0 0052
Congenital cyanotic heart disease 9 (6.3%) 7 (7.0%) 2 (4.8%) 0 6172
Acquired heart disease 17 (12.0%) 11 (11.0%) 6 (14.3%) 0 5822
Arrhythmia 18 (12.7%) 15 (15.0%) 3(7.1%) 0 1992
Heart Transplant 2 (1.4%) 2 (2.0%) 0 (0.0%) 0 3562
Cyanotic heart disease (baseline sat < 85%) 9 (6.3%) 7 (7.0%) 2 (4.8%) 0 6172
Pulmonary hypertension 5 (3.5%) 4 (4.0%) 1(2.4%) 0 6332
Pulmonary hypertension - associated with CHD 4 (2.8%) 4 (4.0%) 0 (0.0%) 0 1892
Pulmonary hypertension - not associated with CHD 1(0.7%) 0 (0.0%) 1(2.4%) 0 1222
Prenatal condition 46 (32.4%) 33 (33.0%) 13 (31.0%) 0 8122
Respiratory condition 58 (40.8%) 40 (40.0%) 18 (42.9%) 0 7522
Immunocompromised 17 (12.0%) 12 (12.0%) 5 (11.9%) 0 9872
Transplant 5 (3.5%) 4 (4.0%) 1(2.4%) 0 6332
Gastrointestinal condition 52 (36.6%) 38 (38.0%) 14 (33.3%) 0 5982
Endocrine condition 14 (9.9%) 10 (10.0%) 4 (9.5%) 0 9312
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Any Hypotensive Systolic Pressure (0-6 hrs)
Overall (N = 142) No (N = 100) Yes (N = 42) P-value
Renal condition 18 (12.7%) 9 (9.0%) 9 (21.4%) 0 0422
Neurologic condition 66 (46.5%) 51 (51.0%) 15 (35.7%) 0 0962
Failure to thrive 22 (15.5%) 16 (16.0%) 6 (14.3%) 0 7972
Other pre-existing condition 55 (38.7%) 41 (41.0%) 14 (33.3%) 0 3922
Night or weekend arrest 54 (38.0%) 35 (35.0%) 19 (45.2%) 0 2512
Initial cardiac arrest rhythm 0 0112
Asystole 13 (9.2%) 4 (4.0%) 9 (21.4%)
Bradycardia 86 (60.6%) 67 (67.0%) 19 (45.2%)
Pulseless electrical activity (PEA) 24 (16.9%) 15 (15.0%) 9 (21.4%)
Ventricular fibrillation or tachycardia 13 (9.2%) 10 (10.0%) 3(7.1%)
Unknown 6 (4.2%) 4 (4.0%) 2 (4.8%)
Primary etiology of cardiac arrest 0 0092
Cardiac 67 (47.2%) 51 (51.0%) 16 (38.1%)
Respiratory 61 (43.0%) 44 (44.0%) 17 (40.5%)
Other 11 (7.7%) 5 (5.0%) 6 (14.3%)
Unknown 3(2.1%) 0 (0.0%) 3(7.1%)
Septic shock with hypotension 11 (7.7%) 10 (10.0%) 1(2.4%) 0 1212
Location within hospital at time of arrest 0 1212
Emergency department 34 (23.9%) 18 (18.0%) 16 (38.1%)
Non-intensive care inpatient ward 18 (12.7%) 14 (14.0%) 4 (9.5%)
Intensive care unit (includes intermediate care) 70 (49.3%) 55 (55.0%) 15 (35.7%)
Operating room 11 (7.7%) 8 (8.0%) 3(7.1%)
Other clinical location (radiology,laboratory,etc.) 7 (4.9%) 4 (4.0%) 3 (7.1%)
Non-clinical location (cafeteria,waiting room, etc.) 2 (1.4%) 1(1.0%) 1(2.4%)
IV present at the time of arrest 123 (86.6%) 90 (90.0%) 33 (78.6%) 0 0282
Intubated at the time of arrest 76 (53.5%) 53 (53.0%) 23 (54.8%) 0 9672
Previous PICU admission during current hospitalization 17 (12.0%) 13 (13.0%) 4 (9.5%) 0 5602
Number of defibrillation attempts at hospital 0 5982
None 120 (84.5%) 85 (85.0%) 35 (83.3%)
1 or more 20 (14.1%) 13 (13.0%) 7 (16.7%)
Unknown 2 (1.4%) 2 (2.0%) 0 (0.0%)
Open chest compressions performed 11 (7.7%) 8 (8.0%) 3 (7.1%) 0 8622
Duration of chest compressions 8.5[5.0, 20.0] 8.0 [5.0, 20.5] 10.0 [4.0, 18.0] 0 2682
Duration of chest compressions 0 5422
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Any Hypotensive Systolic Pressure (0-6 hrs)

Overall (N = 142) No (N = 100) Yes (N = 42) P-value

Less than or equal to 15 minutes 97 (68.3%) 70 (70.0%) 27 (64.3%)

More than 15 to less than or equal to 30 minutes 26 (18.3%) 16 (16.0%) 10 (23.8%)

More than 30 minutes 19 (13.4%) 14 (14.0%) 5 (11.9%)
Total number of doses of epinephrine administered 3.0[2.0,5.0] 3.0[2.0,5.0] 3.0[1.0,5.0] 0 6071
Epinephrine Dosing Interval (min/dose) 0 9402

No epinephrine recorded 9 (6.3%) 6 (6.0%) 3(7.1%)

< 3 min/dose 45 (31.7%) 32 (32.0%) 13 (31.0%)

3 - <5 min/dose 49 (34.5%) 36 (36.0%) 13 (31.0%)

5 - <8 min/dose 25 (17.6%) 16 (16.0%) 9 (21.4%)

> 8 min/dose 13 (9.2%) 9 (9.0%) 4 (9.5%)

Unknown 1 (0.7%) 1 (1.0%) 0 (0.0%)
Treatment Received 0 0022

Hypothermia 76 (53.5%) 62 (62.0%) 14 (33.3%)

Normothermia 66 (46.5%) 38 (38.0%) 28 (66.7%)
Time between ROSC/ROC and treatment initiation 5.2 [4.5,6.0] 5.1[4.5,6.0] 5.3[4.2,6.3] 0 5691
(hours) ’
Dose of systolic hypotension (0-6 hrs) 0.0[0.0, 14.3] 0.0 [0.0,0.0] 21.1[14.3,42.9]
Maximum measured lactate (0-6 hrs) 2.7[1.5,6.5] 2.6[1.4,5.8] 4.8[1.9,10.0] 0 1221
Minimum measured lactate (0-6 hrs) 2.3[1.4,5.3] 2.2[1.3,4.3] 43[1.7,7.2] 0 0421
No medications (0-6 hrs) 42 (29.6%) 31 (31.0%) 11 (26.2%) 0 5672
Vasoactive Agents (0-6 hrs) 0 6312

0 53 (37.3%) 39 (39.0%) 14 (33.3%)

1 46 (32.4%) 34 (34.0%) 12 (28.6%)

2 35 (24.6%) 22 (22.0%) 13 (31.0%)

3 8 (5.6%) 5 (5.0%) 3(7.1%)
Milrinone (0-6 hrs) 35 (24.6%) 26 (26.0%) 9 (21.4%) 0 5642
Steroids (0-6 hrs) 28 (19.7%) 17 (17.0%) 11 (26.2%) 0 2092
Vasopressin (0-6 hrs) 19 (13.4%) 12 (12.0%) 7 (16.7%) 0 4562
Survival to Hospital Discharge 89 (62.7%) 72 (72.0%) 17 (40.5%) < 0012

'ZP-vaIue is based on the Wilcoxon rank-sum test.

2. .
Chi-squared test of no association.
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Associations with survival to hospital discharge (non-ECMO subjects)

Page 14

Survival to Hospital Discharge
Unadjusted Odds Adjusted Oddsl
Yes (N = 89) No (N =53) P-value Ratio (95% CI) Ratio (95% CI) Adjusted p-value

Any systolic hypotension 17 (19.1%) 25 (47.2%) < 0012 0.26 (0.12, 0.56) 0.34 (0.12, 0.93) 0.035
(0-6 hrs) '
Age at Randomization 1.1[0.3,5.1] 2.1[0.6,11.2] 0 1523 0.96 (0.91, 1.02)
(years) )
Sex 0510%

Male 47 (52.8%) 31 (58.5%) Reference

Female 42 (47.2%) 22 (41.5%) 1.26 (0.63, 2.50)
Any pre-existing condition 78 (87.6%) 49 (92.5%) 0 3672 0.58 (0.17, 1.92)
Night or weekend arrest 31 (34.8%) 23 (43.4%) 0 3092 0.70 (0.35, 1.40)
Initial cardiac arrest 2
rhythm 0.031

Asystole 3(3.4%) 10 (18.9%) Reference

Bradycardia 55 (61.8%) 31 (58.5%) 5.91 (1.51, 23.12)

Pulseless electrical 17 (19.1%) 7 (13.2%) 8.10 (1.70, 38.60)
activity (PEA)

Ventricular fibrillation or 10 (11.2%) 3(5.7%) 11.11 (1.79, 68.89)
tachycardia

Unknown 4 (4.5%) 2 (3.8%) 6.67 (0.79, 56.22)
Primary etiology of 2
cardiac arrest 0.874

Cardiac 44 (49.4%) 23 (43.4%) Reference

Respiratory 37 (41.6%) 24 (45.3%) 0.81 (0.39, 1.66)

Other 6 (6.7%) 5 (9.4%) 0.63(0.17, 2.28)

Unknown 2 (2.2%) 1(1.9%) 1.05 (0.09, 12.15)
Septic shock with 5 (5.6%) 6 (11.3%) 0 2192 0.47 (0.14, 1.61)
hypotension )
IV present at the time of 79 (88.8%) 44 (83.0%) 0 5362 1.80 (0.63, 5.12)
arrest '
Intubated at the time of 47 (52.8%) 29 (54.7%) 0 9702 0.93 (0.47, 1.86)
arrest '
Previous PICU admission 10 (11.2%) 7 (13.2%) 0 7262 0.83(0.30, 2.33)
during current ’
hospitalization
Open chest compressions 9 (10.1%) 2(3.8%) 0 1722 2.87 (0.60, 13.81)
performed '
Duration of chest 8.0 [4.0,17.0] | 10.0[7.0, 23.0] 0 0193 0.97 (0.94, 0.99)
compressions ’
Epinephrine Dosing 2

) 4 0.124

Interval (min/dose)

No epinephrine recorded 8 (9.0%) 1(1.9%) Reference
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Survival to Hospital Discharge
Unadjusted Odds | Adiusted Odds
Yes (N = 89) No (N =53) P-value Ratio (95% ClI) Ratio (95% CI) Adjusted p-value

< 3 min/dose 30 (33.7%) 15 (28.3%) 0.25(0.03, 2.19)

3 - <5 min/dose 32 (36.0%) 17 (32.1%) 0.24 (0.03, 2.04)

5 - <8 min/dose 11 (12.4%) 14 (26.4%) 0.10 (0.01, 0.91)

> 8 min/dose 7 (7.9%) 6 (11.3%) 0.15(0.01, 1.53)

Unknown 1(1.1%) 0 (0.0%) Reference
Treatment Received 0 4102

Hypothermia 50 (56.2%) 26 (49.1%) Reference

Normothermia 39 (43.8%) 27 (50.9%) 0.75 (0.38, 1.49)
Time between 5.0[4.3,5.9] 5.6 [4.8,6.3] 0 0113 0.69 (0.51, 0.92) 0.56 (0.35, 0.88) 0.013
ROSC/ROC and '
treatment initiation
(hours)
Maximum measured 2.3[1.3,5.4] 5.41[2.1,11.7] < 0013 0.88 (0.81, 0.95)
lactate (0-6 hrs)5
Minimum measured 2.0[1.1,3.5] 4.3[2.0,6.4] < 0013 0.85(0.77, 0.94) 0.84 (0.75, 0.95) 0.006
lactate (0-6 hrs)5
No medications (0-6 hrs) 30 (33.7%) 12 (22.6%) 0 1622 1.74 (0.80, 3.79)
Vasoactive Agents (0-6 2 0.008
hrs) <.001

0 38 (42.7%) 15 (28.3%) Reference Reference

1 35 (39.3%) 11 (20.8%) 1.26 (0.51, 3.10) 3.00 (0.83, 10.88)

2 12 (13.5%) 23 (43.4%) 0.21 (0.08, 0.52) 0.32 (0.10, 1.04)

3 4 (4.5%) 4 (7.5%) 0.39 (0.09, 1.79) 6.16 (0.09, 437.66)
Milrinone (0-6 hrs) 19 (21.3%) 16 (30.2%) 0 2372 0.63 (0.29, 1.36) 0.28 (0.08, 1.02) 0.054
Steroids (0-6 hrs) 10 (11.2%) 18 (34.0%) < 0012 0.25 (0.10, 0.59) 0.18 (0.05, 0.62) 0.006
Vasopressin (0-6 hrs) 6 (6.7%) 13 (24.5%) 0 0032 0.22 (0.08, 0.63)

All variables considered for entry into logistic regression model using forward stepwise selection. Model is based on the 119 records with all

variables non-missing.

2. -
Chi-squared test of no association.

3Wi|coxon Rank-Sum test.

4 . . L . .
P-value and model based on the 141 records where epinephrine dosing interval and survival are non-missing.

5 . .
P-value and model based on the 120 records where lactate and survival are non-missing.
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Patient and Cardiac Arrest Characteristics by MAP Hypotension Group (0-6 hrs) ECMO patients

Table 3.

Page 16

Any Hypotensive MAP (0-6 hrs)

Overall (N = 157) No (N =134) Yes (N = 23) P-value
Age at randomization (months) 7.0 [1.0, 50.0] 6.0 [1.0, 34.0] 62.0 [4.0, 174.0] 0 0041
Male 100 (63.7%) 89 (66.4%) 11 (47.8%) 0 0872
Race 0 8982
Black or African American 45 (28.7%) 38 (28.4%) 7 (30.4%)
White 94 (59.9%) 80 (59.7%) 14 (60.9%)
Other/Unknown 18 (11.5%) 16 (11.9%) 2 (8.7%)
Ethnicity 0 2032
Hispanic or Latino 28 (17.8%) 23 (17.2%) 5 (21.7%)
Not Hispanic or Latino 120 (76.4%) 105 (78.4%) 15 (65.2%)
Unknown 9 (5.7%) 6 (4.5%) 3(13.0%)
Any pre-existing condition 143 (91.1%) 120 (89.6%) 23 (100.0%) 0 1042
Pre-Existing Conditions
Cardiac condition 123 (78.3%) 106 (79.1%) 17 (73.9%) 0 5772
Congenital heart disease 104 (66.2%) 92 (68.7%) 12 (52.2%) 0 1232
Congenital acyanotic heart disease 75 (47.8%) 67 (50.0%) 8 (34.8%) 0 1772
Congenital cyanotic heart disease 29 (18.5%) 25 (18.7%) 4 (17.4%) 0 8852
Acquired heart disease 30 (19.1%) 20 (14.9%) 10 (43.5%) 0 0012
Arrhythmia 41 (26.1%) 36 (26.9%) 5 (21.7%) 0 6052
Heart Transplant 10 (6.4%) 9 (6.7%) 1(4.3%) 0 6672
Cyanotic heart disease (baseline sat < 85%) 29 (18.5%) 25 (18.7%) 4 (17.4%) 0 8852
Pulmonary hypertension 12 (7.6%) 10 (7.5%) 2 (8.7%) 0 8372
Pulmonary hypertension - associated with CHD 9 (5.7%) 9 (6.7%) 0 (0.0%) 0 2012
Pulmonary hypertension - not associated with CHD 3 (1.9%) 1(0.7%) 2 (8.7%) 0 0102
Prenatal condition 30 (19.1%) 23 (17.2%) 7 (30.4%) 0 1352
Respiratory condition 42 (26.8%) 30 (22.4%) 12 (52.2%) 0 0032
Immunocompromised 21 (13.4%) 18 (13.4%) 3 (13.0%) 0 9602
Transplant 12 (7.6%) 10 (7.5%) 2(8.7%) 0 8372
Gastrointestinal condition 44 (28.0%) 37 (27.6%) 7 (30.4%) 0 7812
Endocrine condition 6 (3.8%) 5(3.7%) 1(4.3%) 0 8872
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Any Hypotensive MAP (0-6 hrs)

Overall (N = 157) No (N = 134) Yes (N = 23) P-value
Renal condition 20 (12.7%) 16 (11.9%) 4 (17.4%) 0.469°
Neurologic condition 33 (21.0%) 23 (17.2%) 10 (43.5%) 0 0042
Failure to thrive 10 (6.4%) 10 (7.5%) 0 (0.0%) 0 1762
Other pre-existing condition 39 (24.8%) 34 (25.4%) 5(21.7%) 0 7092
Night or weekend arrest 71 (45.2%) 61 (45.5%) 10 (43.5%) 0 8562
Initial cardiac arrest rhythm 0 3092
Asystole 7 (4.5%) 6 (4.5%) 1(4.3%)
Bradycardia 89 (56.7%) 73 (54.5%) 16 (69.6%)
Pulseless electrical activity (PEA) 37 (23.6%) 35 (26.1%) 2 (8.7%)
Ventricular fibrillation or tachycardia 19 (12.1%) 15 (11.2%) 4 (17.4%)
Unknown 5(3.2%) 5(3.7%) 0 (0.0%)
Primary etiology of cardiac arrest 0 3582
Cardiac 119 (75.8%) 104 (77.6%) 15 (65.2%)
Respiratory 34 (21.7%) 26 (19.4%) 8 (34.8%)
Other 1 (0.6%) 1(0.7%) 0 (0.0%)
Unknown 3(1.9%) 3(2.2%) 0 (0.0%)
Septic shock with hypotension 15 (9.6%) 13 (9.7%) 2 (8.7%) 0 8802
Location within hospital at time of arrest 0 7772
Emergency department 7 (4.5%) 6 (4.5%) 1(4.3%)
Non-intensive care inpatient ward 13 (8.3%) 11 (8.2%) 2 (8.7%)
Intensive care unit (includes intermediate care) 110 (70.1%) 92 (68.7%) 18 (78.3%)
Operating room 14 (8.9%) 12 (9.0%) 2(8.7%)
Other clinical location (radiology,laboratory,etc.) 12 (7.6%) 12 (9.0%) 0 (0.0%)
Non-clinical location (cafeteria,waiting room, etc.) 1(0.6%) 1(0.7%) 0 (0.0%)
IV present at the time of arrest 149 (94.9%) 127 (94.8%) 22 (95.7%) 0 8602
Intubated at the time of arrest 116 (73.9%) 98 (73.1%) 18 (78.3%) 0 6052
Previous PICU admission during current hospitalization 38 (24.2%) 33 (24.6%) 5 (21.7%) 0 7652
Number of defibrillation attempts at hospital 0 8192
None 119 (75.8%) 102 (76.1%) 17 (73.9%)
1 or more 38 (24.2%) 32 (23.9%) 6 (26.1%)
Open chest compressions performed 33 (21.0%) 29 (21.6%) 4 (17.4%) 0 6442
Duration of chest compressions 38.0[18.0, 57.0] 37.0[19.0,54.0] | 48.0[6.0,79.0] 0 1532
Duration of chest compressions 0 6782
Less than or equal to 15 minutes 37 (23.6%) 31 (23.1%) 6 (26.1%)
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Any Hypotensive MAP (0-6 hrs)

Overall (N = 157) No (N = 134) Yes (N = 23) P-value
More than 15 to less than or equal to 30 minutes 23 (14.6%) 21 (15.7%) 2 (8.7%)
More than 30 minutes 97 (61.8%) 82 (61.2%) 15 (65.2%)

Total number of doses of epinephrine administered 5.0 [2.0, 11.0] 5.0 [2.0, 11.0] 5.0 [2.0, 11.0] 0 9381

Epinephrine Dosing Interval (min/dose) 0 6622
No epinephrine recorded 6 (3.8%) 5 (3.7%) 1(4.3%)
< 3 min/dose 26 (16.6%) 23 (17.2%) 3(13.0%)

3 - <5 min/dose 31 (19.7%) 27 (20.1%) 4 (17.4%)
5 - < 8 min/dose 40 (25.5%) 36 (26.9%) 4 (17.4%)
= 8 min/dose 54 (34.4%) 43 (32.1%) 11 (47.8%)

Treatment Received 09 432
Hypothermia 74 (47.1%) 63 (47.0%) 11 (47.8%)
Normothermia 83 (52.9%) 71 (53.0%) 12 (52.2%)

Time between ROSC/ROC and treatment initiation (hours) 4.5[3.6,5.5] 4.4135,5.3] 5.3[3.6,5.8] 0 0971

Dose of MAP hypotension (0-6 hrs) 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 50.0 [25.0, 66.7]

Maximum measured lactate (0-6 hrs) 6.2 [3.7,10.9] 5.9[3.5,8.7] 10.2 [4.7, 16.0] 0 0091

Minimum measured lactate (0-6 hrs) 4.2[25,9.6] 4.0[2.4,7.9] 6.3[4.0, 14.4] 0 0081

No medications (0-6 hrs) 59 (37.6%) 52 (38.8%) 7 (30.4%) 0.44 42

Vasoactive Agents (0-6 hrs) 0 1372
0 83 (52.9%) 71 (53.0%) 12 (52.2%)

1 43 (27.4%) 38 (28.4%) 5 (21.7%)
2 27 (17.2%) 22 (16.4%) 5 (21.7%)
3 3(1.9%) 3(2.2%) 0 (0.0%)
4 1 (0.6%) 0 (0.0%) 1 (4.3%)

Milrinone (0-6 hrs) 44 (28.0%) 36 (26.9%) 8 (34.8%) 0 4352

Steroids (0-6 hrs) 27 (17.2%) 25 (18.7%) 2(8.7%) 0.2 422

Vasopressin (0-6 hrs) 16 (10.2%) 13 (9.7%) 3 (13.0%) 0 6252

Survival to Hospital Discharge 73 (46.5%) 66 (49.3%) 7 (30.4%) 0 0952

1 . .
P-value is based on the Wilcoxon rank-sum test.

2. _—
Chi-squared test of no association.
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Table 4.

Associations with survival to hospital discharge (ECMO Subjects)

Page 19

Survival to Hospital Discharge
Adjusted Odds
1 0,
Unadjusted Odds Ratlo (35%
Yes (N =73) No (N = 84) P-value Ratio (95% CI) Cl) Adjusted p-value
Any MAP hypotension 7 (9.6%) 16 (19.0%) 0 1152 0.45(0.17, 1.17) 0.60 (0.22, 1.63) 0.317
(0-6 hrs) ’
Age at Randomization 0.4[0.1,21] 1.2[0.1,6.2] 0 1013 0.96 (0.90, 1.02)
(years) )
Sex 0.870%
Male 46 (63.0%) 54 (64.3%) Reference
Female 27 (37.0%) 30 (35.7%) 1.06 (0.55, 2.03)
Any pre-existing condition 67 (91.8%) 76 (90.5%) 1 0002 1.18 (0.39, 3.56)
Night or weekend arrest 33 (45.2%) 38 (45.2%) 1 0002 1.00 (0.53, 1.88)
Initial cardiac arrest 2
rhythm 0.022
Asystole 1 (1.4%) 6 (7.1%) Reference
Bradycardia 39 (53.4%) 50 (59.5%) 4.68 (0.54, 40.50)
Pulseless electrical 21 (28.8%) 16 (19.0%) 7.88 (0.86, 72.12)
activity (PEA)
Ventricular fibrillation or 12 (16.4%) 7 (8.3%) 10.29 (1.02, 103.95)
tachycardia
Unknown 0 (0.0%) 5 (6.0%) <0.01 (<0.01, >999.99)
Primary etiology of 2
cardiac arrest 1.000
Cardiac 56 (76.7%) 63 (75.0%) Reference
Respiratory 16 (21.9%) 18 (21.4%) 1.00 (0.47, 2.15)
Other 0 (0.0%) 1 (1.2%) <0.01 (<0.01, >999.99)
Unknown 1(1.4%) 2 (2.4%) 0.56 (0.05, 6.37)
Septic shock with 7 (9.6%) 8(9.5%) 1 0002 1.01 (0.35, 2.93)
hypotension ’
IV present at the time of 71 (97.3%) 78 (92.9%) 0 2862 2.73(0.53, 13.97)
arrest '
Intubated at the time of 52 (71.2%) 64 (76.2%) 0 5852 0.77 (0.38, 1.58)
arrest '
Previous PICU admission 17 (23.3%) 21 (25.0%) 0 8532 0.91 (0.44, 1.90)
during current '
hospitalization
Open chest compressions 21 (28.8%) 12 (14.3%) 0 0312 2.42 (1.10, 5.36)
performed )
Duration of chest 36.0 [15.0,52.0] | 38.5[19.5, 61.5] 0 2173 0.99 (0.98, 1.00)
compressions '
Epinephrine Dosing 2
Interval (min/dose) 0.758
No epinephrine recorded 3 (4.1%) 3 (3.6%) Reference
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Survival to Hospital Discharge
Adjusted Odds
i 0,
Unadjusted Odds Ratio (35 &
Yes (N =73) No (N = 84) P-value Ratio (95% CI) Cl) Adjusted p-value
< 3 min/dose 10 (13.7%) 16 (19.0%) 0.63(0.10, 3.72)
3 - < 5 min/dose 17 (23.3%) 14 (16.7%) 1.21 (0.21, 6.99)
5 - < 8 min/dose 17 (23.3%) 23 (27.4%) 0.74 (0.13, 4.12)
= 8 min/dose 26 (35.6%) 28 (33.3%) 0.93(0.17, 5.02)
Treatment Received 07 492
Hypothermia 33 (45.2%) 41 (48.8%) Reference
Normothermia 40 (54.8%) 43 (51.2%) 1.16 (0.62, 2.17)
Time between 4.4[35,5.3] 4.6[3.7,5.6] 0 4333 0.89 (0.71, 1.12)
ROSC/ROC and '
treatment initiation
(hours)
Maximum measured 5.4[35,8.3] 7.3[3.9,14.8] 0 0683 0.93 (0.88, 0.99)
lactate (0-6 hrs)?
Minimum measured 3.4[2.4,5.6] 5.7[3.0,12.4] 0 0033 0.90 (0.84, 0.97) 0.91 (0.84, 0.98) 0.009
lactate (0-6 hrs)4
No medications (0-6 hrs) 31 (42.5%) 28 (33.3%) 0 2522 1.48 (0.77, 2.82)
Vasoactive Agents (0-6 2
hrs) 0.980
0 40 (54.8%) 43 (51.2%) Reference
1 19 (26.0%) 24 (28.6%) 0.85(0.41, 1.78)
2 13 (17.8%) 14 (16.7%) 1.00 (0.42, 2.38)
3 1 (1.4%) 2 (2.4%) 0.54 (0.05, 6.16)
4 0 (0.0%) 1 (1.2%) <0.01 (<0.01, >999.99)
Milrinone (0-6 hrs) 18 (24.7%) 26 (31.0%) 0 4762 0.73(0.36, 1.48)
Steroids (0-6 hrs) 11 (15.1%) 16 (19.0%) 0 5332 0.75 (0.33, 1.75)
Vasopressin (0-6 hrs) 7 (9.6%) 9 (10.7%) 1 0002 0.88 (0.31, 2.50)

All variables considered for entry into logistic regression model using forward stepwise selection. Model is based on the 138 records with all

variables non-missing.
2
Fisher’s exact test.

3Wilcoxon Rank-Sum test.

4 . .
P-value and model based on the 138 records where lactate and survival are non-missing.
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