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°Department of Pediatrics, University of Michigan Medical School, Ann Arbor, MI

Abstract

Aim: Determine 1) frequency and risk factors for acute kidney injury (AKI) after in-hospital
cardiac arrest (IHCA) in the Therapeutic Hypothermia after Pediatric Cardiac Arrest In-Hospital
(THAPCA-IH) trial and associated outcomes; 2) impact of temperature management on post-
IHCA AKI.

Methods: Secondary analysis of THAPCA-IH; a randomized controlled multi-national trial at 37
children’s hospitals.

Eligibility: Serum creatinine (Cr) within 24 hours of randomization.

Outcomes: Prevalence of severe AKI defined by Stage 2 or 3 Kidney Disease Improving Global
Outcomes Cr criteria. 12-month survival with favorable neurobehavioral outcome. Analyses
stratified by entire cohort and cardiac subgroup. Risk factors and outcomes compared among
cohorts with and without severe AKI.

Results:

Subject randomization: 159 to hypothermia, 154 to normothermia.

Overall, 80% (249) developed AKI (any stage), and 66% (207) developed severe AKI. Cardiac
patients (204, 65%) were more likely to develop severe AKI (72% vs 56%,p=0.006). Preexisting
cardiac or renal conditions, baseline lactate, vasoactive support, and systolic blood pressure were
associated with severe AKI. Comparing hypothermia versus normothermia, there were no
differences in severe AKI rate (63% vs 70%,p=0.23), peak Cr, time to peak Cr, or freedom from
mortality or severe AKI (p=0.14). Severe AKI was associated with decreased hospital survival
(48% vs 65%,p=0.006) and decreased 12-month survival with favorable neurobehavioral outcome
(30% vs 53%,p<0.001).

Conclusion: Severe post-IHCA AKI occurred frequently especially in those with preexisting
cardiac or renal conditions and peri-arrest hemodynamic instability. Severe AKI was associated
with decreased survival with favorable neurobehavioral outcome. Hypothermia did not decrease
incidence of severe AKI post-IHCA.

Keywords
acute kidney injury; post-cardiac arrest; in-hospital; therapeutic hypothermia

Introduction:

In-hospital (IH) cardiac arrest (IHCA) occurs in 215,000 children/year in the United States.
L. 2 |HCA with return of circulation (ROC) is associated with morbidity and mortality
including multiorgan dysfunction involving the brain, heart, liver, kidneys, and other organs.
3-6 Recently, the Therapeutic Hypothermia after Pediatric Cardiac Arrest (THAPCA) trials
demonstrated targeted temperature management at 32—34°C versus 36.0-37.5°C did not
impact 1-year survival with favorable neurobehavioral outcome after either IHCA or out of
hospital (OH) cardiac arrest (OHCA).”:8
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Acute kidney injury (AKI) frequently occurs after cardiac arrest (CA). Studies in pediatric
medical and cardiac intensive care unit (ICU) patients report AKI is associated with poor
outcomes.? 10 Current literature suggests therapeutic hypothermia (TH) may improve
outcomes and ameliorate AKI after CA in adults.1115 It is unknown if TH can decrease the
incidence or severity of AKI after pediatric IHCA.16: 17 We recently reported a secondary
analysis of AKI in the THAPCA-OH trial that found 41% of patients developed severe AKI
(Stages 2-3), which was associated with decreased survival and decreased survival with
favorable neurobehavioral outcome. However, TH did not impact outcomes.18

The epidemiology of AKI after pediatric IHCA is not well studied.1® To expand our
understanding of AKI and outcomes in children following IHCA, we performed a secondary
analysis of the THAPCA-IH trial with the following aims to determine: 1) the frequency and
risk factors for AKI in comatose children after IHCA,; 2) the association of severe AKI with
outcomes; 3) the impact of TH on the incidence of severe AKI after IHCA and survival; and
4) if these findings differ between two distinct IHCA populations: cardiac and non-cardiac
patients.

The THAPCA-IH trial was a randomized controlled trial at 37 children’s hospitals in the
US, Canada, and England between 9/1/2009-2/27/2015.7 All comatose children >48 hours
and <18 years old who had IHCA, chest compressions for =2 minutes, and mechanical
ventilation after ROC were eligible. Key exclusions included: Glasgow Coma Scale (GCS)
motor-response subscale of 5 or 6, inability to be randomized within 6 hours after ROC,
active and refractory severe bleeding, antecedent illness conferring a life expectancy <12
months, and clinical discretion to withhold aggressive treatment.

Randomization to therapeutic normothermia (TN) 36.8°C (range 36-37.5°C) versus TH
33°C (range 32-34°C) occurred in a 1:1 ratio. Target temperature was sustained for 120
hours. TH involved cooling to 33°C (range 32—-34°C) for 48 hours, warming to 36.8°C
(range 36-37.5°C) over 16 hours, and then maintenance at 36.8°C through 120 hours. TN
involved maintenance at 36.8°C (range 36—37.5°C) for 120 hours.

See the THAPCA-IH Trial primary publication for details.”

AKI secondary analysis

Inclusion criteria—A serum creatinine (Cr) within 24 hours of randomization was
required. Children <7 days old were excluded.

Definitions—Surrogates of renal function or injury were calculated for 3 timepoints:
estimated baseline Cr, preexisting peri-CA AKI, and post-CA AKI. A baseline Cr measured
prior to CA was not available in most patients (n=40 with baseline Cr value), therefore,
estimated baseline Cr was determined by 2 methods. First, Cr was calculated based on
height if available using the Schwartz formula whereby Cr = 0.413 x height in cm/100.20
Alternatively, if height was not available, Cr was assigned value based on age (<5 years =
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0.3 mg/dL, 5-12 years = 0.5 mg/dL, 212 years = 0.7 mg/dL). This baseline Cr was
compared to Cr obtained between CA and at most 2 hours post-targeted temperature control
initiation to calculate preexisting AKI. Because Cr is a late marker of renal injury, an
immediate Cr rise in the peri-arrest period is less likely and thus, Cr may reflect AKI status
at the time of CA. To ascertain the presence of post-CA AKI, baseline Cr was compared to
Cr obtained serially every 12 hours from initiation to termination of the intervention period
(120 hours). The highest Cr value was used to categorize patients by peak post-CA AKI
stage.

Preexisting and post-CA AKI were calculated via the modified Kidney Disease: Improving
Global Outcomes (KDIGO) Cr-based definition.2: The urine output (UOP) based definition
was not used because granular UOP data pre and peri-arrest were unavailable. KDIGO
divides AKI into: Stage 1: Cr increase to 1.5-1.9 times baseline or of =0.3 mg/dL within 48
hours; Stage 2: Cr increase to 2—2.9 times baseline; Stage 3: Cr increase to =3 times baseline
or to =4 mg/dL or renal replacement therapy (RRT) initiation. Preexisting and post-CA
severe AKI were defined as KDIGO Stages 2 or 3 as detailed in the largest multinational
prospective pediatric ICU AKI study.??

A cardiac patient was defined as having congenital heart disease, acquired heart disease, or
preexisting arrhythmia. Post-operative cardiac status was defined as having undergone
cardiac surgery during the current hospitalization.

Outcome—The primary endpoint was 12-month survival with a favorable neurobehavioral
outcome. Secondary endpoints were 12-month survival and 12-month survival without
change in neurobehavioral function greater than 15 points. Neurobehavioral function was
assessed via the Vineland Adaptive Behavior Scales 2" edition (VABS-11; mean score 100,
standard deviation 15), which is a caregiver-report measure.23 Baseline VABS-II reflecting
functioning pre-arrest was obtained within 24 hours of randomization. A favorable
neurobehavioral outcome was defined two ways 1) a score of =70 at 12 months (only those
with baseline score of =70 were included) and 2) a decrease of <15 below baseline. If no
baseline VABS-I11 was obtained, a Pediatric Overall Performance Category (POPC) and
Pediatric Cerebral Performance Category (PCPC) in the normal or mild disability category
met eligibility criteria.

Statistical analysis—For demographic, clinical, and outcome data, quantitative analyses
describe the overall study population and univariate analyses compare cohorts with and
without severe AKI. Categorical variables were expressed as total number and percentage
(Fisher’s exact test), and continuous variables were expressed as median with interquartile
ranges given non-parametric distribution (Wilcoxon rank-sum test). Variables with p value
<0.1 in univariate analyses were included in multivariable analyses. Multivariable analyses
of severe AKI used logistic regression in a stepwise, chronological manner. Variables were
partitioned into 4 phases: pre-arrest, time of ROC, post-arrest peri-temperature intervention
initiation, and Day 0-1 after temperature control. Variables kept by model selection at earlier
time phases in the clinical course remained part of the model as additional variables were
considered in each phase. To compare time from ROC to peak post-CA severe AKI between
study arms, a Wilcoxon rank-sum test was used. The Kaplan-Meier approach was used to
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compare freedom from the composite endpoint of mortality or severe AKI between TN and
TH. A subgroup analysis of cardiac patients used the aforementioned statistical techniques.
A pvalue of <0.05 was considered statistically significant. Adjustment for multiple p values
was not performed. SAS version 9.4 software package (SAS Institute, Cary, NC) was used.

Whole cohort

Demographic data—Of the 329 subjects enrolled in the parent THAPCA-IH study, 313
met Cr eligibility criteria. Sixteen subjects were excluded; 2 subjects did not have a Cr
within 24 hours of ROC, and 14 subjects were <7 days old at time of randomization.
Randomization allocated 159 subjects to TH and 154 to TN. Demographic and clinical data
including CA and therapeutic characteristics are displayed by overall population and cohorts
without and without severe AKI (Table 1). About half were less than 1 year old. Over 2/3
(204/313) had cardiac disease; 85% of which had congenital heart disease and 48% were
postoperative cardiac surgical patients. The most common CA aetiology was cardiovascular
(49%). Bradycardia was the most common initial rhythm (57%). The median duration of
chest compressions was 22 minutes, and about half required extracorporeal membrane
oxygenation (ECMO) initiation prior to study intervention.24

AKI data—A total of 249 (80%) patients developed AKI: stage 1 13% (42/313); stage 2
16% (49/313); stage 3 50% (158/313). Overall, 207/313 (66%) had severe AKI. RRT was
instituted on 70 patients (22%), and severe AKI was observed in 80% of patients requiring
ECMO initiation. Preexisting severe AKI was found in 48% (150/313) of patients and
represented the majority of post-CA severe AKI cases, 72% (150/207). Of the 138 (44%)
without preexisting severe AKI, only 30% (42/138) subsequently developed severe AKI.
Subjects with preexisting severe AKI were more likely to require dialysis (Odds Ratio [OR]
3.3, 95% Confidence Interval [1.8, 6.1], p<0.001) and still have severe AKI at the end of the
5-day study period (OR 8.6, 95% Confidence Interval [5.0, 14.6], p<0.001). The peak
percent Cr increase was higher in those with preexisting severe AKI compared to those
without (median 271% increase vs 59%, p<0.001).

Severe post-IHCA AKI risk factors—Multiple pre-, peri-, and post-CA patient and
treatment characteristics (Table 1) had association with development of severe AKI in the
overall population. After multivariable analysis, preexisting renal condition, post-operative
cardiac surgery status, baseline lactate, number of vasoactive agents on Day 0-1, and
minimum percentile of gender/height-adjusted systolic blood pressure were associated with
severe AKI (Table 2). Blood transfusion was not associated with severe AKI.

Severe AKI after IHCA and outcomes—Of the 313 patients, 144 (46%) died prior to
hospital discharge (Table 3). Severe AKI was associated with decreased 12-month survival
with favorable neurobehavioral outcome by both metrics: a VABS-I1 score of =70, (30% vs
53%; p<0.001) and decrease of <15 below baseline (25% vs 38%; p=0.016). Severe AKI
was associated with both decreased survival to hospital discharge (48% vs 65%; p=0.006)
and to 12 months (42% vs 60%; p=0.004).
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Impact of TH on post-IHCA severe AKI and survival—Severe AKI was not different
between TH and TN (63% vs 70%, p=0.23) nor was dialysis utilization (23% vs 22%,
p=1.00). TH did not impact time to peak severe AKI, which occurred at median 18 hours
(2.9, 63.2) after ROC (Appendix, Fig. Al, p=0.35). Peak Cr in TH was 0.8 mg/dL (0.5, 1.4)
versus 0.9 mg/dL (0.5, 1.7) in TN (p=0.08). The TH cohort had a smaller percent increase
between baseline and peak post-IHCA Cr compared to TN (139% [43, 294] vs 204% [77,
402], p=0.009). Freedom from the composite endpoint of mortality or severe AKI was not
affected by TH (Fig. 1, p=0.14). The impact of TH on other outcomes can be seen in the
primary THAPCA-IH Trial publication.”

Cardiac subgroup analysis

Demographic data—Of the 313 overall patients, the majority (n=204) were cardiac
patients, including congenital heart disease (85%), acquired heart disease, or preexisting
arrhythmia. Demographic and clinical characteristics of this cardiac cohort (Table 4) include
a <1 year of age predominance, cardiovascular being the most common CA aetiology, and
bradycardia being the initial rhythm in 61%. CA occurred in the post-operative period in
about half of cardiac subjects. Compared to non-cardiac patients, cardiac patients received
longer duration of cardiopulmonary resuscitation (CPR) (30 vs 13 minutes, p<0.001), and
were more likely to receive ECMO (64%, 130/204 vs 34%, 37/109).

AKI data—Cardiac patients had an increased rate of post-IHCA severe AKI (72%, 146/204
vs 56%, 61/109, p=0.006). The rate of preexisting severe AKI was higher in cardiac patients
(56%, 114/204 vs 33%, 36/109, p<0.001). Patients with preexisting severe AKI represented
the majority of severe AKI cases in cardiac patients (78%, 114/146). Cardiac patients
without preexisting severe AKI were less likely to develop severe AKI than cardiac patients
with preexisting severe AKI (31%, 23/74 vs 100%, 114/114).

Severe post-IHCA AKI risk factors—Multiple pre-, peri-, and post-CA patient and
treatment characteristics (Table 4) were associated with development of severe AKI in the
cardiac cohort. After multivariable analysis, post-operative cardiac surgery status, baseline
lactate, and minimum percentile of gender/height-adjusted systolic blood pressure remained
associated with severe AKI. Congenital heart disease diagnosis was also associated with
severe AKI in cardiac patients (Table 5).

Impact of TH on post-IHCA severe AKI—Similar to the overall population, the
relationship of a lower percent change from post-IHCA Cr baseline to peak Cr in TH
remained in the cardiac subgroup (159% [67, 321] vs 216% [109, 412], p=0.025).

Discussion:

This study found AKI occurred in the majority of comatose survivors after pediatric IHCA
in the THAPCA-IH trial, with severe AKI occurring in 2/3, and RRT required in 22%. Half
of the patients already had evidence of severe AKI in the peri-arrest period (aka
“preexisting” severe AKI). For subjects without preexisting severe AKI, only 30%
developed severe AKI. Preexisting severe AKI, congenital heart disease, recent cardiac
surgery, and surrogates of peri-arrest hypoperfusion were associated with severe post-IHCA
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AKI. Severe post-IHCA AKI was associated with decreased survival and decreased survival
with favorable neurobehavioral outcome. TH did not decrease the severe AKI rate; however,
percent peak Cr increase was lower with TH.

A notable finding was the high rate of severe AKI and dialysis after IHCA. The prevalence
is the highest reported after pediatric CA,10. 14, 15,19, 25,26 and over 50% higher than the
secondary analysis of THAPCA-OH.18 The majority of findings are driven by the high rate
of preexisting severe AKI. Preexisting severe AKI was 33% for non-cardiac subjects and
56% for cardiac subjects, which is consistent with overall high rates of AKI in multicenter
studies of pediatric ICU (27%, AWARE) and cardiac ICU (54%, NEPHRON)?22: 27, 28
patients suggesting our cohort is representative of a high acuity subpopulation within these
settings.

The epidemiology of AKI post IHCA likely represents two distinct cohorts — those with and
without co-morbidity at the time of CA (including AKI). Most children who suffer IHCA
are located in the ICU, and thus a CA episode in these patients often represents a second
physiologic insult to already injured or at-risk kidneys.! The post-operative cardiac cohort is
particularly vulnerable as AKI is common after cardiopulmonary bypass. This may manifest
as a larger Cr increase in those with preexisting severe AKI compared to those without
preexisting severe AKI; a 4.6-fold greater median increase was observed in this study. Any
potential TH benefit in patients with preexisting severe AKI might be relegated to mitigating
AKI progression. In contrast, only 30% of patients without preexisting severe AKI
developed severe post-IHCA AKI, again supporting the finding that the patient’s pre-arrest
condition (including preexisting severe AKI) is partly responsible for driving the outcomes
in this study. In the cohort without preexisting severe AKI, the mode of post-IHCA severe
AKI is likely ischaemia reperfusion injury from the CA episode. Only 42 patients without
preexisting severe AKI developed severe AKI after IHCA, limiting power for comparisons
between these two cohorts as well as ability to assess the potential of TH to prevent AKI
after IHCA. In the context of these limitations, similar to OHCA, a benefit of TH compared
to TN for decreasing the prevalence of severe post-IHCA AKI was not seen.18

Given the high rate of preexisting severe AKI, peak Cr change from baseline after IHCA (Cr
used to calculate preexisting AKI) as a surrogate of AKI progression after CA was
evaluated. While there was no difference in peak Cr between TN and TH, the median peak
rise was 65% lower in TH. This supports a possible benefit of TH for mitigating severity of
AKI progression after IHCA. This observation may be in accordance with adult CA studies
in which Cr and other markers of kidney injury were improved with TH, in addition to
improved kidney graft function in transplant donors treated with TH.2% 30 This study cannot
determine whether the decreased Cr rise in TH is a reflection of improved kidney function,
decreased Cr production rate, or both. However, this finding warrants consideration for
further investigating TH as a modality for decreasing the deleterious impact of IHCA on
AKI development and progression. Such a study would need to address the limitations of the
current study and have detailed pre-CA Cr values, detailed UOP, and other biomarkers in
addition to Cr to more accurately detect AKI.
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Many of this study’s results were driven by the high proportion of cardiac disease (65%) in
the population. The AKI rate is known to be higher in this group compared to the medical
ICU population, especially those post cardiac surgery — both of which were supported by
this study. Another distinguishing feature of this cardiac cohort is its increased risk of post-
arrest AKI; awareness of which may be valuable for those caring for the pediatric cardiac
population. For both cardiac and overall cohorts, multiple, similar variables reflecting
increased CA episode severity, multi-organ injury, and increased peri-CA haemodynamic
insufficiency were associated with severe AKI. Of these variables, baseline lactate, number
of post-CA vasoactive agents, and minimum percentile of gender/height-adjusted systolic
blood pressure were predictors of severe AKI. The first two variables were also associated
with severe AKI after OHCA while the latter was not included in the OHCA model.

This study suggests IHCA and subsequent severe AKI are associated with poor outcomes,
which is consistent with the THAPCA-OH trial. Comatose survivors of the CPR episode had
<50% chance of survival, and severe AKI was associated with increased in-hospital
mortality. Severe AKI may serve as a surrogate for the magnitude of hypoxic ischaemic
injury which affects long-term outcomes beyond survival to discharge. After IHCA, a
patient’s likelihood of 12-month survival with favorable neurobehavioral outcome was
decreased in the setting of severe AKI. This suggests the sequela of both CA and severe AKI
may have longstanding neurodevelopmental effects,31-34

Notable limitations apply to this study. First, this was a secondary analysis of the THAPCA-
IH trial, which did not target AKI as a primary or secondary outcome. Second, an estimate
for baseline Cr was used because baseline Cr availability was limited. Baseline Cr for the
majority of subjects was normal Cr for height or age. Also, the Cr-based KDIGO definition
and not UOP criteria were used to calculate AKI. Third, patients with milder degrees of
encephalopathy (GCS motor 5 or 6) who likely experienced a lower dose of hypoxic
ischaemic injury and less resultant AKI were excluded. Fourth, children who did not survive
the study period may have led to underestimation of AKI that would have developed at later
time points. As detailed above, the high proportion of cardiac patients and preexisting severe
AKI biased these results and applicability to other populations. Fifth, the amount of time
required to achieve target temperature in the TH group may have decreased the optimal TH
impact for mitigation of severe AKI, as peak AKI occurred, on average, 12 hours later. In
this context, the impact of TH on renal recovery would have been an ideal endpoint, but was
not feasible as the study period for Cr collection was only 5 days.

Conclusions:

Severe AKI is a common complication after pediatric IHCA. Preexisting cardiac or renal
conditions and surrogates of peri-arrest hypoperfusion were associated with development of
severe AKI. In this cohort of predominantly cardiac patients with a high rate of pre-existing
severe AKI, TH did not decrease the prevalence of post-IHCA severe AKI. Development of
severe post-IHCA AKI is associated with increased mortality and decreased survival with
favorable neurobehavioral status.
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Time to peak severe AKI in patients experiencing IHCA did not differ between TH and TN
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cohorts (median = 18 hours [2.9, 63.2], p=0.35, Wilcoxon rank-sum test).
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Figure 1.

Kaplan-Meier rates of freedom from mortality or severe AKI of patients experiencing IHCA
did not differ between targeted temperature control cohorts (p=0.14, log-rank test).
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Table 1.
Characteristics of patients experiencing IHCA separated into severe and no severe AKI cohorts
Severe AKI
Overall (N=313) Yes (N =207) No (N = 106) P-value
Age Group at Randomization
<1 year 151 (48%) 110 (53%) 41 (39%) 0.0171
1-4 years 75 (24%) 46 (22%) 29 (27%) 0'3301
5-12 years 48 (15%) 28 (14%) 20 (19%) 0.2461
> 13 years 39 (12%) 23 (11%) 16 (15%) 0.3667
Male sex 184 (59%) 126 (61%) 58 (55%) 0.332]
Preexisting severe AKI (up to 2 hours after intervention initiation)z 150 (48%) 150 (72%) 0(0%) <.0011
Preexisting conditions
None 30 (10%) 20 (10%) 10 (9%) 1.000%
Lung or airway disease 101 (32%) 56 (27%) 45 (42%) 0.007%
Neurologic condition 100 (32%) 61 (29%) 39 (37%) 02027
Gastrointestinal disorder 97 (31%) 63 (30%) 34 (32%) 0.7977
Prenatal condition 77 (25%) 49 (24%) 28 (26%) 0.6787
Congenital heart disease 173 (55%) 119 (57%) 54 (51%) 0.2827
Cyanotic heart disease 39 (12%) 28 (14%) 11 (10%) 0.4747
Two ventricles 109 (35%) 72 (35%) 37 (35%) 0.3961
Post-operative cardiac surgery patient 98 (31% 81 (39%) 17 (16%) <0017
Norwood procedure 12 (4%) 11 (5%) 1(1%) 0.6867
Acquired heart disease 51 (16%) 37 (18%) 14 (13%) 03347
Arrhythmia 65 (21%) 51 (25%) 14 (13%) 0.0191
Immunocompromised condition or taking immunosuppressive 42 (13%) 28 (14%) 14 (13%) 1.000%
medication
Transplant 19 (6%) 15 (7%) 4 (4%) 03187
Endocrine condition 20 (6%) 16 (8%) 4 (4%) 0.2267
Renal condition 38 (12%) 32 (15%) 6 (6%) 00112
Other 138 (44%) 92 (44%) 46 (43%) 0.9057
Primary aetiology of cardiac arrest
Cardiovascular event 154 (49%) 111 (54%) 43 (41%) 0.0327
Respiratory event 99 (32%) 54 (26%) 45 (42%) 0.005%
Congenital heart disease 45 (14%) 32 (15%) 13 (12%) 0.4997
Neurological event 4 (1%) 2(1%) 2(2%) 0.6067
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Severe AKI
Overall (N =313)  Yes (N =207) No (N = 106) P-value
Multiple organ system failure 2 (1%) 2(1%) 0(0%) 0.5517
Drug overdose 2 (1%) 1(0%) 1(1%) 1.000%
Electrolyte imbalance 1(0%) 1(0%) 0(0%) 1.000%
Unknown 6 (2%) 4 (2%) 2 (2%) 1.0007
Initial rhythm
Asystole 22 (1%) 15 (7%) 7(1%) 10007
Bradycardia 179 (57%) 118 (57%) 61 (58%) 1'0001
Pulseless electrical activity (PEA) 66 (21%) 43 (21%) 23 (22%) 0884t
Ventricular fibrillation or tachycardia 33 (11%) 21 (10%) 12 (11%) 0.8461
Unknown 13 (4%) 10 (5%) 3 (3%) 05547
Arrest occurred at study hospital 291 (93%) 194 (94%) 97 (92%) 0.4897
Estimated duration of chest compressions (minutes) — Median (Q1, Q3) 22.0(7.0, 47.0) 33.0(8.0,54.0) 12.0(5.0,32.0) <_0013
Total number of doses of adrenaline (epinephrine) administered — Median 4.0 (2.0, 8.0) 5.0 (2.0,9.0) 3.0(2.0,6.0) 0.0053
(Q1,Q9)
Assigned to Hypothermia treatment 159 (51%) 100 (48%) 59 (56%) 02341
ECMO at treatment initiation 167 (53%) 133 (64%) 34 (32%) <001?
PRBC volume Day 0-1 per day (cc/kg) — Median (Q1, Q3) 6.6 (0.0, 16.6) 8.1(0.7,20.8)  0.0(0.0,838) <001°
Minimum percentile of gender/height-adjusted systolic blood pressure: 1.0 (1.0,5.0) 1.0 (1.0, 2.0) 2.0(1.0, 23.0) <'0013
Median (Q1, Q3)
Aminoglycoside (Day 0-1) 27 (9%) 17 (8%) 10 (9%) 0.8327
Vancomycin (Day 0-1) 166 (53%) 109 (53%) 57 (54%) 0.9057
Baseline Lactate4(mm0I/L) — Median (Q1, Q3) 6.3(25,11.9) 8.1(4.0,138) 34(18,6.9) <.0013
Peak Lactate (Day 0-1) (mmol/L) — Median (Q1, Q3) 7.2(3.2,12.9) 9.6 (4.9, 16.0) 3.8(2.0,7.7) <'0013
Baseline glucose concentration (mmol/L) — Median (Q1, Q3) 186 (116, 276) 177(106,274)  191(125,278) (14403
Baseline ALT concentration (U/L) — Median (Q1, Q3) 49 (25, 146) 55 (28, 161) 36 (23,93) 0.014°
Peak ALT (Day 0-5) concentration (U/L) — Median (Q1, Q3) 95 (42, 300) 134 (53,438) 67 (36, 136) <001
Milrinone (Day 0-1) 155 (50%) 112 (54%) 43 (41%) 0.031%
Vasopressin (Day 0-1) 56 (18%) 45 (22%) 11 (10%) 0.0137
Vasoactive Agents (Day 0-1)
Adrenaline 189 (60%) 136 (66%) 53 (50%) 0.0101
Dopamine 110 (35%) 84 (41%) 26 (25%) 0.0061
Noradrenaline (Norepinephrine) 40 (13%) 30 (14%) 10 (9%) 0.2837
Dobutamine 22 (7%) 16 (8%) 6 (6%) 0.6427
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Severe AKI
Overall (N=313) Yes(N=207)  No (N =106) P-value
Phenylephrine 9 (3%) 3 (1%) 6 (6%) 0 0661
Number of Vasoactive Agents (Day 0-1) 0 0181
0 85 (27%) 49 (24%) 36 (34%)
1 112 (36%) 68 (33%) 44 (42%)
2 93 (30%) 72 (35%) 21 (20%)
3 93 (30%) 15 (7%) 5 (5%)
4 3 (1%) 3 (1%) 0 (0%)

1 . .
P-value is based on Fisher’s exact test.
2 . .
Preexisting severe AKI status was unknown for 25 (8%) subjects.
3 . )
P-value is based on the Wilcoxon rank-sum test.

4_. o . A
First non-missing lactate value occurring = 8 hours after randomization.
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Table 2.

Multivariable predictors of severe AKI after IHCA at four time points

Through Step 1 Model

Through Step 2 Model

Through Step 3 Model

Page 17

Through Step 4 Model

AUC = 68.2% AUC = 73.9% AUC = 79.4% AUC = 81.5%

1 Odds Ratio Odds Ratio Odds Ratio Odds Ratio
Predictors (95% CI) P-value (95% CI) P-value (95% CI) P-value (95% CI) P-value
Step 1: Pre-arrest
Preexisting lung or 0.50 (0.30, 0.52 (0.30, 0.62 (0.34, 0.63 (0.35,
airway disease 0.85) 0.01 0.90) 0.02 1.11) 0.11 1.15) 0.14
Preexisting renal 4.00 (1.55, 4.58 (1.74, 6.07 (2.11, 7.14 (2.31,
condition 10.32) 0.004 12.07) 0.002 17.48) <.001 22.03) <0.001
Patient post-operative  3.05 (1.67, 2.51 (1.35, 2.74 (1.42, 2.55 (1.30,
cardiac surgery 5.58) <.001 4.69) 0.004 5.29) 0.003 5.01) 0.007
Step 2: At time of ROC
Estimated duration of 1.02 (1.01, 1.01 (1.00, 1.01 (1.00,
chest compressions 1.03) <.001 1.02) 0.051 1.03) 0.055
Step 3: Post-arrest, near interv ention start
Baseline Lactatez 1.16 (1.09, 1.14 (1.08,

(mmol/L) 1.23) <.001 2.04) <.001
Step 4: Day 0-1

Number of Vasoactive 1.48 (1.08,

Agents (Day 0-1) 2.04) 0.02
Minimum percentile

of gender/height-

adjusted systolic 0.99 (0.97,

blood pressure 1.00) 0.04

'ZPredictors considered for logistic regression models: age, preexisting lung or airway disease, preexisting arrhythmia, preexisting congenital heart
disease, preexisting renal condition, post-operative cardiac surgery, cardiac patient, aetiology of arrest, doses of adrenaline, estimated duration of
chest compressions, extracorporeal membrane oxygenation (ECMO) used, baseline lactate, packed red blood cells (PRBC) volume (cc/kg) per day
(day 0 and 1), minimum percentile of gender/height-adjusted systolic blood pressure, milrinone used (day 0 or 1), vasopressin used (day O or 1),
adrenaline used (day 0 or 1), dopamine used (day 0 or 1), phenylephrine used (day 0 or 1), number of vasoactive agents used (day 0 or 1).

2_. . . -
First non-missing lactate value occurring < 8 hours after randomization.
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Table 3.

Outcomes of patients experiencing IHCA separated into severe and no severe AKI cohorts

Page 18

Severe AKI

Overall (N=313) Yes(N=207) No(N=106) P-value
Peak serum creatinine: Median (Q1, Q3) 0.8 (0.5, 1.5) 12(08,20)  04(03,06) _g4L
Peak BUN: Median (Q1, Q3) 27 (17, 45) 36 (22, 49) 18 (12, 25) <_0011
Peak ALT (Day 0-5) (U/L): Median (Q1, Q3) 95 (42, 300) 134(53,438)  67(36,136)  _ 41
UOP < 0.5 cc/kg/hr in a 24 hour period (Days 1-3) 46/279 (16%) 43/184 (23%)  3/95 (3%) <001%
Average UOP (cc/kg/hr) (Days 1-3): Median (Q1, Q3) 35(1.8,5.2) 33(12,51)  41(2552) aq?
gg\)/vest UOP in a 24 hour period (cc/kg/hr) (Days 1-3): Median (Q1, 1.9 (0.8, 3.6) 1.6 (0.6, 3.7) 2.2(1.3,3.6) 0.0051
Hospital Mortality 144/312 (46%) 107/206 (52%) 37/106 (35%) 0.0062
1 year Mortality 161/311 (52%) 119/206 (58%)  42/105 (40%) 0_0042
1 year survival with VABS-I1 score 2703 92/246 (37%) 49/165 (30%) 43/81 (53%) <.0012
1 year survival with VABS-I1 score decreased no more than 15 points 88/301 (29%) 49/199 (25%)  39/102 (38%) 0.0162

or improved

Denominators reflect subjects with available or eligible data.
1 . .
P-value is based on the Wilcoxon rank-sum test.

2.
Fisher’s exact test.

Among those with baseline score = 70. If no baseline VABS-11 was obtained, a Pediatric Overall Performance Category (POPC) and Pediatric

Cerebral Performance Category (PCPC) in the normal or mild disability category met eligibility criteria.
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Characteristics of cardiac patients experiencing IHCA separated into severe and no severe AKI cohorts
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Severe AKI
Overall (N=204) Yes (N =146) No (N =58) P-value
Age Group at Randomization
<1 year 117 (57%) 90 (62%) 27 (47%) 0.0607
1-4 years 52 (25%) 32 (22%) 20 (34%) 0'0751
5-12 years 22 (11%) 13 (9%) 9 (16%) 0.2107
> 13 years 13 (6%) 11 (8%) 2 (3%) 0.3577
Male sex 124 (61%) 90 (62%) 34 (59%) 0.7511
Preexisting severe AKI (up to 2 hours after intervention initiation)z 114 (56%) 114 (78%) 0 (0%) <.0011
Preexisting conditions
Lung or airway disease 56 (27%) 36 (25%) 20 (34%) 0.167%
Neurologic condition 64 (31%) 43 (29%) 21 (36%) 0.4047
Gastrointestinal disorder 72 (35%) 51 (35%) 21 (36%) 0.8721
Prenatal condition 56 (27%) 38 (26%) 18 (31%) 0.4907
Congenital heart disease 173 (85%) 119 (82%) 54 (93%) 0.0507
Cyanotic heart disease 39 (19%) 28 (19%) 11 (19%) 1.0007
Two ventricles 109 (53%) 72 (49%) 37 (64%) 0.3967
Post-operative cardiac surgery patient 98 (48%) 81 (55%) 17 (29%) 0.001%
Norwood procedure 12 (6%) 11 (8%) 1(2%) 0.6867
Acquired heart disease 51 (25%) 37 (25%) 14 (24%) 1.0007
Other 164 (80%) 119 (82%) 45 (78%) 0.5601
Primary aetiology of cardiac arrest
Cardiac 158 (77%) 117 (80%) 41 (71%) 0.1937
ALTE/SUID 1(0%) 0(0%) 1(2%) 0.2847
Other Respiratory 41 (20%) 25 (17%) 16 (28%) 0.1207
Other/Unknown 4 (2%) 4 (3%) 0(0%) 0.5797
Initial rhythm noted
Asystole 8 (4%) 7 (5%) 1(2%) 0.4457
Bradycardia 125 (61%) 89 (61%) 36 (62%) 1_0001
Pulseless electrical activity (PEA) 45 (22%) 30 (21%) 15 (26%) 04557
Ventricular fibrillation or tachycardia 20 (10%) 15 (10%) 5 (9%) 0.8011
Unknown 6 (3%) 5 (3%) 1(2%) 0.6777
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Severe AKI
Overall (N =204) Yes (N = 146) No (N =58) P-value

Estimated duration of chest compressions (minutes) — Median (Q1, Q3)  30.0 (8.0, 52.5) 36.0 (13.0,55.0) 12.0 (4.0, 33.0) < 0013
Total number of doses of adrenaline administered — Median (Q1, Q3) 4.0 (2.0,9.0) 5.0 (3.0,9.0) 3.0(2.0,7.0) 0 0063
Assigned to Hypothermia treatment 107 (52%) 72 (49%) 35 (60%) 0 1651
ECMO at treatment initiation 130 (64%) 106 (73%) 24 (41%) < 0011
PRBC volume Day 0-1 per day (cc/kg) — Median (Q1, Q3) 7.5(0.0,19.8) 9.7 (4.9, 26.4) 0.0 (0.0, 10.0) < 0013
Minimum percentile of gender/height-adjusted systolic blood pressure: 1.0 (1.0, 4.0) 1.0 (1.0, 2.0) 4.0 (1.0, 26.0) < 0013
Median (Q1, Q3) ’
Aminoglycoside (Day 0-1) 19 (9%) 13 (9%) 6 (10%) 0 7921
Vancomycin (Day 0-1) 104 (51%) 77 (53%) 27 (47%) 0 4391
Baseline Lactate4(mm0I/L) — Median (Q1, Q3) 6.6(25127) 88(42,143) 33(17.72) <.0013
Peak Lactate (Day 0-1) (mmol/L) — Median (Q1, Q3) 7.7 (3.6,13.7) 10.5 (5.1, 16.0) 3.5(2.0,7.9) < 0013
Baseline glucose concentration (mmol/L) — Median (Q1, Q3) 180 (119, 243) 194 (115, 263) 175 (123, 227) 0 7863
Baseline ALT concentration (U/L) — Median (Q1, Q3) 45 (25, 156) 52 (28, 165) 32 (21, 89) 0 0263
Peak ALT (Day 0-5) concentration (U/L) — Median (Q1, Q3) 83 (40, 296) 117 (49, 500) 41 (31, 125) < 0013
Milrinone (Day 0-1) 128 (63%) 94 (64%) 34 (59%) 0 5211
Vasopressin (Day 0-1) 35 (17%) 28 (19%) 7 (12%) 0.30 41
Vasoactive Agents (Day 0-1)

Adrenaline 126 (62%) 96 (66%) 30 (52%) 0 0791

Dopamine 67 (33%) 58 (40%) 9 (16%) < 0011

Noradrenaline 18 (9%) 15 (10%) 3 (5%) 0 2891

Dobutamine 18 (9%) 12 (8%) 6 (10%) 0 5961

Phenylephrine 7 (3%) 2 (1%) 5 (9%) 0 0211
Number of Vasoactive Agents (Day 0-1) 0 1371

0 55 (27%) 35 (24%) 20 (34%)

1 76 (37%) 51 (35%) 25 (43%)

2 60 (29%) 49 (34%) 11 (19%)

3 12 (6%) 10 (7%) 2 (3%)

4 1 (0%) 1 (1%) 0 (0%)

1 . .
P-value is based on Fisher’s exact test.
2 . .
Preexisting severe AKI status was unknown for 16 (8%) subjects.
3 . )
P-value is based on the Wilcoxon rank-sum test.

4_. o . R
First non-missing lactate value occurring = 8 hours after randomization.
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Multivariable predictors of severe AKI after IHCA in cardiac patients at four time points

Through Step 1

Table

Through Step 2 Model

5.

Through Step 3 Model

Page 21

Through Step 4 Model

Model AUC =68.8%  AUC =75.7% AUC = 80.8% AUC =83.2%
Pre dictorsl Odds P-value  Odds P-value Odds Ratio  P-value Odds Ratio P-value
Ratio Ratio (95% ClI) (95% ClI)
(95% ClI) (95% ClI)
Step 1: Pre-arrest
Preexisting congenital heart 0.18 (0.06, 0.003 0.19 (0.06,  0.005 0.21 (0.06, 0.01 0.16 (0.04, 0.007
disease 0.55) 0.61) 0.70) 0.60)
Patient post-operative 4.20 (2.12, <.001 3.75(1.84, <.001 4.05 (1.90, <.001 3.44 (1.59, 0.002
cardiac surgery 8.32) 7.63) 8.62) 7.44)
Step 2: At time of ROC
Estimated duration of chest 1.02 (1.01, 0.001 1.01 (2.00, 0.07 1.01 (0.99, 0.23
compressions 1.04) 1.03) 1.02)
Step 3: Post-arrest, near
interv ention start
Baseline Lactate? (mmol/L) iéé‘)(l'%' <.001 iéi)(l'oa' <0.001
Step 4: Day 0-1
Minimum percentile of 0.97 (0.95, 0.008
gender/height-adjusted 0.99)

systolic blood pressure

Predictors considered for logistic regression models: age, preexisting lung or airway disease, preexisting arrhythmia, preexisting congenital heart

disease, preexisting renal condition, post-operative cardiac surgery, aetiology of arrest, doses of adrenaline, estimated duration of chest

compressions, extracorporeal membrane oxygenation (ECMO) used, baseline lactate, packed red blood cells (PRBC) volum e (cc/kg) per day (day
0 and 1), minimum percentile of gender/height-adjusted systolic blood pressure, milrinone used (day 0 or 1), vasopressin used (day 0 or 1),
adrenaline used (day 0 or 1), dopamine used (day 0 or 1), phenylephrine used (day 0 or 1).

2_. L . -
First non-missing lactate value occurring < 8 hours after randomization.
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