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cause of morbidity and mortality in the United

States. Growth differentiation factor-15 (GDF-15)
is a cardioprotective cytokine released after ischemia/
reperfusion injury to cardiomyocytes that impacts
myocardial recovery.! GDF-15 deficiency increases
mortality in animal models of myocardial ischemia.!
Adult CA studies revealed that increased serum GDF-
15 postarrest is associated with unfavorable outcome
and mortality.>® We recently reported that serum GDF-
15 is increased after pediatric CA and that early ele-
vations were associated with hospital mortality.* We
now expand these findings in a secondary analysis of
serum from patients enrolled in a multicenter study of
pediatric CA and examine whether GDF-15 is specific
as a marker of cardiovascular dysfunction.

The parent study, POCCA (Personalizing Outcomes
after Child Cardiac Arrest) (NCT02769026), enrolled chil-
dren aged 48 hours to 17 years with in- or out-of-hospital
CA and reported the association of blood-based bio-
markers at 3 timepoints (0-24, 24-48, and 48-72 hours
postarrest) with neurobehavioral outcome at 1-year
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postarrest.® This study included patients with serum from
at least 2 timepoints and measured GDF-15 by Luminex
Assay (LXSAHM-03, Lot: L145440; R&D Systems). A
technician blinded to patient data performed measure-
ments. Samples below the lower limit of detection of each
standard curve were assigned the lower limit of detec-
tion of their plate. Statistical analysis (Kruskal-Wallis and
post-hoc Wilcoxon rank sum) was performed in StatalC
15 (StataCorp, College Station, TX). Both POCCA and
this secondary analysis were approved by the relevant in-
stitutional review boards. Written informed consent from
a parent or guardian was required for participation, and
written patient assent was obtained when appropriate
(based on local center guidelines). The data that support
the findings of this study are available upon reasonable
request and an appropriate data use agreement.

We included serum from 111 pediatric patients (59%
male) after CA (age: 31.3 [6.87-129.9] months, median
[interquartile range]) and 20 healthy controls (40%
male, age: 37.7 [18.6-63.6] months). Consistent with
our prior work, O to 24 hours postarrest, GDF-15 levels
were markedly elevated (median 3230 [1537-10107]
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pg/mL) versus controls (313 [311-405] pg/mL, P
<0.0001) (Figure [A]). For the 76 patients with outcome
data available and serum at O to 24 hours, GDF-15 lev-
els were associated with unfavorable outcome (death
or Vineland Adaptive Behavioral Score 3rd edition
<70) at 1 year (8676 [2711-22 059] pg/mL versus 3490
[1522-9202] pg/mL, P<0.05) (Figure [B]).

When we examined GDF-15 levels by arrest cause,
the 19 patients with cardiac cause had >3-fold increase

in 0 to 24 hours GDF-15 levels versus the 68 patients with
a respiratory cause (9310 [2478-19187] pg/mL versus
2987 [1181-6828] pg/mL, P<0.01) (Figure [C]). Because 0
to 24 hours GDF-15 was associated with cardiac cause,
we examined whether GDF-15 was associated with va-
soactive infusion requirement in the first 24 hours post-
resuscitation or the need for extracorporeal membrane
oxygenation support. GDF-15 differed significantly by the
number of vasoactive infusions required and increased
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Figure 1. Association of GDF-15 with event cause and CV after pediatric CA.

A, GDF-15 levels are increased at 0 to 24 hours after CA (N=100) compared with healthy controls (N=20) (P <0.0001, Wilcoxon rank
sum). B, Increased GDF-15 levels at 0 to 24 hours postarrest are associated with unfavorable outcome at 1 year (N=44, favorable
outcome, N=32 unfavorable outcome) (P <0.05, Wilcoxon rank sum). C, GDF-15 levels are elevated at 0 to 24hours in arrests of a
cardiac cause (N=19) compared with arrests of a respiratory cause (N=68) (P <0.01, Wilcoxon rank sum). D, Increased GDF-15 levels
are associated with increasing vasoactive infusion use in the first 24 hours postarrest (N=29, 0 infusions; N=32, 1 infusion; N=25, 2
infusions; N=10, 3 infusions; N=4, 4 infusions) (P=0.0001, Kruskal-Wallis; post-hoc Wilcoxon rank sum P <0.05, P <0.001, P <0.001,
and P<0.01, respectively). E, GDF-15 levels were markedly increased in patients with CA who required ECMO (N=21) compared with
those who did not require ECMO (N=79) (P <0.0001, Wilcoxon rank sum comparison of 0- to 24-hour levels). This finding persisted
at later timepoints (P <0.0001 at 24-48hours and 48-72hours), total patients requiring ECMO (N=23) vs no ECMO (N=88). F, GDF-15
levels differed in patients by mechanism of death. At 0 to 24 hours, there were serum samples from 19 patients who died from severe
neurologic injury or brain death, 5 patients who died from cardiovascular failure, and 4 patients who died from multi-organ failure (P
<0.05, Kruskal-Wallis). At 24-48hours, there were serum samples from 17 patients who died from neurologic injury or brain death,
6 patients who died from cardiovascular failure, and 6 patients who died from multi-organ failure (P <0.01, Kruskal-Wallis). At 24-48
hours postarrest, GDF-15 levels in patients who died from cardiovascular failure were significantly higher than in patients who died from
neurologic injury or brain death (P <0.01, post-hoc Wilcoxon rank sum). CA indicates cardiac arrest; CV, cardiovascular failure; ECMO,
extracorporeal membrane oxygenation; GDF-15, growth differentiation factor-15; MOF, multi-organ failure; and Neuro, neurologic injury
or brain death. Each timepoint was evaluated independently (no repeated-measures analysis was performed). All plots have the y-axis

on alog scale. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001.

with each additional infusion (Kruskal-Wallis, £=0.0001)
(Figure [D)). Patients requiring no infusions had lower
GDF-15 levels than those requiring 1, 2, 3, or 4 infusions
(median 1474 [867-3017] pg/mL versus 2873, interquar-
tile range: [1625-6677] pg/mL versus 7034 [2643-17 634]
pg/mL versus 9336 [4623-38232] pg/mL versus 16204
[9059-37 480] pg/mL, respectively). GDF-15 levels were
~B-fold greater at 0 to 24 hours in the 21 patients who
required extracorporeal membrane oxygenation versus
the 79 patients who did not (14642 [6623-28994] pg/mL
versus 2539 [1342-5568] pg/mL, P <0.0001) (Figure [E]).
This difference persisted at later timepoints (P <0.0001 at
24-48 and 48-72 hours). A sensitivity analysis, restricted
to respiratory arrests, revealed similar associations be-
tween GDF-15, extracorporeal membrane oxygenation,
and vasoactive infusions (Wilcoxon rank sum, P <0.01,
and Kruskal-Wallis, P=0.0006, respectively).

We then examined whether GDF-15 differed by
cause of death for patients with in-hospital mortality.
We divided causes of death into 3 categories: cardio-
vascular failure, multi-organ failure, severe neurologic
injury, or brain death. For the 31 patients with a re-
ported cause of death, GDF-15 differed significantly by
cause of death at 0 to 24 and 24 to 48 hours (P <0.05
and P <0.01, respectively, Kruskal-Wallis) (Figure [F]).
At 24 to 48 hours postarrest, GDF-15 levels were >4-
fold higher in patients who died from cardiovascular
failure versus severe neurologic injury or brain death
(32838 [30269-36489] pg/mL versus 7912 [2187-
18044] pg/mL, P <0.01, post-hoc Wilcoxon rank sum).

In this secondary analysis of POCCA, we identified
serum GDF-15 levels as a biomarker of cardiovascular
failure. Although prior adult studies emphasize the po-
tential of GDF-15 for neuro-prognostication postarrest,
most of these arrests had a cardiac cause or occurred
in patients with pre-existing cardiovascular disease.?3
In contrast, most arrests in our study were respiratory
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arrests, which allowed us to better distinguish cardiac
and brain biomarkers. Here, we found that serum GDF-
15 is associated with both a cardiac cause of arrest
and postresuscitation cardiovascular failure, suggest-
ing possible release from injured myocardium.

Limitations of our study include a small sample
size and short GDF-15 time course. The overlapping
ranges of GDF-15 across groups may limit its utility as
sole discriminatory biomarker for cardiovascular dys-
function. Luminex assessments can impact measure-
ment accuracy, though data were consistent with our
prior single-center study using ELISA.#

In conclusion, GDF-15 is a biomarker with a pre-
viously unrecognized association with arrest of car-
diac cause and cardiovascular failure in the pediatric
postarrest population. Future studies should seek to
validate this finding and explore the utility of GDF-15 to
predict and monitor postarrest cardiovascular failure in
the pediatric intensive care unit.
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