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Abstract

Objective: To identify factors related to mortality, and evaluate the survival of pediatric patients treated with
extracorporeal membrane oxygenation.

Methods: A retrospective cohort study that included pediatric patients using the device in the last five years.
The groups were divided into those who survived after therapy, and those who did not. Multivariate logistic
regression was used for assessing the predictive factors of death, and the Kaplan-Meier and log-rank for
assessing survival.,

Results: Left ventricular ejection fraction was higher in the group of survivors (74% + 14.6% vs 56.2% +
22%, p = 0.038), and the number of patients who required dialysis was higher in the group of non-survivors
(52.4% vs. 12.5%, p = 0.039), showing significantly lower survival in this group (log-rank = 0.020).
Conclusion: Previous ventricular dysfunction, evidenced by a left ventricular ejection fraction <55%, and
requirement of concomitant renal replacement therapy, increased the risk of death.

Resumo

Objetivo: Identificar os fatores relacionados a mortalidade e avaliar a sobrevida de pacientes pedidtricos
tratados com oxigenagdo por membrana extracorpdrea.

Métodos: Estudo de coorte retrospectivo, que incluiu pacientes pediétricos que utilizaram o dispositivo nos
(ltimos cinco anos. Os grupos foram divididos com base naqueles que sobreviveram ou ndo apds a terapia.
Para avaliar os fatores preditivos de morte, foi utilizada andlise multivariada com regresséo logistica e, para a
sobrevida, 0 método de Kaplan-Meier e Log-Rank.

Resultados: A fracdo de ejecdo do ventriculo esquerdo era maior no grupo de sobreviventes (74%+14,6%
Vs 56,2% + 22%, p=0,038) e 0 nlimero de pacientes que necessitaram de didlise foi maior no grupo de nao
sobreviventes (52,4% vs. 12,5%, p=0,039), sendo a sobrevida significativamente menor neste grupo (log-
rank=0,020).

Concluséo: Disfungao ventricular prévia, evidenciada pela fragdo de ejecéo do ventriculo esquerdo <55%, e
necessidade de terapia de substituicéo renal concomitante aumentaram o risco de morte.
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Introduction

Extracorporeal membrane oxygenation (ECMO)
- is a mechanical circulatory support (MCS)
mode, widely used in pediatric patients with
heart failure, either acquired or secondary to
congenital heart disease, which is refractory to
conventional treatment."’ Although indications
have increased exponentially over the years and present
promising results, especially as a bridge to heart
transplantation, the use of this therapy involves
many risks and complications.®* A 12-year
cohort study by the Extracorporeal Life Support
Organization (ELSO) © which assessed the sur-
vival of pediatric patients with an indication for
ECMO due heart failure, showed that only 23%
survived to hospital discharge.

The benefits from the use of ECMO should be
analyzed according to its risks. A study that eval-
uated a cohort of 303 infants who used ECMO
for heart failure showed that 98% of the 46% of
patients who progressed to death had any kind
of complications, including: stroke, gastrointes-
tinal, pulmonary and surgical site bleeding, dis-
seminated intravascular coagulation, acute kid-
ney injury (AKI), and infection. Furthermore,
low birth weight, incidence of cardiorespiratory
arrest, and the need for dialysis were the factors
that were independently associated with mortal-
ity.” Another multicenter study, © which evalu-
ated 998 pediatric patients who received ECMO,
also due to heart failure, showed that longer use of
this therapy was associated with increased mortal-
ity, ventilatory weaning time, Intensive Care unit
(ICU) length of stay, and hospital costs.

The interest in conducting this study emerged
from work as nurses in an ICU of a specialized
cardiology center, who routinely attend pedi-
atric patients on ECMO; because of the high
complexity of these patients and the care they
require; as well as the fact that the studies®” still
demonstrate high mortality rates, unfavorable
clinical outcomes and complications related to
this therapy, and the observed results with these
patients in our service. Thus, our purpose is to
identify the factors data related with mortality,
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and to evaluate the survival of pediatric patients

treated with ECMO.

Methods

This was a retrospective cohort single center study,
performed in a teaching hospital specializing in
high complexity cardiopneumology, in the city of
Sao Paulo, Brazil, and a member of the Extracorpo-
real Life Support Organization (ELSO).

During data collection, the records of all pa-
tients who used any type of MCS between Janu-
ary of 2010 and March of 2015 were evaluated.
All were surgical patients, up to 18 years of age,
who used the therapy and the ECMO as support.
We excluded patients for whom we could not re-
cover the physical records, and those whose data
records were incomplete or missing. For data
analysis, patients were separated into two groups
(survivors and non-survivors), based on those
that survived and those who did not survive the
use of this therapy until discharge from the hospi-
talization episode that used the device. The final
sample consisted of 29 patients, as presented in
figure 1.

The data collection was performed by two re-
searchers, in an independent manner, between the
months of May and October, 2015. The instrument
used consisted of: sociodemographic data (gender,
age and skin color); clinical characteristics (left ven-
tricular ejection fraction, heart attack or previous
stroke, diabetes, heart failure, hypertension, and
baseline creatinine); data procedure (indication,
type of cannulation, duration of the procedure,
and complications); clinical evaluation of the six
hours after the procedure, the first seven days, and
device removal (vital signs, laboratory tests, use of
vasoactive drugs, and clinical outcomes) and scores
to assess the degree of acute lung injury (Murray
Score),® risk assessment of pediatric mortality
(PRISM Score),” and the degree of organ dysfunc-
tion in ICU (SOFA Score).?

The PRISM score was calculated for each
patient based on the data found in the health
record on the day the therapy was initiated. The
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Figure 1. Study flowchart

highest PRISM score reflects a higher severity
and increased risk of death. The SOFA was cal-
culated with data collected immediately before
initiation of ECMO, to evaluate the degree of
organ dysfunction.

For assessment of acute kidney injury (AKI),
the RIFLE classification was used, which is an
acronym for Risk (risk of renal dysfunction);
Injury (damage / injury to the kidney); Failure
(failure of kidney function); Loss (loss of kid-
ney function) and End stage renal disease (kidney
disease in the terminal stage) using serum cre-
atinine level criteria (SCr), glomerular filtration
rate (GFR), and urine flow."? Acute kidney inju-
ry was defined by RIFLE criteria using the high-
est variation in SCr and estimated GFR during
the first seven days after the onset of this thera-
py, as compared to baseline values. The GFR was
calculated using the formula of the Modification

of Diet in Renal Disease (MDRD). The patients

were stratified according to the highest RIFLE
score, according to the SCr and GFR criteria.

For statistical analysis, the Shapiro-Wilk test was
used to verify the normal distribution of the contin-
uous variables. Categorical variables were presented
as absolute (n) and relative (%)frequencies; continu-
ous variables were expressed by means and standard
deviations, medians and interquartile ranges. The
difference between groups was evaluated using the
Student t-test, Mann-Whitney, chi-square and Fish-
er’s exact test. A p-value <0.05 was considered sig-
nificant. Predictive factors of death were evaluated
by means of multivariate analysis with logistic re-
gression. Survival curves were constructed using the
Kaplan-Meier method and compared using the log-
rank method. The Statistical Program for the Social
Sciences (SPSS) (version 20.0; IBM, Armonk, USA)
was used for data analysis.

The study was registered on Plataforma Brasil
under Certificado de Apresentagio para Apreciagio
Etica (CAAE): 45016115.2.0000.0068.
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Results

Among the 29 patients included in the study,
21 (72.4%) died, and Cight (27.6%) survived up
to the time of hospital discharge for the hospitalization
that used ECMO. Table 1 shows the sociodemo-
graphic information, the procedure data, and
clinical and laboratory evaluation of pediatric
survivors and non-survivors treated with ECMO
between 2010 and 2015. There was no statisti-
cally significant difference between the groups in
relation to males (47.6% vs. 75%, p=0.176), age
(60 + 62 months vs. 37 + 60 months, p=0.381)
and body mass index - BMI (15.3 + 2.5 kg/m?
vs. 17.6 £ 9.3 kg/m?, p=0.554). In relation to
the indications for ECMO, cardiogenic shock
was the most common indication (95.2% vs.
87.5%, p=0.263) among non-survivors and sur-
vivors, respectively. Patients who survived had
higher left ventricular ejection fraction (LVEF)
when compared to non-survivors (74% = 14.6%
vs 56.2% + 22%, p=0.038).

Regarding the use of vasoactive drugs, the
group of non-survivors used higher doses when
compared with the group of survivors: dobutamine
(13.5 + 10.3 mcg/kg/min vs. 5 + 3.5 mecg/kg/min,
p=0.018) and norepinephrine (0.6 + 0.24 mcg/kg/
minvs. 0.1 +0.05 mcg/kg/min; p=0.017). The pres-
ence and extent of lung damage, assessed by Mur-
ray Score, were different when comparing the two
groups, being higher in the group of non-survivors
compared to survivors (2.33 + 0.48 vs. 2.0 + 0.01,
p=0.005). Differences between groups regarding
the PRISM score were demonstrated as higher in
the group of non-survivors (22 [17-27] vs 11 [10.5
to 14], p=0.009). There was no difference between
the groups in relation to hemodynamic parameters
and laboratory data (Table 1).

Clinical outcomes of pediatric survivors treated
with ECMO, between 2010 and 2015, are listed
in table 2. A significant difference was identified
between the patients of the non-survivor group
compared to the survivor group on the dialysis out-
come (52.4% vs. 12.5%, p = 0.039) and duration
of using ECMO (14.6 + 9.8 days vs. 9.2 + 4.3 days,
p=0.047).
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Table 1. Socio-demographic characterization, procedure data,
clinical and laboratory evaluation of pediatric patient survivors
and non-survivors treated with ECMO

Non-survivals Survivals

Variables (n=21) (n=8) p-value
Male sex 10(47.6) 6(75) 0.176
Age, months 60+62 37+60 0.381
BMI, kg/m? 15.3+2.5 17.6+9.3 0.554
LVEF, % 56.2+22 74+14.6 0.038
Skin color 19(90.5) 7(87.5) 0.817
RV dysfunction 11(52.4) 3(37.5) 0.471
Pulmonary hypertension 2(9.5) 2(25) 0.303
ECMO indications

Cardiogenic shock 20(95.2) 7(87.5) 0.263

Bridge for heart transplant 0 1(12.5)

Postcardiotomy syndrome 1(4.8) 0
Duration of the procedure, minutes 176+176 248+202 0.391
Scv02, % 58.4+22 87.7+15.5 0.166
Arterial pH 7.37+0.12 7.4+0.10 0.710
Sa0,, % 89.4+15.7 88+6.5 0.816
Lactate, mg/dL 62.5+63.9 40.3+45.8 0.468
Delta CO,, mmHg 8.4+4.6 8.5+5.1 0.981
Hb, g/dL 11.6+2.6 10.4+0.5 0.443
Pa0,/Fi0, mmHg 203.8+127 118+35.7 0.064
MAP, mmHg 64+17 60+20 0.697
CVP, mmHg 15.5+5.4 16+8.5 0.948
Diuresis, mL/kg/h 2.4+2 24+2.4 0.971
Dobutamine, meg/kg/min 13.5+10.3 5+3.5 0.018
Norepinephrine , mcg/kg/min 0.6+0.24 0.1+0.05 0.017
Epinephrine, mcg/kg/min 0.4+0.41 0.25+0.21 0.493
Milrinone, mcg/kg/min 0.77+0.45 1.37+1.42 0.543
SOFA score (onset of da ECMO) 8.9+4.5 8.0+3.5 0.725
PRISM score 22[17-27) 11[10.5-14] 0.009
Murray score 2.33+0.48 2.0+0.01 0.005

Data expressed in absolute (n) and relative (%) frequency, mean, standard deviation, median and
interquartile range, BMI - body mass index; LVEF - left ventricular ejection fraction; RV: right ventricle; Sv02
- venous oxygen saturation; Sa02 - arterial oxygen saturation; Hb - hemoglobin; Pa02 - arterial oxygen
pressure; Fi02 - fraction of inspired oxygen; MAP - mean arterial pressure; CVP - central venous pressure;
PRISM - Pediatric Risk of Mortality Score; SOFA - Sequential Organ Failure Assessment

Table 2. Analysis of the clinical outcomes in pediatric patient
survivors and non-survivors treated with ECMO

Outcomes Non(-ns:;\;i;lors Su(:]\i\g;rs p-value
Acute kidney injury 14(73.7) 4(57.1) 0.425
Injury () 421.1) 1(14.3) 0.691
Failure (F) 10(52.6) 3(42.9) 0.658
Dialysis 11(52.4) 1(12.5) 0.039
Infection 6(28.6) 1(12.5) 0.343
Neurologic complications 6(28.6) 1(12.5) 0.343
Hepatic dysfunction 7(33.3) 1(12.5) 0.237
ICU length of stay, days 33.5+27 51+32 0.204
Hospital length of stay, days 37.9+29 72+51 0.109
SOFA score (discharge /death) 10.3+0.6 95425 0.393
Duration of ECMO, days 14.6+9.8 9.2+4.3 0.047

Data expressed in mean, standard deviation, absolute (n) and relative (%) frequency, ICU - intensive care
unit; SOFA - Sequential Organ Failure Assessment; ECMO - extracorporeal membrane oxygenation; acute
kidney injury according to RIFLE



A multivariate analysis showed that LVEF
<55%, the presence of AKI and the use of re-
nal replacement therapy were independent risk
factors for mortality in pediatric patients treated
with ECMO between 2010 and 2015. Patients
with reduced LVEF (<55%) had 1.440 times the
risk of death when compared to individuals with
LVEF above 55% (CI: 1.319 to 1.711, p=0.010).
Patients who developed AKI during therapy with
ECMO had twice the risk of death (CI: 1.343
to 12.858 p = 0.027). When renal replacement
therapy was necessary, which was higher among
non-survivors who had kidney failure according
to the RIFLE criteria, the risk of death was 7.7
times greater (CI: 1.801 to 74.051, p=0.022)
when compared with individuals who did not

require dialysis (Table 3).

Table 3. Multivariate analysis of predictive factors for death in
pediatric patients treated with ECMO

Variable OR Cl (95%) p-value
Age 0.993 0.978-1.0408 0.459
Male sex 0.303 0.049-1.861 0.197
LVEF < 55% 1.440 1.319-1.711 0.010
Acute kidney injury 2.100 1.343-12.858 0.027
Dialysis 7.700 1.801-74.051 0.022

OR - odds ratio; CI - confidence interval; LVEF - Left ventricular ejection fraction

Among the 29 patients included in the study, 21
(72.4%) died during hospitalization and only eight
(27.6%) lived through hospital discharge, which
shows a high mortality in the population studied.
The mortality rate evaluated at six months and one
year after discharge showed that, of the eight survi-
vors, two died at six months and three others died
one year after discharge.

The Kaplan-Meier analysis demonstrated that
the survival, evaluated over the follow-up of pa-
tients, was lower for patients who required renal
replacement therapy (p=0.020) (Figure 2A). How-
ever, when comparing the survival curves, consider-
ing the LVEF (Figure 2B) and the presence of AKI
(Figure 2C), no difference between the curves was

identified.
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Figure 2. Survival curves of pediatric patients who used
ECMO between 2010 and 2015, based on the need for renal
replacement therapy - dialysis (Figure 2A), with left ventricular
ejection fraction values - LVEF (Figure 2B), and with the presence
of acute kidney injury - AKI (Figure 2C)

( Discussion

According to the search conducted in the nation-
al literature, this study is the first that analyzed
the predictors of mortality and survival of pediat-
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ric patients with heart failure secondary to com-
plex or acquired congenital heart disease, who
used ECMO in a cardiology reference center in
Brazil. In addition, the results obtained showed a
sociodemographic and clinical characterization of
patients using this therapy in the institution, in a
cohort of five years.

The clinical and demographic characteristics
data demonstrated that the studied sample con-
sisted of seriously ill patients. In the group of
non-surviving patients, LVEF was lower, the dose
of vasoactive drugs (inotropes and vasopressors)
was higher, Murray scores used to characterize the
lung injury, as well as the PRISM score used to as-
sess the risk of pediatric mortality, presented high
values. These data may explain the high mortality
observed in our study.

Even from the multivariate analysis, ventricu-
lar dysfunction (LVEF <55%), the development of
AK]I, and the need for dialysis were independent
risk factors for mortality in patients who received
ECMO therapy. Lower survival was statistically
different for patients who required renal replace-
ment therapy.

A meta-analysis of 12 studies involving 1,763
patients,” showed that the main indication for
ECMO was respiratory failure, followed by cardio-
genic shock. In our center, cardiogenic shock was
the main reason for initiating ECMO. In pediat-
ric patients, respiratory failure has been described
in the literature as the main indication for ECMO,
however, our sample consisted of patients with
complex congenital heart disease with cardiac dys-
function after surgical repair, which explains our
findings.""'¥

Mortality is also associated with the duration
of ECMO, and the longer the patient depends
on the therapy, the greater the risk of complica-
tions and, therefore, the higher the mortality."'?
In our study, the mean ECMO time was higher
in the group of non-survivors when compared
with survivors (14.6 + 9.8 days vs. 9.2 + 4.3
days, p=0.047). A study evaluating 44 pediatric
patients with congenital heart disease’? under-
going treatment with ECMO, similar to this,
showed that the mean time of ECMO support
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was also higher in the group of non-survivors
compared with the survivors.

The AKI is an additional complication in crit-
ical patients on ECMO, and is considered a risk
factor for mortality in these patients, affecting up
to 60% of pediatric patients receiving this therapy.
(315 Several studies'®'® showed that AKI is com-
mon in critically ill patients using MCS. Oliguria
and acute tubular necrosis (ATN) associated with
capillary permeability and intravascular volume de-
pletion are frequent during the first 24 to 48 hours
of ECMO, due to the acute inflammatory reaction
triggered by ECMO.

Among the 29 patients included in this study,
the incidence of AKI was 62% (18 patients).
Moreover, when the predictive factors for death
among patients on ECMO were evaluated, those
who developed AKI during therapy had twice the
risk of dying. The use of renal replacement thera-
py was also a predictive factor of mortality in this
group, increasing the risk in 7.7. A study evalu-
ating the prognosis of 102 patients who received
ECMO" showed that 81.4% developed AKI,
and 85% of those who required renal replace-
ment therapy combined with the use of ECMO,
progressed to death. Despite diagnostic and ther-
apeutic advances, the mortality of patients with
AKI remained high in recent decades. Even with
the use of new dialysis techniques and resources
in the intensive care units, the extension of the
life of patients with AKI showed no reduction in
mortality.!"”)

The institution where the study was conduct-
ed was a high complexity hospital, a reference
site for cardiopneumology, and has recently be-
come a center of excellence in care for patients
with ECMO by the Extracorporeal Life Support
Organization, however, some limitations of the
research can be considered. First, since the data
collection was retrospective, some records of pa-
tients eligible for the study were not easy to ac-
cess. As the majority of the patients died, many
records were sent to a medical file service in an-
other municipality, which may have led to an
underestimation of the mortality of patients who
used ECMO. In addition, the collection of ret-



rospective data is subject to interpretation of the
records by the researchers, and some medical re-
cords contained incomplete data, which was the
exclusion criteria. The study was conducted in a
single center and the sample size was very small,
which may have contributed to the limitation of
our findings.

Conclusion

The mortality of 29 pediatric patients included
in this study using ECMO, between 2010 and
2015, was high (72.4%). Previous ventricular
dysfunction, characterized by low left ventricu-
lar ejection fraction (<55%), the development of
acute renal failure and the need for concomitant
renal replacement therapy with ECMO were in-
dependent factors associated with mortality of
these patients.

Moreover, the survival of pediatric patients
treated with ECMO and renal replacement therapy,
concomitantly, was significantly lower than those
who were not. Caring for the patient on ECMO is
still something new in the Brazilian reality; howev-
er, our findings are an incentive for further research
in this area. These results can directly influence the
nursing care provided, since these patients require
highly complex care and an elevated nurse’s work-
load, similar to those found in the literature.
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