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Abstract Aims Venoarterial extracorporeal life support (VA ECLS) is a life-saving treatment with
a high risk of mortality. Appropriate patient selection is critical for optimal patient
outcomes. Acute kidney injury (AKI) is a common risk among VA ECLS patients, and
more information is needed to understand how AKI affects the mortality risk of these
patients. To do this, we examined acute decompensated heart failure (ADHF) patients
supported by VA ECLS and compared their risk of developing AKI to a background
population. VA ECLS has become an increasingly important tool to bridge or recover
patients with severe ADHF as the primary indication of VA ECLS.
Methods and Results All VA ECLS patients from a single center were included. ADHF
patients supported by VA ECLS were compared with the remaining VA ECLS cohort.
CATEGORICAL comparisons were made between groups using chi-squared and Fisher’s
exact tests. A survival analysis was conducted to determine freedom from AKI between
the two groups. Predictor variables were tested by multiple logistic regression. Of the
255 patients included in this study, 110 had ADHF as their primary indication for VA
ECLS and 145 patients had other VA ECLS indications. The survival analysis showed that
patients with ADHF had a decreased risk of developing AKI on the VA ECLS circuit.
Multiple logistic regression revealed no predictors in AKI development between groups
and no difference in 30-day mortality was observed.
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Introduction

Venoarterial extracorporeal life support (VA ECLS) use has
expanded exponentially over the last decade for both circu-
latory and pulmonary support in the critical care setting.
Despite technical progress, mortality on VA ECLS has been
relatively stable around 50 to 60%.1–3 Patients supported by
VA ECLS are at risk of several complications, with acute
kidney injury (AKI) being among the most common.4 Previ-
ous research has reported that as many as 60 to 85% of VA
ECLS patients require continuous renal replacement therapy
(CRRT) forAKI.4–7Development of AKI is associatedwith high
mortality in VA ECLS patients, with up to a 78% increased rate
of mortality.1–6,8

Patients with decompensated heart failure who require
VA ECLS support have been shown to have a higher risk of
mortalitywithin 4 days of VA ECLS initiationwhen compared
with other cardiac patients on VA ECLS support.2 Further,
there is a known cardiorenal interaction that is prevalent in
patients with heart failure,9,10 with heart failure patients
having an increased risk of renal dysfunction.9,11 Therefore,
patientswith heart failurewhodevelopAKIwhile onVA ECLS
support may have poor prognosis.

There is currently a lack of clarity in understanding how
impaired renal function affects prognosis in heart failure
patients. Research investigating outcomes in patients who
develop AKI while on the VA ECLS circuit is necessary so that
clinicians may better assess and select appropriate patients
for this support. It is thought that patients may develop AKI
while supported by VA ECLS due to the changes in hemody-
namics and perfusion taking place in the body; however, the
precise mechanisms remain unclear.6 Heart failure patients
are already at high risk due to comorbidities and poor
prognosis,12 and VA ECLS support should be used only in
cases where it may improve survival. For these reasons, we
decided to assess development of AKI andmortality risk in all
VA ECLS patients at our institution. The study aimed to
investigatewhether the growing population of acute decom-
pensated heart failure (ADHF) patients on VA ECLS has any
difference in risk of developing AKI on VA ECLS when
compared with the rest of the VA ECLS cohort.

Methods

Patients
The VA ECLS registry was approved by the Spectrum Health
Institutional Review Board and received a waiver of consent.
This was a retrospective cohort study based on patients
requiring VA ECLS support at a single quaternary medical

center, from the start of the VA ECLS program in June 2010
through February 2019. All VA ECLS patients, with the excep-
tion as below, were eligible. Patients were grouped based on
indication for VA ECLS: ADHF patients versus the rest (e.g.,
post-cardiotomy, acute myocardial infarction, cardiac arrest
not requiring extracorporeal resuscitation, and others).
Patients with post heart transplantation primary graft dys-
function or myocarditis and patients with enhanced cardio-
pulmonary resuscitation were excluded from the study: the
first two groups because their extraordinary good prognosis
and the latter because their extraordinary poor prognosis.
Patient data were collected from the medical record by both
manual abstraction and electronically from the data ware-
house. Datawas stored in our local VA ECLS REDCap registry.13

Patients with AKI were identified based on KDIGO stage 1
criteria.14 The definition includes patients with a serum
creatinine increase of 1.5 or more, a serum creatinine of
greater than 0.3mg/dL (26.5 μmol/L), or a urinary output of
less than 0.5mL/kg/h during a 6-hour block. This criterion
was used to determine the timing of AKI development.

Statistics
Normally distributed continuous variables were compared by
independent t-test anddichotomous variableswere compared
with Fisher’s exact test. Data was presented as mean� stan-
dard deviation. A survival analysis was performed with free-
dom from development of AKI on the circuit as the primary
outcome. The patients with ADHF as primary diagnosis for VA
ECLSwere comparedwith the rest of the VA ECLS patients and
displayed in a Kaplan–Meier curve. Between-group differ-
ences were compared using a log-rank test.

Multiple logistic regression was performed to predict the
interdependency of ADHF with other clinical variables pre-
dictive of AKI (age, body mass index [BMI], alanine transam-
inase [ALT], modification of diet in renal disease estimated
glomerular filtration rate [(MDRD eGFR], arterial pH, lactate,
sodium, mean pulmonary artery pressure [PAP], and diastol-
ic PAP), with development of AKI as the outcome. p-Values
less than 0.05 were considered significant. Statistical analy-
sis was performed using R statistical package.15

Results

Two-hundred fifty-five VA ECLS patients were eligible and
included in this study. Of those, 110 had ADHF as their
primary indication for VA ECLS, and there were 145 other
VA ECLS patients in the comparison group. A list of modifi-
able and nonmodifiable factors was compared between the

Conclusion Patients supported by VA ECLS are at high risk of mortality and
complications. This research demonstrated that medically complex ADHF patients
had less chance of developing AKI when compared with other patients supported by VA
ECLS. Future research is needed to investigate potential protective mechanisms of VA
ECLS support.
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two groups in the single-center institution as reported
in ►Table 1. First, MDRD eGFR was noted to be 50.9
mL/min/m2 in ADHF group compared with 57.58mL/min/
m2 in the remaining VA ECLS patients that was statistically
significant (p¼0.016) in addition to difference in serum
sodium level (138.6mmol/L vs. 140.69mmol/L, respectively;
p¼0.002). This data demonstrates that ADHF patients come
with a lower incidence of AKI on VA ECLS than the back-
ground VA ECLS population. Second, ADHF VA ECLS patients
had significantly higher alanine transferase (ALT) and mean
PAP than the rest of the VA ECLS patients (503.6 IU/L vs.
173.63 IU/L, p<0.001 and 31.47mm Hg vs. 28.2mm Hg,
p¼0.016, respectively: ►Table 1). However, the sequential
organ failure assessment scorewas significantly worse in the
primary ADHF population (10.7) than the background VA
ECLS population (9.71, p¼0.005:►Table 1) that is consistent
with the overall prognosis of VA ECLS dependent ADHF
patients nationwide.

The survival analysis demonstrated that ADHF patients
have a significantly lower overall risk in developing AKI
during their first week on the circuit when compared with

the background population (log-rank p¼0.005; ►Fig. 1). No
difference in 30-day mortality was seen (►Fig. 2). Further, a
list of statistically significant variables ADHF, eGFR, PAP,
lactate, sodium, ALT, and nonmodifiable variables age and
BMI were identified as possible predictors for the develop-
ment of AKI. The results of the multiple logistic regression
showed no difference in variables as predictors of AKI, other
than ADHF (►Table 2). Therefore, ADHF in VA ECLS support
has less risk of developing AKI compared with non-ADHF
patients in agreement with survival analysis.

Discussion

The present study demonstrated that ADHF VA ECLS patients
had a lower incidence of AKI when compared with other
patients requiring VA ECLS support. Further, we observed no
difference in 30-day mortality between the groups of VA
ECLS patients. A previous study by Luo et al also observed a
lower incidence of AKI in VA ECLS patients with ADHF when
compared with VA ECLS patients requiring support for other
indications.7 However, that study found an increased risk of

Table 1 Baseline patient characteristics and clinical values by ECMO indication

Variable ADHF
(n¼110)

Other VA ECMO
(n¼145)

p-Value

Mean� SD Mean� SD

Age, yr 55.86�14.63 58.24�13.75 0.301

Height, cm 172.95�10.24 172.39� 10.95 0.681

Weight, kg 93.8�24.27 90.16�22.16 0.29

BMI, kg/m2 31.26�7.44 30.22�6.47 0.298

ALT, IU/L 503.6�1301.2 176.63� 655.88 <0.001

Bilirubin total, mg/dL 1.04�0.93 1.1� 0.84 0.472

pH arterial, mm Hg 7.27�0.18 7.34�0.17 <0.001

Lactate, mmol/L 6.01�4.21 4.95�3.56 0.055

MDRD eGFR, mL/min/1.73m2 50.9�23.69 57.58�24.85 0.016

Sodium, mmol/L 138.6�5.42 140.69� 5.98 0.002

Potassium, mmol/L 4.38�0.87 4.27�0.59 0.666

CVP (RAP), mm Hg 13.84�7.97 13.42�5.75 0.427

MAP arterial, mm Hg 78.66�50.18 71.98�29.86 0.894

Core temperature, 8C 36.43�1.14 36.29�1.48 0.999

SVR 1322.81� 922.99 1388.19� 941.17 0.574

Inotrope score 20.74�15.45 18.66�21.3 0.171

SOFA score 10.71�3.05 9.71�2.86 0.005

Perfusion 57.5�37.64 59.31�18.89 0.121

Arterial systolic, mm Hg 103.26�35.89 102.59� 24.14 0.607

Arterial diastolic, mm Hg 64.98�33.43 62.98�16.96 0.97

PAP mean, mm Hg 31.47�13.98 28.2�11.29 0.016

PAP diastolic, mm Hg 26.26�11.58 23.26�8.6 0.089

Abbreviations: ADHF, acute decompensated heart failure; ALT, alanine transaminase; BMI, body mass index; CVP, central venous pressure; MAP,
mean arterial pressure; MDRD eGFR, modification of diet in renal disease estimated glomerular filtration rate; PAP, pulmonary artery pressure; RAP,
right atrial pressure; SD, standard deviation; SOFA, sequential organ failure assessment; SVR, systemic vascular resistance; VA ECMO, venoarterial
extracorporeal membrane oxygenation.
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in-hospital mortality among ADHF patients supported by VA
ECLS. Our analysis of a patient cohort from nearly a decade
later may reflect improvements in VA ECLS technology and
survival over the years.

The results from both studies indicate that the patients
with ADHFare at a lower riskof developing AKI than other VA
ECLS patients, and the use of VA ECLS should not be discour-
aged in this patient population. While there is still a lack of
understanding of the mechanisms involved in the develop-
ment of AKI in VA ECLS patients, alternative theories propose
that the use of VA ECLS may indeed provide a protective
mechanism against AKI in some patients.16 One potential
mechanism is improved renal perfusion in acutely ill
patients. There is no evidence at this time to confirmwhether
this occurs in ADHF patients, but this could be a clinically
significant area of future research.

Understanding AKI incidence in critically ill ADHF
patients is of utmost importance since heart failure is a
public health problem in the United States. The prevalence of
heart failure has been increasing in recent years, from 5.7
million Americans between the years of 2009 to 2012, to 6.5
million Americans between the years of 2013 and 2016.17

The prevalence is expected to continue to rise, due to the
aging population in the United States.17,18 The current study
indicated that ADHF patients are not at an increased risk of
AKI, which is important evidencewhen it comes to treatment
and decision-making of critically ill ADHF patients. All
additional risks need to be considered in such complex
patients, and these findings may help inform the medical
community of improvements that can be made in the selec-
tion process.

The overallmortality rates of patients supportedbyVAECLS
are still an added problem for this high-risk population. Previ-
ous research has suggested that management of AKI may
worsen clinical outcomes in heart failure patients.19However,
the present findings suggest that timely administration of VA
ECLS supportmayyield favorable results inpatientswithADHF
requiringadvancedsupport. In fact, insevereADHFwithAKIVA
ECLS could be encouraged in contrast to the opposite.

This study was limited by the retrospective nature of the
research. Due to the critical nature of this patient population,
randomized clinical trials are not a possibility. This study
examined the experience in an VA ECLS program at a single
center over the course of 9 years. The protocols for patient
management inevitably evolved over that time period; how-
ever, our findings align with much of the previous published
research on adult VA ECLS patients.

In summary, while VA ECLS is a life-saving treatment for
patients that may have not survived otherwise, it does not
come without risks of morbidity and complication. It has
been speculated whether there is a “friend or foe” relation-
ship between kidney function and VA ECLS support.16 How-
ever, of patients supported by VA ECLS, ADHF patients were
at decreased risk of developing AKI compared with patients

Fig. 1 Survival analysis of acute decompensated heart failure (ADHF)
venoarterial extracorporeal membrane oxygenation (VA ECMO)
patients compared with the remaining VA ECMO patients with acute
kidney injury (AKI) as the outcome. ECLS, extracorporeal life support.

Fig. 2 One-year and 30-day mortality between acute decompensated heart failure (ADHF) venoarterial extracorporeal life support (VA ECLS)
patients and the remaining VA ECLS patients.
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without ADHF, with no difference in 30-day mortality be-
tween groups. Further research investigating protective
mechanisms of VA ECLS support on kidney function in
ADHF patients is warranted.

Summary
ADHF patients have lower risk of AKI than other popula-
tions on VA ECLS but no change in 30-day mortality rate.
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