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Brain natriuretic peptide
 levels predict 6-month
mortality in patients with cardiogenic shock who
were weaned off extracorporeal membrane
oxygenation
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Abstract
There are limited data regarding the association between brain natriuretic peptide (BNP) levels obtained after weaning from
extracorporeal membrane oxygenation (ECMO) and the outcomes of patients with acute coronary syndrome (ACS)-associated
cardiogenic shock.
We prospectively obtained data regarding patients (aged ≥ 19 years) with ACS-associated cardiogenic shock who received

ECMO and were subsequently weaned off the treatment. BNP levels were collected at 5 time points: pre-ECMO implantation, post-
ECMO implantation, pre-ECMO weaning, day 1 after ECMO weaning, and day 5 after ECMO weaning.
Of 48 patients with ACS-related cardiogenic shock, 33 were included in this analysis. Mean patient age was 59.0 (50.0–66.5)

years, and 5 patients (15.2%) were women. Eight patients had asystole/pulseless electrical activity before ECMO and 14 (42.4%) had
3-vessel disease on coronary angiography. During the 6-month follow up, 12 (36.4%) patients died. BNP levels after ECMOweaning
were significantly different between 6-month survivors and non-survivors. Cox proportional hazards model revealed that BNP levels
(tertiles) on days 1 and 5 after ECMO weaning were significantly associated with 6-month mortality (hazard ratio, 7.872; 95%
confidence interval, 1.870–32.756; 8.658 and 1.904–39.365, respectively). According to the Kaplan–Meier curves, the first tertile had
significantly longer survival compared to the third tertile for both days 1 and 5 after ECMO weaning.
Post-ECMOweaning BNP levels (days 1 and 5) were significantly associated with increased 6-monthmortality in patients with ACS

complicated by refractory cardiogenic shock who were weaned off ECMO.

Abbreviations: AMI = acute myocardial infarction, ACS = acute coronary syndrome, BNP = brain natriuretic peptide, CRRT =
continuous renal replacement therapy, ECMO = extracorporeal membrane oxygenation, ELSO = extracorporeal life support
organization, LCX= left circumflex artery, MV=mechanical ventilation, SAVE= survival after veno-arterial ECMO, SOFA= sequential
organ failure assessment, Tn-I = troponin I, VA = venoarterial.
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1. Introduction

Although the development of pharmacological agents and
mechanical revascularization has reduced mortality in patients
with acute coronary syndrome (ACS),[1,2] outcomes remain
unsatisfactory when they are complicated by cardiogenic shock
or cardiac arrest.[1,2] Cardiogenic shock is a life-threatening
condition that occurs when the heart cannot pump sufficient
blood to vital organs, and is a primary cause of early death in
patients with acute myocardial infarction (AMI).[3] Therefore,
early intervention during cardiogenic shock is important for
protection of vital organs through restoration of blood flow.[4]

A recent meta-analysis showed no effect of routine intra-aortic
balloon pump support in patients with AMI-related cardiogenic
shock.[5] However, several medical devices with different features
are currently available for cardiogenic shock, and extracorporeal
membrane oxygenation (ECMO), with its technical advance-
ments, has been widely used as salvage therapy (or a bridge-to-
recovery approach) in experienced centers.[6–8] ECMO is known
to stabilize systemic circulation, ensure end-organ perfusion, and
reduce preload in patients with cardiogenic shock.[9]

Brain natriuretic peptide (BNP) is a cardiac neurohormone
secreted from the ventricular myocardium in response to
myocardial stretching and volume overload.[10] Although this
hormone has diagnostic and prognostic utility for heart
failure,[10,11] data regarding the role of BNP in patients with
cardiogenic shock receiving ECMO are very limited. However,
many studies have emphasized the importance of fluid balance in
critically ill patients.[12–15] We hypothesized that fluid balance
might also be important for patients receiving ECMO for
cardiogenic shock, and that BNP levels might play a role in those
patients.
Therefore, in the present study, we investigated the association

between BNP levels obtained after weaning from ECMO and
outcomes of patients with ACS-associated cardiogenic shock.
2. Methods

2.1. Study population

We prospectively screened patients (aged ≥ 19 years) with ACS-
associated cardiogenic shock who received ECMO as salvage
treatment at Hallym University Sacred Heart Hospital fromMay
2018 to December 2019. Among these patients, those who were
successfully weaned off ECMO treatment were enrolled in
the study. The ethics committees of the Hallym University
Institutional Review Board (approval no. 2018-05-033) ap-
proved this study. Informed consent was obtained from patients
or their legal surrogates.
In accordance with current guidelines, ACS was diagnosed in

patients with serum cardiac markers elevated to at least twice the
upper reference limit plus the presence of ischemia-related
symptoms lasting > 30minutes or ischemic changes in ≥ 2
contiguous leads on 12-lead electrocardiogram (i.e., AMI); or in
patients with ischemia-related symptoms, which were character-
ized by at least one of the following (i.e., unstable angina):
occurrence at rest or during minimal exertion and typically
lasting > 20minutes, severe presentation (at least Canadian
Cardiovascular Society Classification 3[16]) and new-onset status
(within the past 1 month), or occurrence with a crescendo pattern
without increases in cardiac markers.[17,18]

ECMO was indicated for patients with the following
conditions:
2

1)
 refractory cardiogenic shock unresponsive to inotropes or a
high-dose vasopressor infusion (norepinephrine > 0.5mg/kg/
minutes)
2)
 witnessed in-hospital or out-of-hospital cardiac arrest,
unresponsive to standard advanced cardiac life support with
CPR duration (defined as the interval from beginning CPR to
return of spontaneous circulation) of >10minutes[19,20]

Cardiogenic shock was defined as persistent hypotension
(systolic blood pressure < 90mm Hg) with a clinical manifesta-
tion of hypoperfusion. Patients with a do-not-resuscitate order,
severe irreversible brain damage, or terminal malignancy were
not indicated for ECMO. At our hospital, 1 interventional
cardiologist, 1 cardiac surgeon, and 1 perfusionist remained in
the hospital 24hours per day; they were able to initiate ECMO
immediately in the emergency department, cardiac catheteriza-
tion laboratory, or coronary care unit.
Patients with the following conditions were excluded from the

analysis: circulatory shock unrelated to ACS; other ECMO
configurations, such as veno-arteriovenous (VAV) ECMO; and
transfer to another hospital during treatment. Intra-aortic
balloon pump placement was not routinely performed during
the study period at our hospital.

2.2. EMCO implantation and management

We used Capiox EBS (Terumo, Tokyo, Japan) or PLS
(MAQUET, Hirrlingen, Germany) equipment. One femoral vein
and 1 femoral artery (VA ECMO) were percutaneously
cannulated using the Seldinger technique under fluoroscopic
guidance. 17- to 19-Fr (for artery) and 21-Fr (for vein) cannulas
were placed (DLP and Bio-Medicus, Medtronic, Minneapolis,
MN,; RMI, Edward’s Life sciences LLC, Irine, CA). Circulation
through ECMO system was established with venous blood
drainage from the right atrium and arterial blood return to the
femoral artery. During ECMO support, mean arterial pressure
was maintained at > 60mm Hg and the target activated partial
thromboplastin time (aPTT) was 60 to 80 s; heparin or
nafamostat mesilate (SK Chemicals Life Science Biz., Seoul,
Korea; licensed by Torii Pharmaceutical, Tokyo, Japan) was used
for anticoagulation. The target hematocrit and platelet counts
were> 35% and> 50,000 to 80,000/mm3, respectively. Patients
received antithrombin III when the initial antithrombin III level
was < 70%, with a loading dose of 2,000 IU followed by a
maintenance dose of 500 IU every 6hours for 3 days. Continuous
renal replacement therapy (CRRT) was commenced if a patient
exhibited progressive oliguria (i.e., urine output < 0.5cc/kg/h for
> 6hours).

2.3. Weaning from EMCO

The criteria for ECMOweaning included hemodynamic stability,
improvement of cardiac function on echocardiography (ejection
fraction > 30%), and normalized lactate levels. Pump flow was
gradually tapered to 2L/min, and sweep gas to 0L/min;
decannulation was indicated if the patient tolerated these settings
for at least 2hours.[21] ECMOweaning was considered successful
when the patient remained stable for 24hours without ECMO
support. Patients who succeeded in a second weaning although
the first weaning attempt failed were also considered to be
successfully weaned from ECMO. Weaning from mechanical
ventilation (MV) was undertaken in accordance with the general
recommendations.[22]
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2.4. Coronary interventions

After initiation of ECMO, diagnostic angiography was conducted
by an interventional cardiologist unless asystole or pulseless
electrical activity (PEA) persisted. Significant coronary artery
diseasewas defined as a lumen diameter stenosis> 70% in amajor
coronary artery. Percutaneous coronary intervention was per-
formedwhen thrombolysis inmyocardial infarction (TIMI)flowof
theACS-related arterywas< 3 or the diseased coronary arterywas
considered the culprit lesion. Successful angioplastywas defined as
achievement of < 20% diameter stenosis with TIMI 3 flow.
2.5. Data collection and outcomes

The following data were obtained: demographic characteristics
(age, sex, and body mass index); comorbidities; causes of
cardiogenic shock; clinical situation before ECMO implantation
(e.g., cardiogenic shock, ventricular fibrillation/ventricular
tachycardia, and asystole/PEA); cardiopulmonary resuscitation
before or during ECMO; severity-of-illness scores (Sequential
Organ Failure Assessment [SOFA][23] and Survival After Veno-
arterial ECMO [SAVE] scores[24]) before ECMO implantation;
BNP and troponin I (Tn-I) levels; and hospital outcomes. BNP
and Tn-I levels were collected at 5 time points:
1)
 pre-ECMO implantation

2)
 post-ECMO implantation (i.e., day 1 after ECMO implantation)

3)
 pre-ECMO weaning

4)
 day 1 after ECMO weaning

5)
 day 5 after ECMO weaning

BNP levels were transformed into tertile variables for multivari-
ate analysis. Serum BNP levels were measured using the
microparticle enzyme immunoassay test (Abbott, Chicago, IL).
The primary outcome constituted the relationship between

BNP level and 6-month mortality among patients who were
weaned off ECMO. The secondary outcome comprised other risk
factors for 6-month mortality in those patients.
Figure 1. Flowchart o
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2.6. Statistical analysis

All results are presented as numbers with percentages for
categorical variables, and as medians with interquartile ranges
for continuous variables. The Mann–Whitney U test or a
repeated measure analysis of variance (ANOVA) was used to
compare continuous variables, and the Chi-squared or Fisher
exact test was employed to compare categorical variables.
Cox proportional hazard method was performed using
covariates significant (P< .10) in the univariable analysis to
identify independent risk factors for hospital mortality; a
stepwise backward method based on the likelihood ratio was
used. Kaplan–Meier method with a log rank test was also used
to estimate survival function. All probability values were 2-
sided and a P value< .05 was considered statistically
significant. IBM SPSS version 24.0 software for Windows
(IBM Corp., Armonk, NY) was used for all statistical
analyses.
3. Results

3.1. Study population

During the study period, 72 patients received VA-ECMO in
our institute; among them, 48 patients had cardiogenic shock
due to ACS. After exclusion of those who failed to wean from
ECMO and those who were transferred to other hospitals, 33
patients were included in the analysis (Fig. 1). Mean patient
age was 59.0 years (50.0–66.5 years), and 5 (15.2%) patients
were women (Table 1). AMI constituted 90.9% of the causes
of cardiogenic shock, and 12 (36.4%) patients developed
cardiogenic shock during or immediately after angioplasty.
Twenty-eight (84.8%) patients experienced cardiac arrest and
17 received extracorporeal cardiopulmonary resuscitation.
The SAVE and SOFA scores before initiating ECMO
were �4.0 (�6.0 to �3.0) and 5.0 (5.0–6.0), respectively
(Table 2).
f patient enrolment.
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Table 2

Data associated with ECMO treatments.

6-month survivors
∗
(n=21) 6-month nonsurvivors (n=12) P value

SOFA score before ECMO 5.0 (4.0–5.5) 5.5 (5.0–6.8) .115
SAVE score before ECMO �4.0 (�5.5–2.0) �5.0 (�7.8–4.3) .017
Circulatory status before ECMO
Cardiogenic shock 10 6 .489
VF/VT 7 2
Asystole (PEA) 4 4

Time from collapse to ECMO 27.0 (15.0–34.0)† 28.5 (21.5–42.8)‡ .546
Culprit lesions, n (%)
Left main artery 1 (4.8%) 3 (2.5%) .125
Left anterior descending artery 18 (85.7%) 7 (58.3%) .106
Left circumflex artery 11 (52.4%) 11 (91.7%) .027
Right coronary artery 11 (52.4%) 9 (75.0%) .278
3-vessel diseases 7 (33.3%) 7 (58.3%) .162

Successful PCI, n (%) 20 (95.2%) 9 (75.0%) .125
Echocardiography
Initial EF, % 12.0 (10.0–23.5) 10.0 (9.3–16.5) .246
RV dysfunction, n (%) 11 (52.4%) 3 (25.0) .126
Pre-weaning EF, % 36.0 (30.0–40.0) 30.0 (30.0–40.0) .187

Hypothermia treatment, n (%) 2 (9.5%) 1 (8.3%) .252
SOFA score before ECMO weaning 4.0 (3.0–6.5) 9.0 (7.3–10.0) <.001
ECMO duration, days 10.0 (7.0–11.5) 13.0 (8.3–15.8) .029
MV weaning, n (%) 21 (100.0%) 2 (16.7%) <.001
CRRT, n (%) 16 (76.2%) 12 (100.0%) .133

CRRT=continuous renal replacement therapy, ECMO= extracorporeal membrane oxygenation, EF=ejection fraction, MV=mechanical ventilation, PEA=pulseless electrical activity, RV= right ventricle,
SAVE= survival after veno-arterial ECMO, SOFA= sequential organ failure assessment, VT= ventricular tachycardia, VF= ventricular fibrillation.
∗
Three patients were censored at 51, 118, and 121 days.

† Eleven patients.
‡ Six patients.

Table 1

Baseline characteristics of enrolled patients.

6-month survivors
∗
(n=21) 6-month nonsurvivors (n=12) P value

Age, yr 54.0 (48.0–63.0) 64.0 (52.8–69.8) .103
Gender, M/F 17/4 11/1 .630
Body mass index, kg/m2 23.9 (22.8–26.8) 24.9 (23.4–27.6) .432
Diabetes, n (%) 9 (42.9) 6 (50.0) .692
Hypertension, n (%) 9 (42.9) 6 (50.0) .692
COPD, n (%) 1 (4.8) 0 (0) 1.000
Chronic kidney disease, n (%) 1 (4.8) 2 (16.7) .538
Cerebrovascular disease, n (%) 0 (0) 3 (25.0) .040
Connective tissue disease, n (%) 1 (4.8) 0 (0) 1.000
Laboratory parameters
WBC, �103 /mL 13.0 (11.3–18.2) 18.7 (8.5–15.4) .153
Hemoglobin, g/dL 13.9 (12.5–15.2) 12.8 (9.9–14.9) .432
Platelet, �103 /mL 21.4 (154.5–263.5) 223.5 (92.0–270.0) .852
Blood urea nitrogen, mg/dL 19.3 (15.6–33.7) 14.7 (13.7–24.1) .349
Creatinine, mg/dL 1.3 (1.0–1.8) 1.4 (1.1–1.7) .447
Bilirubin, mg/dL 0.5 (0.3–0.8) 0.5 (0.4–0.8) .410

Cause of cardiogenic shock, n (%)
Acute myocardial infarct 20 10 .538
Unstable angina 1 2
Cardiogenic shock on arrival, n (%) 16 (76.2) 9 (75.0) 1.000

Cardiac arrest
IHCA/OHCA 12/6 5/5 .678
ECPR, n (%) 11 (52.4) 6 (50.0) 1.000

COPD= chronic obstructive pulmonary disease, ECPR= extracorporeal cardiopulmonary resuscitation, IHCA= intrahospital cardiac arrest, OHCA= out of hospital cardiac arrest, WBC=white blood cell.
∗
3 patients were censored at 51, 118, and 121 days.

Kim et al. Medicine (2020) 99:29 Medicine
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Figure 2. Changes in BNP and Tn-I levels among the 5 time points. a Comparison of BNP levels between survivors and non-survivors. b Comparison of Tn-I levels
between survivors and non-survivors.

∗
All P< .05 after correction for multiple comparisons. †P< .05 by repeated-measures analysis of variance. Time points 1, 2, 3,

4, and 5 indicate pre-ECMO implementation, post-ECMO implementation (day 1), pre-ECMOweaning, day 1 after ECMOweaning, and day 5 after ECMOweaning,
respectively. BNP = brain natriuretic peptide, Tn I = troponin I.
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3.2. Cardiac evaluations

Coronary angiography was undertaken for all 33 patients during
their hospital stays (Table 2). Three-vessel disease was found in
14 (42.3%) patients, and successful angioplasty was achieved in
29 (87.9%) patients. Echocardiography performed before or
during ECMO revealed an ejection fraction of 10.0% (10.0%–

20.0%).

3.3. Treatment and outcomes

Both MV and VA-ECMO were undertaken for all 33 patients.
Therapeutic hypothermia (i.e., body temperature target, 32°C–
34°C) was performed in 3 (9.1%) patients and continuous renal
replacement therapy was performed in 28 (84.8%) patients.
Median durations of MV and ECMOwere 17.0 days (12.0–23.0
days) and 11.0 days (7.0–13.0 days), respectively. Successful
weaning from MV was achieved in 23 patients (69.7%). Eleven
patients (33.3%) died at intensive care unit discharge and 12
(36.4%) died at hospital discharge (heart failure in 7, sepsis in 4,
and post-operative complication in 1). Six-month mortality was
36.4%; among all patients who received ECMO for ACS-
associated cardiogenic shock (n=46), except for the 2 patients
who were transferred to other hospitals, a total of 25 (54.3%)
died during the 6-month period. The lengths of the intensive care
unit and hospital stays were 20.0 days (15.5–27.5 days) and 30.0
days (20.0–44.5 days), respectively. Ejection fractions were not
different at the ECMO weaning between survivors and non-
survivors (Table 2). Regarding the ECMO-related complications,
a higher number of packed red blood cells were transfused in non-
survivors (Supplemental digital content, Table S1, http://links.
lww.com/MD/E564).

3.4. BNP and Tn-I levels in 6-month survivors and
non-survivors

Tn-I levels did not differ between survivors and non-survivors at
each of the 5 time points. However, BNP levels were significantly
higher in non-survivors than in survivors at 3 time points (i.e.,
5

pre-ECMO weaning [P= .036], day 1 after ECMO weaning
[P= .013], and day 5 after ECMOweaning [P= .013]) (Fig. 2 and
Supplemental digital content, Table S2, http://links.lww.com/
MD/E564).

3.5. Risk factors for 6-month mortality

Ten variables, including 3 BNP variables, had P values< .10 in
univariate analyses and were included in the multivariate analysis
(Table 3). No significant association was observed between the
pre-ECMO weaning BNP tertile and 6-month mortality (Model
I). However, the BNP tertiles on days 1 and 5 after ECMO
weaning (Models II and III, respectively) were significantly
associated with 6-month mortality (hazard ratio, 7.872 and 95%
confidence interval, 1.870–32.756; 8.658 and 1.904–39.365,
respectively). The Kaplan–Meier curves revealed that patients in
the first tertile had significantly longer survival, compared to
those in the third tertile, for both days 1 and 5 BNP levels after
ECMO weaning (Fig. 3). The SAVE (before ECMO initiation)
and SOFA (pre-ECMO weaning) as well as MV weaning, were
significantly associated with 6-month mortality.

4. Discussion

This study revealed that post-ECMOweaning BNP levels (days 1
and 5) were associated with increased mortality during the 6-
month follow-up period in patients with ACS complicated by
refractory cardiogenic shock who were weaned off ECMO.
Based on international registry data (i.e., Extracorporeal Life

Support Organization [ELSO]),[25] the survival rate of patients
who receive ECMO for cardiac failure remains unsatisfactory.
However, ECMO has been indicated in patients with circulatory
shock associated with various conditions,[7,26,27] and several
non-randomized studies have shown that early use of ECMO
may offer a survival advantage for these patients.[28,29]

Previously, the percentage of patients with refractory cardiogenic
shock who were successfully weaned from ECMO varied (i.e.,
31%–76%) depending on underlying causes and weaning

http://links.lww.com/MD/E564
http://links.lww.com/MD/E564
http://links.lww.com/MD/E564
http://links.lww.com/MD/E564
http://www.md-journal.com


Table 3

Cox proportional analysis for 6-month mortality.

Univariable analysis Multivariable analysis

ORs 95% CIs ORs 95% CIs

Model I
Age 1.035 0.984–1.088 1.011 0.954–1.082
Cerebrovascular disease 8.552 1.978–36.979 4.884 0.723–33.008
MV weaning 0.036 0.008–0.173 0.043 0.008–0.218
BNP tertiles (before weaning)

∗
2.008 0.954–4.227 1.219 0.557–2.666

Model II
Age 1.035 0.984–1.088 1.158 1.022–1.312
Cerebrovascular disease 8.552 1.978–36.979 1.256 0.141–11.198
MV weaning 0.036 0.008–0.173 0.150 0.026–0.869
SOFA score† 1.154 1.206–1.901 2.213 1.264–3.875
BNP tertiles (day 1)

∗
3.121 1.335–7.292 7.872 1.870–32.756

Model III
Age 1.035 0.984–1.088 1.001 0.938–1.069
SAVE‡ 0.810 0.678–0.966 0.557 0.371–0.834
MV weaning 0.036 0.008–0.173 0.019 0.003–0.148
BNP tertiles (day 5)

∗
2.404 1.085–5.324 8.658 1.904–39.365

BNP=brain natriuretic peptide, CI= confidence interval, MV=mechanical ventilation, OR= odds ratio, SAVE= survival after veno-arterial ECMO, SOFA= sequential organ failure assessment.
∗
The ranges of BNP tertiles are presented in the Supplemental digital content.

† Before ECMO initiation.
‡ Before ECMO weaning.
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definitions.[30,31] However, several patients did not survive to
discharge, despite successful ECMO weaning.[30,31] Thus far,
various risk factors have been investigated in terms of successful
weaning or hospital outcomes. Lactate levels, echocardiographic
variables (e.g., aortic velocity-time integral and left or right
ventricular function), and pulse pressure have been associated
with successful weaning from ECMO.[31–34] However, asystole
(or PEA) and ECMO-related complications have been associated
with in-hospital mortality.[7] Cardiac markers, such as NT pro-
BNP, BNP, and Tn-I, which were typically checked during the
early period of ECMO treatment, showed no differences between
patients with successful weaning and those without.[35]

A distinctive feature of our study, compared to previous
studies, is that we only enrolled patients who were successfully
Figure 3. Kaplan–Meier survival curves by BNP level (tertile) obtained after ECMO w
third tertile, P= .006; the second tertile vs the third tertile, P= .011). b Survival curve
the first tertile vs the third tertile, P= .027). BNP = brain natriuretic peptide.

6

weaned from ECMO, and investigated the association between
BNP levels at various time points and long-term outcomes. The
finding that BNP levels before and after ECMO implantation
were not associated with 6-month survival was similar to the
findings of previous studies[35]; however, we found that BNP
levels on days 1 and 5 after weaning from ECMO were
significantly associated with 6-month mortality.
BNP levels have long been known to exhibit diagnostic and

prognostic value in patients with heart failure.[11] Although the
half-life of BNP is short and its plasma level can be affected by
various factors,[36] this hormone is associatedwith the occurrence
of new cardiac events, even in patients with concomitant chronic
kidney disease.[10] A randomized controlled trial of patients using
MV showed a positive effect of a BNP-driven fluid management
eaning. a Survival curves for the day 1 BNP tertile groups (the first tertile vs the
s for the day 5 BNP tertile groups (the first tertile vs the second tertile, P= .092;
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strategy in decreasing weaning time, which was strongest in
patients with left ventricular systolic dysfunction.[13] These
results indicate that BNP levels can be a valuable outcome
predictor for patients with various conditions where left
ventricular systolic dysfunction is involved. Our study is clinically
relevant in this context.
The role of BNP has rarely been investigated in patients

receiving ECMO – only case reports or studies of children were
found in a literature search.[30,37,38] In 2006, Huang et al
reported that BNP levels of children on the fourth day after
removal from ECMO were significantly lower in survivors than
non-survivors, which was consistent with our findings.[30] They
suggested that serial BNP levels can be a valuable parameter for
monitoring patients on ECMO. Besides, fluid balance seems
important in patients receiving ECMO. Schmidt et al demon-
strated that a positive fluid balance on ECMO day 3 is an
independent factor for 90-day mortality.[39] Although data
regarding fluid balance were not available in our cohort, these
results suggest an important role for BNP in patients receiving
ECMO.
It is reasonable that severity-of-illness scores and MV weaning

were risk factors for 6-month mortality in our cohort. However,
patients with left circumflex (LCX) arterial lesions had higher 6-
month mortality, compared to other patients, in the univariate
analysis (Table 2). The LCX artery is the least frequent culprit
lesion, and patients with an LCX lesion are less likely to present
with ST-segment elevation AMI and undergo emergency
percutaneous coronary intervention.[40] In another study, the
frequency of LCX lesions was found to be lower than that of right
coronary artery lesions, but patients with LCX lesions had higher
cTn-I levels and a lower left ventricular ejection fraction.[41] In
our study, stents were less frequently inserted in culprit arteries
(68.2% vs 90.0%), and BNP levels tended to be higher in patients
with LCX lesions, compared to those without LCX lesions (data
not shown). These results should be clarified in future studies.
Notably, the outcomes of our cohort seem better than those

from international registry data (i.e., survival to discharge rate for
patients VA-ECMO [43%] or extracorporeal cardiopulmonary
resuscitation [29%]).[25] There could be several explanations for
this difference in outcomes. First, in our cohort, we only included
patients who were successfully weaned from ECMO. Hence, the
survival rate was higher than that from other VA-ECMO studies.
Second, successful angioplasty was achieved in 87.9% of our
patients. Third, although we included 17 patients with
extracorporeal cardiopulmonary resuscitation, the median
interval between collapse and ECMO was shorter than 30
minutes, leading to low mortality (35.3%). Fourth, for 12
patients who developed cardiogenic shock during or right after
coronary angiography, it is highly likely that the time interval
between the development of cardiogenic shock and ECMO was
very short, which may have positively influenced patient
outcome.
The Kaplan–Meier survival curves (Fig. 3A and 3B) revealed

that the result of the second BNP tertiles was inconsistent between
days 1 and 5 after ECMO weaning. This was partially due to the
small number of patients. However, our data clearly showed that
patients in the first BNP tertile (i.e., the lowest level) had longer
survival than those in the third BNP tertile. Although cost-
effectiveness could be a problem in some areas,[37,38] BNP is a
simple and objective parameter, compared to echocardiographic
data, which is rather user-dependent. It remains unclear whether
this hormone can be used as a therapeutic target. However, there
7

is evidence to suggest that BNP levels are useful in various clinical
situations.[10,11,36] Taken together, the findings suggest that
BNP level might be a useful parameter for monitoring patients
with ACS-associated cardiogenic shock who were weaned off
VA-ECMO.
This study had several limitations. First, there may have been

unintended bias in the results due to the small sample size.
Second, this was a single-center study that could limit the
generalizability of the results. Third, although we followed the
ELSO guidelines, the ECMO management practices (including
weaning from ECMO) have not been standardized. Fourth,
although we collected data on ejection fractions during ECMO
weaning, other echocardiographic parameters, such as cardiac
output or right ventricular function, would have strengthened
our results. Fifth, percutaneous left ventricular assist devices
could have benefited the patients who failed to be weaned off
ECMO. However, unfortunately, the devices are not currently
available in our country. Finally, patient quality of life after
weaning from ECMO was not evaluated in our study. However,
this is the first study to show the usefulness of BNP levels obtained
after ECMO weaning for predicting outcomes in patients with
ACS-related refractory cardiogenic shock. Therefore, despite
these limitations, our results merit consideration.
5. Conclusions

In conclusion, post-ECMO weaning BNP levels (days 1 and 5)
were associated with increased mortality during 6-month follow-
up of patients with ACS complicated by refractory cardiogenic
shock who were successfully weaned from ECMO. Further large-
scale prospective studies are needed to confirm these findings.
Acknowledgment

The authors thank Dr Seong-Sik Cho (Dong-A University
Hospital) for his dedication to the statistical analyses in the study.
Author contributions

Conceptualization: Hyoung Soo Kim, Kyu Jin Lee, Sun Hee Lee,
Sunghoon Park
Data collection and analysis: Sang Ook Ha, Sang Jin Han,

Kyoung-Ha Park
Methodology: Sang Ook Ha, Yong Il Hwang, Seung Hun Jang
Project administration: Sun Hee Lee, Yong Il Hwang, Seung Hun

Jang
Writing – original draft: Hyoung Soo Kim, Kyu Jin Lee,

Sunghoon Park
Writing – review & editing: Hyoung Soo Kim, Kyu Jin Lee, Sang

Ook Ha, Sang Jin Han, Kyoung-Ha Park, Sun Hee Lee, Yong
Il Hwang, Seung Hun Jang, Sunghoon Park
References

[1] Babaev A, Frederick PD, Pasta DJ. NRMI InvestigatorsTrends in
management and outcomes of patients with acute myocardial infarction
complicated by cardiogenic shock. JAMA 2005;294:448–54.

[2] Dumas F, Cariou A, Manzo-Silberman S, et al. Immediate percutaneous
coronary intervention is associated with better survival after out-of-
hospital cardiac arrest: insights from the PROCAT (Parisian Region Out
of hospital Cardiac ArresT) registry. Circ Cardiovasc Interv 2010;3:
200–7.

[3] Goldberg RJ, Spencer FA, Gore JM, et al. Thirty-year trends (1975 to
2005) in the magnitude of, management of, and hospital death rates

http://www.md-journal.com


Kim et al. Medicine (2020) 99:29 Medicine
associated with cardiogenic shock in patients with acute myocardial
infarction: a population-based perspective. Circulation 2009;119:
1211–9.

[4] Prondzinsky R, Werdan K, Buerke M. Cardiogenic shock: pathophysi-
ology, clinics, therapeutical options and perspectives. Internist (Berl)
2004;45:284–95.

[5] SuD, Yan B, Guo L, et al. Intra-aortic balloon pumpmay grant no benefit
to improve the mortality of patients with acute myocardial infarction in
short and long term: an updated meta-analysis. Medicine (Baltimore)
2015;94:e876–82.

[6] Muller G, Flecher E, Lebreton G, et al. The ENCOURAGEmortality risk
score and analysis of long-term outcomes after VA-ECMO for acute
myocardial infarction with cardiogenic shock. Intensive Care Med
2016;42:370–8.

[7] Sakamoto S, Taniguchi N, Nakajima S, et al. Extracorporeal life support
for cardiogenic shock or cardiac arrest due to acute coronary syndrome.
Ann Thorac Surg 2012;94:1–7.

[8] Yeh CF, Wang CH, Tsai PR, et al. Use of extracorporeal membrane
oxygenation to rescue patients with refractory ventricular arrhythmia in
acute myocardial infarction. Medicine (Baltimore) 2015;94:e1241–7.

[9] Napp LC, Kuhn C, Bauersachs J. ECMO in cardiac arrest and
cardiogenic shock. Herz 2017;42:27–44.

[10] Park S, Cho GY, Kim SG, et al. Brain natriuretic peptide levels have
diagnostic and prognostic capability for cardio-renal syndrome type 4 in
intensive care unit patients. Crit Care 2009;13:R70–80.

[11] Maisel AS, Krishnaswamy P, Nowak RM, et al. Breathing not properly
multinational study investigators, rapid measurement of B-type
natriuretic peptide in the emergency diagnosis of heart failure. N Engl
J Med 2002;347:161–7.

[12] Mekontso Dessap A, Katsahian S, Roche-Campo F, et al. Ventilator-
associated pneumonia during weaning from mechanical ventilation: role
of fluid management. Chest 2014;146:58–65.

[13] Mekontso Dessap A, Roche-Campo F, Kouatchet A, et al. Natriuretic
peptide-driven fluid management during ventilator weaning: a random-
ized controlled trial. Am J Respir Crit Care Med 2012;186:1256–63.

[14] Wiedemann HP, Wheeler AP, Bernard GR, et al. Comparison of two
fluid-management strategies in acute lung injury. N Engl J Med
2006;354:2564–75.

[15] Upadya A, Tilluckdharry L, Muralidharan V, et al. Fluid balance and
weaning outcomes. Intensive Care Med 2005;31:1643–7.

[16] Campeau L. Letter: grading of angina pectoris. Circulation 1976;
54:522–3.

[17] Roffi M, Patrono C, Collet JP, et al. ESC Scientific Document Group.
2015 ESC Guidelines for the management of acute coronary syndromes
in patients presenting without persistent ST-segment elevation: Task
Force for the Management of Acute Coronary Syndromes in Patients
Presenting without Persistent ST-Segment Elevation of the European
Society of Cardiology (ESC). Eur Heart J 2016;37:267–315.

[18] Thygesen K, Alpert JS, Jaffe AS, et al. ESC Scientific Document. Fourth
universal definition of myocardial infarction (2018). Eur Heart J
2019;40:237–69.

[19] Chen YS, Lin JW, Yu HY, et al. Cardiopulmonary resuscitation with
assisted extracorporeal life-support versus conventional cardiopulmo-
nary resuscitation in adults with in-hospital cardiac arrest: an
observational study and propensity analysis. Lancet 2008;372:554–61.

[20] Kim H, Cho YH. Role of extracorporeal cardiopulmonary resuscitation
in adults. Acute Crit Care 2020;35:1–9.

[21] Extracorporeal Life Support Organization. ELSO Guidelines for Adult
Respiratory Failure. Accessed on June 1, 2019 (https://www.elso.org/
Resources/Guidelines.aspx)

[22] McConville JF, Kress JP. Weaning patients from the ventilator. N Engl J
Med 2013;368:1068–9.
8

[23] Ferreira FL, Bota DP, Bross A, et al. Serial evaluation of the SOFA score
to predict outcome in critically ill patients. JAMA 2001;286:1754–8.

[24] Schmidt M, Burrell A, Roberts L, et al. Predicting survival after ECMO
for refractory cardiogenic shock: the survival after veno-arterial-ECMO
(SAVE)-score. Eur Heart J 2015;36:2246–56.

[25] Extracorporeal Life Support Organization. ECLS Registry Report.
Accessed on January 11, 2020. (https://www.elso.org/Registry/Statistics/
InternationalSummary.aspx).

[26] Ko WJ, Lin CY, Chen RJ, et al. Extracorporeal membrane oxygenation
support for adult postcardiotomy cardiogenic shock. Ann Thorac Surg
2002;73:538–45.

[27] Chen YS, Yu HY, Huang SC, et al. Experience and result of
extracorporeal membrane oxygenation in treating fulminant myocarditis
with shock: what mechanical support should be considered first? J Heart
Lung Transplant 2005;24:81–7.

[28] Fujimoto K, Kawahito K, Yamaguchi A, et al. Percutaneous extracor-
poreal life support for treatment of fatal mechanical complications
associated with acute myocardial infarction. Artif Organs 2001;
25:1000–3.

[29] Chen JS, Ko WJ, Yu HY, et al. Analysis of the outcome for patients
experiencing myocardial infarction and cardiopulmonary resuscitation
refractory to conventional therapies necessitating extracorporeal life
support rescue. Crit Care Med 2006;34:950–7.

[30] Huang SC,Wu ET, KoWJ, et al. Clinical implication of blood levels of B-
type natriuretic peptide in pediatric patients on mechanical circulatory
support. Ann Thrac Surg 2006;81:2267–72.

[31] Ortuno S, Delmas C, Diehl JL, et al. Weaning from veno-arterial extra-
corporeal membrane oxygenation: which strategy to use? Ann
Cardiothorac Surg 2019;8:E1–8.

[32] Aissaoui N, Luyt CE, Leprince P, et al. Predictors of successful
extracorporeal membrane oxygenation (ECMO) weaning after assis-
tance for refractory cardiogenic shock. Intensive Care Med 2011;
37:1738–45.

[33] Cavarocchi NC, Pitcher HT, Yang Q, et al. Weaning of extracorporeal
membrane oxygenation using continuous hemodynamic transesophageal
echocardiography. J Thorac Cardiovasc Surg 2013;146:1474–9.

[34] Pappalardo F, Pieri M, Arnaez Corada B, et al. Timing and strategy for
weaning from venoarterial ECMO are complex issues. J Cardiothorac
Vasc Anesth 2015;29:906–11.

[35] Luyt CE, Landivier A, Leprince P, et al. Usefulness of cardiac biomarkers
to predict cardiac recovery in patients on extracorporeal membrane
oxygenation support for refractory cardiogenic shock. J Crit Care
2012;27:524.e7–24.e14.

[36] Weber M, Hamm C. Role of B-type natriuretic peptide (BNP) and NT-
proBNP in clinical routine. Heart 2006;92:843–9.

[37] Partridge EA, Hanna BD, Rintoul NE, et al. Brain-type natriuretic
peptide levels correlate with pulmonary hypertension and requirement
for extracorporeal membrane oxygenation in congenital diaphragmatic
hernia. J Pediatr Surg 2015;50:263–6.

[38] Kaestner F, Rapp D, Trudzinski FC, et al. High Serum Bilirubin Levels,
NT-pro-BNP, and Lactate Predict Mortality in Long-Term, Severely Ill
Respiratory ECMO Patients. ASAIO J 2018;64:232–7.

[39] SchmidtM, BaileyM, Kelly J, et al. Impact of fluid balance on outcome of
adult patients treated with extracorporeal membrane oxygenation.
Intensive Care Med 2014;40:1256–66.

[40] From AM, Best PJ, Lennon RJ, et al. Acute myocardial infarction due to
left circumflex artery occlusion and significance of ST-segment elevation.
Am J Cardiol 2010;106:1081–5.

[41] Sohrabi B, Separham A, Madadi R, et al. Difference between outcome of
left circumflex artery and right coronary artery related acute inferior wall
myocardial infarction in patients undergoing adjunctive angioplasty after
fibrinolysis. J Cardiovasc Thorac Res 2014;6:101–4.

https://www.elso.org/Resources/Guidelines.aspx
https://www.elso.org/Resources/Guidelines.aspx
https://www.elso.org/Registry/Statistics/InternationalSummary.aspx
https://www.elso.org/Registry/Statistics/InternationalSummary.aspx

	Brain natriuretic peptide levels predict 6-month mortality in patients with cardiogenic shock who were weaned off extracorporeal membrane oxygenation
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 EMCO implantation and management
	2.3 Weaning from EMCO
	2.4 Coronary interventions
	2.5 Data collection and outcomes
	2.6 Statistical analysis

	3 Results
	3.1 Study population
	3.2 Cardiac evaluations
	3.3 Treatment and outcomes
	3.4 BNP and Tn-I levels in 6-month survivors and non-survivors
	3.5 Risk factors for 6-month mortality

	4 Discussion
	5 Conclusions
	Acknowledgment
	Author contributions
	References


