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Abstract

Background: We examined the association between body mass index (BMI) and outcomes in patients with out-of-hospital cardiac arrest (OHCA)
undergoing extracorporeal cardiopulmonary resuscitation (ECPR).

Methods: We retrospectively analyzed the database of an observational multicenter cohort in Japan. Adult patients with OHCA of cardiac etiology
who received ECPR between 2013 and 2018 were categorized as follows: underweight, BMI < 18.5; normal weight, BMI = 18.5-24.9; overweight,
BMI = 25-29.9; and obese, BMI > 30 kg/m?. The primary outcome was in-hospital mortality; secondary outcomes were unfavorable neurological
outcomes at discharge (cerebral performance category > 3) and ECPR-related complications. BMI’s association with outcomes was assessed using
a logistic regression model adjusted for age, sex, comorbidities, witness/bystander CPR, initial rhythm, prehospital return of spontaneous circulation,
and low-flow time.

Results: In total, 1,044 patients were analyzed. Their median age was 61 (IQR, 49-69) years; the median BMI was 24.2 (21.5-26.9) kg/m2. The
overall rates of in-hospital mortality, unfavorable neurological outcome, and ECPR-related complications were 62.2%, 79.9%, and 31.7%, respec-
tively. In multivariate analysis, the overweight and obese groups had higher in-hospital mortality odds than the normal BMI group (odds ratio [95%Cl],
1.37 [1.02-1.85], p = 0.035; and 2.09 [1.31-3.39], p < 0.001, respectively). The odds ratio for unfavorable neurological outcomes increased more in
the obese than in the normal BMI group (3.17 [1.69-6.49], p < 0.001). ECPR-related complications were not significantly different among groups.
Conclusions: In OHCA patients undergoing ECPR, a BMI > 25 kg/m? was associated with increased in-hospital mortality, and a BMI > 30 kg/m?
was also associated with a worse neurological outcome.
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heart failure, hypertension, stroke, and sudden cardiac death.?® Pre-

Introduction vious studies consistently show that obesity increases cardiovascu-
lar morbidity and mortality.*®

Obesity has become increasingly prevalent in developed countries.’ Resuscitation of patients with elevated BMI is challenging. In crit-

Increased body mass index (BMI) is known to increase the risk of ically ill overweight patients, an increased risk of procedure-related

various cardiovascular diseases, including coronary heart disease, complications of extracorporeal membrane oxygenation (ECMO)
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has been reported.®” With respect to survival to hospital discharge,
the existing literature provides conflicting perspectives on patients
with cardiac arrest (CA). Some large-scale studies have reported
the association between increased BMI and the unfavorable out-
comes of patients with CA.*° Contrarily, others find no significant
association or even suggest a survival benefit, a phenomenon
referred to as the obesity paradox.®° The association between
higher BMI and increased mortality in patients with out-of-hospital
cardiac arrest (OHCA) undergoing extracorporeal cardiopulmonary
resuscitation (ECPR) has recently been reported'®; however, large-
scale studies on this topic are lacking and there is still room for
research.

This study aimed to investigate the association between BMI and
clinical outcomes in patients receiving ECPR following OHCA using
data from a nationwide, multicenter ECPR registry in Japan.

Methods

Study design and setting

This retrospective cohort study utilized the data from the Study of
Advanced life support for Ventricular fibrillation with Extracorporeal
circulation in Japan (SAVE-J 11)."" The observation period was
6 years (January 2013-December 2018).

Patient selection

Adult patients with OHCA of presumed cardiac etiology who
received ECPR from the SAVE-J Il registry were included. The
SAVE-J Il study excludes patients with OHCA who were trans-
ferred to the participating institutions after being treated at another
hospital, patients with in-hospital cardiac arrest, and patients who
declined to participate through family or other means. For this
study, we selected patients from SAVE-J Il who met the inclusion
criterion of initiation of venoarterial ECMO (VA-ECMO) before
intensive care unit (ICU) admission. The exclusion criteria
included non-cardiac conditions such as acute aortic dissection/
aortic aneurysm, hypothermia, primary cerebral disorder, and sep-
sis. The patients with missing values in BMI or discharge out-
comes were also excluded.

Data collection

The following variables were included in the study analyses:
patients’ age, sex, weight, height, body temperature, Eastern
Cooperative Oncology Group Performance Status (ECOG PS)
before admission, comorbidities, the situation of CA (witnessed
CA, initial CA rhythms, presence of prehospital return of sponta-
neous circulation [ROSC], low-flow time), the emergency proce-
dure before arriving at the hospital (automated external
defibrillator [AED] use, bystander CPR), and treatment after arriv-
ing at the hospital (coronary artery angiogram, percutaneous coro-
nary intervention [PCI], intra-aortic balloon pumping [IABP]).
Prehospital information was collected by paramedics based on
the standardized Utstein format.'> The ECOG PS was used to
measure the overall condition of patients and indicate the extent
of limitations in their daily activities."® A lower score indicates a
higher level of daily activity performance: a score of 0 indicates
that the patient is fully active and capable of engaging in all activ-
ities without any restrictions, while a score of 4 indicates complete
disability, rendering the patient bedridden.

Definition and outcomes

The primary outcome was in-hospital mortality; secondary outcomes
were unfavorable neurological outcomes at hospital discharge
(cerebral performance category score >3 points) and ECPR-
related complications. ECPR was defined as resuscitation from CA
with VA-ECMO. ECMO-related complications were defined as can-
nulation site bleeding/hematoma, infections related to VA-ECMO,
lower limb ischemia, retroperitoneal hematoma, internal bleeding,
embolism, and other procedure-related complications (unsuccessful
cannulation, cannula malposition, and machine failure) following pre-
vious studies.""'* Low-flow time was defined as the time from car-
diac arrest to the establishment of ECMO if the location of cardiac
arrest was an ambulance and the time from calling an ambulance
to the establishment of ECMO if the location of cardiac arrest was
other than the ambulance, as we have previously reported. "

Statistical analysis
Patients were classified into four groups based on their BMI accord-
ing to the World Health Organization classification: underweight,
BMI < 18.5; normal weight, BMI = 18.5-24.9; overweight, BMI =
25-29.9; and obese: BMI > 30 kg/mz. We examined differences in
BMI groups using Fisher's exact test for nominal variables and the
Kruskal-Wallis test for continuous variables. When there were signif-
icant differences among the four BMI groups, Dunn’s test or post hoc
Kruskal-Wallis analysis was used to identify the group with statisti-
cally significant differences compared with the normal BMI group.
The associations between BMI and outcomes were assessed as fol-
lows. First, we examined the associations of BMI as a continuous
variable with in-hospital mortality, unfavorable neurological outcome,
and incidence of ECMO-related complications in the entire study
cohort using a non-linear generalized additive model (GAM) to
account for the possible non-linear relationship between BMI and
the outcomes. Smoothed curves were plotted against the log odds
of receiving an outcome, along with 95% confidence intervals, allow-
ing BMI to predict categorical outcomes without insisting on a linear
relationship. Adjustments were made for potential confounding vari-
ables, including age, sex, pre-existing comorbidities (diabetes,
hypertension, dyslipidemia, chronic kidney disease, chronic heart
disease, cerebrovascular disease, and dementia), witnessed CA,
bystander CPR, initial rhythms, presence of prehospital ROSC,
and low-flow time. These covariates were selected on the basis of
previous publications and are considered clinically relevant.”'" Esti-
mated degrees of freedom (EDF) and chi-square values were calcu-
lated for each plot, and a p-value of <0.05 was considered
statistically significant.'®

Second, logistic regression analyses were performed to assess
the association between BMI categories and outcomes, adjusted
for the same variables as the GAM. Subgroup analysis was con-
ducted using logistic regression analysis based on the following sub-
groups: elderly (age >65 years) vs. non-elderly patients (age
<65 years) and the presence or absence of PCI. Sensitivity analysis
was performed using logistic regression analysis in the missing BMI-
imputed dataset and the entire SAVE-J |l study cohort including non-
cardiac causes of CA. Missing values were imputed using patient
characteristics (i.e., age, sex, pre-existing comorbidities), cardiac
arrest event characteristics (i.e., witnessed cardiac arrest, bystander
CPR, initial cardiac rhythms, AED use), and laboratory data (i.e.,
arterial blood gas) as variables using the random forest method via
the missForest package (version 1.4) in the R software (version
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3.6.1; R Foundation for Statistical Computing, Vienna, Austria). This
imputation handles nonlinearities and interactions without specifying
a parametric model, provides single-point estimates using normal
distributions centered on conditional means, and reduces overfitting
and merges estimates from different trees through bootstrapped
regression trees.'®

Analyses were conducted with R software, and figures were cre-
ated using the ggplot2 package. The level of significance was set at
p-value < 0.05.

Results

Patients’ characteristics classified by BMI

A total of 1,044 patients with OHCA of presumed cardiac etiology
were included in the study (Fig. 1). The distribution of BMI among
the study population is presented in Supplemental Fig. 1. The back-
ground of the study population, divided into four groups based on
BMI, is shown in Table 1. Briefly, the distribution of age and sex,
as well as the proportion of patients with comorbidities, varied by
BMI category. In particular, patients in the obese group
(BMI > 30 kg/m?) were younger than those in the normal BMI group
(BMI 18.5-24.9 kg/m?). In addition, both the overweight (BMI 25—
29.9 kg/m?) and obese groups had a significantly higher incidence
of hypertension and diabetes compared to the normal BMI group.
Conversely, the underweight group (BMI < 18.5 kg/m?) had a signif-
icantly lower prevalence of hypertension and dyslipidemia compared
with the normal BMI group (Table 1).

Comparison of CA status and emergency procedure by the
BMI group

CA rhythms, presence of witness and bystander CPR, and emer-
gency procedures were summarized according to each BMI group
(Table 2). There were no significant differences between the BMI

groups in witness presence, bystander CPR rate, initial cardiac
rhythms, AED use, or low-flow time. The rates of coronary angiogra-
phy, PCI, and IABP placement were lower in the underweight group
than in the normal BMI group (Table 2).

Comparison of outcomes and ECMO-related complications
by the BMI group

The rates of in-hospital mortality, poor neurological outcome, and
complications after ECMO were compared among the BMI groups.
The rates of in-hospital mortality and neurological deterioration were
found to increase proportionally with the BMI category (Table 2). No
difference was observed in any of the complications between the
BMI groups. Notably, the obese group (BMI > 30 kg/m?) had a signif-
icantly higher proportion of patients with in-hospital mortality and unfa-
vorable neurological outcomes than the normal BMI group (Table 2).

Generalized additive model

Using a non-linear GAM that accounts for multiple covariates, the
graphs showed an increasing trend toward increased incidence of
in-hospital mortality and adverse neurological outcomes associated
with elevated BMI (Fig. 2A, B). After adjustment for confounding vari-
ables, BMI as a continuous predictor was significantly associated
with in-hospital mortality (chi-squared = 19.49, EDF = 2.999,
p < 0.001) and unfavorable neurological outcomes (chi-squared =
14.07, EDF = 1.996, p < 0.001). In the context of in-hospital mortality,
a BMI > 24.5 kg/m? was demonstrated to be a significant risk factor,
as shown by the corresponding smoothed curve for odds consis-
tently above the threshold of 1.0 (Fig. 2A). For adverse neurological
outcomes, a BMI > 25.9 kg/m? was identified as a significant risk fac-
tor, as shown by both the smoothed curve and its 95% confidence
interval for the adjusted odds of remaining consistently above
1.0 (Fig. 2B). In contrast, the model showed no significant associa-
tion between BMI and ECMO-related complications (chi-squared =
2.648, EDF = 3.972, p = 0.621; Fig. 2C).

2,157: Adult patients with OHCA who underwent ECPR in SAVE-J I

9 excluded: Implementation of VA -ECMO after ICU admission
1 excluded: Withdrawn after cannulation because ROSC

342 excluded: Cardiac arrest other than presumed cardiac origin
119 Acute aortic dissection/ aortic aneurysm,
112 Hypothermia, 51 Primary cerebral disorder,
20 Infection, 14 Drug intoxication, 11 Trauma, 8 Suffocation,
4 Drowning, 3 Other external cause

96 excluded: ROSC at hospital arrival
| 58 excluded: ROSC at ECMO initiation
5 excluded: Transferred from another hospital

1,646: Eligible patients

2 excluded: Outcome unknown
600 excluded: Missing value in body mass index

1,044: Patients in analyses

Fig. 1 - Flowchart showing the enroliment of study participants.
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Table 1 - Baseline characteristics of patients according to BMI category.

Variables Underweight Normal (18.5-24.9)  Overweight Obese (>30) p-value
(BMI < 18.5) (25-29.9)

n 57 559 319 109

Age, years 62.00 [45.00, 67.00] 63.00 [50.00, 70.00] 59.00 [50.00, 68.00] 52.00 [46.00, 63.00]* <0.001

Male sex (%) 39 (68.4) 458 (81.9) 270 (84.6) 88 (80.7) 0.034

Weight, kg 46.70 [42.00, 50.00]" 61.70 [55.90, 68.00] 76.00 [70.00, 80.00]* 94.00 [87.50, 100.00]*  <0.001

Height, cm 165.00 [160.00, 169.00] 167.00 [161.00, 168.00 [162.00, 168.00 [161.00, 173.50] 0.014

171.50] 173.00]

BMI, kg/m? 17.26 [16.32, 18.03]* 22.23 [20.77, 23.83] 26.83[25.90, 28.07]* 32.39 [31.14, 33.91]* <0.001

Body temperature, °C 34.70 [33.10, 35.60] 34.80 [33.95, 35.40] 35.00 [34.40, 35.70] 35.00 [34.60, 35.60] 0.004

Fully active (ECOG PS of 0) 49 (86.0) 494 (88.4) 293 (91.8) 98 (89.9) 0.343

Comorbidities
Diabetes 10 (17.5) 104 (18.6) 79 (24.8)* 36 (33.0)* 0.004
Hypertension 12 (21.1)* 158 (28.3) 128 (40.1)* 38 (34.9)" 0.001
Dyslipidemia 3 (5.3)" 53 (9.5) 57 (17.9)* 12 (11.0) 0.001
Chronic kidney disease 4 (7.0) 35 (6.3) 14 (4.4) 7 (6.4) 0.655
Chronic heart disease 21 (36.8) 139 (24.9) 65 (20.4) 26 (23.9) 0.053
Cerebral vascular disease 0 (0.0) 25 (4.5) 30 (9.4)* 9 (8.3) 0.040
Dementia 1(1.8) 4(0.7) 3 (0.9) 0 (0.0) 0.633

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status.
" Indicates statistically significant difference vs. normal BMI group (18.5-24.9 kg/m?).

Logistic regression analysis

We performed multivariate analysis using logistic regression to
investigate the factors associated with the incidence of in-hospital
mortality, unfavorable neurological outcomes, and ECMO-related
complications. Compared to a normal BMI, overweight and obesity
were independent risk factors for in-hospital mortality in ECPR cases
(odds ratio [95%ClI], 1.37 [1.02—-1.85], p = 0.035; and 2.09 [1.31-
3.39], p < 0.001, respectively). The obese group with a
BMI > 30 kg/m? showed higher odds of unfavorable neurological out-
comes compared to the normal BMI group (3.17 [1.69-6.49],
p < 0.001). In addition to BMI, age, shockable cardiac rhythms,
and prehospital ROSC were associated with the odds of in-hospital
mortality. Increasing age was also associated with poor neurological
outcomes, whereas the odds of poor neurological outcomes were
significantly lower with bystander CPR, ROSC before hospital arrival,
and ventricular tachycardia (Table 3). There was no significant asso-
ciation between the BMI categories and the incidence of ECMO-
related complications (Table 3).

Subgroup analysis

As there were differences in factors, such as age and PCI rate
among BMI groups (Table 1), we conducted a subgroup analysis
to examine their effects on the outcomes. Regardless of the pres-
ence of PCI, there was an increased odds of in-hospital mortality
and poor neurological outcomes in the obese group with a
BMI > 30 kg/m?, consistent with the overall analysis (Table 4). The
association between BMI and outcome was no longer observed in
patients aged >65 years (Table 4). There was no correlation
between BMI and the incidence of procedure-related complications
in any subgroup (Table 4).

Sensitivity analysis
Among 2,157 of the entire SAVE-J Il cohort including both cardiac
and non-cardiac etiology, increased odds of both in-hospital mortality

and the unfavorable neurological outcome remained in the over-
weight (odds ratio [95%Cl], in-hospital mortality: 1.73 [1.37-2.18],
p < 0.001; and unfavorable neurological outcome: 1.64 [1.24—
2.19], p = 0.002, respectively) and obese (1.67 [1.29-3.33],
p = 0.022, and 2.54 [1.40-5.01], p < 0.001, respectively) groups.
Similar results were also observed in the missing BMI-imputed
cohort (n = 1,644); overweight group (in-hospital mortality: 1.67
[1.11-2.27], p < 0.001; and unfavorable neurological outcome:
1.64 [1.19-2.22], p = 0.041, respectively) and obese group (1.88
[1.61-2.54], p = 0.020, and 3.27 [1.61-7.51], p = 0.019,
respectively).

Discussion

In this study, we examined the association between BMI and out-
comes in patients undergoing ECPR. Interestingly, among patients
with OHCA who received ECPR, those with a BMI > 25 kg/m2 had
a higher in-hospital mortality rate compared with the patients with
normal BMI. Second, in addition to mortality, the rate of adverse neu-
rological outcomes after ECPR in patients with a BMI > 30 kg/m?
was significantly higher. There was no association between BMI
and ECMO-related complications.

Obesity is generally considered a high-risk factor for poor out-
comes, even in patients without OHCA.""”"® Our findings showed
that obesity is a poor prognostic factor for OHCA, consistent with
those of previous studies.*>'® Despite no difference in initial CA
rhythms or whether the event was witnessed between BMI groups,
obesity remained associated with poor prognosis compared to the
normal BMI group probably because obesity is often associated with
underlying diseases, such as cardiovascular disease and diabetes
mellitus, which increases the risk of complications in the 1CU.%"82°
In this study, patients with obesity tended to have reduced arterial
blood gas oxygen concentrations upon admission to the emergency



RESUSCITATION PLUS 16 (2023) 100497

Table 2 - Characteristics of cardiac arrest events, laboratory tests, emergency procedures and outcomes
according to the BMI category.

Variables Underweight Normal (18.5-24.9)  Overweight (25— Obese (>30) p-value
(BMI < 18.5) 29.9)
n 57 559 319 109
Witnessed cardiac arrest (%) 45 (78.9) 435 (77.8) 256 (80.3) 97 (89.0) 0.068
Bystander CPR 39 (68.4) 336 (60.1) 198 (62.1) 70 (64.2) 0.574
Initial cardiac rhythm at the scene 0.277
Asystole 6 (10.5) 2 (7.5) 15 (4.7) 4 (3.7)
Pulseless electrical activity 6 (10.5) 83 (14.8) 1(19.1) 24 (22.0)
Ventricular tachycardia 17 (29.8) 165 (29.5) 94 (29.5) 2 (29.4)
Ventricular fibrillation 28 (49.1) 269 (48.1) 149 (46.7) 9 (45.0)
AED use 35 (61.4) 348 (62.3) 193 (60.5) 7 (61.5) 0.966
ROSC before ED arrival 9 (15.8) 82 (14.7) 38 (11.9) (10.1) 0.442
VT/VF at ED arrival 28 (49.1) 269 (48.1) 149 (46.7) 9 (45.0) 0.944
Arterial blood gas in ED
pH at ED arrival 6.93 [6.84, 7.07] 6.96 [6.83, 7.08] 6.94 [6.82, 7.06] 6.91 [6.81, 7.04] 0.148
pO,, mmHg 116.00 [49.80, 92.30 [39.20, 81.90 [38.50, 71.80 [25.20, 0.098
359.00] 300.95] 283.90] 258.00]
pCO,, mmHg 60.40 [31.70, 84.50] 63.10 [44.03, 83.90] 65.10[47.55,85.10] 68.20 [44.70, 92.50] 0.225
Base excess —18.80 [-23.52, —18.55 [-23.52, —18.25 [-24.52, —19.40 [-23.75, 0.704
—14.07] —13.90] -12.97] —14.38]
Low-flow time, min 60.00 [45.00, 77.00] 56.00 [45.00, 73.00] 55.00 [44.00, 66.00] 56.00 [47.00, 66.00] 0.401
Emergency coronary angiography 38 (66.7) * 461 (82.5) 264 (82.8) 92 (84.4) 0.022
Percutaneous coronary 16 (28.1) * 274 (49.0) 166 (52.0) 59 (54.1) 0.007
intervention
Intra-aortic balloon pumping 29 (50.9) * 387 (69.2) 231 (72.4) 0 (73.4) 0.010
Outcomes
In-hospital mortality 29 (50.9) 332 (59.4) 209 (65.5) 9 (72.5) * 0.010
Unfavorable neurological outcome 42 (73.7) 432 (77.3) 262 (82.1) 8 (89.9) * 0.009
ECMO-related complications 18 (31.6) 176 (31.5) 102 (32.0) 5 (32.1) 0.966
Cannulation site bleeding 9 (16.1) 111 (19.9) 54 (16.9) 24 (22.0) 0.549
Infections related to ECMO 3(5.4) 36 (6.7) 0 (9.7) 5(4.7) 0.229
Limb ischemia 6 (10.5) 0 (8.9) 8 (11.9) 9 (8.3) 0.497
Retroperitoneal hematoma 3 (5.3) 14 (2.5) 1(3.4) 1(0.9) 0.338
Gastrointestinal bleeding 3 (5.3) 2 (9.3) 27 (8.5) 9 (8.3) 0.769
Intracranial hemorrhage 0 (0.0) (0.2) 3(0.9) 1(0.9) 0.362
Surgical cannulation 3 (5.3) 14 (2.5) 7 (2.2) 4 (3.7) 0.528

BMI, body mass index; CPR, cardiopulmonary resuscitation; AED, automated external defibrillator; ROSC, return of spontaneous circulation; ED, emergency

department; VT, ventricular tachycardia; VF, ventricular fibrillation; ECMO, extracorporeal membrane oxygenation,
" Indicates statistically significant difference vs. normal BMI group (18.5-24.9 kg/m?).

department. Although the mean low-flow time did not differ signifi-
cantly among the four BMI categories, patients with obesity may
have already been hypoxic upon arrival at the emergency depart-
ment. Additionally, chest compressions during cardiac resuscitation
may be less effective in patients with obesity.?** Collectively, we
hypothesize that CPR efficacy may be reduced in patients with obe-
sity who may experience hypoxia during transport and neurological
damage upon arrival at the hospital. Additionally, mortality from
delayed complications related to comorbidities, such as diabetes,
may occur in patients with obesity after ICU admission.

Patients with low BMI have been reported to be associated with
poor prognosis following resuscitation, which may indicate their mal-
nutrition status.?® Additionally, patients with extremely low BMI who
experienced CA may also include those with inherently compromised
conditions, such as congenital heart disease, advanced stages of
malignancy, or neurogenic anorexia nervosa. Complications, such
as chest trauma, pulmonary hemorrhage, and intra-abdominal organ
injury, may be more likely with chest compressions in the low BMI
group.?*"2” However, in this study, no significant differences in out-
comes were observed between patients with normal BMI and those
in the underweight group. This may be attributable to the BMI cut-off

for the underweight group being set at <18.5 kg/m?. Indeed, the med-
ian BMI for the underweight group was approximately 17 kg/m?, with
very few cases having a BMI below 16 kg/m?, which may explain the
deviation from findings in other studies.

We postulated that obesity would prolong the duration of the
ECMO insertion procedure and that obese patients would have
a longer low-flow time. However, contrary to our hypothesis,
the time from hospital arrival to the completion of ECMO insertion
was not significantly different between the BMI groups. Previous
studies have reported that patients with a higher BMI require
more time for ECMO establishment and have an increased inci-
dence of procedure-related complications.?® Alvarez et al. postu-
lated that thick subcutaneous tissue in patients who are severely
obese may lead to confounding anatomical landmarks.® This can
increase periprocedural morbidity and cannulation difficulty rela-
tive to patients with a normal BMI.®?°*° Here, obesity was
defined as a BMI > 30 kg/m?. In the patients included in this
study, only 14.6% of those with obesity had class Il obesity
(BMI > 35 kg/m?). In contrast, a study of ECMO-related compli-
cations in the US found that 47.2% of the patients had a
BMI > 30 kg/m?, with more than 50% of those classified as obese
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(A) In-hospital mortality

(B) Unfavorable neurological outcome

(C) ECMO-related complications
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Fig. 2 - Generalized additive model evaluating the association between body mass index and outcomes. Association
between body mass index (BMI) and in-hospital mortality (A), unfavorable neurological outcome (B), and ECMO-
related complications (C). Outcomes were analyzed using the non-linear generalized additive model adjusted for
age, sex, witnessed cardiac arrest, bystander CPR, initial rhythms, presence of the prehospital return of
spontaneous circulation, low-flow time, and presence of percutaneous coronary intervention. The vertical dotted
line represents a BMI range of 18.5-24.9 kg/m?, indicating normal weight. The shaded area represents the 95%

confidence intervals for the estimated points.

Table 3 - Multivariate analysis of factors associated with clinical outcomes.

In-hospital mortality

Unfavorable neurologicaloutcome

ECMO-related complication

Variables OR 95% ClI p-value OR 95% Cl p-value OR 95% Cl p-value
BMI category
Underweight 0.79 0.44-1.41 0.419 0.99 0.52-1.97 0.992 1.13 0.40-3.06 0.738
Normal 1.00 Reference - 1.00 Reference = 1.00 Reference -
Overweight 1.37 1.02-1.85 0.035 1.39 0.98-2.00 0.071 1.01 0.59-1.97 0.770
Obese 2.09 1.31-3.39 <0.001 3.17 1.69-6.49 <0.001 1.05 0.66-1.64  0.801
Age 1.01 1.01-1.02 <0.001 1.02 1.01-1.03 <0.001 0.99 0.98-1.00 0.927
Male, sex 1.28 0.91-1.81 0.181 1.27 0.83-1.91 0.246 1.22 0.86-1.80 0.240
Pre-existing comorbidities” 1.17 0.87-1.53 0.284 0.94 0.66-1.34 0.770 1.05 0.66-1.70  0.801
Witnessed cardiac arrest 0.80 0.56-1.13 0.221 0.75 0.47-1.15 0.204 1.12 0.79-1.60  0.520
Bystander CPR 1.14 0.86-1.51 0.359 0.68 0.48-0.96 0.034 0.79 0.59-1.05 0.113
Initial rhythm
Asystole 1.00 Reference - 1.00 Reference - 1.00 Reference -
Pulseless electrical activity 1.08 0.58-1.94 0.807 0.68 0.29-1.47 0.360 1.02 0.59-1.80 0.936
Ventricular fibrillation 0.56 0.31-0.95 0.039 0.44 0.19-0.89 0.032 0.79 047-1.35 0.388
Ventricular tachycardia 0.45 0.15-1.22 0.115 0.29 0.08-0.99 0.044 1.06 0.37-2.87 0.906
ROSC before arrival 0.44 0.29-0.65 <0.001 0.49 0.31-078 0.002 1.09 0.72-1.63 0.673
Low-flow time 1.01 1.00-1.02 <0.001 1.00 0.99-1.00 0.465 0.99 0.99-1.00 0.373
Percutaneous coronary intervention 1.08 0.82-1.43 0.568 1.01 0.71-1.41 0.974 1.29 0.98-1.71 0.066

ECMO, extracorporeal membrane oxygenation; BMI, body mass index; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; OR, odds

ratio; Cl, confidence interval.

# Pre-existing comorbidities include diabetes, hypertension, dyslipidemia, chronic kidney disease, chronic heart disease, cerebrovascular disease, and

dementia.

having a BMI > 35 kg/m?, indicating class Il obesity or greater.®
This discrepancy in BMI distribution may account for the
observed differences between our findings and those of other
studies. The severity of the cohort, with a mortality rate of nearly
70%, may also explain the lack of significant differences in the
incidence of ECMO-related complications in this study. This mor-
tality bias may have prevented many cases from developing com-
plications before death.>° A cohort with a lower mortality rate,
such as patients with postoperative cardiogenic shock supported
by ECMO, may be more appropriate to study ECMO-related
complications.®’

Strengths and limitations of the study

A major strength of this study is the collection of cases from multiple
advanced medical institutions nationwide, and to our knowledge, this
study is the largest cohort of patients with OHCA who have received
ECPR to date." However, this study presents several limitations.
First, this was a retrospective study with different inclusion and
exclusion criteria at each participating institution; therefore, we have
reported the inclusion and exclusion criteria at all 36 SAVE-J Il hos-
pitals in another paper.®? As shown in Fig. 1, 36.4% of patients had
missing height or weight records, and their BMI could not be calcu-
lated. Therefore, as a sensitivity analysis, we repeated the main
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Table 4 - Subgroup analysis of in-hospital mortality and unfavorable neurological outcomes.

In-hospital mortality

Unfavorable neurological outcome

ECMO-related complication

Variables N OR 95% ClI p-value OR 95% Cl p-value OR 95% Cl p-value
Age
<65 years <65 years <65 years
Underweight 33 084 0.39-1.82 0.672 1.66 0.69-4.48 0.276 1.08 0.46-2.35  0.842
Normal weight 300 1.00 Reference — 1.00 Reference - 1.00 Reference  —
Overweight 209 1.42 0.97-2.08 0.070 1.38 0.89-2.17 0.149 1.07 0.71-1.58 0.747
Obese 84 234 1.36-4.15 <0.001 2.88 1.45-6.28 <0.001 1.03 0.59-1.75  0.912
>65 years >65 years >65 years
Underweight 24 0.74 0.30-1.85 0.513 0.47 0.18-1.32 0.138 1.25 0.47-3.07  0.626
Normal weight 259 1.00 Reference — 1.00 Reference = 1.00 Reference  —
Overweight 110 1.25 0.77-2.08 0.364 1.26 0.66-2.51 0.436 1.07 0.66-1.72  0.775
Obese 25 1.43 0.58-3.85 0.451 4.94 0.97-90.32 0.125 1.38 0.56-3.24  0.459
PCI
PCI PCI PCI
Underweight 16 1.34 0.44-4.36 0.607 0.96 0.29-3.91 0.960 1.60 0.54-4.55  0.372
Normal weight 274 1.00 Reference - 1.00 Reference = 1.00 Reference  —
Overweight 166 1.28 0.83-1.98 0.253 1.28 0.76-2.17 0.344 0.79 0.51-1.20 0.278
Obese 59 2.15 1.11-4.32  0.002 5.93 2.18-20.96  0.001 1.22 0.65-2.23  0.502
No PCI No PCI No PCI
Underweight 41 0.69 0.35-1.37  0.299 1.00 0.47-2.24 0.988 0.99 0.45-2.06  0.995
Normal weight 285 1.00 Reference — 1.00 Reference - 1.00 Reference  —
Overweight 153 1.62 1.06-2.49 0.025 1.78 1.06-3.08 0.003 1.32 0.86-2.03  0.206
Obese 50 2.32 1.18-4.79 0.017 2.15 0.98-5.44 0.077 9.21 0.44-18.07 0.817

ECMO, extracorporeal membrane oxygenation; PCI, percutaneous coronary intervention; OR, odds ratio; Cl, confidence interval.

analysis with cases in which BMI was imputed and found that an
increase in BMI was still associated with poor outcomes. This was
a retrospective exploratory study, and we did not calculate the
required sample size. There were relatively few underweight patients
and patients with obesity, with the majority having a BMI of 18.5—
25 kg/m?. High mortality in OHCA cases may have led to survival
bias, influencing the occurrence of complications. The inclusion crite-
ria for estimating CA etiology may have resulted in a heterogeneous
population. A subgroup analysis of cases undergoing emergency
PCI yielded results similar to the overall analysis. The study only
used data from Japan, potentially affecting the generalizability to
other countries. Finally, the exclusion of cases due to missing height
and weight data, along with the self-reported nature of complication
occurrence, may have led to facility bias.

Conclusions

Among patients with OHCA who underwent ECPR, those with a BMI of
>25 kg/m? had higher in-hospital mortality rates than those with a normal
BMI. In patients with obesity who had a BMI > 30 kg/m?, significantly
worse neurological outcomes were observed after resuscitation. There
is considerable interest in incorporating BMI into ECPR prognostication,
which should be explored in future prospective studies.
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