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Background: There are conflicting results regarding the association between body mass index and
the prognosis of cardiac arrest patients. We investigated the association of the composition and
distribution of muscle and fat with neurologic outcomes at hospital discharge in successfully re-
suscitated out-of-hospital cardiac arrest (OHCA) patients.

Methods: This prospective, single-centre, observational study involved adult OHCA patients, con-
ducted between April 2019 and June 2021. The ratio of total skeletal muscle, upper limb muscle,
lower limb muscle, and total fat to body weight was measured using InBody $10, a bioimpedance
analyser, after achieving the return of spontaneous circulation. Restricted cubic spline curves with
four knots were used to examine the relationship between total skeletal muscle, upper limb mus-
cle, and lower limb muscle relative to total body weight and neurologic outcome at discharge.
Multivariable logistic regression analysis was performed to assess an independent association.
Results: A total of 66 patients were enrolled in the study. The proportion of total muscle and lower
limb muscle positively correlated with the possibility of having a good neurologic outcome. The
proportion of lower limb muscle showed an independent association in the multivariable analysis
(adjusted odds ratio, 2.29; 95% confidence interval, 1.06-13.98), and its optimal cut-off value cal-
culated through receiver operating characteristic curve analysis was 23.1%, which can predict a
good neurological outcome.

Conclusions: A higher proportion of lower limb muscle to body weight was independently associ-
ated with the probability of having a good neurologic outcome in OHCA patients.
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is one of the major public health challenges. Despite
advances in treatment modalities, hypoxic-ischaemic brain injury occurs in a large propor-
tion of cardiac arrest patients, with the proportion of neurologically intact survivors report-
ed to be <10% in most countries [1]. Cardiac arrest, in which the circulation by the heart is
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stopped, causes hypoxic-ischaemic damage to multiple vital
organs. Among them, hypoxic-ischaemic brain injury is one
of the most important factors associated with poor outcome
of patients [2,3]. The degree of brain injury in OHCA patients
is largely determined by the appropriateness of initial treat-
ment immediately after cardiac arrest, but baseline charac-
teristics of patients, such as age, sex, comorbidities, and body
compositions, are also attributing factors [4]. Since assessing
the prognosis of OHCA patients at an early stage of treatment
is a challenging and important issue, studies have been con-
ducted on the effects of these baseline characteristics on the
prognosis of the patients.

Body composition is an index that indirectly reflects pa-
tient conditions before cardiac arrests, such as nutritional
status or lifestyle, which are difficult to measure objectively.
As a representative example, the body mass index (BMI), a
simple calculated value using height and weight for estimat-
ing the degree of obesity, has been widely studied for the
association with the prognosis of cardiac arrest patients [5-9].
Many of these studies have reported that patients with higher
BMI are more likely to have better outcomes; however, the re-
sults were conflicting. We hypothesized that these conflicting
results could be explained by the absence of consideration of
detailed muscle and fat composition in BMI. So, we sought
to investigate the association of muscle and fat composition
with neurologic outcomes at hospital discharge in success-
fully resuscitated OHCA patients.

MATERIALS AND METHODS

The Institutional Review Board of Seoul National University
Bundang Hospital approved this study (No. B-1904-534-302).
Written informed consent was obtained from the patient or
legal representatives.

Study Design and Setting

The present study was a prospective, single-centre obser-
vational study involving OHCA patients, conducted in a
tertiary teaching hospital between April 2019 and June 2021.
The inclusion criteria were as follows: adult non-traumatic
OHCA patients admitted to an intensive care unit (ICU) af-
ter achieving a sustained return of spontaneous circulation
(ROSC). The exclusion criteria were as follows: (1) patients
who did not achieve survival to ICU admission, (2) patients
whose baseline cerebral performance category (CPC) was 3
or 4 prior to cardiac arrest, (3) patients with end-stage malig-
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KEY MESSAGES

= There are conflicting results regarding the association
between body mass index and the prognosis of cardiac
arrest patients.

= In this study, the proportion of lower limb muscle >23.1%
showed an independent association with good neurolog-
ic outcomes, which could be one reason for the conflict-
ing results.

nancies, (4) patients whose legal representatives refused to
participate in the study, (5) patients who did not have a legal
representative to obtain informed consent by the time of ICU
admission, and (6) patients whose data acquisition could not
be completed because of the required procedure or patient
death.

During the study, the emergency medical service (EMS)
system was a two-tiered dispatch system in the area includ-
ing the study institution. When a patient suspected of cardiac
arrest was reported, the two nearest available paramedic
teams were dispatched to the scene. EMS provided basic life
support, and if available, advanced life support (ALS) was
dispatched. The ALS included securing an advanced airway
and intravenous epinephrine administration under direct
medical control through video call. When ROSC is achieved
at the scene, the patient was transferred to an emergency de-
partment (ED). If the patient was not resuscitated, the patient
was transferred to the ED while continuing cardiopulmonary
resuscitation (CPR), as per the opinion of the emergency
physician [10].

When a patient arrived at the ED without achieving ROSC,
ALS was provided in the ED following the American Heart
Association guidelines [11,12]. Chest compression was
performed using Lund University Cardiopulmonary Assist
System 2 (LUCAS-2) device (Physio-Control), an advanced
airway was secured, and epinephrine was administered after
securing an intravenous line. If the patient achieved ROSC
at the ED, hospitalisation to the ICU and post-cardiac arrest
care, such as cardiovascular interventions, targeted tempera-
ture management (TTM), and hemodynamic support were
planned as needed. The TTM was applied with an automated
surface cooling device (Arctic Sun) when legal representa-
tives agree to use it, and otherwise, a cold blanket was used
as needed. If a patient presented to the ED with ROSC, ad-
mission to the ICU and post-cardiac arrest care were initiated
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forthwith. While ICU admission and post-cardiac arrest care
were planned.

Bioelectrical Impedance Analysis

InBody S10 (InBody CO.), a bioimpedance analyser, was used
to estimate body composition of the patients, including mus-
cle and fat mass. InBody S10 assesses the total and segmental
body muscle and fat composition through direct segmental
multi-frequency bioimpedance analysis [13,14]. It estimates
body composition by using the difference in conductivity.
Since adipose tissue has relatively lesser water content than
do other tissues, conductivity decreases as body fat increas-
es. Based on these measurements, the composition ratio of
muscle and fat could be calculated.

A tetrapolar eight-point tactile electrode system was used
for measurements (Figure 1). Two electrodes were attached
to the distal part of both arms and legs, with the patient in the
supine position. For the analysis of body composition at each
segment, impedance measurements of six different frequen-
cies (1, 5, 50, 250, 500, and 1,000kHz) and phase angle mea-
surements of three different frequencies (5, 50, and 250kHz)
wer e performed in each of five segments of the body (both
arms, trunk, and both legs).

Measurements were made in the ED or ICU. If the patient
was moved to an available ICU immediately after achieving

Figure 1. Electrode of InBody S10 for body composition analysis.
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ROSC, the measurement was performed in the ICU. If the pa-
tient stayed in the ED while the ICU was being prepared, the
measurement was performed at the ED. Total skeletal muscle
mass, upper limb muscle mass, lower limb muscle mass, and
total fat mass were measured. If the measurement could not
be completed owing to necessary procedures required for the
patient, or if the patient died before the measurement was
completed after admission, the cases were defined as data

acquisition failure.

Clinical Data Collection and Preprocessing
Clinical data were collected according to the Utstein registry

templates and recorded on a standardised collection form
by a research nurse [15]. Baseline characteristics such as
age, sex, arrest location, presence of a witness, whether by-
stander CPR was performed, whether shock was delivered by
automated external defibrillator (AED) with bystander CPR
before EMS arrival, the first recorded rhythm, and prehospi-
tal low flow time (defined as the total amount of time CPR by
EMS) were collected. Arrest locations were divided into pub-
lic and non-public places. Whether TTM was provided with
automated surface cooling device after ROSC, and body type
information such as height, weight, and waist-hip ratio mea-
sured after admission to the ICU were also recorded. BMI
was calculated based on the measured height and weight.

The ratio of total skeletal muscle, upper limb muscle, lower
limb muscle, and total fat to total body weight was calculated
and recorded using the InBody S10 measurements and body
weight of the patient, respectively. As an outcome variable,
the CPC assessed by the attending physician at the time of
hospital discharge was used; a score of 1 or 2 was defined as a
good neurologic outcome.

Sample Size Determination Based on Power Analysis
Sample size was calculated based on data of the association

between lean body mass (weight of the entire body excluding
fat component) and the outcome of OHCA patients [16]. In
this study, a lean body mass >48.98 kg was associated with a
good neurologic outcome after cardiac arrest, and the pro-
portion of patients with a lean body mass >48.98 kg in the
two groups according to the neurologic outcome was 58.6%
and 23.5%, respectively. A total of 66 patients were required
to detect a similar difference with an 85% power at a two-sid-
ed alpha level of 0.05.
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Statistical Analysis
Patients were divided into two groups based on the neuro-
logic outcome at hospital discharge. For clinical data, con-
tinuous variables were expressed as median (interquartile
range), and categorical variables were expressed as frequen-
cy (percentage), respectively. Wilcoxon rank-sum tests were
used to compare continuous variables, and chi-square test or
Fisher exact test was used to compare categorical variables.
Restricted cubic spline curves with four knots were used
to examine the relationship between total skeletal muscle,
upper limb muscle, and lower limb muscle relative to total
body weight and neurologic outcome at discharge. Unad-
justed odds ratios (ORs) with 95% confidence intervals (CIs)
for good neurologic outcome of the patients at hospital
discharge were calculated according to the change in the
proportion of each body composition. Subsequently, multi-
variable logistic regression analysis was performed to assess
whether each body composition measured and calculated
had an independent association with neurologic outcome
at the time of discharge. Factors considered to be associated
with the prognosis of patients such as age, sex, BMI, arrest
location, the presence of a witness, whether bystander CPR
was performed, whether shock was delivered with bystander
CPR by AED before EMS arrival, the first recorded rhythm,
and the prehospital low flow time were included in the mul-
tivariable analysis. For the body composition that showed
an independent association with the neurologic outcome at
hospital discharge in multivariable analysis, cut-off values
were determined by Youden index through receiver operat-
ing characteristic (ROC) curve analysis, and with the cut-off
value, multivariable analysis with the same covariable was
performed.

T

All data processing and statistical analyses were performed
using the R software package, version 4.1.3 (R Foundation for
Statistical Computing), and a two-tailed P-value <0.05 was
considered statistically significant.

RESULTS

A total of 363 non-traumatic OHCA adult patients were treat-
ed in the ED during the study. Among them, 297 patients
were excluded from the study, and 66 were enrolled (Figure
2). Table 1 shows the clinical characteristics of enrolled pa-
tients, divided according to the neurologic outcome at hospi-
tal discharge. The incidence of a good neurologic outcome at
hospital discharge was higher in younger patients and males.
There was no significant difference in BMI or waist-hip ratio
between groups. Among the body compositions measured,
the proportion of total skeletal muscle and lower limb muscle
was significantly higher in patients with good neurologic out-
come, and the proportion of fat mass and upper limb muscle
had no difference between groups.

Figure 3 shows the restricted cubic spline curves with 95%
CI of the association between the proportion of each body
composition measured by InBody S10 (total skeletal muscle,
upper limb muscle, and lower limb muscle) and the odds of
having a good neurologic outcome at hospital discharge. The
proportion of total muscle and the proportion of lower limb
muscle positively correlated with the possibility of having a
good neurologic outcome, but the proportion of upper limb
muscle did not have any linear correlation. Table 2 shows
the unadjusted and adjusted OR for the association of the
possibility of having a good neurologic outcome with each
body composition. Among the analysed variables, only the

‘ Enrollment ’ 363 Non-traumatic adult OHCA patients

Excluded

A4

2 No legal

245 Not achieved survival admission
14 Baseline CPC 3-4
15 Underlying end-stage malignant disease
10 Failed to obtain informed consent

11 Data acquisition failure

representative for obtain informed consent

‘ Analysis ’ 66 Final analysis

Figure 2. Study flow diagram. OHCA: out-of-hospital cardiac arrest; CPC: cerebral performance category.
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Table 1. Baseline characteristics of patients according to the neurologic outcome at discharge

Good neurologic outcome at  Poor neurologic outcome at

Variable Total (n=66) discharoe [n=26) diseharge (n=z0] P-value
Age (yr) 61.5(53.0-78.8) 53.0 (43.2-60.8) 66.5 (58.0-83.0) <0.001
Male 44 (66.7) 23 (88.5) 21 (52.5) 0.006
Height (cm) 168.5 (160.2-174.0) 172.5 (168.2-178.0) 165.0 (155.0-172.0) 0.001
Weight (kg) 68.4 (60.5-80.0) 71.1 (65.3-80.8) 64.5 (54.0-79.2) 0.025
Body mass index (kg/mz) 24.7 (22.6-26.3) 25.0 (23.5-26.0) 24.6(21.3-26.7) 0.641
Waist-hip ratio .8 (0.8-0.9) 0.8 (0.7-0.9) .8 (0.8-0.9) 0.120
Public location 35(53.0) 14 (53.8) 21 (52.5) 1.000
Witnessed arrest 54(81.8) 23 (88.5) 31(77.5) 0.423
Bystander CPR 46 (70.8) 21 (80.8) 25 (64.1) 0.242
Shock delivered by AED before EMS 2 (3.0 1(3.8) 1(2.5) 1.000
Initial shockable rhythm 29 (43.9) 23 (88.5) 6(15.0) <0.001
Prehospital low flow time 22.0(17.7) 15.1(13.8) 26.0(18.7) 0.019
Prehospital ROSC 33 (54.1) 25(96.2) 8(229) <0.001
TTM with automated surface cooling device 40 (60.6) 12 (46.2) 28 (70.0) 0.093
InBody measurement
Fat mass (kg) 15.4 (11.3-19.0) 14.2 (11.4-19.3) 15.4 (11.5-18.3) 0.969
Total skeletal muscle mass (kg) 29.8 (22.5-35.6) 31.8 (28.0-38.7) 26.5(20.4-33.2) 0.007
Upper limb muscle mass (kg) 7 (4.1-6.8) 6.0 (5.2-6.8) 4(3.8-6.4) 0.115
Lower limb muscle mass (kg) 17.1(13.1-20.4) 19.0 (16.3-23.6) 14.9 (11.7-19.0) 0.001
Proportion”
Fat mass 21.0(17.1-28.1) 20.0 (15.6-26.2) 22.0(18.9-29.5) 0.097
Total skeletal muscle 435 (39.0-46.6) 452 (41.5-46.9) 41.6 (36.9-44.8) 0.036
Upper limb .0 (6.8-8.9) 3(7.1-8.8) 7 (5.9-9.0) 0.537
Lower limb 24.9 (21.0-27.9) 26.3 (24.4-289) 23.1(20.4-25.8) 0.009

Values are presented as median (interquartile range) or number (%o).

CPR: cardiopulmonary resuscitation; AED: automated external defibrillator; EMS: emergency medical service; ROSC: return of spontaneous circulation; TTM:
target temperature management.

a) Proportions are calculated as a percentage of total body weight.

'I_
14 14
0 0 01
o o o
=] =] = -1
© _14 o o
(%] (%} (%}
: £ £-21
0_2_ o o
= = £ 5]
i -2
-3 -4
4
T T T T T T T T T T T
30 35 40 45 50 6 8 10 20 24 28

Proportion of total skeletal muscle (%) Proportion of total skeletal muscle (%) Proportion of total skeletal muscle (%)

Figure 3. The restricted cubic spline curves for the association between the odds ratio of having good neurologic outcome and (A) the proportion
of total skeletal muscle, (B) the proportion of upper limb muscle, and (C) the proportion of lower limb muscle. Each cubic spline curve was drawn
with four knots. The dark line indicates the probability of a good neurologic outcome at hospital discharge, and the grey shaded area represents
the 95% confidence interval.
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Table 2. Association between the skeletal muscle mass and neurologic outcome at hospital discharge

Variable Unadjusted OR 95% Cl Adjusted OR” 95% Cl
Proportion of total skeletal muscle 1.1 1.01-1.21 232 0.31-19.08
Proportion of upper limb muscle 1.11 0.87-1.43 0.62 0.15-1.55
Proportion of lower limb muscle 1.18 1.04-1.35 2.29 1.06-13.98

OR: odds ratio; Cl: confidence interval; CPR: cardiopulmonary resuscitation.

a) For calculating adjusted odds ratios, factors thought to be associated with patient prognosis in previous studies such as age, sex, body mass index, arrest
location, the presence of a witness, whether bystander CPR was performed, whether shock was delivered with bystander CPR by automated external defibrillator
before emergency medical service arrival, the first recorded rhythm, and the prehospital low flow time were included in the multivariable analysis.

proportion of lower limb muscle showed an independent
association with the possibility of having a good neurologic
outcome at hospital discharge (adjusted OR, 2.29; 95% CI,
1.06-13.98). Detailed results of multivariable logistic regres-
sion analysis on the association between the proportion of
lower limb muscle and neurologic outcome, and OR and 95%
CI for each variable included in the analysis are shown in
Supplementary Table 1.

The optimal cut-off value of the proportion of the lower
limb muscle calculated through ROC curve analysis, which
can predict a good neurological outcome, was 23.1%. (Sup-
plementary Figure 1). In multivariable logistic regression
analysis, the adjusted OR of the proportion of lower limb
muscle >23.1% for a good neurologic outcome at hospital
discharge was 563.74 (95% CI, 1.86-2.94e8).

DISCUSSION

Results of the present study suggest that a high proportion of
lower limb muscle is associated with a good neurologic out-
come at hospital discharge in OHCA patients who achieved
sustained ROSC. The proportion of lower limb muscle
>23.1% showed an independent association with good neu-
rologic outcomes. Considering that this study was conducted
with a small population, it was difficult to properly perform
subgroup analysis according to patient characteristics. How-
ever, because the association between body composition and
the prognosis of OHCA patients may vary depending on the
clinical characteristics, body composition according to neu-
rologic outcome is additionally assessed in each subgroup.
To assess differences according to patient characteristics,
body composition was additionally compared in subgroups
according to age, sex, BM], first recorded rhythm, and wheth-
er TTM was applied. Subgroups according to age were divid-
ed based on the age of 65, and subgroups according to BMI
were divided into underweight (BMI <18.5 kg/m?), normal

Acute and Critical Care 2023 February 38(1):104-112

weight (18.5< BMI <25 kg/m?), and overweight (25 kg/m’<
BMI). Supplementary Tables 2-6 show the body composi-
tion of patients in each subgroup. In subgroups according to
clinical characteristics, differences in lower limb muscles be-
tween the two groups according to neurologic outcome were
shown in patients with young age, with high BMI, and with
an initial shockable rhythm. However, drawing conclusions
about independent associations within each subgroup was
difficult from these results.

There have been several studies on the relationship be-
tween body composition and prognosis in various condi-
tions, such as cardiac arrest, and many of them focused on
BMLI. These studies have reported that a higher BMI is associ-
ated with better outcomes in critically ill patients, including
cardiac arrest [5-7,17]. These results, which are contrary to
the general negative perception of obesity, coined the ex-
pression "obesity paradox.” However, these results were not
always consistent. According to a meta-analysis that investi-
gated the association between BMI and mortality in critically
ill patients, many included studies showed inconsistent
results for statistical significance [18]. Furthermore, in the
pooled analysis, overweight patients with a BMI of 25 to 29.9
kg/m’ were associated with low mortality, but severely obese
patients with a BMI >40 kg/m’ did not.

These inconsistent results also have been reported in stud-
ies on cardiac arrest patients. Several studies have suggested
that a higher BMI is not consistently associated with a better
prognosis [5,8]. Moreover, a recent study reported that a
higher BMI might be associated with a poorer prognosis in
cardiac arrest patients [9]. In accordance with the inconsis-
tency, our study showed no significant difference in BMI be-
tween the two groups classified by the neurologic outcome.

Beyond the application of the conventional BMI, some
studies focused on the proportion of muscle in the body. In
efforts to examine the idea that body composition, especially
the skeletal muscle mass in the body, would influence the
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outcome of diseases, some researchers have focused on sar-
copenia. Sarcopenia, defined as the lack of muscle mass or
muscle strength, and occurring mainly in older patients, has
been reported to be associated with cardiovascular or respi-
ratory diseases [19,20]. These studies suggested that skeletal
muscle mass has an association with underlying conditions
of patients, such as exercising, nutritional status, and the
presence of metabolic diseases, that are difficult to assess. In
addition, a recent study on patients with in-hospital cardiac
arrest reported that skeletal muscle depletion prior to cardiac
arrest was associated with higher long-term mortality and
poor neurologic outcomes [21]. Additionally, sarcopenia is
often accompanied by an increase of adipose tissue in older
patients, and this sarcopenic obesity is associated with an
increase in mortality of patients [22,23]. In the present study,
the proportion of total skeletal muscle mass correlated with
a good neurologic outcome of OHCA patients, as demon-
strated by the restricted cubic spline curve and univariable
analysis, although it was not statistically significant in the
multivariable analysis.

The underlying mechanism regarding the association
between skeletal muscle mass and the prognosis of OHCA
patients is unclear. A potential mechanism proposed in pre-
clinical studies is the association with myokines, which are
anti- inflammatory hormone-like cytokines secreted by skel-
etal muscles [24,25]. Since post-cardiac arrest syndrome is a
systemic inflammatory condition similar to sepsis [12], suffi-
cient muscle mass and its myokine secreting capacity before
cardiac arrest could ensure anti-inflammation and thus may
lead to a favourable prognosis of patients. In addition, myok-
ines have been suggested to have a protective effect against
metabolic abnormalities in cardiovascular disease [26,27].

Beyond conventional BMI or the composition of the whole
body, some researchers have focused on the composition of
each section of the body. These studies reported that the risk
of cardiovascular disease decreased as the limbs-to-trunk fat
mass or fat-free mass ratio increased [28-30]. Although most
of these studies focused mainly on the fat mass of each part
of the body, rather than on the muscle mass, the results of
these studies have suggested that the decreased limb mass
may be related to the higher risk of cardiovascular or meta-
bolic diseases. Another study investigated the association of
the circumference of limbs with cardiovascular and all-cause
mortality in patients [31]. In this study, the circumference of
the calf and thigh was suggested to be related to the progno-
sis of the patients. The circumference of the calf or thigh may

110 https://www.accjournal.org
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have a correlation with the muscle mass of the lower limb,
and from this point of view, these results can be comparable
to the findings of the present study. Similarly, another recent
study reported that the muscle size of the lower limb was as-
sociated with the prognosis of patients diagnosed with coro-
navirus disease 2019 [32]. The lower limb consists of a large
percentage of muscle mass in the body and is highly related
to performance, which is difficult to measure objectively.

The present study has several limitations. Firstly, this was
a single-centre study with a small sample size. Secondly,
although we performed multivariable analysis to correct for
several possible confounders, the prognosis of OHCA pa-
tients is influenced by various complex factors. Accordingly,
unmeasured confounders might have influenced the results.
Thirdly, the muscle mass for each region used in the analy-
sis was indirectly measured using the InBody S10. Although
there have been several reports supporting the measurement
of muscle mass through a bioimpedance analyser such as the
InBody S10, the indirect measurement method could be bi-
ased. Lastly, owing to the characteristic of the measurement
method of the InBody S10 device, whereby electric current
does not flow through the head, the muscle mass of the head
and neck was not completely included in the analysis.

In conclusion, the results of the present study suggested
that the higher proportion of lower limb muscle to the body
weight was independently associated with the probability of
having a good neurologic outcome in OHCA patients.
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