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Abstract \
Background: To determine the impact of body mass index (BMI) on clinical outcomes in out-of-hospital cardiac arrest (OHCA)
survivors treated with targeted temperature management (TTM).

Methods: We conducted a retrospective cohort study of 261 adult OHCA survivors who received complete TTM between January
2011 and December 2018 using data from the Research Patient Database Registry of Partners HealthCare system in Boston.
Patients were categorized as underweight (BMI < 18.5kg/m?), normal weight (BMI = 18.5-24.9kg/m?), overweight (BMI = 25—
29.9kg/m?), and obese (BMI > 30kg/m?), according to the World Health Organization classification.

Results: The average BMI was 28.9 + 7.1 kg/m?. Patients with a higher BMI had higher rates of hypertension and diabetes mellitus,
and were more likely to be witnessed on collapse. Patients with lower BMI levels had higher sequential organ failure assessment
(SOFA) scores, blood urea nitrogen values, and mild thrombocytopenia rates (platelet count <150K/uL) after the TTM treatment.
The survival to discharge and favorable neurological outcome at discharge were reported in 117 (44.8%) and 76 (29.1%) patients,
respectively. The survival at discharge, favorable neurologic outcomes at discharge, length of hospital admission, and the occur-
rence of acute kidney injury did not significantly differ between the BMI subgroups. In logistic regression model, BMI was not an
independent predictor for survival at discharge (adjusted odds ratio 0.945, 95% Cl 0.883-1.012, p = 0.108) nor for the favorable
neurologic outcome at discharge (adjusted odds ratio 1.022, 95% CI 0.955-1.093, p = 0.528).

Conclusion: In OHCA patients treated with TTM, there was no significant difference across BMI subgroups for survival or favora-
ble neurologic outcome at discharge.

Keywords: Body mass index; Cardiac arrest; Neurological outcome; Targeted temperature management; Therapeutic hypother-
mia; Survival

1. INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a common public
health concern that affects approximately 360 000 patients per
year in the United States.! Despite several advances in resusci-
tation care, OHCA is still the main cause of death in numer-
ous places worldwide.? Neurologic injury is the most common
cause of death in OHCA patients and the subsequent anoxic
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brain injury still remains a major health burden for OHCA sur-
vivors with only 3% to 7% recovering to their precardiac arrest
functional status.’” The ensuing vegetative state or cognitive
impairment then burdens the health system and patients’ fam-
ily members with considerable expenses related to temporary or
permanent home care.®

Recently, the concept of postcardiac arrest care has been
regarded as the fifth survival chain link, and this can potentially
improve morbidity and mortality resulting from neurological
injury.” Implementation of therapeutic hypothermia in selected
OHCA survivors can improve the neurological outcome and
survival.”® Although moderate amounts of studies on targeted
temperature management (TTM) exist, its neuroprotective
mechanisms remain to be comprehensively understood and are
thought to be multifactorial.” The growing evidence supports
the assumption that the protective effect of TTM is influenced
by patient-specific characteristics or circumstances concerning
the cardiac arrest itself.!

Obesity has become increasingly common worldwide and
is a major risk factor for diabetes, hypertension, dyslipidemia,
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and coronary artery disease.!! Previous studies have shown
that an elevated body mass index (BMI) was linked to
favorable short-term or long-term outcomes in cardiac arrest
patients.''? This phenomenon has been referred to as the
“obesity paradox.”'3> Moreover, obesity has been reported to
be protective in patients who are elderly or hospitalized or
who have cancer, end-stage renal disease, or acquired immune
deficiency syndrome.'*!® Possible causes of the reverse epi-
demiology of obesity include a more stable hemodynamic
status, endotoxin-lipoprotein interaction, alterations in cir-
culating cytokines, and unique neurohormonal constellations.
However, obesity may influence cardiopulmonary resuscita-
tion (CPR) quality, prolong TTM induction time, worsen pos-
tresuscitation shock, and increase therapeutic hypothermia
failure.!’? Testori et al'? analyzed the impact of BMI in car-
diac arrest survivors, but not all patients received subsequent
TTM. Recently, several studies have demonstrated neutral or
poor results of survival or neurological outcomes in obese
cardiac arrest patients.’”?! Moreover, owing to varying back-
grounds, a few OHCA and in-hospital cardiac arrest patients
could not be compared.'>!?* Currently, limited data exist
regarding the influence of BMI on the prognosis of OHCA
patients after TTM.'"?* Therefore, we aimed to examine the
association between BMI and clinical outcomes among OHCA
survivors who were treated with TTM.

2. METHODS

2.1. Study design and patient involvement

In this retrospective observational cohort study, we included
data of OHCA survivors (ICD-10-CM Code 146.9) >18 years of
age who received subsequent TTM between January 2011 and
December 2018, from the Research Patient Database Registry of
Partners HealthCare system in Boston. Patients were excluded
if they expired during the treatment process, had missing data,
did not complete TTM or reach the target temperature, or had
a do-not-resuscitate order. The clinical, epidemiological, and
resuscitation characteristics of cases were documented. This is
a multicentered database comprising over 6.5 million patients
who availed services at the Brigham and Women’s Hospital,
Massachusetts General Hospital, Faulkner Hospital, Spaulding
Rehabilitation Hospital, Newton Wellesley Hospital, North
Shore Medical Center or McLean hospital and over two billion
medical records from patient encounters, laboratories results,
and other medical care. This study was approved by Partners
HealthCare Institutional Review Board (Protocol Number:
2019P000111).

TTM protocols may not be identically standardized
among all hospitals in the Partners HealthCare system but
are accepted by national academic societies. Eligible patients
were actively cooled for a constant 24-hour period once they
achieved a target temperature between 32 and 36°C. The
decision to use TTM relied on the judgment of the attending
physician. No absolute contraindications for TTM existed.
Cooling was initiated to reach the desired target temperature
as rapidly as possible. Sedation and/or neuromuscular block-
ing agents were administered to attain a Bedside Shivering
Assessment Scale score of 0.22 Patients were then maintained
at the designated target temperature for 24 hours. Upon com-
pletion of the maintenance phase, patients were rewarmed
slowly at a rate of 0.25°C/h, until the core temperature
reached 37°C for 48 hours, which is the alleged normother-
mia stage. The goal of normothermia was to prevent a fever.
Advanced critical care such as ventilation, oxygenation, glu-
cose control, and hemodynamic optimization was executed
according to the guidelines.
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2.2. Data collection and outcomes

Data regarding cardiac arrest event variables and outcomes
were documented according to the standardized Utstein-style
definitions.?* The enrolled patients were categorized according
to the World Health Organization classification as underweight
(BMI < 18.5kg/m?), normal weight (BMI = 18.5-24.9 kg/m?),
overweight (BMI = 25-29.9 kg/m?), and obese (BMI > 30 kg/m?).
The duration of return of spontaneous circulation (ROSC) was
defined as the time from collapse or alarm call to spontaneous
circulation reestablishment. The sequential organ failure assess-
ment (SOFA) score within the first 24 hours after admission was
used to evaluate the severity of multiple organ dysfunctions.
Neurological outcomes and survival at hospital discharge were
considered primary outcomes. Length of hospital admission
and the occurrence of acute kidney injury (AKI) throughout the
TTM treatment were considered secondary outcomes. The neu-
rological outcome at discharge was assessed using the Cerebral
Performance Categories scale, which is a 5-point scale with 1
representing good cerebral performance; 2, moderate disabil-
ity; 3, severe disability; 4, vegetative state; and 5, death.?* The
neurological outcome at discharge was further dichotomized as
favorable (1-2) or unfavorable (3-5). AKI was defined as oligoa-
nuria (daily urine output < 0.5 mL/kg/h) and/or an increase in
serum creatinine (0.3 mg/dL from admission value within 48 h
or 1.5 times the baseline level).?® We also documented TTM-
associated electrolyte imbalance episodes. Hypernatremia was
defined as sodium > 145 mmol/L; hyponatremia, sodium <136
mmol/L; hyperkalemia, potassium >5.0 mmol/L; and hypoka-
lemia, potassium <3.4 mmol/L.

2.3. Statistical analysis

Categorical variables are presented as n (%) and compared
using the chi-squared or Fisher’s exact test, as appropriate.
Continuous variables are presented as mean = SD or median
(interquartile range [IQR]) and compared across the four groups
with one-way analysis of variance or the Kruskal-Wallis test.
Multivariable logistic regression was utilized to determine the
independent predictors of survival and favorable neurological
status at discharge. Predictors for the logistic regression were
selected based on the significance in the univariate analysis (p <
0.05). All analyses were processed using the IBM SPSS Statistics
software (version 20.0; IBM Corp., Armonk, NY). All tests were
two-tailed, and a p value <0.05 was considered significant.

3. RESULTS

During the study period, 261 OHCA survivors who received
complete TTM were enrolled (Fig. 1), with a mean age of 55.7
+ 17.9 years. There was a predominance of men (60.9%) and
whites (70.1%). The average BMI was 28.9 = 7.1kg/m? The
median Charlson comorbidity score was 3 (IQR 1-6); hyperten-
sion (47.5%), arrhythmia (37.2%), and coronary artery disease
(31.8%) were the most prevalent comorbidities. A total of 113
patients (43.3%) had a shockable rhythm, 99 (37.9%) had a
presumed cardiac etiology, 141 (54%) were witnessed on col-
lapse, and 104 (39.8%) received bystander cardiopulmonary
resuscitation. The median minutes to ROSC was 17 (IQR 10-
27), and only three patients (1.1%) needed extracorporeal mem-
brane oxygenation. Comparison of baseline demographics data
and resuscitation variables among different BMI categories are
shown in Table 1. Patients with a higher BMI had higher rates
of hypertension and diabetes mellitus and were more likely to be
witnessed on collapse.

Characteristics after ROSC, outcomes, and the associated
complications of patients receiving TTM are listed in Table 2.
After ROSC, patients had a median mean arterial pressure of 82
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Fig. 1 Study flowchart.
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(IQR 65-97) mmHg and a median SOFA score within 24 hours
after a cardiac arrest event of 8.0 (IQR 7-10). The occurrence
of AKI throughout the TTM treatment was noted in 36.4% of
the cases. Patients had a median duration of hospital admission
of 7 (IQR 4-16) days. The survival to discharge and favorable
neurological outcome at discharge were reported in 117 and 76
patients, respectively. Patients with lower BMI levels had higher
SOFA scores, blood urea nitrogen values, and mild thrombocyto-
penia rates (platelet count < 150K/uL) after the TTM treatment.
There was no significant discrepancy between the BMI subgroups
regarding survival to hospital discharge, favorable neurologic
outcome at discharge, length of hospital admission, and occur-
rence of AKI. There was a trend toward higher rates of survival
at discharge in the normal weight group, but this did not reach
statistical significance (p = 0.057). In logistic regression model,
BMI was not an independent predictor for survival at discharge
(adjusted odds ratio 0.945, 95% CI, 0.883-1.012,p = 0.108) nor
for favorable neurologic outcome at discharge (adjusted odds
ratio 1.022, 95% CI, 0.955-1.093, p=0.528) (Table 3).

4. DISCUSSION

In this study, we assessed the impact of BMI on clinical outcomes
in OHCA survivors treated with TTM. We found that there was
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no significant difference across BMI subgroups for survival or
favorable neurologic outcome at discharge, but a trend toward
a better hospital survival in patients with normal BMI was
shown. Obesity is an established risk factor for cardiovascu-
lar diseases and poor outcomes in the general population,?6?’
yet such an obesity paradox has been previously observed in
other populations, such as the elderly and those with congestive
heart failure.?®* Furthermore, a high BMI was also found to
have a protective effect on mortality in patients with ST-segment
elevation myocardial infarction, unstable angina, and non-ST-
segment elevation myocardial infarction.>

Nevertheless, the existence of an obesity paradox among cardiac
arrest patients is currently controversial. Obesity has been associ-
ated with an increased duration of time required to reach target
temperature, although this does not necessarily correlate to a sig-
nificant difference in survival or neurologic outcomes.?! Besides,
there may be logistical delays in morbidly obese patients owing to
difficulties in the placement of defibrillator pads, establishment of
vascular access, or initiation of a viable airway. Physical and bio-
logical factors related to a high or low BMI could affect the qual-
ity of chest compressions, efficacy of vasoactive drugs, or safety of
defibrillator shocks because none of these measures are standard-
ized per a patient’s BMI or weight. In a previous study, a higher
thoracic impedance was associated with decreased defibrillation
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Baseline characteristics of patients

Underweight Normal Overweight Obese
(N=6) (N=79) (N =88) (N =88) P
Age, y, mean (SD) 555+27.2 54.0 +16.6 59.3+17.9 59.6 +15.2 0.158
Male sex, no. (%) 3(50) 46 (58.2) 63 (71.6) 47 (53.4) 0.077
Smoking status, no. (%)
Former smoker 1(16.7) 19 (24.1) 18 (20.5) 19 (21.6) 0.936
Current smoker 2(33.3) 18 (22.8) 19 (21.6) 31(35.2) 0.159
Nonsomker 3(50) 23(29.1) 35(39.8) 25 (28.4) 0.262
Unknown 0(0) 19 (24.1) 16 (18.2) 13 (14.9) 0.283
Pre-existing medical history, no. (%)
Hypertension 1(16.7) 32 (40.5) 40 (45.5) 51 (58.0) 0.049*
Diabetes mellitus 0(0) 17 (21.5) 13 (14.8) 38 (43.2) <0.001*
Coronary artery disease 1(16.7) 23 (29.1) 31(35.2) 28 (31.8) 0.712
Heart failure 1(16.7) 19 (24.1) 17 (19.3) 22 (25.0) 0.790
Arrhythmia 2(33.3) 30 (38.0) 32 (36.4) 33(37.9) 0.993
Cerebrovascular disease 0(0) 8(10.1) 9(10.2) 7 (8.0) 0.810
Chronic obstructive pulmonary disease 0(0) 14(17.7) 16 (18.2) 22 (25.0) 0.345
Hepatic insufficiency 1(16.7) 3(3.8) 7(8.0) 5(5.7) 0.485
Renal insufficiency 1(16.7) 16 (20.3) 15 (17.0) 22 (25.0) 0.620
Uremia under regular hemodialysis 1(16.7) 9(11.4) 12 (13.6) 13(14.8) 0.924
Solid tumor 0(0) 8(10.1) 17 (19.3) 15 (17.0) 0.260
Leukemia/lymphoma 0(0) 0(0) 0(0) 2233 0.266
Charlson score, median (IQR) 3(1-H) 3(1-6) 4 (2-6) 0.100
Resuscitation factors
Bystander witnessed, no. (%) 2(33.3) 36 (45.6) 43 (48.9) 60 (68.2) 0.010*
Bystander CPR, no. (%) 0(0) 39 (49.9) 32 (36.4) 33(37.5) 0.055
Presumed cardiac cause, no. (%) 1(16.7) 28 (35.4) 39 (44.3) 31(35.2) 0.368
PCl, no. (%) 2(33.3) 27 (34.2) 41 (46.6) 26 (29.5) 0.117
Initial rhythm, no. (%) 0.188
Shockable 0(0) 34 (43.0) 40 (45.5) 39 (44.3)
Nonshockable 6 (100) 45 (57.0) 48 (54.5) 49 (55.7)
Minutes to ROSC, median (IQR) 19 (15-32) 16 (10-29) 16 (10-25) 18 (10-30) 0.615
Total adrenalin dose, median (IQR) 3 (2-6) 2(1-4) 3(0-4) 2 (1-4) 0.732
ECMO use, no. (%) 0(0) 1(1.3 1(1.1) 1(1.1) 0.994

CPR = cardiopulmonary resuscitation; ECMO = extracorporeal membrane oxygenation; IHCA = in-hospital cardiac arrest; IQR = interquartile range; PCl = percutaneous coronary intervention; ROSC = return

of spontaneous circulation.
*p<0.05.

success,’? and BMI has previously been shown to correlate to

thoracic impedance.®® Bunch et al** described a lower long-term
survival in patients with normal or low weight after witnessed
OHCA due to ventricular fibrillation. However, Bunch’s study
only comprised patients who had experienced OHCA due to ven-
tricular fibrillation or nonperfusion ventricular tachycardia. Two
previous studies proclaimed that obesity was independently asso-
ciated with mortality in cardiac arrest patients who underwent
a posttherapeutic hypothermia protocol.!'*! However, the obese
patients in both studies were older and more frequently men,
which might inevitably cause a detrimental impact on the out-
come. In addition, both studies did not further evaluate the neuro-
logical outcome among their study population. Leary et al"? stated
that there was no significant difference across BMI groups with
respect to survival or good neurologic outcome among patients
following post-arrest TTM. However, Leary’s study included in-
hospital cardiac arrest patients as well; this population possesses
quite different features when compared with those of OHCA
patients and may hold an unevaluable influence upon the results.
Another Asian study concluded that an overweight BMI than a
normal BMI was associated with a lower 6-month mortality and
poor neurologic outcome at discharge in cardiac arrest survivors
treated with TTM.? However, this was a single-center study and
it adopted a different BMI classification as it consisted solely the
Asian population.

www.ejcma.org

Conversely, a prospective observational study in Greece
found that survival to intensive care unit (ICU) admission and
ICU discharge was higher in the elevated BMI group among
OHCA patients.* In addition, Testori et al'> conducted a cohort
study, which elucidated that cardiac arrest survivors with mod-
erately elevated BMI may have a better neurological prognosis.
However, only a small number of patients (26.6%) in this study
were treated with TTM; hence, it may not holistically evaluate
the effect of TTM on obese patients.

Our study involves a large cohort of diverse patients who
experienced OHCA and were shifted to multiple centers, mak-
ing our findings fairly generalizable. Nevertheless, this study
must be viewed in the context of certain limitations. First,
BMI may not be an optimal surrogate of visceral obesity when
compared with waist circumference, which better reflects intra-
abdominal (truncal) fat. Although BMI has been accepted as
one of the most reliable anthropometric indices for obesity and
has been used widely in research and for guidelines on obesity,
BMI has a limited ability to differentiate adiposity from muscle
mass. Second, this study did not evaluate long-term survival, and
patients with poor neurologic outcome at discharge may have a
higher risk of long-term mortality. Third, there were some vari-
ations in the methods followed by ICUs and different institu-
tions while providing TTM and while selecting patients. The
decision to use TTM for some of the patients may have affected
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Characteristics after ROSC and outcomes of patients receiving TTM
Underweight Normal Overweight Obese
(N =6) (N=79) (N =88) (N =88) p

Mean arterial pressure, median (IQR) 79 (55-101) 87 (73-99.5) 79 (65-95) 80 (65-96) 0.277
SOFA within 24 h after event

Median (IQR) 1(9-12) 8(6-9) 8 (7-10) 8(7-10) 0.034*
Glucose (mg/dL), median (QR) 148 (121-211) 214 (160-286) 206 (148-286) 248 (160-316) 0.064
BUN (mg/dL), median (IQR) 50 (25-61) 20 (14-27) 7 (13-24) 22 (15-35) 0.004*
Creatinine (mg/dL), median (IQR) 2(1.1-4.0 3(1.0-1.7) .2 (1.0-1.6) 4(1.0-1.9 0.180
Lactate (mmol/L) after ROSC, median (IQR) .0 (4.4-15.5) .9(3.0-9.1) .7(3.3-8.1) 9(2.8-9.5) 0.668
Lactate (mmol/L) after TTM, median (IQR) 2 (1.5-7.6) 5(1.1-2.8) 4(1.1-2.4) 5(1.1-2.8) 0.379
Coagulopathy after TTM, no. (%)

Thrombocytopenia < 150 K/pL 4 (100) 6 (38.8) 38 (49.4) 29 (36.7) 0.039*

Thrombocytopenia < 50 K/pL 0(0) 2 (3.0 0(0) 3(3.9) 0.400

Prolonged PT > 14.4 s 4(100) 5(64.3) 48 (62.3) 55 (67.1) 0.463

Prolonged aPTT > 36.6 s 2 (66.7) 3(35.9 30 (39.5) 28 (36.4) 0.725
Electrolyte imbalance after TTM, no. (%)

Hypernatremia 0(0) 4(6.0) 6(7.8) 6 (7.5) 0.916

Hyponatremia 1(25.0) 19 (28.4) 20 (26.0) 21(26.2 0.988

Hyperkalemia 1(25.0) 5(7.5) 5(6.5) 9(11.4) 0.453

Hypokalemia 0(0) 2 (3.0 6(7.8) 2(2.5) 0.353
Outcome

Acute renal injury, no. (%) 4(66.7) 3(35.4) 26 (32.9) 31(38.3) 0.401

Length of hospital stay, median (IQR) 6 (2-12) 7 (4-18) 8 (4-14) 7 (4-13) 0.549

Survival at discharge, no. (%) 1(16.7) 3(54.4) 41 (46.6) 32 (36.4) 0.057

Favorable CPC scale at discharge, no. (%) 0(0) 9(24.1) 30 (34.1) 27 (30.7) 0.2

aPTT = activated partial thromboplastin time; BUN = blood urea nitrogen; CPC scale = cerebral performance category scale; QR =
circulation; SOFA = sequential organ failure assessment; TTM = targeted temperature management.

*p<0.05.

Logistic regression model of survival to hospital discharge and
favorable neurologic outcome at discharge

Survival at discharge

Crude OR Adjusted OR?

(95% CI) p (95% CI) p
BMI 0.926 (0.938-0.996) 0.030* 0.945 (0.883-1.012) 0.108

Favorable neurologic outcome

Crude OR Adjusted OR®

(95% CI) p (95% Cl) p
BMI 1.006 (0.969-1.044) 0.758 1.022 (0.955-1.093) 0.528
BMI = body mass index; CPR = cardiopulmonary resuscitation; OR = odds ratio; ROSC = return of

spontaneous circulation; SOFA = sequential organ failure assessment; TTM = targeted temperature
management..

*p<0.05.

ariables included in the model: BMI, age, male, initial shockable rhythm, minutes to ROSC, wit-
nessed cardiac arrest, total adrenal indose, bystander CPR, presumed cardiac cause, SOFA, BUN
after ROSC, lactate after ROSC, lactate after TTM, glucose after ROSC, and CAD history.

"Variables included in the model: BMI, age, initial shockable rhythm, minutes to ROSC, witnessed
cardiac arrest, total adrenal indose, bystander CPR, presumed cardiac cause, SOFA, BUN after ROSC,
lactate after ROSC, lactate after TTM, glucose after ROSC.

the results. Part of the differences reported might be related to
a before-after effect or observation bias. Therefore, we can only
report an association and cannot conclude about the causal-
ity. Fourth, the observational period in our study was relatively
long, and general intensive care treatment strategies may have
changed over the past 8 years.

In conclusion, BMI was not an independent factor for sur-
vival to hospital discharge, favorable neurologic outcomes at
discharge, length of hospital admission, and the occurrence of
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interquartile range; PT = prothrombin time; ROSC = return of spontaneous

AKT in OHCA survivors receiving TTM. We did not observe that
the “obesity paradox” existed in clinical outcomes of OHCA
patients who treated with TTM.

REFERENCES

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M,
et al. Heart disease and stroke statistics—2016 update: a report from the
American Heart Association. Circulation 2016;133:e38-e360.

2. Travers AH, Rea TD, Bobrow BJ, Edelson DP, Berg RA, Sayre MR, et al.
Part 4: CPR overview: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation 2010;122(18 Suppl 3):5676-84.

3. Lemiale V, Dumas F, Mongardon N, Giovanetti O, Charpentier ], Chiche
JD, et al. Intensive care unit mortality after cardiac arrest: the relative
contribution of shock and brain injury in a large cohort. Intensive Care
Med 2013;39:1972-80.

4. Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M, Callaway CW,
et al. Part 8: adult advanced cardiovascular life support: 2010 American
Heart Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circulation 2010;122(18 Suppl
3):5729-67.

5. Nielsen N, Friberg H, Gluud C, Herlitz ], Wetterslev J. Hypothermia
after cardiac arrest should be further evaluated—a systematic review of
randomised trials with meta-analysis and trial sequential analysis. Int |
Cardiol 2011;151:333-41.

6. Wijdicks EE, Hijdra A, Young GB, Bassetti CL, Wiebe S; Quality
Standards Subcommittee of the American Academy of Neurology.
Practice parameter: prediction of outcome in comatose survivors after
cardiopulmonary resuscitation (an evidence-based review): report
of the Quality Standards Subcommittee of the American Academy of
Neurology. Neurology 2006;67:203-10.

7. Peberdy MA, Callaway CW, Neumar RW, Geocadin RG, Zimmerman
JL, Donnino M, et al; American Heart Association. Part 9: post-
cardiac arrest care: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation 2010;122(18 Suppl 3):5768-86.

Www.ejcma.org



Original Article. (2021) 84:5

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nolan JP, Morley PT, Hoek TL, Hickey RWj; Advancement Life support
Task Force of the International Liaison committee on Resuscitation.
Therapeutic hypothermia after cardiac arrest. An advisory statement by
the Advancement Life support Task Force of the International Liaison
committee on Resuscitation. Resuscitation 2003;57:231-5.

. Sterz F, Holzer M, Roine R, Zeiner A, Losert H, Eisenburger P, et al.

Hypothermia after cardiac arrest: a treatment that works. Curr Opin
Crit Care 2003;9:205-10.

Testori C, Sterz F, Holzer M, Losert H, Arrich J, Herkner H, et al.
The beneficial effect of mild therapeutic hypothermia depends on the
time of complete circulatory standstill in patients with cardiac arrest.
Resuscitation 2012;83:596-601.

Geri G, Savary G, Legriel S, Dumas F, Merceron S, Varenne O, et al.
Influence of body mass index on the prognosis of patients successfully
resuscitated from out-of-hospital cardiac arrest treated by therapeutic
hypothermia. Resuscitation 2016;109:49-55.

Testori C, Sterz F, Losert H, Krizanac D, Haugk M, Uray T, et al.
Cardiac arrest survivors with moderate elevated body mass index
may have a better neurological outcome: a cohort study. Resuscitation
2011;82:869-73.

Chalkias A, Xanthos T. The obesity paradox in cardiac arrest patients.
Int | Cardiol 2014;171:101-2.

Stevens J, Cai J, Pamuk ER, Williamson DE, Thun M], Wood JL. The
effect of age on the association between body-mass index and mortality.
N Engl ] Med 1998;338:1-7.

Landi F, Onder G, Gambassi G, Pedone C, Carbonin P, Bernabei R. Body
mass index and mortality among hospitalized patients. Arch Intern Med
2000;160:2641-4.

Chao FC, Efron B, Wolf P. The possible prognostic usefulness of assessing
serum proteins and cholesterol in malignancy. Cancer 1975;35:1223-9.
Park J, Ahmadi SE, Streja E, Molnar MZ, Flegal KM, Gillen D, et al.
Obesity paradox in end-stage kidney disease patients. Prog Cardiovasc
Dis 2014;56:415-25.

Roubenoff R. Acquired immunodeficiency syndrome wasting, functional
performance, and quality of life. Am | Manag Care 2000;6:1003-16.
Leary M, Cinousis MJ, Mikkelsen ME, Gaieski DF, Abella BS, Fuchs
BD. The association of body mass index with time to target temperature
and outcomes following post-arrest targeted temperature management.
Resuscitation 2014;85:244-7.

Jung YH, Lee BK, Lee DH, Lee SM, Cho YS, Jeung KW. The asso-
ciation of body mass index with outcomes and targeted temperature
management practice in cardiac arrest survivors. Am | Emerg Med
2017;35:268-73.

Breathett K, Mehta N, Yildiz V, Abel E, Husa R. The impact of body
mass index on patient survival after therapeutic hypothermia after resus-
citation. Am | Emerg Med 2016;34:722-5.

Badjatia N, Strongilis E, Gordon E, Prescutti M, Fernandez L, Fernandez
A, et al. Metabolic impact of shivering during therapeutic tempera-
ture modulation: the Bedside Shivering Assessment Scale. Stroke
2008;39:3242-7.

www.ejcma.org

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

J Chin Med Assoc

Jacobs I, Nadkarni V, Bahr ], Berg RA, Billi JE, Bossaert L, et al;
International Liason Committee on Resusitation. Cardiac arrest and
cardiopulmonary resuscitation outcome reports: update and simplifica-
tion of the Utstein templates for resuscitation registries. A statement for
healthcare professionals from a task force of the international liaison
committee on resuscitation (American Heart Association, European
Resuscitation Council, Australian Resuscitation Council, New Zealand
Resuscitation Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Council of Southern
Africa). Resuscitation 2004;63:233-49.

Jennett B, Bond M. Assessment of outcome after severe brain damage.
Lancet 1975;1:480-4.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et
al; Acute Kidney Injury Network. Acute Kidney Injury Network: report
of an initiative to improve outcomes in acute kidney injury. Crit Care
2007;11:R31.

Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, et
al. Body-mass index and cause-specific mortality in 900 000 adults: col-
laborative analyses of 57 prospective studies. Lancet 2009;373:1083-96.
Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with
cardiovascular disease. Nature 2006;444:875-80.

Kalantar-Zadeh K, Block G, Horwich T, Fonarow GC. Reverse epide-
miology of conventional cardiovascular risk factors in patients with
chronic heart failure. ] Am Coll Cardiol 2004;43:1439-44.

Grabowski DC, Ellis JE. High body mass index does not predict mor-
tality in older people: analysis of the longitudinal study of aging. | Am
Geriatr Soc 2001;49:968-79.

Diercks DB, Roe MT, Mulgund ], Pollack CV Jr, Kirk JD, Gibler WB,
et al. The obesity paradox in non-ST-segment elevation acute coronary
syndromes: results from the Can Rapid risk stratification of Unstable
angina patients Suppress ADverse outcomes with Early implementation
of the American College of Cardiology/American Heart Association
Guidelines Quality Improvement Initiative. Am Heart | 2006;152:140-8.
Liibbe C. Reply to the work of H. Mau: on the development and ven-
tral position treatment of the so-called infant scoliosis and hip dyspla-
sia within the clinical aspects of “Siebener syndrome”. Z Orthop Ihre
Grenzgeb 1966;102:322—6.

Zelinka M, Bui¢ D, Zelinka I. Comparison of five different defibrillators
using recommended energy protocols. Resuscitation 2007;74:500-7.
Fumagalli S, Boni N, Padeletti M, Gori F, Boncinelli L, Valoti P, et al.
Determinants of thoracic electrical impedance in external electrical car-
dioversion of atrial fibrillation. Am | Cardiol 2006;98:82-7.

Bunch TJ, White RD, Lopez-Jimenez F, Thomas R]. Association of body
weight with total mortality and with ICD shocks among survivors of
ventricular fibrillation in out-of-hospital cardiac arrest. Resuscitation
2008;77:351-S5.

Galatianou I, Karlis G, Apostolopoulos A, Intas G, Chalari E, Gulati A,
et al. Body mass index and outcome of out-of-hospital cardiac arrest
patients not treated by targeted temperature management. Am | Emerg

Med 2017;35:1247-51.

509





