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Abstract 
Background: The potential benefits of implantable cardioverter-defibrillator 
(ICD) therapy in patients with sudden cardiac death (SCD) treated with the-
rapeutic hypothermia (TH) have not been well studied. Methods: Incidence 
of recurrent non-sustained ventricular arrhythmia, ICD therapy, and death 
were ascertained in 64 consecutive survivors of SCD due to ventricular fibril-
lation or tachycardia, who were treated with TH. Follow-up was 31.5 +/− 3.3 
months in 41 ICD recipients and 36.3 +/− 3.9 months in 23 patients who did 
not receive an ICD due to the presence of a reversible cause of cardiac arrest, 
an acute myocardial infarction in 87%. Results: Combined incidence of ven-
tricular arrhythmia, ICD therapy, or death in patients who underwent ICD 
placement (21.9%) were similar to overall mortality in the patients who did 
not receive an ICD (21.7%, p = 0.752). ICD placement was associated with a 
significant mortality benefit; 95.1% survival in ICD recipients vs. 78.3% in the 
no-ICD group (p = 0.038). Electrocardiographic findings of ST segment eleva-
tion on admission were associated with increased event rate in ICD recipients 
(p = 0.039) and increased mortality in SCD patients who did not receive an 
ICD (p < 0.001). Other studied variables had no significant effect on the in-
vestigated outcomes. Conclusions: SCD survivors treated with TH are at in-
creased risk for recurrent arrhythmic events and derive significant mortality 
benefit from ICD implantation. Increased mortality in revascularized SCD pa-
tients with acute coronary syndrome, thought to have a reversible cause of 
cardiac arrest, calls for prospective trials investigating utility of ICD in this 
vulnerable patient population. 
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1. Introduction 

Each year there are estimated 325,000 cases of sudden cardiac death (SCD) in 
the United States [1] and approximately 50 per 100,000 cases world-wide ac-
counting for 15% - 20% of all-cause mortality [2] [3] [4] and for >50% of all co-
ronary heart disease related mortality [1] [5] [6]. Described first in the late 1950s 
[7] [8] [9], therapeutic hypothermia (TH) in SCD patients has consistently 
demonstrated a mortality benefit with improved functional status [10]-[17] and 
has since become the standard of care in patients who experience return of 
spontaneous circulation [18]. Implantable cardioverter defibrillator (ICD) 
placement is recommended and performed in SCD survivors with projected life 
expectancy greater than one year and without a reversible cause for cardiac ar-
rest [19]. However, the landmark secondary SCD prevention ICD trials [20] [21] 
[22] were performed prior to the advent and widespread utilization of TH and 
the outcomes associated with ICD implantation in SCD survivors treated with 
TH have not previously been reported. We investigated the incidence and pre-
dictors of recurrent ventricular arrhythmias and mortality, as well as the benefits 
of ICD placement in SCD survivors treated with TH. 

2. Methods 
2.1. Patient Population and Study Design 

The study cohort consisted of 64 consecutive patients with SCD and the initial 
rhythm of ventricular fibrillation (VF) or ventricular tachycardia (VT) that un-
derwent TH and survived to hospital discharge at a single tertiary care academic 
medical center between 2008 and 2013. Patients with less than 1 year life expec-
tancy and/or with Do Not Resuscitate (DNR) status were excluded from the 
study cohort.  

All patients were treated according to the previously described TH protocol 
with a target temperature 32 - 34 degrees C over a period of 24 hours [10]. After 
TH, all patients received guideline directed medical therapy, as dictated by the 
medical condition [19]. All studied patients were considered for ICD implanta-
tion, which was performed in qualified subjects according to the published 
guidelines [19]. The study control group consisted of SCD-TH survivors who 
did not have an ICD implanted due to what was thought to be an acute reversi-
ble event leading to SCD [19]. 

2.2. Data Collection 

The presence of ST segment elevation (STE) on the first recorded electrocardio-
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gram (ECG) after defibrillation was ascertained according to the Third Universal 
Definition of Myocardial Infarction criteria, as at least 0.1 mV STE 60 - 80 msec 
after the J point, in two contiguous leads other than V1 and V2 [23]. In patients 
who underwent coronary angiography, presence of significant obstructive athe-
rosclerotic coronary artery disease (CAD) was defined as one or more epicardial 
coronary arteries with stenosis of greater or equal to 50% in left main coronary 
artery or 70% in the left anterior descending, circumflex, or right coronary arte-
ries [24]. 

Echocardiograms at the time of the index SCD event and at 3 month follow- 
up were acquired according to the American Society of Echocardiography rec-
ommendations [25]. LV systolic function was graded as preserved if EF was 
greater or equal to 55%. LV systolic dysfunction was graded as mildly reduced if 
EF was 45% - 54%, moderately reduced if EF was 30% - 44%, and severely re-
duced if EF was <30% [25]. 

For patients who had ICDs implanted, frequency and timing of shock (high 
voltage therapy with defibrillation) or anti-tachycardia pacing (ATP) were de-
termined from serial ICD transmissions and device interrogations. All tracings 
were reviewed manually by the Board certified electrophysiologists to exclude 
episodes of inappropriate shock or ATP for atrial arrhythmias, electrical mag-
netic interference, myopotentials, lack of lead integrity, and therapy for over- 
sensing. 

Two studied endpoints included all-cause mortality and a composite end- 
point of mortality and appropriate device therapy (ATP or high voltage therapy 
with defibrillation) in ICD recipients and, since the arrhythmic events could not 
be ascertained in SCD-TH survivors who did not have an ICD implanted, mor-
tality alone in the no ICD group. Event rates were compared between SCD-TH 
survivors who did and did not have an ICD implanted. 

Overall mortality and device therapy and arrhythmia-free mortality were as-
sessed at 1-year post discharge and at the end of the follow-up period. Mortality 
was determined through the medical charts, including the outpatient office fol-
low-up records, and ascertained through the National Death Index. Cause of 
death was obtained from death certificates and discharge summaries.  

This was a retrospective cohort study, which involved no risk for the subjects, 
with the waiver of informed consent not adversely affecting the rights and wel-
fare of the subjects. The study was approved by the Institutional Review Board.  

2.3. Statistical Analysis  

Continuous data was expressed as means with standard deviations. Differences 
in continuous variables were assessed with an unpaired t-test and non-parame- 
tric Kruskall-Wallis test, when appropriate. Categorical data was expressed as 
proportions and the differences in proportions were assessed with Fisher’s exact 
test. Mortality and time to device therapy were analyzed using Kaplan-Meier es-
timates with Mantel-Cox log-rank test for between group differences.  

Variables associated with mortality, defibrillation, or ATP were further sub-
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jected to logistic regression analysis. Variables found to be associated with mor-
tality or device therapy in a univariable logistic regression were then retained in 
the multivariable logistic regression analysis. 

In all analyses, p-value ≤ 0.05 was defined as statistically significant. Based on 
the previously reported 25% rate of recurrent arrhythmic or death rate in SCD 
patients (20 - 22) and the Type I error probability of 0.05, the study consisting of 
41 ICD recipients and 23 control patients had power of 0.348 to detect a 25% 
absolute difference in outcomes and power of 0.958 to detect a 50% absolute dif-
ference. Analysis was performed using commercially available statistical software 
(SAS Institute Inc., Cary, NC, 2007). 

3. Results 

The study cohort consisted of 64 consecutive SCD patients with cardiac arrest 
due to ventricular tachycardia or fibrillation, who were treated with therapeutic 
hypothermia and survived to hospital discharge. Median follow-up length was 
31.5 +/− 3.3 months in the ICD group and 36.3 +/− 3.9 months in the no-ICD 
group. Of the 23 patients in the no-ICD arm, an ICD was not implanted in 2 pa-
tients with hyperkalemia and in 1 patient with prolonged QT on presentation, 
which re-solved with correction of electrolytes and outpatient drug discontinua-
tion respectively. An ICD was also not implanted in an additional 20 patients 
who were presumed to have an acute ischemic event leading to SCD and did not 
meet MUSTT criteria [26]. 

Coronary angiography was performed in 59 patients, and 43 were found to 
have obstructive CAD which required revascularization in 67.4% (29/43). Of 10 
patients who underwent coronary artery bypass grafting, 5 received ICD (50%); 
of 19 patients who underwent percutaneous coronary intervention, 8 received an 
ICD (42%, p = 0.241). Patients with obstructive CAD or ST elevations were sig-
nificantly less likely to receive an ICD (54.5% vs. 85% in patients without ST 
elevation or obstructive CAD, p = 0.019). Otherwise, there were no significant 
differences, including initial or follow-up evaluation of systolic function as evi-
denced by the LV ejection fraction (EF), between the patients who did or did not 
receive an ICD (Table 1). Ten patients presented with ST elevation and all were 
subsequently found to have obstructive coronary disease. Obstructive coronary 
artery disease was also found in 33 of 49 patients who presented without ST ele-
vation.  

A total of 7 patients expired during the follow-up period, 2 with and 5 without 
ICD implantation. Of those without an ICD, four patients died of cardiac arrest; 
other causes of death were intracranial hemorrhage, pneumonia, and congestive 
heart failure. Of the 2 expired patients with ICD implantation, one died from 
cardiopulmonary arrest and the other from heart failure.  

During the specified follow-up period, appropriate ICD therapy occurred in 7 
patients (Table 1). Non-sustained ventricular tachycardia (NSVT) which did not 
require device therapy was noted in 2 additional patients. None of the baseline 
parameters, distinguished SCD-TH survivors who required appropriate device  
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Table 1. Factors associated with ICD implantation and subsequent device therapy. 

Category 

No-ICD vs. ICD Comparison ICD Rx vs. ICD No-Rx and vs. No-ICD Comparison 

No-ICD N = 23 ICD N = 41 p-value No-Rx N = 34 Rx N = 7 
Rx vs. No-Rx 

p-value 
No-ICD vs. Rx vs. 

No-Rx p-value 

Age (years old) 60 (15.3) 58.1 (13.4) 0.625 57.6 (12.7) 61 (17.6) 0.544 0.582 

Weight (kg) 81 (15.5) 87.0 (23.3) 0.276 89.7 (24.1) 74.0 (13.1) 0.105 0.172 

Gender, Females 3 (13) 9 (22) 0.767 6 (17.6) 3 (42.9) 0.142 0.203 

Systolic BP (mmHg) 117 (43.5) 126.6 (29.7) 0.303 125.4 (28.6) 132.1 (36.2) 0.592 0.387 

Heart Rate (bpm) 87.3 (26.8) 85.3 (16.6) 0.709 85.1 (17.6) 86.0 (11.5) 0.899 0.943 

Ejection Fraction        

<35% 6 (26.1) 16 (39) 

0.729 

13 (38.2) 3 (42.9) 

0.282 0.537 
35% - 39% 4 (17.4) 7 (17.1) 4 (11.8) 3 (42.9) 

40% - 54% 1 (4.3) 2 (4.9) 2 (5.9) 0 

>54% 12 (52.1) 16 (39) 15 (44.1) 1 (14.3) 

ST Elevation 7 (30.4) 4 (9.8) 0.035 4 (11.8) 0 (0) 0.339 0.083 

K (mg/dL) 3.6 (0.7) 4 .1(1.1) 0.113 3.9 (1.0) 4.4 (1.7) 0.374 0.254 

Creatinine (mg/dL) 1.6 (1.1) 1.9 (2.3) 0.453 1.8 (1.9) 2.7 (3.8) 0.364 0.842 

pH (units) 7.27 (0.148) 7.244 (0.124) 0.465 7.234 (0.133) 7.291 (.045) 0.272 0.397 

Glucose (mg/dL) 195.4 (53.8) 227.3 (115.0) 0.225 228.2 (112.2) 223.0 (137.5) 0.915 0.630 

Ca (mg/dL) 8.2 (0.8) 8.2 (0.70) 0.794 8.2 (0.7) 8.1 (0.7) 0.626 0.840 

Mg (mg/dL) 1.9 (0.30) 2 .0 (0.4) 0.519 2 (0.4) 1.9 (0.2) 0.453 0.567 

Hemoglobin (mg/dL) 13.5 (1.8) 13.5(1.9) 0.929 13.5 (1.9) 13.8 (2.2) 0.688 0.940 

Hematocrit (units) 40.3 (5) 39.8 (5.7) 0.745 39.7 (5.7) 40.4 (6.5) 0.786 0.950 

Obstructive CAD 20/21 (95.2%) 23/38 (60.5%) 0.004 19/31 (61.3%) 4/7 (57.1%) 0.839 0.016 

Alive at 1 year 20 (86.9%) 39 (95.1%) 0.243 32 (94.1%) 7 (100%) 0.511 0.439 

Alive at 2.5 years 18 (78.3%) 39 (95.1%) 0.038 32 (94.1%) 7 (100%) 0.511 0.105 

Numbers represent means (SD) or absolute counts (%). 

 
therapy after the hospital discharge (Table 1) from those patients who did not, 
including reduced EF (p = 0.282) or significant obstructive coronary artery dis-
ease (p = 0.839).  

All recorded follow-up deaths occurred within 24 months from the index 
event hospitalization (Figure 1). ICD placement was associated with a trend to-
wards improved 1 year survival, which was found to be significant at the end of 
2.5 year follow-up (p = 0.038, Table 2, and log-rank p = 0.05, Figure 1(a)). Ad-
vanced age (p = 0.044) and ST elevation on admission (p < 0.001) were asso-
ciated with decreased survival (Table 2). In multivariable logistic regression 
analysis including age, ejection fraction < 35%, and ICD status, only ST elevation 
on admission for cardiac arrest was associated with decreased survival (Table 3, 
log-rank p = 0.011, Figure 1(b)). 

There was no difference in EF between patients who presented with ST eleva- 
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(a)                                     (b) 

Figure 1. Kaplan Meier survival estimates. (a) Long-term survival in SCD patients treated 
with therapeutic hypothermia, stratified by ICD status; (b) Long-term survival in SCD pa-
tients treated with therapeutic hypothermia, stratified by ST elevation on admission. ICD 
placement was associated with improved long-term survival. Admission ST elevation 
(STE) was associated with decreased long-term survival. 
 

Table 2. Factors affecting follow-up survival. 

Category 
1 year follow up End of study (2.5 year) follow up 

Alive N = 59 Expired N = 5 P-value Alive N = 57 Expired N = 7 P-value 

Age (years old) 57.9 (14.0) 68.8 (11.1) 0.0974 57.6 (13.7) 68.9 (13.4) 0.044 

Weight (kg) 85.6 (21.3) 76.0 (14.2) 0.324 86.5 (21.1) 71.7 (13.9) 0.077 

Gender, Females 12 (20.3) 0 (0) 0.263 12 (21.1) 0(0) 0.178 

Systolic BP (mmHg) 122.8 (35.3) 128.6 (35.1) 0.724 123.0 (36.0) 125.1 (29.3) 0.879 

Heart Rate (bpm) 85.8 (19.0) 87.8 (37.8) 0.839 85.7 (18.9) 88.1 (33.1) 0.771 

Ejection Fraction       

<35% 20 (33.9) 2 (40) 

0.197 

20 (35.1) 2 (28.6) 

0.287 
35% - 39% 11 (18.6) 0 11 (19.3) 0 

40% - 54% 2 (3.4) 1 (20) 2 (3.5) 1 (14.3) 

>54% 26 (44.1) 2 (40) 24 (42.1) 4 (57.1) 

ST Elevation 6 (10.2) 5 (100) 0.0001 6 (10.5) 5 (71.4) 0.0001 

K (mg/dL) 3.9 (1.9) 3.9 (0.3) 0.925 3.9 (1.1) 3.8 (0.4) 0.873 

Creatinine (mg/dL) 1.8 (2.1) 1.5 (0.4) 0.686 1.8 (2.1) 2 (1.4) 0.806 

pH (units) 7.255 (0.131) 7.235 (0.160) 0.777 7.246 (0.123) 7.318 (0.201) 0.206 

Glucose (mg/dL) 219.6 (101.2) 176.6 (55.3) 0.355 221.9 (102.1) 169.9 (48.8) 0.19 

Ca (mg/dL) 8.2 (0.7) 8.5 (0.3) 0.451 8.2 (0.7) 8.4 (1.1) 0.45 

Mg (mg/dL) 2 (0.3) 2.1 (0,2) 0.468 2 (0.4) 2.1 (0.2) 0.513 

Hemoglobin (mg/dL) 13.6 (1.9) 12.7 (1.4) 0.302 13.7 (1.9) 12.4 (1.3) 0.101 

Hematocrit (units) 40.1 (5.6) 38.6 (4.6) 0.0558 40.3 (5.6) 37.9(4.0) 0.284 

Obstructive CAD 39/55 (70.9%) 4/4 (100%) 0.206 39/54 (72.2%) 4/5 (80%) 0.708 

ICD 39/59 (66.1%) 2/5 (40) 0.243 39/57 (68.4%) 2/7 (28.6%) 0.038 

Numbers represent means (SD) or absolute counts (%). 
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Table 3. Logistic regression analysis of the survival predictors. 

Category 
Univariable analysis Multivariable analysis 

Exp (Coef) 95% Confidence Intervals p-value Exp (Coef) 95% Confidence Intervals p-value 

Age (Per Year) 0.928 0.862 - 0.999 0.048 0.934 0.858 - 1.016 0.112 

EF < 35% 0.740 0.131 - 4.165 0.733 0.462 0.031 - 6.954 0.577 

ST Elevation 0.047 0.007 - 0.298 0.001 0.053 0.005 - 0.516 0.011 

ICD 5.417 0.958 - 30.630 0.056 1.874 0.154 - 22.803 0.622 

 
tions vs. those without ST segment elevation (p = 0.485). Likewise, a reduced 
LVEF was not predictive of decreased survival (Table 2). Of the expired ICD re-
cipients, one had an LVEF of 40% - 49% and another one had an LVEF < 35%. 
Of the 5 expired patients in the no-ICD group, 4 had an LVEF > 50%, and only 
one patient had an LVEF of < 35%, a non-significant difference (p = 0.287, when 
compared to ICD group). 

Incidence of arrhythmic event or death, an arrhythmia-free survival, in ICD 
group was compared to all-cause mortality in patients who did not receive an 
ICD (Figure 2). There were a total of 9 events (21.9%) in the ICD group and 5 
events (21.7%) in the no-ICD group, a non-significant difference (log-rank p = 
0.752, Figure 2(a)). In both the ICD and no-ICD groups, ST elevation on ad-
mission was associated with decreased arrhythmia-free survival (log-rank p = 
0.039, Figure 2(b)). 

4. Discussion 

Therapeutic hypothermia (TH) has consistently demonstrated a mortality bene-
fit with improved functional status [10]-[17] and it is widely implemented in 
SCD patients who experience return of spontaneous circulation [18]. We have 
conducted a retrospective cohort study of patients with SCD due to ventricular 
fibrillation or tachycardia, who were treated with TH (VT-VF SCD-TH) and 
subsequently underwent an ICD placement according to the current standard of 
care based on the landmark secondary SCD prevention ICD trials, the Cardiac 
Arrest Study Hamburg (CASH) [21], the Canadian Implantable Defibrillator 
Study (CIDS) [22], and The Antiarrhythmics versus Implantable Defibrillators 
(AVID) trials [20]. However, these landmark secondary SCD were performed 
prior to the advent and widespread utilization of TH, and the outcomes asso-
ciated with ICD implantation in SCD survivors treated with TH have not pre-
viously been reported. 

In the studied contemporary cohort of VT-VF SCD-TH patients, ICD place-
ment was associated with a significant improvement in overall survival, while 
those discharged without an ICD remained at high mortality risk. Reduced LV 
ejection fraction had no effect on outcomes, mean-while ST segment elevation 
or obstructive CAD portended a poor prognosis.  

The mortality rate of VT-VF SCD-TH survivors was 10.9%, which is better 
than reported 24% mortality during 2 year follow-up in AVID [20], 21% during  
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(a)                                        (b) 

Figure 2. Kaplan Meier time to death or ICD therapy estimates. (a) Arrhythmia-free 
long-term survival in SCD patients treated with therapeutic hypothermia, stratified by ICD 
status; (b) Arrhythmia-free long-term survival in SCD patients treated with therapeutic 
hypothermia, stratified by ST elevation on admission. ICD placement did not affect long- 
term ICD therapy-free survival. Admission ST elevation (STE) was associated with de-
creased ICD therapy-free survival. 
 
2 year follow up in CIDS [22], and the 44% rate over 5 years in CASH trials [21]. 
It is possible that improved survival in VT-VF SCD-TH patients is reflective of 
the TH benefits [10] [11]. Also, the decreased mortality may be due to consistent 
utilization of the evidence based modern optimal medical therapy (OMT) in pa-
tients with ASCVD, which included beta-adrenergic blockers and angioten-
sin-converting enzyme inhibitors in all qualifying subjects, which was not used 
consistently in prior studies [20] [21] [22]. 

The observed rates of ICD therapy in VT-VF SCD-TH cohort were 14.6% 
during the first year, and a total of 17.0% by the end of the 2.5 year study follow- 
up period, an annual device therapy rate of 6.9%. The observed annual device 
therapy rate in VT-VF SCD-TH patients is comparable to 5% annual event rates 
reported in primary SCD prevention trials including SCD-HeFT [27] and 
MADIT II [28]. The device therapy rates were not reported in CASH, CIDS, and 
AVID trials [20] [21] [22]. 

A substantial number of VT-VF SCD-TH survivors, 23 of 64 patients in our 
study, did not undergo ICD implantation due to suspected reversible causes of 
cardiac arrest. All patients in our study were evaluated prior to discharge for 
ICD implantation, and neurologic status was specifically addressed; patients 
with poor neurologic status, DNR/DNI status, and patients with limited life ex-
pectancy of <1 year were excluded from the study. The remaining 64 patients in-
cluded in the study did not have significant neurologic deficits following TH. In 
our study, the observed annual mortality rate in VT-VF SCD-TH survivors who 
did not receive an ICD was 8.7%, with more than half of the deaths attributed to 
cardiac arrest. This mortality rate is comparable to the annual mortality rates 
noted in the landmark primary SCD prevention trials: 7.2% rate in SCD-HeFT 
control group [27] and 8.0% rate in MADIT II control group [28]. Our findings 
suggest that regardless of the ICD allocation, VT-VF SCD-TH patients have sig-
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nificantly increased mortality risk, which is mostly due to arrhythmic events, 
consistent with data from the landmark secondary and primary SCD prevention 
trials. 

Historically, reduced LV systolic function has predicted increased mortality 
and has been associated with primary prevention benefit in ICD recipients [20] 
[21] [22]. Effects of LV function on incidence of arrhythmic events/deaths in 
VT-VF SCD-TH survivors have not previously been well studied. In our inves-
tigation, 83.3% of VT-VF SCD-TH treated patients who required ICD therapy 
had an EF > 35% at the time of the 3 month follow-up evaluation, and only one 
expired patient had EF < 35%. Of the 10 patients with decreased ejection frac-
tion, who did not attain an ICD prior to discharge, nine presented with ST ele-
vations and one with hyperkalemia which were thought to be the reversible 
causes of SCD. In all 10 patients subsequent echocardiograms demonstrated LV 
ejection fraction improvement to >40% at 3 - 6month follow up intervals. Thus, 
while surprising, our results indicate that left ventricular systolic dysfunction 
alone may not be a significant determinant of mortality or future device therapy 
in VT-VF SCD-TH patients, possibly due to better myocardial salvage and car-
dio-protective effects of TH noted in the experimental studies [29]. It is possible 
that patients with significant pre-arrest LV systolic dysfunction were less likely 
to survive the index event, which has resulted in selection bias towards patients 
with preserved ejection fraction, thus explaining limited significance of LV dys-
function in predicting cardiac events during follow-up. However, this “selection 
bias” is not unique to our patients, but is a common attribute in all survivors of 
sudden cardiac death.  

In our study, the evidence of ischemia, defined by ST elevation or significant 
obstructive CAD, was predictive of adverse outcomes in VT-VF SCD-TH pa-
tients, adding to the body of evidence linking ventricular arrhythmias, acute 
ischemic events, and increased mortality in SCD patients. Ischemia may trigger 
ventricular tachycardia and, reciprocally, decreased coronary perfusion due to 
ventricular arrhythmia may progress to transmural ischemia in patients with 
obstructive coronary artery disease [24] [30]. In fact, late gadolinium enhance-
ment pattern consistent with unidentified prior myocardial infarction has been 
demonstrated in 58% of SCD survivors with unclear etiology of cardiac arrest 
[31]. 

SCD risk stratification strategy in patients with an acute ischemic event is 
evolving. ICD benefit has been demonstrated in primary SCD prevention trials 
in patients with acute myocardial infarction and depressed ejection fraction < 
35% [32] or when LV ejection fraction < 40% was ac-companied by non-sus- 
tained ventricular tachycardia and an inducible sustained ventricular tachycardia 
at the electrophysiologic study [26]. ICD implantation has been associated with 
improved survival in patients with ejection fraction > 35% who suffered SCD 
from an ischemic event [33]. However, since acute myocardial ischemia may be 
a reversible cause of cardiac arrest, SCD treated patients with obstructive CAD 
or ST elevations are currently not considered for secondary prevention and do 
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not undergo ICD implantation [19]. 
In studied SCD survivors treated with therapeutic hypothermia, the mortality 

rate in patients who did not qualify for ICD placement was similar to a com-
bined device therapy and mortality rate in ICD recipients. This suggests that 
VT-VF SCD-TH survivors with an ischemic substrate may be at increased risk of 
recurrent arrhythmic events, despite preserved left ventricular systolic function 
and improved hospital survival, which is likely associated with benefits of TH 
[10] [11]. Foregoing ICD implantation in these patients, based on assumption 
that there was a reversible cause of SCD, may leave them potentially unprotected 
against future SCD events. The DINAMIT trial of patients after an acute coro-
nary event found that early implantation of ICD was associated with decrease in 
SCD but no overall mortality benefit [32]. Our study population is very different 
from DINAMIT in that all of our patients have presented with SCD and were 
treated with TH; a population that was not represented in significant numbers in 
the DINAMIT study [32]. The population of SCD-TH survivors regardless of 
etiology is as yet an unstudied population with respect to randomized clinical 
trials. Our study indicates that there may be potential mortality benefit in early 
ICD implantation in survivors of SCD due to ventricular tachycardia or fibrilla-
tion, treated with TH; however, this statement of course will require a rando-
mized clinical trial for confirmation.  

5. Limitations 

We consider our findings to be hypothesis generating and requiring confirma-
tion in prospective trials. This was a single site retrospective study involving a 
modest number of subjects with an inherent selection bias for patients who are 
most likely to survive a cardiac arrest due to ventricular fibrillation or tachycar-
dia. Patients who did not survive to hospital admission or passed away during 
hospitalization represent a different sample of patients; however, because the 
goal of this trial was to provide insight into the potential role of ICD in VT-VF 
SCD-TH survivors, looking at only candidates for ICD implantation gives the 
real world experience, according to the accepted practice patterns. Patients were 
not randomized to treatment categories; instead, everyone was treated according 
to the established guidelines, once again, making our findings clinically relevant. 
Lastly, patients who did not receive an ICD were not prospectively monitored 
for incidence of arrhythmia; instead, causes of death were ascertained from 
death certificates and discharge summaries and could not be independently ad-
judicated. Future studies of similar nature may be conducted with implantable 
or wearable cardiac telemetry recorders in VT-VF SCD-TH patients who cur-
rently do not qualify for ICD placement.  

6. Conclusion 

To our knowledge, this is the first study specifically investigating outcomes in 
survivors of sudden cardiac death due to ventricular tachycardia or fibrillation 
treated with therapeutic hypothermia. We have observed that these SCD patients 
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are at increased risk of recurrent arrhythmia and derive benefit from ICD im-
plantation comparable to such reported in the landmark secondary SCD preven-
tion trials, which were performed prior to the advent of therapeutic hypother-
mia. In this patient population, a preserved systolic function does not appear to 
confer a follow-up survival benefit; however, obstructive coronary artery disease 
and ST segment elevation at the time of presentation are associated with an in-
creased mortality during a 2.5 year follow-up period. Therefore, the VT-VF 
SCD-TH survivors with an ischemic substrate appear to be at increased risk of 
death, likely due to recurrent arrhythmias, and, without an ICD implantation, 
may be potentially unprotected against future SCD events. Our findings need to 
be confirmed in a prospective randomized trial designed to evaluate the mortal-
ity benefit of ICD implantation after therapeutic hypothermia, including pa-
tients with the presumed ischemic etiology of an arrhythmic event. Until further 
studies, close monitoring for recurrent arrhythmias is imperative in this vulner-
able patient population. 

References 
[1] Mozaffarian, D., Benjamin, E.J., Go, A.S., et al. (2015) Heart Disease and Stroke Sta-

tistics—2015 Update: A Report from the American Heart Association. Circulation, 
131, e29-322. https://doi.org/10.1161/CIR.0000000000000152 

[2] Byrne, R., Constant, O., Smyth, Y., et al. (2008) Multiple Source Surveillance Inci-
dence and Aetiology of Out-of-Hospital Sudden Cardiac Death in a Rural Popula-
tion in the West of Ireland. European Heart Journal, 29, 1418-23.  
https://doi.org/10.1093/eurheartj/ehn155 

[3] de Vreede-Swagemakers, J.J., Gorgels, A.P., Dubois-Arbouw, W.I., et al. (1997) 
Out-of-hospital Cardiac Arrest in the 1990’s: A Population-Based Study in the 
Maastricht Area on Incidence, Characteristics and Survival. Journal of the Ameri-
can College of Cardiology, 30, 1500-1505.  
https://doi.org/10.1016/S0735-1097(97)00355-0 

[4] Hua, W., Zhang, L.F., Wu, Y.F., et al. (2009) Incidence of Sudden Cardiac Death in 
China: Analysis of 4 Regional Populations. Journal of the American College of Car-
diology, 54, 1110-1118. https://doi.org/10.1016/j.jacc.2009.06.016 

[5] Deo, R. and Albert, C.M. (2012) Epidemiology and Genetics of Sudden Cardiac 
Death. Circulation, 125, 620-637.  
https://doi.org/10.1161/CIRCULATIONAHA.111.023838 

[6] Gillum, R.F. (1990) Geographic Variation in Sudden Coronary Death. American 
Heart Journal, 119, 380-389. https://doi.org/10.1016/S0002-8703(05)80031-6 

[7] Benson, D.W., Williams, G.R., Spencer Jr., F.C. and Yates, A.J. (1959) The Use of 
Hypothermia after Cardiac Arrest. Anesthesia and Analgesia, 38, 423-428.  
https://doi.org/10.1213/00000539-195911000-00010 

[8] Ravitch, M.M., Lane, R., Safar, P., et al. (1961) Lightning Stroke. Report of a Case 
with Recovery after Cardiac Massage and Prolonged Artificial Respiration. New 
England Journal of Medicine, 264, 36-38.  
https://doi.org/10.1056/NEJM196101052640109 

[9] Williams, G.R. and Spencer Jr., F.C. (1958) The Clinical Use of Hypothermia Fol-
lowing Cardiac Arrest. Annals of Surgery, 148, 462-468.  
https://doi.org/10.1097/00000658-195809000-00014 

https://doi.org/10.1161/CIR.0000000000000152
https://doi.org/10.1093/eurheartj/ehn155
https://doi.org/10.1016/S0735-1097(97)00355-0
https://doi.org/10.1016/j.jacc.2009.06.016
https://doi.org/10.1161/CIRCULATIONAHA.111.023838
https://doi.org/10.1016/S0002-8703(05)80031-6
https://doi.org/10.1213/00000539-195911000-00010
https://doi.org/10.1056/NEJM196101052640109
https://doi.org/10.1097/00000658-195809000-00014


B. M. Saour et al. 
 

304 

[10]  Hypothermia after Cardiac Arrest Study Group (2002) Mild Therapeutic Hypo-
thermia to Improve the Neurologic Outcome after Cardiac Arrest. New England 
Journal of Medicine, 346, 549-556. https://doi.org/10.1056/NEJMoa012689 

[11] Bernard, S.A., Gray, T.W., Buist, M.D., et al. (2002) Treatment of Comatose Survi-
vors of Out-of-Hospital Cardiac Arrest with Induced Hypothermia. New England 
Journal of Medicine, 346, 557-563. https://doi.org/10.1056/NEJMoa003289 

[12] Bernard, S.A., Jones, B.M. and Horne, M.K. (1997) Clinical Trial of Induced Hypo-
thermia in Comatose Survivors of Out-of-Hospital Cardiac Arrest. Annals of 
Emergency Medicine, 30, 146-153. https://doi.org/10.1016/S0196-0644(97)70133-1 

[13] Felberg, R.A., Krieger, D.W., Chuang, R., et al. (2001) Hypothermia after Cardiac 
Arrest: Feasibility and Safety of an External Cooling Protocol. Circulation, 104, 
1799-1804. https://doi.org/10.1161/hc4001.097037 

[14] Horn, M., Schlote, W. and Henrich, H.A. (1991) Global Cerebral Ischemia and 
Subsequent Selective Hypothermia. A Neuropathological and Morphometrical 
Study on Ischemic Neuronal Damage in Cat. Acta Neuropathologica, 81, 443-449.  
https://doi.org/10.1007/BF00293466 

[15] Marion, D.W., Leonov, Y., Ginsberg, M., et al. (1996) Resuscitative Hypothermia. 
Critical Care Medicine, 24, S81-S89.  
https://doi.org/10.1097/00003246-199602000-00050 

[16] Nagao, K., Hayashi, N., Kanmatsuse, K., et al. (2000) Cardiopulmonary Cerebral 
Resuscitation Using Emergency Cardiopulmonary Bypass, Coronary Reperfusion 
Therapy and Mild Hypothermia in Patients With Cardiac Arrest outside the Hos-
pital. Journal of the American College of Cardiology, 36, 776-783.  
https://doi.org/10.1016/S0735-1097(00)00779-8 

[17] Zeiner, A., Holzer, M., Sterz, F., et al. (2000) Mild Resuscitative Hypothermia to 
Improve Neurological Outcome after Cardiac Arrest. A Clinical Feasibility Trial. 
Hypothermia after Cardiac Arrest (HACA) Study Group. Stroke, 31, 86-94.  
https://doi.org/10.1161/01.STR.31.1.86 

[18] Nolan, J.P., Morley, P.T., Vanden Hoek, T.L., et al. (2003) Therapeutic Hypother-
mia after Cardiac Arrest: An Advisory Statement by the Advanced Life Support 
Task Force of the International Liaison Committee on Resuscitation. Circulation, 
108, 118-121. https://doi.org/10.1161/01.CIR.0000079019.02601.90 

[19] Zipes, D.P., Camm, A.J., Borggrefe, M., et al. (2006) ACC/AHA/ESC 2006 Guide-
lines for Management of Patients with Ventricular Arrhythmias and the Prevention 
of Sudden Cardiac Death: A Report of the American College of Cardiology/Ameri- 
can Heart Association Task Force and the European Society of Cardiology Com-
mittee for Practice Guidelines (Writing Committee to Develop Guidelines for 
Management of Patients with Ventricular Arrhythmias and the Prevention of Sud-
den Cardiac Death). Journal of the American College of Cardiology, 48, e247-e346.  
https://doi.org/10.1016/j.jacc.2006.07.010 

[20] (1997) A Comparison of Antiarrhythmic-Drug Therapy with Implantable Defibril-
lators in Patients Resuscitated from Near-Fatal Ventricular Arrhythmias. The Anti-
Arrhythmics versus Implantable Defibrillators (AVID) Investigators. New England 
Journal of Medicine, 337, 1576-1583.  
https://doi.org/10.1056/NEJM199711273372202 

[21] Kuck, K.H., Cappato, R., Siebels, J. and Ruppel, R. (2000) Randomized Comparison 
of Antiarrhythmic Drug Therapy with Implantable Defibrillators in Patients Resus-
citated from Cardiac Arrest: The Cardiac Arrest Study Hamburg (CASH). Circula-
tion, 102, 748-754. https://doi.org/10.1161/01.CIR.102.7.748 

[22] O’Brien, B.J., Connolly, S.J., Goeree, R., et al. (2001) Cost-Effectiveness of the Im-

https://doi.org/10.1056/NEJMoa012689
https://doi.org/10.1056/NEJMoa003289
https://doi.org/10.1016/S0196-0644(97)70133-1
https://doi.org/10.1161/hc4001.097037
https://doi.org/10.1007/BF00293466
https://doi.org/10.1097/00003246-199602000-00050
https://doi.org/10.1016/S0735-1097(00)00779-8
https://doi.org/10.1161/01.STR.31.1.86
https://doi.org/10.1161/01.CIR.0000079019.02601.90
https://doi.org/10.1016/j.jacc.2006.07.010
https://doi.org/10.1056/NEJM199711273372202
https://doi.org/10.1161/01.CIR.102.7.748


B. M. Saour et al. 
 

305 

plantable Cardioverter-Defibrillator: Results from the Canadian Implantable Defi-
brillator Study (CIDS). Circulation, 103, 1416-1421.  
https://doi.org/10.1161/01.CIR.103.10.1416 

[23] Thygesen, K., Alpert, J.S., Jaffe, A.S., et al. (2012) Third Universal Definition of 
Myocardial Infarction. Journal of the American College of Cardiology, 60, 1581- 
1598. https://doi.org/10.1016/j.jacc.2012.08.001 

[24] Scanlon, P.J., Faxon, D.P., Audet, A.M., et al. (1999) ACC/AHA Guidelines for Co-
ronary Angiography. A Report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Committee on Coronary An-
giography). Developed in collaboration with the Society for Cardiac Angiography 
and Interventions. Journal of the American College of Cardiology, 33, 1756-1824.  
https://doi.org/10.1016/S0735-1097(99)00126-6 

[25] Lang, R.M., Badano, L.P., Mor-Avi, V., et al. (2015) Recommendations for Cardiac 
Chamber Quantification by Echocardiography in Adults: An Update from the 
American Society of Echocardiography and the European Association of Cardi-
ovascular Imaging. European Heart Journal—Cardiovascular Imaging, 16, 233-270.  
https://doi.org/10.1093/ehjci/jev014 

[26] Buxton, A.E., Lee, K.L., DiCarlo, L., et al. (2000) Electrophysiologic Testing to Iden-
tify Patients with Coronary Artery Disease Who Are at Risk for Sudden Death. 
Multicenter Unsustained Tachycardia Trial Investigators. New England Journal of 
Medicine, 342, 1937-1945. https://doi.org/10.1056/NEJM200006293422602 

[27] Bardy, G.H., Lee, K.L., Mark, D.B., et al. (2005) Amiodarone or an Implantable 
Cardioverter-Defibrillator for Congestive Heart Failure. New England Journal of 
Medicine, 352, 225-237. https://doi.org/10.1056/NEJMoa043399 

[28] Moss, A.J., Zareba, W., Hall, W.J., et al. (2002) Prophylactic Implantation of a Defi-
brillator in Patients with Myocardial Infarction and Reduced Ejection Fraction. 
New England Journal of Medicine, 346, 877-883.  
https://doi.org/10.1056/NEJMoa013474 

[29] Hsu, C.Y., Huang, C.H., Chang, W.T., et al. (2009) Cardioprotective Effect of The-
rapeutic Hypothermia for Postresuscitation Myocardial Dysfunction. Shock, 32, 
210-216. https://doi.org/10.1097/SHK.0b013e318196ee99 

[30] O’Gara, P.T., Kushner, F.G., Ascheim, D.D., et al. (2013) 2013 ACCF/AHA Guide-
line for the Management of St-Elevation Myocardial Infarction: Executive Sum-
mary: A Report of the American College of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines. Circulation, 127, 529-555.  
https://doi.org/10.1161/CIR.0b013e3182742c84 

[31] Neilan, T.G., Farhad, H., Mayrhofer, T., et al. (2015) Late Gadolinium Enhance-
ment among Survivors of Sudden Cardiac Arrest. JACC. Cardiovascular Imaging, 8, 
414-423. https://doi.org/10.1016/j.jcmg.2014.11.017 

[32] Hohnloser, S.H., Kuck, K.H., Dorian, P., et al. (2004) Prophylactic Use of an Im-
plantable Cardioverter-Defibrillator after Acute Myocardial Infarction. New Eng-
land Journal of Medicine, 351, 2481-2488. https://doi.org/10.1056/NEJMoa041489 

[33] Madhavan, M., Friedman, P.A., Lennon, R.J., et al. (2015) Implantable Cardiover-
ter-Defibrillator Therapy in Patients with Ventricular Fibrillation out of Hospital 
Cardiac Arrest Secondary to Acute Coronary Syndrome. Journal of the American 
Heart Association, 4, Article ID: e001255. https://doi.org/10.1161/JAHA.114.001255 

 
 
 
 
 

https://doi.org/10.1161/01.CIR.103.10.1416
https://doi.org/10.1016/j.jacc.2012.08.001
https://doi.org/10.1016/S0735-1097(99)00126-6
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1056/NEJM200006293422602
https://doi.org/10.1056/NEJMoa043399
https://doi.org/10.1056/NEJMoa013474
https://doi.org/10.1097/SHK.0b013e318196ee99
https://doi.org/10.1161/CIR.0b013e3182742c84
https://doi.org/10.1016/j.jcmg.2014.11.017
https://doi.org/10.1056/NEJMoa041489
https://doi.org/10.1161/JAHA.114.001255


 
 

 

 
Submit or recommend next manuscript to SCIRP and we will provide best 
service for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact ijcm@scirp.org              

http://papersubmission.scirp.org/
mailto:ijcm@scirp.org

	Ventricular Arrhythmia-Free Survival Following Therapeutic Hypothermia in Patients with Sudden Cardiac Death Due to Ventricular Tachycardia or Fibrillation
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Patient Population and Study Design
	2.2. Data Collection
	2.3. Statistical Analysis 

	3. Results
	4. Discussion
	5. Limitations
	6. Conclusion
	References

