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Sudden cardiac arrest (SCA) rhythms have been traditionally divided into shockable [ven-
tricular tachycardia (VT)/ventricular fibrillation (VF)] and nonshockable [(asystole
(ASY)/pulseless electrical activity (PEA)] rhythms. It is unclear if the specific rhythm has
implications on patient management and outcomes. We evaluated 1,433 patients who were
admitted with SCA from 2000 to 2012 and were discharged alive. Of those, 1,123 patients
had a recorded initial SCA rhythm. Subjects included were >18 years of age, and without
an implantable cardioverter-defibrillator (ICD) in place at the time of the event. The like-
lihood of receiving an ICD for each SCA rhythm and the time to death were analyzed. Of
the overall cohort of 1,123 SCA survivors (age of 62 § 15 years; 39.2% women; 56.3% in-
hospital SCA; 83% white; 67% coronary artery disease), 355 (31.6%) received an ICD,
and 493 (43.9%) died over a mean follow-up of 3.8 § 3.2 years. Patients with VF (n = 254,
43.6%) or VT (n = 83, 43.9%) were more likely to receive ICD therapy compared with
those with ASY (n = 9, 5.3%) or PEA (n = 9, 4.8%; p <0.001). All-cause mortality was
lower in VF patients compared with the other groups (p <0.0001). ICD therapy was asso-
ciated with lower risk of death in the VF group (hazard ratio [HR] 0.61 [0.45 to 0.83]; p =
0.002) and strong trends toward less mortality in patients with VT (HR 0.64 [0.40 to 1.03];
p = 0.07) and ASY (HR 0.39 [0.12 to 1.31]; p = 0.13) but not in those with PEA (HR 0.93
[0.39 to 2.23]; p = 0.88). In conclusion, long-term survival in post-SCA patients is influ-
enced by initial SCA rhythm. Although SCA survivors with shockable rhythms were more
likely to receive ICDs, the ICD was associated with lower risk of death in most patients,
including those with ASY. In conclusion, our data suggest that a more detailed SCA
rhythm classification has important implications to patient management and long-term
survival in this population. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol
2019;124:709−714)
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Survivors of sudden cardiac arrest (SCA) are at high risk
for recurring lethal arrhythmias. Published guidelines rec-
ommend implantable cardioverter-defibrillator (ICD) in
patients whose documented initial rhythm is “shockable”
(VF or ventricular tachycardia [VT]) as long as there is no
reversible underlying cause for the arrhythmia.1 Although
the distinction between shockable (VT/VF) and nonshock-
able (asystole/pulseless electrical activity [ASY/PEA])
rhythms may be appropriate for the initial management of
SCA, the implications of these rhythms on the long-term
survival of SCA victims is not fully elucidated. In this large
cohort of in-hospital and out-of-hospital SCA survivors
without an ICD at the time of presentation, we examine the
association of initially recorded rhythm with clinically rele-
vant outcomes. We hypothesized that the initial recorded
SCA rhythm will be associated with (1) long-term all-cause
mortality, (2) ICD implantation, (3) risk of death among
ICD recipients versus nonrecipients within each group by
SCA rhythm. Addressing these questions may have impor-
tant implications to the clinical management of survivors of
SCA.
Methods

Survivors of SCA admitted to the hospitals of University
of Pittsburgh Medical Center from 2000 to 2012 were
included in this analysis. The University of Pittsburgh Med-
ical Center Institutional Review Board approved this study
before initiating any research activities and waived the
need to obtain informed consent given the retrospective
nature of this research. Patients with International Classifi-
cation of Disease, ninth Revision, Clinical Modification
codes for VF (427.41), ventricular flutter (427.42), VT
(427.1), and cardiac arrest (427.5), who are 18 years of age
or older and who did not have an indwelling ICD at the
time of the index SCA were identified from the electronic
medical record. A total of 3,426 patient records were identi-
fied and were manually reviewed. Of the original 3,426,
1,375 were excluded because manual review demonstrated
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no actual SCA event, and another 618 were excluded due to
duplicate patient entries. Another 310 subjects were
excluded from this analysis due to the absence of a recorded
SCA rhythm. The remaining 1,123 unique patients consti-
tuted the study cohort.

Baseline characteristics including clinical and demo-
graphic data were obtained on all patients. Details of the index
SCA event such as its location and its association with possi-
ble reversible causes were examined. The initial recorded
rhythm was ascertained from the electronic medical records
including notes from the emergency department, emergency
medical services, and hospital SCA response team.

Subjects were followed from the date of the index SCA
to the primary outcome of all-cause mortality or until Feb-
ruary 20, 2017. Death was ascertained from review of elec-
tronic medical records and by interrogating the social
security death index database using the updated Social
Security Administration Death Master file, for which our
healthcare system is exempt from the 3-year delay period
by the Social Security Administration. Cases were censored
at the date of last follow-up. ICD implantation during the
index hospitalization or in follow-up was recorded for all
patients. Continuous variables are presented as mean §
standard deviation and are compared between groups using
analysis of variance. Discrete variables are presented as fre-
quencies and percentages and are compared using the chi-
square test. Independent predictors of receiving an ICD
were analyzed using binary logistic regression, adjusting
for unbalanced covariates. Time to event (death) was
graphed using the Kaplan-Meier method and compared
using Cox-proportional hazards first between patients
grouped by initial recorded SCA rhythm and second within
each rhythm group between ICD recipients and nonreci-
pients. After ascertaining that the proportional hazards
assumption was satisfied, independent predictors of mortal-
ity were assessed using Cox regression models in which all
baseline characteristics with a 2-sided p value of <0.05
were included. Statistical significance was defined as a 2-
sided p value of <0.05. All statistical analyses were per-
formed on Stata software version 12.1 (Statacorp, College
Station, Texas).
Results

Baseline characteristics from initially recorded rhythms
are detailed in Table 1. The study cohort consisted mostly
of white men with a high prevalence of coronary artery dis-
ease, myocardial infarction, congestive heart failure, and
atrial fibrillation, as well as other medical co-morbidities
including hypertension, diabetes, chronic obstructive pul-
monary disease, and chronic kidney disease. The mean left
ventricular ejection fraction was mildly reduced. Slightly
over half of the SCA events occurred in a hospital setting
and a large proportion of patients had evidence of myocar-
dial infarction, or of either metabolic or electrolyte abnor-
malities at the time of the event.

The most commonly recorded SCA rhythm in our cohort
was VF. There were important baseline differences noted
by initial documented rhythm. Compared with VF or VT
patients, those with ASY or PEA were more likely to be
women, non-white and had lower prevalence of coronary
artery disease, chronic obstructive pulmonary disease, and
chronic kidney disease. They also had a more preserved left
ventricular ejection fraction. Patients with VT had longer
PR, QRS, QT, and QTC intervals on surface electrocardio-
gram compared with patients in the other rhythm groups.
Also, a greater proportion of patients with ASY or PEA suf-
fered an in-hospital SCA and demonstrated evidence of sig-
nificant metabolic abnormalities around the index event.
Their mean duration of index hospitalization was also lon-
ger than that of patients with VT or VF.

Over a mean follow-up of 3.8 § 3.2 years, 355 (32%)
received an ICD. Patients with VF or VT had a markedly
greater proportion of ICD implantation compared with
patients with ASY or PEA (Figure 1). The proportion of
patients receiving an ICD during the index hospitalization
or during follow-up was 43.6% for VF, 44.9% for VT,
5.3% for ASY, and 4.8% for PEA (p <0.001 for VT/VF
compared with ASY/PEA). Compared with ICD nonreci-
pients, left ventricular ejection fraction was lower in ICD
recipients with an initial recorded rhythm of VF (44.4 §
14.8 vs 37.8 § 16.2, p <0.0001), and ASY (50.4 § 13.7 vs
32.9 § 18.1, p = 0.0016) but not VT or PEA. (Supplemental
Table 1) Using binary logistic regression, independent pre-
dictors of receiving an ICD included the presenting shock-
able rhythm, the absence of coronary artery disease, and an
out-of-hospital SCA (Table 2).

Over a mean follow-up of 3.8 § 3.2 years, 83 (7.4%) of
patients received an appropriate ICD shock and 493 (44%)
patients died. Appropriate ICD shocks were experienced in
57 of 254 (22%) patients presenting with VF, in 22 of 83
(26%) patients presenting with VT, in 1 of 9 (11%) patients
presenting with ASY, and in 3 of 9 (33%) patients present-
ing with PEA. We examined the adjusted all-cause mortal-
ity among the study cohort stratified initially by recorded
rhythm using Cox-proportional hazards model (Table 3).
Among the 4 rhythm cohorts, VF patients were less likely
to die compared with VT, ASY, or PEA patients (Figure 2,
Table 3). There were no observed differences in outcomes
between the other 3 groups. Next, we examined all-cause
mortality in subjects with and without ICD implantation
stratified by presenting rhythm (Figure 2). Among patients
who did not receive an ICD, patients with VF were less
likely to die compared with VT (hazard ratio [HR] 1.77
[1.26 to 2.48]; p = 0.001), ASY (HR 1.43 [1.06 to 1.92]; p
= 0.019), or PEA (HR 1.72 [1.29 to 2.28]; p <0.001)
patients. Among patients who received an ICD, patients
with PEA (HR 3.08 [1.27 to 7.45]; p = 0.13) were more
likely to die compared with VF, and there was no difference
in all-cause mortality between patients with VF, VT (HR
1.49 [0.99 to 2.26]; p = 0.058), and ASY (HR 0.95 [0.29 to
3.09]; p = 0.93; Figure 2). We examined all-cause mortality
in subjects who experienced SCA in-hospital compared
with out-of-hospital among each presenting rhythm sub-
group. In subjects with ASY, subjects with an in-hospital
SCA compared with out-of-hospital SCA observed a lower
risk of death (HR 0.55 [0.32 to 0.93]; p = 0.027). No differ-
ences were observed in VF (HR 1.02 [0.75 to 1.39]; p =
0.88), VT (HR 0.96 [0.59 to 1.54]; p = 0.86), or PEA (HR
0.78 [0.52 to 1.19]; p = 0.25). Finally, we examined the sur-
vival benefit of ICD implantation on long-term all-cause
mortality within each presenting rhythm group (Figure 3).
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Table 1

Baseline characteristics of sudden cardiac arrest survivors by presenting rhythm

Variables n Overall VF VT Asystole PEA p value

(n = 1,123) (n = 583) (n = 185) (n = 169) (n = 186)

Age (years) 1123 61.7 § 15.4 61.6 § 14.1 63.1 § 15.8 61.6 § 17.7 60.9 § 16.9 0.55

Women 1123 440 (39.2%) 211 (36.2%) 60 (32.4%) 74 (43.8%) 95 (51.1%) <0.001
Non-white 1123 191 (17.0%) 85 (14.6%) 25 (13.5%) 37 (21.9%) 44 (23.7%) 0.005

Any coronary artery disease 1123 750 (66.8%) 460 (78.9%) 135 (73.0%) 78 (46.2%) 77 (41.4%) <0.001
Prior myocardial infarction 1123 586 (52.2%) 389 (66.7%) 98 (53.0%) 50 (29.6%) 49 (26.3%) <0.001
Prior CABG 1123 167 (14.9%) 93 (16.0%) 37 (20.0%) 20 (11.8%) 17 (9.1%) 0.015

Prior PCI 1123 136 (12.1%) 94 (16.1%) 16 (8.7%) 11 (6.5%) 15 (8.1%) <0.001
Congestive heart failure 1123 374 (33.3%) 202 (34.7%) 67 (36.2%) 52 (30.8%) 53 (28.5%) 0.31

Valve disease 1123 209 (18.6%) 101 (17.3%) 41 (22.2%) 38 (22.5%) 29 (15.6%) 0.17

Pre-SCA beta-blocker 1096 443 (40.4%) 244 (42.7%) 70 (39.3%) 60 (36.4%) 69 (37.9%) 0.398

Class I or III antiarrhythmic 1123 21 (2%) 11 (2%) 6 (3%) 4 (2%) 0 (0%) 0.29

Atrial Fibrillation 1123 335 (29.8%) 159 (27.3%) 70 (37.8%) 57 (33.7%) 49 (26.3%) 0.02

Ejection fraction (%) 895 44. § 16 42 § 16 42 § 17 49 § 14 52 § 14 <0.0001
NYHA 135 2.0 § 0.9 1.8 § 0.9 1.9 § 0.9 2.1 § 0.9 2.4 § 0.8 0.07

NYHA class

I 52 52 (38.5%) 30 (46.9%) 9 (40.9%) 9 (33.3%) 4 (18.2) 0.18

II 37 37 (27.4%) 17 (26.6%) 8 (36.4%) 6 (22.2%) 6 (27.3)

III 42 42 (31.1%) 15 (23.4%) 4 (18.2%) 11 (40.7%) 12 (54.6)

IV 4 4 (3.0%) 2 (3.1%) 1 (4.6%) 1 (3.7%) 0 (0.0%)

Diabetes mellitus 1123 356 (31.7%) 157 (26.9%) 65 (35.1%) 65 (38.5%) 69 (37.1%) 0.004

Hypertension 1123 695 (61.9%) 368 (63.1%) 110 (59.5%) 90 (53.3%) 127 (68.3%) 0.024

Peripheral vascular disease 1123 119 (10.6%) 60 (10.3%) 20 (10.8%) 20 (11.8%) 19 (10.2%) 0.95

Chronic pulmonary disease 1123 351 (31.3%) 155 (26.6%) 61 (33.0%) 58 (34.3%) 77 (41.4%) 0.001

Chronic kidney disease or dialysis 1123 180 (16.0%) 71 (12.2%) 30 (16.2%) 32 (18.9%) 47 (25.3%) <0.001
Moderate/severe liver disease 1123 14 (1.3%) 5 (0.9%) 1 (0.5%) 6 (3.6%) 2 (1.1%) 0.032

Dementia 1123 35 (3.1%) 11 (1.9%) 7 (3.8%) 8 (4.7%) 9 (4.8%) 0.090

Malignancy 1123 123 (11.0%) 52 (8.9%) 22 (11.9%) 24 (14.2%) 25 (13.4%) 0.13

Body mass index (kg/m2) 1011 30.0 § 7.9 30.0 § 7.9 30.0 § 7.0 29.8 § 7.5 30.0 § 8.8 0.99

Charlson co-morbidity index 1123 2.7 § 2.3 2.4 § 2.1 2.8 § 2.4 3.0 § 2.6 2.9 § 2.5 0.0121

PR interval (ms) 938 169.0§ 42.2 167.5§ 36.8 178.5§ 54.6 177.8§ 51.3 157.3 § 32.0 <0.0001
QRS duration (ms) 1082 106.9§ 31.5 106.4§ 28.3 118.5§ 41.1 101.6§ 25.5 102.0 § 32.7 <0.0001
QT interval (ms) 1081 402.2§ 71.3 402.8§ 66.5 414.6§ 88.3 400.0§ 66.8 390.2 § 72.4 0.0148

QTc interval (ms) 1082 474.3§ 53.9 472.0§ 53.7 486.6§ 58.7 466.1§ 50.7 476.9 § 50.5 0.0022

Serum potassium (mEq/L) 1112 4.2 § 1.2 4.0 § 0.9 4.2 § 2.1 4.4 § 1.0 4.4 § 1.1 0.0001

Serum magnesium (mEq/L) 1066 2.0 § 0.5 2.0 § 0.5 2.1 § 0.5 2.1 § 0.5 2.0 § 0.6 0.46

Serum bicarbonate (mmol/L) 1082 23.5 § 5.4 23.3 § 5.0 23.6 § 4.9 23.5 § 5.9 24.1§ 6.3 0.35

Troponin I (mg/L) 946 11.4§44.2 17.0§54.1 11.2§44.9 1.5§7.4 1.6§8.6 0.0001

Creatinine phosphokinase-MB (mg/L) 310 57.7 § 132.8 66.0 § 148.3 68.0 § 134.9 23.5 § 66.6 34.8 § 79.3 0.22

Aspirin 462 462 (41%) 246 (42%) 66 (36%) 76 (45%) 74 (40%) 0.43

Beta-blockers 443 443 (39%) 244 (42%) 70 (38%) 60 (36%) 69 (37%) 0.40

Class I or III antiarrhythmic drugs 21 21 (2%) 11 (2%) 6 (3%) 4 (2%) 0 (0%) 0.29

Heart rate (beats per minute) 1083 88.9 § 25.7 87.2 § 23.8 90.3 § 28.0 87.6 § 29.1 94.0 § 25.3 0.0143

Systolic blood pressure (mm Hg) 1092 126.5§ 31.1 127.7§ 30.3 128.1§ 28.3 126.5§ 34.0 121.5 § 33.2 0.11

Diastolic blood pressure (mm Hg) 1081 70.8 § 20.9 72.5 § 20.8 70.6 § 20.1 67.1 § 19.1 69.0 § 23.1 0.0168

Location (in-hospital) 1123 632 (56.3%) 281 (48.2%) 106 (57.3%) 125 (74.0%) 120 (64.5%) <0.001
Significant electrolyte abnormality 1123 194 (17.3%) 95 (16.3%) 32 (17.3%) 27 (16.0%) 40 (21.5%) 0.40

Significant metabolic abnormality 1123 151 (13.5%) 65 (11.2%) 19 (10.3%) 30 (17.8%) 37 (19.9%) 0.004

Reversible and correctable cause 1123 652(58.1%) 390(66.9%) 104(56.2%) 77(45.6%) 81(43.6%) <0.001
Cath evidence of acute MI 1123 402 (35.8%) 303 (52.0%) 70 (37.8%) 22 (13.0%) 7 (3.8%) <0.001
Length of stay (days) 1123 15.1 § 16.0 12.5 § 11.9 16.7 § 18.7 17.7 § 21.5 19.5 § 16.7 <0.0001

CABG = coronary artery bypass graft surgery; MI = myocardial infarction; NYHA=New York Heart Association class; PCI = percutaneous coronary inter-

vention; SCA = sudden cardiac arrest.
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Significant benefit of ICD implantation was observed in
those patients presenting with VF (HR 0.61 [0.45 to 0.83];
p = 0.002). There were nonsignificant trends toward sur-
vival in the presence of an ICD noted in VT (HR 0.64 [0.40
to 1.03]; p = 0.066) and ASY (HR 0.39 [0.12 to 1.31]; p =
0.128) patients but not in those with PEA (HR 0.93 [0.39 to
2.23]; p = 0.876).
Discussion

Our data demonstrate that long-term mortality in post-
SCA survivors may be influenced by initial SCA rhythm
and that ICD therapy is as expected more prescribed in
patients with “shockable” rhythms. We found that ICD
therapy is associated with lower risk of death in patients
presenting with VT, VF, and a nonsignificant trend in those



Figure 1. Proportion of ICD implantation by initial SCA rhythm.

Table 2

Independent predictors of receiving ICD therapy in SCA survivors

Adjusted OR (95% CI) p Value

Initial SCA rhythm

Ventricular fibrillation Ref.

Ventricular tachycardia 1.12 (0.79−1.58) 0.54

Asystole 0.08 (0.04−0.16) <0.001
Pulseless electrical activity 0.07 (0.03−0.14) <0.001

Sex (ref = female) 1.30 (0.96−1.76) 0.085

Race (ref = white) 0.89 (0.60−1.33) 0.56

Coronary artery disease 0.66 (0.46−0.95) 0.026

Atrial fibrillation 1.13 (0.82−1.55) 0.47

Diabetes mellitus 0.98 (0.69−1.41) 0.92

Chronic pulmonary disease 1.09 (0.76−1.56) 0.64

Chronic kidney disease 0.74 (0.41−1.34) 0.32

Dementia 0.66 (0.25−1.76) 0.41

Charlson co-morbidity index 1.02 (0.91−1.14) 0.71

Significant metabolic abnormality 0.71 (0.45−1.13) 0.15

SCA location (ref = out-of-hospital) 0.42 (0.32−0.56) <0.001
Admission duration 1.00 (0.99−1.01) 0.71

Hypertension 1.11 (0.82−1.50) 0.51

Liver disease 1.75 (0.41−7.41) 0.45

Table 3

Independent predictors of all-cause mortality in SCA survivors

HR (95% CI) p value

Initial SCA rhythm

Ventricular fibrillation Ref. Ref.

Ventricular tachycardia 1.60 (1.24−2.07) <0.001
Asystole 1.54 (1.17−2.02) 0.002

Pulseless electrical activity 1.73 (1.33−2.26) <0.001
Post-SCA ICD 0.60 (0.47−0.76) <0.001
Sex (ref = female) 0.87 (0.73−1.05) 0.15

Race (ref = white) 1.27 (1.00−1.60) 0.048

Coronary artery disease 0.89 (0.72−1.10) 0.29

Atrial fibrillation 1.72 (1.42−2.07) <0.001
Diabetes mellitus 1.28 (1.04−1.56) 0.018

Chronic pulmonary disease 1.12 (0.91−1.36) 0.28

Chronic kidney disease 1.40 (1.06−1.84) 0.018

Dementia 1.64 (1.09−2.46) 0.017

Charlson co-morbidity index 1.19 (1.13−1.26) <0.001
Metabolic abnormality 1.28 (1.00−1.63) 0.046

SCA location (ref = out-of-hospital) 0.86 (0.71−1.05) 0.15

Admission duration 1.00 (0.99−1.00) 0.6

Hypertension 1.02 (0.84−1.24) 0.81

Liver disease 1.16 (0.62−2.18) 0.63

Figure 2. Kaplan-Meier survival curve of all-cause mortality stratified by

initial recorded rhythm for (A) overall cohort, (B)non-ICD recipients, (C)

ICD recipients.
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with ASY. Only in patients whose initial SCA rhythm is
PEA, was ICD therapy not associated with lower risk of
death. These data are important because although tradi-
tional separation of rhythm into shockable and nonshock-
able may be suitable for immediate management during
SCA, it may not be appropriate for the long-term decision
making around ICD therapy. Our data, if confirmed pro-
spectively, may have significant implications for the man-
agement of SCA survivors.

According to our data, patients presenting with VF have
a lower risk of death than those presenting with VT, ASY,
or PEA. The finding of worse survival in PEA and ASY
patients compared with VF is consistent with other studies

www.ajconline.org


Figure 3. Kaplan-Meier survival curve of all-cause mortality stratified by ICD placement in (A) VF, (B) VT, (C) Asystole, (D) PEA.

Arrhythmias and Conduction Disturbances/SCA Rhythm and Patient Outcomes 713
and is best explained by ASY, which is lack of autonomic
electrical activation of the conduction system, and PEA, a
failure of meaningful cardiac output in the presence of an
organized electrical rhythm, usually inflict patients with
many co-morbidities which end-up limiting survival.2 One
possibility that may explain the lower risk of death in VF
compared with VT patients is that VT is a more organized
rhythm requiring the presence of myocardia scar to sustain
reentry, whereas VF is usually related to metabolic
derangements or global ischemia, both of which can be
reversed whereas ventricular scarring is fixed. VF is com-
monly the mechanism of ischemia-related SCA. This is
supported by autopsy studies which demonstrate shockable
rhythms are strongly associated with ischemic heart dis-
ease.3,4 Moreover, in a study of SCA during cardiac moni-
toring, primary VF was highly associated with the presence
of acute coronary syndromes, and VT degenerating to VF
was the second most common rhythm seen in patients suf-
fering an acute coronary event. Acute coronary syndrome
was not observed in patients with primary VT.5 Although
several studies had previously demonstrated more favorable
short-term outcomes in PEA compared with ASY patients,
our data suggest no difference in the long-term prognosis
between these 2 groups.6,7
Overall, our data suggest that about one-third of survi-
vors of SCA receive an ICD, which is consistent with other
publications.8 In our cohort, we observed significantly
greater prevalence of ICD utilization among subjects with
VT or VF compared with those with ASY or PEA. This
likely reflects ICDs, which are shocking devices are intui-
tively more prescribed for shockable rhythms. It is also a
reflection of the original clinical trials for secondary pre-
vention of SCA which demonstrated a survival benefit with
the ICD in the context of VF or VT SCA.9−11 Among the 4
rhythm groups, we observed lower risk of death with ICD
therapy in VF and VT. However, we observed a trend of
lower risk of death with ICD therapy in ASY but not in
PEA patients. These findings may be explained in several
ways. In patients with VF or VT, ICD therapy is well dem-
onstrated and is likely meant to abort a future recurrence of
the shockable rhythm.12,13 Among our subjects with ASY,
we found the group that received ICDs had a significantly
lower EF, which may have provided the impetus for ICD
implantation. Furthermore, it is believed that many subjects
who present with ASY had likely degenerated from VF or
VT prior by the time emergency medical services arrived
on the scene and the first rhythm was recorded.14 Therefore,
it is likely that a subset of patients with ASY who received
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an ICD, may benefit from defibrillation of a shockable
rhythm earlier in the course of their arrest. Also, because
ASY is a failure of automatic electrical activation of the
cardiac conduction system, another possible mechanism of
benefit in survivors of ASY may be that all transvenous
ICDs are pacemakers and potentially effective therapy for
ASY. Thus, ICD therapy may have a role in the long-term
management of SCA survivors who present with ASY.

Our study has limitations. It is a single-center, retrospec-
tive analysis and therefore may be subject to bias. We have
attempted to limit the bias by adjusting for all unbalanced
covariates which may influence the primary outcome of all-
cause mortality and by including all survivors of SCA who
had documented initial rhythm at the time of the index
event from 25 hospitals within the University of Pittsburgh
Medical Center network, which spans a wide area of west-
ern Pennsylvania including rural community hospitals and
urban tertiary centers. Still, our results may not be extrapo-
lated to other patient populations cared for in different set-
tings. Data regarding ICD settings was not available, and
procedures for selecting and programming ICDs were not
standardized, which may have affected outcomes.15,16

Our data demonstrate that an initial recorded rhythm of
VF is predictive of lower risk of death after SCA, that ICD
therapy is associated with lower risk of death in patients
with initial rhythm of VF or VT, but not PEA. Patients with
ASY exhibited a strong trend toward less mortality with the
ICD but this did not reach statistical significance. ICD ther-
apy is more prescribed in subjects with a shockable rhythm.
Although common practice is to separate SCA victims into
those with “shockable” versus “nonshockable” rhythms,
our data suggest that a more specific rhythm identification
may have important implications to the management and
long-term prognosis of SCA survivors.
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