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Take-home message: Despite being
conducted in the therapeutic hypothermia
and early coronary angiogram era, hospital
discharge survival rate of resuscitated SCD
remains poor. The current registry further
suggests that increasing bystander CPR,
therapeutic hypothermia, and early coronary
angiogram coverage may improve short-
term prognosis.
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Abstract Purpose: Sudden car-
diac death (SCD) is a major public
health concern, but data regarding
epidemiology of this disease in Wes-
tern European countries are outdated.
This study reports the first results
from a large registry of SCD. Meth-
ods: A population-based registry
was established in May 2011 using
multiple sources to collect every case
of SCD in Paris and its suburbs,
covering a population of 6.6 million.
Utstein variables were recorded. Pre-
hospital and in-hospital data were
considered, and the main outcome
was survival at hospital discharge.
Neurologic status at discharge was
established as well. Results: Of the
6,165 cases of SCD recorded over

2 years, 3,816 had a resuscitation
attempt and represent the study pop-
ulation. Most patients were male

(69 %), the SCD occurred at home
(72 %) with bystanders in 80 % of
cases, and cardiopulmonary resusci-
tation (CPR) was performed in 45 %
of cases. Initial rhythm was shockable
in 26 % of cases. A total of 1,332
patients (35 %) were admitted alive
to hospital. Among hospitalized
patients, 58 % had a coronary angio-
gram, and the same proportion had
therapeutic hypothermia. Finally, 279
patients (7.5 %) were discharged
alive, of whom 96 % had a favorable
neurological outcome. In multivariate
analysis, bystander CPR (OR 2.1,
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95 % CI 1.5-3.1) and initial shock-
able thythm (OR 11.5, 95 % CI
7.6—17.3) were positively associated
with survival at hospital discharge,
whereas age (OR 0.97 per year, 95 %
CI 0.96-0.98), longer response time
(OR 0.93 per minute, 95 % CI
0.89-0.97), occurrence at home (OR
0.4, 95 % CI 0.3-0.6), and

Conclusion:

Introduction

In spite of therapeutic advances, sudden cardiac death
(SCD) remains a frequent and often fatal disease, with
highly different survival rates between studies and
countries [1]. Knowledge about the extent of this disease
is crucial in order to match research themes with public
health needs [2].

In a recent meta-analysis, Sasson et al. [1] reported a
survival rate to hospital discharge after SCD between 6
and 8 %. However, the French emergency medical system
(EMS) differs significantly from the North American
EMS, with early medicalization of patients [3]. The
impact of this marked specificity has been discussed [4].
To the best of our knowledge, prognosis of SCD is not
documented in the French EMS system.

During hospitalization of out-of-hospital cardiac arrest
(OHCA) patients, percutaneous coronary intervention
(PCI) [5, 6] and therapeutic hypothermia (TH) [7-9] have
been proposed to improve the prognosis of SCD. How-
ever, despite their inclusion in guidelines [10], the extent
of these therapies in clinical practice is not known, and
available data are derived from trials involving intensive
care units highly aware of the benefits of these therapies,
or from declarative surveys [11].

Considering the lack of broad epidemiological data,
we developed a population-based registry with multiples
sources, serving exhaustively a large population in Paris
and its suburbs, representing more than 10 % of the
overall French population. In this study, we reported
factors from every link of the chain of survival, including
both pre-hospital and hospital care, in order to perform an
overview of the characteristics, management, and prog-
nosis of SCD with resuscitation attempt.

Materials and methods

The methodology of this study is consistent with the
STROBE checklist for observational studies [12].

epinephrine dose greater than 3 mg
(OR 0.05, 95 % CI 0.03-0.08) were
inversely associated with survival.
Despite being con-
ducted in the therapeutic hypothermia
and early coronary angiogram era,
hospital discharge survival rate of
resuscitated SCD remains poor. The
current registry suggests ways to

improve pre-hospital and in-hospital
care of these patients.

Keywords Sudden cardiac death -
Cardiac arrest - Epidemiology -
Registry - Prognosis

Study setting

The Paris—Sudden Death Expertise Center (SDEC)
Registry is a population-based registry concerning Paris
and its suburbs (Hauts-de-Seine, Seine-Saint-Denis, Val-
de-Marne), including a residential population of approx-
imately 6.6 million and covering 762 km? (294 square
miles).

In France, the EMS is a two-tiered physician-manned
system, with a basic life support tier served by firefighters
of the Brigade de Sapeurs Pompiers de Paris (BSPP), who
can apply automated external defibrillators (AED), and an
advanced cardiac life support (ACLS) tier, provided in the
field, with systematic endotracheal intubation, intrave-
nous access line, and drug following the international
guidelines if necessary [3, 13].

Study population

According to definitions from recent guidelines [14],
every case of out-of-hospital SCD (defined as unexpected
death without obvious extracardiac cause) occurring in
the area of interest, with age over 18 years, was included
in the SDEC registry, from 15 May 2011 to 15 May 2013.
Exclusion criteria were patients aged under 18 years,
SCD occurring outside the area of interest, prior terminal
condition (such as metastatic malignancy), or obvious
non-cardiac cause according to Utstein templates (trauma,
submersion, respiratory, etc.) [15].

Data collection

To ensure completeness of collection, the SDEC Registry
was derived from an intensive and prospective epidemi-
ologic  case-finding. = Combining “passive” and
“active” attitudes warranted the most extensive collec-
tion of cases of SCD, significantly superior to passive
detection of cases alone. In addition, an individual review
of each case ensured specificity, and avoided the over-
estimation often experienced in retrospective collection.
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First, for every cardiac arrest supported by BSPP, a
nominative case report form was sent daily (source 1).
Second, an electronic query algorithm was performed in the
advanced cardiac life support computer system to identify
every case of SCD (source 2). Finally, retrospective controls
based on diagnostic codes were conducted in selected
intensive care units (control). Thus, the method of collection
involved every link of the chain of survival, to ensure com-
pleteness of the registry. We performed retrospective control
among a sample of three intensive care units, and combi-
nation of both sources (BSPP and ACLS) detected 99 % of
cases of cardiac arrests admitted alive in this sample.

Recorded variables

Utstein templates for patient data collection were followed
[15]. General data included demographics characteristics
and location of arrest (street address, residential or public
place). Data recorded about pre-hospital care included
response time (defined by the delay between call and arrival
of EMS), presence of bystander, bystander cardiopulmo-
nary resuscitation (CPR) before EMS arrival, presence of
shockable rhythm before advanced life support, defibrilla-
tion attempt during resuscitation, deliverance and dose of
epinephrine (total dose delivered by EMS during advanced
life support), and survival until admission.

For every hospitalized patient, the hospitalization
report was recorded, including TH, coronary angiogram,
death or discharge from hospital, and neurological status
at discharge (according to Cerebral Performance Category
(CPC) score [16], considering a CPC score of 1 or 2 as a
favorable outcome; Electronic Supplementary Material
no. 1). For in-hospital deaths, the cause of death was
classified retrospectively as

e Hemodynamic failure: refractory shock despite phar-
macological or mechanical support, multiple organ
failure, or new fatal arrhythmia

e Neurological failure: brain death, or severe neurolog-
ical prognosis leading to withdrawal of life-sustaining
treatments

e Other: acute respiratory distress, sepsis, etc.

Two investigators reviewed each record for data
completion and validity.

Statistical analysis

For statistical analysis, we only included patients with a
resuscitation attempt by emergency medical services.
Continuous data were expressed as mean = standard
deviation (SD). Categorical data were expressed as fre-
quencies and percentages. Variables were considered for
statistical analysis if missing data did not exceed 15 %,

except for epinephrine dose (23 % of missing data). We
checked the linearity of quantitative variables using
fractional polynomial regression. In the case of absence of
linearity, continuous variables were dichotomized
according to the cutoff already accepted, if possible, or
according to preselected threshold otherwise. Compari-
sons used the y* test for categorical variables and
Student’s ¢ test or Mann—Whitney—Wilcoxon test, when
appropriate, for continuous variables. Patients were
compared according to initial shockable rhythm and, for
patients admitted alive, according to application of TH
and coronary angiogram. For prognosis analysis, only
pre-hospital variables were included in first multivariate
analysis. Variables associated with survival at discharge
(with P < 0.15) in univariate analysis were assessed in
multivariate logistic regression. A second model, restric-
ted to patients admitted alive in hospital (i.e., those likely
to receive these treatments because the others died in the
field), also included coronary angiography and TH as
cofactors. We performed multivariate analysis with list-
wise deletion. Finally, variables were considered
statistically significant for P < 0.05. All analyses were
two-sided. Statistical analysis was performed using
STATA 11.0 (Lakeway Drive, TX, USA).

Results

During the 2-year study period, 7,238 out-of-hospital
cardiac arrests occurred in the study area. After excluding
obvious extracardiac etiology, 6,165 were classified as
SCD cases. Among them, 3,816 patients had a resusci-
tation attempt, and represent the study population
(Fig. 1). Vital status at hospital discharge was available
for 3,737/3,816 (98 %).

Baseline characteristics of patients with resuscitation
attempt

Population characteristics are summarized in Table 1.
Patients were predominantly male (69 %), with a mean
age of 65.2 years. SCD occurred at home in 72 % of
cases, with a bystander in 80 %. Bystander CPR was
performed before EMS arrival in 45 % of SCD, and initial
rhythm was shockable in 26 %. The median epinephrine
dose delivered was 5 mg. A total of 2,484 patients (65 %)
died on site, and 1,332 (35 %) were admitted alive to
hospital. Among hospitalized patients, coronary angiog-
raphy was performed only in 733/1,264 (58 %) of
patients. Among them, acute myocardial infarction was
ascertained in 345/733 patients (47 %). A total of 58 % of
hospitalized patients had TH. Finally, 974 patients died in
hospital, and 279 were discharged alive. Among in-
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Fig. 1 Flow chart of patients
included during a 2 years period
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hospital deaths, 55 % resulted from hemodynamic failure,
whereas 43 % followed neurological failure. Among SCD
with a resuscitation attempt, survival rate at hospital
discharge was 7.5 %, 95 % CI 6.6-8.4 % (22 % of
patients admitted alive). Among patients who survived
until discharge, 96 % presented favorable neurological
outcomes (CPC 1-2).

Baseline characteristics: according to initial rhythm

The population characteristics according to initial rhythm
are presented in Table 2. Compared to patients with non-
shockable initial rhythm, patients with shockable rhythm
were more often male (82 vs. 66 %, P < 0.001), younger,
and had more bystander-witnessed SCD (92 vs. 77 %,
P < 0.001). Bystander CPR was more common among
patients with initial shockable rhythm (57 vs. 41 %,
P < 0.001). During in-hospital course, coronary

angiography and TH were more applied among patients
with shockable rhythm compared with patients with non-
shockable rhythm. Finally, survival at discharge was
significantly higher among patients with initial shockable
rhythm (26 % of SCD with a resuscitation attempt in the
shockable group vs. 2 % in the non-shockable group,
P < 0.001).

Baseline characteristics: according to application
of TH and coronary angiogram

Among 1,332 patients admitted alive, data regarding
application of TH and coronary angiogram were available
for 1,257 patients (94 %). Of these 1,257 patients, 560
(45 %) received both hypothermia and coronary angio-
gram, whereas 697 (55 %) received only one or none of
these treatments. Characteristics of these patients are
reported in Table 3 and Electronic Supplementary
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Table 1 Baseline characteristics and outcomes of the population

Baseline characteristics n

Male sex, n (%) 2,640 (69)
Mean age, year (SD) 65.2 + 16.1
Home location, n (%) 2,741 (72)
Bystander, n (%) 2,997 (80)
Bystander CPR before EMS arrival, n (%) 1,088 (45)
Response time, min (SD) 9.3 4.4)
Initial shockable rhythm, n (%) 876 (26)
Epinephrine dose, median (IQR) 5 (2-10)
Admitted alive, n (%) 1,332 (35)
Coronary angiography, n (%) 733 (58)
Therapeutic hypothermia, n (%) 733 (58)
Outcome

Discharged alive, n (%) 279 (7.5)
Neurologic outcome at discharge, n (%)

CPC1lor?2 258 (96)
CPC3or4 12 (4)
Cause of in-hospital death, n (%)

Neurological failure 421 (43)
Hemodynamic failure 529 (55)
Other 16 (2)

Results are presented as n (%) for categorical variables, and
mean + SD for continuous variable—except for epinephrine. 448
patients had missing data about initial rhythm

CPR cardiopulmonary resuscitation, EMS emergency medical ser-
vices, SD standard deviation

Table 2 Baseline characteristics according to initial rhythm

Material no. 4. Application of both treatments was asso-
ciated in the univariate analysis with male sex, younger
age, occurrence outside home, bystander CPR, and lower
dose of epinephrine.

Prognostic factors

Univariate analysis of pre-hospital prognostic factors is
presented in Table 4. Male sex (OR 1.4, 95 % CI
1.1-1.9), bystander CPR (OR 2.7, 95 % CI 2.0-3.6), and
initial shockable rhythm (OR 14.3, 95 % CI 10.6-19.3)
were positively associated with survival at discharge. By
contrast, longer response time (OR 0.93 per minute, 95 %
CI 0.90-0.97), ageing (OR 0.97 per year, 95 % CI
0.96-0.97), occurrence of SCD at home (OR 0.18, 95 %
CI 0.1-0.2), and epinephrine dose greater than 3 mg (OR
0.06, 95 % CI 0.04-0.1) were inversely associated with
survival at discharge.

In multivariate analysis (Table 4), bystander CPR (OR
2.1, 95 % CI 1.5-3.1) and initial shockable rhythm (OR
11.5, 95 % CI 7.6-17.3) remained positively associated
with survival at discharge, while ageing (OR 0.97, 95 %
CI10.96-0.98), occurrence of SCD at home (OR 0.4, 95 %
CI 0.3-0.6), and epinephrine dose greater than 3 mg (OR

Baseline characteristics

Initial non-shockable
rhythm n = 2,492

Initial shockable P
rhythm n = 876

Male sex, n (%) 1,633 (66) 719 (82) <0.001
Mean age, year (SD) 66.5 £ 15.7 59.7 £ 159 <0.0001
Home location, n (%) 1,909 (77) 448 (51) <0.001
Bystander, n (%) 1,897 (77) 805 (92) <0.001
Bystander CPR before EMS arrival, n (%) 614 (41) 394 (57) <0.001
Epinephrine dose, median (IQR) 4 (0-9) 5 (2-10) 0.0003
Admitted alive, n (%) 711 (29) 598 (68) <0.001
Coronary angiography, n (%) 279 (41) 450 (78) <0.001
Therapeutic hypothermia, n (%) 333 (49) 396 (70) <0.001
Discharged alive, n (%) 59 (2) 219 (26) <0.001
Results are presented as n (%) for categorical variables, and mean £+ SD for continuous variable—except for epinephrine
CPR cardiopulmonary resuscitation, EMS emergency medical services, SD standard deviation
Table 3 Baseline characteristics of patients admitted alive according to application of coronary angiogram and TH
Baseline characteristics TH + coronary No TH and/or no P
angiogram coronary angiogram
Male sex, n (%) 441 (79) 443 (64) <0.001
Mean age, year (SD) 59.2 £ 14.1 61.6 £ 16.6 0.006
Home location, n (%) 270 (48) 455 (65) <0.001
Bystander, n (%) 520 (93) 620 (89) 0.02
Bystander CPR before EMS arrival, n (%) 270 (59) 231 (51) 0.02
Epinephrine dose, median (IQR) 2 (0-5) 3 (1-7) <0.0001
Discharged alive, n (%) 187 (34) 91 (13) <0.001

Results are presented as n (%) for categorical variables, and mean £ SD for continuous variable, except for epinephrin
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Table 4 Univariate and multivariate analysis of prognosis factors associated with survival at hospital discharge

Univariate analysis

Multivariate analysis

OR (95 % CI) P OR (95 % CI) P
Male sex 1.4 (1.1-1.9) 0.01 0.9 (0.6-1.3) 0.61
Age, per year 0.97 (0.96-0.97) <0.001 0.97 (0.96-0.98) <0.001
Home location 0.18 (0.1-0.2) <0.001 0.4 (0.3-0.6) <0.001
Bystander CPR 2.7 (2.0-3.6) <0.001 2.1 (1.5-3.1) <0.001
Response time, per min 0.93 (0.90-0.97) <0.001 0.93 (0.89-0.97) 0.002
Initial shockable rhythm 14.3 (10.6-19.3) <0.001 11.5 (7.6-17.3) <0.001
Epinephrine dose >3 mg 0.06 (0.04-0.1) <0.001 0.05 (0.03-0.08) <0.001
Fig. 2 Survival at hospital 60% - Survival at discharge
discharge among patients °
admitted alive, according to n =287
main prognostic factors
50% -
n =364
40%
n=175
30%
20%
n =360
10% 1 n=234
0% -
No bystander CPR Bystander CPR No bystander CPR Bystander CPR Bystander CPR
Nonshockable rhythm | Nonshockable rhythm Shockable rhythm Shockable rhythm Shockable rhythm
Coronary angiography
With or without coronary angiography performed

0.05, 95 % CI 0.03-0.08) remained inversely associated
with survival at discharge. In multivariate analysis, longer
response time remained inversely associated with survival
(OR 0.93 per minute, 95 % CI 0.89-0.97, P = 0.002).

When considering in-hospital treatments, application
of hypothermia and coronary angiogram was significantly
associated with survival at discharge (34 % in both
treatment groups vs. 13 %, P < 0.001). Among hospi-
talized patients, after adjusting for other prognostic
factors, coronary angiography was significantly associ-
ated with survival (OR 2.4, 95 % CI 1.4-4.0, P = 0.001)
whereas TH was not associated with survival (OR 1.1,
95 % CI 0.7-1.7, P = 0.79) (Electronic Supplementary
Material no. 2). Figure 2 depicts survival at hospital
discharge among patients admitted alive, according to
main prognostic factors.

Discussion

In this large, prospective, population-based registry con-
ducted over 2 years in Paris and its suburbs, we reported
6,165 cases of SCD, and 3,816 had a resuscitation
attempt. Out of these, 35 % of patients were admitted
alive to hospital. Main therapeutics such as coronary
angiogram and TH were applied in half of patients
reaching hospital. Overall survival at discharge reached
7.5 %, and factors positively associated with survival at
discharge were location of the arrest outside home, initial
shockable rhythm, younger age, bystander CPR, and low
epinephrine dose delivered during resuscitation.

The baseline characteristics of our patients were consis-
tent with previous descriptions of SCD in whom resuscitation
was attempted. Patients presenting SCD were predominantly
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male, in accordance with a higher prevalence of ischemic
cardiopathy in men [17, 18]. Most of the cases occurred at
home, with a bystander most of the time. Interestingly, we
reported a rate of bystander CPR of 45 %, higher than rates
previously described of 20-30 % [19-22, 23]. This unex-
pected higher rate could result from at least two factors. First,
educational campaigns have been conducted among the
public, improving the rate of bystander CPR. Second, the
EMS dispatcher usually advocates for the application of CPR
by the caller. In this registry, we reported a mean response
time of 9 min, comparable to previous studies [20, 24, 25],
which enhances the representativeness of our cohort. The first
rhythm recorded was shockable in only 26 % of cases, con-
sistent with rates observed in two previous studies ranging
from 24 to 26 % [21, 26]. This rate is in line with previous
results reporting decreasing rates of shockable rhythm in
favor of non-shockable rhythm (especially pulseless electri-
cal activity) [27]. This evolution could be the consequence of
primary and secondary prevention strategies of coronary
artery disease, which is the leading cause for SCD in shock-
able rhythm [28]. We confirmed strong differences in terms
of population characteristics (sex, age, bystander) between
shockable and non-shockable rhythm.

In this study, we reported data regarding both pre-hos-
pital and hospital care of SCD, a significant contribution
compared to available data. During hospitalization, early
coronary angiography was performed in only 58 % of cases,
although this intervention has been proposed to improve
survival after SCD [5, 6, 29]. Several hypotheses may
explain this low usage. First, many patients might present
hemodynamic instability, preventing transport to the cath-
eterization lab. Second, the benefit of early coronary
angiography is not demonstrated in non-shockable rhythms,
explaining why several centers do not proceed with early
coronary angiogram in these patients. Third, although the
proportion of coronary angiogram was high among hospi-
tals with 24/7 interventional cardiology, only 15 of the 20
main hospitals—accounting for 93 % of overall cases of
patients admitted alive—offer a 24/7 catheterization labo-
ratory. This may contribute to the relatively low rate of
coronary angiogram overall. Finally, some authors suggest
that coronary angiography should be performed in selected
cases according to the post-resuscitation ECG [30].

Therapeutic hypothermia has been proposed to limit
anoxo-ischemic lesions consecutive to cerebral hypoper-
fusion, in addition to percutaneous intervention [10]. In a
recent national survey in France, Orban et al. [11] reported
that 92 % of French ICUs performed TH according to
guidelines. The much lower rate of TH used in our study
(58 %) may be explained by the fact that TH was inde-
pendently assessed in our study, using medical records,
whereas declarative rates were reported in other studies. In
multivariate analysis, among patients admitted alive, we
reported an association between coronary angiography and
survival at discharge, consistent with previous reports [5, 6].
By contrast, TH was not associated with survival. Several

explanations can be given for this result. First, TH has been
proposed for patients with initial shockable rhythm only,
and its efficiency in non-shockable rhythm remains unclear
[31]. A contrario, implementing TH in only 70 % of
shockable rhythm is debatable, meaning that guidelines are
not fully followed. Then, modalities of hypothermia in each
center are not detailed, whereas recent papers questioned the
optimal timing [32] or targeted temperature [9]. Further-
more, specific modalities of TH remain unclear, and
targeted temperature management could provide as much
benefit as hypothermia [9]. Moreover, our study could be
underpowered to study the effect of this intervention on
survival at discharge.

We reported an overall survival rate of SCD of 7.5 %.
This rate is consistent with reports by Giraud et al. [33] and
Sasson et al. [1]. In spite of public access defibrillation
programs, coronary angiography, and TH, survival after
SCD remains extremely low, with high mortality in both
pre-hospital and hospital settings. As expected, prognosis
significantly differed according to initial rhythm, with 26 %
of survival at hospital discharge in shockable rhythm, and
2 % in non-shockable rhythm. Interestingly, considering in-
hospital mortality, we reported 43 % of deaths resulting
from neurological injury, lower than rates previously
described (68 % of deaths resulting from neurological
cause, according to Laver et al. [34]). However, the popu-
lation strongly differs in the two studies (in particular, initial
rhythm was ventricular tachycardia or ventricular fibrilla-
tion in 73 % of cases, and application of hypothermia was
not described), limiting possible comparisons. Our results
reinforce the crucial nature of initial hemodynamic man-
agement, with 55 % of hospital deaths resulting from
hemodynamic failure.

We must acknowledge some limitations. First, we
deplore missing data; however, rates of missing data were
low and acceptable in the setting of emergency care of
cardiac arrest. By consequence, we performed multivariate
analysis with listwise deletion. Second, determination of the
mode of death and neurological status of survivors was
dependent on the quality of the medical records. A more
systematic autopsy investigation may be useful for patients
who died on the field, and the extent to which the in-hospital
view biased the overall view is unclear. Third, we
acknowledge that the threshold of 3 mg is debatable for
epinephrine. However, when considering epinephrine dose
as linear in the model, the dose remained inversely associ-
ated with survival. Then, we evaluated the rate of bystander
CPR without assessment of the quality of CPR; however,
our purpose was to evaluate practices in the population as
reflected by bystander CPR, whatever its quality. Also, our
data are observational, and we cannot draw conclusions
about causality regarding prognostic factors. Our results
regarding in-hospital treatments reinforce the crucial need
for prospective randomized trials, especially to evaluate the
effect of TH among non-shockable rhythms [35, 36].
Moreover, we cannot provide specific data regarding the
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implementation of TH in each hospital, in terms of rates or
modalities. Moreover, considering the differences between
centers (such as catheterization laboratory availability), we
cannot rule out a biased distribution of patients between
centers, based on patient characteristics. However, this
potential biased distribution had probably little impact on
our results. Finally, vital status was not known for some
patients at the time of the study; however, overall vital status
knowledge reached 98 %, so the impact of missing data on
survival rate is minimal. The strengths of our study are our
systematic collection of every case of SCD in a given area
with a large population, our systematic adjudication pro-
cess, and systematic follow-up up to hospital discharge.

Conclusion

The survival after SCD remains disappointingly low,
around 7 %. Although proposed by international guide-
lines, hypothermia and early coronary angiogram
intervention are applied in only half of the patients.
During the in-hospital course of treatment, causes of
death are almost equally distributed between neurological

and hemodynamic failure. Initial shockable rhythm,
younger age, occurrence outside home, and low epi-
nephrine dose are associated with survival at discharge.
These findings suggest ways to improve patients’ care,
both in the pre-hospital and in the hospital settings.
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