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Aim To determine the incidence of out-of-hospital cardiac arrest (OHCA) fulfilling Utstein criteria in the Canton Ticino,
Switzerland, the survival rate of OHCA patients and their neurological outcome.

Methods All OHCA s treated in Canton Ticino between 1 January 2005 and 31 December 2014 were followed until either death

and results or hospital discharge. The survival and neurological outcome of those OHCA fulfilling Utstein criteria are reported.
A total of 3367 OHCAs occurred in the Canton Ticino over a 10-year period. Resuscitation was attempted in 2298
patients; of those 1492 (65%) were of presumed cardiac origin, 454 fulfilling the Utstein comparator criteria. About 69%
[95% confidence interval (Cl), 66.6—71.4%] of the patients had a bystander-witnessed arrest; a dispatched cardiopul-
monary resuscitation (CPR) steadily and significantly increased from 2005 to 2014. Out-of-hospital cardiac arrest oc-
curred prevalently home (67%), in men (71%) of a mean age of 71 + 13 years. There were no statistically significant
differences either in demographic characteristics of OHCA victims over these years or in presenting rhythm. There was
a progressive increase in the survival at discharge from 15% in 2005 to 55% in 2014; overall 96% (95% Cl, 93.3—-99.9%)
of the survivors had a good neurological outcome.

Conclusion The significant increase in Utstein comparator survival rates and improved neurological outcome in OHCA victims in
Canton Ticino are the result of an effective OHCA management programme which includes large-scale public educa-
tion, a coordinated fast EMS response, high density of external defibrillators, and advances in clinical interventions

for OHCAs.
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Introduction and mortality,? the latter ranging from 2.6 to 9.9%.> It has been es-
timated that ~10 000 people may suffer a sudden cardiac death in

Incidence of out-of-hospital cardiac arrest (OHCA) attended by Switzerland.* However, the real incidence of OHCA and survival

emergency medical service (EMS) in Europe is ~86 per 100 000 rate in the country is currently unknown. Several initiatives have re-

person-year with significant geographical differences.’ Out-of- cently been undertaken in some Swiss cantons to raise awareness

hospital cardiac arrest remains associated with very high morbidity about OHCA, and to educate bystanders on cardiopulmonary
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What’s new?

o We report for the first time a systematic and conservative as-
sessment of incidence of established OHCA in Switzerland
resulting in 73 cases of OHCA per 100 000 per year.

e Incidence of established OHCA remained stable over a
10-year observation period.

e The incidence of emergency medical system treated
bystander-witnessed OHCA with VF, in the decades >60
years, was two times that of the general population.

e Analysis of standardized and homogeneous emergency med-
ical protocols provides important data on the epidemiology
of OHCA.

e A majorincrease in survival rate after OHCA in Canton Ticino
with particularly favourable neurological outcome due to a
significant increase in the performance of first responder net-
work, and due to improved pre- and in-hospital management.

e Continued allocation of human and financial resources to
further improve pre-, in-, and post-hospital survival and
neurological outcome are greatly needed.

e The clinical problem of OHCA needs to be studied on a
population level to improve risk stratification beyond the
current low ejection fraction recommendation.

resuscitation (CPR) and basic life support (BLS) manoeuvres. The
lack of a federal OHCA registry does not permit the assessment
of effectiveness of these initiatives.

In 2005 in Canton Ticino (the southernmost canton of Switzerland),
amajor restructuration of the OHCA management was undertaken. It
included a significant change in the structure of EMS organizations, a
facilitated access to cardiac catheterization laboratory and to intensive
care unit at the regional heart centre. Moreover, a non-profit organ-
ization (Fondazione Ticino Cuore) was created to increase public
awareness on OHCA, to promote bystander intervention, and to
organize an efficient first responder network including engagement
of trained lay people. Finally, there has been a systematic investment
to increase year-after-year the density of public automated external
defibrillators (PADs). On top of these activities, a prospectively
designed web-based registry using international standards (Utstein
nomenclature and outcome definition)5 was established, which serves
as an observatory of the incidence and characteristics of OHCA on
the territory and continuously monitors the survival rate and the
neurological outcome of OHCA patients.

Currently, it is unknown whether these changes have resulted in
significant improvements in both survival and neurological outcomes
of bystander-witnessed OHCA with ventricular fibrillation (VF)
(Utstein definition)® in Canton Ticino, a topic addressed by this study.

Methods

Selection of participants and definitions

Allindividuals being older than 1 year who suffered in the Canton Ticino
region from 1 January 2002 until 31 December 2014 an OHCA regard-
less of its aetiology have been included in this study. The capture of

cardiac arrest cases was complete because the EMS system is
activated for all emergencies concerning cardiac arrest, and the defin-
ition excludes cases with obvious late signs of death (e.g. rigor mortis)
for which resuscitative efforts are not initiated or when a do-not-resuscitate
order is in place. Out-of-hospital cardiac arrest was defined as cessation
of cardiac mechanical activity that is confirmed by the absence of signs
of circulation occurring outside of a hospital setting. Current analysis has
been limited to those OHCAs who fulfilled Utstein criteria. All OHCA
survivors were followed-up until discharge from the hospital. Survival
rates were calculated at discharge from hospital, and at 1-year follow-up.

A bystander was defined as an individual who witnessed the collapse
or who found the person unresponsive and activated the EMS system.
Cerebral performance categories (CPCs, assessed during at the dis-
charge and at 1-year follow-up) indicate neurological outcomes; CPCs
of 1 (good) and 2 (moderate) were considered as favourable neuro-
logical outcomes in contrast to CPC 3 (severe cerebral disability) or
CPC 4 (coma or vegetative state).®

The web-based registry

Although the cardiac arrest registry was established on 1 January 2002,
consecutive and audited data have been entered starting on 1 January
2005. The web-based registry has the goal to monitor OHCA in Canton
Ticino as well as to identify potential areas for improvement in cardiac
and emergency care. It contains a record of every individual who pre-
sented a cardiac arrest regardless of aetiology, and includes patient’
demographic data, comprehensive EMS-related data, detailed bystander
and first responder activity including the use of automated external de-
fibrillator (AED)/PAD as well as pre- and in-hospital treatment and out-
come. Data are collected and stored following Good Clinical Practice
Guidelines and the relevant legislation governing the use of patient
data. The investigation complied with the Declaration of Helsinki’s prin-
ciples for physicians engaged in biomedical research involving human
subjects and was approved by the appropriate ethics committee.

Management of emergency medical system in
Canton Ticino, the Fondazione Ticino Cuore,
and the first responder network

The Federazione Cantonale Ticinese Servizi Autoambulanze coordi-
nates the entire EMS in Canton Ticino, a territory of more than
2.800 km? which presents significant geographic challenges (mountains,
valleys, and lakes). The population of Canton Ticino is distributed in few
urban areas with high population density, and a large number of rural
areas unequally distributed over the territory. The Emergency Medical
Dispatch (EMD) manages all emergencies based upon the medical
priority dispatch system; in case of OHCA, a dispatched assisted triage
and a dispatched life support are initiated. Emergency medical service
personnel is trained according to International Liaison Committee on
Resuscitation guidelines.” Once the EMD dispatcher judges the
OHCA scene secure, an alarm is issued and delivered to both profes-
sional (police and fire department—AED equipped) and laic first re-
sponders; the latter are guided to the OHCA location by messaging
system which also indicates the location of a PAD. If the OHCA scene
is not considered secure, then only professional first responders are
alerted. The mission of the organization—Fondazione Ticino Cuore—
has been outlined above.

Statistics

Data were imported from Microsoft Access into Stata 13.1 (StataCorp,
College Station, TX, USA) and cleaned with back and forth checks with
the registry data manager, before undergoing analysis. Continuous data



Table | Yearly incidence of OHCA (100 000 persons event/rate), EMS-attended OHCA, EMS-treated OHCA, EMS-treated OHCA of presumed cardiac
aetiology, and EMS-treated OHCA with VF

oov

Resident All-cause All-cause EMS-treated EMS-treated EMS-treated EMS-treated EMS-treated OHCAs, EMS-treated OHCAs, EMS-treated OHCAs EMS-treated OHCAs
population OHCAs OHCAs OHCAs OHCAs OHCAs of OHCAs of bystander-witnessed  bystander-witnessed (over 60 years), (over 60 years),
incidence incidence presumed presumed with VF (Utstein with VF (Utstein bystander-witnessed  bystander-witnessed
cardiac cardiac comparator) comparator) with VF with VF incidence
aetiology aetiology incidence
incidence
Total Over n=4320 n = 2298 n = 1492 n =454 n =261
60
years
2005 322.276 81.364 350 109 232 72 138 43 44 14 22 27
2006 324.851 83577 326 100 222 68 149 46 47 14 26 31
2007 328580 85.702 349 106 210 64 129 39 29 9 17 20
2008 332.736 87.674 300 90 206 62 143 43 43 13 25 29
2009 335720 89.402 343 102 244 73 168 50 58 17 37 41
2010 333.753 89.522 360 108 241 72 164 49 44 13 31 35
2011 336.943 91.109 353 105 238 71 152 45 44 13 26 29
2012 341.652 92770 331 97 238 70 145 42 50 15 28 30
2013 346.539 94463 356 103 254 73 167 48 53 15 31 33

Resident population according to Swiss Federal Office of Statistics.®
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were summarized as mean and standard deviation and median and quar-
tiles, and categorical data as counts and percent. Death rates and bino-
mial exact 95% confidence intervals (95% Cls) were computed. Patterns
over years were assessed with the test for trend. All tests were two-
sided and significance was set at 5%. To determine the yearly incidence
of OHCA, i.e. number of new cases per unit of person-time at risk on
every year, the yearly number of OHCAs was divided by the local popu-
lation at risk during the same period.® All OHCAs included also those
who were declared dead in field, regardless of whether a resuscitation
attempt was initiated.

Results

During the 10-year study period, a total of 3367 OHCAs occurred
in the Canton Ticino. There was a negligible annual fluctuation in the
absolute number of OHCA without significant change over time of
the OHCA incidence (Table 7). The incidence of EMS-treated
bystander-witnessed OHCA with VF in the decades >60 years
was two times that of the general population (Table 7). Resuscitation
was attempted in 2298 cases; of those 1492 (65%) were of pre-
sumed cardiac origin, and 454 fulfilled the Utstein comparator
criteria (Figure 7). All patients who had a shockable rhythm as pre-
senting event had a ROSC in field (Figure 7). Patients and resuscita-
tion characteristics are shown in Table 2. Out-of-hospital cardiac
arrest occurred prevalently home (67%), in men (71%) of a mean
age of 71 + 13 years. There were no statistically significant differ-
ences in demographic characteristics of OHCA victims over years
as well as in the presenting rhythm.

Wi itnessed status, bystander resuscitation
attempt, role of first responders, and
automated external defibrillator use

Altogether, 69% (95% Cl, 66.6—71.4%) of the patients had a
bystander-witnessed arrest; this proportion was stable over time

All OHCAs > 1 year old
n=3367

EMS resuscitation attempted
n=2298

Cardiac origin
n=1492

Unwitnessed n=461

Witnessed by bystander
n=1031

No shockable rhythms n=577

Shockable rhythms
n=454
(ROSC in field=454)

Excluded:
DNR n=289
Death before EMS arrival n=780

Non cardiac origin n=806

Discharged alive
n=160

Alive at 1 year
n=121

Figure | Flowchart of patients’ inclusion.

(Table 2). Throughout the study period, a BLS or a dispatched
CPR steadily and significantly increased (Table 2). A layperson or a
professional first responder was on scene in 29% of time within
7 min from the alarm call, thus replacing or supporting the
bystander-initiated CPR (Figure 2). Subsequently with the introduc-
tion of a telephone-based messaging system (SMS) activated by the
EMS dispatcher, there was a progressive increase in the number of
laic first responders who responded to the SMS (Figure 2), and
reached the scene within 3 min from message.

Survival and 1-year neurological outcome

Before 2010, all OHCAs were referred to the nearest hospital, with a
subsequent transfer to a tertiary level hospital (Fondazione Cardio-
centro Ticino) for OHCAs of cardiac origin. Starting in 2011, all OH-
CAs of presumed cardiac origin were directly transferred to the
tertiary care centre, in which primary coronary revascularization
and therapeutic hypothermia was immediately available. There was
a progressive increase in the proportion of patients achieving survival
at discharge from 15% in 2005 to 55% in 2014 (Table 2). The improve-
ment in survival rate was still significant when 1-year survival was
assessed (Table 2). Altogether, 96% (95% Cl, 93.3-99.9%) of the sur-
vivors had a good neurological outcome (Table 3). Implantation of a
cardioverter-defibrillator which may include cardiac resynchroniza-
tion therapy was indicated in 116 patients whose OHCA was not
related to a myocardial ischaemic event.

Discussion

This study reports a major increase in survival rate after OHCA in
Canton Ticino with particularly favourable neurological outcome
due to a significant increase in the performance of first responder
network, and due to improved pre- and in-hospital management.
It is evident that there is much value in utilizing a registry to provide
evidence of effectiveness; it also provides invaluable information to
identify areas for improvement in the chain of survival. Notably, our
experience may possible serve as an OHCA management model to
other Swiss Cantons.

The higher incidence of OHCA of presumed cardiac origin in
Canton Ticino compared with other European countries (Denmark:
52%)° or cities (e.g. London: 44%; Vienna: 48.5%)'%"" may be re-
lated to a higher proportion of bystander-witnessed cardiac arrest
and/or to demographic differences. Differently from Wissenberg
et al’ and Margey et al.™ but in agreement with Martens et al,”
we did not notice a measurable reduction in either absolute number
of OHCAs or its incidence. This may result from a parallel increase
of incidence of OHCA in the persons aged over 60, a population
segment that has been rapidly growth in Canton Ticino over the
last decade.

Differently from recent repor‘cs,14 the proportion of bystander
CPR in Canton Ticino was already relatively high in the early years
of the registry and continued to increase over time. Moreover, the
first responder network progressively increased its performance as
indicated by the presence of a first responder within a few minutes
from the alarm who started CPR and/or used AED. Differently from
other international realities, in Canton Ticino the first responder
network includes a very large group of laypersons well trained to
perform CPR and to use PAD/AED, and operates next to the



Table 2 Baseline and operational characteristics for patients with presumed cardiac cause of OHCA

Characteristics Year P-value n (%) Missing data
2005 2006 2007 2008 2000 T 2000 2011 2012 203 2014 2005-14 *

OHCA, n (%) 138 (61) 149 (67) 129 (61) 143 (69) 168 (69) 164 (68) 152 (64) 145 (61) 167 (66) 137 (68) 1492 (65) 0.0

Age, years 70+ 12 68 + 14 70 £ 12 72+ 14 70+ 13 72+ 14 72+ 14 71+ 14 73+13 69+ 15 0.03 1489 1
mean + SD

Men, n (%) 96 (69) 112 (67) 90 (70) 99 (70) 116 (69) 123 (75) 109 (72) 107 (74) 118 (71) 111 (81) 0.17 970 (71) 041

Cardiac arrest in 103 (74) 99 (66) 89 (69) 83 (58) 102 (61) 111 (68) 113 (74) 100 (69) 114 (68) 87 (63) 0.75 1001 (67) 0.0
private home,
n (%)

Bystander-witnessed 105 (76) 107 (72) 83 (64) 101 (71) 115 (68) 101 (61) 111 (73) 100 (69) 121 (72) 93 (70) 0.53 1037 (69) 0.0
arrest, n (%)

Bystander CPR 47 (38) 82 (55) 64 (50) 84 (58) 85 (54) 84 (55) 84 (60) 85 (62) 106 (63) 93 (70) 0.00 814 (57) 0.1
performed, n (%)

Shockable heart 44 (32) 47 (31) 29 (24) 43 (31) 58 (34) 44 (29) 44 (29) 50 (35) 53 (32) 42 (31) 0.46 454 (30) 0.0
rhythm, n (%)

AED use, n (%) N.A. N.A. N.A. 5(11) 7 (12) 9 (20) 10 (23) 16 (32) 12 (23) 9 (21) 0.90 68 (15) 0.0

Time to BLS, median N.A. 1.0 [0.9-3.0] 2.0 [0.9-6.0] 2.9 [1.0-5.9] 3.3 [1.3-5.5] 2.6 [1.1-5.7] 1.9 [0.9-4.7] 3.1[14-55] 21[1.0-58] 33[16-49] 0.00 243 47.0
(IQR) (min)

Time to EMS arrival 9.5 [7.4-14.0] 11.0[9.0-13.0] 11.0[8.0-16.0] 10.9[7.9-14.0] 10.6 [7.9-13.8] 10.7 [7.9-14.2] 10.6 [7.7-13.5] 9.7 [7.1-13.8] 9.8[7.8-14.1] 99 [7.3-11.8] 047 453 0.5
on scene, median
(IQR) (min)

Survival, n (%)
On arrival at 21 (47) 27 (57) 17 (58) 27 (63) 31 (53) 23 (52) 26 (59) 30 (60) 31 (58) 30 (71) 0.1 263 (56) 0.0
hospital
At discharge 7 (15) 13 (27) 10 (34) 16 (37) 21 (36) 16 (36) 14 (32) 18 (36) 22 (41) 23 (55) 0.00 160 (35) 0.0
1 year 5(11) 12 (25) 9 (31) 10 (23) 17 (29) 16 (36) 14 (32) 18 (36) 20 (38) N.A. 0.1 121 (24) 14

Times refer to bystander-witnessed OHCAs with first rhythm shockable; Survival refers to those patients with presumed cardiac aetiology as assessed by EMS, witnessed by a bystander layperson and having as presenting cardiac rhythm a
VF or pulseless ventricular tachycardia (Utstein comparator).

Table 3 Distribution of CPC scores among surviving patients per year

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014  P-value  2005-14  Missing data (%)
CPC1-2score,n (%)  5(100)  11(92)  8(89)  10(100)  16(94)  15(94)  14(100)  18(100)  18(100) NA. 0.4 115 (96) 0
CPC 3-4score,n (%) 0 1(8) 1(11) 0 1(6) 1(6) 0 0 0 NA 014 4 (4) 0

(4114
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Figure 2 Pre-hospital resuscitation activities (first responders on scene, bystander-performed CPR, and AED use) and survival rate at hospital
discharge (dotted line). Data for bystander-performed CPR have been collected starting in 2009; data on the use of AED have been collected

starting in 2008.

more traditional first responder network made by police or fire de-
partment officers. The prompt availability of a first responder, espe-
cially in a geographically challenging territory such as Canton Ticino,
increases the likelihood of performing CPR in an adequate manner,
and provides physical and psychological support to the OHCA
bystander and to relatives of OHCA victim until ambulance arrival.'®
In line with other reports,'® we observed that an early-performed
CPR increased hospital arrival survival.

The strong relationship between CPR training and increase in re-
suscitation attempts by bystanders has been well documented in

. . 1718
several previous studies,

and is confirmed by our data. The large
temporalincrease in rates of bystander CPR is attributable to a num-
ber of factors including an overall increased level of attention to re-
suscitation by general population triggered by large-scale awareness
campaigns, as well as the offer of CPR training programme to adults
and to teenagers as part of their school education. Altogether, they
have contributed to changes in attitude to start CPR in Canton Ti-
cino, and to the growth in the number of volunteers who are part of
the first responder network observed in our study.

Certainly, early use of a defibrillator by bystanders is positively as-
sociated with an increased survival.'®"? Public automated external
defibrillators have been proved effective if they are placed in stra-
tegic locations;*® currently the PAD density in Canton Ticino is
~256 PADs per 100 000 inhabitants. On the other hand, and con-
sistent with other experiences,'®"" nearly three-fourths of the OH-
CAs occurred in private homes, a factor which is commonly
considered a limitation of the efficacy of a PADs programme. In spite
of this, we noticed a higher rate of defibrillation by bystanders or by
first responders in Canton Ticino compared with other European
countries.”™ A possible explanation is the fact that both laic and
professional first responders are carrying a private AED or are
able to quickly geo-locate a PAD by using a mobile application
developed by us.

Finally, post-resuscitation care of OHCA victims is of equal im-
portance compared with pre-hospital activities in improving out-
come. Over the years, there has been a significant evolution in
post-resuscitation care, which nowadays includes early access to
primary coronary revascularization,?® therapeutic hypothermia, >
and comprehensive heart failure management.** All these interven-
tions have contributed to an improved survival and neurological
outcome by limiting the severity of ischaemic myocardial and brain
damage as clearly demonstrated by the progressive reduction of our
in-hospital mortality and massive improvement of cerebral perfor-
mance at discharge. Moreover, the subsequent implantation of a
cardioverter-defibrillator and cardiac resynchronization therapy
whenever indicated according to guidelines of the European Society
of Cardiology***
reduce the risk of recurrence of a fatal event during the follow-up.

may have further contributed to significantly

Conclusions

The significant increase in survival rates and improved neurological
outcome in bystander-witnessed OHCA with VF (Utstein defin-
ition) in Canton Ticino represent good evidence that a coordinated
fast EMS response along with an efficient first responder network,
high density of PADs/AEDs, and advances in clinical interventions
for OHCAs are all essential elements for success. Our data do
not allow to provide any firm conclusion as to which specific factors
have contributed most to the increase in survival.
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