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Abstract

Aim: Several studies reported a lower proportion of laypeople cardio-pulmonary resuscitation (CPR) in female victims of out-of-hospital cardiac arrest

(OHCA). We aimed to verify how sixteen-years of state-wide initiatives impacted on gender-differences in OHCA treatment and survival.

Methods: All the 2481 consecutive OHCAs of presumed cardiac origin occurred between 2002 and 2018 in the Swiss Ticino Canton and in which a

resuscitation was attempted, were included. Emergency medical system (EMS)-witnessed OHCAs were excluded.

Results:Time fromcall toCPRdecreased from9-min in2002�2006 to 5-min in 2015�2018 (p<0.01) anduntil 2014, itwas longer inwomen.Survival to

discharge increased overall from 11% in 2002�2006 to 23% in 2015�2018 (p<0.001) related to telephone-assisted CPR development (period 2011

�2014) and first responder and layperson recruitment via a mobile application (period 2015�2018). In males, survival increased from 12% to 25%

(p=0.001) with a statistically significant increase in odds of survival in 2007�2010 (OR 1.6 95%CI 1.1�2.3; p=0.001), in 2011�2014 (OR 2 95%CI 1.4

�2.8; p=0.001), and in 2015�2018 (2.4 95%CI 1.7�3.3; p=0.001) compared to 2002�2006.On the other hand, in females, survival increased from7%

to 18% (p<0.001), with a corresponding increase in the odds of survival of almost 3 times from 2002�2006 to 2015�2018 time period (OR 2.9 95%CI

1.5�5.8, p=0.001). No difference in survival probability was observed according to gender when adjusted for age, presenting rhythm, year-groups,

OHCA location, EMS arrival time, witnessed status and laypeople-CPR.

Conclusions: State-wide initiatives can significantly increase the chances of survival in both male and female victims of OHCAs, by increasing the

probability to receive CPR in a shorter time span.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a major health problem
associated with poor outcomes.1 Early recognition and treatment

strategies that focus on rapid provision of resuscitation care and
defibrillation have significantly increased survival rates after OHCA.2

In the vast majority of developed countries, nationwide3 or county-
wide4�6 initiatives have beenundertaken to increase early recognition
of OHCA, bystander-initiated cardiopulmonary resuscitation (CPR)
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and territorial density of public automated external defibrillators
(AED). Additional nationwide initiatives to improve outcome of OHCA
victims consisted in performance enhancement of the Emergency
Medical System (EMS) and the creation of an efficient and effective
first-responder network. Despite an overall improvement in OHCA
outcome,multiple studies have reported gender differences in several
aspects of OHCA pre-hospital treatment including AED-use, bystand-
er-initiated CPR as well as in outcomes such as return-to-spontane-
ous circulation (ROSC) and survival with conflicting conclusions.7�12

Gender-disparities inOHCAoutcomehavebeenassociated to a lower
likelihood of receiving public-AEDs and bystander-initiated CPR
which has been related to perceived fears about inappropriate
touching, accusation of sexual assault and fear of causing injury by
bystanders.13,14 On the other hand, gender disparities in OHCA
outcome may be explained by different inclusion criteria or limitations
of the studied population to selected categories, e.g. selection for
shockable initial rhythm, particular age groups or etiologies (cardiac
causes or both cardiac and non-cardiac causes of OHCA).8,9

Furthermore, survival rates were often reported considering different
starting points and endpoints (fromOHCA to hospital admission, from
hospital admission to hospital discharge), disregarding overall
survival (from OHCA to hospital discharge).

Few studies assessed temporal changes of gender-disparities in
outcome. Very little is known whether nationwide or state-wide
initiatives undertaken to increase rates of bystander and layperson
resuscitation, and improve advance care have equally benefited
women and men. A low frequency of CPR before ambulance arrival
(13%) and low survival to hospital discharge (7%) were identified more
than 15 years ago in the Ticino Canton (Switzerland), which led to
several state-wide initiatives to strengthen bystander resuscitation
attempts and advanced care.15 These strategies included 1)
implementation of resuscitation training in middle class schools, as
well as when acquiring a driver’s license, combined with an increase in
voluntary first aid training; 2) a state-wide improvement of telephone
guidance fromemergency dispatch centers to bystanderswitnessing a
cardiac arrest, including the addition of health care professionals at
dispatch centers; 3) involvement of police, fire fighters, and local non-
governmental organizations into a first-responder network; 4) creation
of a layperson network managed by mobile application-based alert
systems; 5) anannual awareness campaign supported bypatients and

their family testimonials; 5) a large increase in thenumberof automated
external defibrillators located outside hospitals; 6) efforts to improve
advancedcarewith updates of clinical guidelines including introduction
of therapeutic hypothermia, and increasing focus on early
revascularization.

Despite these state-wide efforts, it is unknown whether there have
been changes in resuscitation attempts and improvements in gender-
specific survival. To answer this question we examined temporal
trends in prehospital factors directly related to cardiac arrest aswell as
trends in survival during the past 16 years.

Methods

Study design and setting

This study is a retrospective analysis of prospectively collected data in
consecutive patients, aged >1year old, who suffered an OHCA
between January 1st, 2002 and December 31st, 2018 in the Ticino
Canton, Switzerland. All OHCAs of presumed cardiac origin, in which
a resuscitation was attempted, were included. Patients with non-
cardiac causes of arrest and EMS-witnessed arrests were excluded
from further analysis (Fig. 1). Data are prospectively collected in
compliance with the Utstein reporting guidelines for OHCA.16

Furthermore, the study also complies with institutional guidelines,
the country codeofmedical ethics, andhasbeenapprovedby the local
ethical competent authority.

Recording of out-of-hospital cardiac arrests

An out-of-hospital cardiac arrest was considered when a clinical
condition of cardiac arrest resulted in resuscitation efforts either by
bystanders (with activation of the EMS) or by the EMS personnel. The
recording of cardiac arrest cases was nearly complete because the
EMS system is activated for all emergencies concerning cardiac
arrests, and the definition excludes cases with obvious late signs of
death (e.g., rigormortis) forwhich resuscitative efforts arenot initiated.
Importantly, EMS personnel are required to complete a short case
report for the Ticino Registry of Cardiac Arrest (TIRECA) for every
OHCA.For this study,we includeddate; time; locationof cardiac arrest

Fig. 1 – Population selection 2002�2018.
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(private home vs public location); whether the collapse was non-
witnessed, bystander-witnessed, or EMS-witnessed arrest; whether a
bystander or a first responder (FR) performed CPR, defibrillated the
patient, or both; first recorded heart rhythm (shockable rhythm
[ventricular fibrillation or tachycardia] or non-shockable rhythm
[asystole or pulseless electrical activity]); time intervals, including
time from call to the EMS to layperson or FR CPR, time to the first
defibrillation, time from call to ambulance arrival (EMS arrival time),

and time to ROSC. Finally, survived event and survival to hospital
discharge were calculated.

Initiatives on AED density, bystander and layperson

recruitment

In 2005 the number of public AEDs was 15 over a population of
322,276 residents; in contrast, in 2018 there were 1271 AEDs for a

Fig.2 –PanelA.Proportionofbystandercardiopulmonary resuscitation (CPR)andproportionofpatientswith return-to-
spontaneous circulation according to gender (male gender: blue line; female gender: red line), 2002�2018. Panel B.
Proportion of witnessed out-of-hospital cardiac arrests (OHCA) of cardiac origin receiving a bystander or layperson
CPR presentingwith shockable or non-shockable rhythmaccording to gender (male gender: blue line; female gender:
red line),2002�2018.PanelC.Survivalatdischarge inout-of-hospitalcardiacarrestpresentingwithaOHCAofcardiac
origin and a shockable rhythm according to gender (male gender: blue line; female gender: red line), 2002�2018.
P<0.001 for all changes over time; P<0.05 (2-sided) considered statistically significant.

R E S U S C I T A T I O N P L U S 4 ( 2 0 2 0 ) 1 0 0 0 3 8 3



T
a
b
le

1
–
C
h
a
n
g
e
s
in

c
h
a
ra

c
te

ri
st

ic
s
fo

r
p
a
ti
e
n
ts

d
u
ri
n
g
th

e
st

u
d
y
p
e
ri
o
d
a
c
c
o
rd

in
g
to

g
e
n
d
e
r.

20
02

/2
00

6
20

07
/2
01

0
20

11
/2
01

4
20

15
/2
01

8
O
ve

ra
ll

M
is
si
ng

da
ta

P
va

lu
e

B
ot
h
(6
84

)
F
(1
87

)
M

(4
97

)
B
ot
h
(6
01

)
F
(1
74

)
M

(4
28

)
B
ot
h
(6
01

)
F
(1
56

)
M

(4
45

)
B
ot
h
(5
95

)
F
(1
76

)
M

(4
18

)
B
ot
h
(2
48

1)
F
(6
93

)
M

(1
78

8)
N

A
ge

72
[6
3�

80
]

77
[6
9�

83
]

70
[6
1�

78
]

73
[6
3�

81
]

79
[6
9�

85
]

70
[6
2�

78
]

74
[6
4�

82
]

79
[7
0�

85
]

71
[6
2�

80
]

75
[6
5�

83
]

77
[6
9�

85
]

74
[6
4�

82
]

74
[6
4�

81
]

78
[6
9�

85
]

71
[6
2�

80
]

8
<
0.
00

1
A
ge

gr
ou

ps
8

<
0.
00

1
<
36

11
(1
.6
)

0
(0
)

11
(2
.2
)

8
(1
.3
)

1
(0
.6
)

7
(1
.6
)

6
(1
)

0
(0
)

6
(1
.3
)

7
(1
.2
)

2
(1
.1
)

5
(1
.2
)

32
(1
.3
)

3
(0
.4
)

29
(1
.6
)

36
�6

4
18

5
(2
7.
3)

33
(1
7.
7)

15
2
(3
1)

16
0
(2
6.
7)

32
(1
8.
5)

12
8
(3
0)

15
9
(2
6.
5)

23
(1
4.
7)

13
6
(3
0.
6)

13
6
(2
2.
9)

33
(1
8.
6)

10
3
(2
4.
6)

64
0
(2
5.
9)

12
1
(1
7.
5)

51
9
(2
9.
1)

65
�7

9
30

4
(4
4.
9)

79
(4
2.
5)

22
5
(4
5.
8)

26
2
(4
3.
7)

62
(3
5.
8)

20
0
(4
6.
8)

24
3
(4
0.
4)

57
(3
6.
5)

18
6
(4
1.
8)

24
0
(4
0.
3)

67
(3
7.
8)

17
3
(4
1.
4)

10
49

(4
2.
4)

26
5
(3
8.
3)

78
4
(4
4)

�8
0

17
7
(2
6.
1)

74
(3
9.
8)

10
3
(2
1)

17
0
(2
8.
3)

78
(4
5.
1)

92
(2
1.
5)

19
3
(3
2.
1)

76
(4
8.
7)

11
7
(2
6.
3)

21
2
(3
5.
6)

75
(4
2.
4)

13
7
(3
2.
8)

75
2
(3
0.
4)

30
3
(4
3.
8)

44
9
(2
5.
2)

Lo
ca

tio
n

8
<
0.
00

1
H
om

e
47

4
(7
0)

15
2
(8
3)

32
2
(6
5)

38
4
(6
4)

12
6
(7
2)

25
8
(6
0)

41
4
(6
9)

11
8
(7
5)

29
6
(6
6)

40
9
(6
9)

13
7
(7
7)

27
2
(6
5)

16
81

(6
8)

53
3
(7
7)

11
48

(6
4)

P
ub

lic
20

3
(3
0)

32
(1
7)

17
1
(3
5)

21
7
(3
6)

48
(2
8)

16
9
(4
0)

18
7
(3
1)

38
(2
5)

14
9
(3
4)

18
5
(3
1)

40
(2
3)

14
5
(3
5)

79
2
(3
2)

15
8
(2
3)

63
4
(3
6)

R
hy

th
m
,n

(%
)

0
<
0.
00

1
S
ho

ck
ab

le
23

0
(3
4)

44
(2
3)

18
6
(3
7)

20
7
(3
4)

35
(2
0)

17
2
(4
0)

22
0
(3
7)

35
(2
3)

18
5
(4
1)

18
2
(3
1)

41
(2
3)

14
1
(3
4)

83
9
(3
4)

15
5
(2
2)

68
4
(3
8)

P
E
A

13
4
(2
0)

44
(2
3)

90
(1
8)

12
4
(2
1)

36
(2
1)

88
(2
0)

12
7
(2
1)

41
(2
6)

86
(1
9)

13
6
(2
3)

37
(2
2)

99
(2
4)

52
1
(2
1)

15
8
(2
3)

36
3
(2
0)

A
sy
st
ol
e

29
0
(4
2)

86
(4
6)

20
4
(4
2)

25
3
(4
2)

96
(5
5)

15
7
(3
7)

22
7
(3
8)

72
(4
6)

15
5
(3
5)

24
5
(4
1)

91
(5
1)

15
4
(3
7)

10
15

(4
1)

34
5
(5
0)

67
0
(3
7)

O
th
er

30
(4
)

13
(8
)

17
(3
)

17
(3
)

7
(4
)

10
(3
)

27
(4
)

8
(5
)

19
(5
)

32
(5
)

8
(4
)

24
(6
)

10
6
(4
)

36
(5
)

70
(5
)

B
ys
ta
nd

er
w
itn

es
s

51
9
(7
6)

13
6
(7
2)

38
3
(7
7)

39
3
(6
5)

10
5
(6
0)

28
8
(6
7)

42
4
(7
1)

10
2
(6
5)

32
2
(7
2)

39
4
(6
6)

12
1
(6
8)

27
3
(6
5)

17
30

(7
0)

46
4
(6
7)

12
66

(7
1)

0
0.
03

La
y
pe

op
le

C
P
R

24
3
(3
5)

59
(3
2)

18
4
(3
7)

34
2
(5
7)

94
(5
4)

24
8
(5
8)

43
7
(7
3)

10
8
(6
9)

32
9
(7
4)

48
4
(8
1)

13
9
(7
9)

34
5
(8
3)

15
06

(6
1)

40
0
(5
8)

11
06

(6
2)

0
<
0.
00

1
W
itn

es
se

d
an

d
C
P
R

st
at
us

0
0.
06

U
nw

itn
es

se
d
an

d
no

la
yp

eo
pl
e

C
P
R

11
3
(1
6.
5)

36
(1
9.
2)

77
(1
5.
5)

10
1
(1
6.
8)

35
(2
0.
1)

66
(1
5.
5)

59
(9
.8
)

18
(1
1.
5)

41
(9
.2
)

43
(7
.2
)

12
(6
.8
)

31
(7
.4
)

31
6
(1
2.
7)

10
1
(1
4.
6)

21
5
(1
2)

U
nw

itn
es

se
d
an

d
la
yp

eo
pl
e

C
P
R

52
(7
.6
)

15
(8
.0
)

37
(7
.5
)

10
7
(1
7.
8)

34
(1
9.
5)

73
(1
7.
1)

11
8
(1
9.
6)

36
(2
3.
1)

82
(1
8.
4)

15
8
(2
6.
6)

44
(2
4.
9)

11
4
(2
7.
3)

43
5
(1
7.
5)

12
9
(1
8.
6)

30
6
(1
7.
1)

W
itn

es
se

d
an

d
no

la
yp

eo
pl
e

C
P
R

32
8
(4
7.
9)

92
(4
9.
2)

23
6
(4
7.
5)

15
8
(2
6.
3)

45
(2
5.
9)

11
3
(2
6.
5)

10
5
(1
7.
5)

30
(1
9.
2)

75
(1
6.
8)

68
(1
1.
4)

26
(3
8.
2)

42
(1
0.
1)

65
9
(2
6.
6)

19
3
(2
7.
8)

46
6
(2
6.
1)

W
itn

es
se

d
an

d
la
yp

eo
pl
e
C
P
R

19
1
(2
7.
9)

44
(2
3.
5)

14
7
(2
9.
6)

23
5
(3
9.
1)

60
(3
4.
5)

17
5
(4
1)

31
9
(5
3.
1)

72
(4
6.
1)

24
7
(5
5.
5)

32
6
(5
4.
8)

95
(5
3.
7)

23
1
(5
5.
3)

10
71

(4
3.
2)

27
1
(3
9)

80
0
(4
4.
8)

T
im

e
to

fir
st

C
P
R

9
[6
�1

2]
9
[6
�1

2]
8
[5
�1

2]
7
[3
�1

1]
7
[2
�1

1]
6
[3
�1

0]
5
[2
�8

]
6
[2
�9

]
4
[2
�8

]
5
[3
�8

]
5
[3
�8

]
5
[3
�7

]
6
[3
�1

0]
7
[3
�1

0]
6
[3
�1

0]
35

0
0.
03

F
R

on
si
te
,N

(%
)

N
A

N
A

N
A

11
5
(1
9)

29
(1
7)

86
(2
0)

29
5
(4
9)

71
(4
1)

22
4
(4
7)

23
8
(4
0)

68
(4
5)

17
0
(4
8)

64
8
(2
6)

16
8
(2
3)

48
0
(2
7)

10
23

0.
76

F
R

A
E
D

us
e

N
A

N
A

N
A

19
(3
)

2
(1
)

17
(4
)

56
(9
)

10
(6
)

46
(1
0)

41
(7
)

6
(3
)

35
(8
)

11
6
(5
)

18
(3
)

98
(5
)

0
0.
04

T
im

e
to

E
M
S
ar
riv

al
10

[7
�1

4]
10

[8
�1

4]
9
[7
�1

3]
11

[8
�1

4]
11

[8
�1

4]
11

[8
�1

5]
10

[8
�1

3]
10

[8
�1

4]
10

[7
�1

3]
10

[8
�1

3]
10

[7
�1

3]
10

[8
�1

3]
10

[8
�1

4]
10

[8
�1

4]
10

[8
�1

4]
16

0.
32

4 R E S U S C I T A T I O N P L U S 4 ( 2 0 2 0 ) 1 0 0 0 3 8



population of 353,709 residents. Since 2005, 108,547 resident people
have been trained in BLS and AEDuse, corresponding to 30%of local
population). As of December 31st 2018, 3400 resident people had
completedaBLS-Dcourseandbecamepart of the laypersonnetwork;
of these, 2712 persons are laypersons and 688 are off-duty
physicians, nurses, or CPR course trainers.

First responder network

Unlike many other Swiss Cantons, in the Ticino Canton a two-tier first
responder network exists. One tier is made up by police, border
inspectors and the fire brigade. The activity of this group of first
responders started on January 1st, 2006 (Fig. 2). Each first responder
is trainedand certified following the standardERCBLS/AEDcourse. A
second tier is represented by a very large group of adult volunteers
who are trained and certified following the standard ERC BLS/AED
course. The layperson network is activated only in case the OHCA
scene is safe and their relative distance to OHCA is shorter than
ambulance arrival as estimated by a smartphone application.17,18 The
mobile application was launched on June 1st 2014 (Fig. 2), and its
functionality has been described previously.17,18 Registration of a
layperson takes place via an online database in which they can enter
their contact information including mobile phone number and
specifications of their BLS certificate. Biannual retraining is required.

Definitions

Survived event was defined as ROSCwith a palpable pulse sustained
until arrival at the emergency department and transfer of care to
medical staff at the receiving hospital. This definition corresponds to
theUtstein-style guideline.16 A bystanderwas defined as an individual
who witnessed the collapse or who found the person unresponsive
and activated the EMS system. Modifiable factors were defined as
factors that, in theory, could be altered by public health or
organizational initiatives/interventions to improve care and outcomes
forOHCApatients.19We consideredmodifiable factors in pre-hospital
organization bystander intervention, first-responder and layperson
intervention and time to initiate CPR and/or defibrillate the patient.
Non-modifiable in the pre-hospital setting were defined as patient or
arrest characteristics which cannot be altered by any public health
intervention or improvements in the systems of care (age, witnessed
status, initial heart rhythm).

Statistical analysis

All analyses were performed using Stata 15.1 (StataCorp, College
Station, TX, USA). A 2-sided p<0.05 was considered statistically
significant. Continuous data are reported as mean and standard
deviation, median and quartiles when appropriate. Categorical data
are reported as counts and percent. The studied population was
divided in 4 timeperiods (2002�2006, 2007�2010, 2010�2014, 2015
�2018), i.e. according to the year in which theOHCAoccurred. These
4 timeperiods corresponded to the introductionor launchof state-wide
initiatives (Fig. 1) which were considered relevant to increase
outcome of OHCA victims. CPR proportion, survived event and
survival to hospital dischargewere calculated for each timeperiod and
then compared. Univariable logistic regression analysis was per-
formed to compare the characteristics and outcomes between males
and females. A multivariable logistic regression analysis was
performed to assess whether gender was an independent predictor
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of survival at discharge. Potential confounders to be included in the
modelwere selectedbasedonbiological plausibility anddata reported
in previous studies. They were: year group of the OHCA’s occurrence
(as a categorical variable), the victim’s age group (as a categorical
variable), presenting rhythm (shockable or not), a combination of
witnessed status and laypeople initiated CPR, OHCA location (home
vs public) and EMS arrival time.

Results

A total of 2481 patients with OHCA were included in the final study
population (Fig. 1). Patient-related and cardiac arrest�related
characteristics are reported in Table 1. Patients’ outcome is reported
in Table 2. Female patients represented one-third of the entire study
cohort.Compared tomen,womenweresignificantly older (onaverage
6.7 years) and the OHCA occurredmore frequently at home. Over the
16-year study period, there was a progressive increase in the mean
age ofmen, whereas themean age of the female population remained
nearly unchanged.

Witnessed status and bystander resuscitation attempt

Altogether, 70%of the patients hadabystander-witnessedarrest, with
amodest significant annual fluctuation. An OHCAwas less frequently
witnessed in women (Table 1). The overall proportion of a first
responder performing a CPR significantly improved over time from
35% to 81% (p<0.001); there was no difference between the genders
in the proportion of first responders on site (Fig. 2). Use of AED
progressively increased year-after-year from 3% to 10% (p<0.01),
but still remained lower in women (Table 1).

First recorded heart rhythm and time interval

The proportion of patients with a shockable rhythm was 34% for the
entire study period, with a modest variation over time (Table 1 and
Fig. 2). Women more frequently had a non-shockable rhythm with a
non-significant trend reduction over time (Fig. 2). The time from a
bystander call to BLS initiation either by bystander or first responder,
was reduced over time from 9min (IQR 6�12) in 2002�2006 to 5min
(IQR 3�8) in 2015�2018 (p<0.01); up until 2014, the time from a call
toBLS initiationwas consistently longer inwomen (Table 1).However,
after the introduction of the automatic management of lay responder
network by a mobile application-based alert system in 2014 (Fig. 2),
therewas a significant reduction in the time toCPR in bothwomenand
men (Table 1). The median time interval from recognition of cardiac
arrest to ambulance arrival was 10min (IQR 7�14) in 2002�2006,
which did not vary over time and was similar for both genders
(Table 1).

First recorded heart rhythm in witnessed OHCA receiving a

CPR before ambulance arrival

Over a 16-year-long period, the proportion of patients with shockable
rhythm showed a progressive decrease in the subset of witnessed
OHCAs receiving bystander CPR (Fig. 2). In the period 2002�2006,
there were 52% of the cases of witnessed shockable OHCA receiving
a bystander CPR, whereas in the period 2015�2018 there were 41%.
The change was particularly evident in men, whereas in women the
proportion of non-shockable rhythm only slightly reduced.

Proportion of patients with return-to-spontaneous

circulation, and survival at discharge

The overall proportion of patientswith a survived event increased from
28% to 35% (p=0.01) over a 16-year-period. During the 16-year-
period, survival on arrival at hospital of male patients increases from
30% to 36% (p=0.07) whereas in females patients this same item
increased from 21% to 31% (p=0.03) (Table 2).

Changes in survival to hospital discharge following state-

wide initiatives

The overall survival to hospital discharge increased from 11% in the
period 2002�2006 to 23% in the period 2015�2018 (p<0.001). In
male patients, the survival at discharge increased from 12% in 2002
�2006 to 25% in 2015�2018 (p=0.001) (Fig. 2), with a statistically
significant increase in odds of survival in 2007�2010 (OR 1.6 95%
CI 1.1�2.3; p<0.001), in 2011�2014 (OR 2 95%CI 1.4�2.8;
p<0.001) and in 2015�2018 (OR 2.4 95%CI 1.7�3.3; p<0.001)
compared to 2002�2006. These time-periods correspond to the
development of the telephone-assisted CPR as well as to the launch
of the mobile APP for the FRs and layperson recruitment,
respectively. On the other hand, in females, survival increased
from 7% in 2002�2006 to 18% in 2015�2018 (p<0.001) (Table 2
and Fig. 2), with a corresponding increase in the odds of survival of
almost 3 times from 2002�2006 compared to 2015�2018 (OR 2.9
95%CI 1.5�5.8, p 0.001).

Table 3 – Multivariable logistic regression analysis of
the probability of survival to hospital discharge
according togenderadjusted forconfounding factors.
The model was derived considering the patients who
had all the variables included in the model available
(2457 out of a total of 2481). CPR: cardio pulmonary
resuscitation.

Survival at discharge Odds ratio 95% CI P value

Gender
F 1.0
M 1.13 0.8�1.5 0.43
Age groups
<36 7.3 3�17.7 <0.001
36�64 3.17 2.2�4.5 <0.001
65�79 1.7 1.2�2.4 0.003
�80 1.0
Year groups
2002/2006 1.0
2007/2010 1.9 1�2.7 0.001
2011/2014 2.2 1�3.2 <0.001
2015/2018 3.7 2.6�5.4 <0.001
Shockable rhythm
No 1.0
Yes 5 3�6.4 <0.001
Witnessed and CPR status
Unwitnessed and no laypeople CPR 1.0
Unwitnessed and laypeople CPR 0.88 0.5�1.5 0.659
Witnessed and no laypeople CPR 1.35 0.8�2.3 0.248
Witnessed and laypeople CPR 1.99 1.2�3.2 0.005
EMS arrival time 0.4 0.3�0.5 <0.001
Location
Home 1.0
Public 1.7 1.3�2.2 <0.001
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Survival probability in different age groups according to

gender

Results of the multivariable logistic analysis to assess predictors of
survival is shown in Table 3. Young patients showed a 6-fold greater
probability to survive than 80-year old or older patients (Table 3).
When adjusted according to age, presenting rhythm, year-groups of
OHCA’s occurrence, OHCA location, EMS arrival time, witnessed
status and CPR-initiated by laypeople, no significant difference in
survival probability was observed according to gender (OR1.13, 95%
CI 0.8�1.5 inmales). Interaction tests showeda significant interaction
of the age-group with the victim gender (p=0.019) and for the EMS
arrival time and gender (p=0.016); in contrast, no interaction between
the other variables (year group, shockable rhythm and witness/
laypeople CPR) with the victim gender was noted.

New onset of anoxic brain damage in survivors

Overall, 10%of the survivorswere diagnosedwith a significant anoxic
brain damage (CPC 3�4) at discharge, without significant differences
among gender over time.

Discussion

This study of OHCA patients in urban and rural areas in the Ticino
Canton aimed at evaluating gender-related differences in bystander,
first- and lay-responders intervention over a decade and how these
differences related to outcome. Our state-wide study has had several
major findings: 1) survival rates more than doubled over a 16-year-
long period and in an equal proportion in male and female patients
which is probably the result of multiple initiatives implemented; 2) a
major improvement of survival rates in both men and women with
shockable and non-shockable rhythm was observed in the subse-
quent years after the introduction of a mobile application for the
management of first-responders and lay-responders; 3) in the subset
of witnessed OHCAs receiving bystander CPR, the proportion of
women presenting with a shockable rhythm increased significantly; 4)
after taking non-modifiable gender-related differences into account
(age, witnessed status, laypeople CPR, initial rhythm and EMS arrival
time), survival significantly increasedover timeand ina similar amount
in both men and women.

Our findings contribute to clarify how modifiable and non-
modifiable factors influenced the outcome of women suffering an
OHCA during a two-decade-period in relation to state-wide activities.
Taken together, our observations suggest that multiple state-wide
initiatives contributed to increase survival in equal proportion in men
andwomen, probably bymitigating theeffect of non-modifiable factors
responsible for the difference in survival, which nevertheless play a
predominant role in this difference in survival between males and
females. Our results may have implications in the manner in which
gender-related differences should be addressed in modern resusci-
tation era in order to increase survival in both men and women.

The large temporal increase in bystander and layperson CPR in
conjunction with the large increase in number of patients reaching a
stable spontaneous circulation and then, reaching the hospital alive, is
a strong indicator of the improvements made in pre-hospital setting.
Our study results are confirmatory of the large literature evidence
about the key role played by bystanders and survival with improved
neurological outcome of OHCA victims.2,20 As shown in Wissenberg

et al.3 in Denmark in the period 2001�2010, a significant increase in
survival following OHCA and amajor reduction in new onset of anoxic
brain damage was associated with a concomitant increase in
bystander CPR. As in the Danish cohort, we observed an increase
in survival of patients having a shockable rhythm for a similar historical
period and of comparable duration (10 years). Indeed, in Denmark 30-
day survival increased from 10% in 2001 to 30 % in 2010, whereas in
Ticino it increased from 15 % in 2005 to 41 % in 2014.15

OHCA bystanders plays a key role in increased OHCA survival by
providing CPR and facilitating early activation of the first responder
network with an early call to the EMS dispatch center. In the Ticino
Canton area, once the EMS dispatcher confirms the OHCA and
scene’s safety, the layperson network is immediately activated via the
mobile application. The automatic alert of both network arms (first
responders and laypersons) has the obvious advantage to target
people able to perform CPR and to dispatch them to the OHCA
location, thus reducing the time from collapse to initiation of
resuscitation manoeuvres with a positive effect on survival rates as
shown in the present study. Although our study design does not allow
to conclusively indicate which specific factors have contributed most
to the increase in ROSC achievement, survived event and then in
survival to hospital discharge, the change in survival rate of women
compared to men may provide some insights.

In line with other more recent observational studies,7 we noticed a
smaller increase in the overall non adjusted survival in women
compared tomendespite a similar increase in bystanderCPRorCPR/
AED use. As in the Goto et al. study,7 we observed that women
experienced their OHCA at home more frequently than men (77 % vs
64%), and were on average 6 years older thanmen. Considering that
in the Ticino Canton, the average life expectancy is 86 years of age for
women and 82 years of age for men,21 it is likely that � at the time of
OHCA � women are more frequently on a single-person household
compared tomen. This society scenario finds significant similarities in
Goto et al.,7 who also reported, in a nationwide observational study,
that women havingOHCAmore frequently lived in rural areas (25.7%
vs. 24.9%), possibly alone (unwitnessedOHCA:63.7% inwomenand
59.7 % in men), and were on average 6 years older than men (80.3
years vs. 74.3 years). That may well explain the slightly lower
bystander witnessed OHCA we recorded, and the longer time to
initiate CPR in women than in men we observed. Whether the lower
proportion of witnessed OHCA and consequently of lower bystander
CPR in women may result in the observed substantial proportion of
female patients with non-shockable heart rhythm is speculative, but
supported by some physiopathological reasoning and by our findings.
Even if the initial rhythm is a ventricular tachycardia or ventricular
fibrillation, the delay in CPR or AED use would naturally evolve to
asystole or to a very lowamplitude ventricular fibrillation, a rhythmwith
very low probability to be converted into sinus rhythm.22 Unlike many
other registries, time to first CPR and time to first responder arrival is
well documented in our registry due to systematic phone call analysis
anduseof themobile application,whichexactlymonitors the time from
alert to arrival on target. On average, time to CPR initiation in our
cohort was 1min longer in women than in men. It is well known that
each minute delay in CPR/defibrillation reduces the likelihood of
survival by approximately 8%�10%. Consistent with this scenario is
the reported lower rate of a non-shockable rhythm in women, and the
lower likelihood of return to spontaneous circulation in women, which
on average was 7%�8% lower in women than in men. Additional
explanations for inadequate or late recognition of OHCA in women
were proposed, e.g. lack of awareness that OHCAmay strike women
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as often as men14 and the possibility that women themselves do not
recognize the urgency of sentinel complaints during acute MI (a
common trigger of OHCA), as they may have more equivocal
complaints such as fatigue, syncope, vomiting, and neck/jaw pain
compared to men. Therefore, home surveillance system using
wearable garments, smartwatch technology, or smart wearable
ECG monitors in single household women, especially at a certain
age, may represent a possible technological solution to reduce the
time to EMS alert and/or to activation of layperson network or first-
responders.

When we restricted our analysis to the subset of witnessed OHCA
receiving bystander CPR, we observed a striking divergent trend for
women and men. During the last 4 years, we observed a reduction of
non-shockable rhythm in women, whereas there was an increase in
non-shockable rhythm in men. The increase in shockable rhythm in
women was temporally related to the introduction of the layperson
network, and resulted in major improvement of survival in women. In
contrast, the reduction of shockable rhythm inmen despite high rate of
bystander CPR and a well-performing first responder and layperson
network is somehow puzzling. This novel trend for men follows a
reported increase in non-shockable rhythm in western countries.23

This change might be related to a subtle incremental role played by
unmodifiable factors over modifiable factors as indicated by the aging
of the male population � on average 4 years (period 2015�2018
compared to the past periods).

Multiple studies have consistently reported differences in OHCA
care between women and men, thus resulting in poorer outcome in
women in the crude analysis.7�12 However, when the survival was
adjusted for non-modifiable factors (age, witnessed status, initial
heart rhythm), there was no difference between women and men.
This is also in line with the study by Blom et al.,11 as they did not
observe any difference in survival according to patient gender with
shockable rhythm, and by Goto et al.,7 who used hierarchical
propensity score matching indicating no differences between
women and men in the 1-month survival and neurologically intact
survival in a nationwide, population-based observational study. Our
results were also in line with those by Bray et al.,12 who pointed out
that no gender differences were observed in survival to hospital
discharge after adjustment for known predictors of survival (age,
witnessed arrest, bystander CPR, year of arrest, rural location,
public location, EMS response time). However, our study also helps
to understand how state-wide initiatives may improve OHCA
survival independently of gender, emphasizing the major impor-
tance to consider long-term trend when assessing gender-specific
differences in OHCA outcome.

Themain limitation is that our study is observational in nature, thus
we cannot exclude the presence of uncontrolled confounders which
may have affected our results. However, we adjusted our analysis for
the most common factors with prognostic relevance according to
recent literature.16,24 In this context, the state-wide initiatives
overlapped in time, and although supportive, they offer no direct
causal link between initiatives and outcomes. Secondly, wewere able
to only analyse a limited number of covariates without data on several
important factors: the quality of CPR given, type of CPR (compres-
sion-only CPR versus conventional), advanced treatment provided,
including therapeutic hypothermia, revascularization, etc. Although
theoverall proportion ofmissing datawas small, it was as high as 17%
for CPC at hospital discharge; therefore, we used survival to hospital
discharge without the evaluation of neurological status as endpoint.
Finally, considering the structure of our registry, we were not able to

calculate the percentage of patients who received an attempted
resuscitation over time.

Conclusions

We observed an increase in survival following OHCA that was
significantly associatedwith a concomitant increase in bystander and/
or first-responder and layperson intervention. Both genders benefited
from these and other state-wide initiatives as indicated by a similarly
large increase in the likelihood to return to spontaneous circulation,
and survival. The survival difference was mostly explained by non-
modifiable factors, in particular, by a lower proportion of shockable
rhythm. Finally in the most recent years, an alarming trend toward
increase in non-shockable rhythm in men has been noticed which
needs further assessment.
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