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Abstract

(1) Background: Out-of-hospital cardiac arrest (OHCA) remains a major public health
issue, with survival largely determined by the initial rhythm and timeliness of resuscitation.
Comprehensive population-based data are essential for guiding prevention, emergency
medical services (EMS) planning, and improving outcomes. (2) Methods: We performed
a retrospective observational study of all adult OHCA cases managed by EMS in Lecce
(Italy) between January 2013 and March 2025. Demographics, arrest circumstances, initial
rhythm, time intervals, and return of spontaneous circulation (ROSC) were analyzed across
age, sex, temporal, and pandemic-related strata. Rhythm classification followed European
Resuscitation Council guidelines. (3) Results: A total of 11,653 cases were analyzed (mean
age 76.8 £ 15.5 years, 56.6% male). Asystole (AS) was the predominant rhythm (88.7%),
followed by ventricular fibrillation (VE, 7.6%), pulseless electrical activity (PEA, 1.3%), and
pulseless ventricular tachycardia (pVT, 0.08%). VF was more common in younger and male
patients, while AS increased with age. Hour-level analysis revealed circadian peaks: VF
in late afternoon and AS in early morning. Pandemic analysis showed reduced VF and
increased AS during COVID-19, with partial recovery post-pandemic. ROSC occurred
in 3.47% overall, strongly associated with shockable rhythms. EMS response times were
stable across day-night and pandemic phases. (4) Conclusions: AS dominates OHCA
presentations, especially among the elderly, whereas VF remains the strongest predictor
of ROSC. Circadian variation at the hourly level suggests potential for EMS optimization.
Pandemic-related shifts in rhythm highlight the vulnerability of the chain of survival
to societal disruptions. Strengthening bystander CPR, expanding AED availability, and
tailoring EMS strategies remain key priorities for improving OHCA outcomes.

Keywords: out-of-hospital cardiac arrest; ventricular fibrillation; asystole; circadian rhythm;
COVID-19; return of spontaneous circulation; emergency medical services

1. Introduction

Out-of-hospital cardiac arrest (OHCA) remains a major public health challenge, with
an annual incidence of 55-110 cases per 100,000 inhabitants in Europe [1]. Despite advances
in pre-hospital care, survival rates remain low, largely due to the high prevalence of non-
shockable rhythms and the time-sensitive nature of resuscitation [2,3]. The initial thythm
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recorded by emergency medical services (EMS) is a strong predictor of outcome: shockable
rhythms such as ventricular fibrillation (VF) and pulseless ventricular tachycardia (pVT)
are associated with higher survival compared with asystole (AS) or pulseless electrical
activity (PEA) [4].

The distribution of presenting rhythms is influenced by patient demographics, comor-
bidities, arrest circumstances, and EMS response intervals [5,6]. Age and sex differences are
well documented: younger and male patients more often present with VF/pVT, whereas
AS and PEA are more frequent in older individuals [7]. Temporal patterns have also been
observed, with circadian and seasonal variations possibly reflecting autonomic tone, cardio-
vascular triggers, and environmental stressors [8,9]. Characterizing these epidemiological
features is essential for prevention strategies, EMS planning, and improved outcomes.

The COVID-19 pandemic added new challenges, with reports of increased OHCA
incidence, longer EMS response times, reduced bystander cardiopulmonary resuscitation
(CPR), and shifts toward non-shockable rhythms during the first outbreak [10,11]. Evidence
on post-pandemic rhythm distribution and outcomes, however, remains limited.

In this study, we report data from a large cohort of OHCA and analyze key clini-
cal, demographic, and temporal aspects to identify potential associations and targets for
improving OHCA management.

2. Materials and Methods
2.1. Study Design and Setting

We conducted a retrospective observational study including all OHCA cases attended
by the Servizio di Emergenza Urgenza 118 within the Azienda Sanitaria Locale (ASL) di
Lecce, Apulia region, Southern Italy, between 1 January 2013 and 16 March 2025. The retro-
spective observational study complied with the principles of the Declaration of Helsinki,
and ethical approval was obtained from the local committee of the “Vito Fazzi” Hospital
(protocol no. 14/2018, approval date 15 January 2018). According to the institutional
policies, no additional IRB approval was required for the extension of the retrospective
data collection period until 16 March 2025, as the study design remained unchanged
and the approval covered ongoing retrospective data analysis of eligible patients within
the institution.

2.2. Inclusion and Exclusion Criteria

All OHCA cases recorded in the EMS electronic database during the study period
were considered eligible. We excluded patients younger than 18 years, traumatic arrests,
and cases lacking essential data such as age. Only the first rhythm documented by EMS
personnel upon arrival at the scene was used for rhythm classification.

2.3. Data Collection

Data were retrieved from the standardized “Scheda Intervento” forms routinely com-
pleted by EMS teams. Variables included patient demographics, date and time of arrest,
initial presenting rhythm, number of shocks delivered, occurrence and timing of ROSC, and
operational time intervals: emergency call reception (T0), dispatch (T1), arrival on scene
(T2), and time to ROSC. For subgroup analyses, age was categorized into four predefined
groups (18-39, 40-59, 60-79, and >80 years) to reflect clinically relevant life stages and to
facilitate comparison with previous OHCA epidemiological studies. Rhythm classification
followed European Resuscitation Council (ERC) guidelines [12]. Initial rhythms were
classified into four categories: ventricular fibrillation (VF), pulseless ventricular tachycardia
(pVT), pulseless electrical activity (PEA), and asystole (AS), according to European Resus-
citation Council definitions. For descriptive purposes, thythms were also grouped into
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shockable (VF and pVT) and non-shockable (PEA and AS) categories. In cases where the
EMS documentation did not allow reliable classification of the initial rhythm, the rhythm
was categorized as “unspecified”. ROSC was defined as the restoration of spontaneous cir-
culation documented by EMS personnel during resuscitation efforts, regardless of duration,
as recorded in the EMS intervention report.

For temporal analyses, the 24-h day was divided into daytime (08:00-19:59) and night-
time (20:00-07:59) periods. In addition to this dichotomous comparison, circadian variation
was explored by analyzing the distribution of initial rhythms across individual hours of
the day (00:00-23:59). Events were also categorized according to weekday versus weekend
occurrence. Seasonal variation was assessed by grouping cases into four meteorological
seasons: spring (March-May), summer (June-August), autumn (September-November),
and winter (December—February). To assess the impact of the COVID-19 pandemic, three
distinct phases were defined: pre-pandemic (until 29 February 2020), intra-pandemic
(1 March 2020-31 December 2021), and post-pandemic (from 1 January 2022 onwards).

In this EMS-based registry, post-resuscitation hospital outcomes (e.g., survival to
hospital admission, survival to discharge, or neurological status) were not systematically
available. Therefore, ROSC documented by EMS personnel was used as the primary
outcome measure.

2.4. Statistical Analysis

Continuous variables such as age, time intervals, and number of shocks were summa-
rized as mean =+ standard deviation and median with interquartile range, while categorical
variables were reported as counts and percentages. Normality was checked, but given the
skewed distribution of intervals, non-parametric tests were mainly applied. Rhythm distri-
butions across demographic, temporal, and pandemic strata were compared using Pear-
son’s x test, with Fisher’s exact test applied when assumptions were violated. Continuous
variables were compared with Mann-Whitney U tests for two groups and Kruskal-Wallis
tests for multiple groups, while normally distributed data were assessed with ANOVA.
ROSC times were analyzed both as continuous and categorical variables (<20, 2140,
>40 min), with trend tests applied when appropriate. Circadian variation was evaluated
using contingency tables comparing rhythm categories across hourly intervals, and stan-
dardized residuals were examined to identify specific cells contributing to significant
deviations from expected frequencies. Missing data were handled through a combination
of case exclusion and explicit categorization. For variables considered essential for the
primary analyses, cases with missing values were excluded from the respective analyses.
For other variables, missing values were retained and categorized as “unspecified” in
order to preserve sample size and maintain transparency in reporting. Cases with miss-
ing age were excluded from the dataset, as age was considered an essential variable for
demographic stratification. For other variables, including sex and initial rhythm, records
were retained in the dataset and categorized as “unspecified” when information was un-
available or ambiguous in the EMS documentation. Analyses of rhythm distribution were
therefore performed using available rhythm classifications, while cases with unspecified
rhythm were excluded from rhythm-specific subgroup comparisons but retained in overall
cohort counts. For time-to-ROSC analyses, only cases with complete time information
were included. Statistical analyses were performed using R (R Foundation for Statistical
Computing, Vienna, Austria) and IBM SPSS Statistics version 27 (IBM Corp., Armonk, NY,
USA). A two-sided p value < 0.05 was considered statistically significant.
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3. Results

A total of 11,653 adult patients experienced OHCA. Of these, 6595 were male (56.6%)
and 5028 female (43.1%), with sex unspecified in 30 cases. The mean age of the population
was 76.8 £ 15.5 years (range 18-107), with a median of 81 years, reflecting a predominantly
elderly cohort. The baseline characteristics of the OHCA cohort are summarized in Table 1.
894 (7.7%) exhibited a shockable rhythm, while 10,498 (90.1%) presented with a non-
shockable rhythm. In 271 cases (2.2%), rhythm could not be classified due to missing or
ambiguous data. These cases were retained in the overall cohort counts but excluded from
rhythm-specific subgroup analyses to avoid distortion of percentage estimates. These cases
were retained in the overall cohort counts and are reported as “unspecified rhythm” in
Table 1. Among patients with shockable rhythms, 888 received shocks, with a mean of
3.6 &+ 3.2 shocks (range 1-20). The most common presenting rhythm was AS, occurring
in 10,334 patients (88.68%). VF was second with 885 cases (7.59%), PEA occurred in
154 patients (1.32%), and pVT in 9 cases (0.08%). In 271 cases (2.33%), the presenting
rhythm was unspecified. AS patients (n = 10,334) had a mean age of 77.5 £ 15.3 years;
5708 were male (55.2%) and 4601 female (44.5%). VF cases (n = 885) had a mean age of
68.6 £ 15.6 years, with a male predominance (72.7% vs. 27.0%). PEA cases (n = 154)
had a mean age of 79.3 & 12.9 years, with 92 males (59.7%) and 61 females (39.6%). pVT
was rare (n = 9), with a mean age of 75.3 & 15.3 years, affecting 3 males (33.3%) and
6 females (66.7%).

Table 1. Characteristics of OHCA.

Variable n (%) AS 1 (%) VFn (%) PEAn(%) pVTn(%)
Total 11,653 * 10,334 (88.7) 885 (7.6) 154 (1.3) 9(0.1)
Age (years)
18-39 374 326 (87.2) 37 (9.9) 4(1.1) 0
40-59 1263 1008 (79.8) 206 (16.3) 7 (0.6) 2(0.2)
60-79 3631 3127 (86.1) 377 (10.4) 48 (1.3) 2(0.1)
>80 6376 5866 (92.0) 263 (4.1) 95 (1.5) 5(0.1)
Sex
Male 6446 5708 (88.6) 643 (10.0) 92 (1.4) 3(0.05)
Female 4907 4601 (93.8) 239 (4.9) 61 (1.2) 6 (0.1)
Time of day
Day 7682 6975 (90.8) 587 (7.6) 111 (1.4) 9(0.1)
Night 3700 3359 (90.8) 298 (8.1) 43 (1.2) 0
Weekday /Weekend
Weekdays 7981 7228 (90.6) 631 (7.9) 116 (1.5) 6(0.1)
Weekends 3378 3087 (91.4) 251 (7.4) 37(1.1) 3(0.1)
Season
Spring 2778 2514 (90.5) 224 (8.1) 38 (1.4) 2(0.1)
Summer 2734 2489 (91.0) 206 (7.5) 34(1.2) 5(0.2)
Autumn 2471 2228 (90.2) 209 (8.5) 34 (1.4) 0
Winter 3376 3084 (91.4)  243(7.2) 47 (1.4) 2(0.1)
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Table 1. Cont.
Variable n (%) AS n (%) VF n (%) PEAn (%) pVT n (%)
COVID-19 period
Pre-COVID 6033 5399 (89.5) 516 (8.6) 114 (1.9) 4(0.1)
Intra-COVID 1887 1746 (92.5) 127 (6.7) 12 (0.6) 2(0.1)
Post-COVID 3439 3170 (92.2) 239 (7.0) 27 (0.8) 3(0.1)

* An amount of 271 (2.3%) cases had missing or ambiguous rhythm documentation in the EMS database and were
therefore classified as unspecified rhythm. Percentages for rhythm categories are calculated based on available
rhythm classifications, while totals include all OHCA cases in the cohort.

The case selection process and dataset structure are summarized in Figure 1.

EMS database records
January 2013 — March 2025

n=11,746

Excluded
* Age <18 years

® Traumatic arrest

* Missing age

Records included

n=11,653
Cases with rhythm classification Cases with unspecified thythm
n=11,382 n=271

Figure 1. Study flow diagram of case selection.

Age. In the 18-39-year group (n = 374), AS occurred in 326 cases (87.2%), VF in
37 (9.9%), and PEA in 4 (1.1%); no pVT was recorded. Among patients aged 40-59 years
(n = 1263), AS accounted for 1008 cases (79.8%), VF for 206 (16.3%), PEA for 7 (0.6%), and
pVT for 2 (0.2%). In the 60-79-year group (1 = 3631), AS occurred in 3127 cases (86.1%), VF
in 377 (10.4%), PEA in 48 (1.3%), and pVT in 2 (0.1%). In patients aged >80 years (1 = 6376),
AS accounted for 5866 cases (92.0%), VF for 263 (4.1%), PEA for 95 (1.5%), and pVT for
5 (0.1%). Rhythm distribution varied significantly by age (x> = 186.66, df = 12, p < 0.0001).

Sex. Among females, AS occurred in 4601 cases (93.8%), VF in 239 (4.9%), PEA in
61 (1.2%), and pVT in 6 (0.1%). Among males, AS occurred in 5708 cases (88.6%), VF in
643 (10.0%), PEA in 92 (1.4%), and pVT in 3 (0.05%). Rhythm distribution differed signifi-
cantly between sexes (x? = 104.50, df = 3, p < 0.0001).

Time of day. During daytime (1 = 7682), AS was observed in 6975 cases (90.8%), VF
in 587 (7.6%), PEA in 111 (1.4%), and pVT in 9 (0.1%). At night (1 = 3700), AS occurred in
3359 cases (90.8%), VF in 298 (8.1%), PEA in 43 (1.2%), and no pVT. Differences between
daytime and nighttime were not significant (x? =6.36,df =3, p =0.095). A small number
of cases had incomplete timestamp information and were therefore not included in the
day-night comparison.

Hour-by-hour analysis showed significant variation (x> = 120.01, df = 69, p = 0.00014).
The hourly distribution of rhythms is shown in Figure 2. VF peaked at 16:00 (11.7%),
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20:00 (11.4%), and 17:00 (10.3%). AS remained high throughout the day but relatively
lower in late afternoon (86.5% at 16:00) compared with early morning (>94% at 02:00-06:00).
PEA showed modest peaks at 14:00 (2.1%), 19:00 (2.0%), and 00:00 (2.5%). pVT appeared
sporadically at 07:00, 11:00, 16:00, 17:00, and 19:00.

80
$ 60
z —— AS
S - VF
__g —— PEA
5 404 —— pvT
&

201

0{ & -8-8-0-0-0-0-0-000-0-80-0088-0-0-0-0

01234567 891011121314151617181920212223
Hour of day

Figure 2. Hourly distribution of initial cardiac rhythms.

Weekdays vs. weekends. On weekdays (1 = 7981), AS occurred in 7228 cases (90.6%),
VF in 631 (7.9%), PEA in 116 (1.5%), and pVT in 6 (0.1%). On weekends (n = 3378), AS
accounted for 3087 cases (91.4%), VF for 251 (7.4%), PEA for 37 (1.1%), and pVT for 3 (0.1%).
No significant differences were observed (x> = 3.18, df = 3, p = 0.364).

Season. In autumn (1 = 2471), AS occurred in 2228 cases (90.2%), VF in 209 (8.5%), PEA
in 34 (1.4%), and no pVT. In spring (n = 2778), AS occurred in 2514 (90.5%), VF in 224 (8.1%),
PEA in 38 (1.4%), and pVT in 2 (0.1%). In summer (n = 2734), AS occurred in 2489 (91.0%),
VF in 206 (7.5%), PEA in 34 (1.2%), and pVT in 5 (0.2%). In winter (1 = 3376), AS occurred in
3084 (91.4%), VF in 243 (7.2%), PEA in 47 (1.4%), and pVT in 2 (0.1%). Seasonal differences
were not significant (x? = 9.85, df = 9, p = 0.363).

COVID-19 periods. In the pre-COVID phase (n = 6033), AS occurred in 5399 cases
(89.5%), VF in 516 (8.6%), PEA in 114 (1.9%), and pVT in 4 (0.1%). During the COVID phase
(n = 1887), AS occurred in 1746 (92.5%), VF in 127 (6.7%), PEA in 12 (0.6%), and pVT in
2 (0.1%). In the post-COVID phase (n = 3439), AS occurred in 3170 (92.2%), VF in 239 (7.0%),
PEA in 27 (0.8%), and pVT in 3 (0.1%). Differences were significant (x> = 41.50, df = 6,
p < 0.001), with higher VF and fewer AS cases post-COVID.

Dispatch and arrival times. The dispatch interval (call to dispatch) was 3.6 & 2.2 min
(median 3.0, IQR 2—4; range 0-14) during daytime and 3.76 + 2.36 min (median 3.0, IQR
2-5; range 0-13) at night. The difference was not significant (Mann-Whitney U = 3942.0,
p =0.431).

The arrival interval (call to arrival) was 11.6 £ 5.2 min (median 11.0, IQR 8-14;
range 0-35) during daytime and 11.7 & 5.7 min (median 11.0, IQR 8-15; range 0-32)
at night. The difference was not significant (Mann-Whitney U = 3929.0, p = 0.452).

ROSC. A total of 404 patients (3.47%) achieved ROSC. The characteristics of ROSC
cases are summarized in Table 2. The mean age was 67.6 &+ 15.7 years, median 69 years. Of
these, 276 were male (68.3%) and 128 female (31.7%).
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Table 2. Characteristics of ROSC.
Variable n (%) VEF n (%) ASn (%) PEAn(%) pVTn(%)
Total 404 (100) * 223 (55.2) 106 (26.2) 19 (4.7) 4(1.0)
Age group

18-39 19 (4.7) 12 (63.2) 5(26.3) 0 0
40-59 95 (23.5) 65 (81.3) 13 (16.3) 0 1(1.3)
60-79 173 (42.8) 104 (58.1) 47 (26.3) 9(5.0) 1(0.6)
>80 106 (26.2) 40 (42.6) 38 (40.4) 9(9.6) 2(2.1)

Sex
Male 276 (68.3) 175 (79.2) 56 (54.4) 12 (66.7) 1(25.0)
Female 128 (31.7) 46 (20.8) 47 (45.6) 6(33.3) 3(75.0)
Time of day

Day 297 (73.5) 160 (59.7) 81 (30.2) 14 (5.2) 4(1.5)

Night 96 (23.8) 60 (69.0) 21 (24.1) 4 (4.6) 0

Weekday/Weekend
Weekdays 278 (68.8) 165 (65.5) 63 (25.0) 14 (5.6) 3(1.2)
Weekends 113 (28.0) 54 (54.0) 39 (39.0) 4 (4.0) 1(1.0)
Season

Spring 95 (23.5) 63 (66.3) 26 (27.4) 4(4.2) 0
Summer 103 (25.5) 66 (64.1) 28 (27.2) 6(5.8) 3(29)

Autumn 100 (24.8) 61 (68.5) 28 (28.3) 2(2.0) 0
Winter 93 (23.0) 46 (57.5) 28 (30.1) 7(7.5) 1(1.1)

COVID-19 period

Pre-COVID 259 (64.1) 131 (57.5) 76 (33.3) 15 (6.6) 0
Intra-COVID 38 (9.4) 23 (63.9) 8(22.2) 0 2(5.3)

Post-COVID 94 (23.3) 65 (74.7) 18 (20.7) 3(34) 0

* Rhythm classification was unavailable in 52 ROSC cases due to incomplete documentation in the EMS records.
These cases were included in overall ROSC counts but excluded from rhythm-specific subgroup analyses.

By initial rhythm, 223 patients (55.2%) presented with VF, 4 (1.0%) with pVT,
106 (26.2%) with AS, and 19 (4.7%) with PEA; in 52 cases (12.9%), rhythm was unspecified.
For shockable rhythms, 792 shocks were delivered, with a mean of 3.5 & 3.1 per case.

In 393 valid cases, mean time from arrival to ROSC was 30.3 =+ 16.6 min (range 2-96).
Eleven ROSC cases lacked complete time-stamp data in the EMS records and were therefore
excluded from the time-interval analysis. By rhythm, ROSC times were: VF 30.3 & 18.2 min
(range 296, n = 223), pVT 25.5 + 8.7 (16-37, n = 4), AS 31.1 £ 14.7 (range 2-80, n = 106), and
PEA 31.3 & 13.6 (range 14-65, n = 19). One-way ANOVA showed no significant differences
(p =0.922).

Age. Among the 404 patients achieving ROSC, 276 were male (68.3%) and 128 female
(31.7%). When stratified by initial rhythm, VF accounted for the majority of ROSC cases in
both sexes. Among VF ROSC cases (1 = 223), 175 (78.5%) occurred in males and 46 (20.6%)
in females. For asystole-related ROSC (n = 106), 56 cases (52.8%) occurred in males and
47 (44.3%) in females. Rhythm distribution differed significantly between sexes (x? test,
p <0.0001).

Mean ROSC times increased with age: 25.5 & 10.6 min (range 11-50) in 18-39 years,
27.3 + 16.0 (range 2-81) in 40-59 years, 31.3 £ 17.7 (range 5-93) in 60-79 years, and
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32.3 &+ 15.8 (range 2-96) in >80 years. The trend was not statistically significant (ANOVA,
p =0.081).

When categorized, ROSC times differed significantly (x> = p = 0.0076). In 18-39 years,
36.8% achieved ROSC < 20 min, 57.9% in 21-40 min, and 5.3% in >40 min. In 40-59 years,
the proportions were 42.1%, 37.9%, and 20.0%. In 60-79 years, 29.5%, 47.4%, and 23.1%. In
>80 years, 17.9%, 54.7%, and 27.4%.

Sex. Among females (1 = 128), AS occurred in 47 cases (45.6%), VF in 46 (20.8%), PEA
in 6 (33.3%), and pVT in 3 (75.0%). Among males (n = 276), AS accounted for 56 (54.4%), VF
for 175 (79.2%), PEA for 12 (66.7%), and pVT for 1 (25.0%). Rhythm distribution differed
significantly (X%, p <0.0001).

Mean ROSC time was longer in females (32.7 = 15.9 min, range 2-91) than males
(29.2 + 16.8, range 2-96), with statistical significance (t-test, p = 0.046). Categorized times
also differed (x2, p = 0.00143): in females, 17.6% achieved ROSC < 20 min, 56.8% within
21-40 min, and 25.6% in >40 min; in males, 35.4%, 43.2%, and 21.2%.

Time of day. VF predominated during both day (59.7%, n = 160) and night (69.0%,
n = 60). AS accounted for 30.2% (n = 81) during day and 24.1% (n = 21) at night. PEA
occurred in 5.2% (n = 14) and 4.6% (n = 4), respectively, while pVT was only observed
during daytime (1.5%, n = 4). No significant association was found (x?, p = 0.379).

Mean ROSC times were 30.0 £ 16.6 min (range 2-93, n = 297) by day and 31.3 £ 16.6
(range 8-96, n = 96) by night, with no significant difference (t-test, p = 0.515). Categorical
analysis showed 31.0%, 46.1%, and 22.9% versus 26.0%, 52.1%, and 21.9% for <20, 21-40,
and >40 min (x?, p = 0.558).

Weekdays vs. weekends. On weekdays, VF was most common (65.5%, n = 165),
followed by AS (25.0%, n = 63), PEA (5.6%, n = 14), and pVT (1.2%, n = 3). On weekends,
VF occurred in 54.0% (n = 54), AS in 39.0% (n = 39), PEA in 4.0% (n = 4), and pVT in 1.0%
(n = 1). Differences were not significant x?%, p =0.082).

Mean ROSC times were 30.0 + 16.6 min (range 2-96, n = 278) on weekdays and
30.6 &= 15.9 (range 5-81, n = 113) on weekends (t-test, p = 0.770). Categorical proportions
were similar (28.8%, 50.0%, 21.2% vs. 31.9%, 42.5%, 25.6%; X2, p = 0.385).

Season. VF predominated in all seasons, ranging from 57.5% in winter (n = 46) to
68.5% in autumn (n = 61). AS varied between 25.2% and 32.6%, highest in winter (n = 28).
PEA was uncommon (1.1-9.0%), and pVT was rare, observed only in summer (n = 3) and
winter (1 = 1). Seasonal distribution showed no significant association (x?, p = 0.236).

Mean ROSC times were 31.0 £ 17.9 min in winter (n = 93), 29.7 £ 16.2 in spring
(n =95),29.7 £ 15.2 in summer (n = 103), and 30.4 £ 16.4 in autumn (1 = 100). ANOVA
showed no significant difference (p = 0.936). Categorical analysis also showed no variation
(%, p = 0.895).

COVID-19 periods. VF proportions increased across periods: 57.5% pre-COVID
(n = 131), 63.9% intra-COVID (n = 23), and 74.7% post-COVID (n = 65). AS declined
from 33.3% pre-COVID (n = 76) to 22.2% intra-COVID (n = 8) and 20.7% post-COVID
(n =18). PEA occurred in 6.6% pre-COVID (n = 15) and 3.4% post-COVID (n = 3), but not
intra-COVID. pVT was rare, with 2 intra-COVID cases. Differences were significant (x?,
p = 0.0067).

Mean ROSC times were 29.5 £ 15.6 min pre-COVID (n = 259), 31.8 £ 14.6 intra-COVID
(n = 38), and 31.5 £ 18.8 post-COVID (n = 94), with no significant difference (ANOVA,
p = 0.495).

4. Discussion

This population-based study, comprising 11,653 adult out-of-hospital cardiac arrest
(OHCA) cases, provides a detailed overview of initial rhythm distribution, temporal
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patterns, and resuscitation outcomes across demographic, temporal, and pandemic-related
strata. The findings highlight significant variations associated with age, sex, and circadian
patterns, as well as a notable shift in thythm profile during the COVID-19 period.

AS emerged as the most frequent initial thythm (88.7%), followed by VF (7.6%), PEA
(1.3%), and pVT (0.08%). The number of pVT cases was limited; therefore, findings re-
lated to this rhythm should be interpreted with caution. For clinical interpretation, VF
and pVT are commonly grouped as shockable rhythms, as both are treated with defibril-
lation and share similar prognostic implications. However, we report the two rhythms
separately to preserve the original EMS documentation and to provide a complete de-
scription of rhythm distribution in this population. These results align with large-scale
European registry data [13,14], in which non-shockable rhythms account for the majority of
OHCA presentations, particularly in older populations. The mean patient age in our study
(76.8 years) and the predominance of cases in the >80-year group (54.7%) likely explain
the low proportion of VF, given the known association between age, unwitnessed arrests,
and non-shockable presentations [15]. VF occurrence was more common in younger age
groups and in males, peaking at 16.3% in patients aged 40-59 years and 10% in men
overall. This pattern mirrors established epidemiological trends linking VF to coronary
artery disease and acute myocardial infarction [15,16]. Conversely, AS prevalence increased
progressively with age, exceeding 92% in patients > 80 years, suggesting that degenerative
conduction disease, comorbidity burden, and delayed EMS activation play a larger role in
the elderly [17]. The relatively low ROSC rate observed in our cohort (3.47%) should be
interpreted in the context of the specific characteristics of the study population and EMS
registry structure. In our dataset, all adult OHCA cases attended by EMS were included
regardless of resuscitation attempt or presumed etiology. Consequently, the cohort contains
a large proportion of very elderly patients, with a mean age of 76.8 years and more than
half of cases occurring in individuals aged >80 years. Advanced age is strongly associated
with unwitnessed arrests, delayed recognition, and a higher prevalence of non-shockable
rhythms, all of which reduce the likelihood of ROSC. In addition, some international OHCA
registries restrict analysis to resuscitation-attempted cases or presumed cardiac etiologies,
which typically increases the proportion of shockable rhythms and survival outcomes.
The broader inclusion criteria used in the present study likely contribute to both the high
prevalence of asystole and the lower overall ROSC rate observed in this population.

The hourly analysis revealed significant non-uniformity in VF, AS, and PEA occur-
rence over the 24-hour cycle. VF showed distinct peaks in the late afternoon (16:00 and
20:00), whereas AS proportions were highest in the early morning (02:00-06:00). These
findings are in line with previous studies reporting circadian variation in OHCA incidence
and arrhythmia onset, attributed to fluctuations in sympathetic tone, cortisol secretion,
platelet aggregability, and triggering of ischemic events [18,19]. Importantly, no significant
day-night difference emerged when dichotomizing the data, suggesting that coarse tempo-
ral groupings may obscure clinically relevant peaks. Hour-level granularity could therefore
be valuable for EMS planning, particularly if resource allocation is adapted to anticipated
high-incidence periods [20,21].

The absence of significant variation in VE AS, and PEA between weekdays and
weekends, or across seasons, contrasts with some studies reporting increased cardiac
arrest incidence during winter months, potentially linked to cold-induced cardiovascular
stress [22,23]. One explanation could be the urban context of our population, where indoor
climate control mitigates seasonal effects, and the predominance of elderly patients whose
activity levels are less seasonally variable.

A notable finding was the shift in VF and AS distribution during and after the
COVID-19 pandemic. The intra-pandemic period was marked by a reduction in VF pro-
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portion and an increase in AS, consistent with early reports of reduced bystander CPR,
longer EMS response times, and increased incidence of unwitnessed arrests [24,25]. Con-
versely, the post-pandemic phase showed an increased VF proportion and reduced AS
prevalence, suggesting partial restoration of pre-pandemic resuscitation dynamics and
public engagement [26,27].

Given the large sample size of the cohort, statistically significant differences may
occur even when the absolute differences between groups are relatively small. There-
fore, the results should be interpreted primarily in terms of their clinical relevance and
epidemiological meaning rather than statistical significance alone.

ROSC was achieved in 3.47% of all OHCA cases, with VF representing 55.2% of these
successes. The overall ROSC rate observed in our cohort appears lower than that reported
in several contemporary OHCA registries. This difference should be interpreted in light
of important methodological and population-related factors. First, our study included all
EMS-attended OHCA cases, without restriction to presumed cardiac etiology and without
limiting the analysis to cases in which resuscitation was actively attempted. In contrast,
many large registries report outcomes only for resuscitation-attempted cases or for arrests
of presumed cardiac origin, which typically results in higher ROSC rates. Additionally, the
population included in our study was characterized by advanced age and a high burden
of comorbidities, factors that are known to negatively influence resuscitation outcomes.
These differences in case selection and population characteristics likely contribute to the
comparatively lower ROSC rate observed in our cohort.

The strong association between shockable rhythms (VE, pVT) and survival aligns
with prior evidence [28], underscoring the prognostic weight of initial presentation. The
age gradient in ROSC characteristics—shorter times in younger patients, longer times in
older adults—may be explained by greater physiological reserve, fewer comorbidities,
and higher likelihood of witnessed arrest in younger cohorts [29]. Sex differences were
also apparent: males had a higher proportion of early ROSC (<20 min), while females
more often achieved ROSC in the 2140 min range. While the reasons for this difference
are unclear, possible explanations include differences in cardiovascular pathophysiology,
hormonal influences, and variations in EMS intervention timing or intensity [30].

Dispatch and arrival times were consistent between day and night, suggesting robust
EMS capacity across shifts. This uniformity likely contributed to the lack of significant
differences in ROSC rates and durations between diurnal periods. However, the low
overall ROSC rate underscores the ongoing challenge of OHCA management, particularly
in elderly populations with predominantly AS presentations [31].

These findings have several implications. First, targeted prevention strategies should
consider demographic risk profiles: younger males may benefit most from coronary artery
disease prevention and rapid defibrillation access, while elderly populations require strate-
gies to reduce delays in recognition and EMS activation [32]. Second, the detection of circa-
dian peaks in VF suggests that EMS resource optimization—such as strategic AED place-
ment and targeted public messaging—could be focused during late afternoon hours [33].
Third, the pandemic-related VF and AS shifts highlight the vulnerability of the chain of
survival to societal disruption and reinforce the importance of maintaining bystander CPR
capacity even during public health crises [34].

Further work is needed to explore biological mechanisms underlying circadian varia-
tion in VF and AS occurrence, investigate the influence of comorbidities and medication
profiles on rhythm type, evaluate whether hour-level EMS deployment adjustments could
improve outcomes, and monitor post-pandemic trends to determine if VF and AS distribu-
tions stabilize or continue to evolve [35,36].
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This study has several limitations that should be acknowledged. First, the retrospective
design relies on routinely collected EMS records, which may contain incomplete, incon-
sistent, or ambiguously documented information. Data were extracted from operational
EMS reports that were not originally designed for research purposes, and therefore some
variables were occasionally missing or incompletely recorded. Although age was required
for inclusion in the analysis, a small number of records lacked complete information for
other variables such as sex or initial rhythm. In these cases, the variables were classified as
“unspecified” and retained in the dataset to avoid unnecessary data loss. Similarly, certain
time-related variables were unavailable in a limited number of ROSC cases, which reduced
the sample size for analyses involving time intervals. Second, the EMS database used for
this study does not systematically capture several key Utstein variables that are known
to strongly influence OHCA outcomes. In particular, information on witnessed status,
bystander cardiopulmonary resuscitation (CPR), arrest location, first monitored rhythm
before EMS arrival, and presumed etiology was not consistently available. The absence
of these variables limits the ability to adjust for important confounders and restricts the
interpretation of the observed associations between demographic or temporal factors and
rhythm distribution or ROSC. Third, the study population is characterized by a relatively
advanced age, with a large proportion of cases occurring in patients aged >80 years. This
demographic structure likely contributes to the high prevalence of non-shockable rhythms
observed in the cohort and to the relatively low overall ROSC rate compared with some
contemporary OHCA registries that include younger populations or only resuscitation-
attempted cases. Consequently, caution is required when comparing the present findings
with those from other regional or international registries. Fourth, given the exploratory
nature of several subgroup analyses, the possibility of Type I error due to multiple statistical
comparisons should be considered, particularly when interpreting findings related to less
frequent rhythm categories. Fifth, because the study was conducted within a single EMS
system in Southern Italy, the findings may not be fully generalizable to other geographic
settings with different demographic characteristics, EMS organization, or resuscitation
practices. Finally, ROSC was the only outcome measure available in the EMS registry.
Information on survival to hospital admission, survival to discharge, and neurological
outcome was not available. Consequently, the results describe early resuscitation success
rather than long-term clinical outcomes.

Despite these limitations, the large sample size and long observation period provide
valuable epidemiological insights into rhythm distribution and temporal patterns of OHCA
within a real-world EMS population.

5. Conclusions

In this elderly cohort, asystole was the most frequent rhythm, while ventricular
fibrillation remained the main predictor of early ROSC. Hourly analysis revealed clear
circadian variation, not captured by simple day—-night comparisons. Rhythm shifts during
the COVID-19 pandemic highlighted the vulnerability of the chain of survival. Overall,
these findings reinforce the prognostic weight of the initial rhythm, the importance of early
defibrillation for shockable rhythms, and the need for tailored strategies for elderly patients
with non-shockable arrests. From a public health perspective, strengthening bystander
CPR capacity, expanding AED accessibility, and adapting EMS deployment to circadian
rhythm patterns represent key priorities for improving outcomes after OHCA.
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ANOVA  Analysis of Variance

AS Asystole
ASL Azienda Sanitaria Locale
AED Automated External Defibrillator
CPR Cardiopulmonary Resuscitation
EMS Emergency Medical Services
ERC European Resuscitation Council
IOR Interquartile Range
OHCA Out-of-Hospital Cardiac Arrest
pVT Pulseless Ventricular Tachycardia
PEA Pulseless Electrical Activity
ROSC Return of Spontaneous Circulation
VE Ventricular Fibrillation
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