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ABSTRACT

KEY WORDS:

Background: Out-of-hospital cardiac arrest (OHCA) poses a
considerable health burden and offers poor prognosis. In-
formation about OHCA in Israel is scarce.
Objectives: To present a pilot registry of prehospital and
in-hospital characteristics of patients with OHCA.
Methods: A descriptive study was conducted of consecu-
tive adult patients with OHCA treated in the field by Magen
David Adom (MDA) paramedics and treated at the Sheba
Medical Center.
Results: The study included 99 patients with OHCA who were
brought by MDA to the Sheba Medical Center. The median
age was 79 years (IQR 67-89), 61% were male. In total, 69%
of the events occurred at home, 16% at nursing facilities,
10% on streets, and 2% in public buildings. Most events
(80%) were witnessed. Bystander-basic life support (BLS)
was administered to 28%, 45% received BLS from an emer-
gency medical service first responder. Automated external
defibrillation was used in 40% of cases. In our cohort, 51 pa-
tients (51%) survived initial treatment in the emergency de-
partment (ED) and were hospitalized. Electrocardiography at
arrival demonstrated ST-elevation in 22% of cases. Coronary
angiography was performed in 19% (n=19) of patients, and
12% (n=12) underwent percutaneous intervention. Eventu-
ally, 26 patients (26%) survived to discharge with cerebral
performance categories as follows: 13% (n=13) with cere-
bral performance, 10% (n=10) with moderate disability, and
3% (n=3) with severe disability or unconscious.
Conclusions: Among those admitted after surviving ED re-
suscitation, half survived to discharge. Most of those who
survived hospitalization and were discharged with good
neurological performance were young males..
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Out-of-hospital cardiac arrest (OHCA) is defined as
the abrupt cessation of effective cardiac mechanical
activity and the subsequent loss of systemic circulation
outside a hospital environment. It presents as a significant
global cause of mortality [1]. The precise public health
burden of OHCA remains indeterminate, primarily due to
the substantial number of cases not attended by emergency
medical services (EMS) and the significant regional vari-
ations in reporting systems, incidence rates, and survival
outcomes [2]. Globally, the weighted incidence estimates
of EMS-treated OHCA per 100,000 person-years are as
follows: 34.4 in Europe, 53.1 in North America, 59.4 in
Asia, and 49.7 in Australia. The corresponding percentages
for OHCA survival to discharge are 7.6% in Europe, 6.8%
in North America, 3.0% in Asia, and 9.7% in Australia [3].
Despite the generally poor prognosis and the minor im-
provement in recent years, some regions report survival
rates of 20-40% [4], with patients who receive bystander
cardiopulmonary resuscitation (CPR) and reside in eco-
nomically advanced countries being associated with a
higher post-OHCA survival rate. The variability in survival
rates for OHCA can be partially attributed to varying clin-
ical definitions and efforts to optimize the local chain of
emergency care. Recent measures have enhanced survival
rates, such as training first responders, providing dispatch-
er-assisted CPR, and placing automated external defibrilla-
tors (AED) in public locations [5]. This trend is further em-
phasized by countries like Israel mandating bystander-basic
life support (BLS) courses for all 16 year olds and ensuring
low mandated AED availability in crowded places.
Although a few studies have investigated aspects of
OHCA events in Israel [6-9], a comprehensive assessment
of the continuum of prehospital and in-hospital clinical
and event characteristics of patients with OHCA is lack-
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ing. Considering this, we present a pilot registry study
outlining the comprehensive prehospital and in-hospital
characteristics of patients who experienced OHCA and
were transferred to a tertiary medical center in Israel.

PATIENTS AND METHODS

We conducted a retrospective analysis of consecutive
adult patients presenting with OHCA and treated with
CPR in the field by Magen David Adom (MDA), Israel's
largest and primary EMS provider, in 2021. Subsequent-
ly, patients were transported to the Sheba Medical Center.
Exclusion criteria included trauma-associated OHCA and
other evident non-cardiopulmonary etiologies of OHCA
(e.g., drowning and attempted suicide). The study was
approved by the Sheba Medical Center Institutional Re-
view Board (SMC-919822).

In a reported event of potential OHCA, local emergen-
cy dispatch receives a report, and the nearest available
ambulance, first responders, and a paramedic-led mobile
intensive care unit (MICU) are sent to the scene. As a
national and organizational policy, CPR attempts are
performed on every individual presenting with OHCA
and bystander CPR, when possible, via phone instruc-
tion from the dispatcher. CPR is withheld in cases where
death is evident to the EMS team or when a do-not-resus-
citate order is appropriately given in advance.

Each case of OHCA transferred to the emergency de-
partment has a standardized record provided by the EMS
operator. The record includes data such as event timeline,
CPR attempts before EMS arrival, AED use, location of the
event, and details observed by witnesses. In addition, clini-
cal objective data are provided to the hospital staff, includ-
ing the initially recorded cardiac rhythm, electrocardiogram
tracings, vital signs, and other diagnostic information. At
the time of the study, the main indication for primary PCI
at our center was the presence of ST-elevation on the ini-
tial post-resuscitation electrocardiogram, or whether there
was a suggested coronary etiology for the event. Patients
undergoing targeted temperature management were treated
to a targeted temperature set to 36°C for 24 hours with a
focus of preventing hyperthermia. Data based on electronic
medical record were collected in all cases of OHCA and
included age, sex, co-morbidities, cardiovascular risk fac-
tors, initial diagnosis, electrocardiogram patterns, report of
cardiac catheterization if performed, mortality, discharge
status and destination, and cerebral performance category
(CPC) index where favorable function was defined as CPC
1-2 and unfavorable function as CPC 3-4.

STATISTICAL ANALYSIS

Descriptive statistics were used to summarize the char-
acteristics of the study population. Categorical variables
were reported as numbers and percentages, while contin-
uous variables were expressed as means with standard
deviations or as medians with interquartile ranges, de-
pending on their distribution. The relationships between
categorical variables were analyzed using the chi-square
test or Fisher's exact test, as appropriate. All statistical
tests were two-sided. A P-value < 0.05 was considered
statistically significant. Statistical analyses were per-
formed using IBM Statistical Package for the Social Sci-
ences statistics software, version 25 (SPSS, IBM Corp,
Armonk, NY, USA).

RESULTS

In 2021, 99 adult patients with OHCA were transferred
by MDA to the Sheba Medical Center. The median age
was 79 years (IQR 67-89), with a predominance of males
(61%). Patient characteristics and baseline parameters
are presented in Table 1.

OUT-OF-HOSPITAL EVENT CHARACTERISTICS

Most of the events occurred at home (n=69, 69%). Wit-
nessed arrests were recorded in 80 cases (80%). BLS was
administered by bystanders or emergency medical tech-
nicians first responders in 72 cases (72%), and an AED
was used in 40 cases (40%). EMS MICUs responded to
99 cases (100%). Manual shocks were administered in 31
cases (31%), with the first thythm recorded on the ALS
monitor being ventricular fibrillation (VF) in 20 cases
(20%), VT in 3 cases (3.0%), asystole in 33 cases (33%),
high-degree atrioventricular block or bradycardia in 2
cases (2.0%), and pulseless electrical activity (PEA) in
41 cases (41%).

HOSPITALIZATION CHARACTERISTICS

Of 99 patients, 51 (51%) survived initial treatment in the
ED and were hospitalized: 25 (49%) in the intensive car-
diac care unit (ICCU), 25 (49%) in the general internal
medicine ward, and one (1%) in the ICU. Electrocardio-
gram at arrival showed ST-elevation in 22 cases (22%).
Immediate coronary angiography was performed in 19
cases (19%). The reasons for immediate angiography
included STEMI or other ischemic changes in 16 cases
(16%), cardiogenic shock in 2 cases (2.0%), and other
reasons in one case (1.0%). Percutaneous coronary inter-
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Table 1. Patient characteristics

Total count N=99
Median age, years (IQR) 79 (67-89)
Sex, male 60 (61%)
Prior M| 26 (26%)
Prior PCI 27 (27%)
Prior CABG 5 (5%)
Prior CVA 23 (23%)
Prior heart failure 26 (26%)
Hypertension 66 (67%)
Dyslipidemia 64 (65%)
Diabetes 41 (41%)
Out-of-hospital event characteristics
Home 69 (69%)
Public building 2 (2%)
Event location Street 10 (10%)
Nursing facility 16 (16%)
Other 2 (2%)

Witnessed cardiac arrest Yes: 80 (80%)

Yes: 28 (28%)

Yes, EMT first responder: 44 (44%)

BLS first treated patients
No: 22 (22%)

Missing: 5 (5%)

AED Use 40 (40%)

EMS, mobile ICU 99 (100%)

Yes: 31 (31%)

Manual shock
No: 68 (68%)

VF 20 (20%)
i 3(3%)

Initial cardiac rhythm Asystole 33 (33%)
g 2

PEA 41 (61%)

Hospitalization characteristics

Yes: 51 (51%)

Alive and hospitalized
No: 48 (49%)

Iccu 25 (25%)
Hospitalization ward General ICU 1(1%)
Internal medicine
ward 25 (25%)
Targeted temperature management 11 (1%)

AED = automated external defibrillator, ALS = advanced life support,

AVB = atrioventricular block, BLS = basic life support, CABG = coronary
artery bypass grafting, CVA = cerebrovascular accident, ED = emergency
department, EMS = emergency medical services, EMT = emergency
medical technician, ICCU = intensive cardiac care unit, ICU = intensive care
unit, Ml = myocardial infarction, PCI = percutaneous coronary intervention,
PEA = pulseless electrical activity, PVD = peripheral vascular disease, VF =
ventricular fibrillation, and VT = ventricular tachycardia

vention was performed in 12 cases (12%). Among those
cases, the culprit artery was identified as the left anteri-
or descending artery in 7 cases (7%), the left circumflex
artery in 3 cases (3%), and the right coronary artery in 2
cases (2%). Targeted temperature management was ad-
ministered to 11 patients (11%).

PATIENT CHARACTERISTICS AND OUTCOMES

A comparison of the characteristics of patients who sur-
vived and were discharged with those who died during
hospitalization following OHCA is detailed in Table 2.
Several factors were associated with survival to discharge
versus in-hospital death. Survivors were significantly
younger (69.5 [IQR 67-77] vs. 79.1 [IQR 74-89], P =
0.001) with male sex predominance (80.8% vs. 54.2%, P
=0.017) [Table 2].

With regard to out-of-hospital characteristics, as ex-
pected, among survivals, the incidence of a shockable
thythm was significantly higher (54% vs. 12%, P <
0.001). Despite the use in small numbers, using an au-
tomated chest compression device was more common
among non-survivors (12% vs. 44%, P = 0.005). Eigh-
teen cases were classified as unwitnessed and 3 survived
hospital discharge.

Hospitalization data showed a significantly higher rate
of ST-elevation on electrocardiogram among survivors
(28% vs. 16%, P=0.03). In addition, survivors had high-
er mean pH levels (7.2 vs. 6.9, P<0.001) and albumin
levels (3.7 g/dl vs. 3.0 g/dl, P<0.001) and significant-
ly lower lactate levels (46.3 mg/dl vs. 86.9 mg/dl, P <
0.001) at admission.

A sub-analysis of the survivor group (n=26) is pre-
sented in Table 3. This analysis compared patients with a
CPC score of 1 (n=13, favorable neurological outcome)
to those with CPC scores of 2-5 (n=13, impaired neu-
rological outcomes). Several significant differences were
noted. Patients with a CPC 1 score were more likely
to present with a shockable rhythm (70% vs. 30%, P =
0.115) and to have ventricular fibrillation (VF) as the first
rhythm on the ALS monitor (75% vs. 23%, P=0.009). In
addition, PCI was significantly more common in the CPC
1 group (61% vs. 4%, P <0.001).

CLINICAL OUTCOMES

In-hospital mortality was 74% (n=73). Among survivors,
discharge destinations included rehabilitation centers (15
patients, 15%), homes (7 patients, 7%), and nursing fa-
cilities (4 patients, 4%). CPC scores of patients who sur-
vived discharge were as follows: 13 patients (13%) had a
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Table 2. A sub-analysis of survived to discharge patients vs. in-hospital mortality

q Survived to Dead in the q Survived to Dead in the
Demographics discharge (n=26) | hospital (n=73) el Demographics discharge (n=26) = hospital (n=73) Pevalue
Median age, ~ ~ Shockable
years (IR) 69.5 (67-77) 79.1 (74-89) 0.001 rhythm 13 (54%) 9 (12%) <0.001
Male, n (%) 21 (80.8%) 39 (54.2%) 0.017 Automated
: Compression 3(13%) 31 (44%) 0.005
rior Mi, n {7 .17 .27/0 .
P MI, n (%) 7 (26.9%) 19 (27.5%) 0.952
. EMS arrival
rl-]h{%rtensmn, 15 ( 57.7%) 51 (73.9%) 0.126 Eir;neea,[:?inutes 09:17 10:19 0.591
P])E"s/ﬂpidemia' 16 (61.5%) 48 (69.6%) 0.457 Hospitalization characteristics
; Survived ED 26 (100%) 25 (34%) <0.001
labetes, n (7o U7, ) R
Diabet (%) 6 (24.0%) 35 (47.9%) 0.024
; — Ward in hospital (% of survived ED)
Out-of-hospital event characteristics (69%) %)
ICCU 18 (69%. 7 (9%, 0.005
Event location
| 1 (3% -
Home 16 (61.5%) 52 (71%) cu ([3 °)] 5
Mi 7 (26% 18 (25%
Public building 1(3.8%) 1(1.4%)
- - 0.239 ST-elevation 10 (28%) 12 (16%) 0.03
Street 4(15%) 6 (8.2%)
Corona
Medical facility 3(12%) 13 (18%) angiography 16 (62%) 3 (4%) <0.001
Other 2 (7.7%) 1(1.4%) pH (mean) 7.2 6.9 <0.001
Witnessed arrest 22 (88%) 58 (81%) 0.399 Lactate mg/dl 463 86.9 <0.001
BLS 17 (65%) 54 (74%) (mean)
EMT fast 8(33%) 35 (49%) 0524 CRC score
responders ? ? 1 13 (50%)
AED 13 (52%) 27 (37%) 0.233 2 10 (38%)
DC shock 12 (48%) 19 (26%) 0.041 3 2 (7%)
4 1(4%)

AED = automated external defibrillator, ALS = advanced life support, AVB = atrioventricular block, BLS = basic life support, CABG = coronary
artery bypass graft, CPC = cerebral performance category, CVA = cerebrovascular accident, ED = emergency department, EMS = emergency
medical services, ICCU = intensive cardiac care unit, ICU = intensive care unit, Ml = myocardial infarction, PEA = pulseless electrical activity, VF =

ventricular fibrillation, and VT = ventricular tachycardia

CPC score of 1, indicating good cerebral performance; 10
(10%) had a CPC score of 2, indicating moderate cerebral
disability; and three patients (3%) had a CPC score of 34,
indicating severe cerebral disability. Figure 1 depicts clini-
cal outcomes according to the main initial cardiac rhythms
(VT/VEF, PEA, and asystole).

DISCUSSION

In this pilot retrospective registry, we presented the pre-
hospital and in-hospital characteristics of patients experi-
encing OHCA. In our cohort, most patients suffering from
OHCA were elderly, with a large majority of events occur-
ring at home. The prognosis for these patients is generally
poor. However, most who survived hospitalization were
discharged with good neurological performance.

Although the study provides a micro-snapshot of a
much broader public health concern and clinical challenge,
the data presented in this report partially correlate with pre-
vious studies. However, our findings indicated a more fa-
vorable outcome. In a systematic review and meta-analysis
of global survival rates among adult OHCA patients who
received CPR, Yan et al. [4] reported a global survival rate
to hospital discharge of 9% (95% confidence interval 8.2—
9.4%) and a European survival rate to hospital discharge of
12% (95% confidence interval 10.5-13.0%) [4], consider-
ably lower than the 26% observed in our cohort. Similarly,
a study from Israel by Deri and co-authors [6] reported a
survival to discharge rate of 8%. This discrepancy can be
primarily explained by the fact that the referenced studies
included all OHCA cases, including those declared dead
on arrival. In contrast, our cohort focused exclusively on
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Table 3. Sub-analysis of OHCA survivors with CPC 1 vs CPC 2-5

CPC 1 (n=13) CPC 2-5(n=13) @ P-value

Age, mean
+ standard
deviation in 65+ 14.7 74£13.3 0.1
years
Male 12 (92%) 9 (69%) 0.322

VF (9, 75%) VF (3, 23%)
First rhythm VT (0) VT (1, 8%)
on ALS monitor 0.009
(n=25)* Asystole (2, 17%) | Asystole (1, 8%)

PEA (1, 8%) PEA (8, 61%)
Shockable
rhythm 9 (70%) 4 (30%) 0.115
(Exesaﬁrm’rﬂ;g‘e 09:00 09:30 0.809
Coronary o 0
angiography 10 (77%) 6 (46%) 0.107

*One patient without a formal record of cardiac rhythm

ALS = advanced life support, CPC = cerebral performance category,
DC = direct current, EMS = emergency medical services, OHCA = out-
of-hospital cardiac arrest, PCI = percutaneous coronary intervention,
PEA = pulseless electrical activity, VF = ventricular fibrillation, VT =
ventricular tachycardia

patients transferred and admitted to the emergency depart-
ment. Our data are somewhat comparable to the data re-
ported by von Vopelius-Feldt and colleagues [10], which
showed that patients with OHCA transferred to high-vol-
ume PCl-capable centers in England had an unadjusted
discharge rate of 24%. This finding is also consistent with
other reports demonstrating in-hospital mortality of ap-
proximately 50-60% [11].

We identified several key factors significantly associ-
ated with survival and favorable neurological outcomes.
Survivors were younger, predominantly male, and less
likely to have diabetes mellitus. Out-of-hospital factors,
such as the presence of a shockable rhythm and the use
of direct current shock were also strongly predictive of
survival, which is consistent with previous publications
[1,2]. Furthermore, patients with a favorable neurolog-
ical outcome (CPC 1) were significantly more likely
to present with shockable rhythms. These findings are
consistent with shockable rhythms shown in previous
studies associated with favorable neurologic results af-
ter OHCA [12,13].

In-hospital PCI interventions were highly associated
with survival and better neurological outcomes. In addi-
tion, survivors demonstrated better metabolic profiles,
with higher admission pH and albumin levels and signifi-
cantly lower lactate levels. Although EMS arrival time
showed a trend toward being faster in the CPC 1 group,
this difference was not statistically significant, likely due
to the limited statistical power of the study and the small
number of patients. Nevertheless, this trend suggests that
faster EMS response may improve outcomes.

Notably, some factors in our geographic region of Isra-
el favor better patient outcomes compared to other parts
of the world. Paramedic-based EMS availability is ex-
ceptionally high, with trained volunteers often serving as
the first responders on the scene, equipped with an AED.
In addition, the urban area surrounding our medical cen-
ter is unique in having six PCl-capable centers within a
20 km radius, ensuring a short transit of the patient.

Figure 1. Patient placement, survival, and neurological outcome by main initial cardiac rhythms

CPC= cerebral performance categories, ICU = intensive care unit, ICCU = intensive cardiac care unit, IM = internal medicine, OHCA = out-of-hospital
cardiac arrest, PEA = pulseless electrical activity, ED = emergency department, VT = ventricular tachycardia, VF = ventricular fibrillation
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Our study has several limitations. First, it is a retrospec-
tive observational and relatively small-scale analysis based
on data from a single center, which may limit its gener-
alizability. Furthermore, the composition of the survivor
population in our study was subject to selection bias, as it
reflected the preliminary clinical criteria for eligibility for
ICCU admission. Another limitation of our study relates
to the unique characteristics of the Isracli EMS system
as mentioned. Second, the study was conducted in 2021,
during the coronavirus disease 2019 (COVID-19) pandem-
ic. While a rise in OHCA cases was noted globally in 2020
due to COVID-19 [14], less is known about its specific
impact in 2021. Importantly, in our cohort, no cardiac ar-
rests were directly attributed to severe COVID-19 infec-
tion. These limitations are common in similar studies. The
abrupt and unpredictable nature of OHCA poses significant
challenges for prospectively recruiting patients and system-
atically integrating their clinical data in a planned manner.

Our results underscore the necessity of a prospective,
real time, national OHCA registry to gain powerful and
clinically relevant insights that can influence patient care.
An increasing number of OHCA registries have been es-
tablished worldwide [15]. Some operate nationally, while
others encompass broad geographical areas. These regis-
tries share common goals, including ongoing quality en-
hancement, epidemiological studies, and supporting the in-
frastructure for clinical research. [15-17]. OHCA registries
can enable performance comparisons across various EMS
systems, facilitating benchmarking, hypothesis generation,
and further research by tracking OHCA incidence and out-
come changes. As a result, they have become essential tools
for OHCA management and research [18,19]. However,
establishing and maintaining these registries involves sig-
nificant challenges, including coordinating diverse service
providers for data collection, ensuring sustainable funding,
maintaining data quality, and safeguarding data security.

CONCLUSIONS

Most patients presenting with OHCA and surviving re-
suscitation after hospital admission are elderly, with most
events occurring at home. Most of these cases carry grave
prognosis. However, in those surviving hospitalizations,
about half have good cerebral performance.
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