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Aim To assess the frequency of cardiac arrest and outcomes and predictors of survival after cardio-

pulmonary resuscitation in hospitalized patients.

Methods We prospectively analyzed the data on all patients who experienced cardiac arrest while hospitalized

at the Split University Hospital between January and December 2003. Data were collected on patients’

demographic characteristics, etiology and presentation of cardiac arrest, time, site, methods, and out-

comes of cardiopulmonary resuscitation.

Results Out of 120 cases of cardiac arrest among 32,861 hospitalized patients, 76.7% were witnessed.

Ninety-six (80.0%) patients with cardiac arrest underwent resuscitation, and 22.5% of them were dis-

charged alive. The survival rate was 20.0% at the Department of Internal Medicine, 29.2% in the Coro-

nary Care Unit, and only 7.1% in other departments (P=0.058, �2 test). Out of 92 patients with wit-

nessed cardiac arrest, 28.3% survived to discharge, whereas only one of 28 patient with unwitnessed

cardiac arrest survived to discharge (P=0.004, Fisher’s exact test). More patients with cardiac arrest due

to ventricular fibrillation or pulseless ventricular tachycardia survived than patients with asystole and

pulseless electrical activity (47.6% vs 10.7%, respectively, P<0.001, Fisher’s exact test). None of the

patients with unclassified cardiac arrest survived until discharge. Cardiac arrest survivors were signifi-

cantly younger (60.8±12.9 vs 71.1±11.7 years, P<0.001, Student t-test). Sex had no influence on sur-

vival. There were no significant circadian or hospital shift differences in the frequency rate of cardiac ar-

rest, but the rate of successful resuscitation was lower during the night shift.

Conclusion The rate of successful resuscitation was higher in the coronary care unit, during the day and in younger

witnessed cardiac arrest patients with ventricular fibrillation or pulseless ventricular tachycardia.

Cardiac arrest is the main cause of sud-

den cardiac death (1,2). In industrialized coun-

tries, the rate of sudden cardiac death is rather

high, ranging between 1 and 2 per 1,000 in adult

population (1,2). The incidence of sudden cardiac

death has been estimated at 6,000 per year in

Croatia (3), 600 in the Split-Dalmatian County,

and 300 in the city of Split itself. In the US, the in-

cidence of sudden cardiac death exceeds the po-

oled mortality from acquired immunodeficiency

syndrome, breast and prostate cancer, home fire,

firearms (in peacetime) and traffic accidents (4).

The single most important cause of car-

diac arrest in the adult population is coronary

heart disease (1,2). Incidence of cardiac arrest in

inpatients has been estimated at 3-4/1,000 hospi-

talized adults (5), of whom only 20-50% are suc-

cessfully resuscitated and discharged, depending

on the level of cardiopulmonary resuscitation ef-

fectiveness (6,7). In other words, the risk of inpa-
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tient death after cardiac arrest remains as high as

50-80% and has not substantially changed over

the past 40 years (8).

Ventricular fibrillation is a major cause

of sudden cardiovascular collapse, occurring in

75–80% of the cases, whereas bradyarrhythmias

are less frequent (1). The only effective treatment

for ventricular fibrillation is prompt defibrillation,

as the probability of survival decreases by 7-10%

with every minute of delay (9,10). Another 5-10

minutes can be gained by the basic life support

procedures. Therefore, the International Liaison

Committee on Resuscitation (ILCOR) guidelines

(11) suggest that emergency care for cardiac arrest

should include defibrillation within 3 minutes in a

hospital setting, and within 5 minutes elsewhere.

The use of automated external defibrillators and

launch of large-scale training programs for poten-

tial resuscitators, particularly nurses, is recom-

mended (9-11). Outside hospital, firefighters, po-

lice officers, and others should be included in this

endeavor after a respective short-term cardiopul-

monary resuscitation training (11). For the time be-

ing, defibrillators are readily available in coronary

care units and in some intensive care units only,

where the staff is properly trained in basic life sup-

port and defibrillation. Outside these units, both

equipment and staff training are insufficient, re-

sulting in unacceptably low success rates (12).

A traditional procedure in cases of sus-

pected cardiac arrest is first to call a physician on

duty and then to transfer the patient “urgently” to

a coronary or some other intensive care unit

(ICU). In such a scenario, cardiopulmonary resus-

citation is generally delivered with a considerable

delay, largely exceeding the recommended 3 min-

utes (13,14).

The incidence of cardiac arrest and sur-

vival rates have been investigated in many studies

(15-17), but there are little data on the relation of

patient’s age and sex, cardiac arrest type, site and

time of cardiopulmonary resuscitation, and wit-

nessing of cardiac arrest with the survival of these

patients (8,17-19).

The aim of this study was to assess the

frequency of cardiac arrest and resuscitation out-

comes in Split University Hospital; to determine

the probability for an adult inpatient to sustain car-

diac arrest, undergo cardiopulmonary resuscita-

tion, and be discharged alive; and to assess the as-

sociation between the survival rate and patient’s

age and sex, cardiac arrest type, the site and time

of cardiopulmonary resuscitation, and witnessing

of cardiac arrest.

Patients and Methods

A prospectively designed study was con-

ducted at the Split University Hospital, a 1,350-

bed facility that covers a population of over

450,000 people and has 30,000-35,000 hospital

admissions per year. We determined the fre-

quency of cardiac arrest and resuscitation out-

comes in patients aged >18 years who were ad-

mitted to the Split University Hospital between

January 1 and December 31, 2003.

Patients

The study included all adult patients

with cardiac arrest from the Departments of Gyne-

cology and Obstetrics, Neurology, Oncology,

Otorhinolaringology, Ophthalmology, Psychiatry,

Pulmonology, Radiology, Surgery, and Internal

Medicine. The Department of Internal Medicine

consists of eight divisions, as follows: Coronary

Care Unit, Cardiology, Clinical Pharmacology,

Endocrinology, Gastroenterology, Rheumatology

and Immunology, Hematology, and Nephrology.

We did not include patients from the

Departments of Anesthesiology and Pediatrics.

The exclusion criteria were sudden death due to

trauma, intoxication or end-stage non-cardiac dis-

ease; death in emergency and operating rooms, in-

cluding pediatric surgery; incomplete medical re-

cords, and out-of-hospital arrest.

Method

Cardiac arrest was defined as the cessa-

tion of cardiac mechanical activity as confirmed

by the absence of signs of circulation (20). A wit-

nessed cardiac arrest was defined as monitored ar-

rest or arrest seen or heard by an identifiable per-

son (20). We collected the data after a reported

cardiac arrest and attempts of resuscitation at the

above-listed departments. The data were analyzed

by three investigators (DR, VC, and NP) to adjudi-

cate the event. If cardiac arrest was confirmed, the

report forms were further processed. Interviews

with cardiac arrest witnesses within 24 hours facil-

itated the cardiac arrest validation process. The

data were entered in a database according to the

Utstein style guidelines and reporting templates

(20), used in our Hospital. The templates con-

tained data on patient’s age, sex, main diagnosis,
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and demographic characteristics; etiology and pre-

sentation of cardiac arrest; and time, site, method,

and success of cardiopulmonary resuscitation,

with a special reference to outcome (20). Case his-

tory and autopsy findings were attached when ap-

propriate. Cardiac arrest classification was based

on the initial electrocardiographic (ECG) evalua-

tion performed immediately before or during the

cardiopulmonary resuscitation. There were only

two possible outcomes: died in hospital or dis-

charged alive.

Statistical Analysis

Quantitative data were presented as

means with standard deviations (±SD), and 95%

confidence intervals (95% CI). To compare fre-

quencies, �2 test or Fisher’s exact two-tailed test

were used, and Student’s unpaired t-test was ap-

plied to compare distributions. P<0.05 was con-

sidered statistically significant. Statistica 6.0 soft-

ware package (StatSoft Inc., Tulsa, OK, USA) was

used for all statistical analyses.

Results

Cardiac arrest occurred in 120 out of

32,861 patients hospitalized in Split University

Hospital at the analyzed Departments between

January 1 to December 31, 2003, yielding a fre-

quency rate of 3.65/1,000 patients (Table 1). Sev-

enty-four (61.7%) of 120 patients with cardiac ar-

rest were men with a mean age of 68.9�12.7

years. Only 27 of them survived and 93 died, ac-

counting for 12.5% (95% CI, 9.9-14.9) of 962 cu-

mulative hospital deaths in 2003. The highest rate

of 92 (76.7%; 95% CI 67.6-85.7%) cases of car-

diac arrest was recorded at the Department of In-

ternal Medicine, mostly in the Coronary Care Unit

(72 events, or 60.0%), whereas other departments

accounted for 28 (23.0%) events.

Cardiopulmonary resuscitation was per-

formed in 96 (80.0%) of the cardiac arrest patients.

In 20.0% of the cases where resuscitation was not

performed, cardiac arrest was either unwitnessed

or more than 20 minutes had elapsed since the on-

set. Successful cardiopulmonary resuscitation fol-

lowed by a hospital discharge was achieved in 27

(28.1%; 95% CI, 17.4-38.9) out of 96 patients with

cardiac arrest and performed resuscitation. At the

Department of Internal Medicine without Coro-

nary Care Unit, the rate of successful resuscitation

and hospital discharge was 20%. In the Coronary

Care Unit, resuscitation was performed in 68 of 72

cardiac arrest patients, of whom 29.2% were dis-

charged. There were no attempts of prolonged re-

suscitation in Coronary Care Unit for three pa-

tients, due to myocardial rupture and in one due to

the rupture of aortic aneurysm confirmed by

transthoracic echocardiograpy. In other depart-

ments, only two out of 28 patients with cardiac ar-

rest were successfully resuscitated and discharged

alive (Fisher’s exact two-tailed test; P=0.037;

Table 1).

There were 92 (76.7%) witnessed and

28 (23.3%) unwitnessed cardiac arrest patients.

According to the type of cardiac arrest on ECG,

ventricular fibrillation and pulseless ventricular

tachycardia were diagnosed in 42 (35%) patients,

asystole and pulseless electrical activity in 56

(46.7%), whereas no ECG recordings were avail-

able in the remaining 22 (18.3%) patients. These

22 patients, 6 witnessed and 16 unwitnessed, did

not survive to discharge. Thirty-five cardiac arrests

occurred between 8:00 AM and 4:00 PM, 26 be-

tween 4:01 PM and 12:00 PM, and 30 between

midnight and 7:59 AM. Less than 50% of our pati-

ents had a verified coronary heart disease (Table 2).
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Table 1. Cases of cardiac arrest and cardiopulmonary resusci-

tation outcomes in Split University Hospital in 2003

Department (No. of patients)

Patients Internal Medicine Coronary Care other total

Admitted 3,443 1,125 28,293 32,861

Cardiac arrests:

recognized 20 72 28 120

resuscitated 18 68 10 96

discharged 4 21 2 27

Table 2. Characteristics of patients with cardiac arrest in Split

University Hospital in 2003

Characteristic* No. (%) of patients

Sex:

men 74 (61.7)

women 46 (38.3)

Cardiac arrest:

witnessed 92 (76.7)

unwitnessed 28 (23.3)

Cardiac arrest etiology:

VT/VF 42 (35.0)

ASY/PEA 56 (46.7)

unknown 22 (18.3)

Time of cardiac arrest onset:

08 AM-04 PM 35 (29.2)

04 PM-12 PM 26 (21.7)

00 AM-08 AM 30 (25.0)

undefined 29 (24.2)

Previous coronary heart disease:

present 53 (44.2)

absent 30 (25.0)

unknown 37 (30.8)

*Abbreviations: VT/VF – ventricular tachycardia/ventricular fibrillation; ASY/PEA

– asystole/pulseless cardiac activity.



Cardiopulmonary resuscitation was per-

formed in 86 out of 92 witnessed and in 10 out of

28 unwitnessed cardiac arrests (Fisher’s exact

two-tailed test; P=0.008; Table 3). A considerably

higher rate of survival was observed in patients

with witnessed ventricular fibrillation and pulse-

less ventricular tachycardia (20 out of 42 patients;

47.6%) than in those with the other two types of

witnessed cardiac arrest (asystole and pulseless

electrical activity), where only 6 (13.6%) of 44 pa-

tients survived to discharge from the hospital

(Fisher’s exact two-tailed test; P=0.002; Table 3).

Only one out of 28 patients with unwitnessed car-

diac arrest (3.6%) left hospital for home care.

Cardiac arrest survivors were signifi-

cantly younger (n=27; 60.8±12.9 years; 95% CI,

55.6-65.9 years) than non survivors (n=93;

71.1±11.7 years; 95% CI, 68.7-73.5 years;

P<0.001; Table 4). Sex was not predictive of out-

come; 11 women and 16 men survived cardiac ar-

rest (Fisher’s exact two-tailed test; P=0.824; Table

4). A significant difference in survival was observ-

ed between the witnessed and unwitnessed car-

diac arrest (28.3% vs. 3.6%; Fisher’s exact two-

tailed test; P=0.004; Table 4). Among 42 patients

with ventricular fibrillation and pulseless ventricu-

lar tachycardia, 20 (47.6%) survived, whereas

among 56 patients with asystole and pulseless

electrical activity, only 6 (10.7%) survived

(Fisher’s exact two-tailed test; P<0.001; Table 4).

The rate of successful resuscitation and

discharge after cardiac arrest was lower during

night shift. There were 12 cardiac arrest survivors

in the morning shift, 10 in the afternoon, and 4 in

the night shift (�2=5.21; P=0.926). When the

night shift data were compared with the pooled

data from other shifts, the differences in successful

cardiopulmonary resuscitation and discharge be-

came significant (Fisher’s exact two-tailed test;

P=0.028).

Discussion

Our results showed a noticeable preva-

lence of cardiac arrest in the Split University Hos-

pital. Less than 25% of successfully resuscitated

and discharged cardiac arrest patients is close to

the lowest reported resuscitation rate (6-8). The

asystole and pulseless electrical activity recorded

in as many as 46.7% of cardiac arrest patients and

ventricular fibrillation and pulseless ventricular

tachycardia in less than the expected 75-80% (1)

disclose an unacceptably long delay in cardio-

pulmonary resuscitation delivering, when a por-

tion of ventricular fibrillations had already degen-

erated to asystole at the time of ECG recording.

The large number of undefined cardiac arrests also

reflects delayed recognition of cardiac arrest and

resuscitation attempt, as reported elsewhere (8,

15,16). The reported survival rate following resus-

citation in patients with asystole and pulseless

electrical activity has been consistently low, even

if overall rates after cardiac arrest were encourag-

ing (8,15-19,21-23). Less than 14% of such patients

were successfully resuscitated in our study. On the

other hand, our success rate was highest in patients

with ventricular fibrillation and pulseless ventricu-

lar tachycardia, with almost 50% of them surviving

and being discharged in good conditions.

Survival rates from our study were simi-

lar to those reported previously (8,15-19,21-23),

where survival in general hospitals did not change

substantially over the past 40 years. Several-fold
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Table 3. Survival outcome after witnessed cardiac arrest and

cardiopulmonary resuscitation by type of cardiac arrest in Split

University Hospital in 2003

Type of cardiac arrest* (No. of discharged
patients/No. of resuscitated patients)

Cardiac arrest† VT or VF ASY or PEA unknown

Witnessed 20/42 6/41 0/3

Unwitnessed 0/0 1/9 0/1

*Abbreviations: VT – ventricular tachycardia; VF – ventricular fibrillation; ASY –

asystole; PEA – pulseless cardiac activity.
†Comparison between the witnessed and unwitnessed resuscitated cardiac ar-

rest; Fisher exact two-tailed test, P=0.008. Comparison between witnessed

VT/VF and other witnessed type of resuscitated cardiac arrest: Fisher exact

two-tailed test, P=0.002.

Table 4. Significance of predictors of cardiac arrest survival in

Split University Hospital by sex, age, witnessing, type of cardiac

arrest, and hospital duty shift

No. (%) of patients

Predictor* died survived P

Sex:

women 35 (76.1) 11 (23.9) 0.824†

men 58 (78.4) 16 (21.6)

Age (years, mean±SD) 71.1±11.7 60.8±12.9 <0.001‡

Cardiac arrest:

witnessed 66 (71.7) 26 (28.3) 0.004†

unwitnessed 27 (96.4) 1 (3.57)

Cardiac arrest type:

VT/VF 22 (52.4) 20 (47.6) <0.001†

ASY/PEA 50 (89.3) 6 (10.7)

Work shift:

08 AM-04 PM 23 (65.7) 12 (34.3) 0.926§

04 PM-12 PM 16 (61.5) 10 (38.5)

00 AM-08 AM 26 (86.7) 4 (13.3)

*Abbreviations: VT/VF – ventricular tachycardia/ventricular fibrillation; ASY/PEA

– asystole/pulseless cardiac activity.

†Fisher exact two-tailed test.

‡Student t-test.

§�2 test.



higher survival rates reported in some studies

probably reflect higher proportion of subjects with

verified heart disease, undergoing more or less

continuous ECG monitoring (15,16). We observed

no significant correlation between patient’s sex

and resuscitation outcome, which is in accordance

with previous findings (18,21-23). However, as

opposed to other similar studies (8, 15-19,21-23),

our analysis showed advanced age as a significant

predictor of poor cardiac arrest outcome. Some

large outpatient trials suggested a higher rate of

cardiac arrest in the morning, and lower during the

night (24). This circadian variation is presumably

less pronounced in hospitals, and our results re-

vealed a rather uniform around-the-clock pattern.

Like Brindley et al (8), we have registered lower

survival rates after resuscitation during night shift,

possibly due to fewer staff, resulting in more cases

of unwitnessed cardiac arrests and arrests with un-

derlying asystole and pulseless electrical activity.

There are several limitations of our study.

First, the design of the study was observational and

information was often indirect. Second, there

were many difficulties in data evaluation and inter-

pretation, including the time of cardiac arrest on-

set and the recognition lag, differentiation betwe-

en witnessed and unwitnessed cardiac arrest, and

assessment of resuscitator competency, especially

when the intervention was performed outside the

Department of Internal Medicine. The Hospital

departments are located in several buildings on a

two-area campus, which hindered the assessment

of the exact accident-to-intervention time. All of

the 28 unwitnessed deaths had a resuscitation lag

of more than 5 minutes. Nevertheless, resuscita-

tion was attempted in 10 of them, and one patient

was subsequently discharged to home care. In all

of the witnessed cardiac arrests, the time lag to re-

suscitation was definitely shorter than 5 minutes,

but the quality of some resuscitation attempts

could be questioned. In some cases, resuscitation

was initiated on a ward or corridor and continued

in the Coronary Care Unit, resulting in poorer out-

come and worsening the overall Coronary Care

Unit results. Third, some data were missing, which

was an expected but still confounding variable.

Resuscitation is not recommended for

all dying patients, as its goal is to prevent prema-

ture death rather than delay inevitable one (25). It

is usually performed on a patient’s proxy demand,

or as the resuscitator’s attempt to compensate for

cardiopulmonary resuscitation delay or some

other previous omission or error, compromising

thus the very essence of cardiopulmonary resusci-

tation. On the other hand, the current organiza-

tion, equipment, and skillfulness are largely inade-

quate to deliver appropriate resuscitation within

the recommended 3-minute window (11). These

are the main reasons for the gross disproportion

observed in this study between the number of “re-

suscitated” patients and the few successfully tre-

ated and eventually discharged from hospital.

There are many difficulties in detecting

individuals at risk. When the presenting cardiac ar-

rest is the initial manifestation of the disease, or

when the problem has not been properly identi-

fied in due time (silent ischemia), any urgent diag-

nostic test becomes obsolete. In such circum-

stances, the fate of a “heart too good to die” de-

pends on premises, equipment, and professionals

that happen to be around at the time of cardiac ar-

rest onset and above all, on the nurses’ training in

basic life support and defibrillation. The fact that a

large proportion of patients with ventricular fibril-

lation can be successfully defibrillated, even 90%

within the first minute (1), highlights the vital im-

portance of the necessary devices, preferably auto-

mated defibrillators (18) because of their low

price, straightforward education, and impossible

abuse. The great survival difference between wit-

nessed and unwitnessed cardiac arrest unveils the

role of careful patient monitoring, especially dur-

ing the night, weekends, and holidays, which re-

quires a competent team on duty all the time. Our

study also had the aim to educate all the hospital’s

nurses (more than 600 educated registered nurses)

and to install at least 20 automated external de-

fibrillators at the non-intensive care wards (26).

Our findings may be useful to the public,

the medical community, and the hospital manage-

ments to reorganize emergency cardiac arrest care,

assemble emergency teams, adopt a cardiopul-

monary resuscitation curriculum supporting espe-

cially appropriate nurse training, and introduce

automated external defibrillators in non-coronary

and non-intensive care units in and out of hospitals

(e.g. in ambulances), as recommended by the Eu-

ropean Society of Cardiology and European Resus-

citation Council and as we conduct in our hospital

(26,27).
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