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Aim To analyze the initial rhythm, bystander cardiopulmo-
nary resuscitation (CPR) rate, and survival after out-of-hospi-
tal cardiac arrests (OHCA) in Varaždin County (Croatia), and to 
investigate whether physician’s inexperience in emergency 
medical services (EMS) has an impact on resuscitation man-
agement.

Methods We reviewed clinical records and Revised Utstein 
cardiac arrest forms of all out-of-hospital resuscitations per-
formed by EMS Varaždin (EMSVz), Croatia, from 2007-2013. 
To analyze the impact of physician’s inexperience in EMS (<1 
year in EMS) on resuscitation management, we assessed phy-
sician’s turnover in EMSVz, as well as OHCA survival, airway 
management, and adherence to resuscitation guidelines in 
regard to physician’s EMS experience.

Results Of 276 patients (median age 68 years, interquartile 
range [IQR] 16; 198 male; 37% ventricular fibrillation/ventricu-
lar tachycardia, bystander CPR rate 25%), 80 were transferred 
to hospital and 39 were discharged (median survival after dis-
charge 23 months, IQR 46 months). During the 7-year study 
period, 29 newly graduated physicians inexperienced in EMS 
started to work in EMSVz (performing 77 resuscitations), while 
48% of them stayed for less than one year. Airway manage-
ment depended on physician’s EMS experience (P = 0.018): 
inexperienced physicians performed bag-valve-mask venti-
lation (BMV) more than the experienced, with no impact on 
survival rate. Physician’s EMS experience did not influence ad-
herence to resuscitation guidelines (P = 0.668), survival to hos-
pital discharge (P = 0.791), or survival time (P = 0.405).

Conclusion OHCA survival rate of EMSVz resuscitations was 
higher than in Europe, but bystander CPR needs to be im-
proved. Compared to experienced physicians, inexperienced 
physicians preferred BMV over intubation, but with similar ad-
herence to resuscitation guidelines and survival after OHCA.
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Every year, roughly 350 000-700 000 Europeans experi-
ence out-of-hospital cardiac arrest (OHCA) (1), but only 
9% of them will survive to hospital discharge (1). It is well 
known that the outcome of OHCA depends on a number 
of patient’s intrinsic factors, but the critical determinants 
of survival are immediate bystander cardiopulmonary re-
suscitation (CPR) and early defibrillation, as it is repeatedly 
pointed out by the European Resuscitation Council (ERC) 
(2). Although the incidence, survival rate, and bystand-
er CPR rate is known in many countries (1), there are still 
no data about the features of OHCA in Croatia (3), which 
could provide a basis for the improvement of OHCA man-
agement and survival.

Another factor that improves survival after OHCA is the 
presence of a physician in the emergency medicine ser-
vice (EMS) team (4,5). Unfortunately, high fluctuation and 
turnover of physicians in EMS have been noticed, with a 
constant in-flow of newly graduated and inexperienced 
doctors. Previous studies showed lower success rates and 
higher complication rates when endotracheal intubation 
is performed by inexperienced prehospital emergency 
medicine staff (6-12), which triggered the change of ERC 
guidelines. Therefore, ERC 2010 Guidelines recommend-
ed that tracheal intubation “should be used only when 
trained personnel are available to carry out the procedure 
with a high level of skill and confidence” (13,14). On the 
other hand, despite clear guidelines, there are no studies 
investigating the impact of physician’s experience in EMS 
on the actual airway management style and the adher-
ence to the resuscitation guidelines in prehospital setting 
or outcomes after OHCA.

Therefore, the aim of this study was to investigate the fea-
tures of OHCA: the initial rhythm, bystander CPR rate, and 
survival after OHCA in Varaždin County (Croatia). Also, we 
investigated the turnover rate of physicians in prehospital 
EMS, and whether physician’s experience in EMS had an 
impact on the actual airway management, OHCA survival 
rate, and the adherence to resuscitation guidelines.

Methods

Study design and data sources

In this observational study we reviewed the data from 
out-of-hospital resuscitations collected by Revised Ut-
stein cardiac arrest data collection forms (15). The forms 

provided the following data: patient age and sex, cause 
and location of cardiac arrest (out-of-/in-hospital), 

presence of witnesses to the arrest (and time of arrest, if 
witnessed), bystanders’ treatment before EMS arrival (by-
stander CPR and defibrillation witnessed by EMS team or 
reported to EMS team), time of collapse, call receipt, vehi-
cle stop, and first rhythm analysis, as well as the time when 
EMS started the resuscitation, initial rhythm, data on defi-
brillations, ventilation and drugs, and the return of spon-
taneous circulation (ROSC).

Setting, participants, and study size

The study was conducted at the Institute of Emergency 
Medicine Varaždin, in Varaždin, Croatia – Emergency Medi-
cal Service Varaždin (EMSVz). The EMSVz covers an area 
of 346 km2, populated by 92 755 inhabitants. During the 
study period, EMSVz had ten Advance Life Support teams, 
each with a fully equipped road vehicle. Every team con-
sisted of three members: a physician, registered nurse, and 
professional driver (of non-medical education).

We analyzed the data on all out-of-hospital resuscitations 
OHCA performed by EMSVz from January 1, 2007 until De-
cember 31, 2013. Although we included all resuscitations 
performed in this time frame, with no exclusions, it should 
be emphasized that, according to guidelines (16-18), EMS-
Vz does not perform resuscitation in the cases were resus-
citation is considered futile (such as the presence of rigor 
mortis, dependent lividity, decapitation, or decomposition). 
These cardiac arrests were not considered for this study – 
just as they are not considered for other studies either.

After the resuscitation, the patients were brought to the 
local secondary care hospital, Varaždin General Hospital. 
There were no cases of cardiac arrest of traumatic origin. 
This study is approved by the Ethics Committee of the In-
stitute of Emergency Medicine Varaždin.

Outcomes

We analyzed patients’ age (in years), EMSVz response time 
(from call to EMSVz CPR, in minutes), and survival rate. The 
survival rate was assessed using two metrics: a) the num-
ber of patients discharged from the hospital divided by the 
total number of resuscitation attempts (total survival); b) 
the number of patients discharged from the hospital divid-
ed by the number of patients brought to the hospital. Sur-
vival time after hospital discharge was analyzed as the time 
from cardiac arrest to death if discharged patient died, or 
until April 2014 when the follow up was discontinued due 
to the end of the study.
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In addition, resuscitations were analyzed in regard to phy-
sician’s experience in EMS. Inexperienced physicians were 
considered those working in EMS for less than one year, 
while experienced physicians were considered those 
working in EMS for more than one year. Before starting any 
field-work, a newly hired physician had to attend in-house 
courses along the lines of European Resuscitation Council 
courses (19), covering trauma management and advanced 
adult and pediatric life support, and including different 
manners of airway management. After completing these 
courses, all new physicians started working under the su-
pervision of a mentor for at least two months before get-
ting the approval to work unsupervised.

Next, we analyzed the adherence to the ERC Guidelines in 
regard to physician’s experience in EMS. After processing 
Utstein forms (15), cardiac arrest management was com-
pared to the ERC Guidelines and algorithms for advanced 
life support. The deviations from these algorithms were 
recorded as non-adherence to the guidelines. The val-
id guidelines were considered: ERC 2005 Guidelines (13), 
for the study period from January 1, 2007 till October 17, 
2010 and ERC 2010 Guidelines (14) for the study period 
from October 18, 2010 (when the 2010 Guidelines were 
published) to December 31, 2013, when the data acqui-
sition ended. Since the medical personnel in EMSVz were 
forewarned and repeatedly reminded about the release of 

Figure 1. Patients flow-chart in the observational study on features of out-of-hospital cardiac arrest and impact of prehospital physi-
cian’s experience on resuscitation management. The study was performed from 2007 to 2013 by Emergency Medical Service Varaždin.
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new ERC 2010 Guidelines, they were expected to imple-
ment the new Guidelines promptly. Therefore, all resusci-
tation attempts from October 18, 2010 were planned to 
be analyzed in comparison to ERC 2010 Guidelines. The 
first resuscitation attempt after the publishing of ERC 2010 
Guidelines was on October 23, 2010.

Statistical analysis

Data on patients’ age, sex, survival rate, survival time, and 
adherence to the valid guidelines were summarized us-
ing descriptive statistics based on the normality of distri-
bution (D’Agostino-Pearson test for normal distribution). 
Categorical variables were compared using Fisher exact 
test with Bonferroni’s correction for multiple testing when 
needed, while continuous variables were compared using 
the Mann-Whitney test for independent samples. Statis-
tical difference in survival time was assessed by Logrank 
test. All statistical analyses were performed using MedCalc 
9.5.1.0 (MedCalc Software, Mariakerke, Belgium). P values 
lower than 0.05 were considered statistical significant, if 
not indicated otherwise (ie, Bonferroni’s correction). This 
manuscript is organized following STROBE statement for 
cohort studies: Strengthening the Reporting of Observa-
tional Studies in Epidemiology (20).

Results

Participants

During the 7-year study period, EMSVz performed 276 out-
of-hospital resuscitations on 274 patients (two patients 
were resuscitated twice). Flow diagram of the patients is 
shown in Figure 1.

Descriptive data

The median age of 198 male and 78 female patients with 
OHCA was 68 years (interquartile range (IQR) 16; range 0-92 
years), with no difference between the sexes (P = 0.183). 
Median EMSVz response time was 6 minutes (IQR 6; range 
0-34 minutes). Data about bystanders CPR were recorded 
in 159/276 patients – bystanders started CPR in 39/159 
(25%) cases.

Initial rhythm was recorded as follows: 102 patients (37%) 
had shockable rhythm, 156 (57%) had non-shockable 
rhythm, and 18 patients had some other initial rhythm (si-
nus rhythm, bradycardia, or unknown) (Table 1). Patients 
with shockable and non-shockable rhythms were resus-
citated equally by inexperienced (No. shockable vs non-

Table 1. Features of out-of-hospital cardiac arrest in the observational study of 276 resuscitations performed from 2007 to 2013 by 
Emergency Medical Service (EMS) Varaždin

Variable
Died 

at site
Transferred 
to hospital P*

Died in 
hospital

Discharged 
from hospital

Unknown 
hospital 
outcome P†

Response time(call to cardiopulmonary 
resuscitation, minutes)§

    7 (0-32, 6)   5 (0-34, 5) 0.020‡   6 (0-18, 6)   5 (1-34, 5) - 0.842‡

Duration of resuscitations (minutes)§   30 (4-88, 16) 25 (2-70, 18) 0.150‡ 32 (13-70, 17) 20 (2-60, 14) - <0.001‡

Patients’ age (years)§   68 (0-92, 14) 66 (13-89, 17) 0.064‡ 67 (13-87, 22) 67 (27-84, 16) - 0.928‡

Sex (No. of patients)
male (198) 145 53 0.238¶ 22 30 1 0.083¶

female (78)   51 27 16   8 3
Initial rhythm (No. of patients)II

shockable (102)   60 42 <0.001¶ 18 21 3 0.460¶

non-shockable (156) 128 28 16 12 0
other (18)     8 10 -   3   6 1 -
Physician’s experience in EMS 
(No. of resuscitated patients)
<1 year (78)   58 20 0.656¶ 10   8 2 0.791¶

>1 year (198) 140 58 28 27 3
*Dead at the site vs transferred to hospital.
†Died in hospital vs discharged from hospital.
‡Mann-Whitney test for independent samples.
§Median (range, IQR).
¶Fisher exact test.
IIShockable: ventricular fibrillation, pulseless ventricular tachycardia; non-shockable: asystole/pulseless electrical activity.
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shockable: 31 vs 40) and experienced physicians (No. 
shockable vs non-shockable: 71 vs 116), P = 0.397. Resusci-
tations continued for a median of 29 minutes (IQR 16 min-
utes, range 2-88 minutes), and resuscitations of ventricular 
fibrillation were significantly longer (median 30 minutes, 
IQR 22 minutes, range 7-88 minutes) than resuscitations of 
patients with non-shockable rhythms (median 26 minutes, 
IQR 12 minutes, range 2-75 minutes), P = 0.015.

Survival

Out of 276 out-of-hospital resuscitation attempts, 39 (14%) 
patients lived until the hospital discharge (21/102 of pa-
tients with initial shockable rhythm, 12/156 with initial 
non-shockable rhythm, and 6/18 with other initial rhythms 
[discharged patients with shockable vs discharged patients 
with non-shockable rhythm: P = 0.004]). Survival until hos-
pital discharge was associated to the duration of out-of-
hospital CPR, where patients who sustained shorter out-
of-hospital CPR to ROSC were more likely to be discharged 
from the hospital than patients who experienced longer 
out-of-hospital CPR (P < 0.001). However, survival until dis-
charge was associated with none of the other analyzed 
variables (Table 1).

Median survival time after hospital discharge was 23 
months (IQR 46, range 0-68 months), and it was weakly as-
sociated with the patient’s age (P = 0.049). However, it was 
not associated with patients’ sex (P = 0.728), initial rhythm 
(P = 0.851), or the physician’s experience in EMS (P = 0.405) 
(Table 2). In addition, there was no correlation of surviv-

al time of discharged patients and EMS response time 
(P = 0.176) or duration of out-of-hospital CPR (P = 0.201). 
The 30-day survival rate after the discharge was 32/276 
(12%), 90-day survival rate was 28/276 (10%), while one-
year survival was 23/276 (8%).

Physicians’ turnover rate and impact of physician’s 
experience on resuscitation features

At the start of the study, there were five physicians with 6 
to 25 years of experience in EMS, and all of them continued 
to work in EMSVz for the duration of the study. During the 
7-year study period, 29 physicians with no experience in 
EMS started working at EMSVz, just after graduating from 
medical school. One physician stayed in EMSVz for 4 years, 
three stayed for 3-4 years, six for 2-3 years, five for 1-2 years, 
and fourteen for less than one year (ten of them only for 
3-4 months). Experienced physicians performed 197 (72%) 
resuscitations, while inexperienced physicians performed 
77 (28%) resuscitations.

Airway management and the adherence to the ERC 
Guidelines

Airway management depended on the physician’s expe-
rience in EMS (inexperienced vs experienced P = 0.018) 
(Table 3). Inexperienced physicians performed bag-valve-
mask ventilation (BMV) using Guedel airway more fre-
quently than experienced physicians (21% vs 9%, P = 0.012). 
Besides successful intubation attempts, attempts to intu-
bate were also recorded, but only in 157 resuscitations dur-

Table 2. Survival time after hospital discharge following out-of-hospital cardiac arrest in the observational study of 276 resuscita-
tions performed from 2007 to 2013 by Emergency Medical Service (EMS) Varaždin

Survival time of patients

all* discharged†

Variable months§ P¶ months§ P¶

Sex
male 0 (0-68, 0) 0.053 31 (0-68, 50) 0.728
female 0 (0-64, 0) 22 (0-68, 28)
Initial rhythm‡

shockable 0 (0-66, 0) 0.005 31 (0-68, 44) 0.851
non-shockable 0 (0-68, 0) 24 (0-68, 60)
Physician’s experience in EMS
<1 year 0 (0-57, 0) 0.785 28 (0-68, 20) 0.405
>1 year 0 (0-68, 0) 20 (0-68, 52)
*All patients with the attempt of resuscitation.
†Patients discharged from hospital.
‡Shockable: ventricular fibrillation, pulseless ventricular tachycardia; non-shockable: asystole/pulseless electrical activity.
§Median (range, IQR).
¶Logrank test.
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ing the period from 2010 to 2013 (Table 4). Inexperienced 
physicians made significantly fewer intubation attempts 
than experienced physicians (26% vs 60%, P < 0.001), and 
when they tried to intubate they were less successful than 
their experienced colleagues (67% vs 95%, P = 0.007). There 
were no attempts at rapid sequence intubation. The ap-
plied method of airway management was not associated 
with overall survival rate to discharge from the hospital af-
ter out-of-hospital CPR (P = 0.805).

Physician’s experience in prehospital EMS was not associ-
ated with survival rate until hospital discharge (P = 0.791, 
Table 1), or median survival time after hospital discharge 
(P = 0.405, Table 2). We found no differences in the adher-
ence to the ERC Guidelines between inexperienced and 
experienced prehospital EMS physicians (P = 0.668).

Discussion

This is the first ever study analyzing the features, bystander 
CPR rate, and survival after OHCA in Croatia, and we found 
survival rate after OHCA in Varaždin County to be higher 
than overall survival rate in Europe, with bystander CPR 
started in one quarter of resuscitations.

This is also the first study investigating the turnover rate of 
inexperienced physicians in prehospital emergency medi-
cal service, with the impact of the physician’s inexperience 
on OHCA survival rate, and the physician’s adherence to 
resuscitation guidelines. Although we showed a high turn-
over rate of inexperienced physicians in our prehospital 
emergency department, their inexperience did not influ-
ence their adherence to the resuscitation guidelines or pa-
tients’ survival after OHCA. In addition, while other studies 
have investigated endotracheal intubation failure and suc-
cess rates in regard to physician’s experience, this study in-
vestigated the actual airway management style of inexpe-
rienced physicians in prehospital setting, and we showed 

different approach to airway management in regard to 
physicians’ experience.

Survival after OHCA in Varaždin County

Today, despite the development of CPR and electrical de-
fibrillation as treatment modalities more than half a centu-
ry ago, OHCA still presents one of the major public health 
problems, with survival rates remaining relatively low 
worldwide: in Europe 9%, North America 6%, Asia 3%, Aus-
tralia 13% (1). While numerous studies investigated survival 
rates after OHCA in different European countries, this is the 
first study investigating different features of OHCA resusci-
tation in Croatia, including the survival rate (3). Although 
our results are far from the survival rate of 43% in Nether-
lands (21) or 35% in Osaka Prefecture, Japan (22), the surviv-
al rate until discharge after OHCA of 14% in Varaždin County 
exceeds OHCA overall survival rate in Europe (9%) (1), part 
of Poland (10%) (23), or Czechia (9%) (24), with the latter 
two having similar cultural characteristics as Croatia. Such a 
good survival rate is probably due to the prompt response 
time of 6 minutes and physician-staffed EMS team, but we 
also showed that the survival rate to discharge was associ-

Table 4. The impact of physician’s experience in emergency 
medical service on endotracheal intubation success recorded 
for 157 of 276 resuscitations performed from 2010 to 2013 
by Emergency Medical Service Varaždin. In 119 Utstein forms 
there was no record about unsuccessful intubation attempts

Endotracheal Experience, No (%)*

intubation inexperienced experienced P†

No attempt 43 (74) 40 (40) <0.001
Attempts 15 (26) 59 (60)
successful 10 (67) 56 (95) 0.007
unsuccessful   5 (33)   3 (5)
Total 58 99
*Working as emergency medicine field physician: inexperienced <1 
year; experienced >1 year.
†Fisher exact test.

Table 3. The impact of physician’s experience in emergency medical service on airway management in 276 resuscitations performed 
from 2007 to 2013 by Emergency Medical Service Varaždin

Experience, No (%)*

Airway management inexperienced experienced P†

Guedel airway + bag-valve-mask ventilation 16 (21)   17 (9) 0.012
Endotracheal intubation 18 (23)   89 (45) <0.001
Supraglottic device 43 (55)   88 (44) 0.181
Other/unknown   1 (1)     4 (2) 1.000
Total 78 (28) 198 (72) 0.018
*Working as emergency medicine field physician: inexperienced <1 year; experienced >1 year.
†Fisher exact test, Bonferroni’s correction for multiple testing: significant when P < 0.017.
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ated with the conduction of bystander CPR. Although we 
had data on bystander CPR for only 58% of the analyzed 
OHCA, bystanders started CPR in 25% of them, which un-
doubtedly led to better outcomes of these patients. This 
bystander CPR rate is slightly higher than in Germany (19%) 
(25) or Slovenia (22%) (26). Despite of this, we feel that our 
goal should be set higher, toward the bystander CPR rates 
of about 40%, as is the case in the United States (27) and 
England (28), or 76% in the Netherlands (21).

Hence, although both survival rate and bystander CPR rate 
found in this study are quite good, there is plenty of room 
for improvement. As EMS field physicians and medical 
technicians, we believe that the first step would be the de-
velopment of a national OHCA registry to establish OHCA 
incidence and outcomes at national and local levels. Us-
ing the registry we could identify both deficiencies and 
strengths, which is the key first step in the improvement 
of OHCA management and progress monitoring. Also, it 
would be valuable if the registry contained the data per-
taining to the frequency and manners of CPR quality mea-
surements, and CPR quality itself; this would provide a ba-
sis for the monitoring of CPR quality improvement.

Since almost half of OHCA events are witnessed, but only 
few witnesses start CPR (29), another essential contribution 
to the increase in OHCA survival rate would be to improve 
the bystander CPR rate. As bystander CPR rate could dou-
ble OHCA survival (30), we need to raise the public aware-
ness that cardiac arrests are not rare events and teach lay-
men to recognize cardiac arrest, as well as encourage them 
to start CPR. In our opinion, this could be achieved by: 1) 
the promotion of basic life support courses; 2) media cam-
paigns showing the dramatic impact of bystander CPR on 
survival; 3) the implementation of CPR-automated exter-
nal defibrillators (AED) training in high school curriculums; 
4) and better availability of and accessibility to AEDs. Until 
recently, there were not many AEDs in Croatia. However, 
as a part of the national program “Start the Heart – Save a 
Life“ introduced by the Croatian Ministry of Health in 2013 
(31), numerous basic life support courses should be de-
livered to lay persons, and about 200 AEDs should be in-
stalled in public places in Croatia. Currently, in Croatia there 
are 271 available AEDs (32). This may not seem much on 
the national level, but it must be taken into account that 
Croatia is a small country, with only 4.2 million inhabitants. 
Through the implementation of these methods, we hope 
that bystander CPR rate will increase in the following years, 
and that it will lead to the improvement of survival rates 
following OHCA.

In addition to bystander CPR rate, better survival to dis-
charge in our study was associated with shorter duration 
of out-of-hospital CPR. A possible explanation for bet-
ter survival of these patients would be that they needed 
“shorter” CPR only because they were “less ill.” The under-
lying pathophysiological mechanism can only be specu-
lated about. Bearing in mind that several other studies also 
reported a link between shorter CPR and better outcome 
(33-35), but did not focus on the causality, the follow-up 
studies are called for.

Physicians’ turnover rate

This study revealed a high physician turnover rate in EMS-
Vz. Almost half of 29 inexperienced physicians who start-
ed to work in EMSVz during the 7-year study period stayed 
for less than a year, with one third of them staying for only 
a few months. Furthermore, such a turnover rate of newly-
graduated physicians in EMSVz, which has just ten teams, 
must raise concerns, especially since we believe (based 
on personal communication) that EMSs in other parts of 
Croatia struggle with the similar fluctuation of physicians. 
This kind of turnover could be caused by the fact that 
EMSs have been understaffed, since there was no residen-
cy in emergency medicine for out of hospital emergency 
medical service in Croatia until November 2013. Being un-
derstaffed, EMSs have been forced to hire inexperienced 
physicians. In addition, a huge percentage of these phy-
sicians have perceived EMS as a “waiting room” for their 
desired residency outside of emergency medicine. We be-
lieve this happened here, since out of 29 physicians who 
started to work in EMSVz during the study period, only 2 
were interested in residency in emergency medicine (per-
sonal communication). Although physician’s inexperience 
did not influence the adherence to the ERC guidelines or 
survival rate in this study, we believe this kind of practice 
is not favorable and it must be changed. A major step in 
this direction will be the residency in emergency medi-
cine for pre-hospital emergency services, which started in 
November 2013.

Association of physician’s experience and airway 
management

In this study, we recorded differences in airway manage-
ment in regard to physician’s experience in EMS. Experi-
enced physicians did more endotracheal intubations, 
while inexperienced physicians did more BMVs with Gue-
del’s airway. Considering their short training in airway 
management and the obvious lack of experience 
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that would make them skilled in advanced airway man-
agement techniques, endotracheal intubation in particu-
lar, we find the preference of our inexperienced colleagues 
to BMV instead of intubation reasonable, especially since 
a third of their intubation attempts were unsuccessful. In-
tubation failure rate in inexperienced physicians is much 
lower than the 50% found in other prehospital systems also 
with a low patient volume and providers who did not per-
form intubation frequently (8,11). However, it is far greater 
than 5% failure rate in their experienced colleagues found 
in Sayre’s study (8) and a meta-analysis of intubations suc-
cess rates of EMS providers (12). Therefore, we agree that 
endotracheal intubation should be attempted only by well 
trained personnel who can carry out the procedure with a 
high level of skill and confidence (2,14,36).

Physician’s experience and resuscitation features

Inexperienced physicians performed less than a third of all 
resuscitation attempts, but with similar adherence to the 
resuscitation guidelines. Similar survival rate and survival 
time of patients resuscitated by experienced and inexpe-
rienced physicians challenge the common belief that “it is 
better to be treated by an old doctor.”

Limitations

There are a few limitations of our study. First, we analyzed 
OHCA survival from a single center with a small number 
of OHCA events. Because the investigated area covered by 
EMSVz is more densely populated than the whole state of 
Croatia, our results might not be generalizable to Croatia 
as a whole. We would like to emphasize that the studies in-
vestigating survival after OHCA in just one part of a country 
are quite frequent (1), since the establishment of a national 
registry is a major and demanding project, which is prov-
en by the fact that there are only five national registries 
of OHCA in the world (37,38). Despite this limitation, this 
study is important encouragement to the development of 
a national registry. Second, this study is retrospective and 
observational in nature, so we were limited only to the data 
previously recorded on Utstein forms and medical records. 
If the study design was prospective, we could have asked 
physicians to fill out the forms and records more complete-
ly or collect additional data. Third, we used the Utstein re-
port and medical record. It is possible that using video re-
cordings of OHCA management would provide us more 
data on differences in OHCA management in regard to 

physicians’ experience in EMS. Finally, we did not ana-
lyze the quality of CPR or timing and organization 

of resuscitation attempt of inexperienced physicians, only 
the adherence to the resuscitation algorithms.

In conclusion, our results demonstrate that the OHCA 
survival rate until hospital discharge in Varaždin County 
exceeds the overall survival rate in Europe, with the by-
stander CPR rate matching that in the neighboring coun-
tries. Although there was a high turnover rate of newly 
graduated inexperienced physicians, they followed the 
ERC Guidelines similarly and with comparable patient sur-
vival rates as their more experienced colleagues. On the 
other hand, inexperienced physicians managed airway 
differently, being more comfortable with BMV than with 
endotracheal intubation, as it was recommended in ERC 
resuscitation guidelines.

Acknowledgments The authors thank Professors Gavin D. Perkins and Ivan 
K. Lukić for their advice and guidance during the preparation of this manu-
script. Parts of this work were previously presented as posters at ERC con-
gresses 2013 and 2014.

Funding None.

Ethical approval received from the Ethics Committee of the Institute of 
Emergency Medicine Varaždin.

Declaration of authorship AL conceived and designed the study. AL, ZO, 
DC, ST, IM performed data acquisition. AL performed data analysis. AL, IL 
performed interpretation of data. AL, IL, DL drafted the manuscript. AL, IL, 
DL made critical revision. All authors gave final approval of the manuscript.

Competing interests All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References
1	B erdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences 

of out-of-hospital cardiac arrest and survival rates: Systematic 

review of 67 prospective studies. Resuscitation. 2010;81:1479-87. 

Medline:20828914 doi:10.1016/j.resuscitation.2010.08.006

2	 Perkins GD, Handley AJ, Koster RW, Castrén M, Smyth MA, 

Olasveengen T, et al. European Resuscitation Council Guidelines 

for Resuscitation 2015. Section 2. Adult basic life support and 

automated external defibrillation. Resuscitation. 2015;95:81-99. 

Medline:26477420 doi:10.1016/j.resuscitation.2015.07.015

3	G rba Bujevic M. Croatian national programme of publicly available 

early defibrillation “Start the heart – save a life” [in Croatian]. Lijec 

Vjesn. 2015;137:53-5. Medline:25906551

4	H agihara A, Hasegawa M, Abe T, Nagata T, Nabeshima Y. Physician 

presence in an ambulance car is associated with increased survival 

in out-of-hospital cardiac arrest: a prospective cohort analysis. 

PLoS One. 2014;9:e84424. Medline:24416232 doi:10.1371/journal.

pone.0084424

5	B öttiger BW, Bernhard M, Knapp J, Nagele P. Influence of 

www.icmje.org/coi_disclosure.pdf 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20828914&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20828914&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2010.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26477420&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26477420&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2015.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25906551&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24416232&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0084424
http://dx.doi.org/10.1371/journal.pone.0084424


599Lukić et al: OHCA in Croatia – features and impact of physician’s experience on cardiac arrest management

www.cmj.hr

EMS-physician presence on survival after out-of-hospital 

cardiopulmonary resuscitation: systematic review and meta-

analysis. Crit Care. 2016;20:4. Medline:26747085 doi:10.1186/

s13054-015-1156-6

6	 Jones JH, Murphy MP, Dickson RL, Somerville GG, Brizendine 

EJ. Emergency physician-verified out-of-hospital intubation: 

miss rates by paramedics. Acad Emerg Med. 2004;11:707-9. 

Medline:15175215

7	 Pelucio M, Halligan L, Dhindsa H. Out-of-hospital experience 

with the syringe esophageal detector device. Acad Emerg Med. 

1997;4:563-8. Medline:9189188 doi:10.1111/j.1553-2712.1997.

tb03579.x

8	 Sayre MR, Sakles JC, Mistler AF, Evans JL, Kramer AT, Pancioli AM. 

Field trial of endotracheal intubation by basic EMTs. Ann Emerg 

Med. 1998;31:228-33. Medline:9472186 doi:10.1016/S0196-

0644(98)70312-9

9	 Katz SH, Falk JL. Misplaced endotracheal tubes by paramedics in 

an urban emergency medical services system. Ann Emerg Med. 

2001;37:32-7. Medline:11145768 doi:10.1067/mem.2001.112098

10	 Nolan JD. Prehospital and resuscitative airway care: should the 

gold standard be reassessed? Curr Opin Crit Care. 2001;7:413-21. 

Medline:11805544 doi:10.1097/00075198-200112000-00008

11	G arza AG, Gratton MC, Coontz D, Noble E, Ma OJ. Effect of 

paramedic experience on orotracheal intubation success rates. J 

Emerg Med. 2003;25:251-6. Medline:14585451 doi:10.1016/S0736-

4679(03)00198-7

12	 Lossius HM, Rřislien J, Lockey DJ. Patient safety in pre-hospital 

emergency tracheal intubation: a comprehensive meta-analysis 

of the intubation success rates of EMS providers. Crit Care. 

2012;16:R24. Medline:22325973 doi:10.1186/cc11189

13	 Nolan JP, Deakin CD, Soar J, Böttinger BW, Smith G. European 

Resuscitation Council Guidelines for Resuscitation 2005: Section 

4. Adult advanced life support. Resuscitation. 2005;67:S39-86. 

Medline:16321716 doi:10.1016/j.resuscitation.2005.10.009

14	 Deakin CD, Nolan JP, Soar J, Sunde K, Koster RW, Smith 

GB, et al. European Resuscitation Council Guidelines for 

Resuscitation 2010. Section 4. Adult advanced life support. 

Resuscitation. 2010;81:1305-52. Medline:20956049 doi:10.1016/j.

resuscitation.2010.08.017

15	 Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L. 

International Liason Committee on Resusitation et al. Cardiac 

arrest and cardiopulmonary resuscitation outcome reports: update 

and simplification of the Utstein templates for resuscitation 

registries. A statement for healthcare professionals from a task 

force of the international liaison committee on resuscitation 

(American Heart Association, European Resuscitation Council, 

Australian Resuscitation Council, New Zealand Resuscitation 

Council, Heart and Stroke Foundation of Canada, InterAmerican 

Heart Foundation, Resuscitation Council of Southern Africa). 

Resuscitation. 2004;63:233-49. Medline:15582757 doi:10.1016/j.

resuscitation.2004.09.008

16	 Deakin C, Brown S, Jewkes F, Lockey D, Lyon R, Moore F, et al. 

Recognition of life extinct. In: Prehospital resuscitation guidelines 

2015. Resuscitation Council UK. Available from: https://www.resus.

org.uk/resuscitation-guidelines/prehospital-resuscitation/#role. 

Accessed: October 3, 2016.

17	G uidelines 2000 for cardiopulmonary resuscitation and emergency 

cardiovascular care, II: ethical aspects of CPR and ECC. Circulation. 

2000;102(8 suppl):I12-21. Medline:10966661

18	U niversity of Warwick and Joint Royal Colleges Ambulance 

Liaison Committee. Recognition of Life Extinct by Ambulance 

Clinicians. Warwick; 2006. Available from: http://www2.warwick.

ac.uk/fac/med/research/hsri/emergencycare/prehospitalcare/

jrcalcstakeholderwebsite/guidelines/recognition_of_life_extinct_

by_ambulance_clinicians_2006.pdf. Accessed: October 3, 2016.

19	E uropean Resuscitation Councile. Advance Life Support Course. 

Paediatric Life Support Courses. Available from: https://www.erc.

edu/courses. Accessed: October 3, 2016.

20	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotysche PC, 

Vandenbroucke JP, et al. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) Statement: 

Guidelines for reporting observational studies. J Clin 

Epidemiol. 2008;61:344-9. Medline:18313558 doi:10.1016/j.

jclinepi.2007.11.008

21	B oyce LW, Vliet Vlieland TP, Bosch J, Wolterbeek R, Volker G, van 

Exel HJ, et al. High survival rate of 43% in out-of-hospital cardiac 

arrest patients in an optimised chain of survival. Neth Heart J. 

2015;23:20-5. Medline:25326102 doi:10.1007/s12471-014-0617-x

22	 Nishiuchi T, Hayashino Y, Fukuhara S, Iwami T, Hayashi Y, Hiraide 

A, et al. Survival rate and factors associated with 1-month survival 

of witnessed out-of-hospital cardiac arrest of cardiac origin with 

ventricular fibrillation and pulseless ventricular tachycardia: 

The Utstein Osaka project. Resuscitation. 2008;78:307-13. 

Medline:18573589 doi:10.1016/j.resuscitation.2008.04.001

23	R udner R, Jalowiecki P, Karpel E, Dziurdzik P, Alberski B, Kawecki 

P. Survival after out-of-hospital cardiac arrests in Katowice 

(Poland): outcome report according to the “Utstein style”. 

Resuscitation. 2004;61:315-25. Medline:15172711 doi:10.1016/j.

resuscitation.2004.01.020

24	 Pleskot M, Babu A, Kajzr J, Kvasnicka J, Stritecky J, Cermakova 

E, et al. Characteristics and short-term survival of individuals 

with out-of-hospital cardiac arrests in the East Bohemian region. 

Resuscitation. 2006;68:209-20. Medline:16325325 doi:10.1016/j.

resuscitation.2005.06.017

25	 Neukamm J, Gräsner JT, Schewe JC, Breil M, Bahr J, Heister U, 

et al. The impact of response time reliability on CPR incidence 

and resuscitation success: a benchmark study from the German 

Resuscitation Registry. Crit Care. 2011;15:R282. Medline:22112746 

doi:10.1186/cc10566

26	G rmec S, Krizmaric M, Mally S, Kozelj A, Spindler M, Lesnik B. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26747085&dopt=Abstract
http://dx.doi.org/10.1186/s13054-015-1156-6
http://dx.doi.org/10.1186/s13054-015-1156-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15175215&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15175215&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9189188&dopt=Abstract
http://dx.doi.org/10.1111/j.1553-2712.1997.tb03579.x
http://dx.doi.org/10.1111/j.1553-2712.1997.tb03579.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9472186&dopt=Abstract
http://dx.doi.org/10.1016/S0196-0644(98)70312-9
http://dx.doi.org/10.1016/S0196-0644(98)70312-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11145768&dopt=Abstract
http://dx.doi.org/10.1067/mem.2001.112098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11805544&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11805544&dopt=Abstract
http://dx.doi.org/10.1097/00075198-200112000-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14585451&dopt=Abstract
http://dx.doi.org/10.1016/S0736-4679(03)00198-7
http://dx.doi.org/10.1016/S0736-4679(03)00198-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22325973&dopt=Abstract
http://dx.doi.org/10.1186/cc11189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16321716&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16321716&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2005.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20956049&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2010.08.017
http://dx.doi.org/10.1016/j.resuscitation.2010.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15582757&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2004.09.008
http://dx.doi.org/10.1016/j.resuscitation.2004.09.008
https://www.resus.org.uk/resuscitation-guidelines/prehospital-resuscitation/#role
https://www.resus.org.uk/resuscitation-guidelines/prehospital-resuscitation/#role
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10966661&dopt=Abstract
http://www2.warwick.ac.uk/fac/med/research/hsri/emergencycare/prehospitalcare/jrcalcstakeholderwebsite/guidelines/recognition_of_life_extinct_by_ambulance_clinicians_2006.pdf
http://www2.warwick.ac.uk/fac/med/research/hsri/emergencycare/prehospitalcare/jrcalcstakeholderwebsite/guidelines/recognition_of_life_extinct_by_ambulance_clinicians_2006.pdf
http://www2.warwick.ac.uk/fac/med/research/hsri/emergencycare/prehospitalcare/jrcalcstakeholderwebsite/guidelines/recognition_of_life_extinct_by_ambulance_clinicians_2006.pdf
http://www2.warwick.ac.uk/fac/med/research/hsri/emergencycare/prehospitalcare/jrcalcstakeholderwebsite/guidelines/recognition_of_life_extinct_by_ambulance_clinicians_2006.pdf
https://www.erc.edu/courses
https://www.erc.edu/courses
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18313558&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25326102&dopt=Abstract
http://dx.doi.org/10.1007/s12471-014-0617-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18573589&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18573589&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2008.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15172711&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2004.01.020
http://dx.doi.org/10.1016/j.resuscitation.2004.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16325325&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2005.06.017
http://dx.doi.org/10.1016/j.resuscitation.2005.06.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22112746&dopt=Abstract
http://dx.doi.org/10.1186/cc10566


PUBLIC HEALTH600 Croat Med J. 2016;57:591-600

www.cmj.hr

Utstein style analysis of out-of-hospital cardiac arrest–bystander 

CPR and end expired carbon dioxide. Resuscitation. 2007;72:404-

14. Medline:17161518 doi:10.1016/j.resuscitation.2006.07.012

27	G o AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden 

WB, et al; American Heart Association Statistics Committee and 

Stroke Statistics Subcommittee. Heart disease and stroke statistics 

− 2013 update: A report from the American Heart Association. 

Circulation. 2013;127:e6-e245. Medline:23239837 doi:10.1161/

CIR.0b013e31828124ad

28	B ritish Heart Foundation, Resuscitation Council (UK) and National 

Health Service England. Consensus Paper on Out-of-Hospital 

Cardiac Arrest in England. Available from: https://www.resus.org.

uk/publications/consensus-paper-on-out-of-hospital-cardiac-

arrest-in-england/. Accessed: October 3, 2016.

29	 McNally B, Robb R, Mehta M, Vellano K, Valderrama A, Yoon P, et 

al. Out-of-hospital cardiac arrest surveillance – Cardiac Arrest 

Registry to Enhance Survival (CARES), United States, October 1, 

2005-December 31, 2010. MMWR Surveill Summ. 2011;60:1-19. 

Medline:21796098

30	 Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival 

from out-of-hospital cardiac arrest: a systematic review and 

meta-analysis. Circ Cardiovasc Qual Outcomes. 2010;3:63-81. 

Medline:20123673 doi:10.1161/CIRCOUTCOMES.109.889576

31	 Ministry of Health of the Republic of Croatia. Program javno 

dostupne rane defibrilacije “Pokreni srce – spasi život”. 

Croatian. Available from: http://www.mup.hr/UserDocsImages/

minstarstvo/2013/PROGRAM_JAVNO_DOSTUPNE_RANE_

DEFIBRILACIJE.pdf. Accessed: October 3, 2016.

32	 Croatian Institute of Emergency Medicine. Zagreb: Mreža 

automatskih vanjskih defibrilatora u Hrvatskoj. Croatian. Available 

from: www.hzhm.hr/mreza-avd/. Accessed: October 3, 2016.

33	R afati H, Saghafi A, Saghafinia M, Panahi F, Hoseinpour M. Survival 

after in-hospital cardiopulmonary resuscitation in a major 

referral center during 2001-2008. Iran J Med Sci. 2011;36:50-3. 

Medline:23365479

34	 Saghafinia M, Motamedi MH, Piryaie M, Rafati H, Saghafi A, Jalali 

A, et al. Survival after in-hospital cardiopulmonary resuscitation 

in a major referral center. Saudi J Anaesth. 2010;4:68-71. 

Medline:20927265 doi:10.4103/1658-354X.65131

35	 Khan NU, Razzak JA, Ahmed H, Furqan M, Saleem AF, Alam H, et al. 

Cardiopulmonary resuscitation: outcome and its predictors among 

hospitalized adult patients in Pakistan. Int J Emerg Med. 2008;1:27-

34. Medline:19384498 doi:10.1007/s12245-008-0016-4

36	 Lockey DJ, Lossius HM. Pre-hospital airway management: The data 

grows rapidly but controversy remains. Resuscitation. 2014;85:849-

50. Medline:24830869 doi:10.1016/j.resuscitation.2014.05.003

37	 McNally B. The importance of cardiac arrest registries. Scand J 

Trauma Resusc Emerg Med. 2014;22 Suppl 1:A3. doi:10.1186/1757-

7241-22-S1-A3

38	G räsner JT, Herlitz J, Koster RW, Rosell-Ortiz F, Stamatakis L, 

Bossaert L. Quality management in resuscitation – towards 

a European Cardiac Arrest Registry (EuReCa). Resuscitation. 

2011;82:989-94. Medline:21507548 doi:10.1016/j.

resuscitation.2011.02.047

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17161518&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2006.07.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23239837&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0b013e31828124ad
http://dx.doi.org/10.1161/CIR.0b013e31828124ad
https://www.resus.org.uk/publications/consensus-paper-on-out-of-hospital-cardiac-arrest-in-england/
https://www.resus.org.uk/publications/consensus-paper-on-out-of-hospital-cardiac-arrest-in-england/
https://www.resus.org.uk/publications/consensus-paper-on-out-of-hospital-cardiac-arrest-in-england/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21796098&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21796098&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20123673&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20123673&dopt=Abstract
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.889576
http://www.mup.hr/UserDocsImages/minstarstvo/2013/PROGRAM_JAVNO_DOSTUPNE_RANE_DEFIBRILACIJE.pdf
http://www.mup.hr/UserDocsImages/minstarstvo/2013/PROGRAM_JAVNO_DOSTUPNE_RANE_DEFIBRILACIJE.pdf
http://www.mup.hr/UserDocsImages/minstarstvo/2013/PROGRAM_JAVNO_DOSTUPNE_RANE_DEFIBRILACIJE.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23365479&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23365479&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20927265&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20927265&dopt=Abstract
http://dx.doi.org/10.4103/1658-354X.65131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19384498&dopt=Abstract
http://dx.doi.org/10.1007/s12245-008-0016-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24830869&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2014.05.003
http://dx.doi.org/10.1186/1757-7241-22-S1-A3
http://dx.doi.org/10.1186/1757-7241-22-S1-A3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21507548&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2011.02.047
http://dx.doi.org/10.1016/j.resuscitation.2011.02.047

