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Aim:  Sudden  out-of-hospital  cardiac  arrest  (OHCA)  is  an  important  public  health  problem.  While  several
interventions  are  known  to  improve  survival,  the  impact  of  physician-delivered  advanced  cardiac  life sup-
port for  OHCA  is unclear.  We  aimed  to assess  the  association  between  prehospital  physician  involvement
and  30-day  survival.
Methods: Observational  study  including  persons  registered  with  first-time  OHCA  of  any  cause  in  the
Danish  Cardiac  Arrest  Registry  during  2005–2012.  We  used  logistic  regression  analysis  to  assess  the
association  between  30-day  survival  and  involvement  of a physician  at any  time  before  arrival  at  the
hospital.  Secondary  outcomes  were  1-year  survival  and return  of spontaneous  circulation  (ROSC)  before
arrival at  the  hospital.  The  associations  were  explored  in three  multivariable  models:  a model  with  sim-
ple  adjustment,  a model  with  multiple  imputation  of missing  variables,  and  a propensity  score  model
where  exposed  subjects  were  matched  1:1  with  unexposed  subjects  on  a propensity  score  reflecting  the
probability  of being  assigned  to  the  exposure  group.
Results:  21,165  persons  with  OHCA  during  2005–2012  were  included.  Overall,  10.8%  of  OHCA  patients
with  physician  involvement  and  8.1%  of  OHCA  patients  without  physician  involvement  before  arrival  at
hospital  were  alive  after  30 days,  crude  odds  ratio  (OR)  = 1.37  (95%  CI = 1.24–1.51),  adjusted  OR  =  1.18

(95%  CI  = 1.04–1.34).  Physician  involvement  was  also  positively  associated  with  ROSC,  OR  = 1.09  (95%
CI  =  1.00–1.19);  and  with  1-year  survival,  OR = 1.13  (95%  CI  =  0.99–1.29).
Conclusion:  In this  large  population-based  observational  study,  we found  prehospital  physician  involve-
ment  after  OHCA  associated  with  better  30-day  survival.  This  association  was  also  found  for  ROSC,  but
with  less  certainty  for 1-year  survival.
ntroduction

Cardiac arrest is an important public health problem which often
ccurs in the out-of-hospital setting in persons without a prior

istory of heart disease.1 In Denmark, approximately 3500 out-
f-hospital cardiac arrests (OHCAs) are registered per year.2 The
0-day survival after OHCA is generally low, but has more than

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2016.08.007.
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doubled in Denmark over the last ten years, and was  11.7% in 2012.3

On an international scale, a systematic review and meta-analysis
showed that overall survival from OHCA has been unchanged for
almost 30 years, varying from 6.7 to 8.4%.4

Time to treatment is essential for survival, and several factors
have been shown to improve survival following OHCA, including
witnessed cardiac arrest, bystander cardiopulmonary resuscitation
(CPR),4,5,6 early defibrillation, and initial ventricular fibrillation (VF)
or pulseless ventricular tachycardia (pVT) rhythm.4 A high chest
compression fraction is independently predictive of better survival

in patients who  suffer a prehospital VF/pVT cardiac arrest.7 The
strongest indicator associated with long-term survival from OHCA
is return of spontaneous circulation (ROSC) in the field.4
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Emergency Medical Services (EMS) are organized in various
ays in different countries. In Europe, physicians are widely used

n the prehospital setting.8 Benchmarking within individual EMS
ystems have demonstrated inconsistent results with benefits,9

o differences,10 or poorer outcomes11 of physician-delivered
dvanced cardiac life support for OHCA. Some studies have been
nconclusive,12,13 and a systematic review14 of the effect of EMS
ractitioners’ experience and exposure to OHCA on patient survival
oncluded that further studies are required before any conclusions
an be drawn.

With access to large clinical and administrative databases, we
imed to compare the effect of physician involvement as a supple-
ent to EMS  treatment in persons with sudden OHCA in Denmark.
e  hypothesized that physician involvement would be associated
ith better survival.

ethods

esign and approval

This observational study based on prospectively collected data
rom existing registries was approved by The Danish Data Protec-
ion Agency (J.nr. 2014-41-3020).

tudy population and setting

The study was conducted in Denmark, a country with approxi-
ately 5.6 million inhabitants15 covering an area of 43,000 km2.16

he study population included persons registered with OHCA of
ny cause in the Danish Cardiac Arrest Registry during 2005–2012.
nly first-time cardiac arrests were included in the study.

rganization and staffing of the EMS  in Denmark

In Denmark the pre-hospital EMS  is based on a ‘rendez-vous’
ystem where emergency ambulances equipped with defibrilla-
ors and staffed with either emergency medical technicians (EMTs)
ho can perform basic life support or paramedics who can give

dvanced life support, team up with a mobile critical care unit
MCCU) when needed.17 Some MCCUs are physician-staffed, and
ome are staffed with nurse anaesthetists or paramedics who
ave authorization to administer a limited number of drugs.
anish paramedics are not trained to perform endotracheal intuba-

ion, whereas nurse anaesthetists are experienced in endotracheal
ntubation. Paramedics and other EMS  personnel operate under
tanding orders and protocols. Physicians in the MCCUs are typ-
cally specialists in anaesthesiology and intensive care and can
s such provide advanced cardiac life support and intubation.
ther advanced technical skills such as on-scene ECMO is not a

tandard option during OHCAs. In the event of an OHCA, the ambu-
ance and the MCCU are normally dispatched simultaneously and

eet at the scene. During the majority of the study period, a
olice-staffed call centre would receive all emergency calls and for-
ard health-related calls to a medical dispatch centre responsible

or dispatching the EMS  vehicles. During 2009–2011, emergency
alls concerning health issues were gradually overtaken by health
ersonnel on a national level, thus allowing for more frequent
elephone-guided bystander CPR.

ata sources

anish Cardiac Arrest Registry

The Danish Cardiac Arrest Registry was established in June

001. It contains data on all OHCAs in Denmark. Data collected are
onsistent to the Utstein model.18 The capture of OHCA cases is
lose to complete since any emergency call activates the EMS  in
ion 108 (2016) 95–101

Denmark, and all EMS  personnel are required to complete a case
report to the Danish Cardiac Arrest Registry for every OHCA.2,19

Only patients where an initial resuscitation attempt is performed,
either by bystanders or by EMS  personnel, are included. A new
data collection form was gradually implemented from 2005. This
form required a yes/no response to the question “was a physician
involved before arrival at the hospital?” A positive answer meant
that a physician had been present at the scene. Only OHCAs reg-
istered through this new form were included in this study. From
2007 and onwards, 96% of cases were registered with the newer
version.

Danish Civil Registration System
The Danish Civil Registration System records demographic

information, vital status, address, and immigration and emigra-
tion dates for all Danish citizens and is updated within a week of a
person’s birth, address change, death, or emigration.20,21

Danish National Patient Registry
The Danish National Patient Registry was  established in 1977 by

the Danish National Board of Health.22 The registry has recorded all
hospital admissions to Danish emergency care hospitals since 1977
and all hospital outpatient and emergency room visits since 1995.
It is estimated to be more than 99% complete.23

Data linkage

The data collected from these registers were linked through the
Civil Registration Number, a unique personal identifier assigned to
all Danish citizens.

Variables

An overview of the variables and data collected from different
registries can be seen in Box 1. We  created the binary vari-
able “geographical location” based on the person’s home address:
Central and Greater Copenhagen (Copenhagen and Frederiksberg
municipalities and the former Copenhagen county) or Outside of
Copenhagen (the rest of the country). The variable was  validated
on a sub-sample and was shown to identify the actual geograph-
ical area of the OHCA in 98% (Greater Copenhagen) and 84–95%
(Outside of Copenhagen) of cases. The Charlson Comorbidity Index
score was  calculated based on discharge diagnosis codes up to 10
years before the indexed OHCA.24,25

Exposure and outcome measures

Exposure was  physician involvement before arrival at hospital.
Primary outcome was 30-day survival, and secondary outcomes
were 1-year survival and ROSC upon arrival at hospital.

Statistical analyses

Data were analysed using Stata, version 11 (StataCorp. 2009.
Stata Statistical Software: Release 11. College Station, TX: StataCorp
LP).

Descriptive characteristics

Characteristics among exposure groups are presented as fre-

quencies with percentage for categorical data, and as median values
with inter-quartile range (IQR) for continuous data. To compare dif-
ferences between groups, two-sided tests were used. Categorical
variables were tested with chi square test and continuous variables
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Box 1: Showing the origin of collected variables and
data. CPR, cardiopulmonary resuscitation; VF, ventricu-
lar fibrillation; VT, ventricular tachycardia; OHCA, out
of hospital cardiac arrest; MCCU, mobile critical care
unit; ICD-8(10), International Classification of Diseases
Revision 8(10); ROSC, return of spontaneous circula-
tion; EMS, Emergency Medical Services; CCI, Charlson
Comorbidity Index.

Danish Cardiac Arrest Registry
Variables Data

Civil Registration Number Unique person identifier
Date of cardiac arrest Day, month, year
Site of cardiac arrest Private home/not private home
CPR before arrival of ambulance Yes/no
First rhythm shockable (VF or

pulseless VT)
Yes/no

Witnessed cardiac arrest Yes/no
Estimated time from recognition of

OHCA to first rhythm check by
EMS personnel

Minutes

Physician involvement before
arrival at hospital

MCCU physician or other
physician/no physician

ROSC upon arrival at hospital Yes/no

Danish Civil Registration System
Civil Registration Number Unique person identifier
Age  (date of birth) Years
Sex Male/female
Municipality of residence
Vital status Alive/deceased/date of emigration

Danish National Patient Registry
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Fig. 1. The proportion of OHCA cases with physician involvement before arrival at
Civil Registration Number Unique person identifier
Discharge diagnosis codes ICD-8 or ICD-10 codes

ith the Wilcoxon’s rank-sum test. P-values < 0.05 were consid-
red statistically significant. Poisson regression was  used to test
or trends in physician involvement and survival over time.

egression analysis and model building

Crude and adjusted logistic regression was used to examine
he association between exposure and outcome. Associations are
resented as odds ratios (ORs) with 95% confidence intervals
CI). After checking for effect modification between potentially
onfounding variables and our primary outcome, we  built three
ultivariable regression models with covariates selected prior to

nalysis, including all variables in Table 1. The first model was  a
omplete-case analysis with standard adjustment, including 59% of
ll entries. In the second model, all missing variables were imputed
0 times using multivariable normal regression, hence the model

ncluded 100% of all cases. For the third model, chosen a priori
s the main adjusted model, we used propensity score matching.
ariables included in the propensity score, which is assumed to
eflect the probability of being assigned to the exposure group,
ere year of OHCA, sex, age, site of cardiac arrest, CPR before

rrival of ambulance, first rhythm shockable, witnessed cardiac
rrest, geographical location, and estimated time from recogni-
ion of OHCA to first rhythm check by Emergency Medical Services
ersonnel (more/less than 10 min). The propensity score was calcu-

ated by logistic regression and subsequently used to match each
xposed person to one unexposed person by the “nearest neigh-
our” approach. The matching was validated by estimation of the
ias for each variable, none of which exceeded 5.2%, p = 0.118. Dif-
erence in baseline characteristics was tested with chi square test

or categorical variables and Wilcoxon’s rank-sum test for contin-
ous variables. Adjusted multivariable logistic regression analyses
erformed on the propensity score-matched cohort included all
ariables mentioned above.
the hospital, for each year from 2005 to 2012.

Exploratory analyses

To further assess the potentially confounding or effect mod-
ifying effect of each variable, adjusted analyses estimating the
association between exposure and outcome were performed on
binary strata of all variables. Due to the large number of interac-
tions tested, interaction between variables were marked if p-values
were <0.01. A pre-specified analysis restricted to cases with less
than 10 min  to rhythm check was  performed to assess potential
selection bias due to withheld resuscitation attempts if physicians
were first on-scene.

Results

Baseline characteristics

A total of 25,452 patients experienced first-time OHCA during
2005–2012. Of these, 25,416 had available linkage to home address
data in the Danish Civil Registration System. 323 cases had no
information on the main exposure (physician involvement), and
further 3928 were registered with the older version of the data
collection form. The final study group included 21,165 persons.
13,234 (62.5%) had involvement of physician before arrival at hos-
pital (physician involvement group), whereas 7931 (37.5%) patients
were treated by other EMS  personnel including other MCCU per-
sonnel (no physician involvement group) (Table 1). In the physician
involvement group patients were a little younger; fewer patients
had OHCA at a private home; more patients received bystander
CPR; more patients had a shockable rhythm at first rhythm check;
more patients had a witnessed cardiac arrest; more patients had
OHCA in the Central and Greater Copenhagen area; and the comor-
bidity measured by the Charlson Comorbidity Index was higher
(Table 1). The propensity score-matched cohort included 7854
exposed persons and 7854 unexposed persons (table in Supple-
mentary material).

Changes in 30-day survival and physician involvement over time

The proportion of OHCAs with physician involvement increased
from 57.1% in 2005 to 71.6% in 2012 (test for trend, p < 0.001) (Fig. 1).
During the same time period, 30-day survival increased from 5.8%
in 2005 to 11.5% in 2012 (p < 0.001) in the total study population,
increasing from 8.6% in 2005 to 11.9% in 2012 in the physician

involvement group (p = 0.028) and from 4.7% in 2005 to 9.6% in 2012
(p < 0.001) in the no physician involvement group (Fig. 2).
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Table 1
Basic characteristics.

Variable Physician not
involved before
arrival at hospital

Physician involved
before arrival at
hospital

p-value Missing values, N (%)

Study population, N 7931 13,234

Year,  N (%) <0.001 0 (0.0)
2005  298 (3.8) 396 (3.0)
2006 1170 (14.8) 881 (6.7)
2007 1200 (15.1) 1240 (9.4)
2008  1114 (14.0) 1529 (11.6)
2009 1100 (13.9) 1951 (14.7)
2010 1001 (12.6) 2192 (16.6)
2011 982 (12.4) 2353 (17.8)
2012 1066 (13.4) 2692 (20.3)

Sex, N (%) 0.292 0 (0.0)
Male  5052 (63.7) 8252 (62.4)
Female 2879 (36.3) 4709 (35.6)

Age,  median (IQR) 72 (61–81) 70 (59–80) <0.001 0 (0.0)

Cardiac arrest in private home, N (%) <0.001 716 (3.4)
Yes  5941 (74.9) 9060 (68.5)
No  1835 (23.1) 3613 (27.3)

CPR before arrival of ambulance, N (%) <0.001 932 (4.4)
Yes  2636 (33.2) 5263 (39.8)
No  5278 (66.5) 7056 (53.3)

First  rhythm shockable, N (%) 0.002 1363 (6.4)
Yes  1587 (20.0) 2736 (20.7)
No  6092 (76.8) 9387 (70.9)

Witnessed arrest, N (%) <0.001 1034 (4.9)
Yes  3231 (40.7) 5738 (43.4)
No  4666 (58.8) 6496 (49.1)

Geographical location, N (%) <0.001 0 (0.0)
Central and Greater Copenhagen 1173 (14.8) 5207 (39.3)
Outside of Copenhagen 6758 (85.2) 8027 (60.7)

Time  from cardiac arrest to first rhythm check, minutes (median [IQR]) 12 (7–20) 12 (8–19) 0.084 6679 (31.6)

Time  from cardiac arrest to first rhythm check, N (%) 0.012 6679 (31.6)
0–2  min  454 (5.7) 515 (3.9)
3–4  min 324 (4.1) 443 (3.3)
5–6  min  516 (6.5) 666 (5.0)
7–8  min  598 (7.5) 853 (6.4)
9–10  min  640 (8.1) 961 (7.3)
>10  min  3651 (46.0) 4765 (36.0)

Charlson Comorbidity Index, N (%) 0.009 0 (0.0)
0  3771 (47.5) 6595 (49.8)
1  1360 (17.1) 2119 (16.0)
2  1261 (15.9) 2074 (15.7)
≥3  1539 (19

Basic characteristics for the whole study population. IQR, interquartile range; N, number.
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Fig. 2. The proportion of OHCA patients who survived for at least 30 days for each
year from 2005 to 2012, shown for all patients, patients with physician involvement,
and patients without physician involvement.
.4) 2446 (18.5)

Association between physician involvement and 30-day survival

Overall, 10.8% of OHCA patients with physician involvement
and 8.1% of OHCA patients without physician involvement before
arrival at hospital were alive after 30 days, crude odds ratio
(OR) = 1.37 (95% CI = 1.24–1.51), adjusted OR (aOR) = 1.18 (95%
CI = 1.04–1.34) (Fig. 3). The positive association between physician
involvement and 30-day survival was  consistent across covariate
strata, except for in persons with high Charlson Comorbidity Index
and persons with initial non-shockable heart rhythm (Table 2).

Association between physician involvement and secondary
outcomes
Physician involvement was also positively associated with
ROSC upon arrival at the hospital, OR = 1.32 (95% CI = 1.22–1.42),
aOR = 1.09 (95% CI = 1.00–1.19); and with 1-year survival, OR = 1.35
(95% CI = 1.22–1.50), aOR = 1.13 (95% CI = 0.99–1.29). The positive
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mputation; PS, propensity score matched.

ssociations were consistent across covariate strata, and across
ifferent adjusted models (Fig. 3), with patterns similar to those
bserved for the primary outcome (Table 2).

iscussion

In this nationwide observational study of 21,165 patients with
ut-of-hospital cardiac arrest of any cause, we found 30-day and
-year survival positively associated with physician involvement
efore arrival at hospital. Additionally, more patients had ROSC
pon arrival at hospital if a physician had been involved. Survival

mproved with time in both exposure groups during the 8-year
tudy period but most prominent in arrests without physician
nvolvement, leading to a decrease in both the absolute and relative
ifference between groups over time.

The main strength of our study was the availability of a large,
ationwide dataset with high data completeness. The data were
rospectively collected and therefore unbiased with regard to
he study question. We  had data on most variables known to be
ssociated with survival and thus potential confounders, and the
esults remained consistent in stratified analyses and across dif-
erent adjusted regression models. We  found a stronger effect in
ersons with shockable initial rhythm, supporting the assumption
hat physicians provide benefit also in this important subgroup
hat are more likely to survive. The study also had a number of
eaknesses. First, the exposure groups differed from each other
ith regard to distribution of crucial variables such as witnessed

ardiac arrest, shockable rhythm, CPR before ambulance arrival,
nd time to first rhythm check. We  dealt with these potential
onfounders or effect modifiers by checking our results in sev-
ral multivariable models, and by testing for interaction in the

ropensity score-matched model. Despite our efforts, we cannot
xclude residual confounding, which could be present if the deci-
ion to dispatch a physician was somehow related to the prognosis
f the patient and therefore to the outcome. One could imagine that
ree adjusted regression models. Simple stands for simple adjustment; MI,  multiple

physician-staffed MCCUs were more likely to be allocated to cardiac
arrests that were witnessed and located within short driving dis-
tance, so that the observed effect was driven by the fact that OHCAs
with a priori poor prognosis was attended by ambulances with no
physician staffing. However, patients in the physician group had
more co-morbidity. Further, the level of response (physician/no
physician) would also depend on whether physician-staffed MCCUs
were operating or not in the specific area (i.e. a political decision
and not a decision made by the dispatcher). The fact that only
physicians are allowed to state that a patient is dead and there-
fore refrain from resuscitation attempts could introduce bias away
from null, as these patients would not be registered in the Danish
Cardiac Arrest Registry. This would be most common in cases with
long time from arrest to arrival of EMS  personnel since it would
be less likely that a physician would withhold from resuscitation
attempt when time from cardiac arrest to first rhythm check is less
than 10 min. However, the positive effect on survival persisted in
a sensitivity analysis restricted to those with less than or equal
to 10 min  until rhythm check. In addition, due to a limited num-
ber of physician-manned units, the ambulance would often arrive
first and commence resuscitation, which would lead to registra-
tion in DCAR even if the later-arriving physician should decide to
end resuscitation activity. Finally, another potential confounder of
the primary outcome could be if the in-hospital treatment is bet-
ter in areas with better physician coverage for OHCA, and we  did
indeed find a stronger association with the primary outcome in
OHCAs closer to the capital. Even so, the association between physi-
cian involvement and the secondary outcome “ROSC upon arrival
at hospital” was considerably stronger in geographic areas closer
to Copenhagen, indicating that the observed effect begins before
the patient reaches the hospital. Our data did not allow us to assess

the neurological outcome for the surviving patients. We  did not
differentiate between aetiology of cardiac arrests as suggested by
the Utstein template18 because the main purpose was to examine
the effect of pre-hospital physician involvement in the total OHCA
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Table 2
Stratified analyses.

Association between
physician involvement and
outcomes in covariate
strata

30-day survival Interaction 1-year survival Interaction ROSC Interaction

OR  (95% CI) p < 0.01 OR (95% CI) p < 0.01 OR (95% CI) p < 0.01

All 1.18 (1.04–1.34) 1.13 (0.99–1.28) 1.09 (1.00–1.19)
Year 2005–2008 1.39 (1.08–1.79) 1.29 (0.99–1.67) 1.84 (1.54–2.20) *

2009–2012 1.11 (0.96–1.29) 1.08 (0.92–1.26) 0.93 (0.84–1.03)
Sex Female 1.32 (1.01–1.72) 1.12 (0.85–1.47) 1.14 (0.98–1.33)

Male 1.13 (0.97–1.30) 1.11 (0.96–1.30) 1.07 (0.97–1.20)
Age <70  years 1.07 (0.92–1.24) 1.04 (0.89–1.21) 1.01 (0.90–1.14)

≥70  years 1.51 (1.18–1.94) 1.43 (1.09–1.89) 1.22 (1.07–1.39)
Private home No 1.17 (0.97–1.41) 1.10 (0.91–1.33) 1.09 (0.94–1.26)

Yes  1.19 (1.00–1.41) 1.15 (0.96–1.39) 1.10 (0.99–1.22)
CPR  before ambulance No 1.29 (1.00–1.65) 1.29 (0.98–1.69) 1.46 (1.27–1.68) *

Yes 1.14 (0.98–1.32) 1.07 (0.92–1.25) 0.93 (0.83–1.03)
First  rhythm shockable No 0.99 (0.77–1.26) 0.93 (0.71–1.22) 1.08 (0.96–1.21)

Yes  1.25 (1.07–1.45) 1.18 (1.01–1.37) 1.12 (0.98–1.29)
Witnessed arrest No 1.27 (0.93–1.73) 1.36 (0.97–1.90) 1.28 (1.08–1.51)

Yes  1.16 (1.00–1.33) 1.08 (0.94–1.25) 1.03 (0.93–1.14)
Location Close to Cph 1.40 (1.10–1.78) 1.22 (0.95–1.56) 1.26 (1.07–1.48)

Far  from Cph 1.11 (0.95–1.29) 1.10 (0.94–1.28) 1.05 (0.95–1.16)
Time  to first rhythm
check

≤10 min  1.15 (0.97–1.36) 1.11 (0.93–1.33) 1.07 (0.95–1.21)
>10  min  1.17 (0.96–1.42) 1.09 (0.89–1.34) 1.11 (0.98–1.26)

Charlson index 0 or 1 1.34 (1.16–1.55) * 1.24 (1.07–1.43) 1.14 (1.03–1.26)
≥2 0.71 (0.54–0.94) 0.74 (0.54–1.00) 1.00 (0.86–1.17)
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tratified analyses for all outcomes. OR, odds ratio; CI, confidence interval; ROSC, re
* Indicates interaction between variables with p < 0.01.

opulation, to provide information that can be used for EMS  plan-
ing purposes.

An observational study conducted in the county of Notting-
amshire (England) in the early 90s concluded that survival after
HCA was higher when EMTs were assisted by a paramedic, and
ven higher when supported by another health professional trained
n basic life support.9 The overall survival at discharge was  low
6.1%) but they found a crude OR of 4.03 (95% CI 1.87–8.66) on sur-
ival to discharge when paramedics were assisted by a physician
ompared to treatment by EMTs only, which is consistent with our
ndings. A small Norwegian study did not find improved survival
ith a physician-staffed ambulance in Oslo even though they saw

hat CPR-quality measures such as hands-off time and pre-shock
auses were minimized,10 nor did a German study find a physician
n board of the advanced life support unit to be related to improved
urvival.13 This latter study, however, only assessed those provid-
ng the initial CPR in a population where a physician was always
resent in the event of an OHCA.

The European Resuscitation Council and American Heart Asso-
iation guidelines for cardiac arrest are based on the ‘chain of
urvival’.6 It consists of four links; early access to emergency
edical care, early cardiopulmonary resuscitation, early defibril-

ation, and early advanced cardiac life support. In 2005, new
ardiac arrest guidelines were implemented and the improve-
ent in survival seen in both our exposure groups over time, may

artly be explained by this.26 National initiatives taken during
he last decade in Denmark to improve cardiac arrest manage-

ent, may  also have contributed to the improved survival.2 The
ffect observed in the physician-treated group might be associated
ith a combination of technical and non-technical skills related to;

ndotracheal intubation and other advanced airway management,
ifferential diagnostics, choice of medication, team leader function,
ore hands available, experience, knowledge of critical care and

uidelines, post-resuscitation care, etc. Whatever the mechanism,

ur results indicate that by using physicians in the pre-hospital set-
ing in Denmark, we may  be optimizing one or more of the links
n the chain-of-survival after OHCA. However, our study does not
llow any conclusions to be drawn on which specific factors have
f spontaneous circulation; CPR, cardio-pulmonary resuscitation; Cph, Copenhagen.

contributed most to the increase in survival. Hence, our findings
may  not be directly applicable in other countries with different
EMS  systems.

To further guide policy making, additional studies are needed on
the cost-effectiveness and cost-utility of having physicians in the
pre-hospital setting. We  also need to learn more about the factors
driving the positive impact on survival, ultimately allowing us to
improve the outcome for all patients with OHCA, including those in
areas where it is not possible to have physicians in the prehospital
setting.

Conclusions

In conclusion, we found prehospital physician involvement after
sudden OHCA associated with better 30-day survival, better 1-year
survival, and higher chance of ROSC on arrival at hospital; but with
less certainty for 1-year survival.

Conflict of interest statement

AH and NL received a grant from TrygFonden during the conduct
of the study. JS and LH are working as physicians on a physician-
staffed mobile critical care unit and receive personal fees for that.
CTP received grants from Biotronic and grants and personal fees
from Bayer and BMS, outside the submitted work. All other authors
declare no competing interests.

Ethics approval

The study was  approved by The Danish Data Protection Agency
(J.nr. 2014-41-3020), and did not require informed patient consent
according to Danish health law.

Acknowledgements
This study was  in part funded by the Danish foundation
TrygFonden. The Danish Cardiac Arrest Registry is supported by
TrygFonden which has no commercial interest in the field of



scitat

c
m
U

s
t
t

A

i
2

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

A. Hamilton et al. / Resu

ardiac arrest. The study was further supported by the Depart-
ent of Anaesthesiology and Intensive Care Medicine, Copenhagen
niversity Hospital Hvidovre.

The study sponsor had no role in the design and conduct of the
tudy; the collection, management, analysis, or interpretation of
he data; the preparation, review, or approval of manuscript; or
he decision to submit the manuscript for publication.

ppendix A. Supplementary data

Supplementary data associated with this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.resuscitation.
016.08.007.

eferences

1. Höglund H, Jansson J-H, Forslund A-S, Lundblad D. Prodromal symptoms
and health care consumption prior to out-of-hospital cardiac arrest in
patients without previously known ischaemic heart disease. Resuscitation
2014;85:864–8. Available from: http://www.sciencedirect.com/science/article/
pii/S0300957214004444 [cited 14.05.15].

2. Wissenberg M,  Lippert FK, Folke F, et al. Association of national ini-
tiatives to improve cardiac arrest management with rates of bystander
intervention and patient survival after out-of-hospital cardiac arrest. JAMA
2013;310:1377–84. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
24084923 [cited 20.03.15].

3.  Hansen SM,  Wissenberg M,  Rajan S, Hansen CM,  Mortensen RN, Folke F, et al.
Hjertestop udenfor hospital i Danmark, Sammenfatning af resultater fra Dansk
Hjertestopregister 2001–2012; 2012.

4.  Sasson C, Rogers MAM,  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. Available from: http://circoutcomes.ahajournals.
org/content/3/1/63.abstract [cited 24.02.15].

5. Søholm H, Hassager C, Lippert F, et al. Factors associated with successful resus-
citation after out-of-hospital cardiac arrest and temporal trends in survival and
comorbidity. Ann Emerg Med  2014. Available from: http://www.sciencedirect.
com/science/article/pii/S0196064414015777 [cited 30.03.15].

6.  Hess EP, White RD. Optimizing survival from out-of-hospital cardiac arrest. J Car-
diovasc Electrophysiol 2010;21:590–5. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/20132388 [cited 26.03.15].

7. Christenson J, Andrusiek D, Everson-Stewart S, et al. Chest compression fraction
determines survival in patients with out-of-hospital ventricular fibrillation.
Circulation 2009;120:1241–7. Available from: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
[cited 10.05.15].

8. Bossaert LL. The complexity of comparing different EMS  systems—a survey
of  EMS systems in Europe. Ann Emerg Med  1993;22:99–102. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8424624 [cited 14.05.15].

9.  Soo LH, Gray D, Young T, Huff N, Skene A, Hampton JR. Resuscitation from out-of-
hospital cardiac arrest: is survival dependent on who  is available at the scene?
Heart 1999;81:47–52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/

10220544 [cited 20.03.15].

0. Olasveengen TM, Lund-Kordahl I, Steen PA, Sunde K. Out-of hospital advanced
life support with or without a physician: effects on quality of CPR and outcome.
Resuscitation 2009;80:1248–52. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19709795 [cited 20.03.15].

2

ion 108 (2016) 95–101 101

1. Yen Z-S, Chen Y-T, Ko PC-I, et al. Cost-effectiveness of different advanced
life  support providers for victims of out-of-hospital cardiac arrests. J Formos
Med  Assoc 2006;105:1001–7. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/17185242 [cited 20.03.15].

2. Böttiger BW,  Grabner C, Bauer H, et al. Long term outcome after
out-of-hospital cardiac arrest with physician staffed emergency medical
services: the Utstein style applied to a midsized urban/suburban area.
Heart 1999;82:674–9. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract [cited
20.03.15].

3. Estner HL, Günzel C, Ndrepepa G, et al. Outcome after out-of-hospital cardiac
arrest in a physician-staffed emergency medical system according to the Utstein
style. Am Heart J 2007;153:792–9. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/17452155 [cited 20.03.15].

4. Dyson K, Bray J, Smith K, Bernard S, Finn J. A systematic review of the effect
of  emergency medical service practitioners’ experience and exposure to out-
of-hospital cardiac arrest on patient survival and procedural performance.
Resuscitation 2014;85:1134–41. Available from: http://www.sciencedirect.
com/science/article/pii/S0300957214005619 [cited 17.03.15].

5. Statistics Denmark Summary vital statistics. Statistics Denmark website; 2015.
http://www.statistikbanken.dk/HISB3 [accessed 21.04.15].

6. Statistics Denmark Summary vital statistics. Statistics Denmark website; 2015.
http://www.statistikbanken.dk/ARE207 [accessed 21.04.15].

7. Kindberg K, Nielsen SL, Møller AM.  Physician-based prehospital units in
Denmark. Ugeskr Laeger 2009;171:2553–7. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/19732545 [cited 20.03.15].

8. Perkins GD, Jacobs IG, Nadkarni VM,  et al. Cardiac arrest and cardiopulmonary
resuscitation outcome reports: update of the Utstein resuscitation registry tem-
plates for out-of-hospital cardiac arrest. Resuscitation 2014. Available from:
http://www.sciencedirect.com/science/article/pii/S0300957214008119 [cited
18.03.15].

9. Wissenberg M,  Hansen CM,  Folke F, et al. Survival after out-of-hospital
cardiac arrest in relation to sex: a nationwide registry-based study. Resuscita-
tion 2014;85:1212–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
24960430 [cited 20.03.15].

0. Pedersen CB. The Danish Civil Registration System. Scand J Public Health
2011;39:22–5. Available from: http://sjp.sagepub.com/content/39/7 suppl/22.
short?rss=1&ssource=mfc [cited 13.02.15].

1. Pedersen CB, Gøtzsche H, Møller JO, Mortensen PB. The Danish Civil Registration
System. A cohort of eight million persons. Dan Med  Bull 2006;53:441–9. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/17150149 [cited 25.02.15].

2. Lynge E, Sandegaard JL, Rebolj M.  The Danish National Patient Register. Scand J
Public Health 2011;39:30–3.

3. Andersen TF, Madsen M,  Jørgensen J, Mellemkjoer L, Olsen JH. The Danish
National Hospital Register. A valuable source of data for modern health sci-
ences. Dan Med  Bull 1999;46:263–8. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/10421985 [cited 05.02.15].

4. Charlson ME,  Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J  Chronic Dis 1987;40:373–83. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/3558716 [cited 10.07.14].

5. Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sørensen HT. The
predictive value of ICD-10 diagnostic coding used to assess Charl-
son  comorbidity index conditions in the population-based Danish
National Registry of Patients. BMC  Med  Res Methodol 2011;11:83.
Available from: http://www.pubmedcentral.nih.gov/articlerender.

fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract [cited 09.12.14].

6.  Steinmetz J, Barnung S, Nielsen SL, Risom M, Rasmussen LS. Improved survival
after an out-of-hospital cardiac arrest using new guidelines. Acta Anaesthesiol
Scand 2008;52:908–13. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
18477076 [cited 13.05.15].

http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://dx.doi.org/10.1016/j.resuscitation.2016.08.007
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.sciencedirect.com/science/article/pii/S0300957214004444
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://circoutcomes.ahajournals.org/content/3/1/63.abstract
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.sciencedirect.com/science/article/pii/S0196064414015777
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.ncbi.nlm.nih.gov/pubmed/20132388
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2795631&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/8424624
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/10220544
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/19709795
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.ncbi.nlm.nih.gov/pubmed/17185242
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1729199&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.ncbi.nlm.nih.gov/pubmed/17452155
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.sciencedirect.com/science/article/pii/S0300957214005619
http://www.statistikbanken.dk/HISB3
http://www.statistikbanken.dk/HISB3
http://www.statistikbanken.dk/HISB3
http://www.statistikbanken.dk/HISB3
http://www.statistikbanken.dk/HISB3
http://www.statistikbanken.dk/ARE207
http://www.statistikbanken.dk/ARE207
http://www.statistikbanken.dk/ARE207
http://www.statistikbanken.dk/ARE207
http://www.statistikbanken.dk/ARE207
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.ncbi.nlm.nih.gov/pubmed/19732545
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.sciencedirect.com/science/article/pii/S0300957214008119
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://www.ncbi.nlm.nih.gov/pubmed/24960430
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://sjp.sagepub.com/content/39/7_suppl/22.short?rss=1&ssource=mfc
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://refhub.elsevier.com/S0300-9572(16)30407-5/sbref0110
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3125388&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076
http://www.ncbi.nlm.nih.gov/pubmed/18477076

	Association between prehospital physician involvement and survival after out-of-hospital cardiac arrest: A Danish nationwi...
	Introduction
	Methods
	Design and approval
	Study population and setting
	Organization and staffing of the EMS in Denmark
	Data sources
	Danish Cardiac Arrest Registry
	Danish Civil Registration System
	Danish National Patient Registry

	Data linkage
	Variables
	Exposure and outcome measures
	Statistical analyses
	Descriptive characteristics
	Regression analysis and model building
	Exploratory analyses

	Results
	Baseline characteristics
	Changes in 30-day survival and physician involvement over time
	Association between physician involvement and 30-day survival
	Association between physician involvement and secondary outcomes

	Discussion
	Conclusions
	Conflict of interest statement
	Ethics approval
	Acknowledgements
	Appendix A Supplementary data
	References


