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Does the presence of physician-staffed emergency medical
services improve the prognosis in out-of-hospital cardiac
arrest? A propensity score matching analysis
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ABSTRACT

Background: Substantial differences in survival after out-of-hospital cardiac arrest (OHCA) have
been observed between countries. These might be attributed to the organization of emergency
medical service (EMS) systems, including prehospital physician involvement. However, limited data
exist on the physician’s role in improving survival after OHCA.

Aims: To compare prehospital and in-hospital outcomes of OHCA patients attended by physi-
cian-staffed EMS vs. paramedic-staffed EMS units.

Methods: Among all patients enrolled in the regional, prospective registry of OHCA in southern
Poland, we excluded those aged <18 years, with unwitnessed or EMS-witnessed cardiac arrest,
without attempted cardiopulmonary resuscitation (CPR), attended by more than one EMS, or with
traumatic cardiac arrest. The groups were matched 1:1 using propensity scores for baseline charac-
teristic variables that might influence physician-staffed EMS dispatch.

Results: A total of 812 OHCA cases were included in the current analysis. Among them, 351 patients
were attended by physician-staffed EMS. There were no differences in baseline characteristics in the
propensity-score matched cohort consisting of 351 pairs. The return of spontaneous circulation
(ROSC) was more often achieved in the physician-staffed EMS group (42.7% vs. 33.3%; P=0.01).The
prehospital survival rate was also higher in this group (34.1% vs. 19.2%; P <0.01). However, there were
no significant differences in survival rate to discharge between cases treated by physician-staffed
and paramedic-staffed EMS (9.7% vs. 7.0%; P = 0.22).

Conclusions: OHCA patients attended by physician-staffed EMS were more likely to have ROSC
and survive till hospital admission. However, better prehospital outcomes might not translate into
improved in-hospital prognosis in these patients.

Key words: cardiopulmonary resuscitation, emergency medical service, out-of-hospital cardiac
arrest, paramedic, physician

INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) affect-
ing 55 persons per 100 000 population per
year worldwide is a significant public health
problem [1]. In Poland, the incidence rate of
OHCA has been shown to be even higher
(over 25 000 cases yearly; 69 per 100 000 per-

son-years) [2]. Even though within the last few
years, improving temporal trends in OHCA
outcomes have been observed in some coun-
tries [3-5]; globally, the survival to hospital
discharge remains low, not exceeding 10%
[1]. Substantial variability in OHCA outcomes
between countries might be attributed to
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WHAT'S NEW?

Data on the role of emergency medical service (EMS) physicians in out-of-hospital cardiac arrest (OHCA) is limited. Notably, there
have not been any studies comparing outcomes of OHCA cases attended by physician-staffed EMS and paramedic-staffed EMS
units in the context of the Polish EMS system. Using Utstein-style OHCA registry data and propensity-score matching, we have
shown for the first time that OHCA patients attended by physician-led EMS are more likely to have the return of spontaneous
circulation and have a higher survival rate to hospital admission. However, a higher pre-hospital survival rate in patients treated
by physician-staffed EMS does not translate into improved in-hospital prognosis.

social, demographic, economic, and cultural factors, as well
as differences in the organization of emergency medical
service (EMS) systems, including prehospital physician
involvement [6].

Although most of the recent observational studies
showed improved outcomes for OHCA patients attend-
ed by physician-staffed EMS, compared with paramedic
teams, controversies still exist about the physician’s role
in prehospital scenarios [3, 7-13]. Therefore, we aimed
to assess whether the presence of physician-staffed EMS
at the scene is associated with improved prehospital and
in-hospital outcomes of OHCA compared with EMS teams
without physicians, using a regional, prospective, Ustein-
style registry of OHCAs in southern Poland.

METHODS

SIL-OHCA registry

The Silesian Registry of Out-of-Hospital Cardiac Arrests
(SIL-OHCA; ClinicalTrials.gov Identifier: NCT03654859)
was a prospective, population-based registry of OHCAs in
Upper-Silesia, Poland (7% of Polish population; 2.7 million
people). All EMS-treated OHCA patients between January
1, and December 31, 2018 were enrolled. Prehospital data
were collected by EMS providing CPR using paper-based
case-report forms conforming to the Utstein guidelines
[14]. Subsequently, the prehospital data were digitalized,
checked for duplicates and logical errors, and linked with
the administrative data from a national insurer (National
Health Fund [NHF]). The NHF database includes data on
hospital stay duration, procedures performed during the
index hospitalization, and in-hospital survival status. In-
formation on medical procedures performed during index
hospitalization was based on an International Classification
System for Surgical, Diagnostic, and Therapeutic Proce-
dures (ICD-9-CM) codes. Approval for research was waived
by the Bioethics Committee of the Medical University of
Silesia (no. PCN/CBN/0022/KB/159/21), given the observa-
tional nature of the study. The study design of SIL-OHCA
and other details on the registry have been presented
previously [15-17].

System description
The population served by Voivodeship Rescue Service in
Katowice is 2.7 million people (7% of the Polish popula-

tion), and the annual number of EMS responses is about
250 000. During the study period, the Voivodeship Rescue
Service in Katowice was the only public EMS provider in
the area covered by the registry (the Upper-Silesia region,
whichis a highly urbanized part of Poland; 1.2% of the area
of Poland) and operated 88 EMS ambulances, including
59 paramedic-manned ambulances, consisting mainly
of at least two paramedics (or less often EMS nurses) and
29 physician-manned ambulances (so-called “specialized
teams”) consisting of at least two paramedics or EMS nurses
and one physician (in most cases specialist in anesthesiol-
ogy and intensive care or emergency medicine, and rarely
in internal diseases, general surgery, pediatrics, pediatric
surgery or orthopedics, and traumatology). OHCA cases
recognized by the dispatcher usually received priority for
physician-staffed EMS dispatch if the expected response
time for physician-staffed EMS and paramedic-staffed EMS
were equal. However, in the case of a lack of available phy-
sician-staffed ambulances or an estimated longer response
time of those teams, the first available paramedic team was
dispatched to avoid delays.

In the case of OHCA, paramedics and EMS nurses in Po-
land are credentialed to perform procedures recommend-
ed by the European Resuscitation Council (ERC) guidelines
on advanced life support (ALS), i.e., using a manual defi-
brillator, securing the airway with either a tracheal tube or
supraglottic devices, and administering resuscitation drugs
[18, 19]. Moreover, according to Polish law, paramedics and
EMS nurses are allowed to withhold or terminate CPR. How-
ever, contrary to physicians, they are not credentialed to
certify deaths. Furthermore, in Poland, the first-responder
system has not been widely implemented, except for the
firefighters of the State Fire Service, who are trained for CPR,
including the use of an automated external defibrillator
(AED), and may be dispatched by the dispatcher to initiate
CPR when a long delay to EMS arrival is expected.

Patients

Out of all patients included in SIL-OHCA, we excluded from
the current analysis those aged below 18 years, with unwit-
nessed collapse or cardiac arrest witnessed by EMS, without
attempted or continued CPR by EMS, treated by more than
one EMS team, those with traumatic cardiac arrest, or with
missing data on the type of EMS. Subsequently, the inclu-
ded patients were divided into two groups according to
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Patients enrolled in SIL-OHCA registry
between January 1, 2018
and December 31,2018 (n = 1681)

Patients who met at least one
exclusion criterion (n = 869):

« Age <18 years (n = 20)

ENEE
included (n =812)

« Unwitnessed collapse (n = 283)

- EMS witnessed event (n = 295)

» CPR not attempted by EMS (n = 210)

« Presence of more than one EMS
team on scene (n = 128)

- Traumatic cardiac arrest (n = 49)

» Missing data on EMS type (n = 35)

Patients treated by
paramedic-staffed EMS
(n=461)

Propensity-score
matching

Patients treated by
paramedic-staffed EMS
(n=351)

physician-staffed EMS

Patients treated by

(n=351)

Patients treated by
physician-staffed EMS
(n=351)

Figure 1. Flowchart of the study population

Abbreviations: SIL-OHCA, Silesian Registry of Out-of-Hospital Cardiac Arrests; other — see Table 1

the physician’s presence or absence on board. A flowchart
of the study has been shown in Figure 1.

Definitions

Return of spontaneous circulation (ROSC) was defined
as the achievement of ROSC at any point during the re-
suscitation attempt. Survival to hospital admission was
interpreted as arrival at the emergency department and
transfer of care to the medical staff at the receiving hos-
pital after ROSC. Survival to discharge was considered as
discharging the patient from hospital alive. The medical
etiology of OHCA refers to all cases without evidence of
trauma, drowning, intoxication, electrocution, or asphyxia.
Response time and defibrillation time were defined as the
period from incoming call to arrival of the ambulance and
the first shock delivery. The time to termination of CPR
was the period from arrival of the ambulance to cessation
of CPR. The above-mentioned and other definitions were
based on the 2015 Utstein recommendations [14].

Statistical analysis

Categorical variables are shown as the number of pa-
tients and percentage. The normality of continuous data
was assessed using the Shapiro-Wilk test, and owing

to nonnormal distribution, these variables are shown
as median and interquartile ranges. Categorical and
continuous variables were compared by the x? test and
Mann-Whitney U test, respectively. To manage differ-
ences in the baseline characteristics between patients
treated by physician-staffed and paramedic-staffed EMS,
one-to-one propensity score matching (nearest neigh-
bor algorithm) was used. The groups were matched for
baseline characteristics that potentially might influence
the decision of physician-staffed EMS dispatch, i.e., sex,
age, previous cardiovascular disease, previous stroke,
malignancy, chest pain before cardiac arrest, location
of OHCA, cause of cardiac arrest, bystander CPR before
EMS arrival, response time, and first monitored rhythm.
Before matching, missing data on baseline characteristics
were imputed using the k-nearest neighbors algorithm.
Crude odds ratios (OR) and 95% confidence intervals (Cl)
were calculated for the association between the presence
of physician-staffed EMS and ROSC, survival to hospital
admission, and survival to hospital discharge in the
propensity-score matched cohort. The level of statistical
significance was P <0.05 (two-tailed). Statistica version
13.3 (TIBCO Software, Palo Alto, CA, US) was applied for
all computational analyses.
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Table 1. Baseline characteristics of OHCA patients attended by physician-staffed EMS vs. paramedic-staffed EMS (before propensity-score

matching)

Paramedic-staffed EMS

Physician-staffed EMS

(n=461)

Male sex, n (%) 327 (70.9)
Age, years, median (IQR) 67 (58-78)
Previous CVD, n (%) 141 (30.6)
Previous stroke, n (%) 41(8.9)
Malignancy, n (%) 34(7.4)
Chest pain before OHCA, n (%) 52(11.3)
Location, n (%)

Home 347 (75.3)

Other 114 (24.7)
Cause, n (%)

Medical 423(91.8)
Other 38(8.2)
Bystander CPR, n (%) 253 (54.9)
Response time, minutes, median (IQR) 8(6-10)

First monitored rhythm
VF/pulseless VT, n (%) 128 (27.8)
PEA/asystole, n (%) 333(72.2)

(n=351)
244 (69.5) 0.66
66 (58-77) 0.41
98 (27.9) 0.41
21(6.0) 0.12
30(8.6) 0.54
31(8.8) 0.25
0.57

258 (73.5)

93 (26.5)
0.08

309 (88.0)

42(12.0)
172 (49.0) 0.10
9(6-12) <0.01
0.75

101 (28.8)

250(71.2)

Categorical variables are shown as the number of patients (%). Continuous data are presented as median (IQR)

Abbreviations: CVD, cardiovascular disease; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; PEA, pulseless electri-

cal activity; VF, ventricular fibrillation; VT, ventricular tachycardia

Table 2. Prehospital and in-hospital outcomes of OHCA patients attended by physician-staffed vs. paramedic-staffed ambulances (before

propensity-score matching)

Paramedic-staffed EMS Physician-staffed EMS
(n=461) (n=351)

ROSC 147 (32.2)
Survival to hospital admission 75(18.2)
Survival to hospital discharge 25(6.3)

147 (42.7) <0.01
118 (34.1) <0.01
30(9.7) 0.10

Data are shown as number of patients (%)

Abbreviations: ROSC, return of spontaneous circulation; other — see Table 1

RESULTS

A total of 812 OHCA patients were included in the anal-
ysis. Among them, 351 were attended by physician-led
EMS and 461 by EMS without a physician. There were no
differences in sex, age, comorbidities, presence of chest
pain preceding OHCA, location of cardiac arrest, the rate
of bystander CPR before EMS arrival, and initial shockable
rhythm between groups. However, the response time of
paramedic-staffed EMS was significantly shorter. Moreover,
there was a trend towards a higher rate of other causes of
OHCA than medical in cases treated by physician-staffed
EMS teams (Table 1). The presence of a physician on the
scene was associated with a higher rate of ROSC and higher
survival to admission. However, there were no differences
regarding survival status at discharge (Table 2).

After propensity-score analysis, there were no differ-
ences in baseline characteristics between 351 matched
pairs of patients (Table 3). EMS physicians more frequently
performed endotracheal intubation and were less likely to
use supraglottic airway devices than paramedic-led EMS
teams. Moreover, atropine and amiodarone were more
often administered to patients receiving physician-led
CPR. On the other hand, there was a trend regarding ECG

e-transmission to the nearest invasive cardiology center
after ROSC, which was less frequently performed by emer-
gency teams with a physician on board. There were no
other significant differences in prehospital and in-hospital
treatment between the groups, including administration
of other drugs, time to the first defibrillation and the total
number of defibrillation shocks, vascular access, and cor-
onary revascularization (Table 4). In patients who did not
achieve ROSC, the decision of CPR termination was made
earlier, when the physician was present on the scene.
The duration of hospital stay was similar in both groups
(Table 4).

The data on ROSC, survival to admission, and survival to
discharge in propensity-matched cohorts were available for
692 (98.6%), 659 (93.9%), and 610 (86.9%), respectively. CPR
provided by physician-staffed units was associated with
a higher rate of ROSC and survival to hospital admission.
However, there was no significant difference in survival to
hospital discharge (Figure 2).

DISCUSSION
Emergency medical service systems’ organization differs
between countries, which may partially be the reason for
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Table 3. Baseline characteristics of OHCA patients attended by physician-staffed EMS vs. paramedic-staffed EMS (after propensity-score
matching)

Paramedic-staffed EMS Physician-staffed EMS
(n=351) (n=351)
Male sex, n (%) 239 (68.1) 244 (69.5) 0.68
Age, years, median (IQR) 67 (57-77) 66 (58-77) 0.98
Previous CVD, n (%) 99 (28.1) 98 (27.9) 0.93
Previous stroke, n (%) 21(6.0) 21(6.0) 1.0
Malignancy, n (%) 27(7.7) 30(8.6) 0.67
Chest pain before OHCA, n (%) 29(8.3) 31(8.8) 0.79
Location, n (%) 0.67
Home 253(72.1) 258 (73.5)
Other 98 (27.9) 93 (26.5)
Cause, n (%) 0.55
Medical 314 (89.5) 309 (88.0)
Other 37(10.5) 42(12.0)
Bystander CPR, n (%) 178 (50.7) 172 (49.0) 0.65
Response time, minutes, median (IQR) 8(6-11) 9(6-12) 0.1
First monitored rhythm, n (%) 0.62
VF/pulseless VT 107 (30.5) 101 (28.8)
PEA/asystole 244 (69.5) 250(71.2)

Categorical variables are shown as the number of patients (%). Continuous data are presented as median (IQR)

Abbreviations: see Table 1

Table 4. Prehospital and in-hospital treatment of OHCA according to presence or absence of a physician on the scene (after propensity score

Paramedic-staffed EMS Physician-staffed EMS
(n=351) (n=351)

matching)

Prehospital treatment

Defibrillation time, minutes, median (IQR) 10.5 (8-18) 13.5(7-26) 0.43
Number of defibrillation shocks, median (IQR) 2(1-4) 2(1-4) 0.64
Supraglottic airway, n (%) 140 (42.8) 57(17.1) <0.01
Endotracheal intubation, n (%) 195 (59.6) 251(75.4) <0.01
Routes of medication administration, n (%) 0.31

Peripheral IV 317 (99.1) 314 (98.1)

10 3(0.9) 6(1.9)
Adrenaline, n (%) 310(97.5) 310(95.4) 0.15
Amiodarone, n (%) 113 (35.5) 140 (43.1) 0.05
Atropine, n (%) 104 (32.7) 148 (45.5) <0.01
Lidocaine, n (%) 1(0.3) 2(0.6) 0.57
Magnesium sulfate, n (%) 12(3.8) 6(1.9) 0.14
UFH, n (%) 11 (3.5 19(5.9) 0.15
ECG e-transmission after ROSC, n (%) 43 (42.2) 40 (30.8) 0.07
Transport to hospital without ROSC, n (%) 6(1.9) 10 (2.9) 0.42
Time to termination of CPR, minutes, median (IQR) 37 (28-49.5) 32(21-42.5) <0.01

In-hospital treatment

Coronary angiography, n (%) 22(7.3) 32(104) 0.18
Myocardial revascularization, n (%) 16 (6.1) 22(9.2) 0.19
ICD/CRT-D implantation, n (%) 5(1.7) 3(1.0) 0.45
Duration of hospital stay, days, median (IQR) 9(4-19) 11 (2-30) 0.45

Categorical variables are shown as the number of patients (%). Continuous data are presented as median (IQR)

Abbreviations: CRT-D, cardiac resynchronization therapy defibrillator; ECG, electrocardiogram; |0, intraosseous; IV, intravenous; UFH, unfractionated heparin; other — see
Tables 1 and 2

www.journals.viamedica.pl/kardiologia_polska 689



KARDIOLOGIA POLSKA

Outcomes Paramedic-staffed Physician-staffed OR (95% CI) P-value
EMS (n=351) EMS (n=351) :
ROSC 116/348 (33.3%) 147/344 (42.7%) B 1.49(1.1-2.03) 0.01
Survival to hospital admission 60/313 (19.2%) 118/346 (34.1%) E ——@— 2.18(1.53-3.12) <0.01
Survival to hospital discharge 21/301 (7.0%) 30/309 (9.7%) L ] 1.43(0.80-2.57) 0.22
T

T
0.5

Paramedic-staffed EMS
Better

Physician-staffed EMS
Better

Figure 2. The prehospital and in-hospital outcomes of out-of-hospital cardiac arrest patients attended by physician-manned vs. paramedic-

-manned ambulances (after propensity-score matching)

Abbreviations: see Table 1 and 2

the variability of OHCA outcomes worldwide [10, 20]. One
of these differences refers to the utilization of physician-led
EMS or paramedic-led EMS [21]. Both models are being
used in developed countries, and limited data support
the advantage of one of these options [9, 21]. However,
the physician-led EMS model is associated with increased
costs [10]. Therefore, the application of physician-staffed
EMS should be informed by robust, high-quality scientific
data demonstrating improved patient outcomes.

Unfortunately, in the context of OHCA, there are no
randomized clinical trials comparing physician- and para-
medic-led EMS models, to the best of our knowledge. More-
over, such arandomized clinical trial may be challenging to
carry out due to potential costs and logistic issues. Then,
the best available evidence on the role of EMS-physician
in OHCA so far comes from several observational studies
and a meta-analysis pooling their results [3, 9, 13]. AlImost
all of them showed that the physician’s presence in the
prehospital setting is associated with improved prehos-
pital outcomes, survival to discharge or 30-day survival,
and 1-month neurologically intact survival [3, 8, 9, 13,
22-25]. On the contrary, our study has demonstrated that
in the cohort of Polish, non-traumatic OHCA patients,
physician-led CPR is associated with improved ROSC and
survival-to-admission rates, but this does not translate into
higher survival to discharge as compared to CPR provided
by paramedics. Notably, there are remarkable differences in
our study’s design and EMS system in Poland as opposed
to previous reports.

First, the presence of physicians on the scene in previ-
ous studies was defined in various ways [3, 9, 13]. Physicians
are not an integral part of the EMS team in some EMS
systems and arrive at the scene independently from EMS.
Therefore, it is hard to assess their contribution to the CPR
[9]. Moreover, in other studies, only physicians who had
happened to be at the scene at the moment of the patient’s
collapse or who had happened to be in the ambulance
for the training of the ambulance crew might have been
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engaged in prehospital CPR [8]. Contrary to these studies,
in Poland, EMS physicians are an integral part of so-called
“specialized”emergency medical units; they accounted for
one-third of all ambulance teams in the area covered by
our registry during the study period.

Second, OHCA cases in Poland usually receive prior-
ity for physician-staffed EMS dispatch (if both teams are
available when receiving an emergency call and expected
response times are the same). However, as we have shown
in our study, most of the bystander witnessed, non-trau-
matic OHCA cases are attended by paramedic-staffed EMS
to reduce response time. Thus, the absence of a physician
on the scene is mainly driven by the lack of availability
of physician-manned ambulances at a given moment,
which is random. However, similar to previous studies, we
could not exclude that physician-staffed EMS might not
have been dispatched if it was futile in the assessment
of dispatchers [3, 9]. Therefore, to reduce the selection
bias, we excluded patients with initially poor prognosis,
i.e., patients with unwitnessed collapse, traumatic cause,
and those treated by more than one EMS team (as the dis-
patch of the second ambulance is usually associated with
prolonged CPR and no ROSC); we also matched groups
using propensity scores. Notwithstanding, our study still
might be biased by unmeasured confounding owing toits
observational design.

Third, not in all EMS systems paramedics are allowed
the same scope of practice in terms of ALS as the EMS
physicians [8-10]. Conversely, in Poland, in the prehos-
pital settings, paramedics are credentialed to perform
procedures such as endotracheal intubation, using manual
defibrillators, obtaining intravascular access, and adminis-
tering guideline-recommended medications during CPR.
However, in our study, the physician-manned ambulance
teams more often performed endotracheal intubation than
paramedics. There are at least two possible explanations
for this. First, considering that endotracheal intubation in
the OHCA setting is challenging, and paramedics, who are
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less experienced in this procedure than physicians (mostly
anesthesiologists, who obtain these skills also during
planned procedures in the operating room), were more
likely to choose supraglottic airway (SGA) devices [26]. The
second possible explanation is that the crew size of phy-
sician-manned ambulances is usually larger (three vs. two
medically trained rescuers), which provides an extra pair of
hands for endotracheal intubation. Although, it contrasts
with previous randomized simulation trials, which have not
shown the advantage of three rescuers compared to two
rescuers in ALS effectiveness [27, 28].

Nonetheless, it is worth emphasizing that the advan-
tage of endotracheal intubations during OHCA is contro-
versial [26]. The only ALS interventions consistently shown
to improve outcomes are high-quality chest compressions
and early defibrillation [18, 19]. In this context, it should
be noted that the time interval from call to ambulance
arrival in the physician-staffed EMS group before propen-
sity-score matching was significantly longer, probably due
to the lower availability of these ambulances. Although
the response time is one of many factors influencing ROSC
and survival after OHCA, it is important to stress that the
longer response time of physician-staffed ambulances
might reduce the potential benefits of physician-led CPR.

Moreover, our study also has other limitations that
should be acknowledged. Based on our data, we could not
determine whether there are any differences in post-ROSC
care, which may explain improved prehospital survival
in patients treated by physician-led EMS. Patients after
ROSC are often unstable, so there might be some potential
benefits from physicians’experience and skills, but further
studies need to evaluate this hypothesis. What is more,
since in-hospital data was derived from administrative
data, we had no information on neurological outcomes at
discharge. Finally, the generalizability of our findings is lim-
ited and may not apply to other countries or regions with
much different legislation and EMS systems organization.

In summary, our study showed that OHCA patients at-
tended by physician-staffed EMS were more likely to have
ROSC and survive till hospital admission. However, better
prehospital outcomes might not translate into improved
in-hospital prognosis in these patients.
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