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Outcome differences between PARAMEDIC2 and the German 
Resuscitation Registry: a secondary analysis of a randomized 
controlled trial compared with registry data
Jürgen Knappa,b,*, Markus Hubera,*, Jan-Thorsten Gräsnerc,  
Michael Bernhardd and Matthias Fischere   

Background and importance  There has been much 
discussion of the results of the PARAMEDIC2 trial, as 
resuscitation outcome rates are considerably lower in 
this trial than in country-level registries on out-of-hospital 
cardiac arrest (OHCA). Here, we developed a statistical 
framework to investigate this gap and to examine possible 
sources for observed discrepancies in outcome rates.

Design  Summary data from the PARAMEDIC2 trial 
were used as available in the publication of this study. 
We developed a modelling framework based on logistic 
regression to compare data from this randomized 
controlled trial and registry data from the German 
Resuscitation Registry (GRR), where we considered 
26 019 patients treated with epinephrine for OHCA in 
the GRR. To account and adjust for differences in patient 
characteristics and baseline variables predictive for 
outcomes after OHCA between the GRR cohort and the 
PARAMEDIC2 study sample, we included all available 
variables determined at the arrival of EMS personnel in 
the modelling framework: age, sex, initial cardiac rhythm, 
cause of cardiac arrest, witness of cardiac arrest, CPR 
performed by a bystander, and the interval between 
emergency call and arrival of the ambulance at the scene 
(baseline model). In order to find possible explanations 
for the discrepancies in outcome between PARAMEDIC2 
and GRR, in a second (baseline plus treatment) model, 
we additionally included all available variables related to 
the interventions of the EMS personnel (type of airway 
management, type of vascular access, and time to 
administration of epinephrine).

Main results  A patient cohort with baseline variables 
as in the PARAMEDIC2 trial would have survived to 

hospital discharge in 7.7% and survived with favourable 
neurological outcome in 5.0% in an EMS and health care 
system as in Germany, compared with 3.2 and 2.2%, 
respectively, in the Epinephrine group of the trial. Adding 
treatment-related variables to our logistic regression 
model, the rate of survival to discharge would decrease 
from 7.7 (for baseline variables only) to 5.6% and the rate 
of survival with favourable neurological outcome from 5.0 
to 3.4%.

Conclusion  Our framework helps in the medical 
interpretation of the PARAMEDIC2 trial and the 
transferability of the trial’s results for other EMS systems. 
Significantly higher rates of survival and favourable 
neurological outcome than reported in this trial could be 
possible in other EMS and health care systems. European 
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Introduction
Despite limited evidence, epinephrine (adrenaline) 
has been an integral part of international guidelines 

for cardiopulmonary resuscitation (CPR) for decades 
[1]. In 2018, Perkins et al. [2] published the results of 
their Prehospital Assessment of the Role of Adrenaline: 
Measuring the Effectiveness of Drug Administration in 
Cardiac Arrest (PARAMEDIC2) trial, a randomized dou-
ble-blind study on the safety and effectiveness of epi-
nephrine in 8014 patients suffering from out-of-hospital 
cardiac arrest (OHCA). The authors reported a higher 
rate of survival at hospital discharge and at 30 days with 
the use of epinephrine than with placebo. However, 
although the groups were well balanced, the rate of 
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favourable neurological outcome at hospital discharge 
was almost as low in the epinephrine group (2.2%) as 
in the placebo group (1.9%), with no statistically signif-
icant difference and an unadjusted odds ratio (OR) of 
1.18 [95% confidence interval (CI), 0.86–1.61] [2]. There 
has been much discussion of the reasons for the low rates 
of survival and the lack of good functional outcome in 
the PARAMEDIC2 trial when compared with data from 
other emergency medical service (EMS) systems around 
the world [3,4]. Of 11 103 patients who received epineph-
rine after OHCA and were enrolled in the Cardiac Arrest 
Registry of the Victorian Ambulance in Australia, 5.9% 
had a favourable neurological outcome 12 months after 
cardiac arrest [3]. The German Resuscitation Registry 
(GRR) reported that among 15  849 patients receiving 
epinephrine after OHCA, the rate with a favourable 
neurological outcome at hospital discharge was 7.2% [4]. 
However, differences in patient characteristics, baseline 
characteristics of resuscitation (e.g. rate of bystander 
CPR and time intervals between emergency call and 
ambulance arrival), as well as EMS systems (e.g. qual-
ification and training levels, and standard procedures) 
make it very difficult to compare outcome parameters in 
different studies or registries on OHCA.

The aim of this study was first to develop a statistical 
methodology to be able to compare data from a rand-
omized controlled trial (RCT) with registry data and sec-
ond to use this model framework to find explanations for 
the discrepancies between the PARAMEDIC2 trial and 
GRR.

Methods
As a first step, we provided a statistical modelling frame-
work of outcome parameters after OHCA, based on 
demographic, physiological, and medical predictors typ-
ically available in publications of trials on CPR in the 
out-of-hospital setting. This model allowed the compu-
tation of probabilities and comparison of outcomes at 
each step of the patient pathway after OHCA including 
restoration of spontaneous circulation (ROSC), survival 
to hospital admission/discharge, and favourable neuro-
logical outcome. Based on this modelling framework, 
we tried to identify factors contributing to the substan-
tial differences in outcomes in the epinephrine group 
of the PARAMEDIC2 trial (which reflects the group of 
patients treated according to the international standards 
and guidelines for CPR) and the GRR.

The German Resuscitation Registry group
The GRR was started in 2007 by the German Society 
for Anaesthesiology and Intensive Care Medicine as an 
ongoing international, prospective, multicentre registry. 
This registry covers more than 23 million inhabitants 
of Germany. As of August 2021, 228  650 patients with 
OHCA and 137 215 patients with attempted resuscitation 
after OHCA have been documented. The German EMS 

system is based on paramedic-staffed ground ambulances 
and separate EMS physician vehicles, which rendezvous 
at the site of the emergency. For a more detailed descrip-
tion of the system see reference [5]. The GRR has been 
constructed in accordance with the Utstein style [6].

Inclusion criteria: all patients who suffered OHCA during 
the period 1 January 2011 to 31 December 2020 and who 
received treatment from an EMS in any region participat-
ing in the GRR were eligible for inclusion in the study. 
We excluded all patients who received no vasopressor 
(generally epinephrine) during CPR. This was mainly 
the case if ROSC was achieved or if resuscitation was 
withheld (e.g. due to a ‘do not resuscitate’ order) before 
the temporal sequence of the CPR algorithm according 
to the guidelines recommended by the administration of 
epinephrine. Further exclusion criteria were inhospital 
cardiac arrest, trauma, and age less than 18 years. In order 
to minimize selection bias in terms of survival and as a 
check for data quality, only reference EMS systems with 
a return rate of more than 60% for the inhospital clini-
cal treatment dataset on an annual basis were included. 
This resulted in a calculated return rate of more than 
87%. These reference EMS systems are known to suffi-
ciently represent Germany as a whole. A flowchart indi-
cating both the patient selection from the GRR as well as 
data availability for each logistic regression model of the 
resuscitation pathway is shown in Fig. 1.

In the GRR, neurological outcome is documented as a 
cerebral performance category (CPC) ranging from 1 (no 
or mild neurological deficits) to 5 (brain death), with cat-
egories 1 and 2 defined as favourable outcomes.

The PARAMEDIC2 trial
The PARAMEDIC2 trial was a randomized, dou-
ble-blind trial involving a total of 8014 patients with 
OHCA in the UK [2]. The patients were randomly 
assigned to receive either parenteral epinephrine (4015 
patients) or saline placebo (3999 patients), along with 
standard care. The primary outcome parameter was the 
rate of survival at 30 days. Secondary outcomes were the 
rate of survival until hospital admission and hospital dis-
charge as well as hospital discharge with a favourable 
neurological outcome, indicated by a score of 3 or less 
on the modified Rankin scale (mRS), which ranges from 
0 (no symptoms) to 6 (death). Due to the aim of our 
analysis, we only refer to the epinephrine group of the 
PARAMEDIC2 trial [2].

We did not have access to individual data of the 
PARAMEDIC2 trial.

Ethics
Since only primarily anonymised data were processed 
and evaluated, criteria for nonhuman subjects research 
were met. Therefore, the responsible institutional 
review board (Landesärztekammer Stuttgart) waived 



Transferability of PARAMEDIC2 Knapp et al.  3

the requirement of a specific ethics vote. The study was 
approved by the scientific advisory council of the GRR 
(study identifier 2020-01).

Development of the model
In terms of patient characteristics, baseline, and treat-
ment-related predictors of outcome after OHCA, the 
distribution of continuous variables was examined with 
Q–Q plots. Results are presented with mean and SD 

when normally distributed, and with median and inter-
quartile range otherwise. Count data are presented as 
numbers and proportions.

We focussed on four chronologically related outcomes 
after CPR: ROSC, hospital admission with ROSC, sur-
vival to hospital discharge, and favourable neurological 
outcome at hospital discharge. For better readability, we 
refer to these as the ‘resuscitation pathway’.

Fig. 1.

Flowchart of patient selection from the German Resuscitation Registry (GRR) for the development of the modelling framework. EMS, emergency 
medical service; ROSC, restoration of spontaneous circulation.
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Comparison of PARAMEDIC2 with GRR
We grouped the available predictors of outcome after 
OHCA into two groups. The so-called baseline variables 
included all available predictors given before the arrival 
of professional EMS personnel: age, sex, initial cardiac 
rhythm, cause of cardiac arrest, witness of cardiac arrest, 
CPR performed by a bystander, and the interval between 
emergency call and arrival of the ambulance at the scene. 
The so-called baseline plus treatment variables included 
all previously mentioned predictors plus all available 
predictors of treatment-related measures influenced by 
the EMS team: type of vascular access (intravenous or 
intraosseous), devices for airway management (supraglot-
tic airway only or tracheal tube) and the amount of time 
between the emergency call and the administration of 
epinephrine. We modelled the conditional probabilities 
of each outcome using a logistic regression model. We 
used baseline and baseline plus treatment variables as 
covariates to predict the success probability for each out-
come during the resuscitation pathway, conditional on the 
previous outcome. As an example, to model the survival 
probability at discharge, we conditioned the GRR cohort 
to only those patients who were successfully admitted to 
the hospital (who in turn were conditioned to only those 
patients with a successful ROSC). We ran the models 100 
times (each with n = 4015 patients) for each of the four 
outcomes along the resuscitation pathway.

Goodness-of-fit and discrimination ability of the models 
were assessed by the area under the receiver operating 
characteristic curve (AUROC) and Nagelkerke’s pseudo 
R-squared statistic. Calibration plots are presented in the 
Supplementary Material (Supplementary Figure SM 1, 
Supplemental Digital Content 1, http://links.lww.com/
EJEM/A346).

Comparability between the two cohorts
While the PARAMEDIC2 trial used the mRS, the GRR 
uses CPC. However, as favourable neurological outcome 
is defined as mRS ≤ 3 (mRS 3: moderate disability, requir-
ing some help, but able to walk without assistance) and 
CPC ≤ 2 (CPC 2: moderate cerebral disability: conscious, 
sufficient cerebral function for independent activities of 
daily life, able to work in a sheltered environment), the 
presentation of neurological outcomes in both studies 
can be considered comparable. The GRR documents, the 
time interval from the alarm to the administration of the 
first vasopressor, and the PARAMEDIC2 trial report the 
time interval from the emergency call to administration 
of epinephrine. Therefore, in order for the time intervals 
to be comparable, we added 2 min to the time interval 
given in the GRR as a reliable estimate the call taker 
needs to alert the EMS crew [7].

Statistical software
All computations were performed using R version 4.0.2 (The 
R Foundation for Statistical Computing, Vienna, Austria) 

(The R Foundation for Statistical Computing, Vienna, 
Austria) [8].

Results
Model framework
Cohort description
Patients’ characteristics, baseline and treatment-related 
characteristics of CPR, and observed outcomes in the 
PARAMEDIC2 trial’s epinephrine group and all 26 019 
patients in the GRR group are shown in Table 1. The two 
cohorts display similar characteristics in their age and sex 
distribution, whereas differences are seen in the propor-
tion of patients with shockable cardiac rhythm, proportion 
of patients with bystander CPR, type of vascular access, 
type of airway devices, and the time interval between 
emergency call and administration of epinephrine.

Model evaluation
We evaluated the goodness-of-fit and predictive perfor-
mance of the logistic regression models in predicting the 
outcomes in the resuscitation patient pathway of the GRR. 
Table 2 presents the ORs and associated CIs for the logis-
tic regression model for the short-term outcomes of ROSC 
and hospital admission with ROSC. The models featured 
moderate AUROC and Nagelkerke pseudo R-square 
values of 0.70 (95% CI, 0.69–0.70; pseudo-R2, 0.15) for 
ROSC and 0.62 (95% CI, 0.61–0.64; pseudo-R2, 0.05) for 
hospital admission with ROSC, respectively. The model 
fit for the outcomes ‘Survival at 30 days’ and ‘Favourable 
Neurological Outcome’ are shown in Table 3 with corre-
sponding AUROC and Nagelkerke pseudo R-square values 
of 0.75 (95% CI, 0.74–0.77; pseudo-R2, 0.21) and 0.77 (95% 
CI, 0.75–0.79; pseudo-R2, 0.21), respectively. The calibra-
tion plots in the Supplementary Material (Supplementary 
Figure SM 1, Supplemental Digital Content 1, http://links.
lww.com/EJEM/A346) indicate that the models generally 
slightly overestimated the success probability. In particu-
lar, the baseline plus treatment model for the patient-rel-
evant outcomes ‘Survival to discharge’ and ‘Favourable 
neurological outcome’ are well-calibrated (Panels G and 
H in Figure SM 1, Supplemental Digital Content 1, http://
links.lww.com/EJEM/A346).

Modelling the resuscitation patient pathway
To assess the prediction skill of the logistic regression 
models, we simulated a random sample of 1000 cohorts 
(each with n = 4015 patients) within the GRR and com-
pared our prediction with outcomes measured in the 
GRR (Fig. 2). Figure 2a illustrates the distribution of 
the average outcome in these 1000 cohorts. It is impor-
tant to note that the success probabilities for each out-
come refer to the percentage relative to the previous 
successful outcome. For example, the logistic regres-
sion model with baseline and treatment-related varia-
bles predicts that on average, 78.3% of those patients 
with an initial ROSC were admitted to hospital with 
a sustained ROSC. Similarly, the logistic regression 

http://links.lww.com/EJEM/A346
http://links.lww.com/EJEM/A346
http://links.lww.com/EJEM/A346
http://links.lww.com/EJEM/A346
http://links.lww.com/EJEM/A346
http://links.lww.com/EJEM/A346
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model with baseline and treatment-related variables 
predicted that 25.8% of all patients who were admitted 
to hospital with ROSC survived to hospital discharge 
and that 17.1% of all patients who were admitted to 
hospital with ROSC showed favourable neurological 
outcomes. The prediction agrees very well with the 
true underlying values of the GRR, which are portrayed 
as dashed lines in Fig. 2.

Figure 2b illustrates the predictions where the percent-
ages for outcome refer to the entire cohort at the begin-
ning of the pathway. These numbers were derived by 
multiplying the average outcome prediction at each step 
of each cohort in the 100-member ensemble with the pre-
vious outcome prediction: for example, multiplying the 
average predictions of two outcomes ROSC and Hospital 
Admission with ROSC of the logistic regression models 
resulted in an average prediction rate of 37.3% with suc-
cessful hospital admission of the entire cohort. Similarly, 
multiplying the individual predictions of the outcomes 
ROSC, hospital admission with ROSC, and survival until 
discharge resulted in an average prediction of 9.6% with 
successful hospital admission of the entire cohort. Again, 
the predictions made by the logistic regression models 
agreed very well with the true underlying values of the 
GRR. Thus, the modelling framework employed in this 

study suggests that on a cohort level, the outcome predic-
tions in the resuscitation pathway can be combined in a 
multiplicative fashion.

Comparison of PARAMEDIC2 with GRR
Using this model framework, we were able to compare 
two cohorts (the GRR group and the PARAMEDIC2 
group) with the aim of answering the question: ‘What 
would the outcomes in the GRR look like for patients 
with baseline variables of CPR comparable to those of the 
patients in the PARAMEDIC2 trial? And further, might 
the differences in the known treatment-related variables 
explain the discrepancies in outcome documented in the 
GRR and the PARAMEDIC2 trial?’

Figure 3 illustrates the modelled outcomes of patients 
in the GRR fitting the summary measures of patients 
in the Epinephrine group of the PARAMEDIC2 trial 
based on logistic regression modelling. Based on base-
line variables only, simulation of a patient cohort as 
in the Epinephrine group of the PARAMEDIC2 trial 
resulted in an average ROSC success rate of 45.7%, 
average rates of hospital admissions with ROSC 
of 35.1%, survival to hospital discharge of 7.7%, 
and survival with favourable neurological outcome 
of 5.0%, respectively, significantly better than the 

Table 1.  Patients’ characteristics, baseline and treatment-related characteristics, and outcomes in the Epinephrine group of the PARA-
MEDIC2 trial and the German Resuscitation Registry

 

PARAMEDIC2 
Epinephrine Group 

German Resuscita-
tion Registry (GRR) 

Baseline model 
Baseline plus treat-

ment model n = 4015 n = 26 019

Baseline and treatment-related
Age (year) [mean (SD)] 69.7 (±16.6) 72.4(±14.6) x x
Sex (male) (%) 65.0 66.1 x x
Only supraglottic airway (yes) (%) 70.8 20.6  x
Intraosseous access (yes) (%) 33.4 17.0   
Intravenous access (yes) (%) 68.2 94.2  x
Tracheal tube (yes) (%) 30.0 74.2   
Interval between emergency call and ambulance 

arrival at scene (min) [median (IQR)]
6.7 (4.3–9.7) 8.0 (6.0–10.0)a x x

Interval between emergency call and administra-
tion of epinephrine (min)

21.5 (16.0–27.3) 16.0 (13.0–20.0)a  x

Initial cardiac rhythm (%)   x x
  Shockable (yes) 19.2 23.7   
  Not shockable (yes) 78.4 75.0   
  Asystole (yes) 53.5 53.9   
Cause of cardiac arrest (%)   x x
  Medical cause (yes) 91.1 82.6   
  Asphyxia (yes) 2.9 12.7   
  Drowning (yes) 0.2 0.4   
Witness of cardiac arrest (%)   x x
  Bystander (yes) 50.1 45.2   
  Paramedic/EMS physician or paramedic (yes) 11.3 7.4   
CPR performed by bystander (yes) (%) 59.3 34.9 x x
Outcomes
 ROSC (yes) (%) 36.3 46.5   
 Hospital admission with ROSC (yes) (%) 23.8 36.8   
 Survival at discharge (yes) (%) 3.2 9.9   
 Favourable Neurologic outcome at hospital 

discharge (yes) (%)
2.2 6.5   

The distribution of missing data is shown in the Supplementary Material, (Supplemental Digital Content 2, http://links.lww.com/EJEM/A347). Further, the variables of the 
two types of prediction models – a baseline model and a baseline plus treatment model – are indicated as crosses. 
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; IQR, interquartile range; ROSC, restoration of spontaneous circulation.
aFor comparison with the PARAMEDIC2 trial, 2 min are added to the raw values of the GRR (see Methods).

http://links.lww.com/EJEM/A347
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observed outcomes in the epinephrine group of the 
PARAMEDIC2 trial (P  <  0.001 for all four outcome 
parameters). Simulation of patient cohorts that are 
comparable to the PARAMEDIC2 group in baseline 
plus treatment-related variables resulted in slightly 
lower average success rates than with baseline vari-
ables only (Fig.  3), but still significantly better than 
in the Epinephrine group of the PARAMEDIC2 trial 
(P < 0.001).

Discussion
We developed a method to compare outcomes of OHCA 
patients in the GRR with those in the PARAMEDIC2 
epinephrine group. In general, comparison and calcu-
lation of (expected) outcome rates between centres 
according to specific prognosis factors is of great scientific 
interest [9–11]. Our model framework enables the com-
parison of outcomes published in trials with registry data 
in different health care systems. It is not only applicable 
to OHCA but to any field in medicine where comparison 
of registry data with RCT is desirable (e.g. national regis-
tries on sepsis, trauma care, or myocardial infarction). To 

our knowledge, our study is the first one developing and 
using this methodology.

Simulation of a patient cohort with characteristics and 
baseline conditions as in the PARAMEDIC2 trial proves 
that outcomes would have had significantly better along 
the whole resuscitation pathway as observed in the 
trial. The reasons for this are speculative and manifold. 
However, as our baseline model adjusted for patient char-
acteristics and other major predictors of outcome after 
OHCA before ambulance arrival (in the particular rate of 
bystander CPR and time interval until ambulance arrival 
at the scene), the answers may lie partly in treatment-re-
lated factors during out-of-hospital CPR but also after 
ROSC (postresuscitation care and inhospital treatment 
such as targeted temperature management, access to car-
diac catheter lab or extracorporeal CPR, and withdrawal 
of care during intensive care therapy). Information from 
the PARAMEDIC2 group is available for only three treat-
ment-related variables during the out-of-hospital setting: 
type of vascular access (intravenous/intraosseous), type 
of advanced airway management (supraglottic airway/

Table 2.  Model coefficient and associated confidence intervals for the logistic regression model for the outcomes ROSC and Hospital 
Admission with ROSC

 

ROSC Hospital Admission with ROSC

Baseline plus treatment modela Baseline plus treatment modelb

OR (95% CI) P-value OR (95% CI) P-value 

Interval between emergency call and ambulance arrival at scene 
(min)

0.98 (0.97–0.99) <0.001 0.99 (0.97–1.01) 0.4

Age (year) 1.00 (1.00–1.01) 0.020 0.99 (0.99–1.00) <0.001
Sex
  Female –  –  
  Male 0.76 (0.70–0.82) <0.001 0.91 (0.80–1.03) 0.2
Initial cardiac rhythm
  Shockable –  –  
  Nonshockable 0.31 (0.28–0.34) <0.001 0.57 (0.49–0.65) <0.001
  Other 0.40 (0.28–0.58) <0.001 1.95 (0.90–5.11) 0.13
Cause of cardiac arrest
  Medical –  –  
  Asphyxia 2.11 (1.90–2.34) <0.001 2.06 (1.73–2.48) <0.001
  Other 1.43 (1.21–1.68) <0.001 1.38 (1.04–1.84) 0.029
Witness of cardiac arrest
  Bystander –  –  
  Paramedic/Rescue-Team 1.15 (0.98–1.35) 0.087 0.65 (0.52–0.83) <0.001
  Other 0.51 (0.48–0.55) <0.001 0.75 (0.66–0.86) <0.001
CPR performance
  Bystander –  –  
  Not further identified 1.22 (1.13–1.32) <0.001 1.20 (1.06–1.37) 0.005
Only supraglottic airway
  No –  –  
  Yes 0.53 (0.48–0.58) <0.001 0.73 (0.62–0.86) <0.001
Intravenous access
  No –  –  
  Yes 1.24 (1.03–1.48) 0.021 1.31 (0.96–1.76) 0.087
Interval between emergency call and administration of epinephrine 

(min)
1.00 (1.00–1.00) >0.9 1.00 (0.99–1.01) 0.5

Coefficients are shown for the models including both baseline and treatment-related predictors (Baseline plus treatment model, Table 1). Goodness-of-fit and discrim-
ination ability of the models are assessed by the area under the receiver operating curve (AUROC) and Nagelkerke’s pseudo R-squared statistic. Numbers of patients 
for each logistic regression model are provided in the flowchart (Fig. 1). Note that data availability naturally decreases over the course of the resuscitation pathway as we 
model probabilities conditional on the previous outcome.
CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio; ROSC, restoration of spontaneous circulation.
aAUROC: 0.70 (95% CI, 0.69–0.70), Nagelkerke’s Pseudo R-square: 0.15.
bAUROC: 0.62 (95% CI, 0.61–0.64), Nagelkerke’s Pseudo R-square: 0.05.
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tracheal tube), and time interval from emergency call to 
the administration of epinephrine. Adding these treat-
ment-related variables to our logistic regression model, the 
rate of survival to discharge would decrease significantly 
from 7.7 to 5.6%, and the rate of survival with favourable 
neurological outcome from 5.0 to 3.4%. Therefore, com-
paring simulated outcomes of the baseline model with 
those of the baseline plus treatment model, our results 
suggest that patients suffering from OHCA might ben-
efit from a higher rate of use of intravenous access, tra-
cheal intubation, and a shorter time to administration of 
epinephrine. This is supported by the results from sev-
eral previous studies. A secondary analysis of the ALPS 
trial (Resuscitation Outcomes Consortium Amiodarone, 
Lidocaine or Placebo Study) found that antiarrhythmic 
drug administration during OHCA favoured improved 
neurological outcome only with intravenous use [12]. A 
shorter time to administration of epinephrine in OHCA 
patients with initial nonshockable rhythms has also 
been shown to be associated with improved outcomes 
[13,14]. Also, airway management in OHCA has been 
an intensively investigated research area during the last 
years. One large RCT showed no significant difference 
in favourable functional outcome 30  days after OHCA 

between patients ventilated by a supraglottic airway com-
pared with a tracheal tube [15]. Wang et al. [16] concluded 
from their PART trial that a strategy of initial laryngeal 
tube insertion was associated with significantly greater 
72-h survival compared with a strategy of initial tracheal 
intubation. However, this study has the significant dis-
advantage that the first pass success rate in patients who 
were tracheally intubated was only 51%. Another RCT 
showed inconclusive results among patients who were 
randomized to bag-mask ventilation or tracheal intuba-
tion during out-of-hospital CPR. However, if ROSC was 
achieved or in case of regurgitation of gastric contents 
the patients randomized to bag-mask ventilation were 
intubated already in the out-of-hospital setting [17]. Two 
other studies as well as a more recent analysis based on 
the GRR suggest that tracheal intubation was associated 
with higher short- and long-term outcome rates and bet-
ter neurological recovery [18–20].

Limitations
Some limitations of our simulation study have to be dis-
cussed. Neurological outcome is defined by the CPC 
score in GRR and by the mRS in the PARAMEDIC2 
trial. The Core Outcome Set for Cardiac Arrest statement 

Table 3.  Model coefficient and associated confidence intervals for the logistic regression model for the outcomes Survival at 30 days 
and favourable neurologic outcome

 

Survival at 30 days Favourable neurologic outcome

Baseline plus treatment modela Baseline plus treatment modelb

OR (95% CI) P-value OR (95% CI) P-value 

Interval between emergency call and ambulance arrival at scene (min) 0.97 (0.95–0.99) 0.009 0.97 (0.95–0.99) 0.017
Age (year) 0.96 (0.96–0.97) <0.001 0.97 (0.96–0.97) <0.001
Sex
  Female –  –  
  Male 1.20 (1.03–1.39) 0.020 1.16 (0.97–1.39) 0.10
Initial cardiac rhythm
  Shockable –  –  
  Nonshockable 0.27 (0.23–0.32) <0.001 0.23 (0.19–0.28) <0.001
  Other 0.37 (0.19–0.69) 0.002 0.21 (0.08–0.46) <0.001
Cause of cardiac arrest
  Medical –  –  
  Asphyxia 0.93 (0.75–1.14) 0.5 0.75 (0.57–0.97) 0.032
  Other 0.71 (0.50–1.00) 0.054 0.66 (0.42–0.99) 0.054
Witness of cardiac arrest
  Bystander –  –  
  Paramedic/Rescue-Team 1.96 (1.49–2.58) <0.001 2.90 (2.13–3.94) <0.001
  Other 0.70 (0.60–0.82) <0.001 0.66 (0.55–0.80) <0.001
CPR Performance
  Bystander –  –  
  Not further identified 0.97 (0.83–1.12) 0.6 0.97 (0.82–1.15) 0.7
Only supraglottic airway
  No –  –  
  Yes 0.95 (0.78–1.16) 0.6 0.90 (0.71–1.14) 0.4
Intravenous access
  No –  –  
  Yes 1.38 (0.92–2.14) 0.14 1.52 (0.92–2.67) 0.12
Interval between emergency call and administration of epinephrine (min) 1.00 (0.99–1.01) 0.6 1.00 (0.99–1.01) 0.5

Coefficients are shown for the including both demographic and therapeutic predictors (Baseline plus treatment model, Table 1). Goodness-of-fit and discrimination ability 
of the models are assessed by the area under the receiver operating curve (AUROC) and Nagelkerke’s pseudo R-squared statistic. Full data set was available for 5270 
patients for the two outcomes. Numbers of patients for each logistic regression model are provided in the flowchart (Fig. 1).
CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio.
aAUROC: 0.75 (95% CI, 0.74–0.77), Nagelkerke’s Pseudo R-square: 0.21.
bAUROC: 0.77 (95% CI, 0.75–0.79), Nagelkerke’s Pseudo R-square: 0.21.
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considers the mRS as more reliable [21]. However, other 
studies have reported a good agreement between these 
two measures [22].

The predictive accuracy of our models is moderate, and 
they may have slightly overestimated the outcome proba-
bilities. Though, particularly calibration plots for survival 
to discharge and survival with favourable neurological 
outcome for baseline plus treatment variables show very 
good accuracy.

We had no access to individual data of the 
PARAMEDIC2 trial and were only able to use the sum-
mary measures as available in the publication [2]. This 
was one of the major challenges of our study and, at 
the same time, the greatest advantage of our modelling 
framework. As researchers typically do not have access 

to individual data from the trials of other research 
groups and countries, the opportunity to compare pub-
lished data from randomized controlled trials to data 
from one’s own registries is very desirable. In addition, 
we would like to suggest that, in the future, the raw 
data from randomised clinical trials be made available 
to interested scientists so that they can compare them 
with raw data from, for example, registries using simple 
statistical methods.

Conclusion

•	 We developed a framework for modelling outcomes 
after OHCA that enables us to achieve comparabil-
ity of study results between different EMS systems 
worldwide.

Fig. 2.

Predictions of success probability in the patients’ resuscitation pathway in a random sample of 1000 cohorts (each with n = 4015 patients). 
Predictions are derived using logistic regression models with only baseline variables (blue) and using baseline plus treatment-related variables 
(red) fitted to the German Resuscitation Registry. (a) Prediction of individual outcomes conditional on the previous outcomes. (b) Multiplicative 
success predictions where the mean predicted success probabilities for each outcome for each cohort are multiplied.
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•	 We demonstrate the multiplicative nature of the 
resuscitation pathway, which suggests that improve-
ments in any part of the pathway directly propagate 
to successive outcomes.

•	 Our models comparing the outcomes reported in the 
PARAMEDIC2 trial with those reported in the GRR 
demonstrate that the ineffectiveness of epinephrine 
regarding survival with favourable neurological out-
come after OHCA may not be easily transferred to 
EMS and health care systems organized differently 
from those in the trial.

•	 Our logistic regression models suggest that a higher 
rate of tracheal intubation, intravenous access, and a 
shorter time to administration of epinephrine might 
improve outcomes in this cohort.
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