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Abstract

Objective

The implementation of cardiopulmonary resuscitation guidelines, updated every five years,
appears to improve patient survival rates after Out-Of-Hospital Cardiac Arrest (OHCA). The
aim of this study is: 1) to measure the level of improvement in the prognosis of OHCA patient
survival rates for the years 2009 and 2010 and the following two years 2011 and 2012; and
2) correlate the improvement in prognosis with the updated 2010 Advanced Cardiovascular
Life Support (ACLS) Guidelines.

Method

We performed a retrospective observational study based on Geneva’s OHCA register that
includes data from January 1, 2009 to December 31, 2012. We compared the evolution of
prognostic factors that influenced survival at hospital discharge between the periods before
and after the implementation of the 2010 guidelines. We then compared the survival rates
between each period. Finally, we adjusted the effects on survival in the second period to
prognostic factors not linked with the care provided by Emergency Medical Services (EMS)
teams, using a multivariable logistic regression model. Changes in advanced resuscitation
treatment provided by EMS personnel were also examined.

Results

795 OHCA were resuscitated between 1! January, 2009 and 31 December, 2012. The
prognosis of patient survival at the time of hospital discharge rose from 10.33% in 2009—
2010t0 17.01% in 2011-2012 (p = 0.007). After making adjustments for the effect of
improved survival rates on the second period with factors not related to care provided by
EMS teams, the odds ratio (OR) remains comparable (OR = 1.87, 95% CI [1.08-3.22]).
Measured changes in treatment provided by EMS personnel were minor.
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Conclusions

Survival rate for OHCA patients improved significantly in 2011-2012. This study suggests
that it was probably the improvement in the quality of care provided during CPR and post-
cardiac arrest care that have contributed to the increase in survival rates at the time of hospi-
tal discharge.

Background

The overall prognosis after Out-Of-Hospital Cardiac Arrest (OHCA) in an Advanced Life Sup-
port (ALS) system remains poor, with a survival rate of around 10% following hospital dis-
charge, no matter what the cause of OHCA [1, 2]. There is, however, a slow improvement in
both shockable (VF / VT) OHCA and non-shockable OHCA, which has resulted in a doubling
of survival rates over the last 30 years [3, 4].

How survival rates are affected by emergency care and treatment provided to OHCA
patients is poorly understood. Immediate chest compressions and early defibrillation are the
only emergency care procedures that have clearly demonstrated a positive effect on likely sur-
vival rates [5].

Globally, it was noted that the improved prognosis was linked to implementation of the
international recommendations for cardiopulmonary resuscitation [4-12]. Cardio-Pulmonary
Resuscitation (CPR) and emergency care have developed over many years and were revised
regularly [13]. In 2000, the first "universal" guidelines for CPR proposed evidence based treat-
ments ranked according to the level of scientific evidence. This rapidly modified the emer-
gency care provided by EMS personnel [8, 9]. In the 2005 guidelines, a new compression-
ventilation ratio of 30:2 was introduced for all victims [10]. In addition, the three-stacked
shocks sequence was abandoned for a one-shock protocol, followed by the immediate resump-
tion of effective chest compressions without immediate pulse check [14, 15].

At the end of 2010, new versions of Basic Life Support (BLS) and Advanced Cardiovascular
Life Support (ACLS) Guidelines (“2010 ACLS Guidelines”) for CPR were published [11, 12]. The
main changes between the 2005 and 2010 resuscitation guidelines are described in the Fig 1.

In 2010 Guidelines, chest compressions, which replace the pumping action of the heart,
must be started as soon as there is the slightest suspicion of cardiac arrest and should be con-
tinuous and uninterrupted in order to avoid cerebral low flow [16]. In 2010 ACLS Guidelines,
the introduction of a new additional phase of "immediate post-resuscitation care" to the "chain
of survival" was intended to emphasize that advanced care continues well beyond the time
when the patient’s heart returns to spontaneous circulation [17]. Furthermore, it is believed
that post-resuscitation care may also improve the patient’s neurological state [18].

Whilst the effects of implementing the 2005 Guidelines on OHCA patients have been rela-
tively well documented, no studies appear to have been specifically designed to measure the
impact of the revision of the 2010 ACLS Guidelines on the evolution of survival rates of
OHCA patients [3, 4, 19-21]. However, there is a recent Japanese study measuring the impact
of the 2010 Guidelines but which only examined the impact in an “Intermediate Life Support”
system in Japan. This study showed an improvement of survival rates at one-month after hos-
pital discharge, following the implementation of the 2010 Guidelines [22].

The main objective of this study was therefore to analyse the evolution of patient survival at
the time of hospital discharge between period 1 (2009-2010), and period 2 (2011-2012) and to
correlate this evolution with the changes incorporated in the 2010 ACLS Guidelines.
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2005

2010

Dispatch

Help identify agonal breathing

Tips for witnesses to perform chest compressions

Ask specific questions and sort convulsions

Systematic dispatcher-assisted resuscitation

Basic life support

Sequence A-B-C: Airways clearance and delivering
rescue breathing before chest compressions

Minimal interruption of chest compressions

Approximately 4-5 cm deep for chest compressions

Sequence C-A-B: Start CPR with chest
compressions rather than opening the airways
and delivering rescue breathing

Early, uninterrupted chest compressions

A least 5 cm deep for chest compressions

Advanced life support

No recommendations for use of an external
automated cardiac massage device

"Reasonable to continue" to use vasopressors on a
routine basis

Atropine is recommended for pulse-free electrical
activity or asystole

"Reasonable to use" an external automated
cardiac massage device when the provision of
manual CPR is difficult

The use of epinephrine or vasopressin "may be
considered" in OHCA (short-term benefit)

Atropine is not recommended on a routine basis

Post-Cardiac Arrest Care

Therapeutic hypothermia is recommended when the
initial rhythm was VF.

Optimize post resuscitation care

Decision > 72 h following ROSC: Somatosensory-
evoked potentials and select physical examination
findings can be used to predict a poor outcome in
patients with hypoxic-anoxic coma.

Should also use therapeutic hypothermia for
comatose survivors of OHCA initially associated
with non-shockable rhythms.

Implementation of a comprehensive, structured
treatment protocol for post resuscitation care

Decision > 24h following ROSC: Somatosensory-
evoked potentials and select physical
examination findings are the most reliable early
predictors of poor outcome in patients not
undergoing therapeutic hypothermia.

OHCA: Out-of-Hospital Cardiac Arrest; CPR: Cardio-Pulmonary Resuscitation; A-B-C : Airways-Breathing-
Circulation; VF: Ventricular Fibrillation; ROSC: Return Of Spontaneous Circulation;

Fig 1. Major changes between 2005 and 2010 resuscitation guidelines.

https://doi.org/10.1371/journal.pone.0204169.g001
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The secondary objectives were to measure the impact of the 2010 ACLS Guidelines on: 1)
the number of patients who recover a Return Of Spontaneous Circulation (ROSC); and 2) the
number of patients admitted to hospital whether they experienced ROSC or not.

Materials and methods
Design of the study

The first step of the study was to identify which prognostic factors influence OHCA patient
survival rates at the time of ROSC on hospital admission and discharge. Four groups of prog-
nostic factors were defined in accordance with the 2015 Utstein template [22], that is:

1. Prognostic factors associated with patients’ characteristics and the situation at the time the
OHCA occurs;

2. prognostic factors related to emergency medical dispatch;
3. prognostic factors related to action taken by bystanders; and
4. prognostic factors related to emergency treatment provided by EMS personnel.

Once the factors that had a significant impact on survival rates had been identified, the sec-
ond step was to measure any changes to those factors after implementation of the 2010 Guide-
lines [11].

For each of the periods studied, the third step was to measure the number of patients who
experienced ROSC, who were admitted to hospital and those who had survived at the time of
hospital discharge. In this way it was possible to compare survival rates for each period and
establish the differences between them.

Finally, prognostic factors that significantly impacted survival, and which were not immedi-
ately modified by the implementation of the 2010 Guidelines (patient characteristics, situation
at the time the OHCA occurs, emergency medical dispatch, response times), were included in
a logistic regression adjustment model in order to show the influence of the “before and after”
period on survival. The hypothesis being that, in the absence of any confounding effects related
to these variables, the change in prognosis was due to changes in emergency treatment pro-
vided by EMS personnel following the publication of the 2010 Guidelines [11].

Of note: The new ERC guidelines for cardiopulmonary resuscitation, published in mid-
October 2010, were implemented in our local emergency medical services, as early as January
2011 for the majority of cardiac arrest situations. Although most of the personnel from the
seven ambulance services were trained in November and December 2010, some paramedics,
who were not present during that period, were trained in January and February 2011; for this
reason we include the four-month transition period.

Geneva’s EMS

The Canton of Geneva, covering an area of 282.48 km2, is a predominantly urban Canton,
with a population of 470’510 in 2012. At that time, 21.12% of Geneva residents were under the
age of 20 years, and 16.24% over 64 years; 50.60% were women. In addition to the local popula-
tion, according to 2012 statistics [23], there were about 130,000 daily commuters coming in to
work in Geneva from both neighbouring cantons and France.

At the time of the study, a single emergency medical communication centre received all
emergency calls for OHCA directly. Paramedics or nurses from the call centre handled all
calls, assessed situations with a criteria-based dispatch system. Following assessment, they

PLOS ONE | https://doi.org/10.1371/journal.pone.0204169 September 24, 2018 4/17


https://doi.org/10.1371/journal.pone.0204169

@° PLOS | ONE

Out-of-hospital cardiac arrest survival rate after implementation of the 2010 resuscitation guidelines

contacted both available advanced life support (ALS) response levels describe below closest to
the location of the OHCA launched the emergency intervention.

The first ALS level consisted of a fully equipped ambulance with two paramedics who were
trained to carry out the ALS autonomously following strictly defined protocols, with the excep-
tion of orotracheal intubation. The ambulance services maintain a dozen vehicles, stationed at
ten different bases throughout the canton of Geneva.

The second ALS level, engaged simultaneously if an OHCA was identified during the call,
consisted of a light vehicle with a paramedic and a doctor on board. This second ALS level car-
ried an automated external cardiac massage device on board. There was one vehicle based in
the centre of Geneva and this second ALS level intervened in more than 90% of OHCA in the
canton. During the day, and if necessary, a medical helicopter could also be mobilised. Finally,
a supervising physician was available to intervene should reinforcements be required or to
replace of the second ALS level if it was already occupied.

To ensure that the guidelines are correctly implemented in our emergency medical system,
strict quality controls are imposed through the use of protocols. Once a day, a senior physician
reviews the resuscitation forms in the presence of the pre-hospital team having provided resus-
citation in order to ensure that the resuscitation Guidelines have been strictly applied. When
the patient was transported to hospital, he was always admitted to the emergency department
of Geneva University Hospitals, except in a situation where a pre-hospital alarm for suspected
heart infarct had been triggered. In this event, the patient was sent directly to the catheteriza-
tion laboratory in the same hospital.

After 48 to 72 hours in the hospital, and if the patient remained comatose, his neurological
status was evaluated according to a strict evaluation protocol. This protocol involved perform-
ing Magnetic Resonance Imaging of the brain, an electroencephalogram coupled with a
selected physical examination, and somatosensory evoked potentials. Depending on the results
of these examinations, a decision was taken (72 hours after admission) as to whether or not the
treatment should be stopped. Stopping the treatment was a common scenario in cases of vege-
tative coma. The international guidelines for post-resuscitation hospital care were applied,
with the exception of induced Therapeutic Hypothermia (TH between 32 and 34°C).
Throughout this four year study, the level of hypothermia was strictly controlled, with a target
temperature of 36°C, and active cooling was instituted if the temperature exceeded 37°C.

Statistical analysis

We performed a retrospective observational study that included all resuscitated OHCAs from
January 1, 2009 to December 31, 2012 in the Canton of Geneva, but excluded all resuscitated
OHCA treated and transported by the helicopter emergency service.

The CSV file of the cardiac arrest data from the Geneva OHCA register (documented in
accordance with the Utstein 2015 template [22]), was imported into the Stata 14.0 software
(StataCorp, College Station, TX USA). All data was analysed using the same software.

Only information related to patient survival and destination following hospital discharge
(domicile, nursing home etc.) was available, but not the patient’s precise neurological status.

Depending on the estimated theoretical sample sizes, Chi square or Fisher exact tests were
used to compare proportions of categorical variables. The Student t-test (Welch correction)
was used for continuous variables, where the distribution of the groups was normal; where the
distribution of the groups was not normal, the non-parametric Mann-Whitney-Wilcoxon test
was preferred. If a large inequality in the distribution of data was found between the groups, a
logarithmic transformation of the continuous variables was performed before testing. When
there were more than two groups compared in the tables, each group was always compared to
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the first group, which was considered as the reference group. A test was considered significant
when p <0.05.

When analysing the differences between periods 1 and 2, and notably following implemen-
tation of the 2010 ACLS Guidelines, univariate logistic regressions were made between the var-
iables that significantly influence survival rates after hospital discharge, but which were not
modified a priori by the implementation of the 2010 ACLS Guidelines (patient characteristics,
situation at the time the OHCA occurs, emergency medical dispatch, response times). During
this analysis we undertook research into the collinearity of the aforementioned variables,
based on current knowledge related to the different links between each of the variables. These
same variables, except collinear variables, were included in a multivariable logistic regression
model to adjust the effect of the differences between periods 1 and 2 on survival rates following
hospital discharge. When the log linearity hypothesis related to regression coefficients of the
continuous variables was not respected, these variables were categorized; then an overall p-
value for all categories was reported. Finally, the “goodness of fit” to the model was checked
globally using the Hosmer-Lemeshow test.

Ethics

The creation of the Geneva OHCA register and the studies based on it, were approved by the
Cantonal Commission for Research Ethics of Geneva. The Cantonal Commission for Research
Ethics of Geneva waived the requirement for informed consent. The data were also analysed
anonymously.

Results

The 1537 OHCAs which occurred in the Canton of Geneva between 2009 and 2012 were regis-
tered in the OHCA register of Geneva. During the study period, there were only 869 OHCA
for which resuscitation was attempted. The annual incidence of resuscitated OHCA was there-
fore measured at 46.7 / 100,000-inhabitants / year.

The very small number of patients transported by helicopter remained stable between the
two periods studied (Fig 2), but helicopter emergency service forms were incomplete and were
consequently excluded. Finally, 795 OHCAs were used in this study, i.e. 368 in period 1) and
427 in period 2) (Fig 2).

The detection of a cardiac arrest during the emergency phone call, the use of a laryngeal
mask (introduced in 2010) and the use of an external automated cardiac massage device (intro-
duced in 2011) did not appear to be associated with patient survival rates at the time of hospital
discharge, or with the ROSC or the patient admission rate to hospital. Effectiveness of CPR
provided by a non-professional observer and the time at which the first electric shock was
administered were imprecisely documented. Dispatcher-assisted telephone CPR was not rou-
tinely proposed and was not documented. Therefore, these prognostic factors were not
included in the analysis.

Table 1 lists the variables influencing survival rates at the time of hospital discharge and
measures their evolution between periods 1 and 2. We found no statistically significant change
between the two periods studied, either in the prognostic factors associated with patient typol-
ogies or in the situation at the time OHCA occurred. Only the use of CPR and automated
external defibrillators (AED) by bystander witnesses increased significantly.

Table 2 presents the univariate analysis of impact of the prognostic factors at the time of
hospital discharge for the both periods as a whole (univariate results for secondary outcomes
are reported in S1 Table).
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Genevas’s Period 1 Period 2
- . (2009-2010) | (2011-2012)
out-of-hospital cardiac arrest

register (2009-2012)

Period 1 Period 2

Included in the registry
N=1537 (100%)

748 789
«cluded Incomplete files
Included: All out-of-hospital cardiac exclude 6 (0.4%)
arrests in the canton of Geneva 0 ‘ 6
Excluded: In-hospital cardiac arrests Signs of life
and cardiac arrests occurring outside excluded > 119 (7.7%)
the canton of Geneva 65 ‘ 54
Helicopter intervention
excluded——» 74 (4.8%)
33 | 4
A\

Cardiac arrests attended
1338 (87.1%)

650 688
Resuscitation not
excluded———» attempted
543 (40.5%)
282 261
\4
Resuscitation attempted
(included for study)
795 (59.4%)
368 427
\4 \4
Period 1 (2009-2010) Period 2 (2011-2012)
368 (46.3%) 427 (53.7%)
L exclr Outcome unknown Lexcl> Outcome unknown
: 4 (1.1%) : 2 (0.5%)
\4 \ \4 \ 4
Deceased Survival at discharge Deceased Survival at discharge
326 (88.6%) 38 (10.3%) 352 (82.5%) 73 (17.0%)
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Fig 2. Registration flow chart and survival up to hospital discharge (2009-2012).
https://doi.org/10.1371/journal.pone.0204169.9002

On the univariate analysis, the study showed that bystander witnesses only performed CPR
on one third of the resuscitated OHCAs, but that their intervention doubled survival rates.

Vascular access, performed in more than 85% of resuscitated OHCAs, correlated favourably
with the three outcomes measured. Adrenaline, was given to more than 80% of resuscitated
OHCAs and Atropine was given to more than 40%. Amiodarone was administered to more
than one quarter of the resuscitated OHCAs. It was noted that these drugs were administered
less frequently and at lower doses for the group of survivors at the time of hospital discharge.

Orotracheal intubation was performed on more than 80% of the resuscitated OHCA
patients which appeared to provide some initial benefit to ROSC and patients admitted to hos-
pital, although ultimately it was not apparent that this influenced on patient survival rates at
the time of hospital discharge.

Table 3 presents the univariate analysis, and show that the prognosis for OHCA patients at
the time of hospital discharge clearly improved, with a survival rate in period 2 of 17.01% ([CI
95%: 13.8-21.07], n = 73) compared to the survival rate in period 1 which was 10.33% ([CI
95%: 7.68-14.03], n = 38). The number of OHCA patients admitted to hospital, compared to
the number admitted in the previous period, also improved in 2011-2012 (p = 0.002). More-
over, there was no significant increase in ROSC. The number of patients transported to hospi-
tal with on-going cardiac massage increased by 7.5% ([95% CI: 3.25-11.80], n = 11) for period
1to0 12.0% ([95% CI: 7.66-16.30], n = 26) for period 2. This increase was not statistically signif-
icant (Table 1).

Table 4 presents the results of the multivariable adjustment logistic regression model (the
results of the univariate logistic regressions are shown in S2 Table). We excluded the variable
"Arrest location" because of collinearity with the variables "Witnessed arrest" and "Response
times".

The univariate logistic regression odds ratio was measured at 1.78 [95% CI: 1.17-2.71] for
survival at the time of hospital discharge for period 2) compared to period 1). The multivari-
able adjustment logistic regression model odds ratio was measured at 1.87 [CI95%: 1.08-3.22]
for survival at the time of hospital discharge for period 2) compared to period 1). The differ-
ence between the coefficients was less than 15% and the model enhanced the effect of period 2)
on survival. The logistic regression adjustment model covering the influence of the “before
and after” period therefore confirmed that the difference in survival rates found in the univari-
ate analysis between the periods studied persisted following adjustment for all the confounding
factors identified. The Hossmer-Lemeshow test (p = 0.381) validates the model, which match
the expected events and the events observed in the data analysed.

Discussion

The prognosis for survival of OHCA patients at the time of hospital discharge between 2009
and 2012 improved considerably in the two years following the implementation of the 2010
ACLS Guidelines, thus achieving one of the best survival rates (17.01%) published for this
period. We were able to show that this improvement in survival rate was not affected by the
variables included in the adjustment model (patient characteristics, situation at the time the
OHCA occurs, emergency medical dispatch, and response times).

We also examined any changes in treatment provided and special care administered by
EMS personnel (these were not included in the adjustment model) in order to assess what the
impact these changes might have on survival rates. Following the implementation of the 2010
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Table 1. Baseline characteristics of patients studied, features and interventions during cardiac arrest events.

Prognostic factors Total
Period 1 Period 2

2009-2010 2011-2012
Resuscitation attempted 795 368 427
Age, years (+SD) 64.5+19.3 63.7 £19.0 65.2£19.5 0.296
Male sex, n (%) 535 (67.3) 251 (68.2) 284 (66.5) 0.611
On-going CPR at hospital admission 37(10.2) 11 (7.5) 26 (12.0) 0.170
Detection of cardiac arrest by dispatchers 731 (91.9) 223 (66.6) 274 (69.2) 0.448
Pathogenesis (presumed aetiology), n (%)
Presumed traumatic aetiology, drowning and asphyxia 70 (8.8) 32(8.7) 38 (8.9)
Medical (not cardiac), drug overdose 95 (12.0) 47 (12.8) 48 (11.2) 0.633
Presumed cardiac aetiology 131 (16.5) 53 (14.4) 78 (18.3) 0.472
Not documented aetiology 499 (62.8) 236 (64.1) 263 (61.6) 0.804
First monitored rhythm, n (%)
Asystole 410 (51.6) 195 (53.1) 215 (51.6)
PEA 219 (27.6) 105 (28.6) 114 (26.7) 0.927
VE/VT 165 (20.8) 67 (18.3) 98 (23.0) 0.130
Arrest location, n (%)
Home 468 (58.9) 218 (59.2) 250 (58.6)
Public location 239 (30.1) 111 (30.2) 128 (30.0) 0.972
Ambulance 88 (11.1) 39 (10.6) 49 (11.5) 0.696
Witnessed arrest, n (%)
Un-witnessed arrest, 209 (26.3) 99 (27.0) 110 (26.3)
Bystander witnessed 497 (62.5) 229 (62.4) 268 (62.6) 0.753
EMS witnessed 88 (11.1) 39 (10.6) 49 (11.1) 0.630
Bystander response (without EMS witnessed), n (%) 707 329 378
Bystander CPR performed 223 (31.5) 90 (27.4) 133 (35.2) 0.025
Bystander AED used 25(3.5) 6 (1.8) 19 (5.0) 0.021
EMS response 795 368 427
Response times, minutes / second (+ SD) 914” + 408” 9127 + 4137 9’15” + 403” 0.548
Shock delivered, n (%) 235 (29.6) 103 (28.0) 132 (30.9) 0.368
Prehospital alarm system for suspected heart infarct performed, n (%) 77 (9.7) 31(8.4) 46 (10.8) 0.264
Vascular access (intravenous or intraosseous) performed, n (%) 728 (91.6) 336 (91.3) 392 (91.8) 0.801
Endotracheal tube performed, n (%) 645 (81.1) 304 (82.6) 341 (79.9) 0.323
Adrenaline, number of times, n (%) 658 (82.8) 313 (85.05) 345 (80.8) 0.113
Adrenaline dosage, mg 6.4+4.5 7.1+49 58+4 0.003
Atropine, number of times, n (%) 136 (43.5) 251 (68.2) 95 (22.3) <0.001
Atropine dosage, mg 23+1.0 2.6+ 0.9 1.6+1 <0.001
Amiodarone, number of times, n (%) 219 (27.6) 99 (26.9) 120 (28.1) 0.706
Amiodarone dosage, mg 339+ 121 366 + 126 318 +113 0.007
Aspirin, number of times, n (%) 287 (36.1) 124 (33.7) 163 (38.2) 0.190
Heparin, number of times, n (%) 261 (32.8) 121 (32.9) 140 (32.8) 0.978
Sodium Bicarbonate, number of times, n (%) 112 (14.1) 96 (26.1) 16 (3.8) <0.001
Calcium Chloride, number of times, n (%) 22(2.8) 14 (3.8) 8(1.9) 0.098
Magnesium Sulphate, number of times, n (%) 56 (7.0) 21(5.7) 35(8.2) 0.098
Glucose, number of times, n (%) 41(5.2) 25 (6.8) 16 (3.8) 0.053

EMS: Emergency Medical System. PEA: Pulseless Electrical Activity. VF/ VT: Ventricular Fibrillation/ Ventricular Tachycardia. CPR: Cardiopulmonary Resuscitation.

AED: Automated External Defibrillator. All variables given as numbers (group percentages in parenthesis) except age, response times, adrenaline dosage, atropine

dosage and amiodarone. Figures are shown in column percentages.

https://doi.org/10.1371/journal.pone.0204169.t001
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Table 2. Influence of the prognostic factors at the time of hospital discharge (univariate analysis for both periods as a whole).

Prognostic Factors Dead Discharge alive
Total, for resuscitations attempted (n = 795) 678 (85.9) 111 (14.1)
Age, years (+SD) 65.7 £ 19.6 56.4+19.3 <0.001
Male sex, n (%) 442 (83.6) 87 (16.4) 0.006
Pathogenesis (presumed aetiology), n (%)
Presumed traumatic aetiology, drowning and asphyxia 64 (91.4) 6(8.6)
Medical (not cardiac), drug overdose 79 (84.0) 15 (16.0) 0.161
Presumed cardiac aetiology 71 (54.2) 60 (45.8) <0.001
Not documented aetiology 469 (94.0) 30 (6.0) 0.403
First monitored rhythm, n (%)
Asystole 398 (97.3) 11 (2.7)
PEA 188 (86.6) 29 (13.4) <0.001
VF/VT 91 (56.2) 71 (43.8) <0.001
Arrest location, n (%)
Home 435 (93.0) 33(7.1)
Public location 181 (77.0) 54 (23.0) <0.001
Ambulance 62 (72.1) 24 (27.9) <0.001
Witnessed arrest, n (%)
Unwitnessed arrest, 199 (95.7) 9 (4.3)
Bystander witnessed 416 (84.2) 78 (15.8) <0.001
EMS witnessed 62 (72.1) 24 (27.9) <0.001
Bystander response (without EMS witnessed), n (%) 616 (87.6) 87 (12.4)
Bystander CPR performed 172 (77.8) 49 (22.2) <0.001
Bystander AED used 14 (56.0) 11 (44.0) <0.001
EMS response
Response times, minutes / seconds (+SD) 927" + 415” 7°45” + 2’367 <0.001
Shock delivered, n (%) 170 (73.6) 61 (26.4) <0.001
Pre-hospital alarm system for suspected heart infarct performed, n (%) 33 (42.9) 44 (57.1) <0.001
Vascular access (intravenous or intraosseous) performed, n (%) 613 (84.9) 109 (15.1) 0.002
Endotracheal tube performed, n (%) 556 (87.0) 83 (13.0) 0.072
Adrenaline, number of times, n (%) 586 (89.9) 66 (10.1) <0.001
Adrenaline dosage, mg 6.7+4.5 3.7+38 <0.001
Atropine, number of times, n (%) 320 (93.6) 22 (6.4) <0.001
Atropine dosage, mg 24+1 1.8+ 1.3 0.011
Amiodarone, number of times, n (%) 159 (74.0) 56 (26.0) <0.001
Amiodarone dosage, mg 342 + 118 328 + 124 0.389
Aspirin, number of times, n (%) 213 (75.0) 71 (25.0) <0.001
Heparin, number of times, n (%) 199 (76.8) 60 (23.2) <0.001
Sodium Bicarbonate, number of times, n (%) 105 (94.6) 6 (5.4) 0.005
Calcium Chloride, number of times, n (%) 22 (100.0) 0(0.0) 0.034
Magnesium Sulphate, number of times 41 (73.2) 15 (26.8) 0.005
Glucose, number of times, n (%) 40 (100.0) 0 (0.0) 0.002

EMS: Emergency Medical System. ROSC: Return Of Spontaneous Circulation. PEA: Pulseless Electrical Activity. VF/ VT: Ventricular Fibrillation/ Ventricular

Tachycardia. CPR: Cardiopulmonary Resuscitation. AED: Automated External Defibrillator. For more than two groups, each group was always compared to the first

group, which was considered as the reference group. Figures are shown in row percentages.

https://doi.org/10.1371/journal.pone.0204169.t002

ACLS Guidelines, it Geneva EMS personnel administered less Adrenaline and Amiodarone
than previously, it being noted that their effect on survival is highly debated. Furthermore,
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Table 3. Comparative outcomes for periods 1 and 2 (univariate analysis).

Prognostic factor groups

Resuscitation attempted, n (%)

Pathogenesis (presumed aetiology), n (%)

Presumed traumatic aetiology, drowning and asphyxia

Medical (not cardiac), drug overdose
Presumed cardiac aetiology

Not documented aetiology

First monitored rhythm, n (%)
Asystole

PEA

VF/VT

Arrest location, n (%)

Ambulance

Any ROSC Admitted Discharge alive
Period 1 Period 2 p Period 1 Period 2 p| Period1| Period2 p
154 (41.9) 199 (46.7) 0.178| 146 (39.7) | 217 (50.8) 0.002| 38(10.3)  73(17.0) | 0.007

18 (11.7) 21(10.6) | 0.934 18 (12.3) 23 (10.6) 0.717 3(7.9) 3(41)| 0577
24 (15.6) 32(16.1) | 0.122 21 (14.4) 39 (18.0) | <0.001 5(13.2) 10 (13.7) | 0.159
45(29.2) 68(34.2) | 0.711 44 (30.1) 69 (31.8) 0.374| 18(45.4) | 42(57.5)| 0.025
67 (43.5) 78(39.2) | 0.755 63 (43.2) 86 (39.6) 0.143| 12 (31.6) 18 (24.7) 0.43

60 (39.0) 58 (29.1) | 0.397 52 (35.6) 64 (29.5) 0.486 4 (10.5) 7(9.6) | 0.327
46 (29.9) 67 (33.7) | 0.027 47 (32.2) 72 (33.2) 0.006 9(23.7)| 20(27.4)| 0.057

48 (31.2) | 74(372)| 0578 47 (32.2) 81 (37.3) 0.059| 25(65.8)| 46(63.0)| 0.26

26(169) | 36(18.1)| 0487 25(17.1) 37 (17.1) 0244 6(16.2)| 18(24.7)| 0.036

EMS: Emergency Medical System. PEA: Pulseless Electrical Activity. VF/ VT: Ventricular Fibrillation/ Ventricular Tachycardia. CPR: Cardiopulmonary Resuscitation.

AED: Automated External Defibrillator. Figures are shown in column percentages.

https://doi.org/10.1371/journal.pone.0204169.t003

Geneva EMS personnel no longer administer sodium bicarbonate or atropine, which it is now
agreed have no impact on survival rates. As has been found by other authors [24, 25] we found
no specific association with survival rates at hospital discharge following the introduction in
2011 of the external automated cardiac massage device. The measures provided by Geneva
EMS personnel that do appear to have any real correlation with the outcome of an OHCA
(triggering a pre-hospital alarm, establishing vascular access, and delivering an electric shock)
did not change between the two periods examined. In conclusion, the aforementioned changes
do not appear to play a significant role on survival rates.

There is no immediately apparent reason that explains the recorded level of improvement
in survival rates following implementation of the 2010 ACLS Guidelines. What did appear to
be relevant however was the increased number of patients transported to hospital and who
were still alive at hospital discharge and not the rate of ROSC before transportation. We sug-
gest therefore, that it is the care provided during the CPR phase or after returning to spontane-
ous circulation which is responsible for the improvement in survival rates.

We were unfortunately not in a position to measure the quality of chest compressions pro-
vided by EMS staff or bystanders, nor the interruptions of chest compressions during CPR.
Only a monitoring of the quality of chest compressions provided by EMS staff could have
shown us that it was this care that had an impact on the survival rate at hospital discharge.
Indeed, "the importance of early and uninterrupted chest compressions" was one of the high-
lights of the 2010 guideline revisions [12]. Although we understand that they were not able to
measure the quality of CPR, the Japanese study also found improved survival rates following
implementation of the 2010 Guidelines for witnessed OHCA, and the authors suggest that the
emphasis on "high-quality CPR" may have improved survival rates [26]. Despite the fact that
we were unable to measure the quality of CPR, we would be tempted to suggest the same. In
addition, Geneva Emergency Medical Services personnel have likely applied the additional
phase of "immediate post-resuscitation care" to the "survival chain" with the development of
"high-quality resuscitation” [17, 27]. Refresher training in CPR and resuscitation introduced
following implementation of the 2010 Guidelines, for all EMS personnel, may well have had an
effect on EMS personnel’s attention to care. The improvement observed is perhaps a "surfing
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Table 4. Multivariable logistic regression analysis of prognostic factors on survival rates at hospital discharge.

Prognostic factors Adjusted OR
OR IC 95% P

Period
Period 1 (2009-2010) (1) Ref.
Period 2 (2011-2012) 1.87 [1.08-3.22] 0.025
Age group
0-40 years (1) Ref.
40-55 years 0.98 [0.39-2.46]
55-70 years 0.64 [0.26-1.53]
70-85 years 0.24 [0.09-0.60]
> 85 years 0.06 [0.01-0.32] <0.001
Gender
Female (1) Ref.
Male 0.97 [0.53-1.77] 0.911
Pathogenesis (presumed aetiology)
Not documented aetiology (1) Ref.
Presumed traumatic aetiology, drowning and asphyxia 0.57 [0.18-1.80] 0.335
Presumed medical (not cardiac) aetiology and drug overdose 2.50 [1.11-5.63] 0.027
Presumed cardiac aetiology 5.00 [2.57-9.74] <0.001
First monitored rhythm
Asystole (1) Ref.
PEA 4.19 [1.55-7.70] 0.001
VE/VT 14.28 [5.18-24.64] <0.001
Witnessed arrest
Unwitnessed arrest (1) Ref.
Bystander or EMS witnessed 1.62 [0.69-3.82] 0.268
Bystander response
Bystander CPR not performed (1) Ref.
Bystander CPR performed 1.39 [0.78-2.45] 0.260
Bystander AED use
Automated external defibrillator (AED) not used (1) Ref.
Automated external defibrillator (AED) used 2.11 [0.77-5.73] 0.144
Response times
0-2 min (EMS witnessed) (1) Ref.
2-6 min 1.38 [0.56-3.40]
6-9 min 1.01 [0.47-2.18]
9-12 min 0.53 [0.21-1.34]
> 12 min 0.32 [0.11-0.94] 0.047

EMS: Emergency Medical System. PEA: Pulseless Electrical Activity. VF/ VT: Ventricular Fibrillation/ Ventricular
Tachycardia. CPR: Cardiopulmonary Resuscitation. AED: Automated External Defibrillator.

https://doi.org/10.1371/journal.pone.0204169.1004

on the guidelines’ wave" [28]. These two elements may well explain the improved survival rates

observed in our ALS system.

Several studies have examined the impact of implementing the 2005 Guidelines [6, 19, 20]
and found that the overall prognosis for survival was slightly improved [29], reaching 9% [16,
30] to 13% [19] in 2009-2010. A survival rate of 10.33% measured in Geneva during period 1,
is similar to that published in other studies related to EMS worldwide where ALS systems are
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implemented [5, 31-33]. From 2009 to 2012, the survival rate improved for all OHCA patients
[33, 34], with survival rates of presumed cardiac aetiology oscillating between 12% and 14%
throughout 2012 [32]. Two studies reported similar survival rates which correspond to those
found in period 2 of this study: an American report, covering the period 2012-2013, but which
had a very different proportion of shockable rhythms (> 30%) which may explain the relatively
high survival rates [35]. The other was a German report, which covered the period between
2011 and 2014, but which only describes non-traumatic OHCAs [36].

The authors believe that this is the first study that correlates the evolution of survival at the
time of hospital discharge with the implementation of the 2010 ACLS Guidelines in a Euro-
pean EMS system, which only provides an ALS response. In particular, the number of ROSC
and patients admitted to hospital increased during period 2, and were proportionately also sig-
nificantly higher than in the other studies [32, 36], whereas the essential baseline of patients
characteristics and the context at the time OHCA occurred had not changed. In a similar, but
considerably larger population-based study from Japan, the impact of the implementation of
the 2010 Guidelines was examined [26]. However, the aforementioned study was based on an
“intermediate life support” system, not an ALS system. In this study, the Japanese researchers
found that survival rates at one-month following hospital discharge improved after implemen-
tation of these guidelines. It would appear that, in the same population, the improvement is
also greater when OHCA is observed by EMS personnel [37]. In the Japanese EMS system,
where only life-saving technicians are present, treatment provided is limited. This is a some-
what different system to Geneva, where both paramedics and physicians provide ACLS
immediately.

Limitations

There are several limitations to our study, due to the fact that it was a short-term, observa-
tional, retrospective, mono-centric study with a limited number of cases. No documentation
related to Dispatcher assisted telephone CPR was available. No monitoring equipment was
available to directly measure the quality of chest compressions. There was little change in
intra-hospital care between 2009 and 2012 and this was confirmed by Intensive Care Unit staff
(including treatment cessation decision criteria) although we do no hold more precise infor-
mation. There was however an increase in the number of patients admitted to hospital, but
recognise that the lack of precise information concerning post-resuscitation intra hospital
management remains a limiting factor.

Of note: Table 4 shows that, patient prognosis is improved when the response time is 2-6
min rather than 0-2 min. In all cases where the response time was 0-2 min, the OHCAs had
taken place in the presence of EMS personnel. Whilst we are not able to explain this difference
in outcome, we suggest that the aetiologies of these OHCA occurring in front of "EMS wit-
nesses" were different from those aetiologies of other OHCAs, and that the survival associated
with these different aetiologies depended less on the response time.

An unmeasured confounding factor that might modify the results remains possible. Finally,
the lack of available data on the neurological status of patients at the time of hospital discharge
limits the scope of our results.

Conclusions

This study demonstrated that survival rate after out-of-hospital cardiac arrest improved signif-
icantly in the period following the implementation of the 2010 Guidelines. The adjustment
model suggests that this may be associated with the improvement in the quality of care. The
actual quality of care provided by EMS personal, through the use of tools for quality
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measurement of chest compressions and other quality measurement tools, should be evaluated
in subsequent studies.
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