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Global coronary heart disease mortality has markedly 
decreased for the last 4 decades thanks to primary 
prevention. More than half of the total reduction 
has been achieved by controlling cardiovascular risk  
factors (1). Concurrently, effective therapeutic modalities 
have contributed to reducing further in-hospital fatal 
events, obtaining a 6–8% reduction (1,2). Meanwhile, 
out-of-hospital sudden cardiac arrest (SCA) secondary to 
myocardial infarction remains high, and still represents 
the majority of all fatal cardiac events (3). Although there 
is a large amount of literature regarding this sudden and 
unexpected complication, there is still need for a better 
understanding of associated risk factors and to identify 
patients at highest risk for SCA at the pre-hospital phase. 
Early recognition of the risk of this grim complication could 
permit a better triage of high-risk patients and consequently 
improve their outcome.  

Concerned by the high pre-hospital mortality in ST-
segment-elevation myocardial infarction (STEMI), Karam 
et al. have recently performed a landmark study aimed at 
identifying characteristics of STEMI patients presenting 
with out-of-hospital SCA (4). Using a prospective 
population-based design, they included patients from the 
e-MUST (Evaluation en Médecine d’Urgence des Stratégies 
Thérapeutiques des infarctus du myocarde) registry between 
2006 and 2010, which includes all the out-of-hospital 

STEMI patients managed by the Emergency Medical 
Service (EMS) in Paris area. In short, it combines data 
collected by the EMS dispatch call center and the EMS 
physician in the field. They included patients that were 
primarily managed by the EMS, alive at EMS arrival, with 
typical angina and a STEMI-compatible electrocardiogram 
(ECG). Pre-hospital SCA was defined as a “sudden and 
unexpected pulseless event without obvious extracardiac 
cause occurring before hospital arrival and witnessed by 
the EMS”. Patients with SCA prior to EMS arrival were 
excluded because of ECG’s poor predictive value for 
STEMI diagnosis after resuscitation.

Eight thousand one hundred and twelve STEMI 
patients {median age [interquartile range]: 60 [51–73] 
years, 78% male} were managed by the EMS within 60 
[26–165] minutes after pain onset. Four hundred and fifty-
two patients (5.6%) presented EMS-witnessed out-of-
hospital SCA, with ventricular tachycardia or ventricular 
fibrillation as the most frequent initial rhythms (348 
patients, 76.9%). Survival in this population was 63.9%, 
which was significantly lower than reported in the non-
SCA population (95.9%). SCA patients with complete 
data were randomly split into two cohorts, namely a 
derivation cohort (two thirds of the population) and a 
validation cohort (one third of the population). From the 
derivation cohort, pre-hospital risk factors of SCA were 
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identified by multivariate analysis. The e-MUST score 
was then derived from estimation of the β parameters 
(regression coefficients) of categorical variables. Individual 
patient scores were generated. Score performance was 
then reassessed in the validation cohort to obtain internal 
validation. Lastly, an external validation was performed in 
a similar STEMI population from another French region  
(n=606 with 39 SCA during the study period). Model 
discrimination was assessed using the area under curve 
(AUC) the receiver operating characteristics (ROC) curve. 

By multivariate analysis, younger age, absence of 
obesity, absence of diabetes, shortness of breath, and a 
short delay between pain onset and call to EMS were the 
main predictors of SCA. A score built from these variables 

(Table 1) predicted SCA, with the risk increasing 2-fold in 
patients with a score between 10 and 19, 4-fold with a score 
between 20 and 29, and more than 18-fold with a score 
≥30, compared to those with scores <10. The SCA rate 
was 28.9% in patients with a score ≥30 compared to 1.6% 
in patients with a score ≤9. Four groups of score risk was 
created using 10 points of score {[0–9], [10–19], [20–29], 
[>30]}. In our opinion, these five simple clinical features, 
easily obtained by the EMS dispatcher, are of major 
importance to rapidly implement the means to prevent this 
fatal event. 

The main score obtained in the overall population 
was 18 [13–23], whereas it was only 5 points higher for 
those with SCA {23 [18–28]}. These slight differences 
between both groups could lead us to question the 
e-MUST score performance in intermediate r isk 
populations. Indeed, internal validation and external 
validation of the e-MUST score demonstrated reasonable 
but not outstanding discrimination and calibration  
(c =0.72 and 0.60, respectively). Consequently, selecting 
a relevant threshold to identify high-risk patients may be 
complex. When the e-MUST score was ≥30, the specificity 
was excellent (97%) with, however, low sensitivity (18%). 
In other words, one out of four patients with an e-MUST 
score ≥30 will suffer a SCA. With the aim to improve 
the sensitivity of the score, the authors recommended an 
e-MUST score of >20 to better identify high-risk patients 
with a sensitivity and specificity of 65 and 62%, respectively. 
It is likely that the addition of clinical data easily obtained 
in the field by the EMS, such as STEMI location on a 12-
lead ECG, family history of sudden death, atrial fibrillation, 
alcohol consumption and hemodynamic situation (5-7), 
could enhance the accuracy of the model. Because this 
information can only be obtained after EMS arrival on site, 
the initial purpose of this score (i.e., early identification of 
SCA-at-risk patients before EMS dispatching) would be 
slightly changed.

Based on multivariate analysis results, discrepancies of 
the weight of each score component appear important. 
For instance, “shortness of breath” accounts for 23 points, 
whereas “absence of obesity” or “absence of diabetes” were 
weighted 5 points each. In other words, feeling “shortness 
of breath” in the pre-hospital stage during a STEMI would 
automatically classify the patient as high risk for SCA. 
Indeed, “shortness of breath” can be considered a surrogate 
for heart failure and/or myocardial infarct size. In fact, it has 
been demonstrated that increased Killip class was associated 
with poorer outcome (8,9). Jabbari et al. identified Killip 

Table 1 e-MUST score to predict sudden cardiac arrest at the acute 
phase of ST-elevation myocardial infarction (4)

Variables Score

Age, years

>70 0

61−70 3

51−60 4

41−50 7

≤40 9

Diabetes mellitus

Yes 0

No 5

Obesity

Yes 0

No 5

Shortness of breath

Absent 0

Present 23

Time from the chest pain onset to EMS call, min

>120 0

61−120 5

31−60 8

≤30 10

Total 52

EMS, Emergency Medical Service.
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class > 1 at admission as a predictive factor of ventricular 
fibrillation (VF) before primary percutaneous coronary 
intervention in patients with STEMI (7). 

Paradoxically, young age, absence of obesity or diabetes, 
and a short delay between pain onset and call to EMS 
were the other major risk factors for SCA (Table 1). At first 
reading, these results might seem a bit surprising. However, 
previous coronary artery disease is often associated with 
well-developed collateral flow, which finally reduces 
myocardial infarct size and mitigates prognosis (10). In 
addition, better outcome in patients with pre-infarction 
angina has been reported, which acts as a protective factor 
against out-of-hospital VF (6,11). Consequently, we can 
hypothesize that a sudden and complete occlusion of a 
coronary artery without collateral flow supply may lead in 
healthy young patients to a proarrhythmic state, a bigger 
infarct size and a worse prognosis. The impact of “young 
age” on the risk of SCA in the context of STEMI is still 
a matter of debate however, with controversial results 
reported so far (5-7).  In the present study, median ages 
in the SCA and in the non-SCA groups were 57 [48–68] 
and 60 [51–73] years, respectively. When transformed into 
categorical variables, patients younger than 40 years of age 
had the highest risk for SCA {OR 2.5 [1.5–4.4], P<0.0001} 
whereas the risk progressively decreases with older ages. 

Timing is a well-known major determinant of outcome 
in STEMI patients. However, Karam et al. reported for the 
first-time short time delay between pain onset and EMS 
call to be independently associated with increased risk of 
SCA. This point reinforces the need to get early access 
to coronary revascularization. Alternative therapeutic 
implications could arise regarding this issue, such as 
hastening revascularization with thrombolysis in high-
risk patients, even when the recommended time frame 
can be achieved by percutaneous coronary intervention. 
Although attractive, randomized trials will be needed in the 
future to further study this strategy. The e-MUST score 
might be useful to identify high-risk patients who will need 
such urgent strategies. Lastly, it should not be considered 
as a substitute for clinical judgment. ECG features or 
hemodynamic parameters obtained at EMS arrival may 
help to better stratify the risk of SCA and set adequate 
management. In addition, the poor discrimination of this 
score reported in the external validation (c =0.60) demands 
the need for further validation.

In conclusion, the e-MUST score offers, through five 
simple pre-EMS items, a relevant and validated tool for 
early prediction of SCA in patients with STEMI. Further 

international prospective studies aiming to evaluate the 
performance and the benefit of this score are now warranted.
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