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Abstract
Introduction: In cardiac arrest, ventricular fibrillation (VF) waveform characteristics such as amplitude spectrum area (AMSA) are studied to identify

an underlying myocardial infarction (MI). Observational studies report lower AMSA-values in patients with than without underlying MI. Moreover,

experimental studies with 12-lead ECG-recordings show lowest VF-characteristics when the MI-localisation matches the ECG-recording direction.

However, out-of-hospital cardiac arrest (OHCA)-studies with defibrillator-derived VF-recordings are lacking.

Methods: Multi-centre (Amsterdam/Nijmegen, the Netherlands) cohort-study on the association between AMSA, ST-elevation MI (STEMI) and its

localisation. AMSA was calculated from defibrillator pad-ECG recordings (proxy for lead II, inferior vantage point); STEMI-localisation was deter-

mined using ECG/angiography/autopsy findings.

Results: We studied AMSA-values in 754 OHCA-patients. There were statistically significant differences between no STEMI, anterior STEMI and

inferior STEMI (Nijmegen: no STEMI 13.0mVHz [7.9–18.6], anterior STEMI 7.5mVHz [5.6–13.8], inferior STEMI 7.5mVHz [5.4–11.8], p = 0.006.

Amsterdam: 11.7mVHz [5.0–21.9], 9.6mVHz [4.6–17.2], and 6.9mVHz [3.2–16.0], respectively, p = 0.001). Univariate analyses showed significantly

lower AMSA-values in inferior STEMI vs. no STEMI; there was no significant difference between anterior and no STEMI. After correction for con-

founders, adjusted absolute AMSA-values were numerically lowest for inferior STEMI in both cohorts, and the relative differences in AMSA between

inferior and no STEMI was 1.4–1.7 times larger than between anterior and no STEMI.

Conclusion: This multi-centre VF-waveform OHCA-study showed significantly lower AMSA in case of underlying STEMI, with a more pronounced

difference for inferior than for anterior STEMI. Confirmative studies on the impact of STEMI-localisation on the VF-waveform are warranted, and

might contribute to earlier diagnosis of STEMI during VF.
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Introduction

Ventricular fibrillation (VF) is the presenting cardiac rhythm in

approximately 30–50% of out-of-hospital cardiac arrests (OHCA).

Despite advances over the years, chances of survival are still only

20–50%.1–3 To try and improve care, new strategies have been sug-

gested, involving computerised VF-waveform analysis of the defibril-

lator pad electrocardiogram (ECG). VF-morphology can be
quantified by continuous VF-waveform measures, based on the

amplitude and frequency of the VF-signal. Several VF-waveform

studies demonstrated that the amplitude spectrum area (AMSA) pre-

dicts chances of defibrillation success and favourable (neurologically

intact) survival.4–8

Another potential application of VF-analysis might be early iden-

tification of the underlying arrest cause, while the patient is in VF.

With advanced resuscitative therapies such as mechanical resusci-
es/
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tation devices and specialised OHCA-centres, early transportation

and intervention has become possible.9–13 Such “early invasive”

strategies may particularly benefit patients with an underlying ST-

elevation myocardial infarction (STEMI).14 In order to optimise the

use of such strategies, early STEMI-identification is of paramount

importance, but in-field diagnosis has proven to be difficult, particu-

larly in patients not regaining organised rhythm. Potentially, VF-

waveform analysis may facilitate detection of STEMI in all VF-

patients, in an early stage of the arrest, rather than in a subgroup

regaining organised rhythm, in a later phase of the arrest.

Several studies showed lower AMSA-values in case of underlying

myocardial infarction (MI), with more pronounced differences in

acute than in prior MI.15–17 In terms of prediction, the first experimen-

tal, in-human evidence supports the concept that prior MI-detection

is feasible using AMSA from a single ECG-lead.18 Moreover, another

experimental study showed the lowest AMSA-values in the ECG-

leads overlying the area of prior MI.19 This led to an hypothesis on

a potential interplay between MI-localisation and AMSA. For acute

MI, only a small, single-centre pilot study is available,20 reporting

the lowest AMSA-values in case of inferior MI, which supports this

hypothesis.

To gain additional insight, we now conduct a multi-centre VF-

waveform study in a larger series of patients to investigate the asso-

ciation between AMSA, STEMI and its localisation in two indepen-

dent, established Dutch OHCA-cohorts.
Methods

Study design, setting and patient selection

Design: Observational cohort study comparing AMSA between

patients with no STEMI, anterior STEMI and inferior STEMI. VF-

signals were quantified using AMSA, as AMSA is considered the

key VF-waveform characteristic in most studies on this topic.4,5,16

VF-signals were recorded using defibrillator pads, which have previ-

ously been used as a proxy for lead II of the surface ECG.18,21–23

Setting and population: We studied patients � 18 years with a

presumed cardiac cause of OHCA and VF as first observed

rhythm, transported to the hospital. Only transported patients are

included, to establish a reliable diagnosis of STEMI and its local-

isation using hospital diagnostics such as cardiac biomarkers or

coronary angiography (CAG) findings.15,16,24 Exclusion criteria

were: no (analysable) VF-tracing or insufficient clinical information

to determine STEMI-status and its localisation, or a STEMI not

involving the anterior or inferior myocardial wall (e.g. isolated pos-

terior or isolated lateral STEMI), in accordance with a previous

study.19

We used data from two previously described OHCA-cohorts: the

Nijmegen OHCA-registry and ARREST (AmsteRdam REsuscitation

STudies), from 2005-2011.25,26 The study areas comprised both

urban and rural communities, including the cities of Nijmegen and

Amsterdam.

Emergency medical services: The emergency medical service

(EMS)-system is activated by calling 112. EMS-dispatchers give

instructions to the caller to initiate basic life support, and two ambu-

lances are dispatched to the scene, as well as first-responders. Car-

diopulmonary resuscitation (CPR) delivery was performed according

to the prevailing European guidelines at the time of arrest.
Data collection

Arrest location, witnessed status, bystander CPR and the number of

shocks were collected from ambulance records using Utstein defini-

tions.27 Hospital records were used to collect procedural information

from the CAG, the percutaneous coronary intervention (PCI) and to

assess survival to discharge. In addition, age, sex and previous MI-

status were scored. In Nijmegen, call-to-ECG delay was defined as

the time from call to ambulance arrival on-scene, while in ARREST,

call to connection of the used defibrillator was used. For ARREST,

The Medical Ethics Review Board (Academic Medical Center, Ams-

terdam), approved the study, including the use of data from patients

who did not survive the OHCA, and all surviving patients provided

written informed consent.26 For Nijmegen, according to local ethical

legislation, written informed consent was not necessary to obtain for

this non-interventional observational study (Dutch Act on Medical

Research involving Human Subjects).25

Exposure

First, we assessed whether or not a STEMI was present, as

described and reported previously.16 Secondly, STEMI patients were

divided into two groups: anterior STEMI or inferior STEMI, for com-

parability with experimental data.19 Categorisation was done using

the combination of CAG, autopsy and ECG-findings (area of ST-

elevation).28,29 On CAG, acute occlusions of the left anterior

descending artery were categorised as anterior STEMI, whereas

right coronary artery occlusions, or ramus circumflex occlusions with

a left dominant coronary circulation were categorised as inferior

STEMI.

VF-waveform analysis

In both cohorts, VF-signals were recorded using LIFEPAK (Physio-

Control, USA) manual monitor defibrillators or AEDs, with a sampling

frequency of 125 Hz. Pre-processing and filtering was performed

as described previously for the Nijmegen-cohort30 and ARREST16,

using MATLAB (2014b, Mathworks, USA). In the Nijmegen-cohort,

VF-segments of 3 s were used with a filter interval of 2–48 Hz,

whereas in ARREST 2–5 s VF-segments were used with a filter inter-

val of 4–48 Hz, as these were the available VF-segments in the

respective cohorts.16,30 AMSA-values were obtained from the first

available, chest-compression and artefact-free VF-segment. VF-

segments were transformed to the frequency domain using a fast

Fourier transform. Following previous studies, AMSA was calculated

from the frequency spectrum, as the summed product of individual

frequencies and their corresponding amplitudes, over an interval

of 4–48 Hz.4,16,30

Statistical analysis

Categorical data were expressed as frequencies (percentages), and

compared using Chi-squared tests. Continuous data were reported

as means (standard deviation) or medians (interquartile ranges)

and compared using ANOVA or Kruskal Wallis tests, whichever

appropriate. Comparisons were made between three groups: no

STEMI, anterior STEMI, inferior STEMI. Correction for confounding

(i.e. variables that were associated with STEMI-localisation and with

AMSA with p � 0.10) was done using ANCOVA. In case of non-

normality, AMSA was log-transformed to approximate normal distri-

bution for the ANCOVA-analyses. Due non-uniformity in the proto-

cols of both centres to assess AMSA (i.e. differences in segment

length and filter settings) cohorts have to be studied separately for
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possible differences in absolute AMSA-values in relation to STEMI-

localisation. Results are reported for each cohort, and observed

patterns in the smaller cohort will be compared to the findings in the

larger cohort in terms of corroboration. SPSS (Version 25, IBM,

USA) was used for all statistical analyses and p < 0.05 was considered

statistically significant. In case of pairwise comparisons between

three groups, Bonferroni correction was applied. In such cases, a

p < 0.017 (=0.05/3) was considered statistically significant.31

Results

Study population

Fig. 1 displays a flowchart of the study populations.
a – Nijmeg

b – Amster

Inclusion

n = 105

Adult OHCA of presumed cardiac origin 

with VF as first observed rhythm transported 

to the Radboudumc n = 253 

No STEMI

n = 44

Anterior STEMI

n = 35

Inclusion

n = 649 

Adult OHCA of presumed cardiac origin 

with VF as first observed rhythm, available 

ECG and admitted to a hospital within the 

study region  

n = 716 

No STEMI

n = 388 

Anterior STEMI

n = 146 

Fig. 1 – Flowchart of the study cohorts. OHCA = Out-of

ECG = Electrocardiogram, STEMI = ST-elevation myocardia
Nijmegen-cohort: Of the 105 studied patients, mean age was 59.

9 ± 13.6 years and 72% was male. In total, 85% of the arrests were

witnessed, either by bystanders (83%) or the EMS (2%). Bystander

CPR was delivered in 67%. Median call-to-ECG delay was 8 (6–10)

minutes. In total, 47% survived to hospital discharge (Table 1).

Amsterdam-cohort: Of the 649 studied patients, mean age was

64 ± 14 years and 76% was male. In total, 91% of the arrests was

witnessed, either by bystanders (77%) or the EMS (14%). Bystander

CPR was delivered in 80%. Median call-to-ECG delay was 8 (4–10)

minutes. In total, 69% survived to hospital discharge (Table 1).

STEMI localisation – Nijmegen-cohort

Of the 105 patients, 42% had no underlying STEMI, 33% anterior

STEMI and 25% inferior STEMI. There were no statistically signifi-
en cohort  

dam cohort 

Inferior STEMI

n = 26

No (analysable) ECG tracings n = 102

Insufficient information regarding STEMI 

status or localisation   n = 40 

No anterior or inferior STEMI n=6 

Insufficient information regarding STEMI 

status or localisation   n = 58 

No anterior or inferior AMI n = 9

Inferior STEMI

n = 115 

-hospital cardiac arrest. VF = Ventricular fibrillation.

l infarction.



Table 1 – Baseline characteristics of the Nijmegen cohort.

All patients (n = 105) No STEMI (n = 44) Anterior STEMI (n = 35) Inferior STEMI (n = 26) p-value

Age (years) 59.9 ± 13.6 61.2 ± 13.2 56.4 ± 13.2 62.4 ± 14.3 0.17

Male gender 76 (72%) 30 (68%) 27 (77%) 19 (73%) 0.67

Pre-hospital

Previous MI 23 (25%) 11 (27%) 6 (19%) 6 (30%) 0.60

Public location arrest 47 (45%) 19 (43%) 19 (54%) 9 (35%) 0.30

Witnessed arrest

Bystander witnessed 85 (83%) 36 (84%) 28 (82%) 21 (84%) 0.37

EMS witnessed 2 (2%) 0 (0%) 2 (6%) 0 (0%)

Bystander CPR* 67 (67%) 28 (65%) 23 (70%) 16 (62%) 0.80

Call-to-ECG delay (min) 8 (6–10) 7 (5–9) 9 (7–11) 8 (6–12) 0.10

Shocks delivered by EMS 3 (1–6) 3 (1–5) 4 (1–6) 4 (2–8) 0.35

In-hospital

Coronary angiography 76 (72%) 26 (59%) 33 (94%) 17 (65%) 0.002

PCI 52 (50%) 10 (23%) 27 (77%) 15 (58%) <0.001

Clinical outcome

Survival to discharge 49 (47%) 21 (48%) 17 (49%) 11 (42%) 0.87

Values are given in numbers (%) or medians (interquartile ranges). * In non-EMS witnessed cases. Missing values: previous MI n = 12, witnessed arrest n = 3,

bystander CPR n = 3, call-to-ECG delay n = 12. Call-to-ECG delay is defined as time from call to ambulance arrival. P-values are for comparisons between no

STEMI, anterior STEMI and inferior STEMI. (STE)MI = (ST-elevation) myocardial infarction, EMS = Emergency medical services, CPR = Cardiopulmonary

resuscitation, ECG = Electrocardiogram, PCI = Percutaneous coronary intervention.
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cant differences in baseline and arrest characteristics between the

three study groups, except for a trend towards a significant differ-

ence in call-to-ECG delay (Table 1). Regarding in-hospital variables,

there was a significant difference in the proportions CAG and PCI.

There was no significant difference in survival to discharge.

Univariate comparisons between no STEMI, anterior STEMI and

inferior STEMI showed a statistically significant difference in AMSA,

which was 13.0 (7.9–18.6) mVHz in the no STEMI group, 7.5 (5.6–

13.8) mVHz in anterior STEMI and 7.5 (5.4–11.8) mVHz in inferior

STEMI, p = 0.006. Subsequent pairwise comparisons showed statis-

tically significantly lower AMSA in inferior STEMI vs. no STEMI

(p = 0.003), whereas the differences between anterior and no STEMI

(p = 0.026) and between anterior and inferior STEMI (p = 0.39) were

not statistically significant.

Call-to-ECG delay was identified as a confounding variable for

AMSA. After adjusting for call-to-ECG delay, there was a statistically

significant difference in AMSA between the three study groups

(p = 0.03). AMSA was lowest in case of inferior STEMI, where AMSA

was 17% lower than in no STEMI, while AMSA in anterior STEMI

was 10% lower than no STEMI (Fig. 2a). Pairwise comparisons

showed a statistically significant difference in AMSA between no

STEMI and inferior STEMI (p = 0.01), whereas no significant differ-

ences were observed in the other pairwise comparisons (no STEMI

vs. anterior STEMI p = 0.10 and anterior vs. inferior STEMI p = 0.26).

STEMI localisation – Amsterdam-cohort

Of all patients, 60% had no STEMI, 22% had anterior STEMI and

18% had inferior STEMI. There was a statistically significant differ-

ence in age, proportion of patients with a previous MI, witnessed

arrest and call-to-ECG delay between the three study groups

(Table 2). Regarding in-hospital variables, there was a significant dif-

ference in the proportions CAG and PCI and in survival to discharge

(Table 2).
Univariate comparisons between the three groups showed a sig-

nificant difference in AMSA, which was 11.7 (5.0–21.9) mVHz in no

STEMI group, 9.6 (4.6–17.2) mVHz in anterior STEMI and 6.9 (3.2–

16.0) mVHz in inferior STEMI, p = 0.001. The subsequent pairwise

comparison between no STEMI and inferior STEMI was statistically

significant (p = 0.001), while the pairwise comparisons between ante-

rior and no STEMI (p = 0.04) and between anterior and inferior

STEMI (p = 0.17) were not.

Call-to-ECG delay and witnessed status were identified as con-

founding variables for AMSA. After adjusting for these variables,

there was a statistically significant difference in AMSA between the

three study groups (p < 0.001). AMSA was lowest in case of inferior

STEMI, where AMSA was 17% lower than in no STEMI, while AMSA

in anterior STEMI was 12% lower than no STEMI (Fig. 2b). Pairwise

comparisons showed a significant difference in AMSA between no

STEMI and inferior STEMI and between no STEMI and anterior

STEMI (p < 0.001 and p = 0.011, respectively), while there was no

significant difference between anterior and inferior STEMI (p = 0.37).

Discussion

The present multi-centre VF-waveform study of 754 OHCA-patients

using ECG-recordings from defibrillator pads is the first to report on

differences in AMSA in relation to underlying STEMI and its localisa-

tion. AMSA was significantly lower in case of STEMI, with an abso-

lute value that was 17% lower for inferior STEMI compared to no

STEMI, for both cohorts. The difference in adjusted AMSA (Fig. 2)

was a factor 1.7 (Nijmegen) and 1.4 (Amsterdam) larger for inferior

vs. no STEMI than for anterior vs. no STEMI. These findings from

in-field VF provide a first indication to support the concept observed

in experimental studies, that suggest that AMSA might be lowest if

the area of infarction matches the recording direction of the



a – Nijmegen cohort 

b – Amsterdam cohort 

AMSA in relation to STEMI-localisation
 with correction for confounders.

Fig. 2 – AMSA in relation to STEMI-localisation with

correction for confounders. Figure of ln transformed

AMSA in relation to STEMI localisation with correction

for confounders. Bars are estimated means with 95%

confidence intervals. Values for the Nijmegen cohort

are: no STEMI 2.46 (2.26–2.65), anterior STEMI 2.22

(2.01–2.43) and inferior STEMI 2.03 (1.78–2.28). Values

for the Amsterdam cohort are: no STEMI 2.34 (2.32–

2.45), anterior STEMI 2.07 (1.89–2.25) and inferior

STEMI 1.95 (1.75 – 2.15). AMSA = Amplitude spectrum

area, ln = natural logarithm, STEMI = ST-elevation

myocardial infarction.
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VF-signal. However, additional studies are needed to further investi-

gate this hypothesis.

Thus far, three OHCA-studies have been performed on AMSA

and underlying acute MI.15,16,24 Two studies demonstrated lower

AMSA in case of an underlying acute MI,15,16 whereas the third did

not.24 It should be noted that none of the previous studies investi-

gated the effect of MI-localisation: patients were classified regarding
MI-status, without accounting for the area of infarction. The present

study shows that the relative difference in AMSA between inferior

STEMI and no STEMI is 1.4–1.7 times larger than between anterior

STEMI and no STEMI (Fig. 2).

Hidano et al. observed no differences in AMSA between STEMI,

non-STEMI and no MI-patients. Potentially, differences may have

gone undetected due to the distribution of patients with inferior and

anterior STEMI. In a population with a high proportion of anterior

STEMI, the overall impact of STEMI on the VF-waveform may have

gone undetected. Another possible explanation might be the fact that

a relatively large proportion of patients in the STEMI group were

ambulance-witnessed. In such cases, the delay to ECG-recording

is (close to) zero, which leads to high AMSA-values, potentially

obscuring the effect of an underlying acute MI in unadjusted

analyses.5,16,24

As of yet, the effect of MI-localisation on VF-waveform character-

istics has only been addressed in an experimental setting, where VF

was induced in patients undergoing defibrillation testing following

internal cardioverter defibrillator implantation.19 VF-waveform differ-

ences were assessed in relation to the presence or absence of a

prior MI, and its localisation. In case of a previous anterior MI, AMSA

was lowest in lead V3, while in a previous inferior MI the AMSA was

lowest in leads II and AvF. It was hypothesised that AMSA is lowest if

the vantage point of the recording ECG-electrode matches the local-

isation of the MI.

This formed the basis for the present OHCA-study on acute MI,

especially since acute MI has an even larger impact on AMSA than

previous MI.16,17 VF during OHCA is recorded with defibrillator-pads

that are generally placed similar to lead II of a 12-lead ECG, with an

inferior vantage point.18,21–23,32 In inferior STEMI, the ischemic vec-

tor in the frontal plane generally points inferiorly.28 This could explain

the numerically lowest AMSA-values in case of inferior STEMI and

the fact that only comparisons between inferior and no STEMI were

statistically significant in univariate analyses.

Notably, in multivariable analyses we found a significant differ-

ence between inferior STEMI and no STEMI, and in the Amsterdam

cohort also between anterior STEMI and no STEMI, albeit numeri-

cally smaller. In anterior STEMI, the ischemic vector generally points

anterolaterally. However, in some cases of anterior STEMI (e.g.

caused by LAD occlusion distal to the first diagonal branch), the

ischemic vector points more inferiorly or inferioapically.28 In such

cases, the AMSA of anterior STEMI, as measured by the defibrillator

paddles, may have lower values than the AMSA of no STEMI, which

could be an explanation for the abovementioned findings. Future

studies with 12-lead ECG recordings are needed to confirm the asso-

ciation between STEMI-localisation and AMSA.

Implications

Our data from the OHCA-setting demonstrate a lower AMSA in case

of STEMI, and suggest an effect of STEMI-localisation on AMSA.

These findings may be an important step in the investigation of

VF-analysis for early STEMI-diagnosis.17,18,33 Potentially, VF-

waveform analysis may facilitate detection of MI in all VF-patients,

in an early stage of the arrest, rather than in a subgroup regaining

organised rhythm, in a later phase of the arrest.

Early identification of STEMI could facilitate targeted and more

individualised treatment strategies, such as early catheterization.

Notably, STEMI-identification has proven a challenge because

post-OHCA ECG interpretation is notoriously difficult, and absence

of ST-elevation does not exclude acute coronary occlusions.34,35



Table 2 – Baseline characteristics of the Amsterdam cohort.

All patients (n = 649) No STEMI (n = 388) Anterior STEMI (n = 146) Inferior STEMI (n = 115) p-value

Age (years) 64.2 ± 14.3 66.0 ± 15.5 59.4 ± 12.3 63.83 ± 11.0 <0.001

Male sex 495 (76%) 294 (76%) 114 (78%) 87 (76%) 0.84

Pre-hospital variables

Previous MI 168 (27%) 121 (32%) 17 (12%) 30 (26%) <0.001

Public location arrest 267 (41%) 171 (44%) 56 (38%) 40 (35%) 0.15

Witnessed arrest

Bystander witnessed 495 (77%) 327 (85%) 94 (65%) 74 (64%) <0.001

EMS witnessed 89 (14%) 19 (5%) 38 (26%) 32 (28%)

Bystander CPR* 443 (80%) 302 (83%) 80 (76%) 61 (75%) 0.17

Call-to-ECG delay (min) 8 (4–10) 8 (6–10) 6 (0–9) 8 (0–10) <0.001

Shocks delivered by EMS 2 (1–4) 2 (1–4) 2 (1–4) 2 (1–5) 0.35

In-hospital variables

Coronary angiography 502 (78%) 256 (67%) 141 (97%) 105 (92%) <0.001

PCI 316 (50%) 88 (23%) 131 (90%) 97 (84%) <0.001

Clinical outcome variable

Survival to discharge 446 (69%) 249 (64%) 118 (81%) 79 (69%) 0.001

Values are given in numbers (%), medians (interquartile ranges) or means (±standard deviation). Missing values: previous MI n = 14, witnessed arrest n = 4,

bystander CPR n = 7, coronary angiography n = 7, PCI n = 1, call-to-ECG delay n = 13. * For non-EMS witnessed cases. P-values are for comparisons between

no STEMI, anterior STEMI and inferior STEMI. (STE)MI = (ST-elevation) myocardial infarction, EMS = Emergency medical services, CPR = Cardiopulmonary

resuscitation, ECG = Electrocardiogram, PCI = Percutaneous coronary intervention.
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Secondly, many patients do not achieve ROSC at any point during

the resuscitation, excluding the possibility for acquiring a regular

12-lead ECG.36

Following findings of previous studies, patients with low AMSA

could be considered to have a high chance of underlying STEMI.

However, as longer arrest duration or no bystander CPR also lower

AMSA, a low AMSA does not indicate the presence of a STEMI per

se.5 This is where our findings of a potentially localised effect of

STEMI on AMSA are of added value.

Such a localized effect implicates that obtaining multiple-lead VF-

recordings might be a next step towards in-field STEMI-identification:

AMSA that is lower in certain leads than in others could suggest loca-

lised STEMI, whereas a low AMSA in all leads would suggest factors

that might have a generalised effect, such as longer call-to-ECG

delay or absence of bystander CPR. In a previous experimental

study we demonstrated that detection of a previous MI was feasible

using AMSA, and its predictive value is improved by using multiple

leads instead of only lead II, supporting this hypothesis.18 Given

the chaotic and complex nature of VF-signals, which is also impacted

by myocardial geometry, future studies with additional VF-

characteristics and advanced signal analysis techniques may pro-

vide valuable insights.5,37

Secondly, VF-characteristics are studied to guide defibrillation

during OHCA. Several previous studies showed an association

between high AMSA and shock success, and an increase in AMSA

following chest compressions. This led to the hypothesis that

patients with high AMSA benefit from immediate defibrillation,

whereas patients with low AMSA might benefit from prolonged chest

compressions.38 A currently ongoing randomised trial investigates

whether early shock in case of high AMSA and postponing a shock

to prolong chest compressions in case of low AMSA may lead to

more favourable outcomes (ClinicalTrials.gov Identifier:

NCT03237910). It could be hypothesised that patients with low

AMSA due to STEMI do not benefit from prolonged chest compres-
sions, but from early transportation for reperfusion, whereas patients

with low AMSA due to other causes (e.g. long arrest duration) do.

This hypothetical scenario should be investigated further.

Limitations

There were differences between the two cohorts in the used VF-

segment length and filtering steps for AMSA-calculation, resulting

in differences in absolute AMSA-values, which precludes pooled

analyses.39 This could have added to the strength our study, but to

date there is no universal VF-analysis methodology. As such, our

study underscores the need for more uniformity in AMSA-

calculation. Post-hoc analyses showed that correcting for segment

length did not alter our conclusions. The effect of STEMI-

localization could be investigated more thoroughly with multi-lead

surface ECG recordings, but these are not routinely collected. Impor-

tantly, although pooled analyses of absolute AMSA-values are ham-

pered, conclusions about the direction of the observed differences in

AMSA-values between no STEMI, anterior STEMI and inferior

STEMI within each cohort are the key message of this paper. In this

context, the fact that the overall findings were comparable among

two distinct cohorts adds to the credibility of our findings. Although

we corrected for call-to-ECG delay, a difference in total no-flow-

time cannot be excluded as time intervals from collapse-to-call are

not available in the current cohorts. Furthermore, it is unknown

whether our results can be extrapolated to other settings, which

may differ in terms of time delays, rates of witnessed arrest, bystan-

der CPR or overall survival. Lastly, this is an observational cohort

study, precluding inferences on causality.

Conclusion

This multi-centre VF-waveform OHCA-study demonstrates a lower

AMSA in case of STEMI, and is the first to suggest a more
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pronounced difference for inferior than for anterior STEMI. Confirma-

tive studies on the potentially localised effect of STEMI on the VF-

waveform are warranted, and might contribute to earlier diagnosis

of STEMI during VF.
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