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Abstract

Background: Ventricular fibrillation (VF) waveform analyses are considered a reliable proxy for OHCA characteristics in out-of-hospital cardiac arrest

(OHCA), but patient characteristics such as cardiovascular medication use might also be associated with changes in VF waveform measures.

Objectives: To assess associations between cardiovascular medication use and amplitude spectrum area (AMSA) of VF, while correcting for the

presence of cardiovascular disease (CVD), CVD risk factors, and OHCA characteristics.

Methods: We included 990 VF patients from an OHCA registry in the Netherlands, with available information on medical history and cardiovascular

medication use. Associations between cardiovascular medication use and AMSA were tested in a multivariate linear regression model, adjusting for

CVD, CVD risk factors, and OHCA characteristics. Model performance was shown using R-square and R-change. We also calculated whether

medication use was associated with faster dissolution of AMSA to lower values with increasing time delay.

Results: In the multivariate analysis, when corrected for CVD, CVD risk factors and OHCA characteristics, only potassium-sparing agents were

associated with a lower AMSA when compared to patients using other cardiovascular medications (OR 0.46 [95% CI 0.10�0.81]; P < 0.012). The

decrease in AMSA with increasing EMS-call-to-ECG delay was the same for patients with and without cardiovascular medication use (all P > 0.05). Only

a small part of the variance in AMSA could be explained by medication use (R-square 0.003� 0.026). Adding OHCA characteristics to the model resulted

in the largest R square change (0.09�0.15).

Conclusions: It is unlikely that there is a strong and clinically relevant independent pharmacologic effect of cardiovascular medication use on AMSA. In

OHCA, AMSA might be used as patient management tool without considering cardiovascular medication use.
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Introduction

The main predictor of favorable outcome from out-of-hospital cardiac
arrest (OHCA) is the presence and defibrillation of ventricular
fibrillation (VF).1,2 VF signals can be quantified by continuous VF

waveform measures, and these measures generally correlate well
with shock success, and short- and long-term survival,3�8 as high
amplitude, high frequency and coarse VF signals are considered a
proxy for favorable OHCA characteristics.9,10 Nevertheless, the VF
signal can also change by previous or acute myocardial infarction,
heart failure, and increased left ventricular diameter or mass.4,11�19
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Also the use of beta blockers or angiotensin converting enzyme
(ACE)-inhibitors has been associated with low frequency VF.4,20,21

The associations between VF waveform measures and medication
may be driven by the underlying disease for which the medication was
prescribed. If VF waveform measures are to be used to guide
treatment in an OHCA setting, it is important to evaluate whether they
are affected by use of cardiovascular medication. Likewise, when
assessing the effect of cardiovascular medication on the VF signal,
cardiovascular disease (CVD) and OHCA characteristics need to be
accounted for.

In the present investigation, we studied the association between
the amplitude spectrum area (AMSA) of the VF signal and the use of
cardiovascular medications in relation to concomitant CVD, risk
factors and OHCA characteristics.

Methods

Study design, setting and patient selection

The ARREST (AmsteRdam REsuscitation STudies) registry is an
ongoing prospective registry of all resuscitation attempts in the North-
Holland province of the Netherlands. This province has a population of
2.4 million people and covers 2671 km2, including both urban and rural
communities. For this study, we included all patients with ECG
documented VF between July 2005 and December 2012, regardless
of survival to hospital admission. We excluded patients with a clear
non-cardiac cause of OHCA. Only patients with ECG recordings from
LIFEPAK (Physio-Control, Redmond (WA), USA) automated external
defibrillator (AED) (Lifepak 500, Lifepak 1000 and Lifepak CR plus) or
manual defibrillator (Lifepak 12) (constituting more than 90% of all
used defibrillators in the study region) were included. Patients with
missing information on medical history or medication use data were
excluded.

All data were collected according to the Utstein recommenda-
tions.22 Written informed consent was obtained from all participants
who survived the OHCA. The Medical Ethics Review Board of the
Academic Medical Center, Amsterdam, approved the study, including
the use of data from patients who did not survive the OHCA.

Data collection

Data collection of the ARREST registry and a waveform analysis sub-
study has been described in detail before.17,23 In short, for all EMS-
calls with suspected OHCA, dispatch forms are collected from the
dispatch center. In cases of OHCA, paramedics provide information
regarding circumstances of the OHCA, OHCA characteristics and
whether patients were transported to the hospital. If an AED was
attached, research staff collected the ECG of the AED shortly
thereafter. Manual defibrillator ECGs were transmitted electronically
to the study center. If a patient was admitted to hospital, information
regarding treatment during hospital stay was collected from hospital
charts.

The timestamp of EMS call and time of initial rhythm recording (with
synchronized clock times) from ambulance defibrillator or AED was
used to calculate the time delay between EMS call and initial rhythm
recording (call-to-ECG delay). The continuous ECGs and impedance
signals with a sample rate of 125 Hz were analyzed with MATLAB
(R2014B, the Mathwork Inc.). Two to five seconds of the first artifact
free VF segments were manually selected for analysis. These

segments were band-pass filtered between 4 and 48 Hz and using a
fast Fourier transformation transformed into the frequency domain.17

AMSA was calculated by summation of the frequencies in the VF
signal weighted by their corresponding amplitudes.24

In addition to call-to-ECG delay, OHCA characteristics that were
included were location of collapse (home or public), bystander- or
EMS-witnessed collapse and bystander cardiopulmonary resuscita-
tion (CPR).

Complete drug history in the year preceding the OHCA was
retrieved from the patient’s pharmacy. These records are considered
complete, as all patients in the Netherlands are registered at a single
community pharmacy. These drug-dispensing records show all
obtained prescriptions. Therefore medication that was prescribed
by a physician but never obtained by the patient was not included in the
database. Medical history was obtained from the patient’s general
practitioner (GP) by a study specific questionnaire or from hospital
case files. In the Netherlands, every person has one single GP, and for
non-life threatening medical problems the GP needs to be visited
before seeking help from a medical specialist. If a patient is discharged
from the hospital or visits a medical specialist, a discharge letter is sent
to the GP, who is therefore aware of all medical history of the patient
and records it in the patient’s records.

Outcome and definitions

AMSA of the first analyzable VF segment was calculated as main
outcome measure.

Drugs were classified according to the Anatomical Chemical
Therapeutic (ATC) code of the World Health Organization.25 Patients
were considered to actively use medication during OHCA if its
prescription date fell within a 30 days window before the OHCA date.
We analyzed all ATC C (cardiovascular system) main groups and ATC
C subgroups with more than 10 users. Fixed-dose combinations were
shown as individual groups according to their ATC codes, and were
excluded from the relevant comparator groups (e.g., fixed-dose
combination of an ACE inhibitor and thiazide was excluded from the
comparator group of ACE inhibitors as well as the thiazide group). In
addition, we also included ATC B01 (anti-thrombotic agents) with
subgroups, and A10 (diabetes medication). The use of any ATC C,
B01 or A10 medication was defined as cardiovascular medication use.

For this study, CVD and CVD risk factors were considered to be
present if this was indicated by the GP or described in the hospital
documentation. CVD was defined as: history of heart failure, previous
myocardial infarction, valve disorders, cardiomyopathy, and atrial or
ventricular tachyarrhythmias. CVD risk factors were defined as: age
>65 years, hypertension, dyslipidemia, obesity, smoking, diabetes
type 1 or 2, and familial sudden cardiac death.

Data analysis

Descriptive statistics were shown as n (%) and mean (SD) where
applicable. AMSA and time intervals had a non-normal distribution
and were expressed as median (interquartile range; IQR). We
compared the median AMSA of users of cardiovascular medication to
two groups: (a) patients who used any other cardiovascular
medication, (b) patients who did not use any cardiovascular
medication at the time of OHCA. Overall differences between users
and non-users of target cardiovascular medication were tested using
Mann�Whitney U tests, with Bonferroni correction for multiple testing;
P < 0.025 was required to reach statistical significance.
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We tested differences in median AMSA between CVD and risk
factors, demographicsand OHCAcharacteristics, with Mann�Whitney U
test and Student’s T-test where applicable. Cardiovascular medication
use that had an univariate significant association with change in AMSA,
was included in multiple linear regression analyses. We computed three
different models with log transformed AMSA (due to non-normal
distribution) as outcome; a model including only medication, a second
model correcting for the presence of CVD and risk factors (including age),
and a third model correcting for presence of CVD, risk factors,
demographics and OHCA characteristics (including call-to-ECG delay).
Covariates were only included in the model if there was an univariate
association with AMSA with P < 0.10. The use of beta blockers, ACE-
inhibitors, a history of myocardial infarction and/or heart failure were
included regardless of significance, because these have been reported to
be associated with lower AMSA.12,17,20,21 As a sensitivity analysis, we
also performed a multiple linear regression analysis including only
covariates that had an univariate association with AMSA with P < 0.05.
We calculated the R-square and R-square change to assess the
contribution of cardiovascular medication use, CVD (and risk factors) and
OHCA characteristics on explained variance of AMSA in each model.

We also tested whether cardiovascular medication use was
associated with faster dissolution of VF into asystole, using an
interaction termof medication useand call-to-ECGdelay. An interaction
of P < 0.05 shows significant differences between the slope of AMSA
decrease with increasing call-to-ECG delay between users of a specific
type of medication versus no cardiovascular medication use.

All statistical tests were two-sided. Statistics were performed in
IBM SPSS Statistics (SPSS Statistics for Mac, Version 25.0. Armonk,
NY: IBM Corp).

Results

Of the 11,759 patients with EMS-call for presumed OHCA, 6155 were
OHCAs with a presumed cardiac cause and resuscitation attempted, of
whom 2401 patients had a resuscitation attempt for OHCA with initial
rhythm VF, and analyzable ECG. Of these patients, for 990 patients both
complete medical history and medication use were available; these
patients were included in our analysis, regardless of admission to hospital
or survival Fig. 1). A missing case analysis is provided in Supplemental
Table 1. Patients with missing medication data were younger (P = 0.007),
collapsed more often in public (P = 0.001) and had less often an EMS-
witnessed collapse (P < 0.001) than the patients without missing data.
Patients with missing medical history had a longer call-to-ECG delay
(P < 0.001). The mean age of included patients was 65.1 year (�14.2),
770patients (78%) were men.Any type of cardiovascularmedicationwas
used by 563 patients (57%). One, two, three, four or five cardiovascular
medications were used by 109 (11%), 106 (11%), 108 (11%), 111 (11%),
and 129 patients (13%), respectively.

When comparing to no use of cardiovascular medication, we found
an association with significantly lower AMSA for use of cardiac therapy
(6.8 mV-Hz (IQR 2.4�14.3); P = 0.019; mainly driven by antiarrhyth-
mics and vasodilators), loop diuretics (5.7 mV-Hz (IQR 2.2�15.7);
P = 0.006), potassium-sparing agents (4.6 mV-Hz (IQR 2.2�15.7);
P = 0.001), ACE-inhibitors (6.3 mV-Hz (IQR 2.4�15.4); P = 0.008),
anti-thrombotics (6.9 mV-Hz (IQR 2.8�15.8); P = 0.019), and vitamin
K antagonists (ATC B01AA, 7.5 mV-Hz (IQR 2.9�16.3); P = 0.017)
(Table 1). When compared to use of any other cardiovascular
medication, only use of potassium-sparing agents (P = 0.007) was
associated with lower AMSA (Supplemental Table 2).

One or more known CVD risk factors were present in 80% of the
patients, with hypertension (n = 466;47%) and dyslipidemia (n = 359;
36%) as most prevalent risk factors. Only previous myocardial
infarction (P = 0.016) was associated with a significantly lower AMSA.
Familial sudden cardiac death was associated with a significantly
higher AMSA (P < 0.001). All OHCA characteristics were associated
with significant differences in AMSA, with lower AMSA for OHCA at
home, longer call-to-ECG delay, absence of bystander or EMS-
witnessed collapse, and absence of bystander CPR (Table 2).

Fig. 2 and Supplemental Table 2 show the results of the univariate
and multivariate regression analysis showing associations of
cardiovascular medication use with changes in AMSA. When
adjusting for heart failure, myocardial infarction, obesity, familial
sudden cardiac death and age in the model, there were no longer any
statistically significant associations when compared to a control
sample of patients using no CV medication. Further adjustment of the
beta to zero (indicating no independent association) was observed
when adding OHCA characteristics (location of collapse, call-to-ECG
delay, EMS- or bystander witnessed collapse and bystander CPR) to
the model. When compared to patients using any other cardiovascular
medication, only use of potassium-sparing agents remained signifi-
cantly associated with lower AMSA, also when adjusted for CVD and
OHCA characteristics (Fig. 2). As a sensitivity analysis, we also
calculated a model with only covariates that were significantly

Fig. 1 – Flowchart of patient inclusion between July 4th
2005 and December 31st 2012.
*Including 4 patients with successful ICD shock.
yIncluding 222 trauma cases, 79 drownings, 326 respira-
tory causes and 549 other non-cardiac causes (e.g.
suicide, intoxications, neurologic, malignancies, aortic
dissection/rupture etc.).
zIncluding 181 non-LIFEPAK defibrillators, 114 paper
tracings, 45 incomplete ECGs and 14 complete ECGs
with artifacts such as pacemaker spikes or movement.
DNR denotes do-not-resuscitate; EMS emergency medi-
cal history; Hx history; OHCA out-of-hospital cardiac
arrest; VT ventricular tachycardia.
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associated with change in AMSA with P < 0.05. In this model, beta
blocker use, obesity and heart failure were not included. The results of
this model were similar to the results of our analysis with pre-defined
variables (Supplemental Fig. 1). All additional analyses were
performed in the model including the pre-specified variables.

Only a small part of the variance in AMSA could be explained by
medication use (R-square 0.003�0.026) and CVD (R square 0.027
�0.041); adding OHCA characteristics to the model resulted in the
largest change of R square (0.09�0.15) (Supplemental Table 3).

There was no significant interaction between medication use and
call-to-ECG delay in relation to AMSA; the decrease in AMSA with
increasing EMS-call-to-ECG delay was the same for patients with and
without cardiovascular medication use (all P > 0.05; Supplemental
Tables 4 and 5).

Discussion

We have demonstrated that AMSA does not appear to be directly
associated with cardiovascular medication use. When adjusted for
underlying disease, most associations between cardiovascular

medication use and lower AMSA disappear, except for use of
potassium-sparing agents. Also, the effect of medication, CVD risk
factors and CVD are only modest when compared to the effect of the
OHCA characteristics on AMSA. This suggests that when exploring
the effect of AMSA-guided treatment during resuscitation, cardiovas-
cular medication use may not need to be accounted for.

There are few studies exploring the effect of cardiovascular
medication on AMSA or other VF waveform measures. We were not
able to confirm the results of animal studies showing a lower AMSA
associated with beta blocker use and ACE-inhibitors.20,21 In our study
there was an univariate association with lower AMSA and ACE
inhibitors, but this was not confirmed in the multivariate analysis.
Shorter duration of VF (faster dissolution of VF to asystole) has been
linked to the decline of incidence of VF during OHCA in the general
population,20,26 but in this study we were not able to reproduce such an
effect in relation to any cardiovascular medication use. As the absolute
effect of CV medication on the VF signal was rather small, it is unlikely
that this effect will be visible in relation to medication use in a population
based study, as compared to isolated effects in an animal study.

Ristagno et al. studied the effect of cardiovascular medication use
on AMSA in humans in a large cohort of OHCA patients.4 In that study,

Table 1 – AMSA in relation to target cardiovascular medication use when compared to no cardiovascular medication
use.

All patients (N = 990) (n (%)) AMSA (mV-Hz (IQR)) P*

No cardiovascular medication use (reference) 427 (43%) 8.7 (3.5�17.9) N/A
Any cardiovascular medication use 563 (57%) 7.5 (2.7�16.1) 0.044
C01: cardiac therapy 151 (15%) 6.8 (2.4�14.3) 0.019y

C01A: cardiac glycosides 56 (5.7%) 8.8 (2.4�16.2) 0.30
C01B: antiarrhythmics, class I/III 18 (1.8%) 4.9 (2.3�8.0) 0.069
C01D: vasodilators 97 (9.8%) 6.9 (2.7�15.0) 0.064
C03: diuretics 275 (28%) 7.2 (2.4�15.9) 0.030
C03A: thiazides 55 (5.6%) 8.4 (3.0�14.9) 0.38
C03B: low-ceiling diuretics, excl. thiazides 7 (0.7%) 9.9 (2.4�19.8) 0.85
C03C: high-ceiling (loop) diuretics 137 (14%) 5.7 (2.2�15.7) 0.006y

C03D: potassium-sparing agents 54 (5.6%) 4.6 (1.3�10.3) 0.001y

C07: beta blockers 287 (29%) 6.9 (2.4�16.8) 0.064
C07AA: beta blockers, non-selective 23 (2.3%) 6.5 (1.9�17.0) 0.33
C07AB: beta blockers, selective 245 (25%) 7.5 (2.4�16.1) 0.099
C07AG: alfa- and beta blockers 12 (1.2%) 6.7 (3.5�21.5) 0.73
C08: calcium channel blockers 125 (13%) 10.2 (3.4�19.0) 0.93
C08C: Ca-channel blocker, dihydropyridines 93 (9.4%) 8.4 (3.2�18.5) 0.87
C08D: Ca-channel blocker, non-dihydropyridines 33 (3.3%) 13.1 (4.6�21.4) 0.51
C09: agents acting on renin-angiotensin-aldosterone system 311 (31%) 6.8 (2.6�15.8) 0.033
C09A: ACE-inhibitors 185 (19%) 6.3 (2.4�15.4) 0.008y

C09C: AII-antagonists 84 (8.5%) 9.6 (3.4�17.3) 0.97
C09BA: ACE-inhibitors + thiazides 24 (2.4%) 6.3 (1.8�19.1) 0.43
C09D: AII-antagonists + thiazides 29 (2.9%) 8.0 (2.8�12.8) 0.44
C10: lipid modifying agents 274 (28%) 7.4 (2.7�16.9) 0.11
B01: anti-thrombotic therapy 325 (33%) 6.9 (2.8�15.8) 0.019y

B01AA: vitamin K antagonists 105 (11%) 6.6 (2.3�14.3) 0.017y

B01AC: platelet aggregation inhibitors 230 (23%) 7.5 (2.9�16.3) 0.13
A10: drugs used in diabetes (n = 160) 126 (13%) 8.5 (2.8�15.1) 0.28

Table showing differences in AMSA between patients using target cardiovascular medication compared to patients using no cardiovascular medication
(reference). Only showing groups with more than 10 users. As patients could use more than 1 type of medication, number of users in subgroups do not add up to
number of main group users.
AII denotes angiotensin II; ACE: angiotensin converting enzyme; AMSA: amplitude spectrum analysis; CV: cardiovascular; IQR: interquartile range.
* Difference in AMSA tested using Mann�Whitney U test. As we compared three groups (cardiovascular medication vs. no cardiovascular medication (this table)
and target cardiovascular medication vs any other cardiovascular medication (Supplemental Table 1)), we applied Bonferroni correction; P < 0.025 was
considered statistically significant.
y Statistically significant after Bonferroni correction.
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a significantly lower AMSA was only observed in patients using
centrally acting antihypertensives (used by less than 10 patients in our
study) whereas no effect of use of beta blockers and ACE inhibitors on
AMSA was noted. Differences in outcomes with our study might be
explained by differences in control groups; almost half of our
population did not use any cardiovascular medication, compared to
only 30% in the study by Ristagno et al. This might attenuate the
differences when testing differences between users and non-users of
a specific type of medication.

No previous studies have shown an association between use of
potassium-sparing agents and lower AMSA. Higher extracellular
potassium levels are a known side-effect of potassium sparing agents.
Antiarrhythmic drugs and higher potassium levels are known to lower
the defibrillation threshold,27 but whether higher potassium levels also
relate to lower AMSA is yet unclear; we are not aware of human
studies investigating this association. In an animal study it was shown
that high extracellular potassium levels lower AMSA.28 However, data
on potassium levels in our patients at the time of the OHCA were not
collected.

Remarkably, most medication that showed a univariate strong
association with lower AMSA (loop diuretics, potassium-sparing
agents, ACE inhibitors) might be used to treat heart failure. However,
heart failure as reported by the GP was not significantly associated
with lower AMSA. The study by Ristagno et al.4 did not show an
association between heart failure and lower AMSA either. In our study,
heart failure was reported by the GP without specification of severity.
The combination of loop diuretics and ACE inhibitors with the addition
of a potassium-sparing diuretic is rather specific for treatment of

symptomatic and more severe heart failure. As we were not informed
of the severity of heart failure in patients reported by the GP, we could
not evaluate the effect of disease severity on associations with lower
AMSA, especially in relation to potassium-sparing agents.

Despite testing a wide range of CV medications, CVD, and risk
factors, absolute differences in AMSA were only modest. By contrast,
unfavorable OHCA characteristics had a much stronger AMSA
lowering effect. Adding OHCA characteristics to the model had the
largest effect on the explained variance of AMSA. This explains why
AMSA remains a strong independent predictor for outcome of OHCA,
also when corrected for medication use, CVD, and CVD risk factors.4

Therefore, any future use of AMSA during OHCA may not be
constrained by patient characteristics such as previous CVD, CVD risk
factors and concomitant cardiovascular medication use.

Limitations

There are limitations to this study. For a large number of patients,
information on either medication use or medical history was
missing. In the missing case analysis, we showed that patients
with missing medication data were younger, collapsed more often
in public and had less often an EMS-witnessed collapse. For
patients collapsing in public places, especially when patients do
not survive, sometimes the home-address is unknown or the
community pharmacy/GP is unknown, which makes it impossible
to retrieve the data. However, we do not believe that these
differences materially change the (lack of) relation between AMSA
and medication use and medical history.

Table 2 – AMSA in relation to cardiovascular disease, risk factors and OHCA characteristics.

Yes No
n (%) AMSA(IQR) n (%) AMSA(IQR) Pa

Cardiovascular disease (N = 990)
Previous myocardial infarction 287 (29%) 5.9 (2.4�15.8) 689 (70%) 8.9 (3.2�17.0) 0.016
Heart failure 169 (8.0%) 7.2 (2.8�16.6) 794 (80%) 8.7 (3.0�17.0) 0.18
Valve disorders 139 (14%) 10.2 (2.9�19.3) 818 (83%) 7.9 (2.9�16.7) 0.10
Atrial tachyarrhythmias 166 (17%) 9.6 (2.8�16.9) 796 (80%) 7.8 (2.9�16.9) 0.73
Ventricular tachyarrhythmias 69 (7.0%) 9.7 (2.9�27.8) 890 (89%) 8.1 (2.9�16.7) 0.17
Cardiovascular disease risk factors (N = 990)
Age (>65 year) 513 (52%) 7.2 (2.9�15.3) 477 (48%) 9.1 (3.0�18.5) 0.053
Hypertension 466 (47%) 7.7 (2.9�16.6) 506 (51%) 8.5 (3.0�17.1) 0.65
Dyslipidemia 359 (36%) 7.9 (3.0�16.2) 611 (62%) 8.2 (2.9�17.2) 0.64
Obesity 190 (19%) 7.7 (2.8�14.8) 765 (77%) 8.4 (3.0�17.4) 0.08
Smoking 321 (32%) 8.9 (3.2�17.6) 642 (65%) 7.8 (2.9�16.6) 0.16
Diabetes type I 10 (1.0%) 8.1 (2.2�12.6) 957 (97%) 8.4 (3.0�17.1) 0.57
Diabetes type II 196 (20%) 7.6 (2.8�15.3) 777 (78%) 8.4 (3.0�17.3) 0.31
Familial sudden cardiac death 148 (14%) 12.6 (5.0�23.6) 809 (82%) 7.5 (2.8�15.9) <0.001
Demographics (N = 990)
Male sex 770 (78%) 8.3 (2.9�16.4) 220 (22%) 8.0 (3.3�18.6) 0.29
OHCA characteristics (N = 990)
Location collapse home 614 (62%) 6.8 (2.4�15.9) 375 (38%) 10.1 (3.9�18.8) <0.001
Call-to-ECG delay <8 min 582 (59%) 10.3 (4.5�19.8) 408 (41%) 4.7 (1.9�13.3) <0.001
EMS-witnessed 106 (11%) 11.4 (5.6�24.6) 879 (89%) 7.5 (2.8�16.3) <0.001
Excluding EMS-witnessed collapse (N = 879)
Bystander witnessed 737 (84%) 8.5 (3.0�17.3) 111 (13%) 3.4 (1.4�8.9) <0.001
Bystander CPR 675 (77%) 8.4 (2.9�17.0) 167 (19%) 5.1 (1.9�14.8) <0.001

Missing data: myocardial infarction n = 14, heart failure n = 27, valve disorders n = 33, atrial tachyarrhythmias n = 28, ventricular tachyarrhythmias n = 69,
hypertension n = 18, dyslipidemia n = 20, obesity n = 35, smoking n = 27, diabetes type 1 n = 23, diabetes type 2 n = 27, familial sudden cardiac death n = 33, location
of collapse n = 1, bystander witness n = 31, EMS-witnessed n = 5, bystander CPR n = 37.
AMSA denotes amplitude spectrum analysis; CPR: cardiopulmonary resuscitation; EMS: emergency medical services; IQR: interquartile range.
a Differences tested using Mann�Whitney U Test.
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Fig. 2 – Forest plot showing associations between medication use and AMSA, when corrected for CVD, risk factors and OHCA characteristics in multivariate
regression analysis.
Unadjusted b shows association of log transformed AMSA with cardiovascular medication use compared to patients using no CV medication; only includes ATC
groups that univariatelywere associatedwith lower AMSA. As use of potassium-sparing agentswas also associatedwith lower AMSAwhen compared to other CV
medicationuse, thiswasalso included.Usingamultivariate linear regressionmodel,b is adjusted for cardiovascular diseaseand risk factors (previousmyocardial
infarction, heart failure, obesity, age and familial sudden cardiac death; model 1) and subsequently adjusted for the variables from model 1 and OHCA
characteristics (location of collapse, call-to-ECG delay, EMS- or bystander witnessed collapse and bystander CPR).
ACE denotes angiotensin converting enzyme; AMSA denotes amplitude spectrum analysis; CI: confidence interval; CPR: cardiopulmonary resuscitation; CVD:
cardiovascular disease; EMS: emergency medical services.
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More than 80% of patients using cardiovascular medication used
more than 1 type of cardiovascular medication. Any pharmacologic
effect is therefore for most patients a mixed effect of more types of
cardiovascular medication. Furthermore, it is possible that patients
collected, but did not take their prescribed medication. It has been
estimated that only approximately 40% of patients are fully compliant
to CV medication use.29 This limitation is inherent to most medication
studies, as in real world data medication use is unsupervised. CVD
was assessed using a questionnaire completed by the GP after the
OHCA. Severity of disease was not reported in this questionnaire, and
information from other sources was not available.

AMSA is influenced by multiple factors, including the quality and
quantity of chest compressions by bystanders as well as first
responders and paramedics. Information on compression depth,
chest recoil, pauses and other chest compression characteristics
were not collected, and could not be accounted for in the multivariate
regression analysis.

Conclusions

Cardiovascular medication use is not or only minimally associated
with lower AMSA, when corrected for CVD, CVD risk factors and
OHCA characteristics. It is unlikely that there is a strong and clinically
relevant independent pharmacologic effect of any cardiovascular
medication on AMSA. In OHCA, AMSA might be used as patient
management tool without considering cardiovascular medication use.
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