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Abstract
Background—The incidence of ventricular fibrillation (VF) as the presenting rhythm in out-of-
hospital cardiac arrest (OHCA) is declining, whereas pulseless electrical activity (PEA) is increasing.
This changing epidemiology has occurred concomitant with an increase in beta blocker use.

Aims—The aim of this study was to measure the association of beta blocker use among prehospital
cardiac arrest patients with PEA versus VF as presenting rhythm.

Materials and Methods—In this retrospective cohort study, records of all OHCA patients
presenting to a single municipal hospital between January 1, 2001 through December 31, 2006 were
reviewed. Age, sex, race, first documented rhythm, estimated down time, presence of bystander CPR,
return of spontaneous circulation, beta blocker use, and comorbid illnesses were noted. A Mantel-
Haenzel chi-square was computed to describe the association between beta blocker use and PEA,
compared to beta blocker use and VF. A sensitivity analysis was also performed to account for
missing data, misclassification of beta blocker use, misclassification of initial rhythm, confounding
by unknown factors, and random error.

Results—After exclusion of patients with asystole and patients in whom beta-blocker use was
unclear/unknown, a cohort of 179 arrests was evaluated. The odds ratio for beta-blocker use among
PEA vs. VF patients was 3.7 (95%CI 1.9 -7.2), and probabilistic adjustment for exposure and outcome
misclassification, confounding, and random error increased the odds ratio to 5.0 (95%CI 1.1 -31.0).

Conclusions—There appears to be an association between beta blockers and the changing
epidemiology of arrest rhythms, which may account for the increasing incidence of PEA and
concomitant decrease in VF.
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INTRODUCTION
The proportion of ventricular fibrillation (VF) and pulseless ventricular tachycardia (VT) as
the first documented rhythm in out-of-hospital cardiac arrests (OHCA) has been declining,
while the proportion of pulseless electrical activity (PEA) has been increasing. (1–4) VF
accounted for approximately 40–60% of out-of-hospital cardiac arrests in the United States in
the 1980’s and early 1990’s. At present, VF is estimated to account for approximately 25% of
all out-of-hospital cardiac arrests.(1,2) It is thought that the decreasing number of VF arrests
may be a contributing factor to the increasing proportion of out-of-hospital cardiac arrests due
to asystole and PEA.(3) The reason for the declining proportion of VF as the first documented
cardiac arrest rhythm is unclear.

Chronic beta-blockers usage has expanded over the last 1–2 decades and indications now
include hypertension, cardio-protection after myocardial infarction, angina, congestive heart
failure, and rate control for arrhythmias. Beta-blockers are the fourth most commonly
prescribed medication for hypertension.(5) The prescription rate for beta-blockers after acute
myocardial infarction is viewed as a hospital quality indicator, and an average of approximately
60% of post-MI patients at all hospitals are discharged on beta-blockers.(6) Beta-blockade is
also independently associated with improved survival in patients with VF or symptomatic VT
(7), and its use also appears to prevent shocks in patients with implanted defibrillators.(8)

Due to the apparent temporal relationship between the increasing use of chronic beta-blocker
therapy in the population most at risk for sudden out-of-hospital cardiac arrest and the rising
proportion of PEA as the initial rhythm among out-of-hospital arrests, we hypothesized an
association between the two. If there is such an association, a measurable difference in beta
blocker use between patients presenting with PEA vs. VF should exist.

MATERIALS AND METHODS
Study design

This is an observational retrospective cohort study of all consecutive adult patients (>18 years
of age) with out-of-hospital cardiac arrests who presented to a single public hospital in Los
Angeles County between January 1, 2001 through December 31, 2006. The institutional review
board (IRB) at the participating hospital provided ethics approval and a waiver of consent,
since all data were de-identified and the results would be reported in aggregate.

Two abstractors (SY and AHK) were trained to review and cull data from paramedic run sheets,
nursing charts, and physician medical records. Neither abstractor was blinded to the hypothesis
of the study. Exclusion criteria included patients with traumatic arrest, and those with an arrest
related to a drug overdose (See Figure 1). The abstractors used a standardized form to record
data, which included: beta-blocker use, age, sex, race, rhythm upon paramedic arrival, down
time, whether there was bystander CPR or ROSC, and whether there was a history of chronic
obstructive pulmonary disease (COPD), congestive heart failure (CHF), stroke or
cerebrovascular accident (CVA), myocardial infarction (MI), chronic renal failure (CRF),
cancer (CA), diabetes mellitus (DM), or hypertension (HTN). To assess the inter-rater
reliability of the abstractors, a random sample of 20 charts were selected and a kappa coefficient
was calculated.

Statistical Analysis
Data were entered into a Microsoft Excel (Seattle, WA) spreadsheet, and DBMS Copy was
used to convert the file into a SAS v.9.2 (Cary, NC) database. Descriptive statistics and odds
ratios were calculated to evaluate associations. A Mantel-Haenzel chi-square was computed
to describe the association between beta blocker use and PEA, compared to beta blocker use
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and VF. Additionally, a secondary exploratory analysis, using multivariable logistic regression
modeling, adjusting for age, race, gender, rhythm upon paramedic arrival, down time, whether
there was bystander CPR or ROSC, and presence of COPD, CHF, CVA, MI, CRF, cancer,
DM, and HTN, was performed. An automated, probabilistic sensitivity analysis using Monte
Carlo techniques was utilized to adjust for non-differential misclassification of both beta
blocker use and initial rhythm and to account for random error, using the Excel macro
SensTool.xls. (9–10) Trapezoidal probability distributions for sensitivity and specificity of
beta blocker use (exposure) and initial rhythm (outcome) misclassification were defined as
shown in tables 1 and 2. Once these distributions have been defined, the algorithm randomly
samples from the distributions, combining the results to produce an estimate of the odds ratio
in the cohort had it not been misclassified. Ten thousand iterations were performed to produce
a distribution of adjusted odds ratios from which median and 95% confidence limits were
calculated. In addition to simple misclassification analysis, we further included simultaneous
adjustments for a hypothetical, unmeasured confounder with differential prevalence in the
exposed of 30–50% and prevalence in the unexposed of 10–30%. We allowed the odds ratio
for the confounder to range from 5–20, a rather strong confounding association. Uniform
probability distributions were used for these parameters.

The potential effect of missing data on the effect estimate was explored by first assigning
expected exposure counts to both excluded PEA and VF cohorts at a ratio equal to that of the
complete cases. We then added these newly classified subjects to the non-missing cohort, and
calculated an odds ratio. The proportion of exposed individuals in the missing cohort with PEA
was then sequentially decreased by moving one count from the exposed to the unexposed
category while simultaneously increasing by one count the number of exposed versus
unexposed in the missing VF cohort. After each iteration, the newly classified cohort was
aggregated with complete cases and a new odds ratio and 95% limits were calculated.

RESULTS
The median age of the 478 subjects was 70 with an interquartile range from 57–79, and
approximately 59% were male. Comparisons of demographic variables for the groups are
shown in table 3. Of the total 478 cases, 143 (30%) presented with PEA, and 104 (22%)
presented with VF; 97 (20%) were taking beta blockers, whereas 262 (55%) were not. Two
hundred thirty (48%) presented with asystole, and it was unclear/unknown whether beta-
blockers were used by 119 (25%) patients. The inter-rater reliability was 100%. Since asystole
is viewed as the final terminal rhythm for all failed resuscitations, patients whose initial rhythm
was asystole were also excluded. Thus, the final cohort consisted of 179 arrests, of whom 100
(56%) had PEA, 79 had VF (44%), 65 (36%) were taking beta blockers and 114 (64%) were
not (table 4).

The unadjusted odds ratio for beta-blocker use and PEA compared to beta blocker use and VF
was 3.7 (95%CI 1.9 –7.2). The secondary exploratory analysis, using multivariable logistic
regression modeling, demonstrated an effect estimate of 6.1 (95% CI 2.4 –15.4), which is
qualitatively similar to the Mantel-Haenzel chi-square odds ratio. Automated probabilistic
adjustment for misclassification of exposure and outcome had the effect of increasing the odds
ratio to 7.04 (95% CI of 2.8 – 24.1). This upward revision of the odds ratio is generally expected,
as misclassification of binary variables will often bias the effect measure towards the null.
(11) When simultaneous adjustments for misclassification, confounding, and random error
were included, the resulting odds ratio was 5.01 (95% CI of 1.1 – 31.0).

For missing data, systematically varying the exposure prevalence among missing subjects
revealed that substantial departures from the expected exposure prevalence are required to
bring the overall odds ratio down to unity. The lower 95% confidence limit breaches 1 at an
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exposure prevalence of 60% in missing VF cases (compared with 20% in the measured cohort,
p=0.002), and 23% in missing PEA cases (compared with 49% in the measured cohort,
p=0.004), resulting in an overall odds ratio in the total cohort of 1.65 (95% CI of 0.97–2.83).
For these new effect estimates to hold, we would have to assume an odds ratio of 0.2 (95% CI
of 0.07–0.59) for the exposure-disease association among the missing cases, suggesting a
preventive effect of beta blockers for PEA. This would necessitate a substantial, and unlikely
reversal in direction of association.from what we found among the complete cases.

DISCUSSION
The results of this study demonstrate that only a minority of patients who present with VF are
taking beta-blockers, whereas approximately half of all patients presenting with PEA are taking
beta-blockers. In the study population, out-of-hospital cardiac arrest victims taking beta-
blockers were approximately 5 times more likely to have PEA as the first documented rhythm
than those not taking beta-blockers. Neither random nor systematic differential exposure
prevalence between subjects with missing exposure data and complete cases can credibly
account for the observed association between beta blockers and PEA.

Given that only patients with OHCA were compared in our study, our inferences apply only
to the type of OHCA rhythm (PEA vs. VF) found on EMS arrival. We do not attempt to make
any conclusions concerning the causes of OHCA or its incidence, only concluding that, when
it occurs, the association between beta blockers and this type of presenting rhythm (PEA)
appears to be strong.

The median age of 70 in our cohort reflects a population for whom the OHCA event occurred
slightly later in life when compared to historical literature (age 59–65). Other series have noted
a temporal trend of increasing age at presentation for OHCA in general (12) and have further
found that the proportion of patients presenting in VF decreases with increasing age,(13)
especially among those with a cardiac aetiology.(14) In our cohort, the median age of VF
victims was not significantly different from the PEA victims: 67 years of age with an
interquartile range (IQR) of 54–83 vs. 70 years of age with an IQR of 58–80, respectively.
Based on published literature, it appears that beta blockers extend life when given for certain
indications. It is plausible that beta blockers may have prevented earlier arrest due to VF and
that the presence of beta blockade resulted in later PEA, an arrest rhythm for which current
resuscitative therapies are generally inadequate. While we found no differences in age
distributions between the VF and PEA cohorts, the current study is ultimately not designed to
answer such questions.

Most victims of sudden cardiac death have extensive multivessel coronary atherosclerosis and
more than 50% of cases have evidence of acute coronary pathology, i.e., plaque rupture,
thrombosis, or both, at autopsy.(15) This substrate is a predisposition for ventricular
arrhythmias and VF. Numerous clinical trials evaluating the effect of beta-blockers during
acute ischemia and after acute myocardial infarction or in the management of congestive heart
failure have demonstrated a lower incidence of sudden death, presumably the result of the
antiarrhythmic properties of this class of drugs.(16–18) The lower rate of VF in our study
population receiving chronic beta-blocker therapy is therefore not unexpected. Why this
population should have a higher incidence of pulseless electrical activity as the first
documented cardiac arrest mechanism is uncertain. Acute occlusion of a large epicardial
coronary artery is known to result in an almost immediate decline in cardiac contractile function
and cardiac output. Contractile dysfunction is likely to be more profound in the setting of
preocclusion beta-blockade.(19–20) If the beta-blocking agent is pharmacologically
“nonselective” with associated alpha-blockade, it is likely that the compensatory
vasoconstriction mediated by catecholamine release will be attenuated, resulting in
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hypotension and a low pulse pressure characteristic of PEA. In our study, we were often unable
to determine the type of beta-blocker. Therefore, it was not possible to determine if PEA was
more common in patients taking a nonselective agent, eg, carvedilol, or a beta-1 selective agent,
eg, metoprolol.(21) Nonetheless, the association of beta-blocker use with PEA is fairly robust.
Neither misclassification nor the presence of a large unmeasured confounder, as demonstrated
with sensitivity analysis, can credibly account for the association between beta blockers and
an initial arrest rhythm of PEA.

Due to the limited number of survivors, we were unable to determine if prearrest beta-blocker
therapy impacted outcome in the PEA subgroup. Several laboratory investigations suggest that
beta-blockers given at the start of resuscitation efforts or after resuscitation from VF improve
short term survival.(22–25) However, these studies utilized cardiac electrical stimulation to
induce VF in animals with normal coronary arteries and, with the exception of one study, beta-
blockers were administered after restoration of circulation rather than before onset of arrest. It
is uncertain if beta-blocker use prior to cardiac arrest will impact the effectiveness of currently
recommended drugs, particularly if the beta-blocker is nonselective with an alpha-blockade
effect. The benefit of epinephrine in cardiac arrest is largely ascribed to its peripheral alpha
agonist effect.(26)

Study Limitations
There are several limitations in our study design. The subjects in our cohort all presented to
one facility, thus limiting the generalizability of our results. Furthermore, neither of the
abstractors was blinded to the study hypothesis, potentially biasing our findings. In addition,
the first documented ECG finding in the study population was often asystole and these patients
were excluded from analysis, due to the fact that asystole may follow either VF or PEA. Our
adjustments for misclassification bias involved assumptions of non-differentiality and
independence. We found no association between calcium channel blocker usage and PEA.
However, the role of other medications, such as aspirin and ACE-inhibitors was not
investigated in the current analysis. These and other factors may merit consideration in future
studies. Finally, data were missing in a large proportion of cases. In these instances, it was
unclear from the chart review what medications the patient was taking. However, it is unlikely
that these excluded cases were systematically different from the included subjects.

Conclusions
The findings of this study suggest that there is an association between beta blockers and the
changing epidemiology of arrest rhythms, accounting for a decreasing incidence of VF and a
concomitant increase in PEA. It is unknown if prearrest treatment with beta-blockers affords
survival benefit or impacts the effectiveness of drugs administered during resuscitative efforts.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Enrollment Flow Chart
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Table 1
Sensitivity Analysis Accounting for Exposure Misclassification

Exposure Misclassification
Beta blocker misclassification among PEA group

Minimum Mode 1 Mode 2 Maximum
Sensitivity 0.75 0.80 0.85 0.90
Specificity 0.90 0.94 0.97 1.00

Beta blocker misclassification among VF group
Minimum Mode 1 Mode 2 Maximum

Sensitivity 0.75 0.80 0.85 0.90
Specificity 0.90 0.94 0.97 1.00
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Table 2
Sensitivity Analysis Accounting for Outcome Misclassification

Outcome Misclassification
PEA misclassification among the beta blocker group

Minimum Mode 1 Mode 2 Maximum
Sensitivity 0.80 0.85 0.90 0.95
Specificity 0.85 0.90 0.95 1.00

PEA misclassification among the non-beta blocker group
Minimum Mode 1 Mode 2 Maximum

Sensitivity 0.80 0.85 0.90 0.95
Specificity 0.85 0.90 0.95 1.00
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Table 3
Baseline Demographics of Subjects (n = 478)

Variable name Range of values
Age Median = 70; IQR = (57,79)
Gender M = 280 (59%)

F = 198 (41%)
Race Asian = 74 (16%)

Black = 137 (29%)
Caucasian = 130 (27%) Hispanic = 79 (17%)
Other = 29 (6%)
Unknown = 26 (5%)

Rhythm Asystole = 230 (48%)
PEA = 143 (30%)
VF = 105 (22%)

Beta-blocker Use Yes = 97 (20%)
No = 262 (55%)
Unknown = 119 (25%)

Calcium Channel blocker Use Yes = 45 (9%)
No = 314 (66%)
Unknown = 119 (25%)

Bystander CPR Yes = 172 (36%)
No = 265 (55%)
Unknown = 41 (9%)

Return of Spontaneous Circulation (ROSC) Yes = 83 (17%)
No = 395 (83%)

History of Chronic Obstructive Pulmonary Disease (COPD) Yes = 80 (17%)
No = 357 (75%)
Unknown = 41 (9%)

History of Cerebro-vascular Accident Yes = 52 (11%)
No = 383 (80%)
Unknown = 43 (9%)

History of Congestive Heart Failure Yes = 77 (16%)
No = 357 (75%)
Unknown = 44 (9%)

History of Myocardial Infarction Yes = 80 (17%)
No = 356 (75%)
Unknown = 42 (9%)

History of Chronic Renal Failure Yes = 65 (14%)
No = 370 (77%)
Unknown = 43 (9%)

History of Cancer Yes = 57 (12%)
No = 377 (79%)
Unknown = 44 (9%)

History of Diabetes Yes = 157 (33%)
No = 277 (58%)
Unknown = 44 (9%)

History of Hypertension Yes = 209 (44%)
No = 227 (47%)
Unknown = 42 (9%)

Downtime < 10 minutes = 151 (32%)
10 – 15 minutes = 133 (28%)
15 – 30 minutes = 24 (5%)
> 30 minutes = 170 (36%)
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Table 4
Beta blocker vs. Rhythm

Beta-blocker Use PEA VF Totals
Yes 49 16 65 (36%)
No 51 63 114 (64%)

100 (56%) 79 (44%) 179
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