
American Journal of Emergency Medicine 48 (2021) 323–327

Contents lists available at ScienceDirect

American Journal of Emergency Medicine

j ourna l homepage: www.e lsev ie r .com/ locate /a jem
Diltiazem versus metoprolol for the management of atrial
fibrillation: A systematic review and meta-analysis
S. Hammad Jafri, M.D., M.M.Sc a,e,⁎, Jing Xu, M.D., Ph.D., M.M.Sc a,b,
Ibrahim Warsi, D.D.S, M.M.Sc a,c, Christian D. Cerecedo-Lopez, M.D., M.M.Sc a,d

a Master of Medical Sciences in Clinical Investigation Program, Harvard Medical School, Boston, MA, USA
b Cancer Center, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA
c Department of Oral Medicine and Immunology, The Forsyth Institute, Harvard School of Dental Medicine, Boston, MA, USA
d Department of Surgery, Brigham and Women's Hospital, Harvard Medical School, Boston, MA, USA
e Department of Medicine, Cardiology division, Providence VA Medical Center, Alpert Medical School, Brown University, Providence, RI, USA
1. Introduction

Atrial fibrillation (AF) is the most common pathological cardiac ar-
rhythmia, affecting more than 33 million people around the globe [1].
AF is broadly classified based on the duration of cardiac arrhythmia;
pAF lasting less than one-week (paroxysmal AF), duration between
one-week to one-year (persistenet AF), and duration greater than
one-year (long-standing, persistent AF) [2]. Regardless of classification,
the management of AF aims at three main objectives: etiological diag-
nosis, complication prevention, and heart rate (HR) control [2].

Treatment of pAF can be classified into rate- and rhythm-control
strategies. Both can improve symptoms, but neither has been conclu-
sively shown to improve survival compared with other [3], with the ex-
ception of high-cardiovascular-risk patientswho are treated early in the
course of their disease, as it was recently shown in EAST AFNET4 trial
[4]. Rate control startegy addresses symptoms related to pAF, it is com-
monly the first step in the management of patients with pAF and other
supraventricular tachycardias [5]. Agents used for rate control include
non-dihydropyridine calcium channel blockers and non-selective
beta-blockers [2,5]. Both types of agents target the atrioventricular
node of the cardiac electrical conduction system to hinder the reverber-
ant electrical impulses created in the atrial cardiac tissue during AF [6].
The most common non-dihydropyridine calcium channel blocker and
non-selective beta-blocker used in the management of pAF are diltia-
zem and metoprolol, respectively, with both agents being used inter-
changeably according to physician preference, patient characteristics
and availability. Specific recommendations on the use of one agent vs.
the other have not been formally advanced [2,5]. Recently, few retro-
spective studies [7-11] and a small number of trials [12-16] have com-
pared the use of diltiazem vs. metoprolol for the management of pAF.

Given a lack of formal recommendations on the superiority of either
diltiazem or metoprolol for the management of pAF, we performed a
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meta-analysis of randomized controlled trials comparing the effective-
ness of diltiazem or metoprolol for rate control in patients with pAF.
We also evaluated secondary outcomes primarily concernedwith safety
and tolerability.

2. Methods

We conducted a systematic review of the literature on randomized
controlled trials comparing the use of diltiazem and metoprolol for the
management of pAF. We adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [17]. The
protocol for the present studywas registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO 2019 CRD42019123133).

TheMedical Subject Headings (MeSH) terms “diltiazem”, “metopro-
lol” and “atrial fibrillation” were selected and used for identifying po-
tential studies from EMBASE, PubMed and Cochrane Controlled
Register of Trials (CENTRAL). We limited the search periods as follows:
1998 to 2020 for CENTRAL, 2005 to 2020 for MEDLINE, 2005 and 2020
for EMBASE. Search was performed on February 2nd, 2020. Three inde-
pendent reviewers (C.C., I.W., J.X.) screened the abstracts obtained from
the formerly described search strategy for inclusion and exclusion
criteria. A fourth reviewer (H.J.) adjudicated the studies for final study
inclusion. Studies comparing metoprolol to diltiazem for the manage-
ment of either pAF or persistent AF were included.

Our primary outcomewas achievement of a HR<100 beats permin-
ute or a decrease ≥20%of baselineHR. The literature search periods have
been previously described. Only studies published in English, Spanish or
Mandarinwere included. Studies evaluatingAFmanagement during the
immediate postoperative period were excluded.

Information extracted from eligible studies included patient charac-
teristics (age and sex), treatment drug, dose and route of administra-
tion, HR at different points in time, percentage of patients achieving
HR control at different points in time, systolic blood pressure (SBP) at
different points in time, adverse events and/or death. The primary out-
comewas directly extracted frompublished results. In order to estimate
the hazard ratio of HR control, data-sets with time-to-event and event
type were reconstructed using previously published methodology
[18]. Briefly, hypothetical data sets of survival data were reconstructed

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2021.06.053&domain=pdf
https://doi.org/10.1016/j.ajem.2021.06.053
mailto:syed_jafri@brown.edu
mailto:jing.xu@mgh.harvard.edu
mailto:iwarsi@forsyth.org
mailto:ccerecedolopez@bwh.harvard.edu
https://doi.org/10.1016/j.ajem.2021.06.053
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ajem


Records Identified Through Database 

Searching 

(n = 463)

Records Screened

(n = 440)

Duplicates 

(n =23)

Full-text Articles Assessed 

for Eligibility

(n = 12)

Studies Included in Final 

Analysis (n=3)

Excluded (n=9)
Id
en
tif
ic
at
io
n

Sc
re
en
in
g

In
cl
ud
ed

El
ig
ib
ili
ty

Excluded 

(n=428)

Fig. 1. PRISMA Flowchart.

Fig. 2. Summary of Risk of Bias Assessment.
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based on data for individual subjects when available or based on the
percentage of patients achieving HR control at different time points.
Secondary outcomes were evaluated in terms of absolute mean differ-
ence in HR, SBP, and odds ratio of developing adverse events and/or
death.

Statistical analysis was performed using R statistical programming
language version 3.5.2 (R Foundation for Statistical Computing) [19].
Additional libraries used for this analysis included survival and meta
[20,21]. Forest plots for effect measures were created using the meta li-
brary. Reconstructed survival data was used to estimate hazard ratios
for each study using the survival library, and a forest plot was then per-
formed using the meta library [20,21]. Study quality was evaluated
using the Cochrane bias assessment tool [22]. Two reviewers (C.C. &
J.X.) assessed bias using the Cochrane bias assessment tool and discrep-
ancieswere addressed by a third reviewer (I.W.). Funnel plotswere cre-
ated to graphically assess small-study effects, and Begg andMazumdar's
Rank Correlation Test was used to test the null hypothesis of funnel plot
symmetry.

Heterogeneity was measured using Higgins I2 statistic. Fixed and
random effect models were estimated for all the measured effects. A
final estimate and confidence interval were selected based on the
level of heterogeneity observed, with a random effects model being
selected when an I2 level > 10% was observed.

3. Results

3.1. Study selection

Four hundred and sixty three studies were identified from database
searching. After removal of duplicates, 440 studieswere screened for el-
igibility. After review of titles and abstracts, 428 studies were rejected
for relevance reasons. Most of these studies were rejected because
they were case-control studies or review papers. Twelve papers
remained for full text evaluation. Of these 12 studies, Sandberg et al.
2015, Horjen et al. 2016, Ulimoen et al. 2014, and Ulimoen et al. 2014
provided insufficient data. Trials NCT02695992 and NCT02025465 did
not have results available. Ulimoen et al. 2013 and Karaca et al. 2007,
evaluated persistent AF [15,16]. Finally, trial NCT01914926 was the
same as one of the included studies. Thus, a total of three studies were
included for the final analysis (Fig. 1).

3.2. Study characteristics

Fromm et al. [12] compared IV diltiazem 0.25 mg/kg (maximum 30
mg) versus IV metoprolol 0.15 mg/kg (maximum 10 mg). Demircan
et al. [13] used diltiazem (0.25 mg/Kg IV, maximum dose 25 mg) and
metoprolol (0.15 mg/Kg IV, maximum dose 10 mg).

Diao et al. [14] used IV diltiazem 10 mg once (maximum dose 10
mg) and IV metoprolol 5 mg once (maximum dose 5 mg). Inclusion
criteria, exclusion criteria and further details of above studies can be
found in supplemental material and supplemental table.

3.3. Risk of bias within studies

With exception of the Demircan et al. study, all studies presented
with some sort of biases (Fig. 2). The main identified source of bias
was not explicitly stating the type of analysis performed, particularly if
a per protocol or intention-to-treat analysis was performed. Addition-
ally, Fromm et al. reported incomplete outcome data. Diao et al. did
not specify their methods for randomization.

3.4. Results of individual studies

The total number of subjects included in each studywere 40, 48 and
52 for Demircan et al., Diao et al., and Frommet al. respectively. Male vs.
female distribution and mean age was similar between treatment
324
groups and studies, as was age distribution. Mean HR at 15 min was
lower in the diltiazem group vs. metoprolol group (100 vs. 107.5, 95
vs. 106, and 90.3 vs 115.6 beats per minute for the Demircan et al.,
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Diao et al., and Fromm et al. studies respectively). Results of included
studies are summarized in Table 1.
Fig. 3.Mean difference in Heart Rate at 15 min using fixed and randommodel effects.
3.5. Results of meta-analysis

After reconstruction of survival data, hazard ratioswere estimated at
4.6 (95% CI: 2.3–9.3), 1.8 (95% CI: 0.92–3.6) and 1.3 (95% CI: 0.68–2.3)
for Fromm et al., Demircan et al., and Diao et al. respectively. Although
point estimates for all three studies favored diltiazem for the manage-
ment of pAF, only Fromm et al., reported a confidence interval suggest-
ing strong evidence of faster HR control with diltiazem. When pooled
together in a fixed effects model, the results of these studies demon-
strated a hazard ratio with a confidence interval strongly favoring dilti-
azem (HR = 2.05, 95% CI: 1.4–3). A random effects model also favored
diltiazem for HR control (HR = 2.14, 95% CI: 1.01–4.54) albeit with
weaker statistical evidence. Based on the I2 statistic (74%), strong evi-
dence of heterogeneity in terms of HR normalization exists across the
three studies favoring the use of a random effects model.

Both a fixed effect and a random effects model revealed a strong ev-
idence favoring diltiazem for HR reduction (MD in HR = −18.90 bpm
[95% CI: −20.76 to −17.04], −17.24 bpm [95% CI: −19.09 to −15.39]
and − 15.05 bpm [95% CI: −16.87 to −13.26] at 5, 10 and 15 min re-
spectively) Fig. 3. Based on the I2 statistic (0%), no evidence of heteroge-
neity in terms of mean difference in HR exists across the three studies.
Fig. 4 shows weighted kaplan meier curve for HR normalization based
on random effects model.

With regards to safety, no differences in SBP at 15 min among the
Demircan et al., Diao et al., and Fromm et al. studies were observed in
either a fixed nor in a random effects model (MD in SBP at 15 min =
0.04 mmHg [95% CI: 2.89–2.81]). No evidence of heterogeneity was ob-
served for either of these outcomes.
3.6. Risk of bias across studies

Funnel plots for HR mean difference at 5, 10 and 15 min and for HR
normalization did not show a strong evidence of asymmetry (Online
Appendix). Accordingly, no strong evidence of funnel plot asymmetry
was observed after performing Begg and Mazumdar Rank Correlation
Tests (p-values 0.12, 0.12, 0.6 and 0.6 for HR mean difference at 5, 10,
15 min and HR control respectively).
4. Discussion

We conducted an updated systematic review and a meta-analysis of
patients receiving diltiazem or metoprolol for the management of pAF
and identified 3 randomized controlled trials comparing the use of dilti-
azem and metoprolol for the management of pAF [12-14]. Our analysis
provided strong statistical evidence of a greater reduction in HR in the
immediate period after treatment initiation (5, 10 and 15 min) in the
diltiazem groups, and a greater reduction in HR at last measurement
with diltiazem. Our analysis also suggested a faster HR normalization
with diltiazem treatment in the management of pAF. No differences in
SBP were observed between the metoprolol and diltiazem groups.
Table 1
Results of selected studies.

Author Year Group Dose n Male (%) Age (m ± sd) Baseline HR

Fromm 2015 Diltiazem 0.25 mg/Kg 24 47 66.2 ± 13.4 136.8 ± 15.3
Metoprolol 0.15 mg/Kg 28 53 69.5 ± 14.8 142.2 ± 16.5

Diao 2009 Diltiazem 10 mg 24 42 57 ± 11 154 ± 17
Metoprolol 5 mg 24 50 58 ± 12 151 ± 18

Demircan 2004 Diltiazem 0.25 mg/Kg 20 40 60.2 ± 13.1 156.4 ± 18
Metoprolol 0.15 mg/Kg 20 50 64 ± 12.9 152 ± 19
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Martindale et al. performed a systematic review of randomized con-
trolled trials comparing calcium channel blockers with beta blockers for
themanagement of pAF [23]. In their systematic reviewMartindale et al.
were able to identify the Demircan et al. and Frommet al. studies, which
were the only two studies included in their analysis [12,13,23]. Of note,
the study published by Fromm et al. had at that time only been pub-
lished as an abstract, limiting the data availability of this study for au-
thors of this previous systematic review and meta-analysis [23]. In
addition to better data availability on the Fromm et al. study, our
study improved on the previous work of Martindale et al. by including
the study performed by Diao et al. [14] Given our improved access to
data from these three studies, we were able to reconstruct survival
data for these three studies to perform a survival analysis on the hazard
ratio of HR normalization. This contrasts with the approach of
Martindale et al. who estimated the relative risk of achieving HR nor-
malization [23]. Given that the treatment of pAF aims at rapidly achiev-
ing HR normalization, by comparing diltiazem vs. metoprolol with a
hazard ratio of HR normalization (vs. risk of HR normalization) we ex-
pect our analysis to provide better information on how rapidly these
agents achieve their intended effect, a measurement that may be of in-
terest to attending clinicians. Our analysis did demonstrate a faster HR
normalization with diltiazem that could be considered “significant” in
traditional terminology. In addition, our analysis revealed larger differ-
ences in HR in the immediate periods after the administration of diltia-
zem. When pooled together, these findings suggest that diltiazem may
be more effective in achieving HR control rapidly in patients with pAF.

In terms of safety, no differences in SBPwere identified between the
diltiazem and metoprolol group of studies evaluating these drugs for
the management of pAF. Given the lack of data availability from the
Fromm et al. study, Martindale et al. were not able to assess differences
in BP between the groups.

5. Limitations

Limitations of our analysis include a limited number of studies, and
suboptimal quality of studies. To the best of our knowledge only one
clinical trial comparing diltiazem and metoprolol for the management
of pAF is actively recruiting individuals (NCT02025465). We expect
that findings from this and other future studies evaluating the use of dil-
tiazem and metoprolol provide further information on the use of these
agents in the management of pAF. Of note, survival analysis evaluating
(m ± sd) HR at 15 min (m ± sd) Baseline SBP (m ± sd) SBP at 15 min. (m ± sd)

90.3 ± 14.4 132.4 ± 23.8 NA
115.6 ± 23 129 ± 19.8 NA
95 ± 31 136 ± 30 121 ± 21
106 ± 18 144.0 ± 23 125 ± 18
100 ± 14.7 136.5 ± 29.8 121 ± 21.4
107.5 ± 5 143 ± 22.5 124.2 ± 18



Fig. 4.Weighted Kaplan-Meier Curve for Heart Rate Normalization based on RandomEffectsModel. KaplanMeier curve comparing heart rate normalization between the diltiazem groups
(blue line) and the metoprolol groups (red line) weighted according to the random effects model.
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the hazard ratio of HR normalization will be most useful for the assess-
ment of this outcome in futuremeta-analyses. The suboptimal quality of
the included studies was mainly driven by inconsistencies in the
reporting of findings [12,14]. We believe that complete transparency
in the reporting of findings andmethodology is essential to properly as-
sess studies in a systematic review andmeta-analysis. Above results are
not applicable to patients with heart failure as those patients were ex-
cluded from all 3 trials. Also, diltiazem group achieved faster HR control
than metoprolol group with doses used. Two studies used maxiumum
dose of diltiazem (30 mg), however metoprolol maxium dose (15 mg)
was not used and instead 10 mg was used. We believe that faster HR
might be able to achieve if higher metoprolol doses were used. Future
trials should usemaximummetoprolol doses to compare further effects.
We encourage authors of future studies to report results andmethodol-
ogy entirely.

6. Conclusion

In conclusion, when compared to treatment with metoprolol, treat-
ment with diltiazem for pAF resulted in lower HR at 5, 10 and 15 min.
Our analysis improves on a previously performed systematic review
and meta-analysis by incorporating data from one additional random-
ized controlled trial, by comparing the safety profile of diltiazem and
metoprolol in terms of BP changes, and by incorporating the findings
326
of the analyzed studies into a survival analysis of HR normalization
that better reflects the goals of physicians caring for patients with pAF.

Our analysis demonstrated evidence suggestive of a more rapid HR
normalization with diltiazem, for which further randomized controlled
trials evaluating this outcome may provide further insights.
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