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Abstract

Introduction Several fluoroquinolone antibiotics have been associated with cardiac adverse effects, leading to the withdrawal
of some of these agents from the market. Cardiac side effects such as QT prolongation and torsades de pointes (TdP) have
also been observed with fluoroquinolones currently on the market. In order to evaluate the cardiac risk of fluoroquinolones
as a class, and the comparative risk for each individual drug, we conducted a systematic review, meta-analysis, and network
meta-analysis.

Methods MEDLINE, EMBASE and the Cochrane Library were searched, up to March 2018, for randomized controlled
trials, cohort studies, and case—control studies that investigated the association between fluoroquinolone treatment and the
risk of cardiovascular events and cardiovascular mortality. We followed the PRISMA 2009 guidelines for data selection and
extraction. Outcomes were pooled using random effects models. Direct and indirect comparisons in network meta-analysis
were performed using frequentist methods.

Results Thirteen studies were included in our analyses. Fluoroquinolone use was associated with a statistically significant
85% increase in the risk for arrhythmia (odds ratio [OR] 1.85; 95% confidence interval [CI] 1.22-2.81) and 71% increase in
the risk for cardiovascular mortality (OR 1.71; 95% CI 1.39-2.09). Moxifloxacin ranked most likely to have the highest risk
for arrhythmia (P-score 0.99) and for cardiovascular mortality (P-score 0.95) by network meta-analysis.

Conclusions Our findings show a significant association between fluoroquinolone use and an increased risk for arrhythmia
and cardiovascular mortality. Moxifloxacin ranked with the highest probability for cardiovascular adverse events. Further
study is required to determine how to reduce the risk for fluoroquinolone-associated cardiac toxicity.

Key Points

Fluoroquinolone use is associated with a statistically
significant increase in the risk for arrhythmia and the
risk for cardiovascular mortality.

. . . . . This risk was especially pronounced with moxifloxacin.
Electronic supplementary material The online version of this P yP

article (https://doi.org/10.1007/s40264-018-0751-2) contains
supplementary material, which is available to authorized users.
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trovafloxacin) [2], hypoglycemia (e.g., gatifloxacin) [3], and
cardiotoxicity (e.g., grepafloxacin) [4].

Cardiac side effects such as QT prolongation and tor-
sades de pointes (TdP) have also been observed in patients
using fluoroquinolones currently on the market [4—6]. The
proposed mechanism for the QT prolongation and possible
increased risk for TdP is the fluoroquinolones blockade of
the rapid delayed rectifier potassium current (Ig,), resulting
in an accumulation of potassium ions in cardiac myocytes
and delayed cardiac repolarization [7, 8].

The available case reports and clinical studies suggest
that moxifloxacin carries the greatest risk of QT prolonga-
tion compared with all other fluoroquinolones currently
available in clinical practice, whereas ciprofloxacin appears
to be associated with the lowest risk for QT prolongation and
TdP [9, 10]. However, several case reports of ciprofloxacin
cardiotoxicity have been published [11].

Two recent observational studies regarding clinical car-
diovascular adverse events of fluoroquinolones reported con-
flicting results. Lapi et al. reported an association between
fluoroquinolone use and the risk for serious arrhythmia [12].
In contrast, a cohort study conducted by Inghammar et al.
didn’t find such an association [13].

A single meta-analysis has reported that, as a class, fluo-
roquinolones are associated with an increased risk of serious
arrhythmia [14]. Nevertheless, the relative risk for cardiac
toxicity with the use of individual fluoroquinolone agents
has not been evaluated by any of the published studies.

We conducted a systematic review, a meta-analysis, and
a network meta-analysis to estimate the cardiac risk of fluo-
roquinolones as a class, and the comparative risk for the
three commonly used individual fluoroquinolones [9, 10]
moxifloxacin, levofloxacin and ciprofloxacin.

2 Materials and Methods
2.1 Data Source and Searches

We followed the Preferred Reporting Items for System-
atic reviews and Meta-analysis framework guidelines
(PRISMA 2009) [15]. The systematic review was performed
by searching all publications indexed in MEDLINE (from
1966), EMBASE (from 1974), and the Cochrane Library
(from1993) that investigated the association between fluo-
roquinolone treatment and the risk of cardiovascular events
and cardiovascular mortality. We performed this search
on March 14, 2018, with no date restriction. Our search
included randomized controlled trials (RCTs), cohort stud-
ies, and case control studies. Searches were performed using
Medical Subject Headings (MeSH) terms and free keywords:
levofloxacin, ofloxacin, ciprofloxacin, moxifloxacin, dela-
floxacin, fluoroquinolone, cardiovascular, cardiac, heart,
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arrest, death, mortality, tachycardia, ventricular, tachyar-
rhythmia, arrhythmia, torsades de pointes, myocardial
infarction (MI), and stroke. A manual search of reference
lists of review articles and original studies was performed
to identify additional reports. No language was applied in
the search. The protocol was registered in the PROSPERO
registry (registration number CRD42018094087)

2.2 Selection Criteria

Published studies were considered eligible if they reported
on the risk of arrhythmia, cardiovascular mortality, or MI in
fluoroquinolone users compared with non-fluoroquinolone
users with no time limitation. We included observational
studies and RCTs. When the results of a study were reported
in more than one publication, the most informative and
recent publication was included in the analysis.

Case reports, case series, pharmacokinetic studies in
healthy adults, reviews, expert opinion, editorials, letters
to the editor, and commentaries were excluded. Articles
were also excluded from the analysis if they had insufficient
published data for determining an estimate of the risk ratio
(RR) or odds ratio (OR) and the confidence interval (CI).
We excluded articles involving populations with HIV, sepsis,
and tuberculosis and intensive care unit patients, to reduce
the potential for confounding by indication. Additionally, we
excluded studies in which the only comparison group was
macrolide users due to their cardiovascular risks [8].

2.3 Data Extraction and Quality Assessment

The studies were obtained through medical databases and
were independently screened by two reviewers (EG and RM)
based on titles and then selected abstracts. A comprehensive
search of reference lists of review articles and original stud-
ies was performed to identify additional reports. Disagree-
ments were resolved through consensus or referral to a third
reviewer (IM) when no consensus was obtained.

The data were extracted by two independent reviewers
(EG and RM). Disagreements were resolved through con-
sensus or referral to a third reviewer (IM) when needed. Data
were extracted for the following characteristics: study details
(study design, geographical location, publication year,
duration of follow up), participants’ details (number, study
population, age, and gender), intervention and comparator
characteristics (drug name, dosage regimen), outcomes, and
covariate adjustments. Study authors were not contacted for
additional information.

The quality of the observational studies was assessed
using the Newcastle-Ottawa Quality Assessment Scale
(NOS) scoring [16]. We considered studies with a NOS
score of seven or more to be high-quality studies. The risk
of bias for RCTs was assessed using the Cochrane tool for



Fluoroquinolones and Cardiovascular Risk

531

assessing risk of bias for randomized control trials (The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014) [17].

2.4 Outcomes

Odds ratios were determined for arrhythmia, MI, and car-
diovascular mortality.

2.5 Statistical Analysis

Raw data were extracted from individual studies, and the
pooled ORs and corresponding 95% Cls were calculated
for each primary outcome. The heterogeneity of the data
was quantified using the Q statistic and the /? statistic.
High heterogeneity was considered significant when
p <0.1 for the Q statistic or when the I was > 50%. Effect
sizes of fluoroquinolones as a class were pooled using ran-
dom-effects models. These analyses were performed using
Comprehensive Meta-Analysis software (CMA), version 3.

Additionally, we conducted a network meta-analysis
according to PRISMA-NMA 2015 to pool direct and indi-
rect comparisons between the marketed fluoroquinolones,
namely moxifloxacin, levofloxacin, and ciprofloxacin,
with regards to their relative arrhythmia and cardiovascu-
lar mortality. This analysis and network graphs were per-
formed and generated using the package ‘netmeta’ within
the R environment version 3.4.3 [18].

Moreover, we ranked the arrhythmia and cardiovascular
mortality risks of fluoroquinolones using P-scores derived
from network point estimates and standard errors. The
P-scores of a treatment in this analysis can be interpreted
as the mean extent of certainty that the treatment has
greater risk of arrhythmia/cardiovascular death among the
included treatments, measured on a scale from 1 (worst)
to O (best) [19].

Inconsistency was assessed by using the Q statistic and
comparing the results from direct and indirect estimates
using the package ‘netmeta’ within the R environment ver-
sion 3.4.3 [18].

Finally, we performed subgroup analyses according
to study design: observational and interventional. Due to
the limited number of RCTs in each analysis, we didn’t
perform subgroup analysis for RCTs. Additional sensi-
tivity analysis was performed to examine the association
between fluoroquinolone use and arrhythmia or MI exclud-
ing studies reporting cardiovascular events as adverse
events rather than an outcome. Further, sub-analyses of
studies that examined treatment for acute infections and
of the studies that used f-lactam antibiotics as the control
group were performed.

3 Results
3.1 Description of the Selected Studies

Our search generated 3491 records for evaluation. Records
were screened for inclusion by title, resulting in 131 poten-
tially relevant papers, which were further evaluated by
abstract. After exclusion of irrelevant abstracts, 27 arti-
cles were selected for full-text evaluation. Thirteen articles
were included in our three analyses: five case—control stud-
ies, five cohort studies, and three RCTs. The search pro-
cess is illustrated in Fig. 1. The selected studies involved
use of fluoroquinolones as a group and of moxifloxacin,
ciprofloxacin, levofloxacin, and gatifloxacin. No studies
reporting the cardiovascular risk of ofloxacin and delaflox-
acin were found. Study characteristics are summarized in
Table 1. Additional information including quality assess-
ments of observational studies and the overall risk of bias
of RCTs are available online (Tables A1l and A2, respec-
tively, see Electronic Supplementary Material). The com-
parator group was most commonly a pB-lactam antibiotic.

3.2 Meta-analysis
3.2.1 Arrhythmia

Six studies [12, 13, 20-23] with 4,507,132 participants
(three cohort studies, two case—control studies, and one
RCT) reported arrhythmia among fluoroquinolone users.
The pooled analysis showed a significant association
between fluoroquinolone use and an increased risk for
arrhythmia (OR 1.85 [95% CI 1.22-2.81]) with high heter-
ogeneity I>=87% (Fig. 2). In the sub-analysis for observa-
tional studies [12, 13, 20, 22, 23] (excluding Harms et al.
[21], who reported cardiac arrhythmia as part of the safety
analysis and not as an outcome, and was the only RCT in
the analysis) the significant association was maintained
(OR 1.87 [95% CI 1.22-2.87]; p <0.001; I*=90%).

3.2.2 Cardiovascular Mortality

The pooled analysis of three studies [20, 24, 25] with
3,275,114 participants (two cohort studies and one RCT),
resulted in a significant association between fluoroqui-
nolone use and an increased risk for cardiovascular mor-
tality (OR 1.71 [95% CI 1.39-2.09]) with low heterogene-
ity (p=0.4; I’=0%) (Fig. 3). When we excluded Cannon
et al. [25], the only RCT in the analysis, the pooled effect
of the two observational studies [20, 24] is OR 1.68 (95%
CI 1.26-2.24); ’=37%.
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Fig. 1 Selection process:
articles retrieved, screened, and
selected for the quantitative
analysis

3,491 articles identified by search

3,360 non-relevant articles were

y

" excluded

Abstracts of 131 articles were assessed

A 4

+| 104 abstracts were excluded

27 full-text articles were evaluated

14 articles were excluded:
Type of study/publication (2)
no control group (3)

A 4

no relevant outcome (9)

13 studies were included in meta-analysis
case-control studies (5)

cohort studies (5)

randomized control studies (3)

3.2.3 Myocardial Infarction

In the pooled analysis of six studies [25-30] with 269,832
participants (one cohort study, three case control studies, and
two RCTs, see Table 3) reporting MI risk in fluoroquinolone
users, we observed a small but statistically significant asso-
ciation between fluoroquinolone use and an increased risk
for MI (OR 1.18 [95% CI 1.00-1.38]), with high heterogene-
ity (p=0.01; ’=66%) (Fig. 4). In the sensitivity analysis,
excluding Fink et al. [30], the association remained signifi-
cant (OR 1.19 [95% CI 1.02-1.38]; p=0.018; I*=66%) for
heterogeneity. In the sub-group analysis for observational
studies [26-29], the pooled effect is OR 1.33 (95% CI
1.26-1.39); =0%.

3.3 Network Meta-analysis
3.3.1 Arrhythmia

In the network meta-analysis for arrhythmia (network plot in
Fig. 5), moxifloxacin ranked most likely to have the highest
risk for arrhythmia among the marketed fluoroquinolones
included in the analysis (P-score0.99), and ciprofloxacin
ranked most likely to have the lowest risk for arrhythmia
(P-score 0.39) (see Table 2).

Moxifloxacin was associated with a higher risk for
arrhythmia compared with levofloxacin and ciprofloxa-
cin (OR 2.19 [95% CI 1.31-3.64] and OR 2.71 [95% CI
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1.60-4.59], respectively). Both ciprofloxacin and levo-
floxacin were associated with higher risk for arrhythmia
compared with non-fluoroquinolones (OR 1.51 [95% CI
1.04-2.20] and OR 1.87 [95% CI 1.36-2.58], respectively).

However, analysis of the comparative risk for arrhythmia
did not show a significant difference between levofloxacin
and ciprofloxacin (OR 1.24 [95% CI 0.79-1.95]) (see Fig. 6).

The inconsistent results for the overall network do not
indicate that the direct and indirect comparisons of arrhyth-
mia were inconsistent (p =0.24), with heterogeneity of 26%.

3.3.2 Cardiovascular Mortality

In network meta-analysis for cardiovascular mortality (net-
work plot in Fig. 7), moxifloxacin was ranked most likely to
have the highest risk for cardiovascular mortality (P-score
0.95) (Table 3) and was associated with a significantly
higher risk for cardiovascular mortality compared with
ciprofloxacin (OR 3.50 [95% CI 1.78-6.91]) (Fig. 8). Our
results didn’t suggest a significant association between moxi-
floxacin and cardiovascular mortality compared with levo-
floxacin use (OR 1.38 [95% CI 0.72-2.65]). Levofloxacin
was associated with a significantly higher risk for cardiovas-
cular mortality compared with ciprofloxacin use (OR 2.53
[95% CI 1.55-4.14]). Ciprofloxacin was ranked most likely
to have the lowest risk for cardiovascular mortality (P-score
0.15) (Table 3) and was the only fluoroquinolone that was
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Table 1 Study characteristics

Study Year Study design  Relevantout-  FQ Control Events FQ  FQ users/control Duration of
come users/con- follow-up
trol
Chou et al. [20] 2015 Cohort Arrhythmia, Moxifloxacin  Amoxicillin- 82/127 361,390/1,102,358 7 days
cardiovascu-  Ciprofloxacin  clavulanate 88/142
lar mortality  Levofloxacin
Inghammar 2016 Cohort Arrhythmia NS Penicillin 105/113 909,656/909,656 14 days
etal. [32]
Harms et al. 2008 RCT Arrhythmia Moxifloxacin  Placebo 171 39/40 6 months
[21]
Lapietal. [12] 2012 Nested case Arrhythmia Moxifloxacin  FQ non-users ~ 35/1293 427/31,933 Within 14 days
control Ciprofloxacin before the
Levofloxacin index date
Gatifloxacin
Rao et al. [22] 2014 Cohort Arrhythmia Levofloxacin  Amoxicil- 59/166 201,789/979,380 10 days
lin +cla-
vulanate
potassium
Zambon et al. 2009 Case control Arrhythmia NS FQ non-users NA NA/NA (total Recent/immedi-
[33] 10,464) ately prior to
the date of the
event
Cannonetal. 2005 RCT Cardiovascular Gatifloxacin ~ Placebo 31/19 2076/2086 18-32 months
[25] mortality, MI 137/154 (mean 2 years)
Ray et al. [24] 2012 Cohort Cardiovascular Ciprofloxacin  Amoxicillin 38/80 458,532/1,348,672 10 days
mortality Levofloxacin
Bjerrumetal. 2006 Case control MI NS FQ non-users ~ 227/3858 968/19,509 3 years
[26]
Fink et al. [30] 1994 RCT MI Ciprofloxacin Imipenem— 0/4 200/200 7 days of discon-
cilastatin tinuation
Karter et al. 2003 Case control MI NS Penicillin 33/129 132/570 6 months prior to
[27] the index date
Luchsinger 2002 Cohort MI NS Non users of NA 70,801/152,475 NA
et al. [28] macrolides,
quinolones,
tetracycline,
penicillin,
cephalo-
sporin,
trimetho-
prim-sul-
famethoxa-
zole
Monster et al. 2005 Case control MI NS Penicillin 34/1954 296/20,519 3 years

[29]

FQ fluoroquinolones, MI myocardial infarction, NA not applicable, NS not specified, RCT randomized controlled trial

not associated with a risk for cardiac mortality compared
with non-users (Fig. 8).

The results of inconsistency for the overall network do
not indicate that the direct and indirect comparisons of car-
diac death were inconsistent (p=0.16), with heterogeneity
of 45%.

Additional sub-analyses of studies that examined treat-
ment for acute infections and of the studies that used
B-lactam antibiotics as the control group were performed.
The two subgroup analyses support our primary findings of
a significant association between cardiovascular mortality
and fluoroquinolones use. The association between fluo-
roquinolone and arrhythmia was statistically significant
in the first analysis. In the second analysis, we couldn’t
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Fig.2 Arrhythmia in fluoroqui- Study name Statistics for each study Odds ratio and 95% Cl
nolone users versus non-users. Odds Lower Upper Relative
The forest plot demonstrates ratio  limit  limit ZValue p-Value weight
point estimates of the odds ratio Chou 2015 [20] 1970 1492 2600 4785  0.000 [ ] 2003
surrounded by 95% confidence Inghammar 2016 [13]0.929 0712 1212 0542 0588 [ ] 20.19
mte;"als (f?) Calc‘gaied by Harms 2008 (21) 1026 0.062 17.006 0.018  0.986 2.01
random-effects mode Lapi 2012 [12) 2116 1491 3.003 4.19%4  0.000 [} 19.04
Rao 2014 [22] 1725 1282 2322 3598  0.000 [ ] 19.78
Zambon 2009 [23] 3580 2507 5113  7.013  0.000 B 18.95
Total (95% CI) 1.847 1217 2805 2.880  0.004 &
0.01 0.1 1 10 100
Decreased risk Increased risk
Fig.3 Cardiovascular mortal- Study name Statistics for each study Odds ratio and 95% CI
ity in fluoroquinolone users Odds Lower Upper Relative
versus non-users. The forest plot ratio limit  limit 2Z-Value p-Value weight
demonstrates point estimates
. Chou2015([20] 1.891 1449 2467 4694  0.000 59.22
of the odds ratio surrounded by © (20) -
95% confidence intervals (CI) Ray 2012(24] 1.397 0.950 2056  1.697  0.090 28.08
calculated by random-effects Cannon 2005 [25] 1.649 0.929 2929 1.707 0.088 12.70
model Total (95%Cl) 1.707 1.391 2094 5120  0.000 ¢
0.01 0.1 1 10 100
Decreased risk Increased risk
Fig.4 Myocardial infarction in Study name Statistics for each study Odds ratio and 95% Cl
fluoroquinolone users versus 0dds Lower Upper Relative
non-users. The forest plot ratio  limit  limit Z-Value p-Value weight
demonstrates point estimates Bjerrum 2006 [26] 1.249 1.072 1455 2.847  0.004 2586
of the odds ratio surrounded by Cannon 2005 [25]  0.886 0698 1125 -0990  0.322 19.25
95% confidence intervals (CI) Karter 2003 [27]  1.140 0.734 1770 0582  0.561 9.44
Calfiullated by random-effects Luchsinger 2002 [28] 1.340  1.272 1412 10.971  0.000 32.77
mode Monster 2005 [29] 1233 0.860 1768 1139 0255 12.39
Fink 1994 [30] 0108 0006 2016 -1491  0.136 0.29
Total (95% CI) 1176 1.003 1378 1994  0.046
0.01 0.1 1 10 100

reach statistical significance, only a trend (see Electronic
Supplementary Material).

4 Discussion

The results of our meta-analysis indicate an association
between the use of fluoroquinolones and the risk for
arrhythmia and cardiovascular mortality compared with
non-fluoroquinolone treatment. In network meta-analyses,
moxifloxacin treatment was associated with the highest
probability to be associated with the risk for both arrhyth-
mia and cardiovascular mortality as compared to other
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Decreased risk Increased risk

fluoroquinolones and non-fluoroquinolone treatments, and
ciprofloxacin was associated with the lowest probability to
be associated with the risk for both outcomes.

Our results suggest an association between fluoro-
quinolone use and cardiovascular adverse events, and
are consistent with Liu et al.’s results [14]; however, the
association in our analysis was somewhat weaker. Liu
et al. included in their analysis a study based on the US
FDA adverse event reporting system (FAERS). As the
data in FAERS cannot be used to directly infer the OR
or RR of an event [31], this study was not included in
the calculation of the pooled effect in our meta-analy-
sis. In the network meta-analysis, which included only
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Ciprofloxacin

Levofloxacin

NonFQ

Moxifloxacin

Fig.5 Network plot for arrhythmia analysis: nodes represent treat-
ments and edges represent the available direct comparisons between
pairs of treatments. FQ fluoroquinolones

Table 2 Treatment ranked by probability of highest risk of arrhyth-
mia

Medication P-score?
1. Moxifloxacin 0.99

2. Levofloxacin 0.61

3. Ciprofloxacin 0.39

4. Non-fluoroquinolone 0.005

#P-score derived from network meta-analysis. It represents the mean
extent of certainty that a given treatment has greater risk of arrhyth-
mia among the included treatments, measured on a scale from 0
(best) to 1 (worst)

marketed fluoroquinolones, we found a significant dif-
ference between the risk for arrhythmia associated with
individual fluoroquinolones: moxifloxacin was associated
with > 2-fold increase in the risk of arrhythmia com-
pared with ciprofloxacin or levofloxacin. The higher risk

Fig.6 Comparative odds ratio Treatment
(OR) for arrhythmia in different
fluoroquinolones. The forest
plot demonstrates point esti-
mates of risk ratio surrounded
by 95% confidence intervals
(CI) calculated by random-
effects model. FQ fluoroqui-
nolones

Moxifloxacin vs Non FQ

Levofloxacin vs Ciprofloxacin

Levofloxacin vs Non FQ

Ciprofloxacin vs Non FQ

Moxifloxacin vs Levofloxacin

Moxifloxacin vs Ciprofloxacin

observed with moxifloxacin use is consistent with in-vitro
findings suggesting a more potent blockade of Iy, current
than ciprofloxacin and levofloxacin [8] and with previous
clinical studies [12, 14]. Interestingly, a higher risk was
observed for levofloxacin compared with ciprofloxacin in
the analysis of cardiac mortality, while the risk of arrhyth-
mia was not statistically significantly different, though a
consistent trend was observed. Furthermore, levofloxacin
ranked more likely to have higher risk for both outcomes
than ciprofloxacin. These findings are consistent with the
fact that ciprofloxacin is often considered as having the
lowest potential to cause cardiovascular side effects [8,
9]. Our results suggest a very weak association between
the use of fluoroquinolone antibiotics and MI. Due to the
relatively small number of participants in the analysis, and
the lack of biological plausibility, we believe this finding
can be attributed to residual confounding rather than a
causal association.

Our study has several strengths. First, the results are
generalizable due to the large number of participants in the
arrhythmia and cardiovascular mortality analyses and the
use of raw data. The subgroup analyses performed accord-
ing to study design and baseline indication support these
findings. Furthermore, to our knowledge, we are the first to
conduct indirect comparisons using a network meta-analysis
to assess differences between individual fluoroquinolones
regarding their cardiovascular risk.

There are several limitations of our analysis. Firstly,
our study was not designed to explore the interaction
between co-morbidity and fluoroquinolones’ cardiovas-
cular adverse effects and therefore the observed risk does
not reflect the risk in special populations such as patients
with conduction disorders and patients with prior major
cardiovascular events. Secondly, confounding by indica-
tion is a possible limitation of observational studies such
as those included in our analyses. Although many of

OR [95% CI]

2.19 [1.31;3.64] —
2.71[1.6;4.59] T
4.1[2.61;6.43) — .
1.24 [0.79;1.95] i

1.87 [1.36;2.58] ——
1.51[1.04;2.2] ——

0.13 025 050 100 2.00 4.00 8.00

Decreased risk Increased risk
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" Ciprofloxacin

Non FQ

B
Moxifloxacin

Fig.7 Network plot for cardiovascular mortality analysis. Nodes rep-
resent treatments and edges represent the available direct compari-
sons between pairs of treatments. FQ fluoroquinolones

Table 3 Treatment ranked by probability of highest risk of cardiovas-
cular mortality

Medication P-score?
1. Moxifloxacin 0.95
2. Levofloxacin 0.72
3. Non fluoroquinolone 0.18
4. Ciprofloxacin 0.15

#P-score derived from network meta-analysis. It represents the mean
extent of certainty that a given treatment has greater risk of car-
diovascular mortality among the included treatments, measured on a
scale from O (best) to 1 (worst)

the observational studies compared fluoroquinolone use
to other antibacterial agents for similar indications, the
potential for residual confounding remains. Thirdly, we

Fig.8 Comparative odds ratio Treatment
(OR) for cardiovascular mortal-
ity in different fluoroquinolones.
The forest plot demonstrates
point estimates of risk ratio
surrounded by 95% confidence
intervals (CI) calculated by
random-effects model. FQ
fluoroquinolones

Moxifloxacin vs Non FQ

Levofloxacin vs Ciprofloxacin

Levofloxacin vs Non FQ

Ciprofloxacin vs Non FQ
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Moxifloxacin vs Levofloxacin

Moxifloxacin vs Ciprofloxacin

had no information regarding important lifestyle factors
that influence patients’ cardiovascular risk, compliance,
and antibiotics regimen in many of the studies. Lastly,
there was evidence of high heterogeneity among the trials
for some of the outcomes. The high heterogeneity can be
attributed to different indications of antibiotics, different
control exposure, different drug regimens (dose and treat-
ment duration), different study design, different coexisting
conditions, concomitant drugs, age, and gender. We used
a random effects model in our computations in order to
account for the possibility of study-dependent variations
in effect, and conducted sensitivity analyses excluding
studies that reported on cardiac outcomes only as part the
assessment of side effects.

5 Conclusions

Our findings show a significant association between fluo-
roquinolone use and increased risk for arrhythmia and
cardiovascular mortality. This risk was especially pro-
nounced with moxifloxacin, which was associated with
a 2- to 3-fold higher risk for these outcomes. These find-
ings are in accordance with previous studies. Due to the
widespread use of fluoroquinolones, the findings that we
describe are relevant to healthcare professionals. These
findings provide the best available evidence on the cardiac
risk profile of fluoroquinolones as a class, and on the most
likely relative risk of individual agents.

Additional studies are required to investigate the
observed risks of individual drugs, and to evaluate fluo-
roquinolone cardiac safety in special populations with
risk factors for cardiac arrhythmias. Until then, prudent

OR [95% ClI]

1.38[0.72;2.65] — -
3.5[1.78;6.91] -
3.43 [1.84;6.39] -
2.53 [1.55;4.14] — =

2.48 [1.65;3.73] —

0.98 [0.63;1.53]

0.13 025 050 1.00 2.00 4.00 8.00

Decreased risk Increased risk
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monitoring should be considered, particularly in high-risk
patients.
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