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IMPORTANCE Respiratory fluorogquinolone antibiotics are some of the most common
medications with QT interval-prolonging potential prescribed to patients with
hemaodialysis-dependent kidney failure—individuals who have a very high risk of sudden
cardiac death (SCD). To date, there have been no large-scale, population-specific studies
evaluating the cardiac safety of respiratory fluoroquinolones in the hemodialysis population.

OBJECTIVE To investigate the cardiac safety of respiratory fluoroquinolones among
individuals with hemodialysis-dependent kidney failure.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study examining safety using an
active comparator new-user design was conducted using administrative claims data from a
US-wide kidney failure registry from January 1, 2007, to December 31, 2016, including

264 968 Medicare beneficiaries receiving in-center maintenance hemodialysis. Data analysis
was performed from January 4 to August 16, 2021.

EXPOSURES Respiratory fluoroquinolone (levofloxacin or moxifloxacin) vs amoxicillin-based
(amoxicillin or amoxicillin with clavulanic acid) antibiotic treatment.

MAIN OUTCOMES AND MEASURES Sudden cardiac death within 5 days of outpatient initiation
of a study antibiotic. Inverse probability of treatment-weighted survival models to estimate
hazard ratios (HRs), risk differences (RDs), and corresponding 95% Cls. Death due to a cause
other than SCD was treated as a competing event. Fracture was considered as a negative
control outcome.

RESULTS The study cohort included 264 968 unique in-center hemodialysis patients and
626 322 study antibiotic treatment episodes: 251726 respiratory fluoroquinolone treatment
episodes (40.2%) and 374 596 amoxicillin-based treatment episodes (59.8%). Of the

264 968 patients, 135 236 (51.0%) were men, and the mean (SD) age was 61 (15) years.
Respiratory fluoroquinolone vs amoxicillin-based antibiotic treatment was associated with a
higher relative and absolute 5-day risk of SCD (weighted HR, 1.95; 95% Cl, 1.57-2.41; and
weighted RD per 100 000 treatment episodes, 44.0; 95% Cl, 31.0-59.2). Respiratory
fluoroguinolone vs amoxicillin-based antibiotic treatment was not associated with the 5-day
risk of fracture.

CONCLUSIONS AND RELEVANCE In this study, compared with amoxicillin-based antibiotic
treatment, respiratory fluoroquinolone treatment was associated with a higher short-term
risk of SCD among patients with hemodialysis-dependent kidney failure. This finding suggests
that decisions between the use of respiratory fluoroquinolones and amoxicillin-based
antibiotics should be individualized, with prescribers considering both the clinical benefits
and potential cardiac risks.
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luoroquinolone antibiotics, such as levofloxacin and

moxifloxacin, are prescribed widely,! have advanta-

geous pharmacokinetic properties (eg, high oral bio-
availability, long half-lives, and good tissue penetration) and
provide excellent coverage for most respiratory pathogens.?*
Although levofloxacin and moxifloxacin are generally well tol-
erated, they can delay ventricular repolarization, which mani-
fests as QT interval prolongation and is associated with the life-
threatening ventricular tachyarrhythmia torsade de pointes
(TdP).>® Meta-analyses of studies evaluating the cardiac safety
of respiratory fluoroquinolones in the general population have
reported associations between these medications and a height-
ened risk of serious arrhythmias and cardiovascular death.”®
However, findings across studies are inconsistent, and vari-
able degrees of risk have been reported. These inconsisten-
cies may relate, in part, to differences in the underlying car-
diac risk of the populations studied.

Respiratory fluoroquinolones are some of the most com-
mon medications with QT interval-prolonging potential pre-
scribed to individuals receiving hemodialysis,” patients with
a very high risk of sudden cardiac death (SCD). Sudden car-
diac death is the leading cause of death among individuals
receiving hemodialysis, accounting for 1 in every 3 deaths.!°
The rate of SCD in the hemodialysis population exceeds that
of the general population by more than 20-fold." Risk fac-
tors known to enhance the QT interval-prolonging effects of
respiratory fluoroquinolones, such as structural heart dis-
ease, electrolyte derangements, and use of multiple medica-
tions with QT interval-prolonging potential, are highly
prevalent among patients receiving hemodialysis, rendering
them susceptible to drug-induced cardiac complications.
More than 80% of patients undergoing hemodialysis have a
least 1 demographic or clinical risk factor for drug-induced
QT interval prolongation.® However, evidence linking respi-
ratory fluoroquinolones to adverse cardiac outcomes in
dialysis-dependent kidney failure is limited to case reports
of TdP with levofloxacin and moxifloxacin.!>'* We under-
took this study to investigate the cardiac safety of respira-
tory fluoroquinolones among individuals receiving in-center
maintenance hemodialysis.

Methods

Data Source

We used data from the US Renal Data System, a government-
funded national surveillance system that collects informa-
tion on almost all individuals with kidney failure in the US.'*
The US Renal Data System database includes the End Stage Re-
nal Disease Medical Evidence Report, the Death Notification
form, and Medicare standard analytic files, including enroll-
ment information and final action administrative fee-for-
service hospital (Medicare Part A), physician/supplier (Medi-
care Part B), and prescription drug (Medicare Part D) claims.'*
This study was approved by the University of North Carolina
at Chapel Hill Institutional Review Board with a waiver of in-
formed consent owing to the study’s large size, data anonym-
ity, and retrospective nature. This study followed the Strength-
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Key Points

Question Compared with amoxicillin-based antibiotics, are
respiratory fluoroquinolones associated with a higher risk of
sudden cardiac death among patients receiving hemodialysis?

Findings In this cohort study, among 264 968 patients receiving
in-center hemodialysis, respiratory fluoroquinolone vs
amoxicillin-based antibiotic treatment was associated with higher
relative and absolute 5-day sudden cardiac death risks.

Meaning The findings of this study suggest that, among patients
receiving hemodialysis, treatment with a respiratory
fluoroquinolone may be associated with an increased risk of
sudden cardiac death more than treatment with an
amoxicillin-based antibiotic.

Figure 1. Study Design

Respiratory fluoroquinolone or amoxicillin-based antibiotic initiation
Index date

5-,7-,10-, and 14-d Follow-
| 30-d Washout an omowup

‘ Outcome assessment
No record of a study
antibiotic prescription
|

180-d Baseline period
Obtain baseline covariates

Antibiotic treatment episodes for an oral respiratory fluoroquinolone
(levofloxacin or moxifloxacin) and an oral amoxicillin-based antibiotic
(amoxicillin or amoxicillin with clavulanic acid) were identified based on
initiation of one of these medications after a 30-day washout period free of
documented prescription fills for either medication class. The index date was
defined as the date of study antibiotic initiation. Baseline covariates were
identified in the 180-day period before the index date and study follow-up
began on the index date.

ening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cohort studies.

Study Design and Population
We conducted aretrospective cohort study using an active com-
parator new-user design' (Figure 1) to investigate the asso-
ciation between oral respiratory fluoroquinolone (levofloxa-
cin or moxifloxacin) vs oral amoxicillin-based antibiotic
(amoxicillin or amoxicillin with clavulanic acid) treatment and
the short-term risk of SCD among patients receiving in-center
hemodialysis. We selected amoxicillin-based antibiotics as the
comparator because they are also used to treat respiratory in-
fections and are not associated with QT interval prolonga-
tion, according to a source that categorizes the QT interval-
prolongation-related risk of medications based on published
literature, medication package inserts, data from the US Food
and Drug Administration's Adverse Event Reporting System,
and other sources.'® We selected a primary follow-up period
of 5 days because this is the minimum recommended dura-
tion of levofloxacin and moxifloxacin therapy for respiratory
infections.?!7'° Recognizing that patients may receive longer
treatment, we also considered 7-, 10-, and 14-day follow-up
periods.>17-20

All outpatient study antibiotic fills between January 1,
2007, and December 30, 2016, among patients receiving
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in-center hemodialysis were evaluated for inclusion. Indi-
vidual patients could contribute multiple respiratory fluoro-
quinolone and/or amoxicillin-based antibiotic treatment epi-
sodes to the analysis. Each treatment episode consisted of a
180-day baseline period, 30-day washout period, and 14-day
follow-up period (Figure 1). To assemble the study cohort, we
identified outpatient antibiotic treatment episodes in which
an oral respiratory fluoroquinolone or an oral amoxicillin-
based antibiotic was newly initiated after a 30-day washout
period free of documented prescription fills for either medi-
cation class among adults (age =18 years) receiving in-center
maintenance hemodialysis. We then applied the following pa-
tient-based exclusion criteria to the treatment episodes:
(1) missing information on patient sex; (2) 90 days or less on
hemodialysis at the start of the baseline period; (3) lack of
continuous Medicare Part A, B, and D coverage during the base-
line period; (4) receipt of hospice care during the baseline
period; and (5) presence of an implantable cardioverter-
defibrillator. Within individual patients, we also evaluated
treatment episodes for overlap, excluding episodes in which
the associated washout period overlapped a preceding, al-
ready included treatment episode. Because an outpatient an-
tibiotic fillimmediately following hospital discharge may rep-
resent continuation of inpatient antibiotic therapy, we excluded
treatment episodes of patients hospitalized during the last 7
days of the washout period.

Exposure, Outcomes, and Covariates

We used Medicare Part D prescription drug claims to identify
outpatient oral respiratory fluoroquinolone and oral amoxi-
cillin-based antibiotic treatment episodes. For each antibi-
otic treatment episode, we defined the index date as the date
of the first respiratory fluoroquinolone or amoxicillin-based
antibiotic prescription after a 30-day washout period.

We used the End Stage Renal Disease Death Notification
form for death date and cause. The primary outcome was SCD,
defined using the established US Renal Data System defini-
tion of death due to cardiac arrhythmia or cardiac arrest listed
as the primary cause.'*2122 We considered 3 broader out-
comes in secondary analyses: (1) a composite of SCD or hos-
pitalized ventricular arrhythmia, (2) cardiovascular mortal-
ity, and (3) all-cause mortality (eTable 1 in the Supplement).
We studied hospitalization for fracture as a negative control
outcome.

Baseline covariates included potential confounders and
variables known to be strong risk factors for the study
outcome.?® For each antibiotic treatment episode, we identi-
fied covariates in the 180 days before the index date using Medi-
care Part A, B, and D claims. Covariates included patient de-
mographics, comorbid conditions, prescription medication use,
and metrics of health care use (eTable 2 and eTable 3 in the
Supplement). We obtained patient demographic characteris-
tics, including race and ethnicity, from the US Renal Data Sys-
tem Medical Evidence Report form. Missing data were mini-
mal and limited to demographic covariates. Treatment episodes
with missing race (n = 448) were classified as having other race
and treatment episodes with missing Hispanic ethnicity
(n = 2349) were classified as non-Hispanic.
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Statistical Analysis

Data analysis was conducted from January 4 to August 16, 2021.
Statistical analyses were performed using SAS, version 9.4 (SAS
Institute Inc). We describe baseline characteristics across re-
spiratory fluoroquinolone and amoxicillin-based antibiotic
treatment episodes as count (percentage) for categorical vari-
ables and as mean (SD) for continuous variables. We com-
pared baseline covariate distributions between groups using
absolute standardized differences. A standardized difference
greater than 0.10 represents an imbalance between exposure
groups.?*

We used an intention-to-treat approach to evaluate the as-
sociation between respiratory fluoroquinolone vs amoxicillin-
based antibiotic treatment and the 5-day risk of SCD. Longer
follow-up periods were considered in separate analyses. An
intention-to-treat analytic approach in observational studies
of medication therapies is analogous to an intention-to-treat
analysis in clinical trials: the initial therapy is used as the ex-
posure whether or not a patient changes therapies during
follow-up.2* In our study, patients were analyzed according to
their initially prescribed antibiotic in each treatment episode
regardless of treatment changes during the corresponding
follow-up period. For each study antibiotic treatment epi-
sode, individuals were followed up forward in historical time
from the index date to the first occurrence of an outcome, cen-
soring, or competing event. Censoring events included (1) di-
alysis modality change; (2) kidney transplantation; (3) kid-
ney function recovery; (4) loss of Medicare Part A, B, or D
coverage; (5) loss to follow-up; (6) end of the designated
follow-up period; and (7) study end (December 31, 2016). Death
duetoacause other than SCD was treated as a competing event.

In primary analyses, all eligible antibiotic treatment epi-
sodes were considered. We estimated both relative and abso-
lute effect measures to assess the study antibioticand SCD as-
sociation. We estimated hazard ratios (HRs) and their 95% CIs
using Fine and Gray proportional subdistribution hazards
models.?® To account for within-person correlation of re-
peated measures, SEs were obtained using robust variance
estimation.?” The null value for HRs is 1.00. We used the Aalen-
Johansen nonparametric estimator to estimate the cumula-
tive incidence of SCD in each treatment group and computed
risk differences (RDs) by subtracting the cumulative inci-
dence of SCD in the amoxicillin-based antibiotic group from
the cumulative incidence of SCD in the respiratory fluoroqui-
nolone group. We obtained 95% CIs for RDs using a cluster-
based bootstrap procedure with 500 resamples to account for
within-person correlation of repeated measures.?®

We used inverse probability of treatment (IPT) weighting
for confounding control. Briefly, we calculated the predicted
probability (ie, propensity score) of initiating a respiratory fluo-
roquinolone vs an amoxicillin-based antibiotic as a function
of'baseline covariates using logistic regression. We generated
IPT weights from propensity scores using standard methods.?°
We estimated weighted HRs by applying IPT weights in our re-
gression models and weighted RDs by applying IPT weights to
the Aalen-Johansen estimator.

We used analogous methods to conduct secondary analy-
ses considering exposure and outcome variations. The US Food
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and Drug Administration-approved product labeling for both
levofloxacin and moxifloxacin recommends avoiding use of
these drugs with other QT interval-prolonging medications.”®
Therefore, we evaluated the association between respiratory
fluoroquinolone and amoxicillin-based antibiotic treatment in
patients taking and not taking other QT interval-prolonging
medications with known TdP risk (eTable 3 in the Supple-
ment). In addition, electrocardiogram studies indicate that
moxifloxacin may prolong the QT interval to a greater extent
than levofloxacin (mean, 3-7 milliseconds for levofloxacin vs
7-14 milliseconds for moxifloxacin).>°* Thus, we compared
moxifloxacin and levofloxacin, separately, with amoxicillin-
based antibiotics. Given that 3 different treatments were con-
sidered, we estimated propensity scores and generated IPT
weights using standard methods for multicategorical
exposures.?®-3* In addition, we considered 3 broader out-
comes, as detailed above. In analyses evaluating cardiovas-
cular mortality, noncardiovascular death was treated as a com-
peting event.

We conducted sensitivity analyses to assess the robust-
ness of our main findings. These analyses included restrict-
ing the cohort to patients’ first eligible study antibiotic treat-
ment episode and, separately, to patients who were not
hospitalized during the 30-day washout period. We also com-
pared respiratory fluoroquinolone treatment vs amoxicillin
with clavulanic acid treatment and evaluated a negative con-
trol outcome not expected to be influenced by the study an-
tibiotics: hospitalization associated with fracture. In fracture
analyses, all-cause death was treated as a competing event.

. |
Results

eFigure 1in the Supplement depicts the study cohort flow
diagram. A total of 626 322 antibiotic treatment episodes
among 264 968 unique adults receiving in-center hemodialy-
sis were included: 251726 respiratory fluoroquinolone treat-
ment episodes (40.2%) (148 417 patients) and 374 596
amoxicillin-based antibiotic treatment episodes (59.8%)
(180 887 patients). Individual patients contributed a median
of 2 (IQR, 1-3) treatment episodes to the analysis, and among
the 138 801 patients with multiple treatment episodes, the
median time between study antibiotic prescription fills was
209 (IQR, 106-430) days. Overall, among the 264 968 unique
patients, the mean (SD) age was 61 (15) years, 129 732 (49.0%)
were women, and the most common cause of kidney failure
was diabetes (47.9%). The propensity score distributions of
the study antibiotic groups exhibited substantial overlap
(eFigure 2 in the Supplement), indicating that the groups
were comparable. Baseline characteristics of the primary
cohort stratified by study medication are presented in Table 1
and eTable 4 in the Supplement. Individuals treated with a
respiratory fluoroquinolone vs an amoxicillin-based antibi-
otic were older (mean age, 61.9 vs 58.5 years) and had a
higher prevalence of cardiovascular comorbid conditions (eg,
heart failure, 45.1% vs 35.9%) and health care use, among
other factors. After IPT weighting, all baseline covariates
were well balanced between groups.
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Sudden Cardiac Death

In the 5-day follow-up period, a total of 416 SCDs occurred: 266
during respiratory fluoroquinolone treatment and 150 during
amoxicillin-based antibiotic treatment. The corresponding in-
cidence of events was 105.7 SCDs per 100 000 treatment epi-
sodes in the respiratory fluoroquinolone group compared with
40.0 SCDs per 100 000 treatment episodes in the amoxicillin-
based antibiotic group. Figure 2 and eTable 5 in the Supplement
display the association between respiratory fluoroquinolone
vs amoxicillin-based antibiotic treatment and SCD. Com-
pared with amoxicillin-based antibiotic treatment, respira-
tory fluoroquinolone treatment was associated with a higher
5-day risk of SCD (weighted HR, 1.95; 95% CI, 1.57 to 2.41;
weighted RD per 100 000 treatment episodes, 44.0; 95% CI,
31.0-59.2). The number needed to harm, obtained by invert-
ing the weighted RD, suggests that 1 additional SCD would oc-
cur during a 5-day follow-up period for every 2273 respira-
tory fluoroquinolone treatment episodes. Consistent
associations were seen when follow-up was extended to 7, 10,
and 14 days.

In analyses evaluating the association between respira-
tory fluoroquinolone vs amoxicillin-based antibiotic treat-
ment and SCD in patients taking and not taking other medi-
cations with known TdP risk, the HRs were higher in patients
taking another medication with known TdP risk (eTable 6 in
the Supplement): 5-day weighted HR, 2.50 (95% CI, 1.61-
3.88) vs 1.79 (95% CI, 1.40-2.29) and weighted RD per 100 000
treatment episodes, 98.3 (95% CI, 54.1-143.7) vs 34.0 (95% CI,
20.2-49.6).

Of'the 251 726 respiratory fluoroquinolone treatment epi-
sodes, 225 559 (89.6%) were levofloxacin treatment episodes
(135 865 patients), and 26 167 (10.4%) were moxifloxacin treat-
ment episodes (20187 patients). Analyses comparing levo-
floxacin and moxifloxacin with amoxicillin-based antibiotics
are presented in Figure 3 and eTable 7in the Supplement. Both
levofloxacin and moxifloxacin treatment vs amoxicillin-
based antibiotic treatment were associated with a higher risk
of SCD. When comparing levofloxacin with moxifloxacin, the
risk of SCD was similar.

In analyses considering alternative outcomes, we found
that, compared with amoxicillin-based antibiotic treatment,
respiratory fluoroquinolone treatment was associated with an
increased risk of the composite outcome, SCD or hospitalized
ventricular arrhythmia, cardiovascular mortality, and all-
cause death at all time points (Table 2 and eTable 5 in the
Supplement).

Sensitivity Analyses
Sensitivity analyses restricting the cohort to patients’ first eli-
gible antibiotic treatment episode and, separately, to patients
not hospitalized during the 30-day washout period were con-
sistent with our primary analyses (eTable 8 in the Supple-
ment). The comparison of respiratory fluoroquinolone treat-
ment vs amoxicillin with clavulanic acid treatment also
produced findings consistent with our primary analyses
(eTable 8 in the Supplement).

In the 5-day follow-up period, a total of 493 hospitalized
fractures occurred, 249 during respiratory fluoroquinolone
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Table 1. Select Baseline Patient Characteristics of Respiratory Fluoroquinolone and Amoxicillin-based Antibiotic Treatment Episodes®

Unweighted Weighted
Respiratory Respiratory
fluoroquinolone Amoxicillin-based Standardized fluoroquinolone Amoxicillin-based  Standardized
Characteristic (n=251726) (n=374596) difference®  (n = 250736) (n=375886) difference®
Age, mean (SD), y 61.9 (14.7) 58.5(14.7) 0.23 59.9 (14.8) 59.9 (14.8) <0.01
Women 135754 (53.9) 183987 (49.1) 0.10 128140 (51.1) 192210(51.1) <0.01
Men 115972 (46.1) 190609 (50.9) 0.10 122596 (48.9) 183676 (48.9) <0.01
Race®
Black 82791 (32.9) 148606 (39.7) 0.14 91979 (36.7) 138121 (36.7) <0.01
White 155493 (61.8) 204375 (54.6) 0.15 144761 (57.7) 216767 (57.7) <0.01
Other 13442 (5.3) 21615 (5.8) 0.02 13995 (5.6) 20997 (5.6) <0.01
Hispanic ethnicity 48407 (19.2) 64240 (17.1) 0.05 45425 (18.1) 67873 (18.1) <0.01
Medicare Part D low-income subsidy ~ 198 325 (78.8) 290742 (77.6) 0.03 195332 (77.9) 293334 (78.0) <0.01
Time on maintenance dialysis, y
<1.0 33663 (13.4) 44964 (12.0) 0.04 31518(12.6) 47303 (12.6) <0.01
1.0-1.9 40909 (16.3) 56363 (15.0) 0.03 38864 (15.5) 58373 (15.5) <0.01
2.0-2.9 35581 (14.1) 50295 (13.4) 0.02 34481 (13.8) 51648 (13.7) <0.01
23.0 141573 (56.2) 222974 (59.5) 0.07 145873 (58.2) 218562 (58.1) <0.01
Cause of ESKD
Diabetes 123447 (49.0) 167773 (44.8) 0.09 116988 (46.7) 175344 (46.6) <0.01
Hypertension 65266 (25.9) 103153 (27.5) 0.04 66913 (26.7) 100668 (26.8) <0.01
Glomerular disease 27399 (10.9) 49059 (13.1) 0.07 30520(12.2) 45663 (12.1) <0.01
Other 35614 (14.1) 54611 (14.6) 0.01 36315 (14.5) 54210(14.4) <0.01
Arrhythmia 73015 (29.0) 92023 (24.6) 0.10 66613 (26.6) 99 805 (26.6) <0.01
Conduction disorder 20200 (8.0) 25232 (6.7) 0.05 18339 (7.3) 27447 (7.3) <0.01
Heart failure 113616 (45.1) 134539 (35.9) 0.19 100321 (40.0) 150 189 (40.0) <0.01
Hypertension 223494 (88.8) 319069 (85.2) 0.11 217595 (86.8) 326019 (86.7) <0.01
Ischemic heart disease 118737 (47.2) 148959 (39.8) 0.15 108031 (43.1) 161715 (43.0) <0.01
Stroke 56 145 (22.3) 64934 (17.3) 0.12 48792 (19.5) 73271 (19.5) <0.01
Asthma or COPD 91288 (36.3) 97937 (26.1) 0.22 76 656 (30.6) 114886 (30.6) <0.01
History of nonadherence 16825 (6.7) 22606 (6.0) 0.03 15971 (6.4) 23844 (6.3) <0.01
_lrig (r)ifslfdl medication with known 45101 (17.9) 53449 (14.3) 0.10 39739 (15.8) 59711 (15.9) <0.01
(L)J:t_i_é);dzl medication with any risk 159622 (63.4) 217813 (58.1) 0.11 151461 (60.4) 227087 (60.4) <0.01
Use of antibiotics in last 30 d
of baseline
Oral antibiotic use 60431 (24.0) 64636 (17.3) 0.17 51307 (20.5) 76828 (20.4) <0.01
Intravenous antibiotic use 42207 (16.8) 33086 (8.8) 0.24 30669 (12.2) 46300 (12.3) <0.01
Infection in the last 60 d of baseline
Pneumonia 55995 (22.2) 46086 (12.3) 0.27 41410 (16.5) 62381 (16.6) <0.01
Acute respiratory 51737 (20.6) 64723 (17.3) 0.08 47131 (18.8) 70572 (18.8) <0.01
Chronic respiratory 32494 (12.9) 32743 (8.7) 0.13 26472 (10.6) 39796 (10.6) <0.01
No. of baseline hospital admissions
0 135648 (53.9) 234707 (62.7) 0.18 146 907 (58.6) 220620 (58.7) <0.01
1 57586 (22.9) 76840 (20.5) 0.06 54262 (21.6) 81062 (21.6) <0.01
22 58492 (23.2) 63049 (16.8) 0.16 49567 (19.8) 74204 (19.7) <0.01
ECG during the last 30 d of baseline 56968 (22.6) 59880 (16.0) 0.17 47011 (18.7) 70639 (18.8) <0.01
Abbreviations: COPD, chronic obstructive pulmonary disease; ¢ Information on race was obtained from the US Renal Data System Medical
ECG, electrocardiogram; ESKD, end-stage kidney disease; TdP, torsade de Evidence Report form; categories included Black, White, and Other
pointes. (individuals not considered Black or White, eg, Asian, Hawaiian/Pacific
2 All covariates were measured during the 180-day baseline period. The Islander).
weighted cohort is the pseudopopulation generated by inverse probability of 9 Drugs were classified as having a known, possible, or conditional TdP risk using
treatment weighting. eTable 4 in the Supplement displays the full list of a clinical resource with up-to-date information about medications that can
baseline characteristics considered. All of these variables were used to cause QT interval prolongation and/or TdP.'® Medications classified as having
estimate propensity scores and inverse probability of treatment weights. any level of TdP risk are those falling into any of the 3 categories. Medications
bValues greater than 0.10 represent meaningful imbalance between groups. in each category are given in eTable 3 in the Supplement.
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Figure 2. Respiratory Fluoroquinolone (Resp FQ) vs Amoxicillin (AMOX)-Based Antibiotic Treatment and Sudden Cardiac Death (SCD)

Weighted HR Lower risk of : Higher risk of
Variable (95% Cl) SCD with resp FQ use : SCD with resp FQ use
5-d Follow-up, resp FQ vs AMOX-based antibiotics 1.95(1.57-2.41) —a—
7-d Follow-up, resp FQ vs AMOX-based antibiotics 1.83(1.54-2.17) ——
10-d Follow-up, resp FQ vs AMOX-based antibiotics  1.71 (1.48-1.97) ——
14-d Follow-up, resp FQ vs AMOX-based antibiotics  1.64 (1.45-1.85) ——
015 O.‘7 1.‘0 115 210 2.‘5

Weighted HR (95% Cl)

Associations between resp FQ vs AMOX-based antibiotic treatment and SCD at
5, 7,10, and 14 days of follow-up are displayed. An intention-to-treat analytic
approach was used in all analyses. Fine and Gray proportional subdistribution
hazards models were used to estimate hazard ratios (HRs) and 95% Cls. Inverse

probability of treatment weighting was used for confounding control. Weighted
(ie, adjusted) HRs are presented. Corresponding weighted risk differences (95%
Cl) per 100 000 treatment episodes are listed in Table 2.

Figure 3. Individual Respiratory Fluoroquinolone Treatment vs
Amoxicillin-Based Antibiotic Treatment and 5-day Sudden Cardiac Death

4-

Weighted HR (95% Cl)
N

1 L]

T T T
Amoxicillin-based antibiotic Levofloxacin Moxifloxacin

Associations between levofloxacin and moxifloxacin treatment vs
amoxicillin-based antibiotic treatment (considered separately) and sudden
cardiac death at 5 days of follow-up. An intention-to-treat analytic approach
was used in all analyses. Fine and Gray proportional subdistribution hazards
models were used to estimate hazard ratios (HRs) and 95% Cls. Inverse
probability of treatment weighting was used for confounding control. Weighted
(ie, adjusted) HRs are presented. Corresponding weighted risk differences (95%
Cl) per 100 000 treatment episodes are listed in eTable 7 in the Supplement.

treatment and 244 during amoxicillin-based antibiotic treat-
ment. The corresponding incidence of events was 98.9 frac-
tures per 100 000 treatment episodes in the respiratory fluo-
roquinolone group compared with 65.1 fractures per 100 000
treatment episodes in the amoxicillin-based antibiotic group.
Analyses evaluating the study antibiotic-negative control
outcome association found that respiratory fluoroquinolone
vs amoxicillin-based antibiotic treatment was not associated
with the 5-day risk of hospitalized fracture (weighted HR,
1.09; 95% CI, 0.90 to 1.31; weighted RD per 100 000 treat-
ment episodes, 6.7; 95% CI, -7.6 to 21.3) (eTable 9 in the
Supplement).

|
Discussion

In this retrospective cohort study on cardiac safety, we found that
patients receiving in-center hemodialysis treated with a

JAMA Cardiology January 2022 Volume 7, Number1

respiratory fluoroquinolone vs an amoxicillin-based antibiotic
had a higher short-term risk of SCD, with the most pronounced
risk at 5 days. This risk was heightened among individuals tak-
ing other medications with known TdPrisk, and the observed as-
sociation was consistent across several sensitivity analyses.

Our findings are consistent with meta-analyses of large
pharmacoepidemiologic studies of the general population re-
porting that respiratory fluoroquinolone use is associated with
a heightened risk of cardiac complications compared with
B-lactam antibiotic use and antibiotic nonuse.”® The QT in-
terval-prolonging potential of fluoroquinolones has been well
described,>® and some agents, such as grepafloxacin and spar-
floxacin, have been removed from the US and other interna-
tional markets due, in part, to cardiac safety concerns.?® The
levofloxacin and moxifloxacin package inserts warn prescrib-
ers of potential QT interval prolongation and TdP, particu-
larly in the setting of electrolyte abnormalities and when other
QT interval-prolonging medications are used.'”!® Levofloxa-
cin and moxifloxacin block myocardial potassium channels en-
coded by the human ether-a-go-go-related gene (hERG).37:38
This blockade reduces the delayed rectifier potassium cur-
rent, delaying ventricular repolarization and creating an elec-
trophysiologic environment conducive to TdP.3°

Individuals receiving maintenance hemodialysis may be
particularly susceptible to the QT interval-prolonging effects
of respiratory fluoroquinolones. For example, structural heart
disease is highly prevalent in the hemodialysis population, and
conditions such as left ventricular hypertrophy and heart fail-
ure can lead to cardiac remodeling and associated downregu-
lation of hERG and other myocardial ion channels.*®%! The re-
sultant diminished repolarization reserve renders the heart
susceptible to proarrhythmic triggers, such as QT interval-
prolonging medications.*®42 In addition, reductions in extra-
cellular potassium levels can enhance drug-induced inhibi-
tion of the cardiac repolarizing ionic potassium current.*2
Patients receiving hemodialysis are recurrently exposed to di-
alysis treatment-related electrolyte shifts, potentially enhanc-
ing the proarrhythmicrisk of QT interval-prolonging medica-
tions. Also, it is well established that using multiple drugs that
can prolong the QT interval may result in more profound QT
interval prolongation, increasing cardiac risk.?® Patients re-
ceiving hemodialysis are exposed to 2 or more QT interval-
prolonging medications with known TdP risk at a rate 7 times
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Table 2. Respiratory Fluoroquinolone vs Amoxicillin-based Antibiotic Treatment and Outcomes?

Respiratory fluoroquinolones
vs amoxicillin-based antibiotics

Abbreviations: HR, hazard ratio;
RD, risk difference.

2 Anintention-to-treat analytic
approach was used in all analyses.
Fine and Gray proportional
subdistribution hazards models
were used to estimate HRs, and the
Aalen-Johansen estimator was used
to estimate RDs. Inverse probability
of treatment weighting was used for

No. of Weighted HR Weighted RD per 100 000

Outcome by follow-up, d events (95% ClI) treatment episodes (95% Cl)
Sudden cardiac death

5 416 1.95 (1.57-2.41) 44.0 (31.0-59.2)

7 615 1.83(1.54-2.17) 58.3(41.9-75.0)

10 880 1.71(1.48-1.97) 73.9(53.5-93.5)

14 1235 1.64 (1.45-1.85) 97.3(71.9-120.3)
Sudden cardiac death or hospitalization
due to ventricular arrhythmia

5 465 1.92 (1.57-2.34) 48.0 (34.6-64.3)

7 681 1.79(1.52-2.11) 62.8 (45.4-79.3)

10 961 1.69 (1.47-1.94) 80.1(59.2-101.2)

14 1339 1.61(1.43-1.80) 101.5(75.6-125.5)
Cardiovascular death

5 548 1.89(1.57-2.27) 55.0(39.2-71.4)

7 793 1.75 (1.50-2.04) 69.9(51.7-88.1)

10 1172 1.66 (1.47-1.88) 93.3(71.4-115.6)

14 1682 1.62 (1.46-1.79) 128.6 (99.7-154.7)
All-cause death

5 1005 2.17 (1.88-2.50) 121.1(101.8-145.3)

7 1475 1.98(1.76-2.22) 156.9 (131.4-186.4)

10 2255 1.83(1.67-2.00) 213.8(185.7-248.0)

14 3335 1.75(1.63-1.89) 296.7 (262.0-340.3)

confounding control.

that of similarly aged individuals without dialysis-
dependent kidney failure.®

Our study provides population-specific safety data
suggesting that respiratory fluoroquinolone vs amoxicillin-
based antibiotic treatment elevates the already high underly-
ing SCD risk among individuals receiving in-center hemodi-
alysis. Even though the QT interval-prolonging potential of
individual respiratory fluoroquinolones differs, we found that
therisk of SCD during levofloxacin and moxifloxacin vs amoxi-
cillin-based antibiotic treatment was similar. These findings
are consistent with randomized clinical trial data demonstrat-
ing that levofloxacin and moxifloxacin have comparable car-
diac safety profiles in older patients with pneumonia.** We also
found that patients taking other medications with known TdP
risk had higher risks of SCD during respiratory fluoroquino-
lone vs amoxicillin-based antibiotic treatment compared with
those not receiving such medications. Despite prescribing guid-
ance against it,'”"'® concomitant use of respiratory fluoroqui-
nolones with other medications with known TdPrisk was com-
mon in our study (nearly 20% of respiratory fluoroquinolone
treatment episodes). Our results emphasize the importance of
performing a thorough medication review and considering
pharmacodynamic drug interactions before prescribing new
drug therapies for any condition.

Strategies that prevent SCD in the general population, such
as implantable cardioverter-defibrillators,** appear to be in-
effective in the hemodialysis population. As such, any prac-
tice that potentially lowers the SCD risk in patients receiving
hemodialysis may be of clinical importance. Our data suggest
that curtailing respiratory fluoroquinolone prescribing may be

jamacardiology.com

one actionable strategy to mitigate SCD risk in the hemodialy-
sis population. However, the associated absolute risk reduc-
tion would be relatively small; we found that 1 additional SCD
event would occur during a 5-day follow-up period for every
2273 respiratory fluoroquinolone treatment episodes. Given
that pathogen-directed treatment of respiratory infections is
paramount, the risks associated with undertreatment of an in-
fection with an amoxicillin-based antibiotic likely far out-
weigh the potential cardiac risks from treatment with a respi-
ratory fluoroquinolone. Respiratory fluoroquinolones should
still be prescribed to patients receiving hemodialysis when an
amoxicillin-based antibiotic would be suboptimal. When pre-
scribing respiratory fluoroquinolones, clinicians should con-
sider electrocardiographic monitoring before and during
therapy, especially among high-risk individuals.?®

Strengths and Limitations
Strengths of our study include using US Renal Data System
Medicare claims data to conduct a large-scale cardiac safety
assessment of respiratory fluoroquinolones applying a new-
user design to mitigate selection and immortal time biases and
performing a head-to-head comparison of respiratory fluoro-
quinolones and amoxicillin-based antibiotics to minimize the
effects of confounding by indication. In addition, this com-
parison reflects a meaningful treatment decision encoun-
tered by clinicians when treating respiratory infections.?17-2°
The study has limitations. First, because this study was ob-
servational, residual confounding may remain, including po-
tential indication bias from prescribing respiratory fluoroqui-
nolones vs amoxicillin-based antibiotics to patients with more
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severe infections or a greater overall comorbid condition bur-
den. Sensitivity analyses comparing respiratory fluoroquino-
lones with a more tailored treatment alternative—amoxicillin
with clavulanic acid—yielded results similar to our primary
analyses. In addition, we did not observe an association be-
tween study antibiotics and fracture, which was the negative
control outcome. However, we noted that respiratory fluoro-
quinolone vs amoxicillin-based antibiotic treatment was
associated with all-cause mortality. Despite accounting for nu-
merous clinical and health care use metrics to minimize con-
founding from difficult-to-measure factors, it is possible that
indication bias may remain, and our results should be inter-
preted within the context of these limitations. Second, al-
though we ascertained electrocardiogram performance in the
month before study medication initiation, we were unable to
determine whether electrocardiogram findings were used to
inform prescribing decisions. Third, although we defined SCD
as reported by physicians on the Death Notification form, con-
temporary information on the sensitivity and specificity of this
definition is limited.?°-2! Outcome misclassification may have
occurred, but it is likely that such misclassification would be

Respiratory Fluoroquinolones and the Risk of Sudden Cardiac Death in Patients Receiving Hemodialysis

nondifferential (ie, not differ between exposure categories).
Analyses considering broader cardiac outcomes yielded con-
sistent results. Fourth, Medicare Part D prescription claims data
lack information on medication administration instructions;
thus, we were unable to evaluate whether failing to properly
adjust levofloxacin dosing in patients with kidney failure af-
fects SCD risk. Fifth, our findings may not generalize to other
fluoroquinolones, other comparator antibiotics (eg, macro-
lides), or to patients excluded from this study, such as those
with recent hospitalizations, without Medicare coverage, and
without non-dialysis-dependent kidney disease.

. |
Conclusions

In this study, respiratory fluoroquinolone treatment com-
pared with amoxicillin-based antibiotic treatment was asso-
ciated with a higher short-term risk of SCD. However, in many
cases, the antimicrobial benefits of prescribing a respiratory
fluoroquinolone may outweigh the potential cardiac risks of
these drugs.

ARTICLE INFORMATION
Accepted for Publication: August 25, 2021.

Published Online: October 20, 2021.
doi:10.1001/jamacardio.2021.4234

Author Affiliations: University of North Carolina
Kidney Center, Division of Nephrology and
Hypertension, Department of Medicine, UNC
School of Medicine, Chapel Hill (Assimon, Flythe);
Division of Nephrology, Department of Medicine,
Duke University School of Medicine, Durham, North
Carolina (Pun); Duke Clinical Research Institute,
Durham, North Carolina (Pun, Al-Khatib); Cecil G.
Sheps Center for Health Services Research,
University of North Carolina, Chapel Hill (Wang,
Flythe); Division of Cardiology, Duke University
Medical Center, Durham, North Carolina
(Al-Khatib); Department of Population Health
Sciences, Duke University School of Medicine,
Durham, North Carolina (Brookhart); Division of
Division of Infectious Diseases, Department of
Medicine, UNC School of Medicine, Chapel Hill,
North Carolina (Weber); Selzman Institute for
Kidney Health, Section of Nephrology, Baylor
College of Medicine, Houston, Texas
(Winkelmayer).

Author Contributions: Dr Wang had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.

Concept and design: Assimon, Pun, Al-Khatib,
Weber, Winkelmayer, Flythe.

Acquisition, analysis, or interpretation of data:

All authors.

Drafting of the manuscript: Assimon, Pun, Weber,
Flythe.

Critical revision of the manuscript for important
intellectual content: Pun, Wang, Al-Khatib,
Brookhart, Weber, Winkelmayer, Flythe.
Statistical analysis: Wang, Brookhart.

Obtained funding: Winkelmayer, Flythe.
Administrative, technical, or material support:
Assimon, Weber, Flythe.

Supervision: Weber, Flythe.

JAMA Cardiology January 2022 Volume 7, Number1

Conflict of Interest Disclosures: Dr Assimon
reported receiving grants from the Renal Research
Institute, a subsidiary of Fresenius Medical Care,
honoraria from the International Society of
Nephrology for serving as a statistical reviewer for
Kidney International Reports, and honoraria from
the American Society of Nephrology for serving as
an editorial fellow for the Journal of the American
Society of Nephrology outside the submitted work.
Dr Pun reported receiving grants from the National
Institutes of Health (NIH) and Medtronic during the
conduct of the study and honoraria for scientific
consulting services from Fresenius Kidney Care NA,
AstraZeneca, Janssen, Relypsa, and Ardelyx outside
the submitted work. Dr Brookhart reported
receiving honoraria from Merck, Amgen, Atara
Biosciences, Gilead, and Kite for serving on their
scientific advisory boards; honoraria from Target
RWE for consulting services outside the submitted
work; and owning equity in Target RWE.

Dr Winkelmayer reported receiving grants from the
NIH National Heart, Lung, and Blood Institute
during the conduct of the study and personal fees
for scientific consulting services from Akebia/
Otsuka, AstraZeneca, Bayer, Janssen, Lilly/
Boehringer Ingelheim, Merck, Reata, and Vifor
Fresenius Medical Care Renal Pharma/Relypsa
outside the submitted work. Dr Flythe reported
receiving a grant from the Renal Research Institute/
Fresenius Medical Care, scientific consulting fees
from Fresenius Medical Care for servingon a
medical advisory board, honoraria for serving on
the NIH/National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK) Data Safety
and Monitoring Board, and honoraria from multiple
universities and the American Society of
Nephrology for speaking services outside the
submitted work. No other disclosures were
reported.

Additional Information: Some of the data reported
herein were provided by the US Renal Data System
under Data Use Agreement 2018-23c to Dr Flythe.
This manuscript underwent privacy review by an
NIDDK officer and received clearance.

Disclaimer: The interpretation and reporting of
these data are the responsibility of the authors and
in no way should be seen as official policy or
interpretation of the US government.

REFERENCES

1. Shapiro DJ, Hicks LA, Pavia AT, Hersh AL.
Antibiotic prescribing for adults in ambulatory care
in the USA, 2007-09. J Antimicrob Chemother.
2014;69(1):234-240. doi:10.1093/jac/dkt301

2. Drusano G, Labro MT, Cars O, et al.
Pharmacokinetics and pharmacodynamics of
fluoroquinolones. Clin Microbiol Infect. 1998;4(suppl
2):527-541. doi:10.1111/j.1469-0691.1998.
tb00692.x

3. Metlay JP, Waterer GW, Long AC, et al. Diagnosis
and treatment of adults with community-acquired
pneumonia: an official clinical practice guideline of
the American Thoracic Society and Infectious
Diseases Society of America. Am J Respir Crit Care
Med. 2019;200(7):e45-e67. doi:10.1164/rccm.
201908-1581ST

4. Noreddin AM, Haynes VL, Zhanel GG.
Pharmacokinetics and pharmacodynamics of the
new quinolones. J Pharm Pract. 2005;18(6):432-443.
doi:10.1177/0897190005282397

5. Rubinstein E, Camm J. Cardiotoxicity of
fluoroquinolones. J Antimicrob Chemother. 2002;
49(4):593-596. doi:10.1093/jac/49.4.593

6. Briasoulis A, Agarwal V, Pierce WJ. QT
prolongation and torsade de pointes induced by
fluoroquinolones: infrequent side effects from
commonly used medications. Cardiology. 2011;120
(2):103-110. doi:10.1159/000334441

7. Gorelik E, Masarwa R, Perlman A, et al.
Fluoroquinolones and cardiovascular risk:

a systematic review, meta-analysis and network
meta-analysis. Drug Saf. 2019:42(4):529-538.
doi:10.1007/s40264-018-0751-2

8. Liu X, Ma J, Huang L, et al. Fluoroquinolones
increase the risk of serious arrhythmias:
a systematic review and meta-analysis. Medicine

jamacardiology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University Of North Carolina - Chapel Hill User on 05/07/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2021.4234?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2021.4234
https://dx.doi.org/10.1093/jac/dkt301
https://dx.doi.org/10.1111/j.1469-0691.1998.tb00692.x
https://dx.doi.org/10.1111/j.1469-0691.1998.tb00692.x
https://dx.doi.org/10.1164/rccm.201908-1581ST
https://dx.doi.org/10.1164/rccm.201908-1581ST
https://dx.doi.org/10.1177/0897190005282397
https://dx.doi.org/10.1093/jac/49.4.593
https://dx.doi.org/10.1159/000334441
https://dx.doi.org/10.1007/s40264-018-0751-2
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2021.4234

Respiratory Fluoroquinolones and the Risk of Sudden Cardiac Death in Patients Receiving Hemodialysis

(Baltimore). 2017;96(44):e8273. doi:10.1097/MD.
0000000000008273

9. Assimon MM, Wang L, Pun PH, Winkelmayer
WC, Flythe JE. Use of QT prolonging medications by
hemodialysis patients and individuals without
end-stage kidney disease. J Am Heart Assoc. 2020;
9(13):e015969. doi:10.1161/JAHA.120.015969

10. United States Renal Data System. 2020 USRDS
Annual Data Report: Epidemiology of Kidney
Disease in the United States. National Institutes of
Health, National Institute of Diabetes and Digestive
and Kidney Diseases; 2020.

1. Makar MS, Pun PH. Sudden cardiac death
among hemodialysis patients. Am J Kidney Dis.
2017;69(5):684-695. doi:10.1053/j.ajkd.2016.12.006

12. Gandhi PJ, Menezes PA, Vu HT, Rivera AL,
Ramaswamy K. Fluconazole- and
levofloxacin-induced torsades de pointes in an
intensive care unit patient. Am J Health Syst Pharm.
2003;60(23):2479-2483. doi:10.1093/ajhp/60.23.
2479

13. Altin T, Ozcan O, Turhan S, et al. Torsade de
pointes associated with moxifloxacin: a rare but
potentially fatal adverse event. Can J Cardiol. 2007;
23(11):907-908. doi:10.1016/S0828-282X(07)
70850-4

14. United States Renal Data System ESRD.
Analytical methods. 2020. Accessed March 31,
2021. https://adr.usrds.org/2020/end-stage-renal-
disease/esrd-analytical-methods

15. Ray WA. Evaluating medication effects outside
of clinical trials: new-user designs. Am J Epidemiol.
2003;158(9):915-920. doi:10.1093/aje/kwg231

16. Woosley RL, Heise CW, Gallo T, Tate J, Woosley
D Romero KA. QTdrugs list. Accessed January 4,
2021. http://www.CredibleMeds.org

17. Levaquin. Prescribing information. Janssen
Pharmaceuticals Inc; 2020.

18. Avelox. Prescribing information. Bayer
HealthCare Pharmaceuticals Inc; 2020.

19. Rosenfeld RM, Piccirillo JF, Chandrasekhar SS,
et al. Clinical practice guideline (update): adult
sinusitis. Otolaryngol Head Neck Surg. 2015;152(2)
(suppl):S1-S39.

20. LeeRA, Centor RM, Humphrey LL, et al;
Scientific Medical Policy Committee of the
American College of Physicians. Appropriate use of
short-course antibiotics in common infections: best
practice advice from the American College of
Physicians. Ann Intern Med. 2021;174(6):822-827.
doi:10.7326/M20-7355

21. Bleyer AJ, Hartman J, Brannon PC,
Reeves-Daniel A, Satko SG, Russell G.
Characteristics of sudden death in hemodialysis
patients. Kidney Int. 2006;69(12):2268-2273.
doi:10.1038/sj.ki.5000446

jamacardiology.com

22. Pun PH, Herzog CA, Middleton JP. Improving
ascertainment of sudden cardiac death in patients
with end stage renal disease. Clin J Am Soc Nephrol.
2012;7(1):116-122. doi:10.2215/CJN.02820311

23. Brookhart MA, Schneeweiss S, Rothman KJ,
Glynn RJ, Avorn J, Stiirmer T. Variable selection for
propensity score models. Am J Epidemiol. 2006;163
(12):1149-1156. doi:10.1093/aje/kwj149

24. Austin PC. Using the standardized difference to
compare the prevalence of a binary variable
between two groups in observational research.
Communications Statistics Simulation Computation.
2009;38(6):1228-1234. doi:10.1080/
03610910902859574

25. Lund JL, Richardson DB, Stiirmer T. The active
comparator, new user study design in
pharmacoepidemiology: historical foundations and
contemporary application. Curr Epidemiol Rep.
2015;2(4):221-228. doi:10.1007/s40471-015-
0053-5

26. Fine JP, Gray RJ. A proportional hazards model
for the subdistribution of a competing risk. J Am
Stat Assoc. 1999;94(446):496-509. doi:10.1080/
01621459.1999.10474144

27. Liang KE, Zeger SL. Longitudinal data analysis
using generalized linear models Biometrika. 1986; 73
(1):13-22. doi:10.1093/biomet/73.1.13

28. Cameron AC, Gelbach JB, Miller DL.
Bootstrap-based improvements for inference with
clustered errors. Rev Econ Stat. 2008; 90 (3):
414-427. doi:10.1162/rest.90.3.414

29. Brookhart MA, Wyss R, Layton JB, Stlirmer T.
Propensity score methods for confounding control
in nonexperimental research. Circ Cardiovasc Qual
Outcomes. 2013;6(5):604-611. doi:10.1161/
CIRCOUTCOMES.113.000359

30. Taubel J, Ferber G, Lorch U, Batchvarov V,
Savelieva |, Camm AJ. Thorough QT study of the
effect of oral moxifloxacin on QTc interval in the fed
and fasted state in healthy Japanese and Caucasian
subjects. Br J Clin Pharmacol. 2014;77(1):170-179.
doi:10.1111/bcp.12168

31. Sugiyama A, Nakamura Y, Nishimura S, et al.
Comparison of the effects of levofloxacin on
QT/QTc interval assessed in both healthy Japanese
and Caucasian subjects. Br J Clin Pharmacol. 2012;
73(3):455-459. doi:10.1111/j.1365-2125.2011.04110.x

32. Noel GJ, Natarajan J, Chien S, Hunt TL,
Goodman DB, Abels R. Effects of three
fluoroquinolones on QT interval in healthy adults
after single doses. Clin Pharmacol Ther. 2003;73(4):
292-303. doi:10.1016/S0009-9236(03)00009-2

33. Bloomfield DM, Kost JT, Ghosh K, et al. The
effect of moxifloxacin on QTc and implications for
the design of thorough QT studies. Clin Pharmacol
Ther. 2008;84(4):475-480. doi:10.1038/clpt.
2008.33

Original Investigation Research

34. Taubel J, Naseem A, Harada T, et al.
Levofloxacin can be used effectively as a positive
control in thorough QT/QTc studies in healthy
volunteers. Br J Clin Pharmacol. 2010;69(4):391-400.
doi:10.1111/j.1365-2125.2009.03595.x

35. Imbens GW. The role of the propensity score in
estimating dose-response functions. Biometrika.
2000:;87(3):706-710. doi:10.1093/biomet/87.3.706

36. Rubinstein E. History of quinolones and their
side effects. Chemotherapy. 2001;47(suppl 3):3-8.
doi:10.1159/000057838

37. Alexandrou AJ, Duncan RS, Sullivan A, et al.
Mechanism of hERG K* channel blockade by the
fluoroquinolone antibiotic moxifloxacin. BrJ
Pharmacol. 2006;147(8):905-916. doi:10.1038/sj.bjp.
0706678

38. Kang J, WangL, Chen XL, Triggle DJ, Rampe D.
Interactions of a series of fluoroquinolone
antibacterial drugs with the human cardiac K*
channel HERG. Mol Pharmacol. 2001;59(1):122-126.
doi:10.1124/mol.59.1.122

39. Tisdale JE, Chung MK, Campbell KB, et al;
American Heart Association Clinical Pharmacology
Committee of the Council on Clinical Cardiology and
Council on Cardiovascular and Stroke Nursing.
Drug-induced arrhythmias: a scientific statement
from the American Heart Association. Circulation.
2020;142(15):e214-e233. doi:10.1161/CIR.
0000000000000905

40. Gussak |, Gussak HM. Sudden cardiac death in
nephrology: focus on acquired long QT syndrome.
Nephrol Dial Transplant. 2007;22(1):12-14.
doi:10.1093/ndt/gfI587

41. Nattel S, Maguy A, Le Bouter S, Yeh YH.
Arrhythmogenic ion-channel remodeling in the
heart: heart failure, myocardial infarction, and atrial
fibrillation. Physiol Rev. 2007;87(2):425-456.
doi:10.1152/physrev.00014.2006

42. Varré A, Baczkd |. Cardiac ventricular
repolarization reserve: a principle for
understanding drug-related proarrhythmic risk. Br J
Pharmacol. 2011,164(1):14-36. doi:10.1111/j.1476-
5381.2011.01367.x

43. Morganroth J, Dimarco JP, Anzueto A,
Niederman MS, Choudhri S; CAPRIE Study Group.
A randomized trial comparing the cardiac rhythm
safety of moxifloxacin vs levofloxacin in elderly
patients hospitalized with community-acquired
pneumonia. Chest. 2005;128(5):3398-3406.
doi:10.1378/chest.128.5.3398

44. Jukema JW, Timal RJ, Rotmans JI, et al; ICD2
Trial Investigators. Prophylactic use of implantable
cardioverter-defibrillators in the prevention of
sudden cardiac death in dialysis patients. Circulation.
2019;139(23):2628-2638. doi:10.1161/
CIRCULATIONAHA.119.039818

JAMA Cardiology January 2022 Volume 7, Number1

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University Of North Carolina - Chapel Hill User on 05/07/2022

83


https://dx.doi.org/10.1097/MD.0000000000008273
https://dx.doi.org/10.1097/MD.0000000000008273
https://dx.doi.org/10.1161/JAHA.120.015969
https://dx.doi.org/10.1053/j.ajkd.2016.12.006
https://dx.doi.org/10.1093/ajhp/60.23.2479
https://dx.doi.org/10.1093/ajhp/60.23.2479
https://dx.doi.org/10.1016/S0828-282X(07)70850-4
https://dx.doi.org/10.1016/S0828-282X(07)70850-4
https://adr.usrds.org/2020/end-stage-renal-disease/esrd-analytical-methods
https://adr.usrds.org/2020/end-stage-renal-disease/esrd-analytical-methods
https://dx.doi.org/10.1093/aje/kwg231
http://www.CredibleMeds.org
https://www.ncbi.nlm.nih.gov/pubmed/25832968
https://www.ncbi.nlm.nih.gov/pubmed/25832968
https://dx.doi.org/10.7326/M20-7355
https://dx.doi.org/10.1038/sj.ki.5000446
https://dx.doi.org/10.2215/CJN.02820311
https://dx.doi.org/10.1093/aje/kwj149
https://dx.doi.org/10.1080/03610910902859574
https://dx.doi.org/10.1080/03610910902859574
https://dx.doi.org/10.1007/s40471-015-0053-5
https://dx.doi.org/10.1007/s40471-015-0053-5
https://dx.doi.org/10.1080/01621459.1999.10474144
https://dx.doi.org/10.1080/01621459.1999.10474144
https://dx.doi.org/10.1093/biomet/73.1.13
https://dx.doi.org/10.1162/rest.90.3.414
https://dx.doi.org/10.1161/CIRCOUTCOMES.113.000359
https://dx.doi.org/10.1161/CIRCOUTCOMES.113.000359
https://dx.doi.org/10.1111/bcp.12168
https://dx.doi.org/10.1111/j.1365-2125.2011.04110.x
https://dx.doi.org/10.1016/S0009-9236(03)00009-2
https://dx.doi.org/10.1038/clpt.2008.33
https://dx.doi.org/10.1038/clpt.2008.33
https://dx.doi.org/10.1111/j.1365-2125.2009.03595.x
https://dx.doi.org/10.1093/biomet/87.3.706
https://dx.doi.org/10.1159/000057838
https://dx.doi.org/10.1038/sj.bjp.0706678
https://dx.doi.org/10.1038/sj.bjp.0706678
https://dx.doi.org/10.1124/mol.59.1.122
https://dx.doi.org/10.1161/CIR.0000000000000905
https://dx.doi.org/10.1161/CIR.0000000000000905
https://dx.doi.org/10.1093/ndt/gfl587
https://dx.doi.org/10.1152/physrev.00014.2006
https://dx.doi.org/10.1111/j.1476-5381.2011.01367.x
https://dx.doi.org/10.1111/j.1476-5381.2011.01367.x
https://dx.doi.org/10.1378/chest.128.5.3398
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.039818
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.039818
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2021.4234

