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With Short-term Risk of Development of Aortic Aneurysm

Emily R. Newton, MD; Adam W. Akerman, PhD; Paula D. Strassle, PhD, MSPH; Melina R. Kibbe, MD

IMPORTANCE Although fluoroquinolones are commonly prescribed antibiotics in the US,
recent international studies have shown an increased risk of aortic aneurysm and dissection
after fluoroquinolone use, leading to US Food and Drug Administration warnings limiting use
for high-risk patients. It is unclear whether these data are true for the US population and who
is truly high risk.

OBJECTIVE To assess aortic aneurysm and dissection risks in a heterogeneous US population
after fluoroquinolone use.

DESIGN, SETTING, AND PARTICIPANTS Prescription fills for fluoroquinolones or a comparator
antibiotic from 2005 to 2017 among commercially insured individuals aged 18 to 64 years
were identified in this retrospective analysis of MarketScan health insurance claims. This
cohort study included 27 827 254 US adults (47 596 545 antibiotic episodes), aged 18 to 64
years, with no known previous aortic aneurysm or dissection, no recent antibiotic exposure,
and no recent hospitalization.

EXPOSURES Outpatient fill of an oral fluoroquinolone or comparator antibiotic
(amoxicillin-clavulanate, azithromycin, cephalexin, clindamycin, and sulfamethoxazole-
trimethoprim).

MAIN OUTCOMES AND MEASURES The 90-day incidence of aortic aneurysm and dissection.
Inverse probability of treatment weighting in Cox regression was used to estimate the
association between fluoroquinolone fill and 90-day aneurysm incidence. Interaction terms
were used to assess the association of known risk factors (ie, sex, age, and comorbidities)
with aneurysm after fluoroquinolone use. Data analysis was performed March 2019 to May
2020.

RESULTS Of 47 596 545 prescription fills, 9 053 961 (19%) were fluoroquinolones and
38542584 (81%) were comparator antibiotics. The median (interquartile range) age of
adults with fluoroquinolone fills was 47 (36-57) years vs 43 (31-54) years with comparator
antibiotic fills. Women comprised 61.3% of fluoroquinolone fills and 59.5% of comparator
antibiotic fills. Before weighting, the 90-day incidence of newly diagnosed aneurysm was 7.5
cases per 10 000 fills (6752 of 9 053 961) after fluoroquinolones compared with 4.6 cases
per 10 000 fills (17 627 of 38 542 584) after comparator antibiotics. After weighting for
demographic characteristics and comorbidities, fluoroquinolone fills were associated with
increased incidence of aneurysm formation (hazard ratio [HR], 1.20; 95% Cl, 1.17-1.24). More
specifically, compared with comparator antibiotics, fluoroquinolone fills were associated with
increased 90-day incidence of abdominal aortic aneurysm (HR, 1.31; 95% Cl, 1.25-1.37), iliac
artery aneurysm (HR, 1.60; 95% Cl, 1.33-1.91), and other abdominal aneurysm (HR, 1.58; 95%
Cl, 1.39-1.79), and adults were more likely to undergo aneurysm repair (HR, 1.88; 95% Cl,
1.44-2.46). When stratified by age, all adults 35 years or older appeared at increased risk
(18-34 years: HR, 0.99 [95% Cl, 0.83-1.18]; 35-49 years: HR, 1.18 [95% Cl, 1.09-1.28]; 50-64
years: HR, 1.24 [95% Cl, 1.19-1.28]; P = .04).

CONCLUSIONS AND RELEVANCE This study found that fluoroquinolones were associated with
increased incidence of aortic aneurysm formation in US adults. This association was
consistent across adults aged 35 years or older, sex, and comorbidities, suggesting
fluoroguinolone use should be pursued with caution in all adults, not just in high-risk
individuals.
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Association of Fluoroquinolone Use With Short-term Risk of Development of Aortic Aneurysm

luoroquinolones are one of the most commonly pre-

scribed antibiotic classes in the United States.!? Be-

cause of the broad-spectrum coverage, easy dosing, and
historically low adverse effect profile, this antibiotic class is
frequently prescribed.* Recent international studies have
called into question the safety of this class of antibiotics, with
reports showing a possible association with acute aortic an-
eurysm and dissection development.>” Aortic aneurysms are
a common disease, seen in 4% to 8% of the adult population,
with mortality rates up to 53% in the US when associated with
rupture.® Therefore, aortic aneurysms require early diagno-
sis, close follow-up, and aggressive medical management to
slow progression.”*1° Current known risk factors for aortican-
eurysm development and rupture include age, male sex, to-
bacco use, atherosclerosis, hypertension, and family history."

Recent studies have probed the safety of this antibiotic class
by assessing populations in Taiwan, Sweden, and Canada—all
countries with populations different from the United States.>”
Although there are no US clinical studies exploring the associa-
tion between fluoroquinolones and aortic aneurysm forma-
tion, the US Food and Drug Administration (FDA) warning was
updated in 2018 to include that fluoroquinolone use in high-
risk populations should be limited and to define high risk as the
presence of known cardiovascular disease or aneurysms, cer-
tain genetic disorders that involve blood vessels, high blood pres-
sure, and the elderly.’? Despite these studies and warnings, fluo-
roquinolones remain the most commonly prescribed antibiotic
inlong-term care facilities, suggesting minimal practice change.'
There is a paucity of data assessing the US population and the
true extent of what defines those at highest risk.

The aim of this study was to evaluate the incidence of aor-
tic aneurysm and dissection formation after fluoroquinolone
prescription fills in a large cohort of US adults enrolled in com-
mercial insurance plans. We hypothesized that fluoroquino-
lone use would increase the incidence of aortic aneurysm for-
mation regardless of age and comorbidities.

Methods

Study Design and Population
This observational study was conducted using data from the
IBM MarketScan Commercial Database. These data include
health insurance claims across the continuum of care (eg, in-
patient, outpatient, and outpatient pharmacy) as well as en-
rollment data from large employers and health plans across the
United States that provide private health care coverage for 40
million employees, their spouses, and dependents each year.
This administrative claims database includes a variety of fees
for services, preferred provider organizations, and capitated
health plans.'* After review by the institutional review board
committee of the University of North Carolina at Chapel Hill,
this study was determined to be exempt from review be-
cause a limited data set with inability to collect identifying pa-
tient data was used, and the requirement to obtain informed
consent was waived.

All prescription fills for either an oral fluoroquinolone or
a comparator antibiotic (amoxicillin-clavulanate, azithromy-
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Key Points

Question Is there an association between fluoroquinolone use
and the rate of aortic aneurysms in US adults?

Findings This cohort study of 47 596 545 antibiotic prescription
fills among US adults aged 18 to 64 years found an increased rate
of aortic aneurysms within 90 days after fluoroquinolone use
compared with alternative antibiotic use, and when stratified by
age, an increased incidence of aneurysms was observed in adults
35 years or older. No differences were seen when stratifying by sex
and common comorbidities (eg, hypertension and
hyperlipidemia); rather, the association of fluoroquinolone use
with the aneurysm rate was consistent, suggesting a risk of drug
class among both healthy and unhealthy individuals.

Meaning The results of this study suggested that
fluoroquinolones should be used with caution among individuals
aged 35 years or older, regardless of sex or comorbidities.

cin, cephalexin, clindamycin, and sulfamethoxazole-
trimethoprim) between January 1, 2005, and September 30,
2017 (prior to US FDA warning), among adults aged 18 to 64
years were eligible for inclusion (eTable 1in the Supplement).
Comparator antibiotics were chosen based on commonly pre-
scribed antibiotics for similar indications as those in the fluo-
roquinolone class. Of note, doxycycline was excluded from our
comparator antibiotics because it is a known matrix metallo-
proteinase inhibitor.!® Because prior international studies have
found that fluoroquinolone use only was associated with im-
mediate and short-term aneurysm development (within 60-90
days from start of treatment),®” adults could contribute mul-
tiple episodes of antibiotic use and follow-up; each antibiotic
episode was required to meet all inclusion and exclusion cri-
teria to be included in the analysis (Figure 1). For each antibi-
otic episode, adults were required to have continuous enroll-
ment in their insurance plan (including prescription coverage),
with 8-day grace periods, for at least 180 days prior to their pre-
scription fill (49744100 eligible fills). Antibiotic episodes in
which a prior antibiotic fill (fluoroquinolone or comparator)
or a preexisting diagnosis of aneurysm or dissection occurred
within that 180-day lookback window were excluded (1118 229
fills). Individuals were also excluded if they were hospital-
ized within 30 days of their index fill date (including the day
of their prescription fill) (1029 326 fills).

Antibiotic indication was identified by capturing all out-
patient International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) and International
Classification of Diseases, Tenth Revision, Clinical Modifica-
tion (ICD-10-CM) diagnoses classified as either “always” or
“sometimes” treated with oral antibiotics according to the
Chua et al'® classification scheme, documented between 30
days prior and 7 days after the index fill date. Diagnoses
within 1 week after prescription fill were included to cap-
ture patients who were provided a prescription prior to their
visit with a clinician (eg, patient had an antibiotic prescrip-
tion called in prior to the clinic visit). Indications were then
classified into discrete categories (eg, gastrointestinal or
bacterial pneumonia) (eTable 2 in the Supplement). If mul-
tiple potential indications were identified, the diagnosis
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Figure 1. Flow Diagram and Study Design to Evaluate Episodes of Fluoroquinolone (FQ)
or Comparator Antibiotic Fills in US Adults (Aged 18-64 Years) From 2005 to 2017

E Flowchart of included prescription fills and adults

49744100 FQ or comparator adult prescription fills from January 2, 2005, to
September 9, 2017, with continuous enrollment 180 d prior

2147555 Excluded

47596545 Fills in final cohort of 27827 254 unique adults ‘

|
| !

9053961 Fillsin FQ group of ‘ 38542584 Fills in comparator group

7338704 unique adults? of 24284910 unique adults?
Study design
Cohort entry date
(Antibiotic fill date)
Day 0

Exclusion assessment window
(Noncontinuous enrollment®, no prescription coverage)
Days -180to -1

Washout window (exposure, outcome)
(No antibiotics or aneurysm diagnosis)
Days-180to-1

Exclusion assessment window
(Inpatient hospitalization®)
Days-30to 0

Covariate assessment
(Age, prescription characteristics)
Day 0

Indication assessment window
(Outpatient encounters only)
Days-30to7

1118229 Fills excluded owing to antibiotic use or aneurysm
diagnosis within 180 d of fill date

1029326 Fills excluded owing to hospitalization within
30d of fill date

A, Flow diagram. B, Study design; the
color coding of the boxes is as
follows: exclusion criteria (light blue),
washout (light gray), covariates (dark
gray), and follow-up (tan). The
varying sizes of the boxes are due to
the fact that they are to scale for the
duration of the period (180-day
exclusion period longer than 30-day
washout period).

2 Individuals could contribute
episodes to both FQ and the
comparator group.

®Up to 8-day gaps in insurance
enrollment allowed.

€ Adults were excluded if they were

Follow-up window
Days 0 to censord

admitted or discharged from a
hospital within 30 days of their

index fill date.
> 9Followed up until insurance
Time disenrollment, second antibiotic

prescription fill, or end of follow-up
90 days after initial fill date.

recorded in closest proximity to the index fill date was
selected; priority was given to indications occurring before
the fill date (eg, if a patient had an indication 2 days prior to
fill and 2 days after fill, the diagnosis before the fill date was
selected). Antibiotic fills without an identified indication
were stratified into 2 groups—those with only noninfectious
diagnoses (“no indication identified”) and those with no
health care claims (“no billed health care”).

Adults were then followed up from their antibiotic fill date
until insurance disenrollment, a second prescription fill for a
fluoroquinolone or comparator drug (irrespective of their first
medication type), or for 90 days to identify aneurysmal events.

JAMA Surgery March 2021 Volume 156, Number 3

Primary Outcome

The primary outcome was the 90-day incidence of aneurysm
and aortic dissection per 10 000 antibiotic fills (eTable 3 in the
Supplement). Patients could have diagnoses for different an-
eurysms during their follow-up period (ie, a diagnosis of an ab-
dominal aorticand aniliac artery aneurysm could both be iden-
tified during the same follow-up period).

Comorbidity Assessment

Comorbidities were measured during the 180-day lookback
window and identified using ICD-9-CM and ICD-10-CM codes
as well as known comorbidity standard prescriptions (eTables 1
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and 2 in the Supplement). The ICD-9-CM codes were identi-
fied using validated algorithms (eg, Deyo et al Charlson Co-
morbidity Index algorithm'”) or clinical review; the ICD-
10-CM codes were identified using forward and backward
mapping to the General Equivalence Mappings published by
the Centers for Medicare and Medicaid Services. Patients were
considered users of comorbid condition medications if they
had at least 1 prescription fill during the lookback window.

Statistical Analysis

Differences in demographic characteristics, comorbidities, and
antibiotic indications between fluoroquinolones and the com-
parators were assessed using absolute standardized differ-
ences. The use of the standardized difference is preferable to the
use of traditional tests (eg, X or t test) because the former is in-
dependent of sample size.'® An absolute difference greater than
0.20 was considered a meaningful difference between groups.

Inverse probability of treatment weighting (IPTW) in Cox pro-
portional hazards regression was used to estimate the associa-
tion of fluoroquinolones compared with that of an antibiotic com-
parator with the 90-day incidence of aneurysm and aortic
dissection. In brief, multivariable logistic regression, adjusting
for age at fill, sex, Charlson Comorbidity Index components, other
comorbidities, other medication use, region, indication for an-
tibiotic use, and year and quarter of fill were used to estimate
the probability (or propensity) of receiving a fluoroquinolone (or
comparator). Age was modeled as a restricted quadratic spline.
The propensity score was then scaled by the overall probability
of receiving a fluoroquinolone (or comparator) in the cohort. The
final IPTW ranged from 0.20 to 19.68. Robust sandwich estima-
tors were used to account for weighting in the Cox models and
multiple antibiotic fills among individuals.

Several sensitivity analyses were performed. First, fluo-
roquinolones were stratified by specific medication (cipro-
floxacin, levofloxacin, and moxifloxacin) to assess whether
the association was consistent across the entire fluoroqui-
nolone class. A new IPTW for each medication fill was cal-
culated using generalized logistic regression—which mod-
eled the odds of receiving ciprofloxacin, levofloxacin,
moxifloxacin or active comparator—and was then analyzed
using the same methods described above. Second, interac-
tion terms were used to assess potential effect measure
modification (ie, is the incidence of aneurysm after fluoro-
quinolones different across subgroups) across sex, age (cat-
egorized as 18-34, 35-49, and 50-64 years), and comorbidity
status (diabetes, hypertension, and hyperlipidemia). Third,
we removed subsequent antibiotic fills (fluoroquinolone or
comparator) that occurred after an individual had an antibi-
otic episode when they received a diagnosis of aneurysm to
prevent overestimation of risk after antibiotic exposure. For
example, if 1 adult contributed 4 antibiotic episodes and
received a diagnosis of aneurysm during the follow-up of
their second antibiotic, their third and fourth fills were
excluded. If an adult contributed 4 antibiotic episodes and
never received a diagnosis of aneurysm, no fills were
removed. Fourth, we conducted an analysis in which we
excluded patients with unknown indications (“no indica-
tion identified” and “no billed health care”).
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A 2-sided P < .05 was considered statistically significant.
All analyses were performed using SAS, version 9.3 (SAS In-
stitute Inc) from March 2019 to May 2020.

. |
Results

Patient Cohort
Overall, 47596 545 antibiotic episodes (27 827 254 unique
adults) were included. Of these, 9 053 961 (19%) were fluoro-
quinolone episodes, and 31584 407 of 47 596 545 (66%) had
complete 90-day follow-up (median, 90 days; interquartile
range [IQR], 57-90 days). The mean number of included anti-
biotic fills per adult was 1.7 (median, 1; IQR, 1-2; range, 1-18),
and among adults with multiple fills, the median time be-
tween included fills was 442 days (IQR, 306-669 days).
Adults with fluoroquinolone fills had a median (IQR) age of
47 (36-57) years vs a median (IQR) age of 43 (31-54) years in our
comparator group (absolute standardized difference, 0.22;
Table). Women comprised 61.3% of fluoroquinolone fills and
59.5% of comparator antibiotic fills. Minimal differences were
seen across sex or comorbidities. Although the distribution of
indications for fluoroquinolones and the comparator antibiot-
ics differed before weighting, top antibiotic indications for both
groups were the same: upper respiratory tract infection, uri-
nary tract infection, and skin or soft tissue infection. After weight-
ing, minimal differences were seen between groups (Table).

Primary Outcome

There were 24 141 aneurysm events (23 910 unique adults) di-
agnosed within 90 days of a fluoroquinolone or comparator
antibiotic fill. The unweighted 90-day incidence of aneu-
rysm (including dissection) in the fluoroquinolone group was
7.5 cases per 10 000 fills (6752 of 9 053 961) compared with 4.6
cases per 10 000 fills (17 627 of 38 542 584) after comparator
antibiotics. After weighting, fluoroquinolones were still asso-
ciated with a significant increase in the incidence of aneu-
rysm formation (hazard ratio [HR], 1.20; 95% CI, 1.17-1.24;
Figure 2). Specifically, fluoroquinolones were associated with
ahigher 90-day incidence of abdominal aortic aneurysms (HR,
1.31; 95% CI, 1.25-1.37), iliac artery aneurysms (HR, 1.60; 95%
CI, 1.33-1.91), and other abdominal aneurysms (HR, 1.58; 95%
CI, 1.39-1.79), compared with comparator antibiotics. In addi-
tion, those in the fluoroquinolone group were more likely to
undergo an aneurysm repair in the 90-day period (HR, 1.88;
95% CI, 1.44-2.46). Fluoroquinolone use appeared to have little
to no association with aortic dissection (HR, 1.09; 95% CI, 0.95-
1.24) or thoracic (HR, 1.05; 95% CI, 0.98-1.13) and thoracoab-
dominal aortic (HR, 0.90; 95% CI, 0.68-1.20) aneurysms
(Figure 2 and eTable 4 in the Supplement).

When evaluating episodes of primary interest by type of
fluoroquinolone, ciprofloxacin and levofloxacin accounted for
nearly 85% of prescriptions and 88% of aneurysm episodes,
with all fluoroquinolone types closely correlated with a simi-
lar proportion of aneurysm events (Figure 3). After weight-
ing, both ciprofloxacin and levofloxacin were associated with
anincreased incidence of aneurysm formation (eFigure 1in the
Supplement). These data suggest a trend toward an overall class
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Table. Demographic and Clinical Characteristics of Patients With Treatment Episodes of Oral Fluoroquinolones or Comparator Antibiotics,
Before and After Inverse Probability of Treatment Weighting

Crude Inverse probability of treatment weighting
No. (%) ?tl;iodl::(?ized No. (%) ?tt;oc:::;zed
Characteristic Fluoroquinolones Comparator difference Fluoroquinolones Comparator difference
Episodes, No. 9053961 38542584 NA 9064727 38545278 NA
Unique adults, No. 7388704 24284910 NA NA NA NA
Age, median (IQR), y 47 (36-57) 43 (31-54) 0.22 44 (32-55) 44 (32-55) 0.01
Age categories, y 0.20 0.01
18-34 2103974 (23.2) 11993236 (31.1) 2748149 (30.3) 11433139 (29.7)
35-49 2897767 (32.0) 12595603 (32.7) NA 2918695 (32.2) 12537584 (32.5) NA
50-64 4052220 (36.2) 13953745 (36.2) 3397883 (37.5) 14574555 (37.8)
Female 5550141 (61.3) 22933992 (59.5) 0.04 5522620 (60.9) 23090705 (59.9) 0.02
Indication®
Upper respiratory tract 1470567 (16.2) 9982223(25.9) 0.24 2097414 (23.1) 9266079 (24.0) 0.02
infection®
Skin/soft tissue/bone/lymph 354714 (3.9) 3349658 (8.7) 0.20 702577 (7.8) 2999538 (7.8) <0.01
Urethritis/UTI 1647161 (18.2) 1489697 (3.9) 0.47 594361 (6.6) 2531527 (6.6) <0.01
Streptococcal/staphylococcus® 37 835 (0.4) 599507 (1.6) 0.12 116425 (1.3) 515996 (1.3) <0.01
Gastrointestinal tract 255275 (2.8) 182493 (0.5) 0.19 83103 (0.9) 354847 (0.9) <0.01
Pneumonia 195332 (2.2) 254738 (0.7) 0.13 84585 (0.9) 362293 (0.9) <0.01
Pyelonephritis 185882 (2.1) 57589 (0.2) 0.18 46536 (0.5) 206112 (0.5) <0.01
Ocular 41249 (0.5) 39828 (0.1) 0.07 15966 (0.2) 67930 (0.2) <0.01
Cholecystitis/BTI 19713(0.2) 27261(0.1) 0.04 9048 (0.1) 38279(0.1) <0.01
Appendicitis 8040 (0.1) 10266 (<0.1) 0.03 3499 (<0.1) 14867 (<0.1) <0.01
Syphilis 528 (<0.1) 2205 (<0.1) 0.00 520 (<0.1) 2212 (<0.1) <0.01
Dental 16 (<0.1) 970 (<0.1) 0.01 175 (<0.1) 799 (<0.1) <0.01
Other indication 21330(0.2) 68697 (0.2) 0.01 17074 (0.2) 72816 (0.2) <0.01
No indication identified 3816829 (42.2) 14765226 (38.3) 0.08 3561058(39.3) 15052683 (39.1) <0.01
No billed health care 999490 (11.0) 7712227 (20.0) 0.25 1732388(19.1) 7059301 (18.3) 0.02
CCl, median (IQR), score® 0 (0-0) 0 (0-0) 0.11 0(0-0) 0(0-0) <0.01
Other comorbidities
Hypertension 2615365 (28.9) 9311008 (24.2) 0.11 2278195 (25.1) 9658144 (25.1) <0.01
Medically managed 2333441 (25.8) 8348296 (21.7) 2030844 (22.4) 8656862 (22.5)
Diagnosis only 281924 (3.1) 962712 (2.5) NA 247351 (2.7) 1001282 (2.6) NA
Hyperlipidemia 2117481 (23.4) 7360818 (19.1) 0.11 1812421 (20.0) 7667094 (19.9) 0.01
Medically managed 1393833 (15.4) 4860737 (12.6) 1177331 (13.0) 5073006 (13.2)
Diagnosis only 723648 (8.0) 2500081 (6.5) NA 635090 (7.0) 2594088 (6.7) NA
Diabetes 907 949 (10.1) 3115705 (8.1) 0.07 773371 (8.5) 3265212 (8.5) <0.01
Insulin-requiring 196253 (2.2) 655017 (1.7) 165394 (1.8) 692038 (1.8)
Oral medication 524049 (5.8) 1841790 (4.8) NA 451478 (5.0) 1917073 (5.0) NA
Diagnosis only 187647 (2.1) 618898 (1.6) 156499 (1.7) 656101 (1.7)
Atherosclerosis 192639 (2.1) 614754 (1.6) 0.04 155917 (1.7) 655940 (1.7) <0.01
Arrhythmia 147294 (1.6) 533387 (1.4) 0.02 132413 (1.5) 553536 (1.4) <0.01
Rheumatic disease, chronic 97094 (1.1) 316029 (0.8) <0.01 6750 (0.1) 28128 (0.1) <0.01
Coronary artery disease 39476 (0.4) 126 804 (0.3) 0.02 32349 (0.4) 135128 (0.4) <0.01
Angina 32265 (0.4) 101160 (0.3) 0.02 26055 (0.3) 108618 (0.3) <0.01
VTE 29557 (0.3) 101767 (0.3) 0.01 26476 (0.3) 107323 (0.3) <0.01
Cardiomyopathy 23717 (0.3) 87243 (0.2) 0.01 21535(0.2) 90093 (0.2) <0.01
Pulmonary disease 19792 (0.2) 64732(0.2) 0.01 16790 (0.2) 69031 (0.2) <0.01
Other valve diseases 11424 (0.1) 38854 (0.1) 0.01 9759 (0.1) 40906 (0.1) <0.01
History of CVA 3902 (<0.1) 12229 (<0.1) <0.01 3186 (<0.1) 13189 (<0.1) <0.01
Pericarditis 2820 (<0.1) 14080 (<0.1) 0.01 3679 (<0.1) 15407 (<0.1) <0.01
(continued)
JAMA Surgery March 2021 Volume 156, Number 3 jamasurgery.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 07/26/2023


http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2020.6165

Association of Fluoroguinolone Use With Short-term Risk of Development of Aortic Aneurysm Original Investigation Research

Table. Demographic and Clinical Characteristics of Patients With Treatment Episodes of Oral Fluoroquinolones or Comparator Antibiotics,
Before and After Inverse Probability of Treatment Weighting (continued)

Crude Inverse probability of treatment weighting
No. (%) é\tlz\;oc:::deized No. (%) ls\tt;iodl::(?ized
Characteristic Fluoroquinolones Comparator difference Fluoroquinolones Comparator difference
Nonaortic, non-large-vessel 3524 (<0.1) 11802 (<0.1) <0.01 2964 (<0.1) 12472 (<0.1) <0.01
aneurysmal disease®
Endocarditis 1638 (<0.1) 6222 (<0.1) <0.01 1582 (<0.1) 6396 (<0.1) <0.01
Vasculopathy 1133 (<0.1) 3460 (<0.1) <0.01 906 (<0.1) 3762 (<0.1) <0.01
Rheumatic disease, acute 480 (<0.1) 1719 (<0.1) <0.01 443 (<0.1) 1789 (<0.1) <0.01
Myocarditis 234 (<0.1) 834 (<0.1) <0.01 206 (<0.1) 868 (<0.1) <0.01
Other medications
Corticosteroids (inhaled) 826885 (9.1) 3089208 (8.0) 0.04 763616 (8.4) 3182410(8.3) <0.01
B-Agonist inhalants 537377 (5.9) 1959141 (5.1) 0.04 486955 (5.4) 2030644 (5.3) <0.01
Antiplatelets 123657 (1.4) 400895 (1.0) 0.03 100540 (1.1) 425551 (1.1) <0.01
Anticholinergics (inhaled) 96166 (1.1) 250753 (0.7) 0.04 68003 (0.8) 284437 (0.7) <0.01
Anticoagulants 90242 (1.0) 382727 (1.0) <0.01 93932 (1.0) 383995 (1.0) <0.01

Abbreviations: BTI, biliary tract infection; CCl, Charlson Comorbidity Index; CVA,
cerebrovascular accident; IQR, interquartile range; NA, not applicable; UTI,
urinary tract infection; VTE, venous thromboembolism.

Diseases, Ninth Revision, Clinical Modification and International Classification
of Diseases, Tenth Revision, Clinical Modification codes did not clarify specific
site for categorization and thus is mutually exclusive from remaining infectious

2 Captured using outpatient service records 30 days prior and 7 days after the diagnoses.

index fill date; if a patient had multiple indications, the diagnosis recorded in
closest proximity to the index fill date was selected:; if patient had no
indication but had 1 or more outpatient service records during the time frame,
they were classified as “no indication identified"; patients with no records
were classified as “no billed health care.”

9Individual components of the CCl were included in the inverse probability of
treatment weighting; diabetes was defined as no disease, diagnosis only, oral
medication, or insulin-requiring, instead of as complicated and uncomplicated
disease.

€ Includes retinal aneurysm, cerebral aneurysm, heart aneurysm, coronary
®Includes pharyngitis, sinusitis, laryngitis, and bronchitis. aneurysm, and pulmonary aneurysm.

¢ Staphylococcus/streptococcus category International Classification of

Figure 2. Associations Between 90-Day Incidence of Aneurysm Diagnosis
After Fluoroquinolone (FQ) vs Antibiotic Comparator Prescription Fills

No. of events

Lower risk @ Higher risk
Total cohort FQ C HR (95% Cl) of aneurysm : of aneurysm P value
Outcome 9053961 38542584
Any aneurysm 6752 17627 1.20(1.17-1.24) | | <.001
Aortic aneurysm 5110 13188 1.21(1.17-1.25) | 3 <.001
Thoracic 1127 3719 1.05(0.98-1.13) - .16
Abdominal 3067 6807 1.31(1.25-1.37) R 3 <.001
Thoracoabdominal 70 237 0.90 (0.68-1.20) —— 49
Unspecified 1392 3919 1.18(1.11-1.26) E <.001
Aortic dissection 368 1088 1.09(0.95-1.24) —— .21
Iliac artery aneurysm 230 397 1.60(1.33-1.91) —i— <.001
Other abdominal aneurysm 478 880 1.58 (1.39-1.79) —— <.001 N
Other/unknown aneurysm 959 2988 1.10(1.02-1.19) i .02 Invgrsg probability of treatment
. weighting was used to account for
Aneurysm repair 103 172 1.88(1.44-2.46) —— <.001 potential confounding; weights and
R AT repeated observations in individuals
1 2 were accounted for using robust

HR (95% CI) sandwich estimators. C indicates

comparator; HR, hazard ratio.

association. When antibiotic fills after an aneurysm event were
removed (13 732 antibiotic fills and 238 aneurysm events), simi-
lar results were observed (eFigure 2 in the Supplement).

Subgroup Analyses

When stratified by age, the association of fluoroquinolones
with aneurysm was significantly different across age groups
(18-34 years: HR, 0.99; 95% CI, 0.83-1.18; 35-49 years: HR, 1.18;
95% CI, 1.09-1.28; 50-64 years: HR, 1.24; 95% CI, 1.19-1.28;

jamasurgery.com

P =.04) (eFigure 3 in the Supplement). Minimal differences
were seen when stratified by sex, diabetes, hypertension, and
hyperlipidemia (Figure 4; eFigures 4, 5, 6, and 7 in the Supple-
ment). These data collectively suggested that fluoroquino-
lone use was associated with an increased risk of aneurysm
among all adults aged 35 years or older and that other tradi-
tional risk factors, such as sex and comorbidities, may also be
associated with aneurysm among adults, although the asso-
ciation may be minimal.
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Figure 3. Disaggregation of Cohort Showing Breakdown of the Fluoroquinolone (FQ) Group Into the Specific FQ Prescribed

60
=
§ 401
k]
s
9]
5 204 I
a
. N .
FQcohort  Aneurysm FQcohort  Aneurysm FQcohort  Aneurysm FQcohort  Aneurysm FQcohort  Aneurysm FQcohort  Aneurysm
(n=5190117) cohort (n=2465316) cohort (n=1073082) cohort (n=288469) cohort (n=34657)  cohort (n=2320) cohort
(n=3656) (n=2267) (n=670) (n=133) (n=23) (n=3)
| [ J [ [ J J
Ciprofloxacin Levofloxacin Moxifloxacin Ofloxacin Gemifloxacin Norfloxacin

Ciprofloxacin and levofloxacin account for the majority of prescriptions.

Figure 4. Association of Fluoroquinolones vs Antibiotic Comparator With Aneurysm Risk Overall and Stratified by Sex, Age, and Comorbidity Status

No./total No. of aneurysms

FQlowerrisk : FQ higher risk
FQ C HR (95% CI) of aneurysm of aneurysm P value
Stratified groups 9053961 38542584 l
Overall aneurysm 6752 17627 1.20(1.17-1.24)
Sex 72
Male 4121/3503820 10851/15608592 1.22(1.18-1.27) E
Female 2631/5550141 6776/22933922 1.21(1.15-1.27) - B
Age category, y .04
18-34 197/2103974 980/11993236 0.99 (0.83-1.18) B
35-49 897/2897767 2949/12595603 1.18(1.09-1.28) — B
50-64 5658/4052220 13698/13953745 1.24(1.19-1.28) B
Diabetes .15
No diagnosis 5540/8147012 14888/35426879 1.19(1.15-1.23) E B
Diagnosis only 320/187647 673/618898 1.35(1.17-1.56) —B—
Oral medications 680/524049 1525/1841790 1.29(1.17-1.42) B
Insulin-requiring 212/195253 541/655017 1.12 (0.94-1.33) B
Hypertension 71
No diagnosis 2712/6438596 7210/29231576 1.22(1.15-1.28) ——
Diagnosis only 374/281924 850/962712 1.25(1.10-1.43) —B—
Oral medications 3666/2333441 9567/8348296 1.19(1.15-1.24) E
Hyperlipidemia .95
No diagnosis 3491/6936480 9528/31181766 1.21(1.16-1.26) -l
Diagnosis only 886/723648 2155/2500081 1.19(1.09-1.30) - B
Oral medications 2375/1393833 5944/4860737 1.21(1.15-1.27) ——
0ﬁ8 1 1.‘2 1‘.4 1‘.6

HR (95% ClI)

The only significant difference is the stratification by age (eFigure 3 in the Supplement). P values represent comparison of tiers within each stratified group. C

indicates comparator; FQ, fluoroquinolone; and HR, hazard ratio.

.|
Discussion

In this large cohort of commercially insured Americans aged
18 to 64 years, a fluoroquinolone prescription fill was associ-
ated with an increased incidence of aortic aneurysm develop-
ment by 20% although the overall incidence of occurrence was
low (unweighted: 7.5 cases per 10 000 prescription fills after
fluoroquinolone vs 4.6 cases per 10 000 prescription fills af-
ter comparator antibiotics). More specifically, fluoroquino-
lone prescription fills were associated with an increased 90-
day incidence of abdominal aortic aneurysmes, iliac artery

JAMA Surgery March 2021 Volume 156, Number 3

aneurysms, and other abdominal aneurysms, and those re-
ceiving fluoroquinolones were much more likely to undergo
an aneurysm repair. The association between fluoroquino-
lone use and aneurysms was present in all adults aged 35 years
or older and was consistent across standard aneurysm risk fac-
tors, such as sex and comorbidities. Fluoroquinolones did not
appear to be associated with aortic dissection or thoracic aor-
tic aneurysmes.

Pasternak et al,® in their 2018 study of a large Swedish co-
hort, found a similar association of aortic aneurysms with fluo-
roquinolone use compared with amoxicillin (HR, 1.66; 95% CI,
1.12-2.46). Their higher HRs may be due to the age group of their
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study population (=50 years) and choice of comparator. De-
spite those differences, their study echoes our results in find-
ing no association with aortic dissection and an unaffected risk
of thoracic aortic aneurysm development compared with ab-
dominal aortic aneurysms.

Other studies did not differentiate between dissection and
aneurysm and instead evaluated them together, such as Lee
etal, in their 2015 case-control Taiwanese study.® They found
an almost 3-fold increase in the odds of aorticaneurysm or aor-
tic dissection after fluoroquinolone use (odds ratio, 2.71), al-
though this was evaluated in an elderly population (mean age,
70.5 years) with more comorbidities (61% with hypertension,
20% with ischemic heart disease, 18% with chronic obstruc-
tive pulmonary disease, and 13% with diabetes), and lacked
an active comparator. In a Canadian population study per-
formed by Daneman et al,” adults older than 65 years had an
increased incidence of aortic aneurysm or dissection after fluo-
roquinolone exposure (HR, 2.24), which was also signifi-
cantly higher than aneurysm or dissection risk after amoxi-
cillin exposure (HR, 1.50).

Increased incidence of abdominal aortic aneurysms vs tho-
racic aortic aneurysms after fluoroquinolone use is of substan-
tial relevance. Although each of these aneurysm types in-
volve segments of a singular vessel, numerous studies have
shown that there is significant heterogeneity in aneurysm
structure, function, and response to physiological changes.!*2!
Recent animal studies emphasize regional heterogeneity in an-
eurysm formation in the context of fluoroquinolone use. In a
study performed by LeMaire et al,?? mice challenged with a
high-fat diet and low-dose angiotensin infusion that received
ciprofloxacin had an increased incidence in aneurysm forma-
tion in the thoracic aorta and suprarenal abdominal aorta but
not in the infrarenal abdominal aorta. This was attributed to
an increase in active matrix metalloproteinase 9 and de-
creased lysyl oxidase signaling. Alternatively, fluoroquinolo-
nes have been reported to affect circulating cytokine levels in
vivo.?® One affected cytokine, interleukin 6, is elevated in pa-
tients with abdominal aortic aneurysms.?* When circulating
interleukin 6 levels were increased in healthy wild-type mice,
abdominal dilation occurred, while the thoracic aorta was not
affected.?® This was attributed to increased macrophage re-
cruitment in the abdominal aorta vs the thoracic aorta. Com-
bined, these studies highlight the need for ongoing investiga-
tions that elucidate the mechanisms involved in aneurysm
development with respect to physiologic location. As such, re-
gional differences in the etiology, incidence, and clinical man-
agement of aortic disease in the thoracic vs abdominal aorta
should be carefully considered.

Limitations

Although our study showed an association between fluoro-
quinolone use and aneurysm formation, we do recognize that
there are limitations in the study. First, we were unable to cap-
ture undiagnosed aneurysms. In addition, abdominal imaging
was not routinely performed. Thus, it is possible that aneu-
rysms we classified as incident outcomes may have been pre-
existing, or that fluoroquinolones simply aggravated a preex-
isting condition rather than initiated a de novo aneurysm.

jamasurgery.com
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Second, the definition of aneurysm relied on ICD-9-CM and
ICD-10-CM codes. We did not have access to aneurysm size,
modality used to diagnose the aneurysm (eg, ultrasonogra-
phy and computed tomography), or indication for surgical in-
tervention. Third, there were significant differences in docu-
mented indication between the fluoroquinolone and
comparator groups. It is possible that some of the imaging per-
formed for associated indications (eg, gastrointestinal infec-
tion) led to an incidental diagnosis of an aneurysm; however,
we excluded patients hospitalized prior to their antibiotic fill
and included indication in our propensity score model to mini-
mize this potential confounding. Fourth, although we re-
quired no evidence of an aneurysm within the 6 months prior
to the fill date, we found several adults in our cohort who had
multiple antibiotic fills with an aneurysm event (n = 231), sug-
gesting that some of our outcomes were indeed prevalent con-
ditions. However, when we excluded subsequent antibiotic epi-
sodes after an aneurysm was identified, we found similar
results. Fifth, the prevalence of comorbidities may be under-
estimated owing to being undiagnosed or not recently docu-
mented conditions; however, we do not expect misclassifica-
tion of comorbidities to be differential across antibiotic groups.
Sixth, several risk factors associated with aneurysm develop-
ment, such as smoking, were not captured (or reliably cap-
tured) in claims data. This is an important risk factor that war-
rants further evaluation in future studies using alternative
databases. Seventh, we were able to capture antibiotic fills but
were unable to confirm that the prescriptions (fluoroquino-
lone or antibiotic comparator) were consumed by the indi-
vidual or taken as prescribed; however, we assume unused fills
would be minimal and similar between cohorts. In addition,
more than 50% of fluoroquinolone and comparator antibi-
oticfills had no indication identified, despite using a broad list
of infectious indications and a generous window for identifi-
cation (from -30 to 7 days). Currently, there are no universal
documentation requirements for antibiotic indications, mak-
ing capturing indications and truly reflective antibiotic stew-
ardship studies difficult to perform.'>1%-26-27 However, when
we restricted the analysis to individuals with indications iden-
tified, we found similar results (eTable 5 in the Supplement).
Eighth, MarketScan data represent a younger, commercially
insured population, and our results may not generalize to Medi-
care, Medicaid, or uninsured populations or to the entire US
population.

. |
Conclusions

In conclusion, fluoroquinolone use in the US and internation-
ally has been associated with an increase in immediate inci-
dence of aortic aneurysm formation. Although the overall in-
cidence of aneurysm formation detected in the present study
was low, the aneurysm incidence after a fluoroquinolone fill
was 20% higher than that of comparator antibiotics, and con-
sistent among all adults age 35 years or older. When examin-
ing specific anatomic sites, there was a 31% higher incidence
of abdominal aortic aneurysm and a 60% higher incidence of
iliac artery aneurysm after fluoroquinolone use. Contextual-
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izing these data, we believe that the current US FDA black box
warnings are warranted but may need to be expanded to in-
clude younger adults with other risk factors. Further studies
will be needed to elucidate the mechanisms of fluoroquino-
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