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Fluoroquinolones (FQs) are broad-spectrum antibiotics with
excellent oral bioavailability, and can be used in many
types of infections for both out-patient and hospitalized
patients.1e3 In Taiwan, the use of FQ is increasing notably
with time.4,5 However, safety issues regarding FQ-
associated collagen disease events, such as tendon
rupture and retinal detachment, remain a serious concern.
Moreover, several observational studies conducted be-
tween 2015 and 2018 found that the use of FQ could be
associated with an increased risk of aortic aneurysm (AA)/
aortic detection (AD).6e9 Two studies in Taiwan demon-
strated that compared to non-users, oral FQ use was asso-
ciated with a high risk of AA/AD.7,8 Two other studies in
Sweden and Canada found that a higher risk of AA/AD was
observed in FQ users than in amoxicillin users.6,9

Toward the end of 2018, the US Food and Drug Admin-
istration (FDA) raised the cautionary level regarding the
increased risk of ruptures or tears in the aortic blood vessel
with FQ use and declared that FQ should not be used in
patients at an increased risk, such as those with a history of
blockages or aneurysms (abnormal bulges) of the aorta or
other blood vessels, high blood pressure, certain genetic
disorders that involve blood vessel changes, and the
elderly, unless there are no other treatment options avail-
able.10 Furthermore, a recent study based on a US health
insurance claims database found that FQ use was associated
with an increased incidence of aneurysm formation (hazard
ratio [HR], 1.20; 95% confidence interval [CI], 1.17e1.24),
compared with comparator antibiotics (amoxicillin-clav-
ulanate, azithromycin, cephalexin, clindamycin, and
trimethoprim/sulfamethoxazole).11 Moreover, the associa-
tion between FQ and the increased susceptibility to AD and
aortic rupture through the suppression of lysyl oxidase
expression and induction of matrix metalloproteinase
expression has been demonstrated in an animal model12

and that of the potential induction of human aortic
myofibroblast-mediated extracellular matrix dysregulation
in an in vivo study.13

However, after adjusting for infection indications and
detection bias, several studies reported contradictory re-
sults.14,15 Gopalakrishnan et al. used a US commercial claims
database to conduct two cohort studies (pneumonia and
urinary tract infection [UTI]) to assess potential confounding
owing to indication bias or surveillance bias.15 They found
that the initiators of FQ had an increased rate of AA/AD
compared with the initiators of azithromycin in the pneu-
monia cohort (HR, 2.57; 95% CI, 1.36e4.86), but no
increased rate compared with the initiators of trimetho-
prim/sulfamethoxazole in the UTI cohort (HR, 0.99; 95% CI,
0.62e1.57).15 To assess the possible confounding effect of
co-existing infection, another nested caseecontrol study in
Taiwan used a nationwide population-based health insurance
claims database to compare the risk of AA/AD associated
with FQs vs other antibiotics with similar indication profiles
among patients with the same types of infections.14 Dong
et al. found that any indicated infection was associated with
an increase in AA/AD risk (adjusted odds ratio [OR], 1.73;
95% CI, 1.66e1.81), but not for FQs itself when compared
with amoxicillin-clavulanate or ampicillin-sulbactam (OR,
1.01; 95% CI, 0.82e1.24) or with extended-spectrum ceph-
alosporins (OR, 0.88; 95% CI, 0.70e1.11) among patients with
indicated infections.12 Two studies14,15 suggested that the
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co-existing infection might play an important role in the
development of AA/AD, and the possible mechanism could
be septic emboli and bacterial seeding into the arterial wall,
hemodynamic instability, and systemic inflammation-
associated artery injury.16,17 Thus, these two studies14,15

emphasized the importance of the confounding effect of
coexisting infections which were neglected in previous
observational studies using real-world data.

In addition to the confounding effect of co-existing
infection, several issues that should be considered
regarding the risk of FQ-associated AA/AD risk have been
discussed. First, most of the previous studies focused on the
effect of short-term use of oral FQ; however, FQ could be
used for weeks to months in several clinical entities. For
patients with chronic bacterial prostatitis, FQs are consid-
ered as the first-line treatment owing to favorable prostate
penetration, and a longer treatment duration, between 6
and 12 weeks, is often necessary to achieve pathogen erad-
ication and prevent recurrence.18 For nontuberculous
mycobacterial pulmonary disease, FQ could be a part of
antibiotic combination regimens and the recommended
drugs may be administered for at least 12 months after cul-
ture conversion.19 Another complicated infection requiring
prolonged antibiotic treatment is multidrug-resistant tuber-
culosis (MDRTB). Levofloxacin or moxifloxacin should be
included for the treatment of patients with MDRTB for 15e17
months after culture conversion for most patients.20 If FQs
are directly associated with the development of AA/AD, the
doseeresponse relationship could be demonstrated and the
risk of AA/AD is supposed to be the highest among patients
receiving long-term use of FQs for chronic bacterial prosta-
titis, nontuberculous mycobacterial pulmonary disease, or
MDRTB. However, no apparent doseeresponse association
was observed in a study by Dong et al., in which the adjusted
OR of AA/AD was 1.13, 0.74, and 1.04 for 3e7 days, 8e14
days, and >14 days of FQ use, respectively, compared to
amoxicillin-clavulanate or ampicillin-sulbactam use.14

Compared to extended-spectrum cephalosporins, the
adjusted OR of AA/AD was 0.99, 0.65, and 0.91 for 3e7 days,
8e14 days, and >14 days of FQ, respectively. Further re-
searches investigating the effect of long-term FQ use should
be conducted to assess the doseeresponse relationship be-
tween FQ use and the risk of AA/AD. Second, the effect of
causative microorganisms was not evaluated in all studies.
However, the risk of AA/AD varies according to different
pathogens. In addition to Salmonella species, which are
notorious for the development of mycotic aneurysm, some
pathogens such as Staphylococcus, Enterococcus, and
Streptococcus species, could also cause infectious aortitis.21

Thus, further studies are warranted to clarify the role of
causative pathogens and to assess their associated con-
founding effect on this subject. Third, the confounding ef-
fect of surveillance or detection bias should be evaluated. In
the study by Gopalakrishnan et al. the secondary analysis
using amoxicillin as a comparator found that FQ use was
associated with an increased rate of AA/AD compared with
amoxicillin use (HR, 1.54; 95% CI, 1.33e1.79; incidence), but
the higher risk of FQ use, compared to amoxicillin attenuated
in those requiring baseline imaging in this cohort (HR, 1.13;
95% CI, 0.96e1.33).15 Thus, surveillance bias was demon-
strated to attenuate this kind of association. This kind of
detection bias may explain why the significant association
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between FQ and AA/AD was observed only in the pneumonia
cohort but not in the UTI cohort in this study. More image
studies were performed for patients with pneumonia than for
those with UTI; therefore, a higher opportunity to detect
asymptomatic AA could occur in the pneumonia cohort than
in the UTI cohort.

Based on current evidence, clinicians should be alert to
the risk of AA/AD while prescribing FQ. However, these
complicated issues still have many uncertainties, such as
doseeresponse relationships, the effect of causative
pathogens, and the potential of surveillance bias. Further
researches are warranted to clarify the role of FQ in the
development of AA/AD.

References

1. Kuo SC, Shih SM, Lauderdale TY, Chang IS, Chen YC, Hsiung CA,
et al. Policy-driven revolution of prescription record in
outpatient use of fluoroquinolones. J Microbiol Immunol Infect
2020;53:133e40.

2. Lai CC, Wang CY, Hsueh PR. Co-infections among patients with
COVID-19: the need for combination therapy with non-anti-
SARS-CoV-2 agents? J Microbiol Immunol Infect 2020;53:
505e12.

3. Chou CC, Shen CF, Chen SJ, Chen HM, Wang YC, Chang WS,
et al. Recommendations and guidelines for the treatment of
pneumonia in Taiwan. J Microbiol Immunol Infect 2019;52:
172e99.

4. Lai CC, Shi ZY, Chen YH, Wang FD. Effects of various antimi-
crobial stewardship programs on antimicrobial usage and
resistance among common gram-negative bacilli causing health
care-associated infections: a multicenter comparison. J
Microbiol Immunol Infect 2016;49:74e82.

5. Lai CC, Wang CY, Chu CC, Tan CK, Lu CL, Lee YC, et al. Cor-
relation between antibiotic consumption and resistance of
Gram-negative bacteria causing healthcare-associated in-
fections at a university hospital in Taiwan from 2000 to 2009. J
Antimicrob Chemother 2011;66:1374e82.

6. Daneman N, Lu H, Redelmeier DA. Fluoroquinolones and
collagen associated severe adverse events: a longitudinal
cohort study. BMJ Open 2015;5:e010077.

7. Lee CC, Lee MG, Hsieh R, Porta L, Lee WC, Lee SH, et al. Oral
fluoroquinolone and the risk of aortic dissection. J Am Coll
Cardiol 2018;72:1369e78.

8. Lee CC, Lee MT, Chen YS, Lee SH, Chen YS, Chen SC, et al. Risk
of aortic dissection and aortic aneurysm in patients taking oral
fluoroquinolone. JAMA Intern Med 2015;175:1839e47.
184
9. Pasternak B, Inghammar M, Svanström H. Fluoroquinolone use
and risk of aortic aneurysm and dissection: nationwide cohort
study. BMJ 2018;360:k678.

10. US Food and Drug Administration. FDA Drug Safety Communi-
cation: FDA warns about increased risk of ruptures or tears in
the aorta blood vessel with fluoroquinolone antibiotics in
certain patients. Published December 20, https://www.fda.
gov/drugs/drug-safety-and-availability/fda-warns-about-
increased-risk-ruptures-or-tears-aorta-blood-vessel-
fluoroquinolone-antibiotics, 2018. [Accessed 15 January 2021].

11. Newton ER, Akerman AW, Strassle PD, Kibbe MR. Association
of fluoroquinolone use with short-term risk of development
of aortic aneurysm. JAMA Surg 2021 Jan 6. https:
//doi.org/10.1001/jamasurg.2020.6165.

12. LeMaire SA, Zhang L, Luo W, Ren P, Azares AR, Wang Y, et al.
Effect of ciprofloxacin on susceptibility to aortic dissection and
rupture in mice. JAMA Surg 2018;153:e181804.

13. Guzzardi DG, Teng G, Kang S, Geeraert PJ, Pattar SS,
Svystonyuk DA, et al. Induction of human aortic myofibroblast-
mediated extracellular matrix dysregulation: a potential
mechanism of fluoroquinolone-associated aortopathy. J Thorac
Cardiovasc Surg 2019;157:109e119.e2.

14. Dong YH, Chang CH, Wang JL, Wu LC, Lin JW, Toh S. Association
of infections and use of fluoroquinolones with the risk of aortic
aneurysm or aortic dissection. JAMA Intern Med 2020 Sep 8:
e204192. https://doi.org/10.1001/jamainternmed.2020.4192.

15. Gopalakrishnan C, Bykov K, Fischer MA, Connolly JG, Gagne JJ,
Fralick M. Association of fluoroquinolones with the risk of
aortic aneurysm or aortic dissection. JAMA Intern Med 2020
Sep 8:e204199. https://doi.org/10.1001/jamainternmed.2020.
4199.2020.

16. Valentine RJ, Chung J. Primary vascular infection. Curr Probl
Surg 2012;49:128e82.

17. Sekar N. Primary aortic infections and infected aneurysms. Ann
Vasc Dis 2010;3:24e7.

18. Su ZT, Zenilman JM, Sfanos KS, Herati AS. Management of
chronic bacterial prostatitis. Curr Urol Rep 2020;21:29.

19. Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace Jr RJ,
Andrejak C, et al. Treatment of nontuberculous mycobacterial
pulmonary disease: an official ATS/ERS/ESCMID/IDSA clinical
practice guideline. Eur Respir J 2020;56:2000535.

20. Mirzayev F, Viney K, Linh NN, Gonzalez-Angulo L, Gegia M,
Jaramillo E, et al. World Health Organization recommendations
on the treatment of drug-resistant tuberculosis, 2020 update.
Eur Respir J 2020 Nov;26:2003300. https://doi.org/10.1183/
13993003.03300-2020.

21. Lopes RJ, Almeida J, Dias PJ, Pinho P, Maciel MJ. Infectious
thoracic aortitis: a literature review. Clin Cardiol 2009;32:
488e90.

http://refhub.elsevier.com/S1684-1182(21)00054-2/sref1
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref1
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref1
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref1
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref1
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref2
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref2
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref2
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref2
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref2
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref3
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref3
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref3
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref3
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref3
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref4
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref4
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref4
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref4
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref4
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref4
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref5
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref5
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref5
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref5
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref5
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref5
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref6
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref6
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref6
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref7
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref7
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref7
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref7
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref8
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref8
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref8
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref8
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref9
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref9
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref9
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://doi.org/10.1001/jamasurg.2020.6165
https://doi.org/10.1001/jamasurg.2020.6165
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref12
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref12
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref12
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref13
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref13
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref13
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref13
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref13
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref13
https://doi.org/10.1001/jamainternmed.2020.4192
https://doi.org/10.1001/jamainternmed.2020.4199.2020
https://doi.org/10.1001/jamainternmed.2020.4199.2020
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref16
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref16
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref16
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref17
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref17
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref17
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref18
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref18
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref19
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref19
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref19
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref19
https://doi.org/10.1183/13993003.03300-2020
https://doi.org/10.1183/13993003.03300-2020
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref21
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref21
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref21
http://refhub.elsevier.com/S1684-1182(21)00054-2/sref21

	Association of fluoroquinolones use with the risk of aortic aneurysm or aortic dissection: Facts and myths
	References


