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Abstract

Fluoroquinolones (FQ) are associated with an increased risk of tendinopathy, including rupture. Our 

study aimed to investigate whether FQ use triggered the rupture of aortic aneurysms using a self-

controlled design. We hypothesised that the use of FQ was associated with aortic rupture shortly 

after redeemed FQ prescriptions. Using nationwide data sources, we performed a case-crossover 

study of cases with ruptured aortic aneurysms. From 1996 to 2016, 58 people presented with 

rupture of an aortic aneurysm and a redeemed prescription for any FQ within 28 days. 67% were 

men, and the median age was 77 years. Some 82.9% presented with a ruptured abdominal 

aneurysm. In our conditional regression, the crude OR for having rupture with a recent FQ 

redemption was 1.36 (CI 1.00-1.86). After adjusting for potential confounders, the OR was 1.35 (CI 

0.98-1.85). Changing the hazard period to FQ redemption within 60 and 90 days, the OR was 2.16 

(CI 1.70-2.76) and 2.21 (CI 1.78-2.75), respectively. In conclusion, we demonstrated an association 

between FQ use within 60 and 90 days and a diagnosis of ruptured aortic aneurysm.

Introduction and Background

Ruptured aortic aneurysms carry a high mortality, and it is the consequence of an untreated and 

often unknown, asymptomatic aortic aneurysm. Aortic aneurysms are primarily in the infrarenal 

aorta. The risk of rupture increases with the size of the aneurysm.1 Furthermore, smoking, 

hypertension, and female sex are identified as risk factors for rupture.1 

Fluoroquinolones, FQ, are considered broad-spectrum antibiotics and are prescribed for Salmonella, 

Enterobacteriaceae and Pseudomonas infections. For years, it has been well known that FQs are 

associated with an increased risk of tendinopathy, including rupture.2 Furthermore, one A
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experimental study in mice found the use of ciprofloxacin associated with increased prevalence of 

aortic aneurysms, aneurysm rupture, increased levels of matrix metalloproteinases, MMPs, and 

decreased levels of lysyl oxidase.3 This enzyme is critical in the assembly and stabilisation of elastic 

fibres and collagen. Another experimental study in rats confirmed these findings of increased levels 

of MMPs with the use of ciprofloxacin.4 Moreover, an experimental study in mice found MMPs 

essential for the formation of AAAs.5 MMPs and other proteases are related to the destruction of the 

extracellular matrix, such as collagen and elastin, and studies have shown increased MMP in 

aneurysmatic tissue.6-8 

To the best of our knowledge, clinical or epidemiological data on FQ and the association with aortic 

aneurysm rupture are sparse.  Previous studies have found an increased risk of aortoiliac 

aneurysmal rupture or dissection with the use of FQ.9,10 Additionally, studies have also found 

increased presence of aortic aneurysms (with or without rupture) with the use of FQ.11-13 Using the 

presence of an aneurysm as an outcome can be biased by the infection and examinations conducted 

in connection with the infection, so this study focuses on aortic aneurysm rupture as the only 

outcome. As a consequence of the studies, The European Medicines Agency has issued a warning 

regarding the use of FQ.14

Our study aimed to investigate whether FQ use triggered the rupture of aortic aneurysms using a 

controlled design. We hypothesised that the use of FQ was associated with aortic rupture shortly 

after redeemed prescriptions. 

Materials and Methods 

Using nationwide data sources, we performed a retrospective population-based case-crossover 

study. We studied cases with ruptured aortic aneurysms and with people acting as their own 

controls, estimating the association between the use of FQ and the risk of ruptured aortic aneurysm.

Data sources

We used four nationwide Danish data sources: the Danish National Patient Register, the Danish 

National Prescription Register, the Danish Civil Registration System, and the Danish National 

Register of Causes of Death. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

The National Patient Register holds data on all hospitalisations in Denmark since 1977 and 

outpatient visits since 1995.15 The hospitals report admissions, surgical procedures, and diagnoses, 

the latter using the International Classification of Diseases (ICD-8 from 1978-1993 and ICD-10 

after that). The Nordic Classification of Surgical Procedures records surgical procedures.16 

The National Prescription Register has data on all redeemed prescriptions at an individual user level 

since 1995.17 The information includes substance and date among 46 variables in total. The 

indication and dosing instruction are not systematically recorded. Drugs are grouped according to 

the Anatomical Therapeutic Chemical (ATC) classification system developed by the World Health 

Organization.18 Our "List of included drugs and their ATC codes" are shown in the supplementary 

material.

The Civil Registration System contains daily updated information on addresses, emigration, and 

death date, if any.19 The Danish Register of Causes of Death holds data on the death date and causes 

of death. It is mandatory to fill out a death certificate stating the immediate and the underlying 

cause of death.20 Some 40-45% of the deaths occur in hospital settings, while 40-45% die at home 

or in a nursing home.21

The Danish national healthcare system is tax-supported and provides the entire Danish population 

(5.8 million in 2019) with free, unrestricted access to public health services and partial 

reimbursement for most prescribed drugs. All Danish residents are assigned a unique ten-digit civil 

registration number at birth or immigration, and this number enables unambiguous linkage across 

all healthcare registers at an individual level. Statistics Denmark, a governmental institution, 

performed anonymous linkage of the data.22

Study design 

We used the case-crossover design, in which cases act as their own control as well.23-25 Case-

crossover studies are appropriate for assessing the relationship between transient exposures and 

acute outcomes, especially when identifying proper control challenges a corresponding case-control 

study.24 Hence, all unmeasured time-constant potential confounders such as sex, age and lifestyle 

are controlled for by this design.24 Furthermore, by using this design, we eliminate time-invariant, 

between-subject confounding.
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This study aimed to compare the likelihood of redemption of prescriptions on any FQ during a four-

week focal window preceding our outcome of interest, ruptured aortic aneurysm, with the 

likelihood during four-week periods earlier (Figure 1). Four reference periods were included to 

increase statistical precision. To minimise contamination of drug effects between focal and 

reference windows, a washout window of four weeks was inserted between the focal and the 

reference windows. Cases with no FQ exposure during any of the focal or reference windows are 

uninformative and were dropped from the analysis. 

Study population

This study included everyone diagnosed with a ruptured aortic aneurysm in Denmark from 1996 to 

2016 with known exposure to FQ during the 24 weeks before the index date.

Cases were all Danish residents diagnosed with a ruptured thoracic aneurysm, ruptured 

thoracoabdominal aneurysm or ruptured abdominal aortic aneurysm (ICD10 DI711, DI713, and 

DI715). Furthermore, data were obtained from the Register of Causes of Death to ensure that people 

whose cause of death was ruptured aortic aneurysm without any hospitalisations were included in 

this study. The date of rupture or death by rupture was assigned their index date. Patients were 

required to be at least 50 years. 

Exclusion criteria 

We excluded people with any history of Marfan syndrome or Ehlers-Danlos syndrome. We 

excluded people surviving more than 30 days after the diagnosis of the ruptured aortic aneurysm 

without undergoing any surgery within the first week, as we assumed those to be misclassified. 

Furthermore, cases were required to have no hospitalisations during the 24 weeks preceding the 

index date since we have no data on antibiotics administered during hospitalisations. In-patient use 

of FQ accounted for approximately one fourth of total use (both men and women, all ages).26 

Lastly, we required at least ten years’ available look-back period for the cases and controls, thereby 

allowing a comprehensive diagnostic profile. People who had immigrated within the last ten years 

before their index date were thus excluded. Our "List of included ICD-8 and ICD-10 codes" are 

shown in the supplementary material.

Exposure definition
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The exposure was the use of FQ (ATC J01MA). We defined exposure within a window by the 

occurrence of a redeemed FQ prescription within that window. Based on a literature review of 

tendinopathy cases, it seems that latency for connective tissue rupture is short, in the order of 

weeks.2 We decided to have a focal window of 28 days, albeit with sensitivity analyses of 60 and 90 

days, to cover a potentially longer latency with ruptured aortic aneurysm.

Confounders

The case-crossover design eliminates time-fixed confounders, but it is vulnerable to time-dependent 

confounding like all other observational designs. We included oral corticosteroids as a time-

dependent confounder and systemic antibiotics other than FQs, to minimise the risk of confounding 

by indication. We employed the equivalent definition of exposure windows as for FQs.

Analyses

We used conditional logistic regression to estimate the odds ratio (OR) associating the use of FQ 

with ruptured aortic aneurysm. Both crude and the adjusted ORs are presented with a 95% 

confidence interval (CI). 

We performed a few pre-specified subgroup analyses, 1) the main result was analysed in subgroups 

defined by sex, age, year of diagnosis, and type of ruptured aortic aneurysm.

As a sensitivity analysis, 2) to investigate if the latency for rupture was short, the hazard period of 

28 days in the main analysis was stratified by the redemption of the prescription 0-14 days and 15-

28 days before rupture. 3) The hazard period was set to 60 and 90 days instead of 28 days as used in 

the main analysis. Lastly, 4) another series of four control periods were added one year before the 

index date to eliminate seasonal variation risk.

All analyses were performed using Stata® Release 15.1 (StataCorp, College Station, TX, USA).

Ethics

The Danish Data Protection Agency approved this project. Approval from an ethics review board is 

not required in Denmark for register-based studies.22
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Results

From 1996-2016, 246 presented with rupture of any aortic aneurysm (thoracic, thoracoabdominal 

and abdominal) and redemption of any FQ prescription within 24 weeks. Some 67.1% were men 

with a median age of 77, 82.9% presented with ruptured abdominal aortic aneurysm. Of the 246, 58 

(23.7%) had redeemed prescriptions for FQ within four weeks. See Table 1 for details. 

In our conditional regression, the crude OR having rupture with a recent FQ redemption was 1.36 

(CI 1.00-1.86). The OR remained unchanged after adjusting for potential confounders (adj. OR 

1.35, CI 0.98-1.85); see Table 2. Table 3 demonstrates FQ exposure, steroids and antibiotics other 

than FQ in the focal window and the reference windows. 

In our subgroup analyses, FQ redemption was associated with an increased risk of rupture for the 

year of diagnosis (2011-16; adj. OR 2.37, CI 1.41-3.98) and thoracoabdominal rupture (adj. OR 

3.64, CI 1.30-10.21). However, only eight people presented with thoracoabdominal rupture. 

Furthermore, redemption within 14 days was associated with an increased risk of rupture (adj. OR 

1.57, CI 1.04-2.38). See Table 4 for the subgroup analysis.

In two sensitivity analyses, we changed the hazard period from 28 to 60 and 90 days. We identified 

120 people with FQ redemption within 60 days of the index date and 160 with FQ redemption 

within 90 days of the index date. Changing the hazard period increased the risk of rupture for FQ,  

adj. OR 2.16 (CI 1.70-2.76) at 60 days, and 2.21 (CI 1.78-2.75) at 90 days, Table 5. After adding 

four extra referent windows, the OR was above unity for the FQ (adj. OR 2.47, CI 1.81-3.38), Table 

5.

Discussion

Although our primary adjusted analyses only reached the borderline of statistical significance, all 

risk estimates presented were above unity, thereby indicating a higher risk of ruptured aortic 

aneurysm associated with FQ use within 28 days. Furthermore, we demonstrated a more than two-

fold significantly increased risk of FQ redemption and ruptured aortic aneurysms when we 

increased the hazard period to 60 and 90 days. 

Commented [HH1]:  Should this be ”reference”???
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Others have studied the association between FQ and aneurysm rupture. In a case-time-control study, 

Maumus-Robert et al. found an increased OR for aortoiliac aneurysmal rupture or dissection with 

the use of FQ within 30 days of the index date.9 Daneman et al. studied people prescribed FQ and 

the association with severe collagen-associated adverse events within 30 days in a register-based 

cohort study.10 They found that collagen-associated adverse events, including aortic aneurysms, 

were more common during FQ treatment than control periods. The association persisted when the 

outcome was limited to admissions for aortic rupture or dissections.10 See Table S3 in the 

supplementary material for an overview of the studies included in the discussion.

Studies have also investigated the association between the use of FQ and the diagnosis of aortic 

aneurysm. In a cohort study, Pasternak et al. found an association between prescribed FQ and the 

first diagnosis of an aortic aneurysm within 60 days.11 Lee et al. studied in 2015 the association 

between the use of FQ and the risk of developing an aortic aneurysm or aortic dissection in a case-

control study.12 They found that current redemption (within 60 days) of FQ was associated with an 

increased risk of aortic aneurysm or dissection. The increased risk was not significant when 

focusing on aneurysms or dissections requiring surgery.12 Lee et al. studied in 2018 the association 

between FQ and aortic aneurysms (with and without rupture) or aortic dissections in a case-

crossover study.13 Like us, they found that exposure to FQ within 60 days was associated with an 

increased risk of aortic aneurysms and dissections; see Table S3 in the supplementary material. The 

fact that we observe a clear association with longer exposure windows than 28 days suggests that 

ruptured aortic aneurysms have some latency with FQ exposure. Dong et al. conducted a nested 

case-control study taking infections into account and found no association between FQ and a 

diagnosis of aortic aneurysm or dissection compared with other antibiotics and their corresponding 

indicated infections.27 Lastly, Newton et al. found in an observational study that the use of FQ was 

associated with an increased risk of a diagnosis of an aortic aneurysm compared with other 

antibiotics.28 

Studies investigating the association between FQ and diagnosis of non-ruptured aortic aneurysm 

could be biased by ascertainment. Suppose people with infection did not recover or had a severe 

infection. In that case, they could be prone to undergo examinations such as ultrasound or a 

computed tomography scan with an aortic aneurysm as a secondary finding. 

This study has some strengths. Firstly, the case-crossover design with people acting as their own 

control minimised residual confounding risk, e.g., by smoking, which is difficult to ascertain in A
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register-based studies. Secondly, the definition of exposure by the redemption of prescribed drugs. 

Thirdly, this was a study based on nationwide health registers with mandatory registration resulting 

in as complete inclusion of people as possible, thus minimising selection bias. Fourthly, we only 

focused on people with ruptured aortic aneurysm giving a more precise estimate. Aneurysms are 

most often asymptomatic and discovered as a secondary finding, making the diagnosis of an 

aneurysm as an outcome imprecise. 

This study has some limitations—firstly, we had to exclude some potential cases due to 

hospitalisations since we cannot account for drugs administered during that period. This exclusion 

resulted in a smaller study population which affects the power. However, by conducting this study 

as a national register-based study rather than a single-centre experience with the possibility of 

scrutinising patient records, we could include more cases. Secondly, we could not adjust for 

lifestyle variables such as smoking, which is known to affect the growth and risk of rupture for 

aortic aneurysms.29 However, by using people as their own controls, we minimise the effect of 

smoking as a confounder. Stable smoking cessation is an exception rather than a rule,30 and the 

cardiovascular effects of tobacco persist for some time after smoking cessation.31 With the time 

horizon of 24 weeks in this study, subjects’ changes in smoking behaviour is thus of minimal 

significance. Thirdly, a limitation of this study was the registers and insufficient identification of 

salmonella infections. We were not able to scrutinise patient files for blood cultures or other 

pathology. Furthermore, using the diagnoses ATC DA01 and DA02 (typhoid, paratyphoid and other 

infections with salmonella), we identified no patients at all in our registers. One of the indications 

for the use of FQ is an infection with salmonella. Salmonella is one of the microorganisms known 

to cause mycotic aneurysms, which evolves rapidly with a high risk of rupture.32 If we 

demonstrated an increased risk of rupture by FQ use, it could be confounded by indications since 

the actual infection could cause the outcome. Confounding by indication could also be at large in 

this study.

In conclusion, our results indicate an increased risk of ruptured aortic aneurysms with FQ 

redemption within 28 days. Furthermore, we demonstrated an association between FQ use within 60 

and 90 days and a diagnosis of ruptured aortic aneurysm, probably reflecting latency in the 

formation of ruptured aortic aneurysms. 

The next step could be examining the aortic wall of people presenting with rupture – both people 

with and without the use of FQs to see if there is a difference in the aortic wall. Furthermore, 
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experimental animal studies in rats could help identify the dosage and the time lapse between 

administration and rupture. Any information as to why and when aneurysms rupture is useful. With 

this study, we find that the initial fourteen days carries the highest risk.

Acknowledgements

KK was supported by a grant from the Department of Clinical Research at the University of 

Southern Denmark. The University of Southern Denmark is thanked for the financial support but 

did not influence the execution, analyses, or writing of the study. 

Conflict of Interest Statement

The authors have no potential conflict of interest. 

The data that support the findings of this study are available from Statistics Denmark.22 Restrictions 

apply to the availability of these data, which were used under license for this study. 

References

1. Gokani VJ, Sidloff D, Bath MF, Bown MJ, Sayers RD, Choke E. A retrospective study: 

Factors associated with the risk of abdominal aortic aneurysm rupture. Vascul Pharmacol. 

2015;65-66:13-16.

2. Khaliq Y, Zhanel GG. Fluoroquinolone-associated tendinopathy: a critical review of the 

literature. Clin Infect Dis. 2003;36(11):1404-1410.

3. LeMaire SA, Zhang L, Luo W, et al. Effect of Ciprofloxacin on Susceptibility to Aortic 

Dissection and Rupture in Mice. JAMA Surg. 2018;153(9):e181804.

4. Tsai WC, Hsu CC, Chen CP, et al. ciprofloxacin up-regulates tendon cells to express matrix 

metalloproteinase-2 with degradation of type I collagen. J Orthop Res. 2011;29(1):67-73.

5. Longo GM, Xiong W, Greiner TC, Zhao Y, Fiotti N, Baxter BT. Matrix metalloproteinases 

2 and 9 work in concert to produce aortic aneurysms. J Clin Invest. 2002;110(5):625-632.

6. Patel K, Zafar MA, Ziganshin BA, Elefteriades JA. Diabetes Mellitus: Is It Protective 

against Aneurysm? A Narrative Review. Cardiology. 2018;141(2):107-122.

7. Shantikumar S, Ajjan R, Porter KE, Scott DJ. Diabetes and the abdominal aortic aneurysm. 

Eur J Vasc Endovasc Surg. 2010;39(2):200-207.A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

8. Ailawadi G, Eliason JL, Upchurch GR, Jr. Current concepts in the pathogenesis of 

abdominal aortic aneurysm. J Vasc Surg. 2003;38(3):584-588.

9. Maumus-Robert S, Berard X, Mansiaux Y, Tubert-Bitter P, Debette S, Pariente A. Short-

Term Risk of Aortoiliac Aneurysm or Dissection Associated With Fluoroquinolone Use. J 

Am Coll Cardiol. 2019;73(7):875-877.

10. Daneman N, Lu H, Redelmeier DA. Fluoroquinolones and collagen associated severe 

adverse events: a longitudinal cohort study. BMJ Open. 2015;5(11):e010077.

11. Pasternak B, Inghammar M, Svanstrom H. Fluoroquinolone use and risk of aortic aneurysm 

and dissection: nationwide cohort study. BMJ. 2018;360:k678.

12. Lee CC, Lee MT, Chen YS, et al. Risk of Aortic Dissection and Aortic Aneurysm in 

Patients Taking Oral Fluoroquinolone. JAMA Intern Med. 2015;175(11):1839-1847.

13. Lee CC, Lee MG, Hsieh R, et al. Oral Fluoroquinolone and the Risk of Aortic Dissection. J 

Am Coll Cardiol. 2018;72(12):1369-1378.

14. (PRAC) PRAC. PRAC recommendations on signals - Adopted at the 3-6 September 2018 

PRAC meeting.  1 October 2018.

15. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen HT. The 

Danish National Patient Registry: a review of content, data quality, and research potential. 

Clin Epidemiol. 2015;7:449-490.

16. Nordic Medico-Statistical Committee (NOMESCO). NOMESCO Classification of Surgical 

Procedures (NCSP). Version 1.16 ed. Copenhagen2011.

17. Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sorensen HT, Hallas J, Schmidt M. Data 

Resource Profile: The Danish National Prescription Registry. Int J Epidemiol. 

2017;46(3):798f.

18. WHO Collaborating Centre for Drug Statistics Methodology. Guidelines for ATC 

classification and DDD assignment. Oslo2019.

19. Schmidt M, Pedersen L, Sorensen HT. The Danish Civil Registration System as a tool in 

epidemiology. Eur J Epidemiol. 2014;29(8):541-549.

20. Helweg-Larsen K. The Danish Register of Causes of Death. Scand J Public Health. 

2011;39(7 Suppl):26-29.

21. Sundhedsdatastyrelsen. Dødsårsagsregistret 2017. 2016;1:68.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

22. Thygesen LC, Daasnes C, Thaulow I, Bronnum-Hansen H. Introduction to Danish 

(nationwide) registers on health and social issues: structure, access, legislation, and 

archiving. Scand J Public Health. 2011;39(7 Suppl):12-16.

23. Muller JE, Mittleman MA, Maclure M, Sherwood JB, Tofler GH. Triggering myocardial 

infarction by sexual activity. Low absolute risk and prevention by regular physical exertion. 

Determinants of Myocardial Infarction Onset Study Investigators. JAMA. 

1996;275(18):1405-1409.

24. Maclure M. The case-crossover design: a method for studying transient effects on the risk of 

acute events. Am J Epidemiol. 1991;133(2):144-153.

25. Maclure M, Mittleman MA. Should we use a case-crossover design? Annu Rev Public 

Health. 2000;21:193-221.

26. The Danish Health Data Authority. Statistics on the total sales of medicines in Denmark 

1996-2018 available at www.medstat.dk.  Published 2020. Accessed.

27. 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.

28. Newton ER, Akerman AW, Strassle PD, Kibbe MR. Association of Fluoroquinolone Use 

With Short-term Risk of Development of Aortic Aneurysm. JAMA Surg. 2021.

29. Sweeting MJ, Thompson SG, Brown LC, Powell JT, collaborators R. Meta-analysis of 

individual patient data to examine factors affecting growth and rupture of small abdominal 

aortic aneurysms. Br J Surg. 2012;99(5):655-665.

30. West R, McNeill A, Raw M. Smoking cessation guidelines for health professionals: an 

update. Health Education Authority. Thorax. 2000;55(12):987-999.

31. Rosenberg L, Palmer JR, Shapiro S. Decline in the risk of myocardial infarction among 

women who stop smoking. N Engl J Med. 1990;322(4):213-217.

32. Wanhainen A, Verzini F, Van Herzeele I, et al. Editor's Choice - European Society for 

Vascular Surgery (ESVS) 2019 Clinical Practice Guidelines on the Management of 

Abdominal Aorto-iliac Artery Aneurysms. Eur J Vasc Endovasc Surg. 2019;57(1):8-93.

Table 1. Characteristics of cases with ruptured aortic aneurysm. A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

file:///C:/Users/hhorneberg/Downloads/www.medstat.dk


This article is protected by copyright. All rights reserved

Case 

N=246

Fluoroquinolones 

within 28 days 

N=58

No fluoroquinolones 

within 28 days

N=188

Male sex 165 (67.1) 40 (69.0) 125 (66.5)

Age (interquartile range) 77 (71-82) 77 (70-81) 77 (71-82)

Year of inclusion

1996-2000 46 (18.7) 8 (13.8) 38 (20.2)

2001-2005 47 (19.1) 8 (13.8) 39 (20.7)

2006-2010 73 (29.7) 14 (24.1) 59 (31.4)

2011-2016 79 (32.1) 27 (46.6) 52 (27.7)

Diagnosis

Ruptured abdominal aortic aneurysm 204 (82.9) 47 (81.0) 157 (83.5)

Ruptured thoracoabdominal aortic aneurysm 20 (8.1) 8 (13.8) 12 (6.4)

Ruptured thoracic aortic aneurysm 21 (8.5) (n<5) 18 (9.6)

Preadmission hospital-diagnosed co-morbidity

Hypertensiona 149 (60.6) 36 (62.1) 113 (60.1)

Diabetesb 28 (11.4) 7 (12.1) 21 (11.2)

Acute myocardial infarction 17 (6.9) 5 (8.6) 12 (6.4)

Peripheral arterial disease 26 (10.6) 7 (12.1) 19 (10.1)

Cerebrovascular disease 43 (17.5) 11 (19.0) 32 (17.0)

Chronic obstructive pulmonary diseasec 26 (10.6) 7 (12.1) 19 (10.1)

Cancerd 54 (22.0) 13 (22.4) 41 (21.8)

Preadmission drugs

Fluoroquinolones within four weeks 58 (23.6) 58 (100) -

Antibiotics other than FQ within four weeks 53 (21.5) 14 (24.1) 39 (20.7)

J01C – penicillin 146 (59.3) 36 (62.1) 110 (58.5)

J01E – sulphonamides and trimethoprim 67 (27.2) 11 (19.0) 56 (29.8)

J01F – macrolides, lincosamides and streptogramins 56 (22.8) 8 (13.8) 48 (25.5)

J01X – other antibiotics 34 (13.8) 5 (8.6) 29 (15.4)

Antiplatelet therapye 129 (52.4) 27 (46.6) 102 (54.3)

Antidiabetics, oral and inulin 28 (11.4) 7 (12.1) 21 (11.2)

Statins 78 (31.7) 17 (29.3) 61 (32.4)

Thiazide 66 (26.8) 14 (24.1) 52 (27.7)

Angiotensin-converting enzyme inhibitor 55 (22.4) 9 (15.5) 46 (24.5)

Angiotensin II antagonists 33 (13.4) 13 (22.4) 20 (10.6)

Calcium channel blockers 64 (26.0) 17 (29.3) 47 (25.0)

Beta blockers 75 (30.5) 17 (29.3) 58 (30.9)

Non-Steroidal inflammatory drugs 84 (34.1) 20 (34.5) 64 (34.0)
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Oral corticosteroids 64 (26.0) 15 (25.9) 49 (26.1)

Anti-chronic obstructive pulmonary disease therapy 87 (35.4) 17 (29.3) 70 (37.2)

Percentage in brackets unless otherwise specified. aDiagnosis or antihypertensive therapy: thiazide, calcium channel 

blockers, Angiotensin II antagonists, or Angiotensin II antagonists. bDiabetes defined as the diagnosis or use of 

antidiabetics one year before the index date. cDiagnosis or anti chronic obstructive pulmonary disease therapy: inhaled 

adrenergics, anticholinergics, glucocorticoids, selective beta-2-adrenoreceptor agonists, or xanthines. dExcept from skin 

cancer. eAcetylsalicylic acid, clopidogrel or dipyridamole. 

Table 2. Main analysis. Odds ratios of the use of fluoroquinolones (FQ), and ruptured aortic 

aneurysm. Adjusted for the redemption of oral steroids, and redemption of antibiotics other than 

FQ. Confidence interval in brackets.  

Table 3. People exposed to fluoroquinolones, 

steroids, and other antibiotics in the focal 

window and reference windows (RW). 

Percentage in brackets. 

Focal 

windo

w

RW1 RW2 RW3 RW4

Fluoroquinolo

nes within four 

weeks

58 

(23.6)

51 

(20.7

)

42 

(17.1

)

33 

(13.4

)

49 

(19.9

)

Antibiotics 

other than FQ 

within four 

weeks

53 

(21.5)

56 

(22.8

)

53 

(21.5

)

45 

(18.3

)

50 

(20.3

)

J01A – 

tetracyclines

(n<5) (n<5

)

(n<5

)

(n<5

)

(n<5

)

J01B – 

amphenicols

- - - - -

J01C – 

penicillins

146 

(59.3)

134 

(54.5

)

132 

(53.7

)

126 

(51.2

)

118 

(48.0

)

J01D – other (n<5) (n<5 - (n<5 (n<5

OR

Crude model

Redemption of FQ 1.36 (1.00-1.86)

Adjusted model

Redemption of FQ 1.35 (0.98-1.85)

Redemption of steroids 1.26 (0.72-2.20)

Redemption of other antibiotics 1.00 (0.69-1.47)
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beta-lactam 

antibiotics

) ) )

J01E – 

sulphonamides 

and 

trimethoprim

67 

(27.2)

69 

(28.0

)

67 

(27.2

)

63 

(25.6

)

59 

(24.0

)

J01F – 

macrolides, 

lincosamides 

and 

streptogramin

s

56 

(22.8)

53 

(21.5

)

49 

(19.9

)

48 

(19.5

)

47 

(19.1

)

J01G – 

aminoglycosid

e 

- - - - -

J01R – a 

combination of 

antibiotics

- - - - -

J01X – other 

antibiotics

34 

(13.8)

30 

(12.2

)

25 

(10.2

)

29 

(11.8

)

28 

(11.4

)

J02 – 

antimycotics 

- - - - -

Anti-Chronic 

obstructive 

pulmonary 

disease 

treatment 

within 4 weeks

50 

(20.3)

46 

(18.7

)

48 

(19.5

)

45 

(18.3

)

44 

(17.9

)

Table 4. Subgroup analyses. The odds ratio of the use of fluoroquinolones (FQ) and ruptured aortic 

aneurysm. Adjusted for the use of oral steroids and use of antibiotics other than FQ. Confidence 

interval in brackets.  

Crude OR FQ Adjusted OR FQ

Age
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Table 5. Sensitivity analysis with the 

hazard period of 28 (main analysis), 60 

and 90 days, and four extra reference 

windows with the hazard period of 28 

days. Odds ratio, OR, with confidence 

interval in brackets.

Crude OR Adjusted OR

Hazard period 28 days 1.36 (1.00-1.86) 1.35 (0.98-1.85)

Hazard period 60 days 2.19 (1.72-2.78) 2.16 (1.70-2.76)

Hazard period 90 days 2.30 (1.86-2.84) 2.21 (1.78-2.75)

Four extra reference windows (28 days) 2.61 (1.91-3.56) 2.47 (1.81-3.38)

Age 60-69  1.64 (0.82-3.27)  1.64 (0.80-3.36)

Age 70-79  1.50 (0.93-2.42)  1.50 (0.92-2.44)

Age 80+  1.13 (0.66-1.92)  1.15 (0.68-1.96)

Sex

Men  1.44 (0.98-2.10)  1.44 (0.99-2.11)

Women  1.22 (0.70-2.13)  1.17 (0.67-2.05)

Year of inclusion

1996-2000  0.94 (0.43-2.04)  0.92 (0.42-2.02)

2001-2005  0.97 (0.43-2.18)  1.05 (0.46-2.43)

2006-2010  1.02 (0.55-1.88)  1.00 (0.53-1.89)

2011-2016  2.29 (1.38-3.80)  2.37 (1.41-3.98)

Location of rupture

Abdominal rupture  1.32 (0.94-1.87)  1.30 (0.91-1.84)

Thoracoabdominal rupture  3.43 (1.26-9.35)  3.64 (1.30-10.21)

Thoracic rupture  0.70 (0.20-2.42)  0.86 (0.24-3.07)

Redemption

Redemption 0-14 days  1.58 (1.05-2.37)  1.57 (1.04-2.38)

Redemption 15-28 days  1.04 (0.65-1.66)  1.02 (0.64-1.64)
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Figure legend

Figure 1. Case-crossover design. FQ, fluoroquinolones. Identification of six people with 

ruptured aortic aneurysms and a focal window four-weeks prior compared to four reference 

windows of four weeks. A washout-window is inserted between the focal and reference 

windows. "A" and "D" was not included in the analysis. 
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