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Abstract

Background Ertapenem, cefepime, imipenem, ofloxacin, ceftazidime, clarithromycin, cefaclor, levofloxacin, linezolid,
moxifloxacin, azithromycin, piperacillin—-tazobactam, trimethoprim—sulfamethoxazole, metronidazole, ciprofloxacin, and
cefuroxime are known to be associated with delirium. Other antibiotics may also lead to delirium, but no study has systemi-
cally compared delirium associations for many available antibiotics.

Objective The objective of this study was to evaluate the association between delirium and antibiotics using the FDA Adverse
Event Reporting System (FAERS).

Methods FAERS reports from January 1, 2004 to December 31, 2018 were included in the study. Reporting odds ratios
(RORs) and corresponding 95% confidence intervals (95% CI) for the association between antibiotics and delirium were cal-
culated. An association was considered to be statistically significant when the lower limit of the 95% CI was greater than 1.0.
Results A total of 10,015,622 reports (including 16,982 delirium reports) were considered, after inclusion criteria were
applied. Statistically significant delirium RORSs (95% CI) for antibiotics were: ertapenem 21.07 (16.38-27.10), cefepime 9.8
(6.37-15.09), imipenem 9.68 (6.75-13.89), ofloxacin 7.73 (4.00-14.92), ceftazidime 6.09 (2.73-13.62), clarithromycin 5.34
(4.37-6.53), cefaclor 5.32 (1.71-16.58), ampicillin—sulbactam 4.49 (2.13-9.45), levofloxacin 4.47 (3.88-5.16), linezolid
4.33 (3.28-5.72), moxifloxacin 3.51 (2.81-4.38), azithromycin 2.76 (2.09-3.64), piperacillin—-tazobactam 2.41 (1.47-3.93),
trimethoprim—sulfamethoxazole 2.36 (1.61-3.47), metronidazole 1.85 (1.31-2.60), ciprofloxacin 1.83 (1.44-2.33), and
cefuroxime 1.81 (1.03-3.20).

Conclusion This study found statistically significant increased risk of reporting delirium with ertapenem, cefepime, imipe-
nem, ofloxacin, ceftazidime, clarithromycin, cefaclor, ampicillin—sulbactam, levofloxacin, linezolid, moxifloxacin, azithro-
mycin, piperacillin—tazobactam, trimethoprim—sulfamethoxazole, metronidazole, ciprofloxacin, and cefuroxime.

This study identifies previously unknown delirium
reporting association with ampicillin—sulbactam.
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1 Introduction

Delirium is diagnosed in the presence of a disturbance in
attention and awareness that develops over a short period
of time, represents a change from baseline, tends to fluctu-
ate, has an additional cognitive disturbance (e.g., memory
deficit, disorientation, language, visuospatial ability, or
perception), all of which are not better explained by other
diagnoses (e.g., coma) [1]. Delirium is associated with
higher mortality rates, affects up to 50% of hospitalized
elderly patients, and costs more than $164 billion per year
in the United States [2]. Delirium may be nothing more
than a marker of severity of illness likened to a cough
for pneumonia. Treatment of pneumonia resolves the
cough like treatment of sepsis may resolve delirium. This
point was proven in multiple trials of critically ill patients
including BRAIN-ICU, which showed ICU delirium is
associated with long-term cognitive impairment, and
MIND-USA, which showed delirium treatment in those
with hypoactive delirium does not improve outcome [3, 4].
Many antibiotics are known to be associated with delir-
ium. Overall quality of evidence for many reports is very
low. Multiple case reports have reported on ertapenem-
induced delirium [5-7]. A case of hypoactive delirium
and another case of encephalopthy as adverse effects of
imipenem were reported [8, 9]. A case report demonstrated
a case of delirium with hallucinations likely caused by
a combination of diphenhydramine and linezolid [10].
Delirium was also reported to be induced by clarithro-
mycin monotherapy or a combination of clarithromycin
and fluoxetine [11-13]. Delirium was associated with
azithromycin in two geriatric patients treated for lower
respiratory tract infection [14]. There are at least 6 pub-
lished case reports of delirium associated with the use
of azithromycin, including one pediatric patient, and 12
published case reports of delirium associated with the use
of clarithromycin [15]. Four fluoroquinolone antibiotics,
which were ofloxacin, levofloxacin, moxifloxacin, and cip-
rofloxacin, were all reported to be associated with delir-
ium [16—19]. Cefepime use was associated with increased
likelihood and duration of acute encephalopathy (presence
of delirium or depressed level of consciousness in the
absence of deep sedation) in critically ill patients in a ret-
rospective case—control study [20]. A nested cohort study
concluded that first, second, and third-generation cepha-
losporins doubled the odds of delirium [21]. A case report
reported higher-level gait disorder and nocturnal delirium
likely induced by trimethoprim—sulfamethoxazole [22].
In another case report, metronidazole and levofloxacin
induced delirium in a chronic kidney disease patient [23].
Delirium was also reported to be induced by piperacil-
lin—tazobactam in a peritoneal dialysis patient [24].
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Few studies have looked at antibiotics and compared their
associations with delirium. The objective of this study was
to evaluate the association between delirium and antibiotics
using FDA Adverse Event Reporting System (FAERS).

2 Methods
2.1 Data Source

FAERS is a publicly available database composed of adverse
event reports that were submitted to United States Food and
Drug Administration (FDA) [25]. FAERS data contain drug
information (drug name, active ingredient, route of admin-
istration, the drug’s reported role in the event) and reac-
tion information. Healthcare professionals, consumers or
manufacturers may submit reports. The types of data found
in FAERS include reason for administration, specific reac-
tion, seriousness, outcome, gender, event data, patient age,
who sent the report, reporter type, country, whether or not
it was reported to the manufacturer and whether or not it
was published. Quarterly Data Files were used to obtain
FAERS data. The Institutional Review Board (IRB) of The
University of South Carolina determined that this study is
not human subjects research (IRB number: Pro00101342).

2.2 Study Design

FAERS data from January 1, 2004 to December 31, 2018
were included in the study. Some adverse event reports were
submitted multiple times with updated information. There-
fore, duplicate reports were removed by case number, with
the most recent submission included in the study.

2.3 Drug Exposure Definition

Each antibiotic was identified in FAERS by generic and
brand names listed in the Drugs @FDA Database [26]. Anti-
biotics with less than three delirium Adverse Drug Reac-
tion (ADR) reports were excluded from this data analy-
sis [27]. All reports were included, regardless of route of
administration and the drug’s reported role in the event.
Antibiotics included in the study were ertapenem, imipe-
nem, meropenem, linezolid, clarithromycin, azithromycin,
erythromycin, ofloxacin, levofloxacin, moxifloxacin, cip-
rofloxacin, cefepime, ceftazidime, cefaclor, cefuroxime,
cephalexin, ceftriaxone, trimethoprim—sulfamethoxazole,
metronidazole, ampicillin-sulbactam, piperacillin—tazobac-
tam, amoxicillin—clavulanate, amoxicillin, nitrofurantoin,
daptomycin, vancomycin, minocycline, and clindamycin.
Antibiotic classes included in the study were carbapenems,
macrolides, fluoroquinolones, cephalosporins, and penicillin
combinations.
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2.4 Adverse Drug Reaction Definition

FAERS defines ADRs using Preferred Terms (PT) from the
Medical Dictionary for Regulatory Activities (MedDRA)
[28]. Preferred Term “Delirium” was used to identify delir-
ium cases.

2.5 Statistical Analysis

A disproportionality analysis was conducted by comput-
ing Reporting Odds Ratios (ROR) and corresponding 95%
confidence intervals (95%CI) for the association between
delirium and each antibiotic class or individual antibiotic
[29]. ROR was calculated as the ratio of the odds of report-
ing delirium versus all other ADRs for a given drug, com-
pared with this reporting odds for all other drugs present in
FAERS [29]. An association was considered to be statisti-
cally significant if the lower limit of 95% CI was above 1.0
[29]. A subgroup analysis was performed on patients who
were 65 years or older and patients less than 65 years old.
Data analysis was performed using Microsoft Excel 2016
(Microsoft Corporation, Redmond, WA) and SAS 9.4 (SAS
Institute, Cary, NC).

3 Results

A total of 10,015,622 reports (including 16,982 delirium
reports) were considered, after inclusion criteria were
applied (Fig. 1). The number of cases for each drug and
drug class is listed in Fig. 2. Statistically significant delirium
RORs (95% CI) for antibiotic classes were: carbapenems
10.49 (8.59-12.80), macrolides 3.65 (3.11-4.28), fluoroqui-
nolones 3.40 (3.05-3.78), cephalosporins 2.54 (1.99-3.23),
and penicillin combinations 1.62 (1.20-2.18).

Statistically significant delirium RORs (95% CI) for anti-
biotics were: ertapenem 21.07 (16.38-27.10), cefepime 9.8
(6.37-15.09), imipenem 9.68 (6.75-13.89), ofloxacin 7.73
(4.00-14.92), ceftazidime 6.09 (2.73-13.62), clarithromycin

14,283,590 FAERS reports
from 2004 to 2018

4,267,968 duplicate
reports excluded

10,015,622 reports
included in the study

Fig.1 Flow diagram for inclusion and exclusion of the FAERS
reports

5.34 (4.37-6.53), cefaclor 5.32 (1.71-16.58), ampicillin—sul-
bactam 4.49 (2.13-9.45), levofloxacin 4.47 (3.88-5.16),
linezolid 4.33 (3.28-5.72), moxifloxacin 3.51 (2.81-4.38),
azithromycin 2.76 (2.09-3.64), piperacillin—tazobactam
2.41 (1.47-3.93), trimethoprim—sulfamethoxazole 2.36
(1.61-3.47), metronidazole 1.85 (1.31-2.60), ciprofloxacin
1.83 (1.44-2.33), and cefuroxime 1.81 (1.03-3.20) (Fig. 2).

Among patients who took carbapenems, linezolid, mac-
rolides, fluoroquinolones, cephalosporins, trimethoprim—sul-
famethoxazole, metronidazole, penicillin combinations,
and clindamycin, patients who were 65 years or older had
a higher delirium ROR than those less than 65 years old
(Fig. 3). Among patients who took amoxicillin and van-
comycin, patients who were 65 years or older had a lower
delirium ROR than those less than 65 years old (RORs were
not statistically significant considering that the lower limit
of 95% CI was below 1.0).

4 Discussion

Our results indicated significant delirium reporting associa-
tions (from strongest to weakest) with the following anti-
biotic classes: carbapenems, macrolides, fluoroquinolones,
cephalosporins, and penicillin combinations (Fig. 2).

Our results demonstrated significant delirium reporting
associations (from strongest to weakest) with the follow-
ing antibiotics: ertapenem, cefepime, imipenem, ofloxacin,
ceftazidime, clarithromycin, cefaclor, ampicillin—sulbactam,
levofloxacin, linezolid, moxifloxacin, azithromycin, pipera-
cillin—tazobactam, trimethoprim—sulfamethoxazole, metro-
nidazole, ciprofloxacin, and cefuroxime (Fig. 2). Our results
were in agreement with previously known delirium associa-
tions with ertapenem, cefepime, imipenem, ofloxacin, cef-
tazidime, clarithromycin, cefaclor, levofloxacin, linezolid,
moxifloxacin, azithromycin, piperacillin—tazobactam, tri-
methoprim—sulfamethoxazole, metronidazole, ciprofloxacin,
and cefuroxime [5-24]. Ampicillin—sulbactam was found
to be associated with delirium in FAERS, which was not
reported in the literature.

Cefepime is known to be able to induce neurotoxicity due
to its ability to cross the blood-brain barrier and to exhibit
concentration-dependent competitive gamma-aminobutyric
acid (GABA) antagonism [30-32]. The signs and symptoms
of cefepime-induced neurotoxicity included altered men-
tal status, reduced consciousness, confusion, myoclonus,
aphasia, agitation, and seizures [32]. Many of the signs and
symptoms of cefepime-induced neurotoxicity correlated
well with signs and symptoms of delirium [1]. Therefore, it
is not surprising to find the significant association between
cefepime and delirium in FAERS.

Carbapenem antibiotics may have a higher neurotoxic
potential than that of penicillins and cephalosporins [33].
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Antibiotic Class/Antibiotic ROR 95% Cl Delirium Reports All Reports

Carbapenems —— 10.49 (8.59-12.80) 99 5686
Ertapenem — 21.07 (16.38-27.10) 63 1830

Imipenem —_—— 9.68 (6.75-13.89) 30 1857

Meropenem + 1.77 (0.80-3.95) 6 1999

Linezolid — 4.33 (3.28-5.72) 50 6865
Macrolides —— 3.65 (3.11-4.28) 152 24850
Clarithromycin — 5.34  (4.37-6.53) 96 10728
Azithromycin —— 2.76 (2.09-3.64) 50 10754
Erythromycin * 1.05  (0.47-2.34) 6 3368
Fluoroquinolones - 3.40 (3.05-3.78) 347 61383

Ofloxacin —_— 7.73  (4.00-14.92) 9 695
Levofloxacin —— 4.47 (3.88-5.16) 192 25689
Moxifloxacin — 3.51 (2.81-4.38) 79 13378
Ciprofloxacin — 1.83 (1.44-2.33) 67 21621
Cephalosporins — 254  (1.99-3.23) 66 15409
Cefepime —_— 9.80 (6.37-15.09) 21 1284

Ceftazidime + 6.09 (2.73-13.62) 6 586

Cefaclor 532 (1.71-16.58) 3 335

Cefuroxime —_— 1.81  (1.03-3.20) 12 3911

Cephalexin * 1.69  (0.76-3.76) 6 2101

Ceftriaxone T 1.48 (0.93-2.35) 18 7192
Trimethoprim-sulfamethoxazole —_—— 236 (1.61-3.47) 26 6516
Metronidazole —— 1.85 (1.31-2.60) 33 10573
Penicillin combinations — 1.62 (1.20-2.18) 44 16054

Ampicillin-sulbactam —_— 4.49 (2.13-9.45) 7 925
Piperacillin-tazobactam —_— 241 (1.47-3.93) 16 3933
Amoxicillin-clavulanate —_— 111 (0.72-1.70) 21 11196
Amoxicillin —— 131 (0.86-2.02) 21 9439
Nitrofurantoin g 1.21  (0.50-2.90) 5 2445
Daptomycin —_— 097 (0.51-1.87) 9 5460
Vancomycin —_— 0.84 (0.50-1.39) 15 10577

Minocycli * 0.76  (0.28-2.03) 4 3103

a ycin + 0.60  (0.30-1.20) 8 7882

0.25 0.5 1 2 4 8 16 32

CI = confidence interval

Fig.2 Reporting odds ratios (ROR) for delirium with antibiotics

Indeed, in our study, carbapenem antibiotic class had the
highest delirium ROR among all antibiotic classes included
in the study (Fig. 1). This may not be a class-wide effect and
certain carbapenems may be more offensive (e.g., imipenem)
than others (e.g., meropenem). Prior studies have suggested
that cefepime may have a tenfold greater risk for neurotoxic-
ity than meropenem [34, 35]. Neurotoxicity of carbapenems
was also thought to be caused by an interaction with GABA
receptors [33]. The association between imipenem and delir-
ium found in FAERS may be due to this mechanism.
Although ampicillin—sulbactam-induced delirium was
not reported in the literature, ampicillin—sulbactam is a
beta-lactam, which has the potential to induce neurotoxic-
ity via interactions with GABA receptors [31]. The associa-
tion between ampicillin—sulbactam and delirium found in
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FAERS may be explained by this mechanism. It is interest-
ing that ampicillin—sulbactam was associated with delirium
given its minimal penetration across the blood-brain-barrier.
Prior reports have stated its penetrance is 1% of the plasma
concentration and only increases in the setting of inflamed
meninges [36].

Although a case of meropenem-associated delirium was
reported in the literature, our study did not find statistically
significant ROR for meropenem and delirium. The low num-
ber of meropenem delirium reports in FAERS may be the
reason of statistical insignificance (Fig. 2).

In the subgroup analysis, the delirium ROR rank order
in both subgroups (< 65 years old and > 65 years old) were
similar to that in all patients. Our results showed that older
patients had a higher delirium ROR than younger patients
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Antibiotic Class/Antibiotic Age(yrs) ROR 95% CI Delirium Reports All Reports
Carbapenems 265 —— 17.78 (13.84-22.86) 63 2156
Carbapenems <65 —— 6.46 (4.39-9.51) 26 2399

Linezolid 265 —— 6.77 (4.53-10.13) 24 2114
Linezolid <65 —_—— 2.67 (1.48-4.83) 11 2438
Macrolides 265 —— 7.84  (6.15-9.98) 67 5119
Macrolides <65 —— 3.36  (2.61-4.32) 61 10792
Fluoroquinolones 265 - 7.65 (6.61-8.85) 184 14486
Fluoroquinolones <65 —— 245 (2.02-2.98) 104 25157
Cephalosporins > 65 — 5.53 (4.08-7.50) 42 4520
Cephalosporins <65 —1 1.33 {0.83-2.15) 17 7522
Trimethoprim-sulfamethoxazole 265 —_— 550 (3.36-9.00) 16 1730
Trimethoprim-sulfamethoxazole <65 e 1.02  (0.46-2.27) 6 3476
Metronidazole 265 —_— 2,62 (1.45-4.74) 11 2482
Metronidazole <65 —_— 1.96 (1.23-3.12) 18 5423
Penicillin combinations 265 —_— 2.59 (1.69-3.98) 21 4799
Penicillin combinations <65 —1— 132 (0.82-2.12) 17 7613
Amoxicillin 265 - 1.19 (0.45-3.17) 4 1987
Amoxicillin <65 —_— 1.26  {0.70-2.28) 11 5150
Vancomycin 265 —_— 0.89 {0.33-2.38) 4 2641
Vancomycin <65 —_—— 1.06  (0.53-2.13) 8 4432
Clindamycin 265 —————— 145 (0.54-3.87) 4 1626
Clindamycin <65 * 0.51 {0.16-1.58) 3 3469

0.125 0.25 0.5 1 2 4 8 16 32

ClI = confidence interval

Fig.3 Reporting odds ratios (RORs) for delirium with antibiotics stratified by age

among most of the antibiotic classes analyzed (Fig. 3).
Carbapenems, macrolides, fluoroquinolones, cephalospor-
ins, and trimethoprim—sulfamethoxazole had significantly
greater associations with delirium in older patients than
those in younger patients. It is known that delirium risk
is higher in older patients [1]. To note, ciprofloxacin and
trimethoprim—sulfamethoxazole were also included in the
American Geriatrics Society Beers Criteria for potentially
inappropriate medication use in older adults [37]. Cipro-
floxacin was in the Beers Criteria for tendon rupture and
hyperkalemia, but not for delirium.

4.1 Limitations

A causal relationship between a drug and an ADR can-
not be determined by FAERS. Significant bias may occur
because of the spontaneous and voluntary reporting of
ADRs. Media attention and recent publication of an ADR
in the literature might affect the reporting behaviors. The
association between a drug and an ADR is confounded
by comorbidities and concomitant drugs. According to
FDA, information submitted has not been verified by a
medical professional. FAERS data may be submitted by

healthcare professionals, consumers and manufacturers.
Source of submission must be considered. Some infor-
mation is missing or incomplete in FAERS. There have
been cases in which age was not reported or drug names
were misspelled. FDA does not receive reports for every
adverse event or medication error that occurs with a prod-
uct. In addition, ROR only investigates an increased risk
of ADR reporting and not risk of ADR occurrence in
absolute terms [38]. Some of the confidence intervals are
quite wide such as cefaclor 5.32 (1.71-16.58) because of
the low number of cefaclor ROR reports for delirium. An
additional limitation of this study is the reliance on “delir-
ium” as the search term in the FAERS database. Terms
such as delirium, encephalopathy, acute confusional state,
acute brain dysfunction and acute brain failure are often
used synonymously and inappropriately in the literature
[39]. Without the ability to determine how delirium was
diagnosed, it is possible that numerous cases were mis-
classified and could have altered the findings. Despite the
limitations, FAERS has a large sample size and is suit-
able for discovering a signal of new and rare drug-ADR
associations.
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5 Conclusion

This study found statistically significant increased risk of
reporting delirium with ertapenem, cefepime, imipenem,
ofloxacin, ceftazidime, clarithromycin, cefaclor, ampi-
cillin—-sulbactam, levofloxacin, linezolid, moxifloxacin,
azithromycin, piperacillin—tazobactam, trimethoprim—sul-
famethoxazole, metronidazole, ciprofloxacin, and cefuro-
xime. Results obtained from FAERS should be interpreted
with caution in the context of data limitations. Antibiotic
stewardship is needed to prevent delirium and to improve
health outcomes.
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