www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN A disproportionality analysis of

adverse events associated with
ertapenem using the FAERS
database from 2004 to 2024
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Through an in-depth analysis of ertapenem-associated adverse events (AEs) in the FDA Adverse

Event Reporting System (FAERS) database, this study provides a reference for monitoring and safety
management of ertapenem. Data from the FAERS database from Q1 2004 to Q1 2024 were analyzed
via four nonproportional analysis techniques, including the reporting odds ratio (ROR). Gender, age,
and sensitivity analyses were conducted for a more detailed assessment of ertapenem-associated
signals. A total of 2,931 reports with ertapenem as the primary suspected drug were collected,
covering 27 system organ classes (SOCs). The two SOCs with the strongest signals were nervous
system disorders and psychiatric disorders, with overall stronger signals in individuals aged = 65 years.
The most frequently reported AEs were confusional state (n=265) and convulsions (n=214). Among the
strongest signals were oropharyngeal edema (ROR=191.05, 95% Cl: 60.76-601.35) and granulomatous
dermatitis (ROR =150.49, 95% Cl: 55.9-405.15). Eleven AEs not listed on the FDA label were identified.
The top 20 AEs were predominantly associated with nervous system and psychiatric disorders, with

a median time to onset ranging from 3.5 to 8.5 days. This study highlights the neuropsychiatric risks

of ertapenem, providing strong evidence for its safety assessment and emphasizing the need for
monitoring and individualized management in high-risk patients. Ertapenem, FAERS, Adverse events,
Drug safety, Disproportionality analysis.

Ertapenem is a first-generation carbapenem antibiotic that exerts its antibacterial effect by binding to penicillin-
binding proteins, thereby interfering with the synthesis of the bacterial cell wall!. The drug was approved in
the United States in November 2001 and received approval in Europe in April 20022. In both the United States
and the European Union, ertapenem is indicated for community-acquired pneumonia (CAP), complicated
intra-abdominal infections (cIAls), and acute pelvic infections caused by susceptible strains. Additionally, other
indications approved in the United States include complicated skin and skin structure infections (cSSSIs) and
complicated urinary tract infections.

Ertapenem has a high protein binding rate of up to 85-95%, resulting in a prolonged elimination half-life,
which allows for once-daily dosing advantages. Despite the significant increase in resistance to carbapenem
antibiotics among gram-negative bacteria?, several studies have demonstrated the success of double-carbapenem
therapy based on ertapenem in treating infections caused by carbapenemase-producing Klebsiella pneumoniae®~.
Therefore, ertapenem remains an important option for the treatment of various bacterial infections.

As the clinical use of ertapenem has increased, reports of drug-associated adverse events (AEs) have also
increased. Common AEs include gastrointestinal reactions (such as nausea and vomiting)?, neurotoxicity
(such as seizures, altered consciousness, and hallucinations)’, and liver function abnormalities'’, among
others. Additionally, isolated case reports have documented rare but severe AEs, such as acute generalized
exanthematous pustulosis'!. However, existing AE reports mainly consist of case reports or small-scale studies,
and lack large-scale systematic analyses, which limit a comprehensive understanding of the potential effects of
ertapenem.
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The U.S. food and drug administration (FDA) adverse event reporting system (FAERS) database, one of the
most influential drug safety monitoring systems globally, provides a wealth of spontaneous reporting data on
drug safety. By analyzing the FAERS database, we can better assess the safety of ertapenem in a broad population,
particularly in identifying rare or severe AEs. This study aims to provide a reference for drug monitoring and
management of ertapenem through an in-depth analysis of its AEs in the FAERS database.

Materials and methods
This study was conducted in accordance with the reporting of a disproportionality analysis for drug safety signal
detection via individual case safety reports in pharmacovigilance (READUS-PV) guidelines!>!3.

Data sources and extraction

The FAERS database, updated quarterly by the FDA, is a key drug surveillance system. It contains seven files:
DEMO (patient demographics), DRUG (drug/biologic information), REAC (all terms coded for events), OUTC
(patient outcomes), RPSR (report source), THER (start and end dates of drug therapy), and INDI (all terms
coded for indications). FAERS collects spontaneous AE reports from healthcare professionals, manufacturers,
and patients worldwide and is widely used for drug safety information.

Following the FDAs recommended method for removing duplicate reports, the report with the highest
FDA_DT value was retained for identical case IDs, and for those with the same case ID and FDA_DT, the report
with the highest primary ID was retained. This study focused on reports in which ertapenem was the primary
suspect (PS) drug. Data on AE report sources, patient gender, age, and clinical outcomes were extracted for
descriptive analysis. AE reports were standardized and classified using preferred terms (PTs) and system organ
classes (SOCs) per MedDRA 26.0.

This study extracted ertapenem data from FAERS (Q1 2004-Q1 2024), cleaned and analyzed using R (v4.3.2)
and Excel 2016. The data processing workflow is shown in Fig. 1.

AE signal detection
The FAERS database contains many drugs similar to ertapenem in population and indications, providing sufficient
reports for signal detection. This study used all drugs except ertapenem as controls for disproportionality analysis
to reduce bias and improve comprehensiveness. Various disproportionality analysis techniques were utilized for
the comprehensive detection of drug safety signals, including the reporting odds ratio (ROR), proportional
reporting ratio (PRR), Bayesian confidence propagation neural network (BCPNN), and multi-item gamma-
Poisson shrinker (MGPS), to uncover AE signals. The two-by-two table for understanding these methods is
provided in Supplementary Table S1, and the formulas and thresholds are provided in Supplementary Table S2.
The ROR offers high sensitivity for rapid detection of potential signals, while the PRR provides greater
specificity. The BCPNN and MGPS remain reliable for rare AEs. To reduce false negatives, statistical shrinkage
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Fig. 1. A flowchart of the whole study. AE, adverse event; DEMO, demographics; DRUG, drug; FAERS, the
FDA Adverse Event Reporting System; PS, primary suspect, preferred term; REAC, reaction; PT, preferred
term.
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was applied to the BCPNN. To minimize false positives and improve detection accuracy, PTs with >3 reports
were selected, excluding non-AEs and indication-related events of ertapenem. Bonferroni correction was also
employed to further reduce false positives.

We quantified and compared AE signal strengths using ROR values, where higher values indicate stronger
signals. Multiple algorithms improved result reliability, supporting clinical drug safety and further research.

Sensitivity analysis

Concomitant drug use is common in clinical practice and may influence ertapenem-associated AEs, affecting
signal detection. To enhance analytical robustness and minimize confounding bias, we first applied the Random
Forest algorithm to impute missing data for gender, age, primary disease, top 10 concomitant drugs, reporting
region, and reporter. Subsequently, we conducted a sensitivity analysis using multivariable logistic regression to
adjust the ROR, thereby improving the reliability of AE signal detection.

Gender differences and age analysis
To explore the potential impact of gender and age on ertapenem- associated AEs, we performed a differential
analysis and used the Random Forest algorithm to impute missing data, reducing potential bias.

Time to onset (TTO) analysis

TTO refers to the time between AE onset and drug initiation. After excluding reports with missing or inaccurate
dates and those where AE onset preceded drug initiation, we assessed TTO using median, quartile, and Weibull
shape parameter analyses'*. Weibull shape parameter analysis is used to determine the proportional changes in
AEs, indicating whether the signal increases or decreases over time.

The Weibull shape parameter has two main parameters: the scale (a) and the shape (). This study primarily
focuses on the significance of the p value: if f<1 and the 95% confidence interval (CI) <1, the signal of AEs
decreases over time, referred to as the early failure type; if § is approximately equal to 1 and the 95% CI includes
1, the signal does not change over time, known as the random failure type; if the shape parameter f>1 and the
95% CI does not include 1, the signal increases over time, referred to as the wear-out failure typels’m.

Results

General characteristics

After removing duplicates, we collected 2,931 AEs associated with ertapenem from the FAERS database,
spanning from Q1 2013 to Q1 2024.

The general characteristics of the relevant AEs are shown in Table 1. Among 2,601 with reported gender, 1,160
were female (39.58%), and 1,441 were male (49.16%). 70.62% of reports lacked weight information. Among the
2,203 reports with age data, 57 (1.94%) were > 17 years, 866 (29.55%) were 18-64 years, 971 (33.13%) were 65-84
years, and 309 (10.54%) were 285 years. Most reports were submitted by healthcare professionals (n=2,421,
82.77%), supporting data reliability. The most common clinical outcome was other serious illnesses (n=1,280,
43.67%), followed by hospitalization (n=1,207, 41.18%), life-threatening events (n=232, 7.92%), and death
(n=176, 6.00%). The United States reported the most cases (n=1,445, 49.30%), followed by France (n=270,
9.21%), Spain (n=204, 6.96%), and China (n=145, 4.95%). Figure 2A showed the annual AE reporting trends,
with the lowest in 2005 (1 =55, 1.88%) and a peak in 2023 (n=229, 7.81%).

Signal detection at the SOC level

The number of reports and signal strength for ertapenem at the SOC level are detailed in Supplementary Table S3.
The relevant AEs involved 27 SOCs, with the top five by report count being nervous system disorders (n=1,534,
21.20%), psychiatric disorders (n=1,056, 14.59%), general disorders and administration site conditions (n =870,
12.02%), injury, poisoning and procedural complications (n =743, 10.27%), and skin and subcutaneous tissue
disorders (n=474, 6.55%).

Among the four disproportionality analysis methods, five SOCs presented at least one positive signal: nervous
system disorders (n=1,534, 21.20%), psychiatric disorders (n=1,056, 14.59%), skin and subcutaneous tissue
disorders (n=474, 6.55%), blood and lymphatic system disorders (n=211, 2.92%), and hepatobiliary disorders
(n=113, 1.56%), as shown in Supplementary Table S3. The first two SOCs met the criteria of all four methods
and had the highest ROR values, while the latter three SOCs satisfied the ROR and BCPNN methods. Figure 2B
displays the forest plot of the ROR values and their 95% confidence intervals (CIs) for the SOC signals related to
ertapenem. The Bonferroni-corrected P-values for all five SOCs were <0.001 (Supplementary Table S3).

Signal detection at the PT level

Atotal 0f 104 PTs associated with ertapenem showed positive signals across all four algorithms. Except for hepatitis
cholestatic and eye movement disorder, all had Bonferroni-corrected P-values below 0.05 (Supplementary Table
S4). These PTs were grouped by SOC and ranked by ROR values. Figure 3 illustrates the ROR results, with
log-transformed values. The five AEs with the highest ROR values were oropharyngeal edema (ROR=191.05,
95% CI: 60.7-601.35), granulomatous dermatitis (ROR=150.49, 95% CI: 55.9-405.15), toxic encephalopathy
(ROR=80.55,95% CI: 59.59-108.88), decreased convulsive threshold (ROR =80.23, 95% CI: 29.94-214.99), and
mental disorders due to a general medical condition (ROR=78.91, 95% CI: 25.29-246.24).

The PTs that exceeded 50 included confusional state (n=265), convulsions (n=214), hallucination (n=181),
seizure (n=144), epilepsy (n=107), delirium (n=100), encephalopathy (n=81), mental status changes (n=61),
visual hallucination (n=61), agitation (n=58), disorientation (n=>55), and neurotoxicity (1 =53). These findings
aligned with FDA drug label warnings. Notably, we found several AEs not listed in the FDA warnings, including
leukocytosis (n=9), apnoea (n=7), purpura (n=6), decubitus ulcer (n=6), decreased anticonvulsant drug level
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Categories Case number | Case proportion (%)
All report 2931 100.00
Sex

Female 1160 39.58
Male 1441 49.16
Missing 330 11.26
Weight

<50 kg 80 2.73
50-100 kg 600 20.47
>100 kg 181 6.18
Missing 2070 70.62
Age

<17 57 1.94
18-64 866 29.55
65-84 971 33.13
=85 309 10.54
Missing 728 24.84
Reporter

Consumer 450 15.35
Health-professional 418 14.26
Physician 925 31.56
Other health-professional | 469 16.00
Pharmacist 614 20.95
Missing 55 1.88
Outcomes *

Death 176 6.00
Life-threatening 232 7.92
Disability 122 4.16
Hospitalization 1207 41.18
Required Intervention 40 1.36
Other serious illness 1280 43.67
Missing 685 23.37
Reported countries (show top five)

United States 1445 49.30
France 270 9.21
Spanish 204 6.96
China 145 4.95
United Kingdom 102 3.48
Other 556 18.97
Missing 209 7.13
Report year

2004 114 3.89
2005 55 1.88
2006 87 2.97
2007 93 3.17
2008 104 3.55
2009 78 2.66
2010 73 2.49
2011 84 2.87
2012 95 3.24
2013 194 6.62
2014 162 5.53
2015 200 6.82
2016 144 491
2017 147 5.02
2018 172 5.87
2019 215 7.34
Continued
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Categories Case number | Case proportion (%)
2020 201 6.86
2021 190 6.48
2022 203 6.93
2023 229 7.81
2024 Q1 91 3.10

Table 1. Cases characteristics on AEs related to ertapenem. * Since a case may experience different clinical
outcomes during drug therapy, it is reasonable that the sum percentage of the outcome under this item may
exceed 100%.

(n=6), enterococcal infection (n=6), sleep talking (n=5), hepatic cytolysis (n=5), Acinetobacter infection
(n=4), cerebellar syndrome (n=4), cerebral atrophy (n=4), and acquired haemophilia (n=3).

Sensitivity analysis

To enhance the reliability of our findings, we first applied the Random Forest algorithm to impute missing data
for gender, age, primary disease, the top 10 concomitant drugs, reporting region, and reporter, followed by
multivariable logistic regression to adjust the ROR. Cases in which ertapenem was the PS drug were examined,
and the top 10 concomitant drugs were identified. Acetaminophen, vancomycin, and furosemide were the
most frequently used. Based on FDA label information, we determined whether these concomitant drugs had
warnings for corresponding systemic toxicity (Supplementary Table S5).

Sensitivity analysis of the five SOCs with at least one positive signal in the disproportionality analysis
showed that the signals remained robust after adjusting for six variables (adjusted ROR> 1, P<0.05; Table 2).
Additionally, sensitivity analysis of the 12 AEs not listed in the FDA warnings showed that after adjusting for six
variables, all maintained significant signals except for apnoea (adjusted ROR> 1, P<0.05; Table 3).

Gender differences and age analysis

We conducted a gender-differential analysis using the ROR method, with results in Supplementary Table S6
and the forest plot in Fig. 4A. AEs with stronger signals in females included hypotension, acute renal failure,
agitation, confusional state, dysarthria, clostridium difficile colitis, and drug interactions. In males, somnolence,
dizziness, muscular weakness, arthralgia, urinary tract infection, pain, abasia, general physical deterioration,
nausea, dysphagia, diarrhea, and swollen tongue showed stronger signals.

We similarly performed an age-differential analysis using the ROR method for age groups (=65 years vs.
18-64 years), excluding those<17 years due to insufficient reports. Results are presented in Supplementary
Table S7 with the forest plot shown in Fig. 4B. Except for hypoesthesia and convulsions, signals for psychiatric
and nervous system disorders were stronger in patients aged =65 years, with disorientation (ROR=6.61, 95%
CI: 2.643-16.6) showing the strongest signal. Additionally, muscular weakness, falls, asthenia, and death also
exhibited stronger signals in this group. In contrast, hypoesthesia, septic shock, drug resistance, drug inefficacy,
and drug interactions showed stronger signals in the 18-64 age group.

TTO analysis

We selected the top 20 PTs based on report count. Except for muscular weakness, pathogen resistance, and
neutropenia, the remaining 17 PTs belonged to psychiatric disorders or nervous system disorders. After
excluding reports with inaccurate or missing dates and those where AE onset preceded drug initiation, we sorted
them in descending order and conducted a TTO assessment (Table 4).

The results showed that due to the lack of available reports for convulsions and grand mal convulsions, the
median onset time for the 18 PTs was relatively short. The shortest onset times were observed for epilepsy (IQR:
2.5-5.5) and muscular weakness (IQR: 0.5-7.0), both at 3.5 days, while the longest onset time was for dysarthria
(IQR: 2.5-12.5), at 8.5 days. Seventeen PTs were eligible for Weibull shape parameter analysis. Confusional
state, hallucination, epilepsy, encephalopathy, and status epilepticus were categorized as early failure types,
while agitation and disorientation were wear-out failure types. Seizure, delirium, mental status changes, visual
hallucination, neurotoxicity, myoclonus, toxic encephalopathy, neutropenia, muscular weakness, and dysarthria
were classified as random failure types.

Discussion
We analyzed FAERS data from Q1 2004 to Q1 2024 to assess ertapenem-associated AEs using a large database.
Our study indicated that ertapenem-associated AEs primarily occurred in the elderly individuals (> 65 years),
with higher reporting rates in males, likely due to the drug’s common indications (e.g., CAP, cIAI, cSSSI) in older
men'’~1°. Most reports lacked weight data, limiting weight-associated analysis. The reports were predominantly
from the United States, reflecting regional differences. Hospitalizations and other serious illnesses constituted
the majority of AEs, highlighting the need for close monitoring. Since 2013, reporting has remained high,
potentially linked to increased ertapenem use. This distribution no longer aligns with the Weber effect (i.e., AE
reports peak in the second year postlaunch, and then decline). Hoffman et al. analyzed AE reports for 62 new
drugs (2006-2010), suggesting that modern FAERS data no longer follow the Weber effect trend®.
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Fig. 2. Signal detection at the SOC level. (A) Distribution of AEs of ertapenem from 2004 to the first quarter
0f 2024 (2024Q1). (B) The bar chart displays the reported cases of AEs at each SOC level. The ROR values
and their 95% confidence intervals (95% CI) displays the disproportionate signal values. We label the SOCs
with positive signal values to make a distinction. FAERS, FDA Adverse Event Reporting System; AEs, adverse
events; SOC, System Organ Class; ROR, reporting odds ratio.

On the basis of the disproportionate analysis results of this study, the following section discusses the
important AEs associated with ertapenem:

AEs associated with psychiatric disorders and nervous system disorders

This study revealed that nervous system disorders and psychiatric disorders had the highest number of reports
and strongest signals among ertapenem-associated AEs. All AEs reported in numbers exceeding 50 were linked
to these two SOCs, with the top five AEs being confusional state, convulsion, hallucination, seizure, and epilepsy.
These findings underscore the association between ertapenem and neuropsychiatric disorders. Danés et al.
reported 10 cases, while Hayato Mitaka et al. analyzed 125 suspected neurotoxicity cases related to ertapenem,
both highlighting the need to address this issue?"?2. Our study also found a substantial number of neurotoxicity
reports, further supporting this concern.

Scientific Reports |

(2025) 15:17301

| https://doi.org/10.1038/s41598-025-02359-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

SOC name

Psychiatric disorcers
Psychiatric disorders
Psychiatric disorders
Psychiatric disorders
Psychiatric disorders
Psychiatric disorcers
Psychiatric disorcers
Psychiatrc disorders
Psychiatric disorcers
Psychiatric disorders
Psychiatric disorders
Psychiatric disorders
Psychiatrc disorders
Psychiatric disorcers
Psychiatric disorders
Psychiatrc disorders
Psychiatric disorders
Psychiatric disorders
Nervous system disorders
Nervous system disorders
Nenvous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders

Nervous system disorders

Nerwous
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nerous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders
Nervous system disorders

Nervous system disorders

PTname N ROR (95% Cl) SOC name PT name N ROR (95% Cl)
Confusional state 265 14.23(1250-16.00) - Musculoskeletal and connective tissue cisorders Muscular weskness 37 278(2-381) -
Hallucination 181 21.49(18 54-24.91) : - Skin and subcutaneous tssue disorders. Rash generalised 22 817(4.08-8.38) : -
Defium 100 2575(2113-31.38) | - $kin and subcutaneous 1ssue disarders Stevens-jonnsan syndrome: 21 75051187 ) bt
Mental status changes. 61 18an1427-2364) | v Skin and subcutaneous tssue disarders Orug reaction with eosinophiia and systemic symptams. 13 4.64(2 64-7.98) I —
H lucination, visual 61 26852008-3328) | . Skin and subcutaneous tssue disorders. Toxic skin enuption 12 10ous71-177e ) —
Agitation 58 648(5-839) : - SKin and sUbCUtANEOUS 1SSuS Disarders Drug enption 12 506(3 44-1058) : —_—
Disorientation 55 1M21(868-1476) | . Skin and subcutaneous asue disarders Erythema maliforme 9 8144231557 |
Psychotic disorder 21 5983 es-g15) | - Skin and subcutaneous ssue oisarders Rash maculo-pagular 8 355(185-683) | —
WMental disorder 9 367(234-575) I Skin and subcutaneous bssue disarders. Acute generalised exanthematous pustulasis 8 BEraes1ris | e
Delusion 5 8.32(501-1381) : — Skin and subcutaneous tssue disorders Demmatitis allergic 7 5.14(2.45-10.8) : —
Halucination. auitory 4 7.44(4.4-12.58) | et Skin and Subcutaneous 13sue oisorders Purpura” 5 5.61(252-12.45) | —
Disorganised speech 4 7854(4836-133.08) | =t Skin and subcutaneous 1ssue isarders Decubitus ulcer* 8 803271-1544) | et
Halucinations, mixed 3 27ss(15e7-4752) | — Skin and subcutaneous tssue disorders Granulomatous dermatitis 4 150.49(55.9-405.15) | —
Sleep talking* 5 25 26(10 53-51.03) : — SKin and SUbCURANEOUS 1SSUS Disarders Rash morbiliform 3 9.34(3 01-28 95) : —_—
Beligerence 4 7287819208 | +—=—> Respiratory, thoracic and mediastnal disorders Aproea® 7 7.8(348-1539) | —
Mental disorder due o a general medical condifion & 7861(2620-245.24) | r—=> Respiratory thoracic and mediastinal disorders Oropharyngeal osdema 3 191.05(60.7-60135) | -
Substance-induced peycholic disorde R T RV T o S e— Renal and urinary disorders Urinary tract disarcer 7 1esnoss-zmas —
lusian 3 15.00(4.86-45 86) : —— Renal and urinary disorders Nephritis interstital 4 22.53(8 44-80.14) : —
Conuision 214 28(2443-3209) | - Investgatons. Liver functon test abnommal 19 516(3.29-8.1) |-
Saizure 144 116{983-1368) ! L Investigatons Clostricium test pasitive 11 492827.21-80.18) | —
Epilepsy 107 51 4828-3811) ! - Iwestgatons Anticonvulsant drug level decreased” s stspas-riig | [u—
Encephalopathy Ell 28 87(2318-35.98) : bt Infecbans and infestations Pathogen resistance 37 3495(2529-48.32) : -
Neurotaxicity 53 2827(2165-37.08) | - Infectons anc infestations Clostriium difficle infecton 19 7.84(5-123) 1 —
Myoddanus 45 3285(2434-4352) | -t Infectons anc infestations Closticium cifficle colitis 18 sss@re-2any | —
Status epilepticus s sapsze-asrey -t Infectons and infestations Osteomyeiis 10 449(242-835) [ ——
Toxic encephalopathy 43 B0 55(58 53108 88) : bed Infectons anc infestations Clostricial Infection ) 20.08{10.43-38.84) : —
Dysarthria s 7eesIS10n -t Infectans anc infestations Enterocoocal infecion” 5 10994832448 | bt
Grand mal convulsion 32 25{17 65-35.39) ! - Infectons a2nc infestations Clostridium colitis 5 31.98(13.28-77.03) I —
eralis 28 0722258 -t Infectons ane nfestations Encephalitis 5 8.45(268-1552) | ——
Speech disorder 24 (2.56-5.68) : - Infectons anc infestations Acinetobacter infection™ 4 3231(12.1-86.29) : —
Depressed level of conscousness 21 4.47(291-6 86) [ ) Infectons anc Infestations Urinary tract infection fungal 3 45.18{14.52-14063) | ——
Unresponsie 1o simull 21 Ge8fes5-1071) I Infectons ang infestalions Urinary tract infection pseudomonal 3 s2araez-es | —_—
Coma 8 338(214-527) - Immune system disorders. Therapeutic product cross-reactvity 4 326(122-67.07) ! —_—
Dyskinesia L (2 33-5 87) : — Immune system disorders Type v nypersensitvity reaction 3 9.53(3.07-29.58) : —_—
Partial ssizures s 16 24-4208) | — Hepatooliary oisordiers. Drug-inauced Iver injury 15 4.29(248-7.39) | o—
Aftered state of conscicusness 2 493(28-868) I Hepatcoiliary ¢isorders. Hepatts 12 4.04(229-7.12) I —
Metabolic encephaiopathy B 25313 a2-e071) | — Hepatooiliary oisorders Hepatocellular injury 12 8.73(382-11.88) [R—
Psychomotor hyperactivity 8 3.87{184-775) : e Hepatcolliary olsorders. Cholestasis 10 453(2.44-8.43) : —_—
Postictal state 6 4711(211-10517) | — Hepatoviliary ¢isorders. Hepabls toxic. 5 15.46(6.43-37.2) 1 —
Seizurs like phenomena & 332114 89-74.08) | —— Hepalcoliary oisorders. Hepate cylolysis” 5 5.0(2.41-13.93) I ——
Petit mal epileasy & Toiesez282) e Hepatooiliary oisorders. Hepatits cholestatic 4 5.68(2.18-15.47) | —
Neurological smptom 5 TnEN-Ess) | —— Gastointestinal disoroers Tooth discolouratn 13 35852070-8188) | —
Circadian riythm sleep disorder 4 41e11588-11200 | ——i  Gasbointestinal disorcers Lip cedema 4 7.88(2.95-21) I —_—
Tonic conic mavements & zmaxssross) | —— Eyecisorders Eye movement disorder 4 491(182-13.08) : —_—
Complex partial sezures 4 25 72{9.54-68 63) : ] Eye cisorders. Gaze palsy 3 1486(478-4813) | —_—
Convulsive threshold lowered 4 80 23(2954-21499) | —=> Blood and lymphatic system disorcers. Neutropenia 42 2.7(1.99-3.85) 1 -
Myodonic epilepsy 4 2a341912-8489) | —— Blood and lympnalc system disorcers Leukopenia 27 483(317-8.78) L
Clumsiness 4 11.58(4.45-31.86) ! —— Blood and lympnalic system disorders. Ecsincphilia 15 7.57(458-1257) : —
Cerebral atrophy” 4 I Blood and lympnatic system disorders Thiombocyloss 5 14sese-3248) | —
Tenic convulsicn 3 ! — Blood and lymphatic system disorders. Aequined haemophiia” 3 zmaneos-atey | —_—

:IIH (l;oR;’ amli 35""/6 CSI K|]l| (’;ORZI ana 95‘:& C§|
Fig. 3. Signal detection at the PT level. All PTs met four signal-positive criteria, and the forest plot was used

to display the ROR and corresponding 95% CI. *, FDA label instructions for Ertapenem do not warn of

this adverse event. SOC, System Organ Class; PT, preferred term; ROR, reporting odds ratio; 95% CI, 95%
confidence intervals.

SOC names Estimate | Standard error | Z value | aROR (95%Cl) ? | P value
Nervous system disorders 0.946 0.028 33.786 | 2.58(2.44-2.72) |<0.001
Psychiatric disorders 0.826 0.035 23.601 |2.28(2.13-2.45) |<0.001
Skin and subcutaneous tissue disorders | 0.128 0.050 2.559 | 1.14 (1.03-1.25) 0.010
Blood and lymphatic system disorders | 0.352 0.075 4.693 | 1.42(1.23-1.65) | <0.001
Hepatobiliary disorders 0.344 0.097 3.546 |1.41(1.17-1.71) |<0.001

Table 2. Sensitivity analysis of SOC level with at least one of the four Methods of disproportionality analysis
Met the criteria. * The aROR represents the adjusted reporting odds ratio. The aROR is adjusted for sex, age,
primary disease, concomitant drugs, reporting region, and reporter.

We believe that ertapenem-induced neuropsychiatric disorders are multifactorial. p-lactam antibiotics,
including ertapenem, may cause neurotoxicity by antagonizing y-aminobutyric acid type A (GABAA) receptors,
particularly in patients with renal insufficiency, advanced age, or a compromised blood-brain barrier?*-2,
Approximately 80% of ertapenem is excreted in urine, with its half-life increasing as renal function declines.
Even in uremic patients undergoing hemodialysis, ertapenem’s half-life remains significantly prolonged?>2°.
Drug accumulation in renal insufficiency patients may increase free active ertapenem levels, heightening
neuropsychiatric risk?”-?. The European Medicines Agency does not recommend ertapenem for patients with
severe renal impairment®. Additionally, its high protein-binding rate means that hypoalbuminemia increases
unbound drug levels, enhancing cerebrospinal fluid penetration and potentially triggering neuropsychiatric
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PT ‘ Estimate ‘ Standard error ‘ Z value ‘ aROR (95% Cl) * ‘ P value
Psychiatric disorders

Sleep talking (2749 o459 (5989 1563 (6:36-38.420) [ <0.001
Nervous system disorders

Cerebellar syndrome 1.983 0.512 3.873 7.26 (2.66-19.82) <0.001
Cerebral atrophy 1.123 0.506 2.219 3.07 (1.14-8.29) 0.027
Skin and subcutaneous tissue disorders

Purpura 1.328 0.417 3.185 3.77 (1.37-8.54) 0.002
Decubitus ulcer 1.394 0.410 3.397 6.03 (2.71-13.44) <0.001
Respiratory, thoracic and mediastinal disorders

Apnoea (0729 o384 (1898 [207(0.98-440) 0058
Investigations

Anticonvulsant drug level decreased ‘ 2.238 ‘ 0.426 ‘ 5.235 ‘ 9.37 (4.07-21.61) ‘ <0.001
Infections and infestations

Enterococcal infection 2.129 0.415 5.130 8.41 (3.73-18.96) <0.001
Acinetobacter infection 3.024 0.521 5.803 20.57 (7.41-57.12) | <0.001
Hepatobiliary disorders

Hepatic cytolysis (1029 o462 (2227 [280(1.13-692)  [0.026
Blood and lymphatic system disorders

Leukocytosis 0.827 0.349 2.369 2.29 (1.15-4.53) 0.018
Acquired haemophilia 1.877 0.598 3.139 6.53 (2.02-21.10) 0.002

Table 3. Sensitivity analysis of adverse events not listed in FDA label. ® The aROR represents the adjusted
reporting odds ratio. The aROR is adjusted for sex, age, primary disease, concomitant drugs, reporting region,
and reporter.

disorders??. These factors may contribute to toxic or metabolic encephalopathy, both of which showed signals
in this study. The signal for toxic encephalopathy was significantly elevated (ROR =80.55, 95% CI: 59.59-108.88),
and convulsive threshold lowering also had a strong signal (ROR=80.23, 95% CI: 29.94-214.99). Additionally,
ertapenem was associated with decreased anticonvulsant drug levels, this PT not mentioned in FDA warnings.
This may reduce anticonvulsant efficacy, increasing seizure. A retrospective study found that ertapenem lowered
valproate levels, further predisposing patients to seizures®. By diminishing anticonvulsant effectiveness,
ertapenem may be one of the potential mechanisms leading to neuropsychiatric disorders, warranting further
investigation.

This study revealed gender differences in neuropsychiatric disorders induced by ertapenem. Stronger signals
for neuropsychiatric AEs in females were observed for agitation, confusional state, and dysarthria, while in males,
somnolence and dizziness showed stronger signals. Supporting this, an analysis of 125 suspected neurotoxicity
cases associated with ertapenem by Hayato Mitaka et al. found that 64% of the patients were male??. While
hypoaesthesia and convulsions showed stronger signals in the 17-64 year age group, other neuropsychiatric
disorders had stronger signals in the elderly (=65 years). Among these, disorientation exhibited the highest
signal, followed by elevated signals for unresponsive to stimuli, encephalopathy, insomnia, and status epilepticus.
These findings may be linked to the higher signals for encephalopathy and neurotoxicity observed in older
patients. After ertapenem was used, the plasma concentration in older adults was relatively greater than that
in younger individuals?, and an analysis by Wang et al.?® also indicated that older age was a risk factor for
ertapenem-associated neuropsychiatric disorders. These findings underscore the importance of considering the
impact of gender and age on ertapenem- associated AEs in clinical practice.

In this study, the median TTO for neuropsychiatric AEs among the top 20 AEs ranged from 3.5 to 8.5 days,
similar to the 4-day median TTO (IQR: 3-9) reported by Hayato Mitaka et al.?2. Lee et al.’ reported TTO
for seizures of 3.3+2.6 days, while our results showed a median of 5.5 days (IQR: 2.5-8.5), with a minimal
difference between the two findings. These findings suggest that the neuropsychiatric disorders induced by
ertapenem occurred relatively quickly, typically within a few days after administration. The median TTO in our
study was consistent with that reported in previous studies, further validating the rapid onset characteristics
of these AEs. Weibull shape parameter analysis showed that signals for certain AEs such as confusional state,
hallucination, epilepsy, encephalopathy, and status epilepticus decreased over time, while signals for agitation
and disorientation increased. This indicates that monitoring priorities should be adjusted on based on signal
changes: early focus on the former, and continued monitoring of the latter. AEs such as seizure, delirium, mental
status changes, visual hallucinations, neurotoxicity, myoclonus, toxic encephalopathy, and dysarthria, which
present as random failure types, can occur at any time throughout the treatment course, highlighting the need
for ongoing monitoring of these AEs.

Future cohort or case-control studies are needed to further explore the factors influencing neuropsychiatric
disorders associated with ertapenem, focusing on how patient characteristics (e.g., underlying conditions and
drug regimens) impact the signal of neuropsychiatric disorders.
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SOC name

Vascular disorders

Renal and urinary disorders

Psychiatric disorders

Psychiatric disorders

Nervous system disorders

Nervous system disorders

Nervous system disorders

Musculoskeletal and connective tissue disorders
Musculoskeletal and connective tissue disorders
Infections and infestations

Infections and infestations

General disorders and administration site conditions
General disorders and administration site conditions
General disorders and administration site conditions
General disorders and administration site conditions
Gastrointestinal disorders

Gastrointestinal disorders

Gastrointestinal disorders

Gastrointestinal disorders

S0C name

Psychiatric disorders

Psychiatric disorders

Psychiatric disorders

Psychiatric disorders

Psychiatric disorders

Psychiatric disorders

Psychiatric disorders

Product issues

Nervous system disorders

Nervous system disorders

Nervous system disorders

Nervous system disarders

Nervous system disorders

Nervous system disorders

Nervous system disorders

Nervous system disorders

Nervous system disorders

Nervous system disorders

Musculoskeletal and connective tissue disorders
Investigations

Investigations

Injury, poisoning and procedural complications
Injury, poisoning and procedural complications
Injury, poisoning and procedural complications
Injury, poisoning and procedural complications
Injury, poisoning and procedural complications
Infections and infestations

Infections and infestations

Immune system disorders

Immune system disorders

General disorders and administration site conditions
General disorders and administration site conditions
General disorders and administration site conditions
General disorders and administration site conditions

General disorders and administration site conditions

PT name

Hypotension

Renal Failure Acute
Agitation

Confusional State
Somnolence

Dizziness

Dysarthria

Muscular Weakness
Arthralgia

Urinary Tract Infection
Clostridium Difficile Colitis
Pain

Abasia

General Physical Health Deterioration
Drug Interaction

Nausea

Dysphagia

Diarrhoea

Swollen Tongue

PT name

Disorientation
Confusional State
Delirium

Hallucination

Insomnia

Hallucination, Visual
Mental Disorder
Product Quality Issue
Encephalopathy

Status Epilepticus
Somnolence

Epilepsy

Neurotoxicity
Unresponsive To Stimuli
Speech Disorder
Seizure

Hypoaesthesia
Convulsion

Muscular Weakness
Aspartate Aminotransferase Increased
Alanine Aminotransferase Increased
Fall

Off Label Use

Drug Dose Omission

Product Use In Unapproved Indication

Female/Male
7/21

3/14

14 /44

99/ 166
26/15
27718
8/28
23/14

8/2

16/6
4/15
18/5

8/1
8/2

9/25
36/17

8/1

35/22

8/2

Inappropriate Schedule Of Drug Administration

Pathogen Resistance
Septic Shock
Anaphylactic Reaction
Hypersensitivity
Asthenia

Death

Drug Resistance
Drug Ineffective

Drug Interaction

265/18-64
50/5
211/52
73127
127 /54
1713
45/16
16/3
6/17
68/12
36/7
33/8
78127
41712
18/3
20/4
98 /41
117
105 /107
28/8
4710
5/10
4717
32/59
3/12
88/120
4/9
15722
217
2/11
6/12
51/12
41712
3/11
48165
12/22

ROR (95% Cl)
0.41(0.17-0.96)
0.26(0.08-0.91)
0.39(0.21-0.71)
0.72(0.56-0.93)
2.14(1.13-4.04)
1.85(1.02-3.36)
0.35(0.16-0.77)
2.02(1.04-3.94)
4.92(1.04-23.17)
3.28(1.28-8.4)
0.33(0.11-0.98)
4.44(1.64-11.96)
9.84(1.23-78.68)
4.92(1.04-23.17)

044(0.21-0.94) et
2.62(1.47-4.67) | —_——
9.84(1.23-78.68) —_—
1.96(1.15-3.35) J—a——i
4.92(1.04-23.17) ——
(')_ 2 3 4 5 6
ROR (95% Cl)
ROR (5% Cl)
6.61(2.63-16.6) . —_—
274(2.02-3.73) '
1.78(1.14-2.78) f——t
1.56(1.13-2.15) ——
3.72(1.09-12.71) —_
1.85(1.04-3.28) ——
3.5(1.02-12.02) —
0.23(0.09-0.58)  te :
3.75(2.03-6.95) | —
3.39(1.5-7.62) —_—
2.71(1.25-5.88) : —_—
1.91(1.23-2.96) t——
2.25(1.18-4.29) —_—
3.94(1.16-13.39) :o—.—>
3.28(1.12-9.62) —_—
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Fig. 4. Analysis of gender- and age-differentiated signals in ertapenem. (A) Reporting odds ratios with 95%
CI for all positive gender-associated AEs. (B) Reporting odds ratios with 95% CI for all positive age-associated
AEs. AEs, adverse events; CI, confidence interval. SOC, System Organ Class; PT, preferred term; ROR,
reporting odds ratio; 95% CI, 95% confidence intervals.
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'WSP analysis

PT name N | Available N | Median (IQR) | a (95% CI) B (95% CI) Failure type
Dysarthria 36 | 27 8.5(2.5-12.5) |9.38(5.48-13.19) | 0.96 (0.66-1.25) | Random failure
Hallucination, visual 61 | 43 7.5(4.5-12.0) | 10.44 (7.37-13.52) | 1.08 (0.85-1.30) | Random failure
Confusional state 265 | 181 6.5(3.5-10.5) | 10.01 (8.03-11.98) | 0.78 (0.71-0.85) | Early failure
Delirium 100 | 54 6.5(3.0-11.5) | 8.49(6.31-10.67) | 1.09 (0.87-1.32) | Random failure
Hallucination 181 | 107 6.5 (4.0-12.5) | 10.42 (7.96-12.88) | 0.85 (0.74-0.95) | Early failure
Mental status changes | 61 | 47 6.5 (2.5-14.0) | 9.53 (6.40-12.66) | 0.92 (0.72-1.12) | Random failure
Agitation 58 | 38 6.5(4.0-12.0) | 8.27(6.37-10.17) | 1.45(1.08-1.83) | Wear-out failure
Disorientation 55| 35 6.5 (4.0-10.0) | 7.69 (5.72-9.67) 1.42 (1.02-0.81) | Wear-out failure
Neutropenia 42 | 24 6.5 (3.5-16.0) 11.92 (6.65-17.19) | 0.96 (0.67-1.25) | Random failure
Encephalopathy 81 | 60 6.0 (4.5-10.5) | 11.63 (7.16-16.11) | 0.70 (0.59-0.81) | Early failure
Myoclonus 46 | 27 5.5(2.5-13.0) |8.13(5.20-11.07) | 1.10(0.78-1.43) | Random failure
Seizure 144 | 87 5.5(2.5-8.5) 7.69 (5.92-9.46) 0.97 (0.82-1.11) | Random failure
Status epilepticus 44 | 34 5.5(3.5-7.5) 8.89 (4.81-12.97) |0.78 (0.62-0.94) | Early failure
Neurotoxicity 53 | 15 4.5(2.0-8.5) 5.92 (2.88-8.97) 1.04 (0.62-1.46) | Random failure
Toxic encephalopathy | 43 | 22 4.0 (2.5-8.5) 7.33(4.54-10.11) | 1.17 (0.80-1.53) | Random failure
Epilepsy 107 | 81 3.5(2.5-5.5) 5.29 (3.84-6.74) 0.84 (0.73-0.95) | Early failure
Muscular weakness 37 | 20 3.5(0.5-7.0) 5.12(2.12-8.13) 0.79 (0.53-1.05) | Random failure
Pathogen resistance 37 1 1.5 (1.5-1.5) -- -- --

Convulsion 214 0 -- -- -- --

Grand mal convulsion | 32 0 -- -- -- --

Table 4. Weibull shape parameter AEs positive signals in the top 20 ertapenem reports. a, scale parameter,
represents the scale of the distribution function as the quantile in which 63.2% of AEs occur. f, shape
parameter, could be used to confirm the distribution type: early failure type (B < 1), random failure type (95%
CI of B include 1), and wear-out type (f>1). --, cannot calculate. 95% CI, 95% confidence interval; IQR,
interquartile range; WSP, Weibull shape parameter; PT, preferred term.

AEs based on gender and age differences (beyond neuropsychiatric disorders)

Females exhibited stronger signals for hypotension, acute renal failure, Clostridium difficile colitis, and drug
interactions, while males showed stronger signals for muscular weakness, arthralgia, urinary tract infection,
pain, abasia, general physical deterioration, nausea, dysphagia, diarrhea, and a swollen tongue. These differences
may be attributed to biological factors, but gender-specific social influences also play a role. For instance, males
often underestimate illness, whereas females are more proactive in health management, potentially affecting
reporting patterns®!. It should also be noted that the missing gender-associated data may have influenced the
results. Therefore, gender-specific drug monitoring and individualized management are recommended in
clinical practice.

In terms of age, ertapenem was associated with a greater signal of muscular weakness, falls, and asthenia in
patients aged 65 years and older, possibly associated with the decline in muscle strength among the elderly’?,
deterioration of renal function leading to drug accumulation, and other comorbidities. Additionally, ertapenem
might increase the signal of these AEs by affecting the nervous system. Apart from these three AEs and those
associated with neuropsychiatric disorders, other AEs, including hypoaesthesia, septic shock, drug resistance,
drug inefficacy, and drug interactions, had a greater signal in patients aged 18-64 years. These AEs aligned with
warnings in FDA drug labeling, indicating the importance of targeted drug monitoring across different age
groups.

Other important AEs
According to our study results, the two AEs with the strongest signals associated with ertapenem were
oropharyngeal oedema (ROR=191.05, 95% CI: 60.7-601.35) and granulomatous dermatitis (ROR =150.49,
95% CI: 55.9-405.15). Oropharyngeal oedema can lead to difficulties in speech, swallowing, and breathing,
requiring emergency medical intervention, such as intubation, in severe cases. Drug-induced granulomatous
dermatitis typically manifests as interstitial granulomatous drug eruption®?, with symptoms generally improving
after discontinuation of the drug, although severe cases might require further management. While FDA drug
safety alerts mentioned oedema and dermatitis, our study provided more specific signals, indicating a close
relationship with ertapenem and highlighting the need for heightened clinical awareness regarding these signals.
Eleven AEs not mentioned on FDA label were identified, involving hepatocellular injury, infections,
hematologic abnormalities, and neurological effects. Regarding infection-related AEs, ertapenem exhibits weak
activity against certain bacteria, such as Enterococcus and Acinetobacter baumannii*#*, which may disrupt
microbial balance and increase the risk of opportunistic infections. Hematologic abnormalities, including
leukocytosis, purpura, and acquired hemophilia, may be associated with immune or coagulation system
dysfunction, highlighting the need for monitoring relevant hematologic parameters during ertapenem use.
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Cerebellar syndrome, somniloquy, and brain atrophy may be linked to the neurotoxicity of ertapenem. Although
the number of these new AEs is small, they warrant attention, and if future studies further validate these findings,
they should be included in FDA adverse drug event reports.

The limitations of this study include several points. First, the FAERS database relies on voluntary reporting,
which may introduce bias and result in an incomplete representation of adverse events. Data heterogeneity
and reporting delays may also affect accuracy, leading to overestimation or underestimation of certain signals.
Second, missing data (e.g., incomplete age and gender information) may introduce bias, and the lack of detailed
patient background limits in-depth analysis of adverse event signals in specific populations. Third, the AEs not
mentioned on the FDA label suggest a potential association with ertapenem but lack sufficient literature support,
future large-scale controlled studies are needed for further validation. Finally, as an observational study, causal
relationships cannot be established, and caution should be taken when interpreting the results. Future research
should expand the sample size, improve data collection, and use randomized controlled trials or prospective
cohort studies to validate these findings and improve adverse event monitoring.

Conclusion

In summary, our comprehensive analysis of FAERS data highlighted the signals of nervous system disorders and
psychiatric disorders associated with ertapenem, particularly in patients aged > 65 years, emphasizing the need
for focused monitoring. This study provides strong scientific evidence for the safety assessment of ertapenem and
stresses the importance of drug safety monitoring and implementing individualized management. We anticipate
further experimental and clinical research to clarify the associated mechanisms and management strategies.

Data availability
The data that support the findings of this study are publicly available in the FAERS quarterly data at https://fis.f
da.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html.
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