
 1 

Use of Therapeutic Drug Monitoring to Characterize Cefepime-Induced Neurotoxicity  1 

 2 

Veena Venugopalan
a
#, Cara Nys

a
, Natalie Hurst

a
, Yiqing Chen

a
, Maria Bruzzone

b
, Kartikeya 3 

Cherabuddi
f
, Nicole Iovine

f
, Jiajun Liu

c,d,e
, Mohammad H. Al-Shaer

a,g
, Marc H. Scheetz

c,d,e
, 4 

Nathaniel Rhodes
c,d,e

, Charles A. Peloquin
a,g

, Kenneth Klinker
a
  5 

a
Department of Pharmacotherapy and Translational Research, College of Pharmacy, University 6 

of Florida, Gainesville, Florida, USA 7 

b
Division of Neurology, College of Medicine, University of Florida, Gainesville, Florida, USA 8 

c
Midwestern University Chicago College of Pharmacy, Downers Grove, Illinois, USA 9 

d
Northwestern Memorial Hospital, Chicago, Illinois, USA 10 

e
Pharmacometrics Center of Excellence, Midwestern University Chicago College of Pharmacy, 11 

Downers Grove, Illinois, USA 12 

f
Division of Infectious Diseases, College of Medicine, University of Florida, Gainesville, FL 13 

g
Infectious Disease Pharmacokinetics Laboratory, Emerging Pathogens Institute, University of 14 

Florida, Gainesville, Florida, USA 15 

 16 

Running Title: Characterizing Cefepime-Induced Neurotoxicity 17 

 18 

#Address correspondence to Veena Venugopalan, vvenugopalan@cop.ufl.edu 19 

 20 

Kenneth Klinker is currently at Merck & Co., Inc., Kenilworth, New Jersey, USA 21 

 22 

 23 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 14, 2020. ; https://doi.org/10.1101/2020.08.13.250456doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.13.250456
http://creativecommons.org/licenses/by-nc-nd/4.0/


 2 

Abstract 24 

Background. The incidence of cefepime-induced neurotoxicity (CIN) in hospitalized patients is 25 

highly variable. Although greater cefepime exposures incite neurotoxicity, data evaluating trough 26 

thresholds associated with CIN remains limited. The objectives of this study were to evaluate the 27 

incidence of CIN, assess the relationship between cefepime trough concentrations and CIN, 28 

investigate clinical factors associated with CIN, and describe electroencephalogram (EEG) 29 

abnormalities in CIN. 30 

Methods. This was a retrospective study of adult patients who had received ≥ 5 days of cefepime 31 

with ≥ 1 trough concentration > 25 mg/L. Potential CIN cases were identified utilizing 32 

neurological symptoms, neurologist assessments, EEG findings and improvement of 33 

neurotoxicity after cefepime discontinuation.    34 

Results. One-hundred and forty-two patients were included. The incidence of CIN was 13% 35 

(18/142). The mean cefepime trough concentration in CIN patients was significantly greater than 36 

the non-neurotoxicity group (74.2 mg/L ± 41.1 vs. 46.6 mg/L ± 23, p=0.015). Lower renal 37 

function (creatinine clearance < 30 ml/min), greater time to therapeutic drug monitoring (TDM) 38 

(≥72 hours), and each 1 mg/mL rise in cefepime trough were independently associated with 39 

increased risk of CIN. Moderate generalized slowing of the background rhythm was the most 40 

common EEG pattern associated with CIN. 41 

Conclusion. Cefepime should be used cautiously in hospitalized patients due to the risk of 42 

neurotoxicity. Patients with greater renal function and those who had early cefepime TDM (≤ 72 43 

hours) had lower risk of CIN.  44 

 45 

 46 
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 3 

Introduction 47 

Cefepime-induced neurotoxicity (CIN) is a well-documented adverse effect.
1
  A systematic 48 

review reported an incidence of 15% in the intensive care unit (ICU) population whereas rates as 49 

high as 23% have been reported in hospitalized adults.
2,3

  In 2012, the Food and Drug 50 

Administration issued a safety communication warning of the risk of non-convulsive status 51 

epilepticus with cefepime use, particularly in patients with renal impairment.
4
  The 52 

pathophysiology of cefepime neurotoxicity is thought to be related to the concentration-53 

dependent inhibition at GABA-A receptors, resulting in central excitotoxicity.
5,6 

 The most 54 

common clinical features associated with CIN are diminished level of consciousness, 55 

disorientation or agitation, and myoclonus.
5
   56 

 57 

Although widely accepted that an increase in cefepime exposure potentiates CIN, the exact 58 

relationship between cefepime concentration and neurotoxicity has not been fully elucidated.  59 

The objectives of this study were to evaluate the incidence CIN in our patient population, assess 60 

the relationship between cefepime trough concentrations and CIN, investigate clinical factors 61 

associated with development of neurotoxicity, and describe electroencephalogram (EEG) 62 

abnormalities in CIN. 63 

 64 

Materials and Methods 65 

Study Design: This was a retrospective, cohort study from March 2016 to May 2018 at the 66 

University of Florida Health Shands Hospital, which is a 1,162-bed tertiary academic medical 67 

center in Gainesville, Florida. Beta-lactam TDM has been available at our institution since 2016.  68 

Testing however, is not routinely performed on all patients but is obtained at the discretion of the 69 
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treating physician and pharmacist.  The study investigators wanted to evaluate CIN in a high-risk 70 

group.  Thus, this study included adult patients who had received ≥ 5 days of cefepime therapy, 71 

and had at least one cefepime trough concentration > 25 mg/L.  Based on prior studies indicating 72 

increased probability of CIN when free trough concentrations were >22 mg/ml, only those 73 

patients with cefepime troughs above 25 mg/L were included.
7,8

  Two Infectious Diseases 74 

specialists (KC, NI) and an Infectious Diseases pharmacist (VV), independently reviewed 75 

medical records for patients with suspected CIN to determine if they met the case definition for 76 

the study.  EEGs were performed based on the International Federation of Clinical 77 

Neurophysiology (IFCN) guidelines and results were interpreted by a board certified 78 

epileptologist (MB). 79 

 80 

Cefepime plasma concentrations were obtained at steady state (≥ 24 hours from initiation of 81 

cefepime).  For each sample, an aliquot of 4 ml of blood was drawn into non-heparinized tubes, 82 

which were centrifuged at 1000g for 10 minutes, and the resulting plasma stored at -80C.  83 

Plasma concentrations of cefepime were measured in the Infectious Diseases Pharmacokinetics 84 

Lab (IDPL) at the University of Florida, using a validated ultrahigh pressure liquid 85 

chromatography assay with triple quadrupole mass spectroscopy (LC-MS-MS).
9 
  86 

 87 

Patient demographics, comorbid conditions, laboratory values, cefepime dosing, drug 88 

concentrations, and in-hospital mortality were extracted from the electronic medical records, 89 

Epic® 2015 software (Verona, Wisconsin).  The study was approved by the Institutional Review 90 

Board at the University of Florida.   91 

 92 
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Outcomes and Definitions: The primary outcomes of the study were to quantify the incidence 93 

of CIN in our patient population based on pre-defined criteria and to assess the association 94 

between cefepime trough concentrations and neurotoxicity.  The secondary outcomes of the 95 

study were to investigate the clinical factors associated with development of CIN and to 96 

determine if a correlation exists between CIN and in-hospital mortality. 97 

 98 

To be considered a potential CIN case, patients were required to fulfill ≥ 2 of the National 99 

Cancer Institute (NCI) criteria for neurological toxicity.
10

 The NCI criteria includes symptoms 100 

such as presence of new onset confusion, delirium, and drowsiness.  CIN was defined as a 101 

patient meeting two of the following three criteria: 1) neurology consult describing CIN, 2) 102 

electroencephalogram (EEG) findings consistent with cefepime toxicity, 3) and improvement of 103 

signs and symptoms of neurotoxicity after cefepime discontinuation.  The occurrence of all 104 

potentially drug-related adverse events were systematically assessed. 105 

 106 

The observed EEG findings were categorized based on the 2012 American Clinical 107 

Neurophysiology Society standardized EEG critical care terminology.
11

  EEG abnormalities 108 

were classified as follows: lateralized periodic discharges (LPDs), generalized periodic 109 

discharges (GPDs) with and without triphasic morphology, generalized rhythmic delta activity 110 

(GRDA), and multifocal sharps and spike-and-waves (MfSWs). Non-convulsive status 111 

epilepticus was defined electrographically as epileptiform discharges (ED) at >2.5Hz or EDs ≤ 112 

2.5 Hz or rhythmic delta/theta activity (>0.5 Hz) AND one of the following: EEG and clinical 113 

improvement after intravenous antiepileptic drugs (AEDs), or subtle clinical ictal phenomena 114 
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 6 

during the EEG patterns mentioned above, or typical spatiotemporal evolution,  without 115 

associated clinical convulsions.
12

 116 

 117 

Statistical Analysis: Comparisons between the non-NT and CIN group was performed using 118 

independent Student's t-test for continuous data with normal distribution and Chi-square test or 119 

Fisher's exact test for categorical data as appropriate; the Mann-Whitney test was used to 120 

compare medians for continuous variable not normally distributed.  To evaluate cefepime 121 

concentrations between the non-NT and CIN groups, a generalized linear model was conducted 122 

with prespecified covariates including age, ICU at time of concentration, length of hospital stay, 123 

serum creatinine, duration of cefepime therapy, and total daily dose of cefepime.  Unadjusted 124 

and adjusted binary logistic regression models were conducted using neurotoxicity as the 125 

dependent variable and age, sex, renal function, ICU status, cefepime trough concentration, and 126 

time to TDM as independent variables.  P-values <0.05 were considered statistically significant. 127 

Statistical analysis was performed on JMP Pro v15.0 (SAS Institute, Cary, NC). 128 

 129 

Results 130 

One-hundred and forty-two patients were included in the analysis.  Baseline patient 131 

characteristics are summarized in Table 1.  The incidence of CIN was 13% (18/142) among 132 

patients with trough concentrations > 25 mg/L.  The mean patient age in the CIN group was 62.9 133 

± 15.8 years.  Hypertension as a comorbid condition was more frequent in the CIN group 134 

(88.9%) vs. the non-neurotoxic (non-NT) group (61.3%)  (p=0.03).  Markers of renal function 135 

(serum creatinine and creatinine clearance) were obtained at the time of therapeutic drug 136 

monitoring.  All neurotoxic patients in the CIN group (n=18) had acute or chronic kidney 137 
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function.  Patients exhibiting cefepime neurotoxicity had lower creatinine clearance compared to 138 

those who did not (38 ± 18.4 ml/min vs. 82.1 ± 44.0 ml/min, p<0.0001).  Sixty-one percent 139 

(n=11) with CIN were in an ICU setting at the time that the cefepime concentration was 140 

obtained.  Hospital and ICU length of stay (LOS) did not vary between non-NT and CIN groups.   141 

 142 

Mean daily cefepime doses were significantly greater in the non-NT arm compared to those who 143 

experienced CIN (4.9 g/day ± 1.5 vs. 3.9 g/day ± 1.2 g/day, p=0.007) (Table 2). Prolonged 144 

infusion strategies (180- or 240- minute infusions) were more commonly utilized in the non-NT 145 

vs. CIN group (37% vs. 6%, p=0.0067). It was observed that patients with CIN had shorter mean 146 

duration of cefepime treatment relative to those with non-NT, however this was a non-significant 147 

difference (10.7 days ± 5.3 vs. 13.4 days ± 10.1, p=0.09).  The mean time to cefepime 148 

neurotoxicity from the start of cefepime therapy was 7.4 ± 3.9 days.  Measurements of cefepime 149 

concentrations were performed on average 6.5 days after the start of cefepime therapy. In 14 150 

patients (78%) of CIN cases (data not shown), cefepime therapy was stopped within 72 hours of 151 

the onset of neurotoxic symptoms. 152 

 153 

Evaluating the primary outcomes of the study, the mean cefepime trough concentrations in those 154 

with CIN were significantly greater than those without neurotoxicity (74.2 mg/L ± 41.1 vs. 46.6 155 

mg/L ± 23, p=0.015) (Figure 1, Table 3).  Although not statistically significant, there was a trend 156 

towards greater in-hospital mortality in the CIN group (33%) compared with the non-NT group 157 

(15%) (Table 3).  Lower renal function (CrCl < 30 ml/min), greater time to TDM (≥72 hours), 158 

and each 1 mg/mL incremental rise in cefepime trough were independently associated with 159 

increased risk of CIN in the adjusted regression analysis (Table 4).    160 
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 161 

Digital video EEG was recorded at the patient's bedside in a total of 31 patients.  Twelve of these 162 

patients had CIN.  Most common EEG findings in patients with CIN included moderate 163 

generalized slowing of the background rhythm (11/12), generalized periodic discharges (GPDs) 164 

with triphasic morphology (9/12), rhythmic generalizing slowing not meeting criteria for GRDA 165 

(7/12) and multifocal sharp waves (6/12) (Figure 2). Non-convulsive status epilepticus (NCSE) 166 

and lateralized periodic discharges (LPDs) were found in one patient each. When looking at the 167 

combination of patterns, GPDs plus multifocal sharps/ spike and waves were the abnormalities 168 

more frequently seen together (6/12).   169 

 170 

Discussion 171 

Cefepime is a broad-spectrum antimicrobial commonly employed to combat nosocomial 172 

infections.  Cefepime penetrates well into the cerebrospinal fluid (CSF) with at least 10% of drug 173 

crossing the blood brain barrier (BBB).
13

  Since cefepime is predominantly renally eliminated, a 174 

reduction in renal function increases the half-life of the drug and reduces the clearance from the 175 

body.
14

  Patients in the ICU are at a greater risk of CIN for a number of reasons such as renal 176 

insufficiency, disruptions in the BBB, and systemic inflammation resulting in increased 177 

penetration of drug into the CSF.
1
  The incidence of CIN in our study was low 13% (n=18), 178 

despite evaluation in a high-risk group (trough > 25 mg/L and ~70% in the ICU at the time of 179 

TDM).  Similar to our study, Huwyler and colleagues reported neurological events in 11% of 180 

hospitalized patients receiving cefepime.
15

  Boschung-Pasquier and colleagues on the other hand 181 

reported higher rates of 23% in an inpatient population.
3
  The variability seen in the incidence of 182 

CIN rates among studies is likely due to differences in the criteria utilized to define a neurotoxic 183 
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case.  That said, we attribute the lower incidence of CIN in our cohort to the use of stringent 184 

criteria for identification of neurotoxicity cases. 185 

 186 

The higher the cefepime steady state concentration, the greater the likelihood of CIN.  Two 187 

previously conducted studies predicted a probability of cefepime neurotoxicity of ~ 50% if a 188 

trough of 22 mg/L was accepted as the toxicodynamic threshold.
7,8 

 More recent data 189 

demonstrated cefepime trough concentrations ≥38.1 mcg/ml more frequently in those patients 190 

with presumed cefepime neurotoxicity.
3  

In sharp contrast to other published reports, the mean 191 

cefepime trough in our neurotoxicity group was much higher than reported in other studies (74.2 192 

mg/L  ± 41.1).  A potential explanation for this observation is the timing of cefepime 193 

concentrations.  The average time from the start of cefepime therapy to the attainment of 194 

concentrations was 6.5 days.  The prolonged time to sampling likely contributed to drug 195 

accumulation and elevated concentrations particularly because most patients with CIN had 196 

diminished renal function.  A noteworthy finding in this study is the association between delayed 197 

cefepime therapeutic drug monitoring (≥ 72 hours) and increased risk of CIN.  There was an 198 

eight-fold increased risk of CIN when cefepime TDM was performed greater than 72 hours from 199 

the start of therapy.  While beta-lactams are generally considered safe, this finding highlights the 200 

need for vigilance and early therapeutic drug monitoring to avoid overexposure of drug and 201 

minimize adverse effects.  Based on the package insert, dose adjustment for cefepime is required 202 

when the CrCl is ≤ 60 ml/min.
14

 Despite having reduced renal function, the mean daily cefepime 203 

dose in the CIN group was ~4g/day, which is typically a high-dose strategy (adjusted for renal 204 

function) reserved for febrile neutropenia.  The aggressive dosing utilized may indicate the 205 
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 10 

growing concerns with bacterial resistance and the uncertainty in obtaining adequate drug 206 

exposure in patients with dynamic PK such as those who are critically ill.   207 

 208 

In this study, similar to trends observed by Boschung-Pasquier et al, the in-hospital mortality rate 209 

was two-fold greater in the CIN group compared to the non-NT group.
3
  It is unknown how CIN 210 

mediates an increased risk of death.   One possibility is the presence of chronic kidney disease or 211 

renal insufficiency which is an established risk factor for increased cefepime exposure.   Chronic 212 

kidney disease has been associated with increased mortality due to the presence of other 213 

coexisting conditions such as cardiovascular disease and diabetes.
16

   214 

 215 

Most of the patients in our study with CIN had an EEG performed (n=12/18, 67%) within 48 216 

hours of the onset of symptoms and measurement of cefepime TDM.  The EEG findings in this 217 

cohort are partially consistent what has been reported in the literature. The most common EEG 218 

abnormalities encountered in patients with cefepime-induced encephalopathy are generalized 219 

slowing of the background rhythm, triphasic waves and GPDs.
1,2,17 

We used the term sharp 220 

waves with triphasic morphology rather than triphasic waves as the use of the latter term is no 221 

longer recommended by the ACNS 2012 nomenclature guidelines.
11

  Other studies have 222 

encountered a higher incidence of NCSE, a difference that is also likely due to the criteria used 223 

to classify EEG abnormalities.  224 

 225 

We recognize that there are limitations to this study.  First, the retrospective study design means 226 

that causality of neurotoxicity due to cefepime cannot be fully established.  The use of stringent 227 

criteria as well as review of each CIN case by three clinicians minimizes but does not eliminate 228 
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the risk of misclassification.  Second, the inclusion of patients who received at least 5 days of 229 

cefepime therapy means that early CIN may be under recognized in our population.  The 230 

rationale for selection of this criteria was due to a previous reports of cefepime neurotoxicity in 231 

patients who received a median duration of cefepime therapy of 4 or 5 days.
1,2

  In a recent study, 232 

the median time from first cefepime dose to symptom presentation was 2 days (range 1-14 days), 233 

and this could be as short as 1 day in patients with renal insufficiency.
3,18

  Finally, we measured 234 

total cefepime plasma concentrations.  We acknowledge that antibiotic protein binding in 235 

critically ill patients can be highly variable due to numerous factors such as hypoalbuminemia, 236 

renal, and hepatic insufficiency.
19

 Al-Shaer et al evaluated the total and unbound fraction of 237 

cefepime concentrations in 36 patients.  Remarkably, this study revealed median fraction 238 

unbound of cefepime of 48% (range, 39%-71%).
20

  The low incidence of neurotoxicity in this 239 

study may be a reflection of this high variability in unbound drug and further emphasizes the 240 

need to measure free concentrations.  241 

 242 

Conclusions 243 

Beta-lactams remain the cornerstone in the treatment of bacterial infections.  Aggressive dosing 244 

strategies for beta-lactams are being utilized due to growing concerns with bacterial resistance.  245 

As cefepime doses escalate, so does the potential risk of CIN, particularly in those with renal 246 

dysfunction.  In this study, we found a high rate of CIN utilizing a stringent definition for CIN.  247 

Early TDM  is a valuable tool which can aid in optimizing dosing and minimizing toxicity. 248 

Further studies evaluating the pharmacodynamic relationship between cefepime concentration 249 

and toxicity are required to determine the drivers of neurotoxicity.  Given the frequency of use of 250 
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cefepime in the clinical setting, careful consideration of its propensity to cause neurotoxicity 251 

should be assessed prior to prescribing.   252 

 253 
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Table 1. Patient demographics and Baseline Characteristics 

Characteristics 
Overall 
(n=142) 

Non-NT  
(n=124) 

CIN  
(n=18) 

p-value 

Age, years 57.8 ± 16.6 57.1 ± 16.7 62.9 ± 15.8 0.17 
Male 88 (62) 77 (62) 11 (61) 1 
BMIa, kg/m2 29.9 ± 9.8 29.9 ± 10 29.8 ± 8.4 0.95 
Comorbid conditions     

Hypertension 92 (65) 76 (61) 16 (89) 0.03 
Diabetes mellitus 64 (45) 53 (43) 11 (61) 0.20 
Renal dysfunctionb 82 (58) 64 (52) 18 (100) <0.0001 
AKIc 66 (47) 51 (41) 15 (83) 0.0009 
CKDd 57 (40) 45 (36) 12 (67) 0.02 
CVAe 13 (9) 10 (8) 3 (17) 0.22 
Seizure disorder 18 (13) 16 (13) 2 (11) 1 

Hemodialysis 18 (13) 14 (11) 4 (22) 0.25 
CrCl, ml/minf 76.5 ± 44.1 82.1 ± 44.0 38 ± 18.4 <0.0001 
SCr (all patients)g 1.4 ± 1.1 1.3 ± 1 2.3 ± 1.5 <0.0001 

SCr (non-dialysis)g 1.3 ± 1 1.2 ± 0.9 2.0 ± 1.2 0.0004 
Mechanical ventilation 68 (48) 62 (51) 6 (33) 0.21 
Concomitant medications     

Anticonvulsants 37 (26) 34 (27) 3 (17) 0.40 
Benzodiazepines 34 (24) 31 (25) 3 (17) 0.56 
Other antibiotics 114 (80) 99 (80) 15 (83) 1 

LOSh prior to TDMi, days 15.2 ± 16.3 15.9 ± 17.1 10.5 ± 6.5 0.36 
ICUj at time of TDMi 97 (68) 86 (69) 11 (61) 0.59 
EEG 31 (22) 19 (15) 12 (67) <0.0001 

 

 

 

 

 

 

 

*Data are presented as mean (STD) or n (%); aBMI: Body mass index; bRenal dysfunction = AKI 

and/or CKD; cAKI: Acute kidney injury; dCKD: Chronic kidney disease;  eCVA: cerebrovascular 

accident ; fCrCl: Creatinine clearance; gSCr: Serum creatinine;  hLOS: Length of stay; iTDM: 

Therapeutic drug monitoring; jICU: Intensive care unit 
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Table 2. Cefepime dosing, duration, and infusion strategies 

Characteristic 
Overall 
(n=142) 

Non-NT 
(=124) 

CIN 
(n=18) 

p-value 

Cefepime daily 
dose, g/day 

4.8 ± 1.5 4.9 ± 1.5 3.9 ± 1.2 0.007 

Infusion strategy    0.0067 

Intermittent± 96 (67) 78 (63) 17 (94)  

Extended# 47 (33) 46 (37) 1 (6)  

Duration of 
treatment, days 

13.1 ± 9.7 13.4 ± 10.1 10.7 ± 5.3 0.09 

Time to cefepime 
neurotoxicity from 
start of therapy, 
days 

- - 7.4 ± 3.9 - 

Time from 
cefepime start to 
TDM, days 

5.6 ± 4.2 5.4 ± 4.4 6.5 ± 2.7 0.17 

 
 
 

*Data are presented as mean (STD) or n (%); TDM = therapeutic drug monitoring 
±30-minute infusion; #180 or 240-minute infusion 
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Table 3. Primary and secondary outcomes 

Characteristics 
Overall 
(n=142) 

Non-NT 
(n=124) 

CIN 
(n=18) 

p-value 

Cefepime trough, 
mg/L, mean ± SD 

51 ± 27.3 46.6 ± 23 74.2 ± 41.1 0.015 

In-hospital 
mortality, n (%) 

24 (17) 18 (15) 6 (33) 0.084 

CIN = cefepime-induced neurotoxicity; SD = standard deviation 
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Table 4.  Logistic regression analysis of the development of cefepime-induced neurotoxicity 

based on clinical characteristics 

   
Unadjusted 

analysis 
  

Adjusted 

analysis 

Characteristic OR 95% CI p- value OR 95% CI p- value 

Age (≥ 60 years) 1.29 0.48-3.72 0.62 1.28 0.40-4.37 0.68 

Sex (Male) 0.96 0.35-2.77 0.94 1.32 0.39-4.92 0.66 

CrCl (≥ 30 ml/min) 0.12 0.04-0.37 0.0004 0.15 0.04-0.58 0.0063 

Time from 

cefepime start to 

TDM (≥ 72 hours) 
7.80 1.52-142.95 0.0096 5.83 1.02-111.32 0.047 

ICU at the time of 

TDM 
0.69 0.25-2.01 0.49 0.37 0.1-1.32 0.12 

Cefepime trough 

(per 1 mcg/mL 

increase) 

1.02 1.01-1.05 0.0016 1.02 1.00-1.04 0.06 

TDM = therapeutic drug monitoring 
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Figure 1. 
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Figure 2. EEG Findings in Patients with CIN 
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