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ABSTRACT
Objective: End-stage kidney disease (ESKD) patients have a higher risk of antibiotic-associated
encephalopathy (AAE) than other patients. We aimed to evaluate the prevalence, risk factors and
outcomes of AAE in ESKD patients.
Method: A retrospective study of ESKD patients treated with intravenous antibiotics in our hos-
pital from Jan. 1, 2006, to Dec. 31, 2015 was performed. AAE was diagnosed by the modified
Delphi method. Control individuals were randomly selected from the remaining patients who did
not exhibit neurologic symptoms. Logistic regression analysis was used to identify risk factors for
AAE as well as the association between AAE and outcome.
Result: A total of 2104 patients were included in the study. The prevalence of AAE in our study
was 4.4% (92/2104). The multivariate logistic regression analysis revealed that anuria (OR ¼ 8.04,
95% CI: 4.13–15.65, p< 0.001), history of central nervous system disorder (OR ¼ 3.03, 95% CI:
1.21–7.56, p¼ 0.018) and hypoalbuminemia (OR¼ 1.87, 95% CI: 1.01–3.47, p¼ 0.046) were inde-
pendent factors associated with AAE in ESKD patients. After adjustment for confounders, AAE
was associated with composite outcomes of in-hospital mortality and treatment withdrawal (OR
¼ 4.36, 95% CI: 2.09–9.10, p< 0.001).
Conclusion: The prevalence of AAE was 4.4% in ESKD patients and varied among different anti-
biotics. Anuria, history of central nervous system disorder and hypoalbuminemia were associated
with AAE in ESKD patients. AAE is associated with worse outcomes in ESKD patients.
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1. Introduction

Antibiotics are commonly prescribed to end-stage kidney
disease (ESKD) patients since they are vulnerable to a var-
iety of infections, including pneumonia, peritonitis and
catheter-related infections [1]. Most antibiotics are pre-
dominantly or partially excreted by the kidneys. ESKD
patients treated with antibiotics without dose adjustment
are at risk of developing side effects, including encephal-
opathy [2]. Previous studies have shown that encephal-
opathy can increase the length of hospital stay [3,4], the
cost of medical expenses [5], the presence of in-hospital
complications [6], and the 1-year mortality rate [7].

Antibiotic-associated encephalopathy (AAE) is an eti-
ology of encephalopathy that is often overlooked but

can lead to serious consequences [2]. It manifests as
impaired consciousness, perception or memory; bizarre
behavior; or convulsion after antibiotic accumulation
[8]. The AAE rate has been reported as 0.1–1% in previ-
ous studies [9,10]. However, in clinical practice, we have
noted that the occurence of AAE may be underesti-
mated in ESKD patients. Previous studies on AAE were
limited to case reports or small series, and few studies
have focused on the clinical features and prevalence of
AAE among ESKD patients [8, 10–14]. We speculate that
some factors are associated with AAE and that AAE is
associated with poor outcomes. In this case–control
study, we aimed to evaluate the prevalence and fea-
tures of AAE among ESKD patients and further explore
the associated factors and outcomes of AAE.
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2. Methods

2.1. Study participants

The study was approved by the review board of The
First Affiliated Hospital of Sun Yat-sen University
(approval NO. [2016]215) and complied with the guide-
lines of the Declaration of Helsinki (2013 Amendment).
The requirement for informed consent was waived
because the study was retrospective.

The retrospective study was performed and included
ESKD patients treated with antibiotics at The First
Affiliated Hospital of Sun Yat-sen University. The data of
2898 in-hospital ESKD patients diagnosed with infection
in our center from Jan. 1, 2006, to Dec. 31, 2015, were
retrieved from our medical record system. Patients who
received any intravenous antibiotics during hospitaliza-
tion and who were older than 14 years old were
included in the study. Those who exhibited neuro-
psychiatric abnormalities before antibiotic administra-
tion and did not have complete data were excluded.

A total of 2104 patients were included in the study to
explore the prevalence of AAE. The medical records of
these 2104 patients were reviewed to determine whether
they exhibited neurologic symptoms subsequent to the

administration of intravenous antibiotics. Among them,
263 patients developed neurologic symptoms after the
initiation of antibiotics, of whom 92 patients developed
encephalopathy that was attributed to antibiotic use. To
evaluate the associated factors and outcomes, another
184 patients were randomly selected as the control group
from the remaining 1841 patients who did not develop
neurologic symptoms after the administration of antibiot-
ics (Figure 1).

2.2. Clinical data collection

Data regarding AAE symptoms, signs and clinical out-
comes were collected. Data regarding demographic
information, cause of ESKD, dialysis modality, dialysis
vintage, urine volume, infection type, antibiotic cat-
egory and coadministered drugs, biochemical parame-
ters on the first day of antibiotic administration and
comorbidities (including cardiovascular disease, history
of hepatic disease and history of central nervous system
disorder) were collected.

ESKD was defined as an estimated glomerular filtra-
tion rate (GFR) of �15mL/min/1.73 m2 and included
both CKD5 and CKD5D. Cardiovascular disease (CVD)

Figure 1. Study workflow. AAE: antibiotic-associated encephalopathy; ESKD: end-stage kidney disease.
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was defined as a history of angina pectoris, myocardial
infarction, angioplasty, coronary artery bypass or heart
failure. A history of hepatic disease was defined as a his-
tory of hepatitis, liver cirrhosis and liver cancer. A his-
tory of central nervous system disorder was defined as
a history of stroke, encephalorrhagia, intracranial infec-
tion and epilepsy. Hypoalbuminemia was defined as
serum albumin < 35 g/L.

2.3. Diagnosis of antibiotic-associated
encephalopathy

AAE was diagnosed according to the criteria and meth-
ods of the Mayo Center [15] as follows: 1) encephalop-
athy, including one or more of the following
manifestations: change in consciousness, myoclonus,
seizure, hallucinations, delusions, lack of coherent
speech; and 2) a clear temporal relationship between
encephalopathy and antibiotic administration (enceph-
alopathy appeared after the initiation of medication,
persisted or worsened during medication administra-
tion, and improved or resolved after drug discontinu-
ation). Patients with encephalopathy caused by other
reasons, such as cerebrovascular attack, nervous system
infection, demyelinating disease, dialysis imbalance,
neuropsychiatric lupus, etc., were excluded. The modi-
fied Delphi method was used to determine the likeli-
hood of causality between encephalopathy and
antibiotic use. All possible cases were reviewed by five
coauthors (HQX, LJB, HFX, ZDH, HNY) independently.
The diagnosis of AAE was made if three or more of the
reviewers agreed that encephalopathy was attributable
to antibiotic use.

2.4. Statistical analysis

Statistical analysis was performed with SPSS 22.0 statis-
tical software. Results with a two-sided P value of <

0.05 were considered statistically significant.
All values are expressed as the means ± SDs (stand-

ard deviations) or medians [25th, 75th percentiles] for
continuous variables and frequencies for categorical
variables. The Shapiro–Wilk test was used to assess nor-
mality. For comparisons of continuous variables, we
used the t test or the Wilcoxon rank sum test as appro-
priate. Comparisons between subgroups with categor-
ical variables were performed with the chi-square test.

All variables were examined by univariate analysis to
identify risk factors for AAE, and factors with P values of
<0.10 in the univariate analysis were included as candi-
date predictors in the multivariable logistic regression
model by forward stepwise regression. Multivariate

logistic regression analysis was performed to determine
the factors that were independently associated with
AAE. The performance of the multivariate logistic
regression model was evaluated using the receiver
operating characteristic (ROC) curve.

Univariate and multivariate logistic regression analy-
ses were performed to determine the association
between AAE and outcomes. Because of local customs,
some seriously ill patients preferred to pass away at
home rather than in hospital. Thus, composite out-
comes of in-hospital mortality and treatment with-
drawal were refer to bad outcome in this study.

3. Results

3.1. Prevalence and clinical manifestations of AAE
in the total study population

A total of 2104 patients were included in the study, of
whom 263 developed neurologic symptoms after the
initiation of antibiotics. Finally, a total of 92 cases ful-
filled the AAE diagnostic criteria (Figure 1). The preva-
lence of AAE in ESKD in hospital patients was 4.4%.

The neurological symptoms of AAE were diverse and
are shown in Table 1. The common symptoms were
delirium, bizarre behavior, myoclonus and convulsions.
The above symptoms often changed as the disease pro-
gressed in a patient; that is, patients often progressed
from confusion to delirium, from mania to drowsiness,
or from delusions to convulsions. None of the 92
patients exhibited typical signs of nervous system local-
ization, meningeal irritation, or ataxia.

Neurological symptoms began at median day 5 (3, 9)
after antibiotic initiation (Figure 2(A)) and improved or
resolved at median day 3 (2, 5) after the antibiotic was
discontinued or adjusted (Figure 2(B)). The mean dur-
ation of encephalopathy was 5 (2.5, 7) days, while the
longest duration was 25 days (Figure 2(C)).

Table 1. The neurologic symptoms of antibiotic-associated
encephalopathy.
Neurologic symptoms n Percentages (%)

Depressed level of consciousness 14 18.2
Delirium 29 31.5
Confusion 18 19.6
Bizarre behavior 24 26.1
Myoclonus or tremor 23 25.0
Seizure 31 33.7
Insomnia 12 13.0

A depressed level of consciousness was defined as the presence of som-
nolence, sopor or coma. Delirium was defined as a state of violent mental
agitation often accompanied by hallucinations or delusions. Confusion
was characterized by a lack of clear and orderly thought and behavior
and unresponsiveness.
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3.2. Prevalence and clinical manifestations of AAE
among different antibiotic drug classes

The AAE rates of different antibiotics in ESKD patients
are shown in Table 2. Ceftazidime, cefoperazone, levo-
floxacin and imipenem use were associated with the
highest numbers of AAE cases. However, the AAE rates
observed following the use of lomefloxacin, ceftazidime,
imipenem and cefepime ranked at the top. It should be
noted that ten cases diagnosed with AAE were caused
by a combination of two types of antibiotics.

Further statistical analysis was performed to compare
the AAE rates of different antibiotics within the same

class. Among the cephalosporins, the AAE rate following
ceftazidime use was significantly higher than that follow-
ing the use of cefoperazone or ceftriaxone (ceftazidime
vs. cefoperazone: (7.8% (37/473) vs. 2.1% (12/559),
p< 0.001; ceftazidime vs. ceftriaxone: (7.8% (37/473) vs.
0.9% (2/213), p< 0.001)). Among the carbapenems, the
AAE rate following the use of imipenem was significantly
higher than that following the use of meropenem (7.4%
(11/149) vs. 0.9% (1/110), p¼ 0.015). There was no signifi-
cant difference in the AAE rates among quinolones,
including moxifloxacin (8/410, 2.0%), levofloxacin (12/
400, 3.0%) and ciprofloxacin (1/115, 0.9%) (p¼ 0.278).

Figure 2. The frequency distribution histogram of the duration of antibiotic treatment or encephalopathy. (A) The duration from
antibiotic initiation to the occurrence of antibiotic-associated encephalopathy. (B) The duration from antibiotic discontinuation to
the improvement of antibiotic-associated encephalopathy. (C) The duration of antibiotic-associated encephalopathy.

Table 2. The AAE rates of different antibiotics in ESRD patients.
Antibiotic No. of AAE casesa No. of patients receiving antibioticsb AAE rates

Cephalosporins
Ceftazidime 37 473 7.82%
Cefoperazone 12 559 2.15%
Ceftriaxone 2 213 0.94%
Latamoxef 3 143 2.10%
Cefepime 2 28 7.14%

Carbapenems
Imipenem 11 149 7.38%
Meropenem 1 110 0.91%
Panipenem 2 36 5.56%

Quinolones
Moxifloxacin 8 410 1.95%
Levofloxacin 12 400 3.00%
Ciprofloxacin 1 115 0.87%
Lomefloxacin 1 8 12.50%

Others
Piperacillin 1 250 0.40%
Penicillin 1 32 3.13%
Fluconazole 1 115 0.87%
Voriconazole 1 39 2.56%
Caspofungin 1 32 3.13%
Vancomycin 2 63 3.17%
Teicoplanin 1 80 1.25%
Linezolid 1 46 2.17%
Azithromycin 1 156 0.64%

Total study patients 92 2104 4.37%

AAE: antibiotic-associated encephalopathy; ESRD: end-stage renal disease; NO.: number.
aThere are ten cases diagnosed with AAE were caused by a combination of two types of antibiotics.
bPatients who were administered more than two types of antibiotics at the same time or consecutively were
counted repeatedly.
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The main symptoms of neurotoxicity induced by dif-
ferent antibiotics were different. Cephalosporin and
quinolone antibiotic-associated neurotoxicity mani-
fested more often as mental disorders, and carbapenem
neurotoxicity manifested more often as convulsions
(Table 3).

3.3. Risk factors for AAE

To evaluate the associated factors and outcomes,
another 184 patients were randomly selected as the
control group from the remaining 1841 patients who
did not develop neurologic symptoms after the admin-
istration of antibiotics. The demographic and clinical
characteristics of the 92 ESKD patients with AAE and
184 patients without AAE are summarized in Table 4.

The AAE group was older than the non-AAE group
(59.8 ± 17.1 vs. 50.9 ± 18.6, p< 0.001) and had a longer
hospital stay [22.5 (12, 34) vs. 15 (8, 21), p< 0.001] and
a lower proportion of hospitalization in the nephrology
ward [50 (54.3%) vs. 130 (70.7%), p¼ 0.007].
Furthermore, patients with AAE had a longer duration
of dialysis; a higher rate of anuria; and higher rates of
cardiovascular disease, history of central nervous sys-
tem disorder, pneumonia, aspartate aminotransferase
(AST), and hypoalbuminemia than those without AAE.

The univariate logistic regression analysis showed
that age (OR ¼ 1.03, p< 0.001); dialysis vintage (OR ¼
1.01, p¼ 0.003); anuria (OR ¼ 9.16, p< 0.001); CVD (OR
¼ 2.44, p¼ 0.008); history of central nervous system dis-
order (OR ¼ 5.47, p< 0.001) and pneumonia (OR ¼
2.59, p¼ 0.001); hypoalbuminemia (OR ¼ 3.23,

Table 3. Main neurologic symptoms across different antibiotic drug classes.
Main neurologic symptoms Cephalosporin (n¼ 51) Quinolone (n¼ 13) Carbapenem (n¼ 9) P value

Mental disorders 39 (74.6%) 13 (100%) 4 (44.4%) 0.004
Myoclonus or tremor 14 (27.5%) 2 (15.4%) 1 (11.1%) 0.396
Convulsions 14 (27.5%) 3 (23.1%) 5 (55.6%) 0.223

Table 4. Baseline characteristics of ESRD patients with and without AAE.
Characteristics AAE (n¼ 92) Non-AAE (n¼ 184) p Value

Age (years) 59.8 ± 17.1 50.9 ± 18.6 <0.001
Male (%) 54 (58.7) 111 (60.3) 0.698
Hospital stay (days) 22.5 (12, 34) 15 (8, 21) <0.001
Hospitalized in nephrology ward (%) 50 (54.3) 130 (70.7) 0.011
Cause of ESRD (%)

Glomerulonephritis 33 (35.9) 76 (41.3) 0.165
Diabetic kidney disease 20 (21.7) 32 (17.4)
Benign nephrosclerosis 12 (13.0) 17 (9.2)
Lupus nephritis 9 (9.8) 8 (4.3)
Other 18 (19.6) 51 (27.7)

RRT (%) 0.220
No RRT 8 (8.7) 28 (15.2)
Hemodialysis 47 (51.1) 96 (52.2)
Peritoneal dialysis 37 (40.2) 60 (32.6)
Dialysis vintage (months) 12.0 (0.3,36.0) 0.51 (0.21, 6.90) <0.001
Anuria (%) 51 (55.4) 22 (12.0) <0.001
Hypertension (%) 76 (82.6) 160（87.0) 0.333
Cardiovascular disease (%) 22 (23.9) 21 (11.4) 0.007
History of hepatic disease (%) 10 (10.9) 21 (11.4) 0.893
History of central nervous system disorder (%) 22 (23.9) 10 (5.4) <0.001

Infection type (%)
Pneumonia 72 (78.3) 107 (58.2) 0.001
Peritonitis 8 (8.7) 13 (7.1) 0.630
Bacteremia 3 (3.3) 12 (6.5) 0.260
Urinary tract infection 8 (8.7) 28 (15.2) 0.129

Laboratory tests
WBC (109/L) 7.3 (5.2, 10.3) 7.9 (5.9, 9.6) 0.693
NEU (%) 0.8 (0.7, 0.8) 0.7 (0.6, 0.8) 0.055
Hemoglobin (g/L) 79.0 (71.0, 90.0) 84.0 (72.0, 98.0) 0.080
Creatinine (mmol/L) 720.5 (557.5, 951.2) 748.0 (578, 948) 0.691
BUN (umol/L) 25.3 (21.5, 30.0) 25.0 (21.0,30.0) 0.669
Albumin (g/L) 29.0 (26.0, 33.0) 33.0 (28.9, 37.0) <0.001
Hypoalbuminemia (n%) 74 (80.4) 103 (56.0) <0.001
ALT (U/L) 15.0 (5.0, 30.0) 19.0 (12.0, 27.0) 0.065
AST (U/L) 20.0 (13.3, 30.8) 17.0 (12.0, 26.0) 0.031
TBIL (umol/L) 6.75 (4.5, 12.2) 6.4 (4.2, 10.1) 0.435

AAE: antibiotic-associated encephalopathy; ESRD: end-stage renal disease; RRT: renal replacement therapy; CVD: cardiovascular disease;
WBC: white blood cell; NEU: neutrophil proportion; BUN: blood urine nitrogen; ALT: alanine aminotransferase; AST: aspartate aminotrans-
ferase; TBIL: total bilirubin. Hypoalbuminemia was defined as serum albumin < 35 g/L. Bold values indicates significant statistical
differences.
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p< 0.001); and AST level (OR ¼ 1.01, p¼ 0.033) were
related to the onset of AAE in ESKD patients (Table 5).

All variables with a P value of <0.10 in the univariable
analyses were included as candidate predictors in the
multivariable logistic regression model by forward step-
wise regression. We identified anuria (OR ¼ 8.04, 95% CI:
4.13–15.65, p< 0.001), history of central nervous system
disorder (OR ¼ 3.03, 95% CI: 1.21–7.56, p¼ 0.018) and
hypoalbuminemia (OR¼ 1.87, 95% CI: 1.01–3.47,
p¼ 0.046) as independent factors associated with AAE
(Table 5). We plotted the ROC curve to assess the per-
formance of the multivariate logistic regression model.
The area under the ROC curve (AUC) was 0.802 (Figure 3).

3.4. Outcomes of AAE

The outcomes in the AAE group were worse than those
in the non-AAE group, as shown in Table 6. Among 92
AAE patients, 28 patients (30.4%) died in the hospital,
and 13 patients (14.1%) withdrawed treatment because
of poor outcomes and high costs. One of the patients
died of aspiration asphyxia caused by a convulsion.

The association between AAE and composite out-
comes of in-hospital mortality and treatment

withdrawal with defined models are listed in Table 7.
Regardless of the adjustment method used, AAE was
significantly associated with composite outcomes of in-
hospital mortality and treatment withdrawal. After
adjusting for sex, age, anuria, cardiovascular disease,
hypoxemia, diabetes, history of hepatic disease, history
of central nervous system disorder, infection site, levels
of serum albumin, hemoglobin levels, serum creatinine
levels, and serum bilirubin levels, AAE showed a stron-
ger association with composite outcomes of in-hospital
mortality and treatment withdrawal (OR ¼ 4.36, 95% CI:
2.09–9.10; p< 0.001).

4. Discussion

This retrospective study was conducted to evaluate
AAE in ESKD patients. The prevalence of AAE in ESKD
patients was 4.4%. As expected, different antibiotics
exhibited different AAE rates. In addition, anuria, history
of central nervous system disorder and hypoalbumine-
mia were associated with AAE.

Neurotoxicity is described as a rare side effect of
most antibiotic drugs, with a rate of occurrence of less
than 0.1% [9]. However, our findings showed that the

Table 5. Univariable and multivariable logistic analyses of factors associated with AAE in ESRD patients.

Variable

Univariate logistic analysis Multivariable logistic analysis

OR (95% CI) p Value OR (95% CI) p Value

Age (per 1 yr) 1.03 (1.01, 1.04) <0.001 1.02 (1.00, 1.03) 0.053
Sex, men versus women 0.94 (0.56, 1.56) 0.795
Cause of ESRD (%)
Glomerulonephritis ref. –
Diabetic kidney disease 1.44 (0.72, 2.88) 0.302
Benign nephrosclerosis 1.63 (0.70, 3.78) 0.259
Lupus nephritis 2.59 (0.92, 7.30) 0.072
Other 0.81 (0.41, 1.60) 0.547

RRT (%)
No RRT ref.
Hemodialysis 1.71 (0.73, 4.05) 0.220
Peritoneal Dialysis 2.16 (0.89, 5.33) 0.089
Dialysis vintage(months) 1.01 (1.00, 1.02) 0.003
Anuria (%) 9.16 (5.00, 16.90) <0.001 8.04 (4.13, 15.65) <0.001

Complications (%)
CVD 2.44 (1.26, 4.72) 0.008
History of hepatic disease 0.95 (0.43, 2.10) 0.893
History of central nervous system disorder 5.47 (2.46, 12.14) <0.001 3.03 (1.21, 7.56) 0.018

Infection type (%)
Pneumonia 2.59 (1.46, 4.61) 0.001
Peritonitis 1.25 (0.50, 3.14) 0.631
Bacteremia 0.48 (0.13, 1.76) 0.269
Urinary tract infection 0.53 (0.23, 1.217) 0.134

Laboratory tests
WBC (per 1.0� 109/L) 1.01 (0.94, 1.08) 0.784
NEU (per 1%) 3.69 (0.47, 28.99) 0.214
Hemoglobin (per 1.0� g/L) 0.99 (0.97, 1.00) 0.059 0.97 (0.96, 1.00) 0.052
Hypoalbuminemia 3.23 (1.79, 5.84) <0.001 1.87 (1.01, 3.47) 0.046
ALT (per 1.0�U/L) 1.00 (0.99, 1.01) 0.495
AST (per 1.0�U/L) 1.01 (1.00, 1.02) 0.033
TBIL (per 1.0� umol/L) 1.01 (1.00, 1.03) 0.138

AAE: antibiotic-associated encephalopathy; ESRD: end-stage renal disease; RRT: renal replacement therapy; WBC: white blood cell; NEU:
neutrophil proportion; BUN: blood urine nitrogen; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin.
Hypoalbuminemia was defined as serum albumin < 35 g/L. Bold values indicates significant statistical differences.

RENAL FAILURE 1713



prevalence of AAE in ESKD patients was 4.4%.
According to previous literature, the high prevalence of
AAE in ESKD patients may be related to the following
factors [16–18]. First, most antibiotics are metabolized
in the kidneys. Without an appropriate reduction in
drug dose according to the creatinine clearance rate,
these antibiotics have a prolonged half-life in patients
with a reduced glomerular filtration rate (GFR) and tend
to accumulate in the body. Second, patients with
chronic kidney failure often have hypoalbuminemia and
internal environmental disorders. Consequently, the
concentration of antibiotics bound to albumin is
reduced, resulting in a relatively high concentration of
free and active antibacterial compounds [19]. In add-
ition, some scholars speculate that the blood–brain bar-
rier and brain permeability of patients with chronic
kidney failure are impaired [20].

Our research found that there were differences in
the AAE rates of different antibiotics. To our knowledge,
this is the first study to investigate the AAE rate of dif-
ferent antibiotics. Our findings have certain value for
the selection of antibiotic regimens in ESKD patients.
Cefepime neurotoxicity is widely reported [16,17], and
the United States Food and Drug Administration (FDA)
released a safety announcement in 2012 that indicated
that cefepime should be administered with caution in

Figure 3. Receiver operating characteristic curve for the multivariate logistic regression model.

Table 6. Outcome of ESRD patients with and without AAE.
Outcome AAE Non-AAE p Value

Recover 51 (55.4%) 157 (85.3%) <0.001
Died in hospital 28 (30.4%) 5 (2.7%)
Treatment withdrawal 13 (14.1%) 23 (12.5%)

AAE: antibiotic-associated encephalopathy.

Table 7. Associations of AAE with composite outcomes of in-
hospital mortality and treatment withdrawal.
Model OR (95% CI) p Value

Unadjusted 4.50 (2.52, 7.96) <0.001
Model 1 4.09 (2.26, 7.37) <0.001
Model 2 4.21 (2.18, 8.12) <0.001
Model 3 4.16 (2.13, 8.14) <0.001
Model 4 4.61 (2.30, 9.27) <0.001
Model 5 4.36 (2.09, 9.10) <0.001

CI: confidence interval; AAE: antibiotic-associated encephalopathy; OR:
odds ratio.
Model 1: adjusted for age and sex.
Model 2: adjusted for model 1 and anuria.
Model 3: adjusted for model 2 and cardiovascular disease, hypoxemia,
diabetes, liver disease, and nervous system disease.
Model 4: adjusted for model 3 and infection site.
Model 5: adjusted for model 4 and levels of serum albumin, hemoglobin,
serum creatinine and serum bilirubin.
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patients with kidney failure [2]. Our study showed that
the AAE rate following cefepime use was 7.14%, which
was consistent with previous studies [16]. In addition,
cefepime is not widely used in our center since cefe-
pime neurotoxicity is widely known to occur. Only 2 of
92 AAE cases were related to cefepime use in the study.
We suggest that other antibiotics with a high risk of
neurotoxicity should be administered with cautious and
appropriate dose adjustments in ESKD patients too.

Previous studies have shown that the difference in
neurotoxicity risk may be related to the drug structure
group, drug metabolism pathway and ability to pene-
trate the blood–brain barrier [8]. First, the encephalop-
athy rate may be related to the structure of the drug.
Previous studies have shown that the neurotoxicity of
cephalosporins and carbapenems is related to the
amino structure of the side chain of the b-lactam ring
C-2, which can inhibit the binding of neuronal c-amino-
butyric acid (GABA) receptors to GABA, thereby ena-
bling neuronal activity enhancement and predisposing
the patient to irritability and incoherent speech. All
b-lactam drugs have the possibility of inducing convul-
sions and mental disorders, but not every b-lactam has
the same binding affinity to GABA receptors [21,22].
Quinolone antibiotics can directly inhibit the effect of
GABA. Bioorg’s animal experiments confirmed that the
side groups of different quinolone drugs affected their
GABA receptor affinity differently [23,24]. Some trials
even attempted to modify the side group structure of
norfloxacin to increase its affinity to GABA receptors so
that such quinolone antibiotics could be used as new
anxiolytics [25]. Moreover, the structure of the drug
may be related to different main neurologic symptoms;
for example, quinolone antibiotic neurotoxicity mani-
fested more often as mental disorders, and carbapenem
neurotoxicity manifested more often as convulsions.
Second, neurotoxicity may be related to the drug
metabolism pathway. Our study found that the AAE
rate following ceftazidime use was significantly higher
than that following the use of cefoperazone and cef-
triaxone. The possible explanation is that ceftazidime is
predominantly excreted via the kidneys, while cefopera-
zone and ceftriaxone are predominantly excreted via
bile. Therefore, ceftazidime is more likely to accumulate
in ESKD patients than the other two third-generation
cephalosporin antibiotics.

Shamik summarized the case reports published thus
far and suggested that age, renal function, and a history
of neurological disease may be risk factors for AAE [8].
However, comparison with a control group was lacking,
and this conclusion has not yet been confirmed by stud-
ies with higher levels of evidence. This retrospective

case–control study showed that anuria, history of central
nervous system disorder and hypoalbuminemia may be
risk factors for AAE. Anuria is equivalent to no residual
kidney function in a sense [26]. Limited by the experi-
mental conditions and the data obtained, the residual
renal function was not calculated for all individuals in this
study; therefore, "anuria" was used as a proxy for "no
residual renal function". Previous studies have shown
that residual renal function has an impact on pharmaco-
kinetics in patients who have undergone renal replace-
ment therapy [19]. Thus, the International Society of
Peritoneal Dialysis (ISPD) guidelines recommend that the
dosage of intraperitoneal antibiotic therapy should be
adjusted according to the presence and absence of urine
in the treatment of peritonitis [27]. We speculate that a
possible reason for the influence of hypoalbuminemia is
that hypoalbuminemia increases the concentration of
biologically available antibiotic compounds; moreover,
hypoalbuminemia is related to poor nutritional status,
decreased immune function, and severe infection [28].
Overall, based on previous literature and our research
[8–10], it is recommended that the use of neurotoxic anti-
biotics is avoided as much as possible in patients with
old age, neurological diseases, hypoalbuminemia, and
anuria. For patients without residual renal function, it is
recommended that the antibiotic dosage is adjusted
strictly according to renal function parameters.

Previous AAE studies comprise mainly case reports
and reviews. For the first time, we explored the risk fac-
tors for AAE in a case–control study. However, there are
limitations to our study. First, this study was retrospect-
ive in nature. Second, the reported analyses were lim-
ited to data from a single center, and the sample size
was relatively small. Third, there is no gold standard for
the diagnosis of AAE. Finally, the impact of the anti-
biotic drug dosage could not be assessed since this
study did not focus on a specific antibiotic. Higher-level
prospective studies should be conducted in the future.

5. Conclusion

The prevalence of AAE was 4.4% in ESKD patients and
varied among different "culprit" antibiotics. The factors
associated with AAE in ESKD patients were anuria, his-
tory of central nervous system disorder, and hypoalbu-
minemia. AAE is associated with worse outcomes in
ESKD patients. Thus, ESKD patients, especially those
with anuria, hypoproteinemia or a history of central
nervous system disorder, should be cautiously pre-
scribed antibiotics with a low risk of neurotoxicity.
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