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ABSTRACT 

There is growing evidence that chronic kidney disease ( CKD ) is an independent risk factor for cognitive impairment, 
especially due to vascular damage, blood–brain barrier disruption and uremic toxins. Given the presence of multiple 
comorbidities, the medication regimen of CKD patients often becomes very complex. Several medications such as 
psychotropic agents, drugs with anticholinergic properties, GABAergic drugs, opioids, corticosteroids, antibiotics and 
others have been linked to negative effects on cognition. These drugs are frequently included in the treatment regimen 

of CKD patients. The first review of this series described how CKD could represent a risk factor for adverse drug reactions 
affecting the central nervous system. This second review will describe some of the most common medications 
associated with cognitive impairment ( in the general population and in CKD ) and describe their effects. 

GRAPHICAL ABSTRACT 

Keywords: adverse drug reaction, chronic kidney disease, cognitive impairment, drug prescription, medications 
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NTRODUCTION 

here is growing evidence showing that chronic kidney disease 
 CKD ) is an independent risk factor for cognitive impairment, es-
ecially due to vascular damage, blood–brain barrier ( BBB ) dis- 
uption and uremic toxins [ 1 ]. A better understanding of the
isk factors associated with cognitive impairment could lead to 
ew avenues to prevent further cognitive impairment in CKD pa-
ients. In particular, adverse drug reactions ( ADRs ) affecting the 
entral nervous system ( CNS ) could represent another modifi- 
ble risk factor as these may be prevented by re-evaluation of a
atient’s drug prescription. 
Among ADRs affecting the CNS, cognitive adverse effects are 

requent and could present as sedation, decreased performance 
kills, hallucinations or delirium [ 2 ]. Any small molecule that can
ross the BBB has the potential to affect the CNS and therefore
lter cognitive functioning. Agents that modulate the brain’s 
C
eurotransmitter systems ( acetylcholine, serotonin, dopamine 
nd glutamate ) could either enhance or impair several cogni-
ive functions. In addition to brain modulators, blockers of neu-
otransmitter receptors can also result in cognitive impairment
nd include compounds such as cholinergic, dopaminergic and
istaminergic antagonists. Finally, sedative properties of certain 
rug classes ( such as antihistaminic agents and hypnotics ) have
een associated with cognitive impairment. Since patients with
KD tend to have multiple comorbidities and treatments, their
edication regimen often becomes very complex and they may
e highly exposed to these drugs [ 3 ]. 

In the first review of this series, we discuss how CKD repre-
ents a risk factor for ADRs on the CNS via BBB disruption and
lteration of drug pharmacokinetics. In this narrative review, we
ill describe some of the most common medications linked with
egative effects on cognition ( in the general population and in
KD ) and describe their effects ( Fig. 1 ) . 
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RUGS WITH ANTICHOLINERGIC EFFECTS 

athophysiology of anticholinergic drugs in the brain 

here are two types of receptors in the cholinergic system: 
uscarinic and nicotinic, named after their exogenous ligands.
cetylcholine stimulates both types of receptors, exerting both 
uscarinic and nicotinic effects. Medications with an anti- 
holinergic effect refer to drugs that bind muscarinic receptors 
ut not nicotinic receptors. Most of them are nonselective for 
eceptor binding and are not tissue selective. 

Muscarinic receptors ( mAChRs ) belong to a group of G- 
rotein-coupled membrane metabotropic receptors [ 4 ]. Five 
ypes of mAChRs have been identified based on amino acid se- 
uences: M1, M2, M3, M4 and M5 [ 5 , 6 ]. All subtypes of M1–M5
uscarinic receptors are distributed in the brain. The M1 sub- 

ype is found in the cortex, hippocampus, striatum and thala- 
us, where it occurs postsynaptically, while the M2 subtype is 

ound primarily in the brainstem and thalamus, but also in the 
ortex, hippocampus and striatum, at synaptic terminals. The 
ther receptors are expressed at much lower levels. M3 recep- 
ors are found in the cortex and hippocampus, M4 in many brain 
egions, including the cortex and hippocampus, but most abun- 
antly in the striatum, while M5 is found in the substantia nigra 
 4 ]. The M1 receptors ( Gq ) in the brain are the most involved in
he anticholinergic response that causes delirium, cognitive im- 
airment, dizziness, sedation and confusion. 
Many commonly used drugs have primary or secondary anti- 

holinergic effects. Anticholinergic drugs are the principal treat- 
ents of some clinical conditions, such as urinary incontinence.
owever, anticholinergic adverse effects frequently occur with 
edications prescribed with other intended mechanisms of 
ction, including antihistamines, antidepressants and antipsy- 
hotics. These drugs are commonly prescribed to older people 
nd CKD patients and unfortunately these drugs are not rou- 
inely recognized as having anticholinergic activity. 

valuation of anticholinergic drugs burden 

he cumulative effect of taking one or more drugs with an- 
icholinergic properties is referred as anticholinergic burden.
here are different techniques to indirectly assess the anti- 
holinergic activity of drugs. The evaluation of serum anticholin- 
rgic activity ( SAA ) is the laboratory technique [ 7 ] recognized 
s the gold standard. However, this evaluation is not routinely 
vailable, in part due to the method using a radioreceptor assay.
s a consequence, different drug scales for anticholinergic drugs 
ave been developed [ 8 –20 ] ( Table 1 ) enabling the calculation of
he “anticholinergic burden.” Recently, 13 different scales have 
een documented and accepted by the international academic 
ommunity; however, only three of them are commonly used: 
he Anticholinergic Drug Scale ( ADS ) , the Anticholinergic Risk 
cale ( ARS ) and the Anticholinergic Burden Scale ( ACB ) ( Table 1 ) .
ne of the most commonly used scales in research studies to 
valuate central adverse events is the Anticholinergic Cognitive 
urden scale ( ACB ) [ 8 ] where drugs are classified based on an
xpert-based list according to SAA or in vitro affinity to mus- 
arinic receptors. Drugs with possible anticholinergic effects are 
iven a score of 1. Drugs are classified as score 2 when some cog-
itive effects can be found and as score 3 when these cognitive 
ffects are very significant. Table 2 reports drugs with anticholin- 
rgic effects based on the ACB scale. Anticholinergic drugs are 
sed for different medical conditions such as urinary dysfunc- 
ion, peptic ulcer disease, Parkinson’s disease, and neurologic 
nd psychiatric conditions. Drugs with anticholinergic proper- 
ies are widely prescribed especially in the elderly [ 21 ]. 

Anticholinergic ADRs of drugs with anticholinergic activ- 
ty can be peripheral, with typical symptoms including dry 
outh, constipation, urinary retention, bowel obstruction, di- 

ated pupils, blurred vision, increased heart rate and decreased 
weating, or central side effects such as impairment in cognitive 
unction. 

ssociation between anticholinergic medication use 
nd cognitive impairment 

he biological basis for the cognitive effects of anticholinergic 
rugs is partially known. Given the importance of the cholin- 
rgic system in cognition, researchers speculate that direct im- 
airment of the cholinergic neurons may underlie these effects.
n addition, Risacher et al. suggested that the use of anticholin- 
rgic medication was associated with increased brain atrophy 
nd dysfunction, and clinical decline [ 22 ]. Indeed, the authors 
bserved that cognitively normal older adults taking medica- 
ions with medium or high anticholinergic activities ( evaluated 
y the ACB scale ) showed poorer cognition, reduced cerebral glu- 
ose metabolism, increased brain atrophy and increased clinical 
ecline in comparison with those not taking these medications.
he kidney function was, however, not provided in this analysis.
Most studies evaluating the association between anticholin- 

rgic drug burden and outcomes have been performed in elderly 
atients. They report a high prevalence of use of anticholinergic 
rugs and an association with the risk of hospitalization, cog- 
itive impairment and higher mortality [ 21 , 23 , 24 ]. In a recent
tudy on 19114 participants form Australia and the USA aged 70 
ears and older, the anticholinergic burden calculated by using 
he ACB predicted worse cognitive function over time, particu- 
arly for executive function and episodic memory [ 25 ]. 

requency of use of anticholinergics in CKD patients 

s discussed above, anticholinergic drugs are mostly used in 
he elderly, and a high anticholinergic burden is associated 
ith more adverse effects, including cognitive impairment,
onfusion, forgetfulness, delirium and falls. In a medication 
eview study of 155 consecutive hospitalized patients, hypoal- 
uminemia and kidney dysfunction were shown to be indepen- 
ently associated with an ACB score. Patients with a higher an- 
icholinergic burden score had a lower estimated glomerular 
ltration rate ( eGFR ) and were also prescribed higher doses of 
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Table 2: Anticholinergic cognitive burden scoring drugs based on 
ACB scale [ 8 ]. 

Pharmacologic groups ATC code 

International 
no-proprietary 

name 
ACB 
score 

Parasympatholytics or 
sympathomimetics 

A04 Scopolamine 3 

Drugs for 
gastrointestinal 
disorders 

A02 Cimetidine 1 
Ranitidine 1 

A03 Alverine 1 
Atropine 3 
Dimenhydrinate 3 
Propantheline 3 

A07 Hyoscyamine 3 
loperamide 1 

Drugs related to 
cardiovascular system 

B01 Coumadine 1 
C01 Dipyridamole 1 

Digoxin 1 
Disopyramide 1 
Isosorbide 1 

C02 Hydralazine 1 
C03 Furosemide 1 

Quinidine 1 
Chlortalidone 1 

C07 Triamterene 1 
Atenolol 1 

C08 Metoprolol 1 
C09 Nifedipine 1 

Captopril 1 

Urinary 
antispasmodics 

G04 Dariferacin 3 
Flavoxate 3 
Oxybutynine 3 
Tolterodine 3 

Corticoids H02 Hydrocortisone 1 
Prednisone 1 

Analgesic N02 Codeine 1 
Fentanyl 1 
Morphine 1 
Pethidine 2 
Meperidine 2 

Antiepileptic N03 Carbamazepine 2 
Oxcarbazepine 2 

Antiparkinsonian N04 Amantadine 2 
Benztropine 3 
Orphenadrine 3 
Procyclidine 3 
Trihexyphenidyl 3 

Psycholeptic N05A 

antipsychotic 
Clozapine 3 
Chlorpromazine 3 
Haloperidol 1 
Levomepromazine 2 
Loxapine 2 
Molindone 2 
Olanzapine 3 
Perphenazine 3 
Pimozide 2 
Promazine 3 
Quetiapine 3 
Risperidone 1 
Thiorizadine 3 
Trifluoperazine 3 

N05B anxiolytic Alprazolam 1 
Clorazepate 1 
Diazepam 1 
Hydroxyzine 3 

Table 2: Continued 

Pharmacologic groups ATC code 

International 
no-proprietary 

name 
ACB 
score 

Antidepressant N06A Amitriptylline 3 
Amoxapine 3 
Buproprion 1 
Clomipramine 3 
Desipramine 3 
Doxepin 3 
Fluvoxamine 1 
Imipramine 3 
Nortriptyline 3 
Paroxetine 2 
Trazodone 1 
Trimipramine 3 

Antiasthmatic drugs R03 Theophylline 1 

H1 antihistaminic R06A Alimemazine 1 
Brompheniramine 3 
Carbinoxamine 3 
Chlorpheninamine 3 
Clemastine 3 
Cyproheptadine 2 
Diphenhydramine 3 
Meclozine 3 
Promethazine 3 
Pyrilamine 3 

Others M03 Cyclobenzaprine 2 
M04 Colchicine 1 

A Drugs in bold are drugs with ACB score at 3. 
TC: anatomical therapeutic chemical; ACB: Anticholinergic Cognitive Burden. 
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nticholinergic medications than those with a lower anticholin-
rgic burden score [ 26 ]. In a study conducted with 5196 advanced
KD patients over 75 years of age, polypharmacy was measured,
nd the average number of drugs prescribed per day was deter-
ined as 9. Among common potentially inappropriate medica-

ions with renal contraindications, dose adjustments or precau-
ions for the study population, the frequency of anticholinergic
rugs prescribed was as follows: hydroxyzine ( 4.9% ) , mirtaza-
ine ( 1.6% ) , amitriptyline ( 0.7% ) dexchlorpheniramine ( 0.5% ) ,
limemazine ( 0.4% ) and ropinirole ( 0.2% ) . Consequently, it was
ecommended that physicians should limit the number of these
rugs as much as possible [ 27 ]. 

PIOID AGENTS 

hronic pain is a consequence of CKD and its complications,
nd a comprehensive treatment strategy is required in these pa-
ients. Dose control of drugs used in pain management in CKD
nd end-stage kidney disease ( ESKD ) patients not only increases
he effects of drugs, but also reduces adverse effects including
ild cognitive impairment. Many studies have shown that pain
n its own has negative effects on cognition, but there are also
tudies that show some regression/decline of cognitive func-
ions after the use of opioids as pain relievers [ 28 ]. In a system-
tic review, anticholinergics, antihistamines, GABAergic drugs,
ricyclic antidepressants and opioids were associated with mild
ognitive impairment with amnesic and non-amnesic effects in
dults without an underlying CNS disease, and this systematic
eview summarizes the role of high doses of oral opioids cause
mpairment in concentration and memory storage [ 29 ]. 

Table 3 summarizes the possible CNS-related adverse ef-
ects of some opioids used in pain management in CKD and
he pharmacokinetic changes of these drugs in CKD patients. In
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Table 3: Possible CNS-related ADRs and pharmacokinetics changes of opioids in CKD or ESKD [ 110 ]. 

Drug ADR in CKD or ESKD Pharmacokinetics data in CKD 

Buprenorphine Safer profile [ 31 ] No dose adjustment required [ 31 ] 

Codeine Prolonged CNS depression Not recommended in CKD [ 31 ] 

Dihydrocodeine CNS depression N/A 

Fentanyl Prolonged sedation Its clearance may be altered 

Hydrocodone Limited information available [ 111 ] Metabolized to hydromorphone; caution in CKD 

[ 112 ] 

Hydromorphone or active 
metabolite H3G 

Myoclonus, mental status changes; neuro-excitatory side 
effects [ 30 ] 

Active metabolite may accumulate in CKD [ 112 , 113 ], 
close monitoring is required [ 31 ] 

Meperidine CNS depression, psychosis, hyperactivity, seizures, 
myoclonus, mental status changes [ 111 ] 

Active metabolite excretion depends on GFR. Dose 
adjustment is recommended. It should be avoided 
in ESKD 

Methadone PK is unaffected but poorly removed by 
hemodialysis 

Morphine or M3G ( active 
metabolite ) 

CNS depression, morphine encephalopathy, 
neuroexcitatory effects such as allodynia, myoclonus, and 
seizures, cognitive impairment [ 30 ] 

Disposition or sensitivity is altered. Not 
recommended in CKD [ 31 ] 

Oxycodone Lower risk of hallucinations and mental confusion [ 31 ] Active metabolite excretion depends on GFR. Dose 
adjustment is recommended. Close monitoring is 
required [ 31 ] 

Oxymorphone Bioavailability is increased in kidney dysfunction. 
Caution in CKD 

Pethidine Risk of CNS depression or convulsions Dose recommendation: in ESKD avoid if possible, if 
not, decrease dose in 50% in 8-h intervals 

Propoxyphene Active metabolite excretion depends on GFR. Dose 
adjustment is recommended. It should be avoided 
in ESKD 

Tapentadol Low risk of withdrawal Low risk of drug–drug interaction 

Tramadol ( centrally acting ) CNS depression 2-fold prolonged t 1/2 in reduced GFR; 
recommendations: decrease the dose, increase the 
intervals between doses, and careful monitoring 

M3G, morphine-3-glucuronide; H3G, hydromorphone-3-glucuronide; N/A, not available PK, pharmacokinetics; t 1/2 , half life. 
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articular, morphine and codeine most be avoided in patients 
ith CKD with an eGFR ≤60 mL/min/1.73 m 

2 due to neurotoxic 
dverse effects. If opioids are to be used in CKD patients, a low 

ose should be started and titrated slowly, as CNS-related ad- 
erse effects may appear more prominently at the start of opioid 
herapy or with dose increases [ 30 ]. 

Clinical diagnosis of morphine encephalopathy in CKD pa- 
ients under morphine includes the presence of cognitive trou- 
les, coma, bilateral myosis and bradycardia. A recent inges- 
ion of sustained-release morphine sulfate is highly suggestive 
f the diagnosis. The rapid aggravation of neurologic signs in a 
hort time makes the diagnosis of uremic encephalopathy less 
robable. The lack of other signs of CNS disorders ( e.g. hemi- 
legia, and/or agitation, infection ) , cerebral computed tomogra- 
hy scans and cerebrospinal fluid evaluations helps to exclude 
he diagnosis of intracranial bleeding or ischemic stroke, or in- 
ection. The best strategy to confirm the diagnosis of morphine 
ncephalopathy is a positive naloxone test ( i.e. rapid involve- 
ent of consciousness after naloxone injection ) . The evaluation 
f blood morphine level is not available as an emergency test,
ince its often done by high-performance liquid chromatogra- 
hy or gas chromatography–mass spectrometry, which are time- 
onsuming techniques. 
In the liver, morphine is metabolized into two primary 
etabolites named 3 and 6 glucuronide ( M3G and M6G ) , which 
re eliminated almost exclusively by the kidneys. In the CKD 

ondition, M6G may accumulate and cause severe opioid ADRs 
ith insidious onset and long persistence because M6G accu- 
ulation may cause neurotoxic symptoms [ 31 ]. Since codeine is 
 prodrug and forms the same morphine metabolites, it is also 
ot recommended in CKD patients. Other opioids, even if some 
re renally excreted and could induce CNS ADRs, could be use in
KD patients after dose adjustments ( Table 3 ) . 
The severity of ADRs after morphine administration is also 

ue to enhanced opioid receptor sensitivity in CKD patients.
ot all patients with kidney dysfunction suffer from ADRs after 
orphine administration because of the accumulation of the 
ctive metabolite M6G. The single nucleotide polymorphism 

118G of the mu-opioid-receptor gene ( OPRM1 ) , associated 
ith decreased potency of M6G, could be among protective 

actors against M6G-related opioid toxicity [ 32 , 33 ]. Many CKD
atients are prescribed a high number of drugs, leading to 
otential drug–drug interactions, increasing the effects of opi- 
ids and CNS adverse effects. This risk is increased when they 
re co-administered with cytochrome P450 ( CYP450 ) enzyme 
nducers or inhibitors. Concomitant use of gabapentinoids 
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uch as gabapentin and pregabalin, used for neuropathic pain 
n CKD patients, with opioids may increase CNS depressive 
ffects [ 31 ]. 

requency of use of opioid and gabapentinoids in CKD 

atients 

n a large population-based retrospective cohort study that in- 
luded adults with CKD defined by eGFR < 60 mL/min/1.73 m 

2 ,
pioid use was common, with 24.3% of patients being prescribed
epeated or long-term opioids [ 34 ]. The Centers for Disease Con-
rol guideline recommends that opioid use should be reduced 
n patients with CKD because these patients have a higher risk
f mental problems, falls and fractures [ 35 ]. Opioids are gener-
lly less used in CKD and dialysis patients than in the general
opulation because of their adverse effect profile and possible 
hanges in pharmacokinetics with reduced clearance [ 31 ]. Opi-
id use in pain management in CKD patients should be utilized
ith caution on an individual basis to avoid CNS adverse effects

ncluding cognitive impairment. 
Gabapentinoids are frequently prescribed in CKD patients for 

hronic neuropathic pain, but because they are excreted by the
idneys, dose adjustment may be necessary due to the risk of
oxicity. In a retrospective study evaluating frequency of ADRs 
n 200 patients with CKD and ESKD, it was shown that appro-
riate dosing of these drugs is particularly important to mini-
ize the risk of adverse events in patients of older age, with a
istory of seizures or concomitant antipsychotic use. Dose re- 
uction would be appropriate and physicians should be aware 
hat high-dose gabapentinoids should not be used in CKD pa-
ients [ 36 ]. A population-based study examined the risk of ad-
erse effects after 30 days of administration of high- and low-
ose gabapentin and pregabalin in 74084 CKD patients with a
GFR < 60 mL/min/1.73 m 

2 was examined and demonstrated a
light increase in hospitalization with encephalopathy, falls or 
ractures, with or without respiratory depression with high-dose 
dministration [ 37 ]. Silva-Almodóvar et al. investigated poten- 
ially inappropriately prescribed medications in patients with 
KD. They examined the prescriptions of 3624 CKD patients 
nd found that 14% of all medications were potentially inap-
ropriately prescribed medications, and that among the most 
rominent of these drugs were levetiracetam, pregabalin and 
abapentin [ 38 ]. Therefore, if gabapentinoid is to be used in CKD
atients, it would be appropriate to consider both patient fac-
ors and dose and adverse effect profiles, and consider the risk–
enefit ratio. 

SYCHOTROPIC AGENTS 

sychotropic drugs such as anxiolytics, antidepressants and an- 
ipsychotics are frequently associated with cognitive impair- 
ent through different mechanisms; they may have direct ef- 

ects on cognition due to their own therapeutic properties or
ecause of their anticholinergic properties. The question of the 
irect impact of psychotropic drugs and cognition is still contro-
ersial. 

ntidepressants and Anxiolytics 

here are many studies showing that cognition is also impaired
n depression. These patients may also use anxiolytics, sleep- 
ng pills, in addition to antidepressants. Due to this multi-drug
se, it becomes difficult to delineate the effects of antidepres-
ants on cognition in patients treated for depression [ 39 ]. In ad-
anced CKD patients, especially older adults, in addition to cog-
itive impairment, psychiatric disorders such as anxiety and de-
ression may also frequently be seen. The prevalence of depres-
ion in this patient group has shown to be between 14% and
0%, whereas it varies between 22.8% and 39.3% in dialysis pa-
ients [ 40 ]. The risk of hospitalization and death increases in
hose with CKD and depression comorbidities [ 41 , 42 ]. In gen-
ral, some antidepressants require dose adjustment and some
NS adverse events require close monitoring, as decreased clear-
nce due to decreased kidney function affects the pharmacoki-
etics of drugs [ 43 ]. Fluoxetine due to its long half-life, tricyclic
ntidepressants due to the risk of prolonging the QT interval and
ausing arrhythmia, monoamine oxidase inhibitors ( MAOIs ) due 
o drug interactions, serotonin and norepinephrine reuptake in-
ibitors due to the risk of formation of toxic metabolites in pre-
ialysis CKD patients, and paroxetine due to the need for dose
djustment are not preferred for the treatment of depression in
KD patients. Citalopram is also not recommended in CKD pa-
ients with a GFR ≤20 mL/min/1.73 m 

2 due to its active metabo-
ite. Sertraline has been used in studies that have considered it
afe in CKD and hemodialysis patients because it is metabolized
n the liver and its active metabolite becomes inactive before it
s excreted renally [ 42 , 44 ]. However, antidepressants seem to
e of limited efficacy in the CKD population: according to the
AST ( Chronic Kidney Disease Antidepressant Sertralin Trial )
ouble-blind placebo-controlled clinical trial, sertraline had no 
ignificant effect over placebo for reducing depressive symp-
oms. However, the authors suggested that sertraline may be
sed as an effective agent, since there is currently no effective
reatment alternative for CKD and ESKD patients with depres-
ion [ 43 ]. In the ASCEND study, where sertraline was compared
ith cognitive behavior therapy, some patients experienced CNS
ide effects such as dizziness, headache and insomnia [ 45 ]. 

Benzodiazepines are used to treat anxiety and insomnia,
hich may also be seen in CKD and hemodialysis patients. Sev-
ral studies in non-CKD patients have shown a link between
ong-term benzodiazepine use and dementia and cognitive im-
airment [ 46 , 47 ], but results from a community-based retro-
pective cohort study from Spain have questioned this. Short
alf-life drugs, however, increased the risk of dementia at the
ighest doses, especially in female patients, showing a dose–
esponse relationship [ 48 ]. In rats, diazepam has recently been
hown to impair the structural plasticity of dendritic spines,
ausing cognitive impairment [ 49 ]. This newer study contradicts
 previous animal study, where diazepam did not appear to irre-
ersibly affect functions such as working memory, visual recog-
ition memory, spatial reference learning and memory, and vi-
uospatial memory [ 50 ]. 

ntipsychotics 

ithium is a mood stabilizer and a first-choice medication in
ipolar disorder treatment and an additional therapy for resis-
ant depression and unipolar depression. The dose and serum
ithium levels are important to follow and monitor due to its ad-
erse effects including mainly kidney, thyroid and cognitive dis-
urbances. On the other hand, in recent publications it has been
hown to have immunomodulatory, neuroprotective and neu- 
otrophic properties [ 51 , 52 ]. However, there is also a perception
nd studies showing that it has negative effects on cognition in
he long term [ 53 ]. Therefore, the dose and duration of lithium
reatment are clinically important [ 51 ]. 

Overall, since psychiatric problems such as anxiety, insomnia
nd depression are frequent in CKD and hemodialysis patients,
sychotropic drugs are often used and could have negative
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ffects on cognition, as the pharmacokinetics of drugs may 
hange with impaired kidney function. 

requency of use of psychotropic agents in CKD patients 

n a large study based on data from 242349 patients in UK gen- 
ral practice, the rate of antidepressant prescription in CKD pa- 
ients was found to be 1.5 times higher than in the general popu- 
ation [ 54 ]. The choice of antidepressants was similar in patients 
ith and without CKD [ 54 , 55 ]. In a cross-sectional study exam- 

ning the frequency of psychotropic drug use in 195 hemodial- 
sis patients, the frequency of use of benzodiazepines, hyp- 
otic drugs, antidepressants, antipsychotics and mood stabiliz- 
rs, was found to be 42.6%, 20.0%, 5.6%, 1.0% and 3.1%, respec- 
ively [ 56 ]. However, it was observed that only 24% of the patients 
ere diagnosed with a major depressive disorder and 6.4% of 
hem were treated in a psychiatry clinic and used medication 
 56 ]. Therefore, it may be concluded that the presence of de- 
ression in hemodialysis patients may not be recognized well 
nough, and perhaps major depressive disorder treatment is not 
ell-managed [ 57 ] . 

NTIBACTERIALS 

ntibiotics ( AB ) represent one of the most frequently used drug 
lasses globally [ 58 ]. In addition to well-known side effects on 
arious organ systems such as the gastrointestinal, cardiovascu- 
ar or musculoskeletal system, these substances have been asso- 
iated with adverse effects on both the peripheral and the cen- 
ral nervous system [ 59 ]. Until now, AB-induced neurotoxic ADRs 
ave been observed with the majority of AB classes including 
etalactams ( penicillins, cephalosporins, carbapenems ) , fluoro- 
uinolones, sulfonamides, macrolides, metronidazole, amino- 
lycosides, oxazolidinones, polymyxins and antimycobacterials 
 60 –70 ]. However, a detailed review of neurotoxic effects accord- 
ng to AB classes is beyond the scope of the present work. 

Mechanisms of AB-induced central neurotoxicity include 
nhibition of gamma-aminobutyric acid ( GABA ) -ergic neu- 
otransmission ( e.g. betalactams, fluoroquinolones ) , interfer- 
nce with N-methyl- d -aspartate ( NMDA ) -ergic neurotransmis- 
ion ( fluoroquinolones, aminoglycosides ) , inhibition of MAO 

 linezolid ) as well as drug interactions, e.g. with anti-convulsive 
rugs ( carbapenems ) or ciclosporin ( imipenem ) [ 71 –77 ]. How- 
ver, exact neurotoxic mechanisms have not been elucidated 
or all AB classes. While specific molecule characteristics, i.e.
ipophilia, may favor the occurrence of central neurotoxicity ( e.g.
olymyxins, sulfonamides ) , AB classes without BBB penetration 
ight still lead to neurotoxicity in the context of high-dose ad- 
inistration or in the context of CKD-related BBB dysfunction 

 penicillins ) . 
Clinical manifestations of CNS neurotoxicity may range 

rom mild to life-threatening presentations including confu- 
ion, acute delirium and acute psychosis, as well as seizures,
yoclonus and focal symptoms such as aphasia [ 59 ]. A par- 

icular clinical picture linked to metronidazole use involves 
igns of encephalopathy and prominent cerebellar dysfunction 
 66 , 78 ]. However, AB-induced neurotoxicity may be difficult to 
ecognize, particularly in CKD patients and in cases of atypical 
resentations ( hypoactive delirium, non-convulsive status 
pilepticus ) , and may mimic a wide spectrum of neurological 
r psychiatric illnesses in this high-risk population with high 
omorbid burden. 

The onset of symptoms is rapid ( within days ) for most 
f the described central neurotoxic effects induced by AB 
hile symptom onset might be late, within weeks of expo- 
ure ( metronidazole ) [ 79 ]. Similarly, whereas most symptoms 
re rapidly reversible after stopping the offending agent, long- 
asting or even durable effects have been described ( e.g. er- 
apenem, metronidazole ) [ 66 , 80 ]. The role of extracorporeal 
herapies in the treatment of AB-induced neurotoxicity is cur- 
ently not clearly established. 

CKD patients are particularly prone to infectious problems 
nd hence, AB are commonly used in this population, both in 
he ambulatory and in the hospital setting [ 81 ]. Due to the re-
al route of elimination of the large majority of AB drugs in
ddition to intrinsic CKD-related factors discussed in our part- 
er review, CKD patients are at high risk for AB-induced ADR 
 82 ]. However, neurotoxic effects have been reported in CKD pa- 
ients even despite adequate dosing [ 83 , 84 ]. On the other hand,
rug elimination in the context of kidney replacement therapies 
ave to be considered for treatment adaptation. In addition to 
ancomycin and aminoglycosides, therapeutic drug monitoring 
s nowadays increasingly being used for several additional AB 
ubstances, particularly in critically ill patients, in patients un- 
ergoing kidney replacement therapy or with impaired kidney 
unction [ 85 –87 ]. 

In conclusion, a high index of suspicion for neurotoxic drug 
ffects in CKD patients treated with AB should be maintained.
herapeutic drug monitoring should be considered in CKD pa- 
ients where available to reduce the risk of toxicity while achiev- 
ng pharmacokinetics/pharmacodynamics optimization and po- 
ential reduction in the development of antimicrobial resistance.

NTIVIRAL DRUGS 

ntivirals are frequently prescribed in CKD patients for both pro- 
hylactic and therapeutic purposes, particularly in transplanted 
atients and those immunocompromised by treatments for the 
idney disease. 

The most frequently prescribed are antivirals against viruses 
f the herpes group: acyclovir and valacyclovir for Herpes Sim- 
lex Virus and Varicella Zoster Virus infections, and ganciclovir 
nd valganciclovir for Cytomegalovirus infections. These drugs 
ross the BBB. Acyclovir and valacyclovir are particularly known 
or their potential but rare neurological toxicity. A systematic re- 
iew of published cases of neurotoxicity associated with these 
wo drugs found that neurotoxicity was related mostly to intra- 
enous acyclovir ( 74% ) rather than oral valacyclovir ( 29% ) . The 
ain symptoms are confusion, lethargy, tremor and hallucina- 

ions. Kidney dysfunction was the main factor associated with 
eurotoxicity as it was documented in 83% of cases. In this series
he administered dose was higher than the recommendation for 
idney function adjustment in 60% [ 88 ], highlighting the impor- 
ance of dose adaptation of CKD patients to prevent neurotoxic- 
ty. This may be related to an increased half-life of acyclovir, and 
n particular to the serum accumulation of the main metabolite 
f acyclovir 9-carboxymethoxymethylguanine ( CMMG ) in CKD 

atients, which is related to neuropsychiatric symptoms of acy- 
lovir toxicity [ 89 ]. An increased level of CMMG is a valuable di-
gnostic marker of this toxicity and can guide physicians to drug 
ithdrawal or prescription of dialysis in acute cases as both acy- 
lovir and CMMG are readily dialyzed and more than 50% can 
e removed by a single dialysis [ 90 ]. Ganciclovir neurotoxicity 
s much less described, but a few case reports indicate acute 
eurotoxicity, especially in patients with impaired kidney func- 
ion [ 91 ]. Ganciclovir dose also needs to be adapted to kidney
unction. 
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In patients with HIV, tenofovir disoproxil fumarate, a nucleo- 
ide reverse transcriptase inhibitor, is commonly prescribed and 
s the antiretroviral associated with the most important risk of
roximal tubular dysfunction and CKD [ 92 ] but does not seem to
e associated with neurotoxicity per se [ 93 ] . Ritonavir, a protease
nhibitor frequently used as a booster for other antivirals, seems
o be associated with less neurotoxicity but could enhance the
eurotoxicity of other antivirals [ 94 ]. 
Also, nirmatrelvir/ritonavir ( Paxlovid®) , indicated for the 

reatment of early COVID-19 in patients at high risk of se-
ere forms ( notably the immunocompromised ) , is associated 
ith many drug–drug interactions. Particularly, it increases 
he blood concentrations of potentially other neurotoxic drugs 
ike tacrolimus, antipsychotics and cytotoxic chemotherapies 
 vinblastine ) [ 95 ] . 

However, very few data are available on the exact frequency 
f prescription of antivirals in CKD patients, and specific studies
re needed in the CKD population. 

MMUNOSUPPRESSIVE DRUGS 

mmunosuppressive drugs are commonly used after organ 
ransplantation, and kidney transplantation is one of the most 
ommon solid organ transplants in the world, followed by liver,
ung and heart. According to the European Renal Association 
 ERA ) , a total of 24013 kidney transplantations were performed
n Europe in 2019 [ 96 ]. 

Immunosuppressive drugs greatly improve survival after 
idney transplantation, but can cause numerous and frequent 
eurological complications [ 97 ]. Immunosuppressive agents 
ay affect the central and peripheral nervous systems and 

hereby cause both direct and indirect neurotoxic effects [ 98 ].
alcineurin inhibitors ( CNIs ) , e.g. tacrolimus ( TAC ) , cyclosporine 
 CsA ) and corticosteroids, are the immunosuppressants most 
ommonly associated with neurological complications [ 99 ]. It 
s known that TAC and CsA do not readily cross the BBB, but
n CKD this barrier can be disrupted, thereby CNIs can exert a
oxic effect on the nervous system [ 100 ]. TAC and CsA inhibit
alcineurin activation, which is highly expressed in the CNS,
nd leads to the blockage of interleukin-2 production [ 101 ]. The
eurotoxic effect of CNIs is mediated by several mechanisms,
ncluding changes in neurotransmission, disruption of the 
BB and vascular endothelium, or alteration of mitochondrial 
unction [ 102 ]. Usually, the severity of symptoms in most pa-
ients is mild or moderate, such as tremor, headache, dizziness,
araesthesia and peripheral neuropathy. Some patients may 
xperience serious neurological side effects associated with 
NIs, including posterior reversible encephalopathy syndrome,
eizures, psychosis, blindness, confusion or coma [ 101 ]. Much
ess is known about the effects of immunosuppressive drugs on
ognitive function. Martínez-Sanchis and colleagues compared 
hree main immunosuppressants ( CsA, TAC and sirolimus ) and 
heir impact on cognition after kidney transplantation [ 103 ].
hey showed that patients treated with TAC and sirolimus had
mpaired performance on multidomain cognitive tasks. In con- 
rast, such cognitive side effects were not reported in subjects
eceiving CsA, whose cognitive test scores were similar to those
ot receiving immunosuppression. In another publication,
esearchers investigated cognitive function, brain structure and 
etabolism in patients treated with standard-dose tacrolimus 

herapy 10 years after kidney transplantation and compared 
ith kidney recipients 1 and 5 years after surgery, tacrolimus
atients after liver transplantation and healthy controls [ 104 ].
n all patients after kidney and liver transplantation, cognitive 
ecline was observed, mainly in visuospatial and construc-
ional domains. However, the results indicated that many years
fter kidney transplantation, kidney recipients may experience 
ognitive decline, although tacrolimus therapy alone is not
ufficient to lead to cognitive impairment and changes in brain
nergy metabolism. 

Apart from CNIs, corticosteroids are the second group of
mmunosuppressive drugs that most often cause neurological 
omplications [ 98 ]. Corticosteroids inhibit many cytokines,
.g. interleukin-1, interleukin-2, interleukin-6, tumour necrosis 
actor–α and interferon-gamma [ 105 ]. Glucocorticoids cross the
BB and bind to corticosteroid receptors in the CNS [ 106 ]. Com-
on neurological side effects associated with corticosteroid use
re myopathies, visual blurring, tremor and psychiatric disor-
ers, such as mood changes, insomnia, anxiety, mania, psy-
hosis, decreased concentration or cognitive impairment [ 107 ].
orticosteroids are known to negatively affect cognition [ 108 ]. El-
vated cortisol levels are associated with impairments in several
ognitive domains such as selective attention processing and
isual components [ 108 ]. Moreover, chronic corticosteroid ther-
py is associated with decreased hippocampal volume in brain
maging, which plays a major role in learning and memory and
mpaired declarative memory performance [ 109 ]. 

Finally, other immunosuppressants, i.e. mammalian target 
f rapamycin inhibitors ( mTOR ) ( sirolimus, everolimus ) , mon-
clonal antibodies ( rituximab, alemtuzumab ) and purine syn- 
hesis inhibitors ( mycophenolate, azathioprine ) , have relatively 
ow neurotoxicity or neurological complications are rare and
ild [ 101 ]. The influence of immunosuppressive drugs on cog-
ition has not been fully investigated and it is likely that other
onfounding factors should be considered, including age, di-
erse etiology of cognitive disorders or multimorbidity of kidney
ecipients. 

ONCLUSION 

eurocognitive disorders are common among CKD patients.
dentifying risk factors for cognitive impairment can help to as-
ess the ability of adherence to CKD risk reduction strategy. As
iscussed above, re-evaluation of drug prescription could repre-
ent an interesting tool to prevent or improve cognitive disor-
er in CKD patients. Early diagnosis of drug-induced confusion,
nd withdrawal of the offending agent or agents is essential and
ight finally result in a substantial decrease in socio-economic
urden and patient mortality. As discussed elsewhere, as kidney
unction declines pharmacokinetics of drugs change and CKD is
ssociated with BBB disruption that could increase the risk of
DRs. 
Because cognition is not routinely recorded in electronic

ealthcare records, there is very limited pharmacoepidemi- 
logic evidence for CNS ADRs in CKD patients ( except for
mmunosuppression treatment ) . Nevertheless, we have high- 
ighted that CKD patients are frequently treated with drugs that
re commonly recognized as at risk of leading to cognitive im-
airment in the general population such as opioids, psychotrop-
cs, AB, antivirals and drugs with anticholinergic properties, sug-
esting that more research on drug dosing consideration in CKD
s needed. 
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