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ABSTRACT

Increasing evidence supports that ketamine affects cognitive function, but various studies have reported
dissenting opinions. This study aimed to investigate the potential correlation between Ketamine usage and
memory deterioration, which is crucial for informing clinical practice and public health interventions. A
systematic review was conducted, and six databases were scanned according to the PRISMA guidelines. As a
result, 50 studies were analyzed to investigate the relationship between Ketamine and memory deterioration. It
was found that most studies provided evidence for the claim that there is a negative association between
Ketamine and cognitive function, specifically in the realm of memory. Some studies emphasized gender
differences; however, their results were inconclusive. Studies have also found that the impact of ketamine is not
limited to cognitive functions; it extends to other aspects such as depression, suicidal ideation, and
neurocognitive functions. In conclusion, it is evident that there is an association between Ketamine and memory
deterioration however, this relationship is challenging to develop and further studies are required.
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OZET

Ketaminin bilissel islevleri etkiledigine dair bulgular giderek artsa da gesitli calismalarda farkli goérusler ortaya
koyulmustur. Bu ¢alisma, klinik uygulamalar ve halk sagligi midahaleleri hakkinda bilgi vermede ¢ok 6nemli olan
Ketamin kullanimi ile bellek bozukluklari arasindaki potansiyel iligkiyi arastirmayi amaglamaktadir. Calismada
sistematik derleme y6ntemi benimsenerek PRISMA kilavuzuna gore alti veri tabani taranmis, Ketamin ve bellek
bozukluklari arasindaki iligkiyi arastiran 50 g¢alisma analize dahil edilmistir. Cogu galisma, Ketaminin biligsel
islevler, ozellikle de bellek lizerinde olumsuz bir etkisi oldugunu gostermektedir. Bazi galismalar cinsiyet
farklihklarini vurgulamis; ancak bunlarin sonuglari yetersiz kalmistir. Calismalar ayrica Ketaminin etkisinin biligsel
islevlerle sinirl olmadigini; depresyon, intihar diistincesi ve norobilissel islevler gibi diger yonler tizerinde de etkili
oldugunu ortaya koymustur. Sonug olarak Ketamin ve bellek bozukluklari arasinda bir iliski oldugu agiktir, ancak
bu iligkinin tam anlamiyla agiklanabilmesi igin daha fazla ¢alismaya ihtiyag vardir.
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Introduction

Ketamine hydrochloride, commonly referred to as
Ketamine is a widely used dissociative anesthetic that is
used medically for the induction and maintenance of
anesthesia. It is considered one of the safest anesthetics,
in contrast to opiates, ether, and propofol.2 Nowadays
Ketamine usage had varied to include depression
treatment, suicidality, chronic pain, migraines, obsessive
compulsive disorder, and even some post-traumatic stress
disorder (PTSD) symptoms.3* Introduced in 1962 for use
as an anesthetic and an analgesic (pain reliever) and also
for use in minor surgery, Ketamine is an old medicine. In
1970, the U.S. Food and Drug Administration (FDA)
approved the drug, and it quickly became the most widely
used battlefield anesthetic during the Vietnam War.®
Since then, more researchers have been interested in its
impact on mental health and have been involved in
further investigating it and how it can be used to enhance
or manage mental health crises.”

Ketamine and its usages

Ketamine is one of the most well-known forms of
psychoplastogen. Ketamine impacts multiple receptors
and pathways in the brain and body. Ketamine has a
predominant action on two very important
neurotransmitters: glutamate and gamma-aminobutyric
acid (GABA). In fact, as the Brain & Behavior Research
Institute points out, these two chemical messengers have
opposite effects: “glutamate is the most common of the
brain’s ‘excitatory’ neurotransmitters, while GABA has an
opposite, inhibitory, role.” This combination has been
shown to be an important outcome not only in enhancing
mood but also in decreasing suicidal ideation.8?

Ketamine was and is still being used for different
purposes; it can provide pain relief and short-term
memory loss, such as amnesia, during medical
procedures. Another important use for Ketamine is
sedation in general anesthesia because it is an induction
and maintenance agent. Ketamine is also used to control
symptoms of depression, respiratory depression, and
acute suicidal ideation by blocking the N-methyl-D-
aspartate (NMDA) site.10-15

Side effects of ketamine

Just like any other drug, Ketamine also has side effects,
including both mental and physical. The most common
mental side effects include sedation, dream-like state,
decreased focus, agitation, anxiety, hallucinations,
difficulty thinking, and many more. Physical side effects of
ketamine include involuntary eye movements, seizures,
nausea, vomiting, and elevated blood pressure. Although
ketamine activates the sympathetic nervous system,

which typically leads to tachycardia, there are
documented cases where decreased heart rate occurs,
influenced by factors such as individual physiological
responses and dosage.'>¢ Frequent use of ketamine can
lead to damage to various major organs, including the
digestive tract, urinary tract, and brain. Ketamine impact
on the brain leads to induction of long-term cognitive
deficits, which was found among frequent users. Frequent
ketamine users exhibit numerous cognitive impairments,
but particularly a specific decline in spatial working
memory.7-18

Ketamine and memory

Most other antidepressants act on one of the
"monoamine" neurotransmitters, such as serotonin,
norepinephrine, or dopamine. Ketamine, on the other
hand, is believed to work in a way that targets glutamate,
the most common excitatory brain chemical messenger. It
supports and strengthens synaptic connections by
coordinating the brain's ability to process cognitive
thoughts, emotions, and neuroplasticity. Therefore,
glutamate acts to direct one of the key agents in learning
and remembering, which is forming responses to past
experiences.

The role of the NMDA receptor as a key component in
learning is supported since the levels of ketamine in the
chronic and acute state associated with spatial memory
deficits in human beings, and due to the fact that there is
the existence of a high density of the NMDA, high-affinity
non-competitive NMDA acid in the hippocampus. This
study will establish the relationship between memory
deficits and frequent ketamine use by finding the
relevance from the literature.®

Method

This study used a systematic review method to collect,
analyze, and interpret the data. In the systematic review,
studies published on the relevant subject are scanned in
detail. The studies are included in the review in line with
the inclusion criteria, and the findings obtained are
synthesized quantitatively and qualitatively.’® This
systematic review study was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) protocol (Attachment 1).
PRISMA is a guide that provides transparency and
accountability between papers in the presentation of
results, specifying standards for reporting the results of
systematic reviews.?% In the current study, six databases
were scanned in November 2023, and different
combinations of the determined keywords were searched
in the titles and abstracts of the studies using boolean
operators (Table 1).
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Table 1. Search Strateg

Databases

EBSCO, MEDLINE/PubMed, Science Direct, Scopus, Web of Science Core Collection, WILEY

Keywords

NMDA, Ketamine, Memory, Cognition

e In English
Inclusion/Exclusion | e Research article

e Available in full text

e Published in a peer-reviewed journal

e About Ketamine effects on memory during or after treatment

EndNote version 21.0, Clarivate Analytics, which is “a
database application that is used to store, manage, and
find bibliographic information”, was used to extract the
studies from the databases. Then, the titles and abstracts
of the studies were examined individually and chosen
according to the inclusion criteria. 50 studies that comply
with the relevant criteria were determined as a result of
the screening, and those studies were included in the
scope of the review.

Ensuring validity and reliability in qualitative research
can be explained by the concepts of credibility and
confirmability. While credibility provides internal validity,
confirmability provides external reliability.?! The current
study research’s method, data, findings, and results were
explained in a way that will provide the maximum benefits
for the researchers. All included studies were analyzed in
an unbiased and impartial manner with their sources. In
this study, the studies included in the scope of the study
were coded into a database using the Microsoft Office
Excel program according to the pre-determined
categories.

The research questions of this systematic review are as
follows:

e  What is the most used route for Ketamine?

e  What is the most used dosage for Ketamine?

e If any, which other drugs were used in addition to
Ketamine?

e  Which scales were used the most to assess memory?

e What other scales were used the most in addition to
memory assessment?

e s Ketamine usage a contributive agent in memory
deterioration?

e Does the effect of Ketamine differ among genders?

e  What factors are mostly investigated with Ketamine
use and its effect on memory?

Findings

All the studies that were included in this systematic
review were based on the results of the inclusion and
exclusion criteria, and they were examined in detail based
on two aspects: characteristics of the studies and
qualitative synthesis. In this section of the study, the
findings will be analyzed in detail based on these two
aspects.

Characteristics of the studies
A total of 50 studies were analyzed by the year of
publication, and it was found that the publication years

ranged from 1983 to 2022. Research on this topic was
relatively limited during the late 1990s and early 2000s;
however, there was a significant surge in research by the
2010s, followed by a subsequent decline as of 2022, as can
be seen in Figure 1.

Studies were conducted using three different
methods: clinical, experimental, and scale. The clinical
method was the most used by 76%, followed by the
experimental method by 18%, and the scale method came
last with only 6% (Table 2). Most of the studies (80%) were
interventional design and 20% were observational design.
The universe sizes of the studies varied between nine and
1614 with an average of 104. 80% of the studies included
both genders. Among these studies, eight were conducted
only on male participants and six included only female
participants (Table 2).

Detailed information about the studies, such as route
and dose of Ketamine, memory, and other
measurements, and the main findings are given in detail
in Table 4. The studies were examined in detail for the
application route of Ketamine, and it was found that most
studies (72%) have used the intravenous method.
Ketamine was not always applied alone; most of the time,
it was combined with other drugs including Methadone
and Morphine as opioids/analgesics, Propofol and
Midazolam as anesthetics and sedatives/hypnotics,
Haloperidol as Antipsychotics, and other drugs such as
Saline and Methamphetamine (Table 2). It was found that
increasing Ketamine doses leads to temporarily impaired
cognitive functions (22-24). However, despite this
variability, studies suggest that Ketamine, even at
relatively low doses, can adversely affect cognitive
functions (22, 23, 25-47).

It was also found that 59 different memory scales were
used, and the most used was the MATRICS Consensus
Cognitive Battery (n=8), followed by the Cogstate Brief
Battery (n=6) (Attachment 2). 28% of the scales used were
for working memory assessment and 20% were for
general memory assessment. Other scales were also used
to assist other parts of the memory, such as verbal, visual,
and autobiographical memory (Table 3). In addition to
scales for memory assessment, other scales were used in
line with the specific purposes of the studies, such as the
Montgomery—Asberg Depression Rating Scale (n=13),
Brief Psychiatric Rating Scale (n=8), Clinician-Administered
Dissociative States Scale (n=7) and Hamilton Depression
Rating Scale (n=7) (Attachment 3). Most of the scales
(66%) used were for mental health assessment followed
by cognitive assessment (%13) and addiction assessment
(5%) (Table 3).
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Figure 1. Distribution of studies by years

Table 2. Descriptive Findings of the Studies

14

2020s

Variable Frequency (n) Percentage (%)
Clinical 38 76
Study Method Experimental 9 18
Scale 3 6
. Interventional 40 80
Study Design Observational 10 20
Only Female 3 6
Only Male 4 8
Sample Gender Al 0 80
N/A 3 6
Intravenous 36 72
Nasal 2 20
Ketamine Route Oral 1 4
Oral or nasal airway insertion 1 2
N/A 10 2
Anesthetics and Sedatives/Hypnotics 9 18
Opioids/Analgesics 5 10
Other Drugs Antipsychotics 1 2
Other 15 30
N/A 20 40
Table 3. The Type of Memory Scales Used in the Studies
Frequency Percentage
(n) %
The Types of Memory Scales
Working Memory Assessment 24 28
General Memory Assessment 17 20
Verbal Memory Assessment 12 14
Visual Memory Assessment 7 8
Autobiographical Memory Assessment 5 6
Other Memory Assessments 20 24
The Types of Other Scales
Mental Health Assessment 84 66
Cognitive Assessment 17 13
Addiction Assessment 6 5
Personality Assessment 5 4
Psychomotor Assessment 5 4
Functioning Assessment 5 4
Diagnostic Assessment Tools 2 2
N/A 3 2
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Table 4. Ketamine Findings Of The Included Studies

Study Route and Oth.er drugs Memory Measurements Other Measurements Main Finding
Dose (if any)
The study found that ketamine treatment
Hopkins Verbal Learning Test-Revised (HVLT-R-DR) .Cl.inical Anxiety Scalg (CAS) dic! not offer any clogniti.ve or efficacy
Controlled Oral Word Association Test (COWAT) Fllnlcal G.Iob.al Im;?re55|on (CGI) beneflt§ compared VYIth saline t.reatment. A
Intravenous . . . ; Brief Psychiatric Rating Scale (BPRS) minority of patients experienced
(48) Saline Autobiographical Memory Interview — Short Form (AMI-SF) . . . .
0.5 mg/kg . . . Quick Inventory of Depressive psychological effects related to ketamine
Medical College of Georgia Complex Figure Test (MCGCFT) .
Self-reported Global Self Evaluation of Memory (GSE-My) Symptomatology— Self_ Report (QIDS-SR) uppn awakening from ECT, but overall, no
EuroQol 3-level version (EQ-5D-3L) serious safety or tolerability problems were
observed.
At the 40 mg dose, a significant reduction in
Intravenous - .
(32) 20 and 40 N/A Picture-encoding/recognition paradigm Bond and Lader visual analog scale recoganlon plctur.e recall p.erformance
me/70 ke/h characterized .by an increase in the number
of misses was observed.
Groton Maze Learning Test
One-back test This study found that repeated ketamine
Two-back test infusions did not result in a significant
(49) N/A N/A International Shopping List Task Clinician-administered PTSD Scale (CAPS- decline in any measures of cognition. In
0.5 mg/kg Continuous Paired Associative Learning V) contrast, there was a notable improvement
One Card Learning Test in working memory after the completion of
Groton Maze learning delayed the infusion series.
International shopping list delayed
N/A The study found that female ketamine
(25) N/A N/A Authors’ own questionnaire Pelvic pain and urgency/frequency (PUF) offenders were more likely to develop
severe cognitive impairment than males.
Beck Scale for Suicide Ideation (SSl)-part | .
Intravenous . Hamilton Depression Ratiné SCLIZ The study found that k.eta!n.qlne as.an NMDA
(50) 0.5 ma/ke N/A MATRICS Consensus Cognitive Battery (MCCB) adapted from the 17-item HAMD recept.or antagonls.t 5|gn|.f|cantly. improves
Global Assessment Scale (GAS) working memory in patients with MDD.
The study found that ketamine-associated
persistent psychosis patients had more
severe symptoms than non-psychotic
ketamine users. Both ketamine-associated
Nasal persistent psychosis and schizophrenia
(26) 38+27g/ N/A Cogstate Brief Battery Positive and Negative Syndrome Scale patients had similar levels of cognitive
day impairment, worse than non-psychotic
ketamine users, but not significantly
different from each other after adjusting for
demographic characteristics and
antipsychotic dose.
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Intravenous

Positive and Negative Syndrome Scale
(PANSS)

The study found that ketamine can disrupt
the ability to direct and sustain attention,
response inhibition, working memory,
verbal fluency, executive function, serial

27 N/A IntegN batt Clinician-administered Di iati L .
27) 0.23 mg/kg / nteghieuro battery inician-administered Bissociative processing, immediate and delayed free
Symptoms Scale (CADSS) .
. verbal recall, speed of processing,
Visual Analog Scale (VAS) . . .
reasoning, problem-solving, and emotion
recognition.
Hamilton Depression Rating Scale (HDRS)
Beck Depression Inventory (BDI) The study found that subjects reported
(51) Intravenous N/A Autobiographical Memory Interview — Short Form (AMI-SF) Brief Psychiatric Rating Scale slight improvements or little change,
0.5 mg/kg Autobiographical Fluency Task (AFT) Visual analog scales (VAS) suggesting that ketamine was not
Structured Clinical Interview for DSM-IV associated with memory impairment.
Antidepressant treatment history form
The study found that even at higher doses,
Intravenous Positive and Negative Svndrome Scale the effects of ketamine on perception,
(29) 0.23 mg/kg— Saline The spatial WM task & v attention, working memory impairments,
(PANSS) . .
0.58mg/kg/h and declarative memory are relatively
subtle.
The study found that memory impairment
Intravenous . . was the most frequently reported long-
4 N/A Authors’ N/A
(40) 34¢g/d / uthors’ own questionnaire / term symptom by inpatients with ketamine
dependence.
Intravenous . . . Hamilton Depression Rating Scale (HDRS) The study found that memory impairment
Cambridge Automated Neuropsychological Test Battery Spatial . . was the most frequently reported long-
(30) upto 2 Propofol .. Montgomery—Asberg Depression Rating s .
Recognition Memory task (CANTAB SRM) term symptom by individuals with
mg/kg Scale (MADRS) .
ketamine dependence.
The study found that the incidence of
memory loss after emergency department
| I
Ora _or nasa procedural sedation and analgesia (ED PSA)
alrway involving premixed ketamine-propofol (KP)
(31) insertion Propofol Authors’ own questionnaire Wisconsin Sedation Scale (WSS) . e
administered sequentially is infrequent.
0.5-0.74 . . . .
me/kg This outcome is associated with moderate
& sedation levels and propofol doses less than
0.75 mg/kg.
The study found a modest association
between reduced psychomotor speed and
accuracy and the concentrations of
Intravenous Dexmedeto Cambridge Neuropsychological Test ketamine, norketamine, and
23 0.3-0.15 - Cambridge N hological Test Aut ted Batt CANTAB L ’ -
(23) me/kg midine ambridge Neuropsychological Test Automated Battery ( ) Automated Battery (CANTAB) Dexmedetomidine in the blood. In addition,

a negative correlation was found between
the blood concentrations of ketamine,
norketamine, and Dexmedetomidine and
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performance on memory tasks. Notably,
concurrent administration of ketamine with
Dexmedetomidine but not with fentanyl
results in synergistic effects on
psychomotor performance and memory,
while avoiding executive dysfunction.

(22)

Intravenous

8 mg/kg/h

Norketamine

Visuospatial working memory (SWM)

Visual Analogue Scale (VAS)
Reaction/movement time (RTI)
Stockings of Cambridge (SOC)

The study found that increasing doses of
ketamine temporarily impaired higher-
order cognitive functions, including
visuospatial working memory and spatial
planning.

(24)

Intravenous
250-300

ug/dl

N/A

Wechsler Memory Scale-Third Edition (WMS-III)
Hopkins Verbal Learning Test (HVLT)

Beck Depression Inventory-II (BDI-I1)
State Trait Anxiety Inventory
Minnesota Multiphasic Personality
Inventory-2 (MMPI-2)

McGill Pain Questionnaire
Wechsler Adult Intelligence Scale-Ill)
Connors’ Continuous Performance Test
(CPT)

This study found that deep ketamine
infusion may not have a negative impact on
cognitive function with prolonged
treatment.

(34)

Intravenous
0.25 mg/kg

Nimodipine

Hopkins Verbal Learning Test (HVLT)

Brief Psychiatric Rating Scale (BPRS)
Dissociative States Scale (CADSS)
Biphasic Alcohol Effects Scale (BAES)
Comparable Volume of the Ethanol Scale

The study found that both ketamine and
nimodipine have additive effects on recall
that were independent of the presence of
cues intended to enhance memory
retrieval, suggesting that each drug
influenced memory encoding rather than
memory retrieval.

(52)

Intravenous
0.5 mg/kg

N/A

Consensus Cognitive Battery (MCCB)

Montgomery—Asberg Depression Rating
Scale (MADRS)
Hamilton Anxiety Rating Scale (HAMA)

The study found that ketamine is harmful
to neurocognition in chronic users and
decreased performance on pattern
recognition memory tasks and spatial
working memory tasks. Furthermore,
chronic ketamine users also suffer from
deficits in verbal learning, visual learning,
selective attention, and verbal fluency.

(38)

N/A
1mg/kg

Etomidate

Folstein Mini-Mental State Examination

Montgomery— Asberg Depression Scale

The study found that the effect of ECT on
memory is mediated by glutamate at N-
methyl-D-aspartate receptors, suggesting
that N-methyl-D-astarte antagonists may
offer protection from memory dysfunction
during ECT.

(39)

Intravenous
0.5 mg/kg

Lamotrigine

MATRICS Consensus Cognitive Battery (MCCB)

Montgomery—Asberg Depression Rating
Scale (MADRS)
Psychiatric Rating Scale (BPRS)

The study found that subjects who showed
significant clinical response to ketamine
within a 24-h period had more severe
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Clinician-Administered Dissociative States
Scale (CADSS)

neurocognitive impairments, specifically on
tasks that require information processing
and working memory.

German Hamburg— Wechsler Intelligence Scale

The study found that ketamine isomers
induce less tiredness and cognitive

Int Equianalgesi . L Freiburg P lity | t . . . .
(41) ntravenous quianalgest Immediate digital recall ke .ersona N r?ven ory impairment and cause fewer declines in
1.0 mg/kg C . Intelligence Quotient . . -
Anterograde Amnesia concentration capacity and primary
memory.
Mont; — Asberg D ion Rati
ontgomery SSi;?e epression Rating The study found that repeated ketamine
California Verbal Learning Test short form (CVLT-II) . . treatment had no negative cognitive side
) Quick Inventory of Depressive o .
Intravenous . Rey Complex Figure Test effects, especially in the short term, adding
(53) Saline . . . . Symptomatology Self Report (QIDS-SR) . . .
0.5 mg/kg Columbia Autobiographical Memory Interview Short Form (AMI- . L to the growing body of evidence supporting
SF) Mini Mental State Examination the safety of ketamine and its impact on
Trail Making Test Parts A and B yco nitive outcomes P
Stroop Color and Word Test g )
Hamilton D ion Rating Scale (HDRS
Wechsler Adult Intelligence Scale amitton epre.55|on 2 mg cale ( ) The study found that subjects who used
Intravenous . . . Benton visual retention test .
(42) Thiopental Rey auditory verbal learning test (RAVLT) . . ketamine had worse results on some verbal
1-1.5mg/kg Trail making test
Verbal fluency test . . memory measurements.
Rey— Osterrieth complex figure test
Montgomery— Asberg Depression Rating | The study found that subjects showed great
Intravenous Scale (MADRS) symptomatic improvement and increased
N The N-back task
(54) 0.5 mg/kg /A e N-back tas Hamilton Anxiety Rating Scale (HAM-A) working memory load within 4h of
Brief Psychiatric Rating Scale (BPRS) ketamine administration.
N/A The group receiving ketamine showed
(55) Psilocybin EEG/ERP Recording Altered State of Consciousness (ASC-R) significant improvements in verbal learning
10mg/kg
memory.
The study found that after the last
Intravenous Hamilton Depression Rating Scale (HDRS) ketamine infusion, there was a significant
(56) 0.5 mg/k N/A Cogstate Brief Battery Montgomery—Asberg Depression Rating improvement in the scores of visual
’ € Scale (MADRS) memory, simple working memory, and
complex working memory.
Ketami Ited in stabl i d
Brief Psychiatric Rating Scale (BPRS) etamine reSl.J . edins ? ejor.lmprove
s . N neurocognitive functioning in most
Clinician-Administered Dissociative States . .
domains. These findings suggest the
Intravenous . . Scale (CADSS) . .
(57) Midazolam Cogstate Brief Battery . . potential usefulness of complex working
0.5 mg/kg Young Mania Rating Scale (YMRS) . .
. . memory as a predictor of ketamine
Montgomery-Asberg Depression Rating treatment response and its positive effects
Scale (MADRS) P P
on neurocognition.
The study found that ketamine affects MDD
Intravenous . . . Montgomery-Asberg Depression Rating | symptoms differently. It also found that the
43 N/A Berlin Affective Word List (BAWL, . .
(43) 0.25 mg/kg / erlin Affective Word List ( ) Scale (MADRS) largest symptom reduction was in the

cognitive domain.
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Phosphodies Psychotomimetic States Inventory (PSI) The study found that ketamine can induce
Intravenous terase 10A A-X Continuous Performance Test (AX-CPT) V . - . . v changes in the BOLD signal in multiple
(58) S - - Columbia Suicide Severity Rating Scale (C- . . . .
0.12 mg/kg inhibitor CNS Vital Signs Cognitive Battery regions of the brain during the resting state
SSRS) .
(TAK-063) and working memory task.
CAS (Chinese Affect Scale)
CES-D (Catchment-Area Epidemiology The study found that ketamine users did
Survey-Depression) not show deficits in decision-making but
N/A Raven’s Progressive Matrices Test exhibited strong impulsivity, antisocial
(46) 2.06 mg/kg Methadone The two-back task Minnesota Multiphasic Personality personality, and poor response inhibition
Inventory-2 and working memory at levels similar to
Barratt’s Impulsivity Scale Version 11 those of methadone users.
The lowa Gambling Task (IGT)
Wechsler Memory Scale-Third Edition (WMS-1i) Be.ck Depr.essmn Inven.tory (BDI) The study found th.a'F kejcamlr}e users
N/A . . Hospital Anxiety Depression (HADSA) suffered from cognitive impairments,
(47) N/A Rey- Osterrieth Complex Figure (ROCF) L A - . .
N/A ’ . . Structured Clinical Interview for DSM-IV including verbal/visual memory and
Wisconsin card sorting test (WCST) . . .
Severity of Dependence Scale (SDS) executive function.
. . The study found that working memory and
(59) Intravenous N/A Consensus Cognitive Battery MATRICS Montgomery-Asberg Depression Rating visual learning did not show significant
0.5mg/kg Scale (MADRS) . . .
improvement with ketamine treatment.
Sheehan Disability Scalle (S.DS) The study found that working memory and
Intravenous - Global Assessment of Functioning (GAF) . . . L
(60) N/A Consensus Cognitive Battery MATRICS . . visual learning did not show significant
0.5mg/kg Montgomery—Asberg Depression Rating imorovement with ketamine treatment
Scale (MADRS) P :
Wechsler Adult Intelligence Scale-Third Edition (WAIS-III)
Intravenous Letter—-number sequencing Monteomerv—Asbere Depression Ratin The study found no significant
(61) 0.5 ma/ke N/A Wechsler Memory Scale-Third Edition (WMS-III) & yScaIe (IV?ADRpS) g improvement in working memory or visual
’ Brief Visuospatial Memory Test-Revised learning after six infusions of ketamine.
Hopkins Verbal Learning Test-Revised (HVLT-R)
The study found that neurocognitive
function did not deteriorate after six
Intravenous . . Hamilton Depression Rating Scale ketamine infusions, whereas verbal
(62) 0.5 mg/kg Saline Consensus Cognitive Battery (MCCB) (HAMD-17) learning and speed of processing improved
over 13 and 26 days of observation,
respectively.
The study found that ketamine anesthesia
Intravenous - L Hamilton Depression Rating Scale (KP) had a lower incidence of cognitive
(63) 0.3 mg/kg Propofol Mini-Mental State Examination (MMSE) (HAMD-24) function impairment than the propofol
anesthesia group (P).
N/A Morphine Mini-Mental State Examination (MMSE) ] The St.Udy found that' k.etamme did not
(64) . o Visual Analogue Scale (VAS) modify mood, cognitive, or memory
0.5 mg/kg Metoprofen Digital symbol substitution test -
functioning.
(65) Intravenous Saline Working memory task and go/no-go task Hamilton Depression Rating Scale (HDRS) The study found that a 0.5 mg/kg dose of

ketamine infusion can be slightly beneficial
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0.2 mg/kg or for the cognitive function of patients with
0.5 mg/kg treatment resistance disorder (TRD).
Conners’ Continuous Performance Test
N/A (CPT) The study found that the experience of
(66) N/A N/A Brief Assessment of Cognition in Schizophrenia (BACS) Wisconsin Card Sorting Test (WCST) ketamine use was not linked to verbal and
lowa Gambling Task (IGT) working memory.
The Barratt Impulsiveness Scale (BIS)
Intravenous
0.23 mg/kg
bolus over 1 . .
min followed Positive and Negative Symptom Scale The study found that ketamine can
fMRI (PANSS) L . . .
(28) by 0.58 PF-04958242 . . - . . e significantly increase the reaction time
Hopkins Verbal Learning Test (HVLT) Clinician-Administered Dissociative States : . .
mg/kg/h during the spatial working memory task.
Scale (CADSS)
constant
infusion for
~45 minutes
Intravenous . Hamilton Depression Rating Scale (HDRS) The study found that ketamine did not
(67) 0.5 mg/kg N/A Cogstate Brief Battery Beck Depression Inventory-II (BDI-I1) affect working memory performance.
Hamilton Depression Rating Scale (HDRS)
Suicidal Idea (SSI)
Beck Depression Inventory (BDI)
Profile of mood states (POMS)
Young Mania Rating Scale (YMRS) .
> There was a correlation between memory
Intravenous . _ Systematic Assessment for Treatment of . .
(68) Midazolam Neurocognitive battery . improvement after ketamine
0.5 mg/kg Emergent Events-General Inquiry administration
(SAFTEE) '
Clinician-Administered Dissociative States
Scale (CADSS)
Brief Psychiatric Rating Scale (BPRS)
Clinical Global Impression
The study found that patients in both the
N/A Neuroleptan . ’ ‘ . neurolept group (NLA group.) z?md I.<etan.1|ne
(33) . Patients’ self-report Authors’ own questionnaire group had suffered from difficulties with
100 ml/kg aesthesia .
memory and concentration after 3 months
of surgery.
Brief Psychiatric Rating Scale (BPRS) The study found that ketamine produced a
Clinician-Administered Dissociative States | delay-dependent impairment in word recall
(35) Intravenous Haloperidol Recall test Scale (CADSS) with no significant effect on immediate
0.26 mg/kg P Wisconsin Card Sorting Test (WCST) . . g . . .
Extrapyramidal Symptom Rating Scale recall and more prominent impairments of
Barnes Akathisia Scale post-distraction and delayed recall.
(36) Intravenous Saline Clinician-Administered Dissociative States Scale (CADSS) Montgomery— Asberg Depression Rating The study found that after 4 h of ketamine
50 mg/kg Systematic Assessment for Treatment of Emergent Effects Scale (MADRS) infusion, patients felt strange or unreal, had
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Quick Inventory of Depressive
Symptomatology Self Report (QIDS-SR)
Hamilton Anxiety Rating Scale (HAM-A)
Brief Psychiatric Rating Scale — Positive

subscale (BPRS+)
Young Mania Rating Scale (YMRS)

poor memory, and had weakness or
fatigue.

Testeldentical Pairs (CPT-IP)

. Digit Memory Task .
(37) Oral D-serine Rey Auditory Verbal Learning Test (RAVLT) Visual Analogue Scale (VAS) The study found _that ketamine led to worse
N/A (DSR) performance in verbal memory tasks.
Category Fluency Test
Benton Visual Retention Test (BVRT)
Intravenous . .. Montgomery—Asberg Depression Rating The study found that ketamine had no
(69) 0.5 mg/kg Midazolam MATRIC Consensus Cognitive Battery (MCCB) Scale (MADRS) specific effect on cognitive performance.
Montgomery— Asberg Depression Rating
Scale (MADRS)
Clinical Global Impression-Severity (CGI-
S) The study found that there was a slight
Patient Health Questionnaire 9-ltem improvement in function (visual, verbal,
Nasal spray . . . .
(70) 28mg, 56 N/A Cogstate Brief Battery (PHQ-9) and working memory, executive function)
me or 814 m Hopkins Verbal Learning Test-Revised (HVLT-R) Sheehan Disability Scale (SDS) in both treatment groups:
B g Columbia Suicide Severity Rating Scale (C- esketamine/antidepressant;
SSRS) antidepressant/placebo
Clinician-Administered Dissociative States
Scale (CADSS)
Brief Psychiatric Rating Scale (BPRS)
The study found that mixing ketamine with
propofol for sedation in colonoscopy led to
Intravenous . - .
(44) Propofol Cogstate Brief Battery N/A fewer complications such as respiratory
0.25 mg/kg . . )
depression and hypotension, but it also led
to more impairment in cognitive functions.
The study found that the ketamine group
performed worse than the METH group in
(45) m;ﬁ Met:;:Ezhe Brief Assessment of Cognition in Schizophrenia (BACS) N/A the domains of verbal memory, working
memory, attention and processing speed,
and composite battery scores.
The study found that six ketamine infusions
Intravenous Montgomery Asberg Depression Rating prlsgetsc;ii; :\Zr\?gri)?ﬁz;lr: itnhge ;?rii: \(:/];s
(71) 0.5 mg/kg N/A MATRICS Consensus Cognitive Battery (MCCB) Scale (MADRS) partly accounted for by the improvement in

Suicidal Idea (SSI)

the severity of depression symptoms over
time.
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Qualitative synthesis of studies

Qualitative synthesis of the 50 studies is reported on
the basis of their content. The studies directly examining
memory and ketamine use, which is the main focus of this
research, were examined and found that 13 studies (26%)
found ketamine enhanced memory functions,9-515%
57,62,63,6568,70.71 26 studies (52%) found it impairs the
memory, concluding that ketamine can cause a
deterioration in memory.?22325-47.52 These studies have
revealed the negative impact of ketamine on memory
functions. More specifically, we discussed the observed
decrease in recognition picture-recall performance at a
specific dosage.?®2%31:3% According to these studies,
ketamine negatively impacted a broad spectrum of
cognitive functions, including attention, response
inhibition, working memory, verbal fluency, executive
function, serial processing, and various aspects of memory
recall. These findings emphasize the negative influence of
ketamine on cognitive functions, warranting concern
regarding its potential impact on both short-term and
long-term memory function. Eleven studies (22%) found
that ketamine had no impact on memory.244853,58
61,67,69,72,73

Despite the majority of studies including both genders,
only two of them have investigated gender differences,
with one study finding that female ketamine users
displayed a higher likelihood of developing severe
cognitive impairment compared with their male
counterparts,”> and the other study displayed the
opposite, with male ketamine users appearing to be more
prone to suffer from memory-related problems compared
with their female counterparts.3! Some studies have
focused their investigation on one gender; four of these
studies included only male participants.323456:58 \While
one study reported a positive impact on memory,*® two
studies found that ketamine was a factor that
deteriorated memory among male participants.323* Three
other studies investigated only female participants.33°272
One study found no impact on memory,’? and two studies
found a negative impact.3352

There were various factors mostly investigated with
ketamine use and its effect on memory. Some studies
investigated the effect of ketamine on memory among
participants with depression or suicidal ideation (n=17).
These studies found an association between ketamine,
depression, suicidal ideation, and cognitive functions. 13
studies investigated the neurocognitive effects and
performance of ketamine use and found a complex interplay
between ketamine and neurocognitive functions.364%
53,56,57,50-62,65,67-70 \While ketamine may initially have acute
harmful effects on some cognitive domains in individuals
with major depressive disorder or PTSD, repeated ketamine
administration appears to reduce depressive symptoms and,
in turn, leads to an improvement in various cognitive
domains, including attention, working memory, verbal, and
visuospatial memory. The findings also underline the
potential benefits of ketamine in improving neurocognitive
function in individuals who suffer from treatment-resistant
depression, suggesting a mood-independent pro-cognitive

effect, particularly in processing speed. The observed
improvements in neurocognitive outcomes emphasize the
intricate relationship between ketamine, cognitive function,
and mental health outcomes.?22426283549,56,57.626973  Gjyx
studies applied Electroconvulsive Therapy (ECT) with
Ketamine and their results varied. While administering
Ketamine alongside ECT may lead to better antidepressant
efficacy than certain anesthetics, it can also lead to a
worsening in verbal memory. The impact of Ketamine on
cognitive functions during ECT remains inconclusive, with
some studies suggesting potential protective effects on
memory, especially compared with other anesthetics.
However, a randomized trial found no evidence of cognitive
or efficacy benefits from low-dose Ketamine adjunctive to
ECT for depression.30.3842:48,51,63

Discussion and Conclusion

This study was designed to review studies examining the
association between Ketamine and memory impairment.
Among the included studies, certain themes were discovered
from full-text readings, and those topics are written in italics
in the qualitative synthesis of the study section. After
analyzing the full texts of the included studies, it is important
to highlight some of their limitations.

Limitations

One of the most notable limitations of these studies is
the lack of long-term follow-up. Several studies have
investigated the cognitive impact of Ketamine on short-
term periods, neglecting to discuss its long-term
outcomes. Therefore, it is recommended that future
studies include extended follow-up periods to assess the
persistence of cognitive effects and potential risks
associated with prolonged ketamine use.

Another limitation of the study was the sample size
and characteristics. Most of the studies had a small
sample size, which may reduce the reliability and
generalizability of the findings, emphasizing the need for
larger cohorts in future studies. Studies also failed to
compare genders and racial and ethnic groups. Future
research should include participants with diverse
characteristics and backgrounds.

There were also some limitations based on the design of
the studies. Several studies did not have control groups,
which may prevent the ability to compare outcomes
between treatment and non-treatment conditions. In
addition, studies conducted with an open-label design are
susceptible to biases and placebo effects, potentially
influencing the interpretation of treatment outcomes.
Various other limitations such as specific population
restrictions, incomplete data, study termination, and lack of
examination of certain cognitive domains hinder the
comprehensiveness and reliability of the research findings,
indicating the need for improved study methodologies in
future investigations.

This study also has some limitations. As mentioned in
the Methods section, inclusion and exclusion criteria were
determined for the search strategy. One of the exclusion
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criteria was languages other than English; therefore,
studies published in other languages were excluded from
the review. In addition, only studies published in peer-
reviewed journals were included; thus, chapters,
conference papers, and dissertations were excluded.
There were some studies meeting the search criteria, but
the full text was inaccessible. While acknowledging these
limitations, the findings of this study offer valuable
insights poised to expand our current understanding of
Ketamine, shedding light on both its potential benefits
and associated side effects.

Conclusion

As a result of this study, it becomes evident that there
is an association between Ketamine and memory
deterioration; however, this relationship is challenging to
develop. The complexities of the included studies
necessitate a nuanced understanding of the correlation
between Ketamine and memory deterioration. In light of
these considerations, healthcare professionals and
researchers should approach the issue comprehensively.
Thus, it is recommended to include educational initiatives
and awareness campaigns to inform individuals,
particularly those at risk, about the potential
consequences of Ketamine use on memory function. In
addition, early detection and intervention strategies
among vulnerable populations should be prioritized.

Based on the results of this systematic review, future
studies should:

e Focus on longitudinal studies with qualitative
components to provide insights into the multifaceted
relationship between Ketamine and memory
deterioration.

e Examine the effects of various doses of ketamine,
particularly as an adjunctive anesthetic for ECT in
elderly patients, while balancing efficacy and safety.

e  Explore the neural mechanisms underlying the effects
of ketamine on suicidal ideation using neuroimaging
techniques and focus on functional outcomes,
particularly long-term functioning, in addition to
reductions in suicide.

e Include control groups, use techniques to assess brain
changes, and investigate the potential pro-cognitive
effects of Ketamine in larger studies, while ensuring
comprehensive evaluation of cognitive function.

e Focus on psychological risk factors for Ketamine use
and investigate cognitive problems specific to
Ketamine users.

These studies might provide a deeper understanding
of the factors influencing this association, which will help
develop more effective prevention and intervention
strategies.

Conflict of Interest: The author declares no conflict of
interest.

References

10.

11.

12.

13.

14.

15.

Peltoniemi MA, Hagelberg NM, Olkkola KT, Saari TI.
Ketamine: a review of clinical pharmacokinetics and
pharmacodynamics in anesthesia and pain therapy. Clinical
pharmacokinetics. 2016;55:1059-77.

Schwenk ES, Viscusi ER, Buvanendran A, Hurley RW, Wasan
AD, Narouze S, et al. Consensus guidelines on the use of
intravenous ketamine infusions for acute pain management
from the American Society of Regional Anesthesia and Pain
Medicine, the American Academy of Pain Medicine, and the
American Society of Anesthesiologists. Regional Anesthesia
& Pain Medicine. 2018;43(5):456-66.

Asim M, Wang B, Hao B, Wang X. Ketamine for post-
traumatic stress disorders and it's possible therapeutic
mechanism. Neurochemistry International.
2021;146:105044.

Krystal JH, Abdallah CG, Sanacora G, Charney DS, Duman RS.
Ketamine: a paradigm shift for depression research and
treatment. Neuron. 2019;101(5):774-8.

Martinotti G, Chiappini S, Pettorruso M, Mosca A, Miuli A, Di
Carlo F, et al. Therapeutic potentials of ketamine and
esketamine in obsessive—compulsive disorder (OCD),
substance use disorders (SUD) and eating disorders (ED): a
review of the current literature. Brain Sciences.
2021;11(7):856.

Leslie E, Pittman E, Drew B, Walrath B. Ketamine use in
operation enduring freedom. Military medicine. 2021;186(7-
8):e720-e5.

Bloch MH, Wasylink S, Landeros-Weisenberger A, Panza KE,
Billingslea E, Leckman JF, et al. Effects of ketamine in
treatment-refractory obsessive-compulsive disorder.
Biological psychiatry. 2012;72(11):964-70.

Pham TH, Gardier AM. Fast-acting antidepressant activity of
ketamine: highlights on brain serotonin, glutamate, and
GABA neurotransmission in preclinical studies.
Pharmacology & therapeutics. 2019;199:58-90.

Stone JM, Dietrich C, Edden R, Mehta MA, De Simoni S, Reed
LJ, et al. Ketamine effects on brain GABA and glutamate
levels with 1H-MRS: relationship to ketamine-induced
psychopathology. Molecular psychiatry. 2012;17(7):664-5.
Andrade C. Oral ketamine for depression, 2: practical
considerations. The Journal of clinical psychiatry.
2019;80(2):13521.

Caruso K, Tyler D, Lyden A. Ketamine for pain management:
A review of literature and clinical application. Orthopaedic
Nursing. 2021;40(3):189-93.

Domany Y, Bleich-Cohen M, Tarrasch R, Meidan R, Litvak-
Lazar O, Stoppleman N, et al. Repeated oral ketamine for
out-patient treatment of resistant depression: randomised,
double-blind, placebo-controlled, proof-of-concept study.
The British Journal of Psychiatry. 2019;214(1):20-6.

Green SM, Roback MG, Kennedy RM, Krauss B. Clinical
practice guideline for emergency department ketamine
dissociative sedation: 2011 update. Annals of emergency
medicine. 2011;57(5):449-61.

Karlow N, Schlaepfer CH, Stoll CR, Doering M, Carpenter CR,
Colditz GA, et al. A systematic review and meta-analysis of
ketamine as an alternative to opioids for acute pain in the
emergency department. Academic Emergency Medicine.
2018;25(10):1086-97.

Rosenbaum SB, Palacios JL. Ketamine 2019 [12.11.2023].
Available from: https://www.
ncbi.nlm.nih.gov/books/NBK470357/.



Ghaith Al-badran. / CMJ, 2024;46(2): 84-98

16.

17.

18.

19.

20.

21
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

American, Addiction, Center. Ketamine: Short and Long-
Term Effects of Ketamine 2023 [cited 08.06.2023].

Morgan CJ, Dodds CM, Furby H, Pepper F, Fam J, Freeman
TP, et al. Long-term heavy ketamine use is associated with
spatial memory impairment and altered hippocampal
activation. Frontiers in psychiatry. 2014,;5:149.

Morgan CJ, Muetzelfeldt L, Curran HV. Consequences of
chronic ketamine self-administration upon neurocognitive
function and psychological wellbeing: a 1-year longitudinal
study. Addiction. 2010;105(1):121-33.
Torgerson C. Systematic reviews.
2003:1-114.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group* P.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Annals of internal
medicine. 2009;151(4):264-9.

Guba EG, Lincoln YS. Fourth generation evaluation: Sage; 1989.
Hayley A, Green M, Downey L, Keane M, Kostakis P, Shehabi Y.
Neurocognitive and behavioural performance of healthy
volunteers receiving an increasing analgesic-range infusion of
ketamine. Psychopharmacology. 2018;235(4): 1273-82.

Hayley AC, Green M, Downey LA, Keane M, Kenneally M,
Adams M, et al. Neurocognitive performance under
combined regimens of ketamine-dexmedetomidine and
ketamine-fentanyl in healthy adults: A randomised trial.
Progress in Neuro-Psychopharmacology & Biological
Psychiatry. 2019;94.

Koffler SP, Hampstead BM, Irani F, Tinker J, Kiefer RT, Rohr
P, et al. The neurocognitive effects of 5 day anesthetic
ketamine for the treatment of refractory complex regional
pain syndrome. Archives of Clinical Neuropsychology.
2007;22(6):719-29.

Chen WY, Huang MC, Lin SK. Gender differences in subjective
discontinuation symptoms associated with ketamine use.
Substance Abuse Treatment Prevention and Policy. 2014;9.
Cheng WJ, Chen CH, Chen CK, Huang MC, Pietrzak RH, Krystal
JH, et al. Similar psychotic and cognitive profile between
ketamine dependence with persistent psychosis and
schizophrenia. Schizophrenia Research. 2018;199:313-8.
D'Souza DC, Ahn K, Bhakta S, Elander J, Singh N, Nadim H, et
al. Nicotine Fails to Attenuate Ketamine-Induced Cognitive
Deficits and Negative and Positive Symptoms in Humans:

Systematic Reviews.

Implications for Schizophrenia. Biological Psychiatry.
2012;72(9):785-94.
D'Souza DC, Carson RE, Driesen N, Johannesen J,

Ranganathan M, Krystal JH, et al. Dose-Related Target
Occupancy and Effects on Circuitry, Behavior, and
Neuroplasticity of the Glycine Transporter-1 Inhibitor PF-
03463275 in Healthy and Schizophrenia Subjects. Biological
Psychiatry. 2018;84(6):413-21.

Driesen NR, McCarthy G, Bhagwagar Z, Bloch MH, Calhoun VD,
D'Souza DC, et al. The Impact of NMDA Receptor Blockade on
Human Working Memory-Related Prefrontal Function and
Connectivity. Neuropsychopharmacology. 2013;38(13):2613-22.
Fernie G, Currie J, Perrin JS, Stewart CA, Anderson V, Bennett
DM, et al. Ketamine as the anaesthetic for electroconvulsive
therapy: the KANECT randomised controlled trial. British
Journal of Psychiatry. 2017;210(6):422-+.

Greer A, Treston G. Factors associated with patient-reported
procedural memory following emergency department
procedural sedation with ketamine and propofol: A

prospective cohort of 563 patients. Emergency Medicine
Australasia. 2018;30(2):200-8.

Khalili-Mahani N, Niesters M, van Osch MJ, Oitzl M, Veer |,
de Rooij M, et al. Ketamine interactions with biomarkers of
stress: A randomized placebo-controlled repeated measures

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

resting-state fMRI and PCASL pilot study in healthy men.
Neurolmage. 2015;108:396-409.

Klausen N-O, JBRGENSEN FW, Chraemmer-Jjgrgensen B.
Psychomimetic reactions after low-dose ketamine infusion:
comparison with neuroleptanaesthesia. British Journal of
Anaesthesia. 1983;55(4):297-301.

Krupitsky EM, Burakov AM, Romanova TN, Grinenko NI,
Grinenko AY, Fletcher J, et al. Attenuation of ketamine effects by
nimodipine pretreatment in recovering ethanol dependent
men: Psychopharmacologic implications of the interaction of
NMDA and L-type calcium channel  antagonists.
Neuropsychopharmacology. 2001;25(6):936-47.

Krystal JH, D'Souza DC, Karper LP, Bennett A, Abi-Dargham A,
Abi-Saab D, et al. Interactive effects of subanesthetic
ketamine and  haloperidol in  healthy humans.
Psychopharmacology. 1999;145(2):193-204.

Lapidus KAB, Levitch CF, Perez AM, Brallier JW, Parides MK,
Soleimani L, et al. A Randomized Controlled Trial of
Intranasal Ketamine in Major Depressive Disorder. Biological
Psychiatry. 2014;76(12):970-6.

Levin R, Dor-Abarbanel AE, Edelman S, Durrant AR,
Hashimoto K, Javitt DC, et al. Behavioral and cognitive effects
of the N-methyl-D-aspartate receptor co-agonist D-serine in
healthy humans: Initial findings. Journal of Psychiatric
Research. 2015;61:188-95.

McDaniel WW, Sahota AK, Vyas BV, Laguerta N, Hategan L,
Oswald J. Ketamine appears associated with better word
recall than etomidate after a course of 6 electroconvulsive
therapies. Journal of ECT. 2006;22(2):103-6.

Murrough JW, Wan L-B, lacoviello B, Collins KA, Solon C,
Glicksberg B, et al. Neurocognitive effects of ketamine in
treatment-resistant major depression: association with
antidepressant response. Psychopharmacology.
2014;231:481-8.

Ni F, Ke X, Yuping N, Daping W, Xiaoyin K, Yi D, et al.
Development of a checklist of short-term and long-term
psychological symptoms associated with ketamine use.
Shanghai archives of psychiatry. 2015;27(3):186.

Pfenninger EG, Durieux ME, Himmelseher S. Cognitive
impairment after small-dose ketamine isomers in
comparison to equianalgesic racemic ketamine in human
volunteers. The Journal of the American Society of
Anesthesiologists. 2002;96(2):357-66.

Rybakowski JK, Bodnar A, Krzywotulski M, Chlopocka-
Wozniak M, Michalak M, Rosada-Kurasinska J, et al.
Ketamine Anesthesia, Efficacy of Electroconvulsive Therapy,
and Cogpnitive Functions in Treatment-Resistant Depression.
Journal of ECT. 2016;32(3):164-8.

Stippl A, Scheidegger M, Aust S, Herrera A, Bajbouj M,
Gartner M, et al. Ketamine specifically reduces cognitive
symptoms in depressed patients: An investigation of
associated neural activation patterns. Journal of Psychiatric
Research. 2021;136:402-8.

Tian L, Luan HF, Zhu P, Zhang ZY, Bao HG. A randomized
controlled trial for measuring effects on cognitive functions
of adding ketamine to propofol during sedation for
colonoscopy. Medicine. 2020;99(36).

Wang U, Chen CK, Lin SK, Chen YC, Xu K, Huang MC. Cognitive
profile of ketamine-dependent patients compared with
methamphetamine-dependent patients and healthy
controls. Psychopharmacology. 2018;235(7):2113-21.

Zeng H, Su DQ, Jiang X, Zhu L, Ye HS. The similarities and
differences in impulsivity and cognitive ability among
ketamine, methadone, and non-drug users. Psychiatry
Research. 2016;243:109-14.



Ghaith Al-badran / CMJ, 2024,;46(2): 84-98

47.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Zhang CX, Xu Y, Zhang B, Hao W, Tang WK. Cognitive
impairment in chronic ketamine abusers. Psychiatry
Research. 2020;291.

. Anderson IM, Blamire A, Branton T, Clark R, Downey D, Dunn G, et

al. Ketamine augmentation of electroconvulsive therapy to improve
neuropsychological and clinical outcomes in depression (Ketamine-
ECT): a multicentre, double-blind, randomised, parallel-group,
superiority trial. Lancet Psychiatry. 2017;4(5):365-77.

Albott CS, Lim KO, Erbes C, Thuras P, Wels J, Tye SJ, et al.
Neurocognitive effects of repeated ketamine infusions in
comorbid posttraumatic stress disorder and major
depressive disorder. Journal of Affective Disorders.
2022;308:289-97.

Chen XY, Wang MQ, Hu YR, Zhan YN, Zhou YL, Zheng W, et
al. Working memory associated with anti-suicidal ideation
effect of repeated-dose intravenous ketamine in depressed
patients. European Archives of Psychiatry and Clinical
Neuroscience. 2021;271(3):431-8.

Diamond PR, Farmery AD, Atkinson S, Haldar J, Williams N, Cowen
PJ, et al. Ketamine infusions for treatment resistant depression: a
series of 28 patients treated weekly or twice weekly in an ECT
clinic. Journal of Psychopharmacology. 2014;28(6):536-44.

Liu WJ, Zhou YL, Zheng W, Wang CY, Zhan YN, Lan XF, et al.
Repeated intravenous infusions of ketamine:
Neurocognition in patients with anxious and nonanxious
treatment-resistant depression. Journal of Affective
Disorders. 2019;259:1-6.

Phillips JL, Van Geel A, Burhunduli P, Vasudev D, Batten LA,
Norris S, et al. Assessment of Objective and Subjective
Cognitive Function in Patients With Treatment-Resistant
Depression Undergoing Repeated Ketamine Infusions.
International  Journal of Neuropsychopharmacology.
2022;25(12):992-1002.

Salvadore G, Cornwell BR, Sambataro F, Latov D, Colon-Rosario V,
Carver F, et al. Anterior Cingulate Desynchronization and
Functional Connectivity with the Amygdala During a Working
Memory Task Predict Rapid Antidepressant Response to
Ketamine. Neuropsychopharmacology. 2010;35(7):1415-22.
Schmidt A, Bachmann R, Kometer M, Csomor PA, Stephan KE,
Seifritz E, et al. Mismatch Negativity Encoding of Prediction Errors
Predicts <i>S</i>-ketamine-Induced Cognitive Impairments.
Neuropsychopharmacology. 2012;37(4):865-75.

Shiroma PR, Albott CS, Johns B, Thuras P, Wels J, Lim KO.
Neurocognitive performance and serial intravenous subanesthetic
ketamine in treatment-resistant depression. International Journal
of Neuropsychopharmacology. 2014;17(11):1805-13.

Shiroma PR, Thuras P, Wels J, Albott CS, Erbes C, Tye S, et al.
Neurocognitive performance of repeated versus single
intravenous subanesthetic ketamine in treatment resistant
depression. Journal of Affective Disorders. 2020;277:470-7.
Yurgelun-Todd DA, Renshaw PF, Goldsmith P, Uz T, Macek
TA. A randomized, placebo-controlled, phase 1 study to
evaluate the effects of TAK-063 on ketamine-induced
changes in fMRI BOLD signal in healthy subjects.
Psychopharmacology. 2020;237(2):317-28.

Zhou YL, Wang CY, Lan XF, Zheng W, Li HQ, Chao ZY, et al.
The potential pro-cognitive effects with intravenous
subanesthetic ketamine in adults with treatment-resistant
major depressive or bipolar disorders and suicidality. Journal
of Psychiatric Research. 2021;144:312-9.

Zhou YL, Wang CY, Lan XF, Zheng W, Li HQ, Chao Z2Y, et al.
The effectiveness of repeated intravenous ketamine on
subjective and objective psychosocial function in patients

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

with treatment-resistant depression and suicidal ideation.
Journal of Affective Disorders. 2022;304:78-84.

Zhou YL, Wang CY, Lan XF, Li WC, Chao ZY, Wu K, et al.
Cognitive Function Mediates the Anti-suicide Effect of
Repeated Intravenous Ketamine in Adult Patients With
Suicidal Ideation. Frontiers in Psychiatry. 2022;13.

Zhou YL, Zheng W, Liu WJ, Wang CY, Zhan YN, Li HQ, et al.
Neurocognitive effects of six ketamine infusions and the association
with antidepressant response in patients with unipolar and bipolar
depression. Journal of Psychopharmacology. 2018;32(10):1118-26.
Zou L, Min S, Chen QB, Li X, Ren L. Subanesthetic dose of
ketamine for the antidepressant effects and the associated
cognitive impairments of electroconvulsive therapy in
elderly patients-A randomized, double-blind, controlled
clinical study. Brain and Behavior. 2021;11(1).

Aubrun FG, C.: Rosenthal, D.: Dupuis, M.: Mottet, P.:
Marchetti, F.: Coriat, P.: Riou, B. Effect of a low-dose
ketamine regimen on pain, mood, cognitive function and
memory after major gynaecological surgery: a randomized,
double-blind, placebo-controlled trial. European journal of
anaesthesiology. 2008;25(2):97-105.

Chen MH, Li CT, Lin WC, Hong CJ, Tu PC, Bai YM, et al.
Cognitive function of patients with treatment-resistant
depression after a single low dose of ketamine infusion.
Journal of Affective Disorders. 2018;241:1-7.

Chen XWL, Y. T.: Han, Y.: Huan, Y.: Feng, X. Y.: Chen, C. F.
Protective effect of neovibsanin B on spatial cognitive
functions of rats with cerebrovascular hypoperfusion.
International Journal of Clinical and Experimental Medicine.
2015;8(8):12105-12.

Davis MT, DellaGiogia N, Maruff P, Pietrzak RH, Esterlis I.
Acute cognitive effects of single-dose intravenous ketamine
in major depressive and posttraumatic stress disorder.
Translational Psychiatry. 2021;11(1).

Grunebaum MF, Ellis SP, Keilp JG, Moitra VK, Cooper TB,
Marver JE, et al. Ketamine versus midazolam in bipolar
depression with suicidal thoughts: A pilot midazolam-
controlled randomized clinical trial. Bipolar Disorders.
2017;19(3):176-83.

Murrough JW, Burdick KE, Levitch CF, Perez AM, Brallier JW,
Chang LC, et al. Neurocognitive Effects of Ketamine and
Association with Antidepressant Response in Individuals
with Treatment-Resistant Depression: A Randomized
Controlled Trial. Neuropsychopharmacology.
2015;40(5):1084-90.

Ochs-Ross R, Daly EJ, Zhang Y, Lane R, Lim P, Morrison RL, et
al. Efficacy and Safety of Esketamine Nasal Spray Plus an Oral
Antidepressant in Elderly Patients With Treatment-Resistant
Depression-TRANSFORM-3. American Journal of Geriatric
Psychiatry. 2020;28(2):121-41.

Zheng W, Zhou YL, Liu WJ, Wang CY, Zhan YN, Li HQ, et al.
Neurocognitive performance and repeated-dose
intravenous ketamine in major depressive disorder. Journal
of Affective Disorders. 2019;246:241-7.

Aubrun F, Gaillat C, Rosenthal D, Dupuis M, Mottet P, MarchettiF,
et al. Effect of a low-dose ketamine regimen on pain, mood,
cognitive function and memory after major gynaecological
surgery: a randomized, double-blind, placebo-controlled trial.
European Journal of Anaesthesiology. 2008;25(2):97-105.

Chen YC, Wang LJ, Lin SK, Chen CK. Neurocognitive Profiles
of Methamphetamine Users: Comparison of Those With or
Without Concomitant Ketamine Use. Substance Use &
Misuse. 2015;50(14):1778-85.



