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ABSTRACT

Introduction: Posttraumatic stress disorder (PTSD) is a mental disorder resulting from exposure to traumatic events. Evidence
suggests that ketamine may be efficacious in treating PTSD, however, ketamine's mechanisms in treating PTSD remain unclear.
Herein, this review aims to evaluate the clinical outcomes of ketamine treatment in persons with PTSD and investigate the pos-
sible neurobiological mechanisms underlying ketamine's therapeutic effect in PTSD.

Methods: A systematic search was conducted on PubMed and OVID (MEDLINE, Embase, PsychINFO) from inception until
September 2025. Randomized controlled trials reporting on the effects of intravenous ketamine to treat PTSD were included.
Results: Seven studies with a total of 323 participants were included in this review. Ketamine administration meaningfully
improved PTSD symptoms in two trials as evidenced by significant improvement on the Clinician-Administered PTSD Scale
for DSM-5 (CAPS-5) and the Impact of Event Scale-Revised (IES-R) compared to control/placebo. Multi-infusion administration
schedules achieved greater clinical outcomes when compared to single-dose administration schedules. Preliminary evidence
suggests that repeated lower doses (0.2mg/kg) of ketamine were more efficacious in sustaining treatment effects than standard
doses (0.5mg/kg). For persons receiving ketamine, an association was observed between top-down inhibition of the amygdala
originating in the ventromedial prefrontal cortex (vmPFC) and symptom improvement.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2025 The Author(s). Acta Psychiatrica Scandinavica published by John Wiley & Sons Ltd.

Acta Psychiatrica Scandinavica, 2025; 0:1-13 1
https://doi.org/10.1111/acps.70053


https://doi.org/10.1111/acps.70053
https://doi.org/10.1111/acps.70053
https://orcid.org/0009-0002-8786-1550
mailto:
https://orcid.org/0000-0003-4733-2523
mailto:roger.mcintyre@bcdf.org
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Facps.70053&domain=pdf&date_stamp=2025-12-01

Conclusion: Our results suggest that intravenous ketamine may be efficacious in the treatment of PTSD. Subsequent studies
should attempt to evaluate the additive effect of combining ketamine with psychotherapeutic interventions as well as determin-
ing mechanistic pathways mediating symptom relief in persons with PTSD.

1 | Introduction

Posttraumatic stress disorder (PTSD) is a mental disorder result-
ing from exposure to actual and/or threatened traumatic events
and is associated with significant distress, suffering, as well as
impairments in daily functioning and well-being [1, 2]. PTSD is
characterized by symptoms across four discrete subdomains of
psychopathology, including intrusion, avoidance, negative alter-
ations in cognition and mood, and changes in arousal and reac-
tivity [3, 4]. Findings from extant literature indicate that PTSD
affects 3.9% of the global population, with a higher prevalence
among military personnel [2, 5-7]. The illness burden associ-
ated with PTSD is further exacerbated by the high level of med-
ical and psychiatric comorbidities, including but not limited to
treatment-resistant depression [8-10].

Trauma-focused therapy (TFT) [e.g., Prolonged Exposure (PE),
Eye Movement Desensitization and Reprocessing (EMDR), and
Cognitive Processing Therapy (CPT)] has established efficacy in
reducing PTSD symptom severity and is recommended as first-
line treatment [2]. However, TFT has limited efficacy, accessibil-
ity, and is not always preferred by persons with lived experience
[11]. In addition, other barriers to access (e.g., economic factors,
stigma) further belie the population-based impact of psychologi-
cal treatments [11-15].

In addition to psychotherapeutic approaches, pharmacother-
apy has been recommended for the treatment of symptoms and
distress associated with PTSD [16]. Paroxetine and sertraline,
both selective serotonin reuptake inhibitors (SSRIs), are FDA-
approved for the treatment of PTSD [17]. Other agents, such
as other SSRIs (e.g., fluoxetine), antipsychotics and anticonvul-
sants, are often prescribed off-label for persons living with PTSD
[18, 19]. Notwithstanding, the overall average effect size in reduc-
ing psychopathology related to PTSD with the aforementioned
on-label and off-label treatments is modest and adverse events,
including but not limited to sexual dysfunction and weight gain,
are treatment-limiting [20, 21]. More recently, the US FDA re-
jected applications seeking authorization for the use of 3,4-meth
ylenedioxymethamphetamine (MDMA) and brexpiprazole in the
treatment of adults with PTSD [22]. The aforementioned rejec-
tion, along with only two current FDA-approved treatments for
PTSD, underscores the urgent and unmet need to identify safe
and effective novel therapeutics for persons with PTSD [23].

Ketamine is a noncompetitive N-methyl-D-aspartate (NMDA)
receptor antagonist [24, 25]. The modulation of glutamate, do-
pamine and norepinephrine by ketamine is posited to underlie
ketamine's psychotropic effects, including mood elevation, at-
tenuation of fear responses, alterations in sensory perception,
and impairments in memory function. Preclinical and clinical
evidence further indicates that ketamine enhances synaptic plas-
ticity within the prefrontal cortex (PFC) and hippocampus (HPC),
key regions involved in mood regulation and extinction learning
[26]. Moreover, ketamine modulates various neurotransmitter

pathways (e.g., opioidergic and neurotrophic) and exhibits anal-
gesic, anti-inflammatory, and antidepressant properties [27, 28].
Dysregulation of glutamatergic signaling has been implicated in
the pathophysiology of PTSD, notably in processes such as mem-
ory consolidation and the encoding of traumatic experiences
[17, 29, 30]. Taken together, the aforementioned pharmacologic
profiles indicate that glutamatergic agents may be differentially
effective in persons with major depressive disorder (MDD) and
persons with trauma [31, 32].

Preliminary evidence suggests that ketamine may be efficacious
in adults living with PTSD. In persons with Major Depressive
Disorder (MDD) and a history of trauma, ketamine has demon-
strated superior clinical improvement compared to traditional
serotonergic antidepressants [32]. Moreover, in addition to alleviat-
ing overall distress, ketamine has also been shown to be successful
in treating symptoms of irritability, agitation, dysphoria and an-
hedonia, all of which are highly prevalent in persons with PTSD
[33-36]. For example, ketamine is well established to be highly ef-
ficacious in addressing treatment-resistant depression (TRD) and
improving aspects of suicidality [25, 37]. Furthermore, symptoms
(e.g., anhedonia, hopelessness and suicidal ideation) and underly-
ing neural circuits implicated in the pathology of PTSD overlap
with those observed in depression, providing the rationale for ex-
ploring whether ketamine is an efficacious and safe treatment in
patients living with PTSD [38-40].

1.1 | Aims of the Study

Herein, this review aims to critically evaluate randomized con-
trolled trials (RCTs) documenting the effects of ketamine in
persons with PTSD and synthesize potential neurobiological
pathways that may subserve ketamine's effects in PTSD.

2 | Methods
2.1 | Search Strategy

This review followed guidelines outlined in the 2020 Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) [41]. A systematic search was conducted across
OVID (Embase, MEDLINE, and PsycINFO) and PubMed data-
bases from inception until July 15, 2025. The following Boolean
search string was used to retrieve relevant studies: (“ketamine”
OR “Ketalar” OR “Calypsol” OR “Kalipsol”) AND (“PTSD” OR
“posttraumatic stress disorder” OR “posttraumatic stress symp-
toms” OR “trauma-related stress”) AND (“randomized con-
trolled trial” OR “controlled clinical trial” OR “randomized”
OR “placebo” OR “drug therapy” OR “randomly” OR “trial”
OR “groups”). Manual searches of the reference lists of the ob-
tained articles were performed thereafter. Studies were limited
to those administering ketamine intravenously and published
in English.
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Summary

« Summations
o Intravenous ketamine administered in certain
treatment regimens may be efficacious in the
treatment of adults with PTSD.
o Ketamine's mechanisms in treating PTSD remain
unclear and require further investigation.

 Limitations
o The methodologies of extant randomized con-
trolled trials which evaluate ketamine in PTSD
vary significantly.
o The absence of available literature precluded anal-
ysis of ketamine's long-term treatment effects for
PTSD.

2.2 | Study Selection and Eligibility Criteria

The Covidence platform was utilized for the removal of duplicates
and screening of relevant articles [42]. Two independent reviewers
(LY. and A.L.) conducted title and abstract screening, followed by
full-text screening of articles. Only RCTs that administered intra-
venous ketamine to all participants were included. Furthermore,
patients were required to be primarily diagnosed with PTSD with-
out comorbidities other than depression. Ongoing clinical trials
without available results were excluded. Any screening discrepan-
cies were resolved via discussion between the reviewers.

2.3 | Data Extraction

Extracted data were established a priori using a piloted data ex-
traction table and included (1) author(s) and publication year,
(2) participants, (3) intervention, (4) study assessments, and (5)
outcomes of interest(s) (Table 1). Data extraction of relevant
studies were conducted by two reviewers (L.Y. and A.L.). Given
the heterogeneity of treatment regimes and outcomes, data were
synthesized narratively, with studies grouped by key outcomes.

2.4 | Quality Assessment

RCTs were assessed by two independent reviewers (L.Y. and
A.L.) using the Cochrane Risk of Bias Tool for Randomized
Studies (RoB2) (Table 2) [50]. All evaluative disagreements were
resolved via discussion.

3 | Results
3.1 | Study Selection and Results

A total of 3767 studies were retrieved. 1809 studies were identi-
fied as duplicates and removed. Based on the eligibility criteria
(Table 3), 1934 studies underwent title and abstract screening,
and 29 studies were screened for full text. Studies were excluded
for reasons including wrong study design (n=11), no full text
(n=6), wrong patient population (n=4), and manuscript not

written in English (n=1). Ultimately, seven studies were in-
cluded in this systematic review (Figure 1).

3.2 | Methodological Quality Assessment

All studies received a quality rating of “Good”. However, studies
by Feder et al. [46] and Norbury et al. [48] contained method-
ological concerns regarding the generation of the random allo-
cation sequence. Variations across studies (i.e., dosing regimens,
outcome measures, follow-up durations) also complicate inter-
pretation, as some trials only assessed short-term effects while
others examined sustained response.

3.3 | Overview of Included Study Characteristics

A total of 323 patients with PTSD were included across the seven
included RCTs. Participants' ages ranged from 18 to 70, and the
female percentage varied between 23% and 85.7%. All of the in-
cluded RCTs investigated the administration of single or multi-
ple subanesthetic doses of intravenous ketamine (0.2-0.5mg/kg)
to select participants; however, only select studies included a fol-
low-up period, which ranged from a few days to several months.

3.4 | Clinical Outcomes of Ketamine in PTSD

We identified a total of six studies investigating the efficacy of
ketamine in the treatment of adults with PTSD. In a trial ad-
ministering eight low-dose or standard-dose ketamine infusions
(0.2 or 0.5mg/kg, respectively) over 4weeks, both the treat-
ment and placebo saline groups exhibited improvements on the
Posttraumatic Stress Disorder Checklist (PCL-5) (F(9!133)=37.1,
p<0.0001) and Clinician-Administered PTSD Scale for DSM-5
(CAPS-5) (F(L12 5=103.4, p<0.0001) from baseline to endpoint
[43]. However, there were no significant treatment-by-time in-
teraction effects observed for either measure [43]. Furthermore,
at both 24h after the first infusion and the end of the treat-
ment period (4 weeks), there was no between-group difference
(ketamine vs. placebo) in PCL-5 scores (p=0.04, adj. p=0.11;
p=0.14, adj. p=0.28, respectively) [43]. Overall, rates of re-
sponse (>25% improvement in PCL-5 scores) were not signifi-
cantly higher in the treatment groups [43].

In a similar multi-dose model where participants received six
infusions of ketamine (0.5mg/kg) or midazolam (0.045mg/kg)
over 2weeks, a significant difference in total CAPS-5 score was
noted (F .55 =297 p=0.0045) between treatment groups [47].
A significant reduction in CAPS-5 score in favor of the ket-
amine group when compared to the midazolam control group
at weeks one and two was noted [47]. In addition, there were
more treatment responders (defined as >30% reduction from
baseline to week two) in the ketamine group compared to the
midazolam control group at week two [47]. The participants
assigned to the ketamine group also exhibited greater clinical
improvement, as indicated by a significant treatment-by-time
interaction on the Clinical Global Impression—Severity Scale
(CGI-S) scores (p=0.009) and a significant main effect of treat-
ment on the Clinical Global Impression-Improvement Scale

Acta Psychiatrica Scandinavica, 2025

85UBD 1T SUOWIWOD dAIIaID 3|gedl|dde ayy Ag pausenob ale sajoie YO ‘asn JO Sa|nJ Jo) ArlqiT]auluQ AB|I UO (SUO IPUOD-PpUR-SWLBIW0D A3 | 1M AReld 1 |ou T uo//:Sdniy) SUORIPUOD pue SWwid | Y1 3S *[5202/2T/60] Uo ARigiTauluo AB|IM ‘€500, 'SAIe/TTTT OT/I0PA0d A 1M ARelq 1 jBul|uo//:sdny Wwolj papeojumod ‘0 *L0009T



(senunuo))

V] U0 SnIp pue UOISSAS USIMIIQ UOTIORIUT SUOIIS B IIM ‘DN 3O Y3 UT punoy
9I9M S)[NSAI JR[IWIS Wejozeprw 0} paredwod sAep O¢ 1sea] Je Sunse[ VI Ul UOIJONPAT B PIMOYS duTweldy ‘ONN WSy uy -
*s90ua1y31p dnoid ou pamoys snduwresoddry 1or19jue ayj pue erepSAure o) usamiaq A)IAOSUUOD Y], -
*dn-morjoj Aep-0¢ oy 1e sdnoid usamjaq 90UIJJIP ou sem 219y [, "dnoid wejozepruwt 9y) 0} paredurod Jusawiea) Jo pus ay}
e 1amof Appueoyyrusis sem snduwresoddriy Jor1ejsod pue erepSAure ay) usamiaq £IJ1AI0UUOD [BUONOUNY ‘dNOIT suTwe)ay oY) u] -
utod awr} Aue Je JUaIaJIp APUBdTUSIS J0U sem D JJWA pue e[epSAure 9y} uaamiaq ANATI09UU0D [euoriouny ‘sdnoid usomjeg -
‘(uaunjean-jsod sAep (¢ JyuauI BRI} I9)JE ‘JUAWILAI) 910Jaq) sjutod awry [Tk Je AroSew paxear
0} paredwod s3drros A1o8ewl pes 10 A198ew] dO1jeWNEI) 0} UOT)RAT}OR D dWA Ul SdNOIS U29M)9q SOOUSISJJIP OU AI9M I, —
'sdno1g usam)aq 9OURIIIIP OU SeMm 1Y) ‘dN-MO[[0] AeP-0€ Y} IV "JuduIear) Jo pud a3 je dnois wejozeprux
2y 03 paredurod KTowdwWw paxe[al SNSIdA ewner) 0} uoneanoe [eduresoddry romof Ajeurdrew pey dnoig surwejay oy, -
Juedrjrudis A[eursiewt A[uo sem d9UIJJIP STY) ‘dn-mo[oJ Aep-0¢ Y3 JV “JUSWILaI) Jo pud a3 Je dnoid
WE[0ZEPIW ) 0} pa1eduIod SALIOWIW PIXL[I SNSIOA JTJRWINEI) IO SOOUIJJIP UONBANOR Jomo] pey dnoid surwe)dy ayy, -
1SaUI021N Q) 102130701GOININ
dn-mofjoJ Aep-06 oY1 je paurejurews sem swoydwis S Ld ul juswasordwi ay ], —
‘Apuesryrusis paaoxdur dn-mof[oy Aep-0g J8 pue jusur)ear) jo pua ay) je swoydwAs ‘ourfaseq je swoydwifs 03 paredwo) -
JUSWIIBAI] JO PUD A} J& 31038 G-TDd Y3 10 judwrdsoxdut Jo ajer ay) ur sdnord usam)aq 90uaIdJJIp JuedTUSIS OU SEM I, —

*(101ABY9Q 9OUEBPIOAR
sjuaned ay) 03
Surpuodsa1109) a1nsodxa
oAl ur pue AderajoyoLsd
paseq-a1nsodxa jusmIopun
sjuedronaed [1e ‘uorsnjut
Juimorjoy skep o) ul
“(83/3w s10°0) wejozeprw

(€1 =u) wejozeprw 1o ($T =u)
QUIWRISY 0] PIZIWOPURI

'sdnoig wrejozeprw pue suTWeIdy Y3 YIoq 10§ W) 1940 pasoidur swoydwAs qSId - sueds YN 10 (83/Sw g 0) suTUIe)SYy IoM ST STUOIYD YIIm [s¥] (€202)
[SOUI00INQ 0OIUID  ‘S-T1Dd ‘S-SAVD I9Y)19 Jo uoIsnjut o[3uIs v €9-¢ pade syuedioned £z ‘Te 39 yonQ
*dnoi8 1oy31e ur juedryTuSIs A[TBO1ISIIEIS JOU d1oM JuTod win) Sures Ay} 0) dulfeseq woiy saueyd dnosS-uryp -
‘wejozeprur oy pareduod (18°01) 12°9€ pade a1om
UOISNJUI JO UTWI QT S[PPIW ) 03 dUI[aseq woj DASY erepSAure-) JJwa ur uononpar 1o8ref e pomoys dnoid surwe)ay sy, - wrejozepru SUIAI031
*K)TIATIOUUOD syuedronaed pue ‘(S€°0T) 00°8€
erep3Aure-) JJwa jo 93ueyd oY) Ul I9JJIp jou pIp sdnoid ay) ‘UoIsnjul Jo UurwrQ1 Ise[ pue urw Q1 3siyj oY) 03 dUI[eseq Wol] - poSe a1om ourure}dy JUIAIIAI
UOISNJUI JO UTW O }Se] PUB ‘Q[PPIW ‘}SITJ Y} 0} JUT[ISEq WOIJ syuedronied ‘egeraae uQ
04SY erep3Awe-) 1dwp pue DASY erepSAure-0 WA Jo 93UBYD 9Y) UT SOOUISJJIP JUBIIFIUSFIS OU 919M 2191} ‘sdnoil usamjeg - ‘U Of 1940 (8 ‘uorsnjul (I = u) Wejozeprux
-aureseq Surnp OISy /8w S$0°0) Wejozepru 10 (Z1=u) durwelay e o) [¥¥]
erepSAure-p JJure pue ‘Q,4Sy erepSAwe-) dwp ‘O4SY erepSAwe-) JdwA ul IJJ1p jou prp sdnoid urejozepiur pue aurure)dy - sueos 10 (83/8w g Q) surure)ay paziwopuel a1om syuedionied  ($20¢) Te 19
1SaU001NQ (pI1S0j01qoanaN  TIINF ‘S-INSA I9U)I9 Jo uoisnyul o[3uIs v ‘as.lLd yim syuedronaed 9z Yooqueq
‘uonednsuod pue ‘AITIqeIriar ‘A3orxue ‘uoryelrSe Jo sjuaad arow parrodar sdnoid oanoy -
‘Apuedtyiugdis pasoidwt pey swoidwAs donowwojoydsd paonpur-aurwe)dy 3ey) pamoys SSNVdJ
pue ‘paredissip pey swojdwAS SAT)RIOOSSIP PIONPUI-SUTWEIDY JBY) PUNOY SSAVD ‘Uond[dwiod uorsnyur ay3 SUIMO[[of urmgg —
(1000°0 > d) poriad Jusunyear) 9y} 19A0 padnpal swoydwAs oAe10ssIq -
*(1000°0 > d) JuUsWIIBaI) SUTUIE)SY JO J[NSAI © S SWOo)dWAS A1 R100SSIp Judapuadap-asop juedyrusdis punoy SSAVO -
1SJUDAH 9S42APY
‘(€0'0=d "[pe ‘T10'0=d) 0gooe[d 03 pareduwod sa109s §-TDd TM0[ AJUBdJIUSIS Paonpoid SuIwe)dy JO 9SOp MO[ YL, —
porrad jusuryean-sod Jaam- oY) ul (80°0 = d) 199JJ° 9AN}IRIIUT
own-£q-)uatIeaI) ou pue {(11°0=d) 193JJd UIBW JUAUWBAI} OU ‘(100"0 > d) J99JJ9 SWIT} B PIMOYS S109s G-TDJ Ssiuedonied -
:asuodsay fo Anpqoang
(s'0<d "[pe ‘7’0 < d) sdnoid yuswieas) surwe}ay oY) UM} $3109S G-SJ VD 10 S-TDd UT SOOUIDJJIP OU dI9M I, —
poriad JuawIea1) YoM~ ) JO pud ay3 Je pue asop 3s11y 3sod Y4 (K[oandadsar ‘gz 0=d ‘[pe ‘v170=d ‘11°0=d ‘(S =u) (0gaderd) aurfes
‘[pe ‘+0'0=d) 0qooe[d 03 paredurod s9109s §-SIVD 10 G-TDJ PaoNpaI APUedJTUSIS SUTUIR)SY JO SISOP PIEPUE)S JIOU MO] IOYION - 3y/8w g ( :9s0p prepuels %6°0 10 [(TS = u) 3sop
*(L0°0=d) UONILIANUI SWII-AQ-JUSUIILII) OU SBM T3] Pue ‘(10000 > d) dwr} 1940 sdnois [[e 10J paroiduwul OS[ S9I109S §-SIVD - 3y/8wz 0 :9s0p MOT prepue)s (€S =u) 9sop Moj|
(gero=d TT="LE80y) -porrad dn-mor[oy Jeam- SUIWIRISY SNOUSARIIUT O} [ev]
UOT}OBISIUT SWI}-AQ-JUSUI)BII) OU SBM 919U} Inq “(1000°0>d ‘T'LE = Amﬁ,emv o 1940 sdnoig [[e 10] pasoiduwr sa109s 6-TDd - SSNVJ ‘SSAVD 'SY9aM 7 10J AT99M 901M} POZIwopueI 919M ()-8 pade (2207) ‘1B 10
$oUw0dINQ VAUND  ‘S-SdVD ‘S-10d ‘suolsnyul urw-ot 3yS1g As.Ld yim syuedonred 851 Ye[repqv
1S3193UT JO SAW0IINQ SIUIWISSISS® uorjeanp pue udwrgax sjuedronared Iedak
Apmis Sursop :uonyuaAIdIU Jroyny
"IOPIOSIP SSAI3S dNjewneI}-)sod YIrm STeNPIATPUT UO SUTUIRIOY JO S3109J32 9} SUNIUSWINIOP S[eLI) PI[[0IIU0d paziwopuey | T HATIV.L

16000447, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/acps. 70053, Wiley Online Library on [09/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Acta Psychiatrica Scandinavica, 2025



16000447, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/acps. 70053, Wiley Online Library on [09/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(sanunuo))

*PIPIOIAI SEM IOIARYDQ [BPIOINS OU ‘porrad Juawissasse ay) Suring -
‘Sunrwoa/easneu pue ‘OUuoepeIY ‘Ondney ‘SSAUIZZIP
‘UOISIA PA1IN]q PIPN[OUT SUTUWIEIIY JO S}93JJ2 APIS pajIodar A[UOWITIOD JSOW ) ‘SUOISNFUT JO }1e1S oY) I9)Je ‘GSI¥d Suisn -
*PAAIASqO Jou d1am swojdwAs orurw pue d13oyoAsd jueojrudls -
‘suorsnyur durwe)dy Surinp pagrowd swojdurks 9A1JeId0SSIp JUdISUBI], —
:S100[fH as424py
*SJUSWISSISSE
owodino Arewrid 1197) 19)Je ‘A[9A130adsa1 ‘SAep 7O PUB (S 1B SYUSWSSISSE ISe] I19Y) Aq dsuodsal asof Jou pip sjuedonied g -
‘(uorsnyur 3s11y
Y} 19)J€ SYP9M 7) ABp JUSWISSISSE dW09)N0 Arewurid oY) 193 SAep G'L7 Sem asuodsal 90 03 SIOPUOdSaI 10 SWIT) UBTPIW YL, —
:asuodsay Jo Anpqoang
*2109s Y-SHT [810} 3Y) UO 0°97— SeM 9FUBYD UBIW ) ‘UOISNFUT ISITJ oY) Id)Je
U +¢ 0} dUI[dSEq WOIJ ‘(UOISNJUT ISITY AY) I19)j€ s3yeam g Juswaroidur woydwks 90¢ <) s1opuodsar surure)dy o1 jo ojdwes e uy -
‘(#00°0=d) $2109S [-]DHD UO JUSWIBII]
J0 109330 urew JuedTUSIS ® pue (600°0=d) S-19D ) UO UOIIBIAIUI dWI}-Aq-juduriear) juedrjrusdis e pey dnoid sururejoy oy, -

(60°0=4d) “UIW Of 19A0
K11AT)0BA1 pUE [esSnoIe 107 Jou Ing ‘(z0'0=d) suonrusod pue poow dAe3AU pue {(1000°0 > d) doUEpIoAR ‘(£0"0 = d) UOISNIJUT 10J wejozepru jo 8
UOIOBIIUT dUWI}-AQ-JUSUI)BI) JUBDIJIUSIS B PIMOYS dUIUIERIDY ‘WR[0ZEPIW 0) patedwod ‘Sa[easqns g-SJ VO INoj 9y} Jo yoea uy  — /W SH0°0 10 9PLIO[YI0IPAY  *(ST=1u) We[OZEPIW 10 (ST =U)
‘dnoi18 urejozeprur ay3 03 paredwod dnoid surure)ay ay3 ur 1omo[ A[IuedryTudIs 910m $9I00S G-SJ VD [B10) ‘C PUE [ SYRIM Y — AST¥d “9-SAI Jurwre)dy jo §y/Sws o JUIWR)AY 0) PAZIWOpURI
'sdnoi3 wejozeprw pue aUTWE)Y Y} Y)0Oq UL JR[TWIS 1M SII00S G-SI VD [BI0) ‘QUI[eseq Iy — ‘I-19D ‘S-19D 'SO9M T 10J oom B AI19M (JSLd JIUOIYD YIIm [L¥] (1202)
1$U02INO [PAIUID  ‘S-SAVD ‘S-INSA sauwil) ¢ I9A0 suoIsnjul 9 0,-8T pase syuedionred o ‘Te 19 19pag

(%ET "SA %ET) AYIBPLAY PUE ‘(%€ "SA %ST) UOTIRUTPI00d J00d (%€ "SA %) SUnTWoA
/BISNBU “(%ET "SA %1T) aNSNBY (%01 "SA %ET) SSAUSSANISA “(%9T "SA %17) YINouW KIP ‘(%61 "SA %9€) UOISIA PaI1IN[q :papnoul

UoISNJUT I33J€ Y4 ISITF 93 Ul HSTYJ 0} SUIPIOIOE WEB[OZEPIUW 0} PaIedwiod SUTUIR)IY JO S)OJJd aSIdAPE pajiodar juanbary - “UTUI O J9AO PIIISTUTWIPE
‘pajrodar arom swoydwks oruewr 10 onoydAsd jueoyrudis oN - dI1am suorsnjur (3 *(UoISNJuI puOdS AY) I9)J®
‘Urw g Aq paAJOSaI pue UOISNJUT JO JI8)S ) I93JE UTW Of & payead aurwre)as] yiim swojdwks SAIRI0SSI(q  — /8W G0 0) Wejozeprur 6 pue UOISNyuI ISIT§ Y}
SIUIAT 2S100PY pue (3y/8w s 0) 1913e 9) Apnys a1} pajardurod
*$91008 Y-SHT UO S309J32 JuedlyrusIs pey dw) pue JUSWIedI], — SPLIOTYO0IPAY SUTWEIN Keyewnn syuedronied ¢ m
:asuodsay fo Anpqoing ‘UoISNJuI puodas Y} ATUO ‘IOAIMOH "I9)B[ SY99M T a
‘Apyuediyrusis I9JJIp Jou PIp UOISNFUT I9}Je SAeP £ 91008 SV UBIW Y] ‘SIOPIO JUSUI)BAT) UdIMIdg — 910J9q (S < JO 21008 SIVD UOISNIUT IOY)0 ) PIAIIOAT Am
*SUOISNFUT SUTWE}AY SUIMO[[0] 19339q AJUBIIFIUSIS dI9M SI0JS [-[D)) PUB S-[DD - © papaau sjuedronred uay} sjuedronaed ¢sIty g
‘(TesnoxeradAy pue ‘9oueproAt ‘UoIsnIur) s19)sn[O woldwAs S I.d € [[ U0 S109JJ0 TR[IWIIS PAIMOYS dUTWeIdY -  ASTUd ‘SAVD ‘UOISNJUI PUOJAS AY) DAIIDI  UOISNJUI (6T = U) WE[OZePIW nm;
*JSI1J WE[OZEPIW PIAIIAT Oy Jualjed U0 PUE JSITJ JUIWIE)IY PIAIIOAI oym sjuared uaass ur juedyrudis A[uo sem j[nsax I-19D pue 0} I9pI0 U] ‘suolsnyul 10 (77 = u) duTuIe)dy ay) JaYIe 8
I} “10AaMOY ‘dnoig wejozeprw ay) 03 paredwod UOISNFUT ISIT] 9Y) I19)J€ [T 91038 Y-SHT Jomo[ pey dnoid surure)ay oy, - S-190 W-SAlL 0M] JO WNWIXEW € QAI9I31 0) POZIWOPUELI AIIM [ov] (#102) M
1S2U00INO (PIIULD  ‘SAVD ‘AI-INSA Ppaardal syuedronred 6681 pade syuedronied 14 ‘Te 32 19pag m
1S919)UT JO SAUW0IINQ SJUIUISSISSE uorjeInp pue uswrsox syuedronaeg xeak m
Apmig Sursop :uopuaAIdIU] JroyIny DW
g
(ponupuod) | TATAVL | <



16000447, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/acps. 70053, Wiley Online Library on [09/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

'X9110 Tejuo1joId [RIPOWONUIA ‘D IJ WA SN[NIJSE] JeUTOUN ‘DN ‘U0 ePI[OSU0INY

PUE UOTIOUNXH PISed-SSaUNIPUIN SUISN SUOIJUSAINU] BWNEL], “YIGINIL ‘ANANOUUO0D [eU0ONIUNJ 9)e)s-Sunsay ‘DASY S9013109 21e[nSUID JOLIdJUE [e1)SOY ‘DDVI (IOPIOSIP SSAIIS dIJBUINEI}-IS0d ‘AS.Ld SI193JFH 2PIS JO AI10judAU]
parey-1usned oy L, ‘ST ISI[09UD ISPIOSI( SSAIIS dNBWNLINSOJ “TDJ O[BdS SQWOIPUAS JATIESON pPUB 9ANISOJ ‘SSN'VJ PISTAY-2TedS Juaag jJo 3oedw] ‘Y-SH] ‘SurSewr aoueuosal onouew [euonoun,g ‘TYNJ ‘Adonjostue [euonoery
VI X91109 [e3u0Iya1d [eIpaWoSIO ‘D JJWP (SI013109 3)e[nSUId JIOLIdIUE [esI0( ‘DIVP 2[edS LI119A9S-uorssaidur] [eqoro [edTUI)) ‘S-19)D 91edS Juswaarordw-uorssardw] [eqo[ [edrul[) ‘I-[9)D O[edS dS.Ld PAIISIUIWPY-UBIOIUID)
‘SdVD £9[eIS 9381S SANIBII0SSI( PAIISIUTWPY-URIIUID ‘SSAVD IUdpuadop-[oAd]-ua§Lx0-poold ‘104 ‘SUOTIUIAINUT SSAUTNJPUIIA I0J ]IS JUIWSSISSY ‘TINSV $X21109 [eJu0Ijaxd [eTpoawW-I0LIAUY ‘) IJWE [SUOIIRIAIqQY

JUSWIEAI}-31d UBY) JOMO] 9I9M SAI00S SJVD pue TDJ ‘osde[priy -

*(zz0'0=d) dnoid oqaoerd ay) 03 paredwrod porrad 198uo AjyuediyTusis e 10y osuodsar e paurelsns dnoid surwe)oy oYL, -
:asuodsay fo Anpqoang

-osuodsa1 ur 99uaIaJJIp JuedIFIuSIS ou sem 193 ‘sdnoid usomjeg -

'SO9M 6 10J YoM AT9AD
uoIssas YAGNILI- NS ©
juamIapun Aoy ‘pasderor
sjyuedronied s0uQ
“UOISNJUT 19)J€ YoM JSITJ
9Y) Ul PAIdISIUIWPE dIoM
SUOISSIs YHINLL-TUI ¢
‘TINSV UO $31008
sjuedronred o3 Surpiodoe
pazifeuosiad a1om
SUOTJUAIDIUT SSOU[NIPUTIA
“UTW Of I9A0 PIIISTUTUIPE

‘(01 =u) suoIssos
Aderoqioyohsd YAGINIL
Z1 YIIm pauIquiod (duifes)
0qaoerd jo uorsnyur 9[Surs
® 10 (O =U) SUOISSIS
Aderayioyohsd YHGNIL T
UIIM PAUIQUIOD dUTUIR)IY JO

Acta Psychiatrica Scandinavica, 2025

(1000°0>d 591008 Sd VD Pu® TOJ Ul UONONPaI %09 <) swojduwAs Jo uorssiwal Juedrudis e paoustadxa sdnoid yjoq ‘Yz v - oqaoe[d 10 duTUIR}dY JOYIID uoISnJur 9[3UIs € 9AIdI3I 0) [617]
'sdnoig omj ay) UsaM)dq TDJ QUI[SSEQ UT SIOUAIJJIP JULIIFTUSIS OU 919M 913U ], — Jo asop 8y/8wig o a[Surs e pazrwopuer a1am gSILd Yim  (8107) T8 10
1SOUL02INQ [DIIUID 10d ‘SdVD paarddal syuedonred [V 09—+ pade syuedronaed oz ueypeid
‘dnoid wrejozeprw oy} ur uey) dnoid saurwejay oy}
ur 108uo1s sem judurosoidwil S I.d 191e] pue A)AOIUUO0D e[epSAWE—) JJWA P)e[aI-9J.] duI[dseq usamlaq diysuonepiayl, -
“Juowarordur woydwks
dS.1d Jo 10301paid 3sa8uoIls ay) sem Nse) SuIMdIA-00.] [RUOTJOW 9y} SULIND AIIATIOAUU0D B[epSAure-D),fJUIA dUI[aSeq JOMOTT -
‘wejozepru o) paredwod
QUIUIB)IY PIAIIAT OYM S[ENPIATpUT UT JudwaAoiduwr woduwiks (IS,L.d U0 199530 198uoI3s € pey uoniqryur efepgAure « D qJuwa —
*DddWA 2y} Aq erep3Aure ayj jo
uoniqryur umop-doj 193218 pue swoydwiAs (S.Ld Ul sjuswasoidw usamiaq drgsuoneal e pajiqryxs dnoid surwre)ay ay) A[uQ -
‘Ky1rones woydwis S L4 Ut syuawasoxdurr
1978218 0) pa] Aemypyed erepSAure « H,{JWA 9Y) UT UONIIYUT Paje[aI-29e] 191ea1d pue Aemyjed O JdwA « e[epSAure o) ur
UOTJBIIOXS POJB[I-2IE] I3SSI] PIEMO) SHIYS Juaurjear)-a1d snsiaa jsod jey) pamoys uorsnjur-jsod pue -axd yjoq wosj ejeq -
‘swoydwAs SLd UT SIUSWIA0IdWI Y1 PIIBIOOSSE 9I9M AJIAI}OSUUOD B[NSUT IOLId)UE
-DJdd WA SUT)SaI PaseaIoUT PUE JII[FUOD [RUOHOWR SULIND (IO DDV P PISEAIIP ‘QUITERIAY PIAIIAI OYM S[ENPIAIPUT U] —
‘urwe)dy Juraredar sjyusned
ur A[[eroadsa ‘SawodIno Jusuneal) 19339q pajorpaid Surmara-aoey [euonowd urinp £)Anosuuod eepgAwe-) jJwa R3uons -
‘Ky110A9s wojdwAs (S I.d POSBINP 9ARY 0} PapUd} B[NSUT I0LId)UER PUB DDV 9} UdaM1dq AJIAIIIUUOD
(8unsar) sa1y-yse) 19)ea18 pue uorenSar JOI[yuod [euorIows dAneSou SuLINp qTOF DIV Ul SISBAIOUT YIIM Sjualed —
‘Juswaroxduwr woyduwks *SY09M 0M) T0F YoM
S.Ld JO 91e[91109 1893U01)S ) Sem JUIMIIA 908 [euoTIoWd Furinp ejepSAwe pue O, JJWA 9} U9aM}9q AJIATIOUUOD PIsSLaIou] — yoed (3y/3w sy0°0) (01 =u) urejozepiw 1o (11 =u)
150u102In() [2180]01qONIN ureozeprut 1o (8y/8w s () QUIUIB)DY O} PAZIWOPUET [8¥]
JuowaAoxdur 19)yea13 pamoys dnoid surwreiay ay) ygnoyie ‘sdnoid yjoq ur paAIasqo aI19m SI09S G-SI VD Ul sjuswarordwy — sSueds YN QUTWIB)AY JO suoIsnjul 1M (IS.Ld d1UOIYD YIIM (12027) Te 19
1S2U100IN Q) [DIIUID ‘6-SdVD € PoAIadaI sjuedronied 0.-81 pase syuedronted 1g KInqIoN
1S919)UT JO SAUW0IINQ SPUSWISSISSE uorjeanp pue udwrSox syuedronaeq 1eak
Apmig Sursop :uopuaAIdIU] JroyIny
(penupuo)d) | THTIVL ©



TABLE 2 | Risk of bias/quality assessment of the included randomized controlled trials.

Item
Study 1 2 3 4 5 6 Quality rating
Abdallah et al. (2022) [43] L L L L L L Good
Danbdck et al. (2024) [44] L L L L L L Good
Duek et al. (2023) [45] L L L L L L Good
Feder et al. (2014) [46] S L L L L L Good
Feder et al. (2021) [47] L L L L L L Good
Norbury et al. (2021) [48] S L L L L L Good
Pradhan et al. (2018) [49] L L L L L L Good

Abbreviations: H, high risk of bias; L, low risk of bias; S, some concerns.

TABLE 3 | Eligibility criteria.

Inclusion criteria

1. Randomized controlled trials.
2. Participants must be administered intravenous (IV) ketamine.

3. All participants must be diagnosed with post-traumatic stress disorder (PTSD).
4. The primary outcome must evaluate ketamine's clinical efficacy in PTSD or investigate its underlying neurobiological mechanisms.

Exclusion criteria

1. Preclinical studies (i.e., animal studies).

2. Participants must not have any comorbidities except for depression (e.g., anxiety).
3. Non-randomized studies (e.g., observational studies, case reports, reviews, meta-analyses, post hoc analyses, editorials).

4. Full-text is unavailable or not in English.

(CGI-I) scores (p=0.004) [47]. A comparable RCT, wherein
participants were randomly assigned to receive six infusions of
ketamine (0.5mg/kg) or midazolam (0.045mg/kg) over 40min
across 2weeks, reported that participants assigned to ketamine
exhibited a greater symptom improvement when compared to
midazolam-treated patients as evidenced by a change in the
CAPS-5 score [48].

A study investigating a single-dose model with adjunct
exposure-based  psychotherapy, compared ketamine
(0.5mg/kg) and midazolam (0.045mg/kg), reported an im-
provemnt in PCL-5 scores [baseline: 46.6 +13.35; 7 days post-
infusion: 33.8 +£18.37; 30-day follow-up: 30.79 +15.79; 90-day
follow-up: 31.04 +17.55] [45]. However, the symptoms of par-
ticipants in the ketamine or midazolam groups both improved
at the same rate, leading to considerable ameliorations from
baseline to end of treatment and at the 30-day follow-up [45].
Another study that combined a single dose of ketamine with
adjunct psychotherapy duplicated these findings, reporting
that ketamine was unable to dramatically improve PTSD
symptoms relative to placebo [49].

Lastly, in a crossover study where participants received a sin-
gle infusion of ketamine (0.5 mg/kg) and a single infusion of
midazolam (0.045mg/kg), ketamine was observed to reduce
symptoms across all three PTSD symptom clusters (e.g., in-
trusion, avoidance and hyperarousal) [46]. Furthermore, 24 h
after the first infusion, the Impact of Event Scale-Revised

(IES-R) scores improved more in those who received ket-
amine [46]. Crossover analyses also revealed that CGI-S and
CGI-I scores were significantly greater following ketamine in-
fusions [46]. However, between treatments, the mean CAPS
and IES-R scores 7days after infusion did not differ signifi-
cantly [46].

3.5 | Durability of Ketamine Response in PTSD

A total of five studies examined the durability of the ketamine
treatment effect on PTSD symptoms. Among groups receiving
multiple doses of ketamine (0.2 and 0.5mg/kg, respectively)
or placebo, participants’ PCL-5 and CAPS-5 scores in a four-
week post-treatment period reported a time effect (p<0.001;
p<0.0001, respectively), but no significant treatment main ef-
fect (p=0.11; p=0.26, respectively) nor treatment-by-time in-
teractive effect (p=0.08; p=0.13, respectively) [43]. Notably, at
the end of the post-treatment period, substantially lower PCL-5
scores were observed in the low-dose group compared to placebo
(p=0.01, adj. p=0.03) [43]. In contrast, PCL-5 score differences
between the standard-dose group and placebo were not signifi-
cant (p=0.34, adj. p=0.34) [43]. There were also no significant
differences in CAPS-5 score changes between all groups at the
end of post-treatment [43].

However, in a single-dose model with adjunct exposure-
based psychotherapy, improvements in PTSD symptoms were
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FIGURE1 | PRISMA flow diagram.
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maintained in both ketamine and midazolam groups at the end
of the 90-day follow-up period [45]. In a separate study which
combined pharmacotherapy and psychotherapy, the ketamine
group sustained a response for a significantly longer period
compared to the placebo group (p=0.022) [49]. Additionally, a
crossover design comparing ketamine and midazolam reported
that treatment and time both had significant effects on IES-R
scores [46].

Finally, examining ketamine responders in a multi-infusion
study, the median time for responders to lose response after the
primary outcome assessment day (2weeks after the first infu-
sion) was 27.5days [47]. Notably, two participants did not relapse
by their last assessments at 50 and 102days, respectively, after
their primary outcome assessments [47].

3.6 | Adverse Effects of Ketamine in PTSD

We identified three studies that evaluated adverse effects as-
sociated with ketamine treatment in persons with PTSD as
an additional outcome. Over multiple doses, participants with
PTSD receiving low and standard doses (0.2 and 0.5mg/kg,
respectively) of ketamine exhibited an increased frequency
of agitation, anxiety and irritability compared to placebo
[43]. Furthermore, participants receiving ketamine exhibited
Clinician-Administered Dissociative States Scale (CADSS)
measured dose-dependent increases in dissociative symptoms
(p<0.0001) [43]. Notwithstanding, dissociative symptoms were
often transient, decreasing in severity with subsequent treat-
ments and were rarely a reason for discontinuation [43]. In ad-
dition, evidence indicated that broad-based psychopathology
did not worsen and, in fact, trended in the direction of improve-
ment as measured by the Positive and Negative Syndrome Scale
(PANSS) [43].

In a similar study where participants with PTSD received
multiple doses of ketamine (0.5 mg/kg), transient dissociative
symptoms occurred during infusions, but significant psy-
chotic and manic symptoms were not observed [47]. Moreover,
reported using the Patient-Rated Inventory of Side Effects
(PRISE), common side effects of ketamine included blurred
vision, dizziness, fatigue, headache and nausea/vomiting [47].
No increase in suicidal behavior was reported during the as-
sessment period [47].

Lastly, in a crossover model, dissociative symptoms with ket-
amine peaked at 40min after the start of infusion and resolved
by 120min [46]. The most commonly reported adverse effects
of ketamine compared to midazolam included blurred vision,
restlessness, and fatigue. There were no significant psychotic or
manic symptoms reported in the foregoing study [46].

3.7 | The Effect of Ketamine on Mechanisms
Implicated in the Pathophysiology of PTSD

We identified a total of three studies evaluating the neurobi-
ological effects of ketamine on PTSD from the search. In a
single-infusion model, ketamine and midazolam groups did
not differ in their change of ventromedial prefrontal cortex

(vmPFC)-amygdala, dorsomedial prefrontal cortex (dm-PFC)-
amygdala, or anterior-medial PFC (amPFC)-amygdala resting-
state functional connectivity (RSFC) from baseline to the first
and last 10min of infusion [44]. However, from baseline to the
middle 10min of infusion, the ketamine group exhibited a larger
reduction in vmPFC-amygdala RSFC, but the within-group
changes from baseline to this timepoint were not statistically
significant in either group [44]. Changes in dm-PFC-amygdala
RSFC and amPFC-amygdala RSFC exhibited no significant dif-
ferences from baseline to the middle 10 min of infusion between
groups [44].

In a similar study where participants received a single infu-
sion of ketamine or midazolam, underwent psychotherapy,
and listened to scripts detailing personal traumatic, sad, and
relaxed events, vmPFC-amygdala functional connectivity was
not significantly different at baseline, during infusion, as well
as 1week and 30days after infusion [45]. However, functional
connectivity between the amygdala and posterior hippocampus
(pHPC) was significantly lower at the end of treatment in the
ketamine group [45]. This difference was also observed at the
30-day follow-up.

After treatment was completed, the ketamine group reported
significantly lower amygdala activation and marginally
lower hippocampal activation differences when recalling
traumatic versus relaxed memories [45]. These effects were
not maintained at the 30-day follow-up [45]. Ketamine
also showed a reduction in fractional anisotropy (FA) in the
right uncinate fasciculus (UNC), lasting at least 30days com-
pared to midazolam [45]. Similar results were found in the left
UNC, with a strong interaction between session and drug on
FA [45].

A multi-infusion model comparing ketamine and midaz-
olam groups revealed that increased connectivity between the
vmPFC and amygdala during emotional face viewing had the
strongest association with PTSD symptom improvement [48].
Patients with enhancements in rostral anterior cingulate corti-
ces (rACC) blood oxygen level dependent (BOLD) during nega-
tive emotional conflict regulation, and greater task-free (resting)
connectivity between the rACC and anterior insula, tended to
have reduced PTSD symptom severity [48]. In addition, stronger
vmPFC-amygdala connectivity during emotional face viewing
predicted better treatment outcomes, especially in patients re-
ceiving ketamine [48]. Moreover, in individuals who received
ketamine, decreased dorsal anterior cingulate cortices (dACC)
BOLD during emotional conflict and increased resting vmPFC-
anterior insula connectivity were linked to improvements in
PTSD symptoms [48].

In both groups, data from both pre- and post-infusion showed
that post versus pre-treatment shifts toward lesser face-related
excitation in the amygdala - vmPFC pathway and greater face-
related inhibition in the vmPFC — amygdala pathway led to
greater improvements in PTSD symptom severity [48]. Moreover,
in all groups, symptom improvement was associated with lower
face-related amygdala—vmPFC excitation [48]. Remarkably,
only the ketamine group exhibited a relationship between im-
provements in PTSD symptoms and greater top-down inhibition
of the amygdala by the vmPFC [48].
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In a cotherapy model where participants were randomized to re-
ceive either ketamine or a placebo and undergo psychotherapy,
there was no significant difference in mean basal D-serine (DSR)
plasma concentrations between groups [49]. Pre-treatment
higher basal DSR plasma levels correlated with increased PTSD
severity (p=0.07) and shorter treatment responses (p=0.93)
[49]. Furthermore, in participants receiving ketamine only, sig-
nificant differences in response were observed between those
with basal DSR plasma concentrations greater than or equal to
3.5uM and those who had concentrations lower than 3.5uM
(p=0.001) [49].

4 | Discussion

Our results suggest that ketamine is efficacious in the treatment
of PTSD, yet findings from this review remain inconclusive. Only
one multi-infusion study and a crossover study reported greater
ketamine-induced symptom improvements compared to midaz-
olam; however, two studies indicate that a single infusion of ket-
amine paired with psychotherapy was not effective in improving
PTSD symptoms over control groups. Five studies reported mixed
findings on ketamine's durability, but receiving multiple lower
infusions of ketamine (0.2 mg/kg) may be more effective in sus-
taining treatment effects than standard doses (0.5 mg/kg) or the
combination of single-dose ketamine combined with psychother-
apy. Ketamine was also observed to induce dissociation, blurred
vision, dry mouth, and restlessness symptoms, but not psychotic,
manic, or suicidal ideation and behaviors. Taken together, these
results highlight ketamine's potential to relieve PTSD symptoms
rapidly, although ketamine's effectiveness may be dependent on
treatment regimen and strategy.

This highlights inconsistencies between real-world and RCT
findings, suggesting that PTSD as a stand-alone diagnostic en-
tity may not be an identical biophenotype to PTSD comorbid
with depression. In a multi-infusion trial involving patients
with PTSD and comorbid depression, standard doses of ket-
amine reduced depression symptoms significantly more than
placebo [43]. These findings are consistent with results from a
larger study of PTSD patients, many with comorbid depression,
in which a greater number of intravenous ketamine infusions
was significantly associated with decreased PTSD and depres-
sion symptoms [51]. However, results from our review indicated
that ketamine does not consistently outperform placebo. A po-
tential explanation for why ketamine monotherapy may be less
efficacious in RCTs than in real-world settings is the variation in
off-label use regimens (e.g., higher doses, increased frequency)
in clinical practice. Thus, PTSD may require a distinct treatment
protocol compared to TRD.

Currently, ketamine's mechanisms in treating PTSD are unclear
[27, 52]; however, it has been hypothesized that ketamine mod-
ulates neurobiological processes that play a role in fear learn-
ing and fear extinction [53, 54]. Specifically, ketamine has been
shown to modulate gamma-aminobutyric acid (GABA), gluta-
mate and glutamine neurotransmitter concentrations, engage
molecular cascades that participate in neurogenesis, neuro-
plasticity, synaptogenesis, and dendritic spine thickening (e.g.,
Brain-Derived Neurotrophic Factor and mammalian Target of
Rapamycin (BDNF-mTOR) signaling) [55-61].

In addition, ketamine modulates hormones as well as immune
responses, all of which contribute to fear learning and fear ex-
tinction [26]. A relationship was observed between top-down
inhibition of the amygdala by the vmPFC and symptom im-
provement after ketamine treatment, suggesting that ketamine
may enhance vmPFC's control over the amygdala during emo-
tional processing, reducing hyperarousal and fear responses
[62]. The aforementioned finding is further supported by ob-
servations in participants assigned to ketamine, wherein base-
line vmPFC-amygdala connectivity during a face-viewing task
was more strongly associated with later PTSD improvement
than in the midazolam group. Additionally, ketamine reduced
amygdala-pHPC functional connectivity, potentially reducing
threat-memory binding and hindering the retrieval of contex-
tual fear memories [63-66].

Despite these promising findings, there are several limitations
that affect the inferences and interpretations of our data. There
is a limited quantity of RCTs evaluating ketamine's efficacy in
the treatment of adults with PTSD, which may limit our ability
to detect a clinically significant effect. Additionally, the meth-
ods that included studies implemented were heterogeneous in
nature, consisting of varied treatment periods, ranging sample
sizes, different total numbers of infusions, as well as distinct
approaches to adjunct psychotherapy. Furthermore, all stud-
ies involving a single infusion of ketamine included cotherapy,
which limits the ability to evaluate the effect of single-infusion
ketamine as monotherapy in persons with PTSD. Of the studies
that included a follow-up period, the duration ranged consid-
erably, limiting the observation and evaluation of treatment-
emergent adverse events and ketamine durability. Long-term
effects of treatment were also not evaluated in the available
studies. Finally, the preponderance of studies considered in
this review used intravenous delivery of racemic ketamine. As
a result, studies that administered the enantiomer S-ketamine
or other ketamine metabolites via alternative routes of delivery
(e.g., intranasal) were not included.

5 | Conclusion

Available evidence suggests that intravenous ketamine may be
efficacious in the treatment of adults with PTSD. However, there
is a need for replicated studies to assess the therapeutic effect of
ketamine as monotherapy, as well as with adjunctive treatments,
for PTSD. Moreover, long-term studies are needed to evaluate
the maintenance, durability and long-term safety of ketamine
for persons with PTSD. Future studies should endeavor to ex-
amine the pharmacodynamic effect of ketamine in addition to
clinical outcomes to better investigate relevant mechanisms of
action that may underlie its therapeutic effect in PTSD.
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