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T
he American Psychiatric Association Council of Research
Task Force on Novel Biomarkers and Treatments found
that the data from 7 published placebo-controlled,

double-blind, randomized clinical studies on ketamine hydrochlo-
ride infusion therapy in the treatment of depression comprising
147 treated patients provide “compelling evidence that the antide-
pressant effects of ketamine infusion are both rapid and robust,
albeit transient.”1(p958) Reports of ketamine’s unique antidepres-
sant effects, combined with frequent media coverage promulgat-
ing the potential benefits of ketamine treatment, have generated
substantial interest and optimism among patients, families,
patient advocacy groups, and clinicians alike. This interest has led
to a rapidly escalating demand for clinical access to ketamine
treatment and an increasing number of clinicians willing to provide
it. However, many in the field suggest that caution should be used
with this approach, as the numbers of patients included in these
published studies and case series remain relatively small (the
eTable in the Supplement compares other recently developed
treatments), and ketamine treatment for mood disorders has not
been tested in larger-scale clinical trials to demonstrate its durabil-
ity and safety over time.2,3 Moreover, the treatment approach has
not been subject to the scrutiny of a US Food and Drug Adminis-
tration review or approval for an on-label psychiatric indication,

and, despite more than 45 years of clinical experience with ket-
amine as an anesthetic agent, there are no postmarketing surveil-
lance data on the use of ketamine for any psychiatric indication to
provide information on its safety and effectiveness.

The relatively unique nature of this situation presents an
urgent need for some guidance on the issues surrounding the use
of ketamine treatment in mood disorders. This review by the
American Psychiatric Association Council of Research Task Force
on Novel Biomarkers and Treatments Subgroup on Treatment Rec-
ommendations for Clinical Use of Ketamine is intended to comple-
ment the recent American Psychiatric Association meta-analysis1

and other recent reviews4-10 and aims to provide an overview and
expert clinical opinion of the critical issues and considerations
associated with the off-label use of ketamine treatment for mood
disorders. Because relatively limited high-quality, published infor-
mation on this topic exists, to our knowledge, this report is not
intended to serve as a standard, guideline, clinical policy, or abso-
lute requirement. The main intent of the report is to highlight the
current state of the field and the critical issues to be considered
when contemplating the use of ketamine for treatment-resistant
depression. Use of this report cannot guarantee any specific out-
come and is not endorsed or promulgated as policy of the Ameri-
can Psychiatric Association.

IMPORTANCE Several studies now provide evidence of ketamine hydrochloride’s ability to
produce rapid and robust antidepressant effects in patients with mood and anxiety disorders
that were previously resistant to treatment. Despite the relatively small sample sizes, lack of
longer-term data on efficacy, and limited data on safety provided by these studies, they have
led to increased use of ketamine as an off-label treatment for mood and other psychiatric
disorders.

OBSERVATIONS This review and consensus statement provides a general overview of the
data on the use of ketamine for the treatment of mood disorders and highlights the
limitations of the existing knowledge. While ketaminemay be beneficial to some patients
with mood disorders, it is important to consider the limitations of the available data and the
potential risk associated with the drug when considering the treatment option.

CONCLUSIONS AND RELEVANCE The suggestions provided are intended to facilitate
clinical decision making and encourage an evidence-based approach to using ketamine
in the treatment of psychiatric disorders considering the limited information that is
currently available. This article provides information on potentially important issues
related to the off-label treatment approach that should be considered to help ensure patient
safety.
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Patient Selection

There are no clearly established indications for the use of ketamine
in the treatment of psychiatric disorders. However, the selectionof
appropriate patients for ketamine treatment requires consider-
ationof the risks andbenefits of the treatment in the context of the
patient’s severity of depression, duration of current episode, pre-
vious treatment history, and urgency for treatment. To date, the
strongest data supporting ketamine’s clinical benefit in psychiatric
disorders are in the treatment of major depressive episodes with-
outpsychotic featuresassociatedwithmajordepressivedisorder.1,11

Even these data are limited by the fact that most of those studies
evaluated efficacy only during the first week following a single in-
fusion of ketamine. However, emerging studies suggest that re-
peated dosing can extend the duration of effect for at least several
weeks.12,13 Although some limited data on the use of ketamine in
treating other psychiatric diagnoses exist (eBox 1 in the Supple-
ment),wedonotbelieve therearesufficientdata toprovideamean-
ingful reviewof theassessmentof risksandbenefitsofketamineuse
in these other disorders at present.

In addition to diagnostic considerations, appropriate patient
selection requires an assessment of other medical, psychological,
or social factors that may alter the risk to benefit ratio of the
treatment and affect the patient’s capacity to provide informed
consent. For these reasons, we recommend that each patient
undergo a thorough pretreatment evaluation process (Table)14-17

that assesses several relevant features of the patient’s past and
current medical and psychiatric condition before initiating ket-
amine treatment. We also recommend that an informed consent
process be completed during this evaluation. Rationale for the
suggestions listed in the Table are provided in eBox 1 in the
Supplement.

Clinician Experience and Training

Thereare considerabledifferences in theexperienceandclinical ex-
pertise of the clinicians currently administering ketamine to pa-
tients for the treatmentofmooddisorders. Atpresent, there areno
publishedguidelinesor recommendationsoutliningthespecific train-
ing requirements that clinicians should complete before adminis-
teringdosesof ketamine that are lower than thoseused in anesthe-
sia. Inattempting tobalance theneeds for treatmentavailability and
patient safety, onemust consider the information available regard-
ing the use of ketamine at the relevant dose range in similar patient
populations to formulateanadvisoryonclinical credentialing forket-
amine administration for the treatment of mood disorders.

The peak plasma ketamine hydrochloride concentrations of
70 to 200 ng/mL seen with the typical antidepressant dose of 0.5
mg/kg delivered intravenously (IV) during 40 minutes (0.5 mg/kg
per 40 minutes IV) do not produce general anesthetic effects.
The concentrations are well below the peak plasma ketamine
hydrochloride concentrations generally used for surgical anesthe-
sia (2000-3000 ng/mL) and below the concentrations associ-
ated with awakening from ketamine hydrochloride anesthesia
(500-1000 ng/mL).18-20 Reporting on 833 ketamine infusions in
healthy individuals resulting in peak plasma ketamine concentra-

tions in the same general range as those achieved with a dose
of 0.5 mg/kg per 40 minutes IV, Perry et al21 found 3 individuals
who became nonresponsive to verbal stimuli, but all remained
medically stable during the infusion and none required any form
of respiratory assistance. A second, more recent study reported
no persistent medical complications or significant changes in oxy-
gen saturation among 84 otherwise healthy patients with depres-
sion who received a total of 205 infusions of ketamine hydrochlo-
ride, 0.5 mg/kg per 40 minutes IV.9 However, transient mean
(SD) peak increases in systolic (19.6 [12.8] mm Hg) and diastolic
(13.4 [9.8] mm Hg) blood pressure were reported during the infu-
sions, with blood pressure levels exceeding 180/100 mm Hg or
heart rates exceeding 110 beats per minute in approximately 30%
of the patients treated. A single serious adverse cardiovascular-
related event was reported in this study (0.49% of infusions),
but it was considered to be attributable to a vasovagal episode
following venipuncture for a blood draw, and it resolved without
complications.

Table. Recommended Components of Preprocedural Evaluation

for Appropriateness of Ketamine Hydrochloride Treatment

ComponentRecommendation

1 A comprehensive diagnostic assessment should be completed to
establish current diagnosis and evaluate history of substance use
and psychotic disorders

2 Assessment of baseline symptom severity should be completed
to allow later assessments of clinical change with treatmenta

3 A thorough history of antidepressant treatment should be
collected and documented to confirm previous adequate trials of
antidepressant treatments

4 A thorough review of systems should be performed to evaluate
potential risk factors associated with ketamine treatmentb

5 Decisions on the specific physical examination and laboratory
screening assessments should be made according to established
guidelines and advisories issued by the American College of
Cardiology Foundation/American Heart Association and the
American Society of Anesthesiologists and should be based on
a patient’s individual clinical characteristicsc

6 A careful review of past medical and psychiatric records and/or
corroboration of the past history by family members are strongly
encouraged; all current medications and allergies should be
reviewed, including histories of opiate and benzodiazepine use;
the use of a baseline urine toxicology screen is strongly
encouraged to ensure the accuracy of the reported substance use
and medication record

7 An informed consent process, including discussion of the risks
associated with the treatment,d the limits of the available
information pertaining to the potential benefits of the treatment,
the fact that this is an off-label use of ketamine, and a discussion
of alternative treatment options should be completed; this
discussion should be complemented with written materials, and
the patient should provide written informed consent before
initiating treatment

a Self-report versions of the Inventory of Depressive Symptomatology and
Quick Inventory of Depressive Symptomatology (http://counsellingresource
.com/quizzes/depression-testing/qids-depression/) are examples of scales
that are available at no cost to clinicians and researchers.

bThis review should also include questions pertaining to functional exercise
capacity, which has been demonstrated to provide a good screening tool for
patients that are at increased risk for adverse events associated with
anesthesia exposure and surgical procedures.14,15

c American College of Cardiology Foundation and the American Heart
Association guidelines for perioperative cardiovascular evaluation and
management of patients undergoing noncardiac surgery16 and practice
advisory from the American Society of Anesthesiologists.17

dThe Ketalar package insert (http://www.accessdata.fda.gov/drugsatfda_docs
/label/2012/016812s039lbl.pdf) provides essential information related to risk
of ketamine administration.
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Thedata available from these studies andother case reports in
the literature suggest that thedoseof ketaminehydrochloride typi-
callyused inthetreatmentofmooddisorders (0.5mg/kgper40min-
utes IV) does not appear to have significant effects on the respira-
tory status of healthy individuals or patients with depression who
areotherwisegenerallymedicallyhealthy.However, ketamine treat-
mentcouldhavemeaningfuleffectsonbloodpressureandheart rate
for some patients. Considering the potential risks associated with
ketaminehydrochlorideadministrationat thedoseof0.5mg/kgper
40minutes IV, it is recommendedthat cliniciansdelivering the treat-
mentbeprepared tomanagepotential cardiovascularevents should
theyoccur.Basedon this information,wesuggest that a licensedcli-
nician who can administer a Drug Enforcement Administration
Schedule III medication (inmost states this is anMDorDOwith ap-
propriate licensing) with Advanced Cardiac Life Support certifica-
tion should provide the treatments.

Because it is also possible for patients to experience promi-
nent transient dissociative or even psychotomimetic effects while
being treatedwithketamine,22clinicians shouldalsobe familiarwith
behavioral management of patients with marked mental status
changes and be prepared to treat any emergency behavioral situa-
tions. Furthermore, it is suggested that an on-site clinician be avail-
able and able to evaluate the patient for potential behavioral risks,
including suicidal ideation, beforedischarge tohome. Finally, treat-
ing clinicians should be able to ensure that rapid follow-up evalua-
tionsof patients’ psychiatric symptomscanbeprovidedasneeded.

Inadditiontotheminimalgeneral trainingrequirements, it isalso
recommended that clinicians develop some level of experiencewith
thespecificmethodofketamineadministrationbeforeperformingthe
procedure independently.Precisedelineationof requiredexperience
anddocumentationof thisexperienceshouldbebasedon local com-
munity standardsofpracticeand/orclinicalpracticecommittees.Re-
ports suchas theStatementonGrantingPrivileges forAdministration

ofModerateSedation toPractitionersWhoAreNotAnesthesiaProfes-

sionals,publishedbytheAmericanSocietyofAnesthesiologists,23can
beused to inform thedevelopment of these standards.

Treatment Setting

Although the administration of ketamine at peak plasma concentra-
tionssimilar tothoseproducedbyadoseof0.5mg/kgper40minutes
IVhasproven tobe relatively safe todate, thepotentially concerning
acuteeffectsoncardiovascular functionandbehaviorsuggestthatthe
clinical settingshouldprovidesufficientmeansofmonitoring thepa-
tients andproviding immediate care if necessary.Although there are
relatively lowlevelsofevidencetosupporttheuseofanyspecificmoni-
toringmethods inreducingtherisksofketaminetreatmentwithdoses
thatare lowerthanthoseusedinanesthesia, itshouldbeexpectedthat
sucha facility haveameansofmonitoringbasic cardiovascular (elec-
trocardiogram,bloodpressure)andrespiratory (oxygensaturationor
end-tidal CO2) function. It should also be expected that therewould
bemeasuresinplacetorapidlyaddressandstabilizeapatientifanevent
shouldarise.Thesemeasureswould includeameansofdeliveringoxy-
gentopatientswith reducedrespiratory function,medication,and, if
indicated,restraintstomanagepotentiallydangerousbehavioralsymp-
toms.Moreover, thereshouldbeanestablishedplantorapidlyaddress
anysustainedalterations incardiovascular function,suchasproviding

advancedcardiac life supportor transfer toahospital settingcapable
of caring for acute cardiovascular events. Patients deemed at higher
risk for complications based on pretreatment evaluation should be
treated at a facility that is appropriately equipped and staffed to
manage any cardiovascular or respiratory events thatmayoccur.

Medication Delivery

Dose

Mostclinical trialsandcasereportsavailable inthe literaturehaveused
theketaminehydrochloridedoseof0.5mg/kgper40minutes IVthat
was cited in the original report by Berman et al.24 Limited informa-
tion is available regarding the use of different routes of delivery and
dosesofketamine.Ameta-analysisof6 trials assessing theeffectsof
thestandarddoseof0.5mg/kgper40minutes IVand3trials assess-
ingvery lowdosesofketaminehydrochloride(50-mgintranasalspray,
0.1-0.4mg/kg IV,and0.1-0.5mg/kg IV intramuscularlyor subcutane-
ously) reported that the dose of 0.5 mg/kg per 40 minutes IV ap-
pears tobemoreeffective thanvery lowdoses in reducing thesever-
ityofdepression.4However, there is substantialheterogeneity in the
design of the clinical trials, and the total number of participants in-
cluded inthatanalysis isvery few,markedly limitingtheability todraw
any firm conclusions from this report.

Although there is now a growing number of reports examining
the effects of various doses and rates of ketamine infusion, includ-
ing studies showing lower doses and reduced infusion rates25-27 to
be effective and studies showing higher doses and extended infu-
sion rates28,29 tohave clinical benefit, at presentwebelieve that in-
sufficient information was provided in those studies to allow any
meaningful analysis of any specific doseor routeof treatment com-
paredwith the standarddose of0.5mg/kgper 40minutes IV. Con-
sidering the lower-level evidence for doses and routes of adminis-
trationother than0.5mg/kgper40minutes IV, if alternativedoses
are being used, that information should be presented to the pa-
tientduring the informedconsentprocess, andappropriateprecau-
tionsshouldbemade inmanagingany increased riskassociatedwith
the changes in ketamine administration. However, the use of alter-
native doses and routes of administration could be appropriate for
individual patients under specific conditions.

Oneexampleof a rationale fordoseadjustment is related to the
dosing of ketamine for patients with a high body mass index (cal-
culatedasweight inkilogramsdividedbyheight inmeters squared).
The fact that greater hemodynamic changes were observed in pa-
tientswith a bodymass index of 30 or higherwhowere receiving a
doseof0.5mg/kgper40minutes9 suggests that adjusting theket-
aminedosingto idealbodyweight (usingtheperson’scalculated ideal
bodyweight andnot actual bodyweight to determine dosing)may
beanappropriate step tohelpensure safety forpatientswithabody
mass indexof 30or higher. However, there is currently very limited
information supporting this approach.

Delivery Procedure

Tohelpbestensurepatient safetyand tominimize risks, it is strongly
advised that site-specific standard operating procedures be devel-
oped and followed for the delivery of ketamine treatments forma-
jor depressive episodes. The standard operating procedure should
containpredosing considerations covering the following: (1) confir-
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mation of preprocedural evaluation and informed consent; (2) as-
sessmentofbaselinevital signs, includingbloodpressure,heart rate,
and oxygen saturation or end-tidal CO2; (3) criteria for acceptable
baseline vital signs before initiation ofmedication delivery (eBox 2
in the Supplement); and (4) incorporation of a “time-out” proce-
dure in which the name of the patient and correct dosing para-
meters are confirmed.

Standard operating procedures should also include specifi-
cally defined ongoing assessments of patients’ physiological and
mental status during the infusion process, including the following:
(1) assessment of respiratory status (ie, oxygen saturation or end-
tidal CO2); (2) assessment of cardiovascular function (blood pres-
sure and heart rate, reported on a regular basis); (3) assessment of
the level of consciousness (ie, Modiied Observer’s Assessment of
Alertness/SedationScale30)orotherdocumentedassessmentof re-
sponsiveness; and (4) delineation of criteria for stopping the infu-
sion (eBox 3 in the Supplement) and a clear plan for managing car-
diovascular or behavioral events during treatment.

Immediateposttreatmentevaluations,assessments,andmanage-
mentshouldensurethatthepatienthasreturnedtoa levelof function
thatwill allowfor safe return tohisorher current livingenvironment.
Thisassessmentshouldincludedocumentationofreturntobothbase-
line physiologicalmeasures andmental status. It is also critical to en-
surethataresponsibleadult isavailabletotransport thepatienthome
if thetreatment isbeingadministeredonanoutpatientbasis.Recom-
mendations regardingdrivinganduseofheavymachinery, aswell as
useof concomitantmedications,drugs,or alcohol, shouldalsobe re-
viewedbeforedischarge. It is also important to reviewfollow-uppro-
ceduresandensurethat thepatienthasameansof rapidlycontacting
an appropriately trained clinician if necessary.

Follow-up and Assessments

EfficacyMeasures of Short-term Repeated Administration

Theexistingdatasurroundingthebenefitsofrepeatedinfusionsofket-
amineremain limited.1,11Althoughan increasingnumberofsmall case
series evaluate the efficacy of repeated ketamine administration for
thetreatmentofmajordepressiveepisodes, there isaverysmallnum-
berofrandomizedclinicaltrials intheliterature.1Thelackofclinicaltrials
in thisareamakes itdifficult toprovidesuggestionsonthe frequency
andduration of treatmentwith evenmoderate levels of confidence.
Moststudiesandcasereportspublishedtodateonthis topichaveex-
amined the effects of less than 1month of treatment.12,26,31-34

Arecentrandomized,placebo-controlledclinical trial (usingsaline
as theplacebo)of68patientswithtreatment-resistantmajordepres-
sivedisorderexaminedtheefficacyofketamine,0.5mg/kgper40min-
utesIV,both2and3timesweeklyforupto2weeksandfoundbothdos-
ing regimens to be nearly equally efficacious (change in mean [SD]
Montgomery-ÅsbergDepressionRatingScaletotalscoreforketamine
2timesweekly,–18.4[12.0]vsplacebo,–5.7[10.2];andketamine3times
weekly, –17.7 [7.3] vsplacebo, –3.1 [5.7]).13After2weeksof treatment,
patients treatedwithketamine2 timesweekly showeda69%rateof
responseand37.5%rateof remissionvsplacebo,at 15%and7.7%, re-
spectively,andthosetreatedwithketamine3timesweeklyhada53.8%
rateofresponseand23.1%rateofremissionvsplacebo,at6%and0%,
respectively. Intheensuingopen-labelphaseofthestudy,patientswere
allowedtocontinuewithactivemedicationatthedosefrequencythey

wereoriginallyassignedforanadditional2-weekperiod.At theendof
4weeksof treatment, the 13patientswho receivedketamine2 times
weekly and continued to receive the additional 2weeksof treatment
hadamean27-pointreductionintheMontgomery-ÅsbergDepression
RatingScalescorecomparedwitha23-pointdecreaseforthe13patients
who received ketamine 3 timesweekly. Although thiswas clearly not
adefinitivestudy,it isthebestevidencecurrentlyavailable,toourknowl-
edge,tosuggestthattwice-weeklydosing isasefficaciousasmorefre-
quentdosingforaperiodofupto4weeks. Ingeneral,mostoftheavail-
ablereportsdescribingtheeffectsofrepeatedtreatmentsshowedthe
largestbenefitsoccurringearly inthecourseoftreatment,butsomere-
ports did showsomecumulativebenefit of continued treatment.31

Very limited data exist to suggest a clear point of determining
the futility of treatment, but there are a few reports of patients re-
spondingaftermorethan3 infusions.Basedonthe limiteddataavail-
able, patients should be monitored closely using a rating instru-
ment toassessclinical change tobetter reevaluate the risk tobenefit
ratioof continued treatment. In addition,only 1 report suggests that
an increaseddoseof ketamine (beyond0.5mg/kgper40minutes)
may lead to a response to treatment in patients who had previ-
ously not responded.28 Equally few data are available to suggest a
standard number of treatments that should be administered to
optimize longer-term benefit of the treatment.

Efficacy of Longer-term Repeated Administration

Toourknowledge, thereareextremely limitedpublisheddataonthe
longer-termeffectivenessandsafetyofketaminetreatment inmood
disorders. This literature is confined to a fewcase series that donot
allowus tomakeameaningful statementabout the longer-termuse
of ketamine.35,36 Several clinics providing such treatments are cur-
rentlyusinga2-or 3-weekcourseof ketaminedelivered2or3 times
per week, followed by a taper period and/or continued treatments
basedonempiricallydetermineddurationof responses for eachpa-
tient. However, there remain no published data that clearly sup-
port this practice, and it is strongly recommended that the relative
benefit of each ketamine infusion be considered in light of the po-
tential risks associatedwith longer-termexposure to ketamine and
the lack of published evidence for prolonged efficacywith ongoing
administration. The scarcity of this information is one of the major
drawbacks to be considered before initiating ketamine therapy for
patientswithmooddisorders and should bediscussedwith thepa-
tient before beginning treatment.

Safety Measures and Continuation of Treatment

Based on the known or suspected risks of cognitive impairment37

and cystitis38 associated with chronic high-frequency use of ket-
amine and the known substance abuse liability of the drug, assess-
ments of cognitive function, urinary discomfort, and substance
use39 should be considered if repeated administrations are pro-
vided (eBox 4 in the Supplement).

Consideringtheknownpotential forabuseofketamine40andre-
cent reports of abuse of prescribed ketamine for the treatment of
depression,41cliniciansshouldbevigilantaboutassessing thepoten-
tial forpatientstodevelopketamineusedisorder.Closeclinical follow-
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upwith intermittenturinetoxicologyscreeningfordrugsofabuseand
inquiriesaboutattemptstoreceiveadditionalketaminetreatmentsat
other treatmentcenters shouldbe implementedwhenclinical suspi-
cionofketamineabuseispresent.Moreover,thenumberandfrequency
of treatmentsshouldbe limitedtotheminimumnecessarytoachieve
clinicalresponse.Consideringtheevidencesuggestingthatthemecha-
nismofactionrequiressomedelayedphysiologicaleffect tothetreat-
mentanddoesnotappear to requiresustainedbloodconcentrations
of thedrugtobepresent, there isnoevidencetosupport thepractice
offrequentketamineadministration.Thepreviouslymentionedreport
showingtwice-weeklydosingtobeatleastaseffectiveasdosing3times
aweek13 forupto4weeksappearstosupportthis idea insteadofmore
frequent dosing schedules.

At this point of early clinical development, we strongly advise
against the prescription of at-home self-administration of ket-
amine; it remainsprudent tohaveall dosesadministeredwithmedi-
cal supervision until more safety information obtained under con-
trolled situations can be collected. Discontinuation of ketamine
treatment is recommended if the dosing cannot be spaced out to a
minimum administration of 1 dose per week by the second month
of treatment. Thegoal remains to eventually taper anddiscontinue
treatment until more long-term safety data can be collected.

Future Directions

Therapidonsetof robust, transientantidepressanteffectsassociated
withketamine infusionshasgeneratedmuchexcitementandhopefor
patientswith refractorymooddisorders and the clinicianswho treat
them.However, it isnecessarytorecognizethemajorgapsthatremain
inourknowledgeaboutthelonger-termefficacyandsafetyofketamine
infusions.Futureresearchisneededtoaddresstheseunansweredques-
tions and concerns. Although economic factorsmake it unlikely that
large-scale,pivotalphase3clinical trialsof racemicketaminewill ever
becompleted, thereareseveral studieswith federalandprivate foun-
dationfundingaimingtoaddresssomeofthese issues. It is imperative
that clinicians and patients continue to consider enrollment in these
studieswhencontemplatingketaminetreatmentofamooddisorder.
It isonly through thesestandardizedclinical trials thatwewill beable
tocollect thedatanecessary toanswer someof thecrucial questions
pertaining to the efficacy and safety of the drug. A secondmeans of
adding to the knowledge base is to develop a coordinated system
ofdatacollectiononallpatients receivingketamine for thetreatment
ofmooddisorders.Aftersucharegistry iscreated,all cliniciansprovid-
ing ketamine treatment should consider participation.
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eTable. Comparative Numbers of Trials and Subjects in Recently Developed 
Mood Disorder  
 

	ゅDLPFCょ	dorsolateral	prefrontal	cortex┹	ゅSCCょ	sub┽callosal	cingulate┹		ゅVC【VSょ	ventral	capsule【ventral	striatum			)t	is	very	difficult	to	make	any	direct	comparisons	across	treatment	modalities┻		)t	is	also	very	difficult	to	obtain	the	true	number	of	subjects【patients	studied	with	each	of	the	modalities	as	various	versions	of	each	treatment	modality	has	been	used	in	varying	study	designs┻	(owever┸	the	above	table	provides	references	from	the	most	recently	published	reviews	or	studies	using	the	modalities┻		)t	is	meant	only	to	provide	some	reference	on	the	general	number	of	studies	performed	and	the	number	of	subjects	studied┻		A	review	covering	most	of	neurostimulation	treatment	modalities	was	recently	provided	by	Milev	et	al.ば┻				
	

Preamble:	The	clinical	guidance	provided	in	this	report	may	be	adopted┸	modified┸	or	uniformly	rejected	according	to	clinical	needs	and	constraints┸	and	are	not	intended	to	replace	local	institutional	policies┻	This	report	is	not	supported	by	scientific	literature	to	the	same	degree	as	typical	standards	or	treatment	guidelines	because	of	the	lack	of	sufficient	numbers	of	adequately	controlled	studies	involving	a	sufficiently	large	number	of	patients┸	nor	has	it	gone	through	the	review	process	normally	associated	with	organizational	policy	statements┻			

Modality Number 
of 
Trials  

N Reference 

rTMS (high frequency left 
DLPFC) 

23 1156 Health Quality Ontario 
20161 

Transcranial Direct Current 
Stimulation (tDCS) 

10 393 Meron D, et al.2  

Vagus Nerve Stimulation 1 235 Rush AJ et al.3 
Deep Brain Stimulation—
VC/VS 

1 30 Dougherty DD, et al.4 

Deep Brain Stimulation- SCC 1 75 Morishita T et al.5   
    
I.V. or intranasal Ketamine  9 368 Han et al.6 
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eBox	1.	Factors	to	be	Considered	in	Pretreatment	Evaluation	ゅなょ Relevance	of	Diagnostic	Assessment:		Data	for	the	efficacy	of	ketamine	infusions	in	treating	psychiatric	disorders	other	than	major	depressive	episodes	associated	with	major	depressive	disorder	with	out	psychotic	features	are	very	limited┻	There	are	several	studies	showing	a	similar	transient	improvement	of	major	depressive	episodes	in	hospitalized	patients	diagnosed	with	bipolar	depressionぱ┸	although	these	data	are	virtually	all	from	single	dose	infusions┸	offering	a	very	limited	understanding	of	the	safety	and	efficacy	of	repeated	dosing┻		Only	one	small	case	series	consisting	of	two	subjects	who	received	ketamine	treatment	for	mood	disorders	with	concurrent	psychotic	features	has	been	reported	to	dateひ┻	Although	the	patients	in	this	report	showed	improvement	in	symptoms	and	did	not	experience	any	increase	in	their	psychotic	features	with	the	ketamine	treatment┸	it	is	recommended	that	any	patients	with	a	past	or	current	history	of	psychotic	features	only	be	considered	for	ketamine	treatment	when	other	standard	approaches┸	including	ECT	are	ineffective┸	and	that	the	treatment	be	provided	under	close	observation	such	as	would	be	found	on	an	inpatient	psychiatric	setting┻			There	are	very	few	reports	evaluating	the	use	of	ketamine	in	treating	psychiatric	disorders	other	than	major	depressive	episodes	associated	with	either	major	depressive	disorder	or	bipolar	disorder┻		One	small	proof┽of┽concept	placebo	controlled	trial	and	a	case	report	have	been	published	in	post┽traumatic	stress	disorder	ゅPTSDょ	patientsなど┸なな┻	The	randomized	crossover	study	using	midazolam	as	
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the	control	medication┸	contained	data	on	ねな	subjects	that	had	received	at	least	one	dose	of	the	study	medication┻		The	findings	showed	ketamine	to	produce	a	significant	reduction	on	)mpact	of	Event	Scale‒Revised	scale	relative	to	midazolam	at	にね	hours┸	serving	as	the	primary	outcome	measure┻		Moreover┸	the	beneficial	effect	appeared	to	be	present	in	all	ぬ	PTSD	symptom	clusters	and	on	several	secondary	outcome	measures┻	The	symptoms	remained	significantly	reduced	at	に	weeks	ゅindicated	by	Clinician┽Administered	PTSD	Scale	ゅCAPSょ	score	of	less	than	のどょ	in	は	subjects	who	had	responded	to	ketamine	in	the	first	treatment	compared	to	only	な	who	had	received	midazolam┻		(owever┸	the	mean	CAPS	score	ば	days	after	the	infusion┸	did	not	differ	significantly	between	the	two	treatment	conditions┻		Although	there	was	evidence	of	transient	improvement	in	both	PTSD	and	associated	depressive	symptoms	following	the	treatment┸	the	evidence	supporting	the	use	of	ketamine	for	the	treatment	of	PTSD	to	date	remains	weak	considering	the	size	and	limitations	of	the	studies┻	Some	researchers	have	expressed	concern	that	ketamine	could	potentially	worsen	PTSD	symptoms	based	on	theoretical	issues	and	previous	work	suggesting	that	use	of	ketamine	analgesia	in	the	emergency	setting	following	a	trauma	may	increase	the	symptoms	of	dissociation┸	re┽experiencing┸	hyperarousual	and	avoidance	ぬ	days	after	the	eventなに┻	(owever┸	no	clinically	signiボcant	difference	in	dissociative	symptoms	or	anxiety	was	observed	between	depressed	subjects	with	a	history	of	trauma	and【or	PTSD	for	な	week	after	a	single	subanesthetic	dose	of	ketamine	in	series	of	studies	completed	at	the	N)M(┸	as	reviewed	by	Zeng	et	al.なぬ┸	and	the	treatment	appeared	to	be	relatively	well	tolerated	in	the	two	PTSD	studies	cited	above┻			
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Similarly┸	available	data	regarding	the	use	of	ketamine	in	obsessive┽compulsive	disorder	ゅOCDょなね┸なの	are	inconclusive	and	inconsistent┻	A	small	controlled	crossover	trial	of	ketamine	vs┻	saline	reported	の	of	なの	subjects	with	nearly	constant	intrusive	obsessions	had	a	response	ゅスぬのガ	reduction	in	OCD	symptomsょ	to	the	treatment	within	the	first	week	following	the	ketamine	infusionなぱ┻		Another	recently	published	small	open┽label	study	of	など	unmedicated	OCD	outpatients	also	found	ketamine	to	produce	reductions	in	OCD	symptoms	within	ね	hours	of	administration┻	)t	also	suggested	that	a	brief	course	of	intensive	CBT	may	help	to	maintain	the	response	by	showing	の	of	the	ぱ	patients	that	completed	など	CBT	sessions	showed	スぬどガ	reduction	in	OCD	severity	scores	に	weeks	following	the	ketamine	infusionなは┻		)n	contrast┸	a	small	open┽label	study	of	など	OCD	subjects	using	broader	inclusion	criteria	found	that	none	of	the	subjects	experienced	a	response	ゅスぬのガ	reduction	in	symptomsょ	over	the	ぬ	days	following	a	single	ketamine	infusion┹	however┸	four	of	the	seven	subjects	with	comorbid	depression	experienced	a	transient	antidepressant	response	ゅスのどガ	reduction	in	depressive	symptomsょ	to	the	treatmentなひ┻	Of	note┸	two	of	the	OCD	patients	in	this	open	label	study┸	both	with	complicated	psychiatric	histories	including	comorbid	diagnosis	of	PTSD┸	presented	with	delayed┽onset	passive	suicidal	ideation┸	dysphoria	and	increased	anxiety	after	receiving	the	ketamine	treatmentなば┸	thus	suggesting	special	precautions	are	warranted	in	patients	with	complicated	diagnostic	issues┻	At	present┸	multiple	ongoing	trials	are	exploring	the	effects	of	ketamine	treatment	in	other	psychiatric	disorders	including	autism	spectrum	disorders┸	social	anxiety┸	alcohol	use	disorder┸	and	Rett╆s	syndrome	ゅclinicaltrials┻govょ┻		(owever┸	at	
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present	there	are	insufficient	data	to	allow	a	meaningful	review	of	the	evidence	related	to	these	disorders┸	or	to	support	the	use	of	ketamine	treatments	outside	of	the	research	setting	for	any	of	these	disorders┻		ゅにょ Relevance	of	Symptom	Severity	and	Treatment	Resistance:	Severity	and	previous	treatment	resistance	should	be	used	as	factors	in	calculating	the	risk	benefit	ratio	for	individual	patients┻	Moreover┸	some	form	of	repeated	dimensional	symptom	assessments	should	be	used	to	track	clinical	response	to	ketamine	and	determine	if	symptom	improvement	justifies	continued	treatment┻	To	date	most	of	the	published	studies	and	case	reports	have	included	only	patients	with	moderate	to	severe	major	depressive	episodes┸	and	there	is	no	high	quality	data	clearly	showing	that	baseline	severity	measures	modulate	ketamine	treatment	response┻	There	is	limited	data	to	suggest	slower	processing	speedsなぱ	and	increased	baseline	anxietyなひ┸にど	may	predict	greater	response	to	ketamine	treatment┻	There	is	also	emerging	evidence	to	suggest	ketamine	is	effective	in	rapidly	decreasing	suicidal	ideationにな┽にぬ┸	however	the	current	data	remain	insufficient	to	draw	any	firm	recommendations	or	comparisons	to	other	treatment	strategies	at	this	time┻		Considering	the	currently	available	information	the	Task	Force	recommends┸	with	the	rare	exception	of	unique	clinical	circumstances┸	ketamine	should	not	be	first┽line	treatment	for	any	level	of	episode	severity	and	more	established	therapies	be	initiated	as	first	line	treatments┻		The	large	majority	of	published	studies	and	case	reports	have	included	only	patients	with	previously	non┽responsive	major	depressive	episodes┸	so	it	is	not	possible	to	provide	any	information	on	the	effects	of	the	treatment	in	less	refractory	
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patient	populations┻		With	regard	to	the	level	of	treatment	resistance	predicting	treatment	outcome┸	a	relatively	small	study	comparing	なば	patients	who	had	previously	failed	a	course	of	electroconvulsive	therapy	ゅECTょ	to	にぬ	patients	not	having	undergone	previous	treatment	with	ECT┸	found	ketamine	was	associated	with	transient	clinical	improvements	in	both	groups	with	no	significant	difference	in	the	percentage	of	responders	to	a	single	ketamine	infusion	between	the	two	groupsにね┻		Therefore┸	the	limited	data	that	are	available	suggest	that	ketamine	treatment	may	have	at	least	transient	clinical	benefit	in	highly	treatment	resistant	patients┻		(owever┸	any	use	in	less	treatment	resistant	patients	needs	to	be	balanced	against	the	limited	data	on	ketamine╆s	efficacy	and	safety┸	and	the	risk	of	delaying	other	well	established	treatments	for	treatment	resistant	depressive	disorders	such	as	atypical	antipsychotic	mediations┸	TMS	and	ECT┻		ゅぬょ Relevance	of	Concomitant	Medications:	At	present	there	remains	relatively	little	information	regarding	potential	drug┽drug	interactions	that	could	impact	the	safety	or	efficacy	of	ketamine	treatment	for	mood	disorders┻		Considering	prolonged	recovery	time	may	occur	if	barbiturates	and【or	narcotics	are	used	concurrently	with	ketamine	for	anesthesia	ゅFDA	labelょ┸	it	is	also	important	to	evaluate	the	potential	safety	implications	of	the	potentiating	interaction	of	these	classes	of	medication	with	the	use	of	sub┽anesthetic	dosing	of	ketamine┻		Based	on	a	proposed	mechanism	of	ketamine╆s	antidepressant	action┸	whereby	ketamine	selectively	inhibits	the	activation	of	subsets	of	GABAergic	interneurons	leading	to	increased	levels	of	presynaptic	glutamate	releaseにの┸	it	has	been	hypothesized	that	the	concomitant	use	of	benzodiazepines	or	other	gamma	
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amino	butyric	acid	A	ゅGABA	Aょ	potentiating	agents	may	attenuate	the	antidepressant	effects	of	ketamine┻		This	has	found	some	support	in	a	report	of	clinical	observationsには	and	a	small	post	hoc	sub┽analyses	of	other	studiesにば┸	but	remains	speculative	and	preliminary┻	This	is	an	important	consideration	in	light	of	the	fact	that	rapid	acting	benzodiazepines	are	frequently	used	to	attenuate	the	potential	emergence	and	anxiogenic	effects	of	ketamine┸	or	may	be	commonly	used	in	patients	with	major	depressive	episodes	accompanied	by	anxiety┻		At	present┸	it	is	not	possible	to	provide	a	strong	specific	recommendation	regarding	the	concomitant	use	of	benzodiazepines┸	but	considering	the	limited	information	available	it	would	not	be	unreasonable	to	minimize	the	use	of	benzodiazepines	prior	to	the	time	of	the	ketamine	infusions┸	and	to	allow	adequate	time	after	last	dose	for	benzodiazepine	washout	prior	ketamine	dosing┻		ゅねょ Rationale	for	Assessing	Medical	and	Demographic	Risk	Factors:	As	discussed	in	more	detail	below┸	ketamine┸	even	at	sub┽anesthetic	doses┸	can	have	physiologically	meaningful	effects	on	cardiovascular	function┻		A	study	of	ぱね	unique	patients	receiving	にどの	intravenous	ketamine	infusions	ゅど┻の	mg【kg	over	ねど	minutesょ	for	treatment	of	mood	disorders	reported	transient	increases	in	mean	peak	blood	pressure	measures	ゅmean	peak	increases	of	なひ┻は	グ	なに┻ぱ	mm	(g	systolic┸	and	なぬ┻ね	グひ┻ぱ	mm(g	diastolic	blood	pressureょ┻	Approximately	なねガ	of	the	patients	received	treatment	with	antihypertensive	medications	during	the	infusions┸	and	ぬどガ	of	the	sample	had	blood	pressures	exceeding	なぱど	mm(g	systolic┸	などど	mm(g	diastolic┸	or	heart	rate	greater	than	ななど	bpm	at	some	point	during	the	infusionにぱ┻	Although	changes	in	cardiovascular	status	are	not	specifically	reported	in	many	of	
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the	other	published	studies┸	the	recent	findings	by	Wan	et	al┻	are	generally	in	agreement	with	the	existing	reports	in	showing	a	significant	and	potentially	meaningful	increase	in	blood	pressure┸	but	no	associated	serious	adverse	cardiovascular	events┻		Based	on	this	information┸	it	is	important	to	screen	for	baseline	hypertension	and	tachycardia	in	order	to	anticipate	potential	cardiovascular	complications	of	treatment┸	and	to	ensure	that	the	patient	has	received	adequate	treatment	for	these	conditions┸	if	they	do	exist┸	prior	to	initiating	treatment┻	)t	is	also	advised	that	some	assessment	of	a	patients╆	exercise	capacity	be	collected	and	documented┻	Additionally┸	patients	should	be	specifically	asked	about	any	recent	changes	in	exercise	tolerance┻	These	measures	should	be	used	to	better	predict	potential	risks	associated	with	the	ketamine┽induced	cardiovascular	changes	and	to	understand	the	risk	benefit	ratio	of	the	treatment┻	The	choice	of	other	physical	and	laboratory	screening	procedures	should	be	determined	according	to	the	patients╆	individual	risk	factors	based	on	demographics┸	medical	history	and	review	of	systems┻		Similarly┸	decisions	on	whether	to	obtain	consults	from	cardiologist	or	other	medical	specialist	should	be	made	based	on	the	patient╆s	individual	risk	factors┻			 Since	ketamine	has	been	abused	as	a	recreational	drugにひ┸	strong	efforts	should	be	made	to	evaluate	potential	factors	that	may	increase	a	patient╆s	risk	of	developing	substance	abuse	issues	with	ketamine┻		These	factors	should	include	history	of	substance	abuse┸	level	of	past	and	current	alcohol	use┸	smoking	history┸	any	previous	history	of	medication	misuse	or	inappropriate	use	of	medical	care┸	and	a	positive	result	on	a	screening	urine	toxicology	panel┻	While	there	is	no	clear	
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evidence	of	a	recent	substance	abuse	to	be	associated	with	the	risk	of	relapse	with	ketamine┸	we	recommend	the	length	of	sobriety	be	strongly	considered	in	evaluating	the	risks	of	ketamine	treatment┻			
eBox	2.	Suggested	Acceptable	Baseline	Parameters	

Blood	Pressure:	Ketamine	is	contraindicated	in	those	in	whom	a	significant	elevation	of	blood	pressure	would	constitute	a	serious	hazard┻	The	most	common	physiological	response	to	ketamine	is	an	increase	in	SBP┸	DBP	and	(R┻	SBP	can	frequently	rise	スにどmm(G	and	DBP	can	rise	スなの	mm(G	during	infusions┻	Considering	the	goal	of	keeping	BP	values	less	than	なぱど【ななど	at	all	times	during	the	infusion	process┸	it	is	suggested	that	patients┸	even	if	otherwise	in	generally	good	health┸	with	SBPセなのど	mm(g	or	DBPセひの	mm(g	at	baseline┸	be	considered	at	higher	risk┸	and	treatment	of	hypertension	should	be	considered	prior	to	initiating	treatment	if	possible┻	Patients	with	a	history	of	cardiopulmonary	or	cerebrovascular	diseases┸	poor	exercise	capacity	ゅジは	metabolic	equivalent	of	tasks	ゅMETsょ┹	Bicyclingをlight	effort	ゅなど‒なに	mphょ	サ	は┻どょ┸	or	any	disease	that	could	be	associated	with	increased	risk	of	acute	cardiac	demand	or	blood	pressure	or	respiratory	depression	should	all	be	considered	on	a	personalized	basis┸	considering	the	individual	risk【benefit	ratios┻		)t	is	reasonable	to	consider	seeking	necessary	consultations	or	referring	these	subjects	to	appropriately	staffed	and	equipped	facilities	with	specific	medical	expertise┻		
Heart	Rate:		There	are	no	high	quality	data	to	guide	the	decision	on	acceptable	minimal	and	maximal	resting	heart	rates	at	baseline	assessments┻		(owever┸	
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patients	experiencing	baseline	bradycardia	ゅジはど	beat	per	minuteょ	or	tachycardia	ゅスなどど	beats	per	minuteょ	should	be	considered	on	an	individual	basis	for	the	relative	risks	associated	with	ketamine	treatment┻		
SpO2	level:	Baseline	SpOに	should	be	スひね		

Other	Laboratory	Measures:	Other	physiological	and	laboratory	measures	should	be	decided	on	a	personalized	basis┸	considering	individual	risk	factors┻					
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eBox	3.	Suggested	Stopping/Intervention	Parameters	

	 Blood	Pressure:	The	goal	is	to	keep	BP	values	ジ	なぱど	mm(g	for	SBP	and	ジななど	mm(g	for	DBP	at	all	times	during	the	infusion	process┻	This	should	be	kept	as	a	conservative	maximum	level	to	trigger	an	intervention	or	stopping	criteria┸	especially	in	non┽hospital	based	settings┻	Based	on	existing	evidence	showing	a	rapid	decrease	in	blood	pressure	following	infusion	discontinuation┸	it	is	possible	to	simply	stop	the	infusion	if	either	SBP	or	DBP	meets	the	criteria┻		Blood	pressure	should	be	monitored	closely	after	this	time	to	insure	that	the	decrease	occurs┻	)n	some	situations┸	considering	the	experience	of	the	clinician	providing	the	treatment	and	the	setting	where	it	is	provided┸	it	is	also	possible	to	provide	antihypertensive	medications	to	manage	the	transient	blood	pressure	increases	while	continuing	the	infusion┻		Perhaps	more	concerning	than	an	increase	in	blood	pressure┸	is	a	reduction	in	SBP	from	baseline	blood	pressure┸	despite	evidence	of	an	increased	cardiac	demand┻	Sudden	drops	in	SBPスなど	mm(g	associated	with	increased	heart	rate	or	any	evidence	of	distress	should	be	considered	a	stop	criteria┻	(owever┸	it	is	not	uncommon	for	SBP	to	decrease	with	the	termination	of	the	infusion	or	if	the	patient	was	extremely	anxious	at	the	beginning	of	the	infusion	session┻	 Again,	any	disease	that	places	a	patient	at	an	increased	risk	of	having	a	serious	adverse	event	related	to	an	acute	increase	in	cardiac	demand	or	blood	pressure┸	should	all	be	considered	on	a	personalized	basis	considering	the	individual	risk【benefit	ratios┻	
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Heart	Rate:	There	is	no	high	quality	data	to	guide	monitoring	of	heart	rate	with	ketamine	treatments┸	however	using	the	American	(eart	Association	recommendations	of	target	heart	rate	with	exercise	ゅwww┻heart┻org【(EARTORG【(ealthyLiving【PhysicalActivity【FitnessBasics【Target┽(eart┽RatesｅUCMｅねぬねぬねなｅArticle┻jspお┻WCaArなtgbiMょ	and	considering	ばどガ	of	maximum	heart	rate	to	be	consistent	with	the	higher	level	obtained	during	moderately	intense	activities┸	we	suggest	age	adjusted	maximum	heart	rates	of	にどyrsジなねどbpm┸	ぬどyrsジなぬぬ┸	ねどyrsジなには┸	のどyrsジななひ┸	and	はどyrsジななに┻		Patients	over	the	age	of	はの	should	be	considered	on	an	individualized	basis	based	on	exercise	capacity	and	other	risk	factors┻		
Other	Factors	to	Consider:	The	appearance	of	any	of	the	following	symptoms	should	also	be	grounds	for	immediate	termination	of	the	infusion┺	ゅなょ	pallor┸	cyanosis┸	or	any	symptoms	suggesting	poor	perfusion┸	ゅにょ	respiratory	symptoms	such	as	shortness	of	breath┸	wheezing┸	ゅぬょ	the	appearance	of	chest┸	jaw	or	arm	pain	suggesting	cardiac	involvement┸	or	ゅねょ	the	patient╆s	desire	to	stop┻			
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eBox	4.	Suggested	Ongoing	Assessments	of	Cognitive	Function	and	Urinary	

Symptoms	

Ongoing	Evaluation	of	Cognitive	Function	There	is	no	clear	agreement	on	the	type	or	frequency	of	cognitive	assessment	that	should	be	performed	to	evaluate	potential	changes	in	cognitive	function┻		Although	there	is	strong	evidence	that	ketamine	can	have	transient	adverse	effects	on	cognitive	function	ぬど┸	and	that	chronic	ketamine	abuse	is	associated	with	cognitive	impairment	in	several	domains	including	verbal	fluency┸	verbal	memory┸	verbal	learning┸	visual	recognition	memory┸	cognitive	processing	speed	and	deficits	in	working	and	episodic	memoryぬな┸	the	available	studies	examining	the	effects	of	ketamine	treatment	of	mood	disorders	on	cognition	have	not	demonstrated	any	evidence	of	cognitive	declineなぱ┸ぬに┸ぬぬ┻		(owever┸	these	studies	have	a	number	of	limitations	including	small	numbers	of	subjects┸	and	treatment	periods	of	less	than	な	month┸	limiting	the	ability	to	make	strong	claims	on	the	relative	risks	of	the	treatment	on	cognitive	performance┻	Considering	the	preclinical	literature	suggesting	that	ketamine	could	produce	cognitive	dysfunction	and	potentially	even	excitotoxic	degeneration	ぬね┸ぬの┸	and	the	limited	safety	data	currently	available┸	it	is	recommended	that	some	assessment	of	cognition┸	probing	several	different	domains	function	be	used	to	follow	patients	receiving	ongoing	ketamine	for	the	treatment	of	mood	disorders┻			
Ongoing	Evaluations	of	Urinary	Symptoms	
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)n	light	of	the	identified	risk	of	cystitis	associated	with	chronic	high	frequency	ketamine	useぬは┸ぬば┸	it	is	also	suggested	that	some	assessment	of	urinary	symptoms	and	pelvic	pain	be	included	in	the	follow	up	of	patients	receiving	ongoing	ketamine	treatment┻	Questionnaires	such	as	the	O╆Leary【Sant	Voiding	and	Pain	)ndicesぬぱ	or	the	Bladder	Pain【	)nterstitial	Cystitis	Symptom	Scoreぬひ	could	be	used	to	follow	patients	for	possible	progression	of	symptoms	with	ongoing	ketamine	treatment┻						
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