
Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

J Clin Psychiatry 83:6, November/December 2022      e1

Early Career Psychiatrists

ABSTRACT
Objective: Ketamine is increasingly prescribed for treatment-
resistant depression (TRD), often as add-on to regular 
antidepressants. Augmentation of ketamine to monoamine 
oxidase inhibitors (MAOIs) is advised against, as this practice 
might increase blood pressure or cause serotonin syndrome. 
Despite the potential relevance for patients, little is known 
about actual side effects of combined use. We summarize 
literature on the safety and add results of our case series.

Evidence Review: PubMed and Embase were searched 
from inception to July 2021 for English-language articles 
describing concomitant use of ketamine and MAOIs. 
The search strategy included terms for “ketamine” AND 
“monoamine oxidase inhibitor” including generic and brand 
names. Additionally, we describe the safety of twice weekly 
oral esketamine administration over the course of 5 weeks to 
9 months in 8 TRD patients using MAOIs.

Findings: After deduplication, we screened 138 articles and 
assessed 43 full texts. Twelve studies were included with a 
total of 39 patients receiving ketamine and MAOIs. Blood 
pressure and heart rate increased in multiple cases, though 
this was deemed clinically insignificant in all but 1 patient. 
No signs of hypertensive crisis or serotonin syndrome were 
observed. In our case series, we observed minor elevations 
in blood pressure and heart rate and no serious adverse 
events.

Conclusions and Relevance: The results suggest that 
combined use of MAOIs and esketamine is less prone to 
severe side effects than presumed. The investigated sample 
size was small, and prescribed doses of MAOIs were relatively 
low. Further research is required before definite conclusions 
about the safety of this combination can be drawn.
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Approximately 30% of patients with major depressive 
disorder (MDD) show inadequate response to 4 subsequent 

treatment steps.1 Monoamine oxidase inhibitors (MAOIs) have 
proven efficacy in patients who are unresponsive to prior treatment 
with other antidepressant drugs.2–4 For the past two decades, 
the N-methyl-d-aspartate receptor (NMDA-R) antagonist 
ketamine and its S-enantiomer have also shown antidepressant 
effects in patients with treatment-resistant depression (TRD).5–7 
The antidepressant effects of a single ketamine administration 
last approximately 1 week,6 and knowledge about long-term 
maintenance treatment is limited. The American Psychiatric 
Association consensus statement8 and European perspective 
article9 provide suggestions for a framework for off-label 
treatment with ketamine for TRD. In 2019, the US Food and 
Drug Administration and European Medicines Agency approved 
intranasal esketamine in conjunction with an oral antidepressant 
for TRD. To reduce the risk of relapse, ketamine and esketamine 
are often used as add-on to treatment with regular antidepressant 
medication. However, most trials investigating esketamine have 
excluded patients using MAOIs. The combination of ketamine 
and MAOIs is believed to possibly trigger serotonin syndrome 
or severe hypertension.10–12

By inhibiting the enzyme monoamine oxidase (MAO), MAOIs 
block the breakdown of monoaminergic neurotransmitters 
(serotonin, norepinephrine, and dopamine) and increase their 
availability in the central nervous system. MAOIs also block 
tyramine metabolization, and because excessive tyramine 
concentrations can cause hypertensive crisis, a low tyramine diet 
must be followed.13 Administration of ketamine can also produce 
an increase in blood pressure and heart rate.14

While the antidepressant effects of ketamine are thought to 
stem from NMDA-R antagonism, ketamine has also been shown 
to elevate brain monoamine levels by increasing the release or by 
inhibiting the reuptake in vitro and ex vivo.15–17 Amargós-Bosch 
et al15 demonstrated an increased serotonin and norepinephrine 
efflux in the prefrontal cortex after ketamine administration in 
rats. A rat study by Tso et al16 indicates effects of ketamine not 
only on efflux but also on uptake of dopamine, norepinephrine, 
and serotonin in different areas of the brain. The investigation of 
Nishimura and Sato17 showed that ketamine inhibits monoamine 
transporters expressed in human embryonic kidney cells in a 
dose-dependent manner.

However, the clinical relevance of ketamine’s effect on brain 
monoamine levels is still unclear.18 There are no reports of 
the occurrence of serotonin syndrome as a result of ketamine 
addition to other serotonergic antidepressants. Simultaneously 
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administering high ketamine doses and tranylcypromine 
in mouse models showed no effect on the median lethal 
dose in comparison with administering only ketamine in 
mice.19 Moreover, multiple studies show that ketamine for 
depression is well-tolerated in general, with asymptomatic 
and transient rises in blood pressure (BP) and heart rate 
(HR) and no serious cardiovascular or other acute safety 
issues.20–22

TRD patients using MAOIs are generally excluded from 
add-on ketamine studies and treatment programs,23,24 which 
in light of the aforementioned study findings may be overly 
cautious. Tapering of MAOIs can be time consuming and 
may cause worsening of depressive symptoms. Theoretically, 
continued use of a MAOI could also help prevent relapse 
after ketamine treatment. If safety can be assured, TRD 
patients who did not fully respond to MAOIs could be offered 
ketamine augmentation as a new add-on treatment option.

In this study, we evaluated symptoms of serotonin 
syndrome and hypertension during combined use of 
ketamine and MAOIs through a systematic review of the 
literature and a case series in 8 TRD patients.

SYSTEMATIC REVIEW

Methods
PubMed/MEDLINE and Embase were searched from 

inception to July 28, 2021, for English-language articles 
describing concomitant use of ketamine or esketamine and 
a MAOI. The search strategy included different terms for 
“ketamine” AND “monoamine oxidase inhibitor” including 
generic and brand names for the different MAOIs. The full 
search syntax can be found in the Supplementary Appendix 
1. Two researchers (M.K. and J.K.E.V.) performed the search 
and selection process independently. Reference lists were 
hand searched for other relevant articles. Articles describing 
safety and efficacy of simultaneous administration of both 
ketamine and MAOIs in human subjects were included. 
Discrepancies were resolved by discussion. Relevant 
information regarding the patient population, ketamine or 
esketamine and MAOI treatment and clinical outcomes were 
extracted by two researchers (M.K. and J.K.E.V.). The Joanna 

Briggs Institute (JBI) critical appraisal tools for cohort studies, 
case series, and case reports were used for quality assessment 
of the included studies.25 The systematic review was reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-AnalysEs (PRISMA) statement.

Results
The systematic search yielded 53 hits in PubMed/

MEDLINE and 125 in Embase (Figure 1). After deduplication, 
a total of 137 references were screened for title/abstract. 
Forty-two references were screened for full text. Twenty-four 
articles described no combined use of MAOI and ketamine, 
and 5 articles26–30 provided no specific information on safety; 
these were excluded. Two reports31,32 described a case that 
was previously described. One article29 was found via hand 
searching. Twelve articles reporting data on 39 patients were 
included in the review.12,20,33–42 Extracted data from these 
articles are summarized in Table 1. Quality assessment of 
the included studies can be found in the Supplementary 
Table 1. All 4 case reports and the cohort study showed good 
reporting quality according to the JBI critical appraisal tools. 
Even though the quality of the case series was evaluated as 
poor, those data were included because they provide relevant 
evidence relating to the safety of combining MAOIs and 
ketamine.

Administered MAOIs consisted of nonselective 
irreversible MAOIs in most cases (n = 21 tranylcypromine, 
n = 8 phenelzine). The daily dose of tranylcypromine ranged 
from 10–60 mg/d and of phenelzine from 15–105 mg/d. In 8 
patients, transdermal selegiline was administered with a dose 
(when specified) of 6 mg/d (n = 6) or 12 mg/d (n = 1). Three 
patients received moclobemide: 2 received 600 mg/d, and the 
other dose was unspecified. A majority of patients received 
intravenous (IV) racemic ketamine (n = 20) in dosages 
ranging from 0.5–1.5 mg/kg or esketamine (n = 17) in dosages 
up to 75 mg or ranging from 0.25 to 0.3 mg/kg. Two patients 
received intranasal (IN) administration: 1 ketamine (up to 60 
mg/kg) and 1 esketamine (up to 56 mg). Fourteen patients 
received subcutaneous (SC) esketamine in dosages up to 
0.5 mg/kg. The number of administrations, when specified, 
ranged from 1 to 60. One patient received ketamine as an IV 
anesthetic during hospitalization; all other patients received 
ketamine as treatment for depressive symptoms.

Multiple reports mentioned increases in BP and 
HR.12,35,37,38,40 The patient described by Dunner et al35 had 
a baseline BP ranging from 91 to 108 mm Hg systolic and 
from 56 to 70 mm Hg diastolic. The BP at 40 min after dosing 
ranged from 99 to 135 mm Hg systolic and 60 to 82 mm 
Hg diastolic. Lu et al37 reported elevations in BP and HR, 
but these did not persist after 2 hours and did not require 
any intervention or termination of treatment. Bottemanne 
et al33 found no significant hemodynamic changes in 3 
patients within 2 hours of ketamine administration. Wang 
and Swainson40 calculated the mean BP and HR in 3 patients 
for all treatments at baseline and during ketamine infusion 
(number of sessions = 45, 10, and 10, respectively). Their 
mean ± SD baseline systolic BP and mean highest systolic BP 

Clinical Points
 ■ Combined treatment with monoamine oxidase inhibitors 

(MAOIs) and ketamine usually is advised against because 
little is known about the risk of hypertensive crisis or 
serotonin syndrome. However, assurance of safety would 
enable access to a new treatment option for patients with 
highly treatment-resistant depression.

 ■ To date, no signs of hypertensive crisis or serotonin 
syndrome have been described during concurrent use of 
ketamine and MAOIs.

 ■ Conclusions regarding the safety of concurrent use of 
MAOIs and ketamine are limited by the small number of 
patients and relatively low dosages of MAOIs that have 
been investigated to date.
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Figure 1. PRISMA 2020 Flow Diagram

Abbreviation: MAOI = monoamine oxidase inhibitor. 
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during infusion was 125.4 ± 14.5 mm Hg and 128.5 ± 15.5 
mm Hg, respectively. The mean diastolic BP was 78.9 ± 9.4 
mm Hg (baseline) and 78.9 ± 9.8 mm Hg (highest during 
infusion). Mean ± SD HR was 81.5 ± 10.1 bpm (baseline) 
and 81.3 ± 9.4 bpm (highest during infusion). Ludwig et 
al38 compared the mean and changes in BP and HR after 
esketamine infusion in patients with (n = 14) and without 
(n = 38) tranylcypromine use. Surprisingly, they noted a 
decrease in mean diastolic BP and HR after esketamine 
administration. The decrease in diastolic BP was smaller in 
the tranylcypromine group whereas the HR did not differ 
significantly. In patients taking tranylcypromine, the systolic 
BP increased by approximately 3 mm Hg, while the other 
group showed a decrease in systolic BP of almost 9 mm Hg. 
The mean absolute BP was within the normal physiologic 
range, and individual BP increases were asymptomatic. Nine 
patients received esketamine administration while on and off 
tranylcypromine. This did not seem to impact cardiovascular 
measures; no clinically relevant differences were found in 
mean changes or mean absolute cardiovascular parameters. 
Ludwig et al conducted a linear regression analysis in their 
cohort and observed a significant dose-response relationship 

between tranylcypromine and BP, especially relevant for the 
systolic BP with tranylcypromine doses higher than 40 mg.

Overall, no patients showed signs of hypertensive crisis 
or serotonin syndrome. Katz et al12 reported clinically 
significant changes in vital signs in 1 patient. This patient 
had a significant comorbid cardiac history and experienced a 
non–ST-segment elevation myocardial infarction (NSTEMI) 
during the treatment course. This NSTEMI was not 
deemed to be related to the ketamine administration by the 
authors because it did not occur at the time of an infusion. 
The authors did not further elaborate on how any causal 
relationship could be discarded.

In the cases for which psychiatric outcomes were reported 
(n = 19), all patients showed improvement in depressive 
symptoms, suicidal intent, and/or anxiety with the combined 
use of ketamine and MAOI.

CASE SERIES

Methods
Patients with treatment-resistant depression received 

off-label “compassionate use” treatment in one academic 
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and two specialized mood disorder treatment centers in the 
Netherlands, using generic oral esketamine in twice-weekly 
dosing. Esketamine treatment started at a dose of 0.5 or 1 
mg/kg and was titrated over the course of 6 weeks based 
on antidepressant effects and tolerability to a maximum 
dose of 3 mg/kg. Key inclusion criteria were a diagnosis of 

Table 2. Case Series

Age (y), 
sex

Psychiatric 
Diagnosis

Medical 
Comorbidities

Oral Esketamine 
Treatment MAOI Other Medication

Mean BP (mm Hg):
Baseline
30 min

120 min

Mean HR (bpm):
Baseline
30 min

120 min
60, M TRD, 

bipolar II 
disorder

None Twice-weekly 
treatment for 6 wk. 
Start dose 1 mg/
kg, increased to 3 
mg/kg

Tranylcypromine 
40 mg/d

Quetiapine 200 mg, 
lorazepam 1 mg

144/88
153/96
146/92

68
79 
73

55, M TRD, 
personality 
disorder

Hypothyroidism Twice-weekly 
ongoing treatment. 
Start dose 1.0 mg/
kg, increased to 2.0 
mg/kg. Treatment 
for 9 mo at the time 
of evaluation

Tranylcypromine 
40 mg/d

Lorazepam 4 dd 1 mg, 
olanzapine 1 dd 25 mg, 
pantoprazole 1 dd 40 mg, 
zopiclone 1 dd 7.5 mg, 
levothyroxine 1 dd 50 μg

129/87
132/94
126/94

111
114

97

32, F TRD None Twice-weekly 
treatment, in total 
42 treatment 
sessions over the 
course of 5 mo. 
Start dose 0.5 mg/
kg, increased to 2.0 
mg/kg

Selegiline 50 
mg/d (oral)

Trazodone 1 dd 200 mg, 
aripiprazole 1 dd 10 mg, 
lorazepam 2 dd 2.5 mg

114/76
116/79
113/77

75
72
77

57, M TRD, ASD Paroxysmal atrial 
fibrillation

Seven treatments in 
5 wk. Dose increased 
to 2.0 mg/kg

Tranylcypromine 
60 mg/d

Quetiapine 1 dd 75 mg 132/88
145/96
138/90

72
75
72

52, F TRD, ASD CVA, atrial 
septal defect, 
subclinical 
hypothyroidism

Twice-weekly 
ongoing treatment. 
Start dose 1 mg/kg, 
increased to 2 mg/
kg. Treatment for 
13 wk at the time of 
evaluation

Tranylcypromine 
40 mg/d

Lithium 1 dd 400 mg, 
quetiapine 1 dd 275 mg, 
flupentixol 1 dd 5 mg, 
biperiden 2 dd 2 mg, 
levothyroxine 1 dd 25 μg, 
simvastatin 1 dd 40 mg, 
clopidogrel 1 dd 75 mg, 
metformin 2 dd 500 mg, 
pantoprazole 1 dd 40 mg

119/82
120/74
125/84

83
74
78

68, F TRD, 
bipolar 
disorder

DM2, 
hypertension, 
decreased 
kidney function 
(GFR = 32 
mL/min), 
hypothyroidism, 
appendectomy

Twice-weekly 
treatment for 6 wk. 
Dose increased to 
3.0 mg/kg

Tranylcypromine 
80 mg/d

Lithium 1 dd 500 mg, 
levothyroxine 1 dd 75 μg, 
atorvastatin 1 dd 20 mg, 
colecalciferol 5,600 IU 
weekly, furosemide 1 dd 
40 mg, insulatard flexpen 
1 dd 58 IU, metformin 2 
dd 500 mg, tolbutamide 2 
dd 1,000 mg, oxazepam 2 
dd 5 mg

136/73
124/73
127/69

89
80
81

78, M TRD, ASD Arrhythmias 
(unspecified), 
TURP

Twice-weekly 
treatment for 6 wk. 
Dose increased to 
3.0 mg/kg

Tranylcypromine 
60 mg/d

Atenolol 1 dd 25 mg, 
oxazepam 3 dd 10 mg, 
vitamin D 1 dd 20 μg 
800 IU

124/64
127/62
122/61

64
62
50

49, F TRD Asthmatic 
bronchitis, 
cholecystectomy, 
gastric ulcer

Twice-weekly 
treatment for 6 wk. 
Dose increased to 
2.75 mg/kg

Phenelzine 60 
mg/d

Biperiden 2 dd 1 mg, 
bisoprolol 1 dd 1.25 mg, 
budenoside 2 dd 200 μg, 
ipratropium 4 dd 20 μg, 
lorazepam 3 dd 1 mg, 
olanzapine 1 dd 15 mg, 
omeprazole 2 dd 20 mg, 
salbutamol 4 dd 100 μg

124/67
130/66
123/67

79
76
71

Abbreviations: ASD = autism spectrum disorder, BP = blood pressure, bpm = beats per minute, CVA = cerebrovascular accident, dd = daily dose, DM = diabetes 
mellitus, GFR = glomerular filtration rate, HR = heart rate, IN = intranasal, IV = intravenous, MAOI = monoamine oxidase inhibitor, PRN = pro re nata, 
TRD = treatment-resistant depression, TURP = transurethral resection of the prostate.

MDD (Mini-International Neuropsychiatric Interview43) 
and treatment resistance defined as having had insufficient 
response to adequate treatment with at least 3 different 
classes of antidepressants. Esketamine treatment was 
provided as add-on to other antidepressants. Vital signs (BP 
and HR) were monitored in the first 6 weeks of treatment 
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before esketamine administration and after 30 and 120 
minutes. Side effects were assessed using the Systematic 
Assessment For Treatment Emergent Effects (SAFTEE) 
questionnaire,44 which, among other things, covers items 
that could indicate the occurrence of hypertensive crisis or 
serotonin syndrome. These include feeling nervous or hyper, 
weakness or fatigue, feeling strange or unreal, hallucinations, 
abnormal sensations, headache, muscle cramps/stiffness, 
muscle twitching or movements, trouble sitting still, 
tremor or shakiness, heartbeat rapid or pounding, trouble 
catching breath or hyperventilation, chest pain, nausea or 
vomiting, stomach or abdominal discomfort, and sweating 
excessively. These SAFTEE items were assessed before and 
after esketamine administration on a scale of none (0), mild 
(1), moderate (2), and severe (3). Reported side effects 30 
minutes after esketamine administration in week 5 or 6 (with 
the maximum esketamine dose) were compared to baseline.

Results
Six patients used tranylcypromine in doses of 40 mg/d 

(n = 3), 60 mg/d (n = 2), and 80 mg/d (n = 1); 1 patient 
received oral selegiline (50 mg/d); and 1 patient received 
phenelzine (60 mg/d). Esketamine doses ranged from 0.5 
mg/kg to 3.0 mg/kg per administration. The duration of 
esketamine treatment ranged from 5 weeks to 9 months. Data 
for these patients are summarized in Table 2, including mean 
BP and HR from the first 6 weeks of treatment. Overall, 
the combination of MAOI and esketamine in these patients 
did not evoke serious adverse events. BP and HR showed 
minor and transient elevations, mostly after 30 minutes: on 
average, systolic BP increased by 3 mm Hg (range, −12 to 
+13 mm Hg). Diastolic BP showed a 1 mm Hg increase on 
average compared to the baseline measurements (range, −8 
to +8 mm Hg). HR decreased by 1 bpm on average (range, 
−9 to +11 bpm). Measurements after 120 minutes, compared 
to the baseline measurements, showed no mean difference 

(0 mm Hg) in systolic BP (range, −9 to +6 mm Hg), no 
mean difference (0 mm Hg) in diastolic BP (range, −4 to +7 
mm Hg), and a decrease in HR by 5 bpm (range, −14 to +5 
bpm). Six patients reported feeling strange or unreal, and 4 
patients reported abnormal sensations. Weakness or fatigue 
and hearing or seeing things were reported by 2 patients. 
Headache, muscle cramps/stiffness, muscle twitching or 
movements, trouble sitting still, nausea or vomiting, and 
stomach or abdominal discomfort were all reported once. 
SAFTEE scores can be found in Table 3. No side effects 
requiring medical intervention occurred.

DISCUSSION

Our review of the literature shows that single and repeated 
administration of ketamine or esketamine in 39 patients using 
MAOIs was generally safe and well tolerated with regard to 
cardiovascular effects and symptoms of serotonin syndrome. 
Increases in BP and HR occurred frequently but were mild 
and transient and did not exceed the levels reported in other 
patients receiving ketamine or esketamine.15–17,25 Moreover, 
the significant differences in BP between patients on and 
off tranylcypromine in the cohort study by Ludwig et al28 
were a result of a surprising drop in BP after esketamine 
administration in patients not using tranylcypromine. No 
signs of hypertensive emergency or serotonin syndrome 
were observed. A single case of NSTEMI was described in a 
patient with a cardiac history during the course of treatment. 
Although it did not occur during an infusion, it is difficult 
to rule out any causal relationship.

The results of our own case series are in line with the 
results of the literature review. No patients showed serious 
side effects indicative of serotonin syndrome or hypertensive 
crisis related to the combined use of esketamine and MAOIs.

Important limitations of currently available reports 
are the poor quality of the case series, the small number 
of investigated patients, and the fact that MAOI dosages 
were relatively low. In MDD treatment, 40–60 mg/d of 
tranylcypromine or 60–90 mg/d of phenelzine are common,4 
but higher dosages are also used in clinical practice (eg, up to 
120 mg/d tranylcypromine if side effects are tolerated). Yet, 
in most reports, patients received low doses13,14,24,29,30 and 
only few patients14,25,28 received 60 mg/d tranylcypromine. 
In our case series, 1 patient received a daily dose of 80 
mg tranylcypromine, 2 received 60 mg, and the other 3 
patients used 40 mg. The results of the review therefore 
suggest good safety and tolerability, but these conclusions 
cannot automatically be drawn for higher MAOI dosages. 
The cohort study of Ludwig et al28 suggests a significant 
correlation between tranylcypromine dose and systolic 
blood pressure after esketamine administration.

In evaluating the risk of hypertensive emergency, there 
are other factors to take into account such as ketamine 
dosage, dosing routes and formulations, and predictors 
for increased cardiovascular response to ketamine 
administration. Blood pressure increases more when using 
higher ketamine dosages, solution formulations, and routes 

Table 3. SAFTEE Scores for Symptoms Assessed in Case 
Seriesa

Symptom P1 P2 P3 P4 P5 P6 P7 P8
Feeling nervous or hyper 2 −2 −3 0 −2 1 −1 0
Weakness or fatigue 0 0 0 −1 −1 2 0 2
Feeling strange or unreal 3 3 2 0 2 2 0 3
Hearing or seeing things 0 2 0 0 3 0 0 −1
Abnormal sensations 0 0 2 0 3 1 0 1
Headache 0 1 0 0 0 0 0 0
Muscle cramps/stiffness 1 0 −1 0 −1 −1 0 0
Muscle twitching or movements 1 0 −1 0 −1 −1 0 −2
Trouble sitting still 0 −1 −1 0 −1 0 1 −2
Tremor or shakiness 0 0 0 0 −1 −1 0 −2
Heartbeat rapid or pounding 0 0 0 0 −1 0 0 0
Trouble catching breath or 

hyperventilation
0 0 0 0 −1 0 0 −1

Chest pain 0 0 0 0 0 0 0 −1
Nausea or vomiting 0 0 3 0 0 0 0 0
Stomach or abdominal discomfort 0 0 1 0 0 0 0 −1
Sweating excessively 0 0 0 0 −1 0 0 0
aScores shown as SAFTEE score at 30 min after esketamine administration in 

week 5 or 6 – baseline SAFTEE score.  
Abbreviations: P = patient, SAFTEE = Systematic Assessment For Treatment 

Emergent Effects.
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of administrations with earlier time to peak concentration 
(Tmax) values.45 IV, SC, and intramuscular (IM) ketamine 
administration were compared in a double-blind, placebo-
controlled pilot study,46 with SC administration having the 
least cardiovascular side effects. Elderly patients receiving 
ketamine for depression showed greater change in BP,21,22,47 
which is likely related to increased arterial stiffness.48 
Patients with a history of hypertension or a higher baseline 
BP also experience more BP elevations after subanesthetic 
ketamine than those without.8,47,49 Furthermore, female 
sex and the norepinephrine transporter (NET) rs28386840 
genotype (associated with lower transporter expression50) 
predict increased cardiovascular sequelae of ketamine 
administration.48 It has not been investigated whether certain 
psychiatric disorders increase the risk for cardiovascular 
effects of ketamine treatment. However, this can be 
hypothesized in the case of posttraumatic stress disorder 
(PTSD), because these patients may have additional risk 
factors for hypertension.51

The influence of ketamine on the serotonergic system 
in humans has not been fully elucidated. Positron emission 
tomography (PET) studies in vitro52 and in vivo in monkeys 
have showed binding affinity of ketamine for the serotonin 
reuptake transporter (SERT) at IV doses of 1.5 mg/kg53 and 
7.5 mg/kg.54 Through SERT-binding, ketamine inhibits 
5-hydroxytryptamine (5-HT) reuptake, as shown in other 
in vitro and animal studies.54–57 However, a PET study58 
investigating ketamine’s binding on the SERT in humans 
demonstrated no measurable occupancy after administration 
of an antidepressant ketamine dose (0.5 mg/kg IV) because 
the occupancy values were within the test-retest variability. 

The study did find a positive correlation between plasma 
ketamine levels and SERT occupancy. This finding suggests 
that SERT binding and subsequent 5-HT reuptake inhibition 
might occur at higher ketamine dosages, which is in line 
with the results of the animal studies. The risk of serotonin 
syndrome with regularly used antidepressant dosages 
of ketamine (eg, equivalents of 0.5 mg/kg IV) therefore 
appears limited, whereas this risk might increase with higher 
dosages, for instance when ketamine is used for anesthesia 
or in dose escalation for depression.27

Given the rather positive effects on symptoms of 
depression, suicidality, and anxiety reported in the cases 
described in this review, we believe the combination of 
MAOI and ketamine definitely merits further, but careful 
investigation. The recent esketamine market authorization 
will likely lead to a further increase in prescription and use. 
Current phase III clinical trials with intranasal esketamine 
explicitly exclude patients from taking MAOIs,59–62 but 
the prescribing information of the US Food and Drug 
Administration–approved nasal spray only advises 
close monitoring of blood pressure with concomitant 
use of MAOIs.63 Our findings would encourage further 
investigation of ketamine and esketamine in patients using 
MAOIs, which is a necessary step before combined use 
could be advocated on a larger scale. The occurrence of 
serious adverse events can be detected only in larger study 
populations and through careful monitoring. Our findings 
thus add to the broader call for systematic monitoring of 
treatment outcomes and possible adverse effects of different 
forms of esketamine treatment, ideally using national or 
international registries.64–67

Submitted: October 6, 2021; accepted May 18, 
2022.
Published online: October 24, 2022.
Author contributions: Dr Veraart contributed 
to the conception and design of the work; the 
acquisition, analysis, and interpretation of the 
data; drafting and revising the work; final approval; 
and agreement to be accountable for all aspects 
of the work. Dr Smith-Apeldoorn contributed to 
the acquisition, analysis, and interpretation of 
the data; revising the work; final approval; and 
agreement to be accountable for all aspects of 
the work. Mr Kutscher contributed to the design 
of the work, the analysis and interpretation of the 
data, drafting and revising the work, final approval, 
and agreement to be accountable for all aspects 
of the work. Mr Vischjager contributed to the 
acquisition of the data, revising the work, final 
approval, and agreement to be accountable for all 
aspects of the work. Dr van der Meij contributed to 
the acquisition of the data, revising the work, final 
approval, and agreement to be accountable for 
all aspects of the work. Dr Kamphuis contributed 
to the acquisition, analysis, and interpretation of 
the data; revising the work; final approval; and 
agreement to be accountable for all aspects of the 
work. Dr Schoevers contributed to the analysis and 
interpretation of the data, revising the work, final 
approval, and agreement to be accountable for all 
aspects of the work.
Relevant financial relationships: Dr 
Veraart received a speakers fee from Janssen 
Pharmaceuticals, outside the submitted work. 

Dr Schoevers received research funding for 
two randomized clinical trials with generic oral 
esketamine from the Netherlands Organisation 
for Health Research & Development and the 
National Health Care Institute, a speakers fee and 
investigator-initiated research grant from Janssen 
Pharmaceuticals, and consultancy fee from Clexio 
Biosciences, all outside the submitted work. Dr 
Smith-Apeldoorn, Mr Kutscher, Mr Vischjager, 
Dr van der Meij, and Dr Kamphuis report no 
competing interests.
Funding/support: None.
Consent to participate: All participants gave 
written informed consent for collection, analysis, 
and publication of the collected data. The 
participants were treated according to a treatment 
and outcome measurement protocol that was 
passed by the Medical Ethics Committee of the 
University Medical Center Groningen as not subject 
to the Dutch act on medical research involving 
human subjects.
Supplementary material: Available at  
Psychiatrist.com.

REFERENCES

 1. Rush AJ, Trivedi MH, Wisniewski SR, et al. Acute 
and longer-term outcomes in depressed 
outpatients requiring one or several treatment 
steps: a STAR*D report. Am J Psychiatry. 
2006;163(11):1905–1917. PubMed CrossRef

 2. Zajecka JM, Zajecka AM. A clinical overview of 
monoamine oxidase inhibitors: 

pharmacological profile, efficacy, safety/
tolerability, and strategies for successful 
outcomes in the management of major 
depressive disorders. Psych Ann. 
2014;44(11):513–523. CrossRef

 3. Shulman KI, Herrmann N, Walker SE. Current 
place of monoamine oxidase inhibitors in the 
treatment of depression. CNS Drugs. 
2013;27(10):789–797. PubMed CrossRef

 4. Fiedorowicz JG, Swartz KL. The role of 
monoamine oxidase inhibitors in current 
psychiatric practice. J Psychiatr Pract. 
2004;10(4):239–248. PubMed CrossRef

 5. Han Y, Chen J, Zou D, et al. Efficacy of 
ketamine in the rapid treatment of major 
depressive disorder: a meta-analysis of 
randomized, double-blind, placebo-controlled 
studies. Neuropsychiatr Dis Treat. 
2016;12:2859–2867. PubMed CrossRef

 6. Kishimoto T, Chawla JM, Hagi K, et al. Single-
dose infusion ketamine and non-ketamine 
N-methyl-d-aspartate receptor antagonists for 
unipolar and bipolar depression: a meta-
analysis of efficacy, safety and time 
trajectories. Psychol Med. 
2016;46(7):1459–1472. PubMed CrossRef

 7. Kryst J, Kawalec P, Mitoraj AM, et al. Efficacy of 
single and repeated administration of 
ketamine in unipolar and bipolar depression: a 
meta-analysis of randomized clinical trials. 
Pharmacol Rep. 2020;72(3):543–562. PubMed CrossRef

 8. Sanacora G, Frye MA, McDonald W, et al; 
American Psychiatric Association (APA) 
Council of Research Task Force on Novel 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17074942&dopt=Abstract
https://doi.org/10.1176/ajp.2006.163.11.1905
https://doi.org/10.3928/00485713-20141106-07
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23934742&dopt=Abstract
https://doi.org/10.1007/s40263-013-0097-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15552546&dopt=Abstract
https://doi.org/10.1097/00131746-200407000-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27843321&dopt=Abstract
https://doi.org/10.2147/NDT.S117146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26867988&dopt=Abstract
https://doi.org/10.1017/S0033291716000064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32301056&dopt=Abstract
https://doi.org/10.1007/s43440-020-00097-z


Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

J Clin Psychiatry 83:6, November/December 2022      e9

Combined Ketamine and Monoamine Oxidase Inhibitors

Biomarkers and Treatments. A consensus 
statement on the use of ketamine in the 
treatment of mood disorders. JAMA Psychiatry. 
2017;74(4):399–405. PubMed CrossRef

 9. López-Díaz Á, Murillo-Izquierdo M, Moreno-
Mellado E. Off-label use of ketamine for 
treatment-resistant depression in clinical 
practice: European perspective. Br J Psychiatry. 
2019;215(2):447–448. PubMed CrossRef

10. Stack CG, Rogers P, Linter SP. Monoamine 
oxidase inhibitors and anaesthesia. a review. Br 
J Anaesth. 1988;60(2):222–227. PubMed CrossRef

11. Veraart JKE, Smith-Apeldoorn SY, Bakker IM, et 
al. Pharmacodynamic interactions between 
ketamine and psychiatric medications used in 
the treatment of depression: a systematic 
review. Int J Neuropsychopharmacol. 
2021;24(10):808–831. PubMed CrossRef

12. Katz RB, Toprak M, Wilkinson ST, et al. 
Concurrent use of ketamine and monoamine 
oxidase inhibitors in the treatment of 
depression: a letter to the editor. Gen Hosp 
Psychiatry. 2018;54:62–64. PubMed CrossRef

13. Brown C, Taniguchi G, Yip K. The monoamine 
oxidase inhibitor-tyramine interaction. J Clin 
Pharmacol. 1989;29(6):529–532. PubMed CrossRef

14. Suleiman Z, Ik K, Bo B. Evaluation of the 
cardiovascular stimulation effects after 
induction of anaesthesia with ketamine. J West 
Afr Coll Surg. 2012;2(1):38–52. PubMed

15. Amargós-Bosch M, López-Gil X, Artigas F, et al. 
Clozapine and olanzapine, but not haloperidol, 
suppress serotonin efflux in the medial 
prefrontal cortex elicited by phencyclidine and 
ketamine. Int J Neuropsychopharmacol. 
2006;9(5):565–573. PubMed CrossRef

16. Tso MM, Blatchford KL, Callado LF, et al. 
Stereoselective effects of ketamine on 
dopamine, serotonin and noradrenaline 
release and uptake in rat brain slices. 
Neurochem Int. 2004;44(1):1–7. PubMed CrossRef

17. Nishimura M, Sato K. Ketamine 
stereoselectively inhibits rat dopamine 
transporter. Neurosci Lett. 1999;274(2):131–134. PubMed CrossRef

18. Bartova L, Vogl SE, Stamenkovic M, et al. 
Combination of intravenous S-ketamine and 
oral tranylcypromine in treatment-resistant 
depression: a report of two cases. Eur 
Neuropsychopharmacol. 2015;25(11):2183–2184. PubMed CrossRef

19. Bruce DL, Capan L. Antidepressants do not 
increase the lethality of ketamine in mice. Br J 
Anaesth. 1983;55(5):457–459. PubMed CrossRef

20. Doherty T, Wajs E, Melkote R, et al. Cardiac 
safety of esketamine nasal spray in treatment-
resistant depression: results from the clinical 
development program. CNS Drugs. 
2020;34(3):299–310. PubMed CrossRef

21. Riva-Posse P, Reiff CM, Edwards JA, et al. Blood 
pressure safety of subanesthetic ketamine for 
depression: a report on 684 infusions. J Affect 
Disord. 2018;236:291–297. PubMed CrossRef

22. Szarmach J, Cubała WJ, Włodarczyk A, et al. 
Metabolic risk factors and cardiovascular safety 
in ketamine use for treatment resistant 
depression. Neuropsychiatr Dis Treat. 
2020;16:2539–2551. PubMed CrossRef

23. McIntyre RS, Rodrigues NB, Lee Y, et al. The 
effectiveness of repeated intravenous 
ketamine on depressive symptoms, suicidal 
ideation and functional disability in adults with 
major depressive disorder and bipolar disorder: 
results from the Canadian Rapid Treatment 
Center of Excellence. J Affect Disord. 
2020;274:903–910. PubMed CrossRef

24. Popova V, Daly EJ, Trivedi M, et al. Efficacy and 
safety of flexibly dosed esketamine nasal spray 
combined with a newly initiated oral 
antidepressant in treatment-resistant 
depression: a randomized double-blind active-
controlled study. Am J Psychiatry. 

2019;176(6):428–438. PubMed CrossRef
25. JBI. Critical Appraisal Tools. https://jbi.global/

critical-appraisal-tools. 2020. Accessed January 
10, 2022.

26. Can AT, Hermens DF, Dutton M, et al. Low dose 
oral ketamine treatment in chronic suicidality: 
an open-label pilot study. Transl Psychiatry. 
2021;11(1):101. PubMed CrossRef

27. Cusin C, Ionescu DF, Pavone KJ, et al. Ketamine 
augmentation for outpatients with treatment-
resistant depression: preliminary evidence for 
two-step intravenous dose escalation. Aust N Z 
J Psychiatry. 2017;51(1):55–64. PubMed CrossRef

28. Ionescu DF, Bentley KH, Eikermann M, et al. 
Repeat-dose ketamine augmentation for 
treatment-resistant depression with chronic 
suicidal ideation: a randomized, double blind, 
placebo controlled trial. J Affect Disord. 
2019;243:516–524. PubMed CrossRef

29. Ritter P, Findeis H, Bauer M. Ketamine in the 
treatment of depressive episodes. 
Pharmacopsychiatry. 2020;53(2):45–50. PubMed CrossRef

30. Rotroff DM, Corum DG, Motsinger-Reif A, et al. 
Metabolomic signatures of drug response 
phenotypes for ketamine and esketamine in 
subjects with refractory major depressive 
disorder: new mechanistic insights for rapid 
acting antidepressants. Transl Psychiatry. 
2016;6(9):e894. PubMed CrossRef

31. Bartova L, Vogl S, Stamenkovic M, et al. 
Intravenous administration of S-ketamine in a 
severely depressed treatment-resistant patient 
receiving tranylcypromine: a case report. Eur 
Psychiatry. 2015;30(suppl):351. CrossRef

32. Bartova L, Weidenauer A, Dold M, et al. Robust 
antidepressant effect following alternating 
intravenous racemic ketamine and 
electroconvulsive therapy in treatment-
resistant depression. J ECT. 2017;33(3):e31–e32. PubMed CrossRef

33. Bottemanne H, Bonnard E, Claret A, et al. 
Ketamine and monoamine oxidase inhibitor 
combination: utility, safety, efficacy? J Clin 
Psychopharmacol. 2020;40(6):636–638. PubMed CrossRef

34. Doyle DJ. Ketamine induction and monoamine 
oxidase inhibitors. J Clin Anesth. 
1990;2(5):324–325. PubMed CrossRef

35. Dunner DL, Fugate RM, Demopulos CM. Safety 
and efficacy of esketamine nasal spray in a 
depressed patient who was being treated with 
tranylcypromine: a case report. Neurol 
Psychiatry Brain Res. 2020;36:30–31. CrossRef

36. Kallmünzer B, Volbers B, Karthaus A, et al. 
Treatment escalation in patients not 
responding to pharmacotherapy, 
psychotherapy, and electro-convulsive 
therapy: experiences from a novel regimen 
using intravenous S-ketamine as add-on 
therapy in treatment-resistant depression. 
J Neural Transm (Vienna). 2016;123(5):549–552. PubMed CrossRef

37. Lu BY, Agapoff JR, Olson DJ, et al. Rapid and 
sustained improvement in treatment-
refractory depression through use of acute 
intravenous ketamine and concurrent 
transdermal selegiline: a case series. J Affect 
Disord. 2020;262:40–42. PubMed CrossRef

38. Ludwig VM, Sauer C, Young AH, et al. 
Cardiovascular effects of combining 
subcutaneous or intravenous esketamine and 
the MAO inhibitor tranylcypromine for the 
treatment of depression: a retrospective 
cohort study. CNS Drugs. 2021;35(8):881–892. PubMed CrossRef

39. Szymkowicz SM, Finnegan N, Dale RM. A 
12-month naturalistic observation of three 
patients receiving repeat intravenous 
ketamine infusions for their treatment-
resistant depression. J Affect Disord. 
2013;147(1–3):416–420. PubMed CrossRef

40. Wang JCC, Swainson J. The concurrent 
treatment with intravenous ketamine and an 
irreversible monoamine oxidase inhibitor for 

treatment-resistant depression without 
hypertensive crises. J Clin Psychopharmacol. 
2020;40(5):515–517. PubMed CrossRef

41. Wink LK, O’Melia AM, Shaffer RC, et al. 
Intranasal ketamine treatment in an adult with 
autism spectrum disorder. J Clin Psychiatry. 
2014;75(8):835–836. PubMed CrossRef

42. Zigman D, Blier P. Urgent ketamine infusion 
rapidly eliminated suicidal ideation for a 
patient with major depressive disorder: a case 
report. J Clin Psychopharmacol. 
2013;33(2):270–272. PubMed CrossRef

43. Sheehan DV, Lecrubier Y, Sheehan KH, et al. 
The Mini-International Neuropsychiatric 
Interview (M.I.N.I.): the development and 
validation of a structured diagnostic 
psychiatric interview for DSM-IV and ICD-10. 
J Clin Psychiatry. 1998;59(suppl 20):22–33, quiz 
34–57. PubMed

44. Levine J, Schooler NR. SAFTEE: a technique for 
the systematic assessment of side effects in 
clinical trials. Psychopharmacol Bull. 
1986;22(2):343–381. PubMed

45. Glue P, Russell B, Medlicott NJ. Influence of 
formulation and route of administration on 
ketamine’s safety and tolerability: systematic 
review. Eur J Clin Pharmacol. 
2021;77(5):671–676. PubMed CrossRef

46. Loo CK, Gálvez V, O’Keefe E, et al. Placebo-
controlled pilot trial testing dose titration and 
intravenous, intramuscular and subcutaneous 
routes for ketamine in depression. Acta 
Psychiatr Scand. 2016;134(1):48–56. PubMed CrossRef

47. Zhou YL, Liu WJ, Wang CY, et al. Cardiovascular 
effects of repeated subanaesthetic ketamine 
infusion in depression. J Psychopharmacol. 
2021;35(2):159–167. PubMed CrossRef

48. Van Bortel LM, Spek JJ. Influence of aging on 
arterial compliance. J Hum Hypertens. 
1998;12(9):583–586. PubMed CrossRef

49. Liebe T, Li S, Lord A, et al. Factors influencing 
the cardiovascular response to subanesthetic 
ketamine: a randomized, placebo-controlled 
trial. Int J Neuropsychopharmacol. 
2017;20(11):909–918. PubMed CrossRef

50. Kim CH, Hahn MK, Joung Y, et al. A 
polymorphism in the norepinephrine 
transporter gene alters promoter activity and 
is associated with attention-deficit 
hyperactivity disorder. Proc Natl Acad Sci U S A. 
2006;103(50):19164–19169. PubMed CrossRef

51. Fonkoue IT, Marvar PJ, Norrholm S, et al. 
Symptom severity impacts sympathetic 
dysregulation and inflammation in post-
traumatic stress disorder (PTSD). Brain Behav 
Immun. 2020;83:260–269. PubMed CrossRef

52. Martin DC, Introna RP, Aronstam RS. Inhibition 
of neuronal 5-HT uptake by ketamine, but not 
halothane, involves disruption of substrate 
recognition by the transporter. Neurosci Lett. 
1990;112(1):99–103. PubMed CrossRef

53. Yamamoto S, Ohba H, Nishiyama S, et al. 
Subanesthetic doses of ketamine transiently 
decrease serotonin transporter activity: a PET 
study in conscious monkeys. 
Neuropsychopharmacology. 
2013;38(13):2666–2674. PubMed CrossRef

54. Yamanaka H, Yokoyama C, Mizuma H, et al. A 
possible mechanism of the nucleus 
accumbens and ventral pallidum 5-HT1B 
receptors underlying the antidepressant 
action of ketamine: a PET study with 
macaques. Transl Psychiatry. 2014;4(1):e342. PubMed CrossRef

55. Barann M, Stamer UM, Lyutenska M, et al. 
Effects of opioids on human serotonin 
transporters. Naunyn Schmiedebergs Arch 
Pharmacol. 2015;388(1):43–49. PubMed CrossRef

56. Pham TH, Mendez-David I, Defaix C, et al. 
Ketamine treatment involves medial prefrontal 
cortex serotonin to induce a rapid 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28249076&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2017.0080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31030677&dopt=Abstract
https://doi.org/10.1192/bjp.2019.102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3278728&dopt=Abstract
https://doi.org/10.1093/bja/60.2.222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34170315&dopt=Abstract
https://doi.org/10.1093/ijnp/pyab039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30100209&dopt=Abstract
https://doi.org/10.1016/j.genhosppsych.2018.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2666453&dopt=Abstract
https://doi.org/10.1002/j.1552-4604.1989.tb03376.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25452977&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16316487&dopt=Abstract
https://doi.org/10.1017/S1461145705005900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12963082&dopt=Abstract
https://doi.org/10.1016/S0197-0186(03)00104-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10553955&dopt=Abstract
https://doi.org/10.1016/S0304-3940(99)00688-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26302763&dopt=Abstract
https://doi.org/10.1016/j.euroneuro.2015.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6849728&dopt=Abstract
https://doi.org/10.1093/bja/55.5.457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31994024&dopt=Abstract
https://doi.org/10.1007/s40263-020-00699-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29525051&dopt=Abstract
https://doi.org/10.1016/j.jad.2018.02.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33154641&dopt=Abstract
https://doi.org/10.2147/NDT.S273287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32664031&dopt=Abstract
https://doi.org/10.1016/j.jad.2020.05.088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31109201&dopt=Abstract
https://doi.org/10.1176/appi.ajp.2019.19020172
https://jbi.global/critical-appraisal-tools
https://jbi.global/critical-appraisal-tools
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33542187&dopt=Abstract
https://doi.org/10.1038/s41398-021-01230-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26893373&dopt=Abstract
https://doi.org/10.1177/0004867416631828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30286416&dopt=Abstract
https://doi.org/10.1016/j.jad.2018.09.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31434140&dopt=Abstract
https://doi.org/10.1055/a-0991-0582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27648916&dopt=Abstract
https://doi.org/10.1038/tp.2016.145
https://doi.org/10.1016/S0924-9338(15)30276-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28520578&dopt=Abstract
https://doi.org/10.1097/YCT.0000000000000421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33009225&dopt=Abstract
https://doi.org/10.1097/JCP.0000000000001281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2271195&dopt=Abstract
https://doi.org/10.1016/0952-8180(90)90078-H
https://doi.org/10.1016/j.npbr.2020.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26721476&dopt=Abstract
https://doi.org/10.1007/s00702-015-1500-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31706158&dopt=Abstract
https://doi.org/10.1016/j.jad.2019.10.050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34283390&dopt=Abstract
https://doi.org/10.1007/s40263-021-00837-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23182590&dopt=Abstract
https://doi.org/10.1016/j.jad.2012.10.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32740556&dopt=Abstract
https://doi.org/10.1097/JCP.0000000000001244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25191906&dopt=Abstract
https://doi.org/10.4088/JCP.13cr08917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23422387&dopt=Abstract
https://doi.org/10.1097/JCP.0b013e3182856865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9881538&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3774930&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33210159&dopt=Abstract
https://doi.org/10.1007/s00228-020-03047-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27028832&dopt=Abstract
https://doi.org/10.1111/acps.12572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32720857&dopt=Abstract
https://doi.org/10.1177/0269881120936909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9783484&dopt=Abstract
https://doi.org/10.1038/sj.jhh.1000669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29099972&dopt=Abstract
https://doi.org/10.1093/ijnp/pyx055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17146058&dopt=Abstract
https://doi.org/10.1073/pnas.0510836103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682970&dopt=Abstract
https://doi.org/10.1016/j.bbi.2019.10.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2143567&dopt=Abstract
https://doi.org/10.1016/0304-3940(90)90329-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23880871&dopt=Abstract
https://doi.org/10.1038/npp.2013.176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24399045&dopt=Abstract
https://doi.org/10.1038/tp.2013.112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25332055&dopt=Abstract
https://doi.org/10.1007/s00210-014-1056-3


Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

J Clin Psychiatry 83:6, November/December 2022e10     

Veraart et al

antidepressant-like activity in BALB/cJ mice. 
Neuropharmacology. 2017;112(Pt A):198–209. PubMed CrossRef

57. Zhao Y, Sun L. Antidepressants modulate the in 
vitro inhibitory effects of propofol and ketamine 
on norepinephrine and serotonin transporter 
function. J Clin Neurosci. 2008;15(11):1264–1269. PubMed CrossRef

58. Spies M, James GM, Berroterán-Infante N, et al. 
Assessment of ketamine binding of the 
serotonin transporter in humans with positron 
emission tomography. Int J 
Neuropsychopharmacol. 2018;21(2):145–153. PubMed CrossRef

59. Ochs-Ross R, Daly EJ, Zhang Y, et al. Efficacy and 
safety of esketamine nasal spray plus an oral 
antidepressant in elderly patients with 
treatment-resistant depression-TRANSFORM-3. 
Am J Geriatr Psychiatry. 2020;28(2):121–141. PubMed CrossRef

60. Daly EJ, Singh JB, Fedgchin M, et al. Efficacy and 
safety of intranasal esketamine adjunctive to 
oral antidepressant therapy in treatment-
resistant depression: a randomized clinical trial. 
JAMA Psychiatry. 2018;75(2):139–148. PubMed CrossRef

61. Daly EJ, Trivedi MH, Janik A, et al. Efficacy of 
esketamine nasal spray plus oral 
antidepressant treatment for relapse 
prevention in patients with treatment-resistant 
depression: a randomized clinical trial. JAMA 
Psychiatry. 2019;76(9):893–903. PubMed CrossRef

62. Fedgchin M, Trivedi M, Daly EJ, et al. Efficacy 
and safety of fixed-dose esketamine nasal 
spray combined with a new oral antidepressant 
in treatment-resistant depression: results of a 
randomized, double-blind, active-controlled 
study (TRANSFORM-1). Int J 
Neuropsychopharmacol. 2019;22(10):616–630. PubMed CrossRef

63. Spravato Medication Guide. Janssen 
Pharmaceutical Companies; 2019.

64. López-Díaz Á, Rendón de Lope L, de la Vega 
Sánchez D. Patterns of use, clinical efficacy, 
safety and tolerability of ketamine and 
esketamine in treatment-resistant depression: 
Towards registry-based surveillance systems. 
J Affect Disord. 2022;297:145–147. PubMed CrossRef

65. McIntyre RS, Rosenblat JD, Nemeroff CB, et al. 
Synthesizing the evidence for ketamine and 
esketamine in treatment-resistant depression: 
an international expert opinion on the 
available evidence and implementation. Am J 
Psychiatry. 2021;178(5):383–399. PubMed CrossRef

66. Short B, Dong V, Gálvez V, et al. Development 
of the Ketamine Side Effect Tool (KSET). J Affect 
Disord. 2020;266:615–620. PubMed CrossRef

67. Singh I, Morgan C, Curran V, et al. Ketamine 
treatment for depression: opportunities for 
clinical innovation and ethical foresight. Lancet 
Psychiatry. 2017;4(5):419–426. PubMed CrossRef

Editor’s Note: We encourage authors to 
submit papers for consideration as a part  
of our Early Career Psychiatrists section.  
Please contact Joseph F. Goldberg, MD, at 
jgoldberg@psychiatrist.com.

See supplementary material for this article at . 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27211253&dopt=Abstract
https://doi.org/10.1016/j.neuropharm.2016.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18815045&dopt=Abstract
https://doi.org/10.1016/j.jocn.2007.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29045739&dopt=Abstract
https://doi.org/10.1093/ijnp/pyx085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31734084&dopt=Abstract
https://doi.org/10.1016/j.jagp.2019.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29282469&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2017.3739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31166571&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2019.1189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31290965&dopt=Abstract
https://doi.org/10.1093/ijnp/pyz039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34699848&dopt=Abstract
https://doi.org/10.1016/j.jad.2021.10.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33726522&dopt=Abstract
https://doi.org/10.1176/appi.ajp.2020.20081251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32056935&dopt=Abstract
https://doi.org/10.1016/j.jad.2020.01.120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28395988&dopt=Abstract
https://doi.org/10.1016/S2215-0366(17)30102-5


© Copyright 2022 Physicians Postgraduate Press, Inc. 

Supplementary Material 
Article Title: Safety of Ketamine Augmentation to Monoamine Oxidase Inhibitors in Treatment-Resistant 

Depression: A Systematic Literature Review and Case Series 

Author(s): Jolien K. E. Veraart, MD; Sanne Y. Smith-Apeldoorn, MD; Mats Kutscher, MSc; 
Maurice Vischjager, MSc; Annemarie van der Meij, MD; Jeanine Kamphuis, MD, PhD; 
and Robert A. Schoevers, MD, PhD 

DOI Number: https://doi.org/10.4088/JCP.21m14267 

List of Supplementary Material for the article 

1. Appendix 1 Search Syntax

2. Table 1 Quality Assessment According to the JBI Critical Appraisal Tools 

Disclaimer 
This Supplementary Material has been provided by the author(s) as an enhancement to the published article. It 
has been approved by peer review; however, it has undergone neither editing nor formatting by in-house editorial 
staff. The material is presented in the manner supplied by the author.  

It is illegal to post this copyrighted PDF on any website. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.



Appendix 1: search syntax 

Pubmed:  28-7-2021: 53 hits 

("esketamine"[Supplementary Concept] OR esketamine[tiab] OR ketamine[tiab] OR 

"ketamine"[MeSH Terms] OR ketamin*[tiab])  

AND 

("mao-i"[Tiab] OR "monoamine oxidase inhibitors"[Pharmacological Action] OR "monoamine oxidase 

inhibitors"[MeSH Terms] OR "monoamine oxidase inhibitor*"[Tiab] OR "hydrazine"[Supplementary 

Concept] OR "hydrazin*"[Tiab] OR "hydrazines"[MeSH Terms] OR "isocarboxazid"[MeSH Terms] OR 

"isocarboxazid*"[Tiab] OR "marplan"[Tiab] OR "nialamide"[MeSH Terms] OR "Niamid*"[Tiab] OR 

Nialamide[tiab] OR "phenelzine"[MeSH Terms] OR "phenelzine"[Tiab] OR "nardil"[Tiab] OR 

"nardelzine"[Tiab] OR "Hydracarbazine"[Tiab] OR "tranylcypromine"[MeSH Terms] OR 

"tranylcypromine"[Tiab] OR "parnate"[Tiab] OR "tranylcypromine"[MeSH Terms] OR 

"tranylcypromine"[Tiab] OR "jatrosom"[Tiab] OR "moclobemide"[MeSH Terms] OR 

"moclobemid*"[Tiab] OR "aurorix"[Tiab] OR "manerix"[Tiab] OR "rasagiline"[Supplementary 

Concept] OR "rasagiline"[Tiab] OR "azilect"[Tiab] OR "selegiline"[MeSH Terms] OR "selegiline*"[Tiab] 

OR deprenyl*[Tiab] OR "eldepryl"[Tiab] OR "emsam"[Tiab] OR "zelapar"[Tiab]  OR 

"safinamide"[Supplementary Concept] OR "safinamide"[Tiab] OR "xadago"[Tiab]) 

Embase:  28-7-2021: 125 hits 

('esketamine'/exp OR 'ketamin'/exp OR (esketamine OR ketamin*):ab,ti) 

AND ('mao i' OR 'monoamine oxidase inhibitor*' OR 'hydrazin*' OR 'isocarboxazid' OR 'marplan' OR 

'nialamide' OR 'phenelzine' OR 'nardil' OR nardelzine OR hydracarbazine OR tranylcypromine OR 

parnate OR jatrosom OR moclobemide OR aurorix OR manerix OR rasagiline OR azilect OR selegiline 

OR deprenyl OR eldepryl OR emsam OR zelapar OR safinamide OR xadago) 

It is illegal to post this copyrighted PDF on any website. ♦ © 2022 Copyright Physicians Postgraduate Press, Inc.



Supplementary Table 1: Quality assessment according to the JBI critical appraisal tools 

Legend 
Yes:     
No:    X 
Not applicable:   –   
 

Checklist for 
case reports 

Were patient’s 
demographic 
characteristics 
clearly 
described? 

Was the 
patient’s history 
clearly described 
and presented as 
a timeline? 

Was the current 
clinical condition 
of the patient on 
presentation 
clearly 
described? 

Were diagnostic 
tests or 
assessment 
methods and the 
results clearly 
described? 

Was the 
intervention(s) 
or treatment 
procedure(s) 
clearly 
described? 

Was the post-
intervention 
clinical condition 
clearly 
described?  

Were adverse 
events (harms) 
or unanticipated 
events identified 
and described? 

Does the case 
report provide 
takeaway 
lessons? Overall appraisal 

Doyle et al. 
199034          

Zigman et al. 
201342          

Wink et al. 
201441          

Dunner et al. 
202035          

 

Checklist for 
case series 

Were there 
clear criteria 
for inclusion? 

Was the 
condition 
measured in 
a standard, 
reliable way 
for all 
participants 
included? 

Were valid 
methods 
used for 
identification 
of the 
condition for 
all 
participants 
included? 

Did the case 
series have 
consecutive 
inclusion of 
participants? 

Did the case 
series have 
complete 
inclusion of 
participants? 

Was there a 
clear 
reporting of 
the 
demographic
s of the 
participants 
in the study? 

Was there 
clear 
reporting of 
clinical 
information 
of the 
participants? 

Were the 
outcomes or 
follow-up 
results of 
cases clearly 
reported? 

Was there 
clear 
reporting of 
the 
presenting 
site(s)/ 
clinic(s) 
demographic 
information? 

Was 
statistical 
analysis 
appropriate? 

Overall 
appraisal  

Szymkowicz 
et al. 201339    X X X    – X 

Bartova et al. 
201520  X X X X    X – X 
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Kallmunzer et 
al. 201636    X X     – X 

Katz et al. 
201812 X X X X X X   X – X 

Bottemanne 
et al. 202033    X X X   X – X 

Lu et al. 
202037    X X     – X 

Wang et al. 
202040   X X X     – X 

 

Checklist for 
cohort 
studies 

Were the 
two groups 
similar and 
recruited 
from the 
same 
population?  

Were the 
exposures 
measured 
similarly to 
assign 
people to 
both 
exposed 
and 
unexposed 
groups?  

Was the 
exposure 
measured 
in a valid 
and reliable 
way?  

Were con-
founding 
factors 
identified?  

Were 
strategies 
to deal with 
confoundin
g factors 
stated?  

Were the 
groups/ 
participants 
free of the 
outcome at 
the start of 
the study 
(or at the 
moment of 
exposure)? 

Were the 
outcomes 
measured 
in a valid 
and reliable 
way?  

Was the 
follow up 
time 
reported 
and 
sufficient to 
be long 
enough for 
outcomes 
to occur?  

Was follow 
up 
complete, 
and if not, 
were the 
reasons to 
loss to 
follow up 
described 
and 
explored? 

Were 
strategies 
to address 
incomplete 
follow up 
utilized?  

Was 
appropriate 
statistical 
analysis 
used?  

Overall 
appraisal 

Ludwig et al. 
202138 

         –   
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