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Abstract

Background (Es)ketamine and monoamine oxidase inhibitors (MAOIs), e.g., tranylcypromine, are therapeutic options for
treatment-resistant major depression. Simultaneous administration is currently not recommended because of concern about
hypertensive crises.

Objective Our objective was to evaluate whether changes in systolic blood pressure (SBP), diastolic blood pressure (DBP),
and heart rate (HR) during esketamine administration differed between patients who concomitantly received tranylcypromine
and those who did not.

Methods This was a retrospective cohort study utilizing cardiovascular monitoring data from inpatients treated for severe
depression in unipolar, bipolar, and schizoaffective disorder. Primary outcomes were change in mean BP and HR during the
first hour after intravenous or subcutaneous esketamine administration compared with baseline, controlled for confounders.
Secondary analyses quantify differences in absolute BP during esketamine treatment and comparisons of BP peaks, temporal
effects, and intraindividual comparisons before and after tranylcypromine initiation.

Results Our analysis included 509 esketamine administrations in 43 patients, 14 of whom concomitantly received tranyl-
cypromine. Controlling for creatinine and age, mean =+ standard deviation (SD) BP changes were significantly increased by
concomitant tranylcypromine treatment (ASBP: F[1,503]1=86.73, p <0.001; ADBP: F[1,503]=55.71, p<0.001), but HR
remained unaffected. Mean SBP change during esketamine administration was 2.96 + 18.11 mmHg in patients receiving
tranylcypromine (TCP+) and —8.84 + 11.31 mmHg in those who did not (TCP—). Changes in DBP were —2.81 + 11.20
mmHg for TCP+ and —10.77 + 9.13 mmHg for TCP—. Moreover, we found a significant dose-response relationship between
tranylcypromine dose and BP (SBP: B=0.35, standard error [SE] =0.12, 95% confidence interval [CI] 0.12-0.60, p=0.004;
adjusted R*=0.11, p=0.008; DBP: B=0.21, SE=0.08, 95% CI 0.06-0.36, p=0.007; adjusted R>=0.08; p=0.023).
Conclusions Although statistically significant changes in BP were identified in patients receiving tranylcypromine and
esketamine, these changes were clinically insignificant. Thus, combining esketamine and this MAOI appears to be safe at
standard doses. The dose—response relationship calls for caution with higher doses of tranylcypromine.
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1 Background

Depression is a leading contributor to the global burden of
disease, and its relative share is predicted to further increase
[1]. Depressive episodes mostly arise in the context of uni-
polar and bipolar affective disorder. Notably, most antide-
pressant treatments have a latency until they take effect, and
there are a large number of nonresponders [2]. Considering
the scope of this growing problem, effective and safe treat-
ment options are urgently needed.

One novel approach to treating treatment-resistant depres-
sion (TRD) is the use of ketamine and its enantiomer esketa-
mine. (Es)ketamine has been used as an anesthetic for dec-
ades. In 2000, the first randomized controlled cross-over
study demonstrated its antidepressant properties in humans
[3]. Ever since, research has established (es)ketamine as a
novel, fast-acting antidepressant, especially in TRD. In addi-
tion, an antisuicidal effect has been observed that appears to
be independent of depression severity [4, 5]. An intranasal
formulation of esketamine was recently approved by the US
FDA and by the European Medicines Agency (EMA) for
adults with TRD based on several phase II/III studies [6—11].
(Es)ketamine’s exact mechanism of action as an antidepres-
sant is only partially understood. Current hypotheses empha-
size its role as a reversible N-methyl-p-aspartate (NMDA)
receptor antagonist and activator of a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptors and
brain-derived neurotrophic factor (BNDF) [12]. Common
short-term side effects include anxiety, dissociative states,
and transient increases in blood pressure (BP) and heart rate
(HR) [13].

Conversely, irreversible monoamine oxidase inhibitors
(MAOISs) such as tranylcypromine have been used as anti-
depressant medications since the 1950s. Their mechanism
of action is to increase the presynaptic concentration of
neurotransmitters by inhibiting the enzymatic inactivation
of monoamine neurotransmitters by monoamine oxidase.
There are two isoforms of monoamine oxidase: MAO-A and
MAO-B. Inhibiting MAO-A increases presynaptic seroto-
nin and noradrenaline, whereas inhibiting MAO-B increases
dopamine concentration. Different types of MAOI can be
characterized by selectivity and type of binding (reversible/
irreversible). Amongst the MAOIs, tranylcypromine is com-
monly used (although the extent of usage varies by country).
It is irreversible and nonselective and thus increases the syn-
aptic concentrations of all three neurotransmitters assumed
(amongst others) to be involved in the pathophysiology of
depression [14]. While MAOISs, especially tranylcypromine,
have robust antidepressant efficacy, their use has decreased
drastically since alternative antidepressants have become
available because they require dietary restrictions and cause
potentially severe side effects. Oral consumption of tyramine
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can lead to hypertensive crises in individuals treated with
tranylcypromine. Nowadays, tranylcypromine is mostly rec-
ommended as a treatment option in TRD. Evidence suggests
that it might be especially beneficial in atypical depression
or depression with motor retardation [15].

In theory, individuals with TRD could benefit from the
fast-acting antidepressant effect of (es)ketamine in combi-
nation with the additional sustained antidepressant proper-
ties of MAOIs such as tranylcypromine. The combination is
not advised because of a fear of additive toxicity due to an
increase in monoaminergic effects on cardiovascular func-
tion, especially hypertensive crises [16]. Consequently, clini-
cal data evaluating the combination of the two substances
are sparse.

Initially, a case report described cardiovascular param-
eters in a patient treated with tranylcypromine while receiv-
ing ketamine for anesthetic purposes during surgery and
observed no hypertensive crises [17]. Later on, case studies
reported data on psychiatric patients who received (es)keta-
mine in subanesthetic doses for TRD while simultaneously
taking MAOIs. Two case reports on a total of five patients
concomitantly receiving an MAOI (tranylcypromine or
phenelzine) and intravenous (es)ketamine for TRD observed
no relevant hemodynamic changes [18, 19]. In contrast, three
other case studies described significant increases in BP after
the administration of (es)ketamine (intravenous and nasal) in
subjects treated with MAOISs (tranylcypromine, phenelzine,
selegiline) in a total of nine patients [20-22]. One of those
studies reported several hypertensive episodes, with meas-
urements of up to 180/110 mmHg during ketamine infusions
in one patient with preexisting cardiovascular comorbidities
and mean increases in maximum BP of 15.8 mmHg systolic
and 9.4 mmHg diastolic in three patients concomitantly
treated with intravenous ketamine and MAOIs [20]. The
second study described increases of maximum BP after
nasal esketamine administration of 23 mmHg systolic and
12 mmHg diastolic in one patient [21]. As these increases
were transient and asymptomatic, they were deemed clini-
cally irrelevant. Lastly, statistically significant systolic BP
(SBP) increases of 3 mmHg without significant differences
in diastolic BP (DBP) or HR were found over 66 intravenous
ketamine administrations and parallel phenelzine treatment
[22]. For an overview of previous studies, please see Table 1
in the electronic supplementary material (ESM).

It is therefore vital to establish the safety profile of a com-
bined treatment before being able to offer concomitant use
as a new treatment option to individuals with TRD. How-
ever, until now, only a few case reports have suggested that
a combination of an MAOI and (es)ketamine might be tol-
erated. Thus far, no study has looked at a large sample of
patients simultaneously taking MAOIs and esketamine and
conducted quantitative analyses of cardiovascular param-
eters, comparing the data derived with that from patients
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who only received esketamine without MAOIs. Thus, our
aim is to provide quantitative clinical data of cardiovascular
parameters in patients treated with esketamine and tranyl-
cypromine concomitantly and compare them with data from
patients who did not receive tranylcypromine while being
treated with esketamine.

2 Methods
2.1 Study Design and Participants

This was a retrospective clinical cohort study. The study was
approved by the local ethics committee of the Medical Fac-
ulty of the Technical University Dresden (EK 263052019).
Routine clinical data were anonymized for evaluation.
Data were collected from patients at the psychiatric inpa-
tient unit of the University Hospital Carl Gustav Carus Dres-
den in Germany. All patients who had received at least one
dose of esketamine for the treatment of a major depressive
episode during their hospital stay between 4 October 2016
and 1 May 2020 were included in this analysis. Patients were
diagnosed with a major depressive episode in the context
of either unipolar depression, bipolar depression, or schiz-
oaffective disorder. Per protocol, esketamine 0.25-0.5 mg/
kg body weight was administered, usually starting with
0.25 mg/kg and increasing to the maintenance dose of 0.5
mg/kg. For safety reasons, the first dose was administered

intravenously over 60 minutes, and the subsequent doses
were given subcutaneously. Afterwards, continuous monitor-
ing occurred via a multiparameter medical monitor for BP,
HR, and O, saturation for at least 1 h after administration.
Esketamine was administered twice to thrice weekly. More
information on this protocol has been published previously
[23].

The primary outcome was to quantify and compare the
mean change in SBP (ASBP) and DBP (ADBP) and change
in HR (AHR) between baseline measurements and esketa-
mine administration in patients receiving tranylcypromine
(TCP+) or not (TCP-), controlled for relevant covariates.

Secondary outcomes were assessed to gain a more
granular understanding of clinically relevant cardiovascu-
lar dynamics. Mean absolute SBP, DBP, and HR during
esketamine administration were compared for TCP+ and
TCP—, controlled for covariates. As several patients had
newly initiated or discontinued tranylcypromine treatment
during a series of esketamine administrations, we conducted
a subgroup analysis of these cases and compared intraindi-
vidual changes and absolute measures in BP and HR dur-
ing esketamine administrations before and after initiation
of tranylcypromine using descriptive statistics. To account
for possible transient sympathomimetic crises that might
not be sufficiently captured by mean values, we computed
individual maximum BP and HR values over all esketamine
administrations for each patient and compared these between
TCP+ and TCP—, controlled for covariates. To investigate a

Table 1 Sample characteristics and potential confounders stratified by medication status of tranylcypromine at the time of esketamine adminis-

tration
Characteristics and confounders Tranylcypromine No tranylcypromine p value
Sex
Female 8(57.1) 19 (50) 0.647%
Male 6 (42.9) 19 (50)
Diagnosis

Unipolar depression 9 (64.3) 26 (68.4) 0.947%

Bipolar depression 4 (28.6) 10 (26.3)

Schizoaffective disorder 1(7.1) 2(5.3)

Diagnosed hypertension 8(57.1) 22 (57.9) 0.961*
On antihypertensive medication 6 (42.9) 14 (36.8) 0.693
Age 51.07 +15.2 4724 + 1597 0.441°
Administered esketamine doses 6.29 + 6.3 11.79 + 9.56 0.052%
BMI 25.18 £+ 4.5 25.07 +4.13 0.934°
Serum creatinine 89.93 +20.11 81.61 + 16.61 0.136"
Number of antihypertensive drugs® 1.83 +£0.98 1.93 +0.83 0.826"

Data are presented as N (%) or mean =+ standard deviation unless otherwise indicated

BMI body mass index
p values were calculated using chi-squared tests
®p values were calculated using independent sample  tests

For those receiving antihypertensive medication
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potential dose—response relationship for the effect of tranyl-
cypromine, we analyzed the relationship between the daily
dose of tranylcypromine at each esketamine administration
and the cardiovascular outcome parameters (ASBP, ADBP,
AHR, SBP, DBP, HR).

Lastly, we conducted several sensitivity analyses to
ensure our assumptions were robust. We checked for pos-
sible adaptive effects of cardiovascular parameters during
esketamine series by looking for temporal effects in single
BP and HR values, as well as the development of mean BP
and HR over the course of the administrations in patients not
receiving tranylcypromine. Also, as we substituted missing
baseline data for some time points, we repeated the main
analyses without the substituted values for a sensitivity anal-
ysis. Lastly, checking for a potential impact of patients that
contributed cases to both conditions, TCP+ and TCP—, we
repeated the analyses for the primary outcome variables on
patients who belonged to only one of these groups, exclud-
ing the subgroup.

2.2 Data Preparation

Anonymized clinical data (age, sex, height, weight, psychiat-
ric diagnoses, preexisting arterial hypertension, medication,
creatinine level, standard daily BP and HR readings, BP and
HR during esketamine administration, and treatment status
of tranylcypromine [including dose]) for each esketamine
administration were extracted from the hospital IT system.

As hypertension is said to be a short-term adverse effect
of esketamine, we assumed there to be no temporal dynam-
ics or adaptive effects to esketamine over the course of treat-
ment. Hypertensive crises are just as likely to occur at the
first dose as at any subsequent dose. Thus, every single time
point of esketamine administration can be treated indepen-
dently; in order not to lose information by aggregating the
data, we treated each time point of esketamine administra-
tion as a single case for the main analysis.

Our primary outcome variables were all recorded BP
and HR readings within 60 minutes after every subcutane-
ous esketamine administration, or during the 60 minutes of
intravenous esketamine administration. Baseline values were
assessed collecting the last three standard BP and HR read-
ings before each esketamine administration. In some cases
(especially if esketamine was given on successive days in
young patients without hypertension), no standard BP read-
ings between esketamine administrations had taken place.
For these measurements, we substituted the missing baseline
data of the specific time point with the baseline BP readings
before the first esketamine administration in that patient.

To separate the cases (TCP+) from the control meas-
urements (TCP—), we checked clinical records for each
measurement in every patient as to whether the patient
had received tranylcypromine on the day of the esketamine
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administration and, if so, recorded the dose. Subsequently,
we split the data into those receiving (TCP+) and those
not receiving (TCP—) tranylcypromine. Where patients
were initiated on tranylcypromine during the course of the
esketamine series, or tranylcypromine was ended during
the esketamine series, cases were split, meaning a single
patient provided data for both case (TCP+) and control
(TCP-) groups. Patients who received more than one series
of esketamine during separate inpatient treatments within
the recruitment period were treated as single cases. Single
administrations with missing BP readings were excluded
from the analysis.

2.3 Statistical Analyses

We calculated mean BP values (SBP and DBP) and HR
before (baseline) and during (K+) esketamine treatments
for every esketamine administration in every patient in the
two groups, TCP+ and TCP—. Mean change in BP (ASBP,
ADBP) and HR (AHR) for every esketamine administration
in every patient was computed by subtracting the baseline
value from the K4 value. We aggregated the data to cal-
culate overall mean BP and HR measures and mean total
change in BP and HR for each patient. To account for BP
peaks, we identified the three highest BP and HR measures
for each patient and from these computed mean maximum
BP and HR readings (SBP max, DBP max, HR max). We
checked for normal distribution of the data using Kolmogo-
rov—Smirnov tests, O—Q plots, and histograms. Descriptive
statistics were computed using independent sample t-tests
and chi-squared tests as appropriate.

We decided a priori to control for preexisting arterial
hypertension and creatinine level as an indirect measure of
hypertension in the main analysis, as well as relevant other
confounders that differ between TCP+ and TCP—. As the
variables preexisting arterial hypertension and creatinine
levels were highly associated, we only included creatinine
level as a covariate in the analyses. Furthermore, in the main
analysis, where each time point of esketamine administration
was treated as a single case, we included age as a covari-
ate, since the distribution of age was significantly different
between TCP+ and TCP—. Body mass index (BMI) was not
included because there was no significant correlation with
the outcome measures (see Table 2 in the ESM).

For the primary outcome, analyses of covariance (ANCO-
VAs) were conducted for the change in BP values for TCP+
and TCP- adjusting for potential confounders (creatinine
level and age). To illustrate the clinical relevance of our
findings, we also report mean absolute BP and HR values
for TCP+ and TCP— adjusted for creatinine and age and
compare these results using ANCOVAs.

Intraindividual changes in BP and HR between TCP+
and TCP— in the subgroup of patients that changed



Concomitant Use of Esketamine and Tranylcypromine in Depression: Cardiovascular Data 885

tranylcypromine status during the course of the esketamine
treatment were analyzed descriptively because of the small
sample size (n=9). To test for a dose-response-relation-
ship between milligrams of tranylcypromine and change
in BP and HR, we conducted a linear regression analysis
on patients taking tranylcypromine. Single transient hyper-
tensive crises were analyzed using ANCOVAs comparing
differences in mean maximum values for BP and HR (SBP
max, DBP max, HR max) between TCP+ and TCP—, con-
trolling for creatinine and age.

To account for potential adaptive effects or differences
in cardiovascular parameters over the course of an esketa-
mine series, we conducted linear mixed models to evaluate
changes in primary and secondary outcome parameters over
the course of the esketamine administrations. As the sample
size in the TCP+ group was very small from the seventh
dose onwards, this analysis was only performed on the first
six esketamine administrations. For the sensitivity analyses,
we repeated the ANCOVAs for differences in ASBP, ADBP,
AHR, SBP, DBP, and HR between TCP+ and TCP— on a
dataset without the substituted baseline measures. Moreover,
we repeated the same analyses for a dataset only including
participants that were solely attributable to TCP+ or TCP—,
excluding the subgroup that switched tranylcypromine medi-
cation status. All analyses were conducted using IBM SPSS,
version 26.

3 Results
3.1 Descriptive Statistics

A total of 44 patients received at least one dose of esket-
amine for the treatment of a major depressive episode
between 4 October 2016 and 1 May 2020. One patient was
excluded because the primary outcome variables were miss-
ing. Thus, 43 patients, aged 19-77 years (mean =+ standard
deviation 48.1 + 15.8), with a total of 507 administered
doses of esketamine were included in this analysis. Nine
patients were initiated on or discontinued tranylcypromine
during treatment and so contributed to TCP+ as well as
to TCP—. Patient characteristics stratified by TCP+ and
TCP- can be found in Table 1. t-tests and chi-squared tests
revealed no significant differences between the groups for
any of the reported characteristics.

3.2 Primary and Secondary Outcomes

There was a significant effect of tranylcypromine on ASBP
during esketamine administration (2.96 + 18.11 mmHg in
TCP+ vs. —8.84 + 11.31 mmHg in TCP—; F[1,503]=66.89,
p<0.001) as well as on ADBP (-2.81 + 11.20 mmHg for
TCP+ vs. —10.77 + 9.13 for TCP—; F[1,503] =42.65,

p<0.001). However, receiving tranylcypromine did not
yield statistically significant differences in AHR (—4.78
+ 6.36 bpm for TCP+ vs. —7.87 + 9.34 bpm for TCP—;
F[1,450]=1.05, p=0.306). Results are illustrated in Fig. 1.

Receiving tranylcypromine significantly impacted mean
absolute SBP (TCP+: 128.93 + 18.54 mmHg; TCP—: 119.69
+ 12.49 mmHg; F[1,503]=29.61, p<0.001) and DBP after
esketamine administration (TCP+: 77.63 + 11.46 mmHg;
TCP-: 75.33 + 9.68 mmHg; F[1,503]=7.94, p=0.005).
HR was not significantly impacted by status of tranylcy-
promine (68.02 + 8.92 bpm for TCP+ vs. 76.98 + 12.06
bpm for TCP—; F[1,450]=2.20, p=0.139). Absolute BP
and HR values during esketamine administration for TCP+
and TCP— are presented in Fig. 2.

3.3 Subgroup Analysis

Nine patients changed tranylcypromine status during the
course of the esketamine treatment (eight were initiated on
tranylcypromine and one discontinued). Descriptive analyses
did not indicate meaningful intraindividual differences for
changes in mean BP (ASBP: —0.7 + 9.5 for TCP+ vs. 5.1
+ 11.9 for TCP—; ADBP: —8.5 + 7.1 for TCP+ vs. =9.4 +
9.4 for TCP-) or changes in HR (—5.7 + 1.8 for TCP+ vs.
—3.9 + 12.4 for TCP-) during esketamine administration.
Intraindividual changes in mean absolute cardiovascular
parameters (SBP, DBP, HR) yielded similar outcomes. No
major differences regarding medication status of tranylcy-
promine were found for SBP (125.4 + 16.7 for TCP+ vs.
121.8 + 16.2 for TCP—), DBP (78.0 + 11.3 for TCP+ vs.
74.5 + 9.4 for TCP-), and HR (74.2 + 12.2 for TCP+ vs.
72.8 + 9.9 for TCP-).

3.4 Maximum Measures

Comedication with tranylcypromine did not significantly
influence the mean maximum SBP (146.6 + 25.0 for TCP+
vs. 139.2 + 16.6 for TCP—; F[1,48]=1.22, p=0.276) or
mean maximum DBP (89.9 + 13.5 for TCP+ vs. 92.3 +
12.3 for TCP—; F[1,48]=0.31, p=0.581). Similarly, mean
maximum HR was not significantly influenced by tranylcy-
promine (84.6 + 10.9 for TCP+ vs. 94.0 + 14.5 for TCP—;
F[1,43]1=1.95, p=0.170).

3.5 Dose-Response Relationship

The relationship between dose of tranylcypromine and dif-
ference in SBP during esketamine administration was sig-
nificant (B=0.35; SE 0.12; 95% CI 0.12-0.60; p =0.004;
adjusted R>=0.11; p=0.008). The same held true for
the relationship between DBP and tranylcypromine dose
(B=0.21; SE 0.08; 95% CI 0.06-0.36; p =0.007; adjusted
R?>=0.08; p=0.023). Lastly, changes in HR during
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Fig. 1 Mean changes in blood pressure and heart rate during esketamine administration in patients receiving (TCP+) and not receiving (TCP—)
tranylcypromine. p values were calculated using analyses of covariance controlling for creatinine and age
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Fig.2 Mean absolute blood pressure and heart rate readings after esketamine administration stratified by tranylcypromine medication status. p
values were calculated using analyses of covariance controlling for creatinine and age

esketamine administration were not significantly related to
dose of tranylcypromine (B=-0.002; SE=0.05; 95% CI
—0.11-0.11; p=0.976). Results are presented in Fig. 3.
Dose of tranylcypromine also showed a significant asso-
ciation with mean absolute SBP (B=0.42; SE 0.12; 95% CI
0.18-0.66; p=0.001; adjusted R?>=0.13; p=0.003). Con-
versely, daily dose of tranylcypromine was not significantly
correlated with mean absolute DBP (B=0.14; SE 0.07; 95%
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CI —0.01-0.28]; p=0.073; adjusted R>=0.14; p=0.002).
Lastly, tranylcypromine dose did not significantly improve
predicted HR measures (B=-0.08; SE 0.07; 95% CI —0.21
to —0.05]; p=0.229, adjusted R*= 0.22, p<0.001). Results
are presented in Fig. 4.
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3.6 Sensitivity Analyses
3.6.1 Temporal Effects

To check for potential adaptive effects of repeated esketa-
mine administration, we looked at temporal effects. We
used linear mixed models to analyze the changes in BP and
HR over the course of the first six esketamine administra-
tions. No significant gradient in difference in BP (ASBP:
F[6,42.11=0.48; p=0.821; ADBP: F[6,43.6] =0.44;
p=0.846) and AHR (F[6,44.4]1=0.71; p=0.647) nor
mean values (SBP: F[6,42.9]1=0.81; p=0.566; DBP:
F[6,43.2]=0.37; p=0.895; HR: F[6,44.6]=0.13; p=0.992)
was observed.

3.6.2 Substituted Baseline Values

When excluding measurements with substituted baseline
values, we accounted for a total of 485 esketamine admin-
istrations. Sensitivity analyses revealed no significant dif-
ferences between the sample with or without substituted
baseline values. Results are presented in Table 3 in the ESM.

3.6.3 Subgroup of Patients with Cases for TCP+ and TCP—

There were 34 patients with a total of 375 esketamine admin-
istrations who did not change medication status for tranylcy-
promine over the course of their esketamine series. Sensitiv-
ity analysis revealed no differences, and only mean absolute

following esketamine administration
|
|

Mean change (¥SD) in blood pressure and heart rate

DBP failed to reach statistical significance (F[1,371]=7.50,
p=0.006), unlike in the full sample. Results can be found in
Table 4 in the ESM.

4 Discussion
4.1 Main Study Findings

This is the first study to quantitatively compare cardio-
vascular parameters in patients concomitantly receiving
esketamine and tranylcypromine with those of patients only
receiving esketamine. In our clinical cohort, we found that
changes in mean SBP and DBP during esketamine admin-
istration differed significantly between patients receiving
tranylcypromine and those who did not, controlling for
serum creatinine concentration and age. A closer look at
the results revealed that, unlike previous studies and assump-
tions, BP decreased during esketamine administration in
the control group. However, in patients taking MAOI, SBP
increased by roughly 3 mmHg after esketamine administra-
tion and DBP decreased but to a lesser extent than in the
control group. Mean HR during esketamine administration
decreased in both groups and did not differ significantly.
These results suggest that the significant differences in BP
between the two groups may not be caused by hypertension
in patients receiving an MAOI and esketamine but rather by
the absence or smaller drop in BP after esketamine admin-
istration in these patients. The results for mean absolute

— Systolic blood pressure in mmHg
— Diastolic blood pressure in mmHg
—_ — Heart rate in bpm

p=0.007

p=0.976

10 20 30 40

50 60

Daily dose of tranylcypromine (mg)

Fig.3 Dose-response relationship between dose of tranylcypromine and changes in blood pressure and heart rate readings after esketamine

administration. Predicted values with standard deviation (SD) error bars
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Fig. 4 Dose-response relationship between dose of tranylcypromine and mean absolute blood pressure and heart rate readings after esketamine

administration. Predicted values with standard deviation (SD) error bars

cardiovascular parameters showed significantly higher BP
and insignificantly lower HR measures in patients taking
tranylcypromine than in those who did not. However, the
mean absolute BP for both groups, TCP+ and TCP—, was
within the normal physiological range as defined by Euro-
pean Society of Cardiology (ESC) and European Society of
Hypertension (ESH) guidelines (SBP < 129 mmHg; DBP
< 84 mmHg) [24]. Moreover, all individual BP increases
were asymptomatic and did not reach the level of hyper-
tensive crises (= grade 3 hypertension according to ESC/
ESH guidelines: SBP > 180 mmHg or DBP > 110 mmHg).
No patient discontinued esketamine treatment because of
hemodynamic events.

Supplementary analyses further aided in elucidating dif-
ferent aspects of the data. Making use of the fact that nine
individuals changed tranylcypromine medication status dur-
ing their esketamine series, we investigated potential intrain-
dividual differences of cardiovascular parameters. As the
sample size of this subgroup was small, only descriptive
analyses were conducted. No clinically relevant differences
in mean changes in cardiovascular parameters or in mean
absolute parameters between the esketamine administrations
with or without concomitant tranylcypromine medication
were observed. These results indicate that tranylcypromine
did not seem to have a relevant impact on cardiovascular
parameters during esketamine administration. To account for
possible short transient hypertension, mean maximum meas-
ures were analyzed and revealed no significant differences
between groups. Thus, there seemed to be no differences in
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transient episodes of hypertension after esketamine admin-
istration in patients concomitantly receiving an MAOI. For
the practicing physician, it therefore seems reasonable to
conclude that co-administering tranylcypromine and esketa-
mine appears to be safe.

However, the data do suggest a significant dose-response
relationship between tranylcypromine dose and absolute
SBP in patients receiving tranylcypromine. Higher doses of
tranylcypromine were related to higher SBP during esketa-
mine administration (Fig. 4). These changes in SBP were
within the physiological range. Nonetheless, it would be pru-
dent from a clinical viewpoint to use the combined treatment
more cautiously in patients receiving tranylcypromine doses
> 40 mg/day.

We conducted several sensitivity analyses to ascertain
that our a priori assumptions did not distort the results.
There were no effects of time on single BP and HR meas-
ures and no development of mean BP and HR was found
over the course of the administrations. Thus, treating each
esketamine administration as an individual case in look-
ing at short-term adverse side effects of the combination
of esketamine and an MAOI should not have influenced the
results. Furthermore, sensitivity analyses revealed no cause
for concern about the substituted missing baseline values
or the subgroup of patients contributing cases to TCP+ and
TCP- for BP data.
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4.2 Strengths and Limitations

This study presents the largest sample of patients con-
comitantly treated with (es)ketamine and an MAOI to date.
Moreover, the resolution of the data was very high, contain-
ing information on dose of esketamine and tranylcypromine
for every single esketamine administration in every patient.
Thus, one of the main strengths of this study is the large
number of included esketamine administrations. Also, this
is the first study to provide quantitative analyses on cardio-
vascular parameters in patients receiving esketamine and an
MAOI compared with that for patients receiving esketamine
only.

As this is a retrospective analysis of clinical data, the
data are not as standardized and complete as they would be
in a predesigned clinical study. Some of the data for either
baseline measures or esketamine administrations were miss-
ing. Moreover, the number of recorded cardiovascular meas-
urements during esketamine administrations varied notably.
Also, despite presenting the largest sample to date, the num-
ber of patients taking tranylcypromine was still rather small
(n=14). The comparison between patients in TCP+ and
TCP- revealed no significant group differences for sample
characteristics (Table 1); however, comparing esketamine
administrations between TCP+ and TCP—, most of the
sample characteristics differed significantly (Table 2 in the
ESM). This is likely because patients in the TCP— group
received, on average, more esketamine doses (TCP+ 6.29 vs.
TCP— 11.79), which led to a distorted representation of the
sample characteristics of individual esketamine administra-
tions. We can only speculate about reasons why individuals
in TCP+ received on average fewer esketamine doses. Either
there might be a synergistic effect of esketamine and tranyl-
cypromine, leading to faster recovery and discontinuation of
esketamine, or the opposite, that patients on tranylcypromine
did not respond well to esketamine and it was thus stopped.
Without further data on depression scores, this cannot be
sufficiently answered.

To fully account for the high granularity of data, we con-
ducted a differentiated data analysis, not only viewing the
data at the patient level but also analyzing every esketamine
administration as an individual case. Moreover, we utilized
the subgroup of patients who were initiated on or discontin-
ued tranylcypromine during the esketamine series to depict
intraindividual changes, thereby controlling for other physio-
logical variables that may have differed between the groups.

To ensure that mean cardiovascular parameters did not
mask transient peaks, we compared mean maximum values,
which confirmed the conclusion that the coadministration of
the two compounds is probably safe.

4.3 Comparison with Other Studies

Studies on cardiovascular parameters during (es)ketamine
administration in subanesthetic doses for the treatment of
depression have typically reported increases in BP and HR.
Although the extent of the BP increases differs (with one
study reporting mean increases of 19.6 mmHg systolic and
13.4 mmHg diastolic in 205 intravenous ketamine doses in
97 patients [25] and another study finding increases of 3.28
mmHg systolic and 3.17 mmHg diastolic in 684 intravenous
ketamine administrations in 66 patients [26]), they were all
transient and responded well to treatment if treatment was
at all necessary. Thus, the overall cardiovascular risk of (es)
ketamine administration for depression was evaluated as low
and acceptable by the authors, still stressing the importance
of clinical monitoring during infusions [25, 26].

Curiously, our control group exhibited decreases in BP
after receiving esketamine (mean ASBP —8.84 mmHg, mean
ADBP —10.77 mmHg). One possible explanation for these
different results might be the mode of administration. Previ-
ous studies mostly report on intravenous administration of
(es)ketamine. Our patients received intravenous esketamine
for the first dose; if no adverse side effects were experienced,
all successive administrations were subcutaneous. A dou-
ble-blind, placebo-controlled pilot study compared different
routes of ketamine administration (intravenous, subcutane-
ous, and intramuscular) and concluded that subcutaneous
ketamine administrations had the least hemodynamic side
effects [27]. This might be, in part, due to the lower peak
ketamine plasma concentrations after subcutaneous or intra-
muscular administration compared with intravenous admin-
istrations. However, a study on cardiovascular changes in
394 subcutaneous esketamine administrations in 70 patients
reported mean BP increases of 4.35 mmHg systolic and
4.26 mmHg diastolic 30 minutes after administration [28],
thereby also indicating small BP increases after subcutane-
ous esketamine administration.

Another explanation for the BP decreases in our sample
might be the different settings in which the cardiovascu-
lar parameters were assessed. At baseline, cardiovascular
parameters were collected during the day, sitting down in
the nursing station. After an esketamine administration,
our patients had to lie down on their bed in a calm atmos-
phere for an hour while they were monitored. Thus, baseline
parameters in our sample might be higher in comparison as
patients were less relaxed than they were during the esketa-
mine administrations, which could explain the decreases in
BP found in this study.

Similar to the results regarding cardiovascular changes
after ketamine administration in general, case reports on
patients concomitantly receiving ketamine and an MAOI
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inconsistently reported transient increases in cardiovascu-
lar parameters after (es)ketamine administration [20-22].
Two studies describe BP increases that range between 15.8
mmHg systolic and 9.4 mmHg diastolic [20], and 23 mmHg
systolic and 12 mmHg diastolic [21]. Another study reported
no ‘relevant hemodynamic changes’ [18] but failed to pro-
vide exact data. Lastly, a recent study analyzed 22 ketamine
infusions in three patients and did not find statistically sig-
nificant differences in BP or HR after ketamine infusions
[19]. Our data show small increases in SBP (~ 3 mmHg) and
a decrease in DBP and HR in patients following administra-
tion of esketamine while on tranylcypromine. This deviates
slightly from reports in previous studies. Again, these slight
differences might be explained by mode of administration,
because all other studies report intravenous [17-20, 22] or
nasal [21] application of (es)ketamine, which might lead to
bigger hemodynamic changes, or by differences in setting
between baseline and esketamine BP readings. Generally,
it is important to note that these factors might slightly limit
the comparability of our BP change measurements to previ-
ous study results of BP change. In contrast, results for mean
absolute BP during (es)ketamine administrations were very
similar between our patients in the TCP+ group (128.9/77.6
mmHg) and previously reported cases with concomitant (es)
ketamine and MAOI treatment (mean BP: 123/80 mmHg
[19]; mean average of maximum BP: 143.2/85.6 mmHg
[20]; highest (es)ketamine BP 128/78.9 mmHg [22]; BP
range during (es)ketamine treatment: 99-135/60—82 mmHg
[21]). We thus feel confident that our absolute data are fully
comparable to other studies.

Overall, it is important to keep in mind that the aim of
our study was to compare BP in TCP+ and TCP—. Both
factors that might hamper comparisons between our study
and previous studies (mode of administration, settings of BP
measurements) are not relevant for our main research ques-
tion, as these factors were consistent for all our patients. As
no previous study investigating differences between TCP+
to TCP— exists, we cannot compare these findings to previ-
ous results.

5 Conclusions

Overall, our results suggest that, although there are statisti-
cally significant differences in cardiovascular parameters in
individuals treated with subcutaneous esketamine and tra-
nylcypromine, these differences are not clinically relevant.
The combination of (es)ketamine and MAOQOIs for the treat-
ment of major depressive episodes may be a valid option,
especially in TRD. It is important to note that an intranasal
formulation of esketamine has been approved by the FDA
and EMA. Our data are based on off-label (mainly) sub-
cutaneous use of esketamine. Although it seems possible
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that the coadministration of intranasal esketamine and an
MAOI may lead to similar outcomes to those reported here,
more research is needed. We hope the approval of intranasal
esketamine might encourage more research on this important
topic. Generally, clinicians may feel reassured about admin-
istering (es)ketamine subcutaneously if they are concerned
about hemodynamic adverse events (e.g., in patients with
preexisting hypertension), because this mode of adminis-
tration exhibited the least hemodynamic side effects and,
to date, is seldom used. However, caution should be used
at doses exceeding tranylcypromine 40 mg/day. Future
research, ideally large prospective clinical trials, are needed
to further confirm the safety of this combination of antide-
pressant medications.
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