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Purpose: Approximately 30% of patients with major depressive disorder (MDD) are

treatment resistant. There is an unquestionable need for new treatment strategies.

Subanesthetic doses of intravenous (IV) ketamine have a rapid antidepressant effect

in treatment-resistant depression (TRD). This paper describes the efficacy of repeated

series of intravenous ketamine infusions as an add-on treatment in five TRD inpatients.

Methods: Eligible patients aged 43–63 were given eight ketamine infusions as

an add-on treatment for patients with MDD. The subjects have readministered the

intervention due to worsening depressive symptoms.

Results: Of the five inpatients given ketamine as a series of eight infusions, one

underwent three, and four had two treatment series. Four patients achieved remission

after first series and three after the second series of ketamine infusions. The adverse

reactions were mild and transient with no sequelae.

Limitations: Presented case series applies to short-term intervention with IV ketamine

as an add-on therapy. The results cannot be generalized to the long-term maintenance

treatment nor other ketamine formulations as well as different administration schedules

and dosing.

Conclusions: This case series showed efficacy and safety of the repeated series of

IV ketamine treatment in TRD in MDD and bipolar disorder type I. The subsequent

interventions were safe and observed adverse events were mild and transient.

Interestingly, the IV ketamine treatment at successive administrations seems to alter

the major depression severity of the next affective episode. There is a critical need for

further research regarding IV ketamine treatment effectiveness and long-term safety in

future studies.
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INTRODUCTION

The antidepressant effect of ketamine persists days or weeks
beyond treatment, and the assumption may be that the
rapid effect will appear, nevertheless, in subsequent ketamine
treatment (1).

There is evidence for ketamine use in treatment-resistant
depression (TRD) in major depressive disorder (MDD) and
bipolar disorder (BD). Current pharmacological treatments for
depression prove unsatisfactory efficacy with a proportion of
subjects demonstrating TRD. The observation applies both to
MDD and BD type I (BD I). Many studies confirmed the
antidepressant effect of ketamine used in a single sub-anesthetic
intravenous (IV) dose in patients with major depression and
TRD patients (2, 3). Subsequent studies confirmed this effect
in repeated doses (4, 5), twice-weekly (3, 6, 7), and thrice-
weekly (8–10) administration schedules. However, the worsening
of depression may occur after infusions are completed, and there
is a need for the development of new strategies to maintain
the beneficial effects of ketamine treatment. To our knowledge,
there are no published data to date on multiple, short-term
ketamine administration treatment cycles. This report presents
the antidepressant effect of two and three repeated series of IV
ketamine in TRD patients with MDD and BD I.

Moreover, ketamine is known to trigger dissociative
symptoms with its wide spectrum of sensations, which are one
of the major issues of adverse events associated with ketamine
intake. These phenomena are to be measured by the Clinician-
Administered Dissociative States Scale (CADSS) and Brief
Psychiatric Rating Scale (BPRS) are used. That may represent
the overall intensity of the dissociative symptomatology
(2, 11–13, 30). This case report aims to review safety in
course of the treatment of resistant depression in patients with
somatic comorbidities.

METHODS

The sample selection methods for this study have been described
in detail elsewhere (14). Five inpatients with TRD were
administered 0.5 mg/kg ketamine hydrochloride throughout
40min as an add-on treatment to standard of care. The
treatment included two or three series of ketamine infusions
(each series included eight infusions performed twice weekly)
with safety monitoring.

The psychometric assessment included Montgomery Åsberg
Depression Rating Scale structured interview (MADRS-Sigma),
Columbia Suicide Severity Rating Scale, and YoungMania Rating
Scale completed before infusions and at days 8, 14, 21, and 35.
The dissociation and psychomimetic effects scales, the BPRS
and the CADSS scales, were completed before every ketamine
infusion and 15, 30, 45min, and 1 h after the infusion, and 1.5 h
after the infusion if the twomeasurements before were>0 points.
Qualification procedures and ketamine administration were in
line with the APA consensus (15). Psychometric endpoints
included rates of response (≥50% reduction from baseline
MADRS total score) and rates of remission (MADRS ≤12 at
day 35).

The cases discussed comprise the naturalistic ketamine
registry approved by the bioethical regulatory of the institution
(NKBBN/172/2017; 172-674/2019). Patients provided written
informed consent for treatment, describing potential risks and
limitations as well as reasonable expectations of ketamine
treatment for depression.

CASE SERIES

Patient 1 was a 56-year-old Caucasian male with 9 years of
MDD history and six adequately treated MDD episodes. His
medical history included hypertension (HTN). The current
MDD episode started 7 months before admission. The patient
underwent two courses of antidepressants with no effect, andwas,
therefore, offered ketamine infusions. He achieved remission
after eight ketamine infusions. During the first ketamine
infusion, we observed a transient blood pressure increase to
180/97 mmHg, but the values returned to normal 123/78 mmHg
immediately after the end of ketamine infusion. Ketamine-
induced dissociative symptoms were mild and resolved within
0.5 h after each application (CADSS at 15′ = 6 points; BPRS = 1
point). No other adverse events (AEs) appeared during ketamine
treatments. The next MDD episode started 5 months after the
first one and the patient underwent the second series of eight
ketamine infusions with remission lasting the next 6 months. He
was admitted again due to a subsequent MDD episode for the
third series of infusions, which caused remission sustained for
10-month-long follow-up. During the second and third series, no
AEs were observed.

Patient 2 was a 51-year-old Caucasian male diagnosed with
MDD at the age of 41 with a history of nine adequately
treated MDD episodes. The patient had also been diagnosed
with HTN and cerebrovascular incident. The current depression
started 13 months before the admission and did not respond
to two courses of antidepressants, atypical antipsychotics, and
two courses of electroconvulsive therapy (ECT); therefore, he
was offered ketamine treatment. After the first series of eight
ketamine infusions, he achieved remission lasting 7 months, then
MDD appeared. He did not respond to second series of ketamine
treatment, but little improvement was observed within the next
12 months. During the first ketamine infusion, his blood pressure
increased to 178/95mmHg and spontaneously dropped to 125/84
mmHg within 30min. He also had mild dissociative symptoms
and dizziness (CADSS at 15

′

= 8 points, BPRS = 2 points, at 30′

= 9/1, respectively, and 45
′

= 3/0, respectively), which resolved
completely within 1 h from the administration. No other AEs
were observed. We also did not observe any AEs during the
second series of ketamine treatment.

Patient 3 was a 43-year-old Caucasianman diagnosed with BD
I 15 years before admission with a history of eight adequately
treated manic and 13 adequately treated MDD episodes. He
had also been diagnosed with leukemia and dyslipidemia. The
current depressive episode, lasting 15 months, failed to respond
to one course of antidepressant, augmentation agents, and two
ECT courses, and he was offered eight ketamine infusions. After
the first series, he achieved remission lasting 9 months. He was
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admitted again due to further worsening and agreed for the
second series of ketamine infusions, which ended with remission
sustained for the next 12 months. No manic or hypomanic
symptoms during or after ketamine treatment were observed.
No AEs during ketamine infusions appeared. CADSS and BPRS
scores remained stable, 0 points.

Patient 4 was a 63-year-old Caucasian woman diagnosed
with BD I 10 years before admission and had experienced
one adequately treated manic and six adequately treated MDD
episodes. The current MDD episode started 7 months before
and was resistant to one course of antidepressant and one
ECT treatment. She received eight ketamine infusions with
no response, but a 40% reduction in total MADRS scores;
3 weeks later, due to worsening of depressive symptoms, she
received a second series of eight ketamine infusions. However, the
reduction in MADRS total scores did not meet response criteria.
Dissociative symptoms were also mild and rapidly remitting up
to 0.5 h (CADSS at 15′ = 3 points; BPRS = 0 points). No AEs
appeared during and between infusions.

Patient 5 was a 60-year-old Caucasian man diagnosed with
MDD 15 years before admission with a history of five adequately
treated MDD episodes. He had also been diagnosed with
obsessive-compulsive disorder, HTN, and psoriatic arthritis.
The current depressive episode started 9 months before
admission and failed to respond to one course of antidepressant,
augmentation agents, and one ECT treatment; therefore, a series
of eight ketamine infusions was offered. The patient achieved
short-term remission—after 3 weeks, he experienced decline and
reported suicidal thoughts. He agreed to the second series of
ketamine infusions, which ended with remission lasting for the
next 13 months. We observed a rapid reduction of suicidal
thoughts after the first ketamine infusion; he also reported
mild dissociative symptoms abating within 45min (CADSS at
post-infusions = 5 points; BPRS = 1 point; after 30′ = 2/0,
respectively). No AEs during the second series appeared.

DISCUSSION

Here, we report beneficial effects of oral ketamine application
in the treatment of patients experiencing TRD and comorbid
somatic diseases with regards to general safety, in particular of
most common AEs (dissociative and cardiovascular). Although
we presented case series and the result must be interpreted
with caution, the study shows the restoration of antidepressant
response with ketamine after a relapse of depressive symptoms
and allowed the direct comparison of response rates for
single series and repeated infusions and the general safety
profile with regard to dissociative symptomatology. Of the five
inpatients given ketamine as a series of eight infusions, one
underwent three, and four had two treatment series. Four
of five patients achieved remission after the first series and
three of five patients met common criteria for remission after
the second series of ketamine infusion (Table 1). We noticed
that the percentage of change in total MADRS score was
lower after the second series than the first, except patient
1. Interestingly, subsequent depressions in patients described

were less severe on treatment entry and course (Figure 1).
During ketamine treatment, we did not observe any serious AEs,
and AEs (dissociative and psychomimetic) that appeared were
mild and transient and did not need any rescue medication.
Despite multiple comorbidities along with several concomitant
medications, the treatment was well-tolerated. The observed
effect of ketamine efficacy in subsequent series shall be
emphasized as being in line with the esketamine nasal spray
studies showing the need for rather continuous than intermittent
maintenance administration and with add-on to monoaminergic
antidepressants (16).

To our knowledge, this is the only study reporting efficacy
and safety of repeated series of ketamine infusions. Much of
the literature describing the benefits of IV ketamine infusions
have been based on single infusions. Single doses have been
shown to cause a rapid response and mild side effects, but
the antidepressant effect was transient (2, 17). This short-
acting effect suggested a need for repeated infusions. Further
research confirmed that repeated infusions of ketamine extend
the durability of antidepressant efficacy and are more effective
than a single dose (4, 10, 18). In the study by Shiroma et al.
(10), 14 TRD patients achieved higher response after six ketamine
infusions than a single infusion (92 vs. 25%) and the response
maintained for 4 weeks, which was also longer compared
with a single infusion. Zhan et al. (18) recently reported the
response of depression in 59.3% and remission in 40.7% after
six ketamine infusions during 12 days in the Chinese population
of 86 unipolar and bipolar patients with depression and suicidal
ideation. The authors also found the rapid response to suicidal
ideation. Phillips et al. (19) conducted a randomized, double-
blind crossover comparison of single infusions and continued
with 41 TRD participants. The study had three phases: with a
single infusion, succeeded by six infusions thrice weekly over
2 weeks, and the maintenance phase with four once-weekly
infusions. Bryant et al. (20) reported a series of six geriatric
patients treated with acute (5–27) ketamine infusions followed
by the long-term maintenance phase (8–22). Five of six patients
showed a robust response including further improvement after
the acute phase, but they lost the response over time. None of the
subjects returned to the baseline level of depression measured by
the MADRS, which is in line with our results.

Data on arketamine (another enantiomer of ketamine) are
starting to emerge as the open-label pilot trial, including
seven subjects with TRD, receiving single intravenous infusion
of arketamine (0.5 mg/kg), showed reduction in MADRS
scores with almost no dissociative symptoms present. Authors
state that arketamine might produce rapid-onset and lasting
antidepressant effects in humans with satisfactory safety profile
(21). According to Wei et al. (22), it is precarious that
NMDAR plays a prevalent role in the antidepressant effects
of arketamine. However, at present, the major molecular
mechanism by which arketamine exerts its antidepressant actions
is unknown.

A systematic review of the safety of ketamine in the treatment
of depression, which included 60 studies with 899 patients
who had received at least one dose of ketamine, revealed that
acute side effects associated with a single dose are common,
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TABLE 1 | Depressive symptoms in the course of ketamine treatment.

Pre-treatment

MADRS scores:

Day 8 Day 14 Day 21 Post-treatment

(1 week after final

infusion, day 35)

Improvement, n (%)

Patient 1 Series 1 37 27 19 10 9 28 (75)

Series 2 31 19 14 9 6 25 (80)

Series 3 21 17 11 10 9 12 (57)

Patient 2 Series 1 41 37 32 21 12 29 (70)

Series 2 33 35 26 19 19 14 (42)

Patient 3 Series 1 40 30 9 6 7 33 (82)

Series 2 36 8 4 4 4 32 (88)

Patient 4 Series 1 27 19 25 21 16 11 (40)

Series 2 25 13 10 12 16 9 (36)

Patient 5 Series 1 35 29 19 12 11 24 (68)

Series 2 16 20 18 9 12 4 (25)

FIGURE 1 | Improvement in subsequent ketamine series.

although generally transient and resolve spontaneously (23).
In a study by Wilkinson et al. (7), repeated use (12 or more
infusions) was also well-tolerated. In the aforementioned case
series by Bryant et al. (20), the authors also did not observe
significant side effects although included patients were elderly
and had multiple somatic comorbidities; however, the recurrence
of addictive behavior appeared in two out of six studied patients.
According to the APA, consensus caution is warranted regarding
its cardiovascular, cognitive, dissociative, and psychotic effects
as well as abuse potential (15). High doses and abuse of
ketamine have been associated with potentially serious and
possibly persistent toxic effects, including urological, hepatic, but
also craving or dependence. To date, these side effects have not
been adequately assessed in studies investigating ketamine use

in depression. The safety of the long-term, repeated ketamine
dosing, as is increasingly used in clinical practice, is therefore
uncertain (23).

The use of repeated series of ketamine possibly results in the
transformation of the course of the disease (24). Considering
that ketamine acts on transcription (25), increases connectivity,
neuroplasticity, and cell survival (24), acts on epigenetic
mechanisms, and modulates the inflammatory system (26), it
may be hypothesized that it exhibits transformative treatment
effect modifying the course and the severity of MDD and BP
I disorder. This transformation could not only decrease the
severity of episodes, reduce suicidality, and extend remissions
but also lessen the burden of the stigma associated with mood
disorders and become a source of hope to patients and their
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families (29). The effect may be particularly well-observed across
repeated ketamine administration.

The safety and tolerability of dissociative and/or psychotic
symptoms induced by antidepressant ketamine and its possible
association with a better response to depression reduction were
examined. However, currently, the literature does not support
the conclusion that dissociation is essential for antidepressant
response to ketamine (27). Ketamine is preferred in the
treatment of mood disorders for its safety and efficacy, which
appear to overlap in several populations, including its use for
occasional pain, non-hemodynamic dressings, or sedation (31).
This safety report complements the current literature on the
safety of ketamine in mood disorders, especially in the TRD-BP
population for which limited data are currently available.

Of importance is to acknowledge TRD treatment in line
with esketamine nasal spray per FDA-approved label (28), as
esketamine nasal spray was proved to be effective in short-term
ketamine treatment and, above all, in relapse prevention in TRD-
MDD. Although speculative, the case reports presented support
long-term relapse prevention in ketamine administration (14).
Further studies in a larger population are needed, as well as
safety report registries in ketamine/esketamine TRD subjects
who discontinued the treatment to observe the relapses and
the treatment response pattern to ketamine/esketamine in
subsequent depressive episodes.

The presented case series applies to short-term intervention
with IV ketamine as an add-on therapy. The results cannot
be generalized to the long-term maintenance treatment nor
other ketamine formulations (subcutaneous, oral, intranasal,
inhalations) as well as different administration schedules
and dosing.

CONCLUSION

This case series showed the efficacy of the repeated series
of IV ketamine treatment in TRD in MDD and BD I. The
subsequent interventions were safe and observed AEs were

mild and transient. Interestingly, the IV ketamine treatment at
successive administrations seems to alter the major depression
severity of the next affective episode and impacts the quality of
remission with regard to the residual symptoms and suicidality.
There is a critical need for further research regarding IV ketamine
treatment effectiveness and long-term safety in future studies.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Independent Bioethics Committee for Scientific
Research at Medical University of Gdańsk, Poland: NKBBN/172-
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