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A B S T R A C T

Background: Early symptomatic improvement with monoamine-based antidepressants is predictive of treatment
response. The objective of this study was to determine if early symptomatic improvements with intravenous (IV)
ketamine predicted treatment response to an acute course of four infusions.
Method: 134 adults with treatment resistant depression (TRD) received four ketamine infusions over one to two
weeks. Depressive symptoms were measured using the Quick Inventory for Depressive Symptomatology Self-
Report16 (QIDS-SR16) at baseline and post-infusions 1, 2, 3, and 4. Early improvement was defined as ≥20%
reduction in QIDS-SR16 scores after the first or second infusion. Linear models were used to determine whether
early improvement was associated with post-infusion 4 QIDS-SR16 scores after controlling for baseline char-
acteristics.
Results: Early improvement post-infusion 1 (β = −3.52, 95% BCa CI [−5.40, −1.78]) and 2 (β = −3.16, 95%
BCa CI [−5.75, −1.59]) both significantly predicted QIDS-SR16 scores post-infusion 4. Early improvers had
significantly lower QIDS-SR16 scores at post-infusion 4 (post-infusion 1 improvers: M = 9.8, SD = 4.5; post-
infusion 2 improvers: M = 10.6, SD = 5.7) compared to non-early improvers (post-infusion 1 non-improvers:
M = 13.7, SD = 5.8; post-infusion 2 non-improvers: M = 14.1, SD = 5.3) when controlling for baseline
characteristics. The majority (58%) of individuals who did not improve post-infusions 1 or 2 still experienced an
antidepressant response or partial response (≥20% reduction in QIDS-SR16) post-infusion 4.
Limitations: This is a post-hoc analysis of an open-label study.
Conclusion: Early improvement was associated with greater antidepressant effects following a course of four
ketamine infusions. However, individuals who did not show early improvements still had a high likelihood of
experiencing clinically significant symptom reduction after the fourth infusion, suggesting that completing four
infusions, regardless of early symptom changes, is appropriate and merited.
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1. Introduction

Treatment-resistant depression (TRD), defined as insufficient re-
sponse to at least two antidepressant treatments, is estimated to affect
20% of all individuals with depression, with an economic burden of
$29–$48 billion in the United States (Mrazek et al., 2014). The Se-
quenced Treatment Alternatives to Relieve Depression (STAR*D) study
reported that one third of patients do not experience remission of de-
pressive symptoms following four different treatment trials (Gaynes
et al., 2009). Identification of factors that influence treatment response
is beneficial to accelerate treatment selection and symptom relief, re-
duce exposure to ineffective treatments, and limit costs. Unnecessary
duration of ineffective treatment trials can also prolong patients' feel-
ings of hopelessness and suicidality, while simultaneously decreasing
treatment adherence (Szegedi et al., 2009).

Individuals who experience early symptom improvement (i.e.,
within 2–4 weeks of an antidepressant trial) have been identified as a
subpopulation of patients most likely to experience an antidepressant
response and remission with the extended treatment trial (Kudlow
et al., 2012; Stassen et al., 1996, 1999; Stassen and Angst, 1998;
Szegedi et al., 2009; Szegedi et al., 2003). Identifying early improve-
ment as a predictor of overall antidepressant response and character-
izing the duration to improvement with an index dosage allows for
additional treatment decisions to be made earlier on if patients do not
exhibit improvements (e.g., dose increase, adjunctive medication,
medication change, psychotherapy, electroconvulsive therapy).

Ketamine is a dissociative anesthetic and non-competitive N-me-
thyl-D-aspartate (NMDA) receptor antagonist that has demonstrated
rapid and robust antidepressant effects in adults with depression, in-
cluding TRD (Aan Het Rot et al., 2010; Coyle and Laws, 2015; Phillips
et al., 2019; Rosenblat et al., 2019; Wilkinson et al., 2018). The overall
safety and effectiveness of intravenous (IV) ketamine for TRD in a
community-based clinical setting has been previously reported by our
group (McIntyre et al., 2020b; Rodrigues et al., 2020). Following four
ketamine infusions, 50% of participants were partial responders (≥
25% reduction in symptoms, measured by Quick Inventory of Depres-
sive Symptomatology Self-Report-16 [QIDS-SR16]), 27% of participants
responded to the treatment (≥ 50% reduction in QIDS-SR16 score) and
13% achieved full remission (QIDS-SR16 score ≤ 5) of depressive
symptoms, in addition to a significant reduction in suicidal ideation
(McIntyre et al., 2020b). However, similar to conventional anti-
depressants, possible predictors of response to ketamine have been in-
sufficiently investigated. Amongst populations with TRD responding to
IV ketamine, there are likely subpopulations with differential response
trajectories. Shiroma et al. found that 92% of participants responded
and 67% of participants remitted following repeated ketamine infu-
sions, while only 25% and 8% responded and remitted respectively
after the first infusion, indicating heterogeneity in time to response and
remission (Shiroma et al., 2014).

As early symptom improvement with conventional antidepressant
treatment has been identified as having strong predictive power of
antidepressant response, it would be beneficial to identify whether
early improvements with IV ketamine predict which patients will ulti-
mately respond to repeat-dose ketamine infusions. Given that ketamine
is associated with rapid antidepressant effects, the definition of early
response would differ from conventional antidepressants. While there is
no agreed upon definition for early response to ketamine, many patients
are observed to have significant depressive symptom reduction after the
first or second ketamine infusion (Shiroma et al., 2014), which may be a
more reasonable definition for early response to ketamine specifically,
as compared to the 2–4 week early response definition typically used
for conventional antidepressants (Kudlow et al., 2012; Stassen et al.,
1996, 1999; Stassen and Angst, 1998; Szegedi et al., 2009; Szegedi
et al., 2003). Understanding if early response predicts treatment out-
comes with ketamine would have important implications for pro-
ceeding with additional ketamine infusions when no improvements are

observed after the first or second infusions. For example, if early non-
response is strongly predictive of overall treatment non-response to
ketamine, additional infusions may be considered futile for individuals
who have shown no signs of improvement after two infusions. Con-
versely, if early non-responders are still likely to achieve clinically
significant improvements with additional infusions, proceeding with
subsequent infusions would be essential.

The primary objective of this study was to evaluate whether early
clinically significant improvements following a single ketamine infu-
sion and/or two ketamine infusions predicted reduction in depressive
symptoms following repeat-dose IV ketamine treatment (i.e., response
after full set of four infusions). The secondary objective of this study
was to descriptively identify whether participants who did not exhibit
improvements following 1–2 ketamine infusions ultimately responded
to the treatment, in order to guide decision-making for patients who do
not initially report symptomatic improvements with IV ketamine.

2. Method

The eligibility criteria and study procedure have been previously
reported in detail (McIntyre et al., 2020a). Analysis of this data was
approved by a community institutional review board and is registered
at clinicaltrials.gov under the identifier NCT04209296. Briefly, be-
tween July 2018 to April 2020, 257 adults with treatment-resistant
depression (TRD) and a primary diagnosis of a DSM-5-defined mood
disorder (confirmed by a clinical interview) received acute IV ketamine
treatment at the Canadian Rapid Treatment Center of Excellence
(CRTCE). A small subset of participants did not have a primary diag-
nosis of a DSM-5 defined mood disorder but did meet criteria for TRD,
and were therefore included in the analyses. The CRTCE is a commu-
nity-based clinic and research center that specializes in the adminis-
tration of IV ketamine for TRD. Treatment-resistance (Stage 2) was
defined as an insufficient response to at least two adequate anti-
depressant trials (Thase and Rush, 1997). The safety and tolerability of
IV ketamine by participants receiving treatment at CRTCE has been
previously reported (Rodrigues et al., 2020). Fewer than 5% of parti-
cipants withdrew from treatment due to tolerability issues. Overall,
44.3% of participants experienced treatment-emergent hypertension,
and 12% of those cases required pharmacological intervention. Ad-
ditionally, dissociation was reported following 36.5% of infusions. The
Clinician-Administered Dissociative States Scale (CADSS) was ad-
ministered 5–10 min after each infusion. Following the first infusion,
participants reported an average CADSS score of 10.06 (SE = 0.64).
Dissociative symptoms attenuated by the fourth infusion, with partici-
pants reporting an average CADSS score of 7.32 (SE = 0.63) post-in-
fusion 4. Psychosis, mania, and new-onset suicidality were not reported
by any participants with repeated ketamine infusions (Rodrigues et al.,
2020).

Eligible participants received an acute course of ketamine treat-
ment, consisting of four infusions over one-to-two weeks. All partici-
pants received a dose of 0.5 mg/kg of ketamine hydrochloride at in-
fusions 1 and 2. Participants who did not experience sufficient response
following the first two infusions (operationalized as a ≤ 20% reduction
in QIDS-SR16 (Rush et al., 2003) total score from baseline) were eligible
to receive a dose increase to 0.75 mg/kg for infusions 3 and 4 (Cusin
et al., 2017). Dose optimization eligibility was contingent on patient
tolerability to the index dose and patient preference. All infusions were
administered over a period of 40–45 min, and participants were mon-
itored at the clinic for up to two hours following treatment.

2.1. Measurements

The QIDS-SR16 is a 16-item self-report measure of depressive
symptoms that is scored on a scale of 0 to 27, with 0 representing a
complete absence of depressive symptoms and 27 representing the most
severe symptoms. The QIDS-SR16 was administered at baseline and
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post-infusions 1, 2, 3, and 4 to measure changes in depressive symptom
severity. Post-infusion 1–3 assessments were completed on average two
days after each infusion, and the post-infusion 4 assessment was com-
pleted 7–14 days after the fourth infusion, based on scheduling and
participant availability. Symptoms of anxiety were also measured at
baseline using the Generalized Anxiety Disorder-7 Scale (Spitzer et al.,
2006).

The QIDS-SR16 was used to identify participants who experienced
early symptom improvements with IV ketamine and participants who
responded to the acute course of treatment. Early improvement was
defined as a 20% or greater decrease in QIDS-SR16 score compared to
baseline. Participants were grouped as either ‘early improvers’ or ‘non-
early improvers’ following infusions 1, and 2, respectively, based on
this criteria (Szegedi et al., 2009). The post-infusion 4 QIDS-SR16 score
was used as the continuous independent variable to measure treatment
response.

2.2. Data analysis

Linear models were conducted in order to identify the effects of a
priori selected demographic covariates on the dependent variable, post-
infusion 4 QIDS-SR16 score. Only variables that have previously de-
monstrated association with treatment response, or that have reason-
able importance in association with antidepressant response, were se-
lected (Thorpe, 2017). The included demographic variables were (1)
sex, (2) age, (3) baseline depressive symptom severity, (4) baseline
anxiety symptom severity, (5) body mass index (BMI), and (6) level of
treatment resistance (number of lifetime antidepressant trials). Two
primary models were conducted with post-infusion 1 improvement and
post-infusion 2 improvement as the independent variables, respectively,
in order to identify whether early symptomatic improvements were
associated with overall treatment response following four ketamine
infusions (i.e., post-infusion 4 QIDS-SR16 score) after controlling for
baseline demographics. Linear models were conducted with restricted
maximum likelihood (REML) with the lme4 package in R version 3.6.2.
Figures were created using the ggplot2 package.

2.3. Missing data

All participants with post-infusion 4 missing data were excluded
from analyses due to the non-random nature of the missing data.
Participants missing data on any other variables were included in the
analyses, as less than 20% of data were missing. We used multiple
imputation with the weighted nearest-neighbor method (k = 5) and
bootstrapped coefficient estimates and bias-corrected and accelerated

(BCa) confidence intervals (CI) to account for the uncertainty from
imputation, using the R packages boot and VIM. The moderndive
package was used to bootstrap descriptive statistics. All bootstrapping
was conducted with 1000 resamples.

3. Results

In total, 257 participants received treatment at the CRTCE from July
2018 to March 2020 of the total 257 participants, 122 (47%) partici-
pants were missing post-infusion 4 QIDS-SR16 data, collected at the
post-acute treatment follow-up appointment. Data were missing due to
patients being lost to follow-up, technical difficulties in recording data,
and inability to complete scales at some visits (i.e., participants with
follow-up telehealth appointments did not complete the QIDS-SR16 as
scales were only available for completion at in-person visits). Due to the
non-random nature of the missing data, all participants with missing
QIDS-SR16 data at post-infusion 4 were excluded from analyses. One
participant was excluded due to missing data at all infusions except for
infusion 4. Therefore, a total of 134 participants were included in this
study. Of note, completion of questionnaires was voluntary, as the re-
sults reported herein are from a community clinic sample rather than a
prospective clinical trial. The clinic encourages use of measurement-
based care and completion of scales (including the QIDS-SR16) at all
visits, however, due the voluntary nature of these measurements and
the aforementioned reasons, a large proportion of patients do not
complete scales at all visits, leading to a high degree of missing data.
Detailed demographic information for the included sample is described
in Table 1.

3.1. Excluded participants

Participants who were excluded from the analyses due to missing
data did not differ from the included sample on baseline depression
severity (t(227) = 1.095, p= .275), post-infusion 1 depression severity
(t(202) = 1.355, p= .177), baseline anxiety severity (t(225) = 0.820,
p= .413), level of treatment resistance (t(254) = 0.267, p= .790), age
(t(252) = 0.379, p = .705), or sex (χ2(1) = 0.117, p = .732).

3.2. Early improvements as a predictor of response

Forty-three (32%) participants improved post-infusion 1 and 62
(46%) improved post-infusion 2. Of the 43 participants that reported
improvements post-infusion 1, 36 (84%) also improved post-infusion 2.
Treatment outcomes are reported in detail in Tables 2 and 3. Coefficient
and bootstrapping bias estimates, standard errors, and 95% BCa CIs are

Table 1
Pretreatment demographic information of early improvers and non-early improvers.

Infusion 1 Infusion 2

Non-early improver n = 91
(67.9%)

Early improver n = 43
(32.1%)

Non-early improver n = 72
(53.7%)

Early improver n= 62 (46.3%)

Primary Diagnosis
MDD 73 36 59 50
BD 14 6 10 10
PTSD 4 1 3 2
Age, M (SD) 44.8 (13.9) 48.0 (15.9) 44.2 (14.0) 47.6 (15.1)

Sex, n (%)
Male 40 (44.0) 20 (46.5) 26 (36.1) 34 (54.8)
Female 51 (56.0) 23 (53.5) 46 (63.9) 28 (45.2)
Baseline QIDS-SR16, M (SD) 18.1 (4.6) 17.7 (4.9) 18.3 (4.6) 17.7 (4.8)
Baseline GAD-7, M (SD) 14.1 (5.4) 14.8 (5.2) 14.2 (5.4) 14.4 (5.3)
BMI, M (SD) 28.3 (6.6) 28.5 (5.8) 27.7 (6.5) 29.4 (6.2)
Lifetime antidepressants, M (SD) 6.8 (4.3) 6.0 (4.2) 7.2 (4.5) 5.8 (3.8)
Current antidepressants, M (SD) 1.49 (1.4) 1.33 (1.0) 1.47 (1.1) 1.41 (1.5)

Abbreviations: MDD: Major depressive disorder; BD: Bipolar Disorder; PTSD: Post-traumatic stress disorder; QIDS-SR16: Quick Inventory for Depressive
Symptomatology Self-Report16; GAD-7: General Anxiety Disorder-7; BMI: Body mass index.
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reported in Table 4.
Of the included baseline characteristics, baseline depression severity

(β = 0.64, 95% BCa CI [0.43–0.90]) and level of treatment resistance
(β = 0.20, 95% BCa CI [0.01–0.40]) were significantly associated with
post-infusion 4 QIDS-SR16 scores when controlling for all other demo-
graphic variables. Participants with higher baseline depression severity
had significantly higher post-infusion 4 QIDS-SR16 scores, and partici-
pants with a greater number of lifetime antidepressant trials had sig-
nificantly higher post-infusion 4 QIDS-SR16 scores, after controlling for
other baseline characteristics.

We then conducted two separate linear models to identify whether
post-infusion 1 or post-infusion 2 improvement significantly predicted
post-infusion 4 QIDS-SR16 scores when controlling for the above de-
mographic variables. Both post-infusion 1 (β = −3.52, 95% BCa CI
[−5.40, −1.78]) and post-infusion 2 (β = −3.16, 95% BCa CI
[−5.75, −1.59]) symptomatic improvements significantly predicted
lower QIDS-SR16 scores at post-infusion 4 compared to participants who
did not improve at post-infusion 1 or post-infusion 2, respectively,
when controlling for demographic variables. Figs. 1 and 2 illustrate
treatment outcomes of participants who experienced early improve-
ments compared to those who did not experience early improvements,
controlling for baseline depression severity.

3.3. Early non-improvers

Ninety-one (68%) participants did not improve post-infusion 1, and
72 (54%) participants did not improve post-infusion 2. Sixty-five (71%)
participants who did not improve post-infusion 1 also did not experi-
ence an improvement in symptoms following post-infusion 2. The re-
maining 26 (29%) participants who did not improve post-infusion 1
subsequently reported symptomatic improvements post-infusion 2.
Seven participants who initially reported symptomatic improvements
post-infusion 1 did not improve post-infusion 2 at a clinically important
level compared to pretreatment.

Participants who did not improve post-infusion 1 and/or post-in-
fusion 2 reported, on average, a baseline QIDS-SR16 score of 18
(SD = 5), and at post-infusion 4 reported a QIDS-SR16 score of 14 (post-
infusion 1 SD = 6, post-infusion 2 SD = 5). Seventeen (19%) partici-
pants who did not improve post-infusion 1 and ten (14%) participants
who did not improve post-infusion 2 ultimately responded to the
treatment at post-infusion 4 (≥ 50% decrease in QIDS-SR16 score

compared to baseline). Seven (11%) participants who did not report
improvement following both infusions 1 and 2 ultimately responded to
IV ketamine post-infusion 4. However, 58% of early non-improvers still
achieved clinically significant symptom reduction with>20% reduc-
tion in QIDS-SR16 scores from baseline to post-infusion 4.

4. Discussion

In a well-characterized sample of adults with TRD, we found that
participants who experienced early symptomatic improvement fol-
lowing their first or second treatment reported significantly lower de-
pression symptoms following four repeated ketamine infusions when
compared to participants who did not show early signs of improvement
following infusions 1 or 2, even when controlling for baseline symptom
severity.

Notwithstanding the evidence for early improvement predicting
later response, descriptive statistics showed that a subset of participants
who did not show early improvements ultimately responded to the
treatment, suggesting a delayed onset of ketamine's antidepressant ef-
fects in a subpopulation. It can be hypothesized that the overall re-
sponse in these early non-responder was a function of the dose increase
to 0.75 mg/kg at infusion 3, which underscores the importance of early
dosing optimization (Cusin et al., 2017; Kudlow et al., 2014). Overall,
these findings comport with Kelley et al., who described differential
response trajectories using latent class analysis with conventional an-
tidepressants. Their findings highlighted that some patients may display
early response or remission, while others may exhibit a more delayed
response, or no response at all to treatment (Kelley et al., 2018). Fur-
thermore, 58% of non-early improvers experienced clinically significant
symptom reduction with a partial or full antidepressant response fol-
lowing the full set of four infusions. Given the severity of treatment
resistance in the included sample, this is a clinically meaningful im-
provement which demonstrates that patients who do not report early
improvements following the first two ketamine infusions still have a
relatively high likelihood of experiencing important symptom relief,
and should not discontinue the treatment following two infusions.

To our knowledge, a similar analysis has not yet been completed
with ketamine in adults with TRD. Robust and replicated evidence on
monoamine-based antidepressants indicates that early improvement or
non-improvement is a predictor of response or remission at a distal
endpoint (i.e., week 6 and 8 of the antidepressant trial) (Szegedi et al.,

Table 2
Treatment outcomes for early improvers compared to non-early improvers. Majority of participants who did not experience early improvements still ultimately
responded or partially responded to the full set of four ketamine infusions.

Infusion 1 Infusion 2

Non-early improver n = 91
(67.9%)

Early improver n = 43
(32.1%)

Non-early improver n = 72
(53.7%)

Early improver n = 62
(46.3%)

Post-Infusion 4 QIDS-SR16 Score, M (SD) 13.7 (5.8) 9.81 (4.5) 14.1 (5.3) 10.6 (5.7)
QIDS-SR16 Change from Baseline, M (SD) 4.4 (5.5) 7.9 (4.6) 4.1 (4.8) 7.1 (5.7)
Response Rate (≥ 50% decrease), n (%) 17 (18.7) 17 (39.5) 10 (13.9) 24 (38.7)
Clinically Significant Improvements (≥ 20%

decrease), n (%)
53 (58.2) 38 (88.4) 42 (58.3) 49 (79.0)

Abbreviations: QIDS-SR16: Quick Inventory for Depressive Symptomatology Self-Report16.

Table 3
Early response patterns of participants who ultimately reported clinically significant improvements following four intravenous ketamine infusions (≥20% reduction
in QIDS-SR16 score compared to baseline).

Clinically Significant Improvements (N = 87) Non-Clinically Significant Improvements (N = 47)

Post-Infusion 1 Improver 37 (42.53) 6 (12.77)
Post-Infusion 1 Non-Improver 50 (57.47) 41 (87.23)
Post-Infusion 2 Improver 45 (51.72) 17 (36.17)
Post-Infusion 2 Non-Improver 42 (48.28) 30 (63.83)
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2009; Uher et al., 2010). The relevance of identifying temporality to
response is that it has influenced current recommendations regarding
treatment guidelines, specifically the appropriate time for dose opti-
mization, antidepressant switches, and augmentation strategies.
Therefore, it is pertinent to identify whether early improvement or non-
improvement is indicative of overall response to treatment (Kennedy
et al., 2016; McIntyre et al., 2017).

The mechanism of action of ketamine's antidepressant effects re-
mains unclear. It has been hypothesized that NMDA-mediated disin-
hibition of GABAergic interneurons is involved in ketamine's anti-
depressant effects. However, additional research has suggested that
NMDA receptor antagonism is not responsible for exerting anti-
depressant effects observed from ketamine, as other non-ketamine
NMDA receptor antagonists have not demonstrated similar effects
(Kishimoto et al., 2016; Newport et al., 2015; Zanos and Gould, 2018).
These findings suggest that NMDA receptor antagonism is not in-
dependently responsible for producing antidepressant effects. In fact,
current evidence suggests that increased and sustained activity at α-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) re-
ceptors following ketamine administration is, at least in part, re-
sponsible for ketamine's antidepressant effects (Zanos et al., 2016). It is
further speculated that the foregoing affects brain-derived neurotrophic
factor (BDNF) synthesis and release, via the mammalian target of ra-
pamycin (mTOR) pathway, which have shown deficits in murine
models of MDD and are critical for synaptogenesis (Abelaira et al.,

2014; Paul et al., 2014; Yang et al., 2013; Abdallah et al., 2016; Maeng
et al., 2008; Muller et al., 2016; Zhou et al., 2014). Non-mutually ex-
clusive hypotheses regarding the mechanism of action of ketamine in-
clude effects on opioidergic, inflammatory, and catecholaminergic
systems (Cadeddu et al., 2016; Durieux, 1995; Welters et al., 2010). It
could be conjectured that within populations of adults responsive to IV
ketamine treatment, the critical mechanistic steps mediating symptom
relief (e.g., synaptogenesis) may differ across subpopulations of re-
sponders at a cellular level and at a behavioural level.

Available evidence suggests that select dimensions/symptoms of
depression may have differential response trajectories. For example, for
some individuals, early improvement in cognition and/or cognitive
emotional processing, as well as sleep, may occur prior to full symptom
resolution (Godlewska and Harmer, 2020; Park et al., 2020; Park et al.,
2018; Warren et al., 2015). The foregoing behavioural symptoms may
mediate symptom relief, and it can be conjectured that participants
with subdomain improvements that precede overall improvement show
slower response to treatment. As such, future research should in-
vestigate whether improvements in these domains/symptoms mediate
response to treatment in patients who do not exhibit early symptomatic
improvement but do ultimately respond to repeated ketamine treat-
ment.

The strengths of this study include using a large, well-characterized
sample of participants with TRD. Participants were not excluded on the
basis of suicidality and concomitant medications, which strengthens the

Table 4
Bootstrapped model estimates.

Variable Coefficient estimate Bootstrapping bias estimate SE 95% BCa CI (LL, UL)

Demographics Model
Sex(female) 0.78 0.02 0.93 −0.93, 2.55
Age 0.02 0.00 0.03 −0.04, 0.08
Baseline QIDS-SR16 0.64 −0.02 0.12 0.43, 0.90
Baseline GAD-7 −0.14 0.02 0.09 −0.34, 0.03
Baseline BMI 0.04 −0.01 0.07 −0.07, 0.21
Lifetime Antidepressants 0.20 0.00 0.10 0.01, 0.40

Post-Infusion 1 Improvement
Early Improvement (yes) −3.52 0.18 1.00 −5.40, −1.78

Post-Infusion 2 Improvement
Early Improvement (yes) −3.16 0.58 1.05 −5.75, −1.59

Fig. 1. Participants who improved post-infusion 1 reported lower QIDS-SR16 scores after the full set of four treatments compared to participants with the same
baseline depressive severity who did not improve post-infusion 1.
*Figures are based on non-bootstrapped imputed data.
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external validity of this study to real-world patient populations.
Additionally, subjective measures of symptomatic remission are more
likely to predict behavioural improvements on domains such as cog-
nition, compared to objective measures of remission (Sawada et al.,
2019). The use of the subjective QIDS-SR16 scale as the primary out-
come strengthens the findings presented herein.

The limitations of this study should be considered when interpreting
the findings. This was a post-hoc analysis of a naturalistic, observational
study. As such, there was no control group to account for placebo and
expectancy effects. Deviation from protocol and participant dropout
resulted in a large amount of missing data. The missing data adds bias
to the results of this study and its interpretability, as participant data
were not missing at random. Variability between the fourth infusion
and the completion of the post-infusion 4t assessment due to participant
scheduling and availability also limits the interpretation of the findings
(post-infusion 4 assessments were completed up to 14 days following
the fourth infusion). It is possible that some participants did experience
response or remission of symptoms post-infusion 4, but relapsed by the
time the post-infusion 4 assessment was completed. In addition, we did
not investigate the durability of the effect; we did not analyze whether
participants with early or late improvements experienced a more
lasting, longer-term symptom relief. Furthermore, we defined early
response to IV ketamine based on expert clinician observations and by
adapting findings from early response to conventional monoamine-
based antidepressants. However, the definition of early response to
ketamine treatment requires further investigation and consideration.

4.1. Conclusion

The need exists to identify persons more likely to respond to keta-
mine-based treatments due to the high cost of the treatment and the
burden of multiple unsuccessful treatment trials. Our results suggest
that early symptom improvement after the first or second infusion is
associated with greater antidepressant effects following an acute course
of four ketamine infusions. As with any treatment, it is critical to be
able to inform patients who are not improving whether to continue with
the treatment, optimize the dose, or switch to alternative treatments.
Encouraging patients to continue with a futile treatment or, conversely,
discontinuing a treatment early that may have been effective if con-
tinued longer, both have significant negative consequences.

While early improvement was associated with greater anti-
depressant effects with ketamine, patients who did not show signs of
early improvement were still likely to benefit from additional infusions,
as the majority of these patients (58%) still experienced clinically sig-
nificant symptom reduction (e.g., partial or full response) to the full
treatment course. As such, it is appropriate and worthwhile for patients
with TRD to continue with the full course of ketamine treatment, even if
the patient does not report improvements after the first two infusions.
Future research is needed and merited to replicate our results and better
characterize different response trajectories and biotypes that may pre-
dict anticipated time to antidepressant response to better inform
treatment planning. Further, understanding how and when to integrate
other treatments, such as other medications and psychotherapy, during
the ketamine treatment course to optimize treatment outcomes is an
important underexplored area of critical importance.
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