Impact of midazolam vs. saline on effect size estimates in controlled trials of ketamine as
a rapid-acting antidepressant
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Results

Methodological Question
Is midazolam superior to saline at maintaining the
integrity of the blind in clinical studies of ketamine in
depression?

Introduction
•
•
•
•
•
•
•

Ketamine has emerged as the prototypical rapid-acting
antidepressant [1], yet several challenges remain in both clinical
and research domains
The integrity of the blind when ketamine is evaluated in clinical
trials is one such challenge
There is strong argument that functional unblinding occurs at a
high rate due to the psychoactive effects of ketamine
Midazolam has been used as an “active placebo” control condition
because of similar pharmacokinetic properties and for its nonspecific behavioral effects [2]
Yet it is unknown whether this improves the blind compared to
saline
Most clinical trials do not formally evaluate the integrity of the
blind, hence it is difficult to formally assess midazolam in this
respect
We undertook to examine the effectiveness of midazolam as a
comparator through investigation of effect sizes and dissociative
effects

Methods

Discussion

Table 1. Demographic and clinical characteristics by study and treatment group
Reference

Total N

Age (SD)

Female, N (%)

White,
N(%)

Berman et al 2000 [3]*

8

37.6 (11.2)

4 (50)

7 (87.5)

Valentine et al 2011 [4]*

11

43.2 (12.4)

6 (54.5)

Sos et al 2013 [5]

27

43.8 (12.2)

Murrough et al 2013 [2]

73

NIH Studies [6-9]*

MDD
Diagnosis,
N (%)
By Study

Assignment to CADSS Data
Ketamine, N (%)

Concomitant
Medications,
N (%)

Inpatient,
N (%)

8 (100)

0

0

4 (50)

Yes

Saline

7 (63.6)

11 (100)

0

0

0

Yes

Saline

11 (40.7)

27 (100)

27 (100)

27 (100)

27 (100)

9 (33.3)

No

Saline

45.5 (12.4)

38 (52.1)

61 (83.6)

73 (100)

0

73 (100)

48 (65.8)

Yes

Midazolam

105

42.5 (11.8)

62 (59.1)

80 (76.2)

44 (41.9)

41 (39.1)

105 (100)

55 (52.4)

Yes

Saline

Hu et al., 2015 [10]

27

39 (12.6)

17 (63)

0 (0)

27 (100)

27 (100)

0

13 (48.2)

No

Saline

Murrough et al., 2015 [11]

20

42.4 (13.3)

13 (65)

17 (85)

11 (55)

15 (75)

11 (55)

11 (55)

Yes

Midazolam

Grunebaum et al., 2017 [12]*

16

41.3 (12.4)

10 (62.5)

14 (87.5)

0 (0)

15 (93.8)

16 (100)

7 (43.8)

Yes

Midazolam

Grunebaum et al., 2018 [13]*

80

39.6 (13.2)

48 (60)

74 (92.5)

80 (100)

50 (62.5)

80 (100)

40 (50)

Yes

Midazolam

The goal of this study was to examine the effect of
midazolam vs. saline on drug-comparator effect size as
a proxy for preserving the blind in ketamine studies
through analysis of efficacy and dissociative effects from
previously published clinical trials. We found that the
average antidepressant effect of ketamine was smaller
when compared with midazolam than when compared
with saline using both continuous (depression rating
scales) and categorical outcomes (response rates). The
difference in effect size was driven by greater
improvement in the midazolam group compared to the
saline group. One interpretation of the smaller effect
size is that midazolam was superior to saline in
preserving the integrity of the blind. While we were not
able to assess this directly, we did find that neither
saline nor midazolam produced appreciable dissociative
side effects as measured by CADSS and there was no
difference between these controls groups in this
respect. Still, the available data indicated that patients
were unable to distinguish between midazolam and
ketamine. However, alternative explanations for the
difference in effect size depending on comparator, such
as the hypothesis that a single infusion of midazolam
has antidepressant effects that extend for 24 hours,
cannot be excluded. A three-arm study comparing
ketamine, midazolam, and saline would be necessary to
definitively answer this question.

Comparator

By Treatment Group
Saline

97

42.6 (11.7)

52 (53.6)

72 (75.0)

76 (78.4)

52 (53.6)

68 (70.1)

--

39 (40.2)

--

Midazolam

83

41.5 (12.5)

49 (59.0)

76 (91.6)

72 (86.8)

40 (48.2)

81 (97.6)

--

82 (98.8)

--

Ketamine (Sal)

81

41.4 (12.4)

48 (59.3)

49 (63.6)

58 (71.6)

43 (53.1)

64 (79.0)

--

43 (53.0)

--

Ketamine (Midaz)

106

43.2 (13.5)

59 (55.7)

88 (83.0)

97 (91.5)

40 (37.7)

99 (93.4)

--

103 (97.2)

--

TOTAL

367

42.2 (12.5)

208 (56.7)

285 (77.7)

303 (82.6)

175 (47.7)

312 (82.3)

197 (53.7)

--

*These studies used the 24-item HAMD rather than MADRS. A conversion of the HDRS score to MADRS equivalent was applied. This transformation also applied to one of the NIH studies (n=22)
Some statistically significant (p<0.05) differences were observed between groups at baseline. Race: Midazolam vs. Saline, p=.004; Midazolam vs. Ketamine (saline), p<.0001; Ketamine (midazolam) vs. Ketamine (saline), p=.003. MDD Diagnosis:
Ketamine (midazolam) vs. Saline, p=.008; Ketamine (midazolam) vs. Ketamine (saline), p=.003; Ketamine (saline) vs. Midazolam, p=.017. Age and sex did not differ across treatment groups.

Figure 1. Results of mixed models evaluating change in MADRS score by treatment

Studies
• We compiled participant-level data from 9 studies (N=367) where
ketamine was compared to saline or midazolam [2-13]
• Studies from the National Institutes of Health were conducted
under a single protocol and are therefore coded as one study
• All participants had Major Depressive Disorder or Bipolar Disorder

Acknowledgements: This work was supported in part by grant number K12HS023000 from the Agency for Healthcare Research
and Quality (STW). The content is solely the responsibility of the authors and does not necessarily represent the official views of
the Agency for Healthcare Research and Quality. We also acknowledge support from the American Foundation for Suicide
Prevention, Brain and Behavior Research Foundation (formerly NARSAD), the Patient-Centered Outcomes Research Institute, and
the Robert E. Leet and Clara Guthrie Patterson Foundation (STW).
Disclosures: Dr. Wilkinson receives or has received in the last 36 months funding from Janssen Pharmaceuticals. He has
consulted for Janssen Pharmaceuticals. Dr. Zarate is a full-time U.S government employee. He is listed as a coinventor on a patent
for the use of ketamine in major depression and suicidal ideation. Dr. Zarate is listed as a co-inventor on a patent for the use of
(2R,6R)-hydroxynorketamine, (S)-dehydronorketamine and other stereoisomeric dehydro and hydroxylated metabolites of (R,S)ketamine metabolites in the treatment of depression and neuropathic pain. Dr. Zarate is listed as co-inventor on a patent
application for the use of (2R,6R)-hydroxynorketamine and (2S,6S)-hydroxynorketamine in the treatment of depression, anxiety,
anhedonia, suicidal ideation and post-traumatic stress disorders. Dr. Zarate has assigned his patent rights to the U.S. government
but will share a percentage of any royalties that may be received by the government. Dr. Mathew is supported through the use of
facilities and resources at the Michael E. Debakey VA Medical Center; he is a consultant for: Allergan, Alkermes, Bracket, Clexio,
Fortress Biotech, Sage Therapeutics research support: Janssen, NeuroRx, Vistagen, Department of Veterans Affairs, NIMH,
PCORI. Dr. Gueorguieva discloses consulting fees for Palo Alto Health Sciences, Knopp Biosciences and Mathematica Policy
Research, royalties from book “Statistical Methods in Psychiatry and Related Fields” published by CRC Press, and a provisional
patent submission by Yale University: Chekroud, AM., Gueorguieva, R., & Krystal, JH. “Treatment Selection for Major Depressive
Disorder” [filing date 3rd June 2016, USPTO docket number Y0087.70116US00]. In the past 3 years, Dr. Murrough has provided
consultation services to Boehreinger Ingelheim, Sage Therapeutics, Novartis, Allergan, Fortress Biotech, Janssen Research and
Development, Medavante-Prophase, and Global Medical Education (GME) and has received research support from Avanir
Pharmaceuticals, Inc. Dr. Murrough is named on a patent pending for neuropeptide Y as a treatment for mood and anxiety
disorders. The Icahn School of Medicine (employer of Dr. Murrough) is named on a patent and has entered into a licensing
agreement and will receive payments related to the use of ketamine if it is approved for the treatment of depression. Dr.
Murrough is not named on this patent and will not receive any payments. Drs. Farmer, Grunebaum, Ballard, Wang and Sos report
no disclosures.

Measures Used
• Hamilton Depression Rating Scale (HAM-D)
• Montgomery-Asberg Depression Rating Scale (MADRS)
• Clinician Administered Dissociative State Scale (CADSS)
• Baseline and 24-hour post-infusion
Data Analysis
• For comparability to parallel-arm studies, data from only the first
period of crossover studies were used (k=4, N=151)
• Subjects categorized into four groups:
1. Ketamine (midaz) – ketamine in midazolam-controlled studies
2. Ketamine (sal) – ketamine in saline-controlled studies
3. Midazolam
4. Saline
•
•
•
•
•
•

We compared change in MADRS at 24 hours using a linear mixedmodel with random effect of study
Fixed effects of treatment, time, and their interaction were
included, with Satterthwaite correction to the denominator
degrees of freedom
differences between treatment groups were evaluated with
between-group contrasts of change from baseline to Day 1
To conform to distributional assumptions, CADSS scores were
natural-log transformed (after adding a constant of 1)
Cohen’s d was calculated using the least-square mean estimated
differences, standard errors, and DF of a given test
All analyses were performed using SAS/STAT Version 9.3

Ket(Mid) = Ketamine (in midazolam-controlled studies, N=106); Ket(Sal) = Ketamine (in saline-controlled studies, N=81); Mid = Midazolam (N=83); Sal = Saline (N=97). Plotted values are model-estimated means from mixed models predicting MADRS
(panel A and B) and predicted binary response (≥50% improvement in MADRS vs. <50% improvement) from treatment at 24 hours.

Figure 2. Model-estimated means predicting CADSS
scores at 30-40 minutes

Table 2. Comparison of effect sizes between midazolamand saline-controlled ketamine studies
Comparison

Effect Size
(95% CI)

Ket(Mid) v. Midazolam

0.7 (0.4-0.9)

Ket(Sal) v. Saline

1.8 (1.4-2.2)

Effect size
comparison
t276

p value

2.32

0.02

The effect size in midazolam-controlled studies was
significantly smaller than the effect size in salinecontrolled studies and this was driven by greater
improvement in the midazolam arm compared to saline
(Figure 1C).

Table 3. Participant blinding in select studies where
integrity of blind was formally evaluated
Reference

Comparator

Sample Size

p value

Grunebaum et al., 2017

Midazolam

16

0.046

Grunebaum et al., 2018

Midazolam

80

0.37

Murrough et al., 2013

Midazolam

73

0.81

Three studies formally assessed the integrity of the blind
by asking participants to guess to which treatment they
were assigned. We selected guess data from the 24-hr
point in each study and coded responses of “I don’t know”
or “not sure” as incorrect. In the two largest studies, the
blinding remained intact.
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