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Background and Objectives: Perioperative ketamine has been shown to reduce opioid consumption and pain after surgery.
Ketamine is most often given as an infusion, but an alternative is single-dose ketamine. Single-dose ketamine at up to 1 mg/kg has
been shown to reduce symptoms of depression, and a wide range of dosages has been used for pain in the emergency department.
However, limited data exists on the tolerability and efficacy of a single-dose of ketamine at 0.6 mg/kg for pain when administered
immediately after surgery. We conducted a pilot study of single-dose ketamine in patients undergoing mastectomy with reconstruction,
hypothesizing that a single-dose of ketamine is well tolerated and can relieve postoperative pain and improve mood and recovery.
Methods: This is a randomized, single-blind, placebo-controlled, two-arm parallel, single-center study. Thirty adult women under-
going mastectomy with reconstruction for oncologic indication received a single-dose of ketamine (0.6mg/kg) or placebo after surgery
in the post-anesthesia care unit (PACU). Patients were followed through postoperative day (POD) 7. The primary outcome was
postoperative pain measured by the Brief Pain Inventory (BPI) pain subscale on POD 1 and 2. Secondary outcomes include effects on
opioid use, PROMIS fatigue and sleep, mood, Quality of Recovery-15, and the Breast Cancer Pain Questionnaire.

Results: Side effects were minor and not significantly different in frequency between groups. The ketamine group reported lower
scores on the BPI pain severity subscale, especially at POD 7; however, the difference was not statistically significant. There were no
statistically significant differences between ketamine and placebo groups for the secondary outcomes.

Conclusion: A single-dose of ketamine at 0.6mg/kg administered postoperatively in the PACU is well tolerated in women undergoing
mastectomy and may confer better pain control up to one week after surgery. Future studies with larger sample sizes are necessary to
adequately characterize the effect of postoperative single-dose ketamine on pain control in this population.
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Introduction
Perioperative ketamine has been shown to reduce pain and opioid consumption after several types of surgery.'
Perioperative ketamine is most often administered as a continuous infusion during and/or after surgery. Continuous
infusion, however, requires continuous patient monitoring. An alternative is single-dose ketamine administration which
may be easier to implement across a variety of settings. Although pre-operative administration of low-dose ketamine
prior to incision has shown mixed results in improving pain control, limited data exists on the feasibility and efficacy of
single-dose ketamine administration for pain control immediately after surgery.” ™

Single-dose ketamine has increasingly been used in the emergency department (ED) to provide long-lasting, post-
discharge pain relief while minimizing opioid use, especially in the context of the current opioid epidemic.””’ In addition
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to its analgesic effects, single-dose ketamine has emerged as a powerful antidepressant and anxiolytic with effects that
can last more than a week.® '° Doses of intravenous (IV) ketamine at 0.5 mg/kg have most often been used in studies of
depression, with some studies using up to 1 mg/kg. Single-dose ketamine can efficiently activate the cortical top-down
system for mood and affect regulation."' "> A complex relationship between postoperative pain and mood exists, and
depression and anxiety in the perioperative setting serve as significant risk factors for severe postsurgical pain, prolonged
or high-dose opioid use, and even the development of chronic postsurgical pain.'®'°

Perioperative ketamine continuous infusion regimens are often limited to administration in the operating room.
However, studies have indicated that some of the therapeutic analgesic effects of ketamine may be associated with its
psychotomimetic side effects.”’ Thus, administration of ketamine postoperatively after emergence from anesthesia may
contribute to analgesic effects. In a recent randomized controlled trial (RCT) of single-dose ketamine in the postoperative
care unit (PACU), it was found that ketamine reduced the affective component of pain for 7 days after bariatric
surgery.”! This study utilized a ketamine dose of 0.4 mg/kg based on ideal body weight. In addition, patients had
relatively low levels of baseline anxiety and depression symptoms. It is possible that a higher dose of ketamine as used in
studies of depression may be more helpful for acute pain control in surgical populations with higher levels of baseline
depression or anxiety, such as patients undergoing mastectomy for breast cancer.”> >* However, it is not clear how well-
tolerated a single-dose of ketamine at 0.6 mg/kg is, by patients immediately after surgery in the PACU. We conducted
a pilot study to examine the tolerability and efficacy of single-dose of ketamine 0.6 mg/kg IV given in the PACU after
mastectomy with reconstruction. We examined the effect of ketamine on pain, mood and recovery, and opioid require-
ments after surgery.

Methods

We performed a randomized, single-blind, placebo-controlled, two-arm parallel, single-center study on the effect of
a single postoperative dose of ketamine in women undergoing unilateral or bilateral mastectomy with reconstruction for
oncologic indication from April 2021 to April 2022. This study was approved by the New York University Grossman
School of Medicine Institutional Review Board and was registered at ClinicalTrials.gov (Identifier NCT04831736; first
posted 05/04/2021). It was conducted in accordance with the Declaration of Helsinki, and informed consent was obtained
from all participants.

Enrollment/Randomization

Adult American Society of Anesthesiologists (ASA) physical status I, II, or III women between the ages of 18 and 80
undergoing unilateral or bilateral mastectomy with immediate reconstruction for oncologic indications were eligible for
inclusion. Exclusion criteria included distant metastatic disease, American Society of Anesthesiologists (ASA) physical
status greater than 3, body mass index (BMI) >35 kg/m?, cognitive impairment, past ketamine or phencyclidine misuse or
abuse, schizophrenia or history of psychosis, known sensitivity or allergy to ketamine, or liver or renal insufficiency.
Other exclusion criteria included a history of uncontrolled hypertension, chest pain, cardiac arrhythmia, stroke, head
trauma, intracranial mass or hemorrhage or pressure, glaucoma, acute globe injury, uncontrolled thyroid disease,
porphyria, or any other contraindication to ketamine. Use of lamotrigine, alfentanil, physostigmine, and 4-aminopyridine
were also contraindicated.

Prospective participants were recruited, screened and consented prior to surgery. Participants were randomized to
one of the two groups in a 1:1 ratio to receive either IV ketamine (0.6mg/kg) or matching equal volume of 0.9%
saline placebo. Block randomization with randomly varying block sizes of two and four was used. Randomization
list was generated by the statistician in R Statistical Software; randomization codes were sent only to the study
physician administering study drug. Participant and assessor of outcome measures were blinded. The surgeon,
anesthesiologist, and the research team members conducting the follow-up visits were all blinded to study arm
assignment.
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Intervention

After patients arrived at the PACU, once deemed medically stable by the study team, a single 0.6mg/kg dose of
intravenous ketamine or 0.9% saline placebo was administered over approximately 45 minutes in the PACU by study
physicians; this is similar to ketamine protocols for depression. Ketamine and saline are similar in appearance; both are
odorless. All subjects received standard post-anesthetic monitoring care, as well as routine care after transfer out of the
PACU.

There were no other alterations in anesthetic, surgical or postsurgical care. Participants were administered a general
anesthetic with a combination of intravenous and inhalational anesthetics. There was no restriction on the use of other
analgesics or regional blocks during the procedure or in the postoperative period. There are no standardized protocols for
mastectomy care at our institution. Medications often used after mastectomy with reconstruction include acetaminophen

as needed, opioid such as oxycodone as needed, and benzodiazepine such as diazepam as needed.

Outcome Measures

Tolerability was assessed with a side effects questionnaire administered 30 minutes after infusion and on
postoperative day (POD) 1 as well as discontinuation rates for intervention. The side effects questionnaire assessed for
symptoms of dizziness, nausea, euphoria, dysphoria, hallucinations, headache, and feeling of a dream-like state. To assess
success of participant blinding, they were asked to guess their treatment assignment on POD 1. The primary efficacy
endpoint was the Brief Pain Inventory-short form (BPI) pain severity subscale at 24h and 48h postoperatively. Secondary
outcomes included postoperative pain at other time points, mood and anxiety, fatigue, physical function, sleep quality,
opioid usage, quality of recovery, and side effects. Questionnaires used included the following: BPI, Patient-Reported
Outcomes Measurement Information System (PROMIS) fatigue scale, PROMIS sleep, Patient Health Questionnaire-2
(PHQ-2), Generalized Anxiety Disorder-2 (GAD-2), Breast Cancer Pain Questionnaire (BCPQ), and Quality of Recovery
(QoR-15). BPI assesses pain severity and pain interference.”” Pain is assessed as its worst, least, average, and current
levels on a scale of 0 to 10. The pain severity subscale is the arithmetic mean of the four items. For acute pain, the
minimal clinically important difference is 2 for a 0 to 10 scale.?® For BPI, the minimal clinically important difference in
chronic pain for the average pain score and for the severity score is approximately 2.2 PROMIS fatigue and sleep were
developed by the National Institute of Health (NIH) to measure fatigue and sleep, important symptoms in postoperative
recovery.”® PHQ-2 and GAD-2 assess for symptoms of depression and anxiety.”*° BCPQ assesses pain location,
frequency and severity as well as sensory disturbance after breast surgery.>' QoR-15 assesses satisfaction with post-
operative recovery.’? Please refer to Figure 1 for complete timeline of study interventions and data collection.

Statistical Analysis

This was a pilot study, so it was not powered to detect a hypothesized effect size for the BPI subscale. For baseline
characteristics and intraoperative data, descriptive statistics were presented as mean with standard deviation, median with
interquartile range, or frequency and percentage. To compare the two treatment (Ketamine vs Placebo) groups with
respect to these baseline data, we used two-sample Wilcoxon’s rank-sum test for continuous data and Fisher’s exact for
count and proportion data. To compare the two groups with respect to the study outcome measures, we also used two-
sample Wilcoxon’s rank-sum test for the continuous outcomes and Fisher’s exact test for the binary outcomes (the side
effects indicators), assessed at each available time point. As additional analyses for the BPI pain severity subscales
(average pain in last 24 hours, worst, least and current pain, and the arithmetic mean of these 4 items) at POD 0, 1, 2, and
7, we also estimated: 1) a linear mixed effects model with a random intercept for each patient and fixed effects for the
treatment indicator (Ketamine vs Placebo) and categorical time, and 2) the same mixed effects model but with additional
treatment-by-time interaction terms (to better represent the treatment group-specific time trend) for each BPI pain
severity subscale. In addition, we used Fisher’s exact test to assess the success of blinding. A p-value of less than
0.05 was considered significant. Analyses were performed using R Statistical Software (version 4.2.0; R Foundation for

Statistical Computing, Vienna, Austria).
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Screening N=30: Screen potential subjects by inclusion and exclusion criteria; obtain informed
Visit consent, obtain history, document, and schedule visits.
Baseline Verify inclusion and exclusion criteria.
Visit Questionnaires: BPI, PROMIS sleep disturbance, PROMIS fatigue, PHQ-2 and GAD-2
POD 0 Randomization, administer study Intervention (ketamine single-dose or placebo).

Questionnaires (after infusion): BPI, opioid use, adverse events, side effects.

Treatment: Control:
Single-dose Ketamine Saline Solution
N=15 N=15

Questionnaires: BPI, PROMIS fatigue, side effects.
POD 1 Assessment of opioid use and adverse events.
Participant asked which treatment arm she believes she has been assigned.

Questionnaires: BPl, PROMIS fatigue, QoR-15

EOD2 Assessment of opioid use and adverse events

Final Assessments: BPI, PROMIS fatigue, PROMIS sleep disturbance, BCPQ,

Foliy PHQ-2, GAD-2, QoR-15, opioid use and adverse events

BPI = Brief Pain Inventory short form; PROMIS = Patient-Reported Outcomes Measurement
Information System; POD = postoperative day; PHQ-2 = Patient Health Questionnaire-2; GAD-2
= Generalized Anxiety Disorder-2; QoR = Quality of Recovery; BCPQ = Breast Cancer Pain
Questionnaire

Figure | Schematic of study design.
Abbreviations: BPI, Brief Pain Inventory short form; PROMIS, Patient-Reported Outcomes Measurement Information System; PHQ-2, Patient Health Questionnaire-2;
GAD-2, Generalized Anxiety Disorder-2; QoR, Quality of Recovery; BCPQ, Breast Cancer Pain Questionnaire.

Results

Thirty one individuals were enrolled in the study and were randomized to either study intervention or placebo. One
subject was withdrawn the day of procedure due to a change in surgical planning; she did not receive intervention and
was not included in the final analysis (Figure 2). The two groups were similar in regards to baseline characteristics and
demographics, with the exception history of anxiety (Table 1).

We examined the surgical and anesthetic data (Table 2), and found that 60% of the participants randomized into the
ketamine group underwent bilateral mastectomy compared to 80% of the control group. This difference, however, was
not statistically significant. Rates of both sentinel lymph node dissection and axillary lymph node dissection were similar
between groups. The majority of women in each group underwent tissue expander or implant-based reconstruction. Rates
of regional anesthesia use was 20.0% in the ketamine group and 26.7% in the control group, but the difference was not

statistically significant.
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[ Enrollment J Assessed for eligibility (n=210)

Excluded (n=179)

+ Not meeting inclusion criteria (n=117)

R (most commonly no reconstruction
(n=50), BMI > 35 kg/m? (n=16))

+ Declined to participate (n=62)

+ Other reasons (n=0)

Randomized (n=31)

A 4 A4

—

Allocation ]

Allocated to ketamine (n=15) Allocated to saline placebo (n=16)
+ Received allocated intervention (n=15) + Received allocated intervention (n=15)
«+ Did not receive allocated intervention (n=0) + Did not receive intervention (reconstruction

cancelled, patient no longer eligible) (n=1)

4 [ Follow-Up J v
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
v [ Analysis ] v
Analysed (n=15) Analysed (n=15)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 2 CONSORT flow-chart of the progression of participants throughout the study.

No patients exhibited serious adverse effects that warranted discontinuation of ketamine/saline infusion. On POD 0,
thirty minutes after infusion, seven (46.7%) subjects in each group reported some form of side effect. On POD 1, eight
(53.3%) subjects in the ketamine group and five (33.3%) subjects in the placebo group reported a side effect. The most
common side effects were dizziness, nausea, and headache. There were no significant differences between groups in
terms of side effect occurrence (Figure 3). All side effects were minor and did not require any additional medical
treatment. Seven subjects in the ketamine group and five subjects in the placebo group received a benzodiazepine in the
PACU. To the team’s knowledge, however, benzodiazepines were not given specifically to treat any perceived side
effects. There was no statistically significant difference between groups in response to questioning regarding which group
they believe they were assigned (p = 0.07).

Table 3 reports the results of Wilcoxon’s rank-sum tests comparing the ketamine and placebo groups with respect to
BPI, opioid use, PROMIS fatigue and sleep disturbance, PHQ-2, GAD-2, and QoR-15. In terms of the primary endpoint
of the study, there were no significant differences in the BPI pain severity subscale administered 24h and 48h post-
operatively between the ketamine and placebo group. However, pain indices generally decreased over time in both
groups, with the ketamine group having a statistically significant improvement in the “least pain” experienced at POD 7
when compared to placebo (p = 0.03). There were no other statistically significant differences between groups in any
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Table | Baseline Characteristics

Ketamine (n=15) | Control (n=15) P value

Age (years)* 48.9 (25-62) 46.5 (32-73) 0.49
Race 0.21

White Il (73.3%) 9 (60.0%)

African American 0 (0.0%) 4 (26.7%)

Asian 2 (13.3%) | (6.7%)
Not Specified 2 (13.3%) | (6.7%)
Height (cm) 162.6 [160.0-170.2] | 170.0 [165.1-175.3] 0.11
Weight (kg) 69.3 [62.3-78.4] 69.4 [60.7-77.9] 0.66
BMI 25.3 [23.0-28.5] 23.7 [21.4-26.0] 0.11
History of Depression 2 (13.3%) | (6.7%) 1.00
PHQ-2 =2 3 3 (20%) 2 (13.3%) 1.00
History of Anxiety 7 (46.7%) | (6.7%) 0.04
GAD-2 23 6 (40%) 3 (20%) 0.43
History of Chronic Pain 3 (20.0%) 0 (0.0%) 0.22

Notes: Values are number (%), or median [interquartile range]. *Values are mean (range).
Abbreviations: BMI, body mass index; PHQ-2, Patient Health Questionnaire-2; GAD-2,

Generalized Anxiety Disorder-2.

Table 2 Surgical and Anesthetic Data

Ketamine | Control P value
ASA status 0.53
ASA | 2 (13.3%) 0 (0.0%)
ASA I Il (73.3%) 13 (86.7%)
ASA I 2 (13.3%) 2 (13.3%)
Regional anesthesia usage 3 (20.0%) 4 (26.7%) 1.00
Laterality 0.43
Bilateral 9 (60.0%) 12 (80.0%)
Unilateral 6 (40.0%) 3 (20.0%)
Sentinel lymph node dissection 8 (53.3%) 8 (53.3%) 1.00
Axillary lymph node dissection 5 (33.3%) 4 (26.7%) 1.00
Reconstruction type 0.60
Tissue Expander/Implant based 12 (80.0%) 14 (93.3%)
Flap 2 (13.3%) 1 (6.7%)

Note: Values are number (%).
Abbreviation: ASA, American Society of Anesthesiologists physical status classification.
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Figure 3 Side effects.

other pain score at any time point, although there was a trend towards a positive effect/decreased pain scores in the
ketamine group for most indices.

The estimated linear mixed effects models with random intercepts for individual patients and a fixed effect for the
treatment indicator (ketamine vs placebo) adjusted for the categorical time indicate that the ketamine group has a smaller
group mean than the placebo group, with respect to all the BPI pain severity subscales considered, although the
difference was not statistically significant at alpha = 0.05. This effect was most notable at POD 7, which can be inferred
from the estimated mean trajectories obtained from the mixed effects models with the additional treatment-by-time
interaction terms. Please see Figure 4 for the group- and time-specific means and the associated 95% confidence intervals
from the mixed effects models with the treatment-by-time interactions, for the BPI pain severity subscales.

With regard to responses on the BCPQ, 14 (93%) subjects in each group experienced residual pain on POD 7. In the
ketamine group, the most common sites of pain were the axilla (60%) followed by the breast (53%) and chest wall
(53%). In the saline group, the most common sites of pain were the breast (80%) followed by the axilla (60%). Regarding
sensory disturbance, 11 (73%) subjects in the ketamine group experienced sensory disturbance of some sort on POD 7
compared to 9 (60%) in the placebo group. The breast was the most common site of disturbance in each group (10 for
ketamine group, 8 for Placebo group).

There were no significant differences between the treatment groups with respect to both the PROMIS fatigue and
PROMIIS sleep disturbance scales postoperatively. There was also no difference between groups in respect to QoR-15
total scores on POD 2 and 7. Additionally, groups did not differ significantly in regards to postoperative opioid
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Table 3 Wilcoxon’s Rank-Sum Test for the Difference in the Outcome Between Ketamine and Placebo Groups

(the Median Difference in the Distributions and the P-value)

Outcome/Time Baseline POD 0 POD I POD 2 POD 7

BPI mean 0 (P=0.58) —0.50 (P=0.39) —0.50 (P=0.55) 0.25 (P=0.82) —0.75 (P=0.37)
BPI average 0 (P=0.98) -1 (P=0.49) 0 (P=0.65) 0 (P=0.92) 0 (P=0.74)

BPI worst 0 (P=0.15) -1 (P=0.53) 0 (P=0.90) 0 (P=0.90) -1 (P=0.27)
BPI least 0 (P=0.15) 0 (P=0.68) 0 (P=0.61) 0 (P=0.97) -1 (P=0.03)
BPI current 0 (P=0.15) -1 (P=0.59) -1 (P=0.23) -1 (P=0.52) 0 (P=0.51)
Opioid use 0 (P=0.70) 0 (P=0.83) 0 (P=0.81) 0 (P=0.54)
PROMIS-fatigue 0 (P=0.88) —0.50 (P=0.80) 2.29 (P=0.44) —2.20 (P=0.70)
PROMIS-sleep-disturbance 5.80 (P=0.11) | (P=0.63)
PHQ-2 0 (P=0.75) 0 (P=0.96)
GAD-2 I (P=0.22) | (P=0.07)
QoR-15 0 (P=0.98) 3 (P=0.56)
Time in PACU 0 (P=0.72)

Notes: The results of Wilcoxon’s rank-sum tests comparing the Ketamine and Control groups. The median difference between the two
distributions (Ketamine — Control) for the corresponding outcome is reported, where a negative value of the difference indicates the Ketamine
group tends to have a smaller outcome than the Control group. In the parenthesis, the two-sided P-value (with continuity correction) is
reported, computed under the null hypothesis that the two treatment groups are the same with respect to the corresponding outcome
distribution; a smaller P-value indicates that the distributions are more likely to be different between the two groups.

Abbreviations: BPI, Brief Pain Inventory short form; PACU, post-anesthesia care unit; PROMIS, Patient-Reported Outcomes Measurement
Information System; PHQ-2, Patient Health Questionnaire-2; GAD-2, Generalized Anxiety Disorder-2; QoR, Quality of Recovery.

consumption at any time point, both as an inpatient and as an outpatient. Lastly, there were no significant differences
between groups in follow-up depression and anxiety scales (PHQ-2 and GAD-2) at POD 7.

Discussion

In this pilot randomized, single-blind, placebo controlled study of single-dose ketamine after mastectomy with immediate
reconstruction, a single-dose of ketamine at 0.6mg/kg was well tolerated amongst all subjects. No patients exhibited
adverse cardiovascular side effects. An equal proportion of subjects in each group experienced some form of mild side
effect after ketamine/placebo infusion, the most common being nausea and dizziness in each group. Importantly, these
side effects are also known to be common amongst patients following normal general anesthetic and surgical care.>
Psychotomimetic side effects such as euphoria, dysphoria, and hallucinations were less common, with an overall
incidence similar to previous studies utilizing ketamine at similar doses.? Interestingly, the incidence of psychotomimetic
side effects did not differ significantly in frequency between ketamine and control groups. It is possible that since our
study was conducted immediately after patients have come out from surgery, residual anesthesia mitigated psychotomi-
metic effects, masking the effects of ketamine. All patient-reported side effects were self-limited and did not require any
intervention beyond normal postoperative care. Although seven patients in the ketamine group and five patients in the
control group received a benzodiazepine in the PACU, potentially blunting psychomimetic side effects, usage was similar
between groups and is considered part of normal postoperative care at our institution.

One of the issues with ketamine studies is the unblinding on the part of the participant due to recognition of
psychotomimetic side effects of this medication when compared to placebos such as saline. Previous studies investigating
the therapeutic effects of ketamine have used “active” placebo agents such as benzodiazepines which more closely mimic
ketamine in terms of behavioral side effects and thus theoretically reduce the risk of participant unblinding.** In our
study, 24 hours after surgery, all subjects were asked which group the believed they were assigned (ketamine, placebo, or
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Figure 4 The estimated group- and time-specific means (green lines for the Control group and dark blue lines for the Ketamine group) and 95% confidence intervals from
the mixed effects models with the treatment-by-time interactions.
Abbreviation: BPI, Brief Pain Inventory short form.

cannot guess). There was not a significant difference between groups in response to this question despite the usage of
saline as a placebo. 40% of the ketamine group guessed correctly their assignment to ketamine; 47% of the participants in
the placebo guessed incorrectly that they received ketamine. Previous studies using ketamine at similar dosages (0.5mg/
kg) but utilizing the “active placebo” midazolam have generated similar results. In one such study, 44% of the ketamine
group and 42% of the midazolam placebo group were able to correctly identify their assignments.>> These results indicate
an overall lack of ability to guess treatment group assignment. In our study, the relatively high level of blinding success
may be due to the timing of study drug infusion, which occurred right after patients have arrived at the PACU and are
feeling the effects of general anesthesia as well as receiving additional psychoactive medications like opioids and
benzodiazepines, as mentioned previously.

Our results indicate that single-dose ketamine at this subanesthetic dose is well-tolerated in the postoperative setting.
These findings highlight the potential utility of single-dose ketamine, because in addition to its ease of implementation,
psychomimetic and cardiovascular side effects will need to be monitored for a shorter period than with continuous
ketamine infusions.

In addition to serving as a pilot study to study the feasibility of administering single-dose ketamine in the PACU, this
trial investigated whether this method of administration influences postoperative pain scores and opioid requirements in
women undergoing mastectomy. No significant differences were noted between the two groups for pain and other
secondary outcomes.

Previous studies have investigated the effectiveness of perioperative subanesthetic ketamine on postoperative pain
control in women undergoing oncologic breast surgery. These studies have had mixed results. For instance, a recent
randomized control trial by Nayak et al found that preoperative administration of single-dose subanesthetic ketamine was
not effective in improving postoperative analgesia in women undergoing modified radical mastectomy.*® A 2009 study

Journal of Pain Research 2023:16 https: 889

Dove:


https://www.dovepress.com
https://www.dovepress.com

Doan et al Dove

found that intraoperative low dose ketamine infusion was effective at reducing acute postsurgical pain in women
undergoing mastectomy.>” A 2020 study found that intraoperative ketamine infusion did not improve acute pain control
but reduced chronic post-mastectomy pain at 3 months.*® A recent meta-analysis and systematic review article analyzed
13 randomized control trials on the effect of ketamine on pain control in women undergoing breast surgery and found that
perioperative ketamine was effective at reducing pain and reducing opioid requirements during the first 24 hours after
surgery.>® Notably, in none of these studies was the ketamine administered as a single dose after surgery. Postoperative
ketamine administration for non-breast-related surgical indications has been shown to be effective in reducing certain
aspects of postsurgical pain and reducing morphine consumption.*'*’

It is important to note that this study was limited to acute postsurgical pain with follow-up until POD 7, with
ketamine’s most potent treatment effect noted on POD 7. Previous studies have found that perioperative ketamine use
may also be effective in reducing the incidence and severity of chronic pain, likely due to modulations in the affective
component of pain.?"**! In addition, ketamine is a well-known antidepressant with mood-elevating properties that last 7—
14 days. Mastectomy patients have a particularly high incidence of chronic postsurgical pain (CPSP) with an incidence
reported as high as 60%.>®> Therefore, one intriguing possibility is that the long-lasting mood-elevating effects of
ketamine play a role in reducing the overall experience of pain on POD 7 and possibly at later time points. Additional
studies are of course warranted to further study the utility of perioperative ketamine in reducing the burden of chronic
postsurgical pain in women undergoing mastectomy.

Lastly, secondary outcomes in this study included metrics of postoperative mood and recovery. We did not find any
differences between groups in follow-up PHQ-2, GAD-2, PROMIS sleep, PROMIS fatigue, and QoR-15 scores.
Although ketamine is known to possess potent antidepressant and anxiolytic properties, including postoperatively, we
did not find any differences in PHQ-2 and GAD-2 scores on POD 7.%9%4243 pogsible explanations for these findings
include our small sample size as well as the brief nature of these surveys which are not fully comprehensive of the many
dimensions of depression and anxiety. Meanwhile, our work is in line with some of the previous data that failed to show
an effect of ketamine on improving the quality of postoperative recovery.**> These studies utilized the more in-depth
QoR-40 survey and were administered 24 hours postoperatively, as opposed to the QoR-15 on POD 2 and 7 in our
research. However, as mood, pain, and anxiety are all known factors contributing to postoperative recovery, it is
reasonable for future research to continue to analyze perioperative ketamine’s effect in improving recovery, especially
the potential for more long-term benefits.'®"°

There are several limitations to this study. First, as mentioned above, this investigation principally served as a pilot
study to determine the safety and tolerability of a single-dose ketamine in the PACU. As such, the sample size was
limited not powered to evaluate differences in treatment effect. Second, there was variability in surgical and anesthetic
technique. Though not a statistically significant difference, 60% of participants in the ketamine group underwent bilateral
mastectomy compared to 80% in the placebo group. Additionally, anesthesiologists were not given any constraints on
their provision of care beyond restricting the use of ketamine intraoperatively. Thus, some subjects received regional
blocks to supplement general anesthesia while others did not. Our sample size was not large enough to control for these
variables or conduct additional subgroup analyses. Future studies with larger sample sizes should address these subgroup
variabilities in the responsiveness to ketamine. Lastly, the vast majority of our analyses did not control for baseline
responses for repeat questionnaires, and the follow-up periods were relatively short due to our focus on tolerability and
feasibility. Future longitudinal investigations with longer follow-up may provide additional insight into the potential
benefits of single-dose postoperative ketamine on pain, mood, and recovery in the weeks and months after surgery.

In conclusion, we found that single subanesthetic dose ketamine (0.6mg/kg) is well tolerated amongst women
undergoing mastectomy when administered immediately postoperatively in the PACU. This study showed a trend of
improvement in pain reports after surgery, especially on POD 7; however, the benefits were not clinically nor statistically
significant likely due to the relative small study population and heterogeneity of the patient characteristics. Future studies
of larger sample sizes are needed to further investigate the role of ketamine in reducing acute and chronic postsurgical

pain.
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