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Introduction: Sub-anesthetic ketamine is frequently used as an analgesic to reduce periopera-
tive opioid consumption and has also been shown to have antidepressant effects. Side effects of
ketamine include dizziness, diplopia, nystagmus, and psychomimetic effects. It is unclear what
clinical factors may be associated with ketamine-related adverse drug events (ADEs).
Methods: We performed a retrospective review of 95 patients who received sub-anesthetic
ketamine infusions at our institution. Data examined associations between ketamine-related
ADEs and various clinical characteristics including chronic pain, depression, or psychiatric
disorder, patient physical characteristics, chronic opioid use, perioperative opioid use, dose
and duration of ketamine infusions, pain scores, and perioperative medications such as
serotonergic agents, central nervous system (CNS) depressants, and analgesics.

Results: Overall incidence of ketamine-related ADEs was 29.5% and the incidence of
psychomimetic effects was 14.8%. We observed that patients with a history of depression
have a lower incidence of ketamine-related ADEs compared to patients without a history of
depression (10.3% vs 37.3%; p value = 0.007).

Conclusion: Patients with depression were found to have a statistically significant reduction
in the incidence of ketamine-related ADEs. We found no statistically significant positive
associations between ketamine-related ADEs and other clinical factors such as a history of
chronic pain, psychiatric disease, patient physical characteristics, perioperative opioid use,
dose of ketamine infusion, or co-administration of other CNS depressants.
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Introduction

Ketamine is an N-methyl-D-aspartate (NMDA) receptor antagonist that has been
used as an anesthetic for decades. Ketamine is frequently used at sub-anesthetic
doses (<0.5 mg/kg) as an analgesic in perioperative and acute care settings.'~
Ketamine also has anti-depressant effects and there is a substantial body of litera-
ture emerging to support its use in the treatment of major depressive disorder
(MDD).? In fact, functional MRI data suggests a clear connection between MDD
and chronic pain, and ketamine’s efficacy for both conditions may point to common
mechanistic pathways. Strigo et al (2008) demonstrate that patients with depression
cannot modulate pain as effectively as non- depressed patients.* Furthermore, when
exposed to standardized painful stimuli, ketamine infusions reduce pain response in
areas of the brain such as the anterior cingulate cortex that are well known to
modulate the affective components of pain.’
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In the perioperative setting, sub-anesthetic ketamine is
used most commonly as a single bolus for analgesia either in
the operating room or the recovery area or as a continuous
infusion (typically <0.3 mg/kg/hr) that can be administered
postoperatively to select patients.® Multiple prospective trials
as well as large systematic reviews and meta-analyses sup-
port its use for treating pain and reducing opioid consumption
in the perioperative period.”*® According to consensus guide-
lines, intravenous ketamine infusions are indicated for treat-
ing patients who are undergoing painful procedures,
especially patients with opioid tolerance or dependence.’
Due to concerns about side effects, uncertainty exists regard-
ing patient selection for postoperative ketamine infusion.

At sub-anesthetic doses, the most common side effects
of ketamine are dizziness, nystagmus, diplopia, and psycho-
mimetic effects including hallucinations, vivid dreams, dys-
phoria, or a feeling of dissociation.” Of most concern are
the psychomimetic effects, and there is uncertainty about
the incidence of these events. A large meta-analysis of
prospective trials reported an incidence of 7.4%;"* how-
ever, a more recent retrospective analysis reported “central
nervous system (CNS) excitation” in 16.2% of patients.’
Sedation is also a concern, with an incidence of 9.4% noted
in a retrospective study by Schwenk et al. (2016).”

It is also not known which clinical factors may be
associated with the development of ketamine -related
adverse drug events (ADEs). Given the discrepancies
between the prospective trials and retrospective data, we
hypothesize that ketamine-related ADEs may be asso-
ciated with specific clinical factors such as the presence
of chronic pain, psychiatric disorders or co-administration
of other CNS depressants which are common in this
patient population and excluded in controlled prospective
trials. For example, patients in many prospective trials
were not treated with gabapentinoids, whereas, in clinical
settings, many patients receiving ketamine infusions are
also receiving gabapentinoids, and co-administration of
these drugs could theoretically increase the risk of keta-
mine-related ADEs.

This study is a retrospective review of 95 patients who
received sub-anesthetic ketamine infusions at our institution
over the course of 12 months. The objective is to: (1) examine
the clinical characteristics of patients who receive ketamine
infusions; (2) evaluate the incidence of ketamine-related
ADEs; and (3) determine if there are any associations between
ketamine ADEs and specific concomitant diagnoses including
chronic pain and psychiatric disorders, as well as the co-
administration of other CNS depressants.

Methods

This study was approved by the Mayo Clinic institutional
review board (IRB # 17-004334) as a minimal risk proto-
col without requirement for written patient consent and all
patient data were maintained with confidentiality.

Inclusion criteria was all patients who received low-dose
ketamine infusions for perioperative analgesia or for man-
agement of uncontrolled pain in the treatment of a chronic
pain syndrome between July 1, 2016 and June 30, 2017 at
Mayo Clinic Arizona. Patients were excluded if they had an
intrathecal drug infusion pump for chronic pain or if they
only received ketamine during procedures in the intensive
care unit without a continuous low-dose infusion.

Data examined associations between ketamine-related
ADE:s and various clinical characteristics including chronic
pain, depression, or psychiatric disorder, patient physical
characteristics, chronic opioid use, perioperative opioid use,
dose and duration of ketamine infusions, pain scores, and
perioperative medications such as serotonergic agents, CNS
depressants, and analgesics. Any ketamine-related ADE
(documented in physician progress notes, nursing notes, or
provider notifications) was recorded and specified if it was
hallucination, dysphoria, dizziness, visual disturbance, or
sedation.

A chi-squared test was used to compare the incidence
of ketamine-related ADE among patients who either had
a specific preoperative diagnosis (chronic pain, depression,
bipolar disorder or psychiatric disorder) or did not. For
each variable looked at as a possible contributing factor to
ketamine-related ADEs, a Fisher Exact test was used to
compare categorical variables and a Kruskal-Wallis test
was used to compare the distribution of a numerical vari-
able between groups. A logistic regression model was also
performed to test the relationship between ketamine-
related ADE and depression while controlling for con-
founding factors, specifically preoperative use of
a selective serotonin reuptake inhibitor (SSRI), serotonin
and norepinephrine reuptake inhibitor (SNRI), tricyclic
antidepressant (TCA), or trazodone. All analyses were
completed using RStudio v1.1442 (RStudio, Inc., Boston,
MA). All hypothesis tests were two-sided and p-values
less than 0.05 were considered statistically significant.

Results

Ninety-five patients met criteria and received a low-dose
ketamine infusion during the study interval. Patient demo-
graphics of those included in the study are summarized in
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Table 1. Of the 95 patients, 52 were taking chronic opioids at
the time of ketamine infusion. The average morphine-
equivalent daily dose of all patients included in the study
was 83.9 mg (Table 2).

Procedures Associated with Low-Dose

Ketamine Infusion

The majority underwent abdominal surgery (55 patients,
Table 1). There were six patients who did not undergo
a surgical procedure and received low-dose ketamine infu-
sion on hospital admission to treat uncontrolled pain asso-

ciated with a chronic pain condition.

Medications Taken by Patients Receiving
Ketamine Infusions

Pharmaceutical agents taken by patients while receiving
low-dose ketamine infusions are summarized in Table 2.
Fifty-two patients received gabapentin or pregabalin, 28
received an SSRI, SNRI, TCA or trazodone, and 22
received a benzodiazepine.

Table | Demographics of Patients Receiving Low-Dose Ketamine
Infusions

Prior Diagnosis Chronic pain 46 (48.4%)

Depression 29 (30.5%)
Psychotic disorder 2 (2.1%)
Type of procedure No procedure 6 (6.3%)

Abdominal surgery 55 (57.9%)

Spine surgery 25 (26.3%)

Table 2 Perioperative Medications Administered to Patients
While Receiving Low-Dose Ketamine Infusion

Avg. duration of ketamine 394

infusion (hrs)

Avg. ketamine infusion rate 12.2
(mg/hr)

Reason for ketamine

infusion discontinuation
Pain controlled, 80 (84.2%)
transitioned to oral

medication

Ketamine-related ADE | 14 (15%)

Patients receiving 52 (55.3%)

gabapentin or pregabalin

SSRI, SNRI, TCA, or

trazodone

28 (29.5%)

Benzodiazepines 22 (23.2%)

Muscle relaxant 21 (22.1%)
(cyclobenzaprine, baclofen,

carisoprodol,

methocarbamol)

Dexmedetomidine 13 (13.7%)

Abbreviations: ADE, adverse drug event; SSRI, selective serotonin reuptake
inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitor; TCA, tricyclic
antidepressant.

Characteristics of Ketamine Infusions and

Ketamine-Related Adverse Drug Events
The average ketamine infusion rate was 12.2 mg/hr with
an average duration of 39.4 hrs. The reason for ketamine

Orthopedic surgery 6 (6.3%) . . . . . .
infusion discontinuation was because of adequate pain
Urology procedure I (1.1%) . ] o )
Gynecologic surgery 1 (1.1%) control and transition to oral pain medication in 80
Head and neck surgery | | (1.1%) patients. Infusion was discontinued because of a ketamine-
related ADE in 14 patients. Overall, 28 of the 95 patients
Average age (years) 53.9 . . .
experienced a ketamine-related ADE. These ketamine-
Gender Male 38 (40%) related ADEs are summarized in Table 3. A comparison
Female 57 (60%)
Average weight, BMI 79.9 kg, BMI
277 Table 3 Ketamine-Related ADEs Occurring in Patients Receiving
Low-Dose Ketamine Infusions
ASA class | 5 (5.3%) _ : -
2 45 (47.9%) Incidence of Ketamine-Related ADE Overa.ll . 28 (2‘3.54)
3 42 (44.7%) HaIIucma.tlons 9 (9.50/0)
4 2 (21%) Dysphoria 5(5.3%)
Dizziness 10 (10.5%)
Patients on opioid 52 (54.7%) Visual disturbance | 3 (3.2%)
therapy prior to infusion Sedation 5(5.3%)
Abbreviation: ASA, American Society of Anesthesiologists. Abbreviation: ADE, adverse drug event.
Journal of Pain Research 2019:12 submit your manuscript 3415
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of patients who experienced a ketamine-related ADE and
patients who did not experience a ketamine-related ADE
was performed and is summarized in Table 4.

Eighty-five per cent of infusions were discontinued
because pain was controlled and the patient was being
transitioned to oral pain medications, and 15% were
discontinued because of ketamine-related ADEs. Of
those discontinued because of ketamine-related ADEs,
six were stopped during hours 0-24, four between
hours 24 and 48, three between hours 48 and 72, and
one between hours 72 and 96. Mean average opioid
doses and pain scores during the treatment period are
listed in Table 4.

Associations of Ketamine-Related

Adverse Drug Events and Depression

Of the 95 patients included in the study, 29 had a diagnosis
of depression at the time of receiving a ketamine infusion.
Of the 29 patients with a diagnosis of depression, three
experienced a ketamine-related ADE (10.3%), while 25 of
the 66 patients without a diagnosis of depression (37.3%)
experienced a ketamine ADE, which was statistically sig-
nificant (p = 0.007).

A subgroup analysis was performed on patients with
and without a diagnosis of depression to assess differences
in these two populations (Table 5). Patients with a history
of depression were more likely to have received a SSRI,

Table 4 Comparison of Patients Who Experienced A Ketamine-Related ADE and Those Patients Who Did Not Experience

A Ketamine-Related ADE

Patients Who Experienced Patients Who Did Not Experience P Value
Ketamine-Related ADE (n = 28) | Ketamine-Related ADE (n= 67)
Patients with diagnosis of depression 10.3% (3) 37.3% (25) 0.007*
Patients with diagnosis of chronic pain 30.4% (14) 47.8% (32) 0.101%
Patients with diagnosis of psychotic disorder | | 0.505%
Average age (years) 53 54.2 0.954*
Percent male 32.1% (9) 43.3% (29) 0.364°
Percent female 67.9% (19) 56.7% (38) 0.364°
Average weight (kg) 772 81.0 0.453*
Average BMI 26.9 28.1 0.445%
Average ASA class 2.32 248 0.725°
Percent on chronic opioids prior to infusion 53.6% (15) 55.2% (37) 1.000°
Average daily MEDD (mg) 109.9 73.1 0.663*
Average ketamine dose (mg/hr) 12.1 12.3 0.686"
Average intraop. opioid use (Morphine Eq.) 57.1 66.8 0.394*
Average opioid use first 24 hr (Morphine Eq.) 292.4 206.1 0.193%
Average opioid use 2448 hrs (Morphine Eq.) 293.8 179.9 0.069*
Average opioid use 4872 hrs (Morphine Eq.) 283.4 160.3 0.173*
Average postop. total ketamine dose (mg) 634.0 500.0 0.877°
Average duration of ketamine infusion (hrs) 443 373 0.493*
Avg. pain score in PACU or at admission 74 74 0.795*
Avg. pain score at 6 hrs 5.5 5.7 0.899°
Avg. pain score at 12 hrs 49 5.0 0.987%
Avg. pain score at 24 hrs 45 5.0 0.331*
Avg. pain score at 48hrs 4.3 43 0.936°
Avg pain score at 72 hrs 42 3.9 0.928*
Percent receiving gabapentin or pregabalin 50% (14) 56.7% (38) 0.507°
Percent receiving SSRI, SNRI, TCA, or trazadone | 25% (7) 31.3% (21) 0.627°
Percent receiving benzodiazepine 14.3% (4) 26.9% (18) 0.286°
Percent receiving muscle relaxant 25% (7) 20.9% (14) 0.787°
Dexmedetomidine 14.3% (4) 13.4% (9) 1.000°

Notes: *Kruskal-Wallis rank sum test. °Fisher’s Exact Test for Count Data.

Abbreviations: BMI, body mass index; ADE, adverse drug event; MEDD, morphine-equivalent daily dose; PACU, post-anesthesia care unit; SSRI, selective serotonin
reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant.
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Table 5 Comparison of Patients with Diagnosis of Depression at the Time of Receiving Low-Dose Ketamine Infusions and Patients

with No Diagnosis of Depression

Patients with Patients Without P Value

Depression (n = 29) Depression (n= 66)
Average age (years) 533 54.1 0.67
Percent male 31 439 0.364
Percent female 69 56.1
Average weight (kg) 79.5 80.1 0.57
Average BMI 27.7 27.7 0.79
Average ASA class 2.6 24 0.278
Percent on chronic opioids prior to infusion 55 545 1.0
Average daily MEDD (mg) 779 86.6 0.92
Average ketamine dose (mg/hr) 12.9 1.9 0.30
Average intraop. opioid use (Morphine Eq.) 57.5 66.8 0.23
Average opioid use first 24 hr (Morphine Eq.) 219.8 236.7 0.65
Average opioid use 2448 hrs (Morphine Eq.) 183.7 226.5 0.6l
Average opioid use 48-72 hrs (Morphine Eq.) 154.2 215.2 0.53
Average postop. total ketamine dose (mg) 556.7 531.8 0.57
Average duration of ketamine infusion (hrs) 39.1 395 0.97
Avg. pain score in PACU or at admission 8.1 7.1 0.12
Avg. pain score at 6 hrs 6.4 53 0.07
Avg. pain score at |12 hrs 5.7 4.7 0.08
Avg. pain score at 24 hrs 53 4.7 0.24
Avg. pain score at 48 hrs 49 4.1 0.17
Avg. pain score at 72 hrs 43 4.0 0.59
Percent receiving gabapentin or pregabalin 62.1 51.5 0.5
Percent receiving SSRI, SNRI, TCA, or trazadone 62.1 15.2 <0.001
Percent receiving benzodiazepine 27.6 21.2 0.60
Percent receiving muscle relaxant 31.0 18.2 0.19
dexmedetomidine 13.8 13.6 1.0

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; ADE, adverse drug event; MEDD, morphine-equivalent daily dose; PACU, post-
anesthesia care unit; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant.

SNRI, TCA or trazodone during ketamine infusion (62.1%
vs 15.2%) (p < 0.001).

Logistic regression analysis was performed on patients
with a history of depression. The odds ratio (OR) was
0.189 (95% CI 0.042-0.610) of patients with a history of
depression developing a ketamine-related ADE. Adjusted
logistic regression analysis was performed to address the
possible confounding factor of antidepressants and patients
with a history of depression. The OR of ketamine-related
ADE in patients with a history of depression was found to
be statistically significant at 0.177 (95% CI 0.139-0.576),
while the OR of ketamine-related ADE in patients taking
SSRIs, SNRIs, TCAs, or trazodone was not significant at
1.497 (95% CI 0.484-5.252).

Discussion
The patients in this study are complex (Table 1), mostly
American Society of Anesthesiologists (ASA) class 2 and

3, and they carry a high incidence of conditions such as
chronic pain, chronic opioid therapy, and depression that
predict challenging postoperative pain management. Co-
administration of other CNS depressants commonly used
as adjuncts for pain management was also very common.

Most of the above characteristics are comparable with
the patient characteristics reported in another recent
descriptive analysis of an institution’s ketamine infusion
practice (Schwenk et al . 2016, RAPM).” That particular
study, however, did not report on the co-administration of
other CNS depressants. Notably, all of the patients in that
particular study had undergone spine surgery, whereas in
the present study, the most common surgery type was
abdominal surgery (57.9%) followed by spine surgery
(26.3%) and orthopedic surgery (6.3%). In addition, six
patients in our study were not surgical patients, but rather
chronic pain patients admitted on medicine services for

a variety of conditions.
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Ketamine-related ADEs were common with an over-
all incidence of 29.5% (Table 3). Combined incidence of
psychomimetic effects (hallucinations plus dysphoria)
was 14.8%. In Table 6 we compare the incidence of
ketamine-related ADEs in our study with those reported
by Schwenk et al. (2016) as well as those reported in two
large meta-analyses of prospective trials of perioperative
ketamine. Overall, the incidence of ketamine-related
ADEs reported in our study as well as that by Schwenk
et al. (2016) is significantly higher than that reported in
the two meta-analyses. In addition, sedation in particular
was reported in 5.3% of the patients in this study and in
9.4% by Schwenk et al. (2016), whereas sedation is
infrequently reported as a side effect in most of the
prospective trials. In fact, Elia et al. (2005) suggest that
ketamine has a protective effect against sedation, pre-
sumably via its opioid-sparing effect. What can explain
these discrepancies?

First of all, it is important that all of the patients in our
study as well as the study by Schwenk et al. (2016)
received postoperative ketamine infusions in addition to
intraoperative ketamine. The prospective trials analyzed
by Elia et al. (2005) and Laskowski et al. (2011) were
heterogeneous, some involved postoperative ketamine
infusions; however, many of the studies had protocols
that involved only intraoperative ketamine. It is reasonable
to suggest that postoperative infusions could increase the
risk of ketamine-related ADEs (and sedation in particular)
as compared with intraoperative therapy alone. Although
this proposition has not been studied in a controlled pro-
spective trial, our data do offer some limited evidence to
support that hypothesis.

Table 6 Comparison of the Incidence of Ketamine-Related ADEs
Seen in Our Study with Other Retrospective and Meta-Analysis
of Prospective Studies

Stoker | Schenk | Laskowski | Elia

et al. et al. et al. et al.
Overall 29.50% 31.80% N/A N/A
Psychomimetic effects | 14.80% 16.20% 7.35% * 7.40%
Ocular/visual effects | 3.20% 3.10% * 6.20%
Dizziness 10.50% N/A N/A ok
Sedation 5.30% 9.40% 2.53%**
Nightmares 2.40%

Notes: *Ocular and visual effects included with psychomimetic effects. **Similar
incidence as seen in patient who did not receive ketamine. ***Incidence of sedation
not reported, although meta-analysis reported a relative risk of 0.5 of sedation with
use of ketamine versus control in patients receiving opioids.

Second, the patients evaluated in prospective trials are
not the same patients who received ketamine infusions in
our practice. As our demographic data show, patients who
receive ketamine in our practice are complex, with a high
incidence of psychiatric comorbidities, chronic pain,
opioid tolerance, and often take other CNS depressants.
In other words, compared with the patients who are
entered into most prospective controlled trials, we
hypothesize that perhaps these patients are vulnerable to
neuropsychiatric side effects.

Despite the logical appeal of this hypothesis, our data do
not reveal any statistically significant positive association
between any clinical factor with the development of ketamine-
related ADEs (see Table 4). There was a non-statistically
significant trend suggesting that higher postoperative opioid
dose could be associated with ketamine-related ADEs. In
addition, patients who experience ketamine-related ADE had
a longer average duration of ketamine infusion and higher
cumulative ketamine dose, but these were not statistically
significant differences and the average infusion dose in
milligrams per hour was similar.

The most interesting finding in our study was a negative
correlation between ketamine-related ADEs and a prior
diagnosis of depression (10.3% ADE with depression vs
37.3% ADE without depression, p = 0.007). Patients with
depression were compared with those without depression
(see Table 5) and no significant differences were found in
other clinical factors other than an unsurprising positive
association with depressed patients taking antidepressant
medications. We considered the possibility that the antide-
pressants could be a confounder and possibly providing the
protective effect, but we found no independent association
(either positive or negative) between antidepressant use and
ketamine-related ADEs.
appears independently associated with a lower incidence
of ketamine-related ADEs.

This finding is intriguing in light of the fact that keta-

The diagnosis of depression

mine itself is a potent antidepressant and an intranasal
formulation was recently approved in the United States
for treatment of MDD.'° Psychomimetic, cardiovascular,
and neurological side effects are frequently reported in
studies examining the use of ketamine for the treatment
of depression.'' That said, it is difficult to compare the
psychiatric patient population with the perioperative
patient population. The dosing protocols in the depression
studies are different (often more aggressive) and the
patients are being treated for acute major depressive epi-
sodes, whereas most of the patients in the perioperative
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environment with a diagnosis of depression have stable
chronic disease.

Nonetheless, these findings beg the question, is there
something about the depressed patient’s neurochemistry or
neurocircuitry that exerts a protective effect against ketamine-
related ADEs? The primary in-vivo agonist of the NMDA
receptor is glutamate, an excitatory neurotransmitter that
interacts with multiple receptors and pathways throughout
the CNS. Glutamate and the NMDA receptor are thought to
be primary actors in numerous mental and psychiatric dis-
orders, including MDD and schizophrenia.'>"? Glutamate
levels are higher in the plasma and the cerebral cortex in
depressed patients when compared with non-depressed
patients.'> '® Studies using magnetic resonance spectroscopy
to measure brain glutamate in depressed patients demonstrate
significant differences in multiple brain regions when com-
pared with non-depressed controls.'>!'”"'® Taken together
with the fact that ketamine (which blocks glutamate at the
NMDA receptor (NMDAr)) is a potent antidepressant, this

suggests that elevated glutamate/NMDATr activity in certain
CNS pathways may be involved in MDD.

Kim et al. (1980) demonstrated that cerebrospinal fluid
glutamate levels are low in patients with schizophrenia and
this led to the glutamate hypofunction hypothesis of
schizophrenia.'*'*!? This is consistent with the observation
that ketamine and phencyclidine, NMDA receptor antago-
nists, cause dose-dependent psychotic symptoms. Clearly,
glutamate and NMDAr are involved in both MDD and
psychotic symptoms, although the exact pathways and
mechanisms and how they relate to one another are not
fully understood. If glutamate/NMDAr activity exists on
a continuum, with MDD on the high end and psychosis on
the low end, this could explain our finding that depression is
protective against ketamine-induced psychomimetic effects
(see Figure 1). Finally, MDD and psychosis are complex
phenomena that likely involve other neurotransmitter/recep-
tor systems and, likewise, ketamine is known to interact with
multiple other receptor types in the CNS (voltage-gated Na
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Figure | Hypothetical model explaining relationship of glutamate/NMDA activity in
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relevant CNS pathways with psychiatric symptoms. In this model, high glutamate/NMDA

activity is associated with depression and low glutamate/NMDA activity is associated with psychosis. Ketamine reduces glutamate/NMDA activity in a dose-dependent
manner. Depressed patients may have higher baseline glutamate/NMDA activity such that when given ketamine, they do not drop below the theoretical threshold necessary

for the development of psychotic symptoms.
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and K channels, serotonin receptors, inhibition of dopamine
reuptake, and others).?® It is entirely plausible that other
receptors and neural pathways are at least partially respon-
sible for ketamine’s interplay with depression and psycho-
mimetic effects.

This finding may potentially have value for surgical
patients receiving ketamine infusions. Investigators have
looked at ketamine’s antidepressant effects in the perio-
perative setting and the data are conflicting. In a large
randomized clinical trial of 670 patients, Mashour et al.
(2018) reported that ketamine had no effect on the inci-
dence of postoperative depression in patients without
a pre-existing diagnosis of depression.?' Perhaps the key
patients to look at are patients who do have depression.
Kudoh et al. (2002) report that low-dose ketamine does
improve postoperative depression in previously depressed
patients, although it is a small study and has not been since
replicated (A&A 2002).** Thus, we know that ketamine
improves mood in non-surgical and surgical patients and,
if our finding of depression’s protective effect against
ketamine-related ADEs is confirmed, it would suggest
that depressed patients are ideal candidates for ketamine
therapy in the perioperative setting.

Limitations

This study is based on retrospective data and a relatively
small number of patients. Our patient population may not be
representative of other practices, in particular a high propor-
tion of patients undergoing abdominal procedures. In addi-
tion, ketamine-related ADEs were analyzed together because
the study was not powered to analyze associations with
individual ketamine-related ADEs. Finally, there is no con-
trol group of patients that did not receive ketamine. Because
most of the ADEs included are also possible with opioids, it
is possible that the rates of ketamine-related ADEs are over-
estimated in the present study.

Conclusions

Patients treated with perioperative ketamine in this study
were complex, mostly ASA 2 and ASA 3, with a high
incidence of chronic pain, depression, and chronic opioid
therapy. The incidence of ketamine-related ADEs was
29.5% overall and the incidence of psychomimetic
effects was 14.8%. These numbers are consistent with
another similar retrospective study but significantly
higher than that reported in meta-analyses and prospec-
tive trials. We found no statistically significant positive
associations between ketamine-related ADEs and other

clinical factors such chronic pain, chronic opioid therapy,
psychiatric disease or co-administration of other CNS
depressants. Patients with depression were found to
have a statistically significant reduction in the incidence
of ketamine-related ADEs. This finding suggests that the
depressed patient is less susceptible to ketamine-induced
ADE:s, hypothetically because of a higher baseline level
of glutamate/NMDAr activity in certain areas or path-
ways within the CNS. Clearly, more research is needed
to further delineate this phenomenon.
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