ORIGINAL RESEARCH

Evaluating the Influence of IV Ketamine on
Postoperative Opioid Use for Surgical Patients

at a Tertiary Care Centre

Danielle Porter, Sharon Yamashita, Martin Van Der Vyver, and Romina Marchesano

Can J Hosp Pharm. 2023;76(1):48-55

ABSTRACT

Background: Subanesthetic doses of ketamine have been shown to
improve the efficacy of opioids, increase pain control, and exemplify
opioid-sparing effects when used as postoperative analgesia for adults.

Objectives: To determine, for surgical patients, the impact of IV
ketamine infusions on opioid use in hospital, overall and within 24 h
before discharge, as well as pain scores.

Methods: A retrospective matched cohort study was conducted, in
which surgical patients exposed to ketamine were compared with those
not exposed to ketamine, among admissions from January 1, 2018,

to February 28, 2020. Patients were matched for age, surgical service,
and sex.

Results: A total of 104 patients were included in the study. Overall,
there was no significant difference in mean total opioid use in hospital
for patients exposed and not exposed to ketamine (171.7 mg versus
115.5 mg oral morphine equivalent [OME], p = 0.09), nor was there
any difference in opioid use in the 24 h before discharge (28.2 mg
versus 18.2 mg OME, p = 0.14). Patient-reported pain scores did not
differ between groups. More patients in the ketamine group experienced
hallucinations than in the group not exposed to ketamine (5 versus 0,

p =0.024).

Conclusions: Overall, subanesthetic doses of IV ketamine used
postoperatively in surgical patients did not decrease opioid use or
patient-reported pain. More patients who received ketamine had
documented hallucinations. These results will help guide postoperative
analgesia practice and strategies to reduce opioid use.

Keywords: ketamine, pain management, postoperative pain, opioid-
sparing, opioid stewardship

INTRODUCTION

The opioid crisis is a well-known public health concern.
Routine postoperative use of opioids may result in discharge
prescriptions for opioids and serves as a means of introdu-
cing opioids into the community. A variety of studies have
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RESUME

Contexte : Il a été démontré que des doses sous-anesthésiques de
kétamine améliorent |'efficacité des opioides, augmentent le contréle de
la douleur et illustrent les effets d'épargne des opioides lorsqu’elles sont
utilisées comme analgésie postopératoire chez I'adulte.

Objectifs : Déterminer, pour les patients chirurgicaux, I'impact des
perfusions de kétamine IV sur la consommation d'opioides a I'hopital en
général et dans les 24 h précédant la sortie, ainsi que les scores de douleur.

Méthodes : Une étude de cohorte rétrospective appariée a été menée
dans laquelle on a comparé, chez les patients chirurgicaux admis du

1" janvier 2018 au 28 février 2020, ceux qui ont été exposés a la
kétamine a ceux non exposés a la kétamine. Les patients ont été appariés
selon I'age, le service chirurgical et le sexe.

Résultats : Au total, 104 patients ont été inclus dans I'étude. Dans
I'ensemble, il n'y avait pas de différence significative dans la consommation
totale moyenne d'opioides a I'hGpital pour les patients exposés et non
exposés a la kétamine (171,7 mg contre 115,5 mg d'équivalents de
morphine orale [OME], p = 0,09), ni de différence dans la consommation
d'opioides dans les 24 h avant la sortie (28,2 mg contre 18,2 mg OME,

p =0,14). Les scores de douleur rapportés par les patients ne différaient pas
entre les groupes. Plus de patients du groupe kétamine que du groupe non
exposé a la kétamine ont eu des hallucinations (5 contre 0, p = 0,024).
Conclusions : Dans |'ensemble, les doses sous-anesthésiques de
kétamine IV utilisées aprés |'opération chez les patients chirurgicaux n‘ont
pas diminué |utilisation d'opioides ni la douleur signalée par les patients.
Plus de patients ayant recu de la kétamine avaient des hallucinations
documentées. Ces résultats aideront a guider la pratique de I'analgésie
postopératoire et les stratégies visant a réduire I'utilisation d'opioides.

Mots-clés : kétamine, gestion de la douleur, douleur postopératoire,
épargne des opioides, gestion des opioides

demonstrated a link between opioid use/abuse and opioid
prescriptions written by surgeons. Two studies concluded
that 6% to 7% of opioid-naive patients for whom opioids
were prescribed after discharge following surgery became
persistent users."? The need for postoperative opioid stew-
ardship is evident.
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Non-opioid analgesia is one strategy to reduce post-
operative opioid use. Ketamine is a non-competitive
N-methyl-p-aspartate (NMDA) receptor antagonist that
possesses anesthetic properties at high doses and analgesic
properties at low doses.® Laskowski and others* completed
a meta-analysis of randomized placebo-controlled trials
evaluating the role of IV ketamine in decreasing postopera-
tive pain. Their results suggested that ketamine may improve
the efficacy of opioids and pain control and may exemplify
opioid-sparing effects when used in adults as postoperative
analgesia, irrespective of the type of intraoperative opioid
administered. Additionally, a Cochrane review of 113 stud-
ies using perioperative IV ketamine for acute postopera-
tive pain found that participants treated with ketamine
consumed 7.6 mg less morphine equivalent opioid (95%
confidence interval [CI] -8.9 to -6.4) in the first 24 h after
surgery.® US consensus guidelines on the use of IV ketamine
infusions for acute pain management support the use of low-
dose ketamine for pain control in patients undergoing sur-
gery where postoperative pain is likely to be severe.®

Ketamine, however, is known to have adverse effects.
Many studies have shown that ketamine is associated with
adverse central nervous system (CNS) effects, such as hal-
lucinations, nightmares, delirium, and cognitive impair-
ment.%8 It is, however, difficult to differentiate between
the adverse effects caused by ketamine and those caused
by other drugs used in the perioperative setting (e.g., opi-
oids, antiemetics) or by the surgery itself. Although side
effects are less likely with low doses of ketamine relative to
the higher doses used for anesthesia, the clinical impact of
these adverse events can be significant.®

In many hospitals, the use of IV ketamine is restricted
to the operating rooms, the intensive care units (ICUs),
and/or the acute pain service. In August 2019, our institu-
tion introduced a new policy allowing the unrestricted use
of low-dose IV ketamine infusions (less than or equal to
0.3 mg/kg/h) for pain control on the wards as an opioid-
alternative strategy. This study was undertaken to deter-
mine the impact of IV ketamine infusions on opioid use in
hospital (entire stay) and within 24 h before discharge, as
well as postoperative pain scores in surgical patients.

METHODS

Study Design

This study was a retrospective chart review. Patients admit-
ted to the Orthopedic, Trauma, and General Surgery ser-
vices at Sunnybrook Health Sciences Centre in Toronto,
Ontario, from January 1, 2018, to February 28, 2020 were
eligible for inclusion. Approval was obtained from the hos-
pital’s Research Ethics Board.

Data Sources

Consecutive surgical patients exposed to analgesic doses
of IV ketamine were identified and screened for inclusion

CJHP - Vol. 76, No. 1 = Winter 2023 JCPH = Vol. 76,n° 1 = Hiver 2023

criteria using the hospital’s Health Records database. Infor-
mation was collected from the hospital’s electronic patient
medical record system (Sunnycare, Sunnybrook Health Sci-
ences Centre) and the scanned patient chart system (Sovera,
CGI Technologies and Solutions Inc).

Inclusion and Exclusion Criteria

Patients 18 years of age or older who were admitted from
home for surgery under the Orthopedics, Trauma, or Gen-
eral Surgery service were eligible for the study. General
surgeries primarily consisted of appendectomies and chole-
cystectomies, and orthopedic surgeries primarily consisted
of lower-extremity and spinal surgeries. The following
patients were excluded because they did not represent the
typical postoperative surgical patient: patients with opioid
use before admission, those who left against medical advice,
those discharged from the short-stay unit, those who died
during the hospital admission, those admitted to critical
care for longer than 48 h, those with ketamine use beyond
4 days, and those with oral ketamine use.

Patient Characteristics and Data Collection

Health Records generated extensive lists of patients from
the prespecified surgical services according to whether they
did or did not receive ketamine. A convenience sample of
approximately 100 patients was chosen. Fifty-two patients
who met the inclusion criteria and received IV ketamine for
pain were randomly selected from this list. These patients
were then matched (by age, sex, and surgical service) to
an additional 52 patients who met the inclusion criteria
but were not exposed to ketamine. Ketamine for pain was
defined as a continuous infusion of ketamine at a dosage
less than 0.3 mg/kg/h. Baseline demographic data, includ-
ing age, sex, and comorbidities, were collected. Comorbid-
ity data were based on the Charlson Comorbidity Index,
along with the presence or absence of chronic pain or can-
cer before admission. The Injury Severity Score was col-
lected for patients who underwent trauma surgery. Data on
analgesic use and pain scores were collected for the day of
surgery and 3 days postoperatively (4 days in total) and for
the 24 h before discharge. Data were also captured for rea-
son for admission, length of stay, procedure type, procedure
date, and whether the Acute Pain Service (an interprofes-
sional team at our institution specializing in pain manage-
ment) was consulted. For each day of data collection, drug,
dose, and total daily use were collected for all IV ketamine,
opioid, and non-opioid analgesia (acetaminophen, non-
steroidal anti-inflammatory drugs, gabapentanoids, and
antidepressants, such as amitriptyline, nortriptyline, and
duloxetine). The highest pain score on each day was noted.
Data on postoperative epidural use were collected, and
the occurrence of delirium or hallucinations was noted.
Although gastrointestinal symptoms are also a common
adverse effect of ketamine, we chose not to collect such
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data, given the concomitant medications and medical con-
ditions that could be expected to contribute to nausea and
vomiting in this population. Administration of naloxone
was used as a surrogate for opioid toxicity.

Outcomes

There were 3 primary outcomes of interest for surgical
patients exposed to postoperative IV ketamine relative to
those without ketamine exposure. The first was mean post-
operative opioid use on day 0 (defined as the day of surgery)
and on days 1 through 3, displayed in terms of both indi-
vidual days and the sum of all days. The second outcome
of interest was mean opioid use within the 24 h before dis-
charge, as a reflection of opioid requirements at discharge.
We chose not to collect data for discharge opioid prescrip-
tions because a previous study at our institution suggested
that the total quantity of opioids prescribed at discharge
was greater than the amount of opioids consumed in the
24 h before discharge.” All opioid doses were converted to
the oral morphine equivalent (OME).!%!! The third primary
outcome was pain scores on days 0 through 3, along with
pain score in the 24 h before discharge. Pain scores were
reported on a Numerical Rating Scale (NRS) from 0 to 10,
where 10 was maximum pain. The NRS is a validated pain
score and is incorporated into the nursing documentation
at our institution.!>13

Secondary outcomes of interest were the use of nalox-
one and the presence of hallucinations or delirium.

Statistical Analysis

Descriptive statistics (mean, standard error) were used to
summarize continuous variables, such as age, Charlson
Comorbidity Index, length of stay, opioid use, and pain
scores. The Student t test (Excel spreadsheet software,
Microsoft Corporation) was used to compare the means
of continuous variables, with 2-sided tests used for all sta-
tistical analyses. Categorical variables, such as sex, cancer,
and chronic pain before admission, and involvement of the
Acute Pain Service were described using frequency counts
and proportions. Tests of proportions were used to compare
proportions between the study groups, and x* tests were
used to study correlations between pairs of categorical vari-
ables. Results were deemed significant when p was less than
0.05. Descriptive statistics were also used to summarize the
adverse CNS effects of delirium and hallucinations.

RESULTS

In total, 404 patient charts were reviewed, and 104 patients
met the inclusion criteria. Fifty-two patients who received
IV ketamine for analgesia were randomly selected and
matched with 52 patients for whom IV ketamine was not
prescribed, matched by age range, sex, and surgical service.
Baseline characteristics were similar between the groups
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(Table 1). Important characteristics such as ICU admission
and Charlson Comorbidity Index were also similar between
the groups, and among trauma patients there was no differ-
ence in the Injury Severity Score. Patients in the ketamine
group had a longer mean length of stay than those who did
not receive ketamine (8.4 days versus 6.1 days, p = 0.005).
Patients in the ketamine group also had more involvement
of the Acute Pain Service (50 patients versus 12 patients,
p < 0.001) and therefore had a higher rate of epidural use
and a larger number of adjunct analgesics (Table 1). For
patients receiving ketamine, the median dosage of this drug
was 0.1 mg/kg/h (range 0.05-0.1 mg/kg/h), and the median
duration of use was 44 h (range 8-83 h).

All opioid doses are reported as OME.!"!2 There was no
significant difference in the mean total opioid use over the
period from day 0 (the day of surgery) to postoperative day
3 between patients exposed to IV ketamine and those not
exposed (171.7 mg [range 0-950 mg] versus 115.5 mg [range
0-558 mg], p = 0.09), nor were there significant differences
on day 0, day 1, or day 2 (Figure 1). However, there was a
significant difference in opioid use on postoperative day 3,
with those exposed to ketamine having higher mean opi-
oid use than those not exposed (33.9 mg [range 0-200 mg]
versus 13.8 mg [range 0-80 mg], p = 0.007). There was no
difference in overall mean opioid use in hospital (post-
operative days 0 through 3) by service (Figure 2).

In the 24 h before discharge, there was no significant
difference in opioid use between those exposed to ketamine
and those not exposed (28.2 mg [range 0-160 mg] versus
18.2 mg [range 0-150 mg], p = 0.14) (Figure 3).

Similarly, there was no significant difference in max-
imum reported pain scores on the day of surgery or on pos-
toperative days 1 through 3 (Figure 4).

Safety outcomes are detailed in Table 2, specifically
naloxone use and the presence of delirium or hallucina-
tions. Three patients in the ketamine group, but none in
the “no ketamine” group, received naloxone. Delirium was
reported for the same number of patients in each group
(n = 5). Five patients in the ketamine group, but none in the
“no ketamine” group, experienced hallucinations.

DISCUSSION

The aim of this study was to determine the impact of IV
ketamine on opioid use postoperatively and in the 24 h
before discharge, as well as pain scores, for surgical patients.

The results demonstrated that ketamine had no clin-
ically or statistically significant impact on opioid use. The
only result that reached statistical significance was greater
opioid use on postoperative day 3 among patients exposed
to ketamine, but this may have been the result of type II
error, rather than a clinically relevant difference. For all
other days of data collection, there was no difference in opi-
oid use. This analysis does not support the hypothesis that
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TABLE 1. Patient Characteristics

Group; No. (%) of Patients?

Characteristic Ketamine (n = 52) No Ketamine (n = 52) p value
Age (years) (mean = SD) 53.3+18.2 52.4 +18.2 0.97
Sex, female 23 (44) 23 (44) >0.99
Type of surgery
Orthopedic 18 (35) 18 (35) >0.99
Trauma 18 (35) 18 (35) >0.99
Injury Severity Score® (mean + SD) 17.0+ 7.7 146 +7.5 0.25
General 16 (31) 16 (31) >0.99
Length of stay (days) (mean + SD) 84+4.6 6.1+3.3 0.005
Charlson Comorbidity Index (mean =+ SD) 26+28 21+23 0.36
Chronic pain before admission 2 4 3 (6) 0.65
Active cancer diagnosis 13 (25) 7 (13) 0.14
Discharge to rehabilitation 10 (19) 1M1 (21) 0.81
APS involvement 50 (96) 12 (23) < 0.001
Epidural use 15 (29) 2 (4 0.001
ICU stay at any time during admission 13 (25) 9 (17) 0.34
Duration of IV ketamine (hours) (mean + SD) 44 +21.7 NA < 0.001
Maximum no. of adjunct agents per day (mean + SD) 24+09 1.5+0.9 < 0.001
APS = Acute Pain Service, ICU = intensive care unit, NA = not applicable, SD = standard deviation.
aExcept where indicated otherwise.
PFor patients undergoing trauma surgery only.
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FIGURE 1. Mean daily opioid use in hospital. POD = postoperative day.
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subanesthetic doses of IV ketamine lower opioid use either
postoperatively or in the period just before discharge. We
therefore speculate that postoperative IV ketamine will not
decrease the amount of opioids prescribed at discharge and
therefore will not reduce the amount of opioids introduced
into the community. These results do not align with the
meta-analysis by Laskowski and others,* which suggested
that ketamine may improve the efficacy of opioids and
exemplify opioid-sparing effects when used as postopera-
tive analgesia in adults.

Our results also failed to demonstrate a difference
in patient-reported pain scores between patients exposed
and not exposed to ketamine. This result held true for
all the days on which data were collected. In contrast, in
their Cochrane review on perioperative IV ketamine for
postoperative pain, Brinck and others® found that pain
scores measured with a visual analogue scale (0-100 mm)
were 5 mm lower after ketamine treatment (95% CI -6.6
to -3.6) relative to participants receiving the control
treatment. One hypothesis is that regardless of whether
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FIGURE 2. Mean total opioid use (postoperative days 0—3) in hospital, by service. ORT = orthopedic surgery, TRA =

trauma surgery, GS = general surgery.
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FIGURE 3. Mean opioid use in the 24 h before discharge, by service. ORT = orthopedic surgery, TRA = trauma surgery, GS = general surgery.
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FIGURE 4. Mean maximum pain score. *Pain score reported according to the Numerical Rating Scale (NRS), from 0 to 10, where 10 is

maximum pain. POD = postoperative day.

TABLE 2. Secondary Outcomes: Safety

Group; No. with Effect

Ketamine No Ketamine
Adverse Effect (n=52) (n=52) p Value
Naloxone use 3 0 0.08
Delirium 5 5 >0.99
Hallucinations 5 0 0.024

ketamine lowers opioid use, it may reduce the pain that
patients experience. It is important to note, however, that
patient-reported pain is highly subjective and can be diffi-
cult to capture retrospectively.

There is little research on the influence of postopera-
tive ketamine use for pain in surgical patients. In a study
of patients with chronic opioid use who underwent sur-
gery, those receiving IV ketamine had a 13.5% decrease
from preoperative pain score to postoperative pain score,
whereas the placebo group experienced a 15.5% increase
(p = 0.0057).1 Tt is difficult to directly compare our results
with this previous study, as patients receiving opioids before
admission were excluded from our study. In their Cochrane
review, Brinck and others® found that among participants
receiving ketamine, consumption of morphine equivalent
opioid was 7.6 mg less (95% CI -8.9 to -6.4) and 12.6 mg
less (95% CI —15.1 to —10.2) in the first 24 and 48 h after sur-
gery, respectively. However, those authors looked at the use
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of perioperative IV ketamine, whereas our study analyzed
only postoperative IV ketamine use. In the same review,
when only the studies that administered ketamine in the
postoperative setting were analyzed, ketamine treatment
was found to reduce opioid consumption at 24 h by 9 mg
(95% CI -13.8 to -3.5) morphine equivalents compared with
control.> However, the authors did note that the quality of
evidence was only moderate because all of the included
studies had fewer than 50 patients. Our results were not
consistent with those of the Cochrane review.

Our study did demonstrate more instances of hallucin-
ations among patients who were exposed to ketamine rela-
tive to those not exposed. This result was not surprising and
is consistent with current literature.® In contrast, there was
no difference in instances of delirium between the 2 groups,
which again was not surprising, given that both opioids and
ketamine, along with surgery itself, can increase the risk of
delirium. With no difference in opioid use or pain control,
but an increase in adverse effects, IV ketamine may not be
an appropriate strategy for opioid conservation.

Our study had some limitations, the first being the
small sample of 104 patients from a single institution. To
compensate for the limited sample size, we matched for
characteristics related to severity of illness, which might
predict increased opioid requirements. Baseline character-
istics such as ICU admission and Charlson Comorbidity
Index were similar between the groups, and among trauma
patients there was no difference in the Injury Severity Score.
Additionally, our study may not reflect prescribing practices
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for patients undergoing same-day surgery or those with a
long ICU stay, given that such patients were excluded. The
study was retrospective, and therefore we were unable to
investigate potential cause-and-effect relationships. Incom-
plete documentation, specifically for patient-reported pain
scores, also limited the reliability of data collection. Includ-
ing the Acute Pain Service and the specific surgical proced-
ure as criteria for matching the patients would have allowed
for more equal distribution of baseline characteristics. We
speculate that patients with greater actual or expected pain
were likely referred to the Acute Pain Service, which may
have explained their higher opioid use. Adjunctive medi-
cations, which may lower opioid use and pain scores, were
not evenly distributed between the groups. It would have
been difficult to match patients for these medications in a
retrospective trial, and excluding them would have dras-
tically lowered our sample size. Interestingly, although
patients in the ketamine group used more analgesics than
those in the “no ketamine” group, their pain control and
opioid use did not differ. Lastly, although the mean keta-
mine dosage was 0.1 mg/kg/h, we analyzed results accord-
ing to the presence or absence of ketamine use. Therefore,
we cannot draw any conclusions about the relationship
between total amount of ketamine exposure and opioid
use. In the future, a prospective randomized trial looking
at postoperative opioid use and pain scores is required to
accurately determine the true relationship between opioid
use and ketamine exposure.

The results of our study are important in the quest
to find opioid alternatives, given the opioid crisis that our
country faces. We focused on patients who were not rou-
tinely using opioids before admission. Alam and others!
studied opioid-naive adult patients undergoing surgery and
found that those receiving an opioid prescription within
7 days after surgery were 44% more likely to become long-
term opioid users within 1 year compared with those who
received no opioid prescription (adjusted odds ratio 1.44,
95% CI 1.39 to 1.50). The need for postoperative opioid
stewardship is evident. However, our study suggests that
subanesthetic doses of IV ketamine administered post-
operatively may not be the answer.

Our study supports the need for ongoing research in
the field of opioid reduction in the postoperative period.
While patients require adequate pain control following sur-
gery, the health care system requires a solution that is safe
for both patients and the community. The use of alternative
and adjunctive analgesic medications is only one avenue for
reducing opioid use in the community. Additional opioid
stewardship strategies include individualized opioid dis-
charge prescriptions based on opioid use within hospital,
part-fill prescriptions, outpatient follow-up with pain spe-
cialists as necessary, changing expectations of acceptable
levels of postoperative pain, and broad education for both
health care prescribers and patients.!>6
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CONCLUSION

This study showed that subanesthetic doses of IV keta-
mine administered postoperatively in surgical patients did
not decrease opioid use in the overall postoperative per-
iod or within 24 h before discharge and had no effect on
patient-reported pain scores. Although the incidence was
small, hallucinations were documented more frequently
among those who received ketamine. The study was lim-
ited by its small sample size, its retrospective nature, and
an imbalance in baseline characteristics, specifically the
involvement of the Acute Pain Service. The results of this
study will help to guide future postoperative analgesia and
strategies to reduce opioid use.
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