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Obijectives: Ketamine is a well-known analgesic and dose-dependent anesthetic used in emer-
gency and disaster medicine. Recently, a new formulation of S-ketamine, as an intranasal spray,
was developed and tested in our institution in healthy volunteers. The authors investigated the
effect of intranasal S-ketamine spray combined with midazolam intranasal spray in postopera-
tive spinal surgery patients.

Materials and methods: In this prospective, computer-randomized, double-blinded nonin-
feriority study in spinal surgery patients, the effects of intranasal S-ketamine and midazolam
were compared with standard morphine patient-controlled analgesia (PCA). The primary end
point was the numeric rating scale pain score 24 hours after surgery.

Results: Twenty-two patients finished this study, eleven in each group. There were similar
numeric rating scale scores in the morphine PCA and the S-ketamine-PCA groups at 1, 2, 4,
24, 48, and 72 hours after surgery during rest as well as in motion. There were no differences
in the satisfaction scores at any time between the groups. The number of bolus demands and
deliveries was not significantly different.

Discussion: In our study, we found that an S-ketamine intranasal spray combined with intra-
nasal midazolam was similar in effectiveness, satisfaction, number of demands/deliveries of
S-ketamine and morphine, and number/severity of adverse events compared with standard
intravenous PCA with morphine. S-ketamine can be regarded as an effective alternative for a
traditional intravenous morphine PCA in the postoperative setting.
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Introduction

Ketamine is a well-known analgesic and dose-dependent anesthetic used in emergency
and disaster medicine.! Nowadays, ketamine is often used as a very potent analgesic in
the perioperative setting.? Several studies have demonstrated the analgesic effective-
ness of perioperatively administered ketamine during the acute postoperative period.**
A systematic review® has shown the analgesic benefit of ketamine, especially in surgery
accompanied by high levels of postoperative pain.

There are two optical isomers of ketamine: S(+)ketamine and R(—) ketamine. The
effects of these drugs are mediated by N-methyl-D-aspartate (NMDA), opioids, and
muscarinic and different voltage-gated receptors.’ Pharmacological studies have shown
that S-ketamine is approximately twice as potent as racemic ketamine.’ Recently, a
new formulation of S-ketamine as an intranasal spray was developed and tested in our
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institution in healthy volunteers.” Intranasally administered
S-ketamine was compared with intravenous (IV) and intra-
muscular S-ketamine. None of the study participants had
serious adverse effects or complications after intranasal
S-ketamine, and all showed a clear analgesic effect and
good absorption of the S-ketamine. The bioavailability of
about 70% was considerably higher than that measured in
previous studies (30%-50%).%° Furthermore, the maximum
analgesic effect for the S-ketamine spray was reached after
about 3—4 minutes, and thus before the maximum plasma
concentration was achieved.” Therefore, S-ketamine spray
has several pharmacokinetic and pharmacodynamic advan-
tages compared to morphine. The aim of this pilot study
was to investigate the effect of intranasal S-ketamine spray
combined with midazolam intranasal spray in a group of
postoperative spinal surgery patients compared with tradi-
tional patient-controlled analgesia (PCA) with morphine. The
rationale for the combination of intranasal S-ketamine and
midazolam is the well-known midazolam-antagonizing effect
of ketamine-induced psychotomimetic adverse effects.!
Furthermore, other studies have reported relaxant and anxi-
olytic effects of midazolam intranasal spray."' To the best of
our knowledge, this is the first clinical study to examine the
combination of S-ketamine and midazolam intranasal sprays
in adult patients.

Materials and methods

General remarks

This study was registered at http://www.clinicaltrials.gov
under the registration number NCT01275547. The study
protocol was approved by the local ethics committee (Ethik

Kommission beider Basel) and the national regulatory author-
ity (Swiss Agency for Therapeutic Products — Swissmedic).
The study was conducted at the Department for Anesthesia,
Surgical Intensive Care, Prehospital Emergency Medicine
and Pain Therapy, University Hospital of Basel, Switzerland
after written informed consent was received from each study
patient. The study was performed in accordance with the
Declaration of Helsinki and good clinical practice.

Inclusion and exclusion criteria

Patients scheduled for decompressive surgery for lumbar
spinal stenosis, aged =18 years, and with a body mass index
between 18 and 39.9 kg/m? were eligible for our study. Patients
with at least one of the following criteria were excluded:
unable to give written informed consent; known drug aller-
gies or intolerance to the study medications (morphine, mida-
zolam, ketamine, paracetamol, or metamizol); known allergy

to crustaceans or chitosan; patients using snuff on a regular
basis; recreational drug abuse; preexisting opioid (tramadol
was permitted), ketamine, or midazolam therapy; general
physical condition greater than or equal to American Society
of Anesthesiologists (ASA) status 4; serious intranasal or
epipharyngeal problems; psychiatric disorder; pregnancy;
renal failure (clearance <30 mL/min); and patients with liver
failure (Model for End-Stage Liver Disease score >25).

Study design

This prospective, computer-randomized, double-blinded,
noninferiority study was designed to address pain ratings in
a postoperative setting. Patients who met all inclusion criteria
were allocated randomly to one of two groups.

The first group was on an alternating S-ketamine intra-
nasal unit-dose spray (6 mg S-ketamine base and 0.5 mcg
chitosan-HCL/0.1 mL; unit intranasal dose spray 63607;
Aptar [formerly Ing Erich Pfeiffer], Radolfzell, Germany)
with midazolam intranasal unit-dose spray (0.75 mg midazo-
lam base and 0.5 mcg chitosan-HCL/0.1 mL per dose) with
a lockout interval of 20 minutes between two applications,
and placebo PCA with a lockout interval of 12 minutes with
IV saline 0.9% for 72 hours or until 40 unit-dose sprays
were delivered. Chitosan is a tight junction blaster for better
resorption.

The second group was on standard PCA with 2 mg mor-
phine I'V with a lockout interval of 12 minutes and a placebo
intranasal spray (saline 0.9% and 0.5 mcg chitosan-HCL)
with a lockout interval of 20 minutes for 72 hours or until
40 unit-dose sprays were delivered.

The authors of a previous study’ used a significantly
higher dose of 20 mg of S-ketamine in healthy volunteers.
We decided to use a dose of 6 mg of S-ketamine and 0.75 mg
of midazolam. The rationale for choosing these significantly
lower doses in this study was the pronounced side effects. In
order to decrease psychomimetic side effects, in particular,
we decided to combine the S-ketamine with midazolam. As
the time to maximum concentration in the previous study’ was
about 21 minutes, we defined a lockout interval of 20 minutes.
The primary objective was to determine whether pain on the
0—10 numeric rating scale (NRS) was noninferior, comparing
the combined intranasal spray treatment with S-ketamine and
midazolam to the standard procedure with morphine PCA
after 24 hours. Furthermore, at 1, 2, 4, 24, 48, and 72 hours
after surgery, the following secondary outcome parameters
were recorded: pain during rest and in motion according to
the NRS; total pain relief; amount of demanded and delivered
doses of morphine and intranasal S-ketamine/midazolam;
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time until all 40 available sprays per patient were used or
premature study termination occurred; amount of rescue
medication used during the study period; adverse events; and
patient acceptance of the analgesic method and tolerability
of the sprays.

A McGill questionnaire!? for each study participant
was recorded before beginning the study and 72 hours
after surgery or after the premature study end. In addition,
after the end of the observation period, the 5D-ABZ score'
(a five-dimensional questionnaire on extraordinary states
of consciousness) was recorded. Four hours and 24 hours
after the end of surgery, venous blood samples were col-
lected for analysis of serum concentrations of midazolam
and S-ketamine.

After inclusion of the first five patients, we realized the
difficulty patients had using the sprays and the PCA cor-
rectly, especially immediately after surgery. For this reason,
we decided to continuously assist each patient, providing
one-on-one care at the bedside during the entire study period
using the sprays and the PCA. In doing this, we achieved
comparable conditions.

Intra- and postoperative

patient management

Every patient was administered 1.5 mg lorazepam orally
about 1 hour before entering the operating room. After
arriving at the operating room, the patient was monitored
according to the ASA guidelines (blood pressure, SpO,,
electrocardiogram) and received an IV line. Anesthesia was
induced with propofol (1.5-2 mg/kg body weight) and fen-
tanyl (2-3 pg/kg body weight). Anesthesia was maintained
with propofol (about 6—10 mg/kg body weight per hour) and
fentanyl (up to 4 ng/kg body weight per hour), according to
the needs of the patient and according to the evaluation of
the responsible anesthetist. Ketamine, S-ketamine, cloni-
dine, midazolam, and nonsteroidal anti-inflammatory drugs
were forbidden. If the patient’s intraoperative anesthetic
need was high, sevoflurane could be administered. After
surgery, every patient received baseline analgesia with 1 g
paracetamol orally every 6 hours. Rescue medication was [V
metamizol 1 g, administered at most, every 6 hours. Baseline
analgesia with nonsteroidal anti-inflammatory drugs was not
allowed by the orthopedic surgeons for fear of intramedul-
lary bleeding.

In the postanesthesia care unit, patients were monitored
according to ASA guidelines (blood pressure, SpO,) for about
2-3 hours. At 1, 2, 4, 24, 48, and 72 hours after surgery, the
patients’ pain (NRS), satisfaction with the analgesic therapy

on a scale from 1 (excellent) to 5 (very bad), intranasal
spray tolerability, adverse effects (sedation score, nausea,
dizziness, pruritus, dry mouth, hypertension, nystagmus,
lacrimation, and sialorrhea) and consumption of analgesics
were assessed. Furthermore, vital parameters (SpO,, blood
pressure, and heart rate) were registered. All parameters were
recorded in an electronic database.

Each patient was administered 40 unit-dose sprays and
received an IV-PCA pump as described earlier. Patients were
randomized for either spray verum and IV-PCA placebo or
spray placebo and IV-PCA verum. To ensure that patients
were not started on midazolam when they requested pain
medication at the beginning of the study, the sequence in
the verum-spray arm began with an S-ketamine spray with
immediate subsequent application of a midazolam spray to
alleviate adverse effects of S-ketamine. After the first dual
application, the sequence continued with S-ketamine, then
midazolam, etc, in alternation.

Each patient had an IV-PCA and a “spray-PCA”. The
spray-PCA had a lockout interval that was indicated with a
blue light. The two PCA systems with different lockout inter-
vals (12 minutes for the morphine IV-PCA, 20 minutes for
the spray-PCA) were connected to a single PCA button.

Patients pushed the PCA button each time they were in
pain. When the 12-minute lockout interval for the “morphine”
pump was over, the patient was given a bolus morphine or
saline. Furthermore, when the lamp of the spray-PCA was
lit blue, which indicated that the 20-minute lockout interval
for the intranasal spray was over, the patient was allowed to
receive the next spray. If this analgesic regimen did not satisfy
the patient’s need, the study was ended and the patient treated
with morphine or methadone according to our standard
postoperative protocol. If a patient received all 40 unit-dose
sprays in less than 72 hours, the study observation period
was stopped, and the patient was treated further according
to our standard postoperative protocol.

Data and statistical analysis

Data were collected in an Access 2010 SP3 database, and the
analyses were performed with GraphPad Prism (GraphPad
version 6.01 for Windows; GraphPad Software, La Jolla,
CA, USA). All results are expressed as estimates with 95%
confidence intervals (CIs) unless otherwise stated. As the
NRS pain score cannot be expected to be normally distrib-
uted, the Wilcoxon rank-sum test was used for estimation
together with the method of Bauer'* for calculating the
two-sided 95% CI. Spray consumption and plasma concentra-
tions were related by linear regression.
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The difference in the primary end point — NRS pain
score 24 hours after surgery (IV morphine PCA minus
S-ketamine) — was tested with a Wilcoxon rank-sum test.
Two-sided 95% Cls were calculated according to Bauer."* If
a CI lay entirely to the right of the prespecified noninferior-
ity margin (-2), the S-ketamine treatment was considered
to be noninferior. Treatment was assigned as indicated by
the computer-randomized block list. Patients with at least
one end-point measurement were included in the intention-
to-treat set.

Results
In total, 41 patients were screened, 24 of whom could be
included between January and May 2012. Two patients had to
be excluded before the application of the study medication was
started: one patient because of organizational circumstances
(surgery late in the evening), and the other patient received
midazolam intraoperatively. One patient in the morphine
group had to be excluded 30 hours after surgery, because he
developed postoperative cognitive dysfunction with delirium.
One patient in the ketamine group wished to conclude the
study 8 hours after surgery because of insufficient pain relief;
this patient also complained about pain levels being too high
after changing to a conservative treatment regimen. Table 1
shows the basic data for the 22 patients included who received
study medication. All patients underwent decompression; one
of them had a decompression and laminectomy. A total of
seven consultant surgeons were involved in the operations.
There were similar NRS scores in the morphine-PCA and
the S-ketamine-PCA groups at 1, 2, 4, 24, 48, and 72 hours
after surgery during rest and in motion (Figures 1 and 2), with
a tendency toward lower NRS scores in the S-ketamine intra-
nasal spray group, especially when in motion. The Wilcoxon
rank-sum test of the NRS score at 24 hours after surgery
did not reveal a significant difference. The 95% CI for the
estimated difference in NRS scores at 24 hours (S-ketamine
minus morphine-PCA) was -3 to 2.5, and thus was not lying

Table | Patient characteristics

Morphine PCA Ketamine intranasal

(n=11) (n=11)
Men 4 5
Women 7 6
Age (years) 76 (46-93) 68 (38-78)
Weight (kg) 75 (48-100) 74 (66—101)
Height (cm) 168 (155-178) 166 (162—185)
BMI (kg/m?) 24.7 (18.3-33.7) 26.9 (23-33.7)

Note: Values are medians (range).
Abbreviations: PCA, patient-controlled analgesia; BMI, body mass index.
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Note: Data expressed as means with 95% Cls.
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above (on the right) the noninferiority margin of A=—2.
Therefore, strictly speaking, we cannot postulate noninferior-
ity of the S-ketamine treatment compared to the morphine
treatment for the primary outcome. Assuming a noninferiority
margin of A=3, all differences lay within the noninferiority
margin at all postoperative time points (Figure 3).

There was no difference in the satisfaction scores at any
time between the groups (P=0.91). The number of bolus
demands and deliveries did not differ either (P=0.96 for
demands, P=0.81 for deliveries). Mean use was 30.6 (95%
CI 23.3-38.0) in the S-ketamine group and 30.4 (95% CI
23.3-37.5) in the morphine group. The mean number of
demands was 34.9 (95% CI 26.2—43.7) in the S-ketamine and
34.6 (95% CI 26.6-42.7) in the morphine group (Figure 4).

@ Intranasal S-ketamine
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Figure 2 Distribution of NRS values in motion at 24, 48, and 72 hours after surgery
in the S-ketamine intranasal spray and the morphine IV-PCA group.

Note: Data expressed as means with 95% Cls.

Abbreviations: |V, intravenous; PCA, patient-controlled analgesia; Cls, confidence
intervals.
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Three patients in the ketamine group and three patients in the
morphine group were administered all 40 unit-dose sprays
after 31, 49, and 68 hours (S-ketamine group) and after 45,
47, and 62 hours (morphine group). Four hours and 24 hours
after beginning the study, all patients who received verum
nasal sprays had measurable concentrations of midazolam and
S-ketamine. Median midazolam and S-ketamine concentra-
tions were 8.7 (1.8—-12.6) ng/mL and 16.5 (8.5—41.3) ng/mL
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at 4 hours, and 5.3 (1.7-16.1) ng/mL and 11.8 (3.2-49.3)
ng/mL at 24 hours, respectively. There was no signifi-
cant difference in midazolam or S-ketamine concentra-
tions at these two time points (Student’s #-test, P>0.5 for
both comparisons).

Plasma concentrations of midazolam at 4 hours correlated

with the number of spray applications, =0.74 (95%

spearman

Cl, ..sc. 0-20-0.91), while for S-ketamine the correlation
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Figure 4 Number of demands (A) and deliveries (B) in the ketamine- and morphine-treatment groups.
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was less clear F pearman=0-40, (95% Cl,, pc, —0-42 t0 0.91),
due to two patients with relatively low concentrations after
four spray applications (Figure 5).

With regard to adverse effects, there were 56 events in
the S-ketamine and 59 events in the morphine group (Table
2). The total number of adverse effects was not significantly
different between the groups, although there was a tendency
to a higher frequency of nystagmus in the S-ketamine group
and dry mouth in the morphine group. None of the adverse
events was serious. The differences between the numbers
of chosen words of the five groups of the McGill question-
naire before and after surgery did not differ between the two
groups. The consumption of metamizol (rescue medication)
was identical in both groups (P=0.1879 and P=0.9719,
respectively).

In the 5D-ABZ score, significantly more auditory altera-
tions were identified in the morphine group (P=0.0412). In the
other four main groups, there were no differences (“oceanic
boundlessness”, P=0.060; “anxious ego-dissolution”,
P=0.357; “visionary restructuralization”, P=0.552; and
“vigilance reduction”, P=0.260); however, the subgroups
“complex hallucinations” (P<<0.0001) and “fantasies”
(P<<0.0001) in the main group “visionary restructuralization”
differed in favor of morphine.

Discussion

In our study, we found no clinically significant differences
between a standard IV-PCA with morphine and a new for-
mulation of an intranasal S-ketamine spray combined with
intranasal midazolam. Efficacy, satisfaction, demanded and
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Number of S-ketamine spray doses at 4 hours

delivered amounts of S-ketamine and morphine, and the
number of adverse effects were similar in both groups.

In the proper sense of statistical significance for non-
inferiority, pain ratings were noninferior after 1, 2, 48, and
72 hours after surgery for a ANRS 2. For a ANRS 3, statistical
noninferiority was given for all measured points of time. One
could argue that a ANRS 2 is too small to indicate clinical
significance, and a ANRS 3 would be more appropriate in an
acute pain setting. Furthermore, the NRS distribution in
Figures 1 and 2 shows that all NRS scores are distributed
in a similar way in both study groups, even with a tendency
to lower NRS scores in the S-ketamine group, especially
in the groups in motion. In addition, the frequencies of
demands for and deliveries of S-ketamine and morphine,
satisfaction, and complaints about side effects are similar in
both groups. The formal statistical inferiority for a ANRS
2 at 4 and 24 hours after surgery is a result of relatively large
confidence intervals, indicating the small study population
of this pilot study.

It is generally accepted that ketamine is an effective anal-
gesic for different postoperative situations.> The postopera-
tive use of ketamine reduced opioid consumption, nausea,
and vomiting,* and adverse effects were absent or mild.
A recent systematic review with meta-analysis®'> showed
that the perioperative application of ketamine decreased pain
related to very painful surgery, such as major orthopedic,
upper abdominal, and thoracic surgery.

We used chitosan as a vehicle that transiently opens tight
junctions in the nasal mucous membrane.'*! In the study of
Bitter,” the 71% bioavailability of the ketamine spray with
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Figure 5 Number of S-ketamine (A) and midazolam (B) unit-spray doses and logarithmic concentrations.
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Table 2 Reported adverse events

Ketamine group

Patients (n)

Complaints (n)

Morphine group
Patients (n)

P-value (patients)

Complaints (n)

Nausea 2 3
Dizziness | 2
Pruritus | |
Dry mouth I 31
Hypertension | |
Sedation 0 0
Nystagmus 7 13
Lacrimation 3 5
Sialorrhea 0 0
Total 56

| 1.0000
0 1.0000
6 1.0000
47 0.4762
| 1.0000
0 1.0000
4 0.0805
0 0.2143
0 1.0000

O O N O — VN O —

chitosan was considerably higher compared to percentages
reported by Christensen et al (33%),"” Yanagihara et al
(45%),* and Malinovsky et al (~50%).° One of the most

important problems in the reported studies®'# 22

was the large
volume that had to be applied nasally using commercial ket-
amine products. Volumes of several milliliters far exceed the
nasal capacity, especially in pediatric patients who are often
included in these studies. It is possible to administer up to
10 mg S-ketamine per 0.1 mL with single application of our
spray. Nevertheless, the nasal application of ketamine is a
matter of controversy.”> > As ketamine has a potential risk
to be abused, the “needle-free” application with S-ketamine
intranasal sprays could promote substance abuse.

PCA systems for postoperative patients should be
1) secure, 2) effective, 3) easy to use, and 4) have a rapid
onset. Intranasal sprays can fulfill most of these criteria. The
main problem in our study, surprisingly, was the difficulties
of patients in using and administering the intranasal spray as
well as the IV-PCA. First, the cognitive function of most of the
patients was limited immediately postoperatively, complicat-
ing their ability to understand the use of the analgesic system
(pressing the button of the IV-PCA, applying the intranasal
spray, and understanding the meaning of the light used to
indicate lockout periods of the spray-PCA), although patients
were instructed preoperatively. Second, patients had problems
with triggering the spray device. While the sophisticated
construction of this device allows for the administration of
exactly defined doses, there is considerable resistance when
attempting to trigger an application of S-ketamine intranasal
spray. This has to be optimized, particularly for commercial
forms of the spray. Furthermore, most patients had swollen
hands and fingers after lying prone for several hours during
the surgery, contributing to the difficulty of using the intra-
nasal spray. In general, due to our experiences in this study,
it is possible that we overestimated the abilities of patients

to assess and to manage their pain with challenging PCA
systems during the postoperative period.

One of the limitations of our study was the limit to just
22 patients. Another limitation was the continuous care of
the study patients. On one hand, we do not know if and how
one-on-one care influenced the behavior of our patients. On
the other hand, one could also argue that the assessment of
the patients was more precise.

There are several other potential indications for the use
of this S-ketamine intranasal spray in the future. In higher
doses, it could also be used in prehospital emergency medi-
cine, especially if IV access is difficult. Furthermore, short
interventions in gastroenterology or pneumology or for
premedication of children could be performed with intrana-
sal S-ketamine. Finally, S-ketamine intranasal spray could
be considered as an alternative, completely noninvasive
analgesic procedure in a postoperative outpatient setting.
Several studies have reported on the efficacy of ketamine in

26-

this setting.*?* As a consequence, the development of a nasal
multidose applicator combining S-ketamine and midazolam
would be of interest. In addition, the spray could also be used
in palliative care situations for patients in severe pain.

In summary, we found S-ketamine intranasal spray com-
bined with intranasal midazolam to be similar in effective-
ness, satisfaction, number of demands and deliveries, and
number/severity of adverse events compared to standard

IV-PCA with morphine.
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