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BACKGROUND: Pain in the emergency department (ED) is common but undertreated. The
objective of this study was to examine the efficacy and safety of intranasal (IN) ketamine used as an
analgesic for patients with acute injury with moderate to severe pain.

METHODS: This study was a cross sectional, observational study of patients more than 8 years
old experiencing moderate to severe pain [visual analog score (VAS) >50 mm]. The initial dose of IN
ketamine was 0.7 mg/kg with an additional dose of 0.3 mg/kg if VAS was more than 50 mm after 15
minutes. Pain scores and vital signs were recorded at 0, 15, 30 and 60 minutes. Side-effects, sedation
level and patient's satisfaction were also recorded. The primary outcome was the number of patients
achieving = 20 mm reductions in VAS at 15 minutes. Other secondary outcome measures were
median reduction in VAS at 15, 30 and 60 minutes, changes of vital signs, adverse events, satisfaction
of patients, and need for additional ketamine.

RESULTS: Thirty-four patients with a median age of 29.5 years (IQR 17.5-38) were enrolled,
and they had an initial median VAS of 80 mm (IQR 67-90). The VAS decreased more than 20 mm at
15 minutes in 27 (80%) patients. The reduction of VAS from baseline to 40 mm (IQR 20—40), 20 mm
(IQR 14-20) and 20 mm (IQR 10-20) respectively at 15, 30 and 60 minutes (P<0.001). No critical
changes of vital signs were noted and adverse effects were mild and transient.

CONCLUSION: This study showed that IN ketamine is an analgesic choice for patients with
acute injury in moderate to severe pain in an overcrowded and resource limited ED.
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INTRODUCTION

Pain is one of the most common presenting symptoms
in emergency department (ED), yet the provision of timely
and appropriate analgesia and early assessment of its
effectiveness is often a challenge.!"! The use of the
intranasal (IN) route for ketamine provides an efficient,
relatively painless noninvasive and well-tolerated mode
of analgesia delivery."”’

The provision of analgesia is a fundamental necessity
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of the ED and in our setting is usually accomplished
using intramuscular NSAIDS (80%) which is usually
inadequate or intravenous (IV) opioid.”) However,
significant barriers like scarcity of available emergency
doctors/ nurses, bed, and monitoring exist to the provision of
timely analgesia by the IV route especially in overcrowded
and resource limited ED like ours. Ketamine, labeled as
a general anesthetic agent, is also an analgesic agent
and demonstrates analgesic properties at doses 10—15
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times less than that required for anesthesia.'”’ Because
of this analgesic effect at a low dose, patients often
remain completely awake and alert and no deleterious or
clinically significant hemodynamic or respiratory effects
were noted previously, therefore close physiological
monitoring of the patients can be avoided in contrast to
opioids.”*” IN ketamine in the ED has been explored
in recent years internationally;[s’” however, the results
are controversial. Recent studies™ ' have demonstrated
adequate analgesia with IN ketamine, whereas one
study”’ concluded that IN ketamine had a relatively low
response rate. Moreover, there is a paucity of information
about this topic in our context using drops rather than
mucosal atomizer device for the delivery of IN ketamine.
The primary objective of this study was to examine
the analgesic effect of IN ketamine (0.7 mg/kg) in treating
moderate-to-severe pain due to injury in ED setting
defined as a pain reduction of 20 mm or more on a 100-
mm visual analog score (VAS). The secondary objectives
of the study were to determine safety of the agent by
describing the level of sedation and adverse events.

METHODS

This was a cross sectional observational study
conducted at a busy 35-bed general ED (average annual
30 000 patients) of one of the largest teaching hospitals
in Patan Academy of Health Sciences, Nepal from July
15, 2014 to December 15, 2014. The doctors in the
ED were trained by the investigator to perform patient
selection, treatment and data collection. The study
was approved by the Institutional Review Board of the
hospital.

Study procedure

Informed written consent (with verbal explanation
to minimize delays in treatment) was obtained from the
patients or their caregivers. The patients self-reported
baseline pain scores which were recorded using a
standard 100-mm VAS with "no pain" marked at the left-
hand end and "worst pain ever" at the right-hand end.
The 100-mm VAS was validated in previous studies and
it was proposed that 13-18 mm change in pain severity is
the minimum clinically significant.” Severity of the pain
was recorded from the left-hand end of the line.

Patients with acute injuries with moderate or
severe pain (VAS>50 mm) aged more than 8 years
were included in this study. The history of allergy or
intolerance to ketamine, structural or functional nasal
occlusion, inability to understand VAS, Glasgow coma
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scale <15, systolic blood pressure >180 mmHg, a history
of schizophrenia, pregnancy, prior administration of
opioid analgesia within 4 hours and clinical necessity for
immediate intravenous access as judged by the treating
physician were set as exclusion criteria.

The initial dose of IN ketamine was 0.7 mg/kg as
reported in the previous studies.”” The patients received
a single dose of 0.3 mg/kg or an additional dose of IN
ketamine if the VAS remained 50 mm or higher at 15
minutes after the initial administration of the agent.
Dosing was calculated previously for 0.7 mg/kg and 0.3
mg/kg and doses were rounded in the table in five kg
weight bands for ease of dose and volume calculation
so as to reduce risk of dosing error. The maximum total
volume was 1 mL as the average weight of an adult in
our series was 50—70 kg. An equal amount of the agent
was administered in each nostril by drops using a 1-mL
syringe in lateral head low position when a mucosal
atomiser device was not available. The procedure was
shown to the doctors before the study. The initial VAS,
weight and baseline vital parameters (O2sat, HR, RR,
and BP) were recorded and then IN ketamine was
administered according to the precalculated weight based
the dosing table. Subsequent VAS and vital signs were
recorded at 15, 30 and 60 minutes respectively.

Adverse effects were recorded based on the Side
Effects Rating Scale for Dissociative Anesthetics
(SERSDA)™ at 30 and 60 minutes. The effects included
fatigue, dizziness, nausea, headache, feeling of unreality,
changes in hearing, mood change, general discomfort,
and hallucinations. The severity of adverse effects were
graded on a five-point scale, with "0" representing the
absence of any adverse effects and "4" representing an
effect severity the patient rated as bothersome.

Sedation was graded by using the University of
Michigan Sedation Scale (UMSS)"” at 30 and 60 minutes:
O=awake and alert, 1=mild sedation, 2=moderate
sedation, 3=deep sedation, 4=unarousable.

After 60 minutes patients were asked to rate the
severity of nasal irritation on a 1 to 10 ordinal scale
anchored with "1=none" and "10=very severe", as well
as their overall satisfaction with the pain relief provided
anchored with "1= not satisfied" and "10=very satisfied".

Outcome measures
Primary outcome measures were defined as the

number of patients achieving a 20 mm or more reduction
in pain as measured on VAS within 15 minutes.
Secondary outcome measures were considered a median
maximum reduction in VAS pain scores achieved within
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15, 30 and 60 minutes, the number of patients requiring
additional IN ketamine at 15 minutes, vital signs changes
at 15, 30 and 60 minutes, adverse effects at 30 and 60
minutes, levels of sedation at 30 and 60 minutes, nasal
irritation at 60 minutes, and overall patients/caregivers
satisfaction at 60 minutes.

Data analysis
Types of papers from the clinical records were

recorded by the treating doctor in the ED. Data were
recorded in Excel and then analyzed with SPSS 13.0.
Baseline variables like age, gender, injury types and
other data were described as number, percentage or
median with interquartile range (IQR) as appropriate.
VAS was reported as median with IQR and compared
using Wilcoxon's signed-rank test. A reduction in VAS
was compared with other variables using the Chi-square
test. A P value less than 0.05 was considered statistically
significant.

RESULTS
Patient demographics

A total of 39 patients with various acute injuries and
VAS pain score >50 mm were enrolled in the study (the
study period of 5 months). Five patients were excluded
as they did not have a VAS score and vital signs recorded
after 30 minutes for various reasons. The characteristics
of the remaining 34 patients are shown in Table 1. The
initial median VAS score was 80 mm (IQR 67-90).
There was no statistically significant relationship among
the baseline VAS score, age, gender, and types of injury.

Efficacy
The median VAS pain score at enrollment and 15,

30 and 60 minutes after IN ketamine was represented
in Box and whisker plot (Figure 1). The reduction from
enrollment to each time point was statistically significant
(P<0.001, Wilcoxon's signed-rank test). The median

Table 1. Characteristics of patients (#=34) receiving IN ketamine

Characteristics Results
Age, year, median (IQR) [range] 29.5 (17.5-38) [8-55]
Female, n (%) 12 (35.5)

Weight, kg, median (IQR) [range]
Types of injury, n (%)

55 (39.5-61.25) [20-80]

Nonfracture 17 (50)
Fracture 12 (35.3)
Burn 3(8.8)
Dislocation 2(5.9)

Initial VAS, median (IQR) [range] 80 (67-90) [50-100]

reductions in VAS scoring at 15, 30 and 60 minutes were
40 (IQR 24-50), 50 (IQR 40-70) and 58 (IQR 45-70)
respectively. Seventy-nine percent (n=27) of the patients
achieved a >20 mm reduction in VAS at 15 minutes
which increased to 100% at 30 and 60 minutes. The
characteristics of patients with a VAS reduction of >20
mm were compared with those with a VAS reduction
<20 mm (Table 2). Additional dose of ketamine was
administered to six (17.6%) patients at 15 minutes.

Safety and adverse effect
Vital signs at enrollment, 15, 30 and 60 minutes are

shown in Table 3. Adverse events were generally mild and
transient in nature, resolving mostly within 60 minutes
after administration of ketamine (Table 4). After 60
minutes when patients were asked to rate the severity of
nasal irritation on a 1 to 10 ordinal scale anchored with
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Figure 1. Box and Whisker plot of VAS pain scoring at baseline, 15, 30
and 60 minutes. Wilcoxon's signed-rank test (P<0.001).

Table 2. Comparison of characteristics between patients with a VAS
reduction >20 mm and VAS reduction <20 mm, n (%)
VAS reduction >20 VAS reduction

P value

Characteristics mm at 15 minutes <20 mmat 15  (Chi-square
(n=27) minutes (n=7)  test)
Age (year)
<20 12 (44.4) 1(4.3) 0.178
21-39 11 (40.7) 3(42.9)
>40 4 (14.8) 3(42.9)
Gender
Male 17 (63) 5(71.4) 1
Female 10 (37) 2 (28.6)
Type of injury
Nonfracture 14 (51.9) 3(42.9) 0.79
Fracture 9(33.3) 3(42.9)
Burn 2(7.4) 1(4.3)
Dislocation 2(7.4) 0(0)
Weight (kg)
<50 14 (51.9) 0(0) 0.026
>50 13 (48.1) 7 (100)
VAS at baseline (mm)
50-65 7(25.9) 1(14.3) 0.732
60-80 12 (44.4) 3(42.9)
>80 8(29.6) 3(42.9)
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Table 3. VAS score and vital signs at baseline, 15, 30 and 60 minutes, median (IQR) [range]

Variables Baseline 15 minutes 30 minutes 60 minutes
VAS (mm) 80 (67-90) [50-100] 40 (20-50) [10-95] 20 (14-30) [0-60] 20 (10-25) [5-50]
Reduction in VAS NA 40 (24-50) [0-80] 50 (40-70) [20-80]

Pulse (beats/minute)
Respiratory (rate/minute)
Systolic blood pressure (mmHg)
Oxygen saturation (%)

80 (76-96)[60—120]
18 (15-18) [12-25]

120 (110-130) [90-150]
97 (96-98) [93-99]

80 (76-92) [68-130]
16 (13-18) [12-28]

120 (110-130) [100-150]
97 (95-98) [95-99]

[
58 (45-70) [30-80]
81 (72-90) [62-100]
15 (13-18) [12-20]
120 (110-120) [90-140]
97 (96-98) [94-99]

80 (75-94) [60-110]
16 (14-20) [12-22]

120 (110-120) [100-140]
97 (96-98) [93-99]

Table 4. Adverse effects and their severity at 30 and 60 minutes, n (%)

Severity at 30 minutes

Severity at 60 minutes

Adverse effects

0 1 2 3 0 1 2 3
Dizziness 4 (11.8) 15 (44) 15 (44) 0 20 (59) 14 (41) 0 0
Feeling of unreality 26 (76.5) 6(17.6) 1(2.9) 1(2.9) 32.(94) 2(5.9) 0 0
Nausea 20 (58.8) 11 (32.4) 2(5.9) 1(2.9) 34 (100) 0 0 0
Fatigue 31 (91.2) 3(8.8) 0 0 33(97.1) 1(2.9) 0 0
Headache 32(94.1) 2(5.9) 0 0 33(97.1) 1(2.9) 0 0
Changes in hearing 32 (94.1) 2(5.9) 0 0 34 (100) 0 0 0
Mood change 27 (79.4) 2(5.9) 5(14.7) 0 31 (91.2) 3(8.8) 0 0
Hallucination 32 (94.1) 2(5.9) 0 0 34 (100) 0 0 0
General discomfort 31 (91.2) 2(5.9) 1(2.9) 0 32 (94.1) 2(5.9) 0 0
Sedation 17 (50) 14 (41.2) 2(5.9) 1(2.9) 25 (73.5) 9(26.5) 0 0

"I=none" and "10=very severe", 25 (73.5%) patients did
not report any nasal irritation, 6 (17.6%) and 3 (8.8%)
reported grade "2" and "3" nasal irritation respectively.
The median satisfaction rating with the pain relief
provided anchored with "1=not satisfied" and "10=very
satisfied was 8 (IQR 7-9) [range 2-9].

DISCUSSION

In this study we found that administration of IN
ketamine at a dose of 0.7 mg/kg in patients with acute
injury showed a significant pain relief (=20 mm in
VAS) in 27 (79%) of the patients at 15 minutes, which
increased to 100% at 30 and 60 minutes. The relief was
not dependent on age, gender, type of injury, and the
initial VAS score. Adverse events were mild and transient
and no significant changes in physiological parameters
were recorded.

Pain management in the ED is crucial and challenging,
but it is often ignored and undermanaged for various
reasons like limited doctors and nurses, limited time,
limited beds, and limited monitoring devices. Bhandari
et al” did an observational retrospective study in the ED
of a tertiary hospital in Nepal focusing on the practice
of analgesia. The study revealed that pain was poorly
managed and recorded and was limited primarily to
intramuscular diclofenac (NSAID) injection (80%).
Intranasal delivery of pain medication is an attractive,
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convenient, efficient, cheap and rapid form of pain
control in the ED where time, manpower, space and
proper monitoring to all patients with pain are not
feasible, especially in the setting where IV initiation
or opioid administration exists. Researchers!'"'? have
reported that the nose-brain pathway leads to a rapid
delivery of some nasal medications across the olfactory
mucosa to the cerebral spinal fluid and the brain, by-
passing the first pass metabolism and the blood brain
barrier.

Current evidence suggests that IN ketamine is an
effective safe and well tolerated method of analgesia
in burn dressing'"” and pediatric laceration repair,"* in
control of post-operative pain® and neuropathic pain,"”
and in prehospital setting!"! and the ED."”

In 1996 Kulbe et al'”! published a case report
confirming that intranasal ketamine spray can be effective
for acute pain control during burn dressing changes,
suggesting this was an area that deserved further
investigation. Carr et al'"” found that doses of up to 50
mg of IN ketamine were effective in many patients with
uncontrollable pain (mean pain score reductions of about
23 mm on a 100 mm VAS), and detectable blood level
was noted after 2 minutes, which peaked at 30 minutes.
Another study'” investigated the pharmacokinetics of
low doses of intranasal ketamine as well as its impact
on pain control and the resulting side effects which
demonstrated a measurable impact on pain control
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within 15 minutes and peaked at 60 minutes, lasting
several hours. Christensen et al"” investigated intranasal
ketamine for treating post-operative pain following
wisdom tooth removal and found that meaningful pain
relief was achieved by 14 minutes in 70% of patients
receiving a 50 mg dose of IN ketamine. Peak analgesic
effect (44 mm drop on VAS) appeared at 30 minutes
in their study. Our study has better results with a 80%
reduction in VAS (>20 mm) at 15 minutes, which reached
100% at 30 minutes. The better result was probably
because this study included only injured patients and
the effect of supplementary treatments like splinting,
reduction of fracture and dislocation was not taken into
account but these treatments could have alleviated the
pain. Our results are consistent with those reported in
children with isolated limb injury, where a total dose
of approximately 1.0 mg/kg resulted in a median VAS
reduction of 43 mm at 30 minutes, with 82% reporting
a reduction of >20 mm."”’ By contrast, another study
conducted by the authors in adult patients with pain from
a variety of causes in ED had a median reduction in VAS
rating of 24 mm at 30 minutes and only 56% reported
a VAS reduction >20 mm with an IN ketamine dose
around 1 mg/kg."” They also noted lack of increasing
analgesic effect at the higher ketamine dose. Andolfatto
et al” prospectively evaluated the effectiveness of IN
ketamine (0.5 to 0.75 mg/kg) as an analgesic in patients
with primarily orthopedic injuries and found to have a
clinically significant impact on pain reduction in 88% of
patients which was higher than in our study.

Intranasal ketamine has been compared with other
intranasal opioids. A RCT comparing IN ketamine (1.5
mg/kg) vs. IN fentanyl (1.5 mcg/kg) for controlling
postoperative pain following sinus surgery showed
equivalent pain control (much better than placebo)
with a slight increase in dissociative side effects in the
Ketamine group.!”

No critical changes in vital signs were noted in
this study requiring intervention or withdrawal from
the study. In general, the vital signs remained stable at
baseline levels. Oxygen saturation remained normal over
a 60-minute observation indicating that ketamine did
not suppress ventilation. None of the previous studies
reported delirious changes in vital signs requiring
intervention.”*” This finding suggests that physiologic
monitoring is not required which is essential when opioid
is administered for the same purpose. This would be
a great complement for most EDs in Nepal which are
overcrowded and lack adequate monitoring equipments.

No serious side effects requiring intervention

occurred. Some patients experienced more than one
adverse effect; however none reported any bothersome
symptoms of scale 4. Dizziness of scale one and two was
the most reported unpleasant effect. Half of the subjects
(n=17) were not sedated at 30 minutes and the rest had
mild degree of sedation (grade 1 and 2) at that time. Very
mild adverse effects that did not need treatment and were
transient (dizziness being the most common reported side
effect) are similar to the previous studies.””!

VAS reduction was significantly lower in patients
who weighed >50 kg. The median weight was 55 kg
(IQR 39.5-61.25). The ideal volumes of intranasal drug
are about 0.3 mL per nostril to reduce runoff but allow
maximal mucosal coverage."” As the weight increased
the patients required a large amount of ketamine and
though the maximum volume was 1 mL (50 mg) capped
at 70 kg, the excess volumes could have lost into the
pharynx or out the nostril leading to its less effectiveness.

Previous studies' ® used mucosal atomizer device to
administer IN ketamine. IN ketamine had less aversive
reaction, rapid onset and recovery of sedation when
administered with the mucosal atomization device as
compared with the drop of the same agent; however it had
similar effect using both methods in a study."” Our study
demonstrated comparable efficacy of IN ketamine by
drops and suggested that ketamine can be delivered with
drops where mucosal atomization device is unavailable.

Limitations of study
There were several limitations to this study. The

sample size was small. Patients were enrolled as a
convenience sample for the investigators and drug
administration and data collection were done by the same
investigator and was unblinded. Thus there is a chance
of bias in the results. Whether the patients were alcohol
dependent or opioid naive is not investigated in the study
which could have affected the efficacy of ketamine.
Moreover, the study was not compared randomly with
placebo or other drugs.

In conclusion, IN ketamine at the initial dose of 0.7
mg/kg reduced VAS pain scores to a clinically significant
degree in 80% of patients and was well tolerated without
any deleterious changes of vital signs and adverse
effects. This study suggests a potential use for IN
ketamine in the setting of acute severe pain associated
with acute injury that is cheap, fast, needle-free, safe and
relatively effective with minimal side effects, in contrast
to intramuscular NSAIDs and/or IV opioid which is
inconvenient, invasive and requires proper monitoring of
the patients for a prolonged duration.
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Doses of initial 0.7 mg/kg of IN ketamine via drops
is safe and effective but should be administered in
aliquots if >0.3 mL of ketamine needs to be administered
in a nostril to avoid runoff. Further larger randomized
study, investigating the role of IN ketamine as an
analgesic in the ED, needs to be conducted in future.
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