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Abstract
Objectives: The aim of this study was to describe the use and effect of low-dose ketamine (LDK) for
analgesia in the emergency department (ED).
Methods: A chart review was performed to identify all adult patients who received LDK for analgesia in
our ED. Cases were identified by pharmacy record of ketamine administration. Low-dose ketamine was
defined as the administration of 0.1 to 0.6 mg/kg of ketamine for pain control. Use of ketamine during
procedural sedation was excluded. Data were analyzed descriptively.
Results: Thirty-five cases in which patients received LDK in the ED for a 2-year period were identified.
Doses ranged from 5 to 35 mg. Administration was intravenous in 30 (86%) of 35 cases and
intramuscular in 5 (14%) of 35 cases. Opioids were administered before or coadministered with LDK in
32 (91%) of 35 cases, and in the remaining 3 cases, opioids were used before the patient came to the ED.
Improvement in pain was observed in 19 (54%) of 35 cases in which patients received LDK. Pain scores
did not improve in 8 (23%) of 35 cases. Insufficient data were available to determine LDK effect for 8
(23%) of 35 cases. No significant adverse events were identified in any of the 35 cases.
Conclusions: The administration of LDK in the ED may be a safe and effective adjunct for analgesia in
some patients. However, prospective randomized controlled trials are needed before widespread use of
LDK for analgesia in the ED can be recommended.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

Pain is a common complaint in the emergency department
(ED). Pharmacological agents used for the systemic
treatment of pain in the ED generally fall into 1 of 3
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categories: (1) opioids, (2) nonsteroidal anti-inflammatory
drugs and acetaminophen, and (3) combinations of opioids
such as hydrocodone or oxycodone with acetaminophen.
Many studies have shown that pain is often undertreated in
the ED [1-5]. Physician fear of oversedation and respiratory
depression due to the administration of opioid medications
has been cited as one contributing factor for the so-called
oligoanalgesia in the ED [3,6,7].

The N-methyl-D-aspartate receptor blocker ketamine is a
dissociative anesthetic with a proven safety record for
anesthesia and procedural sedation in adults and children and
has minimal respiratory depressant effect [8-11]. Although
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Table 1 Demographics and results for all subjects identified in the series

ID Age
(y)

Sex Medication IDU ETOH
use

ED CC/Dx Pain before
ketamine

Pain
medications
before
ketamine

Dose and
route of
ketamine

Pain after
ketamine

Additional
pain
medications
in ED

Dispo Comments

A. Improvement after LDK
1 46 M – – Yes Assault with

orbital wall
Fx

10/10 Morphine
8 mg,
Dilaudid
8 mg

15 mg IV 2-3/10 None DC 45 min
after
ketamine

“Brief
dysphoria” per
physician

2 25 F – Heroin – Abscess 10/10 Vicodin × 2,
fentanyl
250 mg,
Dilaudid
2 mg

10 mg IV 0/10 None Observation
unit

I & D abscess
before
ketamine
administration

3 54 M Methadone Heroin – Tibia fx with
compartment
syndrome

10/10 Morphine
4 mg

10 mg IV,
5 mg IV

“Marked
relief of Sx”
after LDK per
physician
note

None Admit OR

4 21 M – Heroin – Chemical
cellulitis

10/10 Morphine
10 mg

10 mg IV “Rests in bed,
pt with pain
improved”

None DC1h40min
after ketamine

7 35 M Oxycodone – – CP with h/o
leukemia

8/10 Morphine
16 mg

10 mg IV ×2 5/10 Morphine
4 mg (4 h
15 min after
ketamine)

Admit

8 43 F Percocet – – Kidney
stones

8/10 Morphine 16
mg, Toradol
30 mg

10 mg IV 3/10 None DC 2 h after
ketamine

8 43 F Percocet – – Kidney
stones

8/10 Morphine 24
mg, Toradol
30 mg

5 mg IV ×2 4/10,
“Ketamine
with better
relief of pain”

None DC 41 min
after ketamine

10 37 M – – – Abscess 10/10 Morphine
26 mg

7 mg IV “Resting
comfortably,
no complaints
at this time”
per physician

Morphine
10 mg
(after OR)

Admit OR

11 24 M – – – Pilonidal cyst 7/10 Morphine
18 mg

10 mg IV 2/10 None DC
45 min after
ketamine

I & D abscess

(continued on next page)
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Table 1 (continued)

ID Age
(y)

Sex Medication IDU ETOH
use

ED CC/Dx Pain before
ketamine

Pain
medications
before
ketamine

Dose and
route of
ketamine

Pain after
ketamine

Additional
pain
medications
in ED

Dispo Comments

14 34 F Methadone Heroin – Abscess 10/10 None 10 mg IV ×2 2/10, “with
good results”

None Admit OR

15 23 M Oxycodone – – Abdominal
pain

10/10 Morphine
4 mg

8 mg IV 0/10 None DC
1 h 45 min
after
ketamine

22 37 M Methadone Heroin – Lower
extremity
cellulitis

10/10 Morphine
10 mg

20 mg IV 0/10 None DC 2 h 5 min
after
ketamine

28 55 M – Heroin – Triquetral fx “Appeared in
discomfort”
per physician

None 10 mg IM ×2 “Marked but
not complete
resolution of
pain” per MD

None DC 5 min
after
ketamine

Splinting

32 21 M Fentanyl,
Demerol,
Percocet

– – Back pain 10/10 Fentanyl
200 mg,
Dilaudid
2 mg

5 mg IV ×2 “Pt feeling
much better
status post
s/p ketamine”

None DC 1 h 5 min

33 51 M – Heroin – Abscess,
HIV+

10/10 None 20 mg IM ×3 0/10 None Admit I & D abscess

35 32 M Morphine Heroin – Cellulitis/
abscess

10/10 Fentanyl
500 mg
(concurrent
with
ketamine)

10 mg IV ×4 “Pt sleeping,
ketamine
with excellent
results, pain
was well
controlled”
between
doses

None DC 1 h 15
min after
ketamine

Fentanyl given
as 100-mg
doses × 5;
ketamine as
10 mg IV ×4
every 2-5 h for
13 h

36 35 M Percocet,
methadone

Heroin – Cellulitis 8/10 Morphine
10 mg,
Dilaudid
22 mg

20 mg IV,
10 mg IV

0/10 Dilaudid
4 mg ×2

Admit

38 42 M Librium Polysubstance – Hemorrhoids 8/10 Morphine
4 mg

10 mg IV 5/10 None DC 1 h 15
min after
ketamine

39 45 F – – – Kidney
stones

10/10 Fentanyl
100 mg,
Morphine
12 mg,
Toradol20mg

5 mg IV 5/10 None DC 2 h 50
min after
ketamine
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B. No improvement after LDK
5 27 F Morphine,

oxycodone
– – Abdominal

pain,
constipation,
UTI

10/10 Dilaudid
6 mg

5 mg IV 10/10 Dilaudid
10 mg, PCA

Admit Phenergan
before and
after ketamine

13 34 M – – – Abscess,
metacarpal fx

10/10 Fentanyl
300 mg

20 mg IV 10/10 None DC Ketamine also
with reduction

16 44 F – Heroin – Abscess 10/10 Morphine
4 mg

20 mg IM 8/10 None DC I&D then 0/10

19 27 F – – – Elbow
dislocation

10/10 Morphine
8 mg

10 mg IV 10/10 Morphine
8 mg

DC Elbow
reduced then
2/10

23 36 M – Heroin – Abscess Unknown Morphine
5 mg

10 mg IV Unknow Morphine
16 mg (4 mg
×2, 8 mg ×1,
15 and 45
min after
ketamine)

DC No pain levels
noted

25 50 F – Heroin – Back pain,
bacteremia

10/10 Vicodin,
Percocet ×2

7 mg IV,
5 mg IV

“No rel ,”
10/10

Dilaudid
9 mg

Admit

29 46 M – Heroin – Osteomylitis,
abscess

10/10 Fentanyl
75 mg

7 mg IV Unknow Oxycodone
20 mg PO

Admit No pain level
noted after
ketamine, 5/10
after
oxycodone

31 57 M Fentanyl,
Vicodin,
Neurontin

– – CP 8/10 Morphine
28 mg

10 mg IV 7/10 None DC

C. Insufficient data
12 36 M – Heroin – Abscess 10/10 Morphine

8 mg
(concurrent)

7 mg IM Unknow None DC 50 min
after
ketamine

I&D

20 31 M – Heroin – Abscess Unknown None 10 mg IM Unknow Vicodin ×2 DC to mental
health center
1 h 50 min
after
ketamine

I&D

24 44 M – Heroin – Abscess 10/10 Morphine
12 mg

35 mg IV Unknow None DC 1 h 30
min after
ketamine

I&D

(continued on next page)
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Table 1 (continued)

ID Age
(y)

Sex Medication IDU ETOH
use

ED CC/Dx Pain before
ketamine

Pain
medications
before
ketamine

Dose and
route of
ketamine

Pain after
ketamine

Additional
pain
medications
in ED

Dispo Comments

26 37 M – – Yes Motorcycle
accident,
multiple fx

7/10 Fentanyl
300 mg

10 mg IV
30 mg IV

Unknown Fentanyl
100 mg
concurrent
then
Fentanyl
200 mg,
Morphine
18 mg,
Percocet ×6

Admit

27 33 F Methadone IV
Cocaine

– Abscess 10/10 None 10 mg IV Unknown Unknown Unknown Paucity of
information
surrounding
procedure

30 29 F – Crack Yes Cellulitis,
abscess

10/10 Roxicet ×2 5 mg IV ×2,
10 mg IV

Unknown Morphine
10 mg

Admit I&D

34 40 M – Heroin – Abscess 10/10 Morphine
8 mg
(concurrent)

10 mg IV Unknown Unknown DC 5 h
20 min after
ketamine

I&D

37 27 F Morphine,
Neurontin

– Yes N/V,
abdominal
pain

10/10 None 5 mg IV Unknown None Left AMA
2 h after
ketamine

IV indicates intravenous; IM, intramuscular; UTI, urinary tract infection; PO, per os: IDU, Illicit Drug Use; ETOH, alcohol; CC/Dx, chief complaint/Diagnosis; Dispo, disposition, fx, fracture; DC, discharge;
I&D, Incision and Drainage; sx, symptoms; OR, operating room; PCA, patient controlled analgesia; AMA, against medical advice; UTI, urinary tract infection; PO, by mouth.
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825Low-dose ketamine for analgesia in the ED
the use of ketamine in the ED was once highly controversial,
a large number of studies published in the last 2 decades have
confirmed its safety and have made ketamine available in
most EDs [12-14]. Many studies of subanesthetic adminis-
tration of ketamine, termed low-dose ketamine (LDK),
suggest that it provides effective analgesia with minimum
adverse effects when administered alone or as an adjunct to
opioids [15-19]. Likewise, LDK has been reported to
decrease tolerance to opioids and to have an opioid-sparing
effect [20-23]. The use of LDK for analgesia has been
reported in the anesthesia and surgical literature for treatment
of postoperative or cancer-associated pain [15-19,23].
Likewise, nonclinical experimental studies in the gastroen-
terology, anesthesia, and emergency medicine literature have
shown the efficacy of LDK for analgesia alone and as an
adjunctive medication with opioids [24-27]. A recent study
performed in ED-affiliated mobile intensive care units in
France showed that LDK had an opioid-sparing effect in
trauma patients with acute pain [20]. To our knowledge, no
reports of LDK administration in the ED for the treatment of
pain have been published in the medical literature.

In this article, we present a retrospective case series of
patients receiving LDK for analgesia in the ED to describe
the efficacy and safety of the agent in that setting.
Fig. 1 Response after LDK: improvement, no improvement, or
insufficient data.
2. Methods

We performed a retrospective review of cases in which
LDK was administered in our ED. The study received
approval from the institutional review board at our
university, and informed consent was waived.

The study site is an urban level I trauma center and
university teaching hospital that also serves as the local
county hospital. The ED sees approximately 75,000 adult
patients per year.

All patients 18 years or older who received ketamine in
the ED within a 2-year period (from July 1, 2004, to June 30,
2006) were identified by pharmacy records. The electronic
medical record was then reviewed by one of the primary
authors to identify which of these patients had received LDK
for analgesia. Low-dose ketamine was defined as the
administration of less than 0.6 mg/kg of ketamine for pain
control, excluding patients receiving ketamine during
procedural sedation. This cutoff was chosen because 0.5
mg/kg is the maximum single bolus analgesic dose described
in most studies in the literature, although some include doses
as high as 1 mg/kg [28]. Once subjects were identified, the
chart was further reviewed by the authors to identify the
dose, route, and effect of LDK administration. Data were
extracted onto a standardized collection sheet; data collection
was not blinded. Use of narcotics and other pain medications
before and/or after LDK as well as demographic data
(including sex; age; medical history; use of pain medications,
illicit drugs, or alcohol; chief complaint; disposition; and
time to discharge) were also assessed. The data were
analyzed and are presented descriptively.
3. Results

Thirty-five cases in which LDK was administered for pain
control during the 2-year period, representing 34 different
patients, were identified (Table 1). The mean age of the
patients in this study was 37 years; 66% were men, and 34%
were female. The most common chief complaint was
abscess, representing 16 (46%) of 35 cases. Chronic pain
medication use or illicit drug abuse was specifically recorded
in 28 (80%) of 35 cases.

Each ketamine dose ranged between 5 and 35 mg. The
median dose was 10 mg, and the mean dose was 15.7 mg.
Repeat dosing occurred in 12 (34%) of 35 cases, and the
maximum total dose was 60 mg, delivered as 3 separate 20-
mg intramuscular doses. The drug was administered
intravenously in 30 (86%) of 35 cases and intramuscularly
in 5 (14%) of 35 cases. Opioids were administered before or
concurrent with LDK in 32 (91%) of 35 cases. The remaining
3 patients were on long-acting opioids or had used heroin
near their visit.

Low-dose ketamine seemed to improve pain in 19 (54%)
of 35 cases by a documented 3-point decrease in pain score
on a 10-point scale or physician or nurse description of
marked improvement in pain (Fig. 1, Table 1A). In 8 (23%)
of 35 cases, no benefit was seen (Table 1B). For an additional
8 (23%) of 35 cases, no post–drug administration pain scale
or description of pain was available in the medical record
(Table 1C).

In subjects with improved pain scores after LDK, only 3
(16%) of 19 received additional opioid pain medications in
the ED, whereas 5 (63%) of 8 subjects in the group who did
not have improved pain scores received additional pain
medications. In the group with insufficient data, 3 (38%) of
8 subjects received additional pain medications.



826 L. Lester et al.
No dangerous adverse events associated with the
administration of LDK were identified in this retrospective
case series. In 1 patient, “brief mild dysphoria” was noted,
but the patient also had improvement in his pain.
4. Discussion

In this retrospective case series, we provide the first
description of LDK for analgesia in the ED. Our series
suggests that LDKmay be an effective adjunct to opioid pain
medication in patients with pain that is difficult to treat. Low-
dose ketamine was primarily administered to patients with
high tolerance to narcotics, a group in which pain is often
difficult to treat with the doses of narcotics that many
physicians and nurses are comfortable using [6,7]. The few
patients who did not receive narcotics in the EDwere reported
to use opioids regularly and were very likely to have drugs of
this class in their system, further suggesting that use of LDK
in this series was primarily adjunctive and was being selected
by the treating physicians to target this patient population.

A clinically significant reduction in pain was observed in
19 (54%) of 35 cases after the administration of LDK,
suggesting that LDK may be an efficacious analgesic in the
ED. This response rate is in range with those reported in
studies evaluating the analgesic efficacy of other nonopioid
agents [29-31]. However, this is less than the 80% response
rate reported by Sadove et al in the original study introducing
LDK for analgesia [19]. If any of the patients in whom a
post-LDK pain score was not recorded in fact had benefit, the
response rate in our series might have been higher. Three of
these patients were discharged without receiving further
parenteral narcotics, suggesting a high likelihood of efficacy
in up to 22 (63%) of 35 cases. Likewise, we chose 3 points on
a 10-point scale as the minimal clinically significant
difference (MCSD) [32], whereas others have suggested a
2-point MCSD [33]. Had we used 2 points for the MCSD, 1
additional patient would have shown to have a positive
response (23/35 cases, 66%).

Our results suggest a possible opioid-sparing effect in
patients responding to LDK. This is consistent with the
findings of Galinski et al [20], who found a 26% decrease in
opiate use when adjunctive LDK was administered to trauma
patients in the field. Several previous studies also show an
opioid-sparing effect, including 2 meta-analyses of perio-
perative LDK [21,22]. Improved analgesia with LDK in the
perioperative period has also been found in multiple studies
and has also been found by meta-analysis [22,28]. In patients
with cancer pain, studies also suggest an improved analgesia
and decreased tolerance [23]. Conversely, 2 recent studies of
perioperative pain show no benefit of LDK [34,35].

No dangerous adverse events were noted after the
administration of LDK in this series. Although this is
reassuring, this is a retrospective case series, and this study
was not designed nor powered to assess for safety. The single
minor adverse effect reported was “brief mild dysphoria.” In
our anecdotal experience, it is very important to instruct the
nurse that medication be administered slowly over at least 60
seconds and to warn the patient about the possibility of a
brief unpleasant “rush.”

There are several limitations to this study. It is a
retrospective case series and not randomized or placebo
controlled. The case series is small, and incomplete data were
found in nearly a quarter of the identified cases (8/35 cases).
Without randomization, the case series is more subject to
bias, and there is no way to control for other interventions
that may have affected outcomes. Prospective, randomized,
placebo-controlled trials of LDK in the ED are warranted.

In conclusion, this case series describes the use of LDK
for analgesia in our ED and suggests that it may be a safe and
effective analgesic adjunct in some ED patients, particularly
those with high narcotic tolerance.
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