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Abstract

Introduction: Rapid recovery and low cost are among the benefits

of ketamine for emergency sedation. It has been excluded as the

first choice because of the associated adverse events.

Objective: To describe the adverse events associated with the

use of ketamine in a high-complexity emergency service.

Materials and methods: Review of clinical records of patients

who received sedation with ketamine for orthopedic procedures

in the emergency room between January 2012 and June 2015, with

identification of adverse events.

Results: Overall, 354 patients were identified (74% males, 32%

children),with amedianage of 21 years, interquartile range (IQR) of

20years.Of them,66%hadupper limb injuries, 79%were treatedon

an outpatient basis, with amedian length of stay in the emergency

service of 3.6hours (IQR 2,5). In 98%, sedation was given by a

different practitioner from the orthopedic surgeon. Ketamine and

midazolam were administered together in the same proportion,

and 3 or more medications were used in 13% of cases. Overall, 14

adverse events (3.9%) were described, 9 related to desaturation

between80%and90%whichwas solvedwithoxygen throughnasal

cannula, 3 were cases of vomiting following sedation with no

aspiration, and 2 were cases of desaturation <80% which were

managed with oxygen administration through a cannula and

maneuvers to maintain airway patency. One patient had visual

hallucinations. No patient required advanced airway maneuvers.

Conclusion: The use of ketamine for sedation in the

emergency service is associated with a low prevalence of major

adverse events. Sedation with ketamine and midazolam appears

to be a safe strategy for these procedures.

Resumen

Introducción: La ketamina para sedación en urgencias tiene

beneficios tales como recuperación rápida y bajo costo. Se ha

excluido como primera opción por sus eventos adversos.

Objetivo: Describir los eventos adversos relacionados con el

uso de ketamina en un servicio de urgencias de alta complejidad.
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Materiales y métodos: Se revisaron historias clínicas de

pacientes que recibieron ketamina en urgencias para sedación

en procedimientos ortopédicos entre enero de 2012 y junio de

2015, identificando eventos adversos.

Resultados: Se identificaron 354 pacientes, (74% hombres, 32%

niños), con unamediana de edad de 21 años, rango intercuartílico

(RIQ) de 20 años. 66% con lesiones del miembro superior, 79%

tratados ambulatoriamente con una mediana de estancia en

urgencias de 3,6 horas (RIQ 2,5). En el 98% la sedación fue realizada

por unmédico diferente al ortopedista. En lamisma proporción se

administró ketamina y midazolam conjuntamente, en 13% se

utilizaron tres o más medicamentos. Se describieron 14 eventos

adversos (3,9%), nueve correspondían a desaturación entre 80 y

90% resuelta con oxígeno por cánula nasal, tres casos de vómito

después de la sedación sin broncoaspiración, y dos casos de

desaturación <80% resuelta con oxígeno por cánula y maniobras

para permeabilización de la vía aérea. Hubo alucinaciones

visuales en un paciente. Ning�un paciente requirió maniobras

avanzadas para la vía aérea.

Conclusiones: El uso de ketamina para sedación en urgencias

tiene una baja prevalencia de eventos adversos mayores. La

sedación con ketamina y midazolam, parece ser una estrategia

segura en estos procedimientos.

Introduction

Closed reductions of fractures and/or dislocations are
frequent in adult and pediatric patients coming to the
emergency service. In the past, these procedures were
performed with no standardized anesthetic or sedation
techniques and, in the best of cases, attended by non-
anesthetist practitioners with little training, or by the
orthopedist who performed the procedure.

Patients undergoing these procedures tend to have a
negative experience, associated with intense pain and
anxiety, making it more difficult to manipulate the
extremity and increasing the possibility of an unsuccess-
ful reduction requiring intervention in the operating room
under general anesthesia. This imposes a delay on timely
intervention and increases costs for the health system.1

Theuseof sedationandanalgesia forprocedures (SAP)has
become standard practice over the past decade because of
the convenience, accessibility, and cost-effectiveness of
performing orthopedic procedures in the emergency service
instead of the operating room.2 SAP consists of administer-
ing sedative or dissociative agentswith orwithout analgesia
to induce an altered state of consciousness thatwill help the
patient tolerate an unpleasant procedure while preserving
cardiopulmonary function.3,4 SAP must be administered
using a drug with a fast onset of action, short duration, safe,
andeasy touse,withminimal respiratory depression andan
acceptable profile of adverse effects, and which can provide
adequate amnesia and muscle relaxation.4

One of themore studiedmedications thatmeet all these
requirements is ketamine, used for the first time in

humans in 1965.5,6 It is a phencyclidine-related agent that
produces functional and electrophysiological dissociation
in the brain,7,8 creating a cataleptic statewith amnesia and
deep analgesia, but preservation of airway protective
reflexes, spontaneous breathing, and cardiopulmonary
stability. Its intramuscular (IM) or intravenous (IV)
administration is quick and reliable, and its safety profile
has been proven in several settings, taking the necessary
precautions in terms of dose and route of administration.
It is widely used around the world.9

Ketamine has a very good safety profile for sedation in
the emergency room in the general population.10 Themost
frequent associated adverse effects are vomiting (16%),
agitation (14%), and desaturation during the procedure
(5%). However, major adverse events such as apnea,
aspiration, need for intubation, laryngospasm, or perma-
nent neurological damage due to hypoxia are rare, with a
prevalence of 0.4% in the pediatric population11 and
0.005% for aspiration and need for intubation in adults.12

Despite the evidence of effectiveness and a favorable
safety profile, ketamine is infrequently used, being the
drug of choice only in 8% of cases according to a Dutch
study13 and in 2.7% in a Canadian series.14

In 2017, the Colombian Society of Anaesthesia and
Resuscitation (S.C.A.R.E.) published the clinical practice
guideline for sedation outside the operating room,15 a
paper of high scientific quality, containing a strong
recommendation regarding the use of ketamine plus
midazolam as the first choice for the performance of
procedures under sedation in the emergency service,
including fracture and dislocation reduction.

Given the paucity of data about the use of sedation with
ketamine in the emergency service for orthopedic proce-
dures in Colombia, the objective of this study is to describe
the clinical and demographic characteristics and adverse
events associated with the use of ketamine in these
procedures in a high-complexity hospital.

Materials and methods

Design and study population

Retrospective,descriptive,observationalcase–control study
in adult and pediatric patients coming to the emergency
service of the Pablo Tobón Uribe Hospital (HPTU) in
Medellín, Colombia, between January 2012 and July 2015,
withdisplaced fracturesofanyextremityand/ordislocation
of any joint, who required sedation with ketamine alone or
in association with other medications for reduction and
immobilization. These osteoarticular injuries are managed
by an orthopedist most of the time, but because of human
resource availability, sometimes they are managed by
general practitioners or emergency medicine physicians.
Multiple trauma patients were excluded.

Convenience, non-probabilistic samplingwas used. The
subjects were selected from the database of the HPTU
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Pharmacy Service, identifying patients for whom at least 1
ampoule of ketamine was delivered from the pharmacy to
the emergency service during the study period.

Variables

The variables consideredwere age, gender, and outpatient
profile (expected length of stay in the emergency service
<6hours). Trauma-related variables were also considered:
localization of the injured segment, time between admis-
sion to the emergency service, and performance of the
reduction procedure; total length of stay in the emergency
service; consideration of fasting by the physician admin-
istering and monitoring sedation; application of addition-
al drugs other than ketamine and their doses; position of
the physician giving sedation; and reduction failure,
defined as the need for a new reduction in the emergency
service during the same admission, or the need for
reduction under general anesthesia. Finally, clinically
relevant outcomes related to the administration of
sedation occurring during the procedure were identified,
in accordance with adverse event definitions included in
the work by Bhatt et al,16 and which were documented in
the clinical records. Serious adverse events were defined
as the presence of 1 of the following conditions: apnea,
laryngospasm, hypotension, bradycardia, complete air-
way obstruction, aspiration, permanent central neurologic
deficit, or death. In addition, significant interventions
were defined as those interventions performed in re-
sponse to any adverse event, including advanced maneu-
vers to maintain a patent airway, orotracheal intubation,
vasopressor administration, or cardiopulmonary resusci-
tation maneuvers. Cases of desaturation requiring oxy-
genation with mask or cannula and/or airway
manipulation, and vomiting during or after the sedation
procedure were also recorded.

Data collection

The list of patients was obtained from the source
mentioned previously and a review of the electronic
clinical records (ECR) of the patients identified was
conducted. The information on the variables described
above was entered by 1 of the researchers (MIO-O) in an
Excel spreadsheet previously designed for that purpose.
The ECR at HPTU contains an editable pre-designed text
note to document the sedation procedure, describing,
among other things, fasting time before sedation and
drugs used during the procedure, as well as the presence
or absence of complications. A different researcher (COV-
M) audited the recorded data and clinical records that did
not contain sufficient information were excluded. Given
the retrospective nature of the study, low-quality docu-
mentation was expected and, consequently, the nursing
clinical record was included and clinically relevant
outcome variables were measured in a yes/no dichotomic

way, depending onwhether theywere present or absent in
the ECR notes.

Statistical analysis

Qualitative variables were described as absolute and
relative frequencies, and quantitative variables were
described using the median and its respective interquar-
tile range (IQR), given that the distribution was different
from normal. All the statistical analyses were performed
using the SPSS Statistics 17.0 software package (IBM,
Chicago, IL).

The study was approved by the HPTU research ethics
committee by approval document 19/2015 of September
24, 2015. Also, being a retrospective study, the committee
give the exception of requesting informed consent.

Results

Overall, 354 patients were identified between January 2012
and July 2015 and included in the study. Of them, 74%were
males, the median age was 21 years (IQR 12–32), and 68%
were adults (>15 years). Of the muscle–skeletal injuries,
78% were localized to the upper limb. The median time
between admission and the performance of the procedure
was 98minutes (IQR 56–159); the time of the last meal was
documented in 8.5% of the cases. Sedationwas assisted by
a physician different from the one performing the
reduction in 98% of the cases; sedation was most
frequently provided by the general emergency physician
(54%). Reduction failed in 7%, requiring newmanipulation
in the emergency room in 10 patients, and reduction under
general anesthesia in 25 patients. In 98% of the cases, at
least the combination of ketamine plus midazolam was
used, and 3 or more drugs were used in 12% of the cases
(ketamine, midazolam, and mainly morphine). The
median length of stay in the emergency service was 261
minutes (IQR 173–710). The results for all the variables
studied in the entire population and separated by pediatric
and adult patients are shown in Table 1.

Overall, 18 clinically relevant outcomes related to the
use of ketaminewere documented in 15 patients; themost
frequently documented adverse eventwas desaturation in
11 cases (3.1%), followed by vomiting in 5 cases (1.4%).
Table 2 shows the distribution of these outcomes accord-
ing to the definitions established by Bhat et al.

Discussion

Care provided for young male adults predominated in the
study. However, the use of ketamine sedation in orthope-
dic procedures varies in the world literature, and there are
studies in all kinds of populations, evaluating the
effectiveness, safety, and adverse events associated with
its use in children and adults. Median age was 21 years. In
2015, a systematic review which included 6 studies
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Table 1. General characteristics and by type of patient (adult/pediatric).

Variable
All

n=354
Adult
n=242

Pediatric
n=112

Age in years
∗

21 (12–32) 26 (21–39) 9 (6–12)

Male sex n (%) 261 (73.7) 180 (74.4) 81 (72.3)

Compromised segment n (%)

Forearm/wrist/hand 152 (42.9) 65 (27) 87 (78)

Elbow 35 (9.9) 25 (10) 10 (8.9)

Arm 9 (2.5) 6 (2.5) 3 (2.7)

Shoulder 78 (22) 78 (32.2) 0

Hip 7 (2) 7 (2.9) 0

Knee 13 (3.7) 10 (4.1) 3 (2.7)

Leg 15 (4.2) 9 (3.7) 6 (5.4)

Ankle/foot 44 (12.5) 42 (17.4) 3 (2.7)

Time to procedure in minutes
∗

98 (56–159) 95 (51–148) 107 (77–180)

Total length of stay in the emergency service in minutes
∗

261 (173–710) 272 (172–1106) 247 (177–494)

Fasting > 6 hours n (%) 15 (4.2) 0 15 (13)

Ketamine dose in mg
∗

50 (30–60) 50 (50–75) 30 (20–35)

Use of additional drug n (%) 346 (98) 235 (97) 108 (96.4)

Use of three or more drugs n (%) 41 (11.6) 37 (15.3) 4 (3.6)

Use of oxygen n (%)

No 284 (80.2) 186 (77) 98 (87.5)

Before sedation 49 (13.8) 41 (17) 8 (7.1)

After sedation 5 (1.4) 4 (1.7) 1 (0.9)

During sedation 16 (4.5) 11 (4.5) 5 (4.5)

Practitioner providing sedation n (%)

General practioner 192 (54.2) 179 (74) 13 (11.6)

Emergency physician 61 (17.2) 56 (23) 5 (4.5)

Pediatrician 94 (26.6) 0 94 (83.9)

Orthopedist 7 (2.0) 7 (3) 0

Source: Authors.
∗
Median and interquartile range.
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assessed ketamine performance in the emergency service;
in these studies, median age was 29�1.5 years, compara-
blewith the 1 found in this study. The use of ketaminewas
highest in orthopedic procedures, higher than 90% in the
majority of studies included.6 Regarding the segment,
forearm, hand, and/or wrist involvement was found in
42.9% of patients, similar to the report by Messenger et al,
in which 56.3% were upper limb procedures, and distribu-
tion by sex was similar to our population, which included
62.5% males.17 Sedation times were measured differently
in various studies, making comparison difficult between
those studies and this series.

Regarding procedure-related characteristics, the mean
dose of ketamine was 50mg (IQR 30), consistent with the
reports included in the systematic review mentioned
above (dose between 42 and 65mg).6 When used for
sedation in the emergency service, ketamine was usually
associated with midazolam as recommended by the
evidence, which has shown the safety and effectiveness
of this combination. In 2010, a study examined the safety
of IV and IM administration of this combination, studying
adverse events, and found that agitationwas less common
in the group receiving midazolam (8% vs 25%, 95%
confidence interval 6%–28%; number needed to treat
(NNT): 6).18 Similar results regarding the safety profile
have been reported in other studies.19,20 On the other
hand, the most recent Colombian guidelines published on
this topic contain a strong recommendation for the use of
this combination.21

In this study, sedation was administered by the general
practitioner 54.2% of the times, the emergency physician
17.2%, the pediatrician 26.6%, and the orthopedist 2%. The
latter shows that sedation was administered by the same
person performing the reduction, but this percentage
corresponds to cases that were intervened before the
implementation of Resolution 2003 of 2014 which requires
the procedure to be performed by 2 different people.22 In
2011, O’Connor et al made a series of recommendations

about sedation, including the practitioner giving sedation,
and there were no differences in terms of safety andmajor
complications, with the following rates and confidence
intervals for every 10,000 sedations: anesthetists 7.6 (4.6–
12.8), emergency medicine physicians 7.8 (5.5 to 11.2),
intensive care physicians 9.6 (7.3–12.6), pediatricians 12.4
(6.9–20.4), and others 10.2 (5.1–18.3). There were no
statistical differences (P<0.05) between the rates of
complications among practitioners before or after adjust-
ment for potential confounding variables.23

In this study, complicationswere very low,with 95.8% of
cases having no complications; the most frequent was
minor desaturation in 9 patients (2.5%), with only 2
patients requiring maneuvers to secure the airway. Other
complications such as major desaturation, vomiting, and
skin rash were really negligible when compared with the
existing evidence. A randomized clinical trial conducted in
an urban pediatric hospital in children between 4 months
and 18 years of age presenting to the emergency service
with an orthopedic injury that compared the use of
ketamine IV versus IM reported desaturation in 8.3% of the
IV group versus 4% in the IM group, laryngospasm in only 1
case in the IV group, and vomiting in 11.9% in the IV group
versus 26.3% in the IM group.24

A retrospective study conducted between January 1999
andApril 2000 in pediatric patients between 1 and 12 years
of age reported fasting of 1hour or less in 12% of patients,
between 1 and 2hours in 39%, and 3hours or more in 49%.
Vomiting occurred in 15.7% of the patients with fasting of
more than 3hours, 14% in caseswith fasting of 2 to 3hours,
and in 6.6% of cases with fasting of 1hour. There was a
linear increase in the vomiting rates with increasing age,
and there was no relation between vomiting and the dose
of ketamine.25 These results are different from the ones in
our study in which 4.2% of the patients met the fasting
requirement and vomiting was lower.

In 2007, a systematic review evaluated adverse events
associated with the use of ketamine, including adult

Table 2. Clinically relevant outcomes (n=18) (absolute and relative frequency).

Outcome
All

n=354
Adult
n=242

Pediatric
n=112

Serious adverse event 0 (0%) 0 (0%) 0 (0%)

Desaturation between 80% and 90% 9 (2.5%) 6 (2.5%) 3 (2.7%)

Desaturation <80%
∗

2 (0.6%) 0 (0%) 2 (1.8%)

Vomiting 5 (1.4%) 4 (1.7%) 1 (0.9%)

Skin rash† 1 (0.3%) 1 (0.4%) 0 (0%)

Hallucination 1 (0.3%) 0 (0%) 1 (0.9%)

Source: Authors.
∗
The 2 cases of desaturation <80% were addressed with additional O2 through nasal prongs and maneuvers to maintain airway patency.

†The patient who developed a skin rash received sedation with ketamine plus midazolam and did not need any additional intervention.
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patients, with adverse events ranging between 0% and
76%. In the studies in which ketamine was used as
monotherapy, psychiatric events ranged between 10% and
20%. Sedative agents were highly effective for preventing
as well as controlling emergence reactions,5 which may
explain the low rate of agitation among the patients
included. Regarding the incidence of vomiting following
emergence from the dissociation state, there was a wide
range between 5% and 15% among the studies.6

Our study has some limitations pertaining to its
retrospective nature and limited control over certain
interventions such as oxygen administration through
nasal cannula before sedation, which could potentially
mask a higher prevalence of desaturation. Moreover, there
is a selection bias considering the young populationwhich
intuitively points to the absence of comorbidities; conse-
quently, the results cannot be generalized to all the
patients coming to the emergency service. Likewise, there
is no evidence of an active search for the identification of
visual or auditory hallucinations that have been described
as frequently associated with the use of ketamine.

Conclusion

In the studied population, there was a low prevalence of
adverse events related to the use of ketamine formoderate
sedation in patients requiring closed reduction in the
emergency room; all of the events were minor and were
solved leaving no sequelae in the patients.

The use of ketamine for orthopedic procedures in the
emergency service is considered a very good therapeutic
option, and findings are consistent with the guidelines of
the S.C.A.R.E.
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