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a b s t r a c t

Background: Safe and effective methods for sedation and analgesia in pediatric burn patients

are strongly warranted. This retrospective study of electronic health care records aims to

evaluate the safety and efficacy of intranasal dexmedetomidine combined with rectal

ketamine as procedural sedation for young children undergoing dressing changes and

debridement of burn wounds.

Methods: Documentation was analyzed from 90 procedures in 58 pediatric patients aged

<5 years. Safety and efficacy of the method were assessed based on documentation for

complications, adverse effects, pain level, level of sedation and preoperative and recovery

time.

Results: All 90 sedations were completed without significant adverse events with acute

airway management or medical intervention. The combination of dexmedetomidine-

ketamine produced acceptable analgesia during the procedure and effectively relieved

postoperative pain. However, the approach was insufficient for 7/58 patients (7.8%); these

patients were converted from the dexmedetomidine-ketamine combination to intravenous

anesthesia. In 23% of the cases an extra dose of either ketamine of dexmedetomidine was

administered. Moreover, there were two cases of delayed awakening with recovery time

>120 min.

Conclusion: The drug combination intranasal dexmedetomidine and rectal ketamine is a safe

and reliable approach for procedural sedation and analgesia in pediatric patients undergoing

burn wound procedures, producing a clinically stable sedative condition requiring only basic

monitoring.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Pediatric burn patients undergoing debridement or dressing
changes of burn wounds are potentially exposed to consider-
able pain. Procedures with inadequate analgesia or sedation
may lead to a traumatic experience [1]. Children with
reoccurring traumatic experiences during wound care, in
addition to the burn trauma, are at risk of developing post-
traumatic stress symptoms (PTSS) [1,2]. Procedural pain in
burn patients causes anxiety and stress, lowering the pain
threshold and increasing pain perception [1,3]. It has also been
shown that patients with burns during infancy develop long-
term alterations in sensory and pain processing, resulting in
lower pain thresholds compared to healthy controls [4]. The
regimen for procedural sedation in patients undergoing burn
wound care varies widely across facilities with risks of
undertreatment due to implementation challenges. Again,
this may have a physical and psychological impact on the
young patient’s life [1,5,6]. Combined, these factors make it
essential for health providers to establish a safe and reliable
method for analgesia and procedural sedation during pediatric
burn procedures. This approach is especially relevant in
resource-limited settings with a high incidence of pediatric
burns and limited availability of anesthesiologists and general
anesthesia [7,8].

This retrospective study seeks to evaluate the safety and
efficacy of combining easily administered intranasal dexme-
detomidine (DEX) as induction for sedation to provide a
controlled and calm procedure set up followed by rectal
ketamine in pediatric patients undergoing debridement or
dressing changes of burn wounds. This sedation process was
introduced at the Burn Center, Uppsala University Hospital in
2016 and is the standard method for small children with burns
undergoing wound care procedures. Before initiating this
regimen, our usual practice was rectal administration of
midazolam and ketamine.

The benzodiazepine midazolam, commonly used in less
extensive procedures, including the subject of this study, is
one of the classic sedatives for procedural sedation. Apart from
being a sedative, midazolam has anxiolytic, hypnotic and
amnesic effects and can be administered by intramuscular,
rectal, oral or intranasal routes [9,10]. Postoperative agitation
and restlessness are well-documented side effects of mid-
azolam and pediatric patients seem to be more predisposed to
these paradoxical reactions [11].

Ketamine is an anesthetic drug with potent analgesic
effects used for over 50 years in procedural sedation,
induction and maintenance of anesthesia and emergency
settings. It has a complex neuropharmacology, but the
antagonistic effect on NMDA receptors is responsible for
the anamnestic and analgesic effects. Ketamine produces a
dissociative anesthesia with preservation of laryngeal and
pharyngeal reflexes but also maintains cardiovascular and
respiratory functions. These characteristics differentiate
ketamine from other potent analgesics and contribute to a
safe anesthetic drug in a procedural setting [12,13]. Combin-
ing ketamine with DEX, the cardiostimulatory, psychological
and CNS side effects of ketamine are attenuated. In addition,
the analgesic effect of the drugs appears to be potentiated

when combined, resulting in a possible reduction in the total
amount of drug use [14�17].

The relatively newly identified selective a2-adrenoreceptor
agonist DEX has sedative-hypnotic, analgesic and anxiolytic
properties. It belongs to the same class of drugs as the older,
and still widely used, drug clonidine but has a higher affinity
and specificity to the a2-adrenoreceptor [18,19]. With the
target for DEX’s sedative action being the locus coeruleus in
the brain stem, the hypnotic effect mimics natural sleep, with
the patient remaining rousable when stimulated [20]. Com-
pared to many other sedatives, an important advantage with
DEX is the low risk for respiratory depression, which may
contribute to its popularity in many areas of anesthesia [21].
Additionally, DEX has an anti-shivering effect, making it a
suitable agent for procedural sedation and effectively decreas-
ing intraoperative and postoperative stress responses. DEX
can be administered through intravenous, intramuscular,
intranasal and buccal routes [18,19]. Sheta et al. demonstrated
a significantly lower incidence of postoperative agitation in
children receiving intranasal DEX compared to midazolam.
DEX has also shown better effects in alleviating postoperative
pain [22].

This study hypothesizes that combining DEX and ketamine
in pediatric burn care practice is safe, reliable, readily available
and beneficial.

The study was approved by the Swedish Ethical Review
Authority (Dnr 2018/462).

2. Material and methods

Retrospective study data on pediatric burn patients at the
Burn Center, Uppsala University Hospital were retrieved
from electronic health records between January 1, 2016 and
October 30, 2018. The anesthesia nurse used a specially
developed assessment form during overall documentation
procedures to establish the fasting and premedication
guidelines, pulse, pulse oximetry and pain assessment using
the Face, Legs, Activity, Cry and Consolability (FLACC) pre-
and post-procedure. Criteria for inclusion were all in- and
outpatients <5 years of age with a need for revision or
dressing changes of burn wounds and planned for sedation
with intranasal DEX and rectal ketamine. The exclusion
criteria were acute severe burns in need of general anesthe-
sia and minor burns with underlying diseases affecting the
airway, breathing or circulation. Patients redirected from
combined intranasal DEX-rectal ketamine to intravenous
sedation due to insufficiency of intranasal DEX and rectal
ketamine were not excluded.

2.1. Preparation and preanesthetic management

According to the European Society of Anesthesia guidelines,
child patients and their parents were informed about the
procedure and necessary preparations, including fasting 6 h
but allowing breastfeeding until 4 h and clear fluids up to 2 h
before the procedure (ESA) [23]. Premedication was recom-
mended using ibuprofen and/or acetaminophen according
to weight. Upon arrival, an examination was performed
based on a checklist protocol that included weight, signs of
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infection, airway assessment, possible underlying diseases,
adherence to a fasting scheme and premedication. A needs
assessment was done for additional analgesia with a
mixture of morphine or oxycodone to provide the best
prerequisites before the procedure navigating from experi-
ence of %TBSA. When opiates were added to the premed-
ication the aim was not to reduce the dose of DEX and
ketamine but rather because it was suspected that the
procedure would be more painful than the average proce-
dure, based on the size of the wound, type of dressing
(difficult to remove), location of the injury and also how long
time after the accident. Drug doses were individually
determined  by the attending anesthesiologist determining
the severity of the burn and the expected pain level during
the procedure. A nurse anesthetist performed the sedation,
preferably with the patient’s parent(s) present in the room.
Heart rate and oxygen saturation (pulse oximetry) were
monitored and the nurse anesthetist attended the whole
procedure. Equipment for acute emergencies was available
and an anesthetist with pediatric experience was always
present on the floor during the procedures enabling the
nurse anesthetist to perform independently in all phases of
the procedures following protocol. An i.v. cannula was not
inserted.

2.2. Sedation method

First, DEX (Dexdor1 100 mg/ml, Orion Pharma AB, Danderyd,
Sweden), 1�2 mg/kg, was administered nasally with a syringe
and an LM1 MAD NasalTM device (Teleflex Inc, Wayne, PA,
USA). Approximately 20 min later, ketamine (Ketalar1 10 mg/
ml or 50 mg/ml, Pfizer AB, Sollentuna, Sweden), 5�7 mg/kg,
was administered rectally with a syringe and a rectal nozzle.
If the drugs' effects were insufficient, an extra dose (half of
the initial dose) of ketamine or DEX was given based on the
type of reaction when the procedure was started. If the
patient showed signs of pain, ketamine was added and if the
child was too awake, DEX was added. The process began
when the desired analgesic and sedative effects were
achieved. Level of pain and sedation, heart rate and oxygen
saturation were evaluated before the procedure and reeval-
uated every 5 min until the procedure was concluded. After
the procedure, the nurse anesthetist monitored the patient
every 15 min until awake, providing pain relief if needed. The
patient was discharged when fully awake, drinking/eating
and adequately relieved of pain. Parents were provided with
means to evaluate their child’s continued comfort or signs of
discomfort.

2.3. Measurements

Previous documentation in the hospital records for complica-
tions and adverse events to the drugs was identified. Major
adverse events were defined as respiratory depression, airway
obstruction, laryngospasm, vomiting with desaturation, or
bradycardia/tachycardia with emergency airway manage-
ment or other acute interventions. Level of pain was assessed
using the FLACC scale. The instrument was originally devel-
oped to measure postoperative pain in children by evaluating
the five categories on a scale from 1 to 10, with higher scores

indicating greater pain [24]. Sedation was assessed with the
Ramsay Sedation Scale. The scale ranges from 1 (the patient is
fully awake) to 5 (the patient is unconscious and not
responding to painful stimuli) [25]. Moreover, additional drug
doses, switch to intravenous anesthesia, duration from drug
administration to procedure start, duration from drug admin-
istration to awakening and recovery time were documented.
Demographic data, including age, sex, body weight, burn
mechanism, percent total body surface area (%TBSA), drug
doses, premedication, health background and time from
sustaining the burn were recorded.

2.4. Statistics

Because this is a retrospective study without a control group,
only descriptive statistics with mean values, standard devia-
tions and range are reported. Sedation level (Ramsay) is
presented as median level (range) and pain score (FLACC) is
shown as mode (most common value). Microsoft Excel was
used for the analysis.

3. Results

3.1. Demographic data

Some 58 pediatric burn patients underwent 90 procedures
using intranasal DEX in combination with rectal ketamine.
Mean age was 20.9 (SD = 10.0, range = 8�47 (range) months.

The majority (n = 38, 65.5%) were boys. Most burns were due
to scalds (n = 45, 77.6%), followed by contact burns (n = 11,
19.0%) and electrical burns (n = 1, 1.7%). Mean %TBSA was 5.8
(SD = 5.0, range = 0.2�20)%. Mean (SD) body weight at the time
of the procedures was 12.4 (2.5) kg (Table 1). All children were
free from severe diseases affecting vital functions; however,
four patients had one of the following conditions: asthma,
Down’s syndrome, isolated cleft palate under reconstruction
and recovering from sepsis and venous thrombosis 1 week
earlier.

Table 1 – Mean (1 standard deviation) age on the day of the
procedure and mean body weight is based on all
90 dressing changes. TBSA, body weight, burn
mechanism, and gender data is based on all 58 individuals
included in the study.

Demographic data Mean (SD) Range

Age (months; n = 90) 20.9 (10.0) 8�47
Body weight (kg; n = 90) 12.4 (2.5) 7.7�18.7
TBSA (%; n = 58) 5.8 (5.0) 0.2�20

Burn mechanism (n = 58)
Scalds 77.6 (n = 45)
Contact burns 19.0%, (n = 11)
Electrical burns 1.7%, (n = 1)

Gender (n = 58)
Male 65.5% (n = 38)
Female 34.5% (n = 20)
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3.2. Procedure data

The mean duration from sustaining the burn to the time of the
procedures was 8.5 (SD = .6, range = 1�40) days. The mean dose
was 1.57 (0.40) mg/kg for DEX and 6.2 (1.4) mg/kg for ketamine.
The duration of the procedure was documented in 60
procedures, with a mean duration of 20.5 (11.2) min (Table 2).
There was documentation on premedication in 59 procedures,
of which 27 (45.8%) received oxycodone mixture in combina-
tion with acetaminophen and ibuprofen, 44.4 (6.8%) received
only oxycodone mixture and 32 (54.2%) received either
acetaminophen, ibuprofen, or a combination of the two.
Additional doses of DEX or ketamine were given in 4/
31 procedures (12.9%). 38 of the patients only had one sedation
and 20 patients were sedated more than once with an average
of 2,6 sedations/patient.

3.3. Safety and efficacy

All procedures included in the study (n = 90) were completed
without any complications or adverse events. Time from drug
administration to procedure start was documented in 59
procedures with a mean duration of 45.0 (SD = 14.5, range = 15
�80) min for DEX and 26.5 (SD = 11.3, range = 10�55) min for
ketamine. The mean duration from first drug administration
to awakening (including the procedure) was 109.5 (SD = 34.8,
range = 55�210) min (Fig. 1). During the procedure, the median
level of sedation was 3 on the Ramsay Sedation Scale
(interquartile range, IQR = 2.5�3). The median level of pain
during the procedure was 3 on the FLACC scale (IQR = 1�5).
Postoperative pain was documented in 84 (93.3%) of the
90 procedures. There were no indications of postoperative pain

in 82/84 (97.6%) procedures (FLACC = 0): one child scored one
point and one scored two points after the procedure. The mean
time from the end of the procedure to recovery was 42.9 (SD =
33, range = 0�149) min in 50 documented procedures, with 2
procedures having a prolonged recovery time of >120 min
(Table 3).

3.4. Additional drug administration

Additional doses of ketamine or DEX were added in 21/90
(23.3%) procedures. In 16/21 (76.2%) of these procedures an
additional single dose of ketamine (rectal route) was given, 3/
21 (14.3%) received a single dose of intranasal DEX and 2/21
(9.5%) received doses of both ketamine and DEX. The mean
additional dose was 2.61 (0.76) mg/kg for ketamine and 0.83
(0.22) mg/kg for DEX. The most common motive for additional
drug doses was inadequate analgesia (e.g., a patient not laying
still or reacting in other ways, or wounds being more severe
and thus more painful than expected). In 4/31 (12.9%)
procedures extra doses of DEX/ketamine were given to
patients in the group who received oxycodone in addition to
acetaminophen and ibuprofen as premedication. In seven
(7.8%) of the 90 procedures the desired analgesic effect with the
combination DEX-ketamine was considered insufficient and
these were therefore converted to intravenous sedation. The
intravenous sedatives were intravenous propofol (n = 2),
propofol combined with ketamine (n = 4), or propofol
combined with morphine (n = 1). Four of the seven (57%)
procedures were changed without first giving additional doses
of DEX/ketamine.

4. Discussion

Our study suggests that the combination of intranasal DEX and
rectal ketamine is a safe, reliable and well-suited sedation
practice for pediatric patients undergoing dressing changes
and treating burn wounds. All 90 sedations included in the
study were performed without complications or serious
adverse events. Adverse events, such as respiratory depres-
sion, obstructed airway or cardiac symptoms with emergency
airway management or acute intervention, have been de-
scribed as rare in similar studies of DEX and ketamine. These
events are often linked to patients with anatomical malfor-
mations or ongoing health problems [26]. The observed high

Table 2 – Mean (1 standard deviation) number of days from
sustaining the burn to the dressing change and mean (SD)
drug doses from initial administration based on all
90 procedures. Mean (SD) procedure time based on
60 procedures.

Procedure data n M (SD) Range

Time from burn ! procedure (days) 90 8.5 (7.6) 1�40
DEX dose (mg/kg) 90 1.57 (0.40) 0.92�2.30
Ketamine dose (mg/kg) 90 6.2 (1.4) 2.8�9.0
Procedure time (min) 60 20.5 (11.2) 5�50

Fig. 1 – Procedure process, over time in minutes and (SD).
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safety and simplicity of intranasal and rectal administration
and that the method only utilises basic monitoring with a
pulse oximeter makes it efficient and easily accessible, even
under austere conditions. This is significant for safe and
reliable protocols of nurse-led conscious sedations without
direct anesthetic attendance [7]. Allowing a nurse anesthetist
with the required competency and burn injury experience to
work independently is considered the first step of safety
measures taken before considering extending procedures of
this kind for any nurse led clinical setting. Easily accessible and
safe methods for procedural sedation and analgesia of
pediatric burns patients are strongly warranted [27,28].

The only need for insertion of an i.v. cannula was in the
seven cases of conversion to i.v. sedation. There was no need
for emergent administration of intravenous drugs due to side
effects. For the child patient, avoiding insertions of an i.v.
cannula is not only timesaving but also reduces pain and
distress associated with wound care in pediatric burn
patients. With the high safety that this sedation technique
provides, it is now recommended in our center (at least for
shorter procedures) to use the nasal/rectal route even if the
child has an i.v. line for other reasons. DEX provides initial
anxiety relief also making rectal ketamine administration
more tolerable. Potentially, we suggest that the intranasal
and rectal method can be implemented in pediatric burn care
centers in countries where the availability of sedation and
analgesia is limited. It is a safe and easily accessible method
well-suited for burn units with resource-limited settings. An
alternative route for administration of ketamine is to give
also this drug intranasally. Yang et al. used a combination of
intranasal dexmedetomidine (2 mg/kg) and intranasal keta-
mine (1 mg/kg) for sedation in diagnostic procedures as
cardiac ultrasound, pulmonary function and EEG with a
success rate of 93% in 17,948 patients [26]. If used in a more
painful procedure, as change of burn dressings, a higher dose
of ketamine would probably be needed. When intranasal
ketamine in a dose of 5 mg/kg was given intranasally for
pediatric premedication significant tacycardia and secre-
tions were observed [29]. These side effects were not
observed in the present study with rectal administration of
ketamine.

The median and mode maximum level of sedation on the
Ramsay Sedation Scale was 3. Therefore, most patients were

sedated but responded to verbal commands at a conversational
level throughout the procedure. This allowed the patient to be
mobile without unnecessary restrainment when completing a
dressing change enabling the parent to console the child when
needed. The median and mode maximum pain level on the
FLACC scale during the procedure was 3 and the modal level 2.
On this scale(range = 0�10), scores from 1 to 3 can be interpreted
as mild discomfort, suggesting that the DEX and ketamine
protocol produces acceptable analgesia for these often-painful
procedures [24]. The less hypnotic properties of the DEX and
ketamine combination, characterized by dissociative anesthe-
sia with the patient being rousable during the sedation, may
explain why theFLACC scores inourstudy aresomewhat higher
than in studies of ketamine combined with midazolam
[12,20,30]. Postoperative pain was 0 on the FLACC scale in 82/
84 assessed procedures, which provides good prerequisites for a
pleasant awakening. There were three minor adverse events in
the study and these were solely in the group of seven patients
switched to the i.v. sedation. The standard procedure protocol
includes potential extra doses of DEX or ketamine if necessary.
However, in 4/7 procedures extra doses ofDEX or ketaminewere
not given before the conversion to the i.v. administration with
propofol. This approach may be considered a methodological
error as additional doses are now offered before i.v conversion.
Many factors may influence the decision to convert to
intravenous anesthesia such as when the situation is too
stressful for the child, or there is a shortage of time due to many
patients waiting. With increasing experience the number of
conversion to intravenous sedations have decreased.

Rectally administered midazolam has a more rapid onset
than intranasal DEX [21]. Peak plasma concentration following
rectal midazolam administration is attained after 12�16 min
[9,31]. In contrast, rectal ketamine was achieved after 40�45
min and intranasal DEX after 38 min [32�34]. A study on the
combination of rectal ketamine and midazolam in pediatric
burn patients undergoing procedures showed a time from drug
administration to initiation of wound care of approximately 15
min and a dose-dependent recovery time of 25�36 min [30].
Our study shows a longer total procedure time: a mean time
from first drug administration to procedure start of 45 min and
a mean recovery time of 42.9 min.

Apart from the variance in drug characteristics, the
individual drug dosage in our study may explain the

Table 3 – Mean (1 standard deviation) durations from: drug administration to procedure start, first drug administration to
patient awakening, recovery time from end of the procedure to patient awakening. Median (interquartile range) sedation
level on the Ramsay Scale of sedation and level of pain on the FLACC scale. The mode of level of pain after the procedure on
the FLACC scale in 82/84 procedures.

Efficacy n Mean (SD) Range

DEX administration to procedure start (min) 59 45.2 (14.5) 15�80
Ketamine administration to procedure start (min) 59 26.9 (11.3) 10�55
DEX administration to awakening (including the procedure) (min) 50 109.5 (34.8) 55�210
Recovery time (min) 50 42.9 (33.0) 0�149

Median (IQR) Mode
Sedation level (Ramsay) 84 3 (2.5�3) 3 (n = 54)
Maximum pain during procedure (FLACC) 85 3 (1�5) 2 (n = 17)
Pain after procedure (FLACC) 84 0 (0�0) 0 (n = 82)
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differences in initiation time and recovery time. Early in the
rehabilitation process many pediatric burn patients suffer
from sleep deprivation because of physiological, psychological
and environmental stimuli [35]. Because of the characteristics
of DEX (imitating regular sleep), the recovery time may
naturally be extended to catch up on the child’s sleep
deprivation, which may help explain the two cases of
prolonged awakening and the variation in recovery times in
our study. However, all our patients were routinely monitored
until fully awake without symptoms of agitation or restless-
ness, symptoms that commonly appear after midazolam
administration [11,24].

Premedication with ibuprofen or paracetamol is recom-
mended to be given at home before the procedure for all
outpatients. Documentation on premedication was available for
59/90 (66%) procedures. However, it remains uncertain whether
the remaining 31 patients were given premedication or not
because there was no systematic documentation on adminis-
tering drugs outside the hospital. The need for additional
premedication with an oxycodone mixture is assessed upon
arrival to the clinic and documentation after administration is
mandatory.Ofall90procedures,21(23.3%)weregivenadditional
DEX or ketamine doses following the clinical sedation protocol.
The 4/31 (12.9%) procedures that received oxycodone as
premedication and were given additional top-up doses suggest
opportunities to improve adequate pain assessments and
administration regimens. Background pain management and
premedication before procedures are therefore crucial to reduce
procedural and post-procedural pain.

A limitation of the study is the non-systematic documen-
tation of the procedures. Another limitation is that the
sedations were performed by several nurse anesthetists,
presumably with individual clinical and documentation
practices despite the clinical sedation protocol. The variability
in the time between the intranasal and rectal administration
may be one indication of this.

5. Conclusion

In conclusion, our study reinforces the hypothesis of the
prominent role of combined therapy using intranasal DEX and
rectal ketamine for sedation and analgesia of pediatric burn
patients. We propose that the drug delivery system’s high
safety precludes the need for a venous catheter before the
procedure and that inpatients with existing i.v. accesses
should also receive intranasal DEX and rectal ketamine. A
prospective, randomized trial performed on pediatric burn
patients is warranted to prove the safety and efficacy of this
combined drug delivery system (intranasal DEX and rectal
ketamine) compared to other methods. Moreover, methods
using the less potent but considerably cheaper drug clonidine
combined with ketamine should be evaluated to implement
easily accessible procedural sedation of pediatric burn
patients in low- and middle-income countries [36].
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