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Abstract
Introduction: Wounds requiring suturing with sedation and analgesia (SA) are a 

common reason for visiting the Pediatric Emergency Department (PED).
Objective: To evaluate the adequacy of SA achieved with intranasal (IN) ketamine 

during simple wound suturing in the PED.
Material and Methods: A descriptive observational study was conducted. Children 

weighing up to 30 kg who presented with a simple wound requiring repair between 
November 2022 and February 2023 were included. A dose of 7 mg/kg of IN ketamine was 
administered in aliquots of 0.5 ml per nostril using a MAD Nasal™ atomizer, alternating 
between sides. The study variables included: demographic data, clinical characteristics, 
degree of SA, sedation duration, operator roles (sedation and suturing), vital signs, 
sedation, and pain levels (Ramsay and Campbell scales), physician satisfaction, and 
parent satisfaction. Data were analyzed using SPSS v21, and the protocol was approved 
by the institutional ethics committee.

Results: Thirty-five patients were included, with a median age of 5 years (p25-75: 
3–8), and 24/35 (68.6%) were male. Median weight was 21 kg (p25-p75: 16–27). SA with 
IN ketamine was successful in 29/35 (82.8%) patients (Ramsay score ≥ 2 and Campbell 
score ≤ 3). Adverse effects included vomiting in 5/35 (14.3%) and hypertension in 1/35 
(2.9%). The mean sedation duration was 29.8 ± 8.95 minutes, and the total suturing time 
was 10.3 ± 3.57 minutes. At the end of the procedure, 7/29 (24.1%) patients reported 
no pain, while 22/29 (75.9%) reported mild pain. Physicians were satisfied with the 
level of SA in 32/35 (91.5%) procedures. All parents indicated they would consent to a 
similar procedure again.

Conclusion: Adequate SA was achieved with IN ketamine administration without the 
need for local wound infiltration of the wounds during suturing in the PED.

SEDOANALGESIA CON KETAMINA INTRANASAL EN LA REPARACIÓN DE HERIDAS 
SIN ANESTESIA LOCAL EN EL DEPARTAMENTO DE EMERGENCIAS PEDIÁTRICAS

Resumen
Introducción: Las heridas que requieren sutura con sedoanalgesia (SA) son un motivo 

de consulta frecuente en el Departamento de Emergencias Pediátricas (DEP).
Objetivo: Determinar si los pacientes alcanzan una SA adecuada con ketamina in-

tranasal (IN) en suturas de heridas simples en el DEP.
Material y Métodos: Estudio observacional descriptivo. Fueron incluidos niños hasta 

30 kg atendidos en el DEP con una herida simple que requirió reparación en el periodo 
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INTRODUCTION 

Wounds requiring sutures are a common occurrence 
among children presenting to the Pediatric Emergency De-
partment (PED). It is essential for emergency physicians to 
possess the necessary skills to manage these cases effective-
ly. Pain and anxiety management should be regarded as fun-
damental components of wound care in PEDs(1). Sedation and 
analgesia (SA), when administered by emergency physicians 
trained in these procedures, have been well demonstrated to 
be safe and effective outside the operating room(2-4). 

Topical anesthetics and tissue adhesives have been shown 
to facilitate wound treatment. However, their use may not 
always be feasible in certain clinical situations, and these 
options are not universally available across all countries and 
healthcare settings. In our country, alternative non-infiltrative 
local anesthetic agents for open wounds, such as LAT gel, 
are unavailable(5).

Lidocaine infiltration remains a commonly used local 
treatment alongside systemic SA during wound repair in 
children outside the operating room(6).

Ketamine, a sedative agent frequently used in procedures 
in the PED, offers a combination of sedation, amnesia, and 
analgesia while maintaining spontaneous breathing and pre-
serving normal airway reflexes, making it a preferred choice 
over other sedative agents(7-9).

Evidence supports the use of intravenous (IV) ketamine 
without local infiltration or the application of local anesthet-
ics for the successful repair of minor wounds. Studies have 
shown no significant differences in pain scale scores between 
patients who received local infiltration or anesthetics and 
those who did not(10,11). 

Intranasal (IN) administration is a well-studied method 
in PEDs. It is fast, non-invasive, well-tolerated, and capable 
of achieving adequate plasma concentrations of sedative 
agents and specific analgesics for relieving acute pain(12-16). 
This method is particularly advantageous in overcrowded 
emergency departments, as it optimizes the time of med-
ical and nursing staff while avoiding the pain and anxiety 
associated with IV line placement(17). The effective dose of 

IN ketamine for minor wound repair has been investigated 
and established in previous research(18-20).

Although rare, local lidocaine infiltration can cause local 
and systemic adverse effects(21-23), making its avoidance a 
potential added benefit. In this context, the present study 
was designed to describe the characteristics of procedural 
SA achieved with IN administration of ketamine without lo-
cal lidocaine infiltration during simple wound sutures in the 
PED. Secondary objectives included determining the time 
required to achieve adequate SA, the duration of sedation, 
identifying adverse effects, and evaluating the perceptions 
of parents or caregivers as well as the attending physicians.

MATERIAL AND METHODS 

Study design and population
 A prospective, descriptive, observational study was con-

ducted in the PED of a tertiary academic pediatric hospital. 
Following informed consent from parents or guardians, pe-
diatric patients weighing 10 to 30 kg, who presented with a 
simple wound less than 5 cm requiring suturing outside the 
operating room between November 1, 2022, and February 
28, 2023, and with an ASA score less than 3, were included 
by non-probabilistic sampling at the convenience of the in-
vestigators. Children with behavioral difficulties, a history of 
adverse reactions to ketamine, wounds requiring intervention 
by a pediatric surgeon due to complexity, facial trauma, or 
nasal and facial malformations, moderate or severe airway 
infections, or congenital heart disease were excluded.

Measurement of the variables
Patient demographic data (sex and age), clinical variables 

(weight and personal medical history), and wound location 
were recorded. The following aspects of personal medical 
history were assessed: allergies, adverse reactions to SA or 
previous anesthesia, and the presence of comorbidities. Se-
dation level was evaluated using the Ramsay scale(24), with 
adequate sedation defined as a value ≥ 2. Pain was assessed 

de noviembre de 2022 a febrero de 2023. Se administró 7 mg/kg de ketamina IN en 
alícuotas de 0,5 ml por fosa nasal con un atomizador MAD Nasal®. Variables: Datos de-
mográficos y características clínicas, grado de sedoanalgesia, duración y operador de 
la sutura, signos vitales, sedación y dolor (Ramsay ≥ 2 y Campbell ≤ 3), satisfacción de 
médicos, y satisfacción de los padres. Los datos se analizaron con SPSSv21. El protocolo 
fue aprobado por el comité de ética institucional. 

Resultados: Incluimos 35 pacientes, con mediana de edad 5 años (p25-75: 3-8), 
varones 24/35 (68,6%). Peso 21 kg (p25-p75: 16-27). En 29/35 (82,8%) pacientes la 
SA con ketamina IN fue exitosa. Los efectos colaterales fueron vómitos 5/35 (14,3%) e 
hipertensión arterial 1/35 (2,9%). El tiempo medio de sedación (minutos): 29,8 ± 8,95 y 
el tiempo total de sutura 10,3 ± 3,57. Al finalizar el procedimiento: no sintieron dolor 7/29 
(24,1%) de los pacientes y refirieron dolor leve 22/29 el (75,9%). Los médicos estuvieron 
satisfechos con el grado de SA alcanzado en 32/35 (91,5%) procedimientos. La totalidad 
de los padres volvería a aceptar un procedimiento similar. 

Conclusión: Se logró un buen nivel de SA con la administración IN de ketamina sin 
infiltración local de las heridas durante las suturas en el DEP.
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using the Campbell scale(25), with adequate analgesia defined 
as a score ≤ 3. For both scales, scores were recorded before 
the procedure and at 1, 5, 10, and 30 minutes after the pro-
cedure began.

Patients were monitored throughout the procedural SA 
until recovery. Vital signs, including respiratory rate (RR), 
heart rate (HR), blood pressure (BP), and oxygen saturation 
(SpO2), were measured before the start of the procedure 
and at 1, 5, 10, 30, and 45 minutes after IN ketamine admin-
istration.

The time (in minutes) required to achieve adequate se-
dation, the duration of sedation, and the duration of the su-
turing procedure were recorded as quantitative variables.

Data were collected on the professional categories of 
those who performed the sedation and suturing procedures, 
including pediatric residents, emergency medicine fellows, 
pediatricians, and emergency physicians.

Possible adverse effects were monitored, including hyper-
tension, hypotension, bradycardia, laryngospasm, vomiting, 
nystagmus, tremor, headache, and irritability.

At the end of the procedural SA, patients assessed 
their perceived pain using age-appropriate pain scales: the 
Wong-Baker scale for patients under seven years of age(28) 
and the numeric rating score for patients aged seven years 
or older(28).

Successful IN SA was defined as achieving the desired 
scores on the Ramsay scale (≥ 2) and the Campbell scale (≤ 3) 
from baseline to the completion of the procedure. Procedur-
al failure was defined as the inability to achieve adequate 
SA within 30 minutes following IN ketamine administration. 
In such cases, data were collected regarding the need for 
infiltration with a local anesthetic or the placement of a pe-
ripheral venous line (PVL) for ketamine administration at a 
dose of 1–2 mg/kg.

The perceptions of parents and physicians regarding 
the SA procedure were assessed using a survey. The survey 
included two closed-ended questions for parents and four 
for physicians, with responses measured on a Likert scale 
(Table 1). Parents were asked whether they would agree to 
the administration of IN SA if given the opportunity, with a 
dichotomous response option (Yes or No).

Procedure
Three operators participated in each procedure: 1) the 

individual responsible for enrolling patients, explaining the 
study, obtaining informed consent from the parents, and 
collecting data; 2) the supervisor overseeing drug adminis-

tration and patient monitoring; and 3) the person in charge 
of wound suturing.

After obtaining informed consent, IN ketamine was ad-
ministered at a dose of 7 mg/kg using a MAD Nasal™ atomizer 
in volumes of 0.5 to 1 ml per nostril, alternating sides. The 
maximum dose was set at 200 mg (equivalent to 4 ml), de-
termined by volume. If the required volume exceeded 1 ml, 
the medication was administered in repeated increments until 
the full dose was achieved. This method was used to facilitate 
absorption through the mucosa, enhance tolerability, and 
prevent runoff of the drug into the pharynx.

Data analysis
Data were analyzed using the SPSS 21 program. Qualita-

tive variables were expressed as percentages, while quantita-
tive variables were presented as means with standard devia-
tions or medians with ranges, according to their distribution.

Ethical considerations
The study was approved by the hospital ethics commit-

tee, and informed consent was obtained from the parents 
or caregivers.

RESULTS

A total of 41 patients were eligible for the study. Thir-
ty-five of these patients received IN ketamine for procedural 
SA and were included in the analysis. Six patients were ex-
cluded due to their refusal to receive medication via the IN 
route. None of the patients had a history of previous adverse 
reactions to SA or any comorbidities.

The median age of the patients was five years, with a 
male predominance. The majority of wounds were located 
on the head. The characteristics of the patients included in 
the study are detailed in Table 2.

SA with IN ketamine was successful in 29 out of 35 pa-
tients (82.8%), as assessed by achieving a Ramsay score of 
≥ 2 and Campbell score of ≤ 3. In these patients, neither local 
infiltration nor the use of a PVL was required. SA via the IN 
route without additional local anesthetic was unsuccessful 
in six patients (17.2%). Among these, three patients (8.5%) 
required local anesthetic infiltration in addition to IN ket-
amine, while two patients (5.7%) required PVL placement 
and IV ketamine administration. One patient received both 
local anesthesia and IV ketamine. Adverse effects occurred 
in 17.2% (6/35) of the children, with vomiting being the most 

TABLE 1. Satisfaction survey of physicians and parents regarding procedural sedation and analgesia using intranasal 
ketamine.

Very satisfied Satisfied Neutral Not very satisfied Dissatisfied

Pysician 
satisfaction

Degree of sedation and analgesia 
achieved

Duration of the procedure from 
start to finish

No need for local anesthesia

Parent/caregiver 
satisfaction

Degree of satisfaction with the 
procedural sedation and analgesia
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common, observed in 14.3% (5/35). One patient (2.9%) ex-
perienced arterial hypertension. These data are summarized 
in Table 3.

The SA operator was a second-year pediatric emergency 
medicine fellow in 31 out of 35 procedures and a senior emer-
gency physician in the remaining four procedures. The suture 
operator was a pediatric resident in all cases. The mean total 
sedation time was 29.8 minutes (±8.95), while the mean total 
suture time was 10.3 minutes (±3.57).

The mean values of vital signs (SpO2, BP, RR, and HR), 
recorded before the procedure and at 1, 5, 10, 30, and 45 
minutes, are presented in Figure 1. The mean time to achieve 
SA before initiating wound repair was 10 minutes. Specifically, 
the mean time to achieve a Campbell scale score of ≤ 3 was 
10 minutes (±0.7 SD), and the mean time to reach a Ramsay 
scale score of ≥ 2 was 10 minutes (±0.5 SD). Among the pa-
tients with successful SA using IN ketamine, seven out of 29 
(24.1%) reported no pain at the end of the procedure, while 
22 out of 29 (75.9%) reported mild pain.

Physician satisfaction with IN SA (the level of sedation 
achieved, duration, no need for PVL placement, and no need 
for local anesthetic infiltration in the wound) was evaluated 
using a Likert scale, as shown in Table 4.

None of the patients had prior experience with SA, and 
all caregivers (35/35) indicated they would consent to similar 

TABLE 3. Patients with successful and unsuccessful 
outcomes of intranasal ketamine as a sole medication and 
associated adverse effects.

Variables n (%)

*Adequate SA n (35)
Yes 29 (82.8)

Local anesthesia + IN Ketamine
Yes 3 (8.5)

*PVL + IV Ketamina 
Yes 2 (5.7)

Local anesthesia + IV Ketamine
Yes 1 (2.8)

*Pain n (29)
No pain
Mild

7 (24.1)
22 (75.9)

Adverse effects
Vomiting
AHT

5 (14.3)
1 (2.9)

Adequate SA: SA achieved with a level of sedation measured with 
a Ramsay scale ≥ 2 points and analgesia measured with a Campbell 
scale ≤ 3 points; PVL: peripheral venous line; IV: intravenous; Pain: 
assessed using the Wong-Baker scales in children ≤ 7 years and 
numeric score in children older than 7 years.

TABLE 4. Degree of physician satisfaction with the 
administration of intranasal sedation and analgesia.

Variables n (%)

With the level SA
Dissatisfied 
Not very satisfied
Neutral
Satisfied
Very satisfied

0
2 (5.7)
1 (2.9)

10 (28.6)
22 (62.9) 

With the procedure duration
Dissatisfied
Not very satisfied
Neutral
Satisfied
Very satisfied

0
2 (5.7)

9 (25.7)
9 (25.7)
15 (42.9)

With the lack of need for IV SA
IDissatisfied
Not very satisfied
Neutral
Satisfied
Very satisfied

1 (2.9)
1 (2.9)

0
8 (22.9)
25 (71.4)

With the lack of need for local anesthesia 
Dissatisfied
Not very satisfied
Neutral
Satisfied
Very satisfied

0
7 (20)
3 (8.6)
5 (14.3)
20 (57.1) 

SA: Sedation and analgesia; IV: intravenous.

Vi
ta

l s
ig

ns

FIGURE 1. Mean variation of vital signs during procedural SA. 

Before 1 min 5 min 10 min 30 min 45 min

SatO2 98 98 97 97 97 97

PAM 67 69 72 71 73 72

FR 21 22 22 22 22 23

FC 111 112 117 118 120 120

TABLE 2. Demographic data and clinical characteristics of 
patients who received procedural sedation and analgesia 
with intranasal ketamine. N: 35.

Variables n (%)

Sex 
Male 24 (68.6)

Age (years) 
Median (p25 – p75) 5 (3-8)

Wound location
Face/Forehead
Scalp
Upper limb
Lower limb

11 (31.4)
9 (25.7)
6 (17.1)

9 (25.7)

Weight (kg)
Median (p25-p75) 21 (16-27)

PMH
Yes
No

2 (5.7)
33 (94.3)

Allergy 2 (5.7)

PMH: personal medical history. 
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procedural SA in the future. In the satisfaction survey, 94% 
(33/35) of caregivers reported being satisfied or very satis-
fied with the procedure; one caregiver was indifferent, and 
one reported being not very satisfied. No caregiver expressed 
dissatisfaction.

DISCUSSION

The administration of IN SA with ketamine in the PED 
resulted in a significant reduction in pain scores, achieving 
adequate sedation levels in the majority of patients without 
requiring local lidocaine infiltration into the wounds.

Previous studies on SA with IV ketamine(10,11) have demon-
strated that using ketamine without local anesthetic infiltra-
tion offers advantages, including reduced costs (supplies and 
drugs) and avoidance of potential adverse effects associated 
with lidocaine administration. The undesirable effects of lido-
caine include local reactions, such as pain, edema, hemato-
mas, hyperalgesia, and muscular trismus, as well as systemic 
effects such as seizures, arterial hyper- or hypotension, and 
respiratory depression(21,22). In this context, IN ketamine ap-
pears to provide a safer and more cost-effective alternative.

In our patients, IN procedural SA avoided the need for 
PVL placement in eight out of ten cases, providing clear 
benefits by reducing the anxiety and pain associated with 
line placement. Although not specifically evaluated in our 
study, the IN technique may also result in resource savings, 
despite potentially increasing administration time for nursing 
staff. Nevertheless, this approach simplifies the process by 
eliminating the need for IV line placement, which represents 
a significant advantage in high-demand settings.

Several studies support IN administration of ketamine as 
a safe and effective method for procedural SA for procedures 
performed outside the operating room(28). The benefits of 
atomized administration include reduced drug loss in the 
oropharynx, higher ketamine concentrations in the cerebro-
spinal fluid, and greater patient acceptability(29). As such, the 
IN technique offers advantages over other routes of admin-
istration, such as IV or intramuscular routes.

With regard to the dose of IN ketamine, several stud-
ies have demonstrated the effectiveness of doses of 3 mg/
kg, 6 mg/kg, and 9 mg/kg(18,20). However, a study by Tsze 
et al. suggested that a dose of 3 to 6 mg/kg may not be 
sufficient to achieve adequate sedation, as assessed by the 
Ramsay score, during simple wound suturing procedures in 
the PED(19). In our study, a dose of 7 mg/kg was used, which 
proved effective for most patients, although the findings by 
Tsze et al. indicate that higher doses might be required in 
certain cases.

An operational challenge was the pharmacological pre-
sentation of ketamine in our setting, which is 50 mg/ml. 
This required administering the drug in aliquots to avoid 
exceeding the maximum recommended volume. To ensure 
tolerability and minimize discomfort from repeated IN dos-
es, a maximum dose of 200 mg (equivalent to 4 ml) was 
established.

The time required to achieve adequate sedation in our 
patients was approximately 10 minutes, which is longer than 
the onset time reported in studies using IV ketamine, where 

sedation is typically achieved within one to two minutes. 
This difference may be attributed to the need to administer 
the drug in sequential doses due to its pharmacological pre-
sentation. However, some studies have reported comparable 
sedation times for both methods of administration(30,31). 

The mean time required to complete wound repair was 
10 minutes, which was shorter than the duration of SA. This 
finding suggests that a shorter sedation period may be suf-
ficient for suturing minor wounds, potentially reducing the 
risk of adverse effects.

The Ramsay scale has been used in numerous studies on 
SA with ketamine(19,32) and was valuable in assessing seda-
tion in our study. The effects of ketamine are classified into 
different ranges: analgesic dose, recreational dose, partially 
dissociative dose, and dissociative dose. In minor procedures, 
patients may experience partial or complete dissociation. 
Partial dissociation occurs when the dose is insufficient for 
complete dissociation but still affects the patient’s conscious-
ness, partially disconnecting them from external stimuli. 
Complete dissociation, which is typically the goal in painful 
procedures or during endotracheal intubation, fully isolates 
the patient from external stimuli(33).

The pain perceived by patients at the end of the proce-
dure was reported as either absent or mild. This result may 
have been influenced by ketamine-induced amnesia, which 
limits the reliability of pain assessment at this time. However, 
measurements taken during the wound repair procedure, 
using the Ramsay and Campbell scales, indicated that SA 
was adequate for wound repair in our patients.

Regarding adverse effects, vomiting was the most fre-
quent, occurring more often than in other studies using IV 
or intramuscular doses of ketamine(34,35). This finding sug-
gests the need for further research with comparatively lower 
doses of IN ketamine to determine whether the incidence of 
vomiting can be reduced. One patient developed arterial hy-
pertension during the procedure, which improved within 30 
minutes without the need for additional medical intervention.

The satisfaction survey indicated that physicians were 
highly satisfied with the implementation of this technique, 
as were parents and caregivers, who stated that, if necessary, 
they would choose this method again for their children. This 
is a positive indication of the technique’s acceptance in both 
clinical and family settings.

Although the use of topical anesthetics applied to wounds 
remains the standard in many developed countries, the IN 
alternative is valuable in settings where these anesthetics are 
unavailable. In the case of suturing in the PED, SA with IN 
ketamine has recently been explored by Rached-d’Astous et 
al. in Canada(36). The advantage of performing SA in a single 
step with a single, fast-acting drug is particularly beneficial 
in high-demand settings.

This study has limitations inherent to its observational 
design. Since only one dose of ketamine was used, it was 
not possible to determine the optimal dose for this type of 
procedure. In addition, the use of convenience sampling and 
the small sample size may have introduced biases that affect 
the generalizability of the results. Nevertheless, we consider 
the results obtained to be of interest, as they demonstrate 
the feasibility of IN SA in wound repair with fewer supporting 
steps. These findings could serve as a foundation for future, 
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larger studies exploring efficacy, ideal dosing, and the most 
appropriate age range for its application.

CONCLUSION

A dose of 7 mg/kg of IN ketamine, administered via a 
MAD Nasal™ atomizer, achieved a satisfactory level of SA in 
80% of the included pediatric patients during wound repair, 
without the need for local infiltration or IV access. These 
findings should be validated in controlled studies.
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