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ABSTRACT

Purpose: To compare impact of intranasal infusion of dexmedetomidine, ketamine, or combi-
nation of both on IOP in children.

Patient & methods: This prospective, randomized, observational study was conducted at
Benha University Hospital, Egypt and included ASA | or Il children aged 1-6 years who under-
went examination under sedation. They were randomly divided into three groups: Group
D (dexmedetomidine 3 ug/kg); Group DK (dexmedetomidine 1 pg/kg with ketamine 2 mg/kg)
& Group K (ketamine 4 mg/kg). We assessed IOP difference before and after sedation.
Secondary outcomes were sedation scale assessment (Ramsay Sedation Score), emergency
agitation and medication side effects.

Results: We studied 118 children divided into Group D (36 patients), Group DK (42 patients) &
Group K (40 patients). IOP was significantly lower in group D (13 + 3 mmHg) than in groups DK
(16 £4 mmHg) and K (17 £ 3 mmHg), with no significant difference between groups DK and
K. Ramsay 3 was higher in group K (65%) compared to groups D and DK (22.2% and 9.5%,
respectively), while Ramsay 4 was higher in group D and DK (52.8% and 52.4%, respectively)
compared to group K (35%). Post-sedation nausea and vomiting were higher in group K (25%)
compared to groups D and DK (0% for each). Agitation was higher in group K (62.5%) than in
groups D and DK (0% for each) (p < 0.001).

Conclusion: Intranasal dexmedetomidine and ketamine combination are viable for achieving
optimal sedation in pediatric patients undergoing surgeries or medical procedures with no
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significant change in the IOP.

1. Introduction

Pediatric glaucoma is a disease that could potentially
cause blindness [1]. Intraocular pressure (IOP) mea-
surement is a cornerstone in the diagnosis and follow-
up of pediatric glaucoma. Accurate measurement of
the IOP in younger children can pose a challenge [2].

Successfully examining children’s eyes can be chal-
lenging due to their lack of cooperation. This poses
a significant obstacle to achieving positive results.
Administering sedative agents is a crucial step in con-
ducting thorough examinations [3].

When undergoing anaesthesia, it can be challen-
ging to determine the best time to measure the I0OP
due to the possibility of anaesthesia decreasing the IOP
in different ways. To get accurate measurements of the
IOP, it's best to measure it while the patient is awake,
as the effects of sedation or general anaesthesia can
vary depending on the agent used [4].

Chloral hydrate is a potent sedative frequently uti-
lized for its strong sedative effects. It is a common
choice for sedating children [5]. Despite its potential
benefits, there are some challenges with using chloral

hydrate for pediatric sedation. For instance, its solid
and unpleasant odour and its bitter taste can make it
difficult for some children to take it orally. Additionally,
this drug can cause irritation and discomfort in the
gastrointestinal tract, leading to symptoms such as
nausea and vomiting. Moreover, as with many sedative
medications, chloral hydrate can cause irritability upon
waking. Over time, its use has led to reported instances
of severe adverse reactions in children, including lar-
yngospasm and respiratory depression [6].

Dexmedetomidine is a pharmacological agent that
selectively binds to a2-adrenergic receptors, resulting
in sedation and analgesia [7]. Dexmedetomidine has
been applied safely and successfully in pediatric seda-
tion outside the theatre for noninvasive diagnostic
procedures, including CT scanning and MRI [8]. Its IOP-
lowering properties make it a premedication often
used in ophthalmic surgery [9].

Intranasal ketamine is a pharmaceutical agent uti-
lized for its sedative and analgesic properties and
a premedication before anaesthetic induction. When
administered intranasally, it has been observed to
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effectively produce sedation with doses ranging from
0.5mg/kg to 5mg/kg. However, this medication’s
most frequently reported adverse effects are nausea
and vomiting [10].

The impact of administering dexmedetomidine
with ketamine through the nose on children’s intrao-
cular pressure (IOP) has not been researched yet.
This study aimed to conduct a randomized, con-
trolled, double-masked investigation to compare
the impact of intranasal infusion of dexmedetomi-
dine, ketamine, or a combination of both on the IOP
in children.

2. Patients and methods

This prospective, double-blinded, randomized, obser-
vational study was conducted at Benha University
Hospital, Egypt. Patients were recruited from
July 2023 to September 2023. The study was approved
by the ethical review board of Benha University (RC
13 June 2023). All children’s parents or legal guardians
were required to provide informed consent before
participation in the study. It is crucial to note that the
principles of the Declaration of Helsinki were strictly
followed throughout the study.

The study recruited children between the ages of
one and six years, classified as American Society of
Anesthesiologists (ASA) | or Il, who were scheduled to
receive sedation for medical or surgical purposes other
than IOP check.

Children with conditions such as bradycardia, cardi-
orespiratory distress, seizures, upper respiratory tract
infection, hypersensitivity to drugs, neurologic deficits,
liver disease or any acute medical condition were not
included in the study.

Before the procedure, the patient’s weight was
measured for proper dosing. Additionally, their body
temperature, heart rate, respiratory rate, blood pres-
sure, and oxygen saturation were evaluated before and
during the procedure.

We randomly divided the study patients into three
groups using computer-generated random numbers.
The allocation sequence was kept confidential from
the study investigators in sealed envelopes to ensure
that the allocation of participants to the study arms
remained unbiased. The patient selected the envel-
opes containing the allocation data sequentially in
the presence of the study nurse.

Patients were provided with pharmaceuticals that
an independent investigator prepared during the
study. Intranasal drugs were administered via a one-
milliliter tuberculin syringe.

Group D: received intranasal dexmedetomidine 3
Ha/kg

Group DK: received intranasal dexmedetomidine 1
pg/kg with Intranasal ketamine 2 mg/kg

Group K: received intranasal ketamine 4 mg/kg
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The children in our study were monitored every 15
minutes to track the start and duration of their seda-
tion and full recovery. The study also evaluated poten-
tial side effects related to the gastrointestinal,
respiratory, and neurological systems and compared
them between groups. The level of sedation was eval-
uated using the Ramsay Sedation Score [11], which
classified patients as alert and calm, drowsy, or sedated
based on the level of sedation. To ensure unbiased
results, two anesthetists MAE & MSME evaluated the
children for the onset of sedation at the 15th, 30th,
45th, and 60th-minute marks. The study has defined
sedation as a state of complete unconsciousness with
a lack of body movements. Sedation success was
achieved when the patient reached Ramsay Sedation
Score 3 or more.

We used the iCare (IC100) device, manufactured by
iCare Finland Oy in Vantaa, Finland, to measure chil-
dren’s Intraocular Pressure (IOP). We selected iCare for
our study because it is a handheld device that provides
reliable readings and is easy to use with children. The
measurements were taken before and after adminis-
tering sedatives upon reaching complete sedation.

—Our study’s primary outcome was assessing the
IOP difference before and after sedation.

—The secondary outcomes were sedation scale
assessment, emergency agitation and medication
side effects.

We conducted a preliminary pilot study to establish
the optimal sample size for our research while ensuring
its accuracy and reliability. The pilot study involved 45
patients, with 15 randomly assigned to each group. We
assessed the study’s outcomes and incorporated the
findings into the final analysis. Ophthalmologist, MAA,
who checked the children’s IOP, was blinded to the
nature of the drug used.

2.1. Sample size calculation

The sample size calculation was performed using
G*power software version 3.1.9.2, which relied on
data from the pilot study carried out as part of the
current research project. The pilot revealed a large
effect size of IOP between the studied groups (d =
0.4). The total sample size calculated was 105 patients
(35 per group). Alpha and power were adjusted at 0.05
and 0.95, respectively.

2.2. Statistical methods

The data management and statistical analysis were per-
formed using SPSS version 28 (IBM, Armonk, New York,
United States). Quantitative data were assessed using the
Shapiro-Wilk test and direct data visualization methods to
check for normality. Quantitative data were presented as
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means and standard deviations, while categorical data
were presented as numbers and percentages. The one-
way ANOVA test was used to compare quantitative data
between the studied groups, and all post hoc analyses
were adjusted for multiple comparisons. Our study com-
pared categorical data using either Chi-square or Fisher's
exact test. Multivariate linear regression analysis was per-
formed to predict post-sedation IOP, and the regression
coefficients (B) with 95% confidence intervals were calcu-
lated. All statistical tests were two-sided, and p values less
than 0.05 were deemed significant.

3. Results

We evaluated 140 children to determine their eligibility
to participate in our study. After careful consideration,
we excluded 22 children from the sample because they
did not meet the inclusion criteria. Specifically, 15
children had chest infections, five were diagnosed
with congenital heart diseases, and two had liver dis-
eases. Our final study population included 118 ASA | or
Il children aged 1-6 years. We randomly divided our
participants into three distinct groups: Group D, which
comprised 36 children; Group DK, which had 42 chil-
dren; and Group K, which had 40 children. (Figure 1)

3.1. General characteristics

As shown in Table 1, the studied groups were compar-
able regarding age (p = 0.675), sex (p =0.941), and ASA
(p=0.896)

3.2. Intraocular pressure

No significant differences were observed in the IOP
before sedation in the right (p=0.654) and left (p=
0.799) eyes. After sedation, IOP significantly differed
between groups in both eyes (p <0.001 for each).
Post hoc analysis revealed that in both eyes, IOP was
significantly lower in group D (13 =3 mmHg) than in
groups DK (16 £ 4 mmHg) and K (17 = 3 mmHg), with
no significant difference between groups DK and
K (Table 2, Figure 2).

3.3. Secondary outcomes

A significant association was observed between the
studied groups and sedation score (p <0.001), with
Ramsay 3 being higher in group K (65%) compared to
groups D and DK (22.2% and 9.5%, respectively). Ramsay
4 was higher in group D and DK (52.8% and 52.4%,
respectively) compared to group K (35%). No patients

140 children evaluated for
eligibilty to be included in
the study (July to
September 2023)

22 children excluded (15
had chest infections, 5 with

congenital heart diseases,
& 2 had liver diseases)

Group D
(36 children)

Group DK
(42 children)

Group K
(40 children)

Figure 1. Consort diagram of the study population and their allocated groups.

Table 1. General characteristics of the studied groups.

Group D Group DK Group K

(n=136) (n=42) (n=40) P-value
Age (years) Mean +SD 42+13 43+1.2 4+13 0.675
Sex
Males n (%) 21 (58.3) 3 (54.8) 22 (55) 0.941
Females n (%) 15 (41.7) 19 (45.2) 18 (45)
ASA
ASA | n (%) 28 (77.8) 31(73.8) 31(77.5) 0.896
ASA Il n (%) 8(22.2) 11 (26.2) 9 (22.5)

ASA: American Society of Anesthesiologists.
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Table 2. Intraocular pressure of the right and left eyes before and after sedation in the studied groups.

Group D Group DK Group K
I0P (mmHg) (n=36) (n=42) (n = 40) P-value
Right eye
Before sedation Mean + SD 17+4 16 + 4 16 + 4 0.654
After sedation Mean + SD 13+3° 16 + 4° 17 +3° <0.001*
P-value <0.001* 0.109 <0.001*
Left eye
Before sedation Mean + SD 17+3 16+ 4 16 +3 0.799
After sedation Mean + SD 13+ 3° 16 + 4° 17 +3° <0.001*
<0.001* 0.243 <0.001*
*Significant P-value; IOP: Intraocular pressure; Small letters indicate significant pair if different and a non-significant pair if
similar.
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Figure 2. Intraocular pressure (mmHg) of the right and left eyes before and after sedation in the studied groups.

Table 3. Secondary outcomes in the studied groups.

Group D Group DK Group K

(n=36) (n=42) (n=40) P-value
Sedation scale
Ramsay 3 n (%) 8(22.2) 4 (9.5) 26 (65) <0.001*
Ramsay 4 n (%) 19 (52.8) 22 (52.4) 14 (35)
Ramsay 5 n (%) 9 (25) 16 (38.1) 0 (0)
Post sedation NV n (%) 0(0) 0(0) 10 (25) <0.001*
Agitation n (%) 0(0) 0(0) 25 (62.5) <0.001*
Heart rate (BPM)
Before sedation Mean +SD 1006 100+ 7 9+7 0.878
After sedation Mean +SD 89+ 7° 97 +6° 99+ 7° <0.001*
Sedation onset (min) Mean +SD 19+32 10+1° 25+ 5°¢ <0.001*

*Significant P-value; NV: nausea and vomiting; Small letters indicate significant pair if different and a non-significant pair if similar.

BPM (Beat Per Minute).

had Ramsay 5 in group K (0%) compared to 25% and
38.1% in groups D and DK, respectively (Table 3).

Post-sedation nausea and vomiting significantly dif-
fered between the studied groups (p <0.001). It was
higher in group K (25%) compared to groups D and DK
(0% for each). Additionally, agitation was higher in
group K (62.5%) than in groups D and DK (0% for
each) (p <0.001) (Table 3).

Heart rate before sedation was comparable
between the studied groups (p=0.878). After seda-
tion, it significantly differed between groups (p <
0.001). It was significantly lower in group D (89+7)
than in groups DK (97 +6) and K (99 +7), with no
significant difference between groups DK and
K (Table 3).

All patients in our study achieved a Ramsay
Sedation Score of 3 or more. However, sedation
onset revealed a significant difference between the
studied groups (p<0.001). It was significantly
higher in group K (25+5) than in groups D (19
3) and DK (10 £ 1). Additionally, it was significantly
higher in group D than in group DK (Table 3).

3.4. Prediction of intraocular pressure after
sedation

Multivariate linear regression analysis was done to
predict IOP after sedation in both eyes. The model
revealed that Gl was a significant predictor for IOP in
the right eye (B=-4.614, 95% Cl=-6.28 - -2.948, p<
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Table 4. Multivariate linear regression analysis to predict intraocular pressure after sedation.

For right eye For left eye

B (95% Cl) P-value B (95% Cl) P-value
Age (years) 0.03 (-0.505-0.564) 0.913 0.145 (-0.36-0.649) 0.571
Sex -0.451 (-1.807-0.905) 0.511 -0.054 (-1.335-1.227) 0.934
ASA 0.745 (-0.838-2.328) 0.353 1.115 (-0.38-2.61) 0.142
Group
D -4.614 (-6.28 - -2.948) <0.001* -4.334 (-5.907 - -2.761) <0.001*
DK -1.135 (-2.741-0.472) 0.164 -0.953 (-2.47-0.564) 0.216
K R R R

*Significant P-value; R: Reference category; B: Regression coefficient; 95% Cl: 95% Confidence interval; ASA: American Society

of Anesthesiologists.

0.001) and left eye (B =-4.334, 95% Cl =-5.907 - -2.751,
p <0.001), controlling for age, sex, and ASA (Table 4).

4. Discussion

Itis common for children who undergo elective surgery to
feel scared and anxious in the hospital environment,
particularly in the waiting area before the operation.
During the induction period, children experience anxiety
due to separation from parents, the clinical environment,
and interactions with masked personnel [12]. Studies
indicate that around 60-70% of children exhibit signifi-
cant anxiety levels before surgery [13].

For many years, Ketamine has served as a useful
premedication drug. Despite this, it is not the ideal
choice due to its negative effects, such as paradoxical
reactions, postoperative behavioral changes, cognitive
impairment, and slow recovery [14].

Dexmedetomidine is a type of medication that
selectively stimulates alpha-2 adrenergic receptors. It
is becoming increasingly popular as a premedication
for children due to its sedative and anxiolytic effects,
which have minimal impact on respiratory function.
Several studies have shown that dexmedetomidine
premedication can provide adequate sedation before
surgery, reduce separation anxiety in parents, decrease
the incidence of emergence delirium, and improve the
acceptance of facemask induction [15].

Administering intranasal doses of dexmedetomi-
dine and ketamine before surgery has greatly
enhanced children’s ability to tolerate the inhalation
of anesthesia masks. This sedative approach has a high
success rate and is capable of effectively mitigating the
incidence and severity of emergence agitation [14].

The study conducted by Jianxia Liu and colleagues
aimed to evaluate the sedative effects of intranasal 2
pg/kg dexmedetomidine combined with 1 mg/kg
ketamine on young children undergoing transthoracic
echocardiography. Their findings revealed that suc-
cessful sedation was achieved in 96% of the partici-
pants. Additionally, they identified several
independent risk factors for sedation failure, such as
cyanotic heart disease, history of congenital heart dis-
ease surgery, history of sedation failure, and fever. The
research findings suggest that the use of an intranasal

combination of dexmedetomidine and ketamine is
a safe and effective method for administering sedation
to young children during echocardiography [16].

In a study conducted by Prakhar Gyanesh and
colleagues, they compared the effectiveness of two
intranasal drugs, namely 1pg/kg dexmedetomidine
and 5 mg/kg ketamine, as a premedication for children
undergoing MRI. The researchers found that most of
the children involved in the study had no issues with
taking the intranasal drugs, with 90.4% of anesthesiol-
ogists in the dexmedetomidine group and 82.7% in the
ketamine group expressing satisfaction with the con-
ditions for IV cannulations. Based on their findings, the
researchers concluded that dexmedetomidine and
ketamine were equally effective when administered
intranasally as a premedication for children under-
going MRI [17].

In a recent study, Xinlei Lu and colleagues compared
the effectiveness of intranasal 2 pg/kg dexmedetomidine,
1 mg/kg ketamine, and a combination of dexmedetomi-
dine 1pg/kg and ketamine 0.5mg/kg in inducing
anesthesia for children. The results showed that the com-
bination of dexmedetomidine and ketamine had a higher
success rate of sedation (90%) compared to the dexme-
detomidine group (70%) and the ketamine group (53.3%)
(p=0.007). The anesthesiologist satisfaction was also
higher in the combination group. The study concluded
that administering a combination of dexmedetomidine
and ketamine intranasally before surgery significantly
improves children’s cooperation with inhalation anesthe-
sia masks. The utilization of this specific sedation method
has demonstrated a commendable success rate and has
been shown to diminish the incidence and intensity of
emergence agitation effectively [18].

A study led by Hayrullah Alp and his team discov-
ered that intranasal midazolam with a dosage of 0.2
mg/kg, intranasal ketamine with a dosage of 4 mg/kg,
and oral chloral hydrate with a dosage of 50 mg/kg are
all effective in achieving conscious sedation during
pediatric echocardiography. The study revealed that
intranasal midazolam has a faster onset of sedation,
while intranasal ketamine has a shorter duration of
sedation compared to the other two sedatives.
However, all three agents have effectively provided
adequate sedation for successful transthoracic



echocardiography. The study also revealed that chil-
dren undergoing transthoracic echocardiography may
experience side effects [19].

Another study evaluated the effectiveness of intrana-
sal ketamine (5 mg/kg) and dexmedetomidine (2.5 ug/
kg) for providing sedation in children before shifting to
the radiotherapy suite. They demonstrated that intranasal
dexmedetomidine is superior to intranasal ketamine in
providing procedural sedation. Children who had dexme-
detomidine required more time to awaken, but this dif-
ference was not clinically significant [20].

The impact of dexmedetomidine on the IOP has
extensively been studied [21,22]. Dexmedetomidine
may affect the IOP by constricting the blood vessels
in the ciliary body, decreasing aqueous humour pro-
duction. This medication may also enhance the aqu-
eous humour outflow by reducing the ocular drainage
system vasomotor tone, which the sympathetic ner-
vous system controls. Furthermore, the haemody-
namic response associated with dexmedetomidine
may help to decrease the IOP [23].

A study by Deepika D et al. evaluated the efficacy of
two doses of intranasal dexmedetomidine (3.0 and 3.5
pg/kg) as a sedative for postoperative glaucoma exams in
children. The study included 61 children. The findings
showed that a 3.5 ug/kg dose was more effective and
eliminated the need for recurring general anesthesia.
However, one patient in the 3.5 pug/kg group experienced
ventricular arrhythmia, which was treated with dextrose-
saline infusion and glycopyrrolate injection. That study
did not compare pre- and post-sedation I0P [24].

There is an apprehension that ketamine may
increase IOP, which is based on animal studies, studies
involving multiple anesthetics simultaneously, and stu-
dies using higher doses of ketamine than what is typi-
cally used for procedural sedation and pain relief. On
the other hand, several other studies have found no
significant increase in IOP [25].

A study evaluated the effect of ketamine on intrao-
cular pressure (IOP) in children receiving ketamine for
procedural sedation and analgesia for reasons other
than eye injury. The study included children between 1
and 5years of age receiving a mean total ketamine
dosage of 1.6 mg/kg. The study stated that there was
no significant increase in the IOP of pediatric patients
without eye injuries [26].

Furthermore, Nagdeve NG and their colleagues
found that administering a low dose (3 mg/kg) of intra-
muscular ketamine did not cause a significant change
in the IOP of children in their study. However, admin-
istering a higher dose (6 mg/kg) of ketamine signifi-
cantly increased IOP just 5 minutes after injection [27].

The administration of intranasal 1 pg/kg
Dexmedetomidine and 2 mg/kg Ketamine combina-
tion to patients in our study resulted in a faster onset
of sedation without significant changes in heart rate,
agitation, or post-sedation nausea or vomiting. Over
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half of the patients in that group ranked at a grade 4
level on the Ramsay sedation scale. Additionally, there
were no notable disparities in the IOP before and after
sedation, indicating that this combination is favorable
for pediatric patients undergoing sedation to evaluate
their IOP.

Our research was carried out at Benha University
Hospital and was limited to a specific group of patients,
which is a significant constraint. Nevertheless, we are
proud to have been the first to investigate the impact
of intranasal sedatives, Dexmedetomidine and Ketamine,
on IOP fluctuations. We are confident that our findings
have immense value.

Our research indicates that this combination of
sedatives is viable for optimal sedation in pediatric
patients undergoing surgeries or medical procedures
with no significant change in the IOP and with minimal
side effects. However, it is important to note that
further research is necessary to confirm its efficacy
and safety in larger patient populations.
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