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SUMMARY

Introduction/Objective There is an increasing number of children requiring magnetic resonance
imaging (MRI) of the brain as a diagnostic procedure. During the scan, it is necessary for the child
to remain still for an extended period. This is often challenging due to the patient’s age, as well
as the nature of the disease, which often makes them neurologically altered and uncooperative.
The aim of this study was to evaluate the quality and safety of procedural sedation in children
undergoing MRI of the brain by comparing two different sedation protocols.

Methods The study included 60 participants, aged 1-18 years, who required sedation during MRI of
the brain. Using simple randomization, they were divided into two groups: the dexmedetomidine
group (DEX group) was sedated with dexmedetomidine, and the dexmedetomidine/S-ketamine
(DEX/KES group) received a combination of dexmedetomidine and S-ketamine.

Results Our results showed that the time to achieve adequate sedation was significantly shorter
in the DEX/KES group (6.37 £ 3.62 min) compared to the DEX group (9.03 + 3.48 min) (p = 0.005).
During the initial 10 minutes, the average dexmedetomidine dose was identical in both groups
(1.59 mcg/kg). However, during the continuous infusion phase until the end of sedation, the aver-
age dexmedetomidine dose was 1.47 mcg/kg in the DEX/KES group versus 1.60 mcg/kg in the
DEX group. Analysis of hemodynamic parameters showed better stability in the DEX/KES group.
Complications occurred more frequently in the DEX group.

Conclusion The dexmedetomidine/S-ketamine group provides a faster onset of sedation, better
hemodynamic stability, lower total doses of sedatives, and fewer complications compared to dex-
medetomidine alone.
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INTRODUCTION

In recent years, there has been an increasing
number of children requiring magnetic reso-
nance imaging (MRI) of the brain (endocra-
nium) as a diagnostic procedure [1]. Children
undergoing brain MRI are admitted as out-
patients, and after the diagnostic procedure,
they are expected to be fully awake as soon as
possible and without any additional complica-
tions, as they are discharged home [2]. With the
global economic downturn, financial pressures,
a shortage of medical personnel, and long pa-
tient waiting lists, healthcare institutions have
found it increasingly difficult to complete the
necessary elective surgeries and imaging pro-
cedures. Outpatient anesthesia has provided

a cost-effective and efficient way to manage
scheduled patients, reduce waiting list volumes,
and thereby improve patient satisfaction [3].
Procedural sedation in pediatrics poses
a challenge due to the need to maintain the
child’s safety, comfort, and cooperation, while
minimizing adverse effects. Among the avail-
able sedatives, dexmedetomidine (DEX) is in-
creasingly used due to its combined sedative
and analgesic properties [4]. One of the key
advantages of DEX over other sedative agents
is that it maintains spontaneous breathing and
airway patency, even at higher doses. However,
when administered rapidly and in higher dos-
es, cases of bradycardia, hypotension, and si-
nus arrhythmia have been reported [4, 5, 6].
Continuous infusion rates of DEX can vary
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from 0.2-3 mcg/kg/h. Dose titration is not standardized
[7]. Its relatively slow onset of sedation, insufficient depth,
and potential for hemodynamic instability represent clini-
cal limitations. To overcome these limitations, it is often
combined with other agents.

S-ketamine is a relatively new drug used in pediatric
patients. The main difference between ketamine and
S-ketamine lies in the fact that ketamine is a racemic
mixture, meaning it contains equal parts (50/50) of two
mirror-image molecules: S-ketamine and R-ketamine.
S-ketamine consists solely of the S-ketamine form [8].
It is twice as potent as ketamine and can provide more
reliable sedation and analgesia with a lower risk of side
effects [9]. Clinical studies have shown that S-ketamine
has twice the potency of ketamine in terms of hypnotic
and analgesic effects, with fewer psychiatric side effects.
To achieve the same depth of sedation, the required dose
of racemic ketamine is 50% higher compared to the neces-
sary dose of S-ketamine [10]. Some findings suggest that
S-ketamine provides 50% better recovery of cognitive
function and the same depth of anesthesia compared to
the racemic ketamine mixture [11]. Ketamine differs from
other sedatives in that it has a stimulating effect on the
cardiovascular system [causing increased blood pressure
(BP), tachycardia, and cardiac output]. This occurs due to
its sympathomimetic action on the cardiovascular system
and inhibition of norepinephrine reuptake [12].

The aim of this study was to evaluate the quality and
safety of procedural sedation in children undergoing brain
MRI by comparing two different sedation protocols: DEX
alone and a combination of DEX and S-ketamine.

METHODS

This prospective, randomized clinical study was conducted
at the Clinic for Pediatric Surgery, Institute for Child and
Youth Health Care of Vojvodina. The study was carried
out in the period from December 1, 2024, to February 15,
2025. The study protocol complies with the Declaration
of Helsinki, and the study was initiated after obtaining
approval from the Ethics Committee of the Institute for
Child and Youth Health Care of Vojvodina. Parents of the
children included in the study signed informed consent
after being properly informed about the procedure.

The study included patients aged 1-18 years who re-
quired sedation during MRI of the brain (endocranium).
A total of 60 patients were enrolled. Eligible participants
were under 18 years of age, regardless of sex, and classified as
ASA (American Society of Anesthesiologists) I-IIIL. Patients
classified as ASA 1V, as well as those hospitalized in intensive
care units, intubated, sedated, or on mechanical ventilation,
were excluded from the study. Patients were randomly as-
signed using simple randomization into one of two groups:

o group DEX sedated with DEX only

o group DEX/S-ketamine (group DEX/KES), sedated

with a combination of DEX and S-ketamine.

All patients were previously evaluated in the Preoper-
ative Anesthesia Assessment Clinic, where medical history
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was taken and standard examinations were conducted
(clinical and pediatric examinations, electrocardiography,
laboratory tests, and additional specialist consultations if
needed). The MRI scans were performed under sedation,
following the 1-4-6 fasting rule (clear fluids up to one
hour, breast milk up to four hours, and solid food up to
six hours before the procedure).

All safety measures and equipment were ensured dur-
ing the procedure, including an anesthesia machine, oxy-
gen supply, appropriately sized nasal and oral airways, a
laryngoscope with different blades, endotracheal tubes,
introducers, face masks, and all necessary emergency drugs
and equipment.

All patients received premedication in the preopera-
tive room 20 minutes before the MRI scan: intramuscular
midazolam at 0.1 mg/kg and atropine at 0.01 mg/kg.

In group DEX (30 patients), DEX was administered at
a dose of 1.5-2 mcg/kg over 10 minutes until adequate
sedation (Ramsay score 6) was achieved, followed by con-
tinuous infusion at 1-2 mcg/kg/h during the procedure.

In group DEX/KES, an initial bolus dose of S-ketamine
(0.5 mg/kg) was given, followed by DEX 1-1.5 mcg/kg
until adequate sedation (Ramsay score 6) was reached.
Then, a continuous infusion of DEX at 1-2 mcg/kg/h was
maintained during the procedure.

The level of sedation was assessed using the Ramsay
sedation scale, based on the patient’s response to sound,
verbal commands, or tactile stimulation (Table 1). Once
a Ramsay score of 6 and hemodynamic and respiratory
stability were achieved, patients were transferred to the
MRI scanner. If a Ramsay score of 6 was not achieved after
10 + 5 minutes of infusion or if sedation was inadequate,
additional bolus doses of either DEX or ketamine were
administered, depending on the group.

Table 1. Ramsay sedation scale

Response Level
Awake and anxious, agitated, or restless 1
Awake, cooperative, accepting ventilation, oriented, 5
or tranquil

Awake, responds only to commands 3
Asleep, brisk response to light, glabella tap, or loud noise 4
Asleep, sluggish response to light, glabella tap, or loud noise | 5
Asleep, no response to light, glabella tap, or loud noise 6

Inadequate sedation was defined as difficulty complet-
ing the procedure due to patient movement during MRI
scanning. Sedation was managed to maintain a Ramsay
score of 6, with continuous infusion throughout the proce-
dure. Monitoring included vital signs such as BP, heart rate
(HR), transcutaneous oxygen saturation (SpO), time to
achieve sedation, wake-up time, need for additional medi-
cation, and any complications.

All children breathed spontaneously throughout the
procedure with oxygenation via face mask. Recovery time
was defined as the period from discontinuation of the in-
fusion until achieving a Ramsay score of 2. The quality of
sedation was assessed based on the success of completing
the MRI without movement and the need for additional
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sedation, while safety was evaluated through vital signs
and the occurrence of complications.

Ethics: The study protocol got approval from the Ethics
Committee of the Institute for Child and Youth Health
Care of Vojvodina (November 29, 2024; No. 17-43).

RESULTS

The average dose of DEX administered over 10 minutes to
achieve sedation was identical in both groups (1.59 mcg/
kg). However, the continuous DEX doses during the MRI
procedure were lower in the DEX/KES group (1.47 mcg/
kg) compared to the DEX group (1.60 mcg/kg). The results
are presented in Table 2.

The time required to achieve sedation was significantly
shorter (Z = -2.913; p = 0.000) in the DEX/KES group
compared to the DEX group, as shown in Table 3. The
median time in the DEX group was 10 minutes (range:
6.75-10 minutes), while in the DEX/KES group it was 6
minutes (range: 3-8.50 minutes).

Table 2. Dexmedetomidine dose (mcg/kg) continuously by groups

Value DEX DEX/KES
Average 1.60 1.47
SD 0.33 0.30
Min 1 1
Max 2.5 2
Mediana# 1.5ns 1.5
ICR (P25-P75) 0.37 (1.48-1.85) 0.20 (1.30-1.50)

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile;
P75 - 75th percentile;

*Mann-Whitney U test;

"no statistically significant difference

Table 3. Time required to achieve sedation by groups

Value DEX DEX/KES
Average 9.03 6.37
SD 342 3.68
Min 2 1
Max 15 15
Mediana# 10a 6
ICR (P25-P75) 3(6.75-10) 6 (3-8.50)

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile;
P75 - 75th percentile;

*Mann-Whitney U test;

2p < 0.01

Table 4. Systolic arterial blood pressure (mm Hg) at three examined times according

to groups

Markovic¢ N. et al.

The comparison of systolic BP at different time inter-
vals in both groups is presented in Table 4. In the DEX
group, where continuous infusion of DEX was adminis-
tered without additional sedatives, an increase in the mean
systolic arterial pressure was recorded after 10 minutes;
however, by the end of the procedure, the mean value had
decreased. There were no clinically significant fluctuations.
In the group that received the combination of DEX and
ketamine, systolic arterial pressure remained highly stable
throughout the procedure. After 10 minutes, the median
value remained the same as at baseline, with a minimal de-
crease observed at the end of the procedure. Results of the
Mann-Whitney U test showed no statistically significant
difference between the groups in systolic arterial pressure
values at any of the three time points (p > 0.05).

Based on the results of the Friedman test, a statisti-
cally significant difference was observed across the three
time points for systolic arterial pressure in the DEX group
(x* = 6.158; df = 2; p = 0.046), whereas in the DEX/KES
group, no significant difference was found (x> = 0.080;
df=2;p = 0.961).

The values of Kendall’s coefficient of concordance were
W =0.103 for the DEX group and W = 0.001 for the DEX/
KES group, indicating that the differences were not con-
sistent among most participants in the DEX group, while
in the DEX/KES group, there was a complete absence of
changes between time points.

Wilcoxonss test in the DEX group revealed a statistically
significant increase in systolic arterial pressure after 10
minutes compared to the baseline (Z = -2.057; p = 0.040)
and compared to the end of the procedure (Z = -2.173;
p = 0.030). For all other time point comparisons, no statis-
tically significant differences were found (p > 0.05).

HR values at the three measured time points by group
are presented in Table 5.

Based on the results of the Wilcoxon test and data from
Table 5, a statistically significant decrease in HR was ob-
served 10 minutes after the administration of the loading
dose of DEX in both the DEX group (Z = -3.776; p = 0.000)
and the DEX/KES group (Z = -1.959; p = 0.049).

According to the Mann-Whitney U test, there was no
statistically significant difference in HR values between
the groups at baseline and at the end of the procedure.
However, a statistically significant difference was found 10
minutes after drug administration (Z = -2.079; p = 0.038),
in favor of the DEX/KES group.

The Friedman test showed a statistically
significant difference in HR values across the

Parameters

‘Average‘ SD ‘ Min ‘ Max ‘Mediana"‘ ICR (P25-P75)

three time points in both the control group

DEX (n = 30)

(x* =13.270; df = 2; p = 0.001) and the exper-

At the introduction | 100.67 | 11.80 | 80 | 125 100

20(90-110)

imental group (x> = 26.991; df = 2; p = 0.000).

After 10 minutes 106.10 | 11.02 | 90 | 130 | 106.50™

18 (95.75-113.50)

However, Kendall’s coefficient of concor-

At the end 101.23 | 12.07 | 82 | 133 99

12(92.75-104.25)

dance was W = 0.221 in the control group,

DEX/KES (n = 30)

indicating that differences between the three

At the introduction | 100.77 | 9.46 | 80 | 120 100

15(94.75-110)

time points existed but were not consistently

After 10 minutes 102.83 | 1049 | 90 120 100

23(90-113.25)

present across all participants. In contrast,

At the end 100.177 | 1139 | 85 | 120 95.50

20 (90-110)

W = 0.450 in the group receiving the com-

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile; P75 - 75th percentile;

*Mann-Whitney U test;
"no statistically significant difference
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Table 5. Heart rate (beats/min) at three examined times by groups

DISCUSSION

There are numerous clinical studies in chil-
dren that have examined sedation during
MRI using DEX alone, confirming that at

high doses it provides adequate sedation

for pediatric MRI studies without respira-

tory complications, but it is associated with

cardio-inhibitory changes. It leads to a low-

Parameters ‘Average‘ SD ‘ Min ‘ Max ‘Mediana”‘ ICR (P25-P75)
DEX (n =30)

At the introduction | 107.83 |[15.790| 75 | 138 | 106.50 |21 (98.00-118.75)
After 10 minutes 90.50 |17.547| 57 | 125 88.00 |26(79.25-105.25)
At the end 95.77 |13.531| 68 | 115 | 97.00™ |22 (86.00-107.75)
DEX/KES (n = 30)

At the introduction | 110.27 |[22.095| 70 | 160 | 107.50™ |27 (94.00-121.00)
After 10 minutes 10420 |24.633| 60 | 170 | 100.00* |21 (90.50-111.25)
At the end 94.07 61 | 120 96.50 | 19(84.25-102.75)

ering of BP and bradycardia [13, 14]. Some

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile; P75 - 75th percentile

fMann-Whitney U test;
2p < 0,05;

"no statistically significant difference

Table 6. Time of awakening from sedation by groups

Parameters DEX DEX/KES
Average 5.93 6.93
SD 4.21 4.74
Min 2 2
Max 16 20
Mediana# 5 6ns
ICR (P25-P75) 6 (3-8.5) 7(2.75-10)

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile;
P75 - 75th percentile; *Mann-Whitney U test;
"no statistically significant difference

Table 7. Incidence of complications during sedation in the study

groups (n (%))

Complication DEX (n = 30) DEX/KES (n = 30)
No complication? 24 (80) 29 (96.7)™
Bradycardia 4(13.3) 0(0)
Tachycardia 0(0) 1(3.3)
Wetting 2(6.7) 0(0)
Values are expressed as a number (percentage);
¥ test;

"no statistically significant difference

moderately strong and relatively uniform differences
among patients.

All patients maintained spontaneous breathing through-
out the procedure.

The wake-up time from sedation in both groups indi-
cates a greater number of patients with a wake-up time
shorter than 5.93 minutes in the DEX group and shorter
than 6.93 minutes in the DEX/KES group. The results are
presented in Table 6.

Complications were rare and occurred more frequently
in DEX group.

The most common complication in the group that re-
ceived only DEX was bradycardia, present in four (13.3%)
patients, whereas in the DEX/KES group, no patients ex-
perienced this hemodynamic disturbance.

In the DEX group, two patients (6.7%) experienced
enuresis, and one patient (3.3%) required conversion to
general anesthesia. In the DEX/KES group, one patient
developed tachycardia, and one patient experienced a
technical error.

Nausea and vomiting were not observed in either group.
Additionally, hypotension, hypertension, and oxygen de-
saturation were not observed (presented in Table 7).
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studies have also investigated combinations
of DEX and ketamine for pediatric sedation,
demonstrating better sedation outcomes than
using DEX or ketamine alone. The onset of
sedation and recovery are faster while maintaining hemo-
dynamic and respiratory stability, with possible adverse
events such as nausea, vomiting, and hallucinations at-
tributed to the action of ketamine [15, 16]. However, to
our knowledge, the use of DEX-S-ketamine has not been
evaluated for MRI sedation in children.

The results of our study showed good sedation quality
achieved in 26 out of 30 patients (86.7%) in both groups,
indicating that both methods were highly effective in a
clinical setting.

Our findings align with previous research confirming
that DEX is a safe and effective option for procedural seda-
tion in children [17, 18]. Similar findings were reported
by Gao et al. [19], who demonstrated that the combina-
tion of DEX with racemic ketamine allows better sedation
control and shorter time to achieve the desired sedation
level compared to DEX alone.

Our results showed that the time to achieve adequate
sedation was significantly shorter in the DEX/KES group
compared to the DEX group, confirming our primary
hypothesis that the combination of DEX and S-ketamine
enables faster sedation induction. These results are consis-
tent with previous studies in adults using the combination
DEX/ketamine compared to DEX alone [20].

When observing the induction phase (initial dose
during the first 10 minutes), the median DEX dose was
identical in both groups. However, during the continuous
infusion phase until the end of sedation, a 7.5% difference
indicates a potentially lower need for additional medica-
tion in the DEX/KES group due to the additive sedative
effect of S-ketamine.

Although the initial doses were identical, the reduced
need for continuous DEX administration in the DEX/KES
group has clinically significant potential to reduce the risk
of adverse cardiovascular effects associated with higher
cumulative doses [20].

Hemodynamic parameter analysis showed that changes
in systolic arterial pressure were milder in the DEX/KES
group. In the DEX group, after the loading dose, results
showed the expected, clinically significant bradycardia,
whereas changes in the DEX/KES group were milder.

These data suggest that the presence of S-ketamine con-
tributed to a more stable hemodynamic response during
sedation, likely due to its mild sympathomimetic action
which mitigates the hypotensive effects of DEX.

www.srpskiarhiv.rs
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Oxygen saturation remained stable in both groups
throughout the observed period, indicating that neither
DEX nor S-ketamine significantly affected respiratory
function. Preserved respiratory stability, even in sedated
patients, represents a key safety element of the protocol.
These findings are consistent with literature data on DEX
[21] and S-ketamine [22].

Regarding recovery time from sedation, although dif-
ferences were present, they did not reach statistical sig-
nificance, but clinically favored the group receiving only
DEX. There is a study in adults comparing recovery time
with ketamine combination, showing opposite results to
ours, where recovery time was faster [23].

Concerning complications, excellent sedation quality
was achieved in both groups. The most common complica-
tion in the DEX group was bradycardia, which in one case
required medication therapy. No bradycardia was recorded
in the DEX/KES group. This suggests a potential cardio-
protective role of S-ketamine when combined with DEX.

Other adverse reactions (tachycardia, conversion to
general anesthesia) were rare and evenly distributed among
the groups. No urgent pharmacological intervention was
needed in any case. In two cases in the DEX group, en-
uresis occurred after a bolus dose of DEX, described
as a possible effect after higher doses of DEX [24, 25].
Vomiting can occur during or after procedural sedation;
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Mopehere npoueaypanHe ceaauuje NPUMEHOM AEKCMEAETOMUANHA U
KOMOUWHauuje AeKcMeeTOMUANHA Ca C-KeTaMMHOM TOKOM MarHeTHOPe30HaHTHOr

nperneaa eHA0KPaHMjyma Koz, aeue

Hatawa Mapkosuh'? TopaH Pakuh'?, PaHko 3gpaBkosuh', bojaH Bb. Muxajnosuh'?, iparaH TypatbaHuH'?,

He6ojwa MunoBaHoBuh®

'YHuBep3utet y Hosom Capy, MegnunHcku dakyntet, Hosu Cag, Cpbuja;

2YHUBEP3NTETCKN KIMHUYKY LieHTap BojBoauHe, Hosun Cag, KnnHuka 3a aHecte3unjy 1 nepronepatnsHy meauunHy, Hosu Cag, Cpbuja;
SMHCTUTUTYT 32 3APaBCTBEHY 3alUTUTY Aelie 1 omnagvHe BojsoanHe, KnuHka 3a eyjy xupyprujy, Hosu Cag, Cp6uja;

*UHcTUTYT 33 KapaMoBackynapHe 6onectn BojsoauHe, KnuHuka 3a KapauosackynapHy xupyprujy, Cpemcka Kamenuua, Cpbuja;
SVIHCTUTYT 3a KapAroBackynapHe 6onectn BojsoavHe, Knutika 3a kapgronorujy, Cpoemcka Kamenuua, Cpbuja;

¢Brcoka 34paBCTBEHa LKOSA CTPYKOBHYX cTyauja ,Meauka’, beorpag, Cpbuja

CAXETAK

YBoa/LUusb Cge je Beh 6poj feLie koA Koje ce yKasyje notpeba
3a npernejom eHAoKpaHMjyma MarHeTHOM pe30HaHLIOM Kao
[leo AmjarHocTnyke npoteaype. TOoKOM CHUMaka NoTpebHo je
[a aeTe byae MUPHO AyXKU BpeMeHcKM nepuogd. Otexasajyhy
OKOJIHOCT YMHM Y3pacT NauujeHTa 1 npupoga 6onectu, 36or
Koje Cy AeLia YecTo HeypPOJIOLLKM N3MeHbeHa 1 HEKOOoMepaTMBHa.
Linrb oBe cTyguje 6uo je fa ce ncnuTa KBanuTeT 1 6e36egHOCT
npovlenypanHe cefaluje Ko feLie TOKOM NperneAa eHOoKpa-
HWjyMa MarHeTHOM pe30oHaHLoM, nopeherbem AiBe pasnuyute
cefaLVioHe weme.

Metoge Cryauja je obyxsatuna 60 nCnuTaHnKa, y3pacTa of
1 po 18 roguHa, Kojuma je 6una HeonxoAHa cepaLivja TOKOM
npernefa eHJoKpaHujyMma MarHeETHOM pe3oHaHLoM. [poctom
paH4oMM3aLMjoM NaLujeHT Cy NofesbeHN Y ABE rpyrne: rpyna
nekcmepetomuauH (rpyna IEKC) cegmpaHa je pgekcmeaeTomu-
LVHOM, a rpyna gekcMmeaeToMuanH / c-ketamuH (rpyna JEKC/
KEC) KombrHaLujom feKcMeaeTOMUAVH / C-KeTaMUH.
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Pesyntatm Hawwu pe3syntati cy nokasanu pa je Bpeme no-
CTM3atba afjekBaTHe cepaumje 6uno 3HayajHo Kpahe y rpy-
nu JEKC/KEC (6,37 £ 3,62 MuH.) y ogHocy Ha rpyny JEKC
(9,03 + 3,48 muH.) (p = 0,005). Kapga ce nocmaTtpa nHMLMjanHa
[03a ToKoM NpBux 10 MUHYTa, CpeaHa fA03a AeKCMefeToMUAN-
Ha 6una je ngeHTMYHa y obe rpyne (1,59 mcg/kg), ann 'y daszm
KOHTMHYMpaHe nHdy3uje A0 Kpaja ceaaLimje npoceyHa Ao3a feK-
cmepeToMuAnHa usHocuna je 1,47 meg/kg y rpynu JEKC/KEC,
Hacnpam 1,60 mcg/kg y rpynu JIEKC. AHanm3a xeMoguHaMCKmxX
napameTapa noka3sana je sehy ctabuntoct y rpynu JEKC/KEC.
Komnnukauuje cy 6une petke u yewhe y rpynu JEKC.

3akrmpyyak KombrHaLja fekcMefeToMUaNH / C-KeTaMyH 0be-
36ehyje 6pxu yBoa y cepauujy, 60sby xemoguHamcKy cTabumn-
HOCT, HUXY YKYMHY A03Yy cefjlaTuBa 1 Makbe KOMMNaukaumja y
nopehetby ca rpynom Koja je nprmarsna camo JeKCMeaeTOMULMH.

KrbyuHe peun: npouefypanHa cepaumja; c-KeTaMuH; fekcme-
BETOMUAVH; MarHeTHa pe3oHaHLa
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