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Abstract 
 
Background: This study aimed to compare sedation methods in pediatric patients undergoing magnetic reso-
nance imaging (MRI) using three different anesthetic agents (sevoflurane, thiopental, and propofol) regarding 
safety, efficacy, time management, and side effects. 
Materials and Methods: An observational study was conducted with 126 pediatric patients divided into three 
groups, each receiving one of the three sedative agents: Group S (n = 43), Group T (n = 41), and Group P (n = 
42).  Patients in Group S received induction with 8% sevoflurane, Group T received 5 mg kg1 of thiopental 
intravenously, and Group P received 2 mg kg-1 of propofol intravenously, followed by maintenance via infusion. 
Results: The mean age was 37.3 ± 2 months. Cranial MRI was most frequently requested (64.5%). Group P had 
higher desaturation (p = 0.029) and respiratory depression (p = 0.008) rates. Group T had the shortest induc-
tion time (p <0.001), while Group S showed the fastest wake-up times (p = 0.002; p = 0.001). 
Conclusions: Sevoflurane is distinguished by its rapid emergence from sedation and low incidence of side 
effects. Thiopental has a quick induction time, whereas propofol is associated with minimal agitation but hig-
her respiratory complications. These findings can guide clinicians in selecting the most appropriate sedation 
method for pediatric MRI. 
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 Öz 
 
Amaç: Bu çalışma, manyetik rezonans görüntüleme (MRG) geçiren pediatrik hastalarda üç farklı anestezik ajan 
(sevofluran, tiyopental ve propofol) kullanılarak yapılan sedasyon yöntemlerini güvenlik, etkinlik, zaman yöne-
timi ve yan etkiler açısından karşılaştırmayı amaçladı. 
Materyal ve Metod: Gözlemsel bir çalışma 126 pediatrik hasta ile gerçekleştirildi ve hastalar üç gruba ayrıldı; 
her grup üç sedatif ajanından birini aldı: Grup S (n = 43), Grup T (n = 41) ve Grup P (n = 42). Grup S'deki hastalara 
%8 sevofluran ile indüksiyon, Grup T'deki hastalara 5 mg kg-1 tiyopental intravenöz yolla, Grup P'deki hastalara 
ise 2 mg kg-1 propofol intravenöz yolla indüksiyon yapıldı ve ardından infüzyon yoluyla idame sağlandı. 
Bulgular: Ortalama yaş 37,3 ± 2 ay olarak belirlendi. En sık istenen MRG türü kranial MRG idi (%64,5). Grup 
P'de desatürasyon (p = 0,029) ve solunum depresyonu (p = 0,008) oranları daha yüksekti. Grup T en kısa 
indüksiyon süresine sahipti (p < 0,001), Grup S ise en hızlı uyanma sürelerini gösterdi (p = 0,002; p = 0,001). 
Sonuç: Sevofluran, sedasyondan hızlı derlenme ve düşük yan etki insidansı ile öne çıkmaktadır. Tiyopental, 
hızlı bir indüksiyon süresine sahipken, propofol minimal ajitasyon ancak daha yüksek solunum komplikasyon-
ları ile ilişkilidir. Bu bulgular, pediatrik MRG için en uygun sedasyon yöntemini seçmede klinisyenlere rehberlik 
edebilir. 
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Introduction 
Magnetic resonance imaging (MRI) is a commonly used ima-
ging technique due to its safety and non-ionizing radiation 
properties (1). In pediatric patients, ensuring immobility is 
crucial for obtaining clear images. Since MRI procedures of-
ten last 10 min or more, sedation is frequently required, par-
ticularly in children aged 1 to 8 years. The sedation used du-
ring MRI is generally at the "deep sedation" level, which is 
similar to general anesthesia (2). Deep sedation suppresses 
consciousness and protective reflexes, and patients may 
only respond to painful or repeated stimuli. The primary 
risks associated with deep sedation include respiratory dep-
ression and aspiration, which may necessitate airway mana-
gement. Cardiovascular function, however, is generally pre-
served. Proper monitoring of vital signs is critical when de-
termining the sedative agents or anesthetics to use (3). 
During MRI sedation, oxygen saturation can decrease, so 
capnography is essential to detect early signs of apnea by 
measuring end-tidal carbon dioxide levels. Chest 
plethysmography belts are also used to monitor chest mo-
vement, ensuring regular respiratory monitoring (5). These 
MRI-compatible devices provide continuous respiratory 
data and help detect apnea in real-time (6). 
Dexmedetomidine is commonly used for pediatric MRI in pa-
tients without cardiac risk, whereas propofol is more effec-
tive when administered by anesthesiologists or pediatric cri-
tical care specialists (5,7). Small doses of ketamine or nal-
buphine, given toward the end of sedation with sevoflurane, 
have been shown to reduce emergence agitation without 
delaying recovery (8). Buccal dexmedetomidine, with or wit-
hout oral midazolam, has been found to provide adequate 
sedation for MRI with few side effects, though the failure 
rate suggests dose adjustments may be necessary (9). Deep 
sedation is frequently required to ensure immobility during 
MRI in pediatric patients; however, the safety and efficacy 
profiles of the sedative agents used for this purpose vary. 
Therefore, the primary objective of this study was to com-
pare the safety of sevoflurane, thiopental, and propofol in 
terms of respiratory depression and oxygen desaturation 
(SpO₂ <%92) in pediatric patients undergoing MRI. Second-
ary objectives included the evaluation of induction and re-
covery times, hemodynamic and airway safety, sedation 
success rates, agitation scores, requirement for additional 
dosing, and incidence of adverse events. 
 
Materials and Methods 
This cross-sectional observational study was conducted be-
tween September 2021 and December 2022 at university 
hospital, in accordance with the Declaration of Helsinki, and 
was approved by the local ethics committee (decision num-
ber: 2021/30-02, 14.09.2021). Pediatric MRI sedation was 
performed biweekly, with different sedative agents admin-
istered on alternating days. Blinding was not implemented 
to allow the anesthesia team and patients to be aware of the 
medications and potential side effects. 
 

 
Patient Selection 
The sample size of 75 patients was calculated with a 0.47 
effect size, 80% power, and a 5% error margin using G-
Power 3.1 software (Heinrich-Heine-Universität Düsseldorf, 
Germany), based on peripheral oxygen saturation values 
from the study by Oğurlu et al., which investigated sevoflu-
rane concentrations for MRI sedation in pediatric patients 
(10). While the Oğurlu et al. study utilized a baseline SpO₂ 
value of 95%, our study employed a 92% threshold for defi-
ning desaturation, in accordance with clinical observations 
in our patient population. This distinction was considered 
during the sample size calculation. The sample size calcula-
tion was based on a one-way ANOVA comparing the three 
sedation groups (sevoflurane, thiopental, and propofol), 
using the incidence of desaturation as the primary endpoint. 
However, to increase the reliability of the results, the 
sample size was increased to 126 patients with the approval 
of the institutional ethics committee. This adjustment was 
made to reduce heterogeneity and enhance the robustness 
of subgroup analyses. The study was approved as an obser-
vational, cross-sectional study. Patients were recruited over 
12 months based on predefined inclusion and exclusion cri-
teria. Patients were by administering a different sedative 
drug each MRI day. The 126 patients were divided into three 
groups: Group S (sevoflurane, n = 43), Group T (thiopental, 
n = 41), and Group P (propofol, n = 42). 
Children aged 1 month to 12 years with American Society of 
Anesthesiologists (ASA) scores of I–III undergoing elective 
MRI under sedation were included. Exclusion criteria inclu-
ded patients <1 month or >12 years, ASA score IV, Mallam-
pati class IV, respiratory infections, craniofacial anomalies, 
non-fasting status, ıntensive care unit (ICU) admission, tra-
uma-related imaging, severe cardiopulmonary disease, 
sleep apnea, imaging >60 min, sedation with non-study 
drugs, and those undergoing general anesthesia with intu-
bation or LMA insertion. 
 
Anesthesia Procedures 
Informed consent was obtained from the parents, and the 
patients were escorted to the MRI unit (Philips Ingenia 1.5 
Tesla 2015, Netherlands). To standardize the procedures 
and practices prior to drug administration in the MRI room, 
all patients underwent a uniform preparation protocol. All 
steps were performed in the same sequence and by the 
same anesthesia team for all patients to maintain consis-
tency. Upon arrival at the MRI unit, patients were monitored 
using pulse oximetry, noninvasive blood pressure cuffs, and 
spirometry belts for chest movements. To minimize the po-
tential discomfort caused by MRI-related noise, all patients 
were provided with noise-canceling headphones. These me-
asures were implemented in accordance with routine insti-
tutional practice to reduce auditory stimulation and prevent 
noise-induced arousal, which can interfere with sedation le-
vels. Preoxygenation with 100% oxygen at 5 L/min was per-
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formed for all patients for 3 minutes. Additionally, intrave-
nous access was secured, and atropine (10 µg/kg) was admi-
nistered to reduce secretions and prevent bradycardia. The 
induction time (seconds) was recorded as the time elapsed 
from the patient's entry into the MRI room, including these 
standardized preparation steps, until the start of imaging. 
Patients were randomly assigned to sedation groups, with 
the same drug used for all procedures on a given day. The 
sedation drug doses were determined based on our institu-
tional clinical protocols, supported by a comprehensive lite-
rature review and a pilot study conducted to achieve a tar-
get Ramsey sedation score of 5–6. This approach ensured 
consistent sedation levels while optimizing imaging quality 
during MRI.  
Patients in Group S were induced with 8% sevoflurane (Se-
vorane®, AbbVie, Türkiye) at a fresh gas flow of 5 L min-1 of 
oxygen, targeting a deep sedation level of Ramsey 5–6. Once 
the desired sedation was achieved, the sevoflurane dose 
was reduced to 1.5% minimum alveolar concentration 
(MAC), and if movement occurred during MRI, the concent-
ration was increased to 2% MAC. Sevoflurane was disconti-
nued 3 min before the procedure ended. 
In Group T, thiopental sodium (Pentothal Sodium®, IE, Tür-
kiye) was administered intravenously at a dose of 5 mg kg-1. 
If movement was observed, an additional 1 mg kg-1 was gi-
ven, with oxygen support at 5 L min-1  via nasal cannula. After 
15 min, further doses of 3 mg kg-1 were administered every 
10 min as required. 
In Group P, patients were induced with 2 mg kg-1 propofol 
(Propofol-PF® 1%, Polifarma, Türkiye) followed by a main-
tenance infusion at a rate of 150 µg kg-1 min-1 using an infu-
sion pump (Medbar, İzmir). If movement occurred, 0.5 mg 
kg-1 propofol was added or the infusion rate was increased 
to 200 µg kg-1 min-1. Oxygen support was provided at 5 L min-

1  via nasal cannula, and propofol was discontinued 3 min be-
fore the procedure ended. 
Baseline peripheral oxygen saturation values were recorded 
after the completion of anesthesia induction, rather than 
during the awake state. This approach was chosen to assess 
the effects of different sedation methods on the initial and 
final saturation values. During MRI, end-tidal carbondioxide, 
heart rate, oxygen saturation, chest movements (monitored 
via belt plethysmography), and respiratory rate were rec-
orded every 5 min. If spontaneous breathing did not resume, 
options such as laryngeal mask airway (LMA) insertion or en-
dotracheal intubation were considered. Time metrics, in-
cluding "induction time" (entry into MRI room until imaging 
start), "wake-up time" (time to spontaneous response), and 
“total procedure time”, were recorded. The total amount 
and dose of anesthetic agents administered, the type of MRI 
and use of contrast, were noted. Airway-related events dur-
ing induction and MRI were scored (Figure 1 and 2). Sedation 
was deemed 'successful' if imaging was acceptable to the ra-
diologist and adequate airway safety and sedation were 
achieved. In the recovery room, airway safety scores (Figure 

3), ‘recovery status (modified Aldrete score)’ (Figure 4), 're-
covery time (s)', and the 'patient calmness/agitation status 
at 5-10 min (Weldon agitation scale)' were recorded (Figure 
5) (11). Recovery was considered complete when the modi-
fied Aldrete score reached 9 or higher. The Weldon agitation 
scale used in this study is an observer-rated scale commonly 
applied in pediatric anesthesia recovery. Any adverse events 
from induction to discharge were documented, including 
stridor, snoring, hiccup, cough, dizziness, desaturation, need 
for jaw thrust, prolonged desaturation, oropharyngeal tube 
placement, procedure failure, inadequate induction, severe 
agitation (agitation score average of 3 or 4), movement dur-
ing MRI and sequence repetition (each movement counted 
as an adverse event), vomiting, micturition/defecation, pro-
longed sedation, unexpected hospital admission or ICU 
need, severe hypotension, bradycardia, and nystagmus. 
 

Figure 1.  Post-Induction Airway Safety 
 

 
Figure 2. Airway safety during the MRI procedure 
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Figure 3. Airway Safety in the Recovery Room 

  
Figure 4. Modified Aldrete Score System  

 
Figure 5. Weldon Agitation Score After Anesthesia 

Statistical Analysis 
The required sample size was calculated using G-Power 3.1 
software (Heinrich-Heine-Universität Düsseldorf, Ger-
many) based on the primary outcome—incidence of desat-
uration (SpO₂ < 92%)—across three sedation groups using 
one-way ANOVA. An effect size (f) of 0.47, α = 0.05, and 
power of 80% were used, yielding a minimum sample size 
of 75. To allow for subgroup analyses and improve statisti-
cal power, this was increased to 126 with ethics approval. 
Normality of distribution was assessed using the Shapiro– 
Wilk test due to the small sample sizes in each group 
(n<50). To further support normality, we also evaluated 
mean-median closeness, skewness, kurtosis, and used his-
tograms and Q–Q plots. 
For categorical variables with expected cell frequencies <5, 
Fisher’s Exact Test was applied; otherwise, Pearson’s Chi-
square test was used. Continuous variables were compared 
using ANOVA (normal distribution) or Kruskal–Wallis test 
(non-normal). Tukey’s HSD test was used as a post-hoc 
method. Statistical significance was set at p<0.05. SPSS ver-
sion 22 was used for all analyses. 
 
Results  
This study included 126 patients who were randomly assig-
ned to three groups: Group S (sevoflurane, n = 43), Group 
T (thiopental, n = 41), and Group P (propofol, n = 42). Of the 
participants, 58.7% were male, and 41.3% were female. The 
mean age was 37.3 ± 2 months, and the average weight was 
14.0 ± 8 kg. There were no significant differences among 
the groups in terms of age, gender, or ASA scores. MRI re-
quests were predominantly for neurological indications and 
cranial imaging (Table 1).  
Significant differences were noted in the desaturation sta-
tus among the groups. Group P exhibited significantly hig-
her desaturation rates than the other groups (p =0.029). 
Group P also had lower oxygen saturation levels, both initi-
ally and after completing the MRI, with statistically signifi-
cant differences compared to Groups S and T (p = 0.001, p 
= 0.004, p = 0.002) (Table 2). Agitation scores, as measured 
post-anesthesia, were significantly higher in Group S com-
pared to Group P (p = 0.037).  
No significant differences in heart rate, respiratory rate, or 
blood pressure changes were found between the groups 
during the imaging procedure (p = 0.677, p = 0.38, respec-
tively). However, hypotension was significantly more com-
mon in Group T compared to Group S (p = 0.018, p = 0.041) 
(Table 2). 
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Figure 6. Consort diagram showing patient recruitment 
 
Table 1. Distribution of age, age category, and ASA scores across the groups 

 Sevoflurane Thiopental Propofol p 

Age (month), (n, %) 31.29 ± 20.63 43.85 ± 29.32 36.93 ± 32.18 0.152x 

Age category, (n, %) 
≤12 months 10 23.3 5 12.2 9 21.4 

0.387y 
>12 months 33 76.7 36 87.8 33 78.6 

ASA scores, (n, 
%) 

ASA 1 26 60.5 22 53.7 23 54.8 

0.950y ASA 2 15 34.9 16 39.0 17 40.5 

ASA 3 2 4.7 3 7.3 2 4.8 
x Kruskal–Wallis analysis, y Chi-square/Fisher’s Exact Test analysis. *p < 0.05 indicates significant difference. ASA: American Society of Anesthesiologists. 
 
Table 2. Changes in vital signs and agitation scores across groups 

 Sevoflurane Thiopental Propofol p 

Desaturation; (n,%) 
Yes 2 4.7 a,b 1 2.4a 8 19.0b 

0.029x* 
No 41 95.3 40 97.6 34 81.0 

Baseline saturation,    (Mean±SD) 97.02 ± 2.02a 97.61 ± 1.76a 95.60 ± 2.80b 0.001y* 

Final saturation, (Mean±SD) 96.35 ± 2.25a,b 97.34 ± 2.31a 95.40 ± 3.34b 0.004y* 

Average mean saturation, (Mean±SD) 96.69 ± 1.99 a,b 97.48 ± 1.77a 95.50 ± 2.84b 0.002y* 

Change in pulse rate, (Mean±SD) 0.30 ± 17.99 -4.34 ± 18.10 0.45 ± 16.33 0.677x 

Change in respiratory rate, (Mean±SD) -0.30 ± 4.27 -1.46 ± 4.01 -0.55 ± 3.40 0.638y 

Change in systolic BP (mmHg), (Mean±SD) -2.33 ± 16.38a -9.27 ± 10.87b -7.00 ± 12.01a,b 0.018y* 

Change in diastolic BP (mmHg), (Mean±SD) -3.33 ± 11.13a -9.56  ± 9.66b -4.69 ±9.87a,b 0.041y* 

Agitation score, (Mean±SD) 1.45 ±0.63a 1.28 ±0.51a,b 1.18 ±0.45b 0.037y* 
xChi-square /Fisher’s Exact Test analysis, yKruskal-Wallis analysis. *p < 0.05, a statistically significant difference. a,b The group responsible for the difference. BP; Blood 
Pressure, SD; Standard Deviation. 
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When evaluating airway safety scores post-induction, no sig-
nificant difference was found among the groups (p = 0.935). 
However, during MRI, Group P showed significantly more 
frequent respiratory depression compared to Groups S and 
T (p = 0.008). Airway safety scores in the recovery room re-
vealed no statistically significant differences among the gro-
ups (p = 0.368). Overall, Group P had more respiratory dep-
ression incidents than Group T, showing a significant diffe-
rence between these two groups (p = 0.042) (Table 3). In-
duction times were significantly shorter in Group T (p 
<0.001), and Group S demonstrated shorter wake-up and re-
covery times compared to the other groups (p = 0.002, p = 
0.001, respectively). There were no significant differences 
between the groups in terms of the total duration of the pro-
cedure (p = 0.067) (Table 3). 
The overall success rate of the sedation procedures was 

96.04%, with Group S achieving the highest success rate 
(97.7%). Group T and Group P had similar success rates 
(95.1% and 95.2%, respectively), with no significant differen-
ces between the groups (p = 0.742). Group P required signi-
ficantly more additional doses during the procedure compa-
red to Groups S and T (p <0.001). Group S did not require 
any additional doses during induction, while 12.2% of pati-
ents in Group T and 45.2% of patients in Group P required 
extra dosing (Table 3). 
In terms of adverse events, there were no significant diffe-
rences in the overall number of events among the three gro-
ups (p = 0.376). Group P had the highest number of respira-
tory-related adverse events (26 out of 32), and Group T had 
more movement-related adverse events (8 out of 25) com-
pared to the other groups (Table 3). 

 
Table 3. Comparison of sedation process and its success among groups 
 Sevoflurane Thiopental Propofol p 

 
Airway safety, 
(Mean±SD) 

Post-induction 0.30±0.60 0.24±0.49 0.33±0.65 0.935x 

During MRI 0.19  ±.73a 0.15±.53a 0.76±1.46b 0.008y* 

In the recovery room 0.00±0.00 0.00±0.00 0.05±0.31 0.368x 

Total 0.49 ±1.16 a,b 0.39 ±0.74a 1.14 ±2.14b 0.042y 

 
 
Duration of MRI 
procedure (s), 
(Mean±SD) 

Duration of MRI 778.26±314.78 1,019.63±543.04 930.95±531.64 0.067x 

Induction time 324.00±57.53a 221.71±77.88b 301.83±128.70a <0.001x* 

Emergence time 99.47±99.35a 222.78±203.96b 195.12±149.77b 0.002* 

Recovery time 226.74±101.27a 396.10±287.06b 367.33±217.83b 0.001* 

Sedation success 
(n; %) 

Successful 42 97.7 39 95.1 40 95.2 
0.742z 

Unsuccessful 1 2.3 2 4.9 2 4.8 

Need for additional 
doses (n; %) 

Yes 0 0.0a 5 12.2a 19 45.2b 
<0.001* 

No 43 100.0 36 87.8 23 54.8 

Movement during 
the MRI procedure 

Yes 3 7.0 4 9.8 2 4.8 
0.635z 

No 40 93.0 37 90.2 40 95.2 

Number of movements (Mean±SD) 1.00±0.00 1.75±0.96 1.50±0.71 0.456y 

Number of sequences (Mean±SD) 1.33±0.58 3.00±1.63 2.00±- 0.330y 

Adverse events/Number of patients 
(Mean±SD) 0.44±0.80 0.61±0.98 0.76±1.32 0.376y 

xKruskal–Wallis analysis, yOne-Way ANOVA, zChi-square or Fisher’s Exact Test analysis. *p < 0.05 indicates significant difference. a,bGroup responsible for the difference. 
MRI; magnetic resonance imaging, SD; Standard Deviation. 

 
Discussion 
This study compared the safety, efficacy, time management, 
and side effects of sevoflurane, thiopental, and propofol for 
MRI sedation in pediatric patients. Sevoflurane stands out 
with a high success rate, low incidence of side effects, shorter 
wake-up times, minimal respiratory complications, and he-
modynamic stability. Therefore, it may be preferred in cen-
ters with the appropriate equipment for neonates and  

 
 
patients with compromised general condition. Thiopental is 
advantageous due to its low rate of respiratory complica-
tions, airway safety, and fast induction time. However, atten-
tion is needed for patients with compromised general condi-
tion due to the risks of hypotension and bradycardia. 
Propofol is beneficial for its anxiolytic effect, low incidence of 
agitation, and ability to ensure patient immobility, but has a 
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higher risk of respiratory complications.  
Kol et al. reported 22.7% movement in the propofol group, 
while no movement was observed in the sevoflurane group 
(12). Malviya et al. found a 15% incidence of movement due 
to inadequate sedation in a study with 922 patients (13). Da-
lal et al. reported a 1.4% movement rate in the propofol 
group, 12.2% in the pentobarbital group, and 22.5% in the 
chloral hydrate group among infants aged 0–12 months (14). 
Machata et al. detected 2.2% movement in a propofol-based 
MRI sedation study and administered additional doses ac-
cordingly (15). The movement rates in our study were similar 
to those reported in the literature, with no significant differ-
ences between the three anesthetic agents. Propofol rapidly 
distributes into brain tissue due to its high lipophilicity and 
undergoes hepatic metabolism. This pharmacokinetic prop-
erty can lead to an increased need for additional doses during 
prolonged MRI procedures, as observed in our study, where 
45.2% of patients in the propofol group required supple-
mental doses (16). 
In this study, propofol resulted in the lowest average satura-
tion (95.5%), while thiopental provided the highest (97.4%). 
Machata et al. found an average saturation of 98% using low 
dose propofol for MRI sedation in 500 patients (15). Atalay et 
al. reported an average saturation of 98.8% with thiopental 
in 300 MRI patients (17). Bloomfield et al. found an average 
saturation of 96.7% with propofol, noting that initial satura-
tions tend to be lower, followed by an increase (18). Briggs 
reported an average saturation of 97.9% with sevoflurane in 
640 newborns and infants undergoing MRI (19). Our findings 
align with the literature, except for the lower average satura-
tion with propofol, which may be due to the higher propofol 
dose used in our study. 
This study did not find any significant difference in prolonged 
desaturation rates between propofol and other anesthetic 
agents. Machata et al. administered propofol sedation to 500 
patients and reported that only 0.4% required mask ventila-
tion (15). Dalal et al. encountered respiratory events requir-
ing mask ventilation and LMA placement in 2.9% of patients 
sedated with propofol for MRI (14). Atalay et al. sedated 300 
patients with thiopental for MRI and did not report any cases 
requiring advanced airway management (17). Briggs found 
severe respiratory depression in 0.3% of newborns and in-
fants sedated with sevoflurane for MRI (19). In this study, no 
patient required mask ventilation, LMA placement, or intu-
bation. However, prolonged desaturation can be considered 
a significant airway event. All serious airway events in our 
study were associated with propofol. We believe that using 
propofol without the supervision of anesthesiologists is a risk 
factor for MRI procedures requiring sedation. 
In this study, induction time refers to the duration from the 
start of induction to the beginning of the imaging procedure. 
Thiopental had the fastest induction time (around 3.6 min) in 
our study. Üstün et al. found an induction time of 2.3 min in 
the ketamine-propofol group and 0.9 min in the thiopental 
group (20). Thiopental is known for its rapid onset, being 
highly soluble in blood and quickly crossing the blood-brain 

barrier (21). Our results are consistent with the literature, 
where numerous studies show that thiopental induces anes-
thesia rapidly. However, in contrast to our findings, another 
study comparing only propofol and thiopental reported sig-
nificantly shorter induction and recovery times in the 
propofol group (22). This difference may be related to varia-
tions in dosing, sedation protocols, or study design. 
Based on the findings of this study, it can be concluded that 
sevoflurane resulted in a shorter discharge time compared to 
the other two agents, considering wake-up and recovery pe-
riods. In previous studies, the sum of awakening and recovery 
times is referred to as total recovery or discharge time. In this 
study, the total recovery time with sevoflurane was approxi-
mately 5.3 minutes, which is notably shorter than previously 
reported values in the literature. For instance, earlier studies 
reported average recovery durations of around 11.5 to 15 
minutes following sevoflurane sedation in pediatric MRI pa-
tients (23,24). This difference may be explained by the 
shorter imaging durations and the use of a lower mainte-
nance dose of sevoflurane in our protocol compared to those 
studies. 
Post-anesthesia delirium and agitation are important con-
cerns. Trapani et al. reported that low dose propofol (1.2 mg 
kg-1) has anxiolytic effects (25). Michel and Constantin found 
that sevoflurane can cause agitation and delirium (26). In 
Machata et al.'s study, 500 pediatric patients underwent 
propofol-based sedation for MRI, with no cases of agitation 
reported (15). In our study, none of the patients experienced 
post-sedation delirium or agitation requiring medication. 
When comparing agitation scores across drug groups for all 
imaging procedures, sevoflurane had the highest incidence 
of agitation, while propofol had the lowest. This difference 
was significant. Although the effect of age on agitation scores 
was not analyzed separately, the age distribution was similar 
among the groups; therefore, we believe the potential influ-
ence of age on agitation outcomes is minimal. 
In large-scale studies on pediatric MRI sedation, the inci-
dence of bradycardia was reported to be low across different 
agents. For instance, with sevoflurane, bradycardia was ob-
served in only 0.3% of cases (23), and no cases were reported 
in a 300-patient cohort receiving thiopental (17). In contrast, 
rectal administration of thiopental was associated with a 
6.6% bradycardia rate, whereas none occurred with rectal 
midazolam (27). In our study, none of the patients experi-
enced bradycardia, bradypnea, hypertension, or hypotension 
requiring intervention. The routine use of low-dose atropine 
may have prevented bradycardia. Additionally, atropine's an-
ticholinergic effects may have reduced airway secretions, en-
hancing sedation safety. 
Mongodi et al. reported a 6.2% overall complication rate with 
sevoflurane sedation, including airway obstruction, laryn-
gospasm, central respiratory depression, bronchospasm, 
coughing fits, hypersalivation, inadequate sedation, hiccups, 
severe agitation, seizures, bradycardia, and prolonged seda-
tion (23). In our study, propofol had the highest number of 
adverse events, with respiratory-related problems being the 
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most common across all three groups. These events reduced 
patient satisfaction and increased the complexity of seda-
tion. 
One of the limitations of our study was the necessity to use a 
drip set for propofol infusion due to the absence of an MRI-
compatible infusion pump. It was challenging to accurately 
adjust the infusion rate using drip sets, especially considering 
the typically small veins in children. 
 

Conclusion 
In conclusion, sevoflurane, thiopental, and propofol are 
widely used anesthetic agents for pediatric MRI sedation, 
each with distinct advantages. Sevoflurane demonstrates a 
high success rate, fewer adverse events, and faster recovery 
times, making it ideal for situations where efficient patient 
turnover is critical. Thiopental provides excellent airway se-
curity with the lowest rate of respiratory complications, par-
ticularly beneficial in vulnerable patient populations. Propo-
fol, while effective in reducing post-anesthetic agitation, po-
ses a higher risk of respiratory-related issues. This study pro-
vides clinicians with practical insights into selecting the most 
appropriate anesthetic agent, emphasizing the need for tai-
lored sedation strategies based on individual patient profiles 
and clinical settings. 
 

Acknowledgment 
The authors thank Enago for their assistance in manuscript 
translation and editing.  
 

Ethical Approval: The study protocol was approved by the Non-Interven-
tional Clinical Research Ethics Committee of Kahramanmaraş Sütçü İmam 
University (Decision No: 2021/30-02, Date: 14.09.2021). 
 
Author Contributions:  
Concept: A.Ş.K., Ö.F.B. 
Literature Review: A.Ş.K. 
Design : A.Ş.K., Ö.F.B. 
Data acquisition: A.Ş.K., Ö.F.B., F.Ç. 
Analysis and interpretation: Ö.F.B. F.Ç. 
Writing manuscript: A.Ş.K., Ö.F.B., F.Ç. 
Critical revision of manuscript: A.Ş.K., Ö.F.B., F.Ç. 
Conflict of Interest: The authors have no conflicts of interest to declare. 
Financial Disclosure: Authors declared no financial support. 

 

References 
1. Chandra T, Chavhan GB, Sze RW, Swenson D, Holowka S, Fricke S, et 

al. Practical considerations for establishing and maintaining a mag-
netic resonance imaging safety program in a pediatric practice. Pedi-
atr Radiol. 2019;49(4):458-68.  

2. Arlachov Y, Ganatra RH. Sedation/anaesthesia in paediatric radio-
logy. Br J Radiol. 2012;85(1019):1018-31. 

3. Hara T, Ozawa A, Shibutani K, Tsujino K, Miyauchi Y, Kawano T, et al. 
Working Group for the Preparation of Practical Guidelines for Safe 
Sedation, Safety Committee of the Japanese Society of Anesthesiolo-
gists. Practical guide for safe sedation. J Anesth. 2023;37(3):340-56. 

4. Zielinska M, Bartkowska-Sniatkowska A, Becke K, Höhne C, Najafi N, 
Schaffrath E, et al. Safe pediatric procedural sedation and analgesia 
by anesthesiologists for elective procedures: A clinical practice state-
ment from the European Society for Paediatric Anaesthesiology. Pe-
diatr Anaesth 2019;29(6):583-90. 

5. Schulte-Uentrop L, Goepfert MS. Anaesthesia or sedation for MRI in 
children. Curr Opin Anesthesiol. 2010;23(4):513-7. 

6. Kannikeswaran N, Chen X, Sethuraman U. Utility of endtidal carbon 

dioxide monitoring in detection of hypoxia during sedation for brain 
magnetic resonance imaging in children with developmental disabili-
ties. Pediatr Anaesth. 2011;21(12):1241-6. 

7. Zhou Q, Shen L, Zhang X, Li J, Tang Y. Dexmedetomidine versus pro-
pofol on the sedation of pediatric patients during magnetic reso-
nance imaging (MRI) scanning: a meta-analysis of current studies. 
Oncotarget. 2017;8(60):102468-73. 

8. Dalens BJ, Pinard AM, Létourneau DR, Albert NT, Truchon RJ. Preven-
tion of emergence agitation after sevoflurane anesthesia for pediat-
ric cerebral magnetic resonance imaging by small doses of ketamine 
or nalbuphine administered just before discontinuing anesthesia. 
Anesth Analg. 2006;102(4):1056-61. 

9. Boriosi JP, Eickhoff JC, Hollman GA. Safety and efficacy of buccal 
dexmedetomidine for MRI sedation in school-aged children. Hosp Pe-
diatr. 2019;9(5):348-54. 

10. Oğurlu M, Orhan ME, Bilgin F, Sizlan A, Yanarateş O, Yilmaz N. Efficacy 
of different concentrations of sevoflurane administered through a 
face mask for magnetic resonance imaging in children. Pediatr Ana-
esth. 2010;20(12):1098-104. 

11. Weldon BC, Bell M, Craddock T. The effect of caudal analgesia on 
emergence agitation in children after sevoflurane versus halothane 
anesthesia. Anesth Analg. 2004;98(2):321-6. 

12. Kol IO, Egilmez H, Kaygusuz K, Gursoy S, Mimaroglu C. Open-label, 
prospective, randomized comparison of propofol and sevoflurane for 
laryngeal mask anesthesia for magnetic resonance imaging in pediat-
ric patients. Clin Ther. 2008;30(1):175-81. 

13. Malviya S, Voepel-Lewis T, Eldevik OP, Rockwell DT, Wong JH, Tait AR. 
Sedation and general anaesthesia in children undergoing MRI and CT: 
adverse events and outcomes. Br J Anaesth. 2000;84(6):743-8. 

14. Dalal PG, Murray D, Cox T, McAllister J, Snider R. Sedation and anest-
hesia protocols used for magnetic resonance imaging studies in in-
fants: provider and pharmacologic considerations. Anesth Analg. 
2006;103(4):863-8. 

15. Machata AM, Willschke H, Kabon B, Kettner SC, Marhofer P. Propo-
fol-based sedation regimen for infants and children undergoing am-
bulatory magnetic resonance imaging. Br J Anaesth. 
2008;101(2):239-43. 

16. Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharmacokinetics 
and pharmacodynamics of propofol. Clin Pharmacokinet. 
2018;57(12):1539-1558.  

17. Atalay YO, Leman T, Tobias JD. Efficacy and safety of intravenous thi-
opental for sedation during magnetic resonance imaging in pediatric 
patients: a retrospective analysis. Saudi J Anaesth. 2017;11(2):185. 

18. Bloomfield EL, Masaryk TJ, Caplin A, Obuchowski NA, Schubert A, 
Hayden J, et al. Intravenous sedation for MR imaging of the brain and 
spine in children: pentobarbital versus propofol. Radiology. 
1993;186(1):93-7. 

19. De Sanctis Briggs V. Magnetic resonance imaging under sedation in 
newborns and infants: a study of 640 cases using sevoflurane. Pediatr 
Anaesth. 2005;15(1):9-15. 

20. Ustun YB, Atalay YO, Koksal E, Kaya C, Ozkan F, Sener EB, et al. Thio-
pental versus ketofol in paediatric sedation for magnetic resonance 
imaging: a randomized trial. J Pak Med Assoc. 2017;67(2). 

21. Russo H, Bressolle F. Pharmacodynamics and pharmacokinetics of 
thiopental. Clin Pharmacokinet. 1998;35(2):95-134. 

22. Adaş C, Adaş H, Ergun G, Aydın N, Kurt N, Gül F, et al. Comparison of 
comfort, recovery and discharge times of sodium thiopental and pro-
pofol anesthesia in pediatric patients who underwent outpatient 
anesthesia for magnetic resonance imaging. J Kartal TR. 
2013;24(1):1–5. 

23. Mongodi S, Ottonello G, Viggiano R, Borrelli P, Orcesi S, Pichiecchio 
A, et al. Ten-year experience with standardized non-operating room 
anesthesia with sevoflurane for MRI in children affected by neu-
ropsychiatric disorders. BMC Anesthesiol. 2019;19(1):235. 

24. Lei H, Chao L, Miao T, Shen Ling L, Yan Ying P, Xiao Han P, et al. Serious 
airway-related adverse events with sevoflurane anesthesia via face-
mask for magnetic resonance imaging in 7129 pediatric patients: a 
retrospective study. Von Ungern-Sternberg B, editor. Pediatr Ana-
esth. 2019;29(6):635-9. 



Kılınç et al.                                                                                                                            Sedation for Pediatric MRI: An Observational Study 

   Harran Üniversitesi Tıp Fakültesi Dergisi (Journal of Harran University Medical Faculty) 2025;22(2):279-287.                                             
   DOI: 10.35440/hutfd.1684014    

287 

 

 

25. Trapani G, Altomare C, Liso G, Sanna E, Biggio G. Propofol in anesthe-
sia. Mechanism of action, structure-activity relationships, and drug 
delivery. Curr Med Chem. 2000;7(2):249-71. 

26. Michel F, Constantin JM. Sevoflurane inside and outside the opera-
ting room. Expert Opin Pharmacother. 2009;10(5):861-73. 

27. Alp H, Orbak Z, Güler I, Altinkaynak S. Efficacy and safety of rectal 
thiopental, intramuscular cocktail and rectal midazolam for sedation 
in children undergoing neuroimaging. Pediatr Int. 2002;44(6):628-34. 


