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Abstract
Aim: We aimed to evaluate anesthesia practice for pediatric magnetic resonance imaging (MRI) according to the age groups and discuss the anesthetic management of the patients. We investigated the hospital sheets of all children who underwent MRI under anesthesia retrospectively. Material and Method: We
divided the total of 5720 patients included in the study into two groups as Group S: school children (>6 years) and Group PS: preschool children (<6 years). We
compared the two groups according to demographic characteristics, the anesthetic agent, additional anesthetic agent requirement, length of the sedation and
the complications before and after the sedation. Results: Overall, the mean age of the patients was 4.6±3.8 years (6 months–14 years). In all procedural sedation, we used the ketamine-propofol combination. In Group S, mean ketamine and propofol doses were significantly higher than Group PS (p<0.05). There was
no statistically significant difference in additional anesthetic agent requirement as Ketamine and Midazolam (p=0.38, p=0.42). The duration of anesthesia was
significantly longer in preschool children(p<0.05). There were no severe complications in both groups. In 148 patients we observed hypoxia (2.58%) and pain
in the injection area in 114(1.99%) patients with complications due to sedation. Discussion: In pediatric MRI patients, ketamine and midazolam are effective
and safe choices for procedural sedation. For safety of the sedation, it must be done in a well-equipped environment and proper dose adjustment is required.
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Introduction
In children, MRI requires sedation or general anesthesia due to
noisy and narrow working environment [1]. Sedation controls
anxiety and fear; also maintains immobility for optimal imaging. Stability is essential in MRI because it is susceptible to motion artifacts. Repetition of the full sequence is required if any
motion occurs during the imaging process for one sequence
[2]. In recent years, the number of pediatric patients with MRI
increased by increasing popularity; but there is a limited number of study concerning the anesthetic management of these
patients. General anesthesia may be an alternative in pediatric patients during MRI without any anesthetic complications,
but sedation or general anesthesia during this procedure may
depend on the preferences of the centers [3]. The difficulties
related to MRI in pediatric patients are reported to be between
1.7 and 25.1% [4].
In this study, we evaluated retrospectively our procedural sedation practice and complication rates for pediatric MRI procedures in our department between December 2008 and January
2018.
Material and Method
Kartal Dr. Lutfi Kırdar, Research and Training Hospital, is one of
the leading national referral centers for MRI in Istanbul, Turkey.
In our hospital, pediatric MRI procedures are carried out in the
hospital’s central MRI unit with Achieva 1.5 T, DS Advance, Philips N.V., Netherlands device. This retrospective study includes
pediatric MRI patients under general anesthesia in our hospital
between December 2008 and January 2018. We excluded the
patients with heart, lung or neurological disease, central nervous system or extremity trauma, or contraindication or allergy
to any of the drugs studied and to the egg.
Kartal Dr. Lutfi Kırdar Research and Training Hospital
ethical board approved the study and ethics committee
(Date:13/12/2017; Number: 514/119/2), and we performed the
research according to the principles of the Helsinki Declaration.
All cases (n=5720) were divided into two main groups as follows: Group S—school children (6<years) and Group PS—preschool children (6>years). We reviewed the medical records
retrospectively. Gender age, weight, the presence of comorbid disorders, the American Society of Anesthesiology(ASA)
scores, drugs used for sedation, the addition of extra anesthetic
agents, anesthesia-related complications (desaturation, apnea,
respiratory depression, airway intervention, vomiting, hallucinations, and agitation) were analyzed and and the groups were
compared accordingly.
No pediatric MRI patient was excluded from the study.
An anesthesiologist examined procedural patients before the
procedure and referred to other departments, if necessary. All
children were admitted on the morning of the process with the
fasting of a minimum six hours for solid foods and two hours
for liquids. Before the procedure, no additional drugs for premedication were given. MRI team included a radiologist, anesthetist, anesthesia nurse, pediatrician, and radiology technician.
After providing the written informed consent from subjects
parents and standard monitoring consisted of the continuous
electrocardiogram, pulse oximetry, and intermittent non-invasive blood pressure at 5-minute intervals throughout sedation,
anesthesia was provided by intravenous ketamine (0.5–1 mg/
kg) and propofol (0.1–0.15 mg/kg). The primary goal was to
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give the score of 4/6 in Modified Ramsey Scale [5,6]. If sedation was not adequate, the addition of extra anesthetic agents
such as midazolam(0.5mg/kg) or additional ketamine (0.5 mg/
kg) was given. 1/3 isomix pediatric solution at the rate of 4 ml
kg−1 h−1 was administered during the imaging. During the sedation, children breathed spontaneously, and we delivered oxygen
at 4 L/min through a nasal cannula. After the procedure, patients are monitored with oxygen support in the recovery room.
Heart rate, non-invasive blood pressure, respiratory rate, and
observed complications were recorded until they have Ramsay
sedation score of 2. Children being fully awake, able to cough
or breathe deeply, had stable airway patency, moving all limbs
voluntarily and maintaining an oxygen saturation higher than
95% discharged their home.
We observed the patients for oxygen desaturation (SpO2<90%)
and apnea <10 sec. In these situations, first of all, relief of the
airway obstruction was performed by chin lift/jaw thrust maneuver, control of airway equipment. Then, further interventions
for airway management were performed like an oral/nasal airway, a laryngeal mask airway, or an endotracheal tube.
All data related to this procedure statistically analyzed by SPSS
14 version for Windows (SPSS Inc., Chicago, IL, USA). Intergroup
statistical analyses were performed using the ANOVA test, and
non-parametric data were analyzed using the X2 -test. The
Fisher’s exact test examined the incidence of side effects. Results are presented as mean (SD) or number (%) inappropriate
parameters. Statistical significance was assumed at P < 0.05.
Results
During the study period, 5720 children (3011 boys, 2709 girls)
aged between 6 months and 14 years undergoing MRI procedure under procedural sedation anesthesia in hospital included
in the study. 3867 children (2101 boys/1766 girls) were evaluated in Group PS, a total of 1853 children were assessed in
Group S (910 boys/943 girls).
While the mean age of the children evaluated in both groups
was 4.6±3.8 years, evaluation of these values on a patient age
manner revealed the mean value for cases in S group to be
9.85±1.26 years, and it was 2.3±2.17 years in Group PS children.
The patients’ body weight ranged from 5 to 36 kg with a mean
of 16.78 kg. Evaluation of the length of the procedure in both
the preschool and school children demonstrated a statistically
significant difference between two groups(p<0.05).
Total sedation time was also significantly longer with PS group
than with Group S(33.1±5.8 vs. 25.3±3.4; p<0.05). There were
statistically significant intergroup differences concerning age,
weight, and the length of the procedure (p<0.05).
There were no statistically significant intergroup differences
concerning gender and ASA scores(p>0.05 each). Patients in
both groups were compared according to demographic data,
age, gender, length of the procedure and ASA scores (Table 1).
We used Procedural anesthesia in all children and imaging were
completed.
The mean ketamine doses in preschool children and school children were 18.23±9.11mg and 22.45±10.56 mg, respectively.
The mean propofol doses in preschool children and school children were found 12.10±2.53 and 15.27±3.59 mg, respectively.
In Group S, mean ketamine and propofol doses were significantly higher than the preschool group (p<0.05; p= 0.012 and p
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= 0.009, respectively). There was no statistically significant difference in additional anesthetic agent (Ketamine or Midazolam)
requirements in preschool and school children (p=0.38, p=0.42)
(Table 2).
Complications were observed in 304 patients (5.31%). In 148
patients (2.58%) hypoxia, in 114 patients (1.99%) pain in the
injection area and there were 42 patients (0.73%) with postoperative agitation (Table 3). There was no statistically significant difference in complications between groups. There was no
drug-related intraprocedural and severe postprocedural complications observed, and all the patients were discharged from the
hospital on the same day of the procedure.
Discussion
As in adults, MRI is a highly accurate and non-radiative way of
radiologic examination. However, the demand for motionless
during scanning procedure makes it difficult to perform and get
a sufficient image in these patients [6]. One way of the maintenance of the fixed posture during imaging is deep sedation [7].
In our study, we used ketamine and propofol for procedural sedation. There were no anesthesia-related serious complications
(aspiration, cardiac arrest, and death) were seen in preschool
and school children in recommended doses.
Previously, various techniques were tried for procedural anesTable 1. The distribution of the patients due to gender and ASA classification.
Variables

S Group
(n=1853)

PS Group
(n=3867)

• Sex (male/female)

910/943

2101/1766

• ASA class (I/II)

1231/582

2306/1561

Table 2. Patients characteristics.
S Group
(n=1853)

PS Group
(n=3867)

P value

Variables
• Age (year)

9.85±1.26

2.3±2.17

0.02*

• Weight (kg)

11.7±5.3

4.8±2.2

0.015*

• Duration of procedure (min)

25.3±3.4

33.1±5.8

0.012*

• ANOVA test was used to compare the variables among two groups. Data are
expressed mean ± SD, or number(%) of patients.
• *P<0.05: statistically significant
• ASA = American Society of Anesthesiology, PS Group = preschool group, S
Group = school
Table 3. Anesthetic characteristics
Variables

S Group
(n=1853)

PS Group
(n=3867)

P

Ketamine doses (mg)

22.45±10.56

18.23±9.11

0.012*

Propofol doses (mg)

15.27±3.59

12.10±2.53

0.009*

Additional Midazolam

2.8±1.6

2.4±1.1

0.42

Additional Ketamine

8.25±1.23

7.55±1.56

0.38

ANOVA test was used to compare the variables among two groups. Values are
expressed mean (range), mean ± SD, or the absolute number of patients. PS
Group = preschool group, S Group = school group
*P<0.05: statistically significant
Table 4. Procedural sedation-related complications
Variables

S Group
(n=1853)

PS Group
(n=3867)

P

• Pain in the injection area

62

52

0.214

• Hypoxia

67

81

0.347

• Postoperative agitation

24

18

0.475

Fisher’s exact test was used to compare the variables among two groups
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thesia like general anesthesia with tracheal intubation or laryngeal mask, -controlled analgesia with fentanyl and infusion of
propofol or dexmedetomidine but there was no significant eminence of one of them over the others [8,9,10]. A comprehensive
safety, rapid onset of action, a short duration action, and quick
recovery time with no adverse effects are the main characteristics of the ideal anesthetic agent for procedural sedation.
Amnesia and a slight decrease in muscular tonus are the other
features. Most of the pediatric patients may require general
anesthesia to prevent patient movements and reactions during
the MRI procedure today [11].
Desaturation, apnea, respiratory depression, and laryngospasm
are some intraprocedural complications which may require endotracheal intubation during MRI in pediatric patients. Nausea,
vomiting, hallucinations, and agitation are the main postprocedural complications [12,13].
Ketamine is a well known dissociative anesthetic agent which
preserves spontaneous respiration and protective airway reflexes. Especially in higher doses, vomiting, adverse respiratory
and cardiovascular side effects may be observed [14]. Propofol
is a newer hypnotic agent, more popular in anesthesia with its
rapid action, short recovery time, and antiemetic effect [15].
But propofol may cause some respiratory complications depending on doses like hypoventilation, airway obstruction and
apnea [16]. When a single agent is not sufficient for sedation
in procedural anesthesia, various drug combinations may be a
choice.
Propofol and ketamine are choices of many researchers for
sedation in various procedures in children either separately or
together. In a recent study, propofol was reported as an active
agent in sedation of a large group of pediatric patients by critical care physicians with minor side effects [17]. Also, Sury MR
et al. [18] concluded the propofol as the most effective i.v agent
for sedation in the paediatric population.
In a study including 49836 patients with propofol [19], primary
side effects were hypoxia, change in respiration, allergic reaction, apnea, cardiac arrest, airway obstruction and vomiting.
Also, Srinivasan et al. reported a 74% reduction in respiratory
events and airway interventions during the use of propofol for
diagnostic imaging in children [20].
In another study similar to our work, researchers preferred propofol for ambulatory MRI in infants and children [21]. In this
study, no significant respiratory problems occurred, but oxygen
desaturation, partial airway obstruction (treated with slight
neck extension and chin support), the demand of assistance of
spontaneous respiration via bag-valve-mask ventilation were
observed as complications. We also had no apparent respiratory
complications requiring endotracheal intubation and mechanical ventilation like this research. They reported propofol as a
safe agent for short-term procedural sedation and our results
have concordance with this result.
Ketamine is another alternative agent for sedation procedure,
and it can be administered both i.v and i.m. in pediatric cases
[22]. In a study with pediatric patients, no severe complications
were observed for sedative use [23]. Hallucinogenic side effects and increase in intracranial pressure may prevent physicians from the use of ketamine, but in our study, we observed
no such side effects. Guit et al. [24] defined that propofol is
very successful in diminishing the side effects of ketamine and
the ketamine-propofol combination may afford hemodynamic
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stability. In another study [25], propofol and ketamine-propofol
combination were compared in cardiac catheterization operation for pediatric patients, and ketamine propofol combination
resulted in better mean arterial pressure without affecting the
recovery. We think that we did not observe any significant side
effect of ketamine due to its combination with propofol similar
to this study.
One must focus on the airway patency during procedural anesthesia, so the preferred medications and their dose arrangements are critical in this issue. In our study; hypoxia was transient, and it was reversible by supplemental oxygen. None of the
patients in our study was required bag valve manual ventilation
or endotracheal intubation. No agent is devoid of potentially
life-threatening side effects.
Our study results demonstrated that patients receiving propofol and ketamine sedation anesthesia, complications were observed in 5.3% of patients. In the Group PS, the duration of
sedation and general intervention was longer than in Group S.
We think that this was due to the difficulty of coping with these
children with lower ages for maintenance of stability without
motion by themselves and the agents used for sedation have a
significant role in this issue. Also, the maintaining the intravenous routes for administration of the sedatives is harder in this
group due to the smaller sizes of vessels and even commonly
crying children during i.v line opening. These may increase the
duration of the procedure.
Our study is a retrospective study with a long time of interval.
Although the same protocol is carried out, different anesthetists were involved in the research. This situation may be accepted as a limitation of our study.

manuscript or its submission.

Funding: None

References
1. Schulte-Uentrop L, Goepfert MS. Anaesthesia or sedation for MRI in children. Curr Opin Anaesthesiol. 2010; 23: 513–7.
2. Heng Vong C, Bajard A, Thiesse P, Bouffet E, Seban H, Marec Bérard P. Deep
sedation in pediatric imaging: Efficacy and safety of intravenous chlorpromazine.
Pediatr Radiol. 2012; 42: 552–61.
3. Malviya S, Voepel-Lewis T, Tait AR. Adverse events and risk factors associated
with the sedation of children by nonanaesthesiologists. Anaesth Analg. 1997; 85:
1207–13.
4. Miqdady MI, Hayajneh WA, Abdelhadi R, Giger MA. Ketamin and midazolam
sedation for pediatric gastrointestinal endoscopy in the Arab world. World J Gastroenterol. 2011; 17: 3630–5.
5. Bernal B, Grossman S, Gonzalez R, Altman N. FMRI under sedation: what is the
best choice in children? J Clin Med Res. 2012; 4: 363–370.
6. Mason KP, Lubisch NB, Robinson F, Roskos R. Intramuscular dexmedetomidine
sedation for pediatric MRI and CT. Am J Roentgenol 2011; 197: 720-5.
7. Schulte-Uentrop L, Goepfert MS. Anaesthesia or sedation for MRI in children. Curr Opin Anaesthesiol. 2010; 23:513–517.
8. Carrasco G. Instruments for monitoring intensive care unit sedation. Crit Care.
2000; 4: 217–225.
9. Erden IA, Artukoglu F, Gozacan A et al. Comparison of propofol/fentanyl and ketamine anesthesia in children during extracorporeal shock wave lithotripsy. Saudi
Med J. 2007; 28: 364–368.
10. Boriosi JP, Eickhoff JC, Klein KB, Hollman GA. A retrospective comparison of
propofol in combination with dexmedetomidine for pediatric 3T MRI sedation.
Paediatr Anaesth. 2017; 27: 52-59.
11. Tobias JD, Leder M et al. Procedural sedation: a review of sedative agents,
monitoring, and management of complications. Saudi J Anaesth. 2011; 5: 395–
410.
12. Koroglu A, Teksan H, Sagir O, Yucel A, Toprak HI, Ersoy OM. A comparison
of the sedative, hemodynamic, and respiratory effects of dexmedetomidine and
propofol in children undergoing magnetic resonance imaging. Anesth Analg. 2006;
103: 63–7.
13. Malviya S, Voepel-Lewis T, Eldevik OP, Rockwell DT, Wong JH, Tait AR. Sedation and general anesthesia in children undergoing MRI and CT: Adverse events
and outcomes. Br J Anaesth. 2000; 84: 743–8.
14. Coté CJ, Karl HW, Notterman DA, Weinberg JA, McCloskey C. Adverse sedation
events in pediatrics: Analysis of medications used for sedation. Pediatrics. 2000;
106: 633–44.
15. Green SM, Andolfatto G, Krauss B. Ketofol for procedural sedation? Pro and
con. Ann Emerg Med. 2011; 57: 444-8.
16. Hertzog JH, Campbell JK, Dalton HJ, Hauser GJ Propofol anesthesia for invasive procedures in ambulatory and hospitalized children: experience in the pediatric intensive care unit. Pediatrics. 1999; 103(3): E30.
17. Kamat PP, McCracken CE, Gillespie SE, et al. Pediatric critical care physicianadministered procedural sedation using propofol: a report from the Pediatric Sedation Research Consortium Database. Pediatr Crit Care Med. 2015;16:11–20.
18. Kamat PP, McCracken CE, Gillespie SE, et al. Pediatric critical care physicianadministered procedural sedation using propofol: a report from the Pediatric Sedation Research Consortium Database. Pediatr Crit Care Med. 2015;16:11–20.
19. Cravero JP, Beach ML, Blike GT, Gallagher SM, Hertzog JH; Pediatric Sedation
Research Consortium. The incidence and nature of adverse events during pediatric sedation/anesthesia with propofol for procedures outside the operating room:
A report from the pediatric sedation research consortium. Pediatr Anaesthesiol.
2009; 108: 795- 804.
20. Srinivasan M, Turmelle M, Depalma LM, Mao J, Carlson DW. Procedural sedation for diagnostic imaging in children by pediatric hospitalists using propofol:
analysis of the nature, frequency, and predictors of adverse events and interventions. J Pediatr. 2012; 160: 801-806.
21. A.-M. Machata, H. Willschke, B. Kabon, S. C. Kettner, P. Marhofer. Propofolbased sedation regimen for infants and children undergoing ambulatory magnetic
resonance imaging British Journal of Anaesthesia 2008; 101 (2): 239–43.
22. Green SM, Krauss B. Clinical practice guideline for emergency department
ketamine dissociative sedation in children. Ann Emerg Med 2004;44:460-71.
23. Green SM, Rothrock SG, Lynch EL, et al. Intramuscular ketamine for pediatric
sedation in the emergency department: safety profile in 1,022 cases. Ann Emerg
Med 1998;31:688-97.
24. Guit JB, Koning HM, Coster ML, Niemeijer RP, Mackie DP. Ketamine as analgesic for total intravenous anaesthesia with propofol. Anaesthesia. 1991;46:24-27.
25. Akin A, Esmaoglu A, Guler G, Demircioglu R, Narin N, Boyaci A. Propofol and
propofol-ketamine in pediatric patients undergoing cardiac catheterization. Pediatr Cardiol. 2005;26:553-557.

Conflict of interest
None of the authors received any type of financial support that
could be considered potential conflict of interest regarding the

How to cite this article:
Yuce Y, Erkal KH. Procedural sedation practice in children undergoing pediatric
magnetic resonance imaging: a ten-year experience. J Clin Anal Med 2018;9(4):
333-6.

Conclusion
In both preschool and school patients, adjusted doses of ketamine and propofol may be a valid and safe choice. Both drugs
are safe and suitable for busy procedural settings without any
significant side effects, and hospitalization requirements but
highly experienced anesthesiologists and adequate equipment
readily available for respiratory and cardiovascular emergencies are required for the proper and safe procedure.
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