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Objective: This study aimed to evaluate the success rate of brain magnetic resonance imaging (MRI) 
in non-sedated at a single neonatal intensive care unit (NICU).
Methods: Infants underwent brain MRI following a non-sedation protocol during admission to the 
NICU at The Catholic University of Korea, Eunpyeong St. Mary’s Hospital, Seoul, Republic of Korea, 
from April 2019 to March 2021. All infants underwent brain MRI using the non-sedation protocol, 
which is immobilizing well-fed infant with vacuum mattress without any sedative medications. 
“Successful scanning” was defined as completion of scanning with sufficient image acquisition, 
whereas “scanning failure” was considered when the infant woke up during the course of scanning, 
resulting in insufficient image acquisition.
Results: A total 175 scans from 172 infants were included. Of these, 102 (59.3%) were male and 107 
(62.2%) were born prematurely. The mean birth weight was 2,610 g (range, 810-4,340). The median 
gestational age at birth was 36.1 weeks (range, 25.7-41). The median postnatal age, postmenstrual 
age, and body weight of the infants on the day of the scans were 16 days (range, 5-164), 38.4 
weeks (range, 35.6-50.7), and 2,959 g (range, 160-5,720), respectively. A total of 167 (95.4%) scans 
were successfully completed in the first non-sedative trial, whereas the remaining 8 (4.6%) were 
completed in the second non-sedative trial.
Conclusion: With our high success rate of non-sedation brain MRI, comparable to the procedure 
with sedatives, many NICUs must adopt this protocol.
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Introduction

Currently, brain magnetic resonance imaging (MRI) is a valuable non-radiation diagno

stic tool with high resolution for distinguishing brain lesions. However, it requires a longer 

time for image acquisition than other modalities such as computed tomography (CT) or 

ultrasound. For obtaining high image quality, the patient must remain still throughout 

the scanning, which takes 30 to 40 minutes. As this task can be challenging in neonates, 

sedatives are used for accurate brain MRI.1 However, sedatives are associated with an 

increased risk of adverse reactions, such as desaturation, airway obstruction or vomiting.2 

Additionally, sedation protocols are complex and time consuming as they involve a pre-

sedation assessment, monitoring until recovery, and trained staff for emergency situations.3 

The possible harmful effects of repetitive and prolonged use of sedatives on the developing 

brain in infants have been reported.4 Therefore, infant non-sedation protocols, involving 
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feeding and swaddling, have been implemented in many 

health centers worldwide for painless diagnostic procedures.5,6 

The previous success rate of MRI with non-sedation protocol 

in infants were from 87.5% to 94%.7-10 The purpose of this 

study is to evaluate the success rate of brain MRI in infants 

using a non-sedation technique at our neonatal intensive care 

unit (NICU).

Methods

1. Subjects

Infants in this study underwent non-enhanced brain MRI 

using a non-sedation protocol during admission to the NICU 

at The Catholic University of Korea, Eunpyeong St. Mary’s 

Hospital, Seoul, Republic of Korea between April 2019 and 

March 2021. The indication for brain MRI was according to the 

attending physicians. We retrospectively reviewed the success 

or failure of the examination based on the patients’ medical 

records. The patients’ clinical characteristics, including birth 

weight (BW), gestational age (GA) at birth, postnatal age (PNA), 

postmenstrual age (PMA), weight at the time of MRI, the main 

reason for MRI scanning and final diagnosis at NICU discharge 

were reviewed. This study was approved by the institutional 

review board (IRB) of The Catholic University of Korea, 

Eunpyeong St. Mary’s Hospital (IRB no. 2021-1924-0001).

2. Procedures

In the non-sedation protocol, the infant was first fed milk at 

approximately 30 minutes before the scan. The infant was then 

gently swaddled on a warm sheet and placed in an incubator to 

be transported to the MRI suit. A pacifier was made available 

for the infant in case of awakening during scanning. At the MRI 

suite, the infant was removed from the transport incubator and 

moved to a vacuum mattress (Medvac vacuum immobilization 

bag [MVB]; CFI Medical Solutions, Fenton, MI, USA). Earmuffs 

(Mini Muffs; Natus Medical Incorporated, San Carlos, CA, 

USA) were applied to both ears for noise reduction (Fig. 1A). 

The air inside the MVB was removed by attaching a suction 

device while maintaining the MVB to tightly fits the infant’s 

body by securing the straps (Fig. 1B). Then, the infant was 

placed in the MRI scanner with the MVB. An MR-compatible 

pulse oximeter was placed on the infant’s big toe to monitor 

oxygen saturation and heart rate. In the control room, the 

physician monitored the infant’s vital signs. After completion 

of the examination, the bag was refilled with air as the MVB 

was loosened. The infant was placed back into the transport 

incubator and returned to the NICU.

A “successful scan” was defined as completion of the exami

nation with sufficient image acquisition without the need of 

Fig. 1. (A) The swaddled infant was laid in a vacuum mattress with both ears covered with 
earmuffs. (B) The vacuum mattress became a rigid cradle that tightly fits the infant’s body 
after air was removed through a suction device.
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qualitative variables as absolute frequencies and percentages. 

We calculated the mean and standard deviation for normally 

distributed data; and median and interquartile range (IQR) for 

data with non-normal distribution. We used IBM SPSS Statistics 

ver. 28.0 (IBM Corp., Armonk, NY, USA) for statistical analyses.

sedative medications. If infants woke up during the scanning, 

they were taken out of the scan room and soothed. If infants 

could not be sedated, the pediatric radiologist decided whether 

to repeat the scan based on the extent and quality of images 

obtained. If the extent of image acquisition was insufficient, it 

was defined as “failed scan”. All failed scans were re-scheduled 

for the following day. Upon repeated failed scan, the physician 

could choose whether to use sedative medications, such as 

chloral hydrate (CH) or midazolam.

3. Analysis

Successful scans are shown as a percentage (%) of the total 

scanning examinations. For the clinical data, we expressed 

Table 1. Continued

Variable Value

The main reason for MRI scanning (n=175)

Prematurity 70 (40.0)

Respiratory distress that needed mechanical ventilation 38 (21.7)

Clinically suspected asphyxia 24 (13.7)

Seizure 11 (6.3)

Unexplained cardiopulmonary sign
a)

11 (6.3)

Abnormal findings in brain ultrasound 10 (5.7)

Follow-up 3 (1.7)

Skull fracture 2 (1.1)

Poor weight gain 2 (1.1)

Congenital anomaly
b)

1 (0.6)

Hypoglycemia 1 (0.6)

For parents’ request 1 (0.6)

Intrauterine growth restriction 1 (0.6)

Final diagnosis at NICU discharge (n=172)

Respiratory distress syndrome 65 (37.8)

Prematurity 37 (21.5)

Meconium aspiration syndrome 16 (9.3)

Fetal distress 10 (5.8)

Hypoxic-ischemic encephalopathy 7 (4.1)

Neonatal pneumonia 6 (3.5)

Intrauterine growth restriction 4 (2.3)

Neonatal seizure 4 (2.3)

Transient tachypnea of newborn 3 (1.7)

Periventricular leukomalacia 2 (1.2)

Pneumothorax 2 (1.2)

Very low birth weight 2 (1.2)

Others 14 (8.1)

Values are presented as number (%), median (interquartile range), or mean± 
standard deviation.
GA, gestational age; BW, birth weight; PNA, postnatal age; PMA, postmenstrual 
age; MRI, magnetic resonance imaging; NICU, neonatal intensive care unit.
a)There were 3 in apnea, 2 each for tachycardia, tachypnea and cyanosis, and 1 
for bradycardia and feeding desaturation, respectively. b)A syndromic baby with 
single umbilical artery, facial palsy, spinal lipoma and a club foot.

Table 1. Clinical Characteristics of the Participants

Variable Value

Sex

Male 102 (59.3)

Female 70 (40.7)

At birth (n=172)

GA 36.1 (32.2-40)

≤27 wk 6 day 4 (2.3)

28 wk-33 wk 6 day  30 (17.4)

34 wk-36 wk 6 day 73 (42.4)

≥37 wk 65 (37.8)

BW (g)    2,610±737.5

<1,000 5 (2.9)

1,000-1,499 8 (4.7)

1,500-2,499 63 (36.6)

≥2,500 96 (55.8)

At scanning (n=175)

PNA (day) 16 (4-28)

≤7 12 (6.9)

8-28 128 (73.1)

≥29 35 (20.0)

PMA (wk) 38.4 (35.5-41.3)

≤36 wk 6 day 13 (7.4)

37 wk-40 wk 115 (65.7)

≥40 wk 1 day 47 (26.9)

BW (g) 2,959 (2,269-3,649)

2,000-2,499 22 (12.6)

2,500-3,999 138 (78.9)

≥4,000 15 (8.6)
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Table 2. During the scanning, there were no reported clinically 

significant vital sign changes including oxygen saturation and 

heart rate. No sedative medications were prescribed as no 

repeated failed scans were reported with the non-sedation 

protocol.

Discussion

The development of faster image acquisition, in addition 

to neonate-compatible MRI incubators and head coils have 

made MRI an increasingly valuable high resolution diagnostic 

tool for parenchymal lesions.11 However, for motion limitation 

during scanning, anesthesia or sedation is often required for 

children.1 According to the American Academy of Pediatrics 

(AAP), sedatives or hypnotics are preferred over analgesic 

medications during painless diagnostic procedures, such as 

CT or MRI.3 Among sedative, CH is frequently used in children, 

with low toxic effects reported in single doses.12 

The mechanism of CH is not yet completely evaluated, it 

is assumed that it involves the activation of gamma-amino

butyric acid type A (GABA A) receptors in the central nervous 

system.1 According to the 2004 US Food and Drug Administra

tion announcement, repetitive and prolonged use of GABA A 

receptor agonist may harm the developing brain.4 The success 

rate of MRI with CH-based sedation in young children with 

CH is satisfactory, but adverse reactions related to sedation 

Results

In order to evaluate the success rate of brain MRI in infants 

using a non-sedation protocol, 175 scans were performed 

in 172 infants. A total of 172 scans were used to evaluate the 

infants’ neurological status, and 3 scans were repeated in 3 

infants for follow-up. The clinical characteristics of the parti

cipants are summarized in Table 1. Of 172 infants, 102 (59.3%) 

were male and 107 (62.2%) were born prematurely. The mean 

BW was 2,610±737.5 g (range, 810-4,340). The median GA at 

birth was 36.1 weeks (IQR, 3.9; range, 25.7-41). The median 

PNA, PMA, and body weight of the infants at the time of 

the scans were 16 days (IQR, 12; range, 5-164), 38.4 weeks 

(IQR, 2.9; range, 35.6-50.7), and 2,959 g (IQR, 690; range, 

160-5,720), respectively. The main reason for MRI scanning 

was prematurity (40.0%), respiratory distress that needed 

mechanical ventilation (21.7%), clinically suspected asphyxia 

(13.7%), seizure (6.3%), unexplained cardiopulmonary sign 

(6.3%) and abnormal findings in brain ultrasound (5.7%). The 

final diagnoses of the included infants at NICU discharge 

were respiratory distress syndrome (37.8%), prematurity (21.5), 

meconium aspiration syndrome (9.3%), fetal distress (5.8%) and 

hypoxic-ischemic encephalopathy (4.1%).

A total of 167 out of 175 scans (95.4%) were successful in 

the first non-sedative trial, and the remaining 8 (4.6%) were 

successfully completed in the second non-sedative trial. The 

demographic findings who failed at first trials summarized in 

Table 2. The Characteristics of the Patients Who Failed at the First Non-Sedation Trials

No. 1 2 3 4 5 6 7 8

At birth

GA (wk) 28 wk 2 day 30 wk 1 day 33 wk 4 day 35 wk 6 day 36 wk 0 day 38 wk 6 day 39 wk 3 day 40 wk 4 day

BW (g) 940 1,480 1,660 2,150 2,680 3,720 3,400 3,590

At the scanning

PNA (day) 115 54 40 13 20 26 11 7

BW (g) 4,270 3,140 2,650 2,330 3,340 4,890 3,550 3,780

Main reason for 
   scanning

Follow-up Prematurity Prematurity Prematurity Apnea Follow-up Respiratory 
distress that 
needed MV

Respiratory 
distress that 
needed MV

Final diagnosis RDS RDS Prematurity Prematurity Prematurity Neonatal 
pneumonia

MAS MAS

Outcome All succeeded in second non-sedative trial

GA, gestational age; BW, birth weight; PNA, postnatal age; MV, mechanical ventilation; RDS, respiratory distress syndrome; MAS, meconium aspiration syndrome.  
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have been reported, including severe respiratory arrest and 

prolonged respiratory desaturation.1 For this reason, a trained 

physician must keep with the patient from the beginning until 

not only the end of the procedure but also the patient’s fully 

awake, which makes sedation procedures more burdensome to 

the medical staff. Furthermore, oxyhemoglobin desaturation 

with CH sedation has been reported to occur more frequently 

in term infants with younger PNA and younger preterm infants 

with younger PMA.13

The first reported recommendation of using physical res

traint, such as cloth, for medical purpose was in 1997 by AAP.14 

Since then, brain MRI in non-sedated, swaddled infants placed 

in warm sheets has been reported in a number of articles.15,16 

In line with this, in 2004, the Scottish Intercollegiate Guidelines 

Network recommended not to use sedatives during painless 

radiologic procedures in infants up to 4 months of age.17 

In 2005, a study reported that a prematurely born infant at 

term equivalent age underwent successful brain MRI placed 

in a vacuum bean bag.18 The MVB, used in our unit, is an air 

infusible, chambered bag filled with tiny, evenly distributed 

beads. If the bag is attached to a pump to evacuate air, the 

bag will become rigid around the infant. The tightly well-fitted 

MVB minimizes the subtle movements of the infant during 

the scanning. After completing the scanning, releasing the 

valve allows the bag to re-fill with air and loosened. Based on 

previous successful non-sedation trials, a detailed procedure 

for brain MRI in non-sedated neonates with immobilizer, 

including transport and monitoring during scanning was 

published in 2008.6 Since then, many centers have reported the 

success of non-sedation diagnostic procedures and compared 

the success rates between non-sedation with immobilizer and 

sedation conditions.7,8,19,20 In the 2008 study by Beauve and 

Dearlove,21 it was reported that the failure rate in non-sedation 

scanning with immobilizer was not higher than that in CH-

sedation scanning. The definite success rates of non-sedation 

scanning using immobilizer have been reported from 89% 

to 94%.7,8 It is comparable to the success rate in CH sedation 

scanning which is from 86 to 97.9% according to previous 

reports.2,22,23

For the domestic study conducted by Yoo et al.10 in 2021, 

the success rate of non-sedation brain MRI with immobilizer 

reported was 87.5%, and the failure rate between sedation 

and non-sedation was not statistically different, which is con

cordant with the results of previous studies. The reason for his 

slightly lower success rate of non-sedation scanning than that 

of our study might be that in Yoo’s study, only very-low-birth-

weight born infants were included. One possible reason for our 

high successful rate is that our radiologist is very experienced 

in brain MRI using non-sedation protocol in infants, therefore 

the MRI technologist might be well educated and skilled with 

the protocol. For an example, as one person has to hold the 

infant’s body with vacuum bag while the other person suction

ing out the air through the attached pump, the bean inside the 

vacuum bag has to be evenly distributed. When it is unevenly 

distributed, it might compress any parts of the infant’s airway 

or body, so that it might cause the vital sign changes, which 

makes the attending medical staff has to re-open the vacuum 

bag and check the infant, or discomfort to the infant, which 

makes the infant wakes up in the middle of the scanning. 

However, the non-sedation protocol itself, as described in 

the methods, is not a specially trained procedure, so that any 

non-experienced newly trying centers might easily apply this 

protocol to the clinics. More studies are needed to evaluate 

the factors that affect the success of non-sedative, nonpainful 

diagnostic procedures in infants.

Our study has some limitations. The first non-sedative trial 

failed group was too small to compare with the first trial success 

group (8 vs. 167 cases). Further studies, with larger population, 

comparing the non-sedative failure group from the non-

sedative success group would help to identify any associated 

failing factors such as sex, BW or GA at birth, BW or PNA at 

the scanning, or patient’s underlying diseases. As our unit have 

started to use non-sedation protocol from the hospital’s first 

opening, we had no sedative group, as for a control group, to 

compare with the non-sedative group, as for a case group. If 

any unit is transitioning from sedative to non-sedative imaging 

or multicenter study, in the similar circumstances with our 

NICU, comparing the time spent for the scanning or vital 

sign changes during the scanning between non-sedative and 

sedative group would help to delineate the effectiveness of the 

non-sedative procedure.

The strength of our study is that with our reported high 

success rate in non-sedation protocol, comparable to the 

sedation used procedures, it is no longer has to use possible 
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brain harmful sedation medications in infant brain MRI. Also, 

the medical burden for the sedation procedures, such as long-

time vital sign monitoring and side effects of the medication 

such as desaturation or vomiting might be eased. Many other 

NICUs must adopt this non-sedation protocol in the infants 

not only for its own convenience of the procedure but also for 

the infant’s neurodevelopment.
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