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Abstract 

Magnetic resonance imaging (MRI) is a secure technique for examining the human brain. 

Nevertheless, a standard magnetic resonance (MR) scan is very susceptible to motion and 

necessitates the individual to remain still during the process, posing a significant obstacle 

for pediatric studies. Therefore, in a medical environment, sedation or general anesthesia 

is often used. In the context of study with healthy individuals, the use of anesthetics is not 

advisable due to ethical concerns and the possibility of causing long-term damage. In this 

article, we will discuss the procedures involved in preparing a kid for an MRI scan, as well 

as the specific techniques and instruments used throughout the scanning process to ensure 

a good outcome. In addition, we do a thorough assessment of how studies have documented 

the scanning process and the level of success achieved in scanning. We conducted a search 

of papers using specific topic headings in PubMed and found 86 research that used brain 

MRI in healthy individuals aged 0 to 6 years. Preparations for the scan were appropriately 

tailored to the subject's age. Infants and young children were scanned while they were 

sleeping, after feeding and swaddling. On the other hand, older children were scanned 

while they were awake. It was challenging to compare the efficiency of various processes 

due to the diverse reporting of the techniques utilized and the rates of success. According 

to this assessment, we suggest providing more comprehensive documentation of the 

scanning method in order to identify the specific aspects that influence the effectiveness of 

scanning. Over time, this might benefit the research area by obtaining data of superior 

quality, as well as aiding the clinical field in minimizing the reliance on anesthetics. In this 

section, we will provide the procedure used for scanning newborns aged 2 to 5 weeks in 

the FinnBrain Birth Cohort Study, as well as techniques for soothing neonates during the 

scans.  

Keywords: Magnetic resonance imaging (MRI), review, imaging neonates, infants, 

scanning. 

1. Introduction 

Magnetic resonance imaging (MRI) is a safe and non-invasive technique used to evaluate 

the human brain during all stages of life. MRI, in contrast to computer tomography (CT) 

and X-ray, does not use ionizing radiation and offers exceptional differentiation of soft 

tissues (Lee et al., 2017). Therefore, it is very suitable for both clinical studies conducted 

with juvenile population and research settings with healthy people. Nevertheless, MRI is 

very susceptible to motion artifacts, necessitating the participant to maintain complete 
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stillness during the procedure. The scanner's acoustic noise may reach a maximum of 132 

dB(A) (Foster et al., 2000), and the time it takes to gather data typically ranges from 15 to 

60 minutes. The specific duration depends on the setup and the number of sequences being 

recorded. When doing clinical scans on young populations, it is common to provide mild 

sedation or general anesthesia in order to alleviate anxiety and minimize movement (Royal 

and Road, 2000).  

Due to ethical concerns, such as the potential dangers associated with anesthesia, 

sedation is not often seen as a viable choice for neuroimaging studies involving individuals 

who are in good health (Edwards and Arthurs, 2011). Nevertheless, even those who are 

unable to cooperate during the scan may still be scanned without any movement while in a 

state of natural slumber. However, this approach presents significant difficulties when it 

comes to preparing for the scan. Notwithstanding these obstacles, MRI has a significant 

position in the realm of pediatric neuroimaging research (Zhang et al., 2019). The latest 

study examines the difficulties encountered in pediatric MRI and discusses several 

technical advancements that have the potential to enhance the success rate in the future 

(Barkovich et al., 2019).  

There has been a significant growth in neuroimaging studies employing MRI as a way 

of imaging in healthy newborns. At the same time, this study area has extended to include 

other disciplines of science, such as psychology, logopedics, and social sciences. The 

human brain undergoes rapid development and increases in size during the first two years 

after birth (Knickmeyer et al., 2008), making it highly susceptible to many environmental 

factors (Pulli et al., 2018). Several studies have been conducted to examine normal 

development in healthy individuals, at-risk populations, and clinical populations, among 

others (Bompard et al., 2014; Li et al., 2014c; Deoni et al., 2015; Hazlett et al., 2012; Dean 

et al., 2014b; Grewen et al., 2014; Donald et al., 2015; Langer et al., 2015; Monk et al., 

2015; Ou et al., 2015; Qiu et al., 2015, 2013b; Chang et al., 2016; Jha et al., 2016; Salzwedel 

et al., 2016; Karmacharya et al., 2018; Moran et al., 2019). In order to reduce the impact of 

environmental factors after birth, researchers have often focused on imaging infants as soon 

as possible after delivery, usually during the first few weeks of life. Infants tend to sleep a 

lot shortly after delivery, making this time period particularly ideal for doing imaging 

procedures (Galland et al., 2012). However, there are other obstacles that arise when it 

comes to recruiting participants and scheduling imaging sessions without disrupting 

parents' daily routines. In addition, pediatric scanning necessitates specialized knowledge 

due to the infrequent occurrence of these scans in both clinical and research environments. 

In the past, several publications have specifically emphasized the use of non-sedation 

scanning techniques for newborns and young children. The primary determinant 

influencing the choice of preparatory methods is the age of the participants and their 

developmental requirements. Mathur et al. (2008) have provided instructions for doing 

brain MRI on newborn intensive care unit (NICU) patients without the need of sedation. 

Arthurs et al. (2012) conducted a review on ways to prevent sedation in newborn imaging. 

They specifically addressed problems related to physiological changes, equipment 

compatibility, and acoustic noise. The primary method used with newborns is the practice 

of feeding and wrapping, also known as feed and sleep, feed and swaddle, or feed and 

bundle. This approach is mostly utilized for babies who are under 3 months of age (Antonov 

et al., 2017). A specialized vacuum fixation immobilizer is often used to securely wrap the 

newborn using the feed and wrap approach. The use of a vacuum immobilizer is a secure 

and economical method that eliminates the need for anesthetic (Golan et al., 2011).  

A retrospective questionnaire study conducted by Heller et al. (2017) shown that the 

predominant method for doing newborn MRI in NICUs in the United States was the feed 

and swaddle strategy (64%), while other NICUs generally relied on sedation or general 

anesthesia to facilitate the scans. The aforementioned research demonstrated a predictable 
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decrease in the efficacy of obtaining high-quality data in the feed and swaddle group as 

compared to the sedation and general anesthesia groups. Additionally, as time progresses 

beyond the first months after delivery, the method of feeding and swaddling becomes less 

successful, and doing scans without anesthesia becomes more challenging. Dean et al. 

(2014a) provided a detailed plan for doing brain scans on young, healthy children below 

the age of four while they are in a natural state of sleep without the need of sedation. A 

total of 384 MRI datasets were obtained from 220 healthy patients in a longitudinal 

research, with a success rate of 97%. The scans were arranged during the late hours, and in 

some instances, the individuals were intentionally deprived of sleep.  

Additional research have documented methods for doing scans on children, particularly 

those above the age of 4, while they are awake (Raschle et al., 2009; De Bie et al., 2010). 

For instance, Raschle et al. (2009) presented comprehensive principles emphasizing 

comfort, suitability, and motivation (CAM). Additionally, a detailed procedure 

accompanied by a video report was provided for conducting pediatric neuroimaging 

sessions with young children. For individuals in this particular age range, the use of MRI 

compatible weighted blankets might be beneficial in reducing movement while undergoing 

MRI scans (Horien et al., 2020). 

While efforts are made to minimize motion, there is still a chance of little, unintentional 

movements occurring throughout the acquisition process. Motion artifacts may occur and 

diminish the quality of MRI data even from simple bodily functions such as heart beats, 

breathing, or blinking. Motion, regardless of its kind, poses difficulties and is a matter of 

concern in both clinical and scientific imaging. In order to enhance the accuracy of the data, 

a variety of techniques have been created to reduce or rectify motion (Zaitsev et al., 2015). 

Methods may be categorized into prospective and retrospective methods, each including a 

range of methodologies. Prospective strategies use a real-time correction method (Brown 

et al., 2010), while retrospective techniques alter data throughout the reconstruction process 

(Loktyushin et al., 2013). Both techniques have been used in brain imaging 

(Godenschweger et al., 2016). Nevertheless, every technique has its constraints, and so far, 

no individual technique has the ability to entirely eradicate motion artifacts. Therefore, it 

is essential to minimize the motion (Reuter et al., 2015). 

The main objective of this study was to examine the reporting of scanning techniques 

and success rates in previous research, which has not been addressed in previous reviews 

on this topic. We allocate a certain portion of our work to our own established protocols, 

which we anticipate will facilitate future data gathering. The primary objective of this 

systematic review is to provide a comprehensive overview of the methodologies employed 

for scanning subjects aged 0-6 years in an MRI scanner. Specifically, the review will focus 

on studies published within the past 9 years, with particular attention given to the 

procedures involved in preparing a child for an MRI scan. Additionally, the review will 

examine the techniques and tools utilized during the scanning process to ensure a successful 

outcome.  

We specifically examined studies done on individuals who were healthy and born at 

full term, since research involving preterm people typically includes clinical 

considerations. The text provides explanations of the scanning operations and a concise 

overview of the frequently used approaches. In addition, we analyzed the effectiveness of 

the scans and, conversely, explored the causes of the unsuccessful scans. The second 

objective was to provide techniques for doing scans on newborns and young children 

without the need for anesthesia. In order to enhance the sample sizes and improve the 

quality of data, as well as minimize the occurrence of drop-outs in the follow-up scans, it 

is crucial to possess a thorough understanding of these methodologies. In the future, these 

techniques may also be used in clinical settings to minimize the need for sedation during 

MRI procedures. Lastly, we provide the newborn magnetic resonance (MR) techniques 

used in the Neuroimaging Lab of the FinnBrain Birth Cohort Study (finnbrain.fi). 
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2. Data analysis 

According to the analyzed research, it seems that the age of 4 years is the most often 

observed age at which scanning is initiated while the kid is awake. During this particular 

stage of development, it is customary to use various techniques such as a simulated scanner 

and behavioral training to adequately prepare children for MRI procedures. Furthermore, a 

recently developed technology using Virtual Reality (VR) has introduced a novel strategy 

for preparing youngsters for MRI scans, in addition to the well-established techniques 

(Ashmore et al., 2019). The use of a training procedure using a simulated scanner resulted 

in a success rate of 88% (53/60) for structural MRI and 64% (23/36) for functional MRI in 

a sample of children aged 4-7 years (De Bie et al., 2010). In a study conducted by 

Cavarocchi et al. (2018), it was shown that 83% (162 out of 195) of pediatric patients aged 

4 to 14 years had successful outcomes after undergoing a training procedure using a mock 

scanner. Additionally, there was an overall reduction of 30% in the need for sedation.  

The study by Carter et al. (2010) suggests that the mock scanner is particularly efficient 

when used with children aged 3 to 8 years. Regrettably, the cost of fake scanners is 

somewhat high, hence restricting their accessibility. Nevertheless, there is empirical 

support indicating that using an inexpensive play tunnel that replicates the conditions of an 

MRI environment might serve as a valuable substitute (Barnea-Goraly et al., 2014). The 

researchers They et al. (2014) have created a behavioral training method called the 

'submarine protocol' to help toddlers be ready for scanning. Once the youngster finished 

the necessary chores to get better acquainted with challenging parts of MRI, they were 

prepared for the 'submarine voyage'. The methodology has been used to get sophisticated 

MRI methods (DTI, fMRI) in normally developing youngsters aged 5 and 6, with a 

completion rate of 95% (72 out of 76) for the whole 35-minute scan.  

A recent study by Runge et al. (2018) achieved a success rate of 95% in children aged 

4-6 utilizing a combination of strategies. These strategies included an interactive app, a 

trained pediatric staff, a children's lounge equipped with a toy scanner, and a child-friendly 

multimedia environment in the MRI room. Remarkably, a meta-analysis conducted by Li 

et al. (2019) found that pre-MRI training, which included the use of materials such as 

booklets, audio recordings, videos, toy models, or mock scanners, did not lead to any 

improvements in data quality, sedative use, or scanning success rate. Authors hypothesized 

that a potential explanation might be that training amplifies anxiety and terror in 

youngsters. Nevertheless, the number of studies conducted was restricted (n = 5) and the 

sample sizes were modest. Consequently, more investigations are required to validate the 

results. Overall, it is difficult to directly compare success rates among research. Therefore, 

it is necessary to conduct a controlled study in the future to investigate the specific impacts 

of various strategies. Significantly, there is a notable absence of objective and standardized 

standards for determining what qualifies as high-quality data, as well as the amount to 

which it might be enhanced by post-processing.  

In order to enhance comfort and guarantee safety throughout the scanning process, it is 

essential to effectively perform noise attenuation. According to this study, the most often 

used techniques for ear protection were earplugs (made of wax, foam, or silicon), soft shell 

earmuffs, standard ear protectors, or a combination of these. Soundproofing bore liners or 

foam inserts were not often used. The integration of many strategies has been shown to be 

more efficacious than using a single strategy in isolation (Tocchio et al., 2015). In order to 

provide adequate noise reduction during MRI scanning in newborns, Nordell et al. (2009) 

proposed the use of dental putty inserted into the outer ear canal, earmuffs placed over both 

ears, and an acoustic hood made of dampening material placed over the infant.  

Passive noise control technologies, despite their effectiveness, are hindered by 

drawbacks like discomfort, difficulties with fitting, and, notably, inadequate noise 

reduction in some situations. Hence, in order to carry out scanning in a quieter manner, 
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active techniques such as quiet sequences and quiet coils have been devised (McJury and 

Shellock, 2000). Unlike other approaches that aim to decrease or remove the auditory 

disturbance, a novel acquisition technique called MR Fingerprinting-Music has been 

created to enhance the auditory experience by simulating music (Ma et al., 2016). As far as 

we know, there is a lack of research demonstrating the efficacy of the procedure in 

youngsters.  

It is well recognized that movement during the process of obtaining images may result 

in picture artifacts, which can render the data worthless. According to the research 

examined, mobility was the primary cause for excluding data. Nevertheless, the precise 

impact of motion on the system is not well understood and sometimes not accounted for. 

This may be a challenge, particularly in research settings, as variables of interest such as 

age, sex, or illness are often associated with both the degree of head motion and structural 

alterations. Head movement during MRI scanning has been shown to affect measurements 

of gray matter volume and thickness (Reuter et al., 2015). As supported by prior research 

and current study, swaddling or wrapping are the most often used methods to limit 

movement during baby scanning. These procedures are simple, inexpensive, and readily 

accessible, but regrettably ineffective in later age cohorts. In addition, specialized vacuum 

immobilizer mats, cushions, and foam pads were used to ensure the stability of the body 

and head posture. Adolescents often have the capacity to see movies or television programs 

while learning, which has been shown to decrease the amount of head movement.  

In a recent study, Greene et al. (2018) expanded on their previous work by doing tests 

that included both movies and real-time visual head motion input. Both approaches 

effectively decreased movement, however, it is worth noting that there was no synergistic 

impact seen when the methods were combined. In addition, these approaches may provide 

challenges during fMRI imaging, since they might potentially impact the functional results 

(Greene et al., 2018). In order to enhance adherence and reduce mental effort during 

functional imaging, a movie paradigm called Inscapes was used (Vanderwal et al., 2015). 

Nevertheless, physical techniques of head restraint, movies, or behavioral measures are 

unable of entirely eliminating motion. Consequently, motion correction is still necessary 

afterwards in all circumstances. These methods are particularly important when using high 

field MRI systems, such 7 Tesla scanners, since they produce louder acoustic noise, take 

longer to acquire images, and are more susceptible to motion artifacts (Stucht et al., 2015; 

Keuken et al., 2018). 

3. Conclusion 

To summarize, doing brain MRI scans on newborns and young children without sedation 

is difficult, but with proper preparation, it is possible to carry out. This overview illustrates 

the several methods for preparing a kid for scanning, managing noise reduction, and 

restricting mobility. Ultimately, this research demonstrates that the scanning techniques are 

often insufficiently documented. To optimize scanning success rates and identify the most 

effective preparatory procedures, we suggest providing a more comprehensive report of the 

operation. Over time, it could be feasible to use the most effective scanning techniques in 

the clinical context and decrease the need for anesthesia in pediatric neuroimaging, 

particularly in non-urgent situations.  
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