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Abstract

Background: Young children requiring neurosurgical care frequently undergo repeated
neuroimaging. Whereas CT involves exposure to ionizing radiation, conventional MRI is
time-consuming and often necessitates sedation in non-cooperative children. To address
these limitations, ultrafast cranial MRI (UF-MRI) based on T2-HASTE sequences was im-
plemented at our institution in 2019 for selected indications. The aim of this study was to
evaluate the real-world implementation of UF-MRI in children younger than six years of
age. Methods: We retrospectively analyzed cranial MRI examinations consisting exclu-
sively of ultrafast sequences performed between July 2019 and December 2024 in children
younger than six years. Clinical settings, diagnostic adequacy, immediate consequences
for patient management, and the impact on MRI and CT utilization were systematically
assessed. Results: A total of 404 UF-MRI examinations were performed in 198 inpatients
and outpatients (mean age: 2 years 2 months) without the need for dedicated anesthe-
sia team support solely for imaging. Only one examination (0.2%) required same-day
repetition after mild oral sedation. In 20 patients (5.0%), UF-MRI was supplemented by
conventional MRI under anesthesia, most commonly for preoperative planning. Immediate
clinical consequences included no change in management in 54.5% of examinations, early
follow-up in 22.8%, shunt valve adjustment in 11.6%, neurosurgical intervention in 7.7%,
and other measures in 5.0%. UF-MRI accounted for 24.5% of all cranial MRI examinations
in this age group and was associated with a 41% reduction in CT utilization compared

with the corresponding period prior to UF-MRI implementation. Conclusions: In routine

i cribdates clinical practice, UF-MRI provides rapid, clinically sufficient neuroimaging in young chil-
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1. Introduction

Children with neurosurgical conditions frequently require repeated neuroimaging
for diagnosis, treatment planning and follow-up. While conventional cranial MRI (cMRI)
represents the diagnostic gold standard, long acquisition times and susceptibility to motion
artifacts often necessitate sedation or general anesthesia in infants and young children.
These procedures are associated with considerable logistical, healthcare staff-related, finan-
cial, and organizational burden, and carry inherent medical risks [1].

Cranial computed tomography (cCT) and ultrasound represent established alternative
imaging modalities to MRI. Ultrasound is examiner-dependent and restricted to the period
before fontanelle closure, generally providing reliable brain imaging only during the first
six months of life [2], while cCT offers rapid image acquisition but at the cost of ionizing
radiation. Large cohort studies have demonstrated a dose-dependent association between
pediatric CT exposure and the later development of hematological malignancies and brain
tumors [3-7]. In children with shunted hydrocephalus, with an average neuroimaging
frequency of 2.1 studies per year, repeated CT surveillance throughout childhood has been
estimated to result in one excess lifetime fatal cancer per 97 patients with standard cCT
protocols, or per 230 patients with low-dose protocols [8]. These findings underscore the
importance of minimizing radiation exposure and prioritizing radiation-free alternatives
whenever diagnostically sufficient. To address these limitations, ultrafast (also referred to
as ultra-rapid or quick brain) cranial MR sequences have been developed.

First introduced in the early 2000s [9], these protocols, typically based on heavily
T2-weighted sequencies, enable acquisition times typically of less than two minutes with-
out need for sedation. They show high tolerance to patient motion and maintain diagnostic
utility even in non-cooperative children, albeit at the cost of reduced contrast and spatial
resolution [10]. Their earliest and most common application has been the evaluation of cere-
brospinal fluid (CSF) spaces in children with or without shunts [11-13]. Adoption has been
widespread: in a North American survey, 79% of 56 pediatric institutions had implemented
rapid-sequence MRI for ventricular size assessment, and 64% reported routine use [14].
Over time, indications have expanded from shunted hydrocephalus to ventriculomegaly,
macrocephaly, intracranial cysts [15], abusive head trauma [16,17], emergency imaging for
persistent/recurrent headache [18] and traumatic brain injury (TBI) [19-25].

Beyond diagnostic performance, UF-MRI offers substantial advantages in terms of
workflow efficiency, resource utilization, and patient safety. In addition to markedly
reduced scanning times [26], UF-MRI has been associated with significant cost savings,
primarily due to the reduced need for anesthesia and related resources [10,27].

Despite these advantages, most prior studies have focused on technical feasibility or
qualitative comparisons with conventional MRI [26] or CT [20-22], whereas systematic
evaluations of UF-MRI implementation in routine clinical practice and its impact on clinical
decision-making and cross-sectional imaging utilization remain scarce. To address this gap,
the aim of this study was to evaluate the real-world implementation of UF-MRI in children
younger than six years at a tertiary care center with particular focus on clinical indications,
diagnostic yield, consequences for patient management, examination logistics, and its role
in reducing CT utilization.

2. Materials and Methods
2.1. Ethics Approval

The study was approved by the local institutional ethics committee and conducted in
accordance with the Declaration of Helsinki. Due to the retrospective analysis of patient
data, informed consent was waived (local registration number: EK 25-376).
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2.2. Study Population

This monocentric retrospective analysis included all UF-MRI examinations performed
between 1 July 2019 and 31 December 2024, in pediatric patients younger than 6 years at the
time of imaging. An additional prerequisite was the availability of clinical data regarding
patient history, indication for imaging, and follow-up after the examination.

Exclusion criteria were ultrafast sequences performed solely as part of a conventional
cranial MRI protocol, hybrid protocols combining ultrafast with additional conventional
sequences, or ultrafast sequences acquired for spinal imaging.

2.3. UF-MRI Acquisition Workflow

The child and one parent (or caregiver) are escorted from the waiting area, metallic
objects are checked for and removed, and the child is positioned on the examination
table. One parent is allowed to lie on the MRI table alongside the child, wearing hearing
protection, to provide physical contact for reassurance. The table is then advanced into the
MRI scanner, the sequences are aligned to the localizer, loaded, and acquired. Sequence
quality is assessed rapidly during the examination, and in cases of motion artifacts, either
individual sequences or all three planes may be repeated. Alternatively, in clearly restless
children, the sequences may be preloaded two or three times at the outset using a “shotgun”
approach, increasing the likelihood of obtaining at least one motion-free set, thus supporting
reliable interpretation and diagnostic confidence. To minimize patient motion during the
examination, several further measures were employed when necessary: the “feed and wrap”
technique in neonates, allowing a parent to lie on the MRI table while gently stabilizing the
child’s head, or oral administration of an antihistamine syrup. Critically ill inpatients (e.g.,
after status epilepticus, traumatic brain injury, or surgery) were accompanied by anesthesia
or intensive care staff when clinically indicated.

2.4. MRI Technique and Sequence Parameters

MRI examinations were performed using a 1.5 Tesla scanner (MAGNETOM Aera,
Siemens Healthcare, Erlangen, Germany) equipped with a 20-channel head coil. The
imaging protocol consisted of T2-weighted HASTE (Half-Fourier Acquisition Single-Shot
Turbo Spin-Echo) sequences acquired in axial, coronal, and sagittal orientations.

The acquisition times for the sequences were as follows: axial 22 s, sagittal 23 s, and
coronal 27 s. An additional 10 s were required for the localizer scan used for planning.

The technical parameters for the T2-HASTE sequences were as follows:

Slice thickness (SD): 5.00 mm;

Slice spacing (SA): 6.50 mm;

Field of view (FOV): 150.0 mm;
Repetition time (TR): 1000 ms;

Echo time (TE): 78 ms;

Number of signal averages (NSA): 1;
Turbo spin echo factor (TSE): 82.

2.5. Data Collection and Analysis

Clinical, radiological, and procedural data were retrospectively extracted from the
hospital and radiology information system, including medical records, surgical reports,
radiological findings, daily clinical notes and MRI images.

Collected variables included patient demographics, primary diagnosis, clinical setting,
imaging indications, UE-MRI acquisition parameters (number of acquired and repeated
sequences, total scan time), imaging findings, the presence of motion artifacts, the need for
conventional MRI, and immediate clinical consequences following UF-MRI.
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Imaging findings were categorized as normal, newly diagnosed pathology, stable
findings, progression or regression of known disease. Motion artifacts were classified
based on visual assessment of all acquired sequences: “absent” if no motion artifacts were
visible; “mild” if motion artifacts were present but did not impair diagnostic confidence;
and “pronounced” if motion artifacts affected at least one slice in one or more sequences but
the overall protocol still allowed the clinical question to be answered. An examination was
considered diagnostically inadequate if it had to be repeated at another time, because the
clinical question could not be reliably addressed. Based on a joint review of the radiology
report and subsequent clinical management, an examination was classified as clinically
sufficient if the UF-MRI findings were adequate to guide clinical decision-making without
the need for additional cross-sectional imaging.

Immediate clinical consequences were defined as diagnostic or therapeutic actions
directly attributable to UF-MRI findings and initiated on the same day or during the same
hospitalization. These included no change in management, early follow-up imaging, shunt
valve reprogramming, surgical intervention, or other targeted clinical measures.

Additionally, the number of conventional MRI and cranial CT scans performed in the
same pediatric age group was extracted from the radiology information system for two five-
and-a-half-year periods, pre-implementation (2014-mid-2019) and post-implementation
(mid-2019-2024) of UF-MR, in order to evaluate a potential reduction in CT utilization.
Descriptive statistical analyses were performed using appropriate software tools.

3. Results
3.1. Characteristics of the Study Cohort, Indications and Clinical Context

Characteristics of the study cohort are summarized in Table 1. The final cohort
comprised 404 UF-MRI examinations performed in 198 children (85 females and 113 males).
The mean age at imaging was 2 years and 2 months (range: 1 day to 5 years 11 months;
standard deviation: 560 days). Hydrocephalus was the most frequent underlying condition
(n =210; 52.0%), followed by traumatic brain injury (n = 59; 14.6%), subdural hematomas
or hygromas (n = 49; 12.1%), and intracranial cysts (n = 14; 3.5%). In 72 examinations, other
diagnoses were present.

The indications for UF-MRI reflected the composition of the study cohort. In 228 cases
(56.4%), imaging was performed to assess ventricular size, followed by evaluation of
subdural hematoma dynamics (n = 92; 22.8%). Forty-seven examinations (11.6%) were
conducted after head trauma to detect intracranial sequelae. Beyond established indications,
UF-MRI was also used for orientation in suspected epileptogenic lesions in patients with
first epileptic seizures (n = 32; 7.9%), for the evaluation of headache and vomiting with
suspected space-occupying lesions (n = 15; 3.7%), and for macrocephaly or developmental
delay (n = 13; 3.2%).

Acutely symptomatic patients accounted for 175 examinations (43.3%), follow-up of
known pathologies for 209 (51.7%), and elective baseline imaging—for example, in devel-
opmental disorders or preoperative work-up for craniosynostosis correction—for 20 cases
(5.0%). UE-MRI was performed in 189 outpatients (46.8%) and 215 inpatients (53.2%).

No UF-MRI examination required dedicated anesthesia team support and general
anesthesia solely for the imaging procedure.
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Table 1. Patient demographics and examination characteristics.
Sex N
Female 85 (42.9%)
Male 113 (57.1%)
Age at the time of MRI
Neonates and infants (0-1 year) 109 (27.0%)
Toddlers (1-3 years) 186 (46.0%)
Preschoolers (4-6 years) 109 (27.0%)
Clinical setting
Inpatients 215 (53.2%)
Outpatients 189 (46.8%)
Clinical context
Acutely symptomatic 175 (43.3%)
Scheduled follow-up 209 (51.7%)
Elective baseline MRI 20 (5.0%)
Underlying diagnosis
Posthemorrhagic hydrocephalus 91 (22.5%)
Hydrocephalus of other origin 119 (29.5%)
Traumatic brain injury 59 (14.6%)
Subdural hematoma/hygroma 49 (12.1%)
Intracranial cysts 14 (3.5%)
Other diagnoses 72 (17.8%)
Imaging indication (multiple choices possible)
Ventricular width 228 (56.4%)
Dynamics of subdural hematoma/hygroma 92 (22.8%)
Trauma sequelae 47 (11.6%)
Work-up for epileptic seizures 32 (7.9%)
Dynamics of cysts 20 (5.0%)
Work-up for headache/vomiting 15 (3.7%)
Others 50 (12.4%)

3.2. Examination Metrics and Motion Artifacts

In this cohort, a total of 1381 HASTE sequences were acquired, corresponding to a
mean of 3.44 sequences per examination (SD 0.84). Axial sequences were most frequently
performed. In 144 instances, individual sequences were repeated twice, and in 31 instances,
three times. In five examinations, a total of seven additional axial TrueFISP (Trufi) sequences
were acquired.

In 297 examinations (73.5%), the total scan time was less than 2 min, while only
11 (2.7%) examinations exceeded 5 min—primarily in patients who moved during the scan,
necessitating sequence repetition and, in some cases, patient repositioning.

No motion artifacts were observed in 130 examinations (32.2%), while 112 (27.7%)
showed mild and 162 (40.1%) pronounced artifacts. Motion artifacts were strongly age-
dependent, with image quality improving with increasing age. Pronounced artifacts were
most frequent in infants aged 0-12 months (56.0%), decreased in children aged 1-3 years
(41.9%), and were the least common in those aged 4-6 years (21.1%), in whom over half of
examinations were artifact-free (50.5%).

Only one case was considered diagnostically inadequate and required same-day
repetition of UF-MRI following mild oral sedation. Motion artifacts did not necessitate
additional conventional MRI when UF-MRI satisfied the clinical question.

3.3. Findings and Immediate Clinical Consequences

Image findings on UF-MRI were heterogeneous and, in some cases, comprised more
than one relevant morphological change within a single examination (e.g., decreasing
ventricular size accompanied by increasing subdural hygromas).

https://doi.org/10.3390/jcm15031242
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A normal imaging result was observed in 75 examinations (16.8%). A newly detected
pathological finding representing an initial diagnosis was identified in 45 cases (10.1%),
while 121 examinations (27.1%) demonstrated unchanged findings compared with prior
imaging. Changes in ventricular size were common: ventricular enlargement was noted
in 52 examinations (11.6%), whereas a reduction in ventricular width was observed in
56 cases (12.5%). Progression of the underlying pathology was documented in 16 exam-
inations (3.6%), while radiological regression of previously known findings was seen in
82 cases (18.3%).

Following this overview, Figure 1 provides representative illustrative cases demon-
strating the spectrum of UF-MRI findings across different clinical scenarios, while Figure 2
summarizes the distribution of imaging findings and their frequencies in graphical form.

A particular focus of the analysis was the precise assessment of the immediate clinical
consequences derived from UF-MRI findings. In 220 examinations (54.5%), the imaging
did not result in any change in subsequent clinical management, either because the find-
ings were normal in first-time examinations or remained unchanged—most commonly in
patients with hydrocephalus with or without a shunt, showing stable ventricular size.

In 92 cases (22.8%), no active intervention was required; however, the imaging findings
prompted early follow-up, typically within three months, usually with UF-MRI or, in cases
with an open fontanelle, with cranial sonography.

In 47 cases (11.6%), deliberate shunt valve pressure reprogramming was performed.
Of these, 30 cases (7.4%) involved lowering the valve pressure setting to increase CSF
drainage, while in 17 cases (4.2%) the pressure was increased—for example, in patients
with slit ventricles or hygromas as a sign of overdrainage.

In 31 cases (7.7%), UF-MRI findings led to the decision to proceed with surgery. Surgi-
cal procedures most frequently involved shunt-related interventions, including shunt im-
plantation (ventriculoperitoneal or ventriculoatrial), operative shunt exploration with valve
revision, ventricular catheter replacement, placement of additional ventricular catheter
and re-internalization of externalized shunts. Other neurosurgical procedures comprised
tumor resection (medulloblastoma), third ventriculocisternostomy, evacuation of subdural
hematomas, duraplasty after traumatic dural tear, and cyst fenestration. In 20 cases (5.0%),
other clinical measures were undertaken based on UF-MRI results including clamping
or removal of external ventricular drains (EVD) or subdural drains, adjustment of EVD
height, lumbar puncture, or puncture of a Rickham reservoir. In a single case, rapid tumor
progression led to the transition to palliative care.

The distribution of clinical consequences across diagnostic categories is summarized
in Supplementary Table S1. In both hydrocephalus after IVH and hydrocephalus of other
origin, UF-MRI frequently led to active management changes (over 58% in both groups).
Valve pressure adjustments were significantly more common in post-hemorrhagic hy-
drocephalus (29.0%) than in hydrocephalus of other origin (13.1%; Fisher’s exact test,
p = 0.0055), whereas rates of surgical intervention were comparable (11.8% vs. 11.5%). In
patients with subdural hematomas, early follow-up was the most frequent consequence
(53.1%). In trauma cases, UF-MRI prompted surgical intervention in one patient, while
approximately one quarter of examinations (those with intracranial trauma sequelae) re-
sulted in early follow-up imaging. Examinations performed for intracranial cysts most
often resulted in no change in management (85.7%).
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Figure 1. Illustrative clinical applications of ultrafast MRI in pediatric neurosurgical patients. Case 1:
Posthemorrhagic hydrocephalus after intraventricular hemorrhage (IVH) with parenchymal involve-
ment in one of the preterm triplets. Following ventriculoperitoneal (VP) shunt placement, serial
follow-up was performed using UF-MRI. (A): shunt dysfunction with ventricular enlargement.
(B): postoperative control after operative shunt revision and valve replacement. Case 2: A 4-month-
old girl presenting with rapid head circumference growth and a setting-sun sign. Conventional MRI
including T2-TSE demonstrated an intraventricular cyst at the right trigone (C, arrow). The lesion
was treated by endoscopic cyst fenestration via a right parietal approach. One-year postoperative
follow-up using UF-MRI (D) demonstrates cyst resolution (arrow) and normalization of ventricular
size. Case 3: A 2-month-old boy with suspected abusive head trauma. UF-MRI revealed multiphase
bilateral subdural hematomas (E, arrows). Following surgical evacuation of the hematomas, follow-
up imaging (F) demonstrated marked regression of the findings. Case 4: A 2-month-old girl with
traumatic encephalocele due to dural tear and growing skull fracture. The infant’s mother fell on
asphalt while carrying her in a baby sling. Initial CT revealed multiple, partially displaced skull
fractures (G). Follow-up UF-MRI (H) demonstrated subsequent encephalocele formation (arrow)
secondary to a dural tear with progressive widening of the fracture. Surgical repair of the dura and
calvarial defect was performed. Case 5: A 2.5-year-old boy presenting with subacute ataxia, tendency
to fall to the left, and new-onset vomiting. UF-MRI performed on the day of admission to the pediatric
emergency department revealed a posterior fossa mass (I, arrow). Following preoperative planning
MR, surgical resection was performed. Early postoperative orientation MRI (J) obtained within
hours after resection demonstrates an expected postoperative appearance with a visible resection
cavity and regression of ventricular enlargement.
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Figure 2. Distribution of imaging findings on ultrafast MRI examinations.

A detailed overview of these management outcomes is illustrated in Figure 3.

B4 54.5% (n=220) No specific change

B 228% (n=92) Early follow-up

74% (n=30) Valve pressure reduction
42% (n=17) Valve pressure increase
77% (n=31) Surgery

5.0% (n=20) Other measures

Figure 3. Immediate clinical consequences of UF-MRI (multiple consequences possible).

In 20 patients, UF-MRI was supplemented by conventional MRI sequences under
anesthesia—most commonly for preoperative planning (e.g., acquisition of 3D navigation
sequences, detailed tumor work-up prior to resection, or depiction of cyst walls and their
relation to the ventricular system for fenestration planning). The remaining cases were
epilepsy patients undergoing dedicated high-resolution imaging to localize an epilepto-
genic focus. In none of the cases did the findings of the conventional MRI contradict those
of the UF-MRL

3.4. UF-MRI in the Context of Cross-Sectional Imaging in Children up to Six Years of Age

During the 5.5-year period following the implementation of UF-MRI (1 July 2019 to
31 December 2024), a total of 1650 neurocranial MRI examinations were performed in
children younger than six years at our institution. Of these, 404 examinations (24.5%)
consisted exclusively of ultrafast MRI protocols. Compared with the preceding 5.5-year
period prior to UF-MRI implementation (1 January 2014 to 30 June 2019), during which
1175 neurocranial MRI examinations were performed in the same age group, this represents
an absolute increase of 475 examinations, corresponding to a 40.4% rise in MRI utilization.

In 84 cases (5.1% of all MRI examinations in this age group), UF-MRI was supple-
mented with additional conventional sequences such as T2* T2-FLAIR, or diffusion-
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weighted imaging (DWI)—most often in emergency settings such as trauma, particularly
when patients were sufficiently cooperative to tolerate the longer acquisition times.

In this five-and-a-half-year period prior to UF-MRI implementation (2014-mid 2019),
105 cranial CT (cCT) examinations were performed in children younger than six years.
In the corresponding five-and-a-half-year period following UF-MRI implementation
(mid 2019-2024), the number of cCT examinations decreased to 62, representing a 41.0%
reduction (Figure 4).

150
100
n
50
0 T T
9 %
& 3%
» D
> o
& O
' v
N
» &

Figure 4. Number of cranial CT examinations in children < 6 Years before and after introduction of
ultrafast MRI.

4. Discussion

This study represents one of the largest, and potentially the largest, analyses of ultrafast
cranial MRI in children younger than six years. Beyond demonstrating feasibility, it
highlights the clinical impact of UF-MRI in routine pediatric neuroimaging, including very
short acquisition times without anesthesiology support, sufficient diagnostic interpretability
with minimal need for additional imaging, and a reduction in CT utilization compared with
a historical control cohort. Importantly, our cohort reflects real-world clinical use across a
broad spectrum of indications rather than focusing on a single disease entity.

4.1. Adoption and Expansion of UF-MRI in Clinical Practice

Since its introduction in the early 2000s, the primary indication for ultrafast MRI
has been the assessment of cerebrospinal fluid (CSF) spaces, particularly in children with
(shunted) hydrocephalus. This is plausible given the high intrinsic contrast between CSF
and brain parenchyma on heavily T2-weighted sequences. Several studies have demon-
strated the reliability of UF-MRI for evaluating CSF spaces [9,11-13,15,28,29]. Consistent
with this, hydrocephalus remained the most frequent diagnosis in our cohort, accounting
for more than half of all examinations.

Beyond hydrocephalus, trauma and subdural hematomas, including abusive head
trauma, were among the most common indications in our series. This reflects the evolution
of the literature, in which UF-MRI has increasingly been evaluated in emergency settings,
particularly for head trauma, since around 2015 [16-26,30-32]. Similarly to our study, most
published series are retrospective, although a limited number of prospective investigations
have been reported [16,17,21,24].

https:/ /doi.org/10.3390/jcm15031242
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The diagnostic performance of UF-MRI in TBI appears context-dependent. Lindberg
et al. [21] reported high sensitivity and specificity for clinically relevant TBI, and Sheridan
et al. [24] demonstrated 100% sensitivity for injuries requiring acute clinical management.
In contrast, Kralik et al. [17] reported limited sensitivity for subtle intracranial traumatic
findings, with small subarachnoid and subdural hemorrhages missed in a substantial pro-
portion of cases compared with conventional MRIL This highlights an important limitation:
while UF-MRI appears reliable for detecting clinically relevant pathology, subtle traumatic
findings of limited immediate clinical consequence may be overlooked. However, in the
specific context of suspected abusive head trauma, such subtle findings may carry forensic
relevance, which must be acknowledged as a limitation of ultrafast protocols.

A relevant proportion of examinations (11.7%) in our cohort were performed in
emergency contexts such as headache, nausea/vomiting, or first epileptic seizure. This
is consistent with previous reports. Ha et al. [33] demonstrated sufficient image quality
of UF-MRI protocols for the evaluation of headache, congenital anomalies, and syncope.
Luque et al. [18] showed that UF-MRI in children presenting with recurrent headache was
clinically valuable, particularly for detecting sinusitis, and was associated with high levels
of patient and family satisfaction during emergency department encounters. In our cohort,
UF-MRI similarly contributed to the detection of clinically relevant intracranial pathology,
including space-occupying lesions.

4.2. Workflow and Practical Considerations

Performing elective brain MRI under general anesthesia in pediatric patients, par-
ticularly infants and toddlers, entails considerable logistical complexity. The work-
flow requires extensive interdisciplinary coordination, including confirmation of indi-
cation, formal imaging requests, and allocation of limited anesthesia-supported MRI slots.
The introduction of UF-MRI has substantially streamlined this process for outpatients.
The workflows for conventional elective MRI and outpatient UF-MRI are illustrated in
Supplementary Material S2.

Across published series, UF-MRI is consistently associated with very low or absent
sedation rates [17,18,21,28,29,34], consistent with our findings and highlighting one of the
key clinical advantages of ultrafast protocols. The need for sedation in preschool-aged
children is largely driven by the examination duration: longer acquisitions are less well-
tolerated and more susceptible to motion artifacts, often rendering images non-diagnostic.

Reported acquisition times for UF-MRI typically range from 1 to 5 min, depending
on protocol complexity. The shortest protocols described by O’Neill et al. [12] achieved
acquisition times of 12 s at 3 T and 19 s at 1.5 T, although these consisted of a single axial
T2-HASTE sequence. In our cohort, individual sequences lasted 22-27 s, and approximately
three-quarters of examinations were completed in under two minutes. Although total
examination time inevitably exceeds pure acquisition time due to preparation and position-
ing, the entire workflow from patient entry to exit could be completed in approximately
five minutes, comparable to real-world reports from other centers.

Our standardized protocol, based on multiplanar T2-HASTE sequences, offers robust-
ness, high throughput, and ease of implementation in routine clinical practice, particularly
in time-critical settings. However, studies using broader ultrafast protocols incorporating
T1-weighted imaging, FLAIR, DWI, and T2* [21,26,33] have shown that expanded proto-
cols with acquisition times as short as 1 min 11 s [33] can enhance the diagnostic scope,
especially for non-hydrocephalus indications. These findings support a modular strategy,
whereby a rapid core protocol is supplemented with targeted sequences such as FLAIR for
screening, DWI for ischemia, and T2*/SWI for hemorrhage when clinically indicated.

https://doi.org/10.3390/jcm15031242
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We deliberately focused on children up to six years of age, as this group benefits the
most from ultrafast MRI owing to limited cooperation and the frequent need for sedation
with conventional protocols. In this age range, the advantages of motion tolerance and
sedation avoidance are particularly clinically relevant. Nonetheless, several studies have
also included older children and adolescents [15,20,26,30,34], which is justified given their
continued radiation sensitivity and the substantial proportion of older pediatric patients
with neurodevelopmental conditions that similarly limit cooperation.

4.3. Motion Artifacts and Diagnostic Adequacy

Motion artifacts were observed in approximately two-thirds of examinations, a higher
proportion than reported in prior studies, which described moderate to severe motion in
24-27% of cases [12,16]. Despite this, diagnostic confidence remained high: although 40%
of examinations exhibited pronounced artifacts, only one scan required repetition due to
insufficient diagnostic adequacy. This likely reflects the robustness of the protocol, which is
based on multiplanar T2-HASTE acquisitions and allows for the immediate repetition of
sequences when motion is detected. Differences in reported artifact rates across studies are
probably influenced by varying definitions; in our analysis, any visible motion artifact in
at least one sequence was recorded, whereas other studies primarily considered artifacts
that impaired diagnostic interpretability. Consistent with our findings, high diagnostic
adequacy rates of 95-98% have been reported by others [12,15,16].

While UF-MRI proved sufficient for most clinical decisions, additional conventional
MRI was mainly required for surgical planning or for the evaluation of epileptogenic foci.
Lai et al. [35] demonstrated the feasibility of rapid MRI for neuronavigation in hydro-
cephalus without prolonging operative time, yet it remains unlikely that ultrafast protocols
can fully replace high-resolution planning sequences for tumor surgery or comprehensive
epilepsy imaging. Importantly, data on the impact of UF-MRI on concrete clinical and
surgical decision-making remain limited in the literature, underscoring the added value of
our real-world analysis.

4.4. Impact on Imaging Utilization and CT Reduction

Following the implementation of UF-MRI, neurocranial MRI utilization in children
younger than six years increased by more than 40% compared with the preceding 5.5-year
period. This increase closely matches the number of UF-MRI examinations, while the
number of conventional anesthesia-supported MRI studies remained nearly unchanged,
suggesting that UF-MRI primarily compensated for previously unmet imaging demand
rather than replacing conventional MRI. This interpretation is consistent with the persis-
tently long waiting times for elective MRI under general anesthesia in routine practice.

Nevertheless, alternative explanations must be considered. Overall imaging demand
has increased over time, and UF-MRI may have, in some cases, replaced examinations that
would previously have been managed with CT, ultrasound, or clinical follow-up alone.
While ultrasound utilization could not be reliably quantified, we were able to demonstrate
a 41% reduction in CT examinations after UF-MRI implementation.

This finding is in line with previous reports. Iskandar proposed that UF-MRI could re-
place CT for shunted hydrocephalus follow-up as early as 2004 [9]. Niederhauser et al. [28]
and Robson et al. [13] showed that UF-MRI became the predominant imaging modality for
hydrocephalus and progressively replaced CT. In the context of suspected abusive head
trauma, Berger et al. [16] suggested that UF-MRI-based screening could potentially reduce
head CT use by more than 90%, and Franklin et al. [31] further reported that combining
UF-MRI with skull radiography may substantially reduce the need for CT. Collectively,
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these data support the notion that UF-MRI can meaningfully contribute to reducing CT
exposure in pediatric neuroimaging.

4.5. Limitations

This study has several limitations, including its retrospective single-center design
and the absence of a direct prospective comparison with conventional MRI or CT proto-
cols. Furthermore, image quality assessment was based on clinical usability rather than
standardized quantitative metrics, which may limit direct comparability with other studies.

The observed reduction in CT utilization may have been influenced by changes in
referral patterns, patient volume, or institutional imaging practices over time. Denominator
data such as the number of CT examinations per 1000 neurosurgical encounters in this
age group were not consistently available, and a relevant proportion of patients may have
been coded under traumatology or general pediatrics rather than neurosurgery, which
limits the ability to establish a causal relationship. Nevertheless, no major changes in
institutional referral structures, catchment areas, or overall patient volume occurred during
the study period, supporting UF-MRI implementation as a relevant contributing factor to
the observed reduction in CT use.

In addition, workflow efficiency and clinical decision-making are influenced by insti-
tutional structures and local expertise, which may affect the generalizability of our findings
to centers with different logistical or technical conditions, including MRI availability.

5. Conclusions

Ultrafast cranial MRI can be safely and effectively implemented for selected neu-
roimaging indications in children younger than six years. In our cohort, UF-MRI provided
clinically sufficient information in the vast majority of examinations while reducing scan
times, exposure to anesthesia, and ionizing radiation. Beyond its diagnostic value, UF-MRI
streamlined clinical workflows and supported timely clinical decision-making. These
findings support the integration of UF-MRI as a first-choice neuroimaging modality within
the pediatric population for selected indications and highlight its potential to support
patient-centered, resource-efficient care.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jem15031242 /51, Supplementary Table S1: Clinical consequences
of UF-MRI according to underlying diagnosis, Supplementary Material S2: Workflow Conventional
MRI vs. UF-MRL

Author Contributions: Conceptualization, R.P., H.R. and H.H.; methodology, R.P; validation, R.P.,
H.H. and H.R,; formal analysis, R.P; investigation, R.P.; resources, H.H., H.C., M.W. and H.R; data
curation, R.P,; writing—original draft preparation, R.P.; writing—review and editing, R.P, HR,, BK,,
M.V, D.H, M.H., M.\W., H.C. and H.H,; visualization, R.P.; supervision, H.H.; project administration,
R.P; funding acquisition, not applicable. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Faculty of Medicine, RWTH Aachen
University (local registration number: EK 25-376, date of approval: 8 December 2025).

Informed Consent Statement: Due to the retrospective analysis of patient data, informed consent
was waived.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author(s).

https://doi.org/10.3390/jcm15031242


https://www.mdpi.com/article/10.3390/jcm15031242/s1
https://www.mdpi.com/article/10.3390/jcm15031242/s1
https://doi.org/10.3390/jcm15031242

J. Clin. Med. 2026, 15, 1242 13 of 14

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

UE-MRI  ultrafast cranial magnetic resonance tomography
cCT cranial computed tomography

cMRI cranial magnetic resonance tomography

CSF cerebrospinal fluid

TBI traumatic brain injury

References

1.

10.

11.

12.

13.

14.

15.

16.

Vanderby, S.A.; Babyn, P.S.; Carter, M.W.,; Jewell, S.M.; McKeever, P.D. Effect of Anesthesia and Sedation on Pediatric MR Imaging
Patient Flow. Radiology 2010, 256, 229-237. [CrossRef] [PubMed]

Sandhu, PK.; Banker, H.; Cohen, H.L. Neurosonography Assessment, Protocols, and Interpretation. In StatPearls; StatPearls
Publishing: Treasure Island, FL, USA, 2025. Available online: http://www.ncbi.nlm.nih.gov/books/NBK573073/ (accessed on 21
August 2025).

Bosch De Basea, M.; Thierry-Chef, I.; Harbron, R.; Hauptmann, M.; Byrnes, G.; Bernier, M.-O.; Le Cornet, L.; Dabin, J.; Ferro, G.;
Istad, T.S.; et al. Risk of hematological malignancies from CT radiation exposure in children, adolescents and young adults. Nat.
Med. 2023, 29, 3111-3119. [CrossRef] [PubMed]

Huang, R.; Liu, X.; He, L.; Zhou, P.-K. Radiation Exposure Associated with Computed Tomography in Childhood and the
Subsequent Risk of Cancer: A Meta-Analysis of Cohort Studies. Dose-Response 2020, 18, 155932582092382. [CrossRef] [PubMed]
Meulepas, ].M.; Ronckers, C.M.; Smets, A.M.].B.; Nievelstein, R.A.].; Gradowska, P,; Lee, C.; Jahnen, A.; Van Straten, M.; De Wit,
M.-C.Y.; Zonnenberg, B.; et al. Radiation Exposure From Pediatric CT Scans and Subsequent Cancer Risk in the Netherlands.
JNCI J. Natl. Cancer Inst. 2019, 111, 256-263. [CrossRef]

Krille, L.; Dreger, S.; Schindel, R.; Albrecht, T.; Asmussen, M.; Barkhausen, J.; Berthold, ].D.; Chavan, A.; Claussen, C.; Forsting,
M.; et al. Risk of cancer incidence before the age of 15 years after exposure to ionising radiation from computed tomography:
Results from a German cohort study. Radiat. Environ. Biophys. 2015, 54, 1-12. [CrossRef]

Miglioretti, D.L.; Johnson, E.; Williams, A.; Greenlee, R.T.; Weinmann, S.; Solberg, L.I; Feigelson, H.S.; Roblin, D.; Flynn, M.].;
Vanneman, N.; et al. The Use of Computed Tomography in Pediatrics and the Associated Radiation Exposure and Estimated
Cancer Risk. JAMA Pediatr. 2013, 167, 700. [CrossRef]

Koral, K.; Blackburn, T.; Bailey, A.A.; Koral, KM.; Anderson, J. Strengthening the Argument for Rapid Brain MR Imaging:
Estimation of Reduction in Lifetime Attributable Risk of Developing Fatal Cancer in Children with Shunted Hydrocephalus by
Instituting a Rapid Brain MR Imaging Protocol in Lieu of Head CT. Am. J. Neuroradiol. 2012, 33, 1851-1854. [CrossRef]
Iskandar, B.J.; Sansone, ] M.; Medow, ].; Rowley, H.A. The use of quick-brain magnetic resonance imaging in the evaluation of
shunt-treated hydrocephalus. J. Neurosurg. Pediatr. 2004, 101, 147-151. [CrossRef]

Sorge, I; Hirsch, EW.; Voit, D.; Frahm, J.; Krause, M.; Roth, C.; Zimmermann, P.; Grife, D. Decreased Need for Anesthesia during
Ultra-Fast Cranial MRI in Young Children: One-Year Summary. RoFo-Fortschritte Auf Dem Geb. Rontgenstrahlen Bildgeb. Verfahr.
2022, 194, 192-198. [CrossRef]

Ashley, WW.; McKinstry, R.C.; Leonard, J.R.; Smyth, M.D.; Lee, B.C.; Park, T.S. Use of rapid-sequence magnetic resonance
imaging for evaluation of hydrocephalus in children. |. Neurosurg. Pediatr. 2005, 103, 124-130. [CrossRef]

O’Neill, B.R,; Pruthi, S.; Bains, H.; Robison, R.; Weir, K.; Ojemann, J.; Ellenbogen, R.; Avellino, A.; Browd, S.R. Rapid Sequence
Magnetic Resonance Imaging in the Assessment of Children with Hydrocephalus. World Neurosurg. 2013, 80, e307-e312.
[CrossRef] [PubMed]

Robson, C.D.; MacDougall, R.D.; Madsen, J.R.; Warf, B.C.; Robertson, R.L. Neuroimaging of Children with Surgically Treated
Hydrocephalus: A Practical Approach. Am. J. Roentgenol. 2017, 208, 413—419. [CrossRef] [PubMed]

Thompson, E.M.; Baird, L.C.; Selden, N.R. Results of a North American survey of rapid-sequence MRI utilization to evaluate
cerebral ventricles in children: Clinical article. J. Neurosurg. Pediatr. 2014, 13, 636—640. [CrossRef] [PubMed]

Tekes, A.; Senglaub, S.S.; Ahn, E.S.; Huisman, T.A.G.M.; Jackson, E.M. Ultrafast Brain MRI Can Be Used for Indications beyond
Shunted Hydrocephalus in Pediatric Patients. Am. . Neuroradiol. 2018, 39, 1515-1518. [CrossRef]

Berger, R.P; Furtado, A.D.; Flom, L.L.; Fromkin, ].B.; Panigrahy, A. Implementation of a brain injury screen MRI for infants at risk
for abusive head trauma. Pediatr. Radiol. 2020, 50, 75-82. [CrossRef]

https://doi.org/10.3390/jcm15031242


https://doi.org/10.1148/radiol.10091124
https://www.ncbi.nlm.nih.gov/pubmed/20505061
http://www.ncbi.nlm.nih.gov/books/NBK573073/
https://doi.org/10.1038/s41591-023-02620-0
https://www.ncbi.nlm.nih.gov/pubmed/37946058
https://doi.org/10.1177/1559325820923828
https://www.ncbi.nlm.nih.gov/pubmed/32425727
https://doi.org/10.1093/jnci/djy104
https://doi.org/10.1007/s00411-014-0580-3
https://doi.org/10.1001/jamapediatrics.2013.311
https://doi.org/10.3174/ajnr.a3076
https://doi.org/10.3171/ped.2004.101.2.0147
https://doi.org/10.1055/a-1561-2430
https://doi.org/10.3171/ped.2005.103.2.0124
https://doi.org/10.1016/j.wneu.2012.10.066
https://www.ncbi.nlm.nih.gov/pubmed/23111234
https://doi.org/10.2214/AJR.16.16870
https://www.ncbi.nlm.nih.gov/pubmed/27845838
https://doi.org/10.3171/2014.2.PEDS13567
https://www.ncbi.nlm.nih.gov/pubmed/24724716
https://doi.org/10.3174/ajnr.a5724
https://doi.org/10.1007/s00247-019-04506-1
https://doi.org/10.3390/jcm15031242

J. Clin. Med. 2026, 15, 1242 14 of 14

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kralik, S.F,; Yasrebi, M.; Supakul, N.; Lin, C.; Netter, L.G.; Hicks, R.A.; Hibbard, R.A.; Ackerman, L.L.; Harris, M.L.; Ho, C.Y.
Diagnostic Performance of Ultrafast Brain MRI for Evaluation of Abusive Head Trauma. Am. |. Neuroradiol. 2017, 38, 807-813.
[CrossRef]

Luque, M.; Stambo, G.W. The Use of Rapid Sequence Magnetic Resonance Imaging of the Brain as a Screening Tool for the
Detection of Gross Intracranial Pathology in Children Presenting to the Emergency Department with a Chief Complaint of
Persistent or Recurrent Headaches. Pediatr. Emerg. Care 2021, 37, e660-e663.

Burns, B.S.; Nouboussi, N.; DeVane, K.; Andrews, W.; Selden, N.R.; Lin, A.; Pettersson, D.; Jafri, M.; Sheridan, D. Increasing Use
of Rapid Magnetic Resonance Imaging for Children with Blunt Head Injury. J. Pediatr. 2024, 272, 114099. [CrossRef]

Kabakus, I.M.; Spampinato, M.V.; Knipfing, M.; Cervantes, G.; Patel, A.; Eskandari, R.; Yazdani, M. Fast Brain Magnetic Resonance
Imaging with Half-Fourier Acquisition with Single-Shot Turbo Spin Echo Sequence in Detection of Intracranial Hemorrhage and
Skull Fracture in General Pediatric Patients: Preliminary Results. Pediatr. Emerg. Care 2021, 37, e1168—-e1172. [CrossRef]
Lindberg, D.M.; Stence, N.V.; Grubenhoff, J.A.; Lewis, T.; Mirsky, D.M.; Miller, A.L.; O'Neill, B.R.; Grice, K.; Mourani, PM.;
Runyan, D.K. Feasibility and Accuracy of Fast MRI Versus CT for Traumatic Brain Injury in Young Children. Pediatrics 2019, 144,
€20190419. [CrossRef]

Mehta, H.; Acharya, J.; Mohan, A.L.; Tobias, M.E.; LeCompte, L.; Jeevan, D. Minimizing Radiation Exposure in Evaluation of
Pediatric Head Trauma: Use of Rapid MR Imaging. Am. J. Neuroradiol. 2016, 37, 11-18. [CrossRef]

Ryan, M.E.; Jaju, A.; Ciolino, ].D.; Alden, T. Rapid MRI evaluation of acute intracranial hemorrhage in pediatric head trauma.
Neuroradiology 2016, 58, 793-799. [CrossRef]

Sheridan, D.C.; Pettersson, D.; Newgard, C.D.; Selden, N.R.; Jafri, M.A_; Lin, A.; Rowell, S.; Hansen, M.L. Can QuickBrain MRI
replace CT as first-line imaging for select pediatric head trauma? JACEP Open 2020, 1, 965-973. [CrossRef] [PubMed]

Shope, C.; Alshareef, M.; Larrew, T.; Bolling, C.; Reagan, ].; Yazdani, M.; Spampinato, M.; Eskandari, R. Utility of a pediatric fast
magnetic resonance imaging protocol as surveillance scanning for traumatic brain injury. . Neurosurg. Pediatr. 2021, 27, 475-481.
[CrossRef] [PubMed]

Moon, H.E.; Ha, J.Y.; Choi, ] W.; Lee, S.H.; Hwang, J.-Y.; Choi, Y.H.; Cheon, J.-E.; Cho, Y.]J. Ultrafast MRI for Pediatric Brain
Assessment in Routine Clinical Practice. Korean J. Radiol. 2025, 26, 75. [CrossRef] [PubMed]

Hayatghaibi, S.E.; Cazaban, C.G.; Chan, S.S.; Dillman, J.R.; Du, X.L.; Huang, Y.-T.; Mikhail, O.1,; Swint, ] M. Pediatric Outpatient
Noncontrast Brain MRI: A Time-Driven Activity-Based Costing Analysis at Three U.S. Hospitals. Am. J. Roentgenol. 2023, 220,
747-756. [CrossRef]

Niederhauser, B.D.; McDonald, R.J.; Eckel, LJ.; Keating, G.F,; Broomall, E.M.; Wetjen, N.M.; Diehn, EE.; Schwartz, K.M.; Hunt,
C.H.; Welker, KM.; et al. Retrospective Review of Rapid Pediatric Brain MR Imaging at an Academic Institution Including
Practice Trends and Factors Affecting Scan Times. Am. J. Neuroradiol. 2013, 34, 1836-1840. [CrossRef]

Patel, D.M.; Tubbs, R.S.; Pate, G.; Johnston, ].M.; Blount, J.P. Fast-sequence MRI studies for surveillance imaging in pediatric
hydrocephalus. ]. Neurosurg. Pediatr. 2014, 13, 440—-447. [CrossRef]

Cohen, A.R,; Caruso, P.; Duhaime, A.-C.; Klig, ].E. Feasibility of “rapid” magnetic resonance imaging in pediatric acute head
injury. Am. J. Emerg. Med. 2015, 33, 887-890. [CrossRef]

Franklin, D.; Tiwari, C.; Zamora, C.; Barnett, R.; Woolard, A.; Hung, S.-C.; Berkoff, M.; Quinsey, C. Combined rapid sequence MRI
protocol and skull radiography as an alternative to head CT in the evaluation of abusive head trauma in children: A pilot study.
Neurosurg. Rev. 2023, 46, 175. [CrossRef]

Ramgopal, S.; Karim, S.A.; Subramanian, S.; Furtado, A.D.; Marin, J.R. Rapid brain MRI protocols reduce head computerized
tomography use in the pediatric emergency department. BMC Pediatr. 2020, 20, 14. [CrossRef]

Ha, J.Y,; Baek, H.J.; Ryu, K.H.; Choi, B.H.; Moon, ]J.I; Park, S.E.; Kim, T.B. One-Minute Ultrafast Brain MRI with Full Basic
Sequences: Can It Be a Promising Way Forward for Pediatric Neuroimaging? Am. J. Roentgenol. 2020, 215, 198-205. [CrossRef]
Grife, D.; Roth, C.; Weiler, M.; Krause, M.; Frahm, J.; Voit, D.; Hirsch, W. Outpacing Movement—Ultrafast Volume Coverage in
Neuropediatric Magnetic Resonance Imaging. Pediatr. Radiol. 2020, 50, 1751-1756. [CrossRef]

Lai, G.Y.; Powers, A.; Chung, T.; Sun, PP. Rapid brain MRI for image-guided ventricular catheter placement in pediatric patients:
Protocol and preliminary clinical outcomes. |. Neurosurg. Pediatr. 2024, 33, 343-348.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15031242


https://doi.org/10.3174/ajnr.A5093
https://doi.org/10.1016/j.jpeds.2024.114099
https://doi.org/10.1097/PEC.0000000000001949
https://doi.org/10.1542/peds.2019-0419
https://doi.org/10.3174/ajnr.A4464
https://doi.org/10.1007/s00234-016-1686-x
https://doi.org/10.1002/emp2.12113
https://www.ncbi.nlm.nih.gov/pubmed/33145547
https://doi.org/10.3171/2020.8.PEDS20496
https://www.ncbi.nlm.nih.gov/pubmed/33545669
https://doi.org/10.3348/kjr.2024.0725
https://www.ncbi.nlm.nih.gov/pubmed/39780633
https://doi.org/10.2214/AJR.22.28490
https://doi.org/10.3174/ajnr.A3510
https://doi.org/10.3171/2014.1.PEDS13447
https://doi.org/10.1016/j.ajem.2015.03.052
https://doi.org/10.1007/s10143-023-02084-3
https://doi.org/10.1186/s12887-020-1919-3
https://doi.org/10.2214/AJR.19.22378
https://doi.org/10.1007/s00247-020-04771-5
https://doi.org/10.3390/jcm15031242

	Introduction 
	Materials and Methods 
	Ethics Approval 
	Study Population 
	UF-MRI Acquisition Workflow 
	MRI Technique and Sequence Parameters 
	Data Collection and Analysis 

	Results 
	Characteristics of the Study Cohort, Indications and Clinical Context 
	Examination Metrics and Motion Artifacts 
	Findings and Immediate Clinical Consequences 
	UF-MRI in the Context of Cross-Sectional Imaging in Children up to Six Years of Age 

	Discussion 
	Adoption and Expansion of UF-MRI in Clinical Practice 
	Workflow and Practical Considerations 
	Motion Artifacts and Diagnostic Adequacy 
	Impact on Imaging Utilization and CT Reduction 
	Limitations 

	Conclusions 
	References

