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Ultrafast Brain Magnetic Resonance Imaging in Acute
Neurological Emergencies

Diagnostic Accuracy and Impact on Patient Management

Philipp M. Kazmierczak, MD,* Max Dührsen, MS,* Robert Forbrig, MD,† Maximilian Patzig, MD,†
Matthias Klein, MD,‡ Andreas Pomschar, MD,§ Wolfgang G. Kunz, MD,* Daniel Puhr-Westerheide, MD,*

Jens Ricke, MD,* Olga Solyanik, MD,* and Clemens C. Cyran, MD*

Objectives: The aim of this study was to investigate diagnostic accuracy and im-
pact on patient management of an ultrafast (4:33 minutes/5 sequences) brain
magnetic resonance imaging (MRI) protocol for the detection of intracranial pa-
thologies in acute neurological emergencies.
Materials and Methods: Four hundred forty-nine consecutive emergency pa-
tients with acute nontraumatic neurological symptoms were evaluated for this in-
stitutional review board–approved prospective single-center trial. Sixty patients
(30 female, 30 male; mean age, 61 years) with negative head CTwere included
and underwent emergency brain MRI at 3 T subsequent to CT. MRI included
the ultrafast protocol (ultrafast-MRI; sag T1 GRE, ax T2 TSE, ax T2 TSE Flair,
ax T2* EPI-GRE, ax DWI SS-EPI; TA, 5 minutes) and an equivalent standard-
length protocol (TA, 15 minutes) as reference standard. Two blinded board-
certified neuroradiologists independently analyzed theMRI with regard to image
quality (1, nondiagnostic; 2, substantial artifacts; 3, satisfactory; 4, minor arti-
facts; 5, no artifacts) and intracranial pathologies. Sensitivity and specificity for
the detection of intracranial pathologies were calculated accordingly.
Results: Ninety-three additional intracranial lesions (acute ischemia, n = 21; in-
tracranial hemorrhage/microbleeds, n = 27; edema, n = 2;whitematter lesion, n = 38;
chronic infarction, n = 3; others, n = 2) were detected by ultrafast-MRI, whereas
101 additional intracranial lesions were detected by the standard-length protocol
(acute ischemia, n = 24; intracranial hemorrhage/microbleeds, n = 32; edema,
n = 2; white matter lesion, n = 38; chronic infarction, n = 3; others, n = 2). Image
quality was equivalent to the standard-length protocol. Ultrafast-MRI demonstrated
high diagnostic accuracy (sensitivity, 0.939 [0.881–0.972]; specificity, 1.000
[0.895–1.000]) for the detection of intracranial pathologies. MRI led to a change
in patient management in 10% compared with the initial CT.
Conclusions: Ultrafast-MRI enables time-optimized diagnostic workup in acute
neurological emergencies at high sensitivity and specificity comparedwith a standard-
length protocol, with direct impact on patient management. Ultrafast MRI protocols
are a powerful tool in the emergency setting andmay be implemented onvarious scan-
ner types based on the optimization of individual acquisition parameters.

Key Words: ultrafast MRI, neurological emergencies, diagnostic accuracy,
patient management

(Invest Radiol 2020;00: 00–00)

A cute neurological symptoms are among the main reasons for hospi-
tal presentation and admission, with a reported percentage of 15%

in a general emergency department patient population.1 Because the
most common underlying causes include ischemia, headache disorders,
seizures, and intracranial hemorrhage, an accurate and timely diagnosis
is crucial for therapy guidance.2 In the majority of institutions, com-
puted tomography (CT) of the head is the imaging modality of choice
to exclude intracranial pathologies in the emergency setting, as it is fast
and widely available.3 State-of-the-art multirow detector CT scanners
allow for the acquisition of comprehensive stroke protocols including
noncontrast CT, CT angiography, and whole-brain perfusion imaging
within minutes.4 Despite the high diagnostic standard of modern CT,
magnetic resonance imaging (MRI) remains the reference standard for
the detection and differential diagnosis of intracranial pathologies. How-
ever, long acquisition times for multisequence protocols and the poten-
tially resulting delay in diagnosis and treatment limit the use of MRI in
the acute setting.

In recent years, several novel MRI technologies significantly ac-
celerating acquisition speed were introduced into clinical routine.5,6

Modern scanners, optimization of sequence parameters, and the use of paral-
lel imaging techniques now enable the acquisition of an ultrafast brain MRI
protocol including 5 standard sequences in only 4:33 minutes, including a
14-second localizer (ultrafast-MRI, including sagittal T1-weighted gradient
echo [GRE], axial T2-weighted turbo spin echo [TSE], axial T2-weighted
TSE fluid-attenuated inversion recovery [FLAIR], axial diffusion-weighted
[DW] single-shot echo-planar imaging [EPI], axial T2*-weighted EPI-
GRE). Hence, ultrafast-MRI overcomes the aforementioned limitation
of long acquisition times and may be investigated in the acute setting.7

The primary objective of this prospective study was to validate
ultrafast-MRI for routine use in acute neurological emergencies. Sec-
ond, we aimed to investigate the impact of ultrafast-MRI on patient
management. We therefore hypothesized that

a. image quality and diagnostic performance of ultrafast-MRI for the
detection of intracranial pathologies are noninferior to the standard-
length brain MRI protocol

b. ultrafast-MRI leads to a change in patient management compared
with CT alone.

MATERIALS AND METHODS

Study Design and Patients
This prospective single-center diagnostic accuracy study was

performed with institutional review board approval, and all included pa-
tients provided written informed consent to participate in the study. Be-
tween January and October 2018, 449 consecutive patients with acute
nontraumatic neurological symptoms presented to our emergency depart-
ment during the MRI slots reserved by our workgroup. Two hundred
thirty-eight patients underwent head CT due to suspected intracranial pa-
thology. If the CT scan showed no sufficient explanation for the acute
symptoms, patients were included and subsequently transferred to the
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3 T MRI suite (MAGNETOM Skyra; Siemens Healthineers, Erlangen,
Germany). The mean time interval between the head CT examination
and the MRI scan was 153.4 ± 98.7 minutes. Detailed inclusion and ex-
clusion criteria are provided in Table 1. A total of 60 patients (30 female,
30 male; mean age, 61 years) were successfully included. The flowchart
of patient inclusion is shown in Figure 1. Clinical characteristics of the
included patients are listed in Table 2.

MRI Protocol
All examinations were performed using a 20-channel receiver head

coil. Two brain MRI protocols, each including the below-mentioned
5 standard sequences, were acquired in randomized order. Ultrafast-
MRI is a vendor-specific, commercially available protocol (GOBrain;
SiemensHealthineers, Erlangen, Germany), whichwas additionally op-
timized for the use on our MRI scanner. The standard-length protocol
served as reference standard. Individual acquisition times are displayed
in parentheses for both ultrafast-MRI and the standard-length protocol:

1. Sagittal T1-weighted GRE (ultrafast-MRI 41 seconds; standard-
length: 1:34 minutes)

2. Axial T2-weighted TSE (ultrafast-MRI 1:02 minutes; standard-
length: 3:45 minutes)

3. Axial T2-weighted TSE FLAIR (ultrafast-MRI 1:52 minutes;
standard-length: 4:02 minutes)

4. Axial T2*-weighted EPI-GRE (ultrafast-MRI 6 seconds; standard-
length: 4:44 minutes)

5. Axial DWI SS-EPI (ultrafast-MRI 38 seconds; standard-
length: 1:06 minutes)

Total acquisition times were 4:19 minutes for ultrafast-MRI and
15:11 minutes for the standard-length protocol, respectively. The same
localizer (14 seconds) was used for both protocols, and the total acqui-
sition time for the 2 protocols was 19 minutes 44 seconds. Individual
sequence parameters of the 2 protocols are provided in Tables 3 and 4.
Briefly, ultrafast-MRI is based on the optimization of individual se-
quence parameters and the use of parallel imaging with higher acceler-
ation factors (generalized autocalibrating partially parallel acquisition
[GRAPPA]), gradient echo T1-weighted and EPI-GRE T2*-weighted
sequences, and the elimination of manual intersequence adjustments.

Image Reading
All Digital Imaging and Communications in Medicine (DICOM)

data sets were anonymized before randomization. Two blinded board-
certified neuroradiologists (each with 8 years of experience in diagnostic
neuroradiology) independently analyzed the image data sets on a dedi-
cated workstation using an open-source medical image viewer (Horos
v2.1.1; The Horos Project). The reading was performed blinded, in ran-
domized order, and in several reading sessions. The ultrafast and the
standard-length protocolwere read separately, and the sequenceswere an-
alyzed side-by-side with the other sequences of the respective MRI pro-
tocol. Image quality of the standard and the ultrafast MR protocol was
assessed on a 5-point Likert scale: 1, nondiagnostic; 2, substantial arti-
facts; 3, satisfactory; 4, minor artifacts; 5, no artifacts.7 Analogous to
Prakkamakul et al,7 the gray-white matter differentiation as marker of im-
age quality was evaluated on T1-weighted, T2-weighted, and FLAIR im-
ages using a 3-point scale (0, no visible gray-white matter differentiation;
1, unclear but recognizable borders; 2, clear differentiation). In case of di-
vergent results, a consensus reading was performed by a third reader.

Assessment of Diagnostic Accuracy
To calculate the parameters of diagnostic accuracy for ultrafast-

MRI, the image data sets were read regarding 6 intracranial pathology

TABLE 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

≥18 y <18 y
Acute neurological symptoms CT correlate of the symptoms
Suspected intracranial pathology Intravenous thrombolysis/mechanical

recanalization
No explanation for the symptoms
by CT

Unstable clinical condition

Informed consent Inability to consent
Pregnancy

FIGURE 1. Patient inclusion flowchart. The majority of patients
(111/238) were excluded due to sufficient explanation of symptoms by
CT (n = 40) or due to clinical reasons (ie, exclusion by neurologist,
n = 71; for example, initiated intravenous thrombolysis or
cardiorespiratory instability).

TABLE 2. Neurological Symptoms

Characteristic Value

Age, mean ± SD (range), y 61 ± 19 (22–91)
Male/female 30/29
Body mass index (mean ± SD) 26.0 ± 4.4
Vertigo 23
Paresthesia 16
Cephalgia 14
Impaired vision 14
Aphasia 13
Motor deficit 9
Memory impairment 3
Urinary dysfunction 2
Tremor 2
Double vision 1

Kazmierczak et al Investigative Radiology • Volume 00, Number 00, Month 2020

2 www.investigativeradiology.com © 2020 Wolters Kluwer Health, Inc. All rights reserved.

                                            Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.                                               
                                 This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

www.investigativeradiology.com


TABLE 3. Sequence Parameters of Ultrafast-MRI

Ultrafast-MRI

Total Exam Time, min: 4:19

Sequence Parameter T1 GRE T2 TSE T2 TSE DarkFluid (FLAIR) ep2d Diffusion ep2d T2*w

Plane Sagittal Axial Axial Axial Axial
TR, ms 240 6200 8000 4200 6120
TE, ms 2.46 78 119 74 30
Flip angle, degrees 80 120 150 90 90
TI, ms — — 2370 — —
FOV, mm 220 220 220 240 220
FOV phase, % 100 87.5 87.5 100 100
Base resolution, mm 256 256 256 160 256
Phase resolution, % 81 98 98 100 100
ST, mm 4.0 5.0 5.0 5.0 5.0
Voxel size, mm3 0.9 � 0.9 � 4.0 0.9 � 0.9 � 5.0 0.9 � 0.9 � 5.0 1.5 � 1.5 � 5.0 0.9 � 0.9 � 5.0
Slice number 35 25 25 25 25
TA, min 00:41 01:02 01:52 00:38 00:06
Respiratory control Off Off Off Off Off
Bandwidth, hertz per pixel 360 260 287 1200 1500
Phase oversampling, % 40 0 25 0 0
Parallel Imaging GRAPPA GRAPPA GRAPPA GRAPPA None
Acceleration Factor 2 3 2 2 None
Multislice mode Interleaved Interleaved Interleaved Interleaved Interleaved

GRE indicates gradient echo; TSE, turbo spin echo; FLAIR, fluid-attenuated inversion recovery; TR, repetition time; TE, echo time; FOV, field of view; FS, fat sat-
uration; ST, slice thickness; TA, acquisition time; GRAPPA, generalized autocalibrating partially parallel acquisition.

TABLE 4. Sequence Parameters of the Standard-Length Protocol

Standard-Length Protocol

Total Exam Time, min: 15:11

Sequence Parameter T1 GRE T2 TSE T2 TSE DarkFluid (FLAIR) ep2d Diffusion ep2d T2*w

Plane Sagittal Axial Axial Axial Axial
TR, ms 240 6200 8000 5900 501
TE, ms 2.46 78 122 98 19.9
Flip angle, degrees 80 150 180 90 20
TI, ms — — 2366.9 — —
FOV, mm 220 220 220 220 220
FOV phase, % 100 100 100 100 100
Base resolution, mm 320 384 320 192 320
Phase resolution, % 81 100 70 100 80
ST, mm 4.0 5.0 5.0 5.0 5.0
Voxel size, mm3 0.7 � 0.7 � 4.0 0.6 � 0.6 � 5.0 0.7 � 0.7 � 5.0 0.6 � 0.6 � 5.0 0.7 � 0.7 � 5.0
Slice number 35 25 25 25 25
TA, min 01:34 03:45 04:02 01:06 04:44
Respiratory control Off Off Off Off Off
Bandwidth, hertz per pixel 360 260 180 1042 200
Phase oversampling, % 40 10 0 0 10
Parallel Imaging GRAPPA None None GRAPPA None
Acceleration Factor 2 — — 2 —
Multislice mode Interleaved Interleaved Interleaved Interleaved Interleaved

GRE indicates gradient echo; TSE, turbo spin echo; FLAIR, fluid-attenuated inversion recovery; TR, repetition time; TE, echo time; FOV, field of view; FS, fat sat-
uration; ST, slice thickness; TA, acquisition time; GRAPPA, generalized autocalibrating partially parallel acquisition.
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categories: acute ischemia, chronic infarction, intracranial hemorrhage/
microbleeds, edema, white matter lesion, and miscellaneous. The 6 in-
tracranial pathology categories were defined as follows (image exam-
ples provided in Fig. 2):

1. Acute ischemia: diffusion restriction (DWI-hyperintense), apparent
diffusion coefficient (ADC)–hypointense with or without
FLAIR hyperintensity

2. Chronic infarction: no diffusion restriction, hyperintensity (gliosis/
cystic transformation) in FLAIR/T2

3. Intracranial hemorrhage/microbleeds: T2*-hypointense, intracranial
hematomas with T1 and T2 signal according to their respective age

4. Edema: hyperintense in FLAIR/T2, with or without focal or general-
ized swelling of brain parenchyma

5. White matter lesion: FLAIR/T2-hyperintense lesions in the white
matter, may be confluent

6. Miscellaneous: any other lesion not matching the aforementioned
definitions (1–5)

For both ultrafast-MRI and the standard-length protocol, a con-
sensus reading was performed in case of divergent reading results.

Statistical Analysis
Statistical analysis was performed using a commercially avail-

able statistics software (SAS Version 9.4 for Windows, SAS Institute
Inc, Cary, NC). Sensitivity and specificity of ultrafast-MRIwere calculated
against the standard-length protocol that served as reference standard.
Interrater agreement was calculated using Cohen's k. Cohen's k values
were interpreted as follows: 0.00–0.20, slight agreement; 0.21–0.40, fair
agreement; 0.41–0.60, moderate agreement; 0.61–0.80, substantial

agreement; and >0.80, high agreement.8 Assessments of image quality and
gray-white matter differentiation were compared using McNemar test.

RESULTS
Due to severe motion artifacts, one patient was excluded. In total,

59 patients were successfully included for statistical analysis.

Qualitative Analysis
Image quality of ultrafast-MRI was equivalent to the standard-

length protocol. Results of image quality and GM-WM differentiation
assessments are listed in Table 5. Interobserver agreement for the image
quality was high for T1-weighted sequences and diffusion imaging and
slight or fair for other sequences. Interobserver agreement for gray-
white matter differentiation was substantial for all sequences (Table 6).

Diagnostic Accuracy
Compared with CT, 93 additional intracranial lesions were detected

by ultrafast-MRI (acute ischemia, n = 21; intracranial hemorrhage/
microbleeds, n = 27; edema, n = 2; white matter lesion, n = 38; chronic in-
farction, n = 3; others, n = 2) while 101 additional intracranial lesions were
detected by the standard-length protocol (acute ischemia, n = 24; intracra-
nial hemorrhage/microbleeds, n = 32; edema, n = 2; white matter lesion,
n = 38; chronic infarction, n = 3; others, n = 2). Ultrafast-MRI demon-
strated high diagnostic accuracy with a sensitivity of 0.939 (95% confi-
dence interval, 0.881–0.972) and a specificity of 1.000 (95%
confidence interval, 0.895–1.000) for the detection of intracranial pathol-
ogies. Figures 3, 4, and 5 show exemplary cases in which ultrafast-MRI
proved to be equivalent to the standard-length protocol. Figure 6 summa-
rizes the cases in which more lesions were detected based on the
standard-length protocol. Magnetic resonance imaging led to a change

FIGURE 2. Intracranial pathology categories. Representative images. Pathologies indicated by arrows. A, Acute ischemia, hyperintense in
diffusion-weighted imaging (DWI, A1), hypointense in ADC (A2), hyperintense in fluid-attenuated inversion recovery (FLAIR, A3). B, Microbleed, T2*-
hypointense. C, Chronic infarction: cystic transformation hypointense in fluid-attenuated inversion recovery (FLAIR, C1) and hyperintense in T2 (C2).
Note the isointense gliotic rim (C1), D, Edema, hyperintense in both fluid-attenuated inversion recovery (FLAIR, D1) and T2 (D2). E, White matter
lesions: confluent T2 (E1) and fluid-attenuated inversion recovery (FLAIR, E2) hyperintense lesions.
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in patient management in 10% (6/59): admission to a dedicated stroke
unit in 6 of 59 patients and initiation of acetyl-salicylic acid treatment
for secondary stroke prophylaxis in 3 of 6 stroke unit patients.

Lesions Not Detected by Ultrafast-MRI
Eight lesions (ischemia, n = 3; hemorrhage/microbleeds, n = 5)

were only detected based on the standard-length protocol (the discrep-
ant imaging findings are shown in Figure 6). However, the 3 diffusion
restrictions were visible on both protocols but due to low signal intensity
on ultrafast-MRI only judged as acute ischemia in the standard-length
protocol. Three subtle microbleeds were visible on both protocols but
only read in the standard-length protocol due to low susceptibility on
ultrafast-MRI. Due to lower resolution, 2 adjacent microbleedswere read
as one on ultrafast-MRI. One microbleed was not visible on ultrafast-
MRI due to low resolution as well as preexisting hemosiderin deposits
in the basal ganglia.

DISCUSSION
In this prospective study, we investigated an ultrafast, 4:33 minutes/

5 sequences brain MRI protocol for the detection of intracranial pa-
thologies in acute neurological emergencies. It was demonstrated
that image quality and diagnostic performance of ultrafast-MRI are
noninferior to the standard-length brain MRI protocol. In addition,
MRI led to a change in patient management in 10%. Our data pro-
vide evidence for the standard use of ultrafast-MRI as alternative
to CT for the detection and differential diagnosis of intracranial pa-
thologies in acute neurological emergencies.

The results of our prospective study are in line with a recent ret-
rospective study by Prakkamakul et al7 who investigated this vendor-
specific ultrafast brain MRI protocol in neurological/neurosurgical in-
tensive care unit patients who had a high likelihood for motion artifacts
due to altered mental status or restlessness. The authors compared im-
age quality, gray-white matter differentiation, and concordance for
6 clinically relevant imaging findings between ultrafast-MRI and a con-
ventional protocol (acquisition time 10:32 minutes). Ultrafast-MRI and
the conventional protocol showed comparable image quality and high
concordance (85%) for the key imaging findings. Another group pro-
spectively investigated an ultrafast brainMRI protocol in a pediatric pa-
tient population with potential abusive head trauma.9 They found the
ultrafast protocol to yield low sensitivity for intracranial traumatic
changes compared with the standard-length protocol serving as refer-
ence standard. However, in contrast to the standard-length protocol,
the ultrafast scan was performed without sedation or general anesthesia,
which limits the comparability of the 2 protocols in a pediatric patient
population due to motion artifacts. Apart from these 2 studies, several
additional investigations of ultrafast brain MRI protocols have been
published.10–12 The acquisition time of the investigated sequences and
protocols ranged from 1 to 10 minutes, and rapid acquisition was either
enabled by modern MRI technologies with optimized scan parameters
or synthetic MRI. The studies focused on feasibility of ultrafast MRI pro-
tocols in clinical routine without prospectively investigating the diagnostic
accuracy of ultrafast MRI in an emergency setting. However, prospective
diagnostic accuracy studies are necessary to confirm ultrafast-MRI as valid
alternative to CT in the emergency setting and in order to exclude a loss of
relevant information compared with the reference standard when using an
ultrafast protocol. Our data add to the field as we demonstrated the nonin-
feriority of ultrafast-MRI to a standard-length protocolwith regard to image
quality and diagnostic performance, as well as the impact on clinical deci-
sion making compared with our institutional emergency imaging standard,
CT. Thus, ultrafast-MRI can be used as the imaging modality of choice for
the emergency diagnostic-workup of selected neurological patients with

TABLE 6. Interrater Agreement

Parameters Interobserver Agreement 95% CI

Ultrafast Conventional Ultrafast Conventional

Image quality
T1-weighted 1.0 1.0 1.0 1.0
T2-weighted 0.37 −0.02 −0.18 to 0.93 −0.06 to 0.02
FLAIR −0.01 −0.02 −0.02 to 0.004 0.06 to −0.26
DWI 1.0 1.0 1.0 1.0
T2*-weighted 0.11 0.32 −0.10 to 0.3 0.001 to 0.65

GM-WM differentiation
T1-weighted 0.71 0.83 0.45 to 0.98 0.61 to 1.00
T2-weighted 0.60 0.49 0.37 to 0.83 0.24 to 0.72
FLAIR 0.66 0.69 0.46 to 0.85 0.50 to 0.87

GM-WM indicates gray-white matter.

TABLE 5. Results of Image Quality and GM-WM Differentiation
Assessments (Consensus Reading)

Image Quality GM-WM Differentiation

Scores Scores

Sequences 1 2 3 4 5 Median 0 1 2 Median

T1-weighted
Conventional 0 0 1 58 0 4 0 6 53 2
Ultrafast 0 0 0 59 0 4 0 7 52 2

T2-weighted
Conventional 0 0 3 54 2 4 0 34 25 1
Ultrafast 0 0 2 57 0 4 0 39 20 1

FLAIR
Conventional 0 0 2 56 1 4 0 32 27 1
Ultrafast 0 0 1 58 0 4 0 31 28 1

DWI
Conventional 0 0 0 59 0 4 NA NA NA NA
Ultrafast 0 0 0 59 0 4 NA NA NA NA

T2*
Conventional 0 0 6 53 0 4 NA NA NA NA
Ultrafast 0 2 56 1 0 3 NA NA NA NA

NA indicates not applicable; GM-WM, gray-white matter.
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suspected intracranial pathologies. Depending on the suspected pathology
and based on the initial imaging results in the acute setting, the ultrafast-
MRI protocol may be individualized by appending further sequences.
Possible protocol extensions include dedicated brain stem DWI or con-
structive interference in steady state sequences for optimized diagno-
sis of infratentorial pathologies, contrast-enhanced T1-weighted for
suspected tumor or neuroinflammatory disease, or MR angiography
(eg, time-of-flight [TOF] or contrast-enhanced) to exclude vascular pa-
thologies. As cerebrovascular disease is among the main causes of

neurological emergency department admission, particularly MR an-
giography is a valuable completion of ultrafast brainMRI protocols. De-
pending on the technique, MR angiography scans may be performed
withinminutes and allow for the detection of vessel occlusions, aneurysms,
direct signs of arterial dissections, or sinus/cerebral vein thrombosis.

The lesions not detected by ultrafast-MRI did not have any clinical
consequence, as all of these patients demonstrated at least one other is-
chemic lesion or microbleed. We must acknowledge that TA (ultrafast-
MRI) was only 6 seconds for T2* and 38 seconds for DWI, respectively.

FIGURE 3. CT-occult subacute ischemia (left gyrus cinguli). Axial noncontrast head CT (A), fluid-attenuated inversion recovery (FLAIR) (B and E),
diffusion-weighted imaging (DWI) (C and F), ADC-map (D and G) from the standard-length protocol (top row) and ultrafast-MRI (bottom row) in an
83-year-old woman with known epilepsy presenting with somnolence. The noncontrast head CT showed no evidence of ischemia or hemorrhage.
Magnetic resonance imaging demonstrated a small subacute ischemic lesion in the left gyrus cinguli (arrow). Ultrafast-MRI demonstrated noninferior
image quality and lesion conspicuity compared with the standard-length protocol.

FIGURE 4. CT-occult acute ischemia (right corona radiata). Axial noncontrast head CT (A), fluid-attenuated inversion recovery (FLAIR) (B and E),
diffusion-weighted imaging (DWI) (C, F), ADC-map (D and G) from the standard-length protocol (top row) and ultrafast-MRI (bottom row) in a
72-year-oldman presentingwith acute left facial paralysis, dysarthria, and left-body coordination disorder. The noncontrast head CT showed no evidence
of ischemia or hemorrhage. Magnetic resonance images showed acute focal infarction in the right internal capsule and the corona radiata (arrow). The
images show the comparable quality and lesion conspicuity in the ultrafast protocol, compared with the conventional protocol.
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For clinical application, TA of the 2 sequences may be increased in order
to gain signal intensity (DWI), susceptibility (T2*), and resolution (T2*)
without significantly adding to the total acquisition time of ultrafast-MRI.
For instance, the TA of the conventional DWI sequencewas 1:06minutes
and therefore only 28 seconds longer compared with the DWI sequence
of ultrafast-MRI. Hence, the conventional DWI may be used in the ultra-
fast protocol without significantly adding to the TA. Taking into consid-
eration the importance of ischemia detection in the emergency setting,
this may represent a valuable protocol adjustment.

It must be noted thatMRImay not be the optimal imagingmodality
for every acute neurological emergency patient. Due to high water content
and therefore prolonged T1 times, hyperacute intracranial hematomas may
be isointense to brain tissue on T1-weighted images and indistinguishable
from other water-containing structures (eg, tumors with surrounding
edema) on T2-weighted images.13 This may be a limitation especially
in subtle bleedings, such as subarachnoid hemorrhage limited to a sin-
gle sulcus or small contusions. Relative and absolute contraindications
to MRI, that is, claustrophobia and non–MRI-conditional intracorporal
devices, may further limit the applicability of ultrafast-MRI in individ-
ual patients. As a consequence, we suggest that the choice of the opti-
mal imaging modality in the acute situation is made on an individual
patient basis. Patients with a high clinical likelihood for intracranial
hemorrhage, suspicion of ischemic stroke with eligibility for intrave-
nous thrombolysis, or MRI contraindications should still undergo CT
as initial imaging workup.

Magnetic resonance imaging demonstrated a change in patient
management when compared with the initial CT. However, it can be as-
sumed that the number of cases in which MRI lead to a change in pa-
tient management when compared with CT would be even higher
without the preselection in this study setting. The comprehensive stroke

protocol includes a CT angiography of the extracranial and intracranial
vessels and a whole-brain CT perfusion. As a result, the number of pa-
tients without sufficient CT correlate of their neurological symptoms is
low. Furthermore, even MRI scans without detection of a pathology pro-
vide a high clinical value in the emergency setting. Negative MRI scans
facilitate patient management, as they enable the exclusion of relevant in-
tracranial pathologies in a one-stop-shopmanner. Given the change in pa-
tient management, the time savings compared with the standard protocol,
and the acquisition of one fast MRI scan instead of a CT in the acute
situation and a standard-length MRI scan a few days later, ultrafast-
MRI may be more cost-effective than emergency CT in this patient
population. Hence, cost-effectiveness of ultrafast-MRI should be inves-
tigated in future studies.

Limitations
We acknowledge several limitations of the study. First, a reading

bias cannot be fully excluded as the blinded readers always analyzed
both the ultrafast-MRI and the standard-length protocol data sets. Pa-
thologies detected on the standard-length protocol data sets may have
influenced the reader to also describe these on ultrafast-MRI, even if
subtle. However, we tried to control that potential bias as the reading
was performed in randomized order. Second, as outlined previously,
there is a preselection bias since the comprehensive CT protocol already
detected a substantial number of pathologies. As a result, the patients in-
cluded in the study presented with subtle changes not visible on CT. In
addition, severely ill patients, in which the study MRI would have de-
layed therapy or the patient transfer to the MRI suite would have posed
a risk were excluded. Third, the study was conducted during the week-
ends and evening hours. As no dedicated emergency department
MRI scanner is available at our institution, we had to share the clinical

FIGURE 5. Incidental cavernoma (genu of the corpus callosum). Axial noncontrast head CT (A), axial T2 TSE (B and D), axial T2* (C and E) from the
standard-length protocol (top row) and ultrafast-MRI (bottom row) of a 62-year-oldwoman reporting visual disturbance of the right eye for about 15 to
30 minutes. Neither CT nor MRI showed a correlate for the symptoms. However, noncontrast CT demonstrated a hyperdense lesion in the genu of the
corpus callosum (A, arrow) not in line with acute hemorrhage. Based on the subsequently acquired MRI, this lesion could be diagnosed as incidental
cavernoma, demonstrating the typical low to intermediate T2 signal (B and D, arrow) and susceptibility artifacts (B–E, arrow). No developmental venous
anomaly. This is a classic case in which the patient would have been referred to an outpatient MRI unit for further diagnostic workup of the hyperdense
lesion a few days later. However, ultrafast-MRI was able to deliver the final diagnosis during initial presentation to the emergency department in a
one-stop-shop manner.
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MRI scanner with other research groups. As an effect, in some patients,
there was additional delay between the 2 scans due to temporary un-
availability of the MRI scanner, explaining the time interval between
the 2 scans. In addition to the aforementioned points, it must be noted
that ultrafast MRI protocols are not limited to a single scanner type or
vendor. They may be implemented on various scanners and are based
on the optimization of individual acquisition parameters.

CONCLUSIONS
Image quality and diagnostic performance for the detection of

intracranial pathologies of ultrafast-MRI are equivalent to a standard-
length protocol. Ultrafast-MRI thus is a valid alternative to head CT
in selected neurological emergency patients and impacts patient man-
agement compared with CT alone.
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