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Editorials

Fluid-attenuated Inversion Recovery Now with Another Acronym:
‘‘KRISP FLAIR’’

Over the years, numerous MR pulse sequences
have been described and discussed in the litera-
ture, but few have had the immediate and lasting
impact of fluid-attenuated inversion recovery
(FLAIR). As is well known by all involved in clin-
ical neuroradiology, FLAIR provides T2-weighted
images while suppressing the signal from CSF by
use of an inversion pulse. The ability to discern
high-signal abnormalities, particularly those adja-
cent to the ventricles, is improved, and by virtue
of a widened, dynamic range, FLAIR frequently
allows detection of what otherwise would be sub-
tle findings on conventional spin-echo T2-weight-
ed images. This pioneering work was first de-
scribed and published by Graeme Bydder and his
associates when the technique was originally
coined ‘‘PIETIR’’ (prolonged inversion and echo
time inversion recovery).

Despite the many advantages of FLAIR, a fre-
quently annoying finding is the presence of unsup-
pressed CSF, particularly in the basal cisterns. Over
the years, schemes have been published to diminish
or eliminate this unwanted high signal. In this issue
of the AJNR, Herlihy and colleagues (page 896)
describe the implementation of a technique with the
acronym, KRISP (k-space reordered by inversion
time at each slice position) to improve FLAIR im-
aging even further.

In general, using selective inversion pulses that
are thicker than the slices being imaged provides
adequate CSF suppression. With this method, the
CSF outside the slice is also inverted; hence, if the
volume of the inverted CSF stays within the slices
being imaged during the inversion time period,
which is typically 2000 ms, the CSF signal is nulled.
One of these methods employs an inversion pulse
that is twice the thickness of the slice being imaged.
The disadvantage of this method is that one has to
use a 100% interslice gap, because the inversion
pulse is twice the slice thickness of the images. To
overcome this problem, interleaved acquisition has
been proposed whereby the odd-numbered slices are
acquired first, followed by acquisition of the even-
numbered slices. With this technique, the inversion
pulse used is twice the thickness of the slices being
imaged to adequately suppress the CSF, and the im-
aged slices are contiguous. The disadvantage with
the interleave acquisition method is that the total
scanning time is doubled; however, by using fast
spin echo as a data acquisition method, the total
scanning time can be reduced. Both of the above-
mentioned methods rely on the fact that the bolus
of the inverted CSF stays within the slice being im-
aged during the inversion time period. There may
be instances when the CSF flow is so fast that un-

inverted CSF enters the slice during the inversion
time period. This could result in spurious signal
from the inflowing CSF.

Another approach is to use a non-selective in-
version pulse. With this method, the entire CSF sig-
nal is inverted; thus, the problem of uninverted
CSF flowing into the slice being imaged is over-
come. This is followed by data acquisition of mul-
tiple selective slices. The disadvantage with this
method is that each of the slices will have a dif-
ferent inversion time; hence, the slices that are far-
thest away from the inversion time will have partial
signal from the CSF. Also with this method, the
number of slices that can be acquired is limited
because the long echo times used for acquisition of
T2-weighted images would result in inversion
times being different than the optimum value.

The use of a non-selective inversion pulse pro-
vides the optimum method for suppression of CSF
signal and it does not suffer from the inflow effect
of the unsuppressed CSF that leads to spurious sig-
nals when using selective inversion pulses. Herlihy
et al use non-selective inversion pulses to suppress
the signal from the CSF; however, rather than using
conventional data acquisition methods, the authors
have proposed a data acquisition scheme that is
similar to the fast spin-echo method whereby the
effective echo time is at the center of k-space data
from which contrast is determined. The authors
have proposed to acquire the center of k-space data
when the effective inversion time is optimal to sup-
press the CSF signal and the outer k-space data are
acquired at much shorter or longer inversion times.
The resultant images do not suffer from unsup-
pressed CSF signals. In theory, a ‘‘krisper’’ image
should be obtained.

All of the above methods do not take into ac-
count the RF inhomogeneity that leads to partial
inversion of the CSF signal. It is very severe at the
edge of the RF transmitter, where CSF may expe-
rience a tip angle that is much less than 1808, and
the resulting image will have signal from partially
inverted CSF. One approach to overcome the prob-
lem of RF inhomogeneity is to use adiabatic in-
version pulses. The adiabatic RF pulse alters the
phase of the spins being excited such that the spins
at the edge of the RF transmitter, which experience
a smaller excitation tip angle, will be totally in-
verted at the end of the pulse. The adiabatic RF
pulses invert all the CSF through the transmitter
regardless of the RF inhomogeneity. These RF
pulses can be designed to be selective or non-se-
lective. When using selective excitation, one still
has to take into account the inflow effects of the
uninverted CSF, as described above.
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It is certain many new schemes will be devel-
oped to effectively suppress the CSF. Recent de-
velopments have improved the suppression of the
CSF signal on FLAIR images considerably. Maybe
in the near future we will see a combination of non-
selective adiabatic inversion pulses combined with
k-space reordered acquisition, as described by Her-
lihy and colleagues. With this combination, one
would overcome the problem of unsuppressed CSF
flowing into the slices being imaged, as well as the
RF inhomogeneity problem of the transmitter that

leads to spurious signal from CSF in FLAIR
imaging.

ROBERT M. QUENCER, MD
Editor-in-Chief

PRADIP M. PATTANY, PHD
University of Miami
School of Medicine

Miami, FL

MR Perfusion Imaging of Hyperacute Stroke

Hypoperfusion is the proximate cause of all is-
chemic stroke, and it stands to reason that perfusion
imaging should be useful in the evaluation of acute
ischemic stroke. Patients presenting with neurolog-
ic symptoms on an ischemic basis should manifest
regional hypoperfusion, and the distribution of ob-
served hypoperfusion with respect to known vas-
cular distributions should be diagnostically infor-
mative. In principle, perfusion imaging should
provide the greatest sensitivity for stroke detection
because hypoperfusion occurs in advance of met-
abolic and subsequent structural changes. Unfor-
tunately, imaging of perfusion at high spatial res-
olution is challenging, and as yet no perfusion
imaging method can approach the structural reso-
lution of conventional MR. Nonetheless, over the
past several decades, a variety of methods have
been used to image cerebral perfusion in acute
stroke. They include positron emission tomogra-
phy, single-photon emission CT, xenon CT, and MR
imaging with dynamic susceptibility (exogenous)
contrast enhancement or arterial spin labeling (en-
dogenous) diffusible tracer.

Information about regional perfusion obtained
using these methods has contributed to our under-
standing of stroke pathophysiology, often in com-
bination with metabolic information. It remains un-
clear which method provides the best compromise
between image quality, convenience, cost, and
time, and the capabilities of each technique are
constantly being improved. In the case of MR, dif-
fusion imaging provides a contrast mechanism
thought to be sensitive to cytotoxic edema, a rela-
tively early structural abnormality in brain ische-
mia. Diffusion contrast is simple to obtain from
MR imaging, and has already been incorporated
into most commercial scanning software. Perfusion
MR imaging is somewhat more complicated to per-
form, minimally requiring dynamic scanning dur-
ing contrast injection and postprocessing to pro-
duce maps reflecting hemodynamic parameters
(many of which are not strictly related to classical
perfusion, which is expressed in units of milliliters
of blood flow per gram of tissue per unit time). For
these reasons, diffusion MR has preceded perfusion
MR for widespread use in stroke imaging.

Sunshine and colleagues in this issue of AJNR
(page 915) find that perfusion MR imaging pro-

vides greater accuracy than does diffusion MR im-
aging for categorizing the vascular distribution of
ischemia in patients scanned within 6 hours of is-
chemic onset. These findings are based on a ret-
rospective analysis of patients presenting with
acute stroke symptoms who underwent ultrafast
MR scanning assessed by correlation with other
clinical and imaging data that were subsequently
collected. Patients showing hypoperfusion in a
large vessel distribution on perfusion MR images
were included. Of 62 such patients, perfusion MR
imaging provided the best evidence of large artery
distribution ischemia in 16 cases, with many of
these patients showing no diffusion abnormality or
diffusion changes in small vessel distributions.
These findings support the concept that perfusion
changes occur in advance of metabolic and struc-
tural changes and are also consistent with previous
results showing that perfusion MR imaging corre-
lates better with clinical severity than does diffu-
sion MR imaging (1).

Although these findings support the general val-
ue of perfusion MR imaging in stroke assessment,
the study population in Sunshine et al’s article was
biased toward perfusion, because patients were se-
lected for inclusion on the basis of the presence of
large artery abnormalities on perfusion MR images.
Only a prospective study can truly eliminate this
type of bias. Furthermore, in many cases large ar-
tery involvement was confirmed on the basis of an-
giographic abnormalities. However, the presence of
large artery stenosis does not in and of itself nec-
essarily indicate ischemia throughout that vascular
distribution, because perfusion can be maintained
by autoregulatory vasodilation and through collat-
eral sources of blood flow. Large artery stenosis
can also delay the time-to-peak susceptibility after
contrast bolus, the parameter chosen as the surro-
gate for perfusion in this study, producing apparent
hypoperfusion. Accounting for regional variations
in arterial transit time and contrast-induced suscep-
tibility effects remains a major challenge for the
interpretation and quantification of dynamic sus-
ceptibility contrast perfusion MR imaging. A better
understanding of pathophysiological effects on the
measured parameter of time-to-peak is required for
correct interpretation of dynamic susceptibility
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contrast studies. It is, therefore, likely that experi-
mentally determined thresholds of ischemia made
using classical perfusion methods will not translate
directly to related hemodynamic measures such as
time-to-peak.

Despite some methodological shortcomings, this
study clearly shows that a negative diffusion-
weighted MR image does not exclude the presence
of clinically significant ischemia. In addition, pos-
itive findings on diffusion MR images are clearly
useful in stroke evaluation (2); eg, lesions in mul-
tiple vascular distributions suggesting an embolic
etiology. However, the diagnosis of acute ischemic
stroke ultimately remains a clinical one. Indeed,
there remains great controversy concerning the real
value of diffusion imaging in acute stroke manage-
ment (3), particularly because the pathophysiolog-
ical basis for diffusion changes remain incomplete-
ly characterized and are not entirely specific to
ischemia. Several recent reports now also describe
diffusion-negative ischemic symptoms. Arguably,
the absence of any imaging lesion at all should pro-
vide the greatest impetus for urgent stroke evalua-
tion, because the opportunity for prevention is
greatest in that situation.

The successful validation of intravenous throm-
bolytic therapy for patients presenting within sev-
eral hours of ischemic onset presents more specific
challenges for hyperacute stroke imaging. Intrave-
nous thrombolytic therapy is far from universally
effective, and six to eight patients must be treated
for one to benefit (4). The efficacy of intravenous
thrombolytic therapy could be improved through
better selection of patients that might benefit and
elimination of patients at risk of hemorrhagic com-
plications. The presence of a large perfusion-dif-
fusion mismatch currently represents a reasonable
working model for selecting patients for thrombo-

lytic therapy, perhaps even beyond the current 3-
hour window. Regions with severe hypoperfusion
or a particularly low apparent diffusion coefficient
may potentially represent regions of early necrosis
and therefore be at high risk for hemorrhage. Fi-
nally, patients with normal perfusion might be
spared the risk of thrombolytic therapy, because
they have presumably reperfused spontaneously
and have an excellent prognosis if untreated (5).
However, the utility of these imaging criteria must
be carefully validated in a prospective trial. In ad-
dition, because time to thrombolysis has been
shown to be a major determinant of outcome from
thrombolytic therapy (6), any delays in therapy due
to imaging and image processing must be factored
into the equation.

JOHN A. DETRE, MD
Departments of Neurology and Radiology

University of Pennsylvania School of Medicine
Philadelphia, PA
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Tuning in on Tumor Activity with Proton MR Spectroscopy

Proton MR spectroscopy’s role in the clinical
evaluation of human brain tumors has been receiv-
ing increased attention from neuroradiologists, neu-
rosurgeons, and radiation and medical oncologists.
Good-quality proton MR spectra can be obtained
on most clinical 1.5-T MR imaging systems fitted
with commercially available automated software
that allows acquisition of single-volume MR spec-
tra. More recently, multi-volume proton MR spec-
troscopic techniques have become available that al-
low exploration of multiple-volume elements as
small as 0.5 cc within a slice as quickly as 10 min-
utes. Additionally, in multi-volume MR spectro-
scopic studies, processing software programs are
available that can display the relative level of the
proton metabolites within the spectroscopic voxels.
Zones of colors of varying intensity or shades of
gray can be overlaid onto an MR image to show
the distribution and level of the metabolic group
within the anatomic image slice, known as either
spectroscopic or chemical shift imaging. Because

of these advances, we and others have integrated
the proton spectroscopic technique into the routine
clinical evaluation of brain tumors, because it pro-
vides greater information concerning tumor activity
and characterization of the tumor tissue than what
is possible with contrast-enhanced MR imaging
techniques alone.

Clinical studies have shown the value of proton
MR spectroscopy for the differentiation of recur-
rent or residual brain tumor activity from necrotic
and cystic tumor processes (1–3). The differentia-
tion of these processes is based on comparison of
the proton spectral peak patterns and peak area de-
terminations from normalized spectra for the intra-
cellular brain metabolites choline (3.2 ppm), crea-
tine (3.0 ppm), N-acetyl aspartate (2.0 ppm), lactate
(1.3 ppm), and lipids (0.8–1.5 ppm). Increases in
choline levels relative to creatine and N-acetyl as-
partate measured on pretreatment MR spectra have
been shown to correlate with the proliferative ca-
pacity of gliomas (4). Medium-to-high choline lev-
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els, relative to creatine, have been used as a marker
for the presence of actively proliferating tumor
cells, whereas decreases in the overall levels of
choline, creatine, N-acetyl aspartate, and increases
in lipid/lactate proton resonances between 0.8–1.5
ppm indicate necrotic processes. These changes in
brain metabolite levels/patterns have been used to
monitor and assess the effects of therapy on brain
lesions (5).

In this issue of the AJNR, Martin et al (page 959)
have extended the use of proton MR spectroscopy
in assessing brain lesions. In this article, the authors
have used proton MR spectroscopy in conjunction
with MR imaging to intraoperatively guide them in
selecting areas for biopsy within the tumor that
have the greatest activity as judged by the level of
choline relative to the disease-free area of the brain.
The rationale for the use of proton MR spectros-
copy to target the region for biopsy is that the se-
lection of the biopsy target normally is based on
the tumor’s anatomic appearance and its enhance-
ment properties. However, in patients who have
heterogeneous lesions or who have been treated
with radiation, the CT or MR imaging findings
‘‘may be insufficient for defining an optimal target
for pathologic assessment’’. Addition of a tech-
nique that will give information about tumor met-
abolic activity at the intended biopsy site clearly is
desirable to help define the optimal site from which
to obtain a needle biopsy specimen.

A proton turbo spectroscopic imaging technique
was used in conjunction with non-contrast MR im-
aging to select and position the needle sites for bi-
opsy in 26 patients. Of these patients, 16 had re-
ceived prior radiation treatment for their tumor,
nine were being assessed for the first time, and one
had undergone a hemispherectomy 11 years prior
to the present study. Both the spectroscopic imag-
ing data sets were used to determine an appropriate
target site. Metabolic images were created that
could be overlaid onto the anatomic images. The
choline spectroscopic imaging maps were used ex-
tensively to locate focal regions of relatively high
levels of this metabolite. After selecting the target
from the combined spectroscopic and anatomic im-
age and creation of a burrhole, the patient was re-
positioned in the MR unit and the introduction of
the biopsy needle into the brain was monitored us-
ing real-time snapshot MR images to position the
needle precisely at the desired target. The patient
was then removed from the magnet and the tissue
was harvested by means of the needle.

Of the 26 patients, only 17 manifested focal MR
spectra with regions of increased choline and had
histologically confirmed tumor. In the remaining
nine patients, proton MR spectroscopy did not
show any regions that had major increases in cho-
line levels and had spectra suggestive of necrosis.
Of these nine patients, five had histologically prov-
en necrosis, whereas in the remaining four patients
(two glioblastoma multiforme, one lymphoma, and
one germinoma), the presence of tumor along with
necrosis was histologically confirmed. In one his-
tologically confirmed glioblastoma multiforme

with a choline level less than or isointense to the
reference volume, the observed spectral pattern was
suspicious for the presence of tumor (see Figure 7
[page 967]). However, even though the investiga-
tors felt that this area was suspicious, they felt that
they could not include this in their MR spectro-
scopic/histologic positively correlated patient data
set. We consistently find similar MR spectral pat-
terns among patients who have glioblastoma mul-
tiforme in which volume contains a large level of
necrosis (both treated and untreated) and classify
volume containing such spectral patterns as posi-
tive for active tumor. If this patient is included, in
which the proton MR spectroscopic findings cor-
related with the histologic findings, then only three
of 26 or approximately 10% of the areas that un-
derwent biopsy gave false-negative results.

In this preliminary study, it appears that proton
MR spectroscopy in conjunction with MR imaging
will be highly useful in defining areas for the ste-
reotactic biopsy of brain lesions. Nonetheless, de-
spite the encouraging results from this study, there
are several limitations. The major one is that most
institutions do not have intraoperative MR suites in
which these studies can be performed. Another lim-
itation is that the spectroscopic method used in this
study was a 2D and not a 3D MR spectroscopic
technique (3). Thus, not all of the tumor could be
examined. A 3D MR spectroscopic technique would
have allowed visualization of metabolic activity
throughout the entire tumor and surrounding re-
gions. Additionally, if 3D metabolic spectra can be
obtained, the possibility exists for the incorporation
of this data set in 3D MR/CT imaging-guided sur-
gery devices now used at many institutions to obtain
fused anatomic and spectroscopic images that can
be used for both biopsy and surgical planning. This
may obviate the need for these studies to be per-
formed in a dedicated MR intraoperative suite.

LESTER A. KWOCK, PHD
Department of Radiology

University of North Carolina
School of Medicine

Chapel Hill, NC
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