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Abstract Intraoperative MRI (iMRI) allows a more detailed
appreciation of the extent of resection than does conventional
neurosurgery and results in longer overall survival in patients
with malignant glioma. However, it is unknown whether the
intraoperative application of contrast agent influences the ear-
ly postsurgical MRI. The preceding iMRI could alter the sig-
nals of MR sequences in the early postsurgical MRI, especial-
ly in sequences influenced by T1 contrast. Hereby, we inves-
tigate such iMRI-induced influences on the fluid-attenuated
inversion recovery (FLAIR) sequence. We retrospectively an-
alyzed postsurgical T2w, T1w, and FLAIR images by visual
inspection and by signal measurements in 46 patients with
malignant gliomas after tumor resection. Of these, n=25 pa-
tients were operated with conventional microsurgery, and n=
21 patients were operated with contrast-enhanced iMRI-guid-
ed microsurgery. We measured signal intensity in the resection
cavity, in the cerebrospinal fluid (CSF) of the ventricles, and
in the normal brain tissue contralateral to the tumor-bearing
hemisphere on axial FLAIR images and T1-weighted and T2-
weighted images. In 18 patients, the FLAIR sequence re-
vealed hyperintense signal changes of the CSF in the sub-
arachnoid or ventricular spaces. Seventeen of these 18 patients
had received intraoperative MRI. In both FLAIR and T1-
weighted images, the signal of the CSF in the ventricles was
significantly higher in patients with iMRI than in patients
without iMRI. The intraoperative application of contrast agent
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that is used for iMRI significantly influences postsurgical
MRI within the first 72 h. We found hyperintense signal
changes of the CSF in the FLAIR sequence in the subarach-
noid and intraventricular spaces mimicking subarachnoid
hemorrhage. The findings may result in a misdiagnosis of
subarachnoid hemorrhage (SAH) in these patients.
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Introduction

The extent of tumor resection seems to be a predictor for
progression-free and overall survival time of patients with
high-grade gliomas [25, 26]. Intraoperative MRI (iMRI) al-
lows a more detailed appreciation of the extent of resection
than does conventional neurosurgery [22, 23]. IMRI detects
residual tumor as an enhancing area after intravenous applica-
tion of contrast agent and enables immediate further tumor
resection. As a result, iMRI is often used in glioma surgery.
Many institutions also perform an early MRI within the first
72 h after surgery to determine the extent of tumor resection,
irrespective of whether iMRI was used during surgery or not.

To date, no study has analyzed whether the intraoperative
application of contrast agent influences the early postsurgical
MRI. In the absence of blood—brain barrier (BBB) damage,
contrast agent should pass through the cerebral vessels with-
out accumulating in the brain tissue. However, brain tumors
themselves and also neurosurgical procedures alter the BBB,
causing intracerebral contrast enhancement [8]. Therefore, al-
so the contrast agent administration during preceding iMRI
should influence the signals of MR sequences in the early
postsurgical MRI, especially in sequences which are
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influenced by T1 contrast such as T1-weighted sequences and
fluid-attenuated inversion recovery (FLAIR). Cerebrospinal
fluid (CSF) signal changes in FLAIR imaging after intrave-
nous injection of gadolinium-containing contrast agent have
been reported in pathological conditions causing blood—brain
barrier disruption or neovascularization [3, 5].

We suggest that also the intraoperative application of con-
trast agent might influence the signal on FLAIR sequences. To
investigate this hypothesis, we retrospectively performed a
blinded analysis of postsurgical MR images of patients with
malignant brain tumors with and without iMRI-guided

surgery.

Methods

The study was approved by the local ethics committee.

We retrospectively analyzed postsurgical MRIs in 46 pa-
tients (33/13 male/female, mean age 62.5 years, range 26 to
79 years) with malignant gliomas after tumor resection during
an observation period from January 2012 to June 2013. Com-
plete or near-complete surgical resection of the enhancing
tumor was intended in all patients.

A subgroup (no-iMRI, n=25) underwent conventional mi-
crosurgery, and a subgroup (iMRI, n=21) underwent micro-
surgery guided by contrast-enhanced iMRI with a mobile in-
traoperative ultra-low-field MRI system (PoleStar N-20, Odin
Medical Technologies, Yokneam, Israel and Medtronic,
Louisville, CO, USA) after intravenous application of a gad-
olinium (Gd)-based contrast agent (Gadovist 1.0 mmol/ml,
dose 0.1 ml/kg); usually, the contrast agent was applied
twice—before starting surgery and for the intraoperative
post-resection scan.

All patients underwent contrast-enhanced high-field MRT
at 3.0 T (Verio; Siemens, Erlangen, Germany) within 7 days
before surgery and within 72 h after surgery using a standard
protocol including axial T2-weighted turbo-spin echo se-
quence (repetition time (TR)=5.170 ms; echo time (TE)=
92 ms), axial FLAIR sequence (TR=6.630 ms, TE=131 ms,
TI=2.140 ms), and T2*-weighted images (TR=631 ms; TE=
19.9 ms). Axial T1-weighted spin echo sequences (TR=
590 ms, TE=12 ms) were performed before and after intrave-
nous application of a standard dose of Gd-DTPA (0.1 mmol/
kg). Further, coronal and sagittal contrast-enhanced T1-
weighted gradient echo sequences were added. In all patients,
the FLAIR sequence was performed before intravenous gad-
olinium injection.

MR signal analysis
One radiologist (with more than 5 years of experience in brain

imaging) and one student (instructed and supervised by a neu-
roradiologist with more than 12 years of experience)
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independently analyzed the FLAIR sequences by visual in-
spection. Both observers were blinded for the surgical proce-
dure. Further signal measurements were also done on T1- and
T2-weighted images before contrast administration.

1. The visual inspection evaluated the presence of abnormal
FLAIR CSF signal considering the location of signal
changes (subarachnoid space (SAS) ipsilateral close to
the lesion, bilateral SAS, ventricular). In all patients, we
also inspected the presurgical FLAIR sequences to ex-
clude preexisting signal changes.

2. The MRI signal intensity was measured in regions of in-
terest (ROI) consensually placed by the two observers in
the resection cavity, in the CSF of the ventricles, and in
the normal brain tissue contralateral to the tumor-bearing
hemisphere on axial FLAIR images and T1-weighted and
T2-weighted images. The results of these measurements
were compared between the two groups: iMRI versus no-
iMRI.

Further, the volumes of the lesions were delineated semi-
automatically on the tumor volume on the preoperative
contrast-enhanced T1-weighted images.

Statistical analysis

Statistical analysis was performed with R-Statistics 2.15.1 for
Windows. We compared signal intensities on FLAIR images,
T1-weighted images, and T2-weighted images between pa-
tients with iMRI surgery versus patients without iMRI with
the Mann—Whitney U test, and we used the correlation be-
tween T1 and FLAIR signals with Spearman’s rho correlation
coefficient. We used a significance level of p<0.05.

Spearman’s rho correlation coefficient was also used to test
if the signal intensities are influenced by the timing of the
postoperative MRI.

Results
Patients

Histopathologically, 44 of the 46 patients had glioblastoma,
one patient had a WHO grade III astrocytoma and one patient
had gliosarcoma.

Patients who had iMRI (»=21) had longer surgical time
with a median of 54 min compared to patients without (no-
iMRI, n=25) iMRI guidance. There was no difference in the
preparation of the surgical site between the patients with iMRI
and without iMRI guidance.

Postsurgical MRI (with a standard protocol) was performed
within 72 h after surgery in 41 of the 46 patients with an aver-
age of 32:29 h for the iMRI group and 33:04 h for the no-iMRI
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group. The remaining five patients (two from the iMRI group
and three from the no-iMRI group) were imaged beyond the
“72-h window” with an average of 86:50 h and a range from
73:46 to 107:33 h. There was no significant difference between
the groups concerning the timing of the MRI scan after surgery.

Visual inspection of FLAIR signal

In 18 patients, the FLAIR sequence revealed hyperintense
signal changes of the CSF in the subarachnoid spaces
(Fig. 1) and/or ventricular spaces (Fig. 2). Of these, 17 patients
had received intraoperative MRI and only one did not.

In the 17 patients with iMRI and hyperintense CSF signal,
the interval between brain surgery and postsurgical MRI was
32.04 h (median, range from 24.25 to 80.31 h). One patient with
CSF signal changes underwent cranial computed tomography
(CCT) immediately after the postsurgical MRI to exclude the
presence of subarachnoid hemorrhage (SAH) (Fig. 2). This
CCT did not reveal any abnormality suggestive of hemorrhage
in the SAS. No patient had suggestive symptoms (headache,
meningism) or worsening of clinical status. Therefore, lumbar
puncture for CSF diagnostic was not performed in any patient.

In the patient without iMRI and hyperintense CSF signal,
postsurgical MRI was performed 51.25 h after surgery. This
one patient (with abnormal CSF signal in the absence of
iMRI) had alterations of the ipsilateral SAS and in the resec-
tion cavity as well as susceptibility changes on T2* imaging
and was therefore prescribed a CCT immediately after the
postsurgical MRI to exclude SAH. The CCT of this patient,
performed immediately after the postsurgical MRI, revealed
no hemorrhage in the SAS.

The hyperintense CSF changes were more evident close to
the resection cavity and/or in the hemisphere involved by the
pathology. Their location was close to the lesion in seven
cases, hemispheric in four cases, or ventricular in six cases.

In the patients with hyperintense FLAIR changes, the T1-
weighted sequence revealed hyperintense signal changes of
the CSF (n=28), in the resection cavity (n=3), in the subarach-
noid spaces (n=2), and in the ventricular spaces (n=3), but the
hyperintense signal changes were less intense on the T1-
weighted images compared to the FLAIR images.

Susceptibilities in the SAS or ventricles suggesting hemor-
rhage were not present on T2* images in any patient with
iMRI guidance.

Signal measurements

On FLAIR, the CSF signal intensity in the ventricles was
significantly higher in patients with iMRI than in patients
without iMRI (p<0.01), but the signal increase was not sig-
nificant in the resection cavity (p=0.25) (Table 1 and Fig. 3).

On the T1-weighted sequence, the signal of the CSF in the
ventricles was higher in patients with iMRI but without
reaching the significance level (p=0.08). The signal in the
resection cavity was not significantly different between the
groups on T1-weighted images either.

On T2-weighted images, there was no difference between
the signal intensities of patients with and without iMRI.

The patients who had the highest signal intensities of the
CSF measured on FLAIR sequence also had the highest
values on T1-weighted images (Fig. 4). In the CSF of patients
with iMRI, the signal intensity values of the T1-weighted

Fig. 1 Postsurgical MRI after tumor resection with iMRI: Axial T2*-
weighted image (a), T2-weighted image (b), T1-weighted image (c), and
FLAIR (d) of postsurgical MRI ~30:00 h after resection of a glioblastoma
in the right temporal lobe. Patient had received intravenous contrast
media before to control the extent of resection with iMRI. FLAIR

sequence revealed untypical hyperintense signal changes of the CSF in
the subarachnoid spaces and ventricles yielding very atypical T2-like
appearance of the FLAIR (d). Hyperintense FLAIR signal of CSF may
also appear in acute SAH, but signal of the T1-weighted image still
appears normal (see Fig. 2)
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Fig. 2 Postsurgical MRI in another patient after resection of a
glioblastoma in the right temporal lobe with iMRI: Since postsurgical
MRI was suggestive for SAH, patient underwent cranial computed
tomography (a) immediately thereafter, showing no abnormality
suggestive of SAH. CSF was normal on T2-weighted image (b), while
FLAIR (c) showed impressive signal increase of the CSF, suggesting that
erroneously another T2-weighted image has sneaked in instead of the

images correlated significantly with the signal values of the
FLAIR sequences, with Spearman’s rho 0.65 for the CSF
(»<0.001). In contrast, no correlation was found for the CSF
signals in these sequences for patients without iMRI. In both
groups, there was a positive correlation between the signal
values in the resection cavity between T1-weighted images
and FLAIR, with rho of 0.9 for patients with iMRI and 0.7
for patients without iMRI (p<0.001 both).

FLAIR, but this was not the case. Compared to Fig. 1, the shortening of
T1 relaxation time upon preceding intraoperative contrast application was
more pronounced yielding abnormal contrast in T1-weighted image
before postsurgical contrast application (d), while contrast-enhanced
T1-weighted image (e) only shows additional enhancement on the
choroid plexus

Further, the signal intensity correlated to the timing of the
postoperative MRI.

1. The earlier the postoperative MRI was performed,
the higher the signal intensity was in the CSF in
the FLAIR images in the iMRI group (rtho=—0.43,
p=0.05). No correlation was found for the no-iMRI

group.

Table 1 Summary of patients’
characteristics and results of

iMRI group (n=21) No-iMRI group (n=25) P

signal measurements
Age (mean, range)

Diagnosis (1)

56 years, range from
26 to 77 years
21 x GBM

63 years, range from 32
to 79 years

23 x GBM, 1 x astrocytoma
(1), 1 x gliosarcoma

FLAIR hyperintense signal in the CSF (n) 17

Average time to postsurgical MRI (h)
T1 image intensity CSF (mean (SD))

CSF cavity contralateral

T2 image intensity CSF (mean/SD)

CSF cavity contralateral

FLAIR image intensity CSF (mean/SD)

CSF cavity contralateral

1

32:29 33:04

185.6 (26.98) 224.15 (78.77) 0.08
373.54 (163.54) 373.55 (144.46) 0.83
350.72 (45.29) 37146 (45.52) 0.17
1,258.28 (194.89) 1,255.3 (274.68) 0.58
1,164.01 (439.25) 1,253.29 (555.54) 048
32226 (61.8) 331.07 (43.88) 0.83
21.09 (8.57) 149.4 (252.33) 0.003*
485.4 (274.15) 636.42 (385.63) 025
189.19 (35.26) 202 (30.14) 033

£p<0.01
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Fig.3 Signal intensities on axial T1-weighted, T2-weighted, and FLAIR
images. Comparison of patients with conventional microneurosurgery
(no-iMRI) versus patients with iMRI using Mann—Whitney U test. The

2. With increasing distance to the surgery, the signal inten-
sity in the tumor cavity is declining on T2-weighted im-
ages but only in the no-iMRI group (tho=-0.43, p=0.03).

Table 1 summarizes patients’ characteristics and the results
of signal measurements. The preoperative tumor sizes were
not significantly different between the iMRI (mean=
68.9 cm®) and the non-iMRI group (54.5 cm®) calculated with
the Student’s ¢ test (p=0.3).

Discussion

Postsurgical MRI within the first 72 h is significantly influenced
by the intraoperative application of Gd-based contrast agent
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Fig.4 Correlation between FLAIR and T1-weighted image intensities in
the CSF, in the ventricles (/eff), and in the resection cavity (right) for the
group with conventional surgery (no-iMRI—filled circles) and the group

signal intensities were measured in regions of interest placed in the CSF
of the ventricles, in the resection cavity, and in the contralateral brain
tissue, respectively. Significance level was p<0.05

which is used for iMRI. We found hyperintense signal changes
of the CSF in the FLAIR sequence in the subarachnoid and
intraventricular spaces mimicking extended SAH, bearing the
risk to result in the misdiagnosis of SAH in these patients. But
none of the patients with these SAH-like changes in FLAIR
showed any clinical evidence of SAH. We therefore postulate
that the T1-shortening effect of Gd-containing contrast agent—
in addition to higher protein content in some cases—is respon-
sible for the signal increase in the FLAIR sequence.

In accordance with this hypothesis, we found a strong corre-
lation between the signal on FLAIR and T1-weighted images
measured in the CSF of patients with iMRI (in whom Gd-
containing contrast agent was applied intraoperatively), but not
in patients without iMRI, and also not between FLAIR and T2-
weighted images. CSF signal increase was higher close to the
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with iMRI (iMRI—open circles). Spearman rho correlation coefficient
and P values are provided in the top left corner of each plot
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lesion and/or ipsilateral hemisphere, which might be explained
by the neovascularization close to the SAS or ventricles and the
blood-brain barrier breakdown in patients with glioblastoma
multiforme (GBM) after surgical tumor resection resulting in
leakage of gadolinium chelates into the subarachnoid space.
There was also a positive correlation between signal intensities
in the resection cavity between FLAIR and T1-weighted images
for both groups, probably due to the presence of methemoglobin
and proteins, which generally shorten the T1 relaxation time.
Additional extravasation of Gd-containing molecules may ex-
plain the stronger correlation in patients with iMRI. However, in
the T1-weighted images, the CSF signal differences between the
groups did not reach significance level, maybe due to the stron-
ger T1 effect of contrast agent on the FLAIR images. Further, no
signal differences were observed on T2-weighted images be-
tween the patients with and without iMR1L.

Animal experiments illustrated the strong sensitivity of
FLAIR imaging to changes in the T1 relaxation time of CSF
that became apparent even at very low gadolinium concentra-
tions of 0.007 mmol/L [3, 12]. The FLAIR imaging technique
uses an inverting pulse to null the signal of CSF as these spins
pass through the zero point in their relaxation trajectory. Any
shortening of the CSF T1 relaxation time would then make it
appear bright with respect to the usual dark CSF [13]. The
concept that contrast agent might enter the CSF after IV injec-
tion is not new. There are several previous reports of iodinated
contrast material entering the SAS [4, 6, 14]. A study by
Knutzon et al. of CSF samples taken from dogs after IV injec-
tion of gadolinium contrast agent showed T1 shortening effect
in vitro [9]. Visualization of this effect on routine MR images
has been reported in humans but usually in the setting of
extensive disease of the meninges or brain like carcinomatous
meningitis [3, 16, 20, 21].

Abnormal enhancement patterns have been reported in ear-
ly postoperative contrast-enhanced FLAIR sequence in pa-
tients after resection of intraparenchymal lesions [3, 5, 13].
Bozzao et al. detected an increased CSF signal 3 h after appli-
cation of intravenous gadolinium-containing contrast agent in
patients with previous surgery and in those with high-grade
gliomas abutting to the subarachnoid spaces or ventricles [3].
Dechambre et al. reported that CSF signal changes were par-
ticularly evident in patients with pathologies leading to the
breakdown of the BBB or with angioneogenesis close to the
subarachnoid space or ventricles [5]. Authors concluded that
either neovascularization or the breakdown of the BBB results
in abnormal enhancement of the subarachnoid spaces in
FLAIR sequences [3, 5, 13]. “Hyperintense acute reperfusion
marker” or HARM is an abnormal enhancement of the CSF
on contrast-enhanced FLAIR due to CNS barrier disruption in
acute cerebrovascular diseases [10, 11]. Further potential ad-
vantages of FLAIR are the sensitivity to detect acute SAH [5,
18, 19] or other pathologies leading in CSF signal changes
such as meningitis [2, 24]. In those cases, findings on all the
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other routine MR images may be normal, including enhanced
T1-weighted images.

So far, there is no report investigating the impact of contrast
agent administered during iMRI on the postsurgical MRI.

Another hypothesis discussed in previous studies before is
that FLAIR is sensitive to an increase of protein levels in the
CSF [5, 15]. A high protein concentration decreases the T1
relaxation time of CSF and causes an offset of the null inver-
sion time, so that CSF appears with high signal intensity. For
example, brain ischemia alters the blood—brain barrier causing
an increase in vascular permeability to protein resulting in an
elevation of CSF protein concentration in about half of pa-
tients with stroke [1, 5, 7, 17].

High protein might have caused high CSF signal in FLAIR
in the one of our patient without iMR1L.

Furthermore, significantly larger tumor volume could have
caused larger resection with increased spreading of protein
particles in the SAS, which might be a reason for the FLAIR
signal changes. However, we could exclude that tumor vol-
ume had an influence on these signal changes, since preoper-
ative volume of the lesions in the iMRI did not significantly
differ from non-iMRI group.

Bozzao et al. reported that the signal changes of the CSF
returned to normal within 2 days [3]. Our study showed that
the earlier the postoperative MRI was performed, the higher
the signal intensity was in the CSF in the FLAIR images in the
iMRI group. The patients who present CSF signal increase
underwent postsurgical MRI control with a mean of 32.04 h
compared to those with iMRI guidance but without visible
signal changes of the CSF with a mean 46.45 h. This suggests
that gadolinium diffuses in the SAS during the first hours fol-
lowing its intraoperative application, and thereafter, it is suc-
cessively resorbed from SAS within the following 1-2 days.

Patients who had intraoperative MRI had longer surgical
time with a median of 54 min compared to patients without
iMRI guidance. Although we cannot exclude that longer sur-
gical times for iMRI might have influenced FLAIR signal,
there is no report supporting such a hypothesis.

Conclusion

In patients with GBM and intraoperative MRI guidance,
FLAIR hyperintensity in CSF is likely in postoperative
MRI. The signal changes are explained by gadolinium leakage
due to the blood-brain barrier breakdown from surgical ma-
nipulation and tumor neovascularization.

One should be aware of this phenomenon to avoid the mis-
diagnosis of subarachnoid hemorrhage in postsurgical MRI.

Conflict of interest CS has received honoraria as an invited speaker
from Medtronic Navigation.
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Comments

Hussam Metwali, Hannover, Germany

The authors reported about artifacts in the postoperative MRI in the
patients who were operated with iMRI for resection of cranial gliomas.
These patients received contrast material during the intraoperative MR
This artifact was mainly in the FLAIR sequence. This could be interpreted
as SAH-mimic finding. Accordingly, they described this artifact as a
misleading pattern. According to the authors, the reason for these signals
in the FLAIR sequence, which could mimic a SAH, is the effect of the
contrast material in the presence of defective blood-brain barrier.

In order to test this hypothesis, two groups of patients were analyzed.
The first group contains the patients who were operated under iMRI
control and received contrast material (Gd-based). The second group
includes the patients who were operated on without iMRI. They com-
pared the early postoperative MRI and found that there is a significant
difference in the signals and the visual pattern of the FLAIR sequence
between both groups. There were no significant differences in T1 and T2
sequences between both groups.

It could be an interesting physical finding, but the clinical value could
be questionable. The evaluation of the postoperative MRI is based not
only on the FLAIR sequence. The inspector evaluates usually all the
sequences of the MRI. Signal change of the CSF after surgery is not a
rare postoperative finding, not only due to the effect of the contrast ma-
terial but also due to the changes in the CSF composition after surgery
especially the protein and the cellular content. The subarachnoid hemor-
rhage is not a common event after glioma surgery unless it is a part of
postoperative bleeding in the tumor bed.

If the neurosurgeon considers the clinical state of the patient as well as
the other sequences of the MRI, I think the surgeon can differentiate be-
tween an artifact and a clinically significant change. In my practice, I did
not encounter this dilemma of a misleading FLAIR, till now.
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Arya Nabavi, Hannover, Germany

In this article, Misleading FLAIR imaging pattern after glioma
surgery with intraoperative MRI, Lescher et al. describe their experi-
ence with 46 patients, of which 21 were operated on with the addition
of intraoperative imaging. They describe that signal changes in
FLAIR after intraoperative contrast application (2x normal dosage)
can be misinterpreted as subarachnoid hemorrhage. Taking T2* into
account allows the differentiation. They conclude that “intraoperative
application of contrast medium significantly influences postsurgical
MRI within the first 72 h.”

Reading postoperative images is always a challenge. Changes
have to be evaluated by crosschecking effects in different sequences
to determine their validity. The authors point to the fact that FLAIR
may be misinterpreted, if looked at in a “standalone” fashion. Once
pieces of image information from various sequences are combined
(i.e., in this case FLAIR and T2¥), similar to combining information
to determine the cytotoxic or vasogenic nature of signal changes, a
serious complication can be ruled out easily. Postoperative imaging is
still most often done with 1.5 T units, simply due to its availability. It
is questionable if the FLAIR effect described in this article will be as
pronounced in that field strength. However, with development to
higher fields, we will most likely encounter the described phenome-
non and also many more. This issue can be addressed with due dili-
gence and knowledge of MRI sequences.

Another important issue to be reckoned with is field strength. It
is common practice in the neurosurgical literature to refer to “intra-”
or “postoperative” MRI, as if the method is interchangeable, as long
as it is MRI. Since field strength has a major influence, among other

@ Springer

aspects, on quality and sensitivity, this represents a major caveat. It
is not certain that effects, described for one field strength, will dis-
play the same way in another. Usually, there are gradual differences.
However, depending on the susceptibility of the sequence, this may
differ widely.

The group has to be commended for a very thorough analysis of their
data and for raising the awareness of potential “pathologies” following
new procedures. Particularly, higher field MRI (3 T) will pick up changes,
which ordinarily may not appear on 1.5 T. Residual tumor or “unknown
bright objects” may be seen postoperatively, obscuring a definite image-
reading. But even more so, it is a reminder to us that with changing
technologies, heightened awareness for their specific capacities and
weaknesses has to be promoted. MRI does not equal MRI. The sophisti-
cation of this imaging technology makes it imperative for us to not just
evaluate the images but also look at the information they can provide us
with and their potential pitfalls.

Constantin Roder, Tiibingen, Germany

Dr. Lescher and co-workers have analyzed specific changes in post-
operative MRI after the intraoperative application of gadolinium in iMRI-
guided surgery. While a directly postoperatively appearing significant
SAH would be a very unusual coincidence of different pathologies, it
might nevertheless be important to be aware of such changes to prevent
from uncertainty when analyzing the images.

Since iMRI has been used for many years, it now appears to be of an
increasing importance to focus more on specific details caused by this
technology and to start developing new approaches to broaden possible
indications of iMRI.
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