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BACKGROUND AND PURPOSE: Subarachnoid hemorrhage (SAH) constitutes an important
neurologic emergency. Some authors have suggested that fluid-attenuated inversion recovery
(FLAIR) MR imaging can detect SAH that may not be apparent on CT scans but may be
revealed by lumbar puncture. We sought to determine how often FLAIR MR imaging findings
are positive for SAH in cases with negative CT findings and positive lumbar puncture results.

METHODS: The CT scans and FLAIR MR images of all patients with suspected SAH during
a 3-year interval (2000–2002) were retrospectively reviewed by a blinded reader. Among these
cases, we identified 12 with CT findings that were negative for SAH, lumbar puncture results
that were positive for SAH, and FLAIR MR imaging findings that were available for review.
Eleven of the 12 patients had undergone FLAIR MR imaging within 2 days of CT and lumbar
puncture. The 12 patients with negative CT findings were comprised of six male and six female
patients with an age range of 7 to 69 years. We evaluated the true and false negative and positive
FLAIR MR imaging findings for SAH by using the lumbar puncture results as the gold
standard. The FLAIR MR imaging findings of 12 additional patients without SAH (as revealed
by lumbar puncture) were used as control data for a blinded reading.

RESULTS: For all 12 control cases without SAH, the FLAIR MR imaging findings were
interpreted correctly. Of the 12 cases that had positive lumbar puncture results but false-
negative CT findings for SAH, FLAIR MR imaging findings were true-positive in only two cases
and were false-negative in 10. One of the two true-positive cases had the highest concentration
of RBC in the series (365 k/cc), and the other had the second highest value of RBC (65 k/cc).

CONCLUSION: FLAIR MR imaging cannot replace lumbar puncture to detect the presence
of SAH. FLAIR MR imaging findings are infrequently positive (16.7%) when CT findings are
negative for SAH. This is likely because there is a minimum concentration of RBC/cc that must
be exceeded for CSF to become hyperintense on FLAIR MR images.

During the past several years, a number of investiga-
tors have suggested that fluid-attenuated inversion
recovery (FLAIR) MR imaging is the most sensitive
MR imaging technique for detection of subarachnoid
disease. A number of studies showing the ability of
FLAIR MR imaging to reveal subarachnoid hemor-
rhage (SAH), meningitis, chemical irritation of the
meninges, and subarachnoid seeding of neoplasm
have been published in the radiologic literature (1–7).
Many examples have been cited in which FLAIR MR

imaging was more sensitive than CT for detection of
subarachnoid diseases such as chemical meningitis,
inflammatory meningitis, and neoplastic infiltration
of the subarachnoid space where the CT attenuation
difference often is inapparent (6, 8–11). While the
notion that FLAIR MR imaging would be more sen-
sitive than CT for SAH (with which the globin in the
blood causes the detectable change in attenuation)
may seem counterintuitive, it has nonetheless been
repeatedly found to be true in the literature (3, 5, 7,
12–14).

For this study, we accepted the premise that
FLAIR MR imaging is superior to CT for the detec-
tion of SAH, based on the literature cited above. This
then begged the question of how FLAIR MR imaging
compares with the gold standard, lumbar puncture.
We sought to determine whether FLAIR MR imag-
ing could be useful in the setting of cases of acute
SAH confirmed by lumbar puncture that had CT
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findings negative for SAH. In this select group of
cases, we also sought to determine whether a specific
concentration of RBC within the subarachnoid space
could be determined for which FLAIR MR imaging
would be sensitive. We hypothesized that FLAIR MR
imaging would detect most of the CT-negative cases
of SAH but that there would be a threshold of blood
concentration that would have to be exceeded, mea-
sured in the thousands of RBC/cc.

Methods
The CT reports of all patients who underwent arteriography

for the evaluation of suspected acute SAH during a 3-year
interval (2000–2002) were retrospectively reviewed. We se-
lected only those cases in which the CT findings were negative
for SAH. We cross-referenced this list by using the electronic
patient records of patients who had undergone FLAIR MR
imaging and lumbar puncture. Twelve patients had negative CT
findings, SAH revealed by lumbar puncture, and FLAIR MR
imaging findings available. Of the 12, 11 had undergone MR
imaging within 2 days of lumbar puncture and CT. The remain-
ing patient underwent MR imaging 7 days after lumbar punc-
ture and CT. The sample group of 12 patients consisted of six
male and six female patients ranging in age from 7 to 69 years.
The FLAIR MR images were blindly reviewed by an experi-
enced neuroradiologist (D.M.Y.), and the results were com-
pared with the official reports of those MR images in the
electronic patient records. To balance the sample group and
provide a control group, FLAIR MR images of 12 patients
without SAH, as revealed by lumbar puncture, were randomly
interspersed among the patients with negative CT findings and
positive lumbar puncture results for SAH. The blinded reader
could not determine whether a patient did or did not have
positive lumbar puncture results based on the FLAIR MR
images being reviewed.

For the FLAIR MR imaging, the following parameters were
used: 8800/170 (TR/TE); inversion time, 2200 ms; number of
excitations, 2; matrix, 256 � 192 exposed to zero-filled inter-
polation to 512 � 512. Tailored RF pulses were used, as were
spatial presaturation pulses for superiorly oriented flow. Imag-
ing was performed on a General Electric (Milwaukee, WI) LX
imaging unit using high speed or echo-speed gradients. Only
the FLAIR MR images were presented to the reader for
interpretation. The reader scored the studies based on a simple
positive or negative basis for SAH or intraventricular hemor-
rhage.

The lumbar puncture results were analyzed for number of
RBC/cc. If more than one tube was collected, the values for the

all the tubes were recorded for number of RBC (Table 1). In all
cases, the clinicians thought that the clinical picture and the
lumbar puncture results suggested SAH.

Cases for which the blinded reviewer’s analysis for the pres-
ence of SAH differed from the official MR imaging report in
the electronic patient record interpreted by a neuroradiologist
were settled by the interpretation of a third neuroradiologist
(B.Y.) who also was blinded to the status of the patient. This
occurred in one instance.

Results
We defined lumbar puncture results as positive if

there was evidence of blood in the CSF that did not
completely clear by the repeat and/or final test tube
was shown and if the clinicians, in consideration of
the clinical symptoms and the lumbar puncture re-
sults, thought arteriography was warranted. In our
study, the RBC/cc number of RBC in positive CSF
samples ranged from 37 to 364,875 RBC/cc in the first
test tube and from 344 to 414,750 RBC/cc in the last
tube collected (Table 1).

Of these 12 cases with CT findings that were neg-
ative for SAH, 10 had false-negative FLAIR MR
imaging studies (Fig 1) and two had true-positive
FLAIR MR imaging findings (Fig 2). The RBC/cc
counts were 364,875 and 65,363 in the first CSF tubes
collected and 414,750 and 40,950 in the fourth tubes,
respectively. These were the two highest values for
the first tube and the two highest values for the last
tubes. FLAIR MR imaging findings were false-nega-
tive in 10 of 12 cases and were negative for all studies
in which the first tube RBC/cc counts were �65,000.
Of the 12 cases with positive lumbar puncture results,
five had aneurysms documented as the source of the
SAH, one had head trauma as the cause, two had
migraine headaches, and four had miscellaneous or
unknown causes of the SAH. In the 12 control cases
in which no SAH was revealed by lumbar puncture,
the FLAIR MR imaging findings were uniformly neg-
ative.

Discussion
In most instances, lumbar puncture is the most

valuable technique for determining whether a patient

TABLE: Patient data with documented LP showing SAH

Patient #,
age, sex FLAIR

RBC/cc

Angio/Dx
CT/LP-MR

intervalCSF1 CSF2 CSF3 CSF4

1, 69M � 37 119 Normal/trauma 2d
2, 56F � 69 100 1680 344 Aneurysm 1d
3, 44F � 80 6225 Aneurysm 0d
4, 57M � 700 711 404 Fibromuscular dysplasia/migraine 1d
5, 33M � 1634 1623 Normal/sickle cell crisis 0d
6, 45M � 2249 2129 Dissection/dissecting aneurysm 2d
7, 7F � 2932 Normal/migraine 0d
8, 52F � 3550 2550 Aneurysm 1d
9, 39F � 29710 33700 Aneurysm 2d

10, 56M � 33525 36425 14750 10675 Normal/unknown 0d
11, 51M � 120149 Normal/trauma/stroke 5d
12, 58F � 65363 68750 72450 40950 Normal/lupus 2d
13, 60M � 364875 414750 Normal/unknown 7d
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has experienced SAH. Unfortunately, in some cases
in which evidence of significant edema or mass effect
is present, lumbar puncture cannot be performed
because of the dangers of potentially life-threatening
herniation of intracranial structures. In other cases,
diffuse swelling of the brain may mask (or simulate)

the presence of SAH, which, because of the swelling,
cannot be otherwise evaluated with lumbar puncture.

Having a technique that is significantly more sen-
sitive to the presence of acute SAH than is CT and
that is analogous in sensitivity to lumbar puncture
would be valuable to the neuroradiologic field.

FIG 1. Case 9, with negative CT and negative FLAIR MR imaging findings. Although
lumbar puncture results were positive, FLAIR MR images obtained at multiple levels
were negative for SAH.

FIG 2. Case 12, with negative CT and
positive FLAIR MR imaging findings.

A, No SAH shown on CT scan.
B, FLAIR MR image interpreted as

showing SAH based on presence of high
intensity in right occipital lobe sulci (ar-
rows).
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FLAIR MR imaging has been purported to be this
panacea. FLAIR MR imaging also offers the poten-
tial of diagnosing non-acute SAH. It is well known
that CT is less sensitive to the presence of subacute
and chronic SAH at a time when xanthochromia may
be the only finding revealed by lumbar puncture be-
cause of the lysis of RBC (15, 16). Because 90% of
extravasated blood is cleared from the CSF within 1
week, only half of all cases of SAH remain detectable
on CT scans at 7 days (17). In 1995, van der Wee et al
(18) reported that CT findings may be normal in
�5% of the cases that are investigated within 1 or 2
days after SAH. In this retrospective study, we in-
cluded all the FLAIR MR images that were obtained
within 2 days of the CT and lumbar puncture studies,
except for one case (case 12) in which the FLAIR MR
imaging was performed 1 week after CT and lumbar
puncture. We included that case because the FLAIR
MR images showed the SAH both by blinded review
and by the initial prospective reporting. It is possible
that this patient may have rebled during the 7-day
interval between the lumbar puncture and the FLAIR
MR imaging.

The FLAIR MR imaging sequence produces
heavily T2-weighted images with nulling of the signal
intensity of CSF by using an inversion time that usu-
ally ranges from 1800 to 2500 ms and a long TE.
Because of the suppressed signal intensity of bulk
water on FLAIR MR images, the conspicuity of le-
sions located in areas adjacent to or filled with CSF,
such as the periventricular zones, increases. However,
if the CSF has alterations in its T1 or T2 values, its
signal intensity may not suppress. This phenomenon
in cases of SAH may be caused by the T2 prolonga-
tion or T1 shortening effects of higher protein con-
centrations of bloody CSF (3, 7). T1 will shorten with
increasing hematocrit.

To assess how sensitive FLAIR MR imaging is to
the presence of RBC in the subarachnoid space,
Noguchi et al (7) conducted phantom studies simu-
lating SAH of varying concentrations ranging from
0% blood (100% water) to 100% blood (with a he-
matocrit of 45%) by volume. They performed CT and
FLAIR MR imaging of the test tube phantoms to
assess the concentrations needed to detect SAH for
the two modalities. As the hematocrit increased, the
attenuation on CT scans and the signal intensity on
FLAIR MR images also increased. At a hematocrit of
27% blood, the mixture was denser on CT scans than
was the normal cortex and therefore was detectable.
Above a hematocrit of 22.4% blood, the mixture was
more hyperintense than the normal cortex on FLAIR
MR images. By increasing the TE of the FLAIR MR
imaging (from a baseline of 119) and thereby increas-
ing its T2 weighting, the authors were able to increase
the sensitivity of the FLAIR MR imaging sequence to
the presence of hemorrhage. Using a TE of 160, they
found that blood with a hematocrit of 9% was hyper-
intense to cortex. They concluded that FLAIR MR
imaging was far more sensitive than CT in the detec-
tion of acute SAH diluted by CSF, particularly if the
pulse sequence parameters were optimized (7). The

relatively high CT threshold (hematocrit of 27%) ac-
counts for cases of SAH with negative CT findings.

Our data indicated that FLAIR MR imaging find-
ings were infrequently positive (16.7%) when CT
findings were negative for SAH and that there was a
lower limit criterion for RBC/cc below which FLAIR
MR imaging did not detect SAH. In this study, this
level was approximately 65 k/cc for the first tube.

Woodcock et al (5) injected different volumes of
autologous arterial blood into the basal cisterns of
rabbits to compare the sensitivity of CT and FLAIR
MR imaging to the presence of SAH. The sensitivity
of FLAIR MR imaging to SAH was 89% (16 of 18
rabbits), whereas that of CT was 39% (seven of 18
rabbits) in that model. The confidence in detecting
the SAH was also much higher with FLAIR MR
imaging than with CT. The specificity for both CT and
FLAIR MR imaging was 100%.

Pitfalls Associated with FLAIR MR Imaging
Dechambre et al (19) noted that false-positive

FLAIR MR imaging findings for SAH could occur for
patients who had strokes and who had previously
undergone contrast-enhanced perfusion studies. They
noted that the disruption of the blood-brain barrier
may result in leakage of protein or contrast material
chelates or both into the subarachnoid space. Con-
trast material leaching into the CSF has been ob-
served to occur in other patients undergoing high
dose contrast-enhanced MR angiographic studies, in
patients who are in renal failure, and in patients with
active seizures who are receiving contrast agents. Ex-
amples in which high protein may be the source of the
high intensity on FLAIR MR images include cases of
sinus thromboses and case of neurosarcoidosis (8, 20).

Other false-positive findings occur when the oxy-
gen tension in the CSF is elevated from the use of
inspired oxygen fractions �0.60 during general anes-
thesia (21). Although propofol administration (22)
was initially implicated, the overriding impact of the
paramagnetic influences of dissolved oxygen in the
CSF leading to T1 shortening have been subsequently
validated (23).

On FLAIR MR images, high signal intensity from
the CSF may also result from artifacts (24). Ghosting
artifacts are caused by inflow of non-nulled CSF into
a section with a high CSF flow rate and are seen
mainly in the basal cisterns (24, 25). They are unusual
over the convexities. These artifacts are reduced with
non-section-selective inversion pulses.

In our study, 12 patients with documented SAH, as
revealed by lumbar puncture, were selected retro-
spectively from the angiography records. Although
FLAIR MR imaging detected SAH in two cases in
which it was missed by CT, the remaining 10 cases had
false-negative FLAIR MR imaging findings. The
cases that had negative FLAIR MR imaging findings,
in general, had lower concentrations of hemorrhage
than did the two cases that had positive FLAIR MR
imaging findings. We recognized a lower threshold of
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65,000 RBC/cc that led to both negative CT findings
and negative FLAIR MR imaging findings.

Although FLAIR MR imaging seems to be supe-
rior to CT for detecting SAH, MR imaging often is
impractical to perform acutely in the emergency de-
partment because emergent MR facilities are less
readily available than are CT scanners. Often, unsta-
ble or irritable patients do not readily/easily undergo
MR imaging. In cases in which the patient is more
stable, MR imaging may be superior to CT in detect-
ing blood in the CSF because the attenuation changes
shown on CT scans resolve more rapidly than do the
changes shown on FLAIR MR images, as previously
reported (14, 26). This makes MR imaging a valuable
method for identifying hemorrhage in patients with
negative CT findings and positive lumbar puncture
results who are not referred until 1 or 2 weeks after
symptom onset (27).

Despite the high sensitivity of FLAIR MR imaging,
this study suggests that lumbar puncture is still an
indispensable step in the exclusion of SAH in patients
with convincing histories and negative CT findings.
van Gijn and Rinkel (28) suggest that lumbar punc-
ture is best performed between 6 and 12 hr after onset
of headache so that RBC lysis can occur, thereby
yielding xanthochromia. The presence of xanthochro-
mia is an excellent means of distinguishing a “bloody
tap” (which would not have time to produce xantho-
chromia) from a sample that contains blood second-
ary to SAH (15, 16, 18, 29, 30). The hemoglobin
pigments cause the CSF to have a yellow tinge after
centrifugation and are invariably detectable for at
least 2 weeks after initial bleed (15, 16). In our study,
lumbar puncture was performed within 1 or 2 days of
CT in 11 of 12 cases.

The weaknesses in this study include small sample
size, failure to scan the entire CNS axis to exclude a
spinal source of SAH, delays between lumbar punc-
ture and FLAIR MR imaging, and failure to conclu-
sively define the cause of SAH in a number of cases.
When compiling a sample of cases of SAH with neg-
ative CT findings and reducing the sample to include
only those with arteriography results and FLAIR MR
imaging findings obtained within 48 hr of each other,
very few cases remain to be studied. The cases of
SAH with negative CT findings and negative arteriog-
raphy results (six of our cases) often have unusual (or
unknown) diagnoses. Those that include spinal MR
imaging to search for sources of SAH are even fewer,
especially if one imparts a time limit on accumulating
patients. We think that the RBC would not have
cleared from the CSF within 48 hr based on the report
presented by van Gijn and Donger (17). We are not in
any way advocating replacing lumbar puncture with
FLAIR MR imaging, especially considering the re-
sults of this analysis. It is standard practice, however,
that before performing lumbar puncture in a person
with the worst headache of one’s life that an imaging
study is performed to exclude mass effect, which
could induce herniation from the lumbar puncture. In
cases in which one has ready access to an emergency
department MR imaging unit and CT scanner, before

performing lumbar puncture, one may be tempted to
use FLAIR MR imaging as the survey for SAH. Or,
considering negative CT findings for SAH in that
same scenario and considering risk factors associated
with lumbar puncture, such as cerebral edema, mass
effect, recent lumbar spine surgery, anticoagulant use,
and coagulopathy, MR imaging may be considered as
the next step. We think our results show that FLAIR
MR imaging is not necessarily the panacea that we
might have hoped. The added “pick-up rate” after
negative CT findings is limited, and the gold standard
of lumbar puncture remains untarnished.

Conclusion

In a selected group of 12 patients with SAH re-
vealed by lumbar puncture and negative CT findings,
FLAIR MR imaging findings were positive in only
two cases. These two cases had the two highest con-
centrations of RBC/cc shown by lumbar puncture
results. Our data suggest that FLAIR MR imaging
findings were infrequently positive when CT findings
were negative for SAH and that a lower limit criterion
exists for RBC/cc below which FLAIR MR imaging
will not detect SAH. This suggests that despite claims
of remarkable sensitivity of FLAIR MR imaging for
SAH, lumbar puncture is still an indispensable tool in
the work-up of a patient for SAH.
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Errata
Due to an author oversight, Amit Malhotra, BS, was omitted from the published list of authors. The correct
citation should be Hammond, A, Riley III, LH, Gailloud, P, Nussbaum, DA, Watkins, M, Malhotra, A and
Murphy, KJ. Treatment Considerations for Vertebroplasty in Men. AJNR Am J Neuroradiol 2004; 25:639–641.

Due to an author oversight, D. Cressler Heasley, was misspelled in the published list of authors in the April 2004
issue. The correct citation should be Mohamed M, Heasley DC, Yagmurlu B and Yousem DM. Fluid-Attenuated
Inversion Recovery MR Imaging and Subarachnoid Hemorrhage: Not a Panacea. AJNR Am J Neuroradiol 2004;
25:545–550.

904


