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False-negative Diffuson-weighted MR Findings in Acute

| schemic Stroke

Catherine Oppenheim, Ruxandra Stanescu, Didier Dormont, Sophie Crozier, Béatrice Marro, Yves Samson,

Gérald Rancurel, and Claude Marsault

BACKGROUND AND PURPOSE: Lesions associated with acute stroke are often missed by
diffusion-weighted imaging (DWI1), suggesting that the sensitivity of thistechnique for detecting
acute ischemic stroke may not be as high asinitially thought. Our aim was to estimate the rate
of false-negative DWI studies in patients with persistent neurologic deficit due to an ischemic
stroke and to identify which stroke lesions are most likely to be missed by DWI.

METHODS: We reviewed MR images obtained within 48 hours after stroke onset in 139
patients admitted for symptoms consistent with ischemic stroke in whom the deficit lasted more
than 24 hours. Cases of negative initial DWI findings with an ischemic lesion visible on follow-
up MR studies and a final diagnosis of arterial ischemic stroke were analyzed in terms of delay
between onset of symptoms and initial DWI (MR latency), size and vascular distribution of the
lesions, and relationship to findings in patients with positive initial DWI results.

RESULTS: We found eight cases (5.8%) of false-negative initial DWI studies, of which four
were positive on initial fluid-attenuated inversion recovery (FLAIR) imaging. Follow-up
FLAIR/DWI showed a hyperintensity matching clinical presentation in all eight patients. The
mean size of the lesion was 0.19 = 0.16 cm3. False-negative studies occurred more often in
cases of stroke in the posterior (19%) than in the anterior (2%) circulation or when DWI was
obtained within 24 hours after symptom onset. Of the six false-negative vertebrobasilar stroke
lesions, five werelocated in the brain stem. In all, 31% of patientswith vertebrobasilar ischemic

stroke had a false-negative initial DWI study during the first 24 hours.

CONCLUSION: A false-negative DWI study is not uncommon during the first 24 hours of
ischemic stroke. Vertebrobasilar stroke should therefore not be ruled out on the basis of early
negative DWI, especially when symptoms persist and are suggestive of this diagnosis.

During the last few years, diffusion-weighted MR
imaging (DWI) has been shown to be an excellent
tool for the detection of acute stroke (1-8), al-
though its sensitivity in this regard would appear
to have limitations, as witnessed by an increasing
number of reports of false-negative cases (1, 4, 5
8). The rate of negative DWI studies in patients
with acute ischemic stroke is highly variable, how-
ever, ranging from 0% (2) to 21% (1, 4, 8, 9), not-
withstanding that the stroke lesions in these studies
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were not aways confirmed radiologicaly. In light
of these findings, the reliability of negative DWI
studies for excluding ischemic stroke seems ques-
tionable. Thisisaclinically relevant problem, since
DWI is routinely used for diagnostic purposes and
is now proposed for guiding aggressive therapy
during the first few hours after the onset of neu-
rologic symptoms (2, 10, 11).

In our stroke center, DWI is used as a first-line
diagnostic tool for patients with sudden onset of
neurologic symptoms who are admitted for a sus-
pected ischemic event within 48 hours of onset. In
this study, our aim was to estimate the rate of false-
negative DWI studies in patients with persistent
neurologic deficit due to an ischemic stroke and to
identify which stroke lesions were most likely to
be missed by DWI.

M ethods

From the overal population who underwent DWI studies
for a suspected stroke at our center between January 1998 and
August 1999, we retrospectively selected those who met the
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following criteria: patients who were admitted to the stroke
center with signs and symptoms highly suggestive of arteria
ischemic stroke in whom the onset time could be determined,
in whom DWI was performed within 48 hours after symptom
onset, and in whom neurologic symptoms were still present 24
hours after onset. One hundred thirty-nine patients fulfilled
these criteria

Before MR imaging, all patients underwent an emergency
clinical evaluation by a stroke neurologist and had an unenh-
anced CT scan to exclude intracranial hemorrhage. All initial
MR examinations were performed immediately after admission
on a1.5-T MR unit and included two sequences:. afast-FLAIR
sequence with 4 minutes imaging time, 5-mm axial interleaved
dlices, 256 X 256 matrix, 24 X 24-cm field of view, 10002/
148 TR/TEg:, 2200 inversion time (Tl), and 32 kHz band-
width, and a DWI sequence. For the latter, the first 50 patients
were studied with an ‘‘experimental” multislice single-shot
spin-echo diffusion echo-planar sequence with a pair of dif-
fusion gradients centered on the 180° pulse with 6-mm axial
dlice thickness, 1.5-mm gap, 96 X 64 matrix, 28 X 21-cm
field of view, and 4000/120 TR/TEys. Five sets of 17 dslices
were acquired with five b values (6 = 25 ms, A = 28 ms),
starting from b = 0 s/mm?2 up to 800 Ymm?2, with diffusion
gradients applied simultaneously in three orthogonal spatial di-
rections. For the remaining 89 patients, the DWI sequence was
modified as follows: spin-echo multislice single-shot echo-pla-
nar imaging sequences with a pair of diffusion gradients cen-
tered on the 180° pulse with 6-mm axia dlice thickness, 1.5-
mm gap, 96 X 64 matrix, 28 X 21-cm field of view, and 2825/
92.6 TR/TEy:. Sixteen slices were acquired with a baseline T2
acquisition (b = 0 mm?) and a b = 1000 Ymm?2 (diffusion
gradient G = 22 mT/m, active during 31 ms). The diffusion
gradients were successively and separately set in the three or-
thogonal directions for a total DWI acquisition time of 11 sec-
onds to cover the whole brain. Trace images were then gen-
erated and apparent diffusion coefficient (ADC) maps
calculated with a dedicated software program (Functool, Gen-
era Electric, Buc, France).

Initial MR imaging was performed within 48 hours after
stroke onset in all patients and within 24 hours in 93 patients.
In each case, the final diagnosis was made by a stroke neu-
rologist, who reviewed all available clinical data, paraclinical
studies, including etiologic cardiac and arterial work-up, and
radiologic follow-up. All initial MR images were reviewed ret-
rospectively by a neuroradiologist who was aware of the acute
neurologic symptoms but blinded to the clinical and imaging
follow-up. Initial DWI was considered positive for the diag-
nosis of recent arterial stroke whenever hyperintensities with
reduced ADC values were observed in clinically relevant brain
regions. Because ADC maps may not be reliable in small le-
sions, ADC vaues were not taken into account for lesions
smaller than 5 mm. The result of this review was compared
with the report made at the time of initial MR imaging. In case
of discrepancy, a second neuroradiologist was asked to deter-
mine whether an acute stroke lesion was visible on DWI. In
patients with negative initiadl MR findings, a follow-up MR
study, including FLAIR and DWI, was systematically per-
formed before hospital discharge. All patients with normal ini-
tia and follow-up MR imaging had a clinical examination at
3 months to confirm the diagnosis made at hospital discharge.

Among the 139 patients in our study group, the final diag-
nosis was arterial ischemic stroke in 130 (94%). Stroke lesions
were located in the anterior circulation in 99 patients (69 im-
aged within 24 hours) and in the posterior circulation in 31
patients (19 imaged within 24 hours). The remaining nine pa-
tients had a final diagnosis other than arterial stroke: two cases
each of aura migrainous and nonorganic deficit and one case
each of venous stroke, multiple sclerosis, postictal deficit, toxic
encephalitis, and peripheral vertigo.

False-negative initial DWI studies corresponded to normal
initial DWI findings, a stroke lesion clearly visible on follow-
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up MR studies, and a final diagnosis of arterial stroke. Clinical
data, lesion size, findings on FLAIR images, delay between
onset of symptoms and initial MR (MR latency), and vascular
distribution (ie, anterior or posterior circulation) of the stroke
lesions in patients with false-negative DWI findings were an-
ayzed. The statistical analysis compared the patients who had
a false-negative initial DWI with those who had a positive
initial DWI in terms of MR latency and vascular distribution.
The x?-test was used to study these two variables. The influ-
ence of MR latency on the probability of false-negative DWI
findings was further analyzed for lesions located in the anterior
or posterior circulation using logistic regression (GNU Octave
software, Eaton et a, University of Wisconsin): the probability
of false-negative DWI was graphically plotted against time
(from initial onset to MR imaging) for lesions located in the
anterior circulation and for those of the posterior circulation
separately. The true-positive and false-negative DWI lesionsin
patients with vertebrobasilar stroke imaged within 24 hours
were compared in terms of spatial distribution and size using
the Fisher's exact or Mann-Whitney U-test. For all statistical
analyses, a difference was considered significant at P < .05.
All calculations were expressed as mean = SD. Lesion size
was estimated from follow-up FLAIR images. The abnormality
was manually outlined on each image using an image analysis
package (Functool). The area of abnormality on each section
was multiplied by the section thickness (5 mm, no gap) to
obtain a volume.

Results

Of the 139 patients in our study group, eight
(5.8%) presented with a sudden acute neurologic
deficit and had a negative initial DWI study but a
final diagnosis of arterial stroke on the basis of fol-
low-up MR imaging findings and clinical data. The
Table 1 summarizes the demographic data, stroke
risk factors, neurologic onset, and radiologic find-
ings in these eight patients, who included seven
men and one woman with a mean age of 58 years
(range, 44—74 years).

Initial MR imaging, including DWI and FLAIR,
was performed between 30 minutes and 22 hours
(mean, 8.8 = 8.5 hours) after the acute onset of
clinical symptoms. Two of the eight patients with
false-negative initial DWI findings were studied
with the experimental DWI pulse sequence and
have been reported previously (6). There was no
statistical difference in the false-negative rate be-
tween the patients imaged with the experimental
DWI sequence (two of 50 patients) and those im-
aged with the modified DWI sequence (six of 89
patients, Fisher's exact test: P = .7). Of the eight
patients with false-negative initial DWI findings,
four (cases 1, 2, 4, and 6) had concomitant FLAIR
images showing a focal hyperintensity in clinically
relevant brain regions (Table).

Follow-up MR examinations were performed be-
tween 8 hours and 7 days (mean, 88 = 59 hours)
after clinical onset in these eight patients. Follow-
up MR imaging revealed a clear-cut hyperintensity
in al eight patients on both FLAIR and DWI stud-
ies (Figs 1-3). In the four patients with negative
initial DWI but positive FLAIR studies, the hyper-
intensity on follow-up DWI matched the location
of the initial FLAIR abnormalities (Figs 1 and 2).
The mean lesion size was 0.19 + 0.16 cmS. Lesions
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Fic 1. Case 4: 74-year-old man with sud-
den left paresthesia.

A-D, Seven hours after the onset of
symptoms, FLAIR image (10002/148/1, TI
= 2200) (A) shows multiple diffuse areas
of periventricular hyperintensity with a
small hyperintensity in the right subthalam-
ic area (arrowhead, A and C), whereas
DWI (2825/92.6/1) (B) is considered nor-
mal. Forty-eight hours after symptom on-
set, FLAIR image remains unchanged (C)
while DWI shows a clear hyperintensity in
the right subthalamic area (D), matching
clinical presentation.

Fic 2. Case 6: 61-year-old man with sud-
den right crural hemiparesis.

A-D, Twenty-two hours after onset of
symptoms, FLAIR image (10002/148/1, TI
= 2200) (A) shows a small cortical hyper-
intensity in the left paracentral lobule (ar-
rowhead, A and C), whereas DWI (2825/
92.6/1) (B) fails to show a stroke lesion.
Four days later, the lesion is still visible on
FLAIR image (C), and DWI (D) displays a
hyperintensity in the paracentral lobule,
consistent with a recent stroke lesion and
matching clinical presentation.
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Fic 3. Case 7: 45-year-old man with sud-
den onset of vertigo, dysmetria, and som-
nolence.

A-D, On initial MR examination, per-
formed 5.5 hours after onset, MR angio-
gram (not shown) displayed a partially
thrombosed dolichobasilar artery, which
was responsible for the mass effect on the
brain stem and heterogeneous signal an-
terior to the pons on FLAIR images. Initial
FLAIR image (A) (10002/148/1, Tl = 2200)
and DWI (B) fail to reveal a stroke lesion.
On follow-up MR examination, performed
15 hours after onset, FLAIR image shows
a small right-sided brain stem hyperintens-
ity (arrowhead) (C), which is more clearly
visible on DWI (D).

were located in the posterior circulation in six pa-
tients (five in the brain stem and one in the sub-
thalamic area) and in the anterior circulation in the
other two patients (one in the middle cerebral ar-
tery and on in the anterior cerebral artery). Of the
31 patients with vertebrobasilar stroke, six (19%)
had a false-negative initial DWI study. When only
the 19 patients imaged within 24 hours after stroke
onset were considered, six (31%) with a vertebro-
basilar stroke had a false-negative initial DWI
study. In contrast, the two patients with a false-
negative initial DWI study who had a stroke lesion
in the anterior circulation accounted for only 2%
of the 99 patients with a definite anterior stroke
lesion. No false-negative initial DWI study was ob-
served in patients imaged after 24 hours.
Statistical analysis confirmed that false-negative
initial DWI findings occurred more frequently
when the stroke lesion was located in the vertebro-
basilar territory (x2 = 12.3, P = .0004, 1 df), and
when imaging was performed within 24 hours after
symptom onset (x2 = 4.07, P = .04, 1 df). The
results of the logistic regression anaysis within
each vascular topography subgroup are presented
in Figure 4. This anaysis showed that the occur-
rence of false-negative DWI findings decreased sig-
nificantly when MR latency increased (6 = 0.438,
B = 0.127, P = .04) for vertebrobasilar stroke le-
sions. This link was no longer significant when le-
sions were located in the anterior circulation (6 =
—3.6, B = 0.018, P > .05). Among the 19 patients
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Fic 4. Estimation of the probability of false-negative DWI find-
ings by means of a logistic regression. The probability of false-
negative DWI findings is plotted against time for stroke lesions
located in the anterior (circles) and posterior (crosses) circula-
tion. For vertebrobasilar stroke lesions (crosses), the probability
of false-negative DWI findings diminishes when MR latency in-
creases (0 = 0.438, B = 0.127, P = .04). For lesions located in
the anterior circulation (circles), this relation is no longer
significant.

with a vertebrobasilar stroke imaged within 24
hours after onset, false-negative DWI lesions were
significantly smaller (final volume: median, 0.18
cm?; range, 0.05-0.5 cm?3) than true-positive DWI
lesions (final volume: median, 0.6 cm3; range, 0.2—
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23 cm?) by Mann Whitney U-test (P = .04). More-
over, false-negative DWI lesions were located sig-
nificantly more often in the brain stem (five of the
six vertebrobasilar stroke lesions) than were the
true-positive DWI lesions (three of the 10 verte-
brobasilar stroke lesions) by Fisher's exact test (P
= .04).

Discussion

Although it has been documented that DWI is
highly sensitive for the diagnosis of acute ischemic
stroke, there is increasing evidence that it may fail
to detect acute stroke lesions (1, 4-6, 7-9). Our
results emphasize the fact that false-negative DWI
findings in acute stroke are not rare events. How-
ever, a controversy exists, as the rate of negative
DWI studies in acute stroke varies among studies,
ranging from 0% (2) to 21% (1, 4, 8, 9). A large
proportion of the reported negative DWI studies
occurred in patients with transient ischemic attack
(TIA); that is, a neurologic deficit resolving com-
pletely within 24 hours. Indeed, TIA accounted for
40% of false-negative DWI findings reported by
Lovblad et a (4), for 18% in the study by Ay et a
(1), and for all the cases reported in the study by
Lutsep et a (5). Thisis in agreement with the ob-
servation that DWI findings are often negative in
patients with short-lasting TIA, and remain nega-
tive on follow-up studies (12).

Our aim was to identify which stroke lesions
were most likely to be missed by DWI. Since clin-
ical and extensive paraclinical examinations are of-
ten insufficient to reliably discriminate between
TIA and other causes of reversible neurologic def-
icit, we excluded all patients with a deficit resolv-
ing within 24 hours and focused our attention on
patients with a signature of stroke on follow-up MR
examinations. Similarly, Ay et a (1) selected pa-
tients for whom ‘“the deficit was still present at the
time of MR imaging” and thus excluded most cas-
es of short-lasting TIA.

Two large studies reported false-negative DWI
findings in the acute phase of ischemic stroke le-
sions (1, 4). Apart from TIA, Ay et a (1) reported
12 patients with false-negative DWI studies in
whom the best final diagnosis was a cerebral is-
chemic event. Of these, only half had definite
stroke lesions on follow-up MR images. Lovblad
et a (4) reported 18 patients with false-negative
DWI findings. In their study, the final diagnosis of
stroke was based on clinical data and, except for
one patient, follow-up MR imaging was not re-
ported. Since follow-up MR imaging was not sys-
tematically performed in either study, the precise
rate and features of the false-negative DWI popu-
lation are unknown.

Our data describe a group of eight patients with
negative initial DWI studies and formally identified
stroke lesions on follow-up MR images. The rate
of false-negative DWI (5.8%) in our study popu-
lation is much higher than that reported by Ay et
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a (1.5%) but lower than that reported by Lovblad
et a (9.3%).

In our study, all false-negative cases occurred in
patients imaged within the first 24 hours after the
onset of symptoms. False-negative DWI studies
have also been reported in patients imaged more
than 24 hours after stroke onset (1, 7). These cases
are, however, questionable, since in one study (1)
MR confirmation was lacking and in the other (7)
the duration of symptoms was unknown (7). Most
of the false-negative findings reported by Lovblad
et a (4) were in patients who ““ seemed to have [d]
small lesion localized to the brain stem.” Our study
confirms that small lesions located in the posterior
vascular territory may be missed by DWI. Al-
though very few cases have been reported (1, 9,
11), we did not observe any large hemispheric in-
farct with negative initial DWI findings.

Although severa reports have suggested that
false-negative DWI results depend on the location
of the lesion and MR latency (1, 4), our study is
the first to ascertain the proportion of false-negeative
studies in relation to these parameters. Within the
first 24 hours, the rate of false-negative DWI stud-
ies was much higher when the stroke occurred in
the posterior circulation (31%) than when it oc-
curred in the anterior circulation (2%), and brain
stem lesions were at high risk of being missed by
DWI.

Overadl, patients presenting with small vertebro-
basilar stroke lesions imaged soon after the onset
of symptoms were those most likely to have neg-
ative DWI findings. Several reasons can be ad-
vanced. First, the lesions could be too small for the
resolution of the DWI echo-planar sequence. This
hypothesis is supported by the fact that FLAIR im-
ages, with a higher spatial resolution, displayed a
signal abnormality in half the lesions that were not
visible on DWI. Second, the signal-to-noise ratio
could be insufficient in the first few hours after on-
set. And, last, magnetic susceptibility artifacts oc-
curring in echo-planar imaging cause brain stem
distortions that could blur image analysis. This hy-
pothesis is supported by the high rate of brain stem
lesions missed by DWI in this study. DWI per-
formed with turbo spin-echo sequences provides
high-resolution images with few susceptibility ar-
tifacts and might overcome these technical limita-
tions, particularly in the posterior fossa (13). It has
been stated that normal DWI findings coupled with
normal perfusion MR findings can identify all pa
tients who present with stroke symptoms but do not
have cerebral ischemia (11). However, bolus-track-
ing perfusion MR imaging also uses echo-planar
pulse sequences, and thus has the same drawbacks
as echo-planar DWI (limited spatial resolution and
strong susceptibility artifacts). In addition, perfu-
sion maps are often normal in lacunar infarcts (11).
Thus, one can hypothesize that most echo-planar
perfusion maps would have remained negative giv-
en the small size and the vertebrobasilar location
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of the ischemic stroke lesions missed on DWI
examinations.

Conclusion

Our data suggest that false-negative DWI studies
are not uncommon during the first 24 hours of a
stroke; that negative DWI findings obtained in the
first 24 hours after onset are not a reliable indicator
by which to rule out a stroke lesion, especialy if
symptoms are suggestive of a stroke in the poste-
rior circulation; and that false-negative DWI find-
ings are no longer observed after 24 hours. These
are clinically important results, since they indicate
that the diagnosis of stroke should not be ruled out
on the basis of early negative DWI studies. More-
over, DWI should be repeated more than 24 hours
after onset in the event of a negative initial DWI
study in a patient with long-lasting clinical symp-
toms consistent with ischemic stroke.
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