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Fast Spin-Echo and Conventional
Dual Spin-Echo Images’
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Signal intensity of blood products on
proton-density- and T2-weighted

images obtained with spin-echo (SE)
and fast SE (FSE) sequences was
evaluated in 15 patients with central
nervous system hemorrhage to deter-
mine the extent of differences be-
tween the two techniques when sig-
nal loss from magnetic susceptibility
effects in hemorrhagic lesions is con-
sidered. Within operator-defined re-
gions of interest, signal intensity of

hemorrhage, iron-containing nuclei,
white matter, scalp fat, and noise was
measured along the phase-encoding
direction. Hemosiderin, deoxyhemo-
globin, and iron-containing nuclei
had slightly higher signal intensity
on FSE images than on SE images,
but the differences were not statisti-
cally significant. Signal intensity of
methemoglobin was similar with
both sequences, whereas that of scalp
fat was higher on FSE images. Signal
intensity measurements for most tis-
sues studied were comparable, but
the signal-to-noise ratios with FSE
imaging were less than those with SE
imaging. Although paramagnetic

blood products may show slightly
higher signal intensity with FSE im-
aging, contrast with the two se-

quences was comparable and lesion
conspicuity was nearly identical.
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T HE detection of intracranial hem-

ormhage is of critical importance
in patient management due to the
frequent necessity of neurosurgicab

intervention in these patients. The
appearance and conspicuity of van-
ous blood products are therefore im-

portant in the evaluation of altemna-

tive rapid pulse sequences.
Fast spin-echo (FSE) magnetic reso-

nance (MR) imaging is a relatively
new technique that can be used for
rapid acquisition of proton-density

(PD)- and T2-weighted images (1-3).

Dual-contrast images of the entire
brain at 14 section locations may be
obtained in 2-3 minutes with FSE im-
aging. The use of many closely spaced

180#{176}pulses can theoretically reduce

contributions from various T2 decay
mechanisms, including spin-spin cou-

pbing interactions among lipid pro-
tons (4,5) and diffusion of water

through local, susceptibility-induced,

microscopic field gradients (6-8). Be-

cause of the batter effect, it may be

argued that FSE imaging may be less
sensitive to magnetic susceptibility

signal loss than are conventional SE
methods that use larger echo spac-

ings. Our study was undertaken to

determine if there are measurable dif-
ferences between the two techniques

when signal intensities from hemor-
rhagic lesions-in which magnetic

susceptibility effects play an impor-

tant role in image contrast-are con-

sidered.

MATERIALS AND METHODS

Dual-contrast FSE sequences based on

rapid acquisition with repeated echo se-

quences (i,2) and modified with a specific
phase-encoding reordering algorithm de-
scnibed elsewhere were used (3). The algo-
nithm allows for convenient T2 contrast
manipulation through operator-chosen
pseudo-echo times (pTEs), which are anal-
ogous to conventional echo times (TEs)

used with SE sequences. The dual FSE se-
quence we used consisted of repeated ap-

plications of an eight-echo Carr-Purcell-

Meiboom-Gill train. The echo spacings in
the train were between i5 and 18 msec.
The first four echoes of each train were
used to acquire four k-space (9) data lines

for the PD-weighted image, while the next
four echoes were used to acquire four
k-space data lines for the T2-weighted im-
age. With this sequence, 256 phase-encod-
ing steps may be acquired in only 64 repe-

tition times (TR). Acquisition of the same
number of phase-encoding steps with con-

ventional SE methods requires a time pe-
nod of 256 TR. Thus, the dual-contrast FSE
sequence leads to a theoretical reduction
in imaging time by a factor of 4. Because

the effective echo train lengths in FSE im-
aging are approximately 130 msec, how-
ever, fewer sections can be accessed per

TR interval than with conventional SE se-
quences. The practical reduction in the
actual time/image ratio of dual FSE imag-

ing over SE imaging is closer to a factor of
3 when identical matrix sizes and number

of section locations are considered.

Patients

A total of 15 patients aged 5 months to

81 years (mean age, 31 years; eight adults

and seven children) were evaluated with
FSE imaging immediately after undergo-
ing conventional SE imaging. The study
was performed over a 4-month period.
Patients were included on the basis of

hemorrhage seen on computed tomo-

graphic (CT) scans or on initial conven-
tional SE images.

Categorization of Blood Products

Blood products were categorized ac-

cording to the appearance of the lesions
on Ti-weighted, PD- and T2-weighted SE
images, clinical history, appearance on CT
scans, and appearance on previous MR

images. When present, the appearance of
an inner or outer core provided additional
information for categorization. Blood
products were broadly classified into cate-

Abbreviations: FSE = fast spin echo, PD =
proton density, pTE = pseudo-echo time, RF =
radio frequency, ROl = region of interest, SE =
spin echo, S/N = signal-to-noise ratio, TE =
echo time, TR = repetition time.
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gones of deoxyhemoglobin (generally
isointense to low signal intensity on Ti-
weighted images and low intensity on 12-
weighted images), methemoglobin (high
intensity on Ti- and 12-weighted images),
and hemosiderin (very low signal inten-
sity on Ti- and 12-weighted images). With
these criteria, 17 foci of methemogbobin, ii

foci of hemosiderin, and four foci of de-
oxyhemogbobin were identified on the
routine SE images obtained in the i5 pa-
tients.

SE and FSE Imaging Parameters

The SE imaging protocol included ob-
tainment of scout sagittal Ti-weighted
(600/18 [TR msec/TE msec]) images. In
seven patients, this was followed by con-
ventional PD- and 12-weighted imaging
performed with two signal averages, a
256 x i28 matrix, and a S-mm section
thickness with a 2.5-mm gap (total acquisi-
lion time, 8 minutes and 56 seconds for i8
sections). In eight patients, a half-Fourier
SE sequence was performed by using a
256 x 192 matrix. Two serial acquisitions
with this sequence, to image the entire

brain with 32 contiguous 5-mm sections,
required 7 minutes and 40 seconds of im-
aging time.

The FSE sequences consisted of a 256 x

i28 matrix, two signal averages, and imag-
ing time of 2 minutes and 8 seconds (three
patients); a 256 x 192 matrix, two signal
averages, and imaging time of 3 minutes
and 12 seconds (four patients); a 256 x 192
matrix, one signal average, and time of I
minute and 36 seconds (two patients); or a
256 x 256 matrix, one signal average, and
time of 2 minutes and 8 seconds (six pa-
tients). In all FSE sequences, 14 sections 5
mm long with a 2.5-mm intersection gap
were acquired. All FSE echoes were col-
lected with a 16-kH.z bandwidth, as were
the echoes used for the SE PD-weighted
images. An 8-kHz bandwidth was em-
ployed for the second echo of the conven-
tional SE sequences.

The TRs of the conventional SE Se-
quences and the dual-contrast FSE se-
quences were matched at 2,000 msec. The
TEs of the SE sequences were 30 and 80
msec. In 12 of 15 cases, the pTEs of the FSE
sequences were 15 and 90 msec; in three
cases, pTEs were 30 and 90 msec.

Signal Intensity and
Signal-to-Noise (S/N)
Measurements

Within operator-defined regions of in-
terest (ROIs), signal intensity measure-
ments were obtained from the hemor-
rhagic foci identified on both types of
images. Signal intensity of identical re-
gions was measured on PD- and 12-
weighted images for each pulse sequence.
ROIs in conventional SE and FSE image
data sets were matched as closely as possi-
ble. Multiple measurements were obtained
within most hemorrhagic foci due to the
complex nature of the blood products; for

example, a single area of hemorrhage
might show signal characteristics of de-
oxyhemogbobin centrally with a high-in-
tensity surrounding rim of methemoglo-
bin. Additional signal intensity measure-
ments were obtained from ROIs in white
matter and scalp fat, and noise was mea-
sured in barge ROIs outside of the head
but along the phase-encoding direction. In
the adult patients, signal intensity mea-
surements for iron-containing nuclei of
the dentate nucleus, gbobus pallidus, and
substantia nigra were also obtained. Ob-

servations concerning overall image qual-
ity, artifacts, and lesion conspicuity were
recorded.

Correlation plots between FSE and SE
signal intensities were made for each tis-
sue sampled to determine how signal in-
tensity characteristics compared under the
imaging conditions described. An auto-
matic prescanning procedure, which sets
the receive and transmit gains, was per-
formed prior to every data acquisition.
Phantom studies have revealed that when
this procedure is performed prior to each
acquisition of a given sequence, changes
in matrix size and number of signal aver-
ages result in less than a 5% change in the
signal intensities. The noise values along
the readout gradient direction, however,
accurately reflect the standard changes in
S/N with respect to matrix size and num-

ber of signal averages (10). Signal intensity
measurements from FSE and SE images
therefore should reveal differences in con-
trast even when they are acquired with
different matrix sizes or number of signal
averages, and correction factors when
identical TEs or pIEs and IRs are used

should be unnecessary. When S/N values
were evaluated, however, the appropriate
correction factors were applied to account
for differences in matrix size and number
of signal averages, thus allowing compan-
son of the inherent S/N values of each se-
quence. Only measurements of noise out-
side the imaged object and along the
phase-encoding direction were used, since
these are said to offer a more “valid mea-
sure for comparison purposes if one is in-
terested in assessing the impact of various
techniques on image quality . . .“ (10).

Statistical Analysis

Statistical analyses included calculation
of means and standard deviations of sig-
nal intensity and corrected S/N values for
each tissue from each type of sequence.
Paired t tests were performed to deter-
mine the statistical significance of differ-
ences between signal intensities and S/N
values obtained with the FSE and SE se-
quences. In 12 of 15 cases, the pIE was 15
msec for PD-weighted FSE images and 30
msec for PD-weighted SE images. In all
cases, the T2-weighted FSE images uti-
lized 90 msec, versus 80 msec for the SE
12-weighted images. To estimate the im-
portance of these differences, the mean
signal intensity values from both “echoes”
of the FSE sequences were used to extrap-
olate mean signal intensities anticipated at
30-msec and 80-msec pIEs, which were

used throughout for the SE sequences.

The equation used for this purpose was

53 = S1(S1/S2)[(TE1 - TE3)/(TE2 - TE1)J (1)

where S3 is the extrapolated signal inten-
sity at TE3 obtained from the measured

signal intensities S1 and S2 acquired at TE1
and TE,. The equation is derived by as-
suming that signal intensity S at echo time
TE, (i = 1� 2, or 3) is proportional to M,,exp
(-TE,/T2), where M, is the transverse
magnetization following the 9f�0 pulse.

RESULTS

Correlation between signal intensi-
lies measured on FSE images versus

those measured on SE images for be-
sions characterized as methemogbo-

bin, hemosiderin, and deoxyhemo-
globin and for white matter, subcu-
taneous fat, and iron-containing
nuclei was rather strong (Figs i, 2).
Correlation coefficients for eight of
the 12 plots (six tissues, PD- and T2-

weighted image comparisons) were
above .88. The 12-weighted methe-
mogbobin plot had a correlation co-
efficient of .61, the T2-weighted fat

plot had a correlation coefficient of
.82, and the PD- and 12-weighted

iron-containing nuclei plots had con-
relation coefficients of .78 and .63, me-
spectively. For hemosidenin, deoxyhe-

moglobin, and iron-containing nuclei
on FSE images, slightly less signal boss
due to magnetic susceptibility effects

may result; more points above than
below the perfect correlation diagonal

line are evidence of this (Figs ib, ic,
2c). As reported previously (3), scalp

fat appears to have significantly
higher intensity with both echoes on
FSE images than on SE images, which
is supported by the correlation plot in

Figure 2b. Signal intensity of cerebral

white matter tends to be less on FSE
images than on SE images (Fig 2a).

Table i lists the means and stan-

dard deviations of the signal intensi-
ties of the various tissues on PD- and
T2-weighted FSE and SE images. A
trend toward higher signal intensities
on FSE images for all tissues except
white matter is demonstrated. Direct

comparisons between SE and FSE PD-
weighted studies, as well as between

SE and FSE T2-weighted studies,

however, reveal that this trend is not

of any statistical significance (P > .2),

except in the case of fat (P < .001).
The extrapolated mean signal intensi-

ties (calculated with Eq [ii) for the

FSE PD- and 12-weighted images if

pTEs of 30 msec and 80 msec had
been used are listed below the respec-
live measured values in Table i. In
the case of the PD-weighted images,
the extrapolation to 30-msec pTEs
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Figure 1. FSE versus SE signal intensity correlation plots for (a) methemoglobin, (b) hemosiderin, and (c) deoxyhemoglobin. 0 = measure-

ments from PD-weighted images, #{149}= measurements from T2-weighted images.
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Figure 2. FSE versus SE signal intensity correlation plots for (a) white matter, (b) subcutaneous fat, and (c) iron-containing nuclei. 0 = mea-

surements from PD-weighted images, #{149}= measurements from T2-weighted images.

C.

SE Signal Intensity

Means and Standard Deviations of
on SE and FSE MR Images

Signal Intensities of Blood Products and Tissues

Blood Products No. of
PD weighted 12 weighted

and Tissues Measurements SE FSE SE FSE

Methemoglobin 13 842 ± 187 853 ± 226
800

585 ± 279 619 ± 647

Hemosiderin 9 344 ± 183 405 ± 141

328

116 ± 88 140 ± 162

Deoxyhemoglobin 4 540 ± 117 612 ± 75

518
182 ± 97 267 ± 297

Whitematter 15 579±129 545±119
472

297±89 266±293

Scalp fat 15 630 ± 206 908 ± 279
808

209 ± 89 506 ± 547

Iron-containing nuclei 28 478 ± 56 489 ± 81
411

185 ± 33 203 ± 228

Note-Extrapolated values for 30-msec and 80-msec pTEs determined with Equation (1) are listed
� below the measured values for the PD-weighted FSE results.
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predicts that signal intensities with

FSE sequences would be slightly
lower than with SE sequences, ab-

though the differences would be in-
significant except for fat. The use of
an 80-msec pIE rather than a 90-msec
pIE, however, would serve to en-

hance the observed signal intensity
gains of FSE over SE sequences with

regard to the paramagnetic blood

products. The 6% increase in mean

signal intensity for methemoglobin

would approach 10%, the 20% mean
signal intensity increase for hemosi-

demin would approach 40%, and the

observed 46% mean signal intensity

increase for deoxyhemogbobin would

approach 63%.
The FSE images generally con-

tamed more noise along the phase-
encoding axis than did the SE images,

even when corrections for matrix size
and number of signal averages were
accounted for. Since the signal inten-

silies were largely correlated for all

tissues except fat, S/N values for FSE

images were reduced when compared

with those on SE images. Table 2 lists
the means and standard deviations of

the S/N values for SE and FSE PD-
and T2-weighted images for all tissues

studied. For every tissue but fat, S/N

values are lower for FSE than for SE

images. Among the PD-weighted im-

ages, statistically significant lower

S/N values are found for white matter

and iron-containing nuclei on FSE
images (P < .05). When the T2-

weighted images are considered, sig-
nificantly bower S/N values are found

for methemoglobin as well as for
white matter and iron-containing nu-
clei on FSE images (P < .05).



Table 2
Means and Standard

� FSE MR Images
Deviations of S/N of Blood Products and Tissues on SE and

Blood Products No. of
PD weighted T2 weighted

and Tissues Measurements SE FSE SE FSE

Methemoglobin
Hemosidenin

13
9

76 ± 23
31±18

61 ± 29
24±9

75 ± 17
16±11

46 ± 17
9±5

Deoxyhemoglobin
Whitematter

4
15

53 ± 21
51±14

43 ± 10
35±9

25 ± 17
34±11

20 ± 10
18±4

Scalpfat

Iron-containing nuclei
15

28
52±19

45 ± 13
54±16

32 ± 8
25±10

24 ± 9
32±12

15 ± 4

Note-Noise values were normalized to account for different matrix sizes and number of signal aver-
� ages.

a. b.

Figure 3. (a) Conventional SE T2-weighted image (2,000/80) shows hemorrhage in right side

of brain with low-intensity central deoxyhemoglobin (white arrow) and high-intensity sur-

rounding rim of methemoglobin (black arrow) that was also hyperintense on Ti-weighted SE

image (not shown). (b) FSE image (2,000/pTE, 80) shows slightly greater signal intensity in

central deoxyhemoglobin, whereas signal intensity of methemoglobin is similar to that on SE
images. Quantitative measurements of signal intensity confirmed these visual impressions.
Scalp fat has very high signal intensity (arrows).

a. b.
Figure 4. (a) Conventional T2-weighted SE image (2,000/80) shows left occipital hemorrhage

with central methemoglobin and surrounding hemosiderin ring (arrow). (b) Signal of hemosi-

derin ring appears slightly more intense on FSE image. Fat again has very high signal inten-

sity (arrows).
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Visual impressions confirm the
trend observed in Table 1. The ap-
pearance of deoxyhemogbobin, hemo-
sidenin, and iron-containing nuclei
was slightly less intense on conven-
tionab SE images than on the corre-
sponding FSE images (Figs 3-6). Met-
hemoglobin appears equably intense
on FSE and SE images (Figs 3, 4), and
fat is markedly more intense on FSE
images (Figs 3b, 4b). In several cases,
reduced motion artifact was observed

on FSE images, which would be ex-
pected with the shorter acquisition

times. In all cases, FSE images were of
diagnostic quality and, compared

with SE images, had nearly identical
lesion conspicuity and comparable
overall image quality.

DISCUSSION

The desire to decrease MR imaging
time, increase patient volume, and

improve image quality has bed to the

development of multiple fast pulse

sequences. The FSE sequence is based
on partial radio-frequency (RF) echo
planar methods (1-3) with a specific
phase-encoding reordering algorithm
(3). Because of the use of RF spin ech-

oes rather than gradient-recalled ech-
oes, FSE images demonstrate pro-
nounced “SE-bike” contrast. It has

been suggested that, due to the use of
many closely spaced RF refocusing
pulses, FSE images would demon-
strate less sensitivity to magnetic sus-

ceptibility effects than would conven-
tional SE images (3). The 1.4-1 in vitro
findings of Gomori et al (8), in which

the 12 of some blood products varied
substantially as echo spacings ranged

from 2 to 64 msec, also suggest that
FSE and conventional SE images may
show differences for hemorrhagic be-

sions.

Our i.5-T in vivo study does not

demonstrate the relatively large dif-
ferences in signal intensity from blood
products at SE and FSE imaging that
the in vitro study of Gomori et al sug-
gested (8). The data showed slightly
less signal loss due to magnetic sus-

ceptibibity effects on FSE images,
which is evident from the trend to-
ward slightly higher signal intensity
from deoxyhemogbobin, hemosiderin,
and iron-containing nuclei. As seen in
Figures 3-6, these areas appeared

slightly less dark with both echoes of

the FSE sequence. On neither the PD
nor 12-weighted images, however,
were these findings statistically signif-
icant for any of the three categories of
blood products (P > .2), although the

use of 80-msec rather than 90-msec

pTEs would have increased the differ-



a. b.

Figure 6. (a) Red nuclei (short solid arrow) and substantia nigra (long solid arrow) are well

seen on conventional SE image (2,000/80). Small hemorrhagic metastasis is also seen (open

arrow). (b) Corresponding FSE image (2,000/pTE, 80), in which nuclei have slightly higher

signal intensity and appear slightly less dark than on the SE image.
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Figure 5. (a) Conventional T2-weighted SE image (2,000/80) shows hemorrhage into an arteriovenous malformation (arrow) with a large

draining vein (arrowhead). (b) FSE image corresponding to that in a (2,000/pTE, 80) shows slightly higher signal intensity within the central

area of deoxyhemoglobin. (c) Conventional PD-weighted SE image (2,000/30) at slightly lower section level demonstrates multiple vessels

(curved arrow). Flow-related artifact results from a large draining vein (straight arrows). (d) PD-weighted FSE image (2,000/pTE. 16)

corresponding to that in c at the same level demonstrates no flow-related artifact.

ences between FSE and SE 12-

weighted image signal intensities for
these tissues (see extrapolated values
in Table 1). Our results are more in

agreement with a recent in vivo study
in which larger interecho intervals in

SE sequences were shown to have no

pronounced effect on the appearance

of hemorrhagic lesions (11).
Fat has significantly higher signal

intensity (P < .001) on FSE images.

This probably would not have much

effect on diagnostic accuracy in most
cases, although an occasional lipoma

or other fat-containing lesion could
cause diagnostic difficulty. In such

cases, fat-suppression methods are

available and should be considered
for use with FSE imaging. High-inten-
sity fat signal will probably have

greater importance in spine studies,

where marrow fat usually appears

bright on Ti-weighted images and

darker on 12-weighted images.
Despite the reduced S/N ratios of

FSE images, the overall image quality
was excellent, and all hemorrhagic

foci were identified with both

“echoes” of the FSE sequence. S/N

measurements are important but pro-
vide only one measure of overall im-

age quality. Motion artifact also de-
grades image quality and, as would

be expected with reduced imaging

times, was generally less pronounced

on FSE images. Also, reduced mag-
netic susceptibility effects with FSE

imaging produce less signal boss adja-
cent to cortical bone or at interfaces of
air with soft tissue. This feature may
have advantages in imaging of the
pamanasal sinuses, skull base, or de-
generative spine.

In our study, one prototype FSE

sequence was evaluated. The se-
quence parameters were chosen to
match those of typical SE sequences
used in clinical practice and to permit
comparison of the appearances of
blood products on the two types of
images. Substantial manipulation of

the sequence parameters can produce

changes in the appearance and con-
spicuity of blood products, which is
beyond the scope of our study but
merits further investigation. Imaging

parameters may also be manipulated
to provide greater spatial resolution

or greater 12 weighting rather than

decreased imaging time.
Although the different types of im-

aging resulted in only slight differ-
ences in signal intensity of the various
blood products, paramagnetic blood
products do appear and measure

slightly higher in signal intensity on

FSE images. Lesions showed compa-
rabbe conspicuity in our study, but
only a few small or subtle hemor-

rhagic foci were evaluated (Fig 6), and
we have not determined the lower
threshold of lesion con.-picuity for

either method of imaging. It is possi-

ble that very small or subtle hemor-
rhagic foci might be missed with our
particular FSE sequence or that a hy-
pointense tumor or other pathologic
lesion might be indistinguishable
from a small hematoma. FSE images,
especially PD-weighted images, are
blurrier than their SE counterparts,
which is attributable to the use of at-
tenuated, later echoes for the coblec-
tion of the high-frequency phase-en-
coding values (2,3). Further work is
necessary to determine optimal pulse

sequence parameters for visualization
and absolute resolution of blood
products with FSE imaging.

The categorization of blood prod-
ucts is a complicated topic, and much
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research has been performed in the

attempt to correlate the biochemical

structure of blood breakdown prod-
ucts with appearance on MR images

(11-20). With the understanding that
pathologic correlation was not possi-
ble in this study, we attempted to or-
ganize blood products into generally
accepted categories. Given the fairly
similar appearance of all blood prod-
ucts on FSE and SE images, the pre-

cise categorization of blood products
probably does not limit our general
conclusions.

In summary, although paramag-
netic blood products may show
greater signal intensity on FSE im-
ages, overall contrast and quality with

FSE imaging appears comparable
with that achieved with SE imaging,
and FSE imaging resulted in less mo-
lion artifact and nearly identical be-
sion conspicuity. We conclude that

FSE imaging is comparable to conven-
tional dual SE imaging for the evalua-
tion of brain hemorrhage, and the
slightly decreased magnetic suscepti-
bility effects seen in our study should
not impede the further evaluation
of FSE imaging as a rapid, feasible
alternative to conventional SE
sequences. #{149}
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