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The objective of this study was to evaluate the utility
of MR perfusion imaging of various musculoskeletal le-
sions with a contrast-enhanced two-dimensional fat
saturation fast low angle shot (FLASH) sequence and to
assess the potential of this technique for distinguish-
ing malignant from benign conditions. Thirty-six mus-
culoskeletal lesions were studied at 1.5 T. The signal
intensity of the lesions, adjacent artery, muscle, bone
marrow, and fat were plotted against time. The time to
peak enhancement, time to maximum signal intensity,
percent enhancement, rate of peak enhancement, and
rate of enhancement parameters were calculated. Be-
cause of a significant overlap between malignant and
benign conditions, accuracy rates were lower than re-
ported previously. The best parameter based on these
values was the rate of peak enhancement (sensitivity,
84.6%; specificity, 65.2-66.6%; positive predictive
value, 57.8-68.7%). Fat saturation gradient-echo MR
perfusion imaging allows for a rapid assessment of the
vascularity of musculoskeletal pathology; however, a
significant overlap persists between malignant neo-
plasms and several benign conditions.
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PREVIOUS STUDIES have reported that dynamic con-
trast-enhanced MRI techniques are useful for the differ-
entiation of malignant from benign tumors, differentiation
of viable from nonviable (necrotic) portions of neoplasms,
prediction of response of musculoskeletal neoplasms to
preoperative chemotherapy and monitoring the response
to chemotherapy (1-9). Some studies also have shown an
application of these techniques to non-neoplastic condi-
tions such as avascular necrosis (AVN) and rheumatoid
arthritis (10,11).

The main goal of these techniques is to assess the dy-
namic enhancement profiles of pathologic musculoskel-
etal tissues by using relatively fast MRI in an attempt to
characterize musculoskeletal lesions. The exact meaning
of “dynamic” imaging, however, has varied somewhat.
Some investigators have used relatively slower sequences
such as conventional spin echo (SE) including, for ex-
ample, baseline, 1-, 5-, and 10-minute images (4,9,10).
Others have used more rapid sequences such as fast low
angle shot (FLASH) or turbo FLASH to assess the first
pass (FP) enhancement of musculoskeletal lesions (1).

The accuracy for assessing the malignant nature of
musculoskeletal neoplasms using slope values has been
fairly consistent, ranging from 76% (1) to 79.7% (2). The
accuracy for differentiating inflammatory from neoplastic
conditions has been reported to be 88% (6).

To our knowledge, dynamic contrast-enhanced MR
techniques have not been coupled with fat suppression
for the evaluation of musculoskeletal lesions. In this
study, our goal was to reassess previous findings in a
wide variety of musculoskeletal lesions using a FLASH
sequence coupled with fat suppression. This technique
might improve the soft tissue contrast resolution and
eliminate the need for data subtraction between precon-
trast and postcontrast dynamic images and associated
misregistration artifacts.

e MATERIALS AND METHODS

The research project was approved by the institutional
review board of the hospital. Informed consent was ob-
tained from all patients.
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Table 1
Benign Tumors (1-6) and Conditions (7-22)
TP T™ PE RPeakE RE
1. Enchondroma 1 56 119 169.0 52.7 29.6
2. Enchondroma 2 10 30 1342 226.5 143.8
3. Enchondroma 3 10 91 Ti7 99.2 41.6
4. Intraosseous lipoma 7 35 623 97.2 89.2
5. Intramuscular lipoma 28 112 71.3 91.8 34
6. Giant cell tumor of tendon sheet 0 0 100.0 142.8 14238
7. Eosinophilic granuloma 0 56 233.1 471.0 181.8
8. Lymphohistiocytic granulomatous lesion 7 49 166.6 740.1 158.7
9. Chronic inflammation and fibrosis (femur) 14 42 16.0 55.3 ¥7:2
10. Hematoma, fat necrosis, and fibrosis 21 42 349 62.7 37.4
11. Chronic osteomyelitis (hip) 28 68 216.5 333.3 123.8
12. Mature ossification (soft tissue) 14 & 56 20.7 28.8 17.0
13. Fibrous dysplasia (femur) 10 S=F19+"125.5" 43150 56.8
14. Fibrous dysplasia (humerus) 7 42 75.8 92.0 81.4
15. Osteofibrous dysplasia 21 42 96.3 153.0 103.3
16. AVN of hip: right 28 105 799 128.7 38.0
le 21 56 39.9 80.0 28.5
17. Bone infarct 21 70 10.0 9.8 72
18. Compartment syndrome of calf 21 42 194 18.6 16.7
19. Fracture of hip 14 42 119.8 285.7 1285
20. Fracture of fifth metatarsal — — 233.3 321.8 200.1
21. Stress fracture of tibia 0 84 171.0 3103 97.7
22. Stress fracture of femur 21 28 105.7 146.9 151.0
TP = time to peak enhancement (seconds), TM = time to SI_,, (seconds), PE =
percent enhancement (%), RPeakE = rate of peak enhancement (%/minute), RE =
rate of enhancement (%/minute), AVN = avascular necrosis.
Table 2
Malignant Conditions
TP ™ PE RPeakE RE
1. MFH 1 7, 49 233.2 761.9 200.0
2. MFH 2 7 119 270.0 257~ 121.8
3. MFH 3 0 91 61.5 98.9 31.0
4. Liposarcoma 0 70 247.4 531.4 151.8
5. Lymphoma of femur 0 0 141.0 564.2 241.8
6. Lymphoma of wrist 7 16 160.0 643.7 342.9
7. Metastatic squamous cell cancer — — 236.2 191.5 112.5
8. Metastatic adenocarcinoma 0 0 271.3 715.5 1755,
9. Metastatic breast cancer 10 10 62.5 157.4 133.9
10. Synovial sarcoma 7 7 224.9 387.9 385.7
11. Chondrosarcoma (low gr.) 14 98 137 228.5 125
12. Chondrosarcoma (low gr.) 14 112 79.9 57.1 34.2
13. Osteosarcoma 14 56 146.6 342.8 114.2
TP = time to peak enhancement (seconds), TM = time to SI., (seconds), PE =
percent enhancement (%), RPeakE = rate of peak enhancement (%/minute), RE =
rate of enhancement (%/minute), MFH = Malignant fibrous histiocytoma.
Note.—All lesions are pathologically proven.

Patients

A total of 35 patients were referred for MRI of muscu-
loskeletal abnormalities. Patient age ranged from 10 to
81 years (mean, 43 years). There were 17 males and 18
females. Seventeen benign conditions were studied in 16
patients, 6 benign tumors were studied in 6 patients, and
13 malignant tumors were studied in 13 patients (Tables
1 and 2). Twenty-eight diagnoses were pathologically con-
firmed with surgical resection or lesional biopsy. The di-
agnosis of eight lesions (AVN, infarct, fractures, compart-
ment syndrome) was established based on other imaging
modalities and/or clinical follow-up or surgery (for the
case of compartment syndrome).

Static MRI

MRI was performed at 1.5 T (Magnetom SP 4000, Sie-
mens Medical Systems, Iselin, NJ) with the use of either
a body, extremity, or surface coil, depending on the area
of interest. Imaging was performed using T1-weighted SE,
T2-weighted SE, or T2-weighted turbo (fast) SE, and/or
turbo short-inversion-time inversion recovery (STIR),
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and/or FLASH gradient-echo sequences (Table 3). T1-
weighted SE sequences were also performed after the
dynamic contrast-enhanced study.

Dynamic Study

The dynamic study was performed using a gradient-
echo sequence (TR = 33 msec, TE = 5 msec, flip angle
[FA] = 80°, 256 X 144 matrix, 1 acquisition, 5- to 8-mm
slice thickness) coupled with a fat-suppression pulse. Fat
suppression was achieved by applying a presaturation
pulse with a bandwidth of 220 Hz at an offset frequency
optimized at the frequency of fat resonance. The optimum
frequency was chosen in each case by inspecting images
at various frequencies generated by a fat saturation tun-
ing program. The frequencies were usually between —200
and —300 Hz. Immediately after the sequence was begun,
a bolus of contrast material (gadopentetate dimeglumine,
Berlex Laboratories, Cedar Knolls, NJ) was administered
at a concentration of .1 mmol/kg over 10 seconds, fol-
lowed immediately by a bolus injection of 10 ml of normal
saline. One image was obtained every 7 seconds over a




Table 3
Range of Parameters for Static and Dynamic MRI

TR Thickness FOV
(msec) (msec) Acquisitions (mm) (mm) Matrix
SE (T1) 200-670 14-15 1-3 3-8 230-500 192 X 256
SE (T2) 2,000-2,500 25/90-95 1-2 3-6 180-500 192 X 256
Turbo SE 2,850-4,800 21/91-103 2-3 3-5 200-450 174 X 512
Turbo STIR 2,600-3,800 18 1-3 3-6 230-500 192 X 512
GE (Static) 375-720 10-18 2-4 3-5 120-280 192 X 256
GE (Dynamic) 33 5 1 5-8 220-500 144 X 256

GE = Gradient echo.

Turbo STIR: TI-150. GE (Static): flip angle = 30°, GE (Dynamic): flip angle = 80°. Turbo SE: echo train length (ETL) = 3, Echospace
= 11.5 msec. Turbo STIR: ETL = 3, Echospace = 11.25 msec.

Table 4
Range of Values Based on Classified Groups

TP ™ PE RPeakE RE
Benign tumors 0-56 0-119 62.3-169.0 52.7-142.8 29.6-142.8
Benign conditions 0-28 28-119 10.0-233.3 9.8-740.1 7.2-200.1
Malignant tumors  0-14 0-119 47-271.3  47.6-775.5 28.8-775.5
Fractures 0-21 28-84 105.7-233.3 146.9-321.8 97.7-200.1

rate of enhancement (%/minute).

TP = time to peak enhancement (seconds), TM = time to SI__. (seconds), PE =
percent enhancement (%), RPeakE = rate of peak enhancement (%/minute), RE =

Signal
Intensity
(a.u.)
Sl max lesion
Sl bese o sel B
Time to Peak:
—
T (mex)
Figure 1. Image analysis. Sl is the signal intensity at the

time point at which the relative further signal increase between
consecutive time points did not exceed 3% within the following
20 seconds. SI,,,, and SI.,, are the signal intensities at the time
points at which the steepest part of the curve starts and ends,
respectively. T is the time between SI,,, and SI_,. Time to peak
enhancement is the time between the arterial peak enhancement
and SI,,,. Time to SI,, is the time between arterial peak en-
hancement and SI,.,. SI... is the signal intensity of a lesion be-
fore contrast injection. a.u.= arbitrary units.

period of 3.5 minutes (total number of images = 30). The
contrast material was administered via a 20-gauge intra-
venous catheter that had been placed into an antecubital
vein before positioning the patient in the magnet. As
such, the patient was not moved at any time during the
study. The imaging plane and imaging position were cho-
sen from the precontrast images to include the central
portion of the area of concern.

Image Analysis
The dynamic images at a given slice position were pre-
sented in a cine-loop format to assist in the visual iden-

tification of those areas showing maximum signal
intensity (SI) changes. This allowed for a targeted region
of interest (ROI) analysis. The ROI was selected to include
the enhancing area but avoiding incorporation of subja-
cent tissue. The SI of the lesions and of an adjacent artery
was measured over time in each of the images. For each
tissue, the values were plotted against time. In an eval-
uation, the artery was considered the internal control,
with time “0” considered the time when contrast ap-
peared in the artery. For two lesions (fracture of fifth met-
atarsal and metastatic squamous cell carcinoma), an
adjacent artery was not identified. SIs of other tissues,
such as muscle, bone marrow, and fat, were also plotted
against time. In the analysis of the dynamic images, we
calculated five parameters (Fig. 1), according to these
equations:

Percent enhancement: [(SI,.. — Sl,...)/SL...] X 100 (%)

Rate of peak enhancement: [(SI..q — SI,100)/ (Slyase X T)] X
100 (%/minute)

Rate of enhancement: [(SI,.. — Sl..)/(Shhaee X Tood] X
100 (%/minute)

Time to peak enhancement: The time between the ar-
terial peak enhancement and the end of the steepest por-
tion of enhancement of pathologic tissue. As in the study
by Erlemann et al (2,6,8), T,.., is defined as the point at
which the relative SI at T, + 20 seconds is less than
3% higher than that at T,,,,.

Table 5
Mean Values Based on Classified Groups

TP ™ PE RPeakE RE
Benign tumors 185 64.5 1024 1183 80.1
Benign conditions 15.5 589 103.7 215.8 85.0
Malignant tumors 6.1 54.7 165.6 360.3 196.1
Fractures 11.6 51.3 157.4 266.1 144.3

TP = time to peak enhancement (seconds), TM = time to SI,_,
(seconds), PE = percent enhancement (%), RPeakE = rate of
peak enhancement (%/minute), RE = rate of enhancement
(%/minute).
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Table 6

Sensitivity, Specificity, PPV, and NPV of Pathologically Proven Lesions for
Malignant Tumors Based on the Best Cutoff Points

Sensitivity Specificity PPV NPV
Parameters Cutoff (%) (%) (%) (%)
Time to peak enhancement (seconds) 9 66.6 66.6 61525714
Percent enhancement (%) 135 76.9 73.3 714~ 785
Rate of peak enhancement (%/sec) 155 84.6 66.6 68.7 83.3
Rate of enhancement (%/sec) 105 76.9 66.6 66.6 76.9

Table 7
Based on the Best Cutoff Points

Sensitivity, Specificity, PPV, and NPV of All Lesions for Malignant Tumors

Sensitivity Specificity PPV NPV
Parameters Cutoff (%) (%) (%) (%)
Time to peak enhancement (sec) 9 66.6 712.1. 57.1 80.0
Percent enhancement (%) 135 76.9 73.9 62.5 85.0
Rate of peak enhancement (%/sec) 155 84.6 65.2 57.8 88.2
Rate of enhancement (%/sec) 105 76.9 65.2 55.5 '483.3

Time to SI_,.: The time between the arterial peak en-
hancement and the SI,_,.. The baseline value of the signal
intensity (Sl,..) was calculated on images that were ac-
quired before the contrast enhancement was seen in the
artery. SI end and SI prior values were those that differed
most on the enhancement curve.

After all lesions were classified as benign tumor, benign
non-neoplastic condition, malignant tumor, or fracture,
the range of values and the mean values for the five
parameters were calculated for each group (Tables 4 and
5). Based on the best cutoff points, sensitivity, specificity,
and predictive values were calculated on the 28 patho-
logically proven lesions (Table 6) and on the total 36 le-
sions (Table 7). The cutoff points were determined as the
points at which the highest sensitivity, specificity, and
predictive values could be obtained.

® RESULTS

The time to peak enhancement, time to SI,,,, percent
enhancement, rate of peak enhancement, and rate of en-
hancement as determined for each condition are sum-
marized in Tables 1 and 2. The range of values and the
mean values for the five parameters are shown in Tables
4 and 5 for each group.

The mean values for the time to peak enhancement,
percent enhancement, rate of peak enhancement, and
rate of enhancement differed significantly between be-
nign tumors and malignant tumors. On the other hand,
the differences between malignant tumors and the other
benign non-neoplastic conditions were less significant
(Table 5).

Analysis of the enhancement curves demonstrated
rapid enhancement of malignant tumors, which closely
paralleled the enhancement profile of an adjacent artery
(Fig. 2). The exceptions were two low grade chondrosar-
coma and a case of osteosarcoma. Although benign con-
ditions usually demonstrated a gradual enhancement
over time in contrast to the intense and rapid enhance-
ment of malignant tumors (Fig. 3), some benign condi-
tions displayed a curve that virtually paralleled the
arterial enhancement curve similar to malignant condi-
tions (Figs. 4 and 5). The lesions that showed a rapid
enhancement profile closely paralleling the adjacent ar-
tery were a giant cell tumor of tendon sheet, eosinophilic
granuloma, and two fractures. Two enchondromas, a
lymphohistiocytic granulomatous lesion, an intraosseous
lipoma, and two fibrous dysplasia showed relatively rapid
enhancement profiles.
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In the case of bilateral AVN, the values on each side
differed slightly. This was more significant for the values
of time to SI_,, and percent enhancement. In the case of
compartment syndrome of the calf, the values of contrast
timing were similar between normal and abnormal mus-
cles, but percent enhancement, rate of peak enhance-
ment, and rate of enhancement differed slightly between
normal and abnormal muscle groups.

The sensitivity, specificity, and positive-negative pre-
dictive values on pathologically proved lesions and on the
total 36 lesions for each parameter are shown in Tables
6 and 7, respectively. The values of time to SI_,, over-
lapped extensively and we could not determine any cutoff
point for this parameter. The rate of peak enhancement
seemed to be the best parameter based on sensitivity,
specificity, and predictive values.

e DISCUSSION

The information gathered by analyzing the enhance-
ment pattern of musculoskeletal lesions can augment
other traditional parameters studied with MRI, such as
signal intensity on T1, T2, and static contrast-enhanced
images. The use of dynamic gadolinium-enhanced imag-
ing in musculoskeletal pathology has been reported to
provide information regarding the vascularity and biology
(malignant versus benign) of a lesion (1,7).

Several different techniques have been used to obtain
dynamic contrast-enhanced images. In the two studies of
Erlemann et al, a FLASH gradient-echo sequence (TR =
40 msec, TE = 10 msec, FA = 90°) was used for this
purpose (2,6). Their technique allowed three sequence
repetitions per minute. The percent and rate of enhance-
ment (slope) was used to determine the vascularity and
biology of musculoskeletal lesions. Accuracy rates of 83%
and 86%, respectively, were acquired in these studies.
Verstraete et al (1) used a turbo-FLASH gradient-echo se-
quence (TR = 9 msec, TE = 4 msec, TI = 200 msec, FA
= 8°), which allowed for one slice in 1.41 seconds (1). In
their study, the peak rate of enhancement was used as a
parameter to determine the degree of vascularity of le-
sions at the steepest part of the enhancement curve, and
secondary images (first pass images) were created based
on the pixel's peak rate of enhancement values. The ac-
curacy rate to determine the benign versus malignant na-
ture of musculoskeletal lesions was found to be 76%.
Moreover, there have been other studies in which slightly
different techniques were used to assess the malignant
lesion’s response to chemotherapy and in assessing the




enhancement dynamics of inflammatory disease such as
rheumatoid arthritis (3,4,8,9,11,12).

In our study, a FLASH gradient-echo sequence was cou-
pled with fat saturation, and a single slice was obtained
every 7 seconds. This technique was relatively fast and al-
lowed precise plotting of time-intensity curves. Studies of
several investigators have shown that contrast-enhanced
fat-suppression techniques improve the contrast between
lesions and all adjacent mobile lipid and nonlipid-contain-
ing structures and greatly decrease or eliminate chemical
shift artifacts (13-18). In our study, because of fat sup-
pression, the contrast between the enhancing pathologic
tissue and subjacent tissue was improved and lesions with
high signal intensity due to paramagnetic relaxation en-
hancement were easily distinguished from low intensity
fat. This eliminated the need for subtraction between pre-
and post-contrast imaging. The elimination of subtraction
also eliminated misregistration artifacts between precon-
trast and postcontrast images.

=

Figure 2. (a) A transverse T2-
weighted turbo SE image shows
an oval-shaped mass (arrow) with
intermediate signal in the adduc-
tor muscles. The perfusion im-
ages over time in (b) through (d)
s . show rapid early and intense en-

<

= . hancement of the mass (arrows):

(b), O time; (¢), 21 seconds; (d), 42
3 BERH seconds. (e) Signal intensity over
time analysis demonstrates a
steep slope of enhancement of the
mass that parallels that of a sub-
jacent artery. The time to peak
was 7 seconds. Findings are typ-
ical for a malignant lesion.

In previous studies, T, was measured from the mo-
ment at which the bolus injection ended and dynamic
scanning started. With those techniques, identical path-
ologic lesions could be enhanced with different times be-
cause of the different spatial locations of the lesions and
inconsistent bolus injection rate. In our study, an adja-
cent artery in the imaging view was plotted against time.
The use of an adjacent artery as an internal control was
believed to be more reliable than other methods used in
previous studies. The time at which contrast was seen in
the artery was accepted as the reference time (time 0) to
calculate the enhancement parameters. However, there
were two cases in which an adjacent artery was not
viewed. T,,., was defined by Erlemann et al (8) as the time
point at which the relative further signal increase be-
tween consecutive time points did not exceed 3% within
the following 20 seconds. To compare our results with
those of Erlemann et al, T, and SI_,, points were cal-
culated based on Erlemann’s definition.
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Figure 3. (a) The coronal T2-weighted turbo SE image shows an intermedullary lesion (arrow) with increased signal and areas of low
signal. (b) The perfusion image shows weak enhancement of the lesion (arrow). (¢) Signal intensity over time analysis demonstrates a
perfusion pattern that is typical for a benign lesion.
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Figure 4. Benign giant cell tumor of tendon sheet. (a) The sagittal T2-weighted gradient-echo image reveals a large, oval-shaped mass
(arrows) near the Achilles tendon with heterogeneous signal and foci of low signal due to magnetic susceptibility effects of hemosiderin.
There also is evidence for erosion into the tibia (arrowheads). (b) The perfusion image shows intense early enhancement of the mass.
(c) Signal intensity over time analysis shows a peak enhancement close to that of an adjacent artery with a rapid slope of enhancement
typical for malignant tumors.

In our study, based on the comparison among classified nificant among malignant tumors, fractures, and granu-
groups, the time to peak enhancement, percent enhance- lomatous lesions. On the other hand, the time to SI__,
ment, rate of peak enhancement and rate of enhancement differed very slightly among all of these groups (Table 5).
differed significantly between benign and malignant con- In the study of Nadel et al (10), it was shown that there
ditions. These differences were especially clear between was no enhancement in the marrow cavity of the devas-
benign tumors and malignant tumors and were less sig- cularized femoral heads in dogs (10). Our single case of
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Figure 5. Stress fracture. (a) The coronal T1-weighted SE image shows an area of de-
creased signal in the neck of the left femur (arrow). (b) The perfusion image shows an
intense enhancement in the femoral neck (arrow). (c) Signal intensity over time analysis

demonstrates a malignant pattern of enhancement.

bilateral AVN showed enhancement, although it was
much less than benign conditions (right: percent en-
hancement = 79.9%, rate of enhancement = 38.09%/
minute; left: percent enhancement = 39.9%, rate of
enhancement = 28.5%/minute). These differences of en-
hancement were believed to be due to the presence of the
reparative process in different stages.

Despite the promising results based on the mean values,
there were significant overlaps between malignant tumors
and benign conditions. Analysis of our data showed that
the rate of peak enhancement, percent enhancement, and
rate of enhancement parameters gave comparable results
and that the best parameter was the rate of peak enhance-
ment, with a 155%/minute cutoff point (sensitivity:
84.6%, specificity: 65.2-66.6%, positive predictive value
[PPV]: 57.8-68.7%, negative predictive value [NPV]: 83.3—
88.2%). The percent enhancement, rate of enhancement,
and time to peak enhancement parameters had slightly
lower accuracy rates (Tables 6 and 7).

In the studies by Erlemann et al (2,6,8), the cutoff point
was 30%/minute for the rate of enhancement (slope
value). When we applied the 30%/minute cutoff point,
the sensitivity became 100%; however, the specificity of
this technique was only 18.7% because there were sev-
eral benign conditions that showed a higher rate of en-
hancement than this cutoff point. Our results in this
retrospective study parallel the study by Fletcher and
Hanna (7). Their study histologically proved that all seven
benign conditions, including tumors such as enchon-
droma and neurofibroma, had higher than 30%/minute
rates of enhancement as well. Erlemann explained
Fletcher’s results by the use of a 40° FA and a 1.0-T mag-
net (7). We used a TR, TE, and FA similar to the study of
Erlemann et al with a 1.5-T magnet and only 5 of 23 be-
nign lesions showed less than 30%/minute rate of en-
hancement. Our T, values probably were shorter than
those of Erlemann et al because of the use of an adjacent
artery as an internal control.

Although analysis of the enhancement curves has
shown that malignant tumors usually show rapid en-
hancement, which closely parallels that of an adjacent
artery, there were several benign lesions (giant cell tumor
of tendon sheet, eosinophilic granuloma, and fractures)
with a similar enhancement patterns. In addition, several
other benign lesions, such as enchondroma, lymphohis-
tiocytic granulomatous lesion, intraosseous lipoma, os-
teomyelitis, and fibrous dysplasia, showed relatively
rapid enhancement profile. The sensitivity and specificity
values of these two parameters (time to peak enhance-
ment and time to SI_,) verify this result. Our results

demonstrated lower sensitivity and specificity as com-
pared with previous studies; however, our technique may
be more reliable with fat suppression coupled with the
timing of parameters relative to the enhancement of an
adjacent artery. The best parameters to classify the na-
ture of musculoskeletal lesions were rate of peak en-
hancement, percent enhancement, and rate of enhance-
ment. The results based on time to peak enhancement
seem less successful and the least reliable parameter was
the time to SI_,,.

Limitations of this study include a relatively small
number of patients and, in some examinations, insuffi-
cient fat suppression, which was seen in studies requir-
ing a large field of view (FOV). Nevertheless, certain
trends were identified by using this modified technique
for dynamic imaging.

In conclusion, the dynamic gradient echo (FLASH) con-
trast-enhanced fat-saturation sequence can be used suc-
cessfully in this field. The rate of peak enhancement
seemed to be the best parameter for distinguishing ma-
lignant lesions from benign conditions. Although the
other parameters (percent enhancement, rate of en-
hancement, and time to peak enhancement) seemed less
successful, similar results were obtained. However, be-
cause of a significant overlap between malignant tumors
and benign conditions in our study, accuracy rates seem
lower than reported previously.
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