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Factor Analysis of Medical Image Sequences in MR of Head and

Neck Tumors

Anne-Marie Zagdanski, Robert Sigal, Jacques Bosq, Jean-Pierre Bazin, Daniel Vanel, and Robert Di Paola

PURPOSE: To evaluate factor analysis of medical image sequences (FAMIS), a means whereby
physiologic contrast enhancement kinetics, called factors, and their spatial distribution, termed
factor images, are estimated after acquisition of dynamic MR images. The method is intended to
recognize and characterize the different tissue kinetics automatically. METHODS: This method was
evaluated in a series of 22 patients with head and neck tumors. Eleven patients presented with a
previously untreated lesion. Six were examined for tumor recurrence, previously treated by mul-
tiple therapies. Five patients had preoperative chemotherapy and underwent MR before and after
chemotherapy. In all cases, MR images were correlated with surgical and pathologic data. MR
examinations were performed on a 1.5-T unit with static sequences and dynamic sequences
acquired after bolus injection of gadolinium and processed by FAMIS. RESULTS: FAMIS was able
to identify three factors representing contrast-enhancement kinetics and their associated factor
images. The neoplastic component was associated with the earlier factor image, F1. Fibrosis and
chemotherapy and/or radiation-induced changes were associated with the two later factors, F2 and
F3. The limits of this method were highly vascularized tissues whose earlier factor was similar to
that of neoplastic tissues (mucosae and salivary glands), patient motion, responsible for artifacts
in FAMIS, and lesions of less than 5 mm. CONCLUSION: FAMIS of dynamic MR studies was useful
for differentiating neoplastic tissue from tissue having undergone changes by chemotherapy and/or
radiotherapy, but it did not improve the ability of MR to characterize neoplastic tissues in previously
untreated patients.

Index terms: Magnetic resonance, technique; Magnetic resonance, tissue characterization; Head,

neoplasms; Neck, neoplasms
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Many studies have pointed out the ability of
magnetic resonance (MR) imaging to delin-
eate the extension of head and neck tumors.
Visualization of deep-seated soft tissues com-
plements the clinical assessment of malignan-
cies. However, MR is unable to establish tissue
characterization, and biopsy remains manda-
tory to obtain the histologic diagnosis (1).
Moreover, differentiation between neoplastic
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and inflammatory tissues may be difficult, par-
ticularly in the early months after therapy (2,
3). Recurrent or residual tumor and postthe-
rapy tissue changes may have the same sig-
nal intensity.

Factor analysis of medical image sequences
(FAMIS) has been used to overcome this incon-
venience. In this method, dynamic gadolinium-
enhanced MR images are processed for a pre-
cise analysis of contrast-enhancement kinetics
in different tissues. Its efficiency has been dem-
onstrated in the prediction of the response of
osteosarcoma to chemotherapy (4). In this pro-
spective study, we analyze the results of this
technique in a series of 22 patients presenting
with head and neck neoplasms. MR studies per-
formed in untreated tumors and multimodality-
treated tumors were compared in all cases with
the resected specimens.
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Patients and Methods

Patients

Twenty-two patients, ranging from 19 to 72 years of
age (average, 55.3 years) were prospectively studied from
February to July 1992. All patients underwent surgery.
The primary sites were the oral cavity (18 patients), mas-
ticator space (1 patient), nasal fossa (1 patient), and para-
nasal sinuses (2 patients). The malignant histologic types
included 17 squamous cell carcinomas, 1 adenoid cystic
carcinoma, and 1 rhabdomyosarcoma. The benign histo-
logic types included 1 inverted papilloma and 2 chronic
inflammatory lesions of the maxillary sinuses mimicking
tumors.

Eleven patients presented with untreated lesions, and
11 patients had single or multiple treatment at the time of
MR. Among the latter, 6 patients presented with recurrent
or progressive disease previously treated by multiple mo-
dalities (surgery, chemotherapy, and radiation therapy). In
all cases, the last treatment was performed 1 to 27 months
(mean 7.8 months) before this study. In 3 cases, the last
treatment was only surgery, which had been performed,
respectively, 1, 2, and 27 months before MR examination.
Three cases were treated by surgery, radiation therapy,
and/or chemotherapy during a mean period of 36 months.
The last treatment in these patients was done 3, 4, and 11
months before MR examination. The 5 other patients un-
derwent preoperative chemotherapy (two to three courses
of intravenous cisplatin [cis-diammine-dichloroplatinum]
and fluorouracil), which ended 2 to 4 weeks (mean, 22
days) before surgery.

Imaging Procedure

MR studies were done 3 to 25 days before surgery
(average, 11.4 days). The five patients who had preoper-
ative chemotherapy underwent MR examination before
and after the chemotherapy. Therefore, a total of 27 MR
examinations were analyzed.

MR examinations were performed on a 1.5-T system
(Signa, General Electric, Milwaukee, Wis) using a standard
head coil.

All the patients were studied before gadolinium injec-
tion with a sagittal, axial, and coronal T1-weighted (400-
600/12 [repetition time/echo time]) and sagittal or coronal
proton density-/T2-weighted (2000/30-100) spin-echo
images. A 16- to 18-cm field of view and a 192 X 256-
pixel acquisition matrix were used with a 5-mm section
thickness and 2.5-mm intersection gap.

Dynamic gadolinium-enhanced MR studies were done
after rapid injection (4 mL/s, 0.2 mL/kg) of Gd-DOTA
(Dotarem, Guerbet Laboratories, France). A short multi-
section sequence (300/20, four to six sections) was ap-
plied once before injection and 14 times after Gd-DOTA
injection, during a period of 7 minutes. The dynamic stud-
ies were acquired with a 20-cm field of view, a 128 X
256-pixel acquisition matrix, a 5-mm section thickness,
and a 2.5-mm intersection gap. Scan time was 25 seconds
with a 3-second pause between two successive acquisi-
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tions. The patient was asked to swallow only during the
pause. The dynamic studies were acquired either in the
coronal or sagittal plane, because the resected specimen
were cut in those planes.

After completion of this dynamic sequence, two or three
additional T1-weighted sequences, in orthogonal planes,
were acquired with the same parameters as those used in
the pregadolinium study. Therefore, these sequences and
those acquired before gadolinium injection were called
static MR studies, as opposed to the dynamic gadolinium-
enhanced MR studies.

Dynamic MR Processing by Factor Analysis of Medical
Image Sequences

Image processing was performed using a VAX 8300
computer system (Digital Equipment Corporation, May-
nard, Mass) with image display on a 1024 X 1024-pixel
graphic processor Sigmex (Sigmex SA-Apricot, Les Ulis,
France). The FAMIS algorithm, written in Fortran 77, an-
alyzes the evolution in time of the signal intensity through-
out the image during the dynamic sequence (5, 6). FAMIS
estimates the different contrast enhancement kinetics,
called factors, which are functions of time. The spatial or
anatomic distribution of each factor is also displayed on an
image, called a factor image. In a factor image, the signal
intensity varies according to the weight of the factor in
each pixel. For a given section level, there are as many
factor images as kinetic factors. It is possible to superim-
pose the different factor images using a true-color scale for
each individual factor image.

Histologic Procedure

Dynamic MR studies, processed by FAMIS, and static
MR studies were compared with histologic sections ob-
tained at the same level. The resected specimens were cut
in the same orientation as that used for the dynamic MR
studies (coronal or sagittal planes) by the pathologist in
the presence of the radiologist. Once fixed and embedded
in paraffin, 5-um sections were obtained and stained with
hematoxylin-eosin-safran. The resected specimens, which
comprised bone structures, were previously decalcified.

In 11 untreated patients, the following findings were
recorded: size of tumor and its extension in the adjacent
soft tissues, tissue changes other than tumor (fibrosis and
necrosis), and bone involvement. In the other 11 patients
with previously treated tumors, any residual neoplastic
components were additionally evaluated according to the
UICC TNM classification of malignant tumors (7): RO in-
dicating no residual tumor; R1, tumor residue only detect-
able at the microscopic level; and R2, tumor mass detect-
able by the naked eye on the stained tissue sections.

Results

Twenty-seven MR studies were analysed. In
21 of 27 dynamic studies, three factors were
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TABLE 1: Findings on FAMIS with pathologic and MR correlation in 10 untreated patients
) Histologic ) FAMIS Data Static MR Data
Patient Findings Location
Fl F2 F3 T1WI T2WI Gd-T1WI
1 SCC Tongue and floor of +4 + = + +
the mouth
2 SCC Tongue 4 = + +
3 SCC Tongue +4 + = + +
4 SCC Floor of mouth ++ + = + +
) SCC Tongue ++ + = + +
6 SCC Gum ++ = + +
7 SCC Tongue 4+ + = + +
8 SCC Floor of mouth ++ 4 = & +
9 SCC Tongue + floor of ++ + + = + e
the mouth
10 Fibrosis/mucosa Maxillary sinus + ++ = = +

Note.—SCC indicates squamous cell carcinoma; T1WI, T1-weighted image; T2WI, T2-weighted image; Gd-T1WI, T1-weighted image with
gadolinium injection. On FAMIS, + indicates visibility of the factor; ++, marked visibility of the factor. On static MR, = denotes isointensity to

muscle; +, hyperintensity.

identified by FAMIS. The first one, called F1,
showed an early kinetic pattern with a maxi-
mume-intensity peak within the first 2 minutes
(average 0.8 minutes) followed by a slow de-
scending slope. The second factor, called F2,
showed a delayed kinetic pattern with a slow
ascending slope, a maximum intensity peak
within the first 2 to 3 minutes (average 2.3 min-
utes), and a descending slope. The last factor,
named F3, had a gradual growing kinetic pat-
tern which finally plateaued usually after the
sixth minute. Figure 1B is a fair illustration of
this factor patterns. In 2 of 27 studies, only
factors F1 and F3 were extracted. In 4 of 27
studies, factor images, factors, and generally
the MR images themselves were deteriorated by
motion artifacts. Because of significant fluctua-
tions, the factors did not match the curves ob-
tained in the other studies, and the results could
not be interpreted. On the factor images, the
motion was translated into edged structures
mainly visible at the boundaries between re-
gions, with marked differences in signal inten-
sity.

In the 23 of 27 contributing cases, the normal
mucosae of the oral cavity and nasal fossa, the
salivary glands (sublingual and submandibulary
glands), the lingual tonsil, and the intraorbital
muscles were associated with factor F1. The
muscles of the infratemporal fossa and oral cav-
ity corresponded to factors F2 and F3. No en-
hancement was detected in fatty tissues.

A comparison between presurgical FAMIS
data and pathologic findings was possible in 19
of 22 cases (10 untreated and 9 previously
treated patients).

In nine untreated patients (patients 1 through
9, Table 1), the earlier factor, F1, was predom-
inant in the tumor area (Figs 1 and 3) and was
found either alone (two of nine cases) or with
factor F2 (six of nine cases) or F3 (one case).
Necrosis, found in two cases, corresponded to a
void signal. At histologic analysis, there was no
significant fibrotic component in these patients.
On static T1-weighted sequences, these lesions
had a low signal intensity similar to the muscle
signal intensity. On the T2-weighted images,
the lesions had a varying degree of high signal
intensity, which allowed them to be differenti-
ated from adjacent muscles. All the lesions
enhanced diffusely on Gd-DOTA T1-weighted
images. In the remaining untreated patient
(patient 10), with a chronic inflammatory le-
sion of the maxillary sinus mimicking a tumor,
the fibrotic mass was predominantly associ-
ated with F3, whereas both the normal and
the inflammatory mucosae were associated
with F1.

Among nine previously treated patients (Ta-
ble 2), four had both prechemotherapy and
postchemotherapy MR studies (patients 11 to
14). In these four patients, a comparison be-
tween FAMIS images obtained before and after
chemotherapy showed that factor F1 associ-
ated with the tumor was stable (one case), re-
duced in size (one case), or had disappeared
(two cases). Foci of residual tumor were ob-
served by the pathologist in all cases (Fig 4),
either microscopically (R1 pattern in two cases)
or on gross specimen (R2 pattern in two cases).
FAMIS seems to be unable to identify tumors
smaller than 5 mm. In all four cases, pathologic
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Fig 1. Squamous cell carcinoma of the tongue (patient 7). No previous treatment.

A, Coronal T2-weighted image. The tumor is depicted as a high-signal-intensity area (arrow).

B, FAMIS images and factors. The F1 factor image shows the tumor (arrow) and hypervascularized structures: lingual mucosa
(arrowheads), nasal septum (curved arrow), and submandibulary glands (open arrows). The tumor does not appear on the F2 factor
image. A peripheral rim is seen around the tumor (arrows) on the F3 factor image. The curves show the three contrast-enhancement
kinetics. The origin of the axis is at 28 seconds; this explains why the curves do not start at the zero value.

C, Histologic section shows the lesion composed of central squamous cells (curved arrow) with a pseudocapsule of compressed
muscle tissue (arrows) corresponding to the peripheral rim seen on factor F3 image (hematoxylin and eosin, X20).

examinations disclosed fibrotic changes associ-
ated with factors F2 and F3. On static T1-
weighted images, residual tumor and fibrosis
had a low signal and enhanced diffusely after
gadolinium injection. In three cases, fibrosis
had a low signal on T2-weighted images.
When there was an absence of regression (one
case), tumor had a high signal intensity in T2-
weighted images.

The five other patients presented with previ-
ously treated neoplasms (patients 15 to 19).
After a single operation (three cases) or 11
months after the last treatment (one case),
posttherapeutic fibrosis, corresponding to the
factors F2 and F3 on factor images, was found
at histologic examination in two specimens. As
noted in the untreated patients, factor F1 was
indicative of the tumor component. However, in
one case, a tumor smaller than 5 mm was not
detected (patient 15). The tumor component,
on the static MR, had the same features as in
cases of untreated tumors, and the small
amount of fibrosis could not be differentiated
from the tumor. The last case (patient 19, Fig 2)
presented with multiple relapses; his last treat-
ment was chemotherapy 3 months before MR
study. The histologic examination revealed

a tumor associated with marked fibrosis. In
FAMIS factor images, tumor and fibrosis were
clearly separated, with the tumor corresponding
to factor F1 and the fibrosis to factors F2 and
F3. On static MR, tumor and fibrosis had the
same signal intensity in all the sequences. They
showed a low signal on T1-weighted images, a
high signal whose degree of intensity varied on
T2-weighted images, with enhancement after
gadolinium injection.

Bone involvement was evidenced by histo-
logic examination in four cases and by FAMIS
images in only two cases. One case was asso-
ciated with factor F1 and corresponded to ac-
tive tumor at histologic analysis, whereas the
second case was associated with factors F2 and
F3 and corresponded to fibrotic postchemo-
therapy changes. The other two cases were
seen on static MR as low-signal-intensity areas
on T1-weighted images. However, they were
not seen on FAMIS images because their size
was less than 5 mm.

Discussion

Numerous studies during the past decade
have reported the utility of MR in the evaluation
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Fig 2. Rhabdomyosarcoma of the masticator space extending along the temporalis muscle (patient 19). Multiple previous therapy.

A, Coronal T1-weighted image.

B, Coronal T2-weighted image.

C, Coronal T1-weighted image after Gd-DOTA injection. The lesion is homogeneous on all sequences; it is not possible to differentiate
the tumor from changes induced by therapy, particularly next to the maxillary sinus (arrow).

D, FAMIS images and factors. The F1 factor image shows the tumor (curved arrow), the extraorbital muscles (open arrows), and the
inferior right turbinate (arrow). The F2 factor image faintly shows the tumor (curved arrow). The area next to the maxillary sinus appears

on the F3 factor image and corresponds to posttherapeutic fibrosis (arrow).
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Fig 3. Squamous cell carcinoma of the
tongue and floor of the mouth (patient 12).
No previous treatment.

A, Sagittal T1-weighted image. The tu-
mor is depicted as a low-signal-intensity
area (arrow).

B, Sagittal T1-weighted view after Gd-
DOTA injection. The tumor enhances with
contrast (arrow).

C, FAMIS images and factors. The F1
factor image shows the tumor (arrow)
and hypervascularized structures: palate
(curved arrow) and lingual tonsil (open ar-
row). The F2 factor image displays normal
muscles of the tongue (arrow). On the F3
factor image, a peripheral rim is seen
around the tumor (arrows), as in Figure 1B.

of patients with head and neck disease. MR
provides useful information on extension in soft
tissue and differentiation between tumor and
inflammatory tissues, in particular in the si-
nonasal area (8). Although MR may help assess
the aggressiveness of malignant lesions (9), it
cannot accurately establish the histologic type.
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This shortfall underscores the need for a biopsy
to obtain an accurate histologic diagnosis (1).

The limitations of MR in tissue characteriza-
tion are even greater in previously treated pa-
tients (2). Previous therapy, in particular radia-
tion therapy and chemotherapy, is responsible
for stromal reaction, in particular fibrosis and



 Normal ized

signal
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Fig 4. Same patient as Figure 3. Squamous cell carcinoma of the tongue and floor of the mouth. Examination performed 14 days
after completion of chemotherapy.

A, Sagittal T1-weighted image.

B, Sagittal T1-weighted view after Gd-DOTA injection. The floor of the mouth and the mobile portion of the tongue enhance after
contrast injection (arrow). It is not possible to differentiate residual tumor from chemotherapy-induced fibrosis.

C, FAMIS images and factors. The F1 factor image exhibits small tumor foci (curved arrow). The F2 and F3 factor images show
extensive fibrosis (arrows).

D, Histologic section shows small clusters of squamous cells (arrows) developed in a large fibrous stromal tissues (hematoxylin and
eosin, X10).
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TABLE 2: Findings on FAMIS with pathologic and MR correlation in nine previously treated patients
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) Histologic . Previous Date of Last  Histologic FAMIS Data Static MR Data
Patient . Location
Findings Treatment Treatment Data F1 F2 F3 TIWI T2WI  Gd-T1WI
11 SCC Floor of the Chemotherapy 3 wk R1 = = +
mouth Fibrosis Fof
12 SCC Floor of the Chemotherapy 2 wk R2 + = = +
mouth and Fibrosis ++ 44+
tongue
13 ScC Tongue Chemotherapy 3 wk R2 +d + = + +
No fibrosis
14 Sce Floor of the Chemotherapy 3 wk R1 = = +
mouth and Fibrosis ++
tongue
15 SCC Floor of the Surgery 1 mo R1
mouth Fibrosis ++ not visible
16 SCC Floor of the Surgery 27 mo R2 ++ + = + +
mouth Fibrosis
17 Adenoid cystic  Floor of the Surgery, 11 mo R2 ++ + = + +
carcinoma mouth radiotherapy Fibrosis +
18 Inverted Nasal fossa Surgery 2 mo R2 o = & +
papilloma Fibrosis + +
19 Rhabdomyo- Infratemporal  Surgery, 3 mo R2 ++ + + = + +
sarcoma fossa chemotherapy, Fibrosis ++

radiotherapy

Note.—SCC indicates squamous cell carcinoma; R1, tumor residue detectable only at the microscopic level; R2, tumor residue detected by
the naked eye; TIWI, T1-weighted image; T2WI, T2-weighted image; Gd-T1WI, T1-weighted image with gadolinium injection. On FAMIS, +,
indicates visibility of the factor; ++, marked visibility of the factor. On static MR, = denotes isointensity to muscle; +, hyperintensity.

chronic inflammatory changes (10). These
changes can appear as soon as treatment has
been completed and may progress for several
months.

At MR, it is difficult to distinguish postthera-
peutic tissue changes from recurrent or pro-
gressive disease. Several authors have studied
the characteristics of fibrosis on MR. Lee and
Glazer have defined criteria to characterize fi-
brosis according to its age (11). Early fibrosis
has a high signal intensity on T2-weighted im-
ages because it is composed of numerous fibro-
blasts and vascular endothelial cells, but few
collagen fibers, whereas mature fibrosis has a
low-signal intensity because its cellularity is
poor. The use of paramagnetic contrast agents
fails to provide further information because both
tumor and early inflammatory changes take
contrast (12).

In our study, the results of static MR were
consistent with previously published data. The
limits of the untreated lesions were clearly de-
lineated and corresponded to the limits of the
tumors themselves, because there were essen-
tially no reactive changes in the adjacent soft
tissues, as proved histologically. Conversely, in
previously treated patients, MR was not always
able to differentiate between tumor and fibrosis.

On T2-weighted images tumors presented with
a high-signal intensity, whereas the signal of
fibrosis was variable. Interestingly, in three pa-
tients who had chemotherapy just before MR,
the fibrosis had a low signal intensity on T2-
weighted images. This does not correspond to
the expected signal intensity of young fibrosis
(11) but is in accordance with the description of
postchemotherapy residual masses in Hodgkin
disease (13) and malignant bone tumors (12).
At histologic analysis, the stromal reaction
comprised dense fibrosis associated with a mild
inflammatory reaction. The other patients who
had received preoperative chemotherapy had
heterogeneous high-signal-intensity areas on
T2-weighted images. The histologic diagnosis
disclosed a persistent tumor (R2) without fibro-
sis in one case and intense stromal inflamma-
tory changes with residual tumor in the other
case.

The evolution of the uptake of gadolinium
also has been studied in an attempt to verify the
presence of residual tumor after chemotherapy
(12). To assess response to preoperative che-
motherapy in bone tumors, Erlemann et al used
time-intensity curves derived from rapidly ac-
quired, dynamic gadolinium-enhanced MR im-
ages (12). This method has proved its efficiency
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in showing that nonresponders have similar pat-
terns of signal intensity before and after chemo-
therapy, whereas the signal intensity decreases
after chemotherapy in responders. However,
this method is capable of evaluating only aver-
age enhancement of the pixels in the selected
region of interest and therefore cannot identify
tumor nodules in predominantly inflammatory
tissues.

FAMIS offers several advantages over the
regions-of-interest method. The entire dynamic
image is analyzed automatically, thus avoiding
operator-dependent selection of regions of in-
terest. Factors and factor images, estimates of
enhancement kinetics, and associated spatial
distribution are extracted. Moreover, the math-
ematical model takes into account factor super-
imposition in the very same voxel, correspond-
ing to a mixture of different tissues, each with its
own particular contrast kinetics. This method
was first developed in nuclear medicine (5, 6,
14) and then extended to other modalities (15).
In MR, it has been used to predict the response
of osteosarcoma to chemotherapy (4). As in our
study, three factors were described. The early
factor was associated with the viable tumor and
disappeared in the tumor area in all responders.

In our study, the early factor, F1, consistently
signified tumor but also normal highly vascular-
ized tissues, such as mucosae of the nasal fossa
and oral cavity, salivary glands, lingual tonsil
and intraorbital muscles (16). The late factors,
F2 and F3, were associated with the muscles of
the infratemporal fossa and the oral cavity and
the medullary bone of the mandible, but also
with the fibrosis. Because fibrosis was absent in
previously untreated patients, FAMIS did not
contribute at this stage. Conversely, in patients
with previous treatment, FAMIS allowed us
to differentiate tumor from posttherapeutic
changes. This was particularly useful in patients
who had recently (less than 3 months) received
radiation therapy and/or chemotherapy, be-
cause signal-intensity characteristics of tumor
and fibrosis can be misinterpreted on static MR.
The present limits of FAMIS are indicated by the
false-negative results in three patients, in whom
residual tumor smaller than 5 mm was discov-
ered by the pathologist. These limits could
be caused by motion artifacts and/or low-en-
hancement signal in small tumor components.
Second, mucosae and salivary glands also cor-
responded to factor F1. When a tumor was
close to such a tissue, it was difficult to deter-
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mine its extension precisely. In the same way,
we can suppose that superficial mucosal lesions
might go undetected, although they remain ac-
cessible to clinical assessment. The lack of
specificity of FAMIS was also evidenced by the
fact that all tumors were associated with F1,
including one case of benign inverted papil-
loma. Another drawback of this method was its
sensitivity to motion artifacts. This is particu-
larly evident in examinations of the head and
neck. In our series, four studies could not be
used because of motion artifacts. In fact, a
greater number of patients did not have a dy-
namic study because of significant motion arti-
fact on the precontrast static study. Finally, the
acquisition time of the dynamic sequence is
short (7 minutes), whereas the time required for
FAMIS processing remains relatively long on
the VAX 8300 (approximately 30 minutes).
This time could be drastically shortened on
more recent systems.

For the present, we can merely speculate on
the physiologic mechanisms that underlie the
factors that are described by FAMIS. Our hy-
potheses stem from data on the pharmacoki-
netic properties of gadolinium and knowledge of
the histologic structure of tumors, particularly
with respect to neovascularization. Nonspecific
contrast media are characterized by a lack of
tissue selectivity, short plasma half-lives, and
simple distribution throughout the extracellular
fluid space (17). Neoplastic tumor vessels have
specific characteristics demonstrated by com-
parative angiographic and pathologic studies
(18, 19). They are devoid of nonstriated mus-
culature and have similar structures to that of
sinusoids and large capillaries. Moreover, in tu-
mor neovascularity, the tapering of normal ves-
sels is missing, and the caliber of vessels fluc-
tuates. An abnormal course and distribution of
proximal large arteries, obstructions, and arte-
riovenous shunts are also found in tumor ves-
sels. This results in the acceleration of blood
flow velocity, as demonstrated by Doppler
sonography (20). In FAMIS, the early kinetic
pattern, F1, is consistent with increased blood-
flow velocity in the tumor. However, this pattern
is also associated with normal structures, which
have a rich vascularity: extraocular muscles
(16), salivary glands, and mucosae (21, 22).
F2, the delayed kinetic pattern, is associated
with structures with less vascular velocity. It is
found in the muscles of the oral cavity and in-
fratemporal fossa and in fibrosis. F2 is also
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found in the structures associated with factor
F1, and in particular, in the tumor itself. This
probably stems from the coexistence of nor-
mally structured vessels and histologically ab-
normal vessels. Finally, the kinetic pattern of
the later factor F3 is consistent with the free
distribution of the Gd-DOTA throughout the ex-
tracellular fluid space (23, 24) and therefore is
seen in all the vascularized tissues, be they nor-
mal or abnormal.
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