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PURPOSE: To investigate the value of gadopentetate dimeglumine-enhanced MR imaging in 

determining the extent of laryngohypopharyngeal cancer. METHODS: Unenhanced and contrast

enhanced T1-weighted , proton-density- weighted, and T2-weighted images from 24 patients with 

laryngohypopharyngeal cancer were reviewed and compared with the pathologic f indings of 

resected specimens. In 18 patients, ex vivo MR images of the resected specimens were also 

compared with pathologic findings. RESULTS: Laryngohypopharyngeal cancer showed interme

diate intensity on T1-weighted and proton-density-weighted images, high intensity on T2-weighted 

images, and moderate enhancement on T1 -weighted enhanced images. Cartilage-invaded tumor 

enhanced moderately, whereas unossified cartilage in contact with tumors but without tumor 

invasion showed no enhancement. Laryngohypopharyngeal mucosa enhanced intensely; endolar

yngeal muscles enhanced less. CONCLUSIONS: Enhanced MR images were more useful in 

assessing the extent of tumors and the presence of laryngeal cart ilage invasion than were proton

density-weighted and T 2-weighted images. 
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Magnetic resonance (MR) imaging is helpful in 
determining the extent of laryngohypopharyngeal 
cancer (1-10). Cartilage invasion can be more 
clearly evaluated with MR images than with com
puted tomographic (CT) images (3 , 5). Castelijns 
and coworkers advocated the use of Tl -weighted 
images in combination with proton-density
weighted images to show cartilage invasion; T2-
weighted images were less useful because of their 
low contrast-to-noise ratio and image degradation 
caused by patients' movement during the long 
acquisition time (3, 5 , 9). Although several articles 
have appeared in the literature regarding MR 
imaging of the normal larynx and laryngohypo
pharyngeal cancer (1-10), the value of Gd-DTPA 
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enhancement in laryngohypopharyngeal imaging 
has not yet been reported . 

The purpose of this study was to investigate 
the value of Gd-DTPA enhancement in determin
ing the extent of tumor, particularly cart ilage 
invasion . We compared MR images of 24 patients 
who had laryngohypopharyngeal cancer to lar
yngoscopic findings, surgical records, macro
scopic and microscopic fi ndings, and MR images 
of the resected specimens, when ava ilable. 

Subjects and Methods 

Subjects 

We studied MR images of 35 consecutive patients who 
were managed in our institution from June 1989 to Decem
ber 1991 for previously untreated , histopathologica lly 
proved laryngohypopharyngeal cancer . One patient could 
not complete the MR examination because of claustropho
bia and was excluded from the study group. In each patient, 
the first MR examination was performed before the initia
t ion of preoperative radiation therapy in order to determine 
the initial extent of tumor. The second MR examination 
was performed after the completion of preoperative radia
tion therapy, within a week of surgery . A detailed compar
ison of the final MR images with pathologic specimens was 
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performed. The histopathologic diagnosis of all tumors was 
squamous cell carcinoma with varying degrees of cellular 
differentiation. There were five patients with supraglottic, 
12 patients with transglottic, and eight patients with glottic 
or subglottic laryngeal cancer, and nine patients with hy
popharyngeal cancer. 

Of the 34 patients, 24 (four with supraglottic, 11 with 
transglottic, three with glottic or subglottic, and six with 
hypopharyngeal cancer) underwent surgery after the pre
operative radiation therapy (30 to 40 Gy for 3 to 4 weeks) . 
Two patients with supraglottic cancers underwent suprag
lottic laryngectom y . Two patients with supraglottic, 11 
with transglottic, three with glottic or subglottic, and four 
with hypopharyngeal cancer underwent total laryngec
tomy. Two patients with hypopharyngeal cancer were 
treated with laryngopharyngoesophagectomy. The remain
ing 10 patients were treated with radical or palliative radia
tion therapy because of the advanced nature of their 
tumors, the presence of early cancer confined to the vocal 
cords, refusal to undergo laryngectomy, and/or poor phys
ical condition. 

Imaging Technique 

MR images were obtained with a 1 .5-T imaging unit 
(GE, Milwaukee, WI) with either a 3- or 5-inch circular 
surface coil placed on the anterior aspect of the patient's 
neck. MR images included an axial T1-weighted spin-echo 
imaging sequence (600/20/2 repetition time/echo time/ 
exci tations) and proton-density-weighted and T2-weighted 
multiecho imaging sequences (2000/30 and 80/ 1, respec
tively). Coronal or sagittal T1-weighted and/ or proton
density / T2-weighted multiecho imaging sequences were 
added when necessary. After the intravenous injection of 
Gd-DTPA (0.1 mmol/kg), T1-weighted images were ob
tained in the axial and coronal or sagittal planes. Other 
imaging parameters included an 16- to 24-cm field of view, 
a 4- to 6-mm section thickness with a 0.5- to 2-mm 
intersection gap, and 256 X 192 or 256 X 256 acquisition 
matrices. 

The quality of MR images was eva luated by the consen
sus of two diagnostic radiologists. The images were clas
sified into three categories: satisfactory, fair but still diag
nostic, and nondiagnostic. The signal intensity of the indi
vidual tissues on MR images was classified into four 
degrees: signal void (indicating no signal) , low intensity 
(equal to or less intense than skeletal muscle), intermediate 
intensity, and high intensity (equal to or more intense than 
fat). 

Pathologic Material 

In 18 patients (two with supraglottic, eight with trans
glottic, two with glottic, and six with hy popharyngeal 
cancers) , MR images of the resected specimens were ob
tained by the use of T1-weighted (400 to 600/20/ 2 to 4) 
and T2-weighted (2000 to 3000/ 80 to 120/ 1 to 2) imaging 
sequences in the axial and coronal or sagittal planes with 
a 3-inch circular surface coil using the 1.5 imaging unit 
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and/ or a 2.0-T unit (GE, Fremont, CA). Scan planes were 
marked with surgical threads on specimens. MR images of 
some resected larynges were obtained after fixation in 10% 
formalin solution for 2 to 48 hours. After formalin fixation 
and deca lcification , the specimens were cut in axial, coro
nal , or sagittal planes into 5- to 10-mm-thick sections. 
Photography and histopathologic staining were performed 
(11 ). 

Results 

Image quality 

Precontrast and postcontrast T1-weighted im
ages from 30 of 34 patients (87 %) were of satis
factory quality and those from the remaining four 
patients ( 13%) showed fair image quality. Proton
density-weighted and T2-weighted images from 
26 of the 34 patients (75%) were of satisfactory 
quality , three (9 %) were of fair quality, and five 
(16%) were nondiagnostic. The main cause of 
image degradation was motion artifacts caused 
by swallowing or respiratory movement. 

Signal intensity of normal structures and tumors 
of the larynx 

The signal intensities of normal laryngeal struc
tures and laryngohypopharyngeal cancer are 
summarized in Tables 1 and 2. The vocal cords 
showed a slightly higher signal intensity than 
skeletal muscle on T1-, proton-density-, and T2-
weighted images because of the averaging of the 
low intensity of the thyroarytenoid muscles and 
the increased intensity of the mucosa (Table 1). 
Laryngeal cartilages showed variable signal inten
sities depending on the degree of ossification and 
amount of fatty bone marrow (Table 2). After the 
intravenous injection of Gd-DTPA, the Iaryngo
hypopharyngeal mucosa enhanced prominently. 
The vocal cords enhanced slightly more than 
skeletal muscle, probably because of the aver
aging of the thyroarytenoid muscles and the 
highly enhanced laryngeal mucosa. Unossified 
cartilage did not enhance (Table 1). 

On T1- and proton-density-weighted images, 
laryngohypopharyngeal cancer showed an inter
mediate intensity , higher than skeletal muscle but 
lower than fat (Figs 1A and B, 2A and B, 3A and 
B, and 4A and B). On T2-weighted images, tu
mors showed an increased intensity, approxi
mately equal to or higher than fat and slightly 
lower than or equal to the mucosa of the Iaryn
gohypopharynx (Figs 1 C, 2C, 3C, and 4C). After 
the intravenous injection of Gd-DTPA, tumors 
enhanced moderately showing a higher intensity 
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TABLE 1: Signal intensities of laryngeal soft tissues' 

Tl Proton-Density T2 
Weighted Weighted Weighted 

Enhancement 

Laryngohypopharyngeal mucosa In termed. High High (+++) 
False vocal cords High High High (*) 
True vocal cords Low(") Low(#) Low(#) (+) 
Paralaryngeal space High High High (*) 
Preepiglottic space High High High (*) 
Tumor In termed. lntermed . High (++)- (+++) 

• True vocal cord(#) shows a slightly higher signal intensity than do skeleta l muscles. Low, low intensity: 

lntermed., intermediate intensity; High, high intensity ; - , no contrast enhancement; + , slight contrast 

enhancement; ++, moderate contrast enhancement;+++, marked contrast enhancement; • enhancement of 

false focal cord , paralaryngeal space, and preepiglottic space is masked by high intensity of fatty t issue. 

TABLE 2: Signal intensities of laryngeal cartilages' 

Tl Proton-Density T2 
Weighted Weighted Weighted 

Enhancement 

Unossified hyaline cartilage In termed . Low Low (-) 
Ossified hyaline cartilage 

Ossified shell Void Void Void (-) 
Fatty bone marrow High High High (*) 

Elastic cartilage In termed. Low Low (-) 

Tumor-invaded cartilage In termed. In termed. High (++) 

' Void , signal void ; •, enhancement of fatty bone marrow is masked by high intensity of fatty bone marrow 

on Tl-weighted images. All other abbreviations are as defined in footnote to Table 1. 

than skeletal muscle and true vocal cords and 
equal to or slightly less than mucosa. This per
mitted clearer separation of tumors from less 
enhanced skeletal muscle (Figs 10, 20, 3D, and 
4D). 

On the MR images taken after the completion 
of preoperative radiation therapy, the size of the 
tumors decreased as compared with the initial 
MR images (Figs 10 and E, 20 and F , and 4D 
and F). Eighteen of 24 tumors showed moderate 
to marked reduction in size (Figs 2C, D, and F, 
and 40 and F) and the remaining six showed a 
little reduction (Fig 20 and E). Residual tumor 
was shown in all 24 tumors after preoperative 
radiation therapy. There were no changes in the 
signal intensities or the degree of contrast en
hancement of the tumors on any imaging se
quence between preradiation and postradiation 
MR images (Figs 10 and E, 2C through F , and 
4C through F). 

Evaluation of intralaryngeal tumor extention 

In the supraglottic regions, tumor extension 
into the preepiglottic or paralaryngeal spaces, 
1ormally occupied by fatty tissue, was clearly 
:>hown on T1-weighted images with abnormal 
ntermediate-intensity tissue seen among the nor
-nat fatty tissue of high intensity (Fig 1A). Proton-

density- and T2-weighted images provided no 
additional information to that of the T1-weighted 
images in the diagnosis of preepiglottic or para
laryngeal space invasion (Fig 1 B and C). The 
tumor borders were not distinctly shown on pro
ton-density- and T2-weighted images because of 
limited contrast between tumors and the false 
cords. 

In the glottic and subglottic regions, tumors 
were depicted as asymmetries of the vocal cords 
or subglottic tissues (Fig 2A). On T2-weighted 
images, tumors showed high-intensity signals 
that were slightly lower than or equal to those of 
the mucosa and that permitted a clearer discrim
ination from endolaryngeal or extralaryngeal 
muscle than did T1 - and proton-density
weighted images (Fig 28 and C). Transglottic 
extension was clearly shown on the coronal im
ages (Fig 2G). Tumor extension was more clearly 
shown on enhanced images than on precontrast 
T 1-weighted images and was equivalent to T2-
weighted images when the T2-weighted images 
were not seriously degraded by motion artifacts. 

Evaluation of cartilage invasion (Tables 2, 3) 

On T1-weighted images, ossified cartilages 
containing fatty marrow could be easily differen
tiated from tumor-invaded cartilages or unossified 
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Fig. 1. A 59-year-old man with T4 laryngeal cancer showing thyroid and right arytenoid cartilage invasion. The patient underwent 
total laryngectomy after the preoperative radiation therapy (40 Gy for 4 weeks). 

A , On Tl-weighted (600/20) axial image at the level of the false cords before the initiation of preoperative radiation therapy, an 
intermediate-intensity mass occupies the right false cord (arrow) . The mass extends to the right paralaryngeal space and the preepiglottic 
space. The contra lateral paralaryngeal space shows normal fatty intensity . The midportion and posterior portion of the right thyroid 
lamina show a high intensity (double arrowheads). Other portions of the right thyroid lamina show an intermediate intensity. The right 
arytenoid carti lage cannot be identified as a distinct high-intensity area. Although motion artifacts degrade image quality, image quality 
is still diagnostic. 

B, Proton-density-weighted (2000/ 30) axial image before the initiation of preoperative radiation therapy shows an intermediate
intensity mass occupying the right false cord (arrow). The anterior portion of the right thyroid lamina shows an intermediate intensity 
(asterisk) . The midportion and posterior end of the right thyroid lamina show a high intensity (double arrowheads). Other portions of 
the right thyroid lamina are low in intensity (arrowhead). The right arytenoid cartilage cannot be identified, which suggests the tumor 
invasion to the right arytenoid cartilage. Motion artifacts degrade image quality, but the image quality is still diagnostic. 

C, T2-weighted (2000/ 80) axial image before the initiation of preoperative radiation therapy shows a high-intensity mass occupyin 
the right false cord (arrow). The anterior portion of the right thyroid lamina shows a high intensity (asterisk). The midportion and 
posterior end of the right thyroid lamina show a high intensity (double arrowheads). The other portions of the thyroid cartilage are low 
intensity (arrowhead) . The right arytenoid cartilage cannot be identified, which suggests the tumor invasion to the right arytenoic 
cartilage. Image quality is only fair but is still diagnostic. 

D, On an enhanced Tl-weighted (600/ 20) axial image before the initiation of preoperative radiation therapy , the tumor show~ 
moderate contrast enhancement (arrow). The anterior portion of the right thyroid lamina shows moderate contrast enhancement. 
(asterisk) . The portions of the right thyroid lamina showing low intensity on proton-density-weighted and T2-weighted images remaim· 
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cartilages, which had an intermediate intensity 
(Figs 1A and 2A). Tumor-invaded cartilages 
showed an intermediate intensity on proton-den
sity-weighted images; high intensity on T2-
weighted images could be separated from unos
sified cartilages, which showed a low intensity on 
proton-density- and T2-weighted images (Figs 
18 and C, 28 and C, 38 and C, and 48 and C). 
On enhanced images, tumor-invaded cartilages 
showed moderate contrast enhancement, 
whereas unossified cartilages remained unenh
anced (Figs 10 and F, 20 and F, 3D, and 40 and 
F) (Table 1 ). 

With T1-weighted images, we were able to rule 
out cartilage invasion when a high-intensity fatty 
plane could be identified between the tumor and 
cartilage or when the high-intensity fatty marrow 
was preserved in the ossified cartilages. A com
bination of T1- and proton-density-weighted im
ages, T1- and T2-weighted images, or enhanced 
and unenhanced T1-weighted images was re
quired to make a definitive diagnosis of cartilage 
invasion. 

In summary, the combination of T 1-weighted 
images and enhanced images showed the pres
ence or absence of cartilage invasion more clearly 
than the combination of T1- and proton-density
or T1- and T2-weighted images. On pathologic 
specimens, invasion of the cartilage was seen in 
eight thyroid cartilages, four cricoid cartilages, 
five arytenoid cartilages, and nine epiglottic car
tilages. The combination of T1- and proton-den
sity- or T1- and T2-weighted images showed five 
of eight thyroid cartilage invasions, all four cricoid 
cartilage invasions, three of five arytenoid carti
lage invasions, and seven of nine epiglottic carti
lage invasions. False-negative results were the 
result of poor image quality of proton-density
and T2-weighted images in two of three thyroid 
cartilage invasions and in one of two arytenoid 
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cartilage invasions. The remaining two, each of 
thyroid cartilage and arytenoid cartilage invasion , 
were missed because of limited cartilage invasion 
confined to the ossified shell (Fig 21). With the 
combination of T1- and proton-density-weighted 
images or T1- and T2-weighted images, three of 
16 intact thyroid cartilages, two of 20 intact 
cricoid cartilages, four of 43 intact arytenoid 
cartilages, and four of 15 intact epiglottic carti
lages could not be definitively evaluated as intact 
because of the poor image quality of the proton
density- and T2-weighted images. 

On the other hand, the combination of en
hanced and unenhanced T1-weighted images 
showed seven of eight thyroid cartilage invasions, 
all four cricoid cartilage invasions, four of five 
arytenoid cartilage invasions, and all nine epiglot
tic cartilage invasions. The combination of 
preenhanced and postenhanced T1-weighted im
ages missed one of eight thyroid cartilage inva
sions and one of five arytenoid cartilage invasions 
because of limited cartilage invasion. The com
bination of T 1-weighted images showed all 16 
intact thyroid , 20 intact crocoid , 43 intact aryten
oid, and 15 intact epiglottic cartilages as intact. 

Evaluation of extralaryngeal and 
extrapharyngeal invasion 

Extralaryngeal invasion was shown in five of 
18 laryngeal cancers. One laryngeal cancer pen
etrated the thyrohyoid membrane, and one pen
etrated the cricothyroid membrane. One tumor 
showed extralaryngeal invasion through both the 
thyrohyoid membrane and the upper portion of 
the thyroid lamina. The remaining two tumors 
showed invasion beyond the thyroid cartilage: 
one showed invasion to the anterior aspect of the 
neck, and the other invaded the anterolateral 
aspect of the neck . Extrapharyngeal invasion was 

unenhanced (arrowhead) . In the posterior portion of the right fal se cord , a region without contrast enhancement surrounding moderate 
contrast enhancement is seen (curved arrow). 

E, Enhanced T1-weighted (600/ 20) image after the completion of preoperati ve radiation therapy shows a slight decrease the size of 
the moderately enhancing tumor. Degree and extent of enhancement are not changed as compared with pretreatment scan (D). 

F, T2-weighted (2000/ 80) axial image of the resected specimen shows a high-intensity mass occupy ing the righ t false cord (arrow). 
The anterior portion of the right thyroid lamina shows high intensity (asterisk ). The m idportion and posterior end of the right thyroid 
lamina show high intensity (double arrowheads) . The other portions of the right thyroid lamina are low intensity (arrowhead). A high
intensity region is noted in the posterior portion of the right false vocal cord (curved arrow) . 

G, Histopathologic specimen shows cornified squamous cell ca rcinoma occupying the right false cord with extension to the right 
paralaryngeal and preepiglottic spaces (arrow). The anterior port ion of the thyroid cart ilage is invaded by the tumor (asterisk). The 
portion of the right thyroid lamina that shows low intensity on proton-density-weighted and T2-weighted images and lack of contrast 
enhancement on enhanced images corresponds to unossified cart ilage (arrowhead). The portions of the thyroid lamina that show a high 
intensity on T1-weighted and T2-weighted images correspond to fatty marrow within ossi fied cartilage (double arrowheads) . The region 
in the posterior portion of the right false cord, which shows moderate contrast enhancement surrounded by an unenhanced region on 
enhanced images, corresponds to the tumor-invaded arytenoid cartilage surrounded by unossified carti lage (curved arrow). 
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G H 
Fig. 2. A 56-year-old patient with T4 transglottic cancer showing apparent cricoid cartilage invasion and a limited invasion to the 

lower edge of the thyroid cartilage. The patient underwent total laryngectomy after the preoperative radiation therapy (32 Gy for 3 
weeks). 

A , Tl-weighted (600/20) axial image at the level of the subglottic region before the initiation of preoperative radiation therapy shows 
an intermediate-intensity mass (arrow) in the left aspect of the subglottic region. Disappearance of high-intensity fatty marrow in the 
left aspect of the cricoid lamina suggests cr icoid cartilage invasion of the tumor. However, the extent of cartilage invasion is unclear on 
the Tl -weighted image. 

B, Proton-density-weighted (2000/30) axial image at the level of the subglottic region before the initiation of preoperative radiation 
therapy shows an intermediate-intensity mass (arrow) located in the left aspect of the subglottic region. The remaining portion (open 
arrow) in the right aspect shows a higher intensity than that of the left aspect. The medial portion of the cricoid cartilage shows 
intermediate intensity (asterisk) ; however, the remaining portion shows low intensity (double asterisks). 

C, T2-weighted (2000/ 80) axial image at the level of the subglottic region before the initiation of preoperative radiation therapy 
shows a high-intensity mass (arrow) located in the left aspect of the subglottic space. The remaining portion (open arrow) in the right 
aspect shows a higher intensity than the left aspect. The medial portion of the cricoid cartilage shows high intensity (asterisk), whereas 
the remaining portion shows low intensity (double asterisks). 

D, Enhanced Tl -weighted (600/ 20) ax ial image at the level of the subglottic region before the initiation of preoperative radiation 
therapy shows moderate contrast enhancement (arrow) in the left aspect of the subglottic space. The remaining portion (open arrow) 
in the right aspect shows more prominent contrast enhancement than the left aspect. The medial portion of the left cricoid lamina 
shows moderate contrast enhancement (asterisk) , whereas the remaining portion shows lack of contrast enhancement (double asterisks). 

E, T2-weighted (2000/ 80) axial image at the level of the subglottic region after the completion of preoperative radiation therapy 
shows moderately decreased size of the tumor. However, the signal intensity of the tumor is not changed as compared with the 
preradiation image (C). 
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shown in three of six hypopharyngeal cancers
two to the cervical esophagus and one through 
the thyrohyoid membrane and pharyngeal con
strictor muscle to the soft tissues of the neck. 

In six of eight tumors, extralaryngeal or extra
pharyngeal invasion was shown as high intensity 
on T2-weighted images (Fig 3A through C). How
ever, two extralaryngeal or extra pharyngeal in
vasions were not so clearly shown on T2-
weighted images because of poor image quality. 
Enhanced images showed all eight extralaryngeal 
or extrapharyngeal invasions as moderately en
hancing mass lesions (Fig 3D through F). Invasion 
of hypopharyngeal tumors into the cervical 
esophagus was clearly shown on enhanced sag
ittal images. In two laryngeal tumors with invasion 
penetrating the thyroid lamina and one hypo
pharyngeal tumor with invasion penetrating the 
thyrohyoid membrane and pharyngeal constric
tor muscle, the extent of invasion was overesti
mated on T2-weighted and enhanced images. 
The extent of extralaryngeal or extrapharyngeal 
growth shown on enhanced images was nearly 
the same as that seen on T2-weighted images 
when the image quality of the T2-weighted im
ages was diagnostic. 

Discussion 

Accurate determination of tumor extent is 
mandatory for treatment planning in laryngohy
popharyngeal cancer. For supraglottic laryngec
tomy, the tumor must not cross the laryngeal 
ventricle . Vertical hemilaryngectomy for glottic 
cancers is contraindicated when there is signifi
cant subglottic extension, arytenoid cartilage in
volvement, deep growth at the anterior commis
sure, and/or false cord invasion. It is also impor
tant to identify the presence of hyaline cartilage 
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invasion (thyroid, cricoid , and arytenoid carti
lages), because cartilage invasion is usually 
thought to be an indication for total laryngectomy 
rather than for partial laryngectomy. Moreover, 
radiation therapy in cases with invasion of thyroid 
cartilage may cause serious complications such 
as chondronecrosis. High recurrence rates follow 
radiation therapy in cases with occult invasion to 
thyroid, cricoid, and arytenoid cartilages (3) . 

Castelijns and coworkers (5) advocate the use 
of T1-weighted images in conjunction with pro
ton-density-weighted images to evaluate carti
lage invasion because T1 -weighted images are 
effective in differentiat ing fatty marrow in the 
ossified cartilage from tumor-involved cartilage 
and because proton-density-weighted images al
low discrimination of normal unossified cartilage. 

Castelijns and coworkers discarded T2-
weighted images with a 0.6-T superconductive 
unit because of image degradation (5) . Although 
T2-weighted images are more effective in delin
eating the extent of tumor than are T1- or proton
density-weighted images, T2-weighted images 
are limited in their effectiveness in the imaging of 
laryngohypopharyngeal cancer because of mo
tion artifacts and a low contrast-to-noise ratio (5 , 
9). Fast spin-echo techniques, when available, 
might be a promising substitute for conventional 
spin-echo techniques by reducing acquisition 
time and motion artifacts (12, 13). 

Gd-DTPA-enhanced MR imaging may be an 
important adjunct to or substitute for the proton
density- and T2-weighted images in the study of 
laryngohypopharyngeal cancers , as has been 
demonstrated in the study of sinonasal diseases 
(14) . Gd-DTPA- enhanced T1 -weighted images 
show many advantages over T2-weighted im
ages. Enhanced T1-weighted images provide a 
better signal-to-noise ratio, fewer motion arti-

F, Enhanced Tl -weighted (600/20) axial image at the level of the subglottic region after the completion of preoperative radiation 
therapy shows decreased size of the tumor. However, the degree and pattern of contrast enhancement are not changed as compared 

with the preradiation image (D). 
G, Enhanced Tl-weighted (600/20) coronal image after the completion of preoperative radiation therapy shows transglottic extension 

of a moderately enhanced mass (arrow). Normal laryngeal mucosa shows more prominent enhancement (open arrow) than the tumor. 
The cranial portion of the cricoid cartilage shows moderate contrast enhancement (asterisk). 

H, T2-weighted (2000/ 80) axial image of the resected specimen shows a high-intensity mass occupying the left aspect of the 
subglottic space (arrow). The remaining portion shows higher intensity than the mass (open arrow). The medial portion of the cricoid 
cartilage shows high intensity (asterisk ), whereas the remaining portion shows low intensity (double asterisks). 

I, Histolopathologic specimen at the level of the subglottic region (axial plane) shows a squamous cell carcinoma occupying the left 
aspect of the subglottic space. The region showing a relatively high intensity on T2-weighted images and moderate contrast enhancement 
on enhanced T l-weighted images corresponds to cancer tissue (arrow). The region that shows higher intensity on T2-weighted images 
and more prom inent contrast enhancement on enhanced Tl-weighted images than the tumor corresponds to noncancerous laryngeal 
mucosa (op en arrow). T he medial portion of the cricoid cartilage with moderate contrast enhancement corresponds to tumor-involved 
cartilage (asterisk ). The nonenhanced portion of the cricoid ca rtilage corresponds to the unossified portion (double asterisks). The tumor 
invades to the lower edge of the thyroid lamina (curved arrow) , which cannot be identified on MR images. 
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Fig. 3. A 75-year-old man with T4 hypopharyngeal cancer showing extrapharyngeal invasion and cartilage invasion to the posterior 
end of the left thyroid lamina. MR images taken after the completion of preoperative radiation therapy (32 Gy for 4 weeks) showed a 
little reduction of mass size (not shown). The signal intensity of the tumor and the degree of contrast enhancement of the tumor are 
not changed after the completion of preoperative radiation therapy. 

A, Tl-weighted (600/20) axial image at the level of the false cords before the initiation of preoperative radiation therapy shows that 
an intermediate-intensity mass of the left pyriform sinus invades the left paralaryngeal space (arrow). The intermediate-intensity mass 
extends into the soft tissues of the neck in the posterior and lateral aspects, compressing and penetrating pharyngeal constrictor 
muscles (curved arrows). The tumor surrounds the posterior end of the left thyroid lamina (asterisk). The signal intensity of the left 
thyroid lamina is intermediate. 

8, Proton-density-weighted (2000/30) axial image at the level of the false cords before the initiation of preoperative radiation therapy 
shows an intermediate- intensity mass in the left pyriform sinus extending into the left paralaryngeal space (arrow). Soft tissues of the 
neck show an intermediate intensity in the posterior and lateral aspects of the hypopharynx (curved arrow). The posterior portion of 
the left thyroid lamina shows intermediate intensity (asterisk), whereas the remaining portion shows a low intensity (double arrowheads). 

C, T2-weighted (2000/ 80) axial image at the level of the false cords before the initiation of preoperative radiation therapy shows a 
high-intensity mass in the left pyriform sinus extending into the left paralaryngeal space (arrow). The mass extends into the soft tissues 
of the neck, compressing and penetrating pharyngeal constrictor muscle (curved arrow). The posterior portion of the left thyroid lamina 
is of high intensity (asterisk), whereas the remaining portions are of low intensity (double arrowheads). 

D, On enhanced Tl-weighted (600/ 20) axial image at the level of the false cords before the initiation of preoperative radiation 
therapy , the tumor in the left pyrifrom sinus extending into the left paralaryngeal space has moderate contrast enhancement (arrow). 
The posterior portion of the left thyroid lamina has moderate contrast enhancement (asterisk) , whereas the remaining portion does not 
contrast enhance (double arrowhead). Moderate contrast enhancement is seen in the neck soft tissue in the posterior and lateral aspects 
of the hypopharynx (curved arrow). 

E, T2-weighted (2000/ 80) axial image of the resected specimen. The posterior portion of the left thyroid lamina has high signal 
intensity (asterisk) , whereas the remaining portion is of low intensity (arrowhead) . The mass is of high intensity (arrow). 

F, Histopathologic specimen shows that squamous cell carcinoma of the left pyriform sinus extends into the paralaryngeal space 
(arrow). The posterior end of the left thyroid lamina is invaded with fibrotic changes of bone marrow (asterisk). Extrapharyngeal growth 
into the soft tissues of the neck is seen in the posterior and lateral portions (curved arrow). Extrapharyngeal invasion is compressing 
and penetrating pharyngeal constric tor muscle. Extrapharyngeal invasion into the neck soft tissue corresponds to high intensity on T2-
weighted images and moderate contrast enhancement on enhanced images. Comparison of MR images with pathologic specimens 
shows that the extent of extrapharyngeal invasion is overdiagnosed with proton-density-weighted, T2-weighted, and enhanced MR 
images. 

facts, and a shorter acquisition time than do T2-
weighted images. Gd-DTPA-enhanced images 
show prominent contrast enhancement of the 

mucosa of the laryngohypopharynx and moder
ate enhancement of tumor with signal intensity 
higher than that of endolaryngeal muscle and 
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Fig. 4. A 56-year-old patient with T2 epiglottic cancer . The patient underwent 

supraglottic laryngectomy after the preoperative radiation therapy (36 Gy for 4 weeks). 
A, Tl-weighted (600/ 20) sagittal image before the initiation of preoperative rad iation 

therapy shows an intermediate-intensity mass of the epiglottis (arrow). The mass 
invades to the tongue root and preepiglottic space. 

B, Proton-density-weighted (2000/ 30) axial image at the level of the hyoid bone 
before the initiation of preoperative radiat ion therapy shows an intermediate- intensity 
mass (arrow) of the epiglottis. The epiglottic cartilage cannot be identified . 

C, T2-weighted (2000/ 80) axial image at the level of the hyoid bone before the 
initiation of preoperative radiation therapy shows a high- intensity mass (arrow) of the 
epiglottis. The epiglottic cartilage cannot be identified . 

D, Enhanced Tl-weighted (600/ 20) sagittal image before the initiat ion of preoper
ative radiation therapy shows moderate contrast enhancement (arrow) of the mass. 
Although the proximal portion of the epiglottic cartilage remains unenhanced (arrow
head) , the distal portion is involved by tumor and cannot be identi fied. 

E, T2-weighted (2000/ 80) sagittal image after the completion of preoperative 
radiation therapy shows moderate reduction of tumor size. The signal intensity of the 
tumor is inhomogeneously high (arrow). The tumor surrounds a linear hypointensity 

(arrowhead) . 
F, Enhanced Tl-weighted (600/ 20) sagitta l image after the completion of preoper

ative radiation therapy shows moderate contrast enhancement of the tumor (arrow) . 
The unenhanced linear structure is no ted (arrowhead). 

G, Histopathologic specimen shows a squamous cell carcinoma surrounding the 
epiglottic cartilage (arrowheads). Microscopic invasion to the epiglottic ca rtilage is 
seen. Linear structure showing a low intensity on T2-weighted images and lack of 
contrast enhancement corresponds to uninvolved epiglottic carti lage (arrowheads) . 
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lower than or close to that of the mucosa of the 
laryngohypopharynx. Our results indicate that 
Gd-DTPA-enhanced imaging is effective and pro
vides superior or nearly equivalent information to 
proton-density- and T2-weighted images in the 
evaluation of the extent of tumors. Cartilage in
vasion was clearly shown with the use of precon
trast and postcontrast Tl-weighted images, of
fering an alternative to time-consuming proton
density- or T2-weighted images. However, lim
ited invasion confined to the shell of ossified 
cartilages was missed with all imaging sequences. 

Laryngohypopharyngeal cancer may extend to 
extralaryngeal or extrapharyngeal soft tissue of 
the neck through the thyrohyoid membrane, cri
cothyroid membrane, or thyroid cartilage (11). 
Eight tumors in this study showed extralaryngeal 
or extrapharyngeal invasion. The presence or 
absence of extralaryngeal or extrapharyngeal in
vasion was demonstrated more clearly with en
hanced images than with proton-density- and 
T2-weighted images, although the extent of in
vasion was overestimated with these MR images. 
This is because edematous and/ or fibrotic 
changes around tumors showed the same signal 
intensity as did the tumor itself on Tl- proton
density-, and T2-weighted images and moderate 
contrast enhancement on enhanced images. 

We compared MR images taken after the pre
operative radiation therapy with pathologic find
ings and MR images taken from resected speci
mens. Regions with a moderate intensity on Tl
weighted images, a high intensity on T2-weighted 
images, and moderate contrast enhancement on 
enhanced images corresponded to tumor tissues 
intermingled with fibrotic changes, the latter 
probably caused by radiation therapy. By com
parison study of MR images taken before and 

TABLE 3: Accuracy of diagnosis of laryngeal cartilage invasion 

Pathologic Imaging No. of Correct Diagnosis in Cartilage 

Diagnosis Sequences' Thyroid Cricoid Arytenoid Epiglottic 

Positive invasion Pre-Tl / PD 5/ 8 4/ 4 3/ 5 7/ 9 
Pre-T1 / T2 5/ 8 4/ 4 3/ 5 .7/ 9 
Pre-T1 / Post-T1 7/ 8 4/ 4 4/ 5 9/ 9 

Negative invasion Pre-Tl / PD 13/ 16 16/ 20 38/ 43 11 / 15 
Pre-T1 / T2 13/ 16 16/ 20 38/ 43 11 / 15 
Pre-T 1 / Post-T 1 16/ 16 20/ 20 40/ 43 15/ 15 

'Pre-T1 / PD, the combination of precontrast Tl-weighted images and 

proton-density-weighted images; Pre-T1/ T2, the combination of precon

trast Tl-weighted images and T2-weighted images; Pre-T1 / Post-T1 , the 

combination of precontrast T1-weighted images and postcontrast T1 -
weighted images. 
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after the preoperative radiation therapy, we noted 
a reduction in the tumor size but not in the signal 
intensity of the tumor. This may be explained by 
the presumption that fresh fibrotic tissue has high 
intensity and can not be differentiated from tumor 
tissue on T2-weighted images, as has been 
proved in female pelvic cancers (15) . Regions 
showing moderate intensity on Tl-weighted im
ages, high intensity on T2-weighted images, and 
moderate contrast enhancement probably corre
spond to tumor tissue on preradiation MR images. 
Limited invasion to cartilages or extralaryngeal 
soft tissues might be missed on preoperative MR 
images. 

In conclusion, Gd-DTPA-enhanced Tl
weighted images clearly demonstrated many of 
the findings shown on pathologic specimens and 
proved superior to proton-density-weighted and 
T2-weighted images in defining the extent of 
tumor and cartilage invasion in laryngohypophar
yngeal cancer. Because of the shorter acquisition 
time and reduced image degradation caused by 
patient movement during scanning, Gd-DTP A
enhanced Tl-weighted imaging appears more 
useful in the diagnosis of laryngohypopharyngeal 
cancer than do proton-density-weighted and T2-
weighted images. 
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