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To understand the issues that are involved with
imaging of the larynx in patients with squamous
cell carcinoma, radiologists should start by examin-
ing the treatment modalities for these tumors. In
many cases, the treatments will vary depending
on whether the patient has a supraglottic, glottic,
or subglottic carcinoma and the volume and extent
of that tumor. Because a person’s voice plays a
large role in the ability to communicate and in a
person’s self-image, the decision to remove all or
portions of the larynx has heavy psychosocial
overtones; therefore, therapeutic decisions are
usually based on a combination of concerns for
the patient’s long-term survival and functional
outcome. For the most part, the treatment options
include surgery, radiotherapy, chemotherapy, and
selected combinations thereof.

Radiation therapy

Several studies of radiation therapy for supra-
glottic and glottic carcinomas have demonstrated
that one of the critical factors determining
tumor-free survival and/or local control is tumor
volume. For this reason, many imaging centers
perform volumetric analyses of all laryngeal carci-
nomas. Because spiral CT scanning has allowed
millimeter to submillimeter scan thicknesses and
radiation therapists often plan portals based on
CT images, CT is the most common modality used
to compute volumes. Freeman et al [1] found that
there was a statistically significant difference in
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local control for supraglottic tumors less than
6 mL (83%) versus tumors greater than or equal to
6 mL (46%) that was independent of pre- or para-
glottic tumor extent. Lee et al [2] found that T3
glottic cancers with a volume of 3.5 mL or less
had a local control rate of 92%, whereas tumors
greater than 3.5 mL had a local control rate of
only 33%. In Lee et al’s study, other important fac-
tors influencing local control by radiation were
involvement of the mucosa of the arytenoid carti-
lage and degree of paraglottic invasion. Castelijns
et al [3] have stated that a laryngeal carcinoma
more than 5 mL in volume with associated abnor-
mal signal intensity on MR imaging in the thyroid
cartilage has a high rate of tumor recurrence if
treated solely by radiotherapy. Castelijns et al [4]
found that cord mobility, tumor volume, and
cartilage invasion as seen at MRI determined
the chance for cure by radiation therapy. However,
the effect of tumor volume was negligible in one
study that assessed T2 glottic cancers [5]. In many
cases, tumor volume correlates with T staging of
the laryngeal carcinoma (Tables 1-3). Thus, vol-
ume and T stage may be related dependent vari-
ables. Nonetheless, most of the literature suggests
that volume alone does appear to be an indepen-
dent contributor to patient survival from laryngeal
carcinoma.

Besides tumor volume, what are the other pre-
dictors of local control by radiation? CT or MR
imaging criteria of transglottic spread, more than
25% preepiglottic space involvement, cord mobil-
ity, and extensive paralaryngeal spread should
be considered as factors when contemplating ra-
diation therapy as the primary modality for treat-
ing laryngeal carcinomas [6]. Clinical T stage, and
tumoral invasion of the thyroid cartilage on MR
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Table 1
T staging of supraglottic carcinoma

Table 2
T staging of glottic carcinoma

Stage  Description

Stage Description

Tl Tumor limited to one subsite of supraglottis
with normal vocal cord mobility
T2 Tumor invades mucosa of more than one

adjacent subsite of supraglottis or glottis or
region outside the supraglottis (eg, mucosa

of base of tongue, vallecula, medial wall of
pyriform sinus) without fixation of the larynx

T3 Tumor limited to larynx with vocal cord
fixation and/or invades any of the following:
postcricoid area, pre-epiglottic tissues,
paraglottic space, and/or minor thyroid
cartilage erosion (eg, inner cortex)

T4a Tumor invades through the thyroid cartilage
and/or invades tissues beyond the larynx (eg,
trachea, soft tissues of neck including deep
extrinsic muscle of the tongue, strap muscles,
thyroid, or esophagus)

T4b Tumor invades prevertebral space, encases
carotid artery, or invades mediastinal
structures

T1 Tumor limited to the vocal cord(s) (may
involve anterior or posterior commissure)
with normal mobility

Tla Tumor limited to one vocal cord

Tlb Tumor involves both vocal cords

T2 Tumor extends to supraglottis and/or
subglottis and/or with impaired vocal cord
mobility

T3 Tumor limited to the larynx with vocal cord

fixation and/or invades paraglottic space,
and or minor thyroid cartilage erosion
(eg, inner cortex)

T4a Tumor invades through the thyroid cartilage
and/or invades tissues beyond the larynx
(eg, trachea, soft tissues of neck including
deep extrinsic muscle of the tongue, strap
muscles, thyroid, or esophagus)

T4b Tumor invades prevertebral space, encases
carotid artery, or invades mediastinal
structures

Data from American Joint Committee on Cancer.
Cancer staging handbook. 6th edition. New York:
Springer; 2002, with permission of the American Joint
Committee on Cancer (AJCC®), Chicago, IL.

imaging also are predictors of radiation treatment
failure at 5 years for glottic tumors [7].

In the past, any form of cartilaginous invasion
also precluded radiation therapy, because the con-
ventional wisdom was that to eradicate the tumor
that had invaded the cartilage with radiotherapy
risks chondroradionecrosis. In many cases, the
chondronecrosis may not be caused by the radia-
tion per se but a superimposed infection into a
predisposed ulcerated field where immunologic
protection is violated. More recently, however,
focal nonbulky cartilaginous invasion (seen as
laryngeal sclerosis) has been treated with targeted
radiation therapy with excellent local control [8].
This has led to a revision of the staging of laryn-
geal carcinoma to allow focal inner wall cartilage
invasion as still a curable criterion. Other authors
have suggested that even minor cartilaginous
invasion demonstrated by imaging should pre-
clude radiation therapy for cure [9]. Patients who
require breaks during the radiation therapy, either
for pulmonary complications or mucositis, tend to
do more poorly than those who complete the
radiation therapy protocol within the standard
guidelines.

The other consideration when deciding between
a surgical versus radiotherapeutic approach is the

Data from American Joint Committee on Cancer.
Cancer staging handbook. 6th edition. New York:
Springer; 2002, with permission of the American Joint
Committee on Cancer (AJCC®), Chicago, IL.

status of the lymph nodes of the neck. Whereas it
is unusual for glottic carcinoma to have large
bulky neck disease, this is not the case with supra-
glottic carcinomas. Therefore, with large-volume
neck disease, the impetus may be to have a surgical

Table 3
T staging of subglottic carcinoma

Stage Description

T1 Tumor limited to the subglottis

T2 Tumor extends to vocal cord(s) with normal
or impaired mobility

T3 Tumor limited to larynx with vocal cord
fixation

T4a Tumor invades cricoid or thyroid cartilage

and/or invades tissues beyond the larynx
(eg, trachea, soft tissues of neck including
deep extrinsic muscles of the tongue, strap
muscles, thyroid, or esophagus)

T4b Tumor invades prevertebral space, encases
carotid artery, or invades mediastinal
structures

Data from American Joint Committee on Cancer.
Cancer staging handbook. 6th edition. New York:
Springer; 2002, with permission of the American Joint
Committee on Cancer (AJCC®), Chicago, IL.
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approach to both the primary tumor and the nodal
disease. Often in this case, postoperative radiation
therapy (PORT) will follow to eradicate micro-
scopic disease.

In interpreting the images of a patient with
laryngeal carcinoma who is being considered for
radiotherapy, the physician should be attentive to
the following issues: (1) tumor volume; (2) presence
of and/or degree of cartilaginous invasion; (3) inva-
sion by the tumor into supraglottic, glottic and
subglottic compartments; (4) preepiglottic, para-
glottic and soft tissue dissemination; and (5) extent
of nodal disease. For laryngeal carcinoma, a maxi-
mum of 3-mm-thick sections, either with MR imag-
ing or CT, is recommended to address these issues.
In some head and neck cancer centers, submilli-
meter-thick images are being performed via spira
CT or 3D Fourier transformation (3DFT MR)
imaging to increase staging accuracy and to
produce the most accurate volumetric analysis.

Surgical treatments
Supraglottic carcinomas

Small supraglottic carcinomas of the epiglottis
can be removed via endoscopic or open ap-
proaches with preservation of laryngeal integrity.
For those patients with more extensive supraglot-
tic carcinomas, a horizontal supraglottic laryngec-
tomy or endoscopic supraglottic laryngectomy
may be necessary. In classic horizontal supraglot-
tic laryngectomy surgery, the plane of resection is
across the laryngeal ventricle, with removal of a
portion of the thyroid cartilage and supraglottic
structures. If a patient is a candidate for this pro-
cedure, the voice quality postsurgery tends to be
excellent because both arytenoids and the vocal
cords are preserved. Any transglottic carcinoma
or carcinoma that has paraglottic extension, or
extensive invasion of the thyroid, cricoid, or
arytenoid cartilages, would contraindicate this sur-
gery. These tumors may also be approached by a
supracricoid laryngectomy with cricohyoidopexy,
which is discussed later.

Glottic carcinomas

Very small unilateral glottic carcinomas or car-
cinomas in situ have been treated endoscopically
with laser therapy and/or local resection where
the superficial mucosa is removed. Nonetheless,
in healthy individuals, most physicians would
advocate radiation therapy for T1 carcinomas,

early T2 carcinomas of the glottic larynx, and
bilateral carcinoma in situ. Because of their impact
on the quality of the voice, glottic carcinomas tend
to present earlier then supraglottic carcinomas;
therefore, the disease has smaller volume, and is
amenable to radiotherapy.

For selected T1 and T2 carcinomas of the glot-
tis that do not cross over the midline beyond one
third of the contralateral vocal cord, a vertical
hemilaryngectomy can be performed. This proce-
dure removes the ipsilateral vocal cord and can
remove up to one third of the contralateral vocal
cord along with the thyroid cartilage on that side.
The cricoid and arytenoid cartilages and the epi-
glottis are preserved.

When one has more extensive disease and/or
glottic carcinoma that also extends into the supra-
glottis, arytenoid cartilage, or paraglottic space,
supracricoid laryngectomies with cricohyoido (epi-
glotto)pexy can be performed. These two surgeries
effectively remove all of the thyroid cartilage and,
if needed, one arytenoid cartilage, while preserving
the hyoid bone, tongue base, cricoid cartilage, and
one arytenoid cartilage, which are sutured
together. The mobile arytenoid, pulled up by the
pexy between hyoid bone and cricoid cartilage
apposes against the tongue base for sphincter
control against aspiration. In the case of a crico-
hyoidoepiglottopexy (versus the cricohyoidopexy),
a portion of the epiglottis is preserved to assist
sphincteric function. The voice quality after these
procedures is fair to good, but in most cases, the
only other surgical option is a total laryngectomy.
The contraindications for supracricoid laryngec-
tomies include bulky pre-epiglottic fat invasion
leading to hyoid bone involvement, interaryte-
noid disease, bilateral arytenoid cartilage involve-
ment, cricoid cartilage involvement, or subglottic
extension of the carcinoma of more than 1 cm.

Subglottic carcinoma

If the subglottis is involved one cm below the
vocal cords, either by direct extension from glottic
or supraglottic carcinomas or as the primary site,
the only surgical option is a total laryngectomy.
A trial of radiotherapy with “salvage total laryn-
gectomy” in the case of a radiation failure may be
attempted. A total laryngectomy followed by
PORT in most cases has a 10% to 20% better 5-
year survival than a laryngectomy performed after
radiation therapy failure. Nonetheless, the pos-
sibility of maintaining the patient’s voice box is
present in the latter approach.
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In those patients contemplating surgical treat-
ment of the laryngeal carcinoma, some of the criti-
cal issues include the following: (1) the extent of
the tumor across the midline (vertical hemilaryn-
gectomy), (2) the presence of and degree of pre-
epiglottic fat or hyoid invasion (supracricoid
laryngectomy and supraglottic laryngectomy) [10],
(3) transglottic or paraglottic spread (horizontal
supraglottic laryngectomy), (4) interarytenoid or
bilateral arytenoid invasion (supracricoid laryn-
gectomy), (5) subglottic carcinomatous extension
(all laryngeal conservations surgeries), and (6)
cricoid cartilage invasion (all laryngeal conserva-
tion surgeries).

The effect of tumor volume has only recently
been assessed with regard to surgical success rates.
Mukherji et al [11,12] have found that supraglottic
tumor volume correlates with local control rates for
those patients treated surgically. The local surgical
control rate for tumors with volumes of less than
16 cm® was 98%, compared with 40% for tumors
with volumes of more than 16 cm® (P < 0.05).

Some patients with laryngeal carcinomas that
require total laryngectomies have a good functional
outcome. Esophageal speech, electrolaryngeal
devices, and trachea-esophageal puncture speech
devices can usually allow the patient to communi-
cate with family and friends, although issues
regarding tracheal care, stoma hygiene, and so
forth make this a less desirable option. Swimming
and other such activities must be curtailed. How-
ever, the rehabilitation for swallowing is less
onerous after a total laryngectomy because the air-
way is protected via the tracheostomy. After laryn-
geal conservation surgery, rehabilitation organized
by a skilled speech therapist is required to teach
the patient to swallow without aspirating and to
maximize phonatory function.

Pharynx

Posterior extension to the pharynx or upper
esophageal segment is another critical step in
the evaluation of a patient with laryngeal carci-
noma. The functional outcome in an individual
who must have both a laryngectomy and a par-
tial or total pharyngectomy is much less optimis-
tic than with laryngeal surgery alone. With
extensive pharyngeal or esophageal disease, gas-
tric pull-up procedures and jejunal interpositions
must be contemplated if primary closure is not
possible. Tubed pectoralis or free flaps, often
from the radial forearm region, may also be
introduced.

Chemotherapy and radiation therapy

Recently, several chemotherapy protocols have
shown potential for providing improved survival
when combined with radiation therapy [eg, cis-
platin (+/—bleomycin sulfate) and fluorouracil]
[13,14]. Thus far, these chemotherapeutic agents
alone are ineffective as cures for disease (ie,
without radiotherapy); however, they do seem to
potentiate the benefit of radiation therapy, either
by sending the cells into a more vulnerable cell-
cycle stage of reproduction or merely by reducing
the volume of disease radiation therapy must elim-
inate. Often the chemotherapy either predates or
occurs concomitantly with the radiation therapy
protocol. The possibility of retaining a patient’s
larynx when treating stage III or IV disease with
this combined approach makes these types of
protocols worth exploring. Clayman et al [13]
concluded that whereas local control may be
significantly compromised with combination che-
motherapy and radiation therapy, there is no com-
promise in overall survival when combined with
prompt surgical salvage. Prompt surgical salvage
is often not possible, however, because chemo-
therapy- and radiation-field changes often make
it difficult to detect early recurrences or to heal well
after surgery.

Imaging
Compartmental spread

Because of the previously described considera-
tions, a fundamental understanding of the ana-
tomy of the larynx is critical to the head and neck
radiologist who interprets scans of patients with
laryngealcarcinoma. Thedistinctionbetweensupra-
glottic structures (epiglottis, aryepiglottic folds,
false vocal cords, laryngeal ventricle, and superior
superficial mucosa of the arytenoids) and glottic
structures (vocal cords, anterior and posterior com-
missures) must be made (Fig. 1). The subglottis
begins below the level of the true vocal cords and
extends to the first tracheal ring.

The cartilaginous structures of the epiglottis,
thyroid cartilage, arytenoid cartilage, and cricoid
cartilage can be easily distinguishable on imaging.
The cricoid cartilage is the only intact ring of the
larynx, having a complete posterior component.
The inferior margin of the arytenoid cartilage with
its vocal process marks the border of the true vocal
cord. The cricoarytenoid joint therefore is a readily
distinguishable structure both on CT and MR
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Fig. 1. Normal anatomy. This coronal T1-weighted scan shows the separation of the supraglottis from the glottis by the
laryngeal ventricle (short arrow). Note that the paraglottic tissue at the level of the false vocal cords and above is high-
intensity fat (long arrow). Below the ventricle, the paraglottic tissue is low-intensity muscle.

imaging that demarcates glottic from supraglottic
and subglottic structures.

The paraglottic tissues can be separated into the
pre-epiglottic fat, the paraglottic fat, and the thyro-
arytenoid muscle of the true vocal cord. Therefore,
on both CT scanning (where fat is dark) and T1-
weighted MR imaging (where fat is bright), the sep-
aration of pre-epiglottic and paraglottic fat of the
supraglottic larynx can be distinguished from the
muscular density (soft tissue on CT) or intensity
(intermediate on T1-weighted MR imaging) of the
thyroarytenoid muscle of the glottic larynx. The
differentiation between preepiglottic fat and para-
glottic fat is important from the standpoint of some
of the T-staging issues that require addressing the
preepiglottic fat [10]. Nonetheless, the thin septum
that separates paraglottic from preepiglottic fat is
often invisible on imaging studies, and therefore
the border zone between these two tissues can be
blurred. The significance of preepiglottic fat inva-
sion lies in the potential need to address the base
of the tongue in surgical resection and the danger
to the hyoid bone, which is required in the supracri-
coid surgeries. Fortunately, MR imaging is a highly
effective (sensitivity, 100%; specificity, 84%; accu-
racy, 90%) means for evaluating the preepiglottic
space for tumor spread [10] (Fig. 2).

Fixation of the cord is one of the T-staging cri-
teria for laryngeal carcinoma. While this is best
assessed endoscopically, the imaging correlates to
tumoral fixation are cricoarytenoid joint involve-
ment, interarytenoid disease, and paraglottic
spread [15].

Because transglottic extension is critical to the
differentiation between supraglottic laryngectomy
surgery for supraglottic carcinomas and vertical
hemilaryngectomy surgeries for glottic carcino-
mas, coronal reconstructions and/or direct coronal
scanning is highly recommended as part of the
laryngeal imaging protocol with any modality
(Fig. 3). Often, the spread is not along the mucosa
(where it is evident to the endoscopist) but is in the
paraglottic space and/or submucosal space where
the disease may be invisible, even to the trained
eye [16]. For the radiologist, the source of the
tumor (whether from a glottic or supraglottic
origin) may not be as obvious as at endoscopy;
however, the deep spread from one compartment
to the other is apparent on these imaging modal-
ities. With laryngeal imaging multidetector CT
scanning (thickness <2 mm) and the resultant
excellent coronal reconstructions, the perceived
benefits of direct coronal scanning by MRI can
be reduced but not overcome, given the superior
soft tissue resolution of MR imaging [17]. Swal-
lowing and motion artifacts on MR imaging are
more of an issue than with the ultrafast spiral
CT scanning now available, where scan times are
less than a minute [18].

Laryngeal cartilage invasion

For research on laryngeal cartilage invasion,
credit must be given to European authors who
have extensively reviewed the CT, MR imag-
ing, and pathologic findings associated with
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Fig. 2. Supraglottic carcinomas. (A) There is a small T1 epiglottic carcinoma (arrow) on a Tl-weighted image with
preservation of epiglottic fat. The strandiness is related to minor salivary gland tissue in this location, a source of false-
positive studies. (B) On this proton density—weighted scan, soft tissue (7)) is seen filling the space anterior to the epiglottis
and posterior to the hyoid bone, the preepiglottic space. Note also the bilateral enlarged lymph nodes. Hyoid bone
invasion may prohibit the supracricoid laryngectomy surgeries because the hyoid bone is needed as part of the “pexy”

procedure.

cartilaginous invasion [3,16,19-29]. Because the
thyroid cartilage may be either chondrified or os-
sified, it is the most difficult cartilage of the larynx
to evaluate for tumor erosion (Fig. 4). The den-
sity of nonossified cartilage is similar to squa-
mous cell carcinoma and has similar intensity on

Fig. 3. Transglottic carcinoma. Coronal Tl-weighted
scan shows a mass (7) that crosses the plane of the
supraglottic and glottic larynx, extending in a para-
glottic location into the thyroarytenoid muscle. Note the
width of the paraglottic soft tissue on the left side
compared with the right side. This lesion was seen only
as a supraglottic mucosal lesion, and the extent across
the plane of the laryngeal ventricle was unexpected.

T1-weighted scans. Becker et al [20] looked at seve-
ral CT findings, including sclerosis of cartilage,
erosion of cartilage, lysis of cartilage, irregular bor-
der to cartilage, extra laryngeal tumor beyond the

Fig. 4. This supraglottic carcinoma had both a mucosal
lesion and a deep submucosal mass on the left side.
Note that the thyroid cartilage, which is normal, shows
areas of high signal intensity on the T1-weighted scan,
representing ossification (short arrows), and areas of
lower signal intensity, representing chondrification
(long arrows). On a fast-spin echo T2-weighted scan or
T1-weighted scan with fat suppression, all of these areas
would be dark.
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Fig. 5. (A) This transglottic carcinoma, which was
located bilaterally, shows some of the features of
cartilage invasion on CT scan. The arytenoid cartilage
on the right is sclerotic (black arrow). The thyroid
cartilage on the left is bowing outward (long white
arrow). There are focal erosions and low-density areas in
the midline near the thyroid notch (short white arrow).
(B) Although this arytenoid cartilage was sclerotic
(arrow), tumor had only extended to the perichondrium.
The changes were from inflammatory reactive change
rather than neoplastic infiltration from the true vocal
cord cancer. (C) Note the eroded edges (short arrow) of
the cricoid cartilage to the right of midline, with a
sclerotic area (long arrow) to the left of midline. This was
an extensive supraglottic carcinoma which spread trans-
glotticly and posteriorly.

Fig. 5 (continued)

cartilage, and cartilage expansion, to determine
which of these factors had the highest degree of
reliability in evaluating the thyroid, cricoid, and
arytenoid cartilage (Fig. 5). Whereas sclerosis was
the most sensitive (83%) criterion in all of the carti-
lages, histopathologically it often corresponded to
reactive inflammation, particularly in the thyroid
cartilage (specificity, 40%). Becker et al [20] found
that extralaryngeal tumor and erosion or lysis of
cartilage yielded the highest specificity (83% specific-
ity with a sensitivity of 71%) for thyroid cartilage
invasion. The identification of tumor adjacent to
nonossified cartilage, a serpiginous contour, and
obliteration of marrow space also were relatively
specific (86-95%) findings for arytenoid and cricoid
cartilage invasion (but not for the thyroid cartilage
with 41-55% specificity). These criteria alone were
not sensitive signs (7-55% sensitivity) of invasion
in the arytenoid and cricoid cartilage and were non-
specific in the thyroid cartilage. Combining the
effects of extralaryngeal tumor, sclerosis, and lysis
provided the highest degree of accuracy in Becker
et al’s [20] studies, approximately 80% for the thy-
roid cartilage. In contrast, the authors found the
accuracy rates for cricoid and arytenoid cartilage
invasion were much higher than that of thyroid
cartilage invasion, given findings of sclerosis or lysis.
No single criterion showed both sensitivity
and specificity of more than 90%. Combining crite-
ria enabled an overall sensitivity for cartilaginous
invasion of 91% (with an associated specificity of
68%) or an overall specificity of 79% (with an asso-
ciated sensitivity of 82%) [20].

Others have previously reported that sclerosis
of cartilage may be a reactive change to adjacent
tumor without truly reflecting cartilaginous in-
vasion by tumor. The positive predictive value of
sclerosis of cartilage for pathologic invasion was
approximately 50% in a study by Munoz et al [30].

For MR imaging findings, high signal intensity
within the cartilage on fat-suppressed fast-spin
echo T2-weighted scans and/or -cartilaginous
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Fig. 6. Cartilaginous invasion on MR imaging. (A)
Precontrast T1-weighted scan shows high signal inten-
sity within the thyroid cartilage on the left side but low
signal intensity within thyroid cartilage on the right side
(arrow). This may represent ossification on the left and
chondrification on the right. (B) After gadolinium
administration and with fat suppression, the normal
left-sided cartilage remains dark because of the sup-
pressed fat. The right-sided cartilage shows enhance-
ment (arrow). If the cartilage were normal and merely
chondrified, it would remain dark. The presence of
enhancement implies invasion. (C) Precontrast axial T-
weighted scan of a glottic carcinoma shows low signal
intensity (arrow) within the left thyroid cartilage and the
anterior portion of the right thyroid cartilage. The
anterior commissure is invaded. (D) With contrast
administration and fat suppression, the right thyroid
cartilage is seen as intact without invasion; however,
there are foci of invaded cartilage on the left side shown
as the enhancing areas (arrows) amidst the low-signal-
intensity suppressed cartilage.

enhancement on T1-weighted fat-suppressed scans
seem to be the most accurate criteria [31] (Fig. 6).

Using these criteria, Zbaren et al [27,29],
Becker et al [20,21], and Castelijns et al [22,25]
have demonstrated, in radiologic-pathologic stud-
ies of laryngeal cartilage invasion, that MR imag-
ing (89%) is more sensitive than CT (64%) for the
detection of tumoral infiltration of the laryngeal
cartilage (Tables 4, 5). Unfortunately, such sensi-
tivity (92%) comes at a cost of decreased specificity

Fig. 6 (continued)

(79%). The specificity of CT is higher than MR
imaging in all reported studies. When the overall
accuracy is computed, MR imaging is more
accurate than CT by 2% to 10% in side-by-side
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Table 4

Meta-analysis of ability of MRI to assess laryngeal cartilage®

459

False positive

True negative False negative

Reference True positive
Zbaren et al, 1997 [29] 59
Becker et al, 1995 [21] 55
Zbaren et al, 1996 [28] 52
Zbaren et al, 1997 [27] 44
Castelijns et al, 1988 [24] 33
Total 243

25
22
24
30
5
106

81 3
118 7
69 3
94 3
38 4
400 20

¢ Sensitivity, 92.4%; specificity, 79.1%; accuracy, 83.6% (643 of 769).

comparisons; however, the differences are not stat-
istically significant. If one performs a meta-analy-
sis of the major studies (see Tables 4, 5), the
accuracy of MR imaging is better than CT scan-
ning on a McNemar test with a p value of 0.06
(see Table 4). Many authors therefore recommend
MR imaging as the primary means of evaluating
the cartilage in patients with laryngeal carcinomas
[4,9,22,32-35].

The ramifications of these comparative studies
are that use of MR imaging will contribute to the
number of false-positive cases, leading to removal
of the larynx or the suspected cartilage in some
cases where there is no tumor found on subsequent
pathology. This is because the inflammatory/reac-
tive changes associated with adjacent neoplasm,
which may cause high signal intensity on T2-
weighted scan and even contrast enhancement into
the cartilage, are the same findings as those of
direct tumoral invasion. Thus, some individuals
would be counseled to have a total laryngectomy
or supracricoid laryngectomy when they could be
treated sufficiently with other, cartilage-sparing
voice conservation surgeries. CT, however, by vir-
tue of a preponderance of false-negative studies,
could lead to residual tumor being left behind
and recurrence after conservation surgery. Com-
bining the two modalities (eg, when the MR scan
is positive for cartilage invasion, a corroborating
CT scan is performed) may be the most effective

Table 5

Meta-analysis of ability of CT to assess laryngeal cartilage”

strategy for evaluating a patient with laryngeal
carcinoma [16]. If the MR scan is negative for car-
tilage invasion, CT is unnecessary because the risk
of a false-negative MR imaging result is less than
10%. In some reports, no false-negative studies
have been found [32].

Other important imaging findings

There are other pertinent findings that should
be searched for in a patient who has laryngeal car-
cinoma. Involvement of the anterior commissure is
clinically significant because the violation of the
Broyle’s ligament between the anterior commis-
sure and the thyroid cartilage when the former is
invaded leads to a higher rate of cartilaginous infil-
tration (Fig. 7). The anterior commissure should be
pencil-point thin, and there should be no soft tissue
in the interthyroidal notch. Spread here should lead
toclose scrutiny of the thyroid cartilage for changes.

Subglottic extension of tumors and/or cricoid
cartilage invasion virtually ensures that the patient
will require a total laryngectomy (Fig. 8). The Del-
phian node seen anterior to the trachea is another
indicator of subglottic extension of laryngeal carci-
noma and/or a subglottic primary tumor. The level
II and level III jugular chains are the most com-
mon lymph node groups to be involved with
laryngeal carcinomas, usually supraglottic in pri-
mary origin.

False positive

True negative False negative

Reference True positive
Zbaren et al, 1997 [29] 40
Becker et al, 1995 [21] 41
Zbaren et al, 1996 [28] 37
Zbaren et al, 1997 [27] 34
Castelijns et al, 1988 [24] 17
Total 169

12
9
12
17
4
54

94 22
131 21
81 18
107 13
39 20
452 94

¢ Sensitivity, 64.3%; specificity, 89.3%; accuracy, 80.8% (621 of 769).
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Fig. 7. Anterior commissure invasion. At the level of the
true vocal cords, the anterior commissure (C) should be
less than 1- to 2-mm thick. This lesion extends across
midline to the contralateral left side vocal cord. The
patient may still be a candidate for a vertical hemi-
laryngectomy, because the posterior two thirds of the
contralateral true vocal cord is still intact.

Spread through the cricothyroid membrane
may lead to cancer abutting on the carotid sheath
structures. Whereas the jugular vein is easily
removed as part of a neck dissection, the medial
placement of the internal and or common carotid
artery may put it at jeopardy with aggressive laryn-
geal carcinomas; however, this is more common
with piriform sinus hypopharyngeal carcinomas
[27,36]. If the carotid artery is circumferentially
involved by tumor by more than 225° to 270°
of its circumference, it is likely that it will not be
able to be salvaged at the time of primary tumor
resection [37,38]. Temporary balloon occlusion
in advance of surgical extirpation of the encased
carotid or other treatment modalities may be
recommended.

Post-treatment imaging
Radiation therapy

During or after radiation therapy, the entire
laryngopharyngeal architecture may be swollen
[39]. The normal fat in the pre-epiglottic fat planes
and the paraglottic fat may have a stippled appear-
ance with edema and/or dilated lymphatics. The
epiglottis and aryepiglottic folds and arytenoids
commonly are swollen after radiation therapy;
however, usually they maintain their normal
shapes. The true vocal cord structures and the sub-
glottic larynx by and large do not show the same

Fig. 8. Subglottic carcinoma. This mass has eroded the
cricoid cartilage and compromises the airway. Note also
that there is extralaryngeal spread into the soft tissues
medial to a faintly enhancing thyroid gland (arrow).
Based on the extension below the true vocal cords and
the invasion of the cricoid cartilage, the patient will
require a total laryngectomy.

degree of mucositis as the supraglottic structures
(Fig. 9).

Degeneration and lysis of the laryngeal carti-
lage and collapse of the normal architecture mark
chondronecrosis. The airway may be compro-
mised. Superimposed infection with air trapped
within the interstices of the necrotic cartilage
may be seen in this instance. Fragmentation,
sclerosis, sloughing, and lysis may be seen on CT
or MR imaging in a patient with chondronec-
rosis [40]. The differentiation of recurrent carci-
noma from chondroradionecrosis is nearly impos-
sible at that stage [41], although positron emission
tomography scans may suggest tumoral recur-
rences if hot on 2-[F-18]fluoro-2-deoxy-D-glucose.
Even in the detection of recurrent tumor, imaging is
often unsatisfactory and endoscopy remains the
preferred imaging method for mucosal recurrences
[25,42]. Deep recurrences rely on a comparison of
follow-up imaging studies.

An absence of response of the laryngeal tumor
on postradiotherapy follow-up CT or lesions that
are reduced by 50% or less at 4 months are highly
suspicious for treatment failure [43].

Surgical treatment

After laryngeal conservation surgery, the nor-
mal architecture of the larynx is grossly distorted.
In many cases, a single arytenoid from the supra-
cricoid laryngectomy is used to appose to the base
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Fig. 9. Radiation effect. (A) After radiation, the supraglottic mucosa is often very thick and the subcutaneous tissue
shows stranding from edema and prominent lymphatics. This effect is even more dramatic if the patient has had neck
dissections, because the normal lymphatic drainage through the nodes is no longer present. Dilated dermal lymphatics
can be striking. (B) The sagittal scan shows the telltale signs of radiation in the vertebral bodies and the diffuse thickening

of the pharynx and larynx without a focal mass.

of the tongue or epiglottis to create a sphincter for
speech and airway protection. The thyroid carti-
lage and usually the epiglottis will have been
removed unless a cricohyoidoepiglottopexy has
been performed. The cricoid cartilage is elevated.
Redundant mucosa and a narrowed laryngeal air-
way are common in the postoperative setting of
this surgery.

After a total laryngectomy, the normal cartil-
aginous structures of the larynx will have been

removed. In its place is the “neopharynx,” which
is derived by suturing the two open ends of
the hypopharyngeal and/or pharyngeal tissues
together into a tube to be used for swallowing.
This mucosa would preoperatively have been in
contiguity with the laryngeal mucosa, and there-
fore marginal recurrences are possible (Fig. 10).
A stoma is usually placed at the third or fourth
tracheal rings, and this usually has uniform thick-
ness in its walls. Recurrences at the stoma or
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Fig. 10. Recurrent carcinoma. After a total laryngec-
tomy, a collapsed air-containing structure, the neo-
pharynx, should be seen. In this case, the posterior wall
of the neopharynx on the left side is bulging (arrow),
representing recurrent tumor. Note also that the patient
has had bilateral neck dissections and there is a large
nodal mass on the left side.

within the neopharynx are identified as focal areas
of nodularity, intraluminal soft tissue, exophytic
masses, or areas of necrosis. These will typically
occur at the cut margins of the surgery where the
tumor previously had been. Stomal recurrences
portend a negative prognosis with limited surgical
options for cure [44,45]. Risk factors for stomal
recurrence include those patients with salvage
laryngectomy, advanced T- or N-stage disease, sub-
glottic involvement, or preoperative requirement
of a tracheotomy. Stomal recurrences arising from
the superior part of the stoma are treated with a
mediastinal node dissection and the transfer of
a myocutaneous flap. Superior recurrences have
a more favorable prognosis than those that recur
along the lower stomal border. These latter recur-
rences, and those invading the esophagus or
extending into the mediastinum, have limited sur-
vivability, even over the short term [46].

Other tumors

Squamous cell carcinoma accounts for more
than 90% of malignant neoplasms in the larynx;
however, in the appropriate setting, plasmacyto-
mas or amyloidomas may be found in individuals

who may have systemic multiple myeloma. In gen-
eral, these lesions are submucosal in location and
therefore do not have the same endophytic growth
pattern as squamous cell carcinoma. Lymphoma
of the larynx may also occur and is nondescript
in its appearance.

A specific diagnosis can be made when dealing
with a chondroid lesion of the larynx. The most
common site for chondrosarcomas of the larynx
is the cricoid cartilage, and these present with the
“popcorn”-style calcifications seen with most
chondroid lesions (Fig. 11). These are slow-grow-
ing tumors with a good prognosis; however,
because they infiltrate the cricoid cartilage, the
patient often ultimately requires a complete lar-
yngectomy.

Benign neoplasms of the larynx include
neurogenic tumors, minor salivary gland tumors,
such as pleomorphic adenomas (all usually seen as
submucosal masses), and laryngotracheal polyps.
Adenoid cystic carcinoma and adenocarcinoma
are the most common minor salivary gland malig-
nancies. Examples of perineural spread, known
to be a significant risk factor in association with
adenoid cystic carcinoma, have not been well de-
scribed in the larynx.

Summary

Knowing the surgical options for treating
laryngeal carcinomas and the factors that are
used to select patients for radiation therapy leads to
a more comprehensive interpretation of neck scans
in patients with laryngeal tumors (Table 6). Critical
factors include tumor volume; cartilaginous inva-
sion; spread across supraglottic-glottic-subglottic

Fig. 11. Chondrosarcoma of the cricoid cartilage. The
“popcorn”-style chondroid matrix of this mass and its
relative lack of invasion confirm the diagnosis of chon-
drosarcoma.
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Table 6
Review of surgical options for laryngeal cancer

Supraglottic lesions
Suprahyoid epiglottic lesions without extension to tongue base: laser endoscopic epiglottectomy, open epiglottectomy
Suprahyoid epiglottic lesion with minimal extension to vallecula and tongue base: open epiglottectomy with tongue
base resection
Epiglottic, aryepiglottic folds and false cord involvement: endoscopic laser supraglottic laryngectomy, open standard
supraglottic laryngectomy*
Supraglottic lesion with extension to true vocal folds or one arytenoid cartilage or paraglottic space and ability to
preserve the hyoid bone: supracricoid partial laryngectomy with CHP preserving at least one functional arytenoid

Glottic lesions

Lesion confined to midcord: endoscopic partial cord excision

Lesion involves true cord without extension to arytenoids cartilage or anterior commissure: endoscopic laser
cordectomy, open cordectomy, vertical partial laryngectomy

Lesion involves true cord and extends to anterior commissure, but not beyond contralateral anterior one third of cord:
extended vertical partial laryngectomy, epiglottic laryngoplasty

Lesion involves true vocal cord and extends to involve more than one third of contralateral cord or one arytenoid
cartilage or paraglottic space: supracricoid partial laryngectomy with CHEP preserving at least one functional
arytenoid

Subglottic lesions
Any lesion that extends more than 1 cm into the subglottis requires total laryngectomy. In these cases, the cricoid
cartilage would not be able to be preserved. It is an essential foundation for any organ preservation surgery.

Contraindications to organ preservation laryngeal surgery

. Extralaryngeal spread or involvement of outer perichondrium of thyroid cartilage®

1
2. Cricoid cartilage involvement

3. Interarytenoid or posterior commissure involvement
4. >1 cm subglottic extension

5

. Involvement of the hyoid bone is a contraindication to supracricoid partial laryngectomy

¢ If pre-epiglottic space involvement extends to involve hyoid bone, resect the hyoid bone.
® Thyroid cartilage involvement is not a contraindication to supracricoid partial laryngectomy because all of the

thyroid cartilage is removed.

Abbreviations: CHP, cricohyoidopexy; CHEP, cricohyoidepiglottopexy.

boundaries; infiltration of preepiglottic, paraglot-
tic, and pharyngeal planes; and nodal disease.
MR imaging offers greater sensitivity to cartilagi-
nous invasion than CT but leads to a high rate of
false-positive studies, which decreases its overall
accuracy. Thin-section CT with multiplanar capa-
bility is competitive with direct coronal MR
scanning and benefits from high specificity and
submillimeter section thickness, if multidetector
units are employed. Overall, the head and neck
radiologist plays an invaluable role in assessing
the extent of disease and therefore influences the
appropriate selection from the available treatment
options.
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