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Abstract: Background. The purpose of this study was to de-
termine the preoperative accuracy of preservation of the retro-
pharyngeal fat plane on magnetic resonance (MR) images in
predicting the absence of fixation or extension of head and neck
carcinomas to the prevertebral space.

Methods. The MR images of 75 patients with T3 or T4 primary
pharyngeal or laryngeal cancers seen over a 5-year period and
treated at our Head and Neck Cancer Center were retrospectively
reviewed. The MR images were independently and blindly
evaluated by two head and neck radiologists for preservation of
the retropharyngeal fat plane between the tumor and prevertebral
musculature. In cases in which the fat was preserved, the pre-
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vertebral muscle complex was assessed for the presence of T2
hyperintensity and enhancement. All patients underwent pan-
endoscopy, surgery, or both.

Results. Forty of 75 patients had preservation of the retro-
pharyngeal fat plane between the tumor and the prevertebral
compartment on T1-weighted images. In all 40 cases, the
prevertebral muscles had a normal appearance on T2-weighted
and enhanced MR images. Intraoperative assessment revealed
absence of fixation of tumor to the prevertebral fascia in 39 of
40 cases, and these tumors were resectable.

Conclusion. In patients with advanced head and neck car-
cinomas, preservation of the fat between the tumor and the
prevertebral musculature on unenhanced T1-weighted images
reliably predicts absence of prevertebral space fixation. © 2004
Wiley Periodicals, Inc. Head Neck 27: 95-100, 2005
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The diagnosis and staging of head and neck can-
cer are most accurately achieved by direct endo-
scopic visualization combined with cross-sectional
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imaging. Direct laryngoscopy is most accurate in
evaluating the mucosal surface of the aerodiges-
tive tract.'~® In fact, such examination frequently
identifies superficial carcinomas along the mu-
cosal surface that cannot be detected on MRI
or CT. However, submucosal extension beyond
the obvious mucosal component cannot be accu-
rately assessed by endoscopy and physical exami-
nation, and MRI and CT are invaluable in this
regard.*® If staging relied only on clinical exami-
nation, disease in patients would frequently
be understaged.

Accurate assessment of tumor spread not
only determines staging but also is important in
counseling the patient regarding prognosis and
treatment options. It determines whether conser-
vative surgery (partial laryngectomy, local resec-
tion, composite resection) and/or radiation can be
performed or whether more radical techniques
(total laryngectomy) are necessary.®” In addition
to guiding the surgeon in choosing among sur-
gical options for managing an operable tumor,
imaging has been used to identify factors that
may preclude surgical resection. These factors in-
clude encasement of the carotid artery, fixation
to the skull base, intracranial tumor extension,
extension to the nasopharynx, or invasion of the
brachial plexus.®~1°

Prevertebral space involvement defined as
fixation to or direct invasion of the prevertebral
fascia eliminates the option of surgical resection
and portends a poor prognosis. Extension to the
prevertebral compartment currently is most reli-
ably assessed intraoperatively. In some instances,
a barium pharyngoesophagogram may be useful
when fixation is clinically suspected on the basis
of tumor size. A pharyngoesophagogram may
demonstrate absence of normal elevation and
contraction of the pharynx and esophagus during
swallowing, suggesting fixation to the preverte-
bral compartment. Only a few studies have in-
vestigated the role of imaging in detecting the
presence of tumor extension into the preverte-
bral compartment and showed that CT and MRI
cannot accurately predict the presence of such
spread.'>'? However, in patients who are other-
wise surgical candidates, it would be useful if
preoperative imaging could reliably predict the
absence of prevertebral compartment involve-
ment. This would reduce the need for exploratory
intraoperative assessment in these patients.

The purpose of this study was to determine
whether preservation of the retropharyngeal fat
plane on MRI could reliably predict the absence

96 MRI of Prevertebral Space Fixation in Head and Neck Cancer

of direct tumor spread or fixation to the preverte-
bral space.

PATIENTS AND METHODS

The MR images of 75 patients with advanced
(T3 or T4) primary oropharyngeal (n = 58),
hypopharyngeal (n = 11), or laryngeal (n = 6)
squamous cell carcinomas being evaluated for
possible surgical management in the Head and
Neck Cancer Center at our institution over a
5-year period (1993-1998) were retrospectively
reviewed. The patients (45 men and 30 women)
had a mean age of 65 years (range, 38—77 years).

MRI was performed on a 1.5-Tesla system (GE
Medical Systems, Milwaukee, WI) with an anter-
oposterior neck coil (Medical Advances, Madison,
WI). Images of the neck extended from the level
of the cavernous sinus to the thoracic inlet.
The imaging protocol included sagittal spin-echo
T1-weighted images (TR/TE, 600/11-17) followed
by axial fast spin-echo T2-weighted images (TR/
TE, 3500-4000/85-90) and axial spin-echo T1-
weighted images (600/11-17). After the adminis-
tration of 0.1 mM/kg gadopentetate dimeglumine
IV (Magnevist, Schering, Berlin, Germany), axial
spin-echo T1-weighted imaging using the same
parameters as the unenhanced scans or axial fast
multiplanar gradient echo (FMPSPGR) sequences
were acquired. Fast spin-echo and contrast-
enhanced studies were obtained with the ap-
plication of frequency-selective fat saturation
techniques. For the sagittal T1-weighted local-
izing MR images, a slice thickness of 5 mm with a
gap of 1 mm and a 30-cm field of view were used.
For all other sequences, a slice thickness of 5 mm
with interleaved images was used. Other imaging
parameters included one or two excitations, 24-
to 36-cm field of view, a 256 x 128 matrix for
sagittal and contrast-enhanced T1-weighted im-
ages, and a 256 x 192 matrix for axial unen-
hanced T1- and T2-weighted images.

MR images were reviewed independently
and blindly by two neuroradiologists unaware
of the surgical findings. All MR images were eval-
uated for the presence of preservation of the
retropharyngeal fat between the tumor and the
prevertebral musculature (the longus muscle
complex) on axial and/or sagittal T1-weighted
imaging. In cases in which this fat was preserved,
the prevertebral muscles were also assessed for
T2-hyperintensity and enhancement.

All scans were reviewed with ENT surgery be-
fore management. Patients underwent panen-
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FIGURE 1. Normal anatomy of the retropharyngeal fat and prevertebral space in a 46-year-old man. (A) Off-midline sagittal T1-weighted
(TR 600/TE 17; section thickness, 5 mm) magnetic resonance (MR) image shows prevertebral compartment of perivertebral space
demarcated by precervical retropharyngeal fat seen as hyperintense linear band (arrows). Note longus muscle complex (m). (B) Axial T1-
weighted (TR 600/TE 17; section thickness, 5 mm) MR image obtained at level of oropharynx shows prevertebral compartment
demarcated by the thin layer of precervical retropharyngeal fat (arrows). Longus muscle complex (m).

doscopy and/or surgery, at which time fixation of
tumor to the prevertebral fascia was assessed by
manual manipulation. A head and neck patholo-
gist analyzed the final histologic findings of the re-
sected specimens for adequacy of tumor margins.

Findings on MRI were correlated with surgi-
cal findings. The sensitivity, specificity, accuracy,
and negative predictive value of preservation of
the retropharyngeal fat plane on T1-weighted
imaging were determined. Interobserver agree-
ment regarding image interpretation was based
on kappa analysis.

RESULTS

In 40 of 75 patients, there was preservation of
the retropharyngeal fat plane between the tumor
and the prevertebral compartment on sagittal
and/or axial T1-weighted images (Figure 1). It
was these 40 patients in whom the preservation of
the fat plane in at least one imaging plane was
used to test the hypothesis that such preserva-
tion would predict operability. Of 80 readings
(40 in the axial plane and 40 in the sagittal plane),
the observers agreed in 76 (kappa, 0.88) and re-
solved the four discrepant interpretations by con-
sensus. Specifically, 38 patients had preservation
of the retropharyngeal fat on sagittal images,
32 patients had preservation of the fat on images
in the axial plane (30 patients had preservation
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of the fat plane in both planes). In all 40 cases,
the prevertebral longus muscle complex had a
normal appearance on T2-weighted and enhanced
MR images.

Intraoperative assessment revealed absence
of fixation of tumor to the prevertebral fascia in
39 of 40 cases, and the tumors in these 39 cases
were resectable with macroscopically clear surgi-
cal margins. At pathologic evaluation, all 39 re-
sected tumors had tumor-free surgical margins
histologically. Therefore, preservation of the ret-
ropharyngeal fat between the tumor and the pre-
vertebral musculature reliably predicted absence
of neoplastic fixation with a negative predictive
value of 97.5%. In the one false-negative case
in our study, there was a delay of 4 weeks be-
tween the time of imaging and surgery in a
poorly differentiated carcinoma, which might
explain the discrepancy between imaging and
intraoperative findings (Figure 2).

DISCUSSION

In squamous cell carcinoma of the head and neck,
CT and MRI play a critical role in staging. Cross-
sectional imaging is used to assess for the
presence of nodal metastases,'® 17 thyroid carti-
lage invasion,'®' and encasement of the carotid
artery that may occur in the presence of large
primary tumors or cervical nodal metastases.®”
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FIGURE 2. Preservation of the retropharyngeal fat between tumor and the prevertebral musculature in a 55-year-old man with right
tonsillar carcinoma. The tumor was resected with clean, tumor-free surgical margins. (A) Off-midline sagittal T1-weighted (TR 500/TE 14;
section thickness, 5 mm) magnetic resonance (MR) image shows preservation of the retropharyngeal fat (arrowheads) between the tumor
(T) and longus muscle complex. (B) Axial T1-weighted (TR 500/TE 14) MR image shows the retropharyngeal fat plane (arrowheads)

preserved along the posterior margin of the tumor (T).

Imaging is also used to detect perineural spread,
especially with nasopharyngeal cancers, as well
as direct invasion of the mandible that can occur
with oral cavity and oropharyngeal neoplasms.”’
MRI is also critical in the assessment of tumor
extension to the skull base and brachial plexus.*°

The improved soft-tissue resolution and multi-
planar capabilities of MRI make it an attractive
diagnostic tool for detection of tumor spread into
the deep extramucosal spaces of the head and
neck.''%21-23 The role of imaging in mapping
tumor extent has important implications in
counseling the patient regarding prognosis, treat-
ment options, and potential social and functional
losses resulting from surgery. Multiple factors
may determine the types of curative surgical
options available to patients with head and neck
cancer. For example, in base of tongue or epi-
glottic cancers, the detection of preepiglottic space
extension on imaging changes the surgical ap-
proach and procedure in surgical candidates.?* In
this scenario, rather than just a local resection, a
supraglottic laryngectomy may also need to be
performed. A supraglottic laryngectomy necessi-
tates that the patient learn to swallow differ-
ently. When such tumors extend to the paraglottic
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space, laryngectomy may be required for cure.
This not only has an impact on eating but also has
important social implications, because patients
lose their ability to speak naturally. Similarly, the
presence of cartilage invasion can preclude
speech-conserving laryngeal surgery.'®1® In cases
of large pharyngeal and laryngeal cancers, sur-
gery is not a viable option if surgeons are unable
to obtain tumor-free margins. Encasement or
invasion of the internal carotid artery is a relative
contraindication for surgery at most institutions,
as well as a poor prognostic indicator. When neo-
plastic invasion is confined only to the adventitia,
a curative radical tumor resection can usually
be performed. However, tumor invasion into the
media may necessitate that the vessel be sacri-
ficed with the tumor.®

Inflammatory and neoplastic processes may
affect the retropharyngeal and prevertebral
spaces.!1'12:21:25.26 Thape hag been little radiologic
evaluation of the spread of neoplastic processes in
the prevertebral space. In head and neck cancer,
fixation of tumor to the prevertebral fascia or
direct extension beyond the fascia into the muscle
usually renders the disease inoperable and in-
curable, because tumor-free margins cannot be
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achieved.'? Surgical resection of the prevertebral
muscle or debulking of the tumor in cases of
prevertebral space involvement is associated with
poor outcomes both clinically and functionally.
Therefore, patients with prevertebral involvement
are treated with palliative irradiation and, fre-
quently, adjuvant chemotherapy.

The normal prevertebral compartment is en-
cased by the deep layer of the deep cervical fascia.
It contains the anterior longus capitus and rectus
capitus muscle complexes. The prevertebral fas-
cia forms the anterior border of the space and
extends laterally from the transverse processes to
enclose the deep muscles. The retropharyngeal
fat lies immediately posterior to the pharyngeal
mucosa and anterior to the prevertebral space
between the two layers of the precervical fascia.
The prevertebral space, because of its relative
proximity to the retropharyngeal space and pha-
ryngeal mucosa, is susceptible to the spread of
inflammatory and neoplastic processes.

In patients with cancer of the pharynx, and in
some cases the larynx, who are at risk for pre-
vertebral space invasion but are otherwise sur-
gical candidates, determination of tumor fixation
to the prevertebral compartment is determined
by digital manipulation on panendoscopy with
the patient under general anesthesia. If unequiv-
ocal fixation of the tumor exists, open exploration
is not necessary. Otherwise, open neck explora-
tion is usually performed through the side of the
neck not involved by the primary tumor. If both
sides of the neck seem to be involved by tumor,
the side with less disease is used for access. If the
tumor 1s fixed to the prevertebral compartment,
surgery is aborted. If the tumor is freely mobile,
surgical resection may be performed. The impli-
cations of microscopic invasion (positive margins
on histologic analysis) are not the same as that
of macroscopic invasion, because all patients are
treated with radiation after surgery to eradicate
microscopic disease.

Only a few studies have looked at the ability
of imaging to determine the presence of tumor ex-
tension to the prevertebral compartment. A ret-
rospective study by Righi et al'' looked at the
preoperative CT scans of 29 patients with stage
T3 or T4 squamous cell carcinoma of the oro-
pharynx or hypopharynx who subsequently
underwent open neck exploration. If there was
obliteration of the fat plane between the tumor
and the prevertebral muscles or asymmetric en-
largement of the ipsilateral prevertebral muscle,
neoplasms were deemed suspicious for preverte-
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bral extension. In 12 of 29 patients, CT scans were
interpreted as suspicious for prevertebral inva-
sion on the basis of imaging criteria. Only three
of these patients were found to have involvement
of the prevertebral space on intraoperative as-
sessment. Overall, the accuracy of enhanced CT
in predicting prevertebral muscle invasion was
only 55%. In addition, these imaging criteria suf-
fered from both low sensitivity and specificity of
50% and 61%, respectively. The overall positive
predictive value was 25%.

Loevner et al'? assessed the appearance of the
prevertebral longus muscle complex on preoper-
ative MRI to determine its accuracy in predicting
fixation of the tumor to the prevertebral compart-
ment. In this study, 15 patients with obliteration
of the retropharyngeal fat plane between the
tumor and the prevertebral musculature on
MRI were further evaluated. Four criteria of the
prevertebral muscles were assessed, including
muscle concavity, irregular tumor—muscle inter-
face, T2 hyperintensity, and enhancement. All of
the patients had surgery. None of the MRI criteria
individually or in combination were both sensitive
and specific for tumor fixation to the prevertebral
compartment. Muscle concavity and enhance-
ment had the highest sensitivities (88% individu-
ally), but both suffered from low specificity (14%
and 29%, respectively). Accuracy of the criteria on
MRI individually ranged from 53% to 60%, similar
to the accuracy of preoperative CT.'' It was
postulated that an inflammatory reaction pro-
duced by the tumor accounted for muscle T2 hy-
perintensity and/or enhancement in cases in
which the tumors were not fixed at surgery.

Although neither CT nor MRI reliably detects
prevertebral compartment involvement, Righi
et al'! suggested that preservation of the retro-
pharyngeal fat plane on CT correlated with
absence of involvement of the prevertebral
muscle (negative predictive value, 82%). In 17 of
29 patients, CT scans were interpreted as non-
suspicious for prevertebral tumor spread. Three
patients were found intraoperatively to have
prevertebral muscle invasion, and surgery was
aborted. In the remaining 14 patients, the fas-
cia and muscles were uninvolved on intraopera-
tive inspection.

The main objective of the two previous studies
was to identify those patients whose disease was
inoperable. In contrast, our study specifically ad-
dressed the role of MRI in selecting patients who
were operative candidates. Because of its im-
proved soft-tissue resolution and anatomic detail
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over CT, we hypothesized that preservation of
the retropharyngeal fat plane on unenhanced
T1-weighted imaging in the absence of other
imaging criteria would reliably predict those pa-
tients whose tumors were not fixed to the pre-
vertebral compartment. T1-weighted imaging in
particular is well suited for defining anatomic
boundaries. The retropharyngeal fat is clearly vi-
sualized as high signal intensity between the
pharyngeal mucosa and the prevertebral muscu-
lature. The preservation of the fat plane in
40 patients in our study was compared with sur-
gical results. Thirty-nine of 40 were found to be
resectable, resulting in a negative predictive value
of 97.5%. In the single false-negative case, which
was a poorly differentiated carcinoma, a delay of
4 weeks between imaging and surgery may have
resulted in an interval progression of tumor,
leading to the discrepancy between imaging and
intraoperative findings.

In conclusion, our results suggest that in
cases of advanced head and neck squamous cell
carcinoma in which extension to the prevertebral
compartment is an issue, preservation of the ret-
ropharyngeal fat plane on MRI reliably predicts
those patients whose tumors are resectable. This
is significant in that these patients may not need
to undergo surgical exploration before definitive
tumor resection, thereby avoiding an additional
surgical procedure that could increase morbidity.
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