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Comparison of CT and MR

Imaging in Staging of Neck

1

PURPOSE: To compare the abilities of magnetic resonance (MR) imaging and
computed tomography (CT) in detection of lymph node metastasis from head and
neck squamous cell carcinoma.

MATERIALS AND METHODS: MR imaging and CT were performed with standard
protocols in patients with known carcinoma of the oral cavity, oropharynx,
hypopharynx, or larynx. Histopathologic examination was performed to validate
imaging findings. Between 1 991 and 1 994, 21 3 patients undergoing 31 1 neck

dissections were accrued at three institutions.

RESULTS: For the upper jugular and spinal accessory regions, the areas under the
receiver operating characteristic curves for combined information on size and

internal abnormality were 0.80 for CT and 0.75 for MR imaging. Sensitivities,

specificities, negative predictive values (NPVs), and positive predictive values (PPVs)

were calculated for various size criteria with and without intern�al abnormality
information. With use of a 1 -cm size or an internal abnormality to indicate a positive
node, CT had an NPV of 84% and a PPV of 50%, and MR imaging had an NPV of
79% and a PPV of 52%. CT achieved an NPV of 90%, correlating with a PPV of 44%,
with use of 5-mm size as an indicator of a positive node.

CONCLUSION: CT performed slightly better than MR imaging for all interpretative
criteria. However, a high NPV was achieved only when a low size criterion was used

and was therefore associated with a relatively low PPV.

Squamous cell carcinoma accounts for more than 90#{176}4of head and neck aerodigestive tract

malignancies. The presence of metastasis to the cervical lymph nodes is crucial in the

selection of treatment and in the evaluation of the prognosis for disease in patients with

such primary tumors (1). Patients with palpable lymph nodes undergo surgery, radiation

therapy, or a combination of the two. The appropriate treatment of patients without

palpable nodes presents a dilemma, because a substantial number of these patients have

nonpalpable nodal metastases (2-6). Clinical examinations of patients with primary

tumors of the tongue, the floor of the mouth, orophanynx, hypopharynx, and supraglottic

larynx (1-3,7-12) have an estimated false-negative rate of from 15% to more than 50#{176}3.

Computed tomography (CT) and magnetic resonance (MR) imaging have been used to help
detect metastasis and reduce this false-negative rate (12-35).

The Radiological Diagnostic Oncology Group, or RDOG, organized a multi-institutional

cooperative effort to determine the relative accuracies of MR imaging and CT in

determining the presence on absence of cervical lymphatic metastases from squamous cell

carcinomas of the head and neck. We were interested in the effect of nodal size, internal

architecture, or both on intra- and intermodality accuracy. Currently, all patients with

tumors of a certain size and location in the head and neck are presumed to have metastasis

to the neck and, therefore, their necks are treated. We evaluated whether CT on MR imaging

could help reliable identification of a subpopulation of patients with these tumors that had

no nodal metastases and thus obviate treatment of the node-beaning regions of the neck.

We arbitrarily sought a negative predictive value (NPV) of at least 90%.
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Patient Criteria

Between 1991 and 1994, 213 patients
(150 [70.4%] men and 63 [29.6%] women;
age range, 18-84 years; mean age, 59
years ± 1 1.5 [standard deviation]) were
enrolled in the study at three facilities-
the University of Pittsburgh Medical Cen-
ten (n = 99), Shands Hospital at the
University of Florida College of Medicine

(n = 75), and the University of Washing-
ton Medical Center (n = 39). All patients
had squamous cell carcinoma in a region
of the upper aerodigestive tract known to
have a high frequency of nodal metasta-
sis, but the clinical nodal status of their
disease was not considered.

Patients were entered in the study after
the decision had been made that they
would undergo neck dissection (n = 311)
with histopathologic examination before
any radiation therapy or chemotherapy.
One hundred fifty-eight dissections were
performed on the right side of the neck
and 153 on the left. Disease stage was
determined according to the classifica-

tion system of the American Joint Corn-
mittee on Cancer Staging (36). Patients
with the following lesions were enrolled:
oral cavity (excluding lip), stages T2-T4
(n = 1 15 [53.9%]); oropharynx, stages
T1-T4 (n = 27 [12.7%]); hypopharynx,

stages T1-T4 (n = 18 [8.5%]); larynx (supra-
glottic), stages T2-T4 (n = 35 [16.4%]); lan-
ynx (glottic), stage T4 (stages 12 and T3
could be included if marked supraglottic
extension existed) (n = 18 [8.5%]).

Patients were excluded from the study
if they were less than 18 years old, had
evidence of distant metastasis, had a his-
tory of irradiation of the head and neck
for any reason, on had undergone surgery
for a head and neck malignancy other
than superficial skin cancer. Before imag-
ing and within 5 weeks of surgery, each
patient underwent chest radiography with

findings that were negative for lung me-
tastasis. Patients with contraindications
to MR imaging or with an allergy to
iodinated contrast material were excluded.
Pregnant women, prisoners, and institution-

alized individuals could not participate.
Patients were enrolled by the participat-

ing otolaryngologists or radiation oncolo-
gists. The enrolling physician performed
the physical examination, determined the
stage of the primary tumor, and decided if
the patient met the criteria for inclusion
in the study. The protocol, which had
been approved by the institutional re-
view boards, was described to each pa-
tient, and the patients signed a study-
specific consent form.

CT was performed with high-nesolu-
tion systems. lodinated contrast medium
was injected so that the blood vessels
were clearly differentiated from nodes.
Section thickness was 3 or 4 mm, and the

section interval was not more than 5 mm.
Section scanning time was not more than
3 seconds, and the field of view was not
larger than 18 cm. Scanning was performed

from the occlusal plane to the clavicles.

MR imaging was performed with a stan-
dard protocol. Sagittal Ti-weighted imag-
ing was performed with repetition time of
650 msec or less and an echo time of 20
msec or less (�650/�20), 256 x 192
matrix, 24-cm field of view, and 5-mm
section thickness. One on more signals
were acquired, and imaging was pen-
formed from one sternocleidomastoid
muscle to the other. Axial Ti-weighted

imaging (�800/�20, 256 x 192-256 ma-
trix, 3-4-mm section thickness, �5-mm
section interval) was performed before
and after injection of a gadolinium che-
late with a standard dose based on the
patient’s weight. Two on more signals
were acquired, and imaging was pen-
formed from at least the middle ramus of
the mandible to below the anterior arch
of the cnicoid cartilage. The imaging range
was limited by the number of sections
that could be acquired in an acceptable
repetition time. Sequences with long rep-

etition times were performed before ad-

ministration of contrast medium (�2,000/
30, 80; 24-cm field of view; 5-mm section
thickness; 6-mm section interval; i-mm
intersection gap). Two signals were ac-
quired, and imaging was performed from

the occlusal plane to the clavicles. Fast

spin-echo T2-weighted sequences were
used when the technology was available
(1993 and later) (37,38).

The CT and MR examinations were com-
pleted within 4 weeks of each other and no
more than 5 weeks before neck dissection.

Interpretation of Studies

CT and MR studies were interpreted
prospectively and separately at the accru-

ing hospital. Images obtained with each
modality were interpreted by two differ-

ent radiologists at each institution. In
addition, each image was read by the
radiologists at the other two institutions.
Thus, eight radiologists read the images
in each case: Four radiologists (two from
the accruing institution and one from
each of the other two institutions) read
the CT images, and four read the MR
images. All readers were trained head and
neck radiologists or neuroradiologists on

Figure 1. Diagram of the zones (I = zone 1,

II = zone 2, III = zone 3, IV = zone 4) used for
categorization of lymph nodes during image
interpretation.

were fellows in the respective fields. All

readers were trained by senior investiga-

tons (H.D.C., A.A.M., R.W.D.), who used

sets of teaching images to illustrate van-

ous findings. The readers had no knowl-
edge of the clinical stage of disease in the
neck, findings with the other modality, or
interpretations of the other readers.

On axial images, the readers noted the

largest dimension of the largest node in
each zone of the neck. Measurements

were made by means of comparison with

a centimeter scale printed on each image.
The same interpretation protocol was

used for both MR and CT images. The
presence or absence within any node of
abnormal signal intensity on MR images

on abnormal attenuation on CT scans was

indicated with a five-point scale: 0 =

node definitely normal, finding defi-
nitely not present; 1 = finding probably

not present; 2 = node indeterminate,

unclean if finding is present or not; 3 =

finding probably present; 4 = node defi-
nitely abnormal, finding definitely present.

Appearances that indicated the pres-
ence of an internal abnormality at CT

included central attenuation consider-

ably lower than that of muscle or attenua-

tion approximately equal to that of
muscle but with a markedly enhancing

portion. At MR imaging, a hypointense

area on the Ti-weighted image that did

not enhance after injection of the gadolin-
ium chelate and a focal inhomogeneous
or hypenintense area on the T2-weighted
image were considered to indicate inter-

nal abnormalities.

Nodes were grouped into four zones

(Fig i), which conformed approximately

but not exactly to the levels in the classifi-

cation system used clinically (20,39). Zone
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1 represented the submandibular and sub-
mental region and included the area ante-

nor to the posterior margin of the sub-

mandibular gland. Zone 2 had the

posterior boundary of zone 1 as an ante-

nor boundary. All nodes in the jugular

and spinal accessory chains above the

inferior surface of the body of the hyoid

were placed in this group. Zone 3 ex-

tended from the hyoid bone to the lower

margin of the anterior arch of the cnicoid.

Zone 4 represented the entire neck below
the level of the cnicoid. In this study,

zones 2-4 extended to the posterior mid-

line of the neck, and thus there was no

separate category for the posterior tn-

angle nodes. This represents a departure

from the standard clinical categorization,

in which level 5 is used to describe pal-

pable nodes posterior to the sternocleido-

mastoid muscle.

Quality Control and Inter-reader
Reliability

All images were assessed by a quality

control committee (H.D.C., A.A.M.) to

ensure that all imaging parameters of the
protocol had been followed and that the

images were adequate. If an image was

considered inferior to protocol standards,

it was omitted from the analysis.

To evaluate consistency of measure-

ments within a given institution, the

average of the largest dimension of nodes
in each of zones 1-3 was compared for
each of the two readers. Comparisons of
the two readers’ measurements were made

with a pained Student t test and with the
Wilks X statistic for a multivaniate test.

Surgical Correlation and
Histopathologic Examination

All patients underwent uni- or bilateral
radical or modified radical dissection of

the neck. The surgeon marked the speci-
men to identify zones 1-4. The laboratory
assistant separated the nodes into zones
as indicated by the surgeon. The nodes

were then fixed in formalin, embedded in

paraffin, sectioned, and stained with he-
matoxylin and eosin. The pathologist ex-

amined the nodes microscopically and

indicated whether a positive node was

present in each zone.

The standard of reference for a positive
node was the presence of tumor at histo-

pathologic examination. The presence of

tumor in any node defined that side and
zone of the neck as positive for disease.

Data Collection and Analysis

In all cases, the standard of reference
was the presence or absence of tumor at

histopathologic examination. Zones 1-3
were evaluated. Very few positive nodes
were found in zone 4; therefore, an analy-
sis was not performed for this region. To
evaluate the entire upper jugular chain,
zones 2 and 3 were combined by using
the maximum nodal size and maximum
internal abnormality grade over both

zones. The standard of reference for this
combined zone was defined as follows:
The presence of tumor in any node in
either zone defined the combined zone as
positive for disease. If no tumor was found

in any node in either zone, the combined

zone was considered negative for disease.
Data were aggregated over the intra- and
inteninstitutional readings, but the come-
lations that resulted from repeated read-
ings were also taken into account in the
statistical analysis.

The analysis addressed two major is-
sues. At the test level, we used several
nodal imaging criteria to compare the

overall performances of CT and MR imag-
ing in the detection of metastases to the
lymph nodes. We then calculated the

NPV, because of clinical interest in identi-

fying patients who might be able to avoid
neck dissection on the basis of reliable
results of “negative for disease” in an
imaging examination.

Comparing performance of CT and MR
imaging according to various imaging crite-
ria.-To evaluate the overall performance

of CT and MR imaging and to compare
the two modalities, the areas under the
receiver operating characteristic (ROC)

curves were determined. The ROC curves

were based on different imaging cnite-
na-on size �tlone and on a hybrid test
that considered size in conjunction with
the presence on absence of an internal
abnormality. For each modality, the area

under the ROC curve was derived by
averaging the areas under the ROC curves
from the three participating hospitals.
The ROC curve for each hospital was
based on observations from only that
hospital. In cases in which the hospital
was the accruing institution, we used the
maximum value of the observations for

the neck. The average area under the ROC
curve for CT was then compared with the
average area for MR imaging. All tests and
standard errors were based on the Mann-
Whitney U test within a multivariate
framework (40).

In tests based on size alone, we pre-
sumed an increasing level of certainty of
metastasis with an increase in nodal size.

A test was positive for disease when the
maximum nodal size at imaging was at
least a specific measurement, the nodal
size cutoff point. Thus, the nodal size

cutoff point was the measurement of the
smallest node considered to be positive
for disease. Each nodal size from 5 to 20
mm was given a separate ranking, which
resulted in a scale from 1 to 16. All nodes
5 mm or smaller were assigned a rank of
1, and all nodes 20 mm or larger were
assigned a rank of i6. For each number
on the scale, true-positive and false-

positive ratios were calculated and used
to plot the ROC curves.

We also defined a hybrid test that com-
bined information on both nodal size
and the presence of an internal abnormal-
ity. This test was based on an ordinal scale
of 32 points. Nodes without any internal
abnormality were assigned ranks 1-16,
with nodes 5 mm or smaller ranked 1 and
nodes 20 mm or larger ranked 16. Nodes
with an internal abnormality were as-
signed ranks 17-32, with nodes 5 mm or
smaller with an internal abnormality

ranked 1 7 and nodes 20 mm on larger
with an internal abnormality ranked 32.
Again, ratios were calculated and ROC
curves were plotted.

To test the validity of this ranking
algorithm, a logistic regression analysis
(5TATA; Computing Resource Center, Los
Angeles, Calif) was performed in which
the dependent variable was the standard
of reference (positive or negative), and
the predictor variables were nodal size
and the presence of an internal abnormal-
ity at imaging. An internal abnormality
was said to be present if the reader as-
signed a rating of 3 or 4 (probably present

or definitely present). With this ap-

proach, we determined the relationship

between nodal size and the presence of
an internal abnormality. Specifically, we

calculated the ratios of the regression
coefficients for size and internal abnor-

mality for each modality. The standard

errors for this relationship were calcu-
lated on the basis of the Taylor approxima-
tion of the ratio, with use of the covari-
ance matrix of the coefficients (41).

Calculating NPV, positivepredictive value,

sensitivity, and specificity according to van-
ous imaging cnitenia.-NPVs and positive
predictive values (PPV5) were calculated

on the basis of combined information
about nodal size and the presence of
internal abnormality for zones 2 and 3.
This second test was different from the
hybrid test, but it was considered to be

more consistent with actual clinical prac-

tice. The hybrid test was appropriate for
comparison of overall performance, but it

could not be easily applied in patient
evaluation. If a node was smaller than the
specified nodal size cutoff point and had
no internal abnormality (internal abnor-



TABLE 1
Number of Neck Dissections and Patients Who Underwent Neck Dissection

Right Side Left Side Total No. of Neck Total No.
Zone of Neck of Neck Dissections of Patients

1 75 (1 7) 78 (26) 1 53 (22) 1 21 (26)
2 139(34) 130(33) 269(34) 196 (40)
3 1 36 (24) 1 30 (25) 266 (24) 1 94 (27)
4 100(14) 91 (13) 191 (14) 151 (15)

Note.-Numbers in parentheses are percentage of true-positive results.

TABLE 2

Area under the ROC Curves

Note-Data are means ± standard errors.

DISCUSSION

The primary goal of the study of the

Radiological Diagnostic Oncology Group
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mality rating, 0-2), it was considered a

negative node. If a node was at least the

size of the nodal cutoff point, it was
considered a positive node. If a node had

an internal abnormality rating of 3 or 4, it

was considered positive regardless of its

size. The presence of a positive node

defined the zone as positive for disease.

Sensitivity and specificity values were calcu-

lated with the same interpretative criteria.

In this study, sensitivity (TP/[TP + FNJ,

where TP = true-positive results and FN =

false-negative results) is the percentage of

necks with histopathologically proved

positive nodes that were correctly inter-

preted at imaging as positive for disease.

Specificity (TN/[Th + FPI, where TN =

true-negative results and FP = false-

positive results) is the number of necks

correctly interpreted at imaging as nega-

tive for disease divided by the total num-

ben of necks with no histopathologically

proved positive nodes. The NPV (TN/

[TN + FN]) is the percentage of necks

interpreted at imaging as negative for

disease that had no histopathologically

proved positive nodes. The PPV (TP/[TP +

FPJ) is the percentage ofnecks interpreted at
imaging as positive for disease that had

histopathologically proved positive nodes.

RESULTS

Not all dissections included all zones.

Table 1 presents the number of neck

dissections in specific zones and the pen-

centage of dissections with positive histo-

pathologic results. The majority of dissec-

tions with positive histopathologic results

involved zones 2 and 3 of the neck (and,

to some extent, zone 1). In only three

cases were the histopathologic results

positive for disease in zone 4 but not in

zones 2 and 3.

Comparisons between CT and MR
Imaging

Table 2 presents the areas under the

ROC curves (As) and corresponding P
values (with U statistics) for CT and MR

imaging with nodal size alone and with

the hybrid test (nodal size and the pres-

ence of an internal abnormality). In gen-

eral, CT performed best (A� = 0.80) in the

hybrid tests and was markedly better than

MR imaging (A� = 0.75) for zones 2 and 3.

On the basis of the size of the data set,
there was a 76% power to discriminate

the 5% difference between CT and MR

imaging with the hybrid test. (This power

was calculated on the basis of a test with a

5% level of significance). The perfor-

mance of MR imaging, as defined on the

basis of the area under the ROC curves,

was not changed significantly by the addi-

tion of information on internal abnor-

malities (A� = 0.73 for tests of size alone

versus A� = 0.75 for the hybrid tests).

ROC curves for CT and MR imaging for

both tests are shown in Figure 2.

The validity of the ordinal scale used in

our hybrid test was strongly supported for

both modalities. The logistic regression

model indicated that the presence of an

internal abnormality is equivalent to an

8.89-mm increase in nodal size (standard

error, 2.93) for CT and a 10.48-mm in-

crease for MR imaging (standard error,

3.58). These values show that the pres-

ence of an internal abnormality is truly

dominant in the determination of posi-

tive nodal disease. Classifying a node of

any size with an internal abnormality as

positive for disease was appropriate with

either CT on MR imaging.

NPV, PPV, Sensitivity, and Specificity

Table 3 contains NPVs and PPVs for CT

and MR imaging on the basis of tests of

size alone and size with internal abnon-

mality for zones 2 and 3 combined. For

example, with CT on the basis of nodal

size alone with the largest node of 12

mm, the NPV is 0.79. The addition of

information on internal abnormality in-

creased the NPV to 0.83. In the latter case,

1 7% of nodes classified at CT as negative

for disease would in fact be positive. Table

4 presents sensitivity and specificity val-

ues for the same imaging criteria used to

generate the NPVs and PPVs in Table 3.

(Note: this approach is not the same as

the hybrid test but would be closer to

clinical practice.)

Inter-reader Reliability for
Evaluation of Nodal Size

To measure inter-reader variability in

the measurement of nodal size, we com-

pared the size recorded by the first reader

at the patient’s institution to that ne-

corded by the second reader at that insti-

tution. The average size of the node with

Zone CT MR Imaging P Value

1
2
3

2 and 3

1
2
3

2 and 3

Size Alone

0.67 ± 0.06 0.72 ± 0.05 .13
0.73 ± 0.06 0.70 ± 0.05 .15
0.71 ± 0.04 0.72 ± 0.04 .66
0.77 ± 0.03 0.73 ± 0.03 .04

Size and Internal Abnormality
(hybrid test)

0.76 ± 0.06 0.72 ± 0.05 .38
0.77 ± 0.06 0.71 ± 0.05 .02
0.72 ± 0.04 0.72 ± 0.04 .91
0.80 ± 0.03 0.75 ± 0.03 .008

the largest dimension on the right side of

the neck and that on the left side of the

neck were recorded for each of the two CT
readers and for each of the two MR image

readers. The mean ± standard error of the

differences (in millimeters) for CT images

were 0.70 ± 0.36 in zone i, 0.25 ± 0.24 in

zone 2, and 0.il ± 0.33 in zone 3 and for

MR images were 0.56 ± 0.35 in zone 1,

0.26 ± 0.31 in zone 2, and 0.02 ± 0.33 in
zone 3. We used a pained Student t test to

determine whether any of these differ-

ences was significantly different from

zero. For CT, the P values from these tests

were 0.05, 0.29, and 0.74, respectively,

and for MR imaging were 0. 1 1 , 0.40, and

0.95, respectively. Therefore, with the pos-

sible exception of zone 1 for CT, no

difference appeared to exist between the

first and second readers’ measurements of

nodal size. An overall multivaniate test

was applied to compare the differences in

the tworeadings for both CT and MR imag-

ing. The Wilks X for this test had a Pvalue of

0.5 1, indicating no overall difference.
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Figure 2. ROC curves for CT and MR images based on nodal size alone and on nodal size in
conjunction with internal abnormalities (IA) (hybrid test). No information on the presence or
absence of internal abnormalities was included for the curves based on size alone, but this
information was included for the curves based on hybrid test results.

TABLE 3

PPVs and NPVs for CT and MR Imaging

Size Alone Size and Internal Abnormality

Size CT MR Imaging CT MR Imaging
(mm) NPV PPV NPV PPV NPV PPV NPV PPV

5 0.90 0.44 0.77 0.44 0.90 0.44 0.77 0.44
7 0.88 0.44 0.77 0.45 0.89 0.45 0.77 0.45
8 0.86 0.45 0.77 0.47 0.86 0.45 0.77 0.47
9 0.85 0.48 0.78 0.50 0.86 0.48 0.79 0.50

10 0.83 0.50 0.79 0.52 0.84 0.50 0.79 0.52
1 1 0.81 0.56 0.76 0.58 0.83 0.55 0.77 0.58
12 0.79 0.61 0.75 0.62 0.83 0.61 0.77 0.61
15 0.73 0.71 0.72 0.72 0.80 0.69 0.75 0.69

Note-All values represent zones 2 and 3 (not hybrid test).

was to compare CT and MR imaging in

the detection of metastases of squamous

cell carcinoma to the nodes of the neck

on the basis of the size of the nodes and

the presence of internal abnormalities. In

general, our results indicate that CT is

superior to MR imaging for this purpose,

particularly when information on nodal

structure is considered. Such information

did not significantly improve the perfor-

mance of MR imaging. Information on

internal abnormalities might have a

greater effect at CT because findings of

internal abnormality at CT have been
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_______ described well whereas those at MR imag-

ing have not been as well documented

:7::;:� + (13, i4, 16,17,19,20,27,29,33).
Although the addition of information

on nodal structure improved the overall
performance of CT, the advantage in pa-

tient treatment is not so obvious. For CT,

the ROC curve (for combined zones 2 and

3) based on nodal size and internal abnor-
mality information (the hybrid test) is
statistically different from that based on
size alone. However, much of the separa-
tion between the two curves occurs in the
region where the sensitivity is between
50% and 75%. A test with this level of

sensitivity would not be considered use-
ful in clinical evaluation. The curves con-

verge as sensitivity approaches 90%.

Information on internal abnormalities
appears to affect sensitivity significantly
at only relatively high nodal sizes. This

fact suggests that the finding of a small
node with an internal abnormality in the
neck is rare when no larger node, with or
without an internal abnormality, is pres-

ent. Nodal size cutoff points of 1.0-1.5

cm are frequently used in clinical practice

(20,27,42-46). For nodal size cutoff points

of 1 cm or less, no significant improve-

ment in sensitivity or specificity was

achieved by adding information on inter-

nal abnormality to the information on
size (Table 4). As the nodal size ap-

proaches 1 .5 cm, specificity increases, but

this improvement is accompanied by a
steep drop in sensitivity. Use of nodal size
in the range where the presence of an

internal abnormality makes a difference

would be of limited clinical value because

of the high false-negative rate. If patients
were not treated on the basis of negative
imaging findings with these interpreta-

tive criteria, the tumor burden or “recur-
rence” rate would probably be unaccept-
ably high.

From the perspective of treatment of
our particular patient population, we
wanted to understand the predictive capa-
bilities of these modalities. We consid-
ered the NPV to be the most clinically
relevant expression of the effectiveness of
imaging in this clinical situation. The

error rate of the negative examination is
expressed as 1 - NPV and indicates the

percentage of patients with nodes classi-
fied as negative at imaging but who still
have tumor. If the neck is not treated in
these cases, the residual nodal tumor
would presumably progress, causing fu-
tune morbidity and lowered survival. If
the NPV is 90%, the examinations read as
negative would be correct in nine of 10
patients, and one patient in 10 would
have undetected residual nodal tumor. In



TABLE 4
Sensitivity and Specificity for CT and MR Imaging

Size and Internal Abnormality

Size
(mm)

CT

Sensitivity Specificity

MR Imaging

Sensitivity Specificity

CT

Sensitivity Specificity

MR Imaging

Sensitivity Specificity

5 0.98 0.1 3 0.92 0.20 0.98 0.1 3 0.92 0.20

7 0.97 0.17 0.90 0.23 0.97 0.17 0.90 0.23
8 0.95 0.22 0.87 0.31 0.95 0.21 0.87 0.31
9 0.92 0.31 0.83 0.41 0.93 0.31 0.84 0.41

10 0.88 0.39 0.81 0.48 0.90 0.38 0.82 0.48
11 0.80 0.56 0.70 0.65 0.84 0.53 0.73 0.63
12 0.74 0.67 0.66 0.72 0.80 0.63 0.70 0.69
15 0.56 0.84 0.51 0.86 0.71 0.78 0.60 0.81

Note.-AII values represent zones 2 and 3 (not hybrid test).
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our study, CT achieved a NPV of 90% but
only with a nodal size cutoff point of 5
mm. With use of this size criterion, the
PPV would be 44%, that is, 56% of pa-
tients identified as having positive nodes

would have no tumor. With use of a i-cm

nodal size cutoff point, the NPV would be
84% and the PPV 50%. Presumably, if
disease in the neck in patients with nega-
tive imaging findings was left untreated,
16% of tumors would “recur.” Of course,
this would not be a true recurrence but

rather a further growth of residual tumor.

Regardless of interpretative criteria, MR
imaging did not achieve a NPV of 90%.

Predictive probabilities vary with the
prior probability of disease (nodal, in this

case). Our patients came from three large
institutions, and we believe that the prior
probability of disease in our study is
representative of patients with tumors in
these locations, but we cannot be sure of
this. These prior and predictive probabili-
ties cannot be applied to other clinical

situations (ie, the differentiation of a nor-
mal from an abnormal node in a patient
without the types of squamous cell carci-
noma we studied).

This study has several limitations, some
of which are related to design and others
to analysis. With regard to design and
data collection, the nodes were measured
by means of comparison with a scale

printed along the image margin. Al-
though measurements with electronic
calipers would likely have been more
accurate, their use would not correspond
to routine clinical practice. Under the

circumstances of this study, the error rate

was approximated at ± 1 mm. With re-
gard to the interpretation of an internal
abnormality (as well as the certainty of its

presence), some variability existed among
readers (not reported), even though each

reader was trained before the start of the
study.

For a given nodal size, the NPV of MR
imaging was lower than that of CT. In
many cases, a similar NPV could be

achieved with MR imaging but at a lower
nodal size cutoff point. This fact suggests

that the nodal measurements were not

the same for the two modalities; smaller

measurements were possible with MR im-

aging than with CT. When we compared

the maximum nodal size in each region
in each neck in the primary data set, the

average measurement at CT was 1.4 mm

larger than that at MR imaging. This

difference was significant (P = .0001).

Our readers measured nodal size on Ti-
weighted MR images. The nodes were
bordered by hyperintense fat, so the win-
dow settings might affect the measure-

Size Alone

ment. Use of narrow window settings can

cause the hyperintensity to “spill” into

the lower signal intensity that represents
the node. This would lower the measured

size of the structure with intermediate
signal intensity. Even with use of a very

wide window setting, the high signal

intensity of fat may diminish the conspi-

cuity of the margin, resulting in a lower

measurement. Appropriate window set-

tings were defined in the protocol as wide

enough to show septal detail within the
fat, but further analysis of the boundary

definition between node and contiguous

fat was not addressed in this study.
Several problems occurred with the as-

signment of nodes to specific zones at

both imaging and surgery. Although we

would have liked to use the same level

classification system that is used in clini-

cal practice, we made slight modifica-
tions because it was difficult to apply the

clinical system to imaging examinations.

For example, the anterior margin of level
S in the clinical classification is the poste-

nor border of the stennocleidomastoid

muscle, and many nodes are deep to this
muscle. Thus, instead of creating an antifi-

cial separation between zone 2 on 3 and
zone 5, we defined the zones in our study
on the basis of readily identifiable imag-

ing landmarks.

In our analysis, findings in zone 2 were

combined with those in zone 3 partly

because of the difficulty of assigning

nodes into one zone on the other at both

imaging and histopathologic examina-

tion. At imaging, nodes frequently

spanned the border of zones 2 and 3. In

addition, all imaging landmarks were in

the anterior portion of the neck, and the

exact plane for axial imaging could not be
specified. Variability of angulation was

present that led to ambiguity regarding

the exact border between zones 2 and 3.

During surgery, efforts were made to mark

the various zones. When the surgical field

is opened, however, the anatomy is dis-

torted and some variability in defining

the exact separation of zones 2 and 3

occurs.

Another study limitation exists with

regard to the standard of reference. In this

study, each node was cut for assessment

only once. Findings in several studies

have shown that additional positive nodes

can be identified if a more detailed exami-

nation is carried out by examining mul-

tiple sections or by performing an immu-

nologic assessment (47,48). Another

means of evaluating for false-negative

disease in patients with an untreated neck

in whom imaging findings were negative

involves close follow-up after a preset

time interval (49). Even with this ap-

proach, however, we could not be certain

whether disease that arose during the

observation period was a result of undetec-

ted disease or was new disease.

The evolution of technology contin-

ues. These cases were accrued over a 3-

year period. Protocols were designed on

the basis of the state of the art at the

beginning of the study. No important

changes were made in the CT protocol.

However, fast spin-echo imaging and fat

suppression represented important ad-

vances in MR imaging of the head and

neck. Fast spin-echo imaging was incorpo-

rated into the study after 2 years. Find-

ings in a separate study indicated that the

visibility of nodes was improved with fast

spin-echo T2-weighted imaging, so the

new sequence was used (37). If this af-

fected the data in any way, the change

would presumably improve the perfor-

mance of MR imaging. Fat suppression

after injection of a gadolinium chelate

has also been an important advance. This

technology was not completely evaluated
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in time to be included in a major portion

of the study, however, so it was not used.

Our analytic approach validated the

importance of internal abnormality over

that of nodal size. It is possible that if we

had used more refined measures of inter-

nal architecture, perhaps techniques from

feature analysis, the relationship between

internal architecture and size would have

been altered. Such an analysis would ne-

cessitate re-readings with prospectively

designed templates that describe and

quantify each of the possible features

associated with the internal architecture.

This approach, with use of radiologists

who see a high volume of CT and MR

images of the head and neck, would give

us better information about the relative

contributions of these modalities.

CT performed slightly better than MR

imaging for all interpretative criteria, but

a high NPV was achieved only when the

small-size criterion was used and, there-

fore, was associated with a relatively low

PPV. CT performed slightly better than

MR imaging, particularly when internal
abnormalities were considered in addi-

tion to nodal size. However, the ability of

either modality to achieve a NPV of 90%
was disappointing. Any size criterion

greaten than 5 mm was associated with a

large number of “misses.” For CT, when

the presence of a node S mm on larger on

of a node with an internal abnormality

was considered a positive result, the NPV

was 90% and the PPV was 44%. With

these test criteria, i0�X of patients classi-
fled as having negative results at imaging

would have residual tumor in the neck.

When a positive test was defined as the

presence of a node 10 mm on larger on of a

node with an internal abnormality, the

NPV was 84% and the PPV was 50%. With

these test criteria, i6#{176}Aof the patients with

negative imaging results would actually have
disease, and 50% of the patients with posi-

tive imaging results would not have metasta-

sis and would undergo unnecessary treat-

ment. If the patients with negative imaging

results were not treated, the presumed rate

of “recurrence” would be 16%.
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