
Sonographic Detection of Extracapsular
Extension in Papillary Thyroid Cancer

he prognosis for differentiated thyroid cancer is generally
excellent, with 99% survival at 20 years after surgery.1,2

The risk of death in thyroid cancer increases, however, when
extracapsular extension of a tumor is identified at surgery, decreasing
the 10-year survival from 99.3% to 63%.3 Although differentiated
thyroid cancer is rarely lethal, morbidity from local recurrence is
not insubstantial, with complications ranging from difficulty swal-
lowing to tracheal invasion or recurrent laryngeal nerve invasion. The
incidence of extracapsular extension of a tumor is estimated to
range between 5% and 34% of well-differentiated thyroid cancers.
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Objectives—To identify and evaluate sonographic features suggestive of extracapsular
extension in papillary thyroid cancer.

Methods—Three board-certified radiologists blinded to the final pathologic tumor stage
reviewed sonograms of pathologically proven cases of papillary thyroid cancer for the
presence of extracapsular extension. The radiologists evaluated the following features:
capsular abutment, bulging of the normal thyroid contour, loss of the echogenic capsule,
and vascularity extending beyond the capsule.

Results—A total of 129 cases of pathologically proven thyroid cancer were identified.
Of these, 51 were excluded because of lack of preoperative sonography, and 16 were
excluded because of pathologic findings showing anaplastic carcinoma, follicular carci-
noma, or microcarcinoma (<10 mm). The final analysis group consisted of 62 patients
with papillary thyroid carcinoma, 16 of whom had pathologically proven extracapsular
extension. The presence of capsular abutment had 100% sensitivity for detection of
extracapsular extension. Conversely, lack of capsular abutment had a 100% negative pre-
dictive value (NPV) for excluding extracapsular extension. Contour bulging had 88%
sensitivity for detection of extracapsular extension and when absent had an 87% NPV.
Loss of the echogenic capsule was the best predictor of the presence of extracapsular
extension, with an odds ratio of 10.23 (P = .034). This sonographic finding had 75% sen-
sitivity, 65% specificity, and an 88% NPV. Vascularity beyond the capsule had 89%
specificity but sensitivity of only 25%.

Conclusions—Sonographic features of capsular abutment, contour bulging, and loss of the
echogenic thyroid capsule have excellent predictive value for excluding or detecting extra-
capsular extension and may help in biopsy selection, surgical planning, and treatment
of patients with papillary thyroid cancer.
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The presence of extracapsular extension has been found to
increase the risk of recurrence 2-fold as well as the risk of
death.3–5 The degree to which extracapsular extension is
present determines tumor staging in the TNM staging
classification: T3 lesions have minimal extrathyroidal
extension (extension to sternothyroid muscle or perithyroid
soft tissues), and T4a disease includes tumors that extend
beyond the capsule to invade subcutaneous soft tissues,
the larynx, the trachea, the esophagus, and the recurrent
laryngeal nerve.6

The presence of extracapsular extension of a tumor
affects the surgical approach and increases the risk of incom-
plete surgical excision, which in turn is associated with
higher morbidity and mortality.7,8 Patients with T3 or T4
primary tumors will often undergo prophylactic central
compartment neck dissection, as outlined in the American
Thyroid Association guidelines.9 In addition, if anterior
extracapsular extension is suspected or confirmed, at our
institution, the adjacent strap muscles may be resected as
part of the surgical specimen.

Although extracapsular extension of a tumor carries
important prognostic implications, to date, the sonographic
prediction of extracapsular extension has not been exten-
sively studied, and there are no established sonographic
criteria for its prediction.10,11 Preoperative sonography and
lymph node mapping in patients pathologically confirmed to
have thyroid malignancy are recommended by the American
Thyroid Association to determine the need for further
preoperative imaging. However, sonographic findings of
extracapsular extension are not clearly delineated in this
recommendation.12 Currently, extracapsular extension is
often diagnosed pathologically rather than radiographically.
The purpose of our study was to evaluate pathologically
proven thyroid cancers with and without extracapsular
extension of the tumors and to determine which sono-
graphic findings may be predictive of extracapsular extension. 

Materials and Methods

Institutional Review Board approval and a consent waiver
were obtained before the retrospective retrieval of all thy-
roidectomy pathologic specimens in the pathology data-
base at our institution between 2002 and 2012. Clinical
information, including age, sex, and pathologic findings at
the time of surgical resection, were obtained through review
of electronic medical records. Patients with a pathologic
diagnosis of thyroid cancer were selected for review.
Patients who did not have sonography before resection
were excluded. In addition, patients with a diagnosis of
anaplastic carcinoma, follicular carcinoma, or microcar-

cinoma (papillary cancer <10 mm) were excluded for the
following reasons: anaplastic carcinomas by definition are
T4 cancers at the time of diagnosis and typically are not
surgical candidates; follicular carcinomas may only be
diagnosed by complete surgical excision, and sonographic
assessment is therefore often of limited utility; and micro-
carcinomas are typically incidental findings or may be
sonographically occult, and the utility of surgical resection
in these patients is not universally accepted13; moreover,
the small size of microcarcinomas in a retrospective study
may potentially lead to errors in colocation with patho-
logic findings.

All patients underwent sonography with an ACUSON
Sequoia 512 ultrasound machine (Siemens Medical
Solutions, Mountain View, CA) or a LOGIQ E9 ultra-
sound machine (GE Healthcare, Waukesha, WI) as part
of their thyroid nodule evaluation, either for preopera-
tive imaging or selection for fine-needle aspiration. Sono-
grams at our institution were obtained by a trained
sonographer and checked by a board-certified radiolo-
gist at the time of scanning, with the option of obtaining
additional images at that time. As part of our diagnostic
sonographic examination protocol, patients were placed
in the supine position with the neck slightly hyper ex-
tended. A high-frequency linear transducer (12–18 MHz)
with harmonic imaging was used to image the neck in both
transverse and longitudinal views using grayscale imaging
with color or power Doppler imaging, or both.

Two board-certified radiologists (A.K. and A.T.) with
expertise in thyroid imaging, who did not participate in
the blinded review, created a training set of example cases
in a PowerPoint presentation (Microsoft Corporation,
Redmond, WA) with 3 examples of each feature and
descriptions of the sonographic findings to familiarize the
blinded reviewers with sonographic features. The cases for
the training set were obtained outside the retrospective
review.

Sonograms were retrospectively reviewed by 3 experi-
enced board-certified radiologists (T.S.D., R.B.J., and
J.K.W.) with expertise in sonography and thyroid imaging
(25, >25, and 14 years of experience, respectively), who were
blinded to the findings of extracapsular extension at resec-
tion. Images were retrospectively reviewed by each observer
independently on a Centricity picture archiving and
communication system workstation (GE Healthcare) with
Barco color monitors (Barco Inc, Kortrijk, Belgium) 
with either 2-megapixel 1600 × 1200 or 2.3-megapixel
1920 × 1200 resolution. The radiologists evaluated the fol-
lowing sonographic features: capsular abutment by the
nodule (Figures 1–3), bulging of the normal thyroid con-
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tour (Figure 4), loss of the echogenic capsule (Figure 3),
and vascularity extending beyond the nodule (Figure 5).
When interpretation differed, the majority opinion was used.

Capsular abutment was evaluated as “present” or “not
present” by each observer when the thyroid nodule was
seen to abut the margin of the thyroid capsule on imaging.
Note was made of whether abutment occurred with the
anterior capsule, posterior capsule, or both. Contour bulging
was identified when the contour of the anterior capsule was
bulged outward by the thyroid nodule beyond the expected
normal thyroid margin and recorded as “yes” or “no” by
each radiologist. Loss of the echogenic capsule was
assessed as “present” if the normally echogenic rim of the
thyroid gland was not sonographically detectable and pre-
sumed to be obscured by the thyroid nodule, and “not
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Figure 1. Sonograms from a 50-year-old woman with papillary cancer in

the left thyroid gland. A, Transverse view. B, Longitudinal view. The nod-

ule (green arrows) does not abut the capsule (orange arrows). No extra-

capsular extension was seen on pathologic examination.

Figure 3. Sonograms from an 80-year-old woman with papillary cancer

and extracapsular extension. A, Transverse view of the left thyroid show-

ing the nodule abutting the capsule, with loss of the capsule along the ante-

rior margin (green arrows). A portion of the anterior echogenic capsule

(orange arrows) is still visible. B, Longitudinal view showing that the supe-

rior portion of the anterior capsule is not visible (green arrows). Portions of

the capsule are vaguely shown along the inferior margin (orange arrows).

Figure 2. Sonogram from a 21-year-old woman with papillary cancer

(green arrows). The nodule abuts more than 25% of the capsule, but the

echogenic capsule is well visualized (orange arrows). No extracapsular

extension was seen on pathologic examination.
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present” if the echogenic capsule was still visible in its entirety.
Finally, vascularity beyond the nodule was assessed as “pre-
sent” if vessels extending to or from the nodule were seen
beyond the capsule on either color or power Doppler images. 

Results

Between 2002 and 2012, 1036 thyroidectomy specimens
were evaluated at our institution. Of these, 129 cases of
pathologically proven thyroid cancer were identified; 51
were excluded because of lack of preoperative sonography,

and 16 were excluded because of pathologic findings show-
ing anaplastic carcinoma, follicular carcinoma, or micro-
carcinoma. The final analysis group consisted of 62 patients
with papillary thyroid cancer, 16 (26%) of whom had patho-
logically proven extracapsular extension, and 46 did not.
The average age of the final group was 48.9 years (40 female
and 22 male). Of the 16 patients with extracapsular exten-
sion (average age, 59.2 years; 9 female and 7 male), 13 had
T3 disease, and 3 had T4 disease.

Based on the majority consensus, the presence of cap-
sular abutment was seen in all nodules with extracapsular
extension, resulting in 100% sensitivity (95% confidence
interval [CI], 79.4%–100%). Conversely, absence of cap-
sule abutment had a 100% negative predictive value (NPV)
for excluding extracapsular extension (95% CI, 54.1%–
100%), although the specificity and positive predictive
value (PPV) were only 13% (95% CI, 4.9%–26.3%) and
29% (17.3%–42.2%), respectively.

Contour bulging had 88% sensitivity (95% CI,
61.7%–98.4%) for detection of extracapsular extension and
when absent had an 87% NPV (95% CI, 59.5%–98.3%).
The specificity for extracapsular extension with contour
bulging was 28% (95% CI, 16.0%–43.5%), with a 30% PPV
(95% CI, 17.3%–44.9%).

Vascularity beyond the capsule had 89% specificity
(95% CI, 76.4%–96.4%) but was not a sensitive finding, at
only 25% (95% CI, 7.3%–52.4%). The PPV and NPV of vas-
cularity beyond the capsule were 44.4% (95% CI, 13.7%–
78.8%) and 77.4% (95% CI, 6.8%–87.7%), respectively.

Loss of the echogenic capsule had 75% sensitivity
(95% CI, 47.6%–92.7%), 65% specificity (95% CI, 49.8%–
78.6%), a 42.9% PPV (95% CI, 24.5%–62.8%), and an
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Figure 4. Sonogram from a 61-year-old woman with papillary cancer

and extracapsular extension. Longitudinal view of the left thyroid. 

The nodule (calipers) bulges the anterior contour (green arrows) of the

thyroid, where the echogenic capsule is lost. In the area not involved by

the nodule, the echogenic capsule is preserved (orange arrows). 

Figure 5. Sonograms from a 52-year-old woman with papillary cancer and extracapsular extension. A, Longitudinal color Doppler image showing

vascularity (green arrow) extending beyond the capsule. B, Longitudinal grayscale image in the same location showing margins of the nodule (green

arrows) with loss of the echogenic capsule. The echogenic capsule (orange arrows) is shown superiorly in the area not abutting the thyroid nodule.
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88% NPV (95% CI, 72.5%–96.7%). However, in a logistic
regression analysis, loss of the echogenic capsule was the
best sonographic predictor of extracapsular extension, with
an odds ratio of 10.23 (P = .034).

When 2 or more features were present, the sensitivity
for detection of extracapsular extension was 100%, with
specificity of 26%, a PPV of 32%, and an NPV of 100%.
When 3 or more features were present, the sensitivity was
63%, with specificity of 70%, a PPV of 42%, and an NPV
of 84%. When all 4 features were present, the sensitivity
was 25%, with specificity of 93%, a PPV of 57%, and an
NPV of 78%.

Discussion

We found several sonographic features that were helpful
in the assessment of extracapsular extension of papillary
thyroid carcinoma. When capsular abutment was not
present, extracapsular extension was virtually excluded.
Conversely, when a papillary carcinoma caused contour
bulging and effacement of the echogenic thyroid capsule,
extracapsular extension of the tumor was suspected.
Although we were not able to find a single sonographic
feature that had both high sensitivity and a high PPV,
when combinations were studied, the greater the number
of features present, the higher the PPV. Thus, whereas no
single sonographic feature was highly predictive of extra-
capsular extension, careful evaluation of the capsule with
these sonographic features in mind may help in biopsy
selection, surgical planning, and treatment of patients with
papillary cancer.

Several older studies evaluated the preoperative char-
acterization of extracapsular extension, with mixed findings.
Shimamoto et al14 studied sonographic prediction in
staging of papillary cancer and found that the sensitivity of
sonography for detection of extracapsular extension of a
tumor into the prethyroidal muscles and sternocleidomas-
toid was 77.8%, but the sensitivity values for invasion into
the trachea and the esophagus were only 49% and 28.6%,
respectively. That study, from 1998, used lower-frequency
transducers (7.5–10 MHz) than our study (12–18 MHz)
and was performed before the widespread use of harmonic
imaging, compound imaging, and other sonographic tech-
niques that have improved the resolution of sonography
in current practice. A different study by Yamamura et al15

from 2002 had much better results using preoperative
sonography for detection of cancer invasion of the airways
and found that sonography had an 83.3% accuracy rate,
which was better than magnetic resonance imaging or
computed tomography.

A few more-recent studies evaluated preoperative
prediction of extracapsular extension with better results.
In a study of 181 patients, Kwak et al16 found 65.2% sensi-
tivity and 81.8% specificity for sonography using meas-
urement of the percentage of contact of the nodule with
the thyroid capsule. However, in that study, all cases were
microcarcinomas, for which sonographic findings and the
prognosis may not be applicable to all papillary cancers and
for which surgical treatment remains somewhat contro-
versial.13 A recent study by Lee et al10 had results that were
similar to ours: abutment (percentage of the nodule
perimeter abutting the capsule) and capsular protrusion
(defined as loss of the perithyroidal echogenic line) were
useful for predicting extracapsular extension. However, in
their study, all images were obtained by radiologists who were
aware of the confirmed diagnosis of thyroid carcinoma,
rather than by sonographers performing routine diagnos-
tic scans of the entire thyroid, as in our study. We think that
our study more closely reflects standard practice in the
United States and confirms that these sonographic findings
can indeed be assessed even when the diagnosis of thyroid
cancer is not known and images are obtained by a trained
sonographer and interpreted by a radiologist.

There were several limitations to our study. First, this
study was retrospective, with a relatively small patient cohort.
This limitation was due to the fact that both sonographic
assessment and pathologic surgical specimens were required.
Second, the full extent of the invasion of adjacent structures
was not assessed on our sonographic examinations. We also
did not attempt to differentiate between T3 and T4 lesions.
Although we acknowledge that it is an important distinction,
the focus of our study was to determine whether extracap-
sular extension was present. Future studies of sono graphic
assessment are needed to delineate T3 from T4 lesions.
Third, since this study was a retrospective review, detailed
evaluation of the capsule was not performed prospectively
in each case; therefore, there was a possibility that the entire
capsule was not fully imaged or viewed during review.
We anticipate that with improved sonographic technology
using higher-frequency and higher-resolution transducers,
focused attention of the capsule could be prospectively
performed and the sensitivity for extracapsular extension
improved. Fourth, we excluded microcarcinomas in our
study, for which treatment remains controversial. Some
authors suggest that microcarcinomas may be safely
observed,13,17 and a recent article by Chéreau et al18 sug-
gested that microcarcinomas with extracapsular extension
have outcomes that are similar to those of T2 disease.
Although we think this topic requires further investigation,
because of the retrospective nature of our study we
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excluded microcarcinomas to accurately correlate patho-
logic results with sonographic findings. Fifth, we found the
anterior capsule was much better visualized than the pos-
terior capsule. This finding relates to the inherent nature of
sonography, in which detail of deeper structures is lower
in resolution compared to more superficial structures.
However, since invasion of the strap muscles overlying the
thyroid accounts for most patients with extracapsular
extension (62%), it is evaluation of the anterior capsule
that is critical.11

The American Thyroid Association recommends
sonographic evaluation of the primary thyroid tumor and
lymph node mapping in patients who have proven papil-
lary thyroid cancer.12 However, we encourage focused high-
resolution sonographic evaluation of the thyroid capsule
in examinations of all unknown thyroid nodules. The sono-
graphic features we studied may help identify suspicious
features that can in turn help guide biopsy decisions.
Identification of features can be facilitated by placing the
focal zone at the level of the capsule, using higher-frequency
linear transducers (ie, 18 MHz) for anterior capsule evalua-
tion, and evaluating both the anterior and posterior thyroid
capsules. Future prospective studies may help determine
the benefit of dedicated capsule evaluation with a detailed
sonographic examination.

In conclusion, we found several sonographic features
that are helpful in evaluations for extracapsular extension of
papillary cancer. Given that the presence of extracapsular
extension has important prognostic and staging implica-
tions, its accurate preoperative identification may poten-
tially help guide the surgical approach and subsequent
clinical management. 
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