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DISCUSSION OF PROBLEM/CLINICAL PRESENTATION

The prevalence of thyroid nodules is approximately 3% to 8% in the general population—#
but increases to almost 50% after 65 years of age.®> With advances in technology, incidence
of thyroid nodules on ultrasound (US) has increased to almost 60%; however, the incidence
of malignancy in thyroid is low at 5% to 15%.5.7 In addition, B-mode and Doppler US have
been found to have low accuracy. Fine needle aspiration (FNA) is the standard procedure to
determine if a nodule is cancerous or not; however, FNA is an invasive procedure and would
result in an inadequate sample in 10% to 20% of cases leading to rebiopsy.® Palpation has
been used in clinical examination to assess if a thyroid nodule is firm or palpable; however,
palpation is subjective and will vary depending on the size and location of the nodule.8

IMAGING PROTOCOLS
Imaging Findings

US elastography is a promising new technique in the evaluation of the thyroid nodule. It
allows for “virtual palpation” of the nodule, which may not be otherwise palpable. US
elastography was developed to obtain information on tissue stiffness noninvasively.%-11 Due
to the superficial location of the thyroid gland, it is feasible to obtain information regarding
the stiffness in the organ or nodule.

Most malignant tumors are characterized by the presence of abnormally firm stroma due to
the presence of collagen and myofibroblasts, which is the desmoplastic transformation. This
tumor stroma promotes the proliferation of malignant cells (and could even initiate them).12
However, certain benign fibrous tumors can be very stiff as well (histiocytofibromas, for
example). Previous ex vivo studies had suggested that there is considerable difference
between the stiffness in normal thyroid tissue and thyroid tumors.13:14 Based on this
observation, multiple in vivo studies were then performed to differentiate benign from
malignant thyroid nodules. Various techniques exist for performing elastography as outlined
in the other articles. A brief description of these techniques and their utility in thyroid
elastography are mentioned here.

Quasi-static or strain elastography or sonoelastography

In quasi-static or strain elastography, the US probe is placed on the neck with gel
interposition and compression is generated by pressure applied by the operator with the US
probe on the skin. Improvement in the sensitivity of very small tissue movement detection
has made it possible to use carotid pulsation to induce this tissue deformation.1>
Classification using 4 or 5 visual categorical scores (Figs. 1 and 2), either color coded or in
gray scale, has been proposed.18 Semi-quantitative analysis provides numerical values that
correspond to the deformation ratios. The machine calculates a ratio between the zones of
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interest (regions of interest [ROI]) placed by the operator on the nodule and on the healthy
tissue. The calculation can thus be made using the rates of deformation of the structure
(“strain rate”) (Figs. 3 and 4).17

A recent meta-analysis by Bojunga and colleagues,® which included 639 nodules, reported
a mean sensitivity of 92% and a specificity of 90% using strain elastography for the
diagnosis of malignant thyroid nodules; however, the patient population was highly selected
with a 24% prevalence of malignancy and many patients were sent to surgery.

Two recent studies®20 with 309 and 97 patients, respectively, used strain values and ratios
to determine thyroid nodule stiffness. All patients were referred to surgery. Vorlander and
colleagues!® used a proprietary absolute measurement of strain value, which ranged from
1.0 (maximum soft) to 0.1 (maximum hard) and reported a negative predictive value (NPV)
for malignancy of 100% using a strain ratio cutoff of greater than 0.31 and a positive
predictive value (PPV) of 42% using a cutoff of less than 0.15. Cantisani and colleagues2°
reported a sensitivity, specificity, PPV, and NPV of 97.3%, 91.7%, 87.8%, and 98.2%,
respectively, for the prediction of malignancy using a strain ratio =2 (ratio of lesion strain to
surrounding parenchyma). Elastography was more sensitive and specific than all
conventional US features.

Another study compared strain elastography based on 4 point scores and the strain ratios
between the nodule and the surrounding thyroid at the same depth.2! The diagnostic
accuracy of the strain ratio evaluation was slightly higher (0.88 vs 0.79, P<.001) than that of
the elastography score, with a higher specificity. Another prospective study?2 evaluated
strain elastography in 51 patients with small single solid nodules of 3 to 10 mm submitted to
surgical resection. The 5-point scale developed by Itoh and colleagues'® for the breast
elastography was used in this study; with a cutoff at 3/4, a sensitivity of 91%, specificity of
89%, PPV 94%, and NPV 85% for the diagnosis of malignant nodules was found. Thus,
strain elastography seems to have a potential even in small nodules.

However, additional studies, including only a few follicular carcinomas, revealed
inconclusive data on the value of elastography. Most malignant nodules missed by
elastography were follicular carcinomas, which can be soft and difficult to differentiate from
benign nodules.18 Strain elastography was evaluated in 102 patients with indeterminate
cytology who went to surgery.23 Histology revealed 64 follicular adenomas, 32 follicular
variants of papillary thyroid cancer, 4 follicular carcinomas, and 2 hyperplastic nodules. In
this selected population, strain elastography (4-point scale) only reached a PPV of 34% and
an NPV of 50%. Conversely, Cantisani and colleagues?* reported a study including 140
nodules with indeterminate cytology in which elastography with a strain ratio greater than
2.05 achieved sensitivity, specificity, NPV, PPV, and accuracy of 87.5%, 92%, 94.8%,
81.4%, 89.8%, respectively.

Acoustic radiation force imaging

In acoustic radiation force imaging (ARFI), an ROl is placed in the thyroid nodule while
performing real-time B-mode imaging. The tissue at the ROI is mechanically excited using
acoustic pulses to generate localized tissue displacements. These displacements result in
shear-wave propagation away from the region of excitation and are tracked using ultrasonic,
correlation-based methods.2®> The maximum displacement is estimated for many US
tracking beams and the shear wave speed of the tissue can be reconstructed?6:27 along with
the shear wave propagation velocity. Because there is no mechanical or external pressure
used in ARFI and because shear wave propagation velocity is proportional to the square root
of tissue elasticity, stiffness of the nodule can be calculated.28

Ultrasound Clin. Author manuscript; available in PMC 2015 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Dighe

Page 3

A study by Bojunga and colleagues?® found that the median velocity of ARFI imaging in the
healthy thyroid tissue, benign and malignant thyroid nodules was 1.76 m/s, 1.90 m/s, and
2.69 m/s, respectively. They did not find any significant difference in median velocity
between healthy thyroid tissue and benign thyroid nodules; however, a significant difference
was found between malignant thyroid nodules and healthy thyroid tissue and malignant
thyroid nodules and benign thyroid nodules. A study by Azizi and colleagues?? found that
the NPV of ARFI was better than the PPV; however, the PPV of ARFI was better than that
of B-mode criteria of hypoechogenicity. Gu and colleagues? in their study found that ARFI
had a high sensitivity and specificity in evaluating benign and malignant nodules when they
used a cutoff value of 2.555 m/s. Sporea and colleagues3! used ARFI in evaluating the
utility of ARFI in diffuse thyroid disease. They found that the optimal cutoff value for the
prediction of diffuse thyroid pathologic abnormality with ARFI was 2.36 m/s, which had a
sensitivity of 62.5%, specificity of 79.5%, PPV of 87.6%, NPV of 55.5%, and accuracy of
72.7%.

Shear wave elastography

Shear wave elastography (SWE) is a user-independent method with no compressive
maneuvers needed. This methodology captures the waves that propagate from the stimulated
tissue in question with an ultrafast US tracking method, which displays real-time
information in terms of velocity or estimated tissue stiffness expressed in kilopascals (Figs.
5 and 6). Sebag and colleagues32 reported that significantly higher elasticity index was noted
in malignant thyroid nodules than benign nodules, and they reported the sensitivity and
specificity of SWE were 85.2% and 93.9% using a cutoff level of 65 kPa. They reported
higher diagnostic performance with a combined score (SWE+B-mode US) than that of B-
mode US only. Other SWE studies33 showed variable cutoff values yielding a maximum
sum of diagnostic performance to predict thyroid malignancy. Kim and colleagues3* in their
study found similar results as the prior studies. Veyrieres and colleagues3® were able to
confirm that the cutoff value of 66 kPa was the best US sign to rule out malignant thyroid
nodules; however, they suggested that more work needed to be performed in calcified
nodules and follicular tumors (Fig. 7).

PEARLS, PITFALLS, AND VARIANTS

Elastography provides information about the stiffness in a particular tissue similar to what
palpation of a lesion would do. Most malignant tumors have abnormally firm stroma
because of the presence of collagen and myofibroblasts. This desmoplastic transformation
promotes the proliferation of malignant cells (and could even initiate them).12 However,
certain benign fibrous tumors can be very stiff as well (histiocytofibromas, for example).
Thyroid US elastography could therefore make it possible to identify cancers with increased
stiffness, such as papillary cancers; on the other hand, cancers with nonmodified elasticities
will not be detected, as is the case in most follicular carcinomas (Fig. 8) and benign lesions
with increased stiffness will fall into the false positive group with elastography (Fig. 9).

Quasi-static elastography was first used and involved compression of tissue manually with
the transducer. This compression would bring in variability in the amount of compression
applied. To overcome this variability, machines then had a mechanism to show the amount
of compression applied (mild, moderate, too much) on a scale displayed in real time on the
image. Currently, the improvement in the sensitivity of very small tissue movement
detection makes it possible to use the carotid pulsation to induce tissue deformation.36 Some
of the limitations of quasi-static elastography include the need for an area of healthy tissue
to be included in the elastography image, to be able to compare normal thyroid with the
nodule. If all of the tissue in the image is abnormal, the nodule stiffness will vary with the
obtained data, which could be a challenge especially in the case of a nodule in a background
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of an autoimmune thyroid disease.3’ Similarly if the whole thyroid lobe is involved by a
large nodule, there would not be any normal thyroid to compare. Tissue elasticity data
obtained from ARFI are not translated in color-coded images as in other elastography
methods and this method seems to be a transition technology from strain elastography to
SWE.

Intralesional calcifications are common in thyroid nodules and may bias the stiffness of the
lesion, as has been shown for nodules with peripheral calcifications.13:38:39 Elastography
should also be interpreted with caution in extensive cystic areas because this may cause
artifacts because of a loss of signal in the cystic region. Elastography shows high sensitivity,
specificity, and NPV for the diagnosis of papillary carcinoma, which are known to be stiffer;
however, the evaluations were performed in highly specialized centers with high incidences
of carcinoma and data in follicular carcinomas, which are softer malignancies, have not been
impressive.

A recent study using strain elastography, however, reported no additional value of
elastography to experienced B-mode US.40

WHAT THE REFERRING PHYSICIAN NEEDS TO KNOW

A recent guideline published by the European Federation of Societies for Ultrasound in
Medicine and Biology suggests that “elastography of thyroid lesions can be performed using
either strain or shear wave elastography with many high-end systems using linear
transducers. No patient preparation is required.” They recommend that “Elastography be
used as an additional tool for thyroid lesion differentiation and based on expert opinion,
elastography may be used to guide follow up of lesions negative for malignancy at FNA.”41
Elastography makes it possible to improve the PPV and the NPV of malignancy obtained
from conventional US studies.2042 The French Endocrinology Society recently specified in
its “Consensus on the treatment of thyroid nodules” that elastography must therefore be
integrated as a parameter of the US classification of the nodule; however, presently, it
cannot replace it in any case.

SUMMARY

Elastography is undeniably a major technological advance in thyroid imaging in recent
years. The anatomic characteristics of the thyroid (superficial organ) and the frequency of
nodules in the thyroid make it an ideal organ for this technique. Static elastography is
currently available in many machines. SWE is becoming the reference technique for thyroid,
however, prospective studies (ongoing) will need to be performed before its routine use in
the clinic. Elastography should not be considered as an alternative to conventional US, but
like an additional parameter that optimizes the US imaging.*3
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Fig. 1.

Strain elastography: B-mode US image (A) showing a nodule in the right thyroid gland
(arrow). This lesion showed increased stiffness on elastography (B) and the overlay image
(color overlayed on B-mode) (C) with predominantly blue color (high stiffness), which was
shown to be a follicular adenoma on histopathology. C, carotid artery.
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Fig. 2.

Strain elastography: B-mode US image (A) showing a nodule in the left thyroid gland with
small areas of calcification in it (arrow). This lesion showed increased stiffness on
elastography (B) and the overlay image (color overlayed on B-mode) (C) with a
combination of blue and green color (moderate stiffness), which was shown to be a papillary
carcinoma on histopathology.
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Fig. 3.

Quantitative strain elastography: B-mode US image (A) showing a nodule in the left thyroid
gland with cystic changes in it. ROls were drawn on the lesion and adjacent to the carotid
artery as shown in the elastography image (B). This lesion showed increased stiffness and
had a thyroid stiffness index of 35, which was shown to be a papillary carcinoma on
histopathology.
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Quantitative strain elastography: B-mode US image (A) showing a solid nodule in the left
thyroid gland. ROIs were drawn on the lesion and adjacent to the carotid artery as shown in
the elastography image (B). This lesion showed intermediate stiffness and had a thyroid
stiffness index of 13.5, which was shown to be a follicular lesion with low probability of
malignancy on cytology.
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SWE showing a nodule with an SWE value of 72 kPa on a transverse image (A) and an
SWE ratio with the surrounding normal thyroid gland on the sagittal image (B) of 2.46,

which was shown to be a papillary carcinoma in histopathology.
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which was shown to be a multinodular goiter on histopathology.
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Fig. 7.

SWE showing a nodule with an SWE value of 13.8 kPa on a transverse image (A) and an
SWE ratio with the surrounding normal thyroid gland on the sagittal image (B) of 0.42,
which was shown to be a follicular adenoma on histopathology.
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Fig. 8.

SWE showing a nodule with an SWE value of 13.3 kPa on a transverse image (A) and an
SWE ratio with the surrounding normal thyroid gland on the transverse image (B) of 0.69,
which was shown to be a follicular carcinoma on histopathology. Note the lack of shear
wave information from the deeper part of the nodule (arrow) due to the presence of cystic
areas.
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Fig. 9.

Benign lesion with high stiffness on strain elastography: B-mode US image (A) showing a
nodule in the left thyroid gland with cystic change in it (arrow). This lesion showed
increased stiffness on elastography (B) and the overlay image (color overlayed on B-mode)
(C) with predominantly blue color (high stiffness), which was shown to be a fibrotic nodule
on histopathology.
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