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Abstract

Introduction

A solid hypofunctioning (cold) nodule on scintigraphy is associ-
ated with an increased risk of malignancy while a functioning (hot)
nodule is rarely malignant. This study aims to assess if we can avoid
invasive investigation of cold thyroid nodules by risk stratifying using
ultrasound.

Methods

This study is a retrospective audit correlating the sonographic
and cytological findings of solid hypofunctioning nodules on Tc-99m
pertechnetate scintigraphy. The sonographic features and cytology
for benign and malignant nodules were compared using Fisher’s
exact test and the unpaired T-test. A P value <0.05 was considered
statistically significant.

Results

Atotal of 67 cold nodules were examined. Fourteen nodules were
excluded due to indeterminate cytology and non-diagnostic fine
needle aspiration. In the resulting sample of 53 nodules, 21
nodules demonstrated suspicious features on ultrasound and
32 nodules had no suspicious ultrasound findings. Absence of
suspicious sonographic features on ultrasound has a high negative
predictive value of 0.94 (95% CI 0.79-0.99), but presence of
suspicious sonographic features has a poor positive predictive value
of 0.14 (95% CI 0.03-0.36) for cold nodules. There was a strong
correlation between nodule echogenicity and cytology (P=0.02). The
absence of marked hypoechogencity had a high negative predictive
value of 0.96 (95% CI 0.85-0.99), but poor positive predictive value
of 0.38 (95% CI 0.085-0.76).

Conclusion

There was a statistically significant association between absence
of suspicious sonographic findings and benign cytology in our study.
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This suggests that ultrasound can be used to stratify a cold thyroid
nodule before invasive procedures are performed.
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Introduction

Thyroid nodules are common in the general population. Of
randomly selected individuals in an iodine sufficient population,
19-67% will have incidentally detected nodules when evaluated with
high frequency ultrasound [1] and thyroid nodules have been found
in fifty percent of autopsy specimens in the United States [2]. The risk
of malignancy in a thyroid nodule is influenced by the patient’s age,
sex, radiation exposure and family history but overall has an incidence
of approximately 5% [3-6].

A solid hypofunctioning (cold) nodule on scintigraphy is
associated with an increased risk of malignancy while a functioning
(hot) nodule is rarely malignant [7,8]. An American study by
Kountakis et al., demonstrated 27.5% of a population of 189 cold
nodules to be malignant [9]. Traditionally, these nodules are referred
for cytological sampling via fine needle aspirate for evaluation of
malignancy. Noninvasive imaging modalities, in particular high
frequency ultrasound has been used to stratify the risk of malignancy
and target nodules which require further cytological sampling
however limited studies have investigated the use of ultrasound
specifically in the cold nodule population. Suspicious sonographic
features include irregular margins, the presence of microcalcifi-
cations, increased vascularity, being taller than wide and marked
hypoechogenicity compared with the infrahyoid muscle [10].
Traditionally nodules larger than 1cm are subject to biopsy as studies
have demonstrated increased morbidity and inadequate samples for
Fine Needle Aspirate (FNA) sampling of subcentimeter nodules and
the likelihood that treatment of microcarcinomas does not improve
life expectancy [6,11,12].

A European study by Rago et al., in 1998 sought to examine the
usefulness of thyroid ultrasound and colour Doppler sonography in
cold nodules. This study found a high positive predictive value of
positive sonographic findings only when at least 2 signs were present
within a ‘cold’ thyroid nodule with a specificity of up to 93.2% but
relatively low sensitivity of 26.6% [13]. Since this study, there have not
been any studies evaluating the combination of scintigraphic and
sonographic findings on modern scanners to stratify malignancy risk
in this population.

This study assesses if the risk of malignancy in patients with cold
nodules can be stratified according to the presence of sonographic
features and therefore determines the need for invasive cytopatholog-
ical correlation.

Materials and Methods

This study is a retrospective audit correlating the sonographic and
cytological findings of solid hypofunctioning nodules on Tc-99m
pertechnetate scintigraphy. It was performed in compliance with our
institutional research guidelines.

Patients with hypofunctioning nodules on scintigraphy carried
out at our institution between January 2005 and February 2015 were
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identified using the hospital’s picture archiving and communications
system search engine. Those who had all follow up imaging and
pathology results within the Monash Health network were included
in the study.

Nodules with a solid component detected on ultrasound were
included in the study. All nodules were larger than 1cm given the
resolution of pertechnetate scintigraphy in initial detection and
selection into the study. The presence or absence of specific
sonographic features [marked hypoechogenicity (lower when
compared with the infrahyoid musculature), irregular margins,
microcalcifications, hypervascularity and taller than wide] was
established for each nodule. These findings were correlated with
fine needle aspirate cytology results which were classified into two
categories, benign cytology (hyperplastic nodule and colloid nodule)
or malignant cytology (features of carcinoma). Patients with
non-diagnostic or indeterminate cytology results were excluded.

Scintigraphic assessment was performed on Philips Skylight,
Philips CardioMD, Philips Precedence, GE Discovery 670 and ADAC
Forte.

Sonographic assessment was performed on Philip ATL 5000,
Philips TU22 and GE Logiq 9. Linear 6-15 and 5-9 transducers were
used. Transverse and longitudinal images and colour Doppler images
were routinely obtained by qualified sonographers.

Cytological assessment was performed using fine needle aspirate
which were routinely performed with a pathologist or pathology
technician on site to confirm adequate samples were obtained.

The sonographic features and cytology for benign and malignant
nodules were compared using fisher’s exact test and the unpaired
T-test. A P value <0.05 was considered statistically significant.

Results

A total of 67 cold nodules were examined. Fourteen nodules were
excluded due to indeterminate cytology (7/67) and non-diagnostic
fine needle aspiration (7/67). Of the remaining 53 nodules, 21
nodules demonstrated suspicious features on ultrasound and 32
nodules had no suspicious ultrasound findings (Figure 1). The
majority of the indications for scintigraphy were for investigation
of the cause of hyperthyroidism with the detection of a cold nodule

being an incidental finding.
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Figure 1: Pathological and sonographic classification of cold nodules.

Absence of suspicious sonographic features on ultrasound has
a high negative predictive value of 0.94 (95% CI 0.79-0.99), but
presence of suspicious sonographic features has a poor positive
predictive value of 0.14 (95% CI 0.03-0.36) for cold nodules. Of
the 32 nodules with no suspicious ultrasound findings, 30 nodules
(30/32=93.8%) were benign and two (2/32=6.2%) had malignant
cytology (papillary carcinoma and follicular with micropapillary
carcinoma) (P<0.0001). Of the 21 nodules with suspicious ultrasound
features, three malignancies (3/21=14.3%) were detected on cytology
(one follicular and two papillary thyroid carcinomas), with the
remaining 18 nodules (18/21=85.7%) having benign cytology
(Figure 2). Of the three nodules which were malignant, all were
markedly hypoechoic. Two of the three had increased vascularity and
one had irregular margins (Figures 3 and 4).
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Figure 2: Correlation between ultrasound and cytological assessment of cold
nodules.
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Figure 3: Technetium pertechnetate study demonstrated cold nodule in the
inferior pole of the left lobe of the thyroid.
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Figure 4: Doppler ultrasound demonstrating a markedly hypoechoic lesion in
the left lower.
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There was a strong correlation between nodule echogenicity and
cytology (P=0.02), with 43 nodules without marked hypoechogenicity
(43/53=81.1%) having benign cytology and 3 markedly hypoechoic
nodules (3/53=5.7%) having malignant cytology. Five nodules with
marked hypoechoic appearance (5/53=9.4%) had benign cytology,
and two nodules without marked hypoechoic appearance (2/53=3.8%)
were malignant. The absence of marked hypoechogencity had a high
negative predictive value of 0.96 (95% CI 0.85-0.99), but poor positive
predictive value of 0.38 (95% CI 0.085-0.76). No statistically
significant correlation was found between other sonographic features
and cytology (Table 1).

higher accuracy of ultrasound in this context. This has important
clinical implications as there is an argument to be made against
subjecting patients with cold nodules but that have no suspicious
sonographic features to an invasive test.

Our study demonstrated a strong correlation between marked
hypoechogenicity (Figure 3) and malignant cytology with a sensitivity
of 60% and specificity of 90% (P=0.02).This is comparable to
multicenter data from Moon et al., [17] demonstrating the sensitivity
0f 41.4% and specificity of 92.2% (p<0.05) for marked hypoechogenic-
ity as a sonographic feature of malignancy. No statistically significant
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Ultrasound features P value Sensm\.nty (95% Specmf:lty (95% Positive Negative Likelihood
vs cytolo (P<0.05) Confidence confidence redictive value redictive value ratio
ytology : interval) interval) P P
Overall suspicious 03 0.60 (0.15-0.95) 0.63 (0.47-0.76) 0.14 (0.03-0.36) 0.94 (0.79-0.99) 1.6
ultrasound findings
Hypoechoic 0.02* 0.60 (0.15-0.95) 0.90 (0.77-0.97) 0.38 (0.085-0.76) 0.96 (0.85-0.99) 58
'“°'°als;§;'as°“' 0.12 0.40 (0.053-0.85) 0.90 (0.77-0.97) 0.29 (0.037-0.71) 0.93 (0.82-0.99) 38
Irregular margins 0.66 0.0 (0.0-0.52) 0.92 (0.80-0.98) 0.0 (0.0-0.60) 0.90 (0.78-0.97) 0.0
vs Cytology
Microcalcification 0.48 0.0 (0.0-0.52) 0.85 (0.72-0.94) 0.0 (0.0-0.41) 0.89 (0.76-0.96) 0.0
Taller than wide 0.74 0.0 (0.0-0.52) 0.94 (0.83-0.99) 0.0 (0.0-0.71) 0.90 (0.78- 0.97) 0.0
Overall non-suspi-
cious US findings <0.0001
Table 1: Sensitivity, specificity, positive predictive value and negative predictive value of ultrasound findings.

Discussion

Management and surveillance of thyroid nodules poses a common
clinical scenario given the high prevalence of nodules in the
population. Cold nodules on scintigraphy have traditionally been
considered an increased risk for malignancy however ultrasound has
also become a well established mode of risk stratification of thyroid
nodules.

In this study, absence of suspicious ultrasound features was found
to have a high negative predictive value of 0.94 (95% CI 0.79-0.99), but
presence of suspicious sonographic features was found to have a poor
positive predictive value of 0.14 (95% CI 0.03-0.36) in cold nodules.
In the population of nodules with no suspicious ultrasound findings,
two were of malignant cytology (papillary carcinoma and mixed
follicular and papillary carcinoma). One of these two nodules
demonstrated dense peripheral rim calcification with posterior
acoustic shadowing which obscured most of the lesion (Figures 5 and
6). There is controversy regarding the significance of macrocalcifica-
tion or rim calcification as a sonographic sign predicting malignancy.
While traditionally it has been reported as a sign of benignity, some
studies report it may be seen in malignancy [14-16], particularly
if there is disruption of peripheral calcification or if it is present in
combination with other suspicious sonographic features [15,17]. If
macrocalcification were included as a suspicious sonographic feature
in our study, our data would reflect an even higher negative predictive
value for thyroid ultrasound. Furthermore, the sensitivity and
specificity is operator dependent and due to the retrospective nature
of this study covering a relatively long time period, there was great
variability in the sonographer experience and expertise performing
the study. In recent practice at our institution we have instigated a
thyroid nodule clinic which is run by a select few sonographers who
demonstrate an interest in this field and we would expect even

Figure 5: Technetium pertechnetate scintigraphy demonstrating a cold nodule
in the inferior pole of the right lobe of the thyroid.
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Figure 6: Ultrasound demonstrating a corresponding nodule with peripheral
coarse calcification. Cytology revealed papillary thyroid cancer.
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correlation was found between other sonographic features and
cytology. Rago and colleagues study of cold nodules in 1998 in
the European population found no single ultrasound feature was
significantly predictive of malignancy but a combination of patterns
(particularly absence of halo and the presence of microcalcifications)
was found to be highly predictive of malignancy (high specificity of
93% but low sensitivity of 36%).

The overall poor positive predictive value [0.14 (95% CI 0.03-0.36)]
of suspicious sonographic features in determining malignancy in cold
nodules is in contradistinction from Moon and colleagues multicenter
data from the United States which found strong statistically significant
correlations between sonographic features including taller than wide
shape, spiculated margin, marked hypoechogenicity, microcalcifica-
tion and macrocalcification with malignancy. The presence of at least
one of these findings giving a sensitivity of 83% and specificity of 74%.

The small sample size is a limitation of this study and up to a third
of the nodules were excluded due to inadequate or indeterminate
cytology. Other limitations include the assumption in our study that
cytology is the gold standard which has in fact been shown to be
open to interpretation error by the pathologist. False negative rates of
less than 5% and false positive rates of 1% are quoted in experienced
readers [10].

Conclusion

The rate of malignancy in cold nodules is low in the absence of
suspicious ultrasound features. There was a statistically significant
association between absence of suspicious sonographic findings and
benign cytology in our study. This suggests that ultrasound can be
used to stratify a cold thyroid nodule before invasive procedures are
performed.
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