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Abstract

Prediction of thyroid malignancy with fine needle
aspiration cytology or individual ultrasound charac-
teristics has several limitations. This study evaluates
the usefulness of a combination of ultrasound charac-
teristics in predicting malignancy in patients with thyroid
nodules. We assessed 189 thyroid nodules using
ultrasonography and histology. Each nodule was
assigned a score based on ultrasonographic charac-
teristics. This score was compared with histology to
identify ability to predict malignancy. There were 28
malignant nodules. The scoring system was appropriate
for clinical use, obtaining an area under ROC curve of
0.822 [p< 0.0001] 95% confidence. FNAC of nodules with
a score of more than 4 can be recommended (100%
sensitivity). Nodules with a score less than 8 can be
offered total thyroidectomy when FNAC is inconclusive
(97.5% sensitivity). A combination of ultrasonographic
criteria increase the accuracy of predicting malignancy
in thyroid nodules.
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Introduction

Indicationsfor thyroidectomy are many. A significant
number of patients are offered surgery for suspicious
cytology on fine needle aspiration cytology (FNAC)
which is considered the most reliable investigation in the
diagnosis of malignant thyroid nodul es preoperatively [1].
Although pathol ogists have formulated a scoring system
for thyroid cytology, there are several drawbacks[2]. For
instance, follicular carcinoma can only be confirmed by
histological means, as capsular or vascular invasion are
thecriteriato determine malignancy.

Malignancies in thyroid nodules could occur even
insmall nodules (lessthan 1cm). Theaggressivenesshas

been found to be no different whether the nodules are
palpableor not [3]. Thereforeitisbeneficial if theaccuracy
of pre-operative diagnosis could beimproved in order not
to miss malignant nodules and to offer surgery. Many
imaging modalities of the thyroid have been evaluated.
Radionuclide scans demonstrating *‘ cold” nodules, once
considered to be significant in predicting malignancy have
been found to be unreliable [4].

Several studies have evaluated the usefulness of the
ultra sound (US) examination of the thyroid. Although
many US characteristics have been found to be associated
with malignant lesions compared to benign lesions,
combination of characteristics have not been assessed in
prospective studies. US features that have a high
predictive value include microcalcification, irregular
margins, and intranodular vascularity [5]. Other
characteristics which are considered suspicious include —
hypoechogenicity, taller-than-wide shape and a halo
around the nodule [6]. Our study was aimed at assessing
the usefulness of a combination of US characteristics
(given a weightage score based on the significance) in
predicting malignancy of thyroid nodules.

Methods

One hundred and thirty two consecutive patients
with nodular (either solitary or multiple) goitreswho were
scheduled for thyroidectomy were included in this
prospective study done between June 2009 and May 2012.
There were 116 females. The mean age was 43.8 years
(range 16-70). Indications for surgery were based on
recognised criteria (suspicious or malignant FNAC,
pressure effects or cosmetic reasons). Patients with
goitres extending retrosternally or diffuse goitres were
excluded.

The US examinations were performed by an
experienced radiologist using acommercidly availablerea
time scanner (Toshiba Xario) equipped with a linear
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transducer operating at 6-8 MHz for morphological study.
The recording of the findings as done on a purpose
designed proforma ensuring uniform assessment. In
patients with multi nodular goitres, up to three nodules
greater than 1cm diameter were evaluated. The proforma
consisted of seven parameters. Each parameter was given
equal weightage. But different characteristics of each
parameter was assigned a weighted, relative point score
according to the current supporting evidence for that
characteristic and the degree to which it wasfelt to affect
the pre-test probability for cancer. This was based on
previously demonstrated relativerisk, positive predictive
value, and specificity of each characteristic for carcinoma.
Ingeneral, scoresof 0, 1, and 2 respectively, weregivento
factors considered to be mildly, moderately, and highly
specificfor thyroid carcinoma[7,8]. The appropriate score
for each criterion was determined by the radiologist and
each nodule was assigned a total score (Table 1). The
total scoreon USranged from Oto 14 for the seven criteria.

The surgical specimenswere marked for orientation
when total thyroidectomy was performed. The diagnosis
of cancer was based on histology. US and pathological
findings were registered separately and blind-processed
for statistical evaluation using xlIstat 2015 version for

Table 1. Proposed scoring system using
ultrasonographic features of thyroid

Characteristics Score
Size AP*>width 2
AP= width
AP< width 0
Internal contents  Solid 2
Mixed
Cystic thick wall 0
Echogenecity Hypoechoic 2
Isoechoic
Hyperechoic 0
Margins 111-defined
Well defined
Calcification Microcalcification 2
Large coarse calcification
No calcification 0
Halo Thick 2
Thin
No 0
Vascularity Internal flow 2
Peripheral flow
No flow 0
Total score 14

* AP= anteroposterior
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Microsoft excel application. Receiver operating
characteristic (ROC) curve wasdrawn and sensitivity and
specificity to detect malignancy at each score level was
calculated. Approval for the study was obtained from the
Ethics Review Committee of the Faculty of Medical
Sciences, University of Sri Jayewardenepura.

Results

There were 36 patients with solitary nodules and 96
with multinodular goitres (153 nodules), with atotal of 189
nodules. The mgjority of noduleswere benign (161/189) on
histology. Twenty eight patients had malignant nodules
(Table 2). All nodules having a score grester than 9 were
malignant and all with ascorebelow 5werebenign (Table 3).

Table 2. Type of goitre vs histological type

Benign Malignant Total
Solitary nodule 16 12 28
Nodules of multi nodular
goitre 145 16 161
Total 161 28 189

Table 3. Coordinates of the ROC Curve

Score  Sensi- Speci- PPV NPV Accu-
tivity ficity racy

1 1.000 0.006 0.149 1.000 0.153
2 1.000 0.031 0.152 1.000 0.175
3 1.000 0.217 0.182 1.000 0.333
4 1.000 0.447 0.239 1.000 0.529
5 0.643 0.720 0.286 0.921 0.709
6 0.536 0.832 0.357 0.912 0.788
7 0.536 0.932 0.577 0.920 0.873
8 0.429 0.975 0.750 0.908 0.894
9 0.429 1.000 1.000 0.910 0.915
10 0.321 1.000 1.000 0.894 0.899
11 0.071 1.000 1.000 0.861 0.862
12 0.036 1.000 1.000 0.856 0.857
13 0.000 1.000 0.852 0.852

PPV — Positive predictive value
NPV — Negative predictive value
Test is positive if score > threshold value

Discussion

Thyroid nodules are common and known to affect
20% to 76% of the population [3]. With US performed for
unrelated neck symptoms, many patients are diagnosed
with thisconditionincidentally. Although majority of these
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nodules are benign, some nodules can be malignant. The
reported incidence of malignancies in operated thyroid
nodules range from 6.5% to 40%. This percentage
increases (range 20% - 40%) when selection criteria for
surgery is strict [9,10]. The proportion of malignant
thyroids in our series (21%) is therefore comparable to
studieswith strict selection criteria

In the pre-operative evaluation of these nodules,
although clinical evaluationishelpful, itislimited in most
cases as many patients with malignant nodules have no
overt clinical features of malignancy. FNAC is the only
available test for malignancy. Although the cytological
evaluation hasimproved with many guidelinesbeing laid
down to make assessment more uniform, its accuracy is
low.

US evaluation using multiple criteria have been
assessed but other than afew criteriawhich are known to
increase the positive predictive value, none of them have
been found to be of significant value when considered
individually. Therefore acombination of US criteriawas
evaluated in this study. Giving a weightage for different
characteristics helped to widen the range and therefore
the accuracy. The criteriawe used to evaluate nodules are
already well-established and do not require any special
training to master. Thetime spent and the need to remember
fine details by the sonographer could be disadvantageous,
but can be overcome by using aproforma. Areaunder the
curve (AUC) is0.822. The computed p valueis< 0.0001.
Therefore this scoring system isreliablein predicting the
outcome.

Based on the coordinates of the ROC (Table 4) two
important decision making points can be recommended.
First oneisto select suspiciousnodulesfor FNAC. Asthe
score of 4 has a sensitivity of 100% it can be used to
screen nodules for FNAC. Thus nodules with a score of
>4 can be offered FNAC. The second isto decide on total
or hemithyroidectomy especially when FNAC is
inconclusive. As a score of 8 has 97.5% specificity for
malignancy, nodules with a score of >8 can be offered
total thyroidectomy especially when FNAC is in-
conclusive. The noduleswith ascorelessthan or equal to
eight can be offered hemithyroidectomy.

In conclusion, using a multitude of radiological cri-
teriaincreases the sensitivity and specificity of detecting
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thyroid malignancy. Combined with cytological findings
these would strengthen the diagnostic power of pre-
operativeinvestigations, and help in guiding clinicians
to decide the appropriate type of thyroid surgery for
goitres.
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