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ABSTRACT

Objectives: To assess the comparative as well as collective role of various grey scale (GS) ultrasonography
(USG) and color doppler (CD) parameters in distinguishing benign from malignant thyroid nodules. To
suggest a scoring system for predicting malignancy in thyroid nodules using this array of parameters.
Methods: 140 patients with non palpable thyroid nodules were examined by five GS USG and three CD
parameters. The results were compared with histopathological examination and evaluated statistically.
Each GS and CD parameter was evaluated individually as well as collectively, comparatively. Total score
was calculated by assigning each of these eight parameters a score of 0 to 2. Results: Scoring used in
this study showed sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
accuracy of 875%, 90.6%, 70%, 96.7% and 80% respectively. These parameters were 85.4%, 86.2%,
60%, 96%, 80% for CD and 69.2%, 71.9%, 50%, 85.2% and 64% for GS. Two GS USG features show-
ing p value < 0.05 were poorly defined margins and thick incomplete halo while on CD Resistivity index
(RI) was found to be very highly significant (p < 0.0001) and Pulsatility index (Pl) was highly significant
(p <0.001). Conclusion: Scoring system proposed in this study proved better than GS or CD individually
for predicting malignancy in thyroid nodules. Amongst various GS and CD parameters Rl showed highest
statistical significance. Overall CD showed better accuracy, sensitivity, specificity than GS USG.
Keywords: Thyroid Ultrasound, Thyroid Doppler, Malignancy in Thyroid Nodules, Thyroid Nodules Ultra-
sound Doppler Scoring

INTRODUCTION

Thyroid nodules are common with varying
incidence in different populations. They are
commonly benign, more common in women
with increased incidence with increasing age,
iodine deficiency and radiation exposure. USG
is the preferred means used by endocri-
nologists for picking non —palpable thyroid
nodules. Studies have suggested detection
of thyroid nodules in 3-6 % ! of population
on palpation with detection rates as high as
67 % on USG.?

Rate of malignancy in thyroid nodules
has been reported about 5%.° Hence it
becomes imperative to pick the malignant
ones in thyroid nodules pre-operatively.
Fine needle aspiration cytology (FNAC) is

the most widely used method to evaluate
thyroid nodules for malignancy. However,
inconclusive results due to various factors
have been reported in upto 30 % of stud-
ies.**FNAC accuracy is reported to decline
to upto 10-69.5 % in follicular neoplasm.>’

USG provides simple, cost effective, non
invasive, non radiation means for this goal.
Various GS and CD parameters have been
extensively evaluated with variable results
but still there is no practical standardized
reporting format for assessing thyroid nod-
ules radiologically.

This study was done to assess the com-
parative as well as collective role of vari-
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ous GS and CD parameters in distinguishing benign from Five GS and three CD parameters were given a score of 0-2 as
malignant thyroid nodules. Using this array of param- shown in Table 1. Depending on the total score the lesions were
eters we have also tried to suggest a scoring system for categorized as benign (score upto 8) or malignant (score > 8).
predicting malignancy in thyroid nodules. This scoring system

aims to bring uniformity and objectiveness by providing a Pathological correlation:

standardized reporting format for radiological evaluation of

thyroid nodules. Histopathological reference diagnosis was provided by FNAC.

Follicular neoplasms were further subjected to biopsy.

MATERIALS AND METHODS Statistical Analysis:

This prospective descriptive analytical study was carried on Sensitivity, specificity, PPV, NPV, accuracy and p value was
140 euthyroid patients with non palpable, clinically suspected ca%culated ?ndepegdgnﬂy for GS USG, CD and total score
thyroid nodules at Teerthankar Mahavir Medical College and ~ (Figl-3) using statistical calculation softwares MEDCAL and
research center Moradabad, Uttar Pradesh over 20 months GRAPHPAD.
from August 2014 to March 2016. The institutional ethical

committee approved the study and informed consent was

taken from all the participants. Mean age of study group was

39 years. Female participants were 86 out of 140. Patients with

multiple or palpable nodules were excluded as were cases with 112 out of 140 nodules were benign and rest 28 were malig-
inadequate FNAC results. Only patients with normal thyroid nant on FNAC /biopsy correlation.

function tests (T3, T4, TSH levels) were included in the study.

RESULTS

GS USG:

Ultrasound Examination:

10% nodules were purely cystic. Cystic nodules with septae
All the patients were examined with Siemens ACUSON  were seen in 12.5% cases, solid nodules with cystic compo-
$2000™ ultrasound system (Siemens, Berlin, Germany) with  nents were seen in 37.5% and 40% nodules were purely solid.
multi-transducer. The transducer used in this study wasa 5-14  Hypoechogenicity was seen in 35% nodules whereas 15%
MHz linear array transducer. nodules were isoechoic. 32.5% nodules were hyperechoic and
anechoic nodules were seen in 7.5% cases. Sharp well defined
margins were seen in 72.5% nodules whereas poorly defined
margins were seen in 27.5%. Thin complete halo was seen in
67.5% nodules while 32.5% nodules showed thick incomplete
halo. No calcification was seen in 65% nodules while peripheral
egg-shell calcification was seen in 7.5%. Coarse calcification
was seen in 7.5% nodules and micro calcification in 20% nodules.

On GS: nodules were evaluated for internal contents, echo-
genicity, halo, margins and calcification. Internal contents
were classified as cystic, solid, cystic with septations or mixed
solid and cystic. On the basis of echogenicity, nodules were
hypoechoic, hyperechoic, isoechoic or anechoic. Halo was
either thin (upto 2mm) or thick (>2mm), while margins were
well or poorly defined. Calcification if present was categorized
as microcalcification </= 2mm in diameter, coarse calcifica-
tion >2 mm or peripheral egg shell calcification. 17.8% benign nodules were purely cystic while 12.5 % benign

and 7% malignant nodule were cystic with septae. Solid with
On CD; nodules were evaluated for pattern of blood supply, ~ cystic components were seen in 44.6% benign nodules and
spectral parameters. Pattern of blood supply was categorized 14.3% malignant nodules while 30.3% benign and 78.6%
as type 1: avascular, type 2: only perinodular flow, type 3: malignant nodules were predominantly solid. 21.4% benign
predominant perinodular flow with some intranodular flow, nodules were anechoic. Hypoechogenicity was seen in 28.6%
type 4: predominant intranodular flow and type 5: exclusively benign and 100% of malignant nodules. 16.1% benign and
intranodular flow. This classification has also been used in 14 .39% malignant nodules were isoechoic. Hyperechogenicity
earlier Studi‘fs like one by Chammas et al.* Thereafter SPeCt.ral was seen in 34% benign nodules while 21.4% malignant nodules
parameters including PI and RI were obtained by applying e hyperechoic. Sharp well defined margins were seen in

puls.e wave on th'ree vessels in each noqule and averaging the 80.3% benign nodules and in 35.7% malignant nodules while
findings to obtain final values. Two intranodular and one . ) . .
poorly defined margins were seen in 11 benign and 9 malig-

ﬁfgggldluol ;rlt\ilsrsls:ls were chosen when flow was demonstrated nant nodules. Thin complete halo was seen in 19.6% benign
nodules and in 21.4% of malignant nodules while thick

On basis of spectral parameters: blood flow was categorized as incomplete halo was seen in 21.4 % benign and 78.6% malig-

having low or high pulsatility and resistivity (PI </> 1.5and RI ~ nant nodules.

</> 0.75). The cut oft values for categorizing spectral param-

eters were taken as 1.5 for PIand 0.75 for RI. These values have ~ No calcification was seen in 71.4% benign and 35.7% malig-

been suggested by studies done by Chammas et al, Holden and  nant nodules. Peripheral egg-shell calcification was seen in
Cerbone et al. #1° 8.9% benign nodules, but in none of malignant nodules. 14.3%
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Table 1: Table showing score assigned to each grey

scale, color doppler parameter
Parameter Score
VASCULARITY PATTERN e
TYPE | 0 Py
TYPEII 0 :
TYPE llI 1 " W PATTERN OF VASCULARITY
TYPE IV 2 speciicity
TYPE V 2
ol sensitiviy | ‘ ‘ ‘ | | |
<1.5 0 0 20 40 60 80 100 120
15 Figure II: Diagnostic index for individual color doppler
>1.5 2 criteria of thyroid nodules
R1
<0.75 0
075 e ———
o i -~ |
INTERNAL CONTENTS ]
CYSTIC/ CYSTIC WITH SEPTAE 0 # I
SOLID +CYSTIC 1 ‘ " GREY SCALE
soLD 2 - .
ECHOGENICITY
HYPERECHOIC 0 _
ISOECHOIC 1 % = ¥ = = E
HYPOECHOIC 2
HALO Figure III: Bar diagram showing comparison of diagnos-
THIN COMPLETE 0 tic index of grey scale usg, c.D. And scoring in predicting
THICK INCOMPLETE malignancy in thyroid nodules
CALCIFICATION of malignant nodules showed coarse calcification while it was
EGGSHELL 0 seen in 7% benign nodules whereas microcalcification was
COARSE seen in 50% of malignant and 12.5% benign nodules.

MICRO 2 On statistical analysis, amongst GS parameters, two features

showing p value < 0.05 and hence statistically significance
were poorly defined margins and thick incomplete halo.

CD : Type I vascularity pattern was seen in 2.5% nodules,
Type II pattern in 17.5% of nodules, Type III in 55%, Type
IV in 25% while Type V pattern was not seen in any nodule.
PI > 1.5 was seen in 25% while 72.5% of nodules had PI<1.5.
= CONSISTENCY RI was>0.75 in 30% nodules whereas 67.5% of nodules had
B MARGINS RI <0.75.

= ECHOGENICITY

ACCURACY
Py

PRV mHALO

3.125% benign nodules and none of malignant nodules had
Type I blood flow pattern. 21.875% of benign nodules and
none of malignant nodules had Type II blood flow pattern.
Type III blood flow pattern was seen in 62.5% of benign and of
25% malignant nodules. 9.375% of benign and 75% of malig-
nant nodules had Type IV pattern of blood flow. 84.375% of
Figure I: Bar diagram showing diagnostic index for  benign nodules and 25% of malignant nodules had PI<1.5.
individual grey scale sonographic criteria in prediction of 12.5% of benign nodules and 75% of malignant nodules had
malignancy in thyroid nodules PI>1.5. RI <0.75 was seen in 81.25% of benign and of 12.5%

W CALCIFICATION

Specificity

Sensitiviy

0 20 40 60 80 100 120
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Figure IV: showing purely cystic nodule with exclusive

perinodular vascularity

Mean Vel 6.15cm/s
TAVM 3.89 cm/s
9.83 cm/s
4.03 cm/s

Left Lobe Trans

USRI

[ T T T B P

(0)

Figure V: showing: a) Isoechoic solid-cystic well defined
nodule with thin complete halo and no calcification. b)
type IV pattern of vascularity c ) spectral parameters in
perinodular vessel.

malignant nodules. 15.625% of benign and 87.5% of malig-
nant nodules had RI>0.75.
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Figure VI: showing spectral parameters in a hyperechoic
solid cystic well defined nodule with thin complete halo
and no calcification , type III vascularity pattern.

Figure VII: showing hyperechoic solid+cystic well de-
fined nodule with thin complete halo and no calcification,
type III vascularity pattern.

On statistical analysis, all the three parameters on CD exami-
nation were found to be statistically significant for predicting
malignancy in thyroid nodules. PI was found to be highly sig-
nificant (p<0.001) while RI was found to be highly significant
(p<0.001).

Scoring used showed higher values of sensitivity, specificity,
PPV, NPV as well as accuracy when compared to GS USG or
CD (Fig 3).

DISCUSSION

GS USG :

In our study , significant differences in benign and malig-
nant nodules were shown by all included features (Fig I).
Collectively GS showed sensitivity, specificity, PPV, NPV,
accuracy of 69.2%, 71.9%, 50%, 85.2% and 64% respectively.
Two features i.e. halo and margins in decreasing order were
found to be most significant (p<0.05).In agreement with our
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results, T Rago et al ' found absent halo sign to be most  This study incorporating spectral parameters into scoring
significant amongst grey scale parameters for predicting  of thyroid nodules encompasses a small sample size as com-
malignancy (P = 0.0001; specificity 77.0%; sensitivity 66.6%).  pared to study that has introduced TIRADS.?® This is a pilot
Yoon JH et al "> found echogenicity, margins and microcalci-  study evaluating a new scoring. Evaluation of scoring param-
fication to be statistically significant predictors of malig-  eters on a larger sample size might open gates to additions,
nancy. Pompili G et al ** also found halo sign, margins and ~ improvements in existing scoring systems.

echogenicity most useful parameters in differentiating benign

from malignant lesions. Irregular borders had the highest

specificity (93%), positive predictive value (80%), and accuracy CONCLUSIONS

(78%) for malignancy in study by Batawil N and Alkordy T.*

Tannuccilli et al ** found micocalcification to be only useful ~ CD is better than GS USG in predicting malignancy in thyroid

criteria in predicting malignancy in thyroid nodules. nodules.Scoring used inthisstudyencompassed GS as wellasCD
parameters and proved better than GS or CD in differentiating
CD: benign from malignant thyroid nodules.

In our study, CD parameters together showed sensitivity,

specificity, PPV, NPV , accuracy to be than GS USG. These REFERENCES

values for CD were 85.4%, 86.2%, 60%, 96% and 80% respec-

tively (Fig I-IIT). RI was found to be most highly significant 1. Mazzaferri EL. Management of a solitary thyropid nodule. N Engl

(p value <0.0001) followed by PI (p value <0.001) and pattern J Med 1993 Feb 25; 328(8):553-9. http://dx.doi.org/10.1056/
of vascularity (p value<0.05). Iared W et al '® found internal NEJM199302253280807 ; PMid:8426623
vascularity to be predictive of malignancy in follicular neo- ~ 2- Ezzat S, Sarti DA, Cain DR, Braunstein GD. Thyroid

1 ith itivity, ificity, PPV and NPV being 85%, incidentalomas. Prevalence by palpation and ultrasonography.
plasms with sensitivity, specilicity an eing 85% Arch Intern Med. 1994 Aug 22; 154(16):1838-40. http://dx.doi.

0, V) (V) 1 i
86%, 51% and 97%, respectively. In concordance with our org/10.1001/archinte.1994.00420160075010 ; PMid:8053752
study, mean RI values of 0.75 in carcinomas and lower in 3 Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegedus L,

benign nodules were reported by De Nicola et al. " RI more et al; AACE/AME/ETA Task force on thyroid Nodules . American
than 0.75 was found to be most sensitive (81.8%) and most Association of Clinical Endocrinologists, Associazione Medici
specific (98.6%) feature predicting malignancy in thyroid Endocrinologi, and European Thyroid Association medical
incidentalomas by Hesham Algazzar et al. ** JQ Zhou et al guidelines for clinical practice for the diagnosis and management

of thyroid nodules. J Endocrinol Invest 2010; 33(5 Suppl):1-50.
http://dx.doi.org/10.1007/BF 03346587

4. Yoon JH, Kwak JY, Kim EK, Moon HJ, Kim MJ, Kim JY, et al . How
to approach thyroid nodules with indeterminate cytology. Ann

found significant differences in PI and RI values in benign
and malignant nodules but found PI to be statistically significant
in determining malignancy. Reduced vascular resistivity is

seen in malignancies elsewhere in body. RI values in thyroid Surg Oncol 2010Aug; 17(8):2147-55. http://dx.doi.org/10.1245/
malignancies have been seen moving obverse to this trend. $10434-010-0992-5 ; PMid:20217250

This can be appertaining to extensive stenosis, occlusion 5. Yoon JH, Moon HJ, Kim EK, Kwak JY . Inadequate cytology in
and fistulas in the chaotic blood supply of thyroid malignant thyroid nodule: should we repeat aspiration or follow up? Ann
nodules.!” Surg Oncol 2011 May; 18(5):1282-9. http://dx.doi.org/10.1245/

$10434-011-1605-7 PMid:21331807

6. Changyoung Yoo, Hyun Joo Choi, Soyong Im, Ji Han Jung,
Kiouk Min, Chang Suk Kang et al. Fine Needle Aspiration Cytology
of Thyroid Follicular Neoplasm: Cytohistologic Correlation

Scoring system: proposed in this study makes use of five GS
and three CD parameters including spectral parameters and

showed sensitivity, specificity, PPV , NPV, accuracy of 87.5%, and Accuracy. Korean J Pathol. 2013 Feb; 47(1): 61-6. http://
90.6%, 70%, 96.7% and 80% respectively .These values were dx.doi.org/10.4132/KoreanJPathol.2013.47.1.61; PMid:23483732
higher than shown by GS USG or CD. TIRADS was first intro- PMCid:PMC3589610

duced bY Horvath et al 20 using GS USG features and nodule 7. M Salih Deveci, Guzin Deveci, Vll’glnla A Livolsi, Zubair W
Vascularity showing sensitivity speciﬁcity PPV . NPV and Baloch. Fine-needle aspiration of follicular lesions of the thyroid.

. Diagnosis and follow-Up. CytoJournal 2006; 3:9. http://dx.doi.
0, 0, 0, 0, 0,
accuracy of 8%, 49% , 49% , 8%, 94 % respectively. Another 0rg/10.1186/1742-6413-3-9; PMid: 16603062 PMCid:PMC 1458352

. Y .
scoring system by Kwak JY*' did not include CD parameters. 8. Chammas MC,Gerhard R,de Oliveira IR, Wildman A, de Barros N,

Scoring system for evaluation of thyroid nodules was also Durazzo M, et al .Thyroid nodules: Evaluation with power Doppler

suggested by ] Fernandez Sanchez > but was not statistically and duplex Doppler ultrasound. Otolaryngol Head Neck Surg. 2005
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LIMITATIONS: 9. Holden A. The role of colour and duplex Doppler ultrasound in the
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cr . o 3
considering inconclusive resu.lts mn llter?ture and also et al. Power Doppler improves the diagnostic accuracy of color
the fact that elastography is not available commonly Doppler ultrasonography in cold thyroid nodules: follow-up results.
in clinical practice in countries like ours, hence aiming to make Horm Res.1999; 52:19-24. http://dx.doi.org/10.1159/000023427;
the scoring easily adaptable in everyday radiology practice. PMid: 10640895
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