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ABSTRACT

BACKGROUND

In this case-control study we aim to establish the relationship between the Doppler indices of the superior thyroid arteries and the
functioning of the thyroid gland as seen by the thyroid function tests, ultrasonographic evaluation and colour Doppler of the
thyroid gland.

METHODS

In this case-control study, ultrasonography of the thyroid gland with colour Doppler evaluation with Doppler indices of bilateral
superior thyroid arteries and correlation with thyroid function test was done for patients presenting to the radio-diagnosis OPD.
The total sample size was calculated using G*Power software with a level of significance alpha= 5% and power 1- beta= 80%; the
effect size d= 0.75 with 95% confidence interval. The minimum sample size required in each group is 48 with a total sample size of
96. The data obtained was analysed with independent samples test.

RESULTS

Data was analysed using independent samples test with Levene's test for equality of variances and t-test for Equality of Means also
done. Of all the patients (n=96) who came for ultrasound scan of thyroid gland, 70% (n=67) belonged to the 20-50 age group. 48
patients were included in the cases group, of this 79 % ( n=38) were female and 21 % (n=10) were males. We found that the
Doppler indices of STA in hyperthyroid patients were significantly higher than euthyroid subjects with p value <0.05. The controls
(n=48) had a mean PSV-STA of 15.85 + 1.89 cm/s, mean PI-STA of 0.9 + 0.12 and mean RI-STA of 0.55 + 0.07. The Doppler indices
of hyperthyroid patients (n=48) was elevated with mean PSV-STA (cm/s) of 37.15 * 7.6, the mean RI-STA of 0.72 + 0.1 and mean
PI-STA of 1.79 £ 0.23.

CONCLUSIONS

We found that there was significant correlation between the Doppler indices and the euthyroid or hyperthyroid status of the
subject. It was in accordance with the studies reviewed in the review of literature for this study and the expected results were
achieved. It may be suggested that the colour Doppler evaluation with assessment of the Doppler indices should be done in all
patients who present with suspicion of hyperthyroidism and a TFT result which maybe subclinical or inconclusive. The Doppler
indices in such cases may be helpful in diagnosing and categorizing patients with otherwise questionable reports.
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BACKGROUND

Thyroid function test and ultrasonography are two modalities
of thyroid assessment that are easily available and widely
used in medical practice today.

Doppler sonography can demonstrate normal thyroid
anatomy and pathologic conditions with remarkable clarity.!
The homogenous echotexture of the thyroid gland make it
easy for detection for any nodular lesions in the gland via
high frequency ultrasonography. In ultrasonographic
evaluation of the thyroid gland the size of the gland, the
echotexture and the intra-glandular vascularity is usually
considered to make a radiological diagnosis of thyroiditis.
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Even though in patients in hyperthyroid state, thyroid
scintigraphy is the gold standard in establishing and
differentiating the cause for the same, it is not widely
available and not cost effective. Hence, high frequency
ultrasonography and colour Doppler are routinely used and
easily available in studying the thyroid gland along with
thyroid function test.

The Doppler examination of the superior and inferior
thyroid arteries are not routinely done in assessment of the
thyroid gland. Doppler studies on thyrotoxicosis have found
high systolic velocities.[2-5] Limited studies have been done to
establish normal Doppler parameters of thyroid arteries.6.7]

From the perspective of blood vessel detection, it is rather
difficult to accurately position while measuring the velocity of
inferior thyroid artery.8 The ITA is deeply located,? and hence
accurate positioning is difficult. By contrast, STA is
superficial, and can be easily positioned from its intersecting
point with thyroid lobes. In addition, anatomic variation of
STA rarely occurs.10

The relationship between the Doppler indices of the
superior thyroid arteries and the functioning of the thyroid
gland as seen by the thyroid function tests, ultrasonographic
evaluation and color Doppler of the thyroid gland needs
further evaluation.
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Normal Anatomy of The Thyroid

The gland is brownish red and highly vascular and lies
approximately at the level of the 5th cervical to the 1st thoracic
vertebra. The gland is ensheathed by the pretracheal layer of
deep cervical fascia. Its weight is usually about 25 grams but
varies, being slightly heavier in females and enlarging during
menstruation and pregnancy. The lobes of the thyroid are
approximately conical; their ascending apices diverging
laterally to the level of the oblique lines on the lamina of the
thyroid cartilages and their bases are level with the fourth or
fifth tracheal cartilages.

The isthmus connects each lobe's lower parts. It measures
1.25 cm transversely and vertically and is usually anterior to
the second and third tracheal cartilages. The superior arteries
anastomose along its upper border.

At the lower border the inferior thyroid veins leave the
gland. Small detached masses of thyroid tissue may occur
above the lobes or isthmus as accessory thyroid glands.!!

Blood Supply of Thyroid Gland12

The thyroid gland receives a dual blood supply from the
superior and inferior thyroid arteries that have abundant
collateral anastomoses with each other from both ipsilateral
and contralateral vessels.1!
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Superior Thyroid Artery

This is the first anterior branch of the external carotid artery.
In a small percentage of cases it may arise from the common
carotid artery just before its bifurcation.

Near the upper pole of the lateral lobe the superior
thyroid artery sends a small branch, the cricothyroid artery
across the cricothyroid muscle towards the midline.
Anastomosis of the vessels is seen with its opposite side in
the midline on the surface of the median cricothyroid
ligament.11

Inferior Thyroid Artery

This artery arises from the thyrocervical trunk, a branch of
the first part of the subclavian artery at the level of the first
rib. It ascends vertically for a short distance before turning
medially, forming an arching loop and entering the
tracheoesophageal groove. Most of the small branches
penetrate the posterior aspect of the lateral lobe apart from a
longitudinal branch that anastomosis with the superior
thyroid artery near the superior lobe.11
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Figure 1

Normal Thyroid in Ultrasonography

Normal thyroid parenchyma has a homogenous hyper-
echogenicity, which makes detection of focal cystic or
hypoechoic thyroid lesions relatively easy in most cases. The
thin hyperechoic line that bonds the thyroid lobes in the
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capsule is often identifiable by US. When anterior-posterior
diameter is more than 2 cm, the thyroid gland may be
considered enlarged.

Page 1017



Jemds.com

Thyroiditis
This disease commonly mimics other thyroid diseases
causing both thyrotoxicosis and hypothyroidism. The thyroid
may be diffusely enlarged, nodular or non-palpable.
Thyroiditis may easily be confused with Grave's disease,
multinodular goiter or an autonomously hyperfunctioning
nodule. Certain forms of thyroiditis present as asymptomatic
nodules and are difficult to distinguish from thyroid
carcinoma. Conversely one clinical presentation of papillary
thyroid carcinoma with diffuse goiter and antithyroid
antibodies may mimic Hashimoto's thyroiditis that it has
been termed pseudothyroiditis.13

The typical appearance by sonography of an acute
infection is enlargement of the gland that might be either
focal or diffuse and hypoechogenic due to of oedema. In
children a pyriform sinus fistulous communication with the
thyroid may result in acute inflammation of the thyroid
particularly noticed on the left side.1# A diffuse sonolucent
appearance of the thyroid is highly suggestive of
inflammatory disease.

METHODS
All patients above 18 years of age presenting to the radio-
diagnosis OPD of for an ultrasonography of neck, who also
have a thyroid function test done, was considered for the
study. The thyroid function test results of all patients were
analysed and cross-checked against the inclusion criteria for
inclusion into the study as either controls or cases.
Patients were taken for ultrasonography and it was done
using a linear high frequency (7 - 11 MHz) ultrasonography
probe by the principal investigator who is having more than 2
years’ experience with ultrasonography of thyroid gland and
who is blinded to the thyroid function test at the time of the
scan to avoid bias; and reported.

Initially B-mode scan was done to look for echogenicity of
the thyroid gland and also for any focal lesions or nodules.

All patients were categorized into three groups based on
ultrasonography report-
1. Having a normal ultrasonography report.
2. Having ultrasonography diffuse thyroid disease without

any nodular or focal lesions.
3. Having ultrasonography report causing exclusion from
the study.

Doppler indices, namely Peak systolic velocity (PSV),
Resistive index (RI) and Pulsatility Index (PI) of bilateral
superior thyroid arteries will be measured in patients
allotted to category 1 (control) and 2 (cases).

Method of Assessment of Doppler Indices

With the patient positioned in the same way as for
ultrasonography of neck, the patient was asked to turn his
head to his left side to assess the right superior thyroid
artery.
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In axial view, the common carotid artery on the right side
is identified as the circular pulsatile vessel and it traced
superiorly till its bifurcation. The external carotid artery,
which is smaller in caliber and medial in location as
compared to the internal carotid artery is focused on and
brought to the center of the screen.

The superior thyroid artery is the first branch in the
external carotid artery arising anteriorly at the level of the
hyoid bone and can be traced up to the upper pole off the
gland using colour Doppler mode. Spectral waveforms were
taken at a distance of 1-2 cms from the origin of the artery
with a sample gate size of 1 mm and Doppler angle of 30-60c.

Study Design
Case-Control study.

Sample Size (Including Sample Size Calculation)

Total sample size is calculated using G*Power software. Level
of significance alpha = 5%; Power 1- beta = 80%. Effect size d
= 0.75 with 95% confidence interval.

The minimum sample size required in each group is 48. Total
sample size is 96.

Analysis

Data obtained was analysed using the IBM SPSS statistics
software!5 version 23; and independent samples test with
Levene’s test for equality of variances and t-test for Equality
of Means also done.

RESULTS

The data collected were analysed in terms of demographics
such as age and sex. The mean PSV, RI and PI of bilateral
superior thyroid arteries of hyperthyroid patients were
analysed, and comparison was made with the mean PSV, RI
and PI of bilateral superior thyroid arteries of euthyroid
patients.

Thyroid diseases are more common in middle aged
women; this was in accordance with the data that was
collected and studied.

The peak systolic velocities (PSV) and Pulsatility Index
(PD) of hyperthyroid patients were significantly increased as
compared to euthyroid patients. This was also the expected
result as seen in the review of literature done.

The other Doppler indices, such as the Resistive index
(RI) and the Pulsatility Index (PI) were also elevated but were
not as significant as the peak systolic velocities (PSV).

Age Cases Controls
10-20 1 4
21-30 11 9
31-40 17 10
41-50 8 12
51-60 10 6
61-70 1 7

Age Distribution
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CASES : 48
CONTROL: 48
TOTAL :96

mCase(F) mCase(M) mControl(F) m=Control(M)

Sex Distribution

Of all the patients included in the study (n=96) that came
for ultrasound scan of thyroid gland, 70% (n=67) belonged to
the 20-50 age group.

48 patients were included in the cases group based on
thyroid function test results and the ultrasonography reports,
of this 79 %( n=38) were female and 21 %( n=10) were
males.

The control group with 48 patients also had more female
patients than males with a 60:40 split.

Doppler Indices (Cases)
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Mean STA - PI
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¢. Mean Pulsatility Indices in Bilateral Superior Thyroid
Arteries
Group Statistics
Grouping Std. Std.
. No. | Mean .. Error
Variable Deviation
Mean
Mean Case 48 | 37.15 7.597 1.097
STA-PSV Control 48 | 15.86 1.897 0.274
Mean Case 48 | 0.72 0.098 0.014
STA-RI Control 48 | 0.55 0.070 0.010
Mean Case 48 | 1.79 0.227 0.033
STA-PI Control 48 | 0.90 0.122 0.018

The peak mean systolic velocities in the superior thyroid
arteries in euthyroid patients ranged from 12 to 21 cm/sec,
with a mean value of 15.85 cm/sec.

In the 48 hyperthyroid patients studied in the cases
group, the peak mean systolic velocities in the superior
thyroid arteries ranged from 23 to 53 cm/sec with a mean
value of 37.15 cm/sec.

The resistive indices of the superior thyroid arteries in
the euthyroid patients ranged from 0.44 to 0.67 with a mean
value of 0.55; and in the hyperthyroid patients ranged from
0.55 to 0.88 with a mean value of 0.72.

The PI in the euthyroid patients ranged from 0.6 to 1.2,
with an average PI of 0.9; while the PI in the hyper thyroid
patients ranged from 1.4 to 2.2 with an average PI of 1.79.

The peak mean systolic velocities and the mean resistive
indices of the hyperthyroid patients were significantly
elevated compared to the euthyroid patients with p-value
being <0.05 in both the indices measured.

The mean Pulsatility Indices of the bilateral superior
thyroid arteries in the hyperthyroid patients were also
significantly higher than the euthyroid patients (P <0.05)
with no overlap in the values.

Page 1019



Jemds.com Original Research Article

Levene's Test for

Equality of t-Test for Equality of Means
Variances
. 959% Confidence
Sig (2-
F Si t df tailed) Mean Std. Error Interval
& Difference | Difference | of The Difference
p-value
Lower Upper
Equal
Mean Variances 62.586 .000 18.837 94 .000 21.291 1.130 19.047 23.535
STA- Assumed
PSV Equal
Variances Not 18.837 | 52.841 .000 21.291 1.130 19.024 23.558
Assumed
Equal
Variances 7.708 .007 9.891 94 .000 0.172 0.017 0.137 0.206

Mean | Assumed
STA-RI|  Equal

Variances Not 9.891 85.322 .000 0.172 0.017 0.137 0.206
Assumed
Equal
Variances 22.900 .000 24.047 94 .000 0.895 0.037 0.821 0.969

Mean | Assumed
STA-PI|  Equal

Variances Not 24.047 | 72.004 .000 0.895 0.037 0.821 0.969
Assumed

Independent Samples Test

Ultrasonography and Colour Doppler Images
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VesPS 18.72cm
Ves £D 7 s8coy >
Ves-TAmax 10.58cmy |

Ves TAmean 533cmi n PSV -30.6 cms
Ves-P1 86 EDV 4,03 cris
3 MDV 0.000 cmis

RI 0.87

i e asobanoiias suse ot s

1. Normal USG and Colour Doppler Evaluation
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2. Abnormal USG and Colour Doppler Evaluation
(Hyperthyroid)

DISCUSSION

Hyperthyroidism is one of the most common diseases seen in
the general population with middle aged females being most
affected by it. It is diagnosed by a thyroid function test (TFT),
which evaluates for the thyroid stimulation hormones, the
triiodothyronine (T3) and the tetraiodothyronine (T4) levels.
Additionally, and ultrasound scan of the neck is also done in
most of the cases to assess the thyroid gland for any
structural abnormality.

In our study we aimed to establish a relation between the
TFT and the Doppler indices of bilateral superior thyroid
artery, while using the ultrasonography reports to exclude
patients with any exclusion criteria from the study.

The Doppler indices used were the peak systolic velocity,
the resistive index and the Pulsatility Index.

We have found that a clear distinction exists between the
Doppler indices of STA in euthyroid subjects and
hyperthyroid patients, with significant increase in the
Doppler indices in hyperthyroid patients.

Joish UK et all6 showed in his study that in clinically
euthyroid patients the mean PSV-STA obtained was 16.94 +
5.3 cm/s. The mean PI-STA was 0.93 + 0.31 and mean RI-STA
was 0.55 # 0.13. In our study we also got a similar result with
the mean PSV-STA being 15.85 + 1.89 cm/s. The mean PI-STA
was 0.9 + 0.12 and mean RI-STA was 0.55 * 0.07.

And in hyperthyroid patients, Sundarram KST et all”
studied the Doppler values in patients with graves’ disease
and other causes of hyperthyroidism and showed in their
paper that the mean PSV-STA (cm/s) was 54.09 * 4.67 and
28.92 + 4.39, the bilateral mean RI-STA was 0.79 + 0.18 and
0.67 + 0.12; and the bilateral mean PI-STA was 1.95 + 0.33
and 1.87 # 0.43. In our study also we acquired comparable
results in the Doppler indices of hyperthyroid patients; with
mean PSV-STA (cm/s) being 37.15 + 7.6, the bilateral mean
RI-STA being 0.72 + 0.1 and bilateral mean PI-STA being 1.79
+ 0.23, which may be due to not further subdividing
hyperthyroid patients.

CONCLUSIONS

In our study which included 96 participants, with 48 cases
and 48 controls, who were assessed with thyroid function
tests, ultrasonography and colour doppler studies with
doppler evaluation, we found that there was a significant
correlation (p-value <0.05) between the doppler indices and
the euthyroid or hyperthyroid status of the subject.
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It was in accordance with the studies reviewed in the
review of literature for this study and the expected results
were achieved. It may be suggested that the colour doppler
evaluation with assessment of the doppler indices should be
done in all patients who present with suspicion of
hyperthyroidism and a TFT result which maybe subclinical or
inconclusive. The doppler indices in such cases may be
helpful in diagnosing and categorizing patients with
otherwise questionable reports.
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