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Abstract

increasingly able to detect thyroid nodules, and
the differentiation between malignant and benign
nodules has been raising issues among both clinicians and patients, especially patients with nonpalpable small nodules [2] .

Introduction: Thyroid nodules are commonly encountered
on ultrasonographic studies. Color doppler ultrasonography
can be utilized to help in differentiating malignant and nonmalignant nodules based on different imaging criteria.
Objective: The objective of this study is to correlate
sonographic and color Doppler characteristics of thyroid
nodules with the results of sonographically guided fine-needle
aspiration biopsy to establish the relative importance of these
features in predicting risk for malignancy.

Power duplex Doppler facilitates screening of
thyroid nodules at high risk for malignancy having
elevated sensitivity (92.3%) and specificity (88%)
[3] . Flow pattern and vascular resistive index could
be used as predictors of malignancy risk in thyroid
neoplasms. Resistive index values in non-neoplastic
nodules were lower than in adenomas and malignant
nodules [4] .

Patients and Methods: In this study, 103 patients (81
women and 22 men with mean age of 45.2 years) were included
between April 2012 and June 2013. The cases were subjected
to complete U/S and Doppler examination and the results
were compared to U/S guided FNAC. Certain U/S and Doppler
criteria were analyzed to predict risk of malignancy including;
number, size, echogenicity, structure, margin, calcifications,
vascular pattern and RI of the nodules.

The evaluation of the vascular pattern and the
velocimetric parameters using pulsed and power
Doppler ultrasound may provide important information that is useful in making correct differential
diagnosis of malignant or benign thyroid follicular
tumor preoperatively [5] . Colour Doppler sonography can be useful in differential diagnosis of unclear
cases of De Quervain's subacute thyroiditis [6] .
Colour Doppler sonography provide important
characteristics in differentiating papillary thyroid
carcinoma from benign nodules [7] .

Results: The most significant U/S and Doppler criteria
that predict malignancy in thyroid nodules are; irregular
borders (sensitivity=66.6% and specificity=76.4%), numerous
micro calcifications (sensitivity=16.6% and specificity=100%),
exclusively central vascularity (sensitivity=50% and specificity=100%) and more central vascularity (central more than
peripheral) sensitivity=88.9% and specificity=87%.
Conclusion: The presence of more central vascularity in
thyroid nodules strongly suggests malignancy and these
nodules should undergo FNAC and that absence of central
vascularity in thyroid nodules strongly suggests benignity.
Thus, we recommend adding Doppler examination in the
evaluation of the thyroid nodules to increase the specificity
of U/S examination and to guide the FNAC biopsy.

The following US characteristics were important
in differentiating thyroid carcinoma from benign
nodules: Location, echogenicity, echotexture, outline, presence of a halo, microcalcifications, and
type of vascularization [8] .
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Introduction
THYROID nodule is a common clinical finding
and it is found in the autopsy of approximately
50% of individuals [1] . Ultrasonography (US) is

Duplex ultrasonography in combination with
fine-needle aspiration biopsy are used for early
diagnosis of thyroid cancer making accurate diagnosis before hospitalization and to plan treatment
and surgical policy correctly [9] .
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Ultrasonography (US) of the thyroid gland has
proved to be a useful clinical diagnostic method,
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and the newly developed high-resolution US with
a color Doppler flow mapping function can reveal
fine details of the thyroid gland and the hemodynamic features of a thyroid neoplasm. US with the
color Doppler function can play an important role
in the differential diagnosis of thyroid tumors [10] .
All thyroid nodules that show the presence of
intrinsic microcalcification should undergo biopsy
[11]. Ultrasonography, color-Doppler and ultrasound-guided fine-needle aspiration biopsy have
made minimally invasive thyroid surgery possible
[12].An evaluation of the peak systolic velocity
proved to be very useful in the differential diagnosis
between adenomas and cancers. The color Doppler
ultrasonography represents a sound method for
evaluating thyroid nodules [13] .
Manually guided FNAB is not feasible in nonpalpable nodules and not accurate in a multinodular
goiter and ultrasound-guided fine-needle aspiration
biopsy should be performed for accurate FNAB
under these circumstances [14] . US-guided FNAB
should be performed on all 8-15mm hypoechoic
nodules with irregular margins, intranodular vascular spots or microcalcifications [15] . Certain
sonographic risk factors are able to detect the
majority of carcinoma and limit the FNAC procedures to the thyroid nodules [16] .
Patients and Methods
This study was conducted on 103 cases (81
women and 22 men) referred mainly from surgical
department at our institute.
Their ages ranged between 17 and 65 years
(mean age 45.2 years).
All the selected patients had one or more palpable or non palpable thyroid nodules.
All patients are subjected to the following:
History:
• Personal history: Name, age and sex.
• Present history: Complaint of the patient with its
duration and course e.g. neck swelling, dyspnea,
dysphagia, change of voice, loss of weight, eye
symptoms and nervous manifestations.
• Past history: Medical treatment, operations or
irradiation.
Examnation:
• General Examination: Nervous manifestations,
Eye changes, Cardio vascular manifestations.

• Local examination: Swelling, mobility, fixity,
scar of previous operation, size of the gland,
nodularity, associated enlarged lymph nodes.
U/S and Color Doppler:
• The U/S and Color Doppler examination of the
thyroid gland were carried out in the radio diagnosis department, Cairo University using a high
resolution ultrasound equipped with a 12-15MHz
linear probe.
• The examination was done without any preparation of the patient. Using high-resolution thyroid
ultrasonography.
• The transducer was applied to the neck using
adequate amount of acoustic gel, the neck was
hyper extended and the chin was elevated.
• Each lobe was examined carefully in transverse
and longitudinal planes. Then the thyroid isthmus
was also examined.
• After completion of complete U/S examination,
Color Doppler examination was done for detection
of the vascularity of the thyroid nodules and
calculation of the Resistive Index (RI).
B-Mode U/S analysis:
• Based on the number of nodules visualized, thyroid glands were classified as having a solitary
nodule or as being multinodular. The maximum
diameters of each nodule were measured, and
nodule features evaluated.
• Nodule echogenicity was compared with that of
normal adjacent thyroid tissue. Each nodule was
classified as being hypoechoic, hyperechoic,
isoechoic, anechoic (cysts with no solid components).
• Nodule structure was classified as solid, cystic
or mixed (nodules with cystic and solid components).
• The margin of a nodule was categorized as welldefined smooth with completely uniform peripheral halo or ill-defined without or with non uniform peripheral halo.
• Calcification, when present, was classified as
micro-calcification (hyperechoic punctuate foci
<2mm in diameter, with or without posterior
shadowing) or coarse macro-calcification (hyperechoic foci >2mm in diameter with posterior
shadowing). Micro calcification was further divided into few/countable or too numerous to
count.
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Color doppler analysis:
• Color and power Doppler analysis of blood flow
to the nodules revealed the following vascular
patterns:

• Cytology findings were classified into:
A- Diagnostic or suggestive of malignancy, each
of which was later confirmed by a pathologic
specimen.

I- Absence of signal blood flow.

B- Benign.

II- Exclusively perinodular blood flow.

C- Indeterminate.

III- Perinodular blood flow >/=central blood flow.
IV- Marked central blood flow and less significant
perinodular blood flow.
V- Exclusively central blood flow.
• In addition to the qualitative analysis (color and
power Doppler), arterial blood flow to nodules
was quantified via spectral analysis.
• RI was calculated based on the formula RI = PSV
– MDV/PSV.

• Taking into account that all nondiagnostic biopsies
were repeated (if possible) until adequate cellularity was achieved for diagnosis, otherwise it
was not included in our results.
Pathologic specimens:
Total, partial or hemithyroidectomy was peformed in:
• All cases in which cytology was diagnostic or
suggestive of malignancy.
• All cases in which cytology was indeterminate.

• The peripheral and central nodule artery samples
were selected by mapping the brightest on color
Doppler ones.

• Some benign cases that underwent surgery.

U/S guided FNAC:

The total number of the examined cases was
103 including 81 females and 22 males. The mean
age was 45.2 years without any significance between males and females.

• Sonographically guided FNAC was then performed.
• A 22 gauge needle is used with an attached 3 ml
syringe. The transducer is placed directly over
the lesion. Color Doppler mapping to depict any
large blood vessels in and around the nodule so
that vascular injury can be avoided during the
procedure. The patient is instructed not to swallow
or speak during the insertion of the needle. A
freehand biopsy technique is used, and the syringe
attached to the needle is placed just above the
transducer. The needle may be introduced parallel
or perpendicular to the transducer, and the needle
tip should be carefully monitored during the
procedure. Aspiration and non aspiration methods
are used. When the needle reaches the target, the
biopsy is performed. During the procedure, all
needle movements should be continuously visualized in real time. It is recommended that aspiration be performed at least twice. The collected
material is placed on glass slides, smeared, and
fixed in 95% ethyl alcohol. The syringe could be
rinsed with normal saline solution to obtain any
remaining material for use in cell blocking. After
the procedure, plaster is applied, and the patient
should be instructed to manually compress.
• In cases of multiple nodules, the selection criteria
were based on both the dominant nodule and also
were based on U/S and Doppler criteria.

Results

Tables (1-7) illustrate the U/S and doppler
findings of the examined thyroid nodules.
Table (1): Illustrates outlines/borders of the thyroid nodules.
It shows that the malignant cases had irregular
borders in 66.7% of cases versus 23.6% of benign
cases.
Benign

Malignant

Total

Outline/
Borders

No.

%

No.

%

No.

%

Regular
Irregular

65
20

76.4
23.6

6
12

33.3
66.7

71
32

68.9
31.1

Total

85

100

18

100

103

100

These findings were highly statistically significant (X2=12.91, DF=1,
p-value=0.000328).

Table (2): Illustrates the number of the thyroid nodules in the
cases. It showed that 35.3% of benign cases had
single nodule versus 83.3% of malignant cases.
Number of
nodules

Benign

Malignant

Total

No.

%

No.

%

No.

%

Single
Multiple

30
55

35.3
64.7

15
3

83.3
16.6

45
58

43.6
56.4

Total

85

100

18

100

103

100

These differences were statistically significant (X2=0.23, DF=1,
p-value=0.05).
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Table (3): Illustrates the echogenicity of the thyroid nodules.
Hypo, iso and hyper echogenicity were found in
50% and 45% and 5% in malignant cases respectively.
Benign

Echogenicity

Malignant

Table (4): Illustrates the presence or absence of macro/micro
calcifications. It showed that numerous micro calcifications were found in 16.6% of malignant cases.
No benign cases showed too numerous micro calcifications.

Total
Benign

No.

%

No.

%

No.

%

Hypo

25

29.4

9

50

34

33

Iso

55

64.7

8

45

63

61.1

Hyper

5

5.9

1

5

6

5.9

Total

85

100

18

100

103

100

Although the percentage of hypo was higher in malignant cases (50%)
than benign cases (29.4%) the differences were statistically not
significant (X2=2.91, DF=2, p-value=0.2).

Table (5): Illustrates the echo structure of the nodules. The
solid structure was observed in 88.9% and in 80%
of malignant and benign cases respectively. Pure
cystic structure was among 14.1% of benign cases
and 0% in malignant cases.
Benign

Echostructure

Malignant

Total

No.

%

No.

%

No.

%

Solid

68

80

16

88.9

84

81.6

Cystic

12

14.1

0

0

12

11.6

Mixed

5

5.9

2

11.1

7

6.8

Total

85

100

18

100

103

100

Malignant

Total

Calcification
No.

%

No.

%

No.

%

Numerous Micro
Few/countable Micro
Macro
Absent

0
6
6
73

0
7
7
86

3
2
1
12

16.6
11.1
5.6
66.7

3
8
7
85

2.9
7.8
6.8
82.5

Total

85

100

18

100

103

100

The differences were statistically significant (X2=15.59, DF=2,
p-value=0.0004).

Table (6): Illustrates the vascularization of the thyroid nodules.
It showed that 89% of malignant cases had central
vascularity (exclusively central or central more
than peripheral). While 87.1% of benign cases were
avascular or had mainly peripheral vascularity
(exclusively peripheral or peripheral more than
central).
Vascularization

Benign

Malignant

Total

No.

%

No.

%

No.

%

Absent
Perinodular
Perinodular >Central
Central >Perinodular
Central

28
26
20
11
0

33
30.6
23.5
12.9
0

0
1
1
7
9

0
5.5
5.5
39
50

28
27
21
18
9

27.2
26.2
20.4
17.5
8.7

Total

85

100

18

100

103

100

These findings were statistically not significant (X2=3.28, DF=2,
p-value=0.193).

These findings were highly statistically significant (X2=60.06, DF=4,
p-value=0.000001).

Tables (7-9) illustrate the FNAC findings of
the examined thyroid nodules.

Table (9): Illustrates classification of malignant cases. The
majority of malignant cases (72.3%) were papillary
carcinoma.

Table (7): Illustrates the classification of cytological findings.
It was classified into diagnostic (either benign or
malignant) or indeterminate. Thirteen cases (12.6%)
were indeterminate by cytology.
Cytological results

Diagnostic

Indeterminate

Total

Number

90

13

103

%

87.4

12.6

100

Table (8): Illustrates classification of benign cases. The
majority of benign cases (63.5%) were nodular
goiter.
No.

%

Nodular goiter

54

63.5

Follicular adenoma

10

11.8

Colloid nodule/cyst

15

17.6

Thyroiditis

5

5.9

simple cyst

1

1.2

Papillary carcinoma
Follicular carcinoma
Medullary carcinoma
Anaplastic carcinoma

No.

%

13
3
1
1

72.3
16.7
5.5
5.5

The most significant U/S and Doppler criteria
that predict malignancy in thyroid nodules are:
• Irregular borders (sensitivity=66.6% and specificity=76.4%).
• Numerous micro calcifications (sensitivity=16.6%
and specificity=100%).
• Exclusively central vascularity (sensitivity=50%
and specificity=100%).
• More central vascularity (exclusively central or
central more than peripheral) sensitivity=88.9%
and specificity=87%.
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(A)

(C)

(B)

(D)

Fig. (1): A 22 year old female patient with a firm thyroid swelling of 2 month duration. (A,B) Ultrasound revealed a single,
cystic, hypoechoic nodule with macrocalcifications. (C,D) Doppler demonstrated exclusive perinodular vascularization.
FNAC revealed a colloid cyst.

(A)

(C)

(B)

(D)

Fig. (2): A 27 year old female with a firm thyroid swelling of 1 month duration. (A,B) Ultrasound revealed a single, mixed
cystic and solid, iso-hypoechoic nodule with micro and macrocalcifications. (C,D) Doppler demonstrated exclusive
perinodular vascularization. FNAC revealed a colloid cyst.
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(B)

(D)

Fig. (3): A 22 year old male with a hard thyroid swelling of 1 month duration. (A,C) Ultrasound revealed two, solid, isoechoic
nodules with no calcifications. (B,D) Doppler demonstrated exclusive central vascularization with enlarged vascular
lymph nodes. FNAC and histopathology revealed papillary carcinoma with nodal metastases.

(A)

(B)

(C)

(D)

Fig. (4): A 20 year old female with a thyroid swelling of 4 months duration. (A) Ultrasound revealed a single, mixed, isoechoic
nodule with irregular border and absent peripheral halo. (B,C) Doppler demonstrated central more than perinodular
vascularization. (D) Doppler showed RI of 0.72. FNAC was indeterminate while histopathology revealed follicular
carcinoma.
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(A)

(B)

Fig. (5): A 33 year old female with a right neck swelling of 9 months duration. (A) Ultrasound revealed a two, mixed, hypoechoic
nodules with regular border and peripheral halo. (B) Doppler demonstrated exclusive perinodular vascularization.
FNAC was undeterminate while histopathology revealed follicular adenoma.

Discussion
Thyroid nodules are very common they are
found in 4%-8% of adults by means of palpation,
in 10%-41% by means of US. The prevalence of
thyroid nodules increases with age. Compared with
the very high prevalence of nodular thyroid disease,
thyroid cancer is not common [17] .
The majority (75%-80%) of new cases of thyroid cancer diagnosed will be papillary thyroid
cancer. Other histologic types of thyroid cancer
include follicular (10%-20%), medullary (3%-5%),
and anaplastic (1%-2%) cancers [18] .
The likelihood that a nodule is malignant is
affected by a variety of risk factors [19] . Neck
irradiation and a family history of thyroid cancer
increase the risk that a thyroid nodule is malignant
[20] .
The most common follicular cell-derived cancer
is papillary thyroid carcinoma, and it is generally
accepted that the 30-year survival rate for this
malignancy is approximately 95%. Most patients
with papillary cancer (80%-85%) are considered
to be low risk, with 99% survival at 20 years after
surgery [17] .
Several investigators have demonstrated that
the incidence of thyroid cancer in incidentally
identified or non palpable thyroid nodules is the
same as that in patients with palpable nodules [21] .
Several studies have sought to identify sonographic
features that are both sensitive and specific for
malignant versus benign disease, but currently
much debate exists as to whether such features
have been successfully identified [22] .
This method is often insufficient for characterizing the nature of the lesion (ie, low specificity).

Therefore, FNAB has emerged as the default diagnostic test for the preoperative evaluation of intrathyroid lesions. In light of the lack of certainty
present in predicting pathologic nature on the basis
of sonographic features of thyroid nodules, many
institutions have now adopted the practice of performing biopsy on all nodules that appear larger
than 1.0cm in diameter on sonographic examination
without regard to sonographic appearance. Although FNAB is almost noninvasive, it does have
several disadvantages and it is not accepted to be
done to every thyroid nodule [3] .
Sonographically guided FNA biopsy of all
incidentally detected thyroid nodules would be
very costly venture and would have a very low
yield in identifying the small proportion of nodules
that actually represent malignant disease [11] . Thus,
identifying a new method to determine which
nodules should be studied by this examination
(FNAC) is mandatory [3] .
Thus, the purpose of this study was to further
evaluate the correlation between various songraphic
and doppler features of thyroid nodules and their
risk of malignancy in an attempt to suggest an
optimal diagnostic approach to further work up of
these lesions.
In this study, 103 cases were included from
which 81 cases were females (78.6%) and 22 cases
were males (21.4%). Thus this study reinforce that
thyroid nodules are more common in females. In
Chammas et al., [3] , 91.3% of the studied cases
were females.
In Chammas et al., [3] , the mean age of the
studied cases was 50.2. In Lannuccili et al., [11] ,
it was 45.9 and 49 in Lyshchik et al., [8] . In Moon
et al., [24] , it was 49.5 years. The incidence of
thyroid malignancy in this study was 17.4% of the
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examined cases. In Chammas et al., [3] , it was
12.4% of the examined cases. In Lannuccili et al.,
it was 5.33%. It was 9.2%-13% in Hegedus et al.,
[19] .
In our study, the main complaint of patients
was neck swelling (63.6% and 71.6% in malignant
and benign cases respectively). In our study, fixity
of the gland was found only in three malignant
cases. Associated significantly enlarged cervical
Lymph nodes were found in significantly higher
percent of malignant cases (27.7%).
In this study 58 cases had multiple thyroid
nodules, we found malignancy in only three of
them. Forty five cases had single thyroid nodule,
we found malignancy in 15 cases of them. So, we
concluded that the incidence of malignancy in
cases with multiple nodules is about 5%, however
it was about 33% in cases with single nodule.
Some authors have reported that the risk for
malignancy of a solitary thyroid nodule ranges
from 10% to 25% and that the risk for nodules
associated with a multinodular gland is 1 % to 4%.
However, other reports in the literature challenge
the validity of these data. Solbiati et al., [23] have
reported malignant rates for nodules in multinodular
glands of 13% and 30%, respectively [3] .
Chammas et al., [3] reported that they found
that 9 (69%) of 13 malignant nodules were in multinodular glands. Chammas et al., [3] reinforce the
idea that multinodularity does not mean benign
disease. Frates et al., [17] stated that, in patients
with multiple nodules, the cancer rate per nodule
decreases, but the decrease is approximately proportional to the number of nodules so that the
overall rate of cancer per patient, 10%-13%, is the
same as that in patients with a solitary nodule.
Another point is the echogenicity of the nodules;
we found that hypoechoic and isoechoic nodules
accounted for the majority of nodules (33% and
61% respectively). In our study, 50% of malignant
nodules were hypoechoic, 45% of malignant nodules were isoechoic and 5% of malignant nodules
were hyperechoic. Although the percentage of hypo
was higher in malignant cases (50%) than benign
cases (29.4%) the differences were statistically not
significant (X2=2.91, DF=2, p-value=0.2).
Chammas et al., [3] found that (69.23%) of
malignant nodules were hypoechoic. Lannuccili
et al., [11] , stated that 47.1 % of the malignant
nodules were hypoechoic, 47.1% of malignant
nodules are isoechoic and 5.8% of malignant nod-

ules were hyperechoic. Moon et al., [24] classified
the nodules into markedly hypoechoic (when the
nodules were more hypoechoic than the strap muscles), hypoechoic (when they were more hypoechoic than the normal thyroid), isoechoic and hyperechoic than normal thyroid. They formed 41.4%,
46.1%, 11.9% and 0.6% of malignant nodules
respectively.
In our study, the solid structure was observed
in most of the nodules 88.9% and 80% of malignant
and benign cases respectively. Pure cystic structure
was among 14.1 % of benign cases while was zero
in malignant cases. Mixed structure was observed
in 11.1% and 5.9% of malignant and benign cases
respectively. These findings were statistically not
significant (X2= 3.28, DF=2, p-value=0.193).
Chammas et al., [3] stated that (30.77%) of
malignant nodules had mixed echogenicity. Lannuccili et al., [11] , stated that 85.3% and 83.3% of
malignant and benign cases respectively were solid.
He stated also that 11.8% and 11.1% of malignant
and benign cases respectively were mixed with no
statistically significant difference.
We found that malignant cases had irregular
borders in 66.7% of cases versus 23.6% of benign
cases. These findings were highly statistically
significant (X2=12.91, DF=1, p-value=0.000328).
Chammas et al., [3] stated that the presence of
regular border with uniform peripheral halo was
considered significant evidence of benignity. Similarly, the absence of halo and presence of irregular
borders was statistically significant evidence of a
malignancy. Moon et al., [24] agreed with the
previous results. He stated that 67.5% of malignant
cases in the study had irregular or speculated
borders.
Lannuccili et al., [11] classified the borders into
four grades according to their definition and according to the degree of peripheral halo distinction.
However; he stated no statistically significant
difference between benign and malignant lesions.
Chammas et al., [3] stated also that increased halo
thickness was another significant indicator of
malignancy; this point was not included in our
evaluation.
Another significant point in the evaluation of
the thyroid nodules is presence or absence of
calcifications. We found numerous micro calcifications in 16.6% of malignant cases. No benign
cases in our study showed numerous micro calcifications. The differences were statistically significant (X2=15.59, DF=2, p-value=0.0004).
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Lannuccili et al., [11] found too numerous micro
calcifications in 14.7% and 0% of malignant and
benign cases respectively. They conclude that
presence of too numerous micro calcifications is
a good predictor of malignancy. Chammas et al.,
[3] stated also that micro calcifications are a good
predictor of malignancy.
We found in our study that 86% and 66.7% of
malignant and benign cases respectively showed
no calcifications. So, absence of calcification has
no role in predicting benign or malignant lesions.
Lannuccili et al., [11] found also that 94.4% and
64.7% of benign and malignant cases respectively
show no calcification.
We found that the average largest diameter of
the benign and malignant nodules was 2cm (SD=
0.8) and 2.5cm (SD=0.8) respectively with no
significant difference. This was accepted by Lannuccili et al., [11] who stated that the difference in
size between benign and malignant nodules is
statistically not significant. However, Chammas
et al., [3] stated that malignant and suspicious
nodules were significantly larger than benign nodules. The average width of benign nodules was
1.41cm versus 3.19cm for malignant nodules and
these results were statistically significant.
We classify the vascular patterns of the thyroid
nodules into:
I: Absence of signal blood flow.
II: Exclusively perinodular blood flow.
III: Perinodular blood flow >/=central blood flow.
IV: Marked central blood flow and less significant
perinodular blood flow.
V: Exclusively central blood flow.
We found that 89% of malignant cases had
central vascularity (exclusively central or central
more than peripheral). While 87.1 % of benign
cases were avascular or had mainly peripheral
vascularity (exclusively peripheral or peripheral
more than central). These findings were highly
statistically significant (X2=60.06, DF=4, p-value=
0.000001). We found that 9 cases had exclusively
central vascularity, all of them are malignant. No
benign cases had exclusively central vascularity.
Chammas et al., [3] , found 5 cases had exclusively central vascularity, all of them were malignant. Lagalla et al., [25] and Solbiati et al., [23] ,
demonstrate that exclusively central blood flow
strongly suggests malignancy. Chammas et al., [3] ,
found exclusively perinodular blood flow in 65
cases from which 59 cases were benign.

These data are in agreement with our findings.
We found 27 cases had exclusively perinodular
blood flow from which 26 cases were benign and
only one was malignant.
In our study, there was no blood flow in 28
cases (27.2%), all of them were benign, and none
of these cases were malignant. Chammas et al., [3]
found no blood flow in 12 nodules, and none of
these nodules were malignant. They stated that
absence of signal blood flow occurs only in benign
lesions.
We found perinodular more than central vascularity in 22 cases from which 21 cases were benign
and one was malignant. We also found central more
than peripheral in 18 cases from which 11 were
benign and 7 were malignant. Chammas et al., [3]
stated that the risk of malignancy increases as intra
nodular blood flow becomes more dominant. Cerbone et al., [27] proposed that the predominantly
intranodular blood flow observed in malignant
nodules could be explained by the large cellular
proliferation in this region.
We found that RI was >_ 0.7 in 12 of 18 malignant
cases (66.6%). It was <0.7 in 51 of 85 benign cases
(60%). Cerbone et al., [27] reported that RI was
>0.75 in 18 (85.7%) of 21 thyroid carcinomas.
Holden reported a mean RI of 0.76 for thyroid
carcinomas.
We conclude that the most significant U/S and
Doppler criteria that predict malignancy in thyroid
nodules are; irregular borders, numerous micro
calcifications and more central vascularity (exclusively central or central more than peripheral).
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