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ABSTRACT

OBJECTIVE:	To	evaluate	the	application	of	color	flow	Doppler	(CFD)	sonography	in	the	pre-
operative	management	of	benign	and	malignant	cold	thyroid	nodules.	DESIGN:	Eighty-five	
patients	with	a	cold	thyroid	nodule	larger	than	1cm	were	examined	with	CFD	sonography	prior	
to	thyroidectomy.	The	histological	examination	revealed	that	18	(21%)	patients	had	malignant	
nodules	and	67	(79%)	had	benign	ones.	The	sonographic	characteristics	of	the	nodules	used	
for	evaluation	were:	a)	absence	of	vascularization,	b)	presence	of	peripheral	vascularization,	
c)	presence	of	central	vascularization	and	d)	size	of	the	nodule.	The	correlations	between	the	
pre-operative	sonographic	characteristics,	as	defined	above,	and	the	histological	findings	of	
the	nodules	were	determined.	RESulTS:	The	results	showed	that	the	vascular	signals	were	
absent	in	4/18	(22%)	of	malignant	nodules	and	16/67	(23%)	of	benign	ones.	The	smaller	nodules	
(<2.5cm.)	were	more	frequently	avascular	(15/37=40%)	compared	to	the	larger	ones	(5/48=10%)	
(p<0.05).	Moreover,	for	the	nodules	with	vascularization,	the	peripheral	distribution	of	vas-
cularization	was	more	frequently	encountered	in	benign	nodules	(p<0.01	specificity=0.77,	
sensitivity=0.46),	while	central	vascularization	was	more	frequent	in	malignant	ones	(p<0.01,	
specificity=0.70,	sensitivity=0.66).	Thus,	absence	of	vascularization	in	a	nodule	does	not	ex-
clude	the	probability	of	malignancy,	since	vascularization	depends	on	the	size	rather	than	the	
histological	features	of	the	nodule.	Furthermore,	for	the	vascularized	nodules,	peripheral	dis-
tribution	of	vascularization	is	a	characteristic	of	benignancy	with	high	specificity,	while	central	
distribution	is	a	characteristic	of	malignancy	with	medium	specificity.	CONCluSIONS:	CFD	
sonography	contributes	to	the	differential	diagnosis	of	the	large	vascularized	nodules,	but	it	
is	less	helpful	in	the	smaller	non-vascularized	ones.
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IntroductIon

Thyroid nodules are very frequent in the general 
population. The prevalence of palpable nodules in 
subjects over the age of 50 is reported to vary from 
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4% to 21%, while for sonographically diagnosed 
nodules it varies from 21% to 67%.1-5 On the other 
hand, thyroid carcinoma is relatively rare since it 
constitutes only 1% of all carcinomas encountered 
in humans. Therefore the possibility that a thyroid 
nodule may harbor a carcinoma is relatively small 
(5%).6 Moreover, most thyroid carcinomas are of a 
papillary type, which usually has a good prognosis.7 
The pre-operative management of thyroid nodules 
is a relatively strenuous process because there is no 
method with 100% sensitivity and specificity for the 
identification of thyroid cancer.8 The examinations 
usually performed are biochemical tests, such as the 
measurement of TSH, calcitonin and thyroid autoan-
tibodies, which offer little, however, in the diagnosis 
of the common types of thyroid cancer. Furthermore, 
isotopic scintiscan differentiates cold from hot nod-
ules with a high specificity but low sensitivity, since 
nearly all the malignant nodules are cold but only 10-
15% of cold nodules are malignant.9,30 Fine Needle 
Aspiration (FNA) biopsy has the highest sensitivity 
(85-95%) and specificity (85-95%); however, it is in-
terventional and not always accepted by patients.10,11 
Ultrasonography provides information on the size 
and the location of the nodules and additionally helps 
in performing ultrasound-guided aspiration biopsy in 
small non-palpable ones. Moreover, it has been re-
ported, and we have also confirmed this in a previous 
study,12 that, with the new generation high-resolution 
ultrasound machines, it is possible to obtain useful 
information for the differential diagnosis between 
benign and malignant thyroid nodules.12-14

Today the use of color flow Doppler sonography 
(CFDS) is more widely applied for the assessment 
of suspected malignant tumors.25-29 However, there 
is significant disagreement among specialists con-
cerning the validity of the method in the differential 

diagnosis of benign and malignant thyroid nodules. 
Some researchers claim that it is of great value while 
others do not agree with this notion.15-18 The aim of 
our study was to evaluate the role of CFDS in the 
preoperative management of cold thyroid nodules.

Patients and Methods

Between 1997 and 2004 we examined more than 
1000 patients with thyroid nodules of different sizes 
using CFDS. In this retrospective study we included 
85 patients with solitary and multiple thyroid nodules 
larger than 10mm, who were submitted to thyroid-
ectomy after the sonographic examination. All the 
nodules included in this evaluation were cold on the 
isotopic scintigram. They underwent surgical resec-
tion owing to risk of malignancy (82 patients), com-
pressive symptoms (2 patients) and cosmetic reasons 
(1 patient). We considered a nodule as being high 
risk for malignancy if it had clinical or sonographic 
characteristics predictive for malignancy (firm nod-
ule, irregular shape, rapid growth, abnormal contour, 
hypoechogenicity, microcalcifications), as well as if 
the FNA biopsy was suspicious for malignancy. Cer-
tainly, the patient selection for surgery was not based 
on the preoperative CFDS findings. The histological 
examination revealed that 18 patients (15 women and 
3 men between the ages of 20 and 86) had malignant 
nodules (11 papillary, 4 follicular, 2 Hurthle cell, 1 
undifferentiated carcinoma). The remaining 67 (53 
women and 14 men aged 27 to 75 years) had benign 
nodules (60 hyperplastic nodules and 7 follicular ad-
enomas) (Table 1). Twenty-six out of 67 benign and 
5 out of 18 malignant nodules were solid with cystic 
degeneration and the remaining were pure solid. We 
did not include any pure cyst in our material. More-
over, in one previous study we did not find any corre-
lation between cystic degeneration and the malignant 
feature of a nodule.12 The sonographic examinations 

Table	1.	Characteristics of investigated subjects (n: 85).

Νodule type n Female/Male Age	(years)
(range)

Histology

Benign 67 53/14 27-75 hyperplastic nodules: 60
follicular adenomas: 7

Malignant 18 15/3 20-86 papillary: 11
follicular: 4

Hurthle cell: 2
non differentiated carcinomas: 1
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were performed by the same operator (E.V.) using 
the same machine (ESAOTE BIOSOUND USA 
MODEL AU4 IDEA). The scanner was equipped 
with a linear transducer operating at 7.5-10 MHz for 
morphological study and 4.5-7 MHz for color flow 
Doppler evaluation. The CFD examinations were 
performed with biplanar scanning. The amplifier 
gain was adjusted in each case at a level to block the 
appearance of random color noise. Besides CFD, 
which estimates the relative velocity and direction 
of the blood cells in the vessels, the instrument also 
provided the power Doppler system. This is a color 
flow mapping technique used to map the strength 
of the Doppler signal coming from the flow rather 
than the frequency shift of the signal. This technique 
enables the system to estimate the blood flow based 
on the number of blood cells regardless of their 
velocity. It is considered by certain authors to be 
more sensitive than conventional color Doppler in 
the imaging of the small vessels of the tumors.29 The 
color and power Doppler settings were standardized 
in all cases. The sonographic characteristics studied 
were: a) the total absence of vascularization of the 
nodules (Figure 1) and the correlation of this feature 
with their size and their histology, b) the presence of 
central vascularization (Figures 2, 3) and correlation 
with their size and histology, and c) the presence of 
peripheral vascularization of the nodules (Figure 
4) and correlation of this finding with their size and 

Figure	1. Small (10 mm.) papillary carcinoma without vascu-
larization.

Figure	2. Papillary carcinoma 32 mm in size with central vas-
cularization.

Figure	3. Follicular carcinoma 34 mm in size with central vas-
cularization.

histological features. We considered a nodule as 
being without vascularization if no flow signals were 
detected were inside or in the periphery of the nod-
ule. A nodule was considered as having peripheral 
vascularization if the flow signals existed only or 
mainly in the periphery of the nodule while a nodule 
was designated as having central vascularization if the 
flow signals presented only or mainly at the central 
part of the nodule. There were no cases in which 
the ultrasound could not determine which type of 
vascularization was predominant.
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Figure	 4. Benign cold nodule 38 mm in size with peripheral 
vascularization.

less than 0.05 was considered to indicate statistical 
significance.

rESuLtS

Thirty-seven out of 85 nodules (43.5%) were 
smaller than 2.5cm, while the remaining (56.5%) 
were larger than 2.5cm. Fifteen out of 37 nodules 
smaller than 2.5cm (40%), and 5 out of 48 nodules 
larger than 2.5 cm (10%) did not present any vascu-
larization. The difference was statistically significant: 
x2= 8.92, p<0.01. Twelve out of 37 nodules smaller 
than 2.5 cm (32.4%) and 21 out of 48 nodules larger 
than 2.5cm (43.7%) had peripheral vascularization. 
The difference was not statistically significant: p>0.1. 
Furthermore, 10 out of 37 nodules smaller than 
2.5cm (27%) and 22 out of 48 nodules larger than 
2.5cm (45.8%) had central vascularization. The dif-
ference was not statistically significant: p>0.1. We 
thus found that the small nodules were more often 
avascular than the larger ones and that the pattern 
of vascularization (central or peripheral) did not 
correlate with the size of the nodules (Tables 2 & 
3, Figure 5).

Sixteen out of 67 benign nodules (23.9%) and 4 
out of 18 malignant nodules (22.2%) did not have 
vascularization. The difference was not statistically 
significant: p>0.1. We therefore found that the ab-
sence of vascularization did not correlate with the 

Table	2.	Vascular patterns of the nodules according to their size.

Size	of	the	nodules Central	vascularization
n	(%)

Peripheral	vascularization
n	(%)

Without	vascularization
n	(%)

Total
n

<2.5 cm 10 (27) 12 (32.4) 15 (40) 37
>2.5 cm 22 (45.8) 21 (43.7) 5 (10.4) 48
P value >0.1 >0.1 <0.01 85

Table	3.	Sensitivity analysis of the vascular pattern of the nodules according to their size (smaller or larger than 2.5 cm).
	 Central	vascularization	 Peripheral	vascularization	 Without	vascularisation

P value	 >0.1	 >0.1	 <0.01

Sensitivity	 0.31	 0.36	 0.75

Specificity	 0.67	 0.51	 0.66

Positive predictive value	 0.27	 0.32	 0.40

Negative predictive value	 0.54	 0.56	 0.89

Relative risk 0.43 0.61 5.8

StAtIStIcS

Statistical analysis of the findings was carried out 
using the x2 test with Yates correction. A p-value of 
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benign or malignant feature of the nodules.

Thirty-one out of 67 benign nodules (46.3%) 
and 2 out of 18 malignant (11.1%) had peripheral 
vascularization. The difference was statistically sig-
nificant: X2=5.9, p<0.01. We thus found that periphe-
ral vascularization is a feature of a benign nodule 
with high specificity (16/18=0.88) but low sensitivity 
(31/67=0.46).

Twenty out of 67 benign (29.8%) nodules and 
12 out of 18 malignant ones (66.6%) had central 
vascularity. The difference was statistically signifi-
cant: x2=6.6 p<0.01. We thus found that central 
vascularization of a nodule is a feature of malignancy 
with medium specificity (47/67=0.70) and sensitivity 
(12/18=0.66) (Tables 4 & 5, Figure 6). 

Figure	6.	Frequency (%) of the various vascular patterns in be-
nign and malignant nodules.

Figure	5.	Frequency (%) of the various vascular patterns of the 
nodules according to their size.

<2.5cm 
>2.5cm

Table	5.	Sensitivity analysis of malignant and benign feature of the nodules according to their vascular patterns.
Central	vascularization Peripheral	vaslularization Without	vascularization

P value <0.01 <0.01 p>0.1
Sensitivity 0.66 0.46 0.23
Specificity 0.70 0.88 0.77
Positive predictive value 0.37 0.93 0.80
Negative p.v. 0.11 0.69 0.36
Relative risk 4.7 6.8 1.09

dIScuSSIon

During the past decade the application of CFD 
sonography has greatly increased in the differential 
diagnosis of benign and malignant tumors. This is be-
cause malignant tumors usually present with higher 
vascularization than benign ones. CFDS, based on 
the Doppler phenomenon, calculates the difference 
in the frequency of emission and reception of an 
ultrasound beam reflecting the moving blood cells 
inside the vessels and providing color images of the 
vessels on a gray scale image. It also provides flow 
information including the maximum blood velocity 
and the resistance index. Certain authors therefore 
propose the use of the power Doppler, a color flow 

Table	4.	Vascular patterns of benign and malignant nodules.

Nodules	 Central	vascularization	 Peripheral	vascularization	 Without	vascularization	 Total
	 n	(%)	 n	(%)	 	 n

Benign 20 (29,85) 31 (46,26) 16 (23,88) 67
Malignant 12 (66,66) 2 (11,11) 4 (22,22) 18
P value <0.01 <0.01 >0,1 85

Peripheral Central  
Vascularization

Absent

Vascularization
Central Peripheral Absent

 Bening nodule

 Malignant nodule
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mapping technique that usually comes with CFD 
and is used to measure the strength of the Dop-
pler signal emitted from the tissue rather than the 
frequency shift of the signal. Using this technique, 
the ultrasound system plots color flow based on the 
number of reflectors that are moving, regardless of 
their velocity.29 Some reports in the literature under-
line the usefulness of color flow Doppler and power 
Doppler sonography in the diagnosis of certain forms 
of malignant tumors in various organs, such as liver, 
breast, parotid gland, ovary, kidney, prostate tumors, 
as well as in the differential diagnosis of lymph nodes 
enlargement.25-29 However, the role of CFDS in the 
context of preoperative management of thyroid nod-
ules remains controversial. Several authors have 
claimed that color Doppler sonography helps con-
siderably,16,20,22,24 while others consider this method 
of limited diagnostic value.17,19

In our study the vascular patterns and the size of 
the nodules were correlated with their malignant or 
benign histologic features. We found that nodules 
smaller than 2.5cm were more frequently avascular 
than the larger ones, although the pattern of vascu-
rarization (central or peripheral) did not correlate 
with the size of the nodules. Furthermore, the entire 
absence of vascularization was found at nearly the 
same frequency in benign (23%) and malignant 
(22%) cold nodules. We therefore conclude that the 
absence of vascularization correlates with the size of 
the nodules, but not with their benign or malignant 
feature. Consequently, the absence of vascularization 
does not exclude the probability of malignancy of a 
nodule. On the other hand, in our material, 4 of the 
11 papillary carcinomas did not show vascularization, 
probably because some papillary carcinomas tend to 
be fibrotic and consequently non-vascularised. By 
contrast, all the follicular, Hurthle cell and undif-
ferentiated carcinomas (n=7) had increased vascu-
larization. Frates et al also reported that the presence 
of vascularization in compact nodules increases the 
probability of malignancy by nearly 45%. However, 
they stated that the absence of vascularitzation can-
not be cited to exclude malignancy, since 14% of the 
nodules without vascularization in their study were 
malignant.19 Moreover, Shiamamoto et al found 
that the detection of color signals inside the thyroid 
nodule depends on its size but not on its histologic 

features.17

We selected cold nodules for our study because 
we observed that hot nodules, which are always be-
nign, nearly always had peripheral and central flow 
signals, whereas cold nodules, of which 15% were 
malignant, were only 40-50% vascularized. Clark et al 
also reported that when examined by color Doppler 
sonography, cold nodules are presented mainly with 
peripheral vascularization and hot ones with central 
vascularization. They therefore concluded that color 
Doppler sonography cannot reliably distinguish be-
nign from malignant thyroid nodules.18

Among the vascularized nodules we found that 
the presence of peripheral vascularization was sta-
tistically more frequent in benign nodules. In con-
trast, central vascularization was statistically more 
frequent in malignant nodules than in benign ones. 
We thus consider that peripheral vascularization is 
indicative of benignancy with high specificity while 
central vascularization is indicative of malignancy 
with medium specificity. Mesina et al reported that 
a large majority of malignant nodules (90%) have in-
ternal vascularization. They also suggested the use of 
color Doppler sonography as a routine examination 
in conjunction with FNA biopsy in the diagnosis of 
thyroid nodules.20 Holden also reported that all neo-
plastic nodules (adenomas, carcinomas) contained 
intranodular flow signals, while the majority of col-
loid nodules were either avascular or had halo flow 
signals only.16 In our study we found that only 66% of 
malignant nodules had internal vascularization.

Furthermore, Solbiati et al reported that the 
presence of intranodular flow signals is a charac-
teristic suggestive of malignancy, particularly if it 
is combined with microcalcifications.24 Microcal-
cifications are shown by high-resolution conven-
tional ultrasonography as hyperechoic dots inside 
the nodule smaller than 2mm, occasionally with an 
acoustic shadow behind them. In a previous study we 
found that microcalcifications were characteristic of 
malignancy with low sensitivity (56%) but very high 
specificity (89%).12 Papini et al studied non-palpable 
nodules 8-15mm in size and found that 74% of ma-
lignant nodules had internal flow signs, while 19% 
of the benign ones had internal vascularity. They 
consider that internal vascularization is an indepen-
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dent risk factor of malignancy, just as are irregular 
margins and microcalcifications.21 We also found that 
central vascularization is an independent risk fac-
tor of malignancy; however, in our material 40% of 
nodules smaller than 2.5cm were avascular regardless 
of their histological features. Rago et al stated that 
the presence of intranodular flow signals does not 
alone constitute a feature of malignancy; however, 
the coexistence of increased internal vascularization 
and the absence of a peripheral halo is an important 
characteristic of malignancy.22 These findings seem 
to confirm our own, suggesting that peripheral vascu-
larization in CFDS, which represents the peripheral 
halo of conventional sonography, is a characteristic of 
benignancy, while central vascularization constitutes 
a feature of malignancy.

Argalia et al observed that vascular patterns alone 
are not particularly helpful in distinguishing among 
thyroid nodules; however, they pointed out that 
the measurement of Peak Velocity and Resistance 
Index may be very useful in the characterization of 
solid nodules and the selection of patients to under-
take FNA.23 Other researchers such as Spiezia et al 
propose the use of power Doppler sonography in 
combination with Doppler velocity measurement 
and the assessment of the vascular resistance index to 
improve the diagnostic protocol and management of 
thyroid nodules.31 We simultaneously used color flow 
Doppler and power Doppler sonography to examine 
our patients, but we observed no difference between 
the two methods in depicting the vascular character-
istics of both benign and malignant nodules. How-
ever, we did not measure any vascular parameters, 
such as resistance index or maximum velocity.

In conclusion,	color Doppler sonography contrib-
utes to the differential diagnosis of vascularised large 
nodules, although it is less helpful in non-vascular-
ized small ones. Peripheral vascularization is a fea-
ture of benignancy with high specificity, although it 
can also be revealed by high resolution conventional 
sonography. Central vascularization is a feature of 
malignancy with medium specificity. CFD sonogra-
phy helps only in the differential diagnosis of cold 
nodules; therefore, it should be combined with an 
isotopic scintiscan. Accordingly, we consider CFDS 
to be a useful diagnostic modality in the preopera-
tive management of thyroid nodules, although the 

primary means should be FNA Biopsy.
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