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Introduction

The incidence of thyroid cancer in the United States has 
demonstrated a 2.4-fold increase over the last 30 years (1). In 
2013, the National Cancer Institute estimated the incidence 
of thyroid cancer in the United States to be greater than 

60,000 new cases (2). Despite the rise in thyroid cancer, 
current diagnostic abilities for determining malignancy are 
lacking, and it is estimated that only 1 in 20 thyroid nodules 
operated on are found to be malignant (3). The superiority 
of ultrasound (US) examination of the thyroid prior to a fine 
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Background: Several reports have proposed that increased vascular flow on color Doppler sonography 
may be associated with malignancy in thyroid nodules. Others have described no correlation between the 
presence of flow and risk of malignancy. The purpose of this study was to determine whether the vascularity 
of a thyroid nodule can aid in the prediction of malignancy by performing a meta-analysis of the current 
literature. 
Methods: Independent reviewers conducted a systematic review of publications from PubMed, EMBASE, 
and the Cochrane Database of Systematic Review using the following keyword searches: “vascular thyroid 
nodule”, and “vascular malignant thyroid nodule”. Outcomes included vascular flow pattern, nodule size, 
calcifications, echogenicity, margins, and shape. Data were extracted following review of appropriate studies, 
and outcome differences were calculated using analysis of variance and the Bonferroni method.
Results: Eighty-nine publications were identified and 14 prospective studies met inclusion criteria totaling 
4,154 thyroid nodules, 1,419 (34%) of which were malignant. Thirty-three percent of malignant thyroid 
nodules had no vascular flow, while 17% had peripheral and 50% had internal vascular flow. There was no 
significant difference in vascular flow (95% CI: −14.329, 4.257), or peripheral vascular flow rate between 
malignant and benign thyroid nodules (95% CI: −29.254, 4.313). Also, there was no significant difference in 
internal vascularity between malignant and benign thyroid nodules (95% CI: −72.067, 2.824). 
Conclusions: It appears that utilization of vascular flow on color Doppler sonography may not accurately 
predict malignancy in thyroid nodules. Further studies are warranted to investigate the predictive role of 
increased vascularity in diagnosing suspicious thyroid nodules. 
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needle aspiration (FNA) has been described in patients with 
a clinically palpable nodule, since US may identify additional 
nodules in 20–48% of subjects (4).

Currently, ultrasound-guided FNA is the standard test to 
determine the course of action for a thyroid nodule. FNA is 
a relatively simple and noninvasive test; however, it should 
be used judiciously to limit its application for indeterminate 
and non-diagnostic nodules that may turn out to be 
benign. Therefore, the American Thyroid Association has 
recommended sonographic assessment of thyroid nodules 
before deciding whether the patient should undergo FNA (5).  
Additionally, the ultimate decision regarding operation in 
patients with a non-diagnostic FNA goes back to the initial 
clinician’s ultrasound assessment of the risk of malignancy.

High-resolution thyroid ultrasound has been widely 
used in the evaluation of thyroid nodules, resulting in the 
establishment of certain characteristics that differentiate 
benign and malignant thyroid nodules. US features 
predictive of a malignant nodule include intranodular 
vascularity, taller-than-wide shape, hypoechogenicity, 
irregular margins, and the presence of microcalcifications 
(6-10). However, some studies have found overlaps in 
the presence of these characteristics between benign and 
malignant nodules (11,12). 

Furthermore, several studies have suggested that there 
is a significant association between malignancy and thyroid 
nodules demonstrating intranodular vascularity (7-9,13). 
The purpose of this study was to conduct a comparative 
analysis of Doppler ultrasound vascular flow between 
malignant and benign thyroid nodules using a systematic 
review and meta-analysis of current literature. 

Methods

Identification of trials and data extraction

Articles published through March 2014 on PubMed, 
EMBASE, and the Cochrane Database of Systematic 
Review were systematically searched by two independent 
reviewers using the following medical subject headings 
(MeSH): “vascular thyroid nodule”, and “vascular malignant 
thyroid nodule”. Additionally, all articles included in the 
analysis underwent reference review for other potential 
articles. The inclusion criteria for eligibility were as follows: 
(I) articles comparing thyroid nodule vascularity in benign 
and malignant nodules; (II) studies that reported outcomes 
of vascular flow pattern, nodule size, calcifications, 
echogenicity, margins, and shape; (III) prospective studies, 

controlled clinical trials, or randomized controlled trials; 
(IV) studies that reported a measure of variance (standard 
error, standard deviation, or confidence interval); and (V) 
studies with a sample size of at least 50 nodules. Articles 
not reported in English were excluded. For research groups 
with redundant patient populations, the latest study on that 
population was included for analysis. Results from the two 
independent reviewers were compared for accuracy, with 
disagreement resolved by consensus.

Statistical analysis

Primary outcomes of this study included vascular flow 
pattern, nodule size, calcifications, echogenicity, margins, 
and shape. Odds ratios were calculated for categorical 
outcomes, while mean net changes were calculated for 
continuous variables. DerSimonian and Laird random-effects 
models were used to pool mean net changes or odds ratios 
across the studies (14). The presence of heterogeneity was 
assessed with Cochran’s Q test and its extent quantified with 
the I-square index. Funnel plots were constructed in order 
to assess publication bias and Begg’s rank correlation test 
was used to examine the asymmetry of these plots. Egger’s 
weighted linear regression test was used to examine the 
association between the mean effect estimate and its variance. 
Additionally, sensitivity analyses were conducted by excluding 
each study in turn, to evaluate their relative influence on the 
pooled estimates. All analyses were conducted in STATA 
(version 10; College Station, Texas, USA).

Results

Searching the two databases, 89 publications were 
identified. Thirty-one were removed because the studies 
did not compare vascularity between benign and malignant 
nodules. Twenty-seven were removed because they were 
retrospective studies. Four were excluded because we were 
unable to access the articles. One was excluded because the 
article was in German. One study was excluded because 
the data was not included in the article. Ten were excluded 
because the sample size did not meet our required sample 
size. One study was excluded because it was a repeat study. 
The remaining 14 prospective studies underwent full text 
review and were included in final analysis (Figure 1).

In the 14 prospective studies that met inclusion criteria, 
a total of 4,154 thyroid nodules were evaluated. Of these, 
1,419 (34%) were malignant. Thirty-three percent of these 
malignant thyroid nodules had no vascular flow, while 17% 
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had peripheral flow and 50% had internal vascular flow 
(Table 1). 

No vascular flow

There were 12 studies (3,15-24) comprising 1,501 nodules 
that analyzed whether the absence of vascular flow 
correlated with thyroid malignancy with a range of 0% (22) 
to 56% (18). When meta-analysis was performed comparing 
benign and malignant nodules, five studies (9,15,16,22,24) 
were identified, which included 589 nodules. Analysis 
indicated that there was no significant difference in vascular 
flow between the two groups (95% CI: −14.329, 4.257) 
(Figure 2). The study by Kim et al. (15) was the only one 
demonstrating that lack of vascularity significantly indicated 
that nodules were benign.

Peripheral flow

There were 11 studies (3,9,15-17,21-26) comprising 868 

nodules that analyzed whether peripheral vascular flow 
correlated with thyroid malignancy with a range of 0% (22)  
to 69% (17). When meta-analysis was performed comparing 
benign and malignant nodules, five studies (9,15,16,22,24) 
were identified including 265 nodules. Analysis indicated 
that there was no significant difference in peripheral 
vascular flow (95% CI: −29.254, 4.313) between benign and 
malignant thyroid nodules (Figure 3). Frates (9) was the only 
study that found that peripheral vascularity significantly 
indicated that nodules were benign.

Intravascular

There were 14 studies (3,9,15-26) comprising 1,798 nodules 
that analyzed whether internal vascular flow correlated with 
thyroid malignancy with a range of 6% (22) to 76% (17). 
When meta-analysis was performed comparing benign 
and malignant nodules, five studies (9,15,18,22,24) were 
identified including 540 nodules. Analysis indicated that 
there was no significant difference in internal vascularity 
(95% CI: −72.067, 2.824) between malignant and benign 
thyroid nodules (Figure 4). Kim (15) and Frates (9) were the 
only studies that found that internal vascularity significantly 
indicated that nodules were benign. 

Calcifications

There were seven studies (3,15,18-20,24,25) comprising 
1,618 nodules that analyzed whether calcification had an 
effect on thyroid nodule malignancy. Only Shah (18) found 
that calcification had a significant effect on predicting 
malignancy on US.

Margins

Three studies (15,20,25) investigated the effect of margins 
on malignancy. There were 300 nodules found to have 
well-defined margins and 658 nodules with poorly-defined 
margins. Neither type of margin was found to have a 
significant effect on nodule malignancy. 

Echogenicity

Six studies (3,15,19,20,24,25) investigated the effect of 
echogenicity on predicting thyroid malignancy. There were 
1,230 nodules that were hypoechoic and 489 nodules that 
were hyperechoic. Echogenicity was not found to have a 
significant effect on nodule malignancy.

Figure 1 Process analysis flow-chart.

Articles from filtered search (n=89)

Excluded because could not access article (n=4)

Excluded because article in German (n=1)

Excluded because article did not differentiate 
vascularity between benign and malignant 

nodules (n=31)

Excluded because studies were retrospective 
(n=27)

Excluded because data was not included in 
article (n=1)

Excluded because articles did not meet our 
minimum sample size criteria (n=10)

Excluded due to repeat study (n=1)

Remaining articles that are compatible with our 
inclusion criteria (n=14)
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Table 1 Prospective studies that met inclusion criteria with their respective sample size, year of publication, and study conclusions

Author Year Country Sample Result

Kim et al. 2013 Korea 991 Increased nodular vascularity did not show significant association with malignancy on 
multivariate analysis

Adamczewski 
et al.

2013 Poland 111 None of the individual US features allows to differentiate malignant from benign thyroid 
lesions. However, finding in US image of nodule/focal lesion one (1) or more than one 
suspicious features, correlates well with the risk of malignancy

Wu et al. 2013 Taiwan 208 Increased vascularity is more likely in benign thyroid nodules

Fu et al. 2012 China 521 Not defined

Shah et al. 2010 Canada 200 Intranodular vascularity on US cannot be used to risk-stratify patients with an atypical 
FNA biopsy result or aid in determining the appropriate extent of thyroidectomy

Sebag et al. 2010 France 93 None of the individual US features allows to differentiate malignant from benign thyroid 
lesions. However, finding in US image of nodule/focal lesion one (1) or more than one 
suspicious features, correlates well with the risk of malignancy

Brunese et al. 2008 Italy 306 Fine punctuate calcifications on US were the most reliable indicators of malignancy

Stacul et al. 2007 Italy 420 US and color-Doppler US were unable to provide them an accurate characterization of 
thyroid nodules needed to select nodules for biopsy

Lyshchik et al. 2007 USA 56 In small thyroid nodules, quantitative analysis of tumor vascularity can be useful in  
differentiation between benign and malignant nodules

Tamsel et al. 2007 Turkey 134 The pattern of vascularity was not a statistically significant criterion to suggest benign or 
malignant disease in this study

Fukunari et al. 2004 Japan 310 Color Doppler examination revealed that high-velocity pulsatile blood flow penetrating the 
tumor was a characteristic finding of follicular carcinoma

Frates et al. 2003 USA 254 Solid hypervascular thyroid nodules have a higher risk of malignancy than partially cystic 
or non-hypervascular lesions. However, the color Doppler characteristics of a thyroid 
nodule cannot be used to predict or exclude malignancy confidently, and FNA or biopsy 
is needed to determine the nature of the nodule

Cerbone et al. 1999 Italy 322 A finding in US image of nodule/focal lesion of one or more suspicious features,  
correlates well with the risk of malignancy

Rago et al. 1998 Italy 104 Findings on US become highly predictive for malignancy only when multiple signs are 
simultaneously present in a thyroid nodule. Only in a small proportion of patients with 
thyroid carcinoma is US and CFD information highly predictive of malignancy

Consistency

Three studies (9,15,25) investigated the effect of nodule 
consistency on predicting thyroid malignancy. There 
were 894 solid nodules and 147 cystic nodules. Nodule 
consistency was not found to have a significant effect on 
malignancy.

Discussion

The high incidence of nodular thyroid disease and the low 
prevalence of malignancy require a diagnostic evaluation 

capable of screening the limited number of nodules that 
require surgery. Currently, a multidisciplinary approach 
based on clinical and laboratory data, ultrasonography, 
scintigraphy and FNA cytology are used, and 1 in 20 
thyroid nodules operated on are found to be malignant (3). 
It has been our experience that increased nodule vascularity 
and ill-defined borers are associated with malignancy in 
indeterminate thyroid nodules. This meta-analysis of 
published articles suggests, however, that increased vascular 
flow on Doppler sonography does not accurately predict 
thyroid nodule malignancy. Other variables such as nodule 
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size, calcifications, echogenicity, margins, and shape were 
also inaccurate for predicting thyroid nodule malignancy. 
Future studies are warranted to investigate the predictive 
role of such characteristics, including the degree of nodule 
vascularity, in diagnosing suspicious thyroid nodules as 
malignant or not.

Multiple studies (3,8,9,15-26) reviewed suggest that 
no individual ultrasound feature accurately differentiates 
benign and malignant nodules. Multiple suspicious features, 
however, do correlate with increased risk of malignancy. 

Therefore, increased vascularity can suggest increased 
risk of malignancy, especially when correlated with other 
suspicious findings, but is not itself diagnostic.

Wu et al. (16) suggested that objective quantified 
measures are required to diagnose malignancy; otherwise, 
the clinical implications of the ultrasound features are 
minor and non-diagnostic. Additionally, other studies have 
shown that malignant nodules are more likely to have 
internal vascularity while benign nodules are more likely 
to have peripheral vascularity (17,21,25). Further analysis 
is necessary to determine if specific patterns and types of 
internal or peripheral vascularity are associated with various 
thyroid malignancies. 

Assessment of the other types of characteristics seen on 
US has been suggested by some investigators to be more 
reliable for predicting malignancy. Some studies have found 
that microcalcifications may be a more reliable predictor of 
malignancy (15,20,25). Brunese et al. (20) explained that this 
is due to psammoma bodies, which are around collections of 
calcifications commonly found in tumors such as papillary 
thyroid cancer. Others suggest that smaller nodules with 
vascularity are better predictors of malignancy (21). Further 
analysis of other suspicious features of malignancy alone and 
in conjunction with one another is necessary to determine if 
they may be more accurate predictors of malignancy.

Limited publications paired with the varying sample sizes 
of these studies necessitate further documentation of these 
outcomes before comparative inferences can be drawn on 

Figure 2 Association between the absence of vascular flow and 
thyroid malignancy.

Figure 4 Association between the presence of internal vascular 
flow and thyroid malignancy.

Figure 3 Association between the presence of peripheral vascular 
flow and thyroid malignancy.
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the accuracy of predicting thyroid malignancy by evaluating 
vascularity on Doppler sonography. 

The results of this meta-analysis suggest that increased 
nodule vascularity does not accurately predict thyroid 
nodule malignancy. Therefore, ultrasound features alone 
cannot be used to avoid surgical intervention.
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