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Introduction

Sonography is the primary imaging modality used to assess 
thyroid nodules (1-3). A component of the sonographic 
assessment is high-frequency color and power Doppler 

sonography which permits dynamic evaluation of thyroid 

nodules. Color Doppler measures the velocity and direction 

of blood moving through the sampled tissue; however, 

this technique is limited by noise and is angle dependent. 
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was noted between the vascular flow patterns (P>0.05). Sample skewness showed that nodules were generally 
smaller in size with outliers of larger size on the opposite end of the spectrum.
Conclusions: Independent of nodule size the absence or presence of vascular flow is not significantly 
different between colloid nodules and PTC. Therefore, vascular flow may not be useful in distinguishing 
between colloid nodules and PTC. 
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Power Doppler measures the total amount of blood flow 
but does not provide information about direction. When 
a suspicious nodule is detected, ultrasound (US)-guided 
fine-needle aspiration (FNA) can be performed following 
the US examination, allowing immediate histopathologic 
correlation. In experienced hands, US-guided FNA is 
innocuous and accurate (4-6).

The 2015 revised guidelines of the American Thyroid 
Association state that the sonographic report of thyroid 
nodule should include “nodule size (in 3 dimensions) and 
location (e.g., right upper lobe) and a description of the 
nodule’s sonographic features including composition (solid, 
cystic proportion, or spongiform), echogenicity, margins, 
presence and type of calcifications, and shape if taller than 
wide, and vascularity.” (7). In the past, studies equated the 
presence of vascularity (vascular flow) with malignancy 
whereas the 2015 revised American Thyroid Association 
guidelines suggest (and other studies have shown) that 
the presence of vascularity is not a “robust” risk factor for 
thyroid malignancy (7-9).

In our experience, independent of nodule size, subsets 
of both FNA-proven colloid nodules and FNA-proven 
papillary thyroid carcinomas (PTCs) exhibit intranodular 
and/or perinodular vascular flow on Doppler sonography. 
Although there are data comparing vascular flow in benign 
as opposed to malignant thyroid nodules, to the best 
of our knowledge there are no reports in the literature 
specifically comparing vascular flow in cytopathologically-
proven colloid nodules and PTC, and there are no reports 
that have adjusted for nodule size. We hypothesized that 
there are no significant differences in color or power 
Doppler flow characteristics between colloid nodules and 
PTC even when making an adjustment for nodule size. 
In order to test this hypothesis, we compared the absence 
or presence of intranodular and perinodular vascular flow 
in cytopathologically-proven nodules containing colloid 
and nodules with cytopathologically-proven PTC and 
evaluated the aforementioned flow patterns after making an 
adjustment for nodule size.

Methods

The Institutional Review Board of The University of Texas 
MD Anderson Cancer Center approved this study and 
waived the requirement for informed consent. Data review 
was performed in compliance with all applicable Health 
Insurance Portability and Accountability Act regulations. 
An institutional database was retrospectively reviewed 

to identify consecutive patients with cytopathologically 
documented colloid nodules and PTC seen at our 
institution. These patients’ demographic and clinical 
characteristics and US findings were reviewed. For a 
patient to be included in the study, US-guided FNA or 
surgical resection had to show that the thyroid nodule had 
cytopathologic features consistent with a colloid nodule 
or PTC. Exclusion criteria included FNA results recorded 
as “suspicious” or “indeterminate” with lack of pathologic 
correlation from surgical biopsy or thyroidectomy. Sixteen 
colloid nodules and 34 nodules with PTC did not meet 
these criteria and were excluded. 

Color or power Doppler sonography was performed 
utilizing a high-frequency linear-array transducer (7–14 
MHz) with color and power Doppler capabilities attached 
to an alpha-10 scanner (Hitachi-Aloka, Tokyo, Japan). 
The following patterns of vascular flow on color or power 
Doppler sonography were assessed: (I) absence of vascular 
flow; (II) perinodular flow, defined as flow in >25% of the 
circumference of the nodule; (III) intranodular flow; and/
or (IV) diffuse flow, a subset of intranodular flow. From this 
group the nodules with both intranodular and perinodular 
flow were recorded a as a fifth category. 

A retrospective review of the US studies, including color 
or power Doppler studies, were conducted separately by 2 
neuroradiologists (Thinh Vu and Salmaan Ahmed), each 
with over 10 years of head and neck sonography experience, 
who were blinded to the cytologic or pathologic results. If 
there was a disagreement, then consensus results were used 
for data analyses. Interobserver variability between two 
reviewers were determined for each vascular pattern using 
Kappa statistics with 95% confidence intervals.

Patient demographics, indications for sonography, 
vascular flow patterns, and nodule size were summarized 
using frequencies, percentages, means, standard deviations 
(SD), medians, and range by disease status (PTC and 
colloid). First, Welch’s t-test was used to compare the 
nodule sizes between PTC and colloid nodules. Second, we 
performed the Fisher exact test to compare the vascular flow 
patterns between PTC and colloid without an adjustment 
for the size of the nodules. Third, the Kruskal-Wallis test 
was used to compare the nodule sizes among different 
vascular flow patterns within the colloid group and the 
PTC group separately. Fourth, to evaluate the association 
of the vascular flow patterns with nodule type, the category 
of flow patterns with the largest sample size in the total 
group of 366 nodules was used as a reference group for 
multiple logistic regression with an adjustment for nodule 
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size. Finally, Pearson’s moment of skewness was calculated 
to determine degree of symmetry of the size distribution for 
each vascular flow category. Skewness measures the extent 
to which the distribution of variables lies on any side of 
the mean of the variable. In positive skewness the mode is 
smaller than the mean and in negative skewness the mode is 
greater than the mean. All tests were two-sided and P values 
of 0.05 or less were considered statistically significant. 

Statistical analysis was carried out using SAS version 9.4 
(SAS Institute, Cary, NC, USA).

Results

Two hundred patients with colloid nodules and 166 patients 
with nodules with PTC were included in the study. A 
colloid nodule and a coincident nodule with PTC were 
present in a multinodular thyroid gland of 29 patients. As 
a result, these patients were included in both groups. The 
patient demographics, indications for US evaluation, type of 
Doppler (color vs. power) and nodular size are indicated in 
Table 1. The colloid nodule size ranged from 0.5 to 9.8 cm 
(mean, 2.3±1.5 cm) and the nodules with PTC ranged from 
0.4 to 5.9 cm (1.9±1.1 cm). Welch’s t-test showed nodules 
with PTC were significantly smaller than colloid (P<0.05).

Interobserver variability

Kappa statistics revealed almost perfect agreement in the 
assessment of absence of vascular flow (0.9, 0.85–0.96; 
kappa/95% confidence interval), perinodular (0.86, 0.81–
0.91), intranodular (0.88, 0.83–0.93) and diffuse flow (0.88, 
0.77–1). The interobserver agreement is as follows: <0 
poor; 0.01–0.20 slight; 0.21–0.40 fair; 0.41–0.60 moderate; 
0.61–080 substantial; 0.81–1.00 almost perfect. 

 

Vascular flow in colloid nodules

The 200 patients with colloid nodules included 155 women 
and 45 men ranging in age from 14 to 85 years (mean, 
55.4±14 years). Vascular flow was absent in 30 nodules 
(15%). Thirty (15%) had perinodular flow. Fifty-eight 
nodules (29%) had intranodular flow, which was diffuse in 
14 nodules (7%), and 68 (34%) had both perinodular and 
intranodular flow. The US appearance of vascular flow in 
these colloid nodules is summarized in Table 2.

Table 1 Patient demographics and indications for sonography 

Characteristic
Colloid nodule 

(n=200)
PTC  

(n=166)

Female/male ratio 155/45 118/48

Median age (SD), years 58 [14] 53 [16]

Indication for sonography

Palpable thyroid nodule 177 109

Biopsy findings of concern (OSH) 0 22

CT abnormality 13 9

PET/CT uptake 2 10

MRI abnormality 3 1

Cancer screening 0 11

HPT 3 2

Hoarseness 1 1

Neck discomfort 1 1

Power/color Doppler ratio 144/56 154/12

Nodular size

Mean ± SD (P<0.05) 2.3±1.5 1.9±1.1

Median (min, max) 1.9 (0.5, 9.8) 1.6 (0.4, 5.9)

OSH, outside hospital; CT, computed tomography; PET, positron 
emission tomography; MRI, magnetic resonance imaging; HPT, 
hyperparathyroidism; PTC, papillary thyroid carcinoma.

Table 2 Nodular vascular flow patterns and comparison with Fisher’s exact test

Flow pattern Total (N=366) Colloid (N=200) PTC (N=166) P value

No flow 68 (18.6) 30 (15.0) 38 (22.9) 0.13

Perinodular only 56 (15.3) 30 (15.0) 26 (15.7)

Intranodular only 111 (30.3) 58 (29.0) 53 (31.9)

Diffuse 20 (5.5) 14 (7.0) 6 (3.6)

Both intranodular and perinodular 111 (30.3) 68 (34.0) 43 (25.9)

Values presented as N (%). PTC, papillary thyroid carcinoma.
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Vascular flow in PTC

The 166 patients with a thyroid nodule diagnosed as PTC 
included 118 women and 48 men ranging in age from 
14 to 88 years (mean, 51.6±16 years). Vascular flow was 
absent in 38 nodules (22.9%). Twenty-six nodules (15.7%) 
had perinodular flow. Fifty-three nodules (31.9%) had 
intranodular flow, which was diffuse in 6 nodules (3.6%). 
Both perinodular and intranodular flow was present in 43 
nodules (25.9%). The US appearance of vascular flow in 
PTC is summarized in Table 2.

Comparison of vascular flow patterns without nodule size 
adjustment (Fisher exact test)

Without adjusting for nodular size, no significant difference 
was noted between the various vascular flow patterns for 
either colloid nodules or nodules with PTC (P=0.13). Table 2  
summarizes these results. 

Comparison of size and vascular flow pattern (Kruskal-
Wallis test)

The size was not significantly different among all various 
vascular flow patterns in the colloid nodule group (P=0.98). 

However, in the PTC nodule group, the group means of 
size were significantly different among some vascular flow 
patterns (P=0.0001). Tables 3 and 4 summarizes these results.

Multiple logistic regression 

Intranodular flow had a sample size of 111/366 and was 
used as the reference group for multiple logistic regression 
analysis. Only a smaller size nodule was significantly 
associated with PTC (P=0.0097). No significant difference 
was noted in the association between colloid or PTC and 
other vascular flow patterns after adjusting for nodule size 
(P>0.05) (Table 5). 

Skewness of size for each vascular flow category

Except for diffuse flow in the PTC group (−0.05), the 
nodule size showed a positively skewed distribution (mode 
less than mean value) in the remaining categories of vascular 
flow for both colloid and PTC. The skewness of size for 
each category was as follows: absence of vascular flow (1.94, 
1.97; colloid, PTC), perinodular (1.36, 1.32), intranodular 
(1.46, 0.85), both diffuse flow (1.02, −0.05), and both 
perinodular and intranodular flow (1.35, 1.36).

Table 3 Comparison of colloid nodule size among various flow patterns (Kruskal-Wallis test)

Vascular flow pattern Number Mean (cm) Std Dev Min (cm) Median (cm) Max (cm) P value

Absent 30 2.70667 2.31858 0.8 1.7 9.8 0.98

Perinodular only 30 2.16 1.20447 0.5 2.05 5.8

Intranodular only 58 2.36379 1.56078 0.6 2 7.3

Diffuse 14 2.24286 1.19016 1.1 2.05 5

Both intranodular and perinodular 68 2.16324 1.26502 0.6 1.8 6.7

Table 4 Comparison of PTC nodule size among various flow patterns (Kruskal-Wallis test)

Vascular flow pattern Number Mean (cm) Std Dev Min (cm) Median (cm) Max (cm) P value

Absent 38 1.52368 1.09061 0.5 1.15 5.4 0.0001

Perinodular only 26 1.49231 0.81237 0.4 1.35 3.8

Intranodular only 53 2.17359 1.05651 0.7 2 4.9

Diffuse 6 2.63333 1.10574 1.1 2.6 4.1

Both intranodular and perinodular 43 2.11628 1.11076 0.7 1.7 5.9

PTC, papillary thyroid carcinoma.
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Discussion

This study provides important information about the 
Doppler sonographic appearance of thyroid nodules in 
the assessment for malignancy. Our findings did support 
our hypothesis that colloid nodules would demonstrate 
vascular flow patterns similar to that of PTC both without 
an adjustment for nodular size. This was confirmed without 
an adjustment for size using the Fisher exact test and with 
an adjustment for nodular size with the Kruskal-Wallis test. 
On multiple logistic regression using intranodular flow as 
the reference group, the association of nodule type with 
other flow patterns was not significantly different from the 
association with intranodular flow only after adjusting for 
size. The only significant different finding in our study was 
that the PTC nodules were significantly smaller that colloid 
nodules.

In our study, absence of both intranodular and 
perinodular flow was more common in nodules with PTC 
(no flow in 23%) than in colloid nodules (no flow in 15%), 
but this was not significantly different (P>0.05). Even when 
adjusting for differences in nodular size, the absence of 
vascular flow was not significantly different (P>0.05). Our 
findings contrast with the findings of Holden (10) who 
evaluated 35 colloid nodules and found the majority were 
avascular. Our findings are also contrary to Gannon et al. (11) 
who evaluated 236 nodules and found absence of flow was a 
feature “most consistent with benign nodules”. In addition, 
other authors reached the conclusion that an avascular 
nodule is not likely to be malignant (12-14). Our findings 
validate that an avascular nodule can be malignant.

In our study, perinodular flow only was equally as 
common in colloid nodules (15%) as in PTC (16%), and 
this was not significantly different both without or with an 

adjusting for nodular size (P>0.05). In addition, the nodules 
that demonstrated both intranodular and perinodular 
flow were greater in the colloid group (34%) than the 
PTC group (26%). However, this was also not significantly 
different both without and with an adjustment for nodule size 
(P>0.05). These findings contradict those of other authors 
(15,16) who concluded that perinodular Doppler flow is a 
feature of benign thyroid nodules. However, our findings 
are similar to those of authors (12-14,17) who found that 
perinodular flow can be present in malignant nodules.

Intranodular flow was noted in 61% of PTC cases when 
combining those without (53/166) and with perinodular 
flow (43/166) and those with diffuse flow (6/166). This 
is consistent with previous studies in the literature that 
describe rates of intranodular flow in malignant thyroid 
nodules ranging from 6% to 74% (1,3,10,12,16-23). 
Several prior studies showed that intranodular flow was 
more common in malignant nodules (3,19,21) while others 
showed the opposite finding (15,20,24-26). The rate of 
intranodular flow in colloid nodules (70%) when compared 
with PTC (61%) in our study was higher, but not significant 
(P>0.05) and remained insignificant after adjusting for 
nodular size (P>0.05). This held true using multiple logistic 
regression with intranodular flow as the reference standard. 
We used intranodular flow as the reference standard 
because this category was the largest sample size and was in 
the middle of the range between no flow and diffuse flow 
which would reduce standard error.

Anil et al. (16) found that the presence of “chaotic 
intranodular vascularity” was an US feature of malignant 
lesions. We found that diffuse flow occurred more often 
in colloid nodules (7%) than PTC (4%). However, this 
was also not significantly different even when adjusting for 

Table 5 Summary of multiple logistic regression predicting the probability of having PTC with intranodular only as the reference group

Effect Odds ratio 95% CI P value

Vascular flow pattern 0.67 0.39–1.15 0.14

Both intranodular and perinodular vs. intranodular only 0.47 0.17–1.33 0.16

Diffuse vs. intranodular only 1.32 0.71–2.45 0.38

No flow vs. intranodular only 0.87 0.45–1.66 0.66

Perinodular only vs. intranodular only

Size

1 cm increase 0.8 0.68–0.95 0.0097

PTC, papillary thyroid carcinoma.
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nodule size (P>0.05).
To the best of our knowledge, this study is the first to 

demonstrate that the majority of cytopathologically-proven 
colloid nodules may have intranodular vascular flow, and 
the first study to adjust for nodular size and show similar 
findings. It is also the first study to show that nodules with 
colloid and PTC do not demonstrate significant differences 
in vascular flow patterns with an adjustment for size. As 
a result, we concur with the conclusion of prior studies 
suggesting that intranodular flow should not be used to 
assess the risk of thyroid malignancy (15,20,24,27-29).

In our study, 70% of colloid nodules demonstrated 
central vascular flow. The thyroid gland contains follicles 
that are lined by follicular cells and filled with colloid that 
contains thyroglobulin. In response to signals indicating 
that thyroid hormones are needed, the follicular cells 
reabsorb thyroglobulin from the colloid. Enzymes in the 
follicular cells then split thyroglobulin and release thyroxine 
and triiodothyronine into the circulation. Excessive storage 
of colloid causes the nodule to become enlarged with 
flattening of the epithelium (Figure 1). Colloid nodules 
may be single or multiple, vary considerably in size, and 
can occur as a cystic nodule or a solid nodule with regions 
of hemorrhage, necrosis, and/or calcification (30,31). 
Larger colloid nodules have been described to have internal 
vascularization within areas of follicular proliferation (32). 
Interestingly, our results showed no difference in the 
any of the vascular flow patterns and no relation to size. 
The positive skew of the size data for all flow categories 
of colloid nodules shows that the nodules in the other 
categories tended to be smaller with the larger nodules 
as outliers in our study group. This suggests that internal 
vascularization is present in smaller colloid nodules and that 

perhaps this flow can now be detected in smaller nodules 
with improved US technology (33). 

PTC is a well-differentiated tumor and the most 
common thyroid malignancy. Most cases of PTC are easily 
diagnosed with FNA and cytologic evaluation. However, 
approximately 20% of specimens are nondiagnostic because 
of a lack of or paucity of nuclear features suggestive of 
PTC. Biopsy specimens of PTC show a wide range of 
cytological findings, usually high cellularity with scant 
colloid. The epithelium of PTC is usually arranged as 
syncytial fragments. Pleomorphism with enlargement 
and crowding of the nuclei with nuclear grooves and 
intranuclear cytoplasmic inclusions is diagnostic (Figure 2) 
(34-36). Studies have correlated vascularity with malignancy 
that is related to the cellular proliferation (37,38) however, a 
study by Wienke et al. (27) did not find a similar correlation. 
Our results similar to those of Wienke et al. as there is no 
difference in the vascular flow patterns between colloid 
nodules and PTC even after an adjustment for size.

Limitations of the study include the retrospective 
review and that only cytopathologically-proven colloid 
nodules and PTC were compared. A future study could 
compare the flow characteristics of colloid nodules to 
other types of thyroid cancer including follicular thyroid 
carcinoma (39).

In conclusion this study demonstrates that both colloid 
nodules and PTC can present with intranodular and/or 
perinodular vascular flow. Contrary to prior reports in the 
literature, our study suggests that the presence or absence 
of intranodular or perinodular vascular flow may not be 
a reliably predictor of colloid nodules versus PTC. As a 
result, we advise against the use of vascularity in assessing 
the risk of PTC. 

Figure 1 Illustration of fine needle aspiration biopsy findings of a colloid nodule showing (A) (Papanicolaou stain, ×100) a fragment of 
inspissated colloid (white arrow) associated with a multinucleated foreign body giant cell (black arrow) and (B) (Papanicolaou stain, ×100) 
abundant thin watery colloid (white arrow) with few benign thyroid follicular cells (black arrow).
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