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Purpose:  To evaluate  color-Doppler  features  predictive  of focal  Hashimoto’s  thyroiditis.
Materials  and methods:  A total  of  521  patients  with  561  thyroid  nodules  that  underwent  surgeries  or gun
biopsies  were  included  in  this  study.  These  nodules  were  divided  into  three  groups:  focal  Hashimoto’s
thyroiditis  (104  nodules  in  101  patients),  benignity  other  than  focal  Hashimoto’s  thyroiditis  (73  nodules  in
70 patients),  and  malignancy  (358  nodules  in  350  patients).  On  color  Doppler  sonography,  four  vascularity
types  were determined  as: hypovascularity,  marked  internal  flow,  marked  peripheral  flow  and  focal
thyroid  inferno.  The  �2 test  was  performed  to seek  the potential  vascularity  type  with  the  predictive
ability  of  certain  thyroid  pathology.  Furthermore,  the  gray-scale  features  of  each  nodule  were  also  studied.
Results:  The  vascularity  type  I  (hypovascularity)  was  more  often  seen  in  focal  Hashimoto’s  thyroiditis
than  other  benignity  and  malignancy  (46%  vs.  20.5%  and  19%).  While  the  type  II (marked  internal  flow)
showed  the  opposite  tendency  (26.9%  [focal  Hashimoto’s  thyroiditis]  vs. 45.2%  [other  benignity]  and  52.8%
[malignancy]).  However,  type  III (marked  peripheral  flow)  was  unable  to  predict  any  thyroid  pathology.

Importantly,  type  IV  (focal  thyroid  inferno)  was  exclusive  to  focal  Hashimoto’s  thyroiditis.  All 8 type  IV
nodules  appeared  to  be solid,  hypoechoic,  and  well-defined.  Using  “focal  thyroid  inferno”  as  an  indicator
of FHT,  the  diagnostic  sensitivity  and  specificity  were  7.7%  and  100%  respectively.
Conclusions:  The  vascularity  type of “focal  thyroid  inferno”  is specific  for  focal  Hashimoto  thyroiditis.
Recognition  of  this  particular  feature  may  avoid  unnecessary  interventional  procedures  for  some  solid
hypoechoic  thyroid  nodules  suspicious  of  malignancy.
. Introduction

The widespread application of high resolution ultrasonography
US) has made tremendous of thyroid nodules detected in the gen-
ral population. In most cases, the nodules are benign and often
ncidentalomas, clinically silent and innocuous [1].  Based on the
iterature, only a small proportion (4–16%) of detected thyroid nod-
les are malignant [2–4]. Many US studies have focused on the
riteria for discrimination of malignancy from benignity by means

f both gray-scale and color-Doppler US [2–7]. However, results in
revious studies were so variable that neither an individual gray-
cale nor a color-Doppler feature had both high sensitivity and
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specificity in the detection of malignancy. This may be partially
attributable to the extensive overlap in US appearance between
benign and malignant thyroid nodules.

Several studies have reported a special form of Hashimoto’s thy-
roiditis (HT), known as focal Hashimoto’s thyroiditis (FHT), which
could appear as solitary or multiple nodules at US.  However, the
sonographic features of FHT are extremely variable. This results
in the difficulty on the differentiation of FHTs from other thy-
roid nodules, especially malignancy [8,9]. Nevertheless, efforts on
recognition of specific US features of benign nodules (including
FHT) have been achieved by few studies [10,11]. The purpose of our
study was to retrospectively evaluate the color-Doppler features
predictive of FHT.

2. Materials and methods
2.1. Patients

A total of 521 patients with 561 thyroid nodules who under-
went surgeries or gun biopsies between December 2006 and April
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011, were included in this study. In those patients who had more
han one nodule, only the nodules with histological diagnosis were
nrolled in our study. The criterion for decision of surgery was
ased on the US appearance suspicious of malignancy (micro-
alcifications, taller than wide shape, marked hypoechogenicity),
atients presenting with pressure symptoms, patient’s prefer-
nce or abnormal results of gun biopsies (malignancy, suspicious
ndings including follicular lesion, atypical and inadequate or non-
iagnostic). These nodules were divided into three groups:

One hundred and four nodules in 101 patients were FHTs. Five
patients were male and 96 were female. The mean age of patients
was 41.3 years (range: 22–68 years). Gun biopsies and surgeries
were undergone in 30 and 71 patients respectively. When FHT
and nodular hyperplasia component coexisted within an indi-
vidual nodule on histological analysis, this nodule would be only
assigned into the FHT group. The average maximum diameter of
the nodules was 15.5 ± 7.39 mm.
 Seventy-three nodules in 70 patients were benign lesions other
than FHT, including 49 nodular hyperplasias, 19 adenomatous
hyperplasias, and 5 follicular adenomas. Twenty-five patients
were male and 48 were female. The mean patient age was  48.6

ig. 1. Classification of color flow types found in thyroid nodules. (A) Type I: a 26-year-ol
 nodule compared to the adjacent thyroid parenchyma. (B) Type II: a 39-year-old woma
olitary  hypoechoic nodule (arrows) suspicious of malignancy before surgery. (C) Type III
eripheral flow within a solid hypoechoic nodule suspicious of malignancy before surg
howed  a small hypoechoic nodule measuring 4.0 mm × 3.8 mm (cursors). (D2) Color-D
hereas little or no flow within the surrounding parenchyma.
iology 81 (2012) 3319– 3325

years (range: 20–76 years). The average maximum diameter of
the nodules was 19.3 ± 12.73 mm.  All patients underwent surg-
eries with or without preceding gun biopsies.

– Three hundred and fifty-eight nodules in 350 patients were
malignancies, including papillary thyroid carcinoma (321, 89.7%),
follicular thyroid carcinoma (9, 2.5%), follicular variant of papil-
lary thyroid carcinoma (4, 1.1%), medullary thyroid carcinoma
(6, 1.7%), lymphoma (3, 0.8%), poorly differentiated carcinoma
(3, 0.8%) and metastatic thyroid carcinoma (12, 3.4%). Sixty-one
patients were male and 297 were female. The mean age was  50.2
years (range: 19–81 years). The average maximum diameter of
the nodules was  12.9 ± 11.15 mm.  All patients received surgical
treatment.

2.2. US examination

Thyroid US was  performed by a variety of equipments includ-
ing iU22 & HDI 5000 (Philips, Medical, Systems, Bothell, WA,  USA),

Antares (Siemens, AG, Munich, Germany) and Aloka Prosound SSD-
5000 (Aloka, Tokyo, Japan) with linear-array small parts probes.
US examinations were performed by seven radiologists with
more than 10 years experience of thyroid US. Gun biopsies were

d woman with FHT. Transverse color Doppler scan showed hypovascularity within
n  with FHT. Longitudinal color Doppler scan showed marked internal flow within a
: a 71-year-old woman with FHT. Longitudinal color Doppler scan showed marked
ery. (D) Type IV: a 55-year-old woman  of FHT. (D1) Longitudinal gray-scale scan
oppler scan of this nodule showed color-Doppler flow covering the entire nodule
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Table 1
The distribution of vascularity types in different groups of thyroid nodules.

Vascularity types FHT
(n = 104)

Benignity other
than FHT (n = 73)

Malignancy
(n = 358)

P value*

FHT vs. benignity
other than FHT

FHT vs.
malignancy

Benignity other than
FHT vs. malignancy

I (hypovascularity) 48 (46.2%) 15 (20.5%) 68 (19.0%) <0.001 <0.001 0.759
II  (marked internal flow) 28 (26.9%) 33 (45.2%) 189 (52.8%) 0.012 <0.001 0.237
III  (marked peripheral flow) 20 (19.2%) 25 (34.2%) 101 (28.2%) 0.069 0.069 0.069
IV  (focal inferno) 8 (7.7%) 0 (0.0%) 0 (0.0%) NA NA NA
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A, not applicable.
* An adjusted P value <0.0167 was considered statistically significant.

erformed by two radiologists (W.Q.R. and J.W.J). The time interval
as less than 2 months from the thyroid sonography examination

o thyroid surgery. Standard equipment settings dedicated to thy-
oid was used. Doppler amplification was set at a level to which
ackground thyroid tissues just did not display any noise.

.3. Image interpretation

All US images were reviewed retrospectively in consensus by
wo of the seven radiologists from the study group (X.S.F. and
.B.Z.), who were blind to the pathological results. In patients
ith multiple thyroid nodules, only the nodule(s) with pathological

esults from gun biopsy or surgery were included.
The background thyroid parenchyma was subjectively evalu-

ted to determine whether diffuse Hashimoto’s thyroiditis (DHT)
as present. The typical US appearance of DHT included decreased

chogenicity, heterogeneity, hypervascularity, presence of micron-
dules and echogenic septations.

On color-Doppler US, the vascularity types of thyroid nodules
ere determined as follows (Fig. 1):

 Type I: hypovascularity, defined as no or less flow compared to
the surrounding thyroid parenchyma.

 Type II: marked internal flow, defined as more flow compared to
the surrounding thyroid parenchyma with predominant central
distribution.

 Type III: marked peripheral flow, defined as more flow com-
pared to the surrounding thyroid parenchyma with predominant
peripheral distribution.

 Type IV: focal inferno, defined as color-Doppler flow covering the
entire nodule whereas little or no flow within the surrounding
thyroid parenchyma.

.4. Pathological evaluation

Conventional cytospray fixation of frozen intraoperative sec-
ions were performed in patients for whom radiologists gave the
eport of “malignancy cannot be excluded”.

For each of the resected and biopsied nodules, formalin-
xed and paraffin-embedded 4 �m tissue sections were used for
ematoxylin and eosin (HE) stains for histological diagnosis. The
istological diagnostic criteria of FHT were consistent with that

n the study by Mizukami et al. [12]. All histological sections of
HT nodules were reviewed by one pathologist (G.L.M.). Besides,
mmunohistochemical staining of CD31 were also performed for
wo of the 8 nodules with type IV vascularity (focal thyroid inferno).

.5. Data analysis
Statistical analysis was performed by using a SPSS 12.0 software
ackage (SPSS, Chicago, IL). The �2 tests were performed to deter-
ine whether differences of vascularity types among the three
groups (FHT, other benignity and malignancy) were statistically
significant. To further evaluate the significance of each vascular-
ity type between any two groups, an adjusted P value was  applied.
Thus, P < 0.0167 (=0.05/3) was  considered statistically significant.

3. Results

3.1. Gray scale US appearance of the three groups of thyroid
nodules

In FHT group, 57.7% (60/104) nodules occurred within normal
US backgrounds, while 42.3% (44/104) nodules had US backgrounds
of DHT. Seventy-five (72%) nodules appeared hypoechoic which
was an US feature suggestive of malignancy according to previ-
ously published guidelines for the management of thyroid nodules
[7,19],  of those, sixty-eight (65.4%) were solitary. Nineteen nodules
were isoechoic, and 10 were hyperechoic. Of all the FHT nodules,
none had microcalcification, whereas 25% (26/104) had macrocal-
cifications. Taller-than-wide shape was  also absent in this group.

In the group of benignity other than FHT, hypoechogenicity,
isoechogenicity and hyperechogenicity were present in 39 (53.4%),
21 (28.8%) and 13 (17.8%) nodules respectively. Fifteen (20%) nod-
ules had macrocalcifications. None showed microcalcifications.
Two nodules appeared to be taller-than-wide in shape.

Among 358 malignant nodules, 303 nodules (84.6%) were
hopoechoic, 50 (14.0%) nodules were isoechoic, and only 5 (1.4%)
nodules were hyperechoic. A total of 168 (49%) nodules had micro-
calcifications, while 24 nodules (6.7%) showed macrocalcifications.
And 28 nodules (7.8%) had taller-than-wide shapes.

3.2. Color-Doppler US appearance of the three groups of thyroid
nodules

The distribution of vascularity types in three groups of thyroid
nodules was  summarized in Table 1. We  found that type I vascular-
ity (hypovascularity) was  more frequently seen in FHT group than
other groups (P < 0.001). Whereas, FHT nodules had less type II vas-
cularity (marked internal flow) than other benign and malignant
nodules (P = 0.012 and P < 0.001 respectively). The three groups
showed similar percentages of type III vascularity (marked periph-
eral flow).

In addition, 8 FHT nodules showed a specific pattern of
extremely nodule-wide hypervascularity, named “focal thyroid
inferno” (type IV). In contrast, adjacent thyroid parenchyma around
those nodules usually appeared to be relatively normal vascular
on color-Doppler US (Figs. 2–4). More importantly, this particular
vascularity type was  never found in other benign and malignant
nodules. Using “focal inferno” as an indicator of FHT, the diagnos-

tic sensitivity and specificity were 7.7% and 100% respectively in
this study. Seven of them occurred within backgrounds of normal
thyroid parenchyma (Figs. 2 and 3), and only one had a DHT back-
ground (Fig. 4). All of these 8 nodules were solitary-occurring, solid
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Fig. 2. A 59-year-old euthyroid man  with FHT. (A) Longitudinal gray-scale scan showed a mild hypoechoic nodule with well-defined margin and posterior acoustic enhance-
ment. (B) Color-Doppler scan of this nodule showed nodule-wide flow (focal inferno). (C) Histological section from surgical specimen revealed local lymphocytic aggregates
accompanied with germinal centers within relatively normal-appearing background (HE, 40×). (D) Immunohistochemical staining of CD31 showed increased density of
blood  vessels within this lesion (100×).

Fig. 3. A 26-year-old euthyroid woman with FHT. (A) Longitudinal gray-scale scan showed a marked hypoechogenic nodule with well-defined margin within a sonographically
normal  background of thyroid parenchyma. (B) Color-Doppler scan of this nodule showed nodule-wide flow (focal inferno). (C) Histological section from surgical specimen
showed local lymphocytic aggregates accompanied with well-developed germinal centers within relatively normal-appearing background (HE, 400×).
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ig. 4. A 45-year-old euthyroid woman with FHT. (A) Longitudinal gray-scale scan
ackground of DHT. (B) Color-Doppler scan of this nodule showed nodule-wide flow
rom  gun biopsy revealed massive local lymphocytic aggregates and atrophic follicl

nd hypoechoic with well-defined margins. Furthermore, these 8
odules accounted for 7.7% of all 104 FHTs, and 11.7% of 68 FHTs
hich appeared solitary hypoechogenicity. One nodule was mild
ypoechoic and 7 were marked hypoechoic. Six of these 8 nodules
howed a slight distal acoustic enhancement, while 2 had no obvi-
us changes of posterior echogenicity. The maximum diameters of
he 8 nodules were: <1 cm in 2, 1–2 cm in 5 and >2 cm (2.4 cm)  in 1.
n addition, as an interesting finding, we noted that one of the 8 type
V FHT nodules experienced a dramatic transformation from mild
ypoechogenicity and marked peripheral flow to marked hypoe-
hogenicity and focal inferno during a 4-month follow-up (Fig. 5).
t the time of US examination, all of these 8 patients were euthy-
oid. Only one patient showed an elevated serum level of thyroid
ntibodies.

. Discussion

Focal Hashimoto’s thyroiditis (FHT), also known as focal lym-
hocytic thyroiditis or nodular Hashimoto’s thyroiditis, is a
ommon thyroid lesion in adult female population. In a pathologic
tudy on 146 autopsies of clinically euthyroid adult women, the
revalence of FHT was up to 22% and increased with increasing age
13]. A generally acceptable explanation of the pathogenesis of FHT
s that it is to be auto-immune in origin and of a low-grade or earlier
tage and a focal form of DHT [13,14].

In the past, the lesions of FHT were found more frequently at
utopsy because most of the involved patients were euthyroid and
linically silent [12,13]. However, this situation has been changed
ith the widespread application of high-resolution US in recent

0 years. Up to 50–67% of the general population can be detected
f solitary or multiple thyroid nodules at US. Of these, malignancy

nly takes up a quite small proportion, and the most are benign
odules including FHT [1–4,10,11].  Henceforward, some studies
ave focused on the US appearance of FHT. Unfortunately, they all
ame to a frustrating conclusion that the sonographic findings of
ed a marked hypoechoic nodule with well-defined margin within a sonographic
 inferno). The adjacent parenchyma was mild hypervascular. (C) Histological section
, 100×).

FHT lesions were extremely variable and no specific feature was
identified [8,9,14,15].

Generally, in present study, we  obtained similar results. On
gray-scale US, Hypoechoic nodules are in 84.6% (303/358) in malig-
nancy, 72% (75/104) in FHT and 54% (39/53) in benignity other than
FHT, respectively. Most FHT nodules in this study were hypoechoic,
which was a suspicious sign of malignancy according to previous
studies and association guideline [2–4,16] Langer et al. [8] reported
that most of FHT nodules appeared as hyperechoic based on the fact
that 86% (18/21) of all nodules enrolled in their study occurred in
a US background of DHT. When a nodule occurred in a background
of DHT on US, it should incline to display a higher echogenicity
compared with hypoechoic thyroid parenchyma [9].  Different from
above, in present study 58% (60/104) of all FHT nodules occurred
within a normal US background of thyroid parenchyma, in which
a FHT lesion may  be expected to show hypoechogenicity because
of focal lymphocytes infiltration [9,14].  We  emphasize that in our
study a very low percentage 9.6% (10/104) of hyperechoic FHT nod-
ules are not representative of the general population because of the
selection bias of patients mainly referred for surgery. Those who are
hyperechoic are inclined to be in observation and not included in
present study.

Whether Doppler US is useful in depiction of malignant thyroid
nodules has resulted in many controversies. In some reports, a pre-
dominantly intranodular flow is suggestive of malignancy and is
helpful in the differentiating diagnosis [2,6,17], while others con-
sider that Doppler US is not useful in distinguishing malignancy
from benignity [5,7,16]. However, most studies did not perform a
subgroup of benign nodules, and whether FHTs were included in
the group of benignity and the proportion of FHTs, if enrolled in,
were not mentioned in their study.

Up to now, only two  studies have investigated the vascularity

of FHT by means of color or power Doppler US [8,9]. A similar con-
clusion was given by above two  studies that the vascularity of FHT
were extremely variable, and there is no a “typical” US feature for
recognition of FHT.
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Fig. 5. A 33-year-old euthyroid woman  with FHT. (A) Longitudinal gray-scale scan showed a mild hypoechoic nodule with well-defined margin within a sonographical
normal  background of thyroid parenchyma. (B) Color-Doppler scan of this nodule showed predominantly peripheral flow (type III), which was  suggestive of adenomatous
hyperplasia at the time of examination. (C) Four months later, the same nodule became marked hypoechogenic with posterior acoustic enhancement on gray-scale scan.
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D)  Meanwhile, “focal inferno” appearance was observed on color-Doppler US, whic
odule was proved to be FHT by pathology (HE, 100×).

Nevertheless, some interesting results were found on color-
oppler appearance of FHT in present study. The well-known term
f “thyroid inferno” first named by Ralls et al. [18] was originally
o describe a specific color-Doppler sign of active Grave’s disease,
nd then also seen in untreated DHT [19]. On immunohistochemi-
al angiogenesis study, this finding has been linked to an increased
icrovessel density (MVD) observed in thyroid glands with Grave’s

isease and DHT [20]. Interestingly, a focal variant of “thyroid
nferno” was found in 8 FHT nodules in present study (Figs. 2–4).
urthermore, this particular vascularity type was never found in
ther benign and malignant nodules. Among the 68 solitary hypoe-
hoic FHT nodules, this color flow type has a diagnostic value with
1.7% sensitivity and 100% specificity. To our knowledge, this find-
ng has not been reported in previous study.
It was still unclear why focal thyroid inferno on Doppler US

ppeared only in parts of the FHT lesions and did not appear in
thers. In fact, not all patients with DHT show a diffuse extreme
 suspicious of malignancy at the time of second examination. (E) After surgery, the

hypervascularity so-called thyroid inferno on Doppler US [19]. This
can be explained by the assumption that the lymphocytes infil-
tration, when reached to a certain level, may  lead to activation of
thyroid angiogenesis in patients with DHT [20]. Note that all of 8
nodules with focal thyroid inferno were solitary-occurring, solid
and hypoechoic. In this way, we suggest that focal lymphocytic
infiltration may  be a positive factor that contributes to the hyper-
active angiogenesis in a focal area of thyroid which eventually give
rise to the occurrence of focal thyroid inferno. As a support to this
assumption, we found that one FHT nodule in our study experi-
enced a dramatic transformation from mild hypoechogenicity and
type III (marked peripheral flow) to marked hypoechogenicity and
type IV (focal inferno) during a 4-month follow-up (Fig. 5). Such

changes of decreased echogenicity and increased vascularity of
the nodule may  be the result of increased lymphocytic infiltrat-
ing during the interval. A solitary hypoechoic FHT lesion within a
background of normal thyroid parenchyma may  possibly represent
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 low-grade or earlier stage of DHT. Under some conditions, such a
ocal lesion may  evolve into DHT and may  have a potential possi-
ility of hypothyroidism [12,13]. In this way, a possibility that the
ow type of focal inferno could become a type of diffuse inferno 1
ay on Doppler US, cannot be excluded, though still not verified by

 long-term follow up study.
In addition to this characteristic type of hypervascularity for

HT, another impressive phenomenon is that the FHT was more
ikely to be hypovascular (46%) than that in other benign (20%) and

alignant (19%) nodules. We  did note a fact that hypovascular type
ccurred more frequently in FHT nodules with a US background of
HT than those with a background of normal thyroid parenchyma.
nder such a condition, a lesion is more inclined to show hypovas-
ularity when compared with the hypervascular parenchyma of
HT. In present study a similar percentage in nodules with marked

nternal flow type occurred in two groups of malignancy (53%) and
enignity other than FHT (45%). When FHTs are separated from
ther benign nodules, the latter has no statistic difference com-
ared with the malignant nodules in the distribution of color flow
ypes. Therefore a same conclusion that Doppler US is not useful
n distinguishing malignancy from benignity was derived from our
tudy and others [5,7,16]. Of course one fact should be noted that
hese results provided in our study will not generalize to the entire
opulation because there is a selection bias in enrolled nodules
hich underwent surgery or gun biopsy.

Several limitations need to be addressed. First, as mentioned
bove, the present study was mainly based on surgery population,
hus a bias of patient selection may  affect the results, especially
n the groups of FHT and other benign nodules. In addition, this

as a retrospectively designed study. Although digital copies of
he ultrasound images were reevaluated retrospectively in con-
ensus by two radiologists, the interobserver variability may  not be
voided. Furthermore, the uneven ability in a variety of equipments
o show the blood flow may  have underestimated the proportion
f lesions with type of focal thyroid inferno. Finally, in these eight
atients with an exclusive color type for FHT, a long term follow-up
ata including US appearance, serum levels of thyroid function and
hyroid antibodies are still lacking.

. Conclusions

In conclusion, the vascularity type of “focal inferno” on color-
oppler US was 100% specific for FHT in this study. Recognition of

his feature may  avoid unnecessary interventional procedures for
ome solid hypoechoic thyroid nodules suspicious of malignancy.
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