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Background: Fine-needle aspiration (FNA) of thyroid nodules is commonly performed, and despite the use of
ultrasound (US) guidance, the rate of non-diagnostic FNAs is still significant. The risk of malignancy of thyroid
nodules with a non-diagnostic FNA is not clearly defined. However, most studies exclude the majority of
patients without a repeat biopsy or surgery, thus increasing the likelihood of selection bias. The aims of this
study were to determine the malignancy risk in nodules with an initial non-diagnostic FNA, and to identify the
factors associated with malignancy.

Methods: This was a retrospective cohort study of patients with thyroid nodules who underwent US-guided
FNA between 2004 and 2010 and had a non-diagnostic result. Patients were followed until confirmatory
diagnosis of the nature of the nodule was made. The outcome of malignant or benign disease was based on one
of the following: (i) final surgical pathology following thyroidectomy; (ii) repeat biopsy; (iii) clinically, based
on repeat ultrasound performed at least three years following biopsy; or (iv) report of thyroid status for patients
without follow-up visits contacted by mail.

Results: There were 699 nodules from 665 patients included. The mean age was 59t 15 years, and 71.7% were
women. There was complete follow-up of 495 nodules. After a median follow-up of 2.7 years, thyroid cancer was
found in 15 nodules. The prevalence of malignancy was 3% (15/495). The presence of nodular calcifications was
the strongest predictor of thyroid malignancy (odds ratio 5.03 [confidence interval 1.8-14.7]). Initial nodule size
was inversely associated with malignancy (odds ratio 0.55 [confidence interval 0.28-0.93]). However, the 193
patients without follow-up had smaller nodules compared with those included in the analysis. None of the patients
with repeatedly non-diagnostic results were diagnosed with thyroid cancer at follow-up.

Conclusion: The prevalence of thyroid cancer in nodules with non-diagnostic results is lower than the malignancy
rate in thyroid nodules in general, but not negligible. They should be followed as per guidelines with heightened
suspicion for nodules containing calcifications. Nodules with repeatedly non-diagnostic FNA results especially in
the absence of calcifications have a low risk of malignancy and may be observed.
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Introduction (FNA) biopsy, depending on clinical and ultrasound charac-

teristics. The American Thyroid Association (ATA) guidelines

T HYROID NODULES ARE PRESENT in a significant percent of
the population. In a study including 635 volunteers who
presented for a preventive health checkup, thyroid nodules
were found by ultrasonography in 68% (1). In another study of
253 volunteers selected from a random sample of the popula-
tion in Finland, thyroid nodules were found by ultrasound in
21% (2). Moreover, the prevalence of thyroid nodules in au-
topsy studies of patients without known thyroid disease varies
between 30% and 50% (3). The evaluation of thyroid nod-
ules to exclude thyroid cancer includes fine-needle aspiration

for management of patients with thyroid nodules and differ-
entiated thyroid cancer recommend that non-diagnostic thy-
roid FNA results be followed by a repeat FNA biopsy (4). The
non-diagnostic rate for ultrasound (US)-guided FNAs varies
widely among studies, with rates as high as 47% and as low as
0.6% in studies with on-site cytology (5-7). More commonly,
however, the non-diagnostic rate usually ranges between 8%
and 20% (8-10). The risk of malignancy for non-diagnostic
thyroid nodules is not clearly defined and varies among studies
between 2% and 15% (11-13). The predictors of malignancy in
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nodules with non-diagnostic cytology are unknown. Under-
standing the risk of malignancy in nodules with non-diagnostic
cytology will help to refine the diagnostic/therapeutic strate-
gies, an aspect that is particularly important for nodules with
repeatedly non-diagnostic FNAs.

The aims of this study were to evaluate the prevalence of
thyroid cancer in nodules of patients with an initial non-
diagnostic FNA, and to identify clinical, US, and cytological
factors associated with a higher risk of malignancy in these
nodules.

Material and Methods

Patients with thyroid nodules with an initial non-diagnostic
US-guided FNA performed between 2004 and 2010 at the
Mayo Clinic (Rochester, MN) were included in this retro-
spective cohort study. The initial nodule was the index nodule
that was followed in all subsequent assessments. Thyroid
nodules with non-diagnostic FNAs were identified from a tissue
registry that captures all pathology samples from the inpatient
and outpatient setting. The exclusion criteria included: FNA not
guided by US, patients with previous history of thyroid cancer,
a non-diagnostic FNA with a previously benign biopsy of the
same nodule, and purely cystic nodules. This study was ap-
proved by the Mayo Clinic Institutional Review Board.

Fine-needle aspirates of thyroid nodules were classified as
diagnostic (including all Bethesda categories except non-
diagnostic) or non-diagnostic (10). At the Mayo Clinic, an
FNA is considered non-diagnostic when there are fewer than
the required six cell groups with =215 cells/group.

The US-guided FNA was performed by experienced
radiologists and endocrinologists, each performing >100
FNAs/year. A 25-27 gauge needle was used under US
guidance, and four to six passes were made into each nod-
ule. The sample was obtained mainly by the capillary
method (without suction). However, aspiration with suction
was performed if deemed necessary by the operator. The
slides were fixed in 95% ethyl alcohol and stained using
the Papanicolau method. The specimens were not reviewed
on-site for adequacy.

Patients were followed to assess the outcome of the index
nodule. The final diagnosis of benign versus malignant dis-
ease in the index nodule was based on one of the following:
(i) final surgical pathology following thyroidectomy; (ii) a
repeat FNA or core biopsys; (iii) clinically, based on repeat US
performed at least three years following biopsy; or (iv) pa-
tients without available follow-up information were con-
tacted by mail to ascertain their thyroid nodule outcome.
Nodules were considered benign at follow-up if they had at
least one of the following: (i) benign histology following
surgery, (ii) a benign repeat FNA or core biopsy, (iii) <20%
increase in diameter size on an US performed at least three
years after initial biopsy and absence of cervical adenopathy
(for those without definite diagnosis after biopsy or without a
repeat biopsy), or (iv) no report of thyroid cancer diagnosis
when contacted by mail after at least three years from non-
diagnostic FNA (for those with no follow-up information in
the record). Patients with non-diagnostic thyroid nodules who
died from non-thyroid cancer- related causes were included
in the analysis and were considered to have benign thyroid
nodules if no indication for malignancy existed based on the
above criteria.
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The main outcome of interest was diagnosis of thyroid
cancer in the index nodule. Several factors were analyzed for
the association with thyroid cancer diagnosis. The clinical
factors evaluated were age, sex, family history of thyroid
cancer, previous radiation to the neck, and serum thyrotropin
(TSH) levels. The US factors (based on the US report) in-
cluded initial nodule size (maximal dimension), nodule
echogenicity (for solid nodules), type of nodule (complex or
solid), presence of calcifications, and nodule vascularity. The
cytological factors according to the FNA report included
presence of colloid, presence of macrophages, absence of
cells, and bloody aspirate.

Statistical analysis

Continuous variables were expressed as means t standard
deviation (SD) when normally distributed, and as median with
interquartile range (IQR) when not normally distributed. Ca-
tegorical variables were expressed as percentages. Because a
patient could have one or more non-diagnostic nodules, de-
mographic and patient-related characteristics (age, sex, family
history of thyroid cancer, and TSH values) were reported using
patients as the unit of analysis. For nodule-specific character-
istics (US features, nodule size, and cytological factors), the
unit of analysis was non-diagnostic nodules. To evaluate the
clinical, US, or cytological factors associated with thyroid
cancer, logistic regression was performed using diagnosis of
thyroid cancer as the outcome (dependent variable). Odds ra-
tios were used to determine the magnitude of the association
between the factors and malignancy.

There was inconsistent reporting of vascularity. Therefore,
the vascularity of the nodules was reviewed by US in all the
thyroid cancer cases. A set of patients was then identified who
were matched by age and sex to the thyroid cancer patients at a
2:1 ratio, and vascularity was assessed in these nodules as
well. Conditional logistic regression was used for the matched
analysis of the association between vascularity of the nodule
and malignancy. The statistical software JMP ¢10.0.0 was
used for all analyses.

Results

There were 8430 FNAs performed in the study period
between 2004 and 2010, of which 994 (11.7%) were non-
diagnostic. Of the non-diagnostic procedures, 295 were ex-
cluded. The reasons for exclusion were previous history of
thyroid cancer, lack of US guidance, previous diagnostic
FNA, or purely cystic nodules. Therefore, a total 699 nodules
from 665 patients were included in the study.

The mean age at the time of non-diagnostic FNA was
59+ 15 years (range 12-93 years), and 72% were women
(Table 1). The proportion of solid nodules was 44.6%, and the
mean nodule size was 2.1+ 1.3cm (range 0.3—10cm). The
main pathway employed to identify the final pathology is
depicted in Figure 1. Approximately half (51%) of the nod-
ules had either a repeat biopsy or surgery, and a definitive
diagnosis was reached in 88.5% of these nodules. Forty-one
participants had died, and it was possible to ascertain that
they died from non-thyroid cancer—related causes. Therefore,
472 patients with 495 nodules (454 with follow-up infor-
mation and 41 nodules of patients with non-thyroid cancer
related deaths) were included in the analysis.
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TABLE 1. BASELINE CHARACTERISTICS
OF 665 PARTICIPANTS WITH 699
NoN-Di1AGNOsTIC THYROID NODULES

Clinical characteristics in 665 participants

Age (years), mean * SD 58.84%15
Female, % (n) 71.7% (472/665)
TSH median, IQR (mIU/L) 1.5 (0.9-2.3)

Family history of thyroid cancer, % (n)
Previous neck radiation, % (n) 7.4% (30/403)
Multiple nodules, % (n) 79.8% (507/635)

Ultrasound characteristics of 699 nodules

3.4% (20/590)

Solid, % (n) 44.6 (311)
Size (cm), mean + SD 2.1+1.3
Hypoechogenicity, % (n) 67.5 (335/496)*
Calcifications, % (n) 18 (128)

“Echogenicity was assessed for fully solid nodules.
SD, standard deviation; TSH, thyrotropin; IQR, interquartile range.

There were 193 patients (204 nodules) without follow-up
information available, and they had a similar sex distribu-
tion, family history of thyroid cancer, previous history of
neck radiation, and nodule type distribution (complex vs.
solid) as the rest of the cohort (data not shown). However,
patients without follow-up were on average three years younger
(Mg =56.7 years [confidence interval (CI) 54.3-58.9]) com-
pared with 59.9 years [CI 58.6-61.1] in those with follow-up
(p=0.01)], and they had a lower serum TSH level at baseline
(median 1.25 TU/L, IQR 0.7-2, compared with 1.5 TU/L, IQR
0.9-2.4 in those with follow-up; p=0.002). Patients without
follow-up had smaller nodules compared with those with
available follow-up (M=1.8cm [CI 1.6-1.9] vs. 2.2cm [CI
2.1-2.3]; p<0.0001).

A repeat FNA was performed in 276 nodules, and their
outcomes are described in Figure 2. There were 53 patients
with 53 nodules with a repeat non-diagnostic FNA at follow-
up. None of these 53 patients were diagnosed with thyroid
cancer: 22/53 (41.5%) were considered benign after a second
or third repeat biopsy or surgery, 5/53 had nodules stable in

FIG. 1. Follow-up of 699
non-diagnostic nodules.
*Considered benign at
follow-up. **If surgery or a
repeat diagnostic biopsy was
available, not included in the
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size by US at least three years after presentation, 15/53 had no
diagnosis of cancer when contacted by mail, and 2/53 had
died from a non-thyroid cancer-related cause. Only 9/53
(17%) had no follow-up information available.

Thyroid cancer

After a median follow-up of 2.7 years (IQR 0.09-5.9
years), 15/495 (35) thyroid nodules with an initial non-
diagnostic FNA were found to be malignant. The diagnosis of
thyroid cancer was confirmed by histology in all; 13/15 were
papillary thyroid cancer (PTC), 1/15 had follicular thyroid
cancer, and 1/15 had medullary thyroid cancer. In the PTC
group, 5/13 (38%) were microcarcinomas (<1 cm), and 3/13
(23%) were cystic PTC (Fig. 3). All five microcarcinomas
were identified in the index nodule (median nodule size 0.7 cm;
range 0.5-0.9 cm). Eight (61.5%) PTC cases were classified as
Stage I, and the other five (38.5%) were Stage III at time of
diagnosis. The follicular thyroid cancer was a 2.8 cm solid
nodule, also Stage I at diagnosis. The patient with a non-
diagnostic FNA later diagnosed with medullary thyroid cancer
after thyroidectomy presented with a 4.3 cm nodule found in-
cidentally by magnetic resonance imaging. The patient also
had an abnormal-appearing 1.4 cm lymph node ipsilateral to
the thyroid nodule. While the FNA of the thyroid nodule was
non-diagnostic, the FNA of the lymph node obtained during
the same procedure showed neoplastic cells. After a mean +
SD follow-up of 62.2 years since thyroid cancer diagnosis,
none of these 15 patients had evidence of recurrence.

Factors associated with thyroid cancer

In univariate analysis, the clinical and US factors associ-
ated with thyroid cancer were initial nodule size and the
presence of calcifications (Table 2). When age was analyzed,
it was found to be significantly different between patients
with benign and malignant nodules. Patients with thyroid
cancer were a median of 12 years younger than patients with
benign nodules when each nodule (n=495) was considered

699
non-diagnostic
nodules

(665 patients)

ultrasound category.
***Patients with thyroid
surgery, a repeat diagnostic
biopsy or <20% growth by Surgery Repeat Biopsy Follow up (fu) Contacted by Non-thyroid
ultrasound (US) =3 years Ultrasound** Mail***§ cancer deaths
were not contacted by mail. ALk 440 56 300 a1
tForty-one patients with a
repeat biopsy that was non-
diagnostic or suspicious for
follicular neoplasm and 15 199* Benign »5112‘09;6 3yrs fug
. . < rowt
patients with a follow-up US 103* Benign P g 06* responses
<3 years or with >20% diagnostic gﬁ%ﬁayrs\mﬁ > (nothyroid
15C gro cancer per
grOWth were Contacted by s 3 Suspicious patient reppnrt]
mail. for follicular 11<3yrsfu
neoplasm 204 nofollow
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FIG. 2. Outcomes of re-
peated FNA of 276 initially
non-diagnostic biopsies.
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independently (p=0.04). When the analysis focused on pa-
tients (n=472), independent of the number of nodules per
patient, there was still a strong trend for younger age pre-
dicting malignancy, but the difference was not statistically
significant (p=0.07). Other clinical factors such as sex
(p=0.5), family history of thyroid cancer (p=0.52), and

FIG. 3. Ultrasound image of a cystic papillary thyroid
cancer with an initial non-diagnostic fine-needle aspiration.

neoplasm; PTC, papillary
thyroid cancer; MTC, med-
ullary thyroid cancer. *179
were FNA and 24 were core
biopsies.

serum TSH level (p=0.69) were not associated with a di-
agnosis of thyroid cancer, and the results were similar, irre-
spective of the analysis modality employed.

Larger nodules were associated with a lower risk of thyroid
cancer diagnosis (OR 0.55 [CI 0.28-0.93]), and the presence of
calcifications in the non-diagnostic nodule was associated with
a higher risk of thyroid cancer (OR 5.03 [CI 1.76-14.73]).
However, nodule type (complex vs. solid) and echogenicity
were not associated with thyroid malignancy risk.

In the matched analysis for vascularity, each thyroid can-
cer patient was matched by age and sex (matched ratio 1:2),
with a “‘control”” nodule considered benign at follow-up.
Increased vascularity was not associated with higher risk
of thyroid cancer (p=0.69).

None of the cytological factors evaluated—presence of
colloid, acellular aspirate (p =0.4), bloody aspirate (p=0.6),
and presence of macrophages (p=0.47)—was associated
with a thyroid cancer diagnosis. None of the nodules with
confirmed malignancy was reported to have significant col-
loid in the initial non-diagnostic sample, whereas 11.3% (54/
479) of the nodules considered benign at follow-up had
abundant colloid in the initial FNA sample. However, this
difference was not statistically significant (p=0.39).

Discussion

This study evaluated the risk of malignancy in thyroid
nodules with an initial non-diagnostic FNA and the factors
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TABLE 2. CLINICAL AND RADIOLOGICAL FEATURES IN PATIENTS WITH NON-DiaGNosTIC THYROID NODULES®

Factors Malignant nodules (n=15)  Benign nodules (n=480) OR [CI] p
Clinical factors based on 472 patients
Age (years) 49 (39-67) 61 (52.3-70.2) 0.97 [0.94-1] 0.07

Sex (male)

Family history of thyroid cancer
History of neck radiation

TSH (mIU/L) 1.4 (0.6-2.3)

Ultrasound and pathology factors based on 495 nodules
Initial nodule size (cm) 1.2 (0.8-2.3)
Solid nodule 73.3% (11/15)
Hypoechogenicity® 27.3% (3/11)
Presence of calcifications 53.3% (8/15)
Increased vascularity® 53.3% (8/15)
Presence of colloid 0 (0/15)
Presence of macrophages 26.7% (4/15)
Acellular aspirate 6.7% (1/15)
Bloody aspirate 0 (0/15)

35.7% (5/14)
16.7% (2/12)
0

27.5% (126/458) 0.5 [0.03-3.15] 0.50
3.4% (14/416) 4.79 [0.7-19.9] 0.52
7.4% (21/281) 0.19

1.5 (0.9-2.4) 0.89 [0.39-1.27] 0.69
1.95 (1.2-2.9) 0.55 [0.28-0.93] 0.02

50.7% (221/436) 2.67 [0.9-9.77] 0.08

33.8% (75/222) 1.81 [0.56-8.0] 0.34

18.5% (80/432) 5.03 [1.76-14.73] <0.01

66.7% (20/30) 1.33 [0.71-1.40] 0.69

11.3% (54/479) 0.39
19% (91/479) 1.55 [0.42-4.65] 0.47
2.5% (12/478) 2.8 [0.15-15.7] 0.40

7% (34/479) 0.61

Continuous variables are presented as median with IQR, and categorical variables as percentage (n). Statistically significant values are

shown in bold.
4Only 472 patients with 495 nodules included in the analysis.
®Echogenicity was assessed for fully solid nodules.

“Vascularity was assessed in all 15 cancers and 30 controls matched by age and sex at a 1:2 ratio.

OR, odds ratio; CI, confidence interval.

associated with cancer. The prevalence of thyroid cancer was
3% (15/495) for nodules with an initial non-diagnostic FNA.
Smaller nodule size and presence of calcifications were as-
sociated with a higher risk of thyroid cancer.

Several studies report rates of malignancy in non-diagnostic
nodules between 10% and 15% (13-15), a rate significantly
higher than what would be expected for thyroid nodules in
general. However, most of these studies are at high risk of
selection bias. Some of them estimate the risk of malignancy
based only on results of patients who undergo surgery (10,15).
In a meta-analysis to assess the risk of malignancy of thyroid
nodules classified according to the Bethesda categories based
on histology follow-up, only 16% of patients with a non-
diagnostic FNA had histological follow-up to assess malig-
nancy risk (10). Other studies estimate the malignancy risk
based on patients with a repeat diagnostic FNA or histology
(13,14). Close to 50% or more patients with non-diagnostic
FNAs included in the aforementioned studies (13,14) did not
have a repeat FNA or surgery, and were not included in the
assessment of malignancy risk. Therefore, it is likely that
the risk of thyroid cancer in thyroid nodules with a non-
diagnostic FNA is overestimated.

We tried to overcome this selection bias by including pa-
tients with clinical follow-up, even if they did not have pa-
thology confirmation of a benign nodule. By doing this,
certain nodules might be misclassified as ‘‘benign’” when in
fact they might harbor indolent thyroid cancer. However,
given the lack of growth and/or clinical diagnosis of thyroid
cancer over three or more years, those lesions were consid-
ered to be very unlikely to represent ‘‘clinically significant
cancers.”” A prevalence rate of 3% was found for thyroid
cancer, which is lower than the estimated prevalence of
malignancy in thyroid nodules in general (between 4% and
6.5%) (16-18). Hryhorczuk et al. reported a similar preva-
lence of thyroid malignancy: 2% (5/256) in nodules with a
non-diagnostic cytology (12). In this study, patients with re-
peat FNA and those without a repeat biopsy but with clinical

and imaging follow-up were included. Therefore, the results
are comparable to those in the present study.

The 2015 ATA management guidelines for adult pa-
tients with thyroid nodules and differentiated thyroid can-
cer recommend a repeat FNA for all thyroid nodules with
non-diagnostic cytology (4). This is a reasonable approach,
although based on the present results, observation without the
need for repeat FNA could be considered in selected patients
without clinical or sonographic risk factors. However, the
clinical or US factors that increase or decrease the risk for
malignancy in thyroid nodules with non-diagnostic cytology
have not been clearly defined. It can be presumed that the US
features associated with high risk for malignancy in thyroid
nodules in general (taller than wide, presence of micro-
calcifications, increased vascularity, hypoechogenicity, and
irregular margins) are also associated with malignancy in
non-diagnostic nodules.

This study found the presence of calcifications to be the
strongest predictor for malignancy. Additionally, a smaller
nodule size was statistically significantly associated with a
higher risk of malignancy. This might be explained by dif-
ferential loss to follow-up. No follow-up information was
available for 30% (204/699) of the nodules identified. It is
known that these patients had smaller nodules compared with
those included in the analysis. Very likely, these individuals
had no evidence of thyroid cancer over the years, this being
the reason for the lack of re-evaluation of their thyroid. If that
is correct, nodule size may not have been found to be a sig-
nificant risk factor for malignancy if their data had been
available for analysis. Furthermore, there is conflicting evi-
dence on the association between nodule size and cancer risk.
Larger nodule size has been associated with malignancy in
some studies (19,20). A study of 7348 nodules found that risk
of malignancy was higher in nodules 22 cm compared with
nodules 1-1.9 cm. However, there was no graded increase in
malignancy risk for nodules >2 cm in size (20). In contrast,
other studies have not found an association between nodule
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size and cancer risk (18,21), including a study of 3013
patients with thyroid nodules that ranged in size between 0.5
and >4cm (21). Moreover, none of these studies found
smaller nodules to be at higher risk of malignancy. Therefore,
it is hypothesized that the smaller nodule size association
with thyroid cancer in the present cohort was related to the
differential loss to follow-up.

Some studies suggest that younger age is a risk factor for
thyroid cancer in thyroid nodules in general, and the risk
seems to be higher for individuals <30 years of age (22,23).
The present study found that patients with thyroid cancer
were, on average, 12 years younger than those without can-
cer. However, this trend did not reach statistical significance.
Moreover, only 4% of the patients included were <30 years of
age, which may explain the lack of statistical association
between age and thyroid cancer in this study.

There is uncertainty about the best diagnostic-therapeutic
approach of nodules with repeatedly non-diagnostic FNAs.
There are discrepant reports on the risk of thyroid malignancy
(15,24). Moon et al. (24) found that suspicious US features,
if present, were associated with a higher malignancy rate in
nodules with two consecutive non-diagnostic FNAs. In the
current study, it was not possible to compare US features and
malignancy rates among patients with multiple non-diagnostic
FNAs, given that none of the repeatedly non-diagnostic nodules
were found to be malignant at follow-up. The results imply that
the risk of malignancy on these nodules may not be as high as
previously reported (24), and surgery might not be necessary in
most patients.

Strengths and limitations

One of the strengths of this study is the large sample size
of non-diagnostic nodules identified. Additionally, follow-up
information was available on patients who did not have a
repeat diagnostic FNA or surgery. Therefore, more than two-
thirds of the initial sample was included in the analysis. With
this approach, the risk of selection bias was reduced, and
estimates of malignancy risk are provided that can be applied
in clinical practice.

However, it is important to consider that this is not a
population-based study, and the results of the study need to be
interpreted and applied in the appropriate context. The Mayo
Clinic is a tertiary referral center, the FNAs are performed by
experienced radiologists and endocrinologists, and the cyto-
logy slides are interpreted by experienced cytopathologists.

Given the large sample size and the retrospective nature of
this study, interobserver variability of reported US features
and variability on adequacy determination of FNA specimens
was not assessed. Furthermore, the number of events was low
(15 thyroid malignancies at follow-up). Because of this, it was
only possible to do univariate analysis, and no adjustment was
made for potential confounders to avoid overfitting the model.
Given the low number of events, it is possible that other
predictors of malignancy such as increased vascularity or
echogenicity were not found due to lack of statistical power.

The 2015 ATA management guidelines for adult patients
with thyroid nodules and differentiated thyroid cancer con-
sider growth of a nodule to be significant if there is >20%
increase in diameter size in addition to at least a 2mm in-
crease in size in at least two dimensions. This study used
a similar cutoff for nodule growth. However, because the
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nodules size was taken from US reports and all three nodule
dimensions are inconsistently reported, it was only possible
to confirm that the nodules that increased in size by >20% in
diameter had also increased in size by at least 2 mm in one
dimension. Therefore, some nodules could potentially have
been misclassified as having significant growth instead of a
stable size if the complete definition of nodule growth ac-
cording to ATA guidelines had been used.

In conclusion, the rate of thyroid malignancy in thyroid
nodules with a non-diagnostic cytology is low. Moreover, the
rate of malignancy in thyroid nodules with repeatedly non-
diagnostic cytology seems to be even lower. However, the
presence of calcifications in the nodule by US indicates a
higher risk of malignancy and should prompt the clinician to
evaluate the nodule further with repeat FNA.
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