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Abstract
Objective: This study aims to analyze the diagnostic utility of multiple repeat FNA on thyroid nodules with initially 
benign diagnosis.

Methods: In a 5-year period, 1658 thyroid nodules with initially benign FNAs were retrospectively reviewed and 
followed for subsequent resection and repeat biopsy.

Results: Out of 2150 thyroid nodules, 1658 (77.1%) were diagnosed as benign on FNAs. The average age at diagnosis 
was 57.4 years (range: 11–93 years), and most were females (83.8%). Repeat FNA was performed on 183 benign 
nodules, of which 141 (8.5%) were sampled a second time and 42 (2.5%) had two or more repeat samplings. For the 
benign nodules without repeat FNAs, 124 had benign resection. Of cases with one-time repeat FNA, most (n = 101) 
remained benign on repeat FNAs, 13 of which were benign on resection. Eleven had atypical repeat FNAs, five were 
resected, four of which were benign and one was atypical follicular neoplasm with HRAS and TERT promoter mutations. 
Of cases with multiple repeat FNA, most (n = 35) were still benign on repeat FNAs, one had benign resection. Two had 
atypical repeat biopsies, one was PTC on resection with CCD6::RET fusion. The positive predictive value significantly 
decreased from 41.1% on single FNA to 8.3% on one-time repeat (P < 0.001) and 16.7% on multiple repeat (P = 0.002). 
The total cost for the work-up of previously benign nodules was $285,454.

Conclusions: Repeat FNA biopsies did not provide an additional diagnostic value in the evaluation of benign thyroid 
nodules, and often led to unwarranted follow-up procedures and significantly increased health-care cost.
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Introduction
Fine needle aspiration cytology (FNA) is widely accepted 
as the most accurate and cost-effective diagnostic 
procedure in the assessment of thyroid nodules. The 
Bethesda System outlines the diagnostic categories for 
thyroid nodules, along with recommended follow-up 
management based on risk of malignancy (1). A large 
majority (65–75%) of thyroid nodules are benign (2); 

however, several studies have confirmed a minor yet 
nonnegligible 1–10% risk of a false-negative cytologic 
diagnosis (2, 3, 4). This is the main basis for the 
continued follow-up of cytologically benign nodules. 
Although there is a clear algorithm following atypical 
and higher Bethesda categories, there is no consensus  
on the optimal regimen for benign thyroid nodules.  
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Clinical practices have ranged from ultrasound 
monitoring to repeat FNA. Flanagan et  al. studied  
70 patients with two or more repeat FNA after an 
initial benign result and then subsequently underwent 
surgical management (5). The repeat FNA was able to 
identify malignancy in 2 out of 70 patients, while 7 of 
17 indeterminate repeat FNA results had malignant  
final pathology diagnosis. They concluded that the  
use of one repeat FNA increased the sensitivity for 
malignancy from 81.7% to 90.4% and decreased  
the false-negative rate from 17.1% to 11.4%. With more 
than one repeat FNA, there was no improvement in 
performance characteristics. Another study showed 
that repeating FNA did not decrease the rate of benign 
cytology reports and the agreement between first 
and second FNA was significantly high (6). About 15% 
of their patients with benign first and second FNAs 
had a resection pathology of a thyroid malignancy, 
and 14% had incidental microcarcinoma, both rates 
were similar to benign nodules with single FNA. The 
combined recommendation for these studies was to 
follow up initially benign nodule with ultrasound  
risk stratification and overall clinical picture, which  
may be more beneficial than a repeat FNA.

The present study aims to establish the diagnostic  
value and cost-benefit utility of repeat FNA on benign 
thyroid nodules by evaluating a large sample size  
of thyroid nodules.

Materials and methods

Selection of cases
All thyroid FNAs performed at the University of  
Chicago within a 5-year period were retrospectively 
reviewed. All cases with benign FNAs were included 
and followed for up to 5 years for any subsequent  
repeat FNA. Clinical follow-up of thyroid nodules 
with repeat FNAs was obtained from the electronic 
medical record. Imaging analysis (MRI, CT scan, and/
or ultrasound) was reviewed along with clinical 
examination to ensure that the same nodule was 
sampled. If resected, the status of the final nodule  
(benign versus nonbenign) was recorded, as well as  
the presence of incidental papillary thyroid 
microcarcinoma (PTmC) in the background. The  
presence of incidental PTmC was considered under 
‘benign’ on resection as this area may not have been 
sampled during the FNA procedure. Molecular analysis,  
if performed, was documented. There was no 
noninvasive follicular thyroid neoplasm with  
papillary-like nuclear features (NIFTP) identified in  
this cohort. The study was approved by the University  
of Chicago Institutional Review Board (IRB22-1207).

The cytologic diagnosis of all thyroid nodules was 
performed by an experienced cytopathologist. Benign 
and atypical diagnoses was made based on the  

diagnostic criteria stated in the Bethesda  
System 2009 (1).

Institutional criteria for thyroid nodule FNA
The institutional criteria for a repeat FNA are  
based on the 2015 American Thyroid Association (ATA) 
guidelines, which combine sonographic patterns and 
size of nodule (7). If the sonographic pattern is benign, 
no repeat FNA should be considered. When there  
is very low suspicion of possible thyroid malignancy 
based on sonographic patterns, FNA will be  
done if the nodule measures 2 cm or larger, but 
observation may also be an alternative option. 
When there is low suspicion of malignancy, FNA is 
recommended if the nodule is at least 1.5 cm in size, 
and when there is intermediate to high suspicion,  
FNA must be performed if the nodule size is at  
least 1 cm. Suspicion of malignancy is based on 
the presence of any of the following sonographic  
features: solid, hypoechoic nodule, irregular margins 
(infiltrative, microlobulated), microcalcifications,  
taller than wide shape, rim calcifications with small 
extrusive soft tissue component, and evidence 
of extrathyroidal extension. The presence of 
microcalcifications, rim calcifications, and/or irregular 
margins makes the nodule high suspicion.

Statistical analysis
Statistical analysis was performed using IBM SPSS 
version 29. Cohen’s kappa was computed to assess 
agreement between initial and repeat FNA results. 
Positive (PPV) and negative predictive values (NPV)  
were calculated based on resection results (incidental 
PTmC was considered benign) and compared  
using one-way ANOVA with Bonferroni correction 
for multiple testing. P values less than 0.05 were  
considered statistically significant. Cost analysis was 
performed using third-party payer estimation.

Results

A total of 2150 thyroid nodules underwent FNA from 
January 1, 2016, to December 30, 2020, the large  
majority of which (n = 1658, 77.1%) were benign (Fig. 1).  
All 1658 benign thyroid nodules from 1290 patients 
were followed for subsequent biopsy and/or resection. 
The average age at initial biopsy was 57.4 years  
(range 11–93 years) and most were females (n = 1388, 
83.8%). Out of the 1658 thyroid nodules with benign 
FNAs, most cases (n = 1474, 88.9%) did not have a 
subsequent FNA after an average follow-up period  
of 48.9 months (range 0.1–262.2). A large majority 
of these single FNAs (n = 1350/1474, 91.6%) were  
monitored clinically and radiologically. A subset of 



Figure 1

Diagram of the subsequent fine needle aspiration cytology and resection diagnosis of benign thyroid nodules followed in a 5-year period.
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cases was resected (n = 124/1474; 8.4%). All nodules  
of interest were benign, and 14 (0.9%) had incidental 
PTmC, which ranged in size from <0.01 cm to 0.6 cm 
(average of 0.3 cm). Table 1 summarizes the clinical and 
follow-up information of these nodules. The incidence 
rate of a nonbenign final diagnosis in these nodules  
with single FNA was 0% (Table 2).

A minority of initially benign thyroid nodules  
(n = 183, 11%) underwent repeat FNAs, 141 (8.5%) of 
which had one repeat FNA and 42 (2.5%) of which 
had more than one repeat FNAs. The one-time  
repeat FNA performed on 141 initially benign thyroid 
nodules was prompted by nodule enlargement (n = 63), 
worrisome change in ultrasonographic morphology 
(n = 12), or as routine follow up (n = 66) (Table 2).  
Nodule enlargement of at least 0.2 cm in any dimension 
was an indication for repeat sampling, and the  
median size difference from original to repeat  
ultrasound was 0.6 cm (range: 0.2–0.5 cm). The 
average interval between the initial and repeat FNAs  
was 28.6 months (range: 0.1–60.0). Out of these 141 
benign nodules with second FNAs, 101 (71.6%) remained 
to be benign (Cohen’s kappa 0.7; Fig. 2). Thirteen of 
these repeat benign nodules had subsequent resection. 
All nodules of interest were benign, and one revealed 
incidental PTmC (0.1 cm). Eleven (7.8%) nodules were 
atypical on the second FNA, 5 of which underwent  
resection. Four nodules had benign resection pathology 
(of which one had two incidental PTmCs, measuring 
0.1 and 0.8 cm), and one nodule was diagnosed as a 
noninvasive atypical follicular neoplasm with HRAS 
(Q61R) and TERT promoter (c.-124C>T) mutations  
(Fig. 3). The incidence rate of a nonbenign final  
diagnosis in these nodules with one-time repeat FNA 
was 0.7% (Table 2).

A small subset of benign thyroid nodules underwent 
two or more repeat FNAs (n = 42, 2.5%). Most nodules 
(n = 31) had two repeat FNAs, nine had three repeat 
sampling, and two nodules were sampled repeatedly 
four times. Multiple repeat FNAs were performed  

due to increase in size of the nodules (n = 24), change in 
imaging morphology (n = 4), as part of routine follow-up 
(n = 12), or per patient request (n = 2). The median 
increase in size of nodules was 0.7 cm (range: 0.2–2.1).  
The average interval between repeat samplings  
was 52.9 months (range: 0.3–60.0). Most (n = 35, 83.3%) 
were still benign on all subsequent FNAs (Cohen’s 
kappa 0.8; Fig. 3). One was resected and had a benign 
final diagnosis. Two were atypical on repeat FNA. 
One was resected, showed a CCDC6::RET fusion on  
molecular analysis of FFPE tissue, and was diagnosed 
as papillary thyroid carcinoma (Fig. 3). The malignancy 
rate for multiple repeat benign thyroid FNA  
was 2.4% (Table 2).

The rate of atypical FNA diagnosis in clinically and/
or histologically benign thyroid nodules were 90.9% 
and 83.3% in one-time (total of two benign thyroid 
FNA diagnoses) and multiple repeat FNAs (total of  
more than two benign thyroid FNA diagnoses), 
respectively. The negative predictive value (NPV) 
of thyroid FNA remained at 100% on one-time and  
multiple repeat biopsy, similar to the 100% NPV  
of single benign FNA (P = 1.000). The positive predictive 
value (PPV) significantly decreased from 41.1%  
on single FNA to 8.3% on one-time (P < 0.001) and 16.7 
on multiple repeat biopsies (P = 0.002). The relative  
risk (RR) of getting a benign resection diagnosis after 
a benign FNA did not differ significantly (P = 0.495) 
between single and repeat biopsies. Similarly, the 
RR difference between one-time and multiple repeat  
FNAs also did not have a statistical significance (P = 0.347).

With the average cost for FNA being $349, the total 
cost for repeat FNAs was $63,867 (Table 3). The cost 
of molecular testing was $3808 per specimen and 
resulted in a total cost of $30,464. The cost analysis 
of a false-negative resulting in a thyroidectomy  
resulted in an average of $9101 per case with an 
upper limit of $20,818 given major complications or 
comorbidities. This resulted in a conservative surgical 
cost estimate of $154,719 for the diagnostic lobectomies 
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that resulted in benign nodules, and $36,404 of surgical 
costs based on malignant nodules. The total cost for the 
work-up of previously benign nodules was $285,454 to 
identify one PTC and one atypical follicular nodule.

Discussion

The increasing use and sensitivity of imaging  
modalities have led to a dramatic increase in the 
detection of thyroid nodules. Historically, the incidence 
of palpable thyroid nodules was approximately 
4–7% (8), while in recent years, the incidence rate  
of thyroid nodules ranges from 19% to 68% using high 
sensitivity imaging such as high frequency ultrasound 
examination (3, 9, 10, 11). Most of these thyroid nodules 
were in women and elderly, commonly detected 
incidentally during work up for other conditions 
(3, 11, 12, 13). In this study, we specifically followed 
benign thyroid nodules and determined the incidence  
rate of repeat FNA, the result of subsequent FNAs and 
resection diagnoses. After evaluating over 1600 thyroid 
nodules, our results showed that most benign thyroid 
nodules did not undergo repeat biopsy sampling. 
However, 11% of benign thyroid nodules underwent 
repeat FNAs, of which 23% had multiple (i.e. more 
than two) repeat samplings. Excluding incidental  
PTmCs in the background thyroid, only one carcinoma 
and one atypical follicular neoplasm were identified 
(representing a nonbenign incidence rate of <0.1%  
of all 1658 nodules and 1% of 183 nodules with repeat 
FNA). Although the nonbenign rate increased from 
0% (in cases with single benign FNA) to 0.7% and 2.4% 
in one-time and multiple repeat FNAs, respectively, 
this malignancy rate remains within the expected 
malignancy risk following a benign FNA result, which 
ranges from 0% to 3% (14).

Most of the repeat samplings of benign thyroid  
nodules in the present cohort were due to increase 
in nodule size. The institutional criterion for  
recommending repeat biopsy was an increase in  
size of at least 0.2 cm in any dimension. The thyroid 
nodules with repeat FNA due to enlargement had a 
median increase in size of 0.6 cm (range: 0.2–5.0 cm) 

Figure 2

Bar graph of the subsequent fine needle aspiration (FNA) of initially 
benign thyroid FNA. This figure shows the proportion of subsequent 
thyroid FNA diagnosis in patients with one repeat FNA and those with 2 
or more repeat FNAs. Out of the 141 benign nodules with second FNAs, 
101 (71.6%) remained to be benign and 11 (7.8%) nodules were atypical 
(Cohen’s kappa 0.7). Out of the 42 nodules with two or more repeat 
benign FNAs, 35 (83.3%) were still benign and 2 (4.8%) had atypical 
cytology (Cohen’s kappa 0.8).

Figure 3

Bar graph of the resection diagnosis of initially benign thyroid nodules 
based on the number of repeat thyroid FNA. This figure shows the 
resection diagnosis of thyroid nodules with single benign FNA, one 
repeat benign FNA, and 2 or more benign FNA. Out of the 1474 
nodules with single benign FNAC, 124 were resected and all were 
benign (14 with incidental papillary thyroid microcarcinoma, PTmC). 
Out of the 141 benign nodules with second FNAs, 13 with second 
benign FNA all had subsequent benign resection diagnosis (one 
incidental PTmC), while 4 of 5 resected nodules with atypical second 
FNA had benign nodules on resection, and one was a noninvasive 
atypical follicular neoplasm. Out of the 42 benign nodules with 
multiple repeat biopsies, one with multiple benign FNAs was still 
benign on resection, while one of those with final atypical FNA was 
papillary thyroid carcinoma on resection.

Table 3 Cost analysis of thyroid nodule FNA.

Description Number Cost Subtotal cost

FNA repeat $63,867
 One-time 141 $49,209
 Multiple 42 $14,658
Underwent molecular 8 $30,464 $30,464
Underwent DL and $191,123
 Benign 17 $154,719
 Malignant 4 $36,404
Total cost $285,454

DL, diagnostic lobectomy; PFNA, fine needle aspiration.
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and 0.7 cm (range: 0.2–2.1 cm) for one-time and multiple 
repeat sampling, respectively. In 2015, the American 
Thyroid Association (ATA) guidelines recommend 
that nodules with high-risk ultrasound characteristics  
should undergo repeat ultrasound and FNA within 12 
months (7). Thyroid nodules with low to intermediate 
risk on ultrasound patterns must have repeat  
ultrasound in 12–24 months and repeat FNA if  
there is more than 50% increase in nodule volume. 
Nodules with very low risk ultrasound features  
do not require any follow-up but may be considered 
only after 24 months of initial detection. A study by 
Mohammadi et  al. on 733 benign thyroid nodules 
revealed that 35% of these nodules unnecessarily 
underwent repeat FNA when applying the 2015 ATA 
criteria (15). While the malignancy rate in their study 
is comparable to the present cohort (1.2% vs 1.0%), the 
performance of repeat FNA was lower in the present 
study (183/1658, 11.0%), revealing a wide range of  
variation in the application of the ATA criteria  
for follow up. A study by Ajmal et  al. showed that the  
rate of repeat FNA of initially benign thyroid nodules 
was 41.3% in their cohort, over a median follow-up time 
of 3 years (16). Most of these nodules were repeatedly 
sampled due to increase in size (mean increase of  
7 mm); however, they found no significant difference 
in the nodule growth that occurred in malignant and 
benign nodules over time (16). These variations in 
the rate of repeat sampling may be largely due to the 
lack of consensus on the degree of nodule growth 
that should require a repeat biopsy. Some groups 
recommend re-biopsy when there is a 15% increase 
in nodule volume; others recommend using an  
increase in diameter as the trigger for repeat biopsy. 
In the current ATA guidelines, the authors suggest 
using a 20% increase in nodule diameter, with a 
minimum increase in 2 or more dimensions of at least 
2 mm (7). In their cohort of 1819 cytologically benign 
thyroid nodules, Medici and colleagues observed that 
nodule growth led to a higher risk of repeat FNA as 
well as thyroidectomy, but not an increased risk of  
malignancy (17). In their study, the growth rates 
of the nodules that turned out to be histologically  
malignant did not differ from the growth rates 
of the benign nodules, with average increases of  
119.5% (±45.8) for the malignant and 108.5% (±10.3) 
for the benign nodules (P = 0.820) (17).The same 
study also identified determinants of nodule growth, 
which included solid parenchyma and younger age  
at diagnosis (<50 years), two groups of cases that can 
benefit from shorter follow-up interval than what  
they generally recommended (at least 3 years) (17).  
A similar finding was shown by Cavallo et  al.  
in their study of 1003 thyroid nodules, revealing that 
thyroid nodule size is in fact inversely related to 
malignancy risk (4).

In the present study, a single repeat FNA of benign 
thyroid nodules did not result to an improvement of 
true negative rate and NPV. The NPV of a benign FNA 

remained at 100% for both one-time and multiple  
repeats. The cost-effectiveness of multiple repeat  
tissue sampling approach may be in question  
when the resulting NPV is either lower or the same 
as a single benign FNA. This finding was in contrast 
with the observations of Oertel et  al. in their study  
of over 10,000 thyroid nodules (18). Their results  
showed that the probability of a benign nodule 
on resection diagnosis increased from 90% after  
one benign FNA to 98% when confirmed by repeat 
aspiration (18), which became the basis of the authors’ 
recommendation to routinely perform repeat FNA 
biopsy of thyroid nodules (18). However, this study 
failed to compare other diagnostic parameters. Our 
results showed that there was a significant decrease 
in the diagnostic performance (i.e. decreased PPV) 
when repeat FNA was performed on initially benign 
thyroid nodules, consequently leading to unwarranted  
follow-up procedures including molecular analysis, 
another repeat FNA with decreased interval, or resection.
The Bethesda System recommends repeat thyroid 
aspirations to be performed at least 3 months 
following the initial aspiration to prevent false-
positive misinterpretations due to reactive/reparative 
changes (1). In this study, the median interval of repeat 
sampling was 28.6 months (range: 0.1–60.0) and 52.9 
months (range: 0.3–60.0) for one-time and multiple 
repeat FNAs, respectively. According to the study by 
Ajmal et al., the average time to diagnosis of cancer in 
patients with false-negative FNA biopsies was more 
than 4 years (16). After observing that repeat FNA on  
initially benign thyroid nodules lacked sensitivity, the 
authors recommended a conservative follow-up of 
ultrasound 1 year after the initial benign biopsy, and  
subsequent ultrasound every 2 or 3 years for a  
period of 5–10 years (16). They concluded that annual 
ultrasound was unnecessary in cases where the 1-year 
ultrasound did not show significant growth of ≥3 mm 
in any dimension and there was absence of highly 
concerning ultrasound procedures. In the present 
study, some repeat sampling was recommended by 
the surveillance radiologists even in the absence of 
increased nodule size and concerning morphologic 
changes. This further underscores the need to 
adapt an interdisciplinary approach in establishing 
recommendations for monitoring and evaluating  
initially benign thyroid nodules. The frequency 
of ultrasound follow-up dictates the occurrence 
of repeat sampling, and increasing the interval of 
ultrasound follow-up can potentially lead to better  
diagnostic yield of subsequent FNA, should it become 
clinically indicated.
Molecular analysis performed on subsequent 
atypical FNAs revealed genomic alterations linked to  
increased risk of malignancy in a few thyroid nodules 
included in this cohort. While molecular testing helps 
improve the preoperative cancer risk assessment of 
cytologically indeterminate thyroid nodules, it also 
contributes significantly to the cost of unnecessary 
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repeat FNAs (20). One nodule with atypical cytology 
harbored combined alterations in HRAS and TERT, with 
the subsequent resection diagnosis showing an atypical 
follicular neoplasm without evidence of invasion. 
Although this combined molecular finding has been 
prevalent in aggressive thyroid cancers (20, 21, 22), 
this nodule had a resection diagnosis of noninvasive 
follicular neoplasm and the patient remained 
recurrence free after a follow-up period of 48 months 
post thyroidectomy. Increasing reports of significant 
molecular alterations have been reported in follicular 
adenomas (23, 24), warranting further investigation 
on the clinical significance of these genomic findings 
in the evaluation and progression of cytologically and 
histologically benign thyroid nodules.

The common occurrence of repeat aspiration sampling 
of benign thyroid nodules naturally leads to a discussion 
on the cost-effectiveness of this approach. Subsequent 
nondiagnostic FNAs would be followed by another 
repeat FNA within 12 months, while atypical FNAs 
will be followed either by molecular analysis, repeat 
sampling, or resection. Hence, the cost of repeat FNAs 
should not be considered in isolation, but in conjunction 
with indicated follow-up procedures. Increased atypical 
rates in the repeat FNAs required molecular analysis 
and resection, most of which remained benign in the 
current cohort. Unwarranted follow-up procedures on 
benign thyroid nodules can cost thousands of dollars 
in health-care cost, without providing a diagnostic 
advantage. In contrast, repeat FNA is a cost-effective 
for indeterminate thyroid nodules (i.e. AUS/FLUS) 
when compared to diagnostic lobectomies (25). The 
cost-effective follow-up for benign thyroid nodule 
remains to be ultrasound and clinical surveillance (26), 
but even routine follow-up ultrasound is no longer 
recommended in older patients (27) and beyond 10 
years of surveillance (16).

While the strength of this study includes the large 
sample size and long follow-up periods, there are certain 
limitations as well. Since the overall rate of malignancy 
in the thyroid nodules with benign FNA was relatively 
low in this cohort, the interpretation of PPVs in this 
context is limited. The initial ultrasound findings of the 
nodules prompting the first FNA were not available in 
the institutional electronic medical record for most 
patients since most of them were referred from multiple 
community clinics. Additional studies are warranted 
to investigate the correlation of the initial ultrasound 
findings and subsequent benign thyroid cytology.

In summary, repeating FNA biopsies of thyroid nodules 
based mostly on increase in nodule size and as a 
routine follow-up procedure did not provide additional 
diagnostic value in the evaluation of benign thyroid 
nodules. The risk of malignancy following a benign 
thyroid FNA remained to be within the expected 
value of 0% to 3% regardless of the number of repeat 
biopsies. The NPV remained the same while the PPV 
significantly decreased between single FNAs and repeat 

FNAs, leading to increased health-care cost without 
diagnostic advantage. Repeat FNA is therefore not  
recommended as a routine follow-up of benign  
thyroid nodules in the absence of strong radiologic  
and clinical indications.
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