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Role of the cytopathologist 
during the procedure of fine-needle aspiration 
biopsy of thyroid nodules
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Abstract 

Purpose: This study aimed to conduct a diagnostic and cost-effective analysis of the cytopathology assistance in the 
ultrasound (US)-guided fine-needle aspiration biopsy (FNAB) for characterising thyroid nodules.

Materials and methods: We reviewed the reports relative to 9061 US-guided FNABs for the histologic definition 
of the nature of thyroid nodules: 45.4% completed with the cytopathologist assistance and 54.6% by the radiologist 
alone.

We also performed the cost-effectiveness analysis (CEA) of the procedure with and without the cytopathologist 
assistance.

Results: We found a significant positive correlation between the adoption/non-adoption of cytopathologist assis-
tance and the number of indeterminate (TIR1) (Chi-square; z-score, Z = 10.22; critical value 5%, C = 1.96; p < 0.001). The 
cytopathologist’s absence was correlated with the number of TIR 1 (Pearson correlation, product–moment correlation 
r = 0.059; critical value 5%, C = 0.008; p < 0.001).

The total cost of the model’s cytopathologist-assistance branch is 109.87€, while the total cost of the non-cytopathol-
ogist-assistance branch is 95.08€.

Conclusion: The cytopathologist assistance resulted in fewer nondiagnostic results, thus excluding the procedure’s 
repetition but involved a higher expense, mainly due to the professional cost of the pathologist’s participation. These 
data may provide decision-makers in healthcare with a practical evidence based on the opportunity to include the 
cytopathologist assistance in the thyroid nodule’s FNAB depending on the available resources and the population’s 
expectance.
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Key points

• We examined a series of 9061 US-guided FNABs for 
thyroid nodules.

• We found that cytopathologist assistance signifi-
cantly reduced the number of indeterminate results.

• The cytopathologist assistance increases the cost of 
the procedure.

• This study provides data of cost-effectiveness balance 
relative to an ordinary procedure.
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Introduction
Thyroid nodules have a high prevalence in healthy 
iodine-sufficient populations, reaching values up to 68% 
in studies based on ultrasound examination on randomly 
selected individuals [1–9]. Ultrasound (US)-guided fine-
needle aspiration biopsy (FNAB) is the most accurate and 
cost-effective method for characterising thyroid nodules 
and for the selection of surgical candidates, with smear 
representing the method accepted to prepare the taken 
material [10–12]. While the diagnostic work-up of thy-
roid nodules through US-guided FNAB is justified to 
exclude thyroid cancer, it also represents an economic 
burden on healthcare systems [10]. The smear is prone to 
an inadequacy rate up to 34% [13], even in most experi-
enced hands [10, 12], resulting in delayed diagnosis and 
higher costs for the healthcare system.

Many variables influence the diagnostic efficacy of US-
guided FNAB; the technique of the specimen collection 
and evaluation and the preparation of the slide can play 
a decisive role [10]. In particular, the failure to aspirate 
a sufficient number of cells is crucial and, in turn, it may 
depend on the cystic or fibrotic structure of the aspirated 
nodule, by inexperienced aspirators, or the lack of on-site 
evaluation [14]. The on-site evaluation by cytopathologist 
is made in many medical centres and large community 
hospitals to decrease the nondiagnostic rate. Notwith-
standing, the studies evaluating the true role of cyto-
pathologist during the procedure of thyroid FNAB are 
sparse, and this practice’s opportunity is still controver-
sial [10, 15]. Cost-effectiveness analysis has never been 
performed [15, 16], and economic analyses are required 
to demonstrate the cost-effectiveness of the cytopatholo-
gist assistance [16]. Therefore, this study aimed to inves-
tigate the cost-effectiveness of cytopathologist assistance 
in the US-FNAB of the thyroid.

Materials and methods
We retrospectively analysed the reports, relative to all the 
US-guided FNABs of thyroid nodules consecutively per-
formed from the 1st January 2014 to the 31st December 

2018 at our institution, with random adoption of the 
cytopathologist assistance.

Each examined report was relative to a specific FNAB 
procedure and had been filled in by the pathologist. The 
reports included the patient’s demographic data (age, sex, 
acceptance date), the anatomic location of the examined 
nodule (right lobe, left lobe or isthmus), and whether 
cytopathology assistance was adopted. Each report also 
detailed the histologic findings according to the Con-
sensus Statement AIT, AME, SIE and SIAPEC-IAP for 
the Classification and Reporting of Thyroid Cytology 
(Table 1) and the Bethesda System for Reporting Thyroid 
Cytopathology (BTC) [17, 18].

We examined all the reports relative to the needle aspi-
ration of thyroid nodules. Exclusion criteria were the 
FNABs performed to refine a diagnosis of thyroiditis and 
FNABs performed on anatomic structures other than 
thyroids (e.g. parathyroid or lymph-nodes).

An overall number of three pathologists, seven radiolo-
gists and four nurses with specific expertise in these pro-
cedures were involved, in rotation, in these procedures.

The presence of cytopathologist assistance meant that 
a specially trained cytopathologist was present during 
the procedure. All on-site analysis was performed by 
the cytopathologist who had a multifaceted role. First, 
to decide, together with the radiologists, the best site of 
the nodule to perform the samples, based on ultrasono-
graphic’s features; then to aspire the cytologic material 
in a syringe connected with the needle placed by the 
radiologist.

Furthermore, the pathologist had to arrange the smear 
and to define whether the material in each sample was 
appropriate instantly. If the samples were inadequate, the 
pathologist had to suggest whether repeating the proce-
dure on the same or another site.

In particular, when it was necessary to repeat the FNA 
at another site, the sampling was performed again within 
the same nodule of concern.

The pathologist generally proposed as a target the areas 
with the most vital aspects (e.g. tissue echostructure, any 

Table 1 Italian consensus statement AIT, AME, SIE and SIAPEC-IAP for the classification and reporting of thyroid cytology [16, 17]

Code Diagnostic category Risk of malignancy Management

TIR 1 Non-diagnostic Not determinated Repeat US-guided FNAB

TIR 1C Non-diagnostic cystic Low risk Evaluate clinical context and eventually repeat US-guided FNAB

TIR 2 Non-malignant (benign)  < 3% Follow-up

TIR 3A Low risk indeterminate  < 10% Repeat FNAB/ Follow-up

TIR 3B High risk indeterminate 15–30% Surgical excision

TIR 4 Suspicion of malignancy 60–80% Surgical excision with intraoperative examination

TIR 5 Malignant 95% Surgical excision with diagnostic in-depth in selected cases 
(metastasis, lymphoma)
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signals to the power Doppler) and avoiding components 
with colloidal or hemorrhagic appearance.

The sample was always assessed macroscopically and 
also microscopically whenever necessary.

The macroscopic evaluation leads to a judgement of 
inadequacy whether the smear had the typical consist-
ency of pure blood; the material was scarce or not ade-
quately distributed with the smear. A denser than blood 
or gelatinous consistency was generally considered mac-
roscopically adequate and a partially haematic sample of 
dense consistency.

In case of scarce material of hard consistency, the pri-
marily considered parameter for adequacy was the possi-
bility to distribute the material in a thin layer on the slide.

Whenever required the cytopathologist also proceeded 
with the ROSE (Rapid On-Site Evaluation), which allows 
the on-site microscopic evaluation of the samples and 
involves the following steps: withdraw, swipe, colour, 
observe under the microscope, decide whether end the 
diagnostic procedure or continue [15].

When the cytopathologist was not present, the radi-
ologist alone carried out the procedure, with the nurse’s 
help. The radiologist also prepared the slide by sliding it 
into a standard way without any qualitative evaluation of 
the sample.

The data relative to all the reports included in the data-
base relative to the thyroid nodules were exported on an 
Excel file.

Statistical analysis was carried with the software Wiz-
ard Pro V. 1.9.40., the Chi-square test and the Pearson 
correlation were used to test the null hypothesis that the 
cytopathologist assistance did not affect the number of 
the TIR 1 non-diagnostic results.

With our institution’s quality control department’s 
assistance, we calculated the cost of an FNAB without a 
cytopathologist assistance split in the cost for the radio-
logical component (material costs + medical time) and 

the cost for the laboratory analysis of the material (Addi-
tional file 1).

The cost of the FNAB with cytopathologist assistance 
was also separately calculated.

For this purpose, a meantime for the execution of the 
FNAB of 20 min was estimated.

Utilising these data, we performed the cost-effective-
ness analysis (CEA) of the procedure according to the 
available recommendation for cost-effectiveness in radi-
ology and interventional radiology [19–21].

The software TreeAge Pro Healthcare was used to cre-
ate the decision tree for a patient with a thyroid nodule.

Results
Demographics
During the considered period, our radiology service of 
our institution covered a geographical area of 1859.44 
 Km2, serving a population of 389, 456 (http:// dati. istat. 
it/). Over 60  months (January 2014—December 2018), 
after removing ten duplications, our analysis reported 
the data relative to 6174 patients which they had under-
gone an overall number of 9061 US-guided FNABs for 
the histologic definition of the nature of thyroid nodules 
(Table 2).

Most of the patients were females (74.3%; n = 4589), 
and the age range was 10–98  years (mean: 58 ± 0.3, IC: 
95%). Each patient underwent one to seven FNABs on 
different nodules, and the data also included 183 rep-
etitions for nodules classified as TIR1. The diagnosis was 
always obtained with a maximum of two repetitions of 
the procedure.

Impact of cytopathologist assistance
A standardised FNAB procedure had been adopted using 
a 22-gauge needle and involving one to three passes, 
independently from the cytopathologist’s presence.

Table 2 Breakdown of the obtained samples according to the classification and reporting of thyroid cytology for each procedure

Specifically, the table describes that up to seven nodules were examined in each procedure. Concurrently, up to three repetitions of the procedure were carried out for 
each nodule to finalise the diagnosis. Each line reports the number of samples that fall under a label of the classification (TIR)

TIR Nodule 1 Nodule 2 Nodule 3 Nodule 4 Nodule 5 Nodule 6 Nodule 7 Tot

1st FNAB 2nd FNAB 3rd FNAB 1st FNAB 2nd FNAB 1st FNAB 1st FNAB 1st FNAB 1st FNAB 1st FNAB

1 466 17 0 31 1 0 0 0 0 0 515

2 4928 121 5 1712 6 400 107 33 10 2 7324

3 269 10 1 119 1 39 12 3 3 1 7839

4 50 3 1 20 0 8 0 0 1 0 83

5 206 8 0 75 3 28 3 1 0 0 324

6 157 2 0 18 0 7 4 0 1 0 407

7 98 3 1 52 0 11 1 1 0 1 168

Tot 6174 164 8 2027 11 493 127 38 15 4 9061

http://dati.istat.it/
http://dati.istat.it/
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The data relative to the result of each examination are 
reported in Table 2.

Out of 9061 procedures, 45.4% (n = 3988) were com-
pleted with the cytopathologist assistance and 54.6% 
(n = 5068) by the radiologist alone. The data were missing 
in five cases.

The presence/absence of cytopathologist assistance 
resulted in a correlation with the classification across the 
seven codes of the Classification and Reporting of Thy-
roid Cytology which showed a high significance (Chi-
square test; X2 = 148.529, critical value 5%, C = 12.592; 
p < 0.001).

The indeterminate results (TIR 1) were 515 (5.7%). 
Among them, 22.3% (n = 115) were from specimens 
obtained with the cytopathologist assistance and 77.7% 
(n = 400) by the radiologist alone.

Overall, in our series, undetermined results (TIR 1) 
were 2.9% among the procedures carried out with the 
cytopathologist assistance and 7.9% among those carried 
out by the radiologist alone.

We found a significant positive correlation between 
the adoption/non-adoption of cytopathologist assistance 

and the number of indeterminate (TIR 1) (Chi-square; 
z-score, Z = 10.22; critical value 5%, C = 1.96; p < 0.001).

Moreover, the cytopathologist’s absence was corre-
lated with the number of TIR 1 (Pearson correlation, 
product–moment correlation r = 0.059; critical value 5%, 
C = 0.008; p < 0.001) making it possible to reject the null 
hypothesis.

Cost analysis
The total cost of the thyroid nodule classification through 
US-guided FNAB was 87.77€ when the cytopathologist 
assistance was adopted, and 106.7 € when it was not.

The definition of the CEA model is reported in Table. 3, 
while the decision tree is reported in Fig. 1.

The total cost of the model’s cytopathologist-assistance 
branch is 109.87€, while the total cost of the non-cyto-
pathologist-assistance branch is 95.08€.

Discussion
Our series’s indeterminate samples were in the lower 
zone of the range reported in the available literature, 
which describes a range between 1 and 34% [13, 14, 22].

Table 3 CEA model adopted for the comparative analysis of FNABs with and without cyto-assistance

Definition of the CEA model

Reference case Patient of age between 10 and 98 years old with a first US diagnosis of thyroid nodule

Strategies Using cyto-assistance vs using FNABs without cyto-assistance. In both cases, non-diagnostic 
results TIR1 must be repeated until a final diagnosis is obtained

Time horizon 1 year

Perspective Healthcare system perspective

Effective measure Number of procedures to achieve a correct diagnosis

CEA model Decision tree

Fig. 1 Decision tree relative to US-guided FNAB for characterising thyroid nodules
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The rate of nondiagnostic results (TIR 1) in a US-
guided FNAB may depend on many variables. Among 
them are the number of passes, the negative pressure 
applied to the syringe, and sampling speed [10]. There 
is also a risk of contamination with blood or US trans-
mission gel [10, 12].

Despite the importance of on-site evaluation of 
FNAB specimens in determining adequacy has been 
demonstrated in many fields [23–26], and even consid-
ered the gold standard and included in some guidelines 
[27, 28], the studies evaluating the role of cytopatholo-
gist during the thyroid FNAB are limited [15]. Scant 
cellularity and ineffective preparation techniques are 
common reasons of nondiagnostic procedures in up to 
32% of FNABs in various organs, and thyroid included, 
rapid on-site evaluation by cytopathologist may be a 
useful tool for optimising the adequacy and quality of 
cytologic samples [29].

However, the cytopathologist’s role during the pro-
cedure of US-guided FNAB is controversial, and some 
authors hypothesised that the execution of the proce-
dure without cytopathology assistance is more cost-
effective and more efficient in terms of workload and 
time [15].

Moreover, the FNAB without cytopathologist would be 
shorter, thus improving the patient comfort [15].

According to our results, the cytopathologist assistance 
can significantly improve the results of FNAB, because it 
reduces the number of nondiagnostic results.

In our experience, cytopathologist’s presence generally 
allows reducing the number of multiple passes positively 
reflecting on the procedural time and patient discomfort.

By reducing the number of passes, the pathologist’s 
presence may also reduce the risk of complications from 
the procedure, avoiding undersampling scenarios and 
allowing for the proper triage of materials.

In particular, to obtain qualitatively and quantitatively 
adequate preparations, smears should consist of only one 
cell layer; in thicker preparations, the key findings can 
be trapped between the layers and the preparation may 
assume a background colour, hindering the interpreta-
tion of the results. Moreover, fixation must be executed 
immediately to avoid cell degeneration, while incorrect 
fixation is a source of inaccurate diagnosis and affects the 
preparation’s validity, leading to cell swelling and distor-
tion of the cytoplasm.

An experienced pathologist can manage unexpected 
situations, such as obtaining scarce material of hard con-
sistency, which may depend on very different conditions. 
Among them, the presence of old colloid, fibrotic nod-
ules, calcific nodules, particularly aggressive nodules in 
which cells are closely cohesive and do not yield easily to 
the aspirate’s pressure.

A pathologist can master the smearing technique and 
reduce the number of artefacts, therefore increasing 
the likelihood of accurate and definitive final diagnosis 
[29].

In conclusion, our analysis confirms that on-site cyto-
pathology assistance effectively reduces the rate of nondi-
agnostic specimens, thus limiting the number of slices to 
be processed and examined [30–34].

According to our results, while the cytopathologist 
assistance may significantly reduce the unsatisfactory 
results of the procedure, thus improving the procedure’s 
efficiency, it is more expensive.

However, according to examined data, the lack of cyto-
pathologist assistance may lead every year to 90.5 TIR 1 
results at our institution, leading to the repetition of the 
procedure, representing the 60.2% of the monthly capac-
ity production capacity, covering the whole production of 
nearly three weeks.

On the contrary, based on a simulation, we estimated 
a run time for the pathology sample not exceeding three 
minutes. Since, in the meantime, the radiologist can per-
form other activities, including the monitoring of the 
sampling site in search of any complications (e.g. bleed-
ing), we argued that cyto-assistance does not significantly 
modify the entire procedure’s duration and, therefore, the 
size of a list.

While we were writing this piece, the outbreak of the 
coronavirus disease 2019 (Sars-COVID-19) has put the 
Italian health system in crisis, significantly lengthen-
ing the waiting lists for ordinary procedures, including 
FNAB. We believe that, in the future, any solutions that 
can reduce the people need to move, and the repetition 
of clinical investigations must be carefully considered. 
Simultaneously, the knowledge of cytopathologist assis-
tance’s real cost-effectiveness may guide the medical 
planners in deciding whether to include this procedure 
as part of routine US-guided FNAB workup of thyroid 
nodules.

A crucial point is the lack of a preliminary formal ran-
domisation process relative to the patients’ inclusion in 
the two groups, namely those who underwent the cyto-
pathologist-assisted procedure and those treated by the 
radiologist alone.

However, the cytopathologists’ participation in the 
FNABs procedures depended on their operative unit’s 
organisation only, without any interference of the 
patients’ demographic or clinical characteristics nor the 
nodules’ ultrasound characteristics.

As a result, a de facto randomisation took place, allow-
ing us to consider the inclusion to one of the two groups 
as a stochastic process.

Due to the retrospective nature of the study, we cannot 
exclude the existence of some bias.
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Moreover, against 515 reported TIR1, we found only 
183 repetitions of the procedure in our database. It is 
possible that after a nondiagnostic result, many patients 
had decided to move to other health facilities. However, 
this possibility probably does not significantly affect the 
results of our analysis.

Regardless, further research should be conducted pro-
spectively to exclude the risk of the bias as previously 
discussed.

Conclusion
In our series, the cytopathologist assistance during the 
FNAB for the cytologic diagnosis of thyroid nodules 
resulted in fewer nondiagnostic results, thus excluding 
the procedure’s repetition, reducing the overall diagnos-
tic time and the patient discomfort.

At the same time, however, it involved a higher expense, 
mainly due to the professional cost of the pathologist’s 
participation.

Other variables may be crucial, including the risks of a 
delayed diagnosis in malignancy or the patients’ psycho-
logical comfort that the present study did not consider.

These considerations leave space for a more in-depth 
research approach, also integrating these and different 
variables.

Notwithstanding the discussed limitations, the present 
study results provide data of cost-effectiveness balance 
related to an ordinary and frequent procedure.

These data may provide decision-makers in health-
care with a practical evidence base to decide whether to 
include the cytopathologist assistance in the thyroid nod-
ule’s FNAB depending on the available resources and the 
population’s expectance.

Abbreviations
AIT: Thyroid Italian association; AME: Italian association of endocrinologists; 
CEA: Cost-effectiveness analysis; FNAB: Fine-needle aspiration biopsy; ROSE: 
Rapid on-site evaluation; SIAPEC-iap: Italian society of anatomo-pathology and 
cytopathology; Sie: Italian society of endocrinology; TBSRTC : Bethesda system 
for reporting thyroid cytopathology; US: Ultrasound.

Supplementary information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13244- 021- 01053-y.

Additional file 1. Breackdown of FNAB’s costs with and without the 
assistance of thecytopathologist.

Authors’ contributions
PGC and FF equally contributed to the work. They designed the study, coor-
dinated the statistical analysis and interpretation and wrote the first draft of 
the article. ML wrote the protocol, requested the necessary authorisations and 
organised the data. PF collected the data, defined the role of the cyto-pathol-
ogist. FF carried out the statistical analysis. AC revised the manuscript critically 

for important intellectual content. All authors corrected the article draft and 
approved the final version.

Funding
No funding was obtained for the reported research.

Availability of data and material
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The present study was preliminarily approved by the local Ethical Committee 
(Prot. 9595/2019, I.5/229) and an informed consent form had been filled in and 
signed by each patient before the procedure.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Diagnostic Imaging Ausl Romagna, Unit of Radiology, S. Maria 
Delle Croci Hospital, Viale Randi 5, Ravenna, Italy. 2 DAMeTLab, Unit of Anatomi-
cal Pathology, S. M. Delle Croci Hospital, Ravenna, Italy. 3 Department of Radiol-
ogy, University Radiology Unit, Sant’Anna University Hospital, Ferrara, Italy. 

Received: 18 January 2021   Accepted: 5 July 2021

References
 1. Tan GH, Gharib H (1997) Thyroid incidentalomas: management 

approaches to nonpalpable nodules discovered incidentally on thyroid 
imaging. Ann Intern Med 126:226–231

 2. Guth S, Theune U, Aberle J, Galach A, Bamberger CM (2009) Very high 
prevalence of thyroid nodules detected by high frequency (13 MHz) 
ultrasound examination. Eur J Clin Invest. 39:699–706

 3. Burgess JR (2002) Temporal trends for thyroid carcinoma in Australia: an 
increasing incidence of papillary thyroid carcinoma (1982–1997). Thyroid. 
12(2):141–9

 4. Colonna M, Grosclaude P, Remontet L et al (2002) Incidence of thyroid 
cancer in adults recorded by French cancer registries (1978–1997). Eur J 
Cancer. 38(13):1762–8

 5. Reynolds RM, Weir J, Stockton DL, Brewster DH, Sandeep TC, Strachan 
MW (2005) Changing trends in incidence and mortality of thyroid cancer 
in Scotland. Clin Endocrinol (Oxf ) 62(2):156–162

 6. Montanaro F, Pury P, Bordoni A, Lutz JM (2006) Swiss cancer registries N 
unexpected additional increase in the incidence of thyroid cancer among 
a recent birth cohort in Switzerland. Eur J Cancer Prev 15(2):178–186

 7. Chen AY, Jemal A, Ward EM (2009) Increasing incidence of differ-
entiated thyroid cancer in the United States, 1988–2005. Cancer 
115(16):3801–3807

 8. Sanabria A, Kowalski LP, Shah JP, et al. Growing incidence of thyroid carci-
noma in recent years: Factors underlying overdiagnosis. Head Neck. 2018;

 9. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM (2017) Trends in thyroid 
cancer incidence and mortality in the United States, 1974–2013. JAMA 
317(13):1338–1348

 10. Karakas HM, Bicer G, Findik O, Kahraman AN (2020) Comparison of two 
different methods of fine needle aspiration biopsy and histopathology 
for thyroid nodules. Cureus. 12(1):e6740. https:// doi. org/ 10. 7759/ cureus. 
6740

 11. Galera-Davidson H, Gonzalez-Campora R (2008) Comprehensive Cytopa-
thology. Saunders Elsevier, Philadelphia

 12. Abu-Yousef MM, Brown DB, Dogra VS, et al. Ultrasound-Guided Proce-
dures. New York: Thieme; 2010. Fine needle aspiration biopsy of thyroid 
nodules; pp. 67–71.

https://doi.org/10.1186/s13244-021-01053-y
https://doi.org/10.1186/s13244-021-01053-y
https://doi.org/10.7759/cureus.6740
https://doi.org/10.7759/cureus.6740


Page 7 of 7Feletti et al. Insights Imaging          (2021) 12:111  

 13. de Koster EJ, Kist JW, Vriens MR, Borel Rinkes IH, Valk GD, de Keizer B 
(2016) Thyroid ultrasound-guided fine-needle aspiration: the positive 
influence of on-site adequacy assessment and number of needle passes 
on diagnostic cytology rate. Acta Cytol 60(1):39–45. https:// doi. org/ 10. 
1159/ 00044 4917

 14. Baloch ZW, Tam D, Langer J, Mandel S, LiVolsi VA, Gupta PK (2000) Ultra-
sound-guided fine-needle aspiration biopsy of the thyroid: role of on-site 
assessment and multiple cytologic preparations. Diagn Cytopathol 
23(6):425–429. https:// doi. org/ 10. 1002/ 1097- 0339(200012) 23:6% 3c425:: 
aid- dc14% 3e3.0. co;2-3

 15. Cengic I, Tureli D, Ahiskali R, Bugdayci O, Aydin H, Aribal E (2014) Thyroid 
fine needle aspiration biopsy: do we really need an on-site cytopatholo-
gist? Eur J Radiol 83(4):680–683. https:// doi. org/ 10. 1016/j. ejrad. 2014. 01. 
009

 16. Medina Chamorro FM, Calle JA, Stein JE, Merchancano L, Mendoza Briñez 
AM, Pulido Wilches AA (2018) Experience of the implementation of rapid 
on-site evaluation in ultrasound-guided fine-needle aspiration biopsy of 
thyroid nodules. Curr Probl Diagn Radiol 47(4):220–224. https:// doi. org/ 
10. 1067/j. cprad iol. 2017. 06. 009

 17. Nardi F, Basolo F, Crescenzi A, Fadda G, Frasoldati A, Palombini L, Orlandi F, 
Papini E, Zini M, Pontecorvi A, Vitti P (2014) Italian Consensus for the clas-
sification and reporting of thyroidcytology. J Endocrinol Invest. https:// 
doi. org/ 10. 1007/ s40618- 014- 0062-0

 18. Cibas ES, Ali SZ (2009) The Bethesda system for reporting thyroid cyto-
pathology. Am J Clin Pathol 132:658–665. https:// doi. org/ 10. 1309/ AJCPP 
HLWMI 3JV4LA

 19. Roudsari B, McWilliams J, Bresnahan B, Padia SA (2016) Introduction to 
cost analysis in IR: challenges and opportunities. J Vasc Interv Radiol 
27(4):539-545.e1. https:// doi. org/ 10. 1016/j. jvir. 2015. 12. 754

 20. Singer ME, Applegate KE (2001) Cost-effectiveness analysis in radiology. 
Radiology 219(3):611–620. https:// doi. org/ 10. 1148/ radio logy. 219.3. r01jn 
04611

 21. Zhou A, Yousem DM, Alvin MD (2018) Cost-effectiveness analysis in radi-
ology: a systematic review. J Am Coll Radiol 15(11):1536–1546. https:// 
doi. org/ 10. 1016/j. jacr. 2018. 06. 018

 22. Redman R, Zalaznick H, Mazzaferri EL, Massoll NA (2006) The impact of 
assessing specimen adequacy and number of needle passes for fine-
needle aspiration biopsy of thyroid nodules. Thyroid 16(1):55–60. https:// 
doi. org/ 10. 1089/ thy. 2006. 16. 55 (PMID: 16487014)

 23. Nasuti JF, Yu G, Boudousquie GP (2000) Diagnostic value of lymph node 
fine needle aspiration cytology: an institutional experience of 387 cases 
observed over a 5 year period. Cytopathology 11:18–31

 24. Dunphy CH, Ramos R (1996) Combining fine needle aspiration and flow 
cytometric immunophenotyping in evaluation of nodal and extranodal 
sites for possible lymphoma: a retrospective review. Diagn Cytopathol 
3:200–206

 25. Cha I, Goates JJ (1996) Fine needle aspiration of lymph nodes: use of flow 
cytometry immunophenotyping. Pathology 4:337–362

 26. Ducatman BS, Hogan CL, Wang HH (1989) A triage system for processing 
fine needle aspiration specimens. Acta Cytol 33:797–799

 27. Kocjan G, Chandra A, Cross P, Denton K, Giles T, Herbert A, Wilson P (2009) 
BSCC Code of Practice - fine needle aspiration cytology. Cytopathology 
20(5):283–296. https:// doi. org/ 10. 1111/j. 1365- 2303. 2009. 00709.x

 28. Reddy VM, Bennett WO, Bassett E, Cunliffe DJ, Fryer LC, Reece PH, Hickey 
SA (2013) On-site cytotechnician evaluation of the adequacy of fine nee-
dle aspiration in a neck lump clinic. Ann R Coll Surg Engl 95(8):595–598. 
https:// doi. org/ 10. 1308/ 00358 8413x 13629 96004 8677

 29. Nasuti JF, Gupta PK, Baloch ZW (2002) Diagnostic value and cost-
effectiveness of on-site evaluation of fine-needle aspiration specimens: 
Review of 5,688 cases. Diagn Cytopathol 27(1):1–4. https:// doi. org/ 10. 
1002/ dc. 10065

 30. Verma K, Tiwari MC, Agarwal J, Kapila K (1991) Diagnostic accuracy 
of immediate interpretation of fine needle aspirates. Ind J Med Res 
94:197–199

 31. Silverman JF, Finley JL, O’Brien KF, Park HK, Larkin EW, Norris HT (1989) 
Diagnostic accuracy and role of immediate interpretation of fine needle 
aspiration biopsy specimens from various sites. Acta Cytol 33:791–796

 32. Sauer T, Freng A, Djupesland P (1992) Immediate interpretation of FNA 
smears from the head and neck region. Diagn Cytopathol 8:116–118

 33. Chang MC, Ho WL (1993) The immediate interpretation for fine needle 
aspiration cytology. Chin Med J 52:325–331

 34. Zajdela A, Ghossen NA, Pillerson JD, Ennuyer A (1975) The value of 
spiration cytology in the diagnosis of breast cancer: experience at the 
Foundation Curie. Cancer 35:499–506

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1159/000444917
https://doi.org/10.1159/000444917
https://doi.org/10.1002/1097-0339(200012)23:6%3c425::aid-dc14%3e3.0.co;2-3
https://doi.org/10.1002/1097-0339(200012)23:6%3c425::aid-dc14%3e3.0.co;2-3
https://doi.org/10.1016/j.ejrad.2014.01.009
https://doi.org/10.1016/j.ejrad.2014.01.009
https://doi.org/10.1067/j.cpradiol.2017.06.009
https://doi.org/10.1067/j.cpradiol.2017.06.009
https://doi.org/10.1007/s40618-014-0062-0
https://doi.org/10.1007/s40618-014-0062-0
https://doi.org/10.1309/AJCPPHLWMI3JV4LA
https://doi.org/10.1309/AJCPPHLWMI3JV4LA
https://doi.org/10.1016/j.jvir.2015.12.754
https://doi.org/10.1148/radiology.219.3.r01jn04611
https://doi.org/10.1148/radiology.219.3.r01jn04611
https://doi.org/10.1016/j.jacr.2018.06.018
https://doi.org/10.1016/j.jacr.2018.06.018
https://doi.org/10.1089/thy.2006.16.55
https://doi.org/10.1089/thy.2006.16.55
https://doi.org/10.1111/j.1365-2303.2009.00709.x
https://doi.org/10.1308/003588413x13629960048677
https://doi.org/10.1002/dc.10065
https://doi.org/10.1002/dc.10065

	Role of the cytopathologist during the procedure of fine-needle aspiration biopsy of thyroid nodules
	Abstract 
	Purpose: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Key points
	Introduction
	Materials and methods
	Results
	Demographics
	Impact of cytopathologist assistance
	Cost analysis

	Discussion
	Conclusion
	References


