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a  b  s  t  r  a  c  t

The  SFE-AFCE-SFMN  2022  consensus  deals  with  the  management  of  thyroid  nodules,  a condition  that  is
a frequent  reason  for consultation  in  endocrinology.  In more  than  90% of  cases,  patients  are  euthyroid,
with  benign  non-progressive  nodules  that  do not  warrant  specific  treatment.  The  clinician’s  objective
is  to detect  malignant  thyroid  nodules  at risk  of  recurrence  and  death,  toxic  nodules  responsible  for
hyperthyroidism  or compressive  nodules  warranting  treatment.

The diagnosis  and  treatment  of  thyroid  nodules  requires  close  collaboration  between  endocrinologists,
nuclear  medicine  physicians  and  surgeons,  but  also  involves  other  specialists.  Therefore,  this  consensus
statement  was  established  jointly  by  3 societies:  the  French  Society  of Endocrinology  (SFE),  French  Asso-
ciation  of  Endocrine  Surgery  (AFCE)  and  French  Society  of  Nuclear  Medicine  (SFMN);  the  various  working
groups  included  experts  from  other  specialties  (pathologists,  radiologists,  pediatricians,  biologists,  etc.).
This section  deals  with  the  technique  and  interpretation  of  thyroid  fine-needle  aspiration  biopsy  (FNAB),
a  reference  test  for the analysis  of  thyroid  nodules.

© 2022  Elsevier  Masson  SAS.  All  rights  reserved.

Thyroid nodules are very common and mostly benign. Thyroid
ultrasound and thyroid fine-needle aspiration biopsy (FNAB) are
the reference tests for the analysis of these nodules.

1. What are the requirements for effective cytology?

1.1. FNAB technique

FNAB should be carried out by an experienced operator if pos-
sible, especially for rapidly evolving nodules or nodules that are
highly suspicious clinically and/or echographically, but also in
case of pathology, or treatment that cannot be interrupted, that
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modifies coagulation, or for FNAB of cervical lymphadenopathy [1].
FNAB should be ultrasound-guided whenever possible, especially
in case of multiple nodules, mixed nodules with more than 25%
fluid, non-palpable nodules, FNAB for lymphadenopathy, prior non-
contributory cytology, or if the patient has a pathology or treatment
that modifies coagulation. Ultrasound identification allows correct
needle positioning in the nodule to be documented during aspira-
tion; diagnosis is therefore more reliable and more effective than
on palpation alone. The needle should not pass through the gel,
as this can cover the cell clusters and interfere with cytological
interpretation [2–7].

Optimal needle size is 23-27 G for capillary or aspiration tech-
niques; there is no need for a larger needle, which would increase
the risk of bleeding and of non-contributory hemorrhagic samples.
However, to empty a cyst, which should be done slowly, a larger
needle (18-21 G) may  be necessary [2,8].
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The needle should be held in place for a few seconds, with back
and forth and radial movements [2], numbering 2 to 5 [1]. This
is usually performed without local anesthesia, which may  never-
theless be used at the operator’s discretion in agreement with the
patient [1–3]. In case of non-contributory cytology, repeat FNAB is
possible, at a minimum interval of 1 to 3 months [3,9–11].

Some cervical lymph nodes suspected of being secondary sites
of thyroid carcinoma may  also warrant FNAB. This should be carried
out under ultrasound guidance by an experienced operator, in the
same way as for a thyroid nodule. In addition, it is recommended
that the needle be rinsed with 1 mL  0.9% saline solution (taken in
a dry tube) in order to determine thyroglobulin and/or calcitonin
level in the rinse liquid [2,3,9,12].

If there is any doubt about whether the nodule is thyroid or
parathyroid tissue (biological and/or imaging suspicion), PTH assay
can also be performed on the rinse fluid using the same procedure
[12].

All of these in-situ tests require optimal delivery conditions.
Complications are rare. Pain (8.9%) and bleeding (0.3 to 2.3%,

depending on the study and type of needle), superficial hematoma
(<1%) and some vagal discomfort have been reported. Metastatic
spread along the needle path is exceptional, with a few cases
reported in anaplastic cancer, as is transient recurrent paralysis or
transient acute thyroid edema. Very rare hematomas may  require
drainage, and exceptional cases of infection have been reported
[3,6].

Risk of bleeding does not appear to be significantly influenced
by anti-coagulant and anti-platelet agents, and interruption should
be discussed on a case-by-case basis [2,3,13–15]. The risk/benefit
ratio of FNAB and interruption of treatment must be assessed, after
discussion between the physician and the operator, to optimize
management. In most cases, there is no urgency to perform FNAB.
Suggestions for practical management according to treatment are
shown in Table 1, founded not on guidelines but on expert opin-
ions based on the experience of several centers. In the particular
situation of a patient on anti-coagulant or anti-platelet therapy, it
would probably be preferable to validate the decision for FNAB with
an experienced practitioner. If it is decided to continue treatment
in the patient’s interest, FNAB should be carried out under ultra-
sound guidance by an experienced operator, with a fine 25–27 G
needle and the number of passes should be limited. After aspira-
tion, manual compression and local monitoring are recommended
for 15–30 minutes [2,3,13]. The patient should be informed of the
risk of bleeding, and ultrasound monitoring should be performed
if necessary.

Recommendation 3.1–Effective thyroid fine-needle aspiration
biopsy relies on optimal technique and the quality cytological inter-
pretation. Level of evidence +++ Grade A

Recommendation 3.2–It is recommended that thyroid fine-
needle aspiration biopsy be performed by an experienced operator
whenever possible, and guided by ultrasound. Level of evidence +++
Grade A

Recommendation 3.3–It is recommended to use a fine 23–27
gauge needle, with or without aspiration, depending on the char-
acteristics of the nodule. Level of evidence +++ Grade A

Recommendation 3.4–It is recommended that the risk/benefit
ratio of discontinuing coagulation-modifying therapy be assessed
on an individual basis. Level of evidence ++ Grade A

1.2. Cytology technique

Whatever cytology technique is used, its quality is the basis
of the diagnosis and is therefore an essential step. Several good-
quality techniques are available and are to be chosen by consensus
between the cytopathologist and the operator [2,16–20].

1.2.1. Direct smear
The classic technique consists in placing a large drop at one end

of the slide, often on the ground-glass side. It is then spread with
another slide, pulling the material at 60–80◦ to the surface. The
slide is then air-dried after immediate shaking for 5 sec and stored
at room temperature in an airtight place, and stained with MGG
(May-Grünwald Giemsa). If Papanicolaou staining is preferred, fix-
ation (alcoholic liquid fixative or cytospray) should be performed
immediately.

Experience is required to assess the quality of the spread and
the number of slides to be taken (hemorrhagic or non-hemorrhagic
samples) and to measure the pressure on the slides.

1.2.2. Cytocentrifugation
Only for aspiration of a liquid; in this case, the sample vial must

be sent to the pathology department very quickly (optimally, in less
than 1 hour).

1.2.3. Liquid-based cytology
The choice of the conservation solution is decided by consen-

sus between the pathologist and the radiologist. The pathologist’s
choice is often decisive because it is related to the equipment avail-
able in the cytology department. In all cases, solution must be
validated by the French National Drug Safety Agency (ANSM) for
complementary techniques.

The technique consists in placing the sampled material in the
conservation solution, using a syringe previously filled with the
solution, to avoid any aspiration into the needle. The solution
contains a mucolytic, a cytolytic and a small amount of alcohol
(methanol or ethanol). This is a transport solution: it is impor-
tant that the sample can then be taken to the cytology department
within 2 to 4 hours to ensure complete fixation.

1.2.4. Cell blocks
Several techniques are available and are generally chosen by

the cytology department. For the operator, this implies knowing
the solution in which the aspirated material is to be placed, and
sometimes requires an additional passage. A cell-block method
validation study is underway at the EFCS (European Federation of
Cytological Societies) in partnership with the UK NEQAS (National
External Quality Assessment Site). The recommendations that will
be published should serve as a reference.

1.2.5. Special case: microbiopsy
The role of microbiopsy in the diagnosis of thyroid nod-

ules remains to be defined, as there are few well-documented
publications at present, and these are mainly Korean [21,22].
This technique significantly reduces the rate of non-diagnostic
samples and may  be useful in case of solid nodules after 2
non-diagnostic FNABs. It is also discussed in cases of suspected
anaplastic carcinoma, metastasis or lymphoma, to enable com-
plementary techniques, particularly immunohistochemistry and
molecular biology, which require a high level of cellularity and a
specialized technical organization in the cytology department.

Recommendation 3.5–Direct smear thyroid FNAB: learning and
experience are required for smear quality. Level of evidence ++
Grade B

Recommendation 3.6–Liquid-based thyroid FNAB: liquid-based
cytology eliminates the need to master the direct smear technique.
The slide is easily analyzed; the cells are well conserved: comple-
mentary techniques are applicable. Level of evidence +++ Grade
A

Recommendation 3.7–Cell blocks allow complementary tech-
niques (immunocytochemistry and molecular cytopathology) to be
performed more easily. Level of evidence +++ Grade A
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Table  1
Suggested practical guidelines for fine-needle aspiration biopsy in patients on antiaggregant/anticoagulant therapy (expert opinions corresponding to current practice in
several  centers and according to references [2,14,15,42]).

Type of treatment Molecule Expert opinion

Anticoagulant AVK Possible continuation, INR < 3, 48 h before puncture
New direct oral anticoagulants
(Apixaban, Dabigatran,
Rivaroxaban)

Subject to the agreement of the prescribing
physician:
if taken in the morning and evening: not taken
the evening before and the morning of the
procedure;
if  taken in the morning only: not taken on the
morning of the procedure;
if taken only in the evening: not taken the
evening before the procedure.
Resumption 6 hours later possible.

Antiplatelet agent Acetyl salicylic acid 75 or
100 mg/day

Possible continuation

Clopidogrel Possible continuation (or relay aspirin and 5
days off if the prescribing physician agrees)

Ticagrelor Possible continuation (or relay aspirin and 5
days off if the prescribing physician agrees)

Prasugrel Possible continuation (or relay aspirin and 7
days off if the prescribing physician agrees)

Bi-aggregation Weigh carefully the indication for FNAB and, if
confirmed, after agreement of the prescriber,
stop 5 days Clopidogrel/Ticagrelor and 7 days
Prasugrel; and puncture with acetylsalicylic
acid ONLY

Heparin HBPM
heparin

Carefully weigh the benefit-risk of the indication for FNAB against the
temporary discontinuation of heparin and, if confirmed by prescribing
physician, skip the last injection

Table 2
BETHESDA SYSTEM 2017: diagnostic categories [24].

Diagnostic categories
I: Non diagnostic or unsatisfactory

Cyst fluid only
Virtually acellular specimen (less than 6 groups of 10 cellules)
other: technical problems, obscuring blood,...

II:  Benign
benign follicular nodule: adenomatoid nodule, colloid nodule, follicular

adenoma etc.
Thyroiditis: chronic lymphocytic, granulomatous (subacute), other.

III: Atypia of Undetermined Significance or Follicular lesion of
Undetermined Significancea

IV: Follicular Neoplasm or Suspicious for a Follicular Neoplasma

V: Suspicious for Malignancy
Suspicious for papillary thyroid carcinoma
Suspicious for medullary thyroid carcinoma
Suspicious for metastatic carcinoma
Suspicious for lymphoma
other: anaplastic carcinoma, poorly differentiated,...

VI: Malignant
papillary thyroid carcinoma
medullary thyroid carcinoma
anaplastic carcinoma
Metastasis
Lymphoma
other

a The two terms are synonymous. Each laboratory should choose only one for
reporting results.

Recommendation 3.8–Microbiopsy of a thyroid nodule is useful
for solid nodules after at least 2 non-diagnostic FNABs. Level of
evidence ++ Grade A

2. How to analyze thyroid cytology

2.1. Bethesda system

The international terminology for thyroid cytology is the
Bethesda system [23–26] (Table 2). This classification has the
advantage of:

• defining the diagnostic criteria, with explanatory notes and fig-
ures;

• specifying the risk of malignancy;
• detailing management for each of the 6 categories.

In 2022, at European and international level, the majority of
thyroid cytologies are analyzed on the Bethesda system. A few
countries (Italy, UK and Japan) use their own classifications, but
it is possible to link categories between classifications [27]. More
recently, scores combining several components (imaging, cytology,
clinical data, molecular alterations) have been proposed to improve
the management of thyroid nodules [27–30].

2.1.1. The Bethesda categories
Category I, “non-diagnostic” (ND), comprises 1) all cases with

fewer than 6 clusters of 10 well-preserved follicular cells, 2) FNABs
with poorly conserved, altered cells, and 3) cyst FNABs with or
without histiocytes and fewer than 6 clusters of 10 thyreocytes.

Category II, “benign” (B) comprises benign follicular nodules and
thyroiditis.

Category III, “follicular lesion of undetermined significance” or
“atypia of undetermined significance”: the cytologist may  choose
either of the terminologies, as they do not correspond to differ-
ent situations, but should always use the same terminology in the
reports. Category III should be used as a last resort, and not as a
“catch-all” category.

For category IV, a choice between two  terms “follicular neo-
plasm (FN)/suspicion of follicular neoplasm” is possible, but
the cytopathologist should always use the same terminology in
reporting. This category corresponds to cytologies often rich in
microfollicles. Cytologies that combine this microfollicular archi-
tecture with moderate cytological abnormalities may  suggest
NIFTP (Non-invasive follicular thyroid neoplasm with papillary-like
nuclear features). This entity was  proposed in 2016 and introduced
in the World Health Organization classification of thyroid tumors
in 2017 [31–33]. Diagnosis can only be made after complete exam-
ination of the capsule on the surgical specimen; it is therefore not
possible to diagnose on cytology. The criteria to define this low-risk
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Table  3
Histological and molecular diagnostic criteria for NIFTPa [31–33].

Histological and molecular diagnostic criteria for NIFTPa

Any size
Encapsulated/well limited
Follicular architecture:

<1% true papillae
No psammoma  bodies
Nuclear grade 2–3
Absence of vascular invasion
Absence of capsular invasion
< 30% solid/insular/trabecular
Absence of tumor necrosis
Mitoses < 3/10 HPF
Absence of BRAF V600E mutation
RAS-Like Mutations (50–60% of cases)

a NIFTP: non-invasive follicular thyroid neoplasm with papillary-like nuclear fea-
tures.

tumor are strict (see Table 3). For cytologies of microfollicular archi-
tecture with papillary-type abnormalities, an explanatory note may
be added to suggest the possibility of NIFTP. Category IV includes
a subcategory of “follicular oncocytic cell neoplasm/suspicion of
follicular oncocytic cell neoplasm” for rich cytologies consisting
exclusively of oncocytic cells.

Category V, “suspicious for malignancy” (SM), is used if the
cytological features raise suspicion of malignancy but there is insuf-
ficient evidence to confirm this diagnosis. It is necessary to specify
the type of cancer suspected: mainly papillary carcinoma, but also
medullary carcinoma, poorly differentiated carcinoma, anaplas-
tic carcinoma, lymphoma or metastasis. In the case of suspected
papillary carcinoma, the cytology will be classified as category V,
SM,  with an explanatory note on the possibility of a diagnosis of
NIFTP.

Category VI, “malignant” (M), includes all cases where
the cytological appearance is suggestive of malignancy:
papillary carcinoma, medullary carcinoma, poorly differ-
entiated carcinoma, anaplastic carcinoma, lymphoma or
metastasis.

2.1.2. Bethesda terminology and risk of malignancy (ROM)
In the first version of the Bethesda classification [23], risk of

malignancy (ROM) was mainly calculated on the basis of retro-
spective data on operated patients, leading to overestimation (see
Table 4). The publication of prospective studies including large
cohorts and meta-analyses has changed the ROM. Furthermore,
the 2017 and 2022 WHO  classifications [31,32] of thyroid tumors
profoundly changed the category of encapsulated follicular thyroid
tumors, including NIFTP considered as an indolent tumor [33]. This
new denomination impacted the second version of the Bethesda
classification, lowering the ROM mainly in the indeterminate cat-
egories (III and IV) [34–37].

Thus, for the “non-diagnostic” and “benign” categories (I and II),
ROM remained stable, at 5–10% and <3% respectively. For category
III, ROM is difficult to assess, as patients are not operated on unless
they present other suspicious clinical or ultrasound signs; even so,
ROM decreased from 10–30% to 6–18%. ROM in category IV, “fol-
licular neoplasm” (FN), is easier to estimate, as these nodules are
often operated on. The risk of tumor is 65-85% and of malignancy
10–40% with the development of NIFTP. The appearance of NIFTP
also impacted ROM in Bethesda category V, “suspicious for malig-
nancy” (SM), decreasing from 50–75% to 45–60%. For category VI
“malignant” (M), ROM remains high at 94-96%, as NIFTP is rarely
found in this category.

Recommendation R3.9: Cytology results should be presented
using the Bethesda system (Grade A +++), specifying the year of
the version (see Table 2).

2.2. Prescription and cytology report

The prescription for cytological analysis must include all the
following information:

• concerning the patient: identity, date of birth, relevant personal
or family oncological history, genetic syndromes, cervical irradi-
ation, thyroid surgery;

• concerning the operator and the prescriber: identity, contact
details;

• concerning the nodule: size, location, EU-TIRADS score, evolu-
tion, possible FDG fixation on PET scan, presence of suspicious
lymph nodes/lymph-node aspiration;

• biological thyroid status and possible thyroid treatment, calci-
tonin level, presence of antithyroperoxidase antibodies;

• whether the nodule is likely to be parathyroid and, if so, serum
calcium and PTH levels if known.

• concerning the puncture: number of passes and location, need
for aspiration or not; number of slides and/or tubes; puncture
of lymph node at the same time with or without assay on rinse
liquid;

• treatment such as anticoagulants or antiplatelets and, if stopped,
for how long, or blood coagulation abnormalities.

For the cytology report, the formulation of the result of a FNAB
requires the initial information to be reiterated (concerning the
patient, clinical and ultrasound data, characteristics of the nod-
ule) plus identification of the operating and prescribing physicians,
cytopathologist, type of material submitted, techniques used, and
the result according to the Bethesda terminology [24,38].

Recommendation 3.10–It is recommended to send the FNAB to
the cytologist with a form containing information detailing the
ultrasound characteristics of the thyroid nodule and the clinical
context. Level of evidence ++ Grade A

Recommendation 3.11–The thyroid cytology report should
include 1) the Bethesda diagnostic category in full, possibly fol-
lowed by its number (from I to VI) as often used in common practice,
and 2) the cytological diagnosis. Level of evidence +++ Grade A

Recommendation 3.11a–Additional comments or explanatory
notes may  be added to the report by the cytopathologist. Level of
evidence +++ Grade B

Recommendation 3.11b–Management recommendations or
risk of malignancy may  also be indicated in the report. Level of
evidence +++ Grade B

Recommendation 3.11c–The report may  be written as free text
or as a standardized form. Level of evidence+GradeC

3. Thyroid cytology and complementary methods

3.1. Immunocytochemistry (ICC) and immunohistochemistry
(IHC) [16,39–41]

Routine ICC techniques are essential for cytological diagnosis.
Different techniques may  be used in different cytology departments
and are validated by quality assurance procedures. The main indi-
cations are to determine the follicular or non-follicular nature of the
nodule (parathyroid, medullary carcinoma, lymphoma, metastasis)
and to help distinguish benign or malignant lesions of follicular
origin.

Recommendation 3.12–Immunocytochemistry/immunohisto-
chemistry techniques are recommended for lesions suspected
of being non-follicular (parathyroid, medullary carcinoma, lym-
phoma, metastases) (Grade A +++) and indeterminate categories
(III and IV) of the Bethesda terminology (Grade B ++)
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Table  4
BETHESDA SYSTEM 2017: diagnostic categories: Risk of malignancy [24,25].

Diagnostic category Frequency Risk of malignancy (%) Risk of cancer and NIFTPa (%)

I: Non-diagnostic < 15% 5–10% 5–10%
II:  Benign 60–70% 0–3% 0–3%
III:  Atypia of Undetermined Significance or
Follicular lesion of Undetermined Significance

<10% 6–18% 10–30%

IV:  Follicular Neoplasm or Suspicious for a
Follicular Neoplasm

6–11% 10–40% 25–40%

V:  Suspicious for Malignancy 1–6% 45–60% 50–75%
VI:  Malignant 5% 94–96% 97–99%

a NIFTP: non-invasive follicular thyroid neoplasm with papillary-like nuclear features, considered as a low-risk neoplasm [32].

4. Molecular tests

Molecular analyses in addition to cytology are possible and are
being developed in thyroid FNAB to improve the management of
cytologically indeterminate nodules (see chapter 4).
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[39] Srebotnik Kirbiš I, Rodrigues Roque R, Bongiovanni M,  Strojan Fležar M,
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