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Nondiagnostic/Unsatisfactory Thyroid 
Fine Needle Aspiration on Liquid-Based 
Preparations

Rana S. Hoda

 Introduction to Adequacy Criteria 
for Thyroid FNA Specimen

• Thyroid fine needle aspiration (FNA) is well established as a 
first-line diagnostic procedure in patients with thyroid nod-
ules, but despite improved FNA techniques and increase use 
of ultrasound (US) guidance, about 20% of initial FNA spec-
imens may be nondiagnostic or unsatisfactory (ND/Unsat).

• Nondiagnostic FNA of thyroid nodules presents a clinical 
dilemma, as the nature of the nodule is not clear and the 
nodule must be re-aspirated for a diagnosis.

• An adequate FNA specimen, representative of the lesion, 
is necessary to make an accurate cytopathologic interpre-
tation for proper patient management.

• Adequacy encompasses adequate specimen cellularity 
and satisfactory specimen quality (thickness, fixation, and 
staining).

 TBSRTC Criteria for Adequate Thyroid FNA 
Specimen and Application to LBP

• In The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) [2], a thyroid FNA is defined 
as “Adequate” when it contains six well-preserved, well-
stained follicular cell groups with 10 cells each or 60 fol-
licular cells (Fig. 3.1a, b).
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Fig. 3.1 Adequate thyroid FNA. (a, b) The case showed the required 
number of six groups of follicular cells with at least 10 cells each. The 
follicular cell groups are well preserved, well stained, and not covered 
by any background factors obscuring their features. Benign features are 
indicated by small, flat sheets of polarized, uniform follicular cells with 

regular, small, round nuclei and intact cytoplasm. A few small groups 
and single follicular cells are also present. Note the thin colloid appear-
ance of “wrinkled tissue paper” (a, Papanicolaou [Pap] stain ThinPrep® 
[TP] and b, Pap stain, SurePath [SP])
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• A benign diagnosis with 60 benign follicular cells has 
97% sensitivity and 42% specificity.

• Adequacy criteria on liquid-based preparations (LBP) are 
the same as those for conventional smears (CS).

• Use of these well-defined criteria for adequacy is help-
ful, as they improve the diagnostic efficiency of thyroid 
FNA.

• The overall risk of malignancy (ROM) in this category is 
5–10%.

• On surgical resection, the malignancy rate for a nodule 
initially reported as ND/Unsat is 9–32%.

 TBSRTC Criteria for ND/Unsat Thyroid FNA 
Specimen and Application to LBP

• In TBSRTC, ND/Unsat cytologic diagnoses are 
synonymous.

• The following are examples of thyroid FNA that are con-
sidered “ND/Unsat”

 – Cases with fewer than six well-preserved, well-
stained follicular cell groups with 10 cells each, or 
<60 follicular cells. The same criteria apply to LBP 
(Fig. 3.2).

 – Cases with smear-related artifacts that compromise 
cell detail and interfere with accurate interpretation 
(Fig. 3.3a). Artifacts include air-drying, which is seen 
in alcohol-fixed slides stained with Pap stain and 
results from a delay in slide fixation. Other artifacts 
include obscuring of cells by blood (Fig. 3.3b)., ultra-
sound gel, or thick cellular areas. Because of the pro-
cessing techniques in LBP, the background elements 
are reduced, and even if they are present, they do not 
obscure cells (Figs. 3.3c and 3.4a, b).

 – Cases with cyst fluid, with or without histiocytes, and 
fewer than six groups of 10 benign follicular cells. 
Cystic lesions are most commonly responsible for ND/
Unsat cases (Fig. 3.5a–c).

Fig. 3.2 Nondiagnostic/Unsatisfactory (ND/Unsat) in LBP. ND/Unsat 
TP case showing abundant blood only. TP is more likely to be ND/
Unsat due to excess blood (Pap stain, TP)

a

b

c

Fig. 3.3 ND/Unsat due to Smear-related Artifacts. (a) In a CS case, 
air-drying distorts cells and prevents a definitive diagnosis. (b) Excess 
blood in a CS case obscures cell detail; even though the cells look 
benign, it may be difficult to render a definitive diagnosis. (c) TP, a 
liquid-based preparation (LBP), shows abundant blood with no obscur-
ing (a–c, Pap stain)
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Fig. 3.4 ND/Unsat with Ultrasound Gel Only. (a) In LBP, the ultrasound (US) gel stains purple with a lacy or weblike texture. (b) The case 
showed follicular cells surrounded by US gel, but the cytology of benign follicular cells in a macrofollicle is not obscured (a, b, Pap stain, TP)

a b

c

Fig. 3.5 ND/Unsat, Cyst Fluid Only. (a) On Diff-Quik (DQ)-stained CS, 
a cystic nodule shows non-cohesive macrophages with ill-defined cell 
walls and cytoplasmic hemosiderin pigment, which appears dark blue. 
(b) Pap-stained CS from the same case shows golden brown cytoplasmic 
hemosiderin pigment and red blood cells (RBCs) and cystic debris in the 

background. (c) When processed with TP, cystic fluid from the same case 
showed hemosiderin-laden macrophages with distinct cytoplasmic con-
tours in a clean background. LBP retain all cytoplasmic elements. Nuclear 
morphology is crisp, with round, oval, and reniform shape, pale chroma-
tin, and small nucleolus. Note RBCs in the background (Pap stain)
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 TBSRTC Exceptions to Adequacy Criteria, 
and Application to LBP

• There are exceptions to the ND/Unsat criteria:
 – Colloid nodule: This is composed of variably sized 

dilated follicles filled with colloid, which produce a 
specimen composed entirely of colloid (Fig. 3.6). Such 
a nodule contains abundant colloid, and the minimum 
number of follicular cells is not required, but this stan-
dard can only be reliably applied to CS.  In LBP, the 
amount of thin colloid may be reduced and cannot be 
quantified accurately, so this diagnosis is not recom-
mended for LBP. Moreover, the quality of colloid also 
changes; it may be mistaken for serum. Thyroglobulin 
immunostain can be performed, if needed, as colloid 
stains with thyroglobulin.

 – Solid nodule with thyroiditis: Thyroiditis is a diverse 
group of disorders with different etiologies that are 
characterized by thyroid inflammation. It is categorized 
as acute, subacute, or chronic forms. The latter, chronic 
lymphocytic thyroiditis (CLT) or Hashimoto’s thyroid-
itis (Fig. 3.7a–c) is the most common form of thyroid-
itis. FNA cytology shows increased background 
lymphocytes, lymphocytic infiltration of Hürthle cells, 
and/or follicular cell clusters and lymphohistiocytic 
aggregates. In ThinPrep® (TP), the diagnosis of CLL 
or Hashimoto’s thyroiditis sometimes may be challeng-
ing because of low cellularity and fewer lymphocytes 
or clumped lymphocytes. The latter may be mistaken 
for follicular cells. (See Chap. 4 for details on HT.)

 – Solid nodule with any cytologic atypia: This feature is 
applied regardless of the number of follicular cells; it 
is seen in LBP (Fig. 3.8a–c).

Fig. 3.6 ND/Unsat, Colloid Only in LBP. In CS a diagnosis of colloid 
nodule can be rendered if abundant colloid is present and the minimum 
number of follicular cells is not required. This standard can only be reli-
ably applied to CS. In LBP, the amount of thin colloid may be reduced 
and cannot be quantified accurately. In this case, the TP shows only thin 
colloid only and is best considered ND/Unsat (Pap stain)

a

b

c

Fig. 3.7 Adequate, Hashimoto’s Thyroiditis (HT). (a–c), Specimen 
shows lymphohistiocytic aggregates and dispersed polymorphous lym-
phocytes. No follicular cells were identified. (a–c, Pap stain TP). In 
TBSRTC, a minimum number of follicular cells is not required in these 
cases, but ancillary studies such as flow cytometry can be helpful for lym-
phocyte-only aspirates if the lymphoid population appears monoclonal
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 TBSRTC Updates for ND/Unsat Specimens

• Repeat FNA for a ND/Unsat can be performed at an inter-
val of less than 3 months, but the potential for reactive/
reparative atypia remains. The American Thyroid 
 Association (ATA) 2015 guidelines [17] also state that a 
waiting period is probably not necessary.

• Repeat FNA after an ND/Unsat aspirate is often success-
ful and results in a diagnostic sample in 60–80% of cases. 
This should be the standard approach to ND/Unsat nod-
ules, given the ROM [1, 29]. Ultrasound-guided FNA 
(USGFNA) is preferred for repeat FNA.

• Patients with repeatedly ND/Unsat nodules should be 
closely observed or undergo surgical excision, especially 
if nodule size increases and sonographic findings are 
suspicious.

 Causes for ND/Unsat Thyroid FNA 
and Application to LBP

• The most common pitfalls for false negative diagnoses in 
thyroid FNA result from rendering an interpretation on an 
inadequate sample from a solid nodule, or underdiagno-
ses of papillary thyroid carcinoma (PTC) due to cystic 
degeneration. A ND/Unsat sample should not be regarded 
as negative [29].

• Inadequate sampling of a solid nodule could be due to 
small nodule size, location in the thyroid, fibrosis, calcifi-
cation, and excessive blood in the sample. The problem of 
excessive blood does not apply to LBP.

• The majority of ND/Unsat FNA results are due to cystic 
lesions. In such cases, the sample may consist solely of 
histiocytes and/or hemosiderin-laden macrophages. These 

a b

c

Fig. 3.8 Adequate, AUS/FLUS. (a, b) Specimen shows few atypical 
follicular cells (<60), with both nuclear and architectural atypia. The 
enlarged nuclei (compare with scattered RBCs in both images) are 
round and hyperchromatic, with occasional small nucleoli, and present 

in a microfollicular structure. Nuclear features of papillary thyroid car-
cinoma (PTC) are not seen (a, TP; b, SP; Pap stain). The thyroid molec-
ular test showed a NRAS mutation in both cases. (c) On subsequent 
lobectomy, a histologic section from the nodule seen in (a) proved to be 
a follicular adenoma (hematoxylin & eosin [H&E] stain)
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cases should be evaluated cautiously, with clinical and 
imaging correlation. A descriptive ND/Unsat diagnosis 
can be rendered, and the clinician can be alerted to the pos-
sibility of an underlying unsampled lesion such as PTC 
with cystic degeneration. In a review of 927 consecutive 
aspirations, García-Pascual et al. [14] reported an 11.1% 
malignancy rate among partially cystic thyroid nodules 
with ND/Unsat FNA cytology.

 ND/Unsat Specimens in LBP

• Details of ND/Unsat cytology have been published in the 
Second Edition of the Bethesda System for Reporting 
Thyroid Cytopathology; the emphasis here is on ND/
Unsat cases on LBP.

• Adequacy criteria for thyroid FNA in the TBSRTC were 
developed on CS, but they are also being applied to FNA 
evaluated with LBP alone.

• It remains controversial whether LBP should be the sole 
preparation used for thyroid FNA (direct-to-vial) or if 
LBP should be used in conjunction with CS (split  sample). 
Each method has its proponents and opponents, and 
advantages and disadvantages.

• The inadequacy rate for LBP alone without CS is generally 
less than 15%, but the rate in LBP is higher if the split-
sample technique is used. In this technique, cellular mate-
rial is first smeared on slides and the residual specimen is 
then rinsed in liquid-based collection medium for LBP.

• In a study by Rossi et al. [26], three parameters of effi-
cacy (rate of inadequate, indeterminate, and malignant) 
were evaluated in a series of 10,360 thyroid FNAs. The 
use of TP alone was as effective as CS in decreasing both 
inadequate and indeterminate cases. Most problems 
occurred when a split-sample method was used, with a 
resultant high rate of inadequate and false negative 
diagnoses.

• The sole use of LBP reduces the unsatisfactory rate and 
false negative diagnosis because of specific advantages 
that include a clean background, proper fixation, and 
increased cellularity (which occurs because the liquid- 
based slide is representative of the entire procured sam-
ple, unlike the split-sample method). See the study by 
Rossi et al. [26] for details of the two specimen collection 
techniques.

• The adequacy criteria in thyroid FNA evaluated with LBP 
alone have not been widely assessed. Vivero et  al. [33] 
showed that in thyroid FNA examined with TP only, low-
ering the adequacy threshold and eliminating the require-
ment of six groups of 10 cells each does not significantly 
affect test performance if cytological features associated 
with malignancy are absent. Nevertheless, TBSRTC has 
retained similar adequacy criteria for both CS and LBP.

• A meta-analysis by Chong et al. [10] of studies on both 
LBP and CS published between 2000 and 2013 showed 
that sample adequacy for the two mainstream LBP meth-
ods (TP and SurePath™ [SP]) was significantly superior 
to CS for most sampling methods. Average sample inad-
equacy in TP studies (24.0%) was significantly lower than 
in CS (33.4%; P < 0.01). Likewise, average sample inad-
equacy in SP studies (7.1%) was significantly lower than 
in CS (13.2%; P < 0.02). In the same study, the sensitivity 
and specificity of LBP were similar or slightly better than 
for CS.

• When an LBP specimen does not contain an adequate 
number of cells, a second slide can be prepared with the 
residual material to help meet the adequacy criteria. 
Tulecke and Wang [31] and Rossi et al. [27] found good 
results with this technique. In the study by Rossi et al., 
this procedure led to an 18.5% increase in the overall 
diagnostic rate, especially in cases classified as benign 
and follicular lesions. Rossi et al. [27] and Tulecke and 
Wang [31] concluded that the making of a second slide 
for an ND/Unsat case with inadequate cellularity may 
improve the diagnostic efficacy of the technique and 
may avoid either a repeat FNA or more aggressive 
treatment.

• However, Hasteh et  al. [16] found only a 3% adequacy 
retrieval rate for a second slide, which was regarded as 
insufficient for processing of an additional slide.

• Additional liquid-based slides can also be used for immu-
nocytochemistry or molecular tests.

• A cell block (CB) can also be attempted from the residual 
specimen if the sample appears cloudy, bloody, or blood- 
tinged. Traditional CB sections not only serve as an impor-
tant diagnostic adjunct to LBP or cytologic smears but also 
are used for immunohistochemical (IHC) studies.

• There are many ways to prepare a CB and the methods 
continue to be revised. Our group compared the tradi-
tional CB with CBs processed on the Cellient™  automated 
cell block system (Hologic, Toronto, Canada) [34]. The 
Cellient™ system, the first fully automated CB system, 
improves cell recovery when compared with traditional 
methods. The vacuum-assisted filtration concentrates 
available cells within the block, resulting in consistently 
high quality and a diagnostic CB in less than 1  hour, 
which can be used for IHC.

• Horton et al. [19] studied the utility of Cellient™ CBs in 
the evaluation of thyroid FNAs submitted in Cytolyt, 
with an emphasis on low-cellularity specimens. TP 
slides were first prepared from thyroid FNA.  After 
assessment using TBSRTC criteria, Cellient™CBs were 
requested on samples with residual FNA material and an 
initial cytologic impression of ND/Unsat or AUS/FLUS, 
and on apparently benign samples with marginally ade-
quate cellularity. Overall, the CB findings resulted in a 
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change of the initial TP impression in 15% of cases, the 
vast majority of which were initially ND/Unsat. 
Moreover, 31% of the ND/Unsat TP samples became 
diagnostic with a CB. The CB findings contributed to a 
change in diagnosis in 8% of AUS/FLUS cases. The 
low-cellularity benign samples gained very little addi-
tional information from the CB.

• Currently, TP is being used more often than SP for non- 
gynecological cytology, including FNA, so more represen-
tations of TP cases will be seen. The choice of LBP depends 
on individual laboratory preferences and needs, however.

• Cytomorphological appearance is comparable with TP 
and SP, with subtle differences, as listed in Chap. 1 and 
mentioned elsewhere. A learning curve is essential for 
adapting to the cytomorphologic features of the LBP 
technique, and it is hoped that this volume will educate 
cytologists in the differences between CS and LBP and 
the subtle differences between TP and SP.

 The Role of Rapid On-Site Evaluation 
for Adequacy Assessment and Application 
to LBP

• Air-dried Diff-Quik (DQ)–stained smears are prepared 
for rapid on-site adequacy evaluation (ROSE).

• ROSE of thyroid FNA reduces the ND/Unsat rate. This 
assessment provides a preliminary diagnosis, ensures 
that the sample is adequate, limits the number of passes, 
allows for appropriate specimen triage for ancillary 
studies including molecular tests, and often facilitates 
clinical decision-making. It is cost-saving, as a repeat 
FNA is avoided [35].

• ROSE cannot be performed for LBP, as the collected sam-
ple is immediately rinsed in the collection medium, but 
ROSE can be performed if LBP are used in conjunction 
with DQ-stained smears. Cytologists or clinicians who per-
form ROSE can make one or two DQ-stained smears per 
pass and if the specimen is adequate, the remaining sample 
can be rinsed in the liquid-based collection medium.

• The gauge of the FNA needle and FNA technique also 
influence the ND/Unsat rate. For solid and mixed nod-
ules, the non-aspiration FNA method using a 25G needle 
with multiple (≥3) passes results in a higher diagnostic 
rate for thyroid FNA than does a single pass with a 22G 
needle, with or without aspiration.

• The study by Zhu et al. [35] revealed that when the num-
ber of needle passes was fewer than three, the nondiag-
nostic rate could be 25% or more, but it was significantly 
reduced to 11% with four passes performed per thyroid 
lesion. The authors concluded that, with ROSE, four to 
six passes per thyroid nodule is the optimal number to 
maximize diagnostic certainty.

 The Role of Ultrasound-Guided FNA

• Ultrasound-guided FNA (USGFNA) is preferred over 
palpation-guided FNA (PGFNA).

• Although the rate of ND/Unsat FNA is reported to be 
lower with USGFNA, 10% to 35% of cases continue to be 
nondiagnostic. This rate includes both CS and LBP.

• USGFNA is more advantageous in nonpalpable, predomi-
nantly cystic nodules or nodules with previous ND/Unsat 
FNA.

• The 2015 ATA guidelines for management of adult 
patients with thyroid nodules and differentiated thyroid 
cancer indicate that PGFNA remains an acceptable alter-
native for FNA of a palpable thyroid nodule that meets 
sonographic criteria for biopsy [17].
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