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No single cytologic feature is specifically diagnostic for papillary thyroid carcinoma. We report herein the
presence of swirl-like cellular aggregates in fine needle aspirates of papillary thyroid carcinoma but not in other
thyroid entities. Cellular swirls are defined as concentrically organized aggregates of tumor cells in which many
of the most peripherally situated cells have ovoid rather than round nuclei that are oriented perpendicular to the
radius of the swirl. One hundred Papanicolaou- and/or Diff-Quik-stained FNAs of the thyroid diagnosed as
papillary carcinoma, including seven fine needle aspirates of cervical lymph nodes showing metastatic
papillary carcinoma, with or without cell blocks, were reviewed for the presence of cellular swirls. An additional
100 thyroid FNAs, similarly stained and prepared, diagnosed as nodular goiter, Hashimoto’s thyroiditis and
follicular neoplasm were also reviewed for the presence of cellular swirls. Cellular swirls were easily observed
at screening magnification and confirmed at high magnification. Seventeen of 100 FNAs (17%) of papillary
carcinoma contained cellular swirls. No cases diagnosed as nodular goiter, Hashimoto’s thyroiditis or follicular
neoplasm contained these structures. Thirteen cases with swirls had histologic follow-up. These comprised
seven papillary carcinomas with classical histopathology, two designated ‘differentiated papillary carcinoma,’
two with follicular variant histopathology; one with a minor component of follicular variant histopathology; one
papillary carcinoma metastatic to a cervical lymph node with classic histopathology. Swirls occurred in cases
with relatively little pleomorphism, or in well-differentiated regions of papillary carcinoma that also displayed
less well-differentiated components. Cellular swirls are a finding that is highly specific to papillary thyroid
carcinoma. They are easily seen at screening magnification. Their presence in a FNA specimen may be helpful
in cases where classic criteria for papillary thyroid carcinoma are scarce, particularly in well-differentiated
papillary thyroid carcinoma. While the size and scope of this study are insufficient to conclude that cellular
swirls alone are diagnostic of papillary thyroid carcinoma in the absence of other criteria, we believe these
structures should be added to the list of diagnostic criteria.
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Thyroid carcinoma is the most common endocrine
malignancy, accounting for approximately 1% of all
malignant diagnoses.1 Papillary thyroid carcinoma
(PTC) accounts for 70–80% of thyroid cancers.1 Fine
needle aspirates (FNAs) are an important modality
for establishing the pre-surgical diagnosis of PTC.2–5

No single cytologic feature is specifically diagnostic
for PTC; the finding of several recognized criteria
make the diagnosis of PTC more likely in any given
case. We describe herein a new criterion for the
diagnosis of PTC on FNA, the presence of cell

aggregates that we refer to as cellular swirls. As
described below, these structures were present in
FNAs of PTC, but not in FNAs of other thyroid
entities. Cellular swirls are defined as flat, concen-
trically organized aggregates of about 50–200 tumor
cells, in which many of the most peripherally
situated cells have ovoid rather than round
nuclei that are oriented perpendicular to the
radius of the swirl. To our knowledge, these
structures have not been previously reported in the
literature and in particular, their relationship to PTC
is undescribed.

Materials and methods

One hundred Papanicolaou-stained and/or Diff-
Quik-stained smears comprising 93 FNAs of the
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thyroid diagnosed as PTC and seven FNAs from
cervical lymph nodes with metastatic PTC, with or
without cell blocks, were reviewed for the presence
of cellular swirls. An additional 100 similarly
stained and prepared thyroid FNAs, diagnosed as
nodular goiter, Hashimoto’s thyroiditis or follicular
neoplasm, were also reviewed for the presence of
cellular swirls. In addition, the presence of struc-
tures with similarities to, but which do not strictly
match our definition of cellular swirls, was also
recorded. All 100 cases of PTC had either confirma-
tory surgical pathology follow-up (n¼ 49) or were
diagnostic on cytologic grounds, based upon the
presence of multiple classic criteria for diagnosing
PTC, including intranuclear inclusions and grooves,
monolayered sheets, giant cells, papillary structures
and psammoma bodies. Seven of 100 non-PTC
FNA cases had histological follow-up. Of these,
three were follicular adenomas, one follicular cell
neoplasm with extensive oncocytic differentiation,
one multinodular goiter, one adenomatous nodule/
follicular neoplasm cannot be ruled out and one
Hashimoto’s thyroiditis.

Results

Cellular swirls were easily observed at screening
magnification and confirmed at high magnification
(Figure 1). These structures were relatively flat
rather than ball-like and did not contain any colloid.
Cellular swirls consisted of concentrically organized
aggregates of about 50–200 tumor cells, in which
most of the peripherally situated cells have ovoid
rather than round nuclei, the long axes of which
were oriented perpendicular to the radius of the
swirl (Figure 2). Often, cellular swirls were contigu-
ous with flat sheets of tumor cells with similar
cytologic features. The nuclear chromatin in most
cases was bland and uniform and nuclear mem-
branes were smooth and unremarkable. Occasional
cells showed a nuclear groove or a small nucleolus.
Nuclear pleomorphism was not present within the
swirls. The cytoplasm was usually scant and
delicate and cytoplasmic borders indistinct. How-
ever, several swirls were composed of cells with
relatively dense cytoplasm and distinct cytoplasmic
borders (Figure 3). Cellular swirls were not directly
associated with psammoma bodies or multi-
nucleated giant cells. Seventeen of 100 FNAs
(17.0%) of PTCs contained cellular swirls, 16 in
thyroid FNAs and one in a cervical lymph node
FNA. The number of swirls varied from one to three
per case. Cellular swirls were found in seven
papillary carcinomas with classical histopathology,
two designated ‘differentiated papillary carcinoma,’
two with follicular variant histopathology and one
with a minor component of follicular variant
histopathology. In addition, a single metastatic
PTC with classical histopathology in a cervical
lymph node demonstrated a swirl. Examination of

available histopathologic sections in a few cases
with swirls on FNA, showed no structure resem-
bling cellular swirls. No cases diagnosed as nodular
goiter, Hashimoto’s thyroiditis or follicular neo-
plasm contained these structures. Structures similar
to, but not completely morphologically character-
istic of cellular swirls were also observed in seven
cases of PTC (7%) (Figure 4). They differed from true
cellular swirls in that their nuclei were round rather
than ovoid, or architecturally, had variable degrees
of disoriented and/or incompletely concentric
nuclear long axes. These partially swirl-like struc-
tures were not found in any non-PTC cases.

Discussion

In 1980, Kini et al6 suggested that diagnostic criteria
for PTC include papillary tissue fragments, mono-
layered sheets, syncytial tissue fragments, intra-
nuclear cytoplasmic inclusions, psammoma bodies
and multinucleated giant cells. ‘Ropy’ colloid was
first described by Löwhagen.7 Criteria described by

Figure 1 (a) Cellular swirl at screening magnification (Papanico-
laou, �20). (b) Cellular swirl at high magnification (Papanico-
laou, �40).
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Koss included cellular rich aspirates with little
colloid, sharply outlined papillary clusters, distinct
cytoplasmic borders, enlarged nuclei, nucleoli,
intranuclear cytoplasmic inclusions and psammoma
bodies.8 Although nuclear grooves were described
by Chan and Shaw in histological sections and
imprint smears of PTC,9 their utility as a diagnostic
feature in FNAs was first reported by Rupp and
Ehya.10 The list of criteria for the diagnosis of PTC
by FNA has continued to grow. More recently,
DeMay recognized 13 criteria divided into four
categories, including architectural (3-dimensional
papillae with cores, 3-dimensional caps without
cores, 2-dimensional sheets with fingers), cytoplas-
mic (squamoid features, septate vacuoles), nuclear
(grooves, intranuclear cytoplasmic inclusions, fine
pale chromatin, marginated nucleoli) and back-
ground (psammoma bodies, epithelioid giant cells,
gummy colloid).11

The findings described herein suggest the exis-
tence of a new criterion, the cellular swirl. Cellular
swirls are found in a significant fraction of FNAs of
PTC, but not FNAs of other thyroid lesions. They are
observed in association with relatively well-differ-
entiated tumor cells in sheets and are easily seen at
screening magnification.

Cellular swirls should not be confused with the
spherules (3-dimensional balls of follicular cells
with or without colloid content) that may be seen in
thyroid FNAs.12,13 Mesonero et al13 associated such
spherules with the macrofollicular subtype of the
follicular variant of PTC. In contrast, cellular swirls
are relatively flat, 2-dimensional structures and are
not associated with colloid. Kuma et al14 reported
whorl-like structures consisting of cells with mildly
enlarged nuclei, thickened nuclear membranes and
‘entirely clear contents’ in a thyroid FNA of the
cribriform-morular variant of PTC. These structures,
the cells of which have prominent nuclear changes,
show no similarities to the cellular swirls described
presently, in which bland nuclear features are
found.

Figure 2 (a) Cellular swirl contiguous with flat sheet of tumor
cells with similar cytologic features (Papanicolaou, � 20). (b)
Cellular swirl showing concentrically organized aggregate of
tumor cells with indistinct cytoplasmic borders with the most
peripherally situated nuclei being ovoid rather than round
and their long axes perpendicular to the radius of the swirl
(Papanicolaou, � 40).

Figure 3 (a) Cellular swirl displaying distinct cell borders
and relatively dense cytoplasm at screening magnification
(Papanicolaou, �20) (b) Cellular swirl at high magnification
(Papanicolaou, � 40).
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It is well recognized that no single classic
diagnostic feature of PTC in FNAs is present in all
cases. Psammoma bodies, for example, are seen in
only 20–40% of PTCs.11 More recently reported
features associated with PTC FNAs include histio-
cytoid cells, seen in up to 6% of FNAs of PTC15 and
dark and pale cerebriform nuclei, seen in up to 50%
of the FNAs of PTCs reviewed.16 The presence of
cellular swirls in 17% of our cases series falls
between these two in prevalence.

We hypothesize that cellular swirls may represent
areas of incipient papillation within flat sheets of
tumor cells. They appear in most cases to be
contiguous with sheets of tumor cells with similar
cytologic features.

While the size and scope of this study are
insufficient to conclude that cellular swirls are
uniquely specific to and therefore diagnostic of
PTC in the absence of other criteria, we believe that
these structures are highly specific to PTC and
should be added to the list of diagnostic criteria
currently in practice.
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Figure 4 (a) Swirl-like structure with round rather than ovoid
nuclei (Papanicolaou, �40) (b) Swirl-like structure with focally
disoriented and incompletely concentric nuclear axes (Papanico-
laou, �20).
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