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Purpose: We compared the incidence of insufficient thyroid cytology due to blood-
stained materials or low cellularity in terms of aspiration technique, especially fo-
cusing on the degree of suction pressure and needle size.

Materials and Methods: Three experienced radiologists performed ultrasound-guid-
ed aspiration for thyroid nodules in 1174 thyroid nodules consecutively. Three differ-
ent techniques were used; (A) using a 25 gauge needle with mainly capillary tech-
nique in 269 nodules; (B) using a 25 gauge needle with 3 cc syringe and minimal
suction pressure in 303 nodules; (C) using a 22-23 gauge needle with 10 cc syringe
and aspirator in 602 nodules. The differences of the incidence of the insufficient cy-
tology among the three aspiration techniques and relationships of the incidence and
needle size/degree of suction pressure was statistically analyzed using the Mann-
Whitney U test and the chi-square test with linear-by-linear association.

Results: Overall, the difference in insufficient cytology was significant across the
three aspiration technique (p = 0.004), and the incidence tended to increase signifi-
cantly with increase of needle size and degree of suction pressure (p < 0.001). A
pairwise comparison of aspiration techniques found significant differences (p =
0.003) between techniques (A) and (C), and no differences between technique (B)
and (C) (p = 0.07) and between techniques (A) and (B) (p = 0.10).

Conclusion: The incidence of insufficient cytology was significantly low in the cap-
illary technique, and it increased significantly with the increase of needle size and
degree of suction pressure.
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INTRODUCTION

Fine needle aspiration (FNA) for thyroid nodule is a standard
diagnostic procedure. One major limitation of FNA is a non-di-
agnostic cytology result due to inadequate cytology specimen.
Although FNA generally yields sufficient cytology results, there
have been questions with regard to aspiration pressure and nee-
dle size. Previous studies evaluated the differences of sufficient
sample rates between thick and thin needles and between the
FNA with active suctions (FNAS) and FNA capillary techniques
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(FNAC) and the result of the comparative studies were inconclu-
sive (1-8). In this study, we compared the incidence of insufficient
cytology results according to the aspiration techniques, especially

focusing on the degree of suction pressure and needle size.

MATERIALS AND METHODS

From May 2009 to December 2010, three experienced radiolo-
gists who are familiar to the ultrasound-guided aspiration, per-
formed FNA studies consecutively in 1174 thyroid nodules from
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987 patients (322 men, 665 women; mean age 52.7 years) during
different time periods. The operators performed FNA studies
over 5 to 17 months consecutively with or without overlapping
time periods. The three radiologists used different aspiration
techniques [we arbitrarily described as the technique (A), (B),
and (C)], and they did not acknowledge that their FNA studies
were conducted in different ways from one another. For tech-
nique (A), 25 gauge needles were used mainly with capillary
technique, and the radiologist had 2 years of experience in FNA.
For technique (B), 25 gauge needles with 3 cc syringe were used
with intermittent minimal suction pressure, and the radiologist
had 8 years of experience in FNA. For technique (C), 22-23
gauge needles with 10 cc syringe and aspirator were used for ac-
tive aspiration, and the radiologist had 5 years of experience in
ENA. The aspiration volume in technique (C) was usually to fill
the needle hub. The aspiration volume in technique (A) and (B)
was usually one third of the needle hub. Aspiration was usually
conducted once or twice per nodule.

During the study period, the cytology was not reported ac-
cording to the Bethesda system criteria. We retrospectively cate-
gorized cytology results as four grades: grade 1 for blood only or
mostly blood cells with scant cellularity, grade 2 for scanty follic-
ular cells with hemorrhagic background, grade 3 for insufficient
results due to scanty cellularity without mention of hemorrhagic
background, and grade 4 for sufficient cytology specimen. We
arbitrarily assumed invasiveness of three aspiration techniques
according to the needle size and degree of suction pressure, and
we assigned ordinal scales as followed; technique (A) as 1, tech-
nique (B) as 2, and technique (C) as 3.

We evaluated the incidence of malignancy and analyzed
whether the incidence of malignant lesions was different among
the three groups by using the Kruskal-Wallis test. The difference

in incidence of insufficient cytology results and the relationships

between the incidence and invasiveness of the aspiration tech-
nique among three technique groups was statistically analyzed
using Pearson’s chi-square test with linear-by-linear association.
The pairwise incidence differences between each pair of groups
was statistically analyzed using the Mann-Whitney U test and
the relationships between the incidence of insufficient cytology
results and invasiveness of aspiration technique among groups
was analyzed by the Pearson’s chi-square test with linear-by-lin-
ear association. Statistical analysis was performed using SPSS for
Windows (SPSS Inc., an IBM Company, Chicago, IL, USA), and
p-values of less than 0.05 were considered to represent statistical

significance.

RESULTS

Malignant lesions were present in 15% (178/1174) of all nod-
ules [14.9% (40/269) for group of technique (A), 15.5% (47/303)
for group of technique (B), 15.1% (91/602) for group of technique
(O)], and there was no significant differences in the incidence of
malignant lesions between three groups. The insufficient cytology
results occurred in 18.6% for the technique (A), 24.4% for the
technique (B), and 29.2% for the technique (C), and detailed re-
sults are summarized in Table 1. Overall, the difference in inci-
dence of the insufficient cytology results was significant among
the three aspiration techniques (p = 0.004), and the incidence of
insufficient cytology results tended to increase significantly with
the increase of needle size and degree of suction pressure (linear-
by-linear association, p < 0.001). By comparing the two aspiration
techniques, the difference was significant (p = 0.003) between
technique (A) and (C), and not significant between technique (B)
and (C) (p = 0.07) or between technique (A) and (B) (p = 0.10).
The proportional tendency between the incidence of insufficient

results and needle size/degree of suction pressure was statistically

Table 1. Results of Cytology Specimen According to the Aspiration Technique

Results of Cytology

Technique Grade 1 Grade 2 Grade 3 Grade 4 Total
A (25 G, FNAQ) 9 17 24 219 269
B (25 G, FNAS) 17 14 43 229 303
C(22-23 G, FNAS) 56 43 77 426 602
Total 82 74 144 874 Nn74

Note.—Grade 1 for blood only or mostly blood cells with scant cellularity, Grade 2 for scanty follicular cells with hemorrhagic background, Grade 3 for in-
sufficient results due to scanty cellularity without mention of hemorrhagic background, Grade 4 for sufficient cytology specimen.
FNAC = fine needle aspiration capillary technique, FNAS = fine needle aspiration with active suction
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significant between technique (A) and (C) (linear-by-linear asso-
ciation, p < 0.001), technique (B) and (C) (p = 0.02).

DISCUSSION

In our study, FNAC with a smaller fine needle yielded better
results in terms of sufficient cytology specimen. Cytology ade-
quacy is important for accurate diagnosis of thyroid nodule.
There have been controversial results about the needle sizes and
aspiration techniques for adequate cytology specimen in thyroid
nodules, and the previous results were summarized in Table 2.
Previous comparative studies have shown no significant differ-
ences between FNAC and FNAS (1, 2). However, there have
been one-sided results favoring FNAC (3, 4) or FNAS (7). Simi-
larly in the aspiration technique, there have been no prominent
differences in results on needle sizes (5, 6, 9), or one-sided re-
sults favoring smaller needles (3, 7) or larger needles (8). In
summary, although sufficient volume of aspiration may be ob-
tained by using larger needles and active suction, it may not
guarantee adequacy of cytology specimen and may be more eas-
ily obscured by red blood cells (5, 6).

In our study, a mixed combination of the aspiration techniques
and needle sizes could be compared fortuitously, and FNAC re-
sulted in better cytology adequacy. The volume of aspiration in
FNAC was relatively smaller than the volume of FNAS within our
study. Although it may seem peculiar that the smaller volume of
aspiration could result in better cytology adequacy, we interpret
our results in terms of needle sizes and degrees of suction. Gener-
ally, we can see several vessel structures in thyroid nodules on a
color Doppler study. In our opinion, although the difference of
needle size was about 0.2 mm in our study, large sized needles
may be more likely to puncture or penetrate the vessel structure.
One of the criteria of needle withdrawal during FNA is the vol-

Table 2. Summary of the Comparative Studies between FNAS and FNAC
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ume of aspiration. If we combined large needle sizes with active
suction, we may have a large volume of aspiration rapidly, but the
chance of blood-stained materials occupying the volume may be
increased and the incidence of insufficient cytology may increase.
From the patient’s perspective, a thinner needle with capillary
technique may cause the least discomfort such as pain and bleed-
ing within the thyroid gland. In addition, although the chances
are extremely low; the possibility of needle tract seeding during
FNA may be smaller in finer needles and FNAC (10).

We have encountered some limitations in this study. First, we
did not consider nodule characteristics such as vascularity, echo-
genicity, and size of the nodules. The imaging characteristics
such as echogenicity, vascularity, and size may affect the adequa-
cy of cytology specimen. Heterogeneous echoic nodule, cystic
portions > 50%, and sizes less than 5 mm or larger than 10 mm
were all related to the inadequate cytology results (9, 11). In our
study, the operator performed FNA studies consecutively and in-
dependently, and the incidences of malignancy among three
groups were not statistically different. Therefore, we think that
the imaging characteristics of the nodules may not be significant-
ly different between the three groups. Second, the cytology re-
sults might not be consistent because specimens were read by
several pathologists during the study, and cytology reports were
not made by the standardized form such as the Bethesda system.

In conclusion, the incidence of insufficient cytology result was
significantly different according to aspiration technique, and it
was least in the capillary technique. The incidence of insufficient
cytology result tended to increase significantly with increase of

needle size and degree of suction pressure.
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