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Objective. To compare the cytology quality of ultrasound-guided fine-needle biopsy in thyroid nodules with 22-, 23-, and 25-gauge
(G) needles prospectively. Methods. A total of 240 consecutive nodules underwent ultrasound-guided fine-needle aspiration (USG-FNA)
and 240 nodules underwent ultrasound-guided fine-needle capillary (USG-FNC) were included in this prospective study from October
2014 to February 2016. Each nodule was sampled using 22 G, 23 G, and 25 G needle according to designed orders, and 1240 smears were
finally obtained. Cytology quality was scored by a cytologist blinded to needle selection. Results. In USG-FNA, the average scores and
standard deviations were 5.50 + 2.87 for 25 G needles, 4.82 + 2.95 for 23 G needles, and 5.19 + 2.81 for 22 G needles. In USG-FNC,
the average scores and standard deviations of each group were 5.12 +2.69 for 25G, 4.60 + 2.90 for 23 G, and 4.90 + 2.90 for 22 G
needles. The specimen quality scores of 25 G group were significantly higher than that of 23 G group (P < 0.017) in both USG-FNA
and USG-FNC. However, the differences were not statistically significant in nondiagnostic rate using different gauge of needles
(P >0.017 for all). Conclusions. 25 G needles obtained the highest scores of sample quality in thyroid FNA and FNC comparing with

22 G and 23 G needles. 25 G needle should be first choice of thyroid FNA and FNC in routine work.

1. Introduction

There is an increasing population of thyroid nodule patients
in the world. About 30%~60% of the adult harbors at least
one thyroid nodule. Ultrasound-guided fine needle biopsy
(USG-ENB) is a simple and fast technique, which is
recognized as the gold standard of preoperative diagnosis in
thyroid cancers [1-4]. Cytology results of USG-FNB in
thyroid nodules can be affected by many factors including
punctuation method (ultrasound-guided fine needle aspira-
tion and ultrasound-guided fine needle capillary, USG-FNA
and USG-FNC), needle gauges and types, passes of punctua-
tion, and sample preparation [2, 5, 6]. In the procedure of
USG-ENB, the choice of which gauge of needle to use is the
first issue to be addressed. Previous studies reported that
21-27-gauge (G) needles can be used in USG-FNA and
USG-FNC [7-10]. And 22-25-gauge needles were most

commonly used in the majority of reported studies [I, 2,
10]. However, it had not been evaluated how needle gauge
affected cytology specimen quality in routine work of USG-
FNA and USG-FNC.

Therefore, the purpose of this study was to prospectively
compare the quality of cytology specimens of thyroid nodules
obtained by 22 G, 23 G, and 25 G needles in USG-FNA and
USG-FNC.

2. Material and Methods

2.1. Patients. This prospective study was approved by the
Institutional Review Board and Ethics Committee, and all
the patients had signed informed consent before they under-
went ultrasound-guided fine needle biopsy. From October
2014 to February 2016, a total of 480 nodules in 437 consec-
utive outpatients underwent USG-FNA and USG-FNC in
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our department. There were 240 nodules from 221 consecu-
tive patients underwent USG-FNA. Forty-nine were male,
and 172 were female. The average age was 45.52 + 13.06
years old (range 23-76 years old). Another 240 nodules from
216 consecutive patients underwent USG-FNC. Fifty-two
were male, and 164 were female. The average age was
46.26 + 13.71 years old (range 22-92 years old).

2.2. Methods

2.2.1. USG-FNA and USG-FNC Procedures. USG-FNA and
USG-FNC were performed by two radiologists (experienced
7 years and 15 years in intervention) using two commercially
available ultrasound scanners (Siemens S2000, German;
Samsung RS80A, Korea) equipped with high-resolution
probes (7-14 MHz). Target nodules were selected according
to the guidelines of the European Thyroid Association
(ETA) and the American Thyroid Association for the man-
agement of thyroid nodules and differentiated thyroid cancer
[1, 11]. Each nodule was sampled three passes using a 25G
fine needle with length of 37mm, a 23G fine needle with
length of 37mm, and a 22 G fine needle with length of 31
mm (Figure 1). Punctuation procedures were performed
without local anesthesia. Adjust the ultrasound probe posi-
tion so that the ultrasound beam is parallel to the fine-
needle to guide punctuation and biopsy in real time. In
USG-FNA procedure, needle was attached a 5ml syringe.
When the fine-needle reached the target place of the nodule,
the operator moved the needle back and forth with suction
applied until the sample material were aspirated into the
hub of the needle. In USG-FNC procedure, no syringe was
attached, and no suction was applied. The operator only
moved the needle tip back and forth rapidly within the nod-
ule until sample material rises into the hub. The obtained
material was smeared on glass slides and sent for cytopatho-
logical examination immediately.

In order to minimize the selecting bias, each nodule was
sampled 3 passes of USG-FNA by 22-25 G needles according
to following sequence: consecutive nodules from No. 1 to No.
80 were aspirated in the order of 25 G, 23 G, and 22 G needle;
nodules from No. 81 to No. 160 were aspirated in the order of
23 G, 22 G, and 25G; nodules from No. 161 to No. 240 were
aspirated in the order of 22 G, 25 G, and 23 G (Figure 2). Each
pass applied to one smear. Smears were marked 1, 2, and 3
representing the sequence of passes. Ultrasound examination
was performed 20 minutes after US-guided FNA procedure
to assess whether there was complication occurred. The same
protocol was used in USG-FNC procedure. A total of 720
smears by USG-FNA and 720 smears by USG-FNC were
finally obtained (one smear per punctuation).

2.2.2. Cytology Interpretation. Extrusions of sample material
obtained by FNA or FNC were placed on glass slides. Smears
were fixed in alcohol and stained with hematoxylin and eosin
(H&E staining). One cytologist (experienced 38 years,
blinded to methods of punctuation) assessed each smear
based on the scoring system reported by Haddadi [12]. There
were 4 parameters including background clot or blood, num-
ber of obtained cells, preserved tissue architecture, and cellu-
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lar degeneration in this scoring system. Each parameter had a
score between 0 and 2 according to different quality of the
smear. The total scores of the 4 parameters were categorized
as follows: 0-2 as inadequate for diagnosis, 3-5 as adequate
for diagnosis, and 6-8 as superior for diagnosis (Table 1).
The final results of cytology was reported using the Bethesda
criteria as follows: nondiagnostic, benign, indeterminate
(including atypia of undetermined significance, follicular
lesion of undetermined significance, suspicious for a follicu-
lar neoplasm, and follicular neoplasm), suspicious for malig-
nancy, and malignancy [13, 14].

2.3. Statistic Methods. Clinical data including age, gender,
location of nodules, and cytological results were recorded in
Microsoft Excel software. Cumulative scores of 3 groups of
USG-FNA using 22 G, 23 G, and 25 G were analysed with a
commercially available software SAS statistical software
package (version 9.4). The general linear model (GLM) and
repeated measure analyses of variance (ANOVA) were used
to compare the average scores of specimens in 3 groups.
Nondiagnostic rate among 22 G, 23 G, and 25 G groups were
compared using Chi-square tests. Differences in measure-
ment data were tested using t-test. Chi-square or Kruskal
Wallis test was used to evaluate the adequacy of the smears
(SPSS version 17.0; SPSS Inc., Chicago, Ill). For the multiple
pairwise comparison, a P value less than the Bonferroni-
corrected significance value of 0.05/3 = 0.017 was considered
to indicate a statistically significance. Otherwise, P < 0.05 was
considered to indicate a significant difference.

3. Results

The diameter of 240 nodules in group of USG-FNA and of
240 nodules in USG-FNC was 10.9 + 6.9 mm (range 2.8-52
mm) and 10.5+7.5mm (range 2.9-46 mm), respectively
(P =0.562). No severe hemorrhage and other complications
were found in this study. The Bethesda category for cyto-
pathological diagnosis was shown in Table 2. After complet-
ing three passes of sampling using 22G, 23G, and 25G
needles, respectively, sufficient samples could be obtained
in the vast majority of nodules for cytological diagnosis.
The overall nondiagnostic rate was only 1.25% (3/240) both
in the USG-FNA and USG-ENC group.

3.1. Quality of USG-FNA Specimens Using 22 G, 23 G, and 25
G Needles. In USG-FNA group, there were statistically signif-
icant differences of the adequacy of the smears among 25G,
23G, and 22G needles (P=0.027) (Table 3). Specifically,
the inadequate (0-2 points) rate was 14.17% for 25 G needle,
19.58% for 23 G needle, and 15.42% for 22 G needle, respec-
tively. No significant differences were found in multiple pair-
wise comparisons for inadequate rate in these three groups
(P>0.017 for all). Similarly, no significant differences in ade-
quate (3-5 points) rate were found (P >0.017 for all). The
excellent quality (6-8 points) rate was 52.92%, 40.83%, and
45.42% for 25G, 23 G, and 22 G needles, respectively. Com-
pared with 23 G needle, 25 G needle obtained a higher rate
of excellent quality specimens (P = 0.008). However, similar
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F1GURE 1: Fine needles used in the present study: 25 G with length of 37 mm (a), 23 G with length of 37 mm (b), and 22 G with length of 31 mm (c).
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FIGURE 2: Protocol of USG-FNA and USG-FNC using 22 G, 23 G, and 25 G needles.

results did not appear in the comparison of 25G and 22 G,
nor in the comparison of 23 G and 22 G (P > 0.017 for both).
The scores of the total specimen quality and of each cyto-
logical parameter assessed under microscopy in FNA group
were listed in Table 4. The total score obtained by 25 G needle
was the highest (5.50 +2.87), followed by 22G needle
(5.19+2.81) and 23 G needle (4.82 +2.95). The scores of
each of the four cytological parameters also reflected such
trend, that is, the score obtained by 25G was the highest,
followed by 22 G, and the lowest was by 23 G (Figure 3).
The scores of the total specimen quality and the four param-
eters of 25 G group were significantly higher than those of 23
G group (P < 0.017 for all). However, there is no significance

of scores between the groups of 25G and 22G, as well as
between 22 G and 23 G (P > 0.017 for all).

3.2. Quality of USG-ENC Specimens Using 22 G, 23 G, and 25
G Needles. In USG-FNC group, there were no statistically sig-
nificant differences of the adequacy of the smears among 25
G, 23 G, and 22 G needles (P =0.192) (Table 3). Moreover,
no significant differences were found in multiple pairwise
comparisons for inadequate rate, for adequate rate, and for
excellent quality rate in these three groups (P > 0.017 for all).

Table 4 showed the scores of the total specimen quality
and of each cytological parameter in FNC group. The total
score was 5.12 +2.69 for 25G, followed by 4.90 +2.90 for



TaBLE 1: Scoring system for specimen quality analysis for thyroid
nodules.

Smear parameters and quality description Scores
Background of blood or clot

Excessive: nondiagnosis 0

Intermediate: diagnosis possible

Minimal: diagnosed easily 2
Number of obtained cells

Minimal: nondiagnosis 0

Intermediate: diagnosis possible

Abundant: diagnosed easily 2
Preserved tissue architecture

Minimal to absent: nondiagnosis 0

Intermediate: some preservation

Well preserved: diagnosed easily 2
Cellular degeneration

Severe: nondiagnosis 0

Intermediate: diagnosis possible 1

Minimal: diagnosed easily 2

0-<2 points: unable to diagnose; >2-<5 points: diagnosable; >5-<8 points:
easy to diagnose.

TaBLE 2: Cytopathological results of 240 cases of FNA and 240 cases
of FNC.

Bethesda No. of thyroid nodules (%)

FNA FNC
i 3(1.25) 3 (1.25)
ii 100 (41.67) 95 (39.58)
iii 0 (0) 4(1.67)
iv 20 (8.33) 20 (8.33)
v 13 (5.42) 17 (70.83)
vi 104 (43.33) 101 (42.08)
Total 240 (100) 240 (100)

FNA: fine-needle aspiration; FNC: fine-needle capillary sampling.

22 G needles, and 4.60 + 2.90 for 23 G. The scores of each of
the four cytological parameters also reflected such trend. The
results of statistical analysis were similar to those of FNA
group, that is, the cytology scores of the total specimen
quality and each cytological parameter of the 25G group
were significantly higher than those of the 23G group
(P <0.017 for all), and there was no significance between
the groups of 25G and 22G, as well as 22G and 23G
(P>0.017 for all) (Figure 4).

4. Discussion

The selection of needle is an essential technical element of
fine needle biopsy. Needle gauge is an important factor that
is affecting results of both conventional smear cytology and
liquid-based cytology [4, 7, 9, 15]. In this paper, we
objectively investigate the effect of needle gauge on specimen
quality during USG-FNB, including FNC and FNA.
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The adequacy of smear was an important basis for choos-
ing the right puncture needle. The scoring system proposed
by Mair et al. [16], based on 100 lesions from different body
sites, was one of the most widely adopted scores to compare
the smear quality. Scoring system for thyroid has also been
developed [12, 17]. Our study used the thyroid scoring sys-
tem proposed by Haddadi-Nezhad et al. [12], in which back-
ground clot or blood, number of obtained cells, preserved
tissue architecture, and cellular degeneration of the smear
were evaluated.

In this prospective study, cytological smear samples
obtained by 22 G, 23 G and 25 G fine needles were compared,
and the factors such as patients and nodule characteristics
were excluded due to the three different needles were sam-
pled in the same nodule. We found that both in USG-FNA
and USG-ENC groups, the scores of the total specimen
quality and of each cytological parameter obtained by 25G
needle were the highest, followed by 22 G needle and 23 G
needle. There were significant differences between 25G
needle and 23 G needle groups (P < 0.017 for all). However,
there were no significances between the groups of 25G and
22 G, as well as between 22 G and 23 G (P > 0.017 for all).
Our results revealed that in general, samples obtained by
25G needle contained less blood cells and clot stained and
provided well preserved tissue architecture, as well as larger
quantities of cells with minimal cellular degeneration. This
was consistent with the findings of Degirmenci et al. [18]
who compared usefulness of 20 G and 24 G needles in USG
biopsy in thyroid nodules and found that more material
was obtained using thinner needles (24 G), while blood-
stained material was more frequently seen in aspiration with
20 G needles. However, the study performed by Tangpricha
et al. [7] indicated that larger needles (21 G) provide more
cellularity than thinner ones (25 G) by FNA.

Interestingly, 22 G needle was larger in caliber than 23 G
needle, but both in the FNA and FNC groups, specimen
scores obtained by the 22 G needle were higher than those
by 23 G needle, although there was no statistical difference.
The reason for this phenomenon appeared to be more diffi-
cult to explain and therefore required more in-depth research
in the future. We noted that the 22 G needle was 31 mm long,
while the 23 G needle was 37 mm long, but there was no rea-
son to speculate that the 16% length difference reduced the
score of the 23 G needle, because the 25 G needle with the
length of 37 mm received the highest scores. However, in the-
ory, longer needles may be prone to more blood cell clotting.

In both the FNA group and FNC group, there were no
significant differences in the proportion of inadequate sam-
ples (0-2 points) among needles with different calibers, nor
in the proportion of adequate samples (3-5 points). However,
25 G needle obtained a higher proportion of excellent quality
specimens (6-8 points) as compared with 23 G needle in the
FNA group. Our results were similar to previous studies.
Regarding the unsatisfactory rates, Tanaka et al. found that
there was no statistical difference between 22G and 25G
needles [19]. In terms of adequacy, there was no statistically
significant difference between 21 G and 27 G needles [8],
between 22 G and 27 G needles [20], and among 23 G, 25G,
and 27 G needles [21]. Therefore, more cellular specimens
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TaBLE 3: Specimen scores of 25-, 23-, and 22-gauge needles in FNA and FNC.

No. of thyroid nodules (%)

Scores FNA FNC

25G 23G 22G P value 25G 23G 22G P value
0-2 points 34 (14.17) 47 (19.58) 37 (15.42) 0.027 30 (12.50) 45 (18.75) 42 (17.50) 0.192
3-5 points 79 (32.92) 95 (39.58) 94 (39.17) 113 (47.08) 112 (46.67) 102 (42.50)
6-8 points 127 (52.92)* 98 (40.83)* 109 (45.42) 97 (40.42) 83 (34.58) 96 (40.00)

FNA: fine-needle aspiration; FNC: fine-needle capillary sampling. “P = 0.008 (significant difference between 25 G and 23 G in FNA).

TABLE 4: Average score of each parameters in 22 G, 23 G, and 25 G groups of FNA and FNC.

Thyroid nodules: mean score + SD

Smear parameters FNA FNC

25G 23G 2G 25G 23G 22G
Background of blood or clot 1.38£0.72* 1.20 +£0.74" 1.31£0.70 1.28+0.67° 1.15+0.72° 1.23£0.73
Number of obtained cells 1.39+0.71° 1.23+0.76° 1.32+0.69 1.26 +0.66° 1.14£0.75° 1.21+0.72
Preserved tissue architecture 1.37£0.72% 1.20 £0.74% 1.28+£0.72 1.30 +0.70° 1.15+0.73 1.22+0.74
Cellular degeneration 1.36 +0.72° 1.19+0.75 1.28 £0.70 1.28+0.61° 1.16 £0.71° 1.24+0.71
Total score 5.50 +2.87° 4.82+£2.95 5.19 +2.81 5.12+2.69° 4.60 +2.90° 4.90 £2.90

FNA: fine-needle aspiration; ENC: fine-needle capillary sampling. *P < 0.017 (significant difference between 25 G and 23 G in FNA). ®P <0.017 (significant
difference between 25 G and 23 G in FNC).

F1GURE 3: HE-stained cytological smears of thyroid nodules obtained by FNA (10x magnification). Cytological smear of a nodule obtained by
25-gauge needle, with clean background and less blood cells, scattered and abundant of tissues with clear structures, and ordered cells
arrangement (a); smear of the same nodule obtained by 23-gauge needle, with abundant blood cell and clot and fewer follicular epithelial
cells (b); smear of the same nodule obtained by 22-gauge needle, with disordered background, abundant blood cells and fewer clot,
gathered tissues, and basically, clear structures (c).

did not necessarily result in increased diagnostic accuracy.  dles used in our study were 31 mm, 37 mm, and 37 mm,
Different gauge of needles may not affect diagnostic accuracy ~ respectively. Therefore, compared with the 22 G needle, the
[7]. In technique aspect, the physical characteristics of three ~ 25G and 23 G needles have the advantage of being able to
needles were different. The length of 22 G, 23 G and 25 G nee- sample deep thyroid nodules in obese patients. However,
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F1GURE 4: HE-stained cytological smears of thyroid nodules obtained by FNC (10x magnification). Cytological smear of a nodule obtained by
25-gauge needle, with clean background, scattered but plenty of tissues, clear structures, and follicular epithelial cells (a); smear of the same
nodule obtained by 23-gauge needle, with disordered background, plenty of blood cells, and partially overlapped cells (b); smear of the same
nodule obtained by 22-gauge needle, with cleaner background, less blood clots, and basically, clear structures (c).

because of its slenderness, 25 G needle was soft and easy to
bend; sometimes, it may lead to sampling difficulties, which
required higher skills for doctors. Besides, thinner and longer
needles were easier to be blocked by cells and tissues, making
the smearing process more time-consuming. The 22 G needle
was relatively thick and short, so it was hard and not easy to
bend, which was convenient for adjusting the puncture direc-
tion at any time. It was recommended using 22 G needles for
markedly calcified nodules because 25 G needles bend more
easily in such nodules [19]. Moreover, the 22 G needle has
better visibility on the ultrasound image.

From the perspective of clinical use, thinner needles were
recommended as a priority in order to reduce complications,
as studies have found that larger needle injured thyroid gland
severer than thinner one [7, 8]. Moreover, smaller needles
used in punctuation were more tolerable psychologically for
patients, although previous studies found that there was no
difference in pain scale of punctuation using different caliber
of needle [2, 15, 22].

There were some limitations of this study. First, only one
cytologist assessed the smears which might lead to subjectiv-
ity. Second, only H&E staining was used to assess the cytol-
ogy quality, but the commonly used Papanicolaou or
Romanowsky stainings were not applied. Third, pathological
results were unable to provide because of outpatients were
selected in this prospective study.

In conclusion, based on this prospective study including
240 consecutive nodules, it can be found that 25 G needles
obtained the highest scores of sample quality in thyroid
FNA and FNC comparing with 22 G and 23 G needles. We
suggested that 25 G needle should be the first choice of thy-
roid FNA and FNC in routine work.
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