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On-Site Adequacy Evaluations
Performed by Cytotechnologists
Correlation With Final Interpretations of 5241 Image-Guided Fine-Needle
Aspiration Biopsies
Oname O. Burlingame, MD, PhD1,2; Kessé O. Kessé, CT (ASCP)1; Stuart G. Silverman, MD2,3;
and Edmund S. Cibas, MD1,2

BACKGROUND: Practice patterns regarding on-site assessment of the adequacy of image-guided fine-needle aspiration biopsies (FNABs) vary among laboratories, but in many laboratories primary responsibility
rests with the cytotechnologists. On-site evaluation provides feedback on the need for additional passes
and facilitates triaging of the specimen for time-sensitive ancillary studies. Prior studies have suggested
that cytotechnologists can assess the initially obtained specimens correctly, but they are few in number
and limited by small size. The purpose of this study was to assess the frequency with which our cytotechnologists were able to correctly assess specimens as adequate using a large-scale database that included a
wide range of image-guided FNABs. METHODS: The frequency that on-site adequacy assessments of 5241
image-guided FNABs were correct was determined by correlating the cytotechnologists’ assessments of
adequacy with the final cytologic interpretation. An adequacy assessment was considered correct if the
FNAB was ultimately reported as satisfactory and unequivocally benign or malignant. An adequate reading
on a case that was ultimately reported as unsatisfactory, atypical, or suspicious was deemed ‘‘incorrect.’’
The effect of imaging modality was also analyzed. RESULTS: Of 5241 FNABs, 2784 (53%) were interpreted
as adequate on site. Of these, 2637 (95%) were correctly considered adequate. Of the common biopsy
sites sampled, the adequacy assessments for liver FNABs demonstrated the highest frequency for being
correctly considered adequate (97%) and those for kidney FNABs showed the lowest (90%). Imaging
modality had no effect on accuracy. CONCLUSIONS: Cytotechnologists are almost always correct when
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assessing initial FNAB samples as adequate. Cancer (Cancer Cytopathol) 2012;120:177–84. V
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Fine-needle aspiration biopsy (FNAB) plays an important role in the evaluation of patients across many
medical specialties. The well-documented accuracy of FNAB is associated with lower cost and morbidity
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compared with other biopsy techniques.1 Since the
development of advanced imaging methods like computed tomography (CT), ultrasonography (US), and
magnetic resonance imaging (MRI), image-guided
FNAB has become a common method for sampling
lesions in a wide variety of superficial and deep-seated
body sites. Over the past decade, the number of FNABs
has increased substantially, and image guidance is used
to perform an increasing proportion of them.2,3
A common part of many image-guided FNAB protocols is the microscopic evaluation of rapidly stained
smears during the procedure to assess adequacy. Adequacy evaluations are performed by cytopathologists,
cytotechnologists, and pathologist trainees and less commonly by clinical personnel without formal pathology
training.4 Practice patterns regarding on-site adequacy
evaluation of FNABs vary among laboratories, but in
many laboratories primary responsibility rests with the
cytotechnologists.
On-site evaluation increases the sensitivity, accuracy,
and utility of FNABs.5 Attempts to replace on-site evaluation with supplemental methods, such as large needle biopsies, gross visual assessment, or cell block material, have
proven unsuccessful.6-8 A few studies, however, have concluded that, given certain circumstances, on-site evaluation
is only marginally useful9,10 or not useful at all11-13 when
incorporating variables like cost effectiveness, and it can add
to the length of the procedure. To improve on the effectiveness of the procedure, many laboratories employ cytotechnologists on the front line of adequacy readings, with or
without backup by a cytopathologist in difficult cases.
The purpose of this study was to assess the frequency
with which our cytotechnologists were able to correctly
assess specimens as adequate using a large-scale database
that included a wide range of image-guided FNABs.

MATERIALS AND METHODS
During the 7-year period 2003 through 2009, 5241
image-guided FNABs were performed. Image-guided
FNABs were included in the study if they were performed
on patients at our institution with an on-site adequacy
assessment. FNABs were performed by staff radiologists
or radiology fellows and residents under the direct supervision of staff radiologists. FNAB samples were obtained
178

using 25-20-gauge needles and aspiration technique, typically using 5-10 cc of suction. A nonaspiration technique
was used if the specimens were hemorrhagic.14
Of 5241 image-guided FNABs performed, 4729
(90.2%) had an on-site adequacy assessment by 1 of 10
board-certified cytotechnologists. Typically, the first 1 or
2 specimens (including both the needle and syringe) were
handed to a cytotechnologist, who expressed the material
onto glass slides and prepared 1 or more air-dried and
alcohol-fixed smears using standard techniques. The needle was rinsed in RPMI Medium 1640 (Invitrogen, Carlsbad, CA) and the resulting cellular suspension later
sedimented for cell block sections. To determine adequacy, the cytotechnologist stained selected air-dried
smears with a rapid Romanowsky-type stain (Hemacolor,
Harleco, EM Science, Gibbstown, NJ). The wet slide was
immediately examined under a microscope without a coverslip. After evaluating the stained smears, the cytotechnologist rendered an opinion about the adequacy of the
sample and communicated this to the radiologist. If not
adequate, the radiologist then determined if additional
passes could be safely obtained. Not infrequently, a procedure was terminated before the sample could be confirmed as adequate because of patient discomfort or
concern for untoward complications with additional
passes. A cytopathologist provided on-site consultation to
the cytotechnologist for the adequacy assessment on an asneeded basis (approximately 13% of cases).
To assess adequacy, the cytotechnologist examined
the rapidly stained air-dried smears for the quantity of
lesional cells and the quality of cell preservation. Sparsely
cellular smears and/or those with poor cellular preservation
or obscuring elements like blood and clotting artifact were
considered ‘‘not adequate.’’ Smears with relatively abundant and well-visualized lesional material (eg, presumptive
neoplastic cells, organisms) were considered adequate. The
needle rinse was triaged for ancillary testing and cell block
preparation per laboratory policy. Samples with abundant
lymphoid cells were routinely triaged for flow cytometry;
those with abundant inflammation for microbiologic studies, and presumptive soft tissue and renal neoplasms for
cytogenetic analysis. In complicated cases, the cytotechnologist conferred with a pathologist regarding the triage of
the needle rinse portion of the sample.
The frequency with which on-site adequacy assessments of 5241 image-guided FNABs were correct was
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determined by comparing the cytotechnologists’ assessments of adequacy with the final cytologic interpretation.
Adequacy assessments were considered correct if the biopsy result was ultimately reported as satisfactory and
unequivocally benign or malignant. An adequate reading
on a case that was ultimately reported as unsatisfactory,
atypical, or suspicious was recorded as ‘‘incorrect.’’
For sample group sizes greater than 30, statistical
analysis was performed using a 2-tailed Z test to compare
proportions with a threshold confidence interval of 95%.
When 1 or both group sizes numbered 30 or below, a
Pearson’s chi-square test with Yates continuity correction
was performed. For both forms of statistical analysis, P <
.05 was considered statistically significant.

RESULTS
Of 4729 preliminary assessments, 2784 (53%) were
assessed as adequate during the on-site evaluation. Two
thousand six hundred and thirty-seven of these (94.7%)
resulted in a definitive final cytologic interpretation that
was unequivocally either benign or malignant. Thus, cytotechnologists had an overall error rate of 5.3% when evaluating an on-site FNAB as adequate. Multiple body sites
were sampled over the study period, and the accuracy of adequacy evaluations for different sites is summarized in
Table 1. The most common general sites (abdomen, retroperitoneum, lung, and bone) comprised 83% of the
FNABs in this study. For the most commonly biopsied
sites, cytotechnologists were most accurate with on-site adequacy evaluations of abdominal FNABs (95.9%) and least
accurate with on-site adequacy evaluations of retroperitoneal FNABs (92.7%), which were significantly different
(P ¼ .0064). Of the specific organs sampled, liver FNABs
comprised 21% of the FNABs and yielded the most accurate on-site adequacy evaluations by cytotechnologists

(97.4%). Kidney FNABs comprised 8% of all FNABs and
yielded the least accurate on-site adequacy evaluations by
cytotechnologists (89.7%) for a specific organ.
The annual results are summarized in Table 2. The
accuracy of on-site adequacy evaluations by cytotechnologists ranged from 93.2% to 96.5%, with no definitive trend
over the course of the study. In contrast, the number of
FNABs performed increased steadily over the study period,
with an average annual increase of 11%. Despite the
increasing volume, the accuracy of the on-site adequacy
evaluations did not differ significantly between the start
(95.3%) and the end (93.8%) of the study (P ¼ .49).
Table 1. Frequency of Correct Adequacy Assessments of
Image-Guided Fine-Needle Aspiration Biopsy Procedures,
Stratified by Body Part

Body
Site

No. of
FNABs

% Adequate
(n)

Correct
(%)

Abdomen
Liver
Pancreas
Retroperitoneum
Kidney
Lung
Bone
Neck
Thyroid
Axilla
Lower extremity
Mediastinum
Groin
Chest wall
Spine
Upper extremity
Buttock
Head
Pleura
Back
Breast
Perineum
Not specified
Total

1675
1101
220
1127
436
794
770
143
50
138
130
103
87
85
60
42
31
19
12
11
8
5
1
5241

64.2%
66.6%
52.3%
52.0%
42.2%
51.1%
38.8%
44.8%
48.0%
63.8%
30.8%
52.4%
56.3%
50.6%
43.3%
40.5%
38.7%
15.8%
50.0%
72.7%
62.5%
60.0%
0 (0)
53.1%

95.9%
97.4%
92.2%
92.7%
89.7%
94.8%
95.3%
82.8%
58.3%
98.9%
92.5%
94.4%
95.9%
95.3%
100.0%
88.2%
100.0%
100.0%
100.0%
100.0%
80.0%
100.0%
N/A
94.7%

(1075)
(733)
(115)
(586)
(184)
(406)
(299)
(64)
(24)
(88)
(40)
(54)
(49)
(43)
(26)
(17)
(12)
(3)
(6)
(8)
(5)
(3)
(2784)

FNAB, fine-needle aspiration biopsy; n, number.

Table 2. Frequency of Correct Adequacy Assessments of Image-Guided Fine-Needle Aspiration Biopsy Procedures,
Stratified by Year

Year

No. of FNABs
% Adequate (n)
% Correct

2003

2004

2005

2006

2007

2008

2009

Total

534
52.2% (279)
95.3%

660
48.9% (323)
93.2%

703
52.6% (370)
94.3%

737
56.7% (418)
94.3%

799
58.3% (466)
95.5%

834
51.3% (428)
96.5%

974
51.3% (500)
93.8%

5241
53.1% (2784)
94.7%

FNAB, fine-needle aspiration biopsy; n, number.
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depending on the imaging modality used, but these differences were not statistically significant (Table 3).
The accuracy by individual cytotechnologists is displayed in Table 4, along with the number of adequacy
evaluations performed during this time and the percentage of cases interpreted on site as adequate by the cytotechnologist. Accuracy ranged from 89.9% to 97.5%
(median, 95.5%; mean, 94.7%; SD, 2.4%). This is shown
in graphic form in Figure 2.

Comparison of the annual accuracy of on-site adequacy
evaluations and annual volume of FNABs is shown in
Figure 1.
A variety of guidance methods were used to guide
the FNABs in this study; CT represented the majority.
The accuracy of the on-site adequacy evaluations by cytotechnologists ranged from 92.9% (PET) to 96.3% (MRI)

DISCUSSION
FNAB is accurate, cost effective, and safer than more invasive diagnostic procedures. Image guidance has increased
the number and variety of lesions that can be safely
sampled. Because of its safety and versatility, the number
of image-guided FNABs continues to increase.2 Still,
image-guided FNABs are invasive and not without risk.
Methods that increase the effectiveness of FNAB procedures enhance the utility of this increasingly popular diagnostic procedure.
On-site evaluation of FNABs helps to determine if
the quantity and quality of material are sufficient for diagnosis and if time-sensitive special studies such as microbial
cultures or flow cytometry should be initiated. Such measures increase the accuracy of the diagnosis. Other potential benefits of on-site evaluation include fewer passes and
thus fewer complications, optimized utilization of imaging facilities, improvement of FNAB skills (based on feedback on adequacy), and increased adequacy of concurrent
histologic samples.15-17
The time and expense of an on-site evaluation, however, can limit its use at some institutions. Although the
clinical value of on-site adequacy assessment—principally, the reduction in unsatisfactory specimens—has
been well documented,5,6,10,18,19 there has been little
investigation into how often assessments rendered by

FIGURE 1. FNAB volume and correctness of adequacy
assessments over time.

Table 3. Frequency of Correct Adequacy Assessments of
Image-Guided Fine-Needle Aspiration Biopsy Procedures,
Stratified by Guidance Modality

Guidance
Method

FNABs
(n)

% Adequate
(n)

Accuracy
(%)

CT scan
Ultrasound
Endoscopy
MRI
PET

4486
310
235
97
27

52.2%
70.0%
46.0%
55.7%
51.9%

94.9%
94.9%
93.5%
96.3%
92.9%

(2344)
(217)
(108)
(54)
(14)

FNAB, fine-needle aspiration biopsy; n, number; CT, computed tomography;
MRI, magnetic resonance imaging; PET, positron emission tomography.

Table 4. Frequency of Correct Adequacy Assessments of Image-Guided Fine-Needle Aspiration Biopsy Procedures,
Stratified by Individual Cytotechnologist

Cytotechnologist

Total cases (n)
% Adequate
Accuracy (%)

180

A

B

C

D

E

F

G

H

I

J

465
46.2%
92.1%

539
48.1%
95.8%

404
50.5%
97.5%

401
56.6%
96.9%

978
54.1%
95.5%

705
50.9%
95.8%

454
57.3%
95.4%

224
62.9%
92.9%

151
52.3%
89.9%

297
50.8%
95.4%
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FIGURE 2. The percentage of correct adequacy assessments
stratified by individual cytotechnologists.

cytotechnologists or cytopathologists are correct. In a study
of 5688 preliminary diagnoses rendered by cytopathologists, Nasuti et al reported 85% agreement between the preliminary and final diagnoses. The preliminary diagnosis
was deferred in 12% of cases, with disagreement in 3%.20
Because preliminary diagnoses instead of adequacy evaluations were reported and only a subset of biopsies were
obtained using image guidance, we cannot directly compare these results with those in our study. In a study of endoscopic ultrasound-guided FNABs, the authors showed
that on-site adequacy assessments by cytotechnologists
improved the diagnostic yield compared with no adequacy
assessment at all.18 Savoy et al compared the accuracy of 1
cytotechnologist with 3 endosonographers in providing adequacy readings for endoscopic ultrasound-guided FNABs.
Accuracy was measured against the final determination by a
cytopathologist. The accuracy of the cytotechnologist’s
readings was 82%, higher than that for the 3 endosonographers. The adequacy evaluations were not made on site but
rather in a simulated environment, blinded, and without
clinical information, as in a proficiency testing encounter.4
Redman et al directly compared the accuracy of adequacy
evaluations of thyroid FNABs performed by cytopathologists and cytotechnologists and found that both were highly
accurate (97% vs 93%, respectively), although there was a
statistically significant difference in favor of the cytopathologists.19 The reasons for this are not apparent, because
cytotechnologists are highly skilled in rapid screening, and
adequacy criteria are clearly defined for thyroid FNABs.
Our data on abdominal and liver FNABs are generally in keeping with those in the literature, given differenCancer Cytopathology

June 25, 2012

ces in study design. We found the highest accuracy for
FNABs of the abdomen (as a general category) and liver
(as a specific organ site)—96% and 97%, respectively.
Silverman et al reported the accuracy of a preliminary diagnosis for liver and ‘‘abdominal’’ biopsies at 97% and
100%, respectively.21 A study of on-site adequacy evaluations by cytology fellows reported an accuracy of 74% for
abdominal FNABs.12 Nasuti et al found 87% agreement
between preliminary and final diagnoses for liver FNABs
in their study.20
In this study, cytotechnologists demonstrated the
lowest accuracy for retroperitoneal FNABs (93%). Kidney
FNABs were the most common retroperitoneal site, and
cytotechnologists were the least accurate (90%) at evaluating the adequacy of this organ compared with all other
specific organ sites. Silverman et al reported a similar accuracy of 89% for kidney FNABs.21 So did Andonian et
al, who found that the accuracy of cytotechnologist-performed adequacy evaluations of 118 kidney FNABs was
88%. A much higher proportion of specimens was interpreted as adequate on site than in our study (75 vs 42%),
which suggests that the percentage of adequate FNABs
does not affect the accuracy of adequacy evaluations.22,23
In addition, logistic regression analysis demonstrated no
relationship between accuracy and percentage adequacy at
a particular body site in our study (data not shown). Other
studies of on-site evaluations of retroperitoneal FNABs
have been published, but specific data about these evaluations have not been reported.24-27
The accuracy of our cytotechnologists was 95% for
lung FNABs. This is in keeping with results reported by
others, who found 84% and 97% agreement between a
preliminary and final diagnosis rendered by cytopathologists for lung FNABs.20,21 When adequacy was reported by
cytology fellows, accuracy was 92% for thoracic FNABs.12
We found that our cytotechnologists were accurate in
their adequacy assessments in 95% of bone FNAB adequacy evaluations, similar to the 89% reported for on-site
preliminary diagnoses of bone FNABs.21 Our cytotechnologists demonstrated 92% accuracy for pancreatic
FNAB compared with 82% and 77% in prior studies.20,21
Interestingly, the on-site evaluations were least accurate
for the pancreas in both prior studies, whereas on-site
evaluations were least accurate for the kidney in our study.
Although on-site adequacy assessment is performed
for the majority of deep-seated lesions at our institution,
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adequacy evaluation is performed for only a selected minority of thyroid FNABs, usually for patients who have
had a prior nondiagnostic result, which likely accounts for
the low percentage of adequate specimens (48%). Cytotechnologists performed adequacy evaluations for only 50
thyroid FNABs during the study period, with an accuracy
of 58%. Larger studies of unselected on-site thyroid
FNAB adequacy evaluations showed higher accuracy rates
of 82% and 95%.10,28 In 1 study, the evaluations were
performed by cytopathologists only10; in the other, the
qualifications of the person performing the on-site evaluations were not specified.28 A larger percentage of thyroid
FNABs were evaluated as adequate (68% and 99%) in
those studies compared to ours (48%), but this is likely
due to selection bias as described above.28,29 Regarding
the accuracy of an on-site preliminary diagnosis, others
have found 86% and 83% agreement with the final diagnosis for thyroid and other head and neck FNABs, respectively; 100% agreement was found in a small study of 6
thyroid FNABs.20,21
Generating accuracy data by organ can be a useful
tool for quality improvement. Efforts at educational
enhancement can be focussed on those areas that appear
weakest. In our hospital, there are 2 monthly interdepartmental cytology-radiology conferences, 1 with the abdominal radiology division and the other with the
thoracic radiologists. There is also a ‘‘director’s rounds’’
for the cytotechnologists, begun in 2006, during which
criteria for adequacy readings are reinforced, pitfalls discussed, and discrepant cases reviewed. Given the lower accuracy rates for kidney FNABs, recent sessions have been
devoted to a review of the cytopathology of kidney
tumors, and we hope to demonstrate improvement in the
months and years to come. Similarly, generating data by
individual cytotechnologist permits targeted feedback.
Data regarding the accuracy of on-site adequacy
evaluations of FNABs using a specific imaging technology
are rare. Although many studies have examined on-site
evaluations for procedures guided by CT, US, fluoroscopy, mammography, or endoscopic ultrasound, only a
subset utilized cytotechnologists exclusively.4,5,18,30-32 In
a study comparing MRI with CT and US for liver FNABs,
with cytotechnologists for on-site adequacy evaluation,
the authors did not include data on the accuracy of the
evaluations, but they found no difference in the diagnostic
yield among the 3 imaging techniques.33
182

An important limitation of this study is that the accuracy of the adequacy assessment was measured against
only a broad (albeit definitive) general category for the
final cytologic interpretation (positive or negative for
malignancy). In many cases, the final interpretation rendered provided sufficient diagnostic information for
patient management. It is likely, however, that in some
instances the final cytologic diagnosis, although definitive
with regard to malignancy, was not sufficiently specific,
and further diagnostic procedures would be required.
This would apply to cases called ‘‘positive for malignancy’’
but lacking further essential subtyping (eg, specific type of
carcinoma, lymphoma, or sarcoma) because there was
insufficient material for immunohistochemistry. With the
increasing application of molecular testing of FNABs for
therapeutic decision making, it may not be sufficient for a
sample to be ‘‘positive for malignancy’’ if there are insufficient cells for EGFR, BRAF, or K-RAS testing. Determining the accuracy of the adequacy assessment for such
circumstances would require a more complex analysis
than that provided here.
The current payment structure in the United States
reimburses laboratories for evaluations performed by cytopathologists but not cytotechnologists. Our study did
not address whether reimbursement is adequate for the
effort expended. Layfield et al determined that the costs of
on-site evaluation of FNABs by cytopathologists exceeded
compensation. In their study, the cytopathologist provided a preliminary diagnosis that was used for immediate
therapeutic decision making, similar to a frozen section
diagnosis.34 An immediate diagnosis is not needed for
most FNAB procedures because therapeutic interventions
are rarely performed at the time of the procedure, but important decisions are made regarding the number of passes
performed, the need for passes obtained with larger needles, and the optimal processing method. Very few if any
of the FNABs in this 7-year study required an on-site preliminary diagnosis for therapeutic purposes. If a FNAB
requires ‘‘merely’’ an on-site adequacy assessment as
opposed to a diagnosis, cytotechnologists are a potential
alternative source of technical skill for on-site evaluations.
In our laboratory, cytotechnologists are on the front line
of adequacy interpretations, but for difficult cases backup
is provided by cytopathologists. Assigning primary
responsibility to the cytotechnologists (with cytopathologist support) harnesses the cytotechnologist’s skills at slide
Cancer Cytopathology
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preparation, sample allocation, and microscopic evaluation.4 A cytopathologist may not be cost effective (or even
available) in some settings. Cytotechnologists represent a
good marriage between skill and resource allocation in
many settings where assistance for image-guided FNABs
is needed.
FUNDING SOURCES
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURES
The authors make no disclosures.

1.

Silverman SG, Deuson TE, Kane N, et al. Percutaneous
abdominal biopsy: cost-identification analysis. Radiology.
1998;206:429-435.

2.

Kwan SW, Bhargavan M, Kerlan RK, Sunshine JH. Effect
of advanced imaging technology on how biopsies are done
and who does them. Radiology. 2010;256:751-758.

3.

Roebuck D. Paediatric interventional radiology. Pediatr
Radiol. 2009;39(Suppl 3):491-495.

4.

Savoy AD, Raimondo M, Woodward TA, et al. Can endosonographers evaluate on-site cytologic adequacy? A comparison with cytotechnologists. Gastrointest Endosc. 2007;
65:953-957.

6.

7.

8.

9.

Klapman JB, Logrono R, Dye CE, Waxman I. Clinical
impact of on-site cytopathology interpretation on endoscopic ultrasound-guided fine needle aspiration. Am J
Gastroenterol. 2003;98:1289-1294.
Nguyen YP, Maple JT, Zhang Q, et al. Reliability of gross
visual assessment of specimen adequacy during EUS-guided
FNA of pancreatic masses. Gastrointest Endosc.
2009;69:1264-1270.
Stewart CJ, Coldewey J, Stewart IS. Comparison of fine
needle aspiration cytology and needle core biopsy in the diagnosis of radiologically detected abdominal lesions. J Clin
Pathol. 2002;55:93-97.
Brown KT, Fulbright RK, Avitabile AM, Bashist B.
Cytologic analysis in fine-needle aspiration biopsy: smears
vs cell blocks. AJR Am J Roentgenol. 1993;161:629-631.
Padhani AR, Scott WW Jr, Cheema M, Kearney D, Erozan
YS. The value of immediate cytologic evaluation for needle
aspiration lung biopsy. Invest Radiol. 1997;32:453-458.

10. Eedes CR, Wang HH. Cost-effectiveness of immediate
specimen adequacy assessment of thyroid fine-needle aspirations. Am J Clin Pathol. 2004;121:64-69.
11. O’Malley ME, Weir MM, Hahn PF, Misdraji J, Wood BJ,
Mueller PR. US-guided fine-needle aspiration biopsy of
thyroid nodules: adequacy of cytologic material and proce-

Cancer Cytopathology

12. Miller DA, Carrasco CH, Katz RL, Cramer FM, Wallace
S, Charnsangavej C. Fine needle aspiration biopsy: the role
of immediate cytologic assessment. AJR Am J Roentgenol.
1986;147:155-158.
13. Ward SC, Carey BM, Chalmers AG, Sutton J. The role of
immediate cytological evaluation in CT-guided biopsy. Clin
Radiol. 1994;49:531-534.
14. Kinney TB, Lee MJ, Filomena CA, et al. Fine-needle
biopsy: prospective comparison of aspiration versus nonaspiration techniques in the abdomen. Radiology. 1993;186:
549-552.
15. Hayes MK, DeBruhl ND, Hirschowitz S, Kimme-Smith C,
Bassett LW. Mammographically guided fine-needle aspiration cytology of the breast: reducing the rate of insufficient
specimens. AJR Am J Roentgenol. 1996;167:381-384.

REFERENCES

5.

dure time with and without immediate cytologic analysis.
Radiology. 2002;222:383-387.

June 25, 2012

16. Hsu LH, Liu CC, Ko JS. Education and experience improve
the performance of transbronchial needle aspiration: a learning curve at a cancer center. Chest. 2004;125: 532-540.
17. Harter LP, Moss AA, Goldberg HI, Gross BH. CT-guided
fine-needle aspirations for diagnosis of benign and malignant disease. AJR Am J Roentgenol. 1983;140: 363-367.
18. Alsohaibani F, Girgis S, Sandha GS. Does onsite cytotechnology evaluation improve the accuracy of endoscopic ultrasound-guided fine-needle aspiration biopsy?
Can J
Gastroenterol. 2009;23:26-30.
19. Redman R, Zalaznick H, Mazzaferri EL, Massoll NA. The
impact of assessing specimen adequacy and number of needle passes for fine-needle aspiration biopsy of thyroid nodules. Thyroid. 2006;16:55-60.
20. Nasuti JF, Gupta PK, Baloch ZW. Diagnostic value and
cost-effectiveness of on-site evaluation of fine-needle aspiration specimens: review of 5,688 cases. Diagn Cytopathol.
2002;27:1-4.
21. Silverman JF, Finley JL, O’Brien KF, et al. Diagnostic accuracy and role of immediate interpretation of fine needle
aspiration biopsy specimens from various sites. Acta Cytol.
1989;33:791-796.
22. Andonian S, Okeke Z, VanderBrink BA, et al. Aetiology of
non-diagnostic renal fine-needle aspiration cytologies in a
contemporary series. BJU Int. 2009;103:28-32.
23. Andonian S, Okeke Z, Okeke DA, Sugrue C, Wasserman
PG, Lee BR. Number of needle passes does not correlate
with the diagnostic yield of renal fine needle aspiration cytology. J Endourol. 2008;22:2377-2380.
24. Lumachi F, Borsato S, Tregnaghi A, et al. CT-scan, MRI
and image-guided FNA cytology of incidental adrenal
masses. Eur J Surg Oncol. 2003;29:689-692.
25. Lumachi F, Basso SM, Borsato S, et al. Role and cost-effectiveness of adrenal imaging and image-guided FNA cytology in the management of incidentally discovered adrenal
tumours. Anticancer Res. 2005;25:4559-4562.

183

Original Article
26. Lumachi F, Borsato S, Tregnaghi A, et al. High risk of
malignancy in patients with incidentally discovered
adrenal masses: accuracy of adrenal imaging and imageguided fine-needle aspiration cytology. Tumori. 2007;93:
269-274.
27. Sheikh M, Sawhney S, Dey P, al-Saeed O, Behbehani A.
Deep-seated thoracic and abdominal masses: usefulness of
ultrasound and computed tomography guidance in fine
needle aspiration cytology diagnosis. Australas Radiol.
2000;44:155-160.
28. Ceresini G, Corcione L, Morganti S, et al. Ultrasoundguided fine-needle capillary biopsy of thyroid nodules,
coupled with on-site cytologic review, improves results.
Thyroid. 2004;14:385-389.
29. Eedes CR, Wang HH. Cost-effectiveness of immediate
specimen adequacy assessment of thyroid fine-needle aspirations. Am J Clin Pathol. 2004;121:64-69.

184

30. Kelly NP, Lim JC, DeJong S, Harmath C, Dudiak C,
Wojcik EM. Specimen adequacy and diagnostic specificity
of ultrasound-guided fine needle aspirations of nonpalpable
thyroid nodules. Diagn Cytopathol. 2006;34:188-190.
31. Tambouret R, Szyfelbein WM, Pitman MB. Ultrasoundguided fine-needle aspiration biopsy of the thyroid. Cancer.
1999;87:299-305.
32. Feller-Kopman D, Yung RC, Burroughs F, Li QK. Cytology of endobronchial ultrasound-guided transbronchial needle aspiration: a retrospective study with histology
correlation. Cancer Cytopathol. 2009;117:482-490.
33. Schmidt AJ, Kee ST, Sze DY, et al. Diagnostic yield of MRguided liver biopsies compared with CT- and US-guided
liver biopsies. J Vasc Interv Radiol. 1999;10: 1323-1329.
34. Layfield LJ, Bentz JS, Gopez EV. Immediate on-site interpretation of fine-needle aspiration smears: a cost and compensation analysis. Cancer. 2001;93:319-322.

Cancer Cytopathology

June 25, 2012

