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ABSTRACT: The aim of the present study was to investigate whether imprint cytology can

improve the diagnostic accuracy of computed tomography-guided transthoracic core biopsy.

Between October 1997 and June 2004, thoracic lesions in 622 patients underwent biopsy using

19-gauge coaxial guiding needles and 20-gauge biopsy needles under computed tomography

guidance. Touch imprint cytology and histopathology were performed for all biopsy specimens.

Of these lesions, 431 (74.1%) were diagnosed as malignant, 151 (25.9%) as benign and 40 (6%)

as nondiagnostic. Imprint cytology plus histology shows an improved diagnostic accuracy of

96.4% compared with that of imprint cytology alone (92.3%) or histopathology alone (93.0%).

Procedure-related complications requiring further treatment occurred in eight (1.4%) patients.

In conclusion, imprint cytology combined with histopathology can improve the diagnostic

accuracy of computed tomography-guided transthoracic needle biopsy.
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P
ercutaneous transthoracic needle biopsy
(TNB) is an important diagnostic tool in
the management of lung and mediastinal

lesions [1–5]. Fine-needle aspiration (FNA) with
computed tomography (CT) guidance has an
accuracy and sensitivity of 76–95% for the
detection of malignancy in solitary lung nodules
[3–5]. Automated biopsy needles can acquire
more core specimens and increase the diagnostic
sensitivity to 84–96% [6, 7]. Coaxially guided
needle biopsy minimises the risk associated with
repeated pleural penetration and increases the
volume of tissue retrieved compared with aspira-
tion cytology or single-shot core biopsy. The
diagnostic sensitivity for malignancy is 77–96%
and the specificity for benign disease is 91–94%
with automated coaxial core biopsy [1, 2, 8].

Efforts to increase the diagnostic accuracy of
image-guided TNB include frozen-section pathol-
ogy [9] or FNA cytology combined with core
biopsy under CT fluoroscopic guidance [10].
Touch imprint cytology is useful for diagnosing
metastasis in surgically removed lymph nodes in
breast cancer and better than conventional
haematoxylin–eosin staining of paraffin sections
[11, 12]. However, data regarding imprint cytol-
ogy and TNB are very limited. Recently, PAULOSE

et al. [13] showed that imprint cytology could
assist rapid diagnosis of lung cancer metastasis in

mediastinal lymph nodes following CT-guided
TNB. LIAO et al. [14] demonstrated improved
diagnostic accuracy by using imprint cytology
following ultrasound (US)-guided TNB of per-
ipheral lung lesions. The role of touch imprint
cytology in CT-guided coaxial core biopsy of
intrathoracic lesions has not been investigated.
The objective of the present study was to evaluate
whether touch imprint cytology as an adjunct to
CT-guided coaxial core biopsy can improve
diagnostic accuracy for thoracic lesions.

METHODS AND MATERIALS

Study subjects
Tissue specimens from 622 patients who under-
went CT-guided TNB of thoracic lesions between
October 1997 and June 2004 at the National
Taiwan University Hospital (National Taiwan
University, Taipei, Taiwan) were examined using
both histopathology and touch imprint cytology.
Clinicians at the National Taiwan University
Hospital prefer to assign patients with a periph-
eral lung lesion or pleural lesion to undergo US-
guided TNB as this is a quicker and less
expensive method [15]. Patients were referred
for CT-guided TNB if US-guided biopsy studies
were considered unfruitful.

All patients were requested to discontinue any
anticoagulant therapy o5 days before the
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CT-guided biopsy procedure, and exhibited platelet counts of
.806103 cells?mL-1 and prothrombin times and activated
partial thromboplastin times within the normal range. Blood
component therapy was allowed to correct any abnormal
coagulation parameters before biopsy. Patients with vascular
lesions or lesions of f4 mm in diameter were excluded. The
present study was approved by the hospital institutional review
board. Informed consent was obtained from all patients.

Biopsy procedure
CT-guided TNB using a coaxial needle [13, 16] was performed
by two thoracic radiologists (Y-C. Chang and W-J. Lee) and
senior residents under their supervision. Two CT scanners
(HiSpeed and Imatron C-150; GE Healthcare, Milwaukee, WI,
USA) were used. After local skin anaesthesia, a 19-gauge
coaxial needle (Temno; Bauer Medical, Clearwater, FL, USA)
was inserted stepwise under intermittent CT guidance until
the margin of the target lesion was reached. A 20-gauge spring-
loaded semiautomatic biopsy needle with a fixed 1.7-cm
cutting trough (Temno; Bauer Medical) was placed into the
coaxial needle after removal of the stylet. Most biopsy
procedures were performed with a single pleural puncture.
A maximum of five core specimens were obtained. The
obtained tissue cores were inspected visually before making
an imprint. For those pieces considered too small, imprints
were not made in order to avoid compromising the tissue core
for the histopathological diagnosis. Those biopsy procedures
resulting in scanty material were excluded because of the
potential bias in interpretation of imprint cytology and
histopathology. Directional sampling was performed with
adjustment of the cutting trough of the biopsy needle within
the coaxial needle in order to obtain specimens and avoid
vessel puncture.

The biopsy procedure was stopped if blood continuously
oozed or haemoptysis occurred during the procedure.
Pulmonary haemorrhage or pneumothorax was determined
using final limited CT images immediately after TNB.
Pulmonary haemorrhage was determined if there was any
increased opacity in the needle path or around the lesion
compared with CT images taken before insertion of the biopsy
needle. Positive precautions were taken with all patients, who,
with the puncture site downwards, were observed for o4 h
and followed-up with chest radiograph. Chest tube placement
was indicated when the size of the pneumothorax was .30%
of the vertical length of the erect chest radiograph, and there
was clinical evidence of breathing difficulty or desaturation,
even after nasal oxygen supply.

Imprint cytology and histopathology
Imprint smears were made by lightly touching biopsy speci-
mens against slides, which were then air-dried and evaluated
using Riu staining [17, 18]. Each biopsy specimen yielded four to
six imprinted slides. There was no on-site cytologist available
during the procedure. The slides for imprint cytology were
prepared by the radiologist who performed the CT-guided TNB.
The slides were air-dried after lightly touching the specimen on
the glass slide. The tissue specimens were then placed in
formaldehyde solution (10% formalin) for histological examina-
tion. The imprint cytology and histopathology were interpreted
independently by different cytologists and pathologists. In those

patients who were suspected of having pulmonary infection
from clinical and imaging findings, additional tissue culture
was performed. For cytological interpretation, Riu staining was
performed by cytologists (S-H. Kuo and I-S. Jan), who were
responsible for its interpretation. All imprint cytology was
carried out using light microscopy and no immunocytochem-
istry was performed. Histopathological specimens were eval-
uated with haematoxylin–eosin staining using light microscopy
by on-duty pathologists, who neither interpreted nor knew the
results of imprint cytology.

A definite TNB diagnosis was defined as a confirmed
histopathological diagnosis from surgical resection, microbiol-
ogy or clinical course after follow-up of o3 yrs. Definite TNB
diagnoses of lung cancer from patients unfit for surgery were
based on positive cytology or histopathology. Patients with a
clinical diagnosis of infection and nonspecific benign histo-
pathological findings on CT-guided TNB were excluded from
the analysis if there was no microbiological evidence of
diagnosis, even if there was no change or disappearance of
the lesions after 2 yrs. Patients with nonspecific benign
histopathological findings from CT-guided TNB who later
received a surgical diagnosis were included in the analysis.
The interpretation of the imprint cytology results was
divided into four categories: 1) positive for malignant cells;
2) suspicious for malignancy; 3) negative for malignant cells;
and 4) nondiagnostic due to insufficient cellularity. As
previously reported, in the analysis, category 2 was considered
positive for malignancy [13]. Patients with category 4 imprint
cytology results and those with nondiagnostic histopathology
from core biopsy were excluded from analysis. All imprint
cytology and histopathology results were reviewed indepen-
dently by a cytologist (I-S. Jan) and a pathologist (C-H. Hsiao).

Statistical analysis
The diagnostic accuracy, sensitivity, specificity, positive pre-
dictive value (PPV) and negative predictive value (NPV) of
TNB using imprint cytology plus histology were compared
with those for histology alone and imprint cytology alone. The
diagnostic accuracy of TNB was also evaluated in small
(f1.5 cm), medium (1.5–3.0 cm) and large (.3.0 cm) lesions.
McNemar’s test was used to compare the diagnostic accuracy
of the different methods [19]. Stepwise logistic regression
analysis was used to analyse the factors associated with the
diagnostic accuracy of TNB [20]. A two-tailed p-value of f0.05
was considered significant.

Comparison with ultrasound-guided lung biopsy
Since US was widely used before the advent of CT-guided lung
biopsy in the National Taiwan University Hospital, analysis of
the results of US-guided biopsy performed before CT-guided
TNB was performed for the patient group.

RESULTS
Patient characteristics
Between October 1997 and June 2004, 582 out of 622
consecutive patients who underwent CT-guided coaxial core
needle biopsy with imprint cytology plus histopathology
received a definite diagnosis of their thoracic lesions. Patient
demographics and the characteristics of their thoracic
lesions are shown in table 1. The mean age was 62.8 yrs.
The mean diameter of the thoracic lesions was 3.6 cm (range
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0.5–13.0 cm). There were 65 small (f1.5 cm), 243 medium
(1.5–3.0 cm), and 274 large (.3.0 cm) lesions. The diagnoses of
582 thoracic lesions are shown in table 2, including 431 (74.1%)
malignant lesions and 151 (25.9%) benign lesions.

Diagnostic accuracy, sensitivity and specificity
The overall diagnostic accuracy, sensitivity, specificity, PPV
and NPV of TNB using combined imprint cytology and
histopathology compared with histopathology or imprint
cytology alone are shown in table 3. Combined imprint
cytology and histopathology improved the diagnostic accuracy
of CT-guided TNB to 96.4% (sensitivity 96.5%; specificity
96.0%; p,0.05) compared with imprint cytology alone (diag-
nostic accuracy 92.3%; sensitivity 91.0%; specificity 96.0%) or
histopathology alone (diagnostic accuracy 93.0%; sensitivity
90.5%; specificity 100%; table 3). Subgroup analysis indicated
that this improvement was significant in lesions of f3 cm in
diameter (table 3). Multivariate analyses showed that various
factors associated with decreased diagnostic accuracy of TNB
were no longer significant after adding imprint cytology to
histopathology in CT-guided TNB (table 4).

Among the 582 patients, false-negatives for malignancy
occurred in 34 (5.8%) for imprint cytology (mean¡SD (range)
size 3.8¡2.3 cm (0.5–9 cm)) and 38 (6.5%) for core histopathol-
ogy (size 4.2¡2.6 cm (0.5–12 cm)). The reasons for false-
negative cytology included unknown cause (n510), scanty
cellularity (n59), needle position (n57), surrounding or
superimposed inflammation (n54), severe necrosis (n52),
mucinous nature of tumour (n51) and coexisting tuberculosis
with lung cancer (n51). Similar reasons for false-negative core
histopathology were found, including needle position (n517),
small specimen (n58), surrounding inflammation (n55),
tumour necrosis (n53), pre-existing pneumothorax (n52),

coexisting tuberculosis with lung cancer (n52) and mucinous
nature of tumour (n51). False positives for malignancy
occurred in six (1.0%) imprint cytology results (4.55¡3.13 cm
(1–9 cm)), including three patients with pulmonary tubercu-
losis and three with pneumonia. False-positives did not occur
for histopathology. All of the six false-positive results of
imprint cytology were interpreted as suspicious for malig-
nancy because of only a small cluster of suspicious cells and
scanty cellularity (n52) and the presence of chronic inflamma-
tion (n54). Of the 582 lung lesions studied, 11 were reported as
suspicious for malignancy by imprint cytology. Five out of the
11 patients with suspicious imprint cytology were correctly
diagnosed, including three with lung cancer, one with thymic
carcinoma and one with metastatic lung cancer.

Of the patients, 27 (21 false-negative and six false-positive;
4.6%; fig. 1a) received incorrect diagnoses from imprint
cytology (fig. 1b) but correct diagnoses from histopathology
(fig. 1c). Another 25 (4.3%) patients (fig. 2a) received correct
diagnoses from imprint cytology (fig. 2b) but incorrect
diagnoses from core histopathology (fig. 2c). Eleven (1.9%)
patients (size 4.11¡2.83 cm (0.5–9 cm)) received incorrect
diagnoses from both imprint cytology and core histopathology,
including nine lung cancers and two metastases.

TABLE 1 Demographics and lesion characteristics

Subjects n 582

Age yrs 62.8¡13.5 (18.0–91.0)

Lesion size cm 3.6¡2.0 (0.5–13.0)

Sex

Male 335 (57.6)

Female 247 (42.4)

Lesion pathology

Benign 151 (25.9)

Malignant 431 (74.1)

Lesion location

Right upper lobe 171 (29.38)

Left upper lobe 126 (21.65)

Right lower lobe 124 (21.31)

Left lower lobe 80 (13.75)

Right middle lobe 58 (9.97)

Anterior mediastinum 12 (2.06)

Right middle and lower lobes 4 (0.69)

Middle mediastinum 3 (0.52)

Posterior mediastinum 3 (0.52)

Left upper and lower lobes 1 (0.17)

Data are presented as mean¡SD (range) or n (%), unless otherwise stated.

TABLE 2 Diagnosis of intrathoracic lesions

Subjects 582

Malignant 431

Adenocarcinoma 277

Squamous cell carcinoma 40

Small cell carcinoma 21

Poorly differentiated carcinoma 10

Unclassified nonsmall cell lung cancer 20

Metastasis 41

Lymphoma 7

Other malignant# 15

Benign 151

Pulmonary tuberculosis and NTM infection 69

Pneumonia 21

Cryptococcus infection 12

Fungal infection other than cryptococcus 6

Lung abscess 6

Benign thymic tumour 4

Hamartoma 4

Pneumoconiosis 3

Sclerosing haemangioma 3

Benign neurogenic tumour 3

Nonspecific benign" 15

Other benign+ 5

Data are presented as n. NTM: nontuberculous mycobacteria. #: includes

malignant thymic tumour (n54), adenosquamous carcinoma (n52), large cell

carcinoma (n52), adenoid cystic carcinoma (n51), carcinocarcinoma (n51),

leiomyosarcoma (n51), carcinoid (n51), sarcoma (n51), mesothelioma (n51)

and germ cell tumour (n51); ": the definite diagnoses were obtained from

surgical specimens, and included organising pneumonia (n511), anthrocosis

(n52) and fibrotic nodule (n52); +: includes teratoma (n51), fibromatosis

(n51), inflammatory pseudotumour (n51), old parasite infection (n51) and

sarcoidosis (n51).
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Of the 582 patients, 43 underwent US-guided lung biopsy
before CT-guided TNB. Six (14.0%) of them failed to receive a
correct diagnosis from US-guided biopsy due to the lack of an
appropriate echo window but obtained correct diagnoses on
both imprint cytology and histopathology using CT-guided
TNB. Of the remaining 37 patients, 13 (30.2%) obtained
correct diagnoses from US-guided biopsy. In contrast, correct

diagnosis from both imprint cytology and histopathology was
obtained in 35 (81.4%) out of 43 patients undergoing CT-
guided TNB. Correct diagnosis using CT-guided TNB for
malignancy was increased to 88.4% if either imprint cytology
or histopathology results were positive. Of the 13 patients with
a correct diagnosis from US-guided biopsy, false-negative
results were found in one with histopathology alone and in one
with combined histopathology and imprint cytology. Of the 24
patients with false-negative US-guided biopsy results, four
gave false-negative results with combined imprint cytology
and histopathology and two gave false negative results with
imprint cytology alone but a correct diagnosis from histo-
pathology with CT-guided TNB.

Complications of CT-guided thoracic biopsy
Only eight (1.4%) out of 582 patients had clinically significant
complications requiring treatment after CT-guided TNB. Of
these, six (1.0%) required thoracic tube placement for haemo-
thorax (three patients) or tension pneumothorax (three
patients). One patient underwent thoracotomy for a haemo-
pneumothorax occurring immediately after TNB due to
progressive hypotension. One patient died of pulmonary
embolism after successful CT-guided TNB because of dis-
continuation of anticoagulant therapy for chronic pulmonary
thromboembolism for 5 days for CT-guided biopsy.

CT evidence of pulmonary haemorrhage was found in 273
(46.9%) patients; 214 of these had malignant lesions and 59
benign lesions (p50.025). Haemoptysis occurred in 124 (21.3%)
patients without haemothorax. Three patients showed haemo-
thorax but no haemoptysis. Pneumothorax occurred in 221
(38.0%) patients. There was no significant difference in the
incidence rates of pneumothorax (38.1 versus 37.8%; p50.9474)
or haemoptysis (21.4 versus 21.2%; p50.9683) in patients with

TABLE 3 Diagnostic accuracy of computed tomography-guided small-bore coaxial needle thoracic biopsy using imprint
cytology, histopathology or both

Lesion size cm Subjects Sensitivity % Specificity % PPV % NPV % Accuracy %

f1.5 65 (11.2)

Imprint cytology 82.4 100.0 100.0 83.8 90.8

Histopathology 82.4 100.0 100.0 83.8 90.8

Both 94.1 100.0 100.0 93.9 96.9*

1.5–3.0 243 (41.7)

Imprint cytology 93.8 98.5 99.4 85..5 95.1

Histopathology 91.0 100.0 100.0 80..5 93.4

Both 97.2 98.5 99.4 92.9 97.5*

.3.0 274 (47.1)

Imprint cytology 90.0 90.7 97.5 69.0 90.1

Histopathology 91.4 100.0 100.0 74.0 93.1

Both 96.4 90.7 97.7 86.0 95.3*

All 582 (100)

Imprint cytology 91.0 96.0 98.5 78.8 92.3

Histopathology 90.5 100.0 100.0 78.7 93.0

Both 96.5 96.0 98.6 90.6 96.4*

Data are presented as n (%), unless otherwise stated. PPV: positive predictive value; NPV: negative predictive value. *: p,0.05 versus imprint cytology/histopathology

(McNemar’s test; except for both versus histopathology in the lesion size .3.0 cm group (p50.1336)). p.0.05 for all comparisons between imprint cytology and

histopathology (McNemar’s test).

TABLE 4 Multiple logistic regression analyses of factors
associated with the diagnostic accuracy of
computed tomography-guided small-bore
coaxial core needle thoracic biopsy using imprint
cytology, histopathology or both#

OR (95% CI) p-value

Imprint cytology

Lesion size 1.5–3.0 cm versus f1.5 cm 0.445 (0.157–1.261) 0.1277

Lesion size .3.0 cm versus f1.5 cm 0.852 (0.327–2.219) 0.7435

Needle length in lung 0.785 (0.633–0.973) 0.0272

Benign versus malignant lesion 0.372 (0.150–0.918) 0.0319

Histopathology

Lesion size 1.5–3.0 cm versus f1.5 cm 0.468 (0.157–1.586) 0.2392

Lesion size .3.0 cm versus f1.5 cm 0.447 (0.155–1.485) 0.1986

Needle length in lung 0.954 (0.772–1.165) 0.6668

Benign versus malignant lesion 0.039 (0.000–0.220) ,0.0001

Both

Lesion size 1.5–3.0 cm versus f1.5 cm 0.856 (0.166–4.411) 0.8529

Lesion size .3.0 cm versus f1.5 cm 1.603 (0.342–7.505) 0.5493

Needle length in lung 0.749 (0.545–1.030) 0.0750

Benign versus malignant lesion 1.111 (0.410–3.009) 0.8354

OR: odds ratio; CI: confidence interval. #: n5582.

Y-C. CHANG ET AL. IMPRINT CYTOLOGY IN CT-GUIDED TNB

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 31 NUMBER 1 57



malignant versus benign lesions. The incidence rates of
pulmonary haemorrhage were 60% (39 out of 65) in small
lesions (f1.5 cm) versus 45.3% (234 out of 517) in larger lesions
(.1.5 cm; p50.0248).

DISCUSSION
Percutaneous TNB is relatively safe and accurate for the
diagnosis of pulmonary and mediastinal lesions [1–5]. The
diagnostic accuracy of TNB for pulmonary nodules ranges 76–
95% [1–8], and decreases in smaller lesions (,1.5–2cm) [2, 7, 8,
21]. Methods reported to improve the diagnostic accuracy of
image-guided TNB include frozen-section diagnosis [9], FNA
[10] and CT fluoroscopy [22, 23]. Frozen-section diagnosis with
CT-guided TNB is time-consuming, and improvement of the
diagnostic accuracy may be limited [9]. Combined FNA and
core biopsy may raise the diagnostic yield to 97.1% and the
precise diagnosis to 94.2% using CT fluoroscopy [10]. Real-
time CT fluoroscopy may be one of the best adjuncts to TNB.
It can monitor in real-time the entry of the needle into lesions

with excellent diagnostic sensitivity (95.1%) and accuracy
(96.2%) using vacuum-assisted devices [24]. However, special
equipment is required and the radiologists’ radiation exposure
may be increased [25].

To the best of the present authors’ knowledge, this is the first
report of imprint cytology and CT-guided coaxial core needle
biopsy of thoracic lesions in a large group of patients. It was
found that combined imprint cytology and histology improved
the diagnostic accuracy of CT-guided TNB to 96.4% (sensitivity
96.5%; specificity 96.0%; p,0.05) compared with imprint
cytology alone (diagnostic accuracy 92.3%; sensitivity 91.0%;
specificity 96.0%) or histopathology alone (diagnostic accuracy
93.0%; sensitivity 90.5%; specificity 100%) in 582 patients.

In the present study, the diagnostic accuracy using imprint
cytology and CT-guided coaxial core TNB was comparable to
that obtained using CT fluoroscopy-guided FNA and core
biopsy with (sensitivity 95.1%; specificity 100%; diagnostic
accuracy 96.2%) or without (sensitivity 94%; specificity 100%;

FIGURE 1. Lung cancer in a 54-yr-old female. Example of a false-negative result from imprint cytology but true-positive result from histopathology. a) Axial nonenhanced

prone computed tomography showing guiding needle embedded in the periphery of a mass in the right lower lobe. b) Photomicrograph showing no malignant cells on

imprint cytology (Riu stain). c) Photomicrograph showing a bronchioloalveolar carcinoma composed of tall and mucinous glandular tumour cells without ciliation

(haematoxylin–eosin stain).
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diagnostic accuracy 96.2%) vacuum assistance [22, 24].
However, CT-guided TNB can avoid exposure of the radi-
ologist to extra radiation compared with CT fluoroscopy-
guided TNB. Imprint cytology and CT-guided TNB also gave a
higher diagnostic accuracy (88.4 versus 30.2%) than US-guided
biopsy in the present patients.

The reasons for false-negative results from either imprint
cytology or histopathology with CT-guided TNB were similar,
including needle position, surrounding inflammation and
tumour necrosis. The main causes of false-negative cytology
were uncertain, but scanty cellularity, surrounding or super-
imposed inflammation, and character of tumour, such as
necrosis or mucin production, may be important. Small
specimens, existing pneumothorax during the procedure,
severe tumour necrosis or a mucin-producing tumour may
cause false-negative histopathology. Appropriate planning of
the needle tract and the target for biopsy are important in order
to avoid false-negative results.

In the present study, 4.3% (25 out of 582) of all patients
received correct diagnoses from imprint cytology but not from

histopathology. Imprint cytology is considered an excellent
method for giving correct and rapid diagnosis without
compromising the tissue specimen for histopathology [13,
26]. Using core roll preparations from the core biopsy plus the
corresponding FNA smears, the diagnostic yield of neoplastic
lung lesions was better than with FNA alone, due to better
cellularity and morphology [26]. HAYASHI et al. [9] also
demonstrated that cytology can yield the correct diagnosis
from small lesions with CT-guided biopsy. MOTOMURA et al.
[11] reported that imprint cytology can detect micrometastasis
more precisely than final paraffin sections evaluated by
haematoxylin and eosin staining in breast cancer. Therefore,
touch imprint cytology could be superior to conventional
histopathology in the identification of a small proportion of
cancer cells against a background of nonmalignancy [11, 12].
Imprint cytology gave a 1% false-positive rate due to
suspicious cytology in the present study, comparable to the
results of prior reports [27, 28].

Multivariate analysis in the present study showed that factors
that decreased the diagnostic accuracy of imprint cytology or
histopathology following CT-guided TNB were no longer

FIGURE 2. Lung cancer in a 59-yr-old female. Example of a false-negative result from histopathology but true-positive result from imprint cytology. a) Axial nonenhanced

prone computed tomography showing the placement of a guiding needle for biopsy of one of the small lesions in the right lower lobe. b) Photomicrograph showing a cluster

of cells consistent with adenocarcinoma (Riu stain). c) Photomicrograph showing bronchopneumonia with focal fibrin deposition and neutrophilic infiltration in the alveolar

spaces and no malignant cells (haematoxylin–eosin stain).
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significant after combining both cytology and histopathology.
The diagnostic accuracy of TNB decreases with small lesion
size, as has been reported in several studies [2, 6–8, 21]. The
significant decreases in the diagnostic accuracy of CT-guided
TNB with FNA or single-shot cutting biopsy to 67–74% in
pulmonary lesions of ,2.0 cm [2, 7, 21] may be associated with
sampling errors of small lesions [21]. Coaxial multiple-shot
cutting biopsy increases the diagnostic accuracy to 84% in
pulmonary lesions of ,1.5 cm [8]. However, the diagnostic
accuracy of small thoracic lesions was excellent with (96.9%) or
without (90.8%) adding imprint cytology to CT-guided core
biopsy in the present study.

In the present study, a potential limitation was the inability to
demonstrate that imprint cytology plus histopathology, com-
pared with histopathology alone, can significantly improve the
diagnostic accuracy of CT-guided TNB in large thoracic lesions
(.3.0 cm). However, the diagnostic accuracy was significantly
improved in small and medium-sized lesions, and this trend
was also obvious in large lesions. This may be due to less
compensatory effect of imprint cytology for histopathology in
large thoracic lesions. This discrepancy might be due to the fact
that the diagnostic accuracy of imprint cytology was relatively
lower in large lesions (.3.0 cm) compared with medium-sized
lesions. Whether imprint cytological diagnosis should be
performed during TNB in order to reduce the number of
biopsy procedures and lower the rate of procedural complica-
tions may require further investigation.

The pneumothorax rate of 38.0% after TNB in the present
study is similar to the 21–37% reported in other studies [2, 5, 9,
10, 21, 22, 24], with a range of 6.8–54% [1, 8]. The rate of
pneumothorax after TNB requiring chest tube treatment (1%)
in the present study is consistent with the 2.9–12% reported [4,
7, 10, 21–23], with a range of 0–15% [1, 6]. The present
incidence of pulmonary parenchymal haemorrhage of 46.9%
after TNB is slightly higher than in previous reports (5.1–42%)
[1, 2, 10], whereas the haemoptyis incidence of 21.3% was
much higher than the 2.2–6.4% in other reports [2, 7–10, 24].
Most of the bleeding complications were self-limiting and
appeared as asymptomatic ground-glass attenuation on CT.
Patients with smaller lesions and malignant lesions showed
significantly higher incidence rates of pulmonary haemorrhage
in the present study. It was assumed that patient selection
might be one of the factors causing more bleeding complica-
tions since lesions touching pleura, which may have signifi-
cantly less chance of bleeding [29], were assigned for US-
guided biopsy in the National Taiwan University Hospital.
Whether imprint cytological diagnosis should be performed
during TNB in order to reduce the number of biopsy
procedures and lower the rate of procedural complications
may require further investigations.

In conclusion, imprint cytology can improve the diagnostic
accuracy of computed tomography-guided transthoracic coax-
ial core biopsy.
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