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Accuracy and complications in computed
tomography fluoroscopy-guided needle
biopsies of lung masses

Abstract The aim of this study was to
determine the diagnostic accuracy and
frequency of complications of lung
biopsy procedures with or without
CTF guidance of needle insertion.
Records and images of 99 consecutive
percutaneous coaxial cutting needle
lung biopsy procedures performed on
85 patients were reviewed retrospec-
tively. Fifty-seven and 42 procedures
had been done with and without CTF
guidance, respectively. Histological
results were compared to diagnosis
after surgery or after a follow-up
period of 12 months. Diagnostic ac-
curacy and the occurrence of pneu-
mothorax and/or bleeding related to
the procedures were registered. The
level of accuracy of the diagnosis was
comparable. The diagnostic accuracy
was 96% (50/52) and 95% (34/36)
sensitivity 95% (35/37) and 93%

(26/28), specificity 100% (15/15) and
100% (8/8) with CTF and conven-
tional CT techniques, respectively.
There were fewer post procedure
pneumothoraces using the CTF than
conventional technique [26% (15/57)
vs. 38% (16/42)], but the difference
was not statistically significant
(P=0.274). The insertion of a chest
tube was required in only one (2%)
procedure using the CTF technique,
while this was needed in four (10%)
using the conventional technique.
Small or large hemorrhages occurred
in 23% of the procedures, with no
apparent difference between the two
groups. In conclusion, CTF-guided
biopsy of lung lesions provides high
diagnostic accuracy, comparable to
that of conventional CT-guided pro-
cedures, with a low rate of complica-
tions, even for small tumors.

Introduction

Computed tomography fluoroscopy (CTF), first introduced
by Katada in 1993 [1], has in recent years become a
valuable tool for retrieving biopsy specimens from pulmo-
nary masses. CTF provides real-time guidance of the bi-
opsy needle, decreases procedure time and requires fewer
needle passes than CT-guided procedures without fluoro-
scopic guidance [2–6]. CTF has furthermore been shown to
significantly reduce radiation doses to the patients, but it
exposes the radiologist to radiation, as the operator is in the
room at the time [7, 8]. We have used the CTF-technique
for thoracic interventions in our daily routine for several
years. The purpose of this study was to document and

evaluate the diagnostic accuracy and frequency of
complications in CT-guided biopsy procedures of pulmo-
nary lesions performed with or without fluoroscopic
guidance.

Materials and methods

Patients

From August 2001 to December 2002, 99 percutaneous
coaxial cutting needle lung biopsy procedures were per-
formed in 85 consecutive patients in our department. There
were 30 women and 55 men (median age 65 years; range
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18–87 years). The patients had been admitted to the hos-
pital for the work-up of pulmonary masses suspected of
either primary malignant disease or metastasis. All data
regarding the procedures were retrieved retrospectively.
Fifty-seven procedures were done with CTF guidance,
while 42 had been performed with conventional CT tech-
nique before the CT fluoroscopy equipment was installed.
To achieve material representative of the lung lesion and of
diagnostic quality, the CTF procedure had to be repeated
once and twice in four and one case, respectively. Four
conventional CT-guided procedures had to be repeated
once for the same reason. Biopsy procedures were per-
formed during independent sessions on separate days on
two distinct tumors in four patients.

Fifty-three (54%) of the lesions were in the right lung,
and 45 (46%) were left-sided. Thirty-three (33%) of the
lesions were located in the superior lobe, and 57 (58%)
were lower lobe lesions. There were 7 (7%) middle lobe
lesions. The median lung lesion size was 3.0 cm (range
1.0–8.0 cm). The median distance from the peripheral
margin of the lesion to the pleura was 0.0 cm (range 0.0–
9.0 cm). No significant difference in size or distance from
the lesion to pleura between the two groups could be
detected (Table 1). The clinical course of each patient and
the growth rate of pulmonary lesions that were not removed
surgically were evaluated for at least 12 months after the
biopsy procedures. Categorical data were analyzed with
Fischer’s exact test. P-values less than 0.05 were consi-
dered statistically significant.

Technical features

Before fluoroscopy equipment for real time guidance was
installed in our department inMay 2001, all CT-guided lung
biopsy procedures were performed without such guidance
(conventional CT technique). After the installment, all
except two procedures were CTF-guided. Procedures were
performed by altogether 19 radiologists from our depart-
ment. The less experienced radiologists performed the
procedure under supervision of a radiologist with more
experience. Three of the radiologists each had more than 20

years of radiological and interventional experience. These
were considered experienced and performed each 25, 6 and
1 procedure, respectively. The less experienced radiologists
performed 67 procedures; the median number of procedures
per radiologist was 3.0 (range 1–15). All scans were
obtained without intravenous contrast medium. Patients
were examined in the prone, supine or lateral decubitus
position, depending on the location of the lesion.

Fluoroscopic biopsy interventions were performed with
Somatom plus 4 CT (Siemens Medical Systems, Erlangen,
Germany) equipped with the CARE-vision software. The
CARE vision application includes an in-room monitor with
last-image hold, a foot pedal controlling image acquisition
and a bedside joystick for moving the patient in and out of
the gantry. The exposure parameters were 120 kV, 20 mAs
and a slice thickness of 10 mm. To avoid irradiating the
operator’s fingers, the co-axial introducer was held and
manipulated with a 22-cm surgical forceps during the CT
fluoroscopy [1, 2, 5, 9]. The real-time scanning was limited
to short glimpses to visualize the position of the advancing
needle tip.

Conventional CT-guided biopsy procedures were per-
formed with Somatom plus 4 CT or with HiSpeed CTi
single channel scanner (General Electric Medical Systems,
Milwaukee, WI, USA). Other than the laser line indicating
the axial slice position, there was no in-room guidance
equipment. It was not possible to examine the CT images
within the examination room so the images had to be
viewed on the console next door. Therefore, the physician
had to go out of the examination room to evaluate the
position of the introducer needle. The co-axial introducer
was advanced in small steps to the pulmonary lesion, with
interval scans to assess its position.

The puncture area was cleaned with antiseptic solution
and then local anesthesia was applied. An incision of the
skin was made for needle entrance. With both CT tech-
niques, two 18-G cutting needle (tru-cut) biopsies were
taken with an automated biopsy gun guided by the 17-G
co-axial introducer. The introducer had been placed in an
appropriate position within the lesion during patient breath-
hold. A short spiral scan was performed shortly thereafter
at the level of the lesion to detect possible complications

Table 1 Characteristics of percutaneous coaxial cutting needle lung biopsy procedures performed with CTF and CT-guided technique

CTF Conventional CT guidance Total

Number of patients 48 37 85
Sex (m/f) 27/21 28/9 55/30
Age [median, range, (years)] 63, 18–87 67, 30–81 65, 18–87
Emphysema 29 (62%) 20 (51%) 49 (58%)
Number of procedures 57 42 99
Procedures performed by experienced radiologists 23 (40%) 9 (21%) 32 (32%)
Lesion size [median, range (cm)] 2.5, 1.0–7.4 3.0, 1.2–8.0 3.0, 1.0–8.0
Distance to pleura [median, range (cm)] 0.5, 0–6.5 0.0, 0–9.0 0.0, 0–9.0
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such as pneumothorax or hemorrhage in all but five pro-
cedures. A conventional chest radiograph was taken 2 h
later to check for complications. Though this is the normal
procedure, it was not performed in ten procedures. There
was no chart record of why this was not performed, but
no complication or clinical symptoms had been recorded
in the clinical journal in these procedures.

Data collection

A biopsy was considered true positive if a histological di-
agnosis of malignancy had been confirmed at surgery, the
clinical course was typical of malignant disease, metastases
of the identical malignancy had been detected and/or if the
tumor growth rate suggested malignancy during the follow-
up period [10, 11]. A procedure provided a true negative
result if a benign histological diagnosis had been
established with a precise etiology or was confirmed
histologically after surgical removal of the mass and if the
lesion had disappeared or was reduced or stable in size
during the follow-up period of 12 months.

In two procedures, one with CTF, the other with con-
ventional CT guidance, a large pneumothorax occurred just
after insertion of the needle. Both procedures had to be
terminated before tissue samples were retrieved. In yet
another procedure, the pathology report could not be re-
trieved. The clinical outcome could not be determined after
seven procedures because the observation time was less
than 12 months. These altogether 11 procedures, were not
included in the evaluation of diagnostic accuracy. Lesion
size and depth from the pleural surface were recorded from
CT images taken during the biopsy procedure. Lesion size
was defined as the largest transversal diameter in axial
images at the lung window setting (width 1,500 HU; center
−500 HU). The depth of the lesion was measured from the
pleura surface to the tumor along the planned needle path.
The presence of emphysema was based on identification of
the following criteria: small and round, or confluent areas
of low attenuation; diffuse areas of low attenuation with a
paucity of vascular markings; and/or bullae.

Pneumothorax was graded as small if no treatment was
needed, moderate if the air could be aspirated by the co-
axial introducer at the end of the procedure, or large if the
placement of a chest tube was needed [12]. All patients
with pneumothorax were followed up with either CT scans
or regular chest radiograph. The appearance of haziness,
consolidation or fluid along or in relation to the needle
track or between pleura layers immediately after the pro-
cedure was regarded as hemorrhage [13]. The hemorrhagic
lesion was regarded as small if ≤ 3 cm or large if ≥ 3 cm
in axial diameter. No hemorrhage produced complica-
tion-related symptoms or required therapy such as fluid
replacement.

Results

Diagnostic accuracy

Eighty-eight of 99 procedures (89%) provided histological
material representative of the lesion and of sufficient
quality for histological diagnosis as deemed by the pa-
thologist. Twenty-three (26%) lesions were benign and 65
(74%) were malignant at the final diagnosis. Of the lesions
deemed true negative, there were four lesions that re-
gressed and three that were confirmed benign by operation.
Three had a specific pathological diagnosis (sarcoidosis
and tuberculosis), and all were controlled at least a year.
One lesion, considered to be rheumatoid lung affection,
was observed for 36 months. Finally, there were 12 lesions
with a benign histology, observed for at least 12 months
(range 12–19; mean 14; median 15 months) that had the
typical radiological features of round atelectases (n=10)
and pulmonary aspergillosis (n=2). In all, 84 lung lesions
were correctly diagnosed, yielding an overall diagnostic
accuracy rate of 95%.

Of 52 CTF procedures, two provided a false-negative
result. No false-positive result was seen with this technique.
Therefore, the sensitivity, specificity, positive and negative
predictive values for a diagnosis of malignancy at CTF
were 95, 100, 100 and 88%, respectively. No significant
difference in the diagnostic accuracy with and without
fluoroscopic guidance could be found (Table 2). Procedures
providing false-negative results (n=4) were performed on
lesions significantly smaller than the size of the lesions
providing accurate histological diagnosis [true-positive or
true-negative results; n=85; mean size 1.7 (SD 0.6) vs.
3.5 cm (SD 1.7); (P=0.017)]. The diagnostic accuracy of
procedures performed by experienced and inexperienced
radiologists was comparable (96 vs. 95%, respectively;
P=1.000). The mean distance from the lesion to the pleura
was not significantly different in procedures providing a

Table 2 Comparison of diagnostic accuracy between procedures
performed with CTF and CT-guided technique

CTF Conventional CT Total
n=52 n=36 n=88

False negative 2 (4%) 2 (6%) 4 (5%)
True negative 15 (29%) 8 (22%) 23 (26%)
True positive 35 (67%) 26 (72%) 61 (69%)
False positive 0 0 0
Sensitivity 95% 93% 94%
Specificity 100% 100% 100%
PPV 100% 100% 100%
NPV 88% 80% 85%
Diagnostic accuracy 96% 94% 95%
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false-negative result compared to those that provided true-
positive or negative results (1.2 vs. 1.0 cm; P=0.897).

Complications

The frequency of pneumothorax using CTF guidance was
not significantly different from that experienced using
conventional technique [26% (15/57) vs. 38% (16/42) of
procedures, respectively; P=0.274]. Of CTF procedures
complicated by a pneumothorax (n=15), 11 were regarded
as mild (Fig. 1a), three moderate and only one severe
(Fig. 1b), requiring the insertion of a chest tube. Of pro-
cedures performed without CTF (n=16), 12, 1 and 4 were
regarded as mild, moderate and severe, respectively. Re-
gardless of the procedure, the risk of a severe pneumotho-
rax was significantly higher if the lesion was completely

surrounded by aerated lung (Fig. 2) [(17% (8/47) vs. 2%
(1/49) moderate and severe pneumothoraxes; P=0.015;
11% (5/47) vs. 0% (0/49) chest tube insertions; P=0.025].
We did not see an independent increase in the pneumo-
thorax rate with increasing distance from the pleura.Hem-
orrhage occurred in 21 of 94 procedures (22%), of which
6 (7%) were regarded as large (Fig. 3).

The risk of hemorrhage was significantly higher if the
needle had traversed aerated lung than if not [34% (16/47)
vs. 11% (5/44); P=0.013]. No major hemorrhage occurred
in the procedures performed in lungs where the lesion
abutted the pleura. The mean lesion size of procedures
complicated by hemorrhage was significantly smaller than
lesions of procedures without this complication (2.6 vs.
3.6 cm; P=0.019). The presence of emphysema did not
appear to increase the risk of complications.

Fig. 2 Needle in place at the outer margin of a lesion surrounded by
aerated lung

Fig. 3 Low-dose CTF image of a large, post-procedure hemorrhage
(arrow)

Fig. 1 a Small post-procedure
pneumothorax. b Large post-
procedure pneumothorax, re-
quiring the placement of a chest
tube
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Discussion

CTF guidance represents an important technological de-
velopment, enabling real-time imaging of percutaneous
intervention of pulmonary lesions inaccessible with other
techniques such as ultrasound guidance or transbronchial
biopsy. Compared to conventional CT-guided procedures,
CTF guidance allows continuous monitoring of the needle
towards the target lesion, thus controlling for respiratory
movement. CTF is faster and requires fewer needle passes
than the conventional CT-guided technique [2–6]. Our study
demonstrated that CTF-guided procedures of lung lesions
can be performed with high diagnostic accuracy compa-
rable to that achieved with a more conventional technique.
The high level of diagnostic accuracy achieved with and
without CTF was comparable to that reported previously,
ranging from 83% to 95% [6, 13–18].

Intuitively, CTF-guided procedures may yield higher
accuracy rates than the conventional technique, especially
with regard to small lesions subjected to respiratory motion.
However, we were not able to document an improved
diagnostic accuracy after the introduction of CTF in our
department. This may partly be because conventional CT-
guided percutaneous lung biopsy is a well-established
method with an already high success rate, providing little
room for improvement [6]. Biopsies can now be attempted
in lesions previously considered impractical for interven-
tion [2]. One great advantage of CT fluoroscopy may be
that this method substantially decreases procedure time and
may therefore be cost effective. Unfortunately, procedure
times were not regularly registered in our department
during the study period. However, we experienced that the
procedures were performed rapidly. Patients were not
randomized to CTF or conventional guidance in our ret-
rospective study. However, procedures were performed on
lesions comparable with regard to size and distance from
the pleura.

Not surprisingly, false-negative biopsies were retrieved
more often from small than from larger lung lesions in our
study, in accordance with a previous study by Yeow et al.
[17]. This indicates that sampling is technically more de-
manding in small lesions. Since tumor necrosis may be
present in larger lesions [18], we tried to sample tissue from
the peripheral zone of lesions, which resulted in a high

success rate. In this study, we did not restrict the procedures
included to those performed by experienced interventional
radiologists, but evaluated all the procedures performed in
the period, assessing the routine in our department. We
could not detect any difference with regard to the diag-
nostic accuracy or rate of complications in experienced
versus inexperienced radiologists performing the proce-
dures. It is possible that the more complicated interventions
were reserved for the more experienced radiologists, regard-
less of the use of fluoroscopy. None the less, we expe-
rienced a steep learning curve for CTF-guided intervention
as reported previously by several authors [14, 17, 19].

CTF-guidance gave fewer pneumothoraces than con-
ventional techniques in our study. This may be because
CTF requires fewer needle passes than conventional tech-
niques, as experienced by Froelich et al. [2–5, 20]. Also,
CTF improves safety because the pneumothorax can be
detected immediately [2, 3, 21]. By early detection, three
(5%) moderate pneumothoraces were converted to mild
pneumothoraces at the end of the procedures using CTF in
our study. Pneumothorax appeared in approximately one
third of the procedures, but only a minority required in-
sertion of a chest tube. This was well within the range of
previously published frequencies of pneumothoraces (12 to
42% of procedures) [12–14, 19, 22, 23] and chest tube
placements (0 to 14% of procedures) [12, 13, 19, 21, 23,
24]. The operator should be especially alert with regard to
pneumothorax if the needle has to transverse lung tissue
before entering the lesion [13, 17, 21, 25].

The rate of hemorrhage was comparable with CTF and
conventional CT technique. As shown in previous studies,
small lesion size and long distance to the lesion increase the
risk of bleeding [12, 13]. When taking a biopsy from a
small lesion, the cutting needle often includes a portion of
aerated lung, which offers less tamponading effect than
solid tissue. To reach a deep tumor, the needle will cross
more aerated lung and more pulmonary vessels, which in-
crease in size with distance to pleura, increasing the risk of
large pulmonary hemorrhages.

In conclusion, CTF-guided percutaneous biopsy of pul-
monary masses provides high diagnostic accuracy, com-
parable to that of conventional CT-guided procedures, and
can be performed safely, even on small tumors.
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