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Three-step Needle Withdrawal Method: A Modified Technique
for Reducing the Rate of Pneumothorax after 

CT-guided Lung Biopsy

Hung-Jung Wang1, MD; Ting-Kai Leung1,2, MD; Chi-Ming Lee1,2, MD; Ya-Yen Chen1, MS

Background: Computed tomography (CT)–guided transthoracic needle biopsy is reliable
and has become popular for diagnosing pulmonary lesions. Pneumothorax is
the most common complication of transthoracic needle biopsy. The aim of
this study was to report our preliminary experience with a three-step needle
withdrawal technique for CT-guided lung-biopsy, with emphasis on reduc-
tion of the pneumothorax rate.

Methods: A total of 146 patients (85 men and 61 women; mean age, 66.1 years; age
range 19-91 years) with a pulmonary lesion underwent single slice CT-guid-
ed lung biopsy. We used a 17-gauge coaxial needle for guidance and a 18-
gauge cutting needle to perform the biopsy. We used a three-step method to
withdraw the needle. Images were reviewed to assess the patients’ posture
and the size, location, and depth of the tumor. Any pneumothorax or chest
tube usage was noted.

Results: Pneumothorax occurred in 23 (15.8%) patients, two of whom underwent
chest-tube insertion. All 23 patients with a lesion deeper than 4 cm deep had
a pneumothorax. In all patients with pneumothorax, lesions were smaller
than 2 cm.

Conclusions:Our modified CT-guided lung biopsy method with a three-step needle with-
drawal technique appears effective with a relatively low pneumothorax rate.
Predictors of pneumothorax in our study were a lesion deeper than 4 cm and
a lesion smaller than 2 cm.
(Chang Gung Med J 2009;32:432-7)
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Computed tomography (CT)–guided transthoracic
needle biopsy has become popular for diagnos-

ing pulmonary lesions and is a reliable diagnostic
method. CT can provide transverse images of the
chest and therefore permits easy and precise localiza-
tion and calculation of the depth of the lung and
mediastinal lesions to be sampled. Pneumothorax is

the most common complication of transthoracic nee-
dle biopsy. The reported incidence is 12-36% in most
large series, and 11-15% of patients require chest-
tube placement.(1-5) Several authors have suggested
auxiliary measures to lower the prevalence; exam-
ples include positioning precautions and a blood-
patch technique.(1,2) We reported our preliminary
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experience using a modified CT-guided lung-biopsy
technique in an attempt to reduce the pneumothorax
rate.

METHODS

The population for this retrospective study
included 146 patients with a pulmonary lesion who
were examined between January 2000 and December
2005 at Taipei Medical University Hospital, Taiwan.
All subjects gave informed consent before their par-
ticipation, and the Ethics Committee of Taipei
Medical University Hospital approved the study.

Four radiologists performed all lung-biopsy pro-
cedures with single slice CT guidance (High-Speed;
GE Medical Systems, Milwaukee, WI, U.S.A.).
During the procedure, we first located the lesion and
measured its depth, which was defined as the dis-
tance from the pleura to the lesion. Patients were
placed in the supine or prone position according to
the location of the lesion.

We used a 17-gauge coaxial needle to puncture
the lesion as accurately as possible in one attempt.
The inner needle was withdrawn, and an 18-gauge
cutting needle (Temno; Bauer Medical, Clearwater,
FL, U.S.A.) was placed to obtain a sample (Fig. 1).

According to the location of the cutting needle, we
divided the lesion into quadrants The biopsy was
done 3 times at angles of 0°, 90°, and 180°.

We used a three-step method to withdraw the
needle. In the first step, the inner needle was pulled
back with its tip still in the sheath of the outer nee-
dle. It was then slowly withdrawn until it was about
5 mm beneath the visceral pleura (which faces the
parenchyma) (Fig. 2). The inner needle was held in
this position for 2-3 minutes. In the second step, the
needle was withdrawn further until it just reached the
parietal pleura (which faces the chest wall). It was
then held there for 2-3 minutes. In the third step, the
needle was pulled out completely. CT was immedi-
ately repeated to assess for pneumothorax. All
patients were able to maintain normal respiration
during the lung biopsy. All were placed in the supine
position after the procedure and underwent chest
radiography the next day to rule out a late pneumoth-
orax.

We reviewed the images obtained during CT-
guided lung biopsy to evaluate the patient’s position
and the size, location, and depth of the lesion. In
addition, we noted any pneumothorax or chest tube
usage. The size of the pneumothorax was defined as
the ratio of its maximum depth to the maximum

Fig. 1 The cutting needle punctures the lesion for sampling.
Fig. 2 The coaxial needle is slowly withdrawn until it is
about 5 mm beneath the visceral pleura.
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width of the inner chest wall on the same axial sec-
tion. A ratio less than 10% was small, 10-30% was
moderate, and more than 30% was large (severe).

We performed statistical analysis comparing the
pneumothorax and no pneumothorax groups using
the independent t-test and chi-square test, and per-
formed analysis of reported risk factors (lesion size
and depth) and pneumothorax using odds ratios. A p
value of less than .05 indicated a statistically signifi-
cant difference.

Pathologic results of the biopsy samples were
recorded, as were patient mortality rates after biopsy.

RESULTS

The mean age ( standard deviation) of the
patients was 66.1 1.2 years (range, 19-91 years).
They included 85 men and 61 women.

Pneumothorax occurred in 23 patients (15.8%)
and was small in 15, moderate in six, and large in
two. Two patients underwent chest-tube insertion
because of severe pneumothorax, and their lesions
were 4.8 and 5 cm deep. Overall, lesions were 1-5
cm (2.8 0.4 cm) deep and 3.8 0.3 cm in size.
Among patients with pneumothorax, all lesions were
at least 4 cm deep and smaller than 2 cm; the mean
lesion size was 1.6 0.3 cm. Four (17%) of the 23
patients with pneumothorax had emphysema; all of
these patients had mild pneumothorax.

Table 1 shows the results of statistical analysis
of the reported risk factors for pneumothorax. These
data showed that the patients with a lesion size < 2
cm. were 6.2 times as likely to have pneumothorax
than those a larger lesion, and patients with lesion

depth > 4 cm. were 4.7 times as likely to have pneu-
mothorax than those with a lesion depth < 4 cm.
Small lesions and deep lesions were predictors of
pneumothorax. Body position and patient age did not
seem to affect the rate of pneumothorax.

Pathologic analysis revealed 109 cases of lung
cancer (mostly adenocarcinomas), 11 lung cancers
accompanied by infection, 21 cases of chronic
inflammation, and three cases of tuberculosis. Five
patients died from 2 to 5 months after lung biopsy
because of a malignant tumor.

DISCUSSION

Pneumothorax is the most common complica-
tion of needle biopsy. The literature reveals rates of
pneumothorax vary from 12 to 36%.(1-5) Numerous
groups have suggested possible contributory factors
as well as possible means of prevention.(3-5) These
factors were divided into several categories and
included those related to patient posture, needle size,
lesion depth and size, and biopsy technique. In our
study, the rate of pneumothorax was related to the
size and depth of the lesion (Table 1). Yeow et al(6)

found the highest pneumothorax rate of 33% in
patients with lung lesions ≤ 2 cm. Cox et al(7) used
the CT-guided coaxial fine-needle technique, and had
a higher pneumothorax rate of 60% for 123 lung
lesions ≤ 2 cm compared with a 31% rate in 233
biopsies of larger lesions. Khan et al(8) demonstrated
a pneumothorax rate of 22% for 0-2 cm lung lesions
compared with a 13% rate for > 2-4 cm lesions.
These results were similar to ours. In our study, all
lesions were smaller than 2 cm in patients with pneu-

Table 1.  Analysis of Risk Factors for Pneumothorax

Risk factor
Pneumothorax No pneumothorax Odds ratios

p value
(n = 23) (n = 123) (95% CI)

age 67.4 2.4 58.7 1.9 1.2 (0.2, 1.7) 0.33

gender 13 men, 10 women 72 men, 51 women 0.8 (0.7, 2.2) 0.067

Lesion size SD, cm 1.6 0.3 (0.5-1.9) 4.1 0.4 (2.4-5.8) 6.2 (1.4, 2.6 ) 0.029

Lesion depth SD, cm 4.8 0.4 (4.2-5.0) 1.7 0.2 (1.0-2.8) 4.7 (1.2, 2.9) 0.017

Body position, no. supine: prone 9: 14* 67: 56* – –

Abbreviations: SD: standard deviation; *: The percentage of pneumothorax was 11.8% in the supine position, and 20% in the prone
position. Although, pneumothorax are seem more frequently in patients in the prone than the supine position, there was no significant dif-
ference between these 2 positions (p = 0.4).
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mothorax. However, the study of Laurent et al(9)

showed no significant difference between a 15%
pneumothorax rate for 67 lung lesions ≤ 2 cm com-
pared to a 16% rate for 135 larger lung lesions.
Yildirim et al(10) did not find a significant correlation
between lesion diameter and pneumothorax rate. In
the studies above, the relationship between the pneu-
mothorax rate and lesion size was multivariate.
However, Laurent et al(9) recognized that a needle
biopsy for lung lesion < 2 cm is technically more dif-
ficult, requiring a longer procedure time that might
potentially increase the risk of pneumothorax.

In our study, the depth of the lesion was a pre-
dictor of pneumothorax (Table 1). In all patients with
pneumothorax, lesions were deeper than 4 cm. Some
researchers(7) found a significantly higher pneumoth-
orax rate for lesions without contact with the pleura
than lesions in direct contact with pleura. Several
authors have reported that greater lesion depth causes
the penumothorax rate to increase.(11-13) It would be
reasonable to hypothesize that a longer needle path
may have a greater chance of tearing the pleura and
normal lung tissue as patients breathe during the pro-
cedure. In contrast, Yeow et al(6) reported a sevenfold
higher risk of pneumothorax for biopsies of sub-
pleural lesions 0.1 to 2 cm below the surface, with a
4.4 times higher risk for deeper lung lesions. This
may occur because lesions 0.1 – to 2 cm below the
surface are very close to the pleura. Thus, shallow
anchoring results in easy needle dislodgement in the
pleural cavity, causing air ingress. However, in our
technique, the biopsy is done through the tumor and
the medial wall surface of the tumor is cut directly,
with minimal damage to the pleura. There remains
considerable disagreement about the correlation
between the pneumothorax rate and the depth of the
lesion. Yildirim et al(10) reported that a close relation-
ship between the depth of the lesion and the presence
of pneumothorax does not mean that this factor
increases the possibility of a pneumothorax.

This biopsy technique also affects the pneu-
mothorax rate. In a review, Moore(14) demonstrated
that limiting pleural punctures to only one is crucial
to minimize the risk of pneumothorax. The author
also describes a method to avoid a second puncture
by pulling the tip of the needle back, peripheral to
the target. A course correction can be achieved dur-
ing the coaxial sampling process itself by canting the
outer needle. Most cases of needle malposition can

be salvaged in this way to avoid a second puncture.
In addition, Moore suggested that corrective manipu-
lations of the needle should be performed by partial-
ly withdrawing the needle (but not through the pleu-
ra) and by re-advancing it.

Our one puncture, three-step needle-withdrawal
method was effective in reducing the pneumothorax
rate. The most marked difference between our
method and a routine CT-guided method is that we
stopped withdrawal in the subpleural and epipleural
regions. After obtaining the biopsy samples, we
pulled the inner needle back but kept its tip in the
sheath of the outer needle. This step is important to
stop outside air from entering the pleural cavity
through the sheath of the outer needle during needle
withdrawal. Atmospheric air can be sucked into the
pleural cavity when the needle is pulled out; this air
can mimic a pneumothorax during imaging. In the
next step, we slowly withdrew the needle, stopping
when it was about 5 mm beneath the visceral pleura
and holding it there for 2-3 minutes. The purpose of
this step is to seal off the tract between the lesion and
the parenchyma itself. After this step, we withdrew
the needle until it just reached the parietal pleura and
kept it there for 2-3 minutes. This step also seals off
the tract between the parenchyma and the visceral
pleura. Stopping outside air from entering the pleural
cavity and sealing off the puncture tract itself
reduced the rate of pneumothorax. Our four radiolo-
gists followed this procedure, and our pneumothorax
rate was 15.8%, which was lower than other reported
rates of 35%,(15) 29%,(16) 38%,(17) 26%,(18) 30%,(19) and
28%(20) (Table 2). Only Yeow et al reported a lower
pneumothorax rate of 12%.(5) We think this is an
observation value, and their data (12%) may be not
significantly different than ours (15.8%) statistically.
In addition, factors such as different patient charac-
teristics, lesion size, depth, and presence of pleural
effusion or emphysema could affect the results.
Despite some limitations, such as the limited case
number and lack of a control group, we believe our
technique has clinical impact.

In conclusion, our modified CT-guided lung
biopsy method, the three-step needle withdrawal
technique, appears effective with a relatively low
pneumothorax rate. According to analysis with odds
ratios, a lesion deeper than 4 cm and a lesion smaller
than 2 cm were predictors of pneumothorax in our
study.
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