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CT-guided percutaneous transthoracic
needle biopsy of lung lesions - 2-year experience
at the Institute of Radiology in Ljubljana

Igor Kocijanci¢ and Ksenija Kocijanci¢

Institute of Radiology, University Clinical Centre Ljubljana, Ljubljana, Slovenia

Background. In 1883, Leyden described percutaneous lung biopsy, bul il was not until 1970s that image
guided fine needle chest biopsy gained widespread acceplance. Haaga and Alfidi reported CT-guided tho-
racic biopsy in 1976. Currently, lissue sampling of a thoracic lesion is indicated when the diagnosis is not
oblained by the endobronchial technique and when the cylological diagnosis will modify the stage of the
disease or influence the therapeutic strategy. Cylology oblained by small-gauge needle aspiration biopsy
confirms the nature of the lesion in 80 — 95% of cases and carry a low incidence of major complicalions
according lo the literature. The purpose of this relrospective analysis was lo provide basic dala about
diagnostic accuracy and incidence of pneumothorax and chest tube insertion with respecl lo perculaneous
transthoracic CT-guided needle biopsy of lung lesions.

Methods. Afler positioning of the patient we performed a spiral CT of the thorax with the accordingly
placed melal mark, which helped us lo sel the optimal culaneous enlry poinl. After that we re-checked the
localisation of the lesion and marked the entry point with a pen and clean the surface lo keep il slerile. After
we applied local anaesthelic subcutaneously, we used coaxial 18G Gallini aspiration biopsy needles with
cutting tip for CT- guided aspiration cylologic examination. The length of the needle was chosen according
to the distance of the largeled lesion.

Results. From January 2005 to January 2007 forty-three patients — 24 men and 19 women who were 26-79
years old (mean +/- SD, 59.8 +/- 10 years) were referred lo the Inslitule of Radiology fo undergo the PTNB.
One patient was referred kwice. Consequently, the hospital records and images of 44 conseculive cases of
perculaneous transthoracic fine needle aspiration biopsy procedure were retrospectively analysed.

The overall diagnostic accuracy was 93.2%, the pneumothorax rate was 27.2% and the chest tube insertion
rate with percutaneous transthoracic CT-guided needle biopsy was 4.5%.

Conclusions. Based on these cases, our 2-year experience is indicaling that percutaneous transthoracic CT-
guided needle biopsy is an effective and safe procedure for evaluation of undelermined lung lesions.
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biopsy gained widespread acceptance. In
this early years percutaneous lung biop-
sies and advances in cytopathology were
reported as well in our institution'2. Haaga
and Alfidi® first reported the CT-guided bi-
opsy in 1976. Since that many authors con-
firmed the technique as safe and accurate
in diagnosing benign and malignant lesion
of the chest."® Nowadays, tissue sampling
of a thoracic lesion is indicated when the
diagnosis is not obtained by endobronchial
technique and when cytological diagnosis
will modify the stage of the disease or influ-
ence the therapeutic strategy.

With the advent of lung cancer screen-
ing using low-dose helical CT an increased
incidence of smaller lung lesion and also
small lung cancer has been reported in
some countries.”1? It is well known that the
detection of lung cancer in early stage may
improve the prognosis of such patients.!3
In management of solitary pulmonary
nodule we use a repeated CT examination
with the evaluation of volume change of
the small pulmonary nodule but when an
increase in size is recognized on follow-up
CT examination a verification of the lesion
becomes mandatory. Beside this, main in-
dications for percutaneous transthoracic
needl e biopsy (PTNB) are: pulmonary nod-
ule or nodules without specific diagnostic
criteria on computed tomography (CT) as-
certaining benignity; pulmonary nodule(s)
or mass(es) suggestive of malignancy, pul-
monary nodule in a patient with a history
of extrapulmonary primary malignancy, a
residual nonregressive lesion following ra-
diotherapy and chemotherapy, a residual
nonregressive infiltrate following specific
antibiotic therapy, chronic diffuse pulmo-
nary infiltrate in selected cases.

The need for the preoperative diagnosis
of a solitary pulmonary nodule depends
on the pretest probability of diagnosing a
lesion that would obviate an unnecessary
thoracoscopy or thoracotomy.!®
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Concerning CT characteristics of pulmo-
nary nodules, it is known that 43% of nod-
ules smaller than 1 cm are benign as well
as that 97% of nodules bigger than 3 cm
are malignant. Thirty-three % of primary
malignant nodules have regular contours
and 46% of benign nodules are spiculated.
Twenty-six % of benign nodules and 5% of
malignant nodules are more or less calcified
while 21% of benign and 40% of malignant
nodules show air bronchogram.

Opverall, a correct diagnosis can be estab-
lished by CT in 66-98% cases.”

The aim of this analysis was to provide
basic data about the diagnostic accuracy
and frequency of complications of lung bi-
opsy procedures with CT guidance of nee-
dle insertion over the last two years.

Methods

When the transthoracic needle biopsy was
performed, the procedure itself, possible
complications and its accuracy had been
carefully explained to the patient. Upon
this conversation the patient was requested
to sign the Informed consent form.

The clinicians obtained routine partial
thromboplastine time (PTT), prothrombine
time (PT) and platelets level in all patients.

We performed CT guided PTNB, which
enabled a precise localisation of the lesion.
All procedures were conducted on a mul-
tislice CT scanner (Somatom 16, Siemens,
Erlangen, Germany) by two radiologists ex-
perienced in thoracic radiology and image-
guided biopsy techniques. The scanning
parameters of the Somatom 16 were 120
kVp, 120-200 mA, 1.5 mm collimation; 3- to
5-mm slice thickness and a table speed of
30 mm/sec (pitch up-to 1.5). Biopsies were
performed without injection of i.v. contrast
media. Necrotic tissue and cystic lesions
were identified during prior diagnostic con-
trast enhanced CT. Unenhanced CT scans
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were reviewed with a lung window setting
(window width 1600 HU, window level -600
HU) and with a mediastinal window setting
(window width 350 HU, window level 35
HU).

The position of the patient was then se-
lected according to the desired needle path.
It should be remembered that the position
of the lesion can vary considerably when
changing position from supine to prone or
to oblique. The needle path should avoid
transversing intercostals vessels so the
needle entry was optimally defined at mid
intercostals space whenever possible. In
addition, it was necessary to try avoiding
transgression of a pleural fissure, bullae or
puncture of large vessel, bronchi and the
oesophagus. We tried to insert the needle
through the normal lung and to keep the
length of the needle path to a minimum.
We believed this reduced the risk for com-
plication to a minimum.

The patient was instructed to stop
breathing after normal inspiration at func-
tional residual capacity. The technique of
breath-holding was explained to each pa-
tient and was practiced shortly before the
procedure.

To evaluate the procedure we could use
adjusted (narrow) spiral scans or thick col-
limation (1 c¢cm) sequence scans. The real
time CT control should be avoided due to
high doses for the patient and the staff.

After positioning of the patient we per-
formed a spiral CT of the thorax with the
accordingly placed metal mark, which
helped to set the optimal cutaneous entry
point. After that we re-checked the localisa-
tion of the lesion with regard to its anatomi-
cal environment. Once having the patient
positioned at the desired table position,
we marked the entry point with a pen and
cleaned the surface to keep it sterile. We ap-
plied the local anaesthetic subcutaneously
(2-5 ml 2% lidocain) and waited a few min-

Figure 1. CT scan showing the puncture plan to diagnose
the solitary pulmonary nodule in right lower lobe of 68-
year-0ld man. Note the distance between the metal mark
along the thoracic spine and the entry site and between
the entry site and the centre of the nodule.

utes. We do not apply any sedo-analgesia
on routine basis.

For CT- guided aspiration cytologic ex-
amination coaxial 18G Gallini aspiration
biopsy needles with cutting tip were used.
The length of the needle was chosen accord-
ing to the distance of the targeted lesion.

The cytologist was always present to
check the quality of the material. If needed,
additional percutaneous passes were per-
formed to get the satisfactory tissue sam-
ple.

Finally, the patient underwent post-pro-
cedural CT scan to check for possible com-
plications (pneumothorax, haemorrhage,
pleural effusion...). In case of large pneu-
mothorax or moderately to severe dyspno-
eic patient the placement of chest catheter
or tube was considered. Others had the size
of pneumothorax re-evaluated 7 days after
the last follow-up examination if the patient
was asymptomatic. In case of the increased
pneumothorax (on follow-up chest radio-
graphs) or the patient becoming sympto-
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matic or large pneumothorax was found, a
chest tube was placed.

Following the biopsy the patient was
turned around to lie on the side which had
been punctured for 15 to 30 minutes to pre-
vent the possibility of pneumothorax evolu-
tion or progress.

Patients were generally observed, ad-
vised to stay in a recumbent position and
under the medical staff supervision for at
least for 4 to 5 hours after biopsy, then an
erect expiratory chest X-ray was obtained.
If normal, the compliant patients were dis-
charged home. In the event a patient be-
came symptomatic, an immediate follow up
erect expiratory posteroanterior chest ra-
diograph was obtained and in case of large
pneumothorax (=30%) a chest catheter or
tube was considered.

Results

From January 2005 to January 2007 43
patients - 24 men and 19 women who
were 26-79 years old (mean +/- SD, 59.8
+/- 10 years) were referred to the Institute
of Radiology to undergo the PTNB. One
patient was referred twice.

Consequently, the hospital records and
images of 44 consecutive cases of percu-
taneous transthoracic fine needle aspira-
tion biopsy procedure were retrospectively
analysed. Diameter of pulmonary nodules/
masses was measured on lung window set-
tings. They measured from 0.8 cm to 6 cm
in diameter (mean 2.3 cm, SD+/- 1.3 cm).

Cytological results were compared to the
histological diagnosis after the surgery or
to clinic and/or imaging follow up findings.
To ascertain the benign nature of a lung no-
dule we used the following criteria: a techni-
cally successful biopsy, fair aspiration that
is not normal lung, no signs of malignancy
among aspirated cells and normal finding
on bronchoscopy.
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Figure 2. The same patient as at Figure 1. The lesion
was penetrated, the tip of the needle was checked
and aspiration specimen was obtained. The on-site
cytologist confirmed the adequacy of the sample
which was typical for adenocarcinoma.

In our study, aspiration specimens were
cytologically diagnosed into three groups
by an experienced cytologist and/or by a
cytology counsel as follows: negative for
malignant cells 14/44 (32%) specimens,
insufficient component 2/44 (4.5%) speci-
mens and malignant lesion 28/44 (63.5%)
specimens. All malignant lesions were nod-
ules: 8 adenocarcinoma, 8 non-small cell
lung cancer, 1 small-cell lung cancer, 2 car-
cinoids, 1 bronchiolo alveolar carcinoma, 1
lymphoma and 7 metastases. Unspecific/
inflammatory lesions (n=7) were most fre-
quently benign lesions.

The overall diagnostic accuracy, pneu-
mothorax rate and chest tube insertion rate
were determined.

Positive results at PTNB were consid-
ered to be true-positive when surgically
confirmed, in case of biopsy of another site
confirmed cancer with the same cytological
characteristics, when the lesion increased in
size or other proven metastases were found.
According to the medical information all 28
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cytologically positive cases turned out to be
true positive.

Negative results at PTNB were consid-
ered to be true-negative when surgically
confirmed, when the lesion disappeared or
decreased in size on subsequent follow-up
examinations or when it remains stable on
the follow-up CT for 24 months. Thirteen of
14 cytologically negative cases turned out to
be true negative.

There was one false-negative case. This
was a solitary mass in an elderly, smoking
women, located in the apex of the left lung,
surrounded by a few non-specific paren-
chymal changes. Cytology revealed no ma-
lignant cells but the lesion was surgically
removed since it was asymptomatic and not
seen on radiographs a few months ago. The
histology examination of removed tissue
showed adenocarcinoma.

We considered true-positive and true-
negative findings to be diagnosed cases
while false-positive cases, false-negative
cases and insufficient samples were consi-
dered non-diagnosed cases.

The overall diagnostic accuracy of PTNB
(number of accurately diagnosed cases/to-
tal number of PTNB) turned out to be 93.2%
in our series.

There were no major peri or post-proce-
dural complications observed. During or af-
ter the biopsy we diagnosed pneumothorax
in 12/44 patients. In two of them the chest
catheter or tube was inserted. That makes
the pneumothorax rate to be 27.2% and the
chest tube insertion rate to be 4.5%. In 5
patients minor, asymptomatic intraparen-
chymal bleeding was observed. There was
also one case of major parenchymal bleed-
ing immediately after the needle position
(prior to the first sample taking), accompa-
nied by moderate hemoptysis. After a while
symptoms decreased, the procedure was
resumed and also successfully completed.
In the post-procedural course the patient
experienced a few minor events of haemop-

|
Figure 3. CT section through the level of small
pulmonary nodule in 66-year-old man. The tip of the
aspiration needle is clearly seen in the peripheral part
of the lesion. Small pneumothorax already developed
although this was the first attempt to target the
lesion.

tysis which spontaneously resolved within
a week.

In 36/44 (82%) cases of PTNB, the co-op-
erating on-site cytologist evaluated the cy-
tological sample from an initial puncture as
being sufficient for the diagnosis. However,
in the remaining 8 cases patients we had to
repeat the puncture and sample taking up
to maximum four times. Even then the final
cytology report in two cases indicated the
tissue sample as inadequate. Both lesions
were small (less than 1.5 c¢m) and deep
(needle path more than 10 cm long) — the so
called “difficult thoracic lesions”. The retro-
spective analysis of the procedures evalu-
ated both to be inaccurately targeted.

Discussion

Haaga and Alfidi reported the first case of
aspiration biopsy guided by CT in 1976.3
Ever since the technique have expanded
and many papers confirmed it as safe and
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accurate in diagnosing benign and malig-
nant lesions of the chest.*®

According to the published data so far,
the percutaneous needle aspiration biopsy
is a safe and accurate technique to diagnose
benignant and malignant pulmonary le-
sions. 4-814-28

Only the puncture of vascular structure
such as an aneurysm or pulmonary arterio-
venous malformation represent is absolute-
ly contraindicated. The correct diagnosis
should be obtained with contrast enhanced
cross section imaging modalities such as
CT and magnetic resonance imaging (MRI).
Relative contraindications are: puncture of
both lungs within the same session, punc-
ture of only one functional lung, chronic res-
piratory insufficiency, pulmonary arterial
hypertension, cardiac insufficiency, recent
acute coronary event, severe emphysema
and uncorrected coagulation defect. Cough,
dyspnoea and reduced patient cooperation
are further limiting factors. Mechanical
ventilation is also a relative contraindica-
tion of PTNB.

The overall diagnostic accuracy (93.2%)
was very high in our series and exceeds
most of the ranges of results of CT-guided
biopsy, reported in the literature, which
include the data on pulmonary nodules of
any size?®1226 as well as that of fiberoptic
bronchoscopy.?’

The pneumothorax rate (27.2%) as well
as the chest tube insertion rate (4.5%) in
our series were within the ranges of results
of CT-guided biopsy reported in the litera-
ture.!®?*28 Two important factors that affect
the diagnostic accuracy are lesion size and
needle path length. Many investigators re-
port that diagnostic accuracies of CT-gui-
ded needle aspiration biopsies were influ-
enced mainly by the lesion size!”717-202>28
but only one suggesting needle path length
is a more important factor in the diagnostic
accuracy of CT-guided transthoracic needle
aspiration biopsy.!® It is also indicated that
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solitary pulmonary nodules of 10 mm or
less should be followed up by repeated CT
rather than biopsies because the diagnostic
accuracy for these nodules is significantly
lower than for larger solitary pulmonary
nodules.!® The percentage of predicted
FEV1 is a well known measure of the de-
gree of chronic obstructive pulmonary dis-
ease in patients”? while decreased FEV1 is
suggested to be a factor influencing pneu-
mothorax rate.>?!

Beside the percentage of predicted FEV1
of the patient also the needle path length
and the number of needle passes were of-
ten considered to be related to the pneu-
mothorax rate as well as to the chest tube
insertion one. Other factors like lesion size,
needle-pleural angle, needle size, location
of the nodule and needle approach some-
times did but sometimes did not improve
pneumothorax and chest tube insertion
rates. 56:1618-21,27,26

Unfortunately, the number of our cases
is too low to allow the reliable stepwise re-
gression analysis to test the importance of
these factors that may affect the diagnos-
tic accuracy, pneumothorax rate and chest
tube insertion rate.

Knowing that the number of punctures
can significantly affect pneumothorax and
chest tube insertion rate, some investiga-
tors recently applied a coaxial technique for
CT-guided thoracic interventions!?20-30,31
in order to reduce both of them. In case
of such technique the leading needle only
once passes through the pleural space re-
gardless to the numbers of tissue sampling
and, consequently, the risk for pneumo-
thorax has been reduced. In our study we
did not adapt a coaxial technique since the
great majority of our procedures ended up
with a sufficient sample of tissue after only
a single puncture. For such workflow it is
necessary to cooperate with the on-site cy-
tologist in order to repuncture and obtain
another specimen in cases of insufficient
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material for the diagnosis from the initial
attempt.

We always considered the needle path
length because a longer needle path tends
to damage a larger part of lung parenchyma
in between the pleura and the target lesion
and may, consequently, increase the risk of
pneumothorax. Hence, it is preferably to
try an accurate single puncture of target le-
sion and to plan the needle trajectory to be
as short as possible.

Other possible complications (e.g. intrapa-
renchymal bleeding, pleural effusion, infec-
tion) are not common. Air embolism, a rare
but potentially fatal complication can happen
during CT-guided PTNB of the lung.?

In conclusion, our results confirmed
CT-guided transthoracic needle biopsy as a
useful and safe diagnostic tool for the de-
termination of different lung lesions. The
overall diagnostic accuracy, pneumothorax
rate and chest tube insertion rate are within
ranges, reported by other authors. From our
experience and according to the data in the
literature an accurate single puncture with
the shortest needle path should be applied
in order to minimize the risk of complica-
tion. If there is no on-site cytologist present,
one should consider the coaxial technique
of CT-guided biopsy, which probably has
the potential to further reduce the chest
tube insertion rate which is significantly in-
creased if the operator risks an additional
puncture.
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