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Biopsy of lung lesions under CT control

Miloslav Marel®, Radek Padr®, Libor Fila?, Dmitry Rakita®, Fernando Casas Mendez?, Linda Capkova©, Vaclav Capek?,
Radim Pavlik®

Objectives. With the increasing number of detected lung nodules and the need for morphological verification, the
number of CT- controlled biopsies is increasing. The aim of this study was to assess the risks and benefits of these
biopsies.

Methods. This is a prospective and observational study. We evaluated 101 punctures performed on a group of 90
consecutive patients in the Department of Radiology.

Results. In patients with a mean age of 66 years, with mostly accidentally detected lung nodules, we observed com-
plications 38 times. The most common were minor pneumothoraxes or insignificant bleedings. In 6 patients, the
complications were more serious, 5 times the pneumothoraxes required chest drainage, once massive hemoptysis
was recorded. The lesions were successfully biopsied 78 times, the target was missed 23 times. The diagnosis of lung
cancer (LC) was confirmed in 60 patients, 49 LCs were verified by puncture under CT control. 42% (25/60) of patients
with LC were diagnosed in TNM stages | and II. 23% (14/60) of patients with LC were treated surgically. The remaining 30
patients most often suffered from lung metastazes (13/30), in 8 of them an inflammatory lung disease was diagnosed.
69 patients underwent bronchoscopy, in only 19% (13/69) it contributed to the diagnosis. In a model “screening like”
group of 49 patients with only randomly detected lung deposits, we diagnosed LC in 76% (37/49). 49% (18/37) were
in TNM stage | and Il, 11 were treated surgically.

Conclusions. CT-controlled biopsy of lung lesions is an effective and safe diagnostic method.
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INTRODUCTION determine what diagnostic benefit can be expected from
different methods and what treatment will be indicated.
In addition to purely pneumological methods (bron-
choscopy, EBUS-guided biopsy of lung nodules using
endobronchial ultrasound), newer methods performed METHODS
by interventional radiologists are increasingly being used
in the diagnosis of lung lesions'*. Their importance will From January 2018 to June 2019, we prospectively
increase with the growing number of early diagnosed collected data from all consecutive patients who under-
lung nodules. We have observed this increase in clini- went lung biopsy under CT control at the Department
cal practice quite intensively in recent years. This is a  of Radiology in University Hospital Motol, 2nd Medical
consequence of easier availability of computer tomogra-  School, Charles University, Prague. Radiologists used
phy (CT) examinations (not only in regional or faculty = Tru-Cut 14 biopsy needles (widest for subpleural lesions)
centers) and its more frequent indications. A further in- and 16 to 18 biopsy needles (thinnest for deep lung le-
crease of diagnosed lung nodules can be expected shortly  sions). Subsequently, we monitored the diagnostic pro-
after the start of low dose spiral CT screening for lung  cess, including bronchoscopy, cytological and histological
cancer’. findings and other examination methods, until the final
Therefore, we decided to examine what benefits we  diagnosis and treatment were determined. First, we sum-
can expect from punctures of pulmonary nodules under  marized the results from the point of view of radiologists,
CT control for their diagnosis and what their complica- for whom it may be beneficial to know the risks and ef-
tions are. At the same time, we wanted to assess the effec-  fectiveness of each individual puncture, of which 101 were
tiveness of bronchoscopy for the diagnosis of these lesions  accomplished. Subsequently, we evaluated the benefit of
and on a model set of “screening like” pulmonary lesions  lung nodules diagnosis using transparietal biopsy in terms
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of individual patients, of which there were 90. Rebiopsy
was undergone by 7 patients, re-rebiopsy 2 patients. At
the same time, we evaluated the possibilities of broncho-
scopic (BRS) verification of lung lesions in patients in our
group who underwent this examination. Finally, we tried
to create a model set of patients with lung nodules de-
tected more or less randomly, as they would be diagnosed
in an asymptomatic at-risk population participating in a
planned low-dose CT lung cancer screening. The results
were evaluated statistically using the logistic regression
test (Spearman's correlation coefficient) and the relation-
ship between the quantities test.

RESULTS

We performed 101 punctures in 90 patients (7x two
in one patient (pts), 2x three in one pts). There were 29
women, 61 men. The oldest patient was 82 years old, the
youngest 25 years old, the average age of the group was
65 years.

Pulmonary nodules were detected in our group of 90
patients by a random chest X-ray 4 times, the symptoms
were the reason for radiological examination 29 times and
57 nodules were found during X-ray or CT examination
indicated for the control of other diseases. The lesions
were biopsied in the right lung 46 times, in the left lung
52 times, in the pleura twice and in the chest wall once.
The most common nodules were in lung segment B6 1.dx
and B10 l.dx (11x) and in B6 Lsin and B10 L.sin (12x).
According to the longest axis of nodules, we divided the
set into 4 groups: 8-29 mm “small” (n=48), 30-49 mm
“medium” (n=21), 50-69 mm “large” (n=17) and 70-300
mm “giant” (n=15). The average size of the longest axis
was 44 mm.

Complications occurred in 38/101 (38%) punctures.
The cause was either spontaneously receding small pneu-
mothorax (PNO) or minor bleeding into lung parenchy-
ma. Only in 6/90 patients (7%) the complications of a
Iung lesion biopsy required treatment. PNO was drained
5 times after puncture, massive hemoptysis was solved
once, managed by intubation and several days of intensive
care.

The statistical test (logistic regression) showed a sig-
nificant association between distance of the center of the
nodules from the chest wall and the occurrence of com-
plications (P=0.0113). The further the lesion was from
the thoracic wall, i.e. the more centrally located in the
lung, the higher was the risk of complications (Fig. 1).
Statistically (logistic regression), we further showed that
the smaller the nodules, the greater the risk of complica-
tions (P=0.0007) (Fig. 2).

Interventional radiologists were successful in biopsy-
ing the lesion in 78/101 punctures (77%), 23 times the bi-
opsy needle missed the lesion. The success of the impact
of the nodules was only marginally related to its size, the
test of relationships did not reach statistical significance
(P=0.0724) (Fig. 3).
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Fig. 1. The relationship of the distance of the centre of nodules
from the chest wall and the occurrence of complications (logis-
tic regression effect test, P=0.0113)
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Fig. 2. Frequency of puncture complications in nodule groups
by size (logistic regression effect test, P=0.0007)
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Fig. 3. Success of biopsy according to nodule groups by size
(test of connection between quantities, P=0.0724).

We divided the obtained tissue samples into represen-
tative (suitable to set histologic diagnosis) and unrepre-
sentative (not suitable). A representative tissue sample
was obtained in 74 punctures, a non-representative one
in the remaining 27 punctures. In 23 cases, tissue outside
the lesion was sampled, in 4 cases the tissue was removed
from the lesion, but the material was insufficient to set
the precise diagnosis (necrotic tissue 2x, connective tis-
sue stroma, unspecified inflammation). In 71 patients
with representative biopsy tissue sample, the tru-cut bi-
opsy diagnosis correlated with the definitive specimen
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diagnosis, in 3 remaining cases, the definitive diagnosis
was distinct. We evaluated the localisation of most of the
non-representative samples. Segments B1 and B9 in the
right lung, and B6 in the left lung can be considered as
risk localities with the highest incidence of inaccuracies
(3x higher incidence than that of representative samples).

We also assessed the ability of an experienced radiolo-
gist to estimate the etiology of the lesion according to the
CT finding. The radiological character of the lesion corre-
sponded to lung carcinoma in 34 cases. Concordance with
the final diagnosis was in 25 lesions (74%). Radiologists
have been less successful in assessing the radiological
nature of metastases. 19 foci had this character, but the
final diagnosis confirmed that only 6 (31%) of them were
metastases histologically.

We compared also the CT density of nodules in
Hounsfield units with the final diagnosis. There were no
statistically significant differences (Kruskal-Wallis test,
P=0.5356) (Fig.4).

When evaluating the representativeness of the samples
(including rebiopsies), a representative sample was ob-
tained in 74 patients (8 of them had rebiopsies), unrepre-
sentative in the remaining 16, while in one patient neither
rebiopsy yielded suitable diagnostic material.

The diagnosis of lung cancer was confirmed in 60
patients in our group, 49 (82%) LCs were verified by bi-
opsy under CT control, 11 LCs were diagnosed by another
method. 6 of them were verified during surgery, 5 were
diagnosed by bronchoscopy.

The sensitivity of biopsy under CT control in the rec-
ognition of LC was 81.7% (proportion of 49 positive tests
from all 60 patients), its specificity 96.7% (proportion of
29 negative tests from all 30 healthy patients). The posi-
tive predictive value (proportion of 49 patients from all
50 positive tests) was 98.0%, the negative predictive value
(proportion of 29 healthy from all 40 negative tests) was
72.5%.

The stages of TNM in 49 lung cancers diagnosed by
transparietal lung biopsy and in 11 LC diagnosed by other
methods are specified in Table 1. In the first group, there
were 29 adenocarcinomas, 12 epidermoid LCs, 5 small
cell LCs, one unspecified non-small cell LC, large cell LC
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Fig. 4. CT density of pulmonary lesions (Hounsfield units)
and final histologic diagnoses differences (Kruskal-Wallis test,
P=0.5356) .
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and one typical carcinoid. Of the LC-verified punctures,
8 (16%) patients were operated on.

In the group of 11 LCs diagnosed by other methods
there were 4 epidermoid LC, 4x adenocarcinomas, one
small cell LC, unspecified non-small cell LC, and an atypi-
cal carcinoid.

Table 1. Numbers of patients with LC diagnosed by biopsy
under CT control and other methods and their TNM stages.

TNM CT Other diagnostic Total %
biopsy methods

I 6 5 11 18

II 12 2 14 24

111 10 2 12 20

v 21 2 23 38

Total 49 11 60 100

In the remaining 30 patients, 13 cases of metastases to
the lungs (sarcoma, clear cell renal cell carcinoma, etc.),
6 of non-specific inflammation, 2 liposarcomas, hamarto-
ma, granulomatosis with polyangiitis, pulmonary fibrosis,
sarcoidosis, and 2 cases of tuberculosis were diagnosed.
3 patients moved and their final diagnosis remained un-
known.

From the whole investigated cohort, 19 out of 90 pa-
tients were surgically treated. There were total of 14 LCs
(9x adenocarcinoma, 2x epidermoid carcinoma, 1x non
small cell LC not otherwise specified, 1x typical carci-
noid, 1x atypical carcinoid). This represents 23% (14/60)
of all LCs diagnosed in our study. The remaining 5 sur-
gical procedures comprised 2 cases of metastatic breast
and renal cancer, 1 case of a benign hamartoma, solitary
fibrous tumor and tuberculosis.

Additionally, bronchoscopy was performed in 69 pa-
tients, for various reasons it was not accomplished in 21
cases. These patients were sent for biopsy of the lesion
under CT control mostly from non-pneumological depart-
ments. Bronchoscopic findings, as well as cytological and
histological samples taken, were negative in 56 patients.
Bronchoscopy was macroscopically, cytologically and / or
histologically positive in 4, 8, 1 patients respectivelly, in
total in 13 pts (19%). Endobronchial ultrasound (EBUS)
was used 10 times during these examinations, only in two
cases the cytological sample was positive. In 16 BRS, ra-
dial EBUS was also used and contributed to the diagnosis
of malignant lesion in 3 cases.

Finally, we generated a subset of cases from our file,
which was called “screening-like” pulmonary lesions. We
selected 49 patients from the entire cohort of 90 who were
to some extent similar to the presumed screening popu-
lation. We included patients whose lesions were found
accidentally by a random chest x-ray or CT examination
(CT of the abdomen with an accidental finding of a lesion
in the lower lobe of the lung). We also included patients
without symptoms who were monitored for chronic ob-
structive pulmonary disease (COPD) or other disorder.
In 75% (37/49), the diagnosis of lung cancer was set. In
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21/37 cases it was an adenocarcinoma, in 9 cases epi-
dermoid carcinoma, in 3 patients small cell lung carci-
noma, and in 4 cases other type of LC. 49% (18/37) of
these malignancies were diagnosed in early TNM stages
(I'and IT), and 30% (11/37) of patients underwent surgery.
Lobectomy was performed by thoracic surgeons in 9/11
cases, wedge resection in 2/11. 26/37 patients with LC
were inoperable, 14 for the extent of the disease, 3 had
small cell LC treated with chemotherapy. In 6 patients
surgery was contraindicated for overall poor performance
status and polymorbidity and 3 patients refused surgery
entirely.

The mean age of patients with lung cancer in this
“screening like” group was 71 years, there were only 9
patients under 65 years. The median size of the nodules
was 20 mm. 19 lung cancers occured in the right lung, 18
in the left lung. On the left side, LC was most frequently
found in the upper lobe (10/37), on the right side the
lower lobe was most often affected (12/37). TNM stage
of the “screening like” diagnosed lung cancers and their
operability are listed in Table 2. The remaining 12 pa-
tients from the “screening like” group suffered from be-
nign diseases such as inflammatory or fibrosing diseases
or benign tumors (hamartoma). 4 of them were treated
surgically.

Table 2. TNM stages of “screening like” diagnosed
lung cancers and their operability.

TNM Number % Underwent %
stages of pts surgery
I 10 27 8 22
I 8 22 2 5
111 6 16 1 3
v 13 35 0 0
total 37 100 11 30
DISCUSSION

The aim of this study was to assess as accurately as
possible the benefits and risks of the diagnostic method
often indicated, needle biopsy of lung deposits under CT
control. Our effort was to contribute to the improvement
of both our (pneumological) indications and the prac-
tice performed by radiologists. The set of 101 consecutive
punctures in 90 patients was not large enough to allow
us to draw any far-reaching conclusions. However, conse-
quent to our results, we can expect minor complications
in about a third of the procedures, major complications
in about 6%. Higher number of complications occurs with
more centrally located lesions and a smaller size of lung
nodules. This is in concordance with other studies®.

It can also be concluded that the biopsy needle yielded
diagnostic material from the lesions in about 73% (74/101)
of biopsies, which corresponds with other authors’. In a
quarter of them, for various reasons, the procedure failed.
In such cases, rebiopsy was the method of choice with
success rate of 89% (8/9) in our sample of patients. Of

interest is the fact that we did not findany statistically
significant relationship between biopsy success rate and
size of the nodules (P=0.0724) in opposite to findings of
Huang et al.¢

According to our results, the success rate of an ex-
perienced radiologist concerning the etiology of the le-
sion was 74% in diagnosing lung cancer. In contrast, its
etiology cannot be inferred from the density of the lesion
(in Hounsfield units). We diagnosed lung cancer in 60
patients in our group. Biopsy under CT control was the
fundamental diagnostic method in 49 patients, 11 were
diagnosed by a different method. In general, it can be
estimated that up to 2/3 of lung nodules sent for biopsy
under CT control are caused by LC and that about 3/4 of
them can be verified by this method. 42% were diagnosed
in early TNM stages (I and II). In total, 23% of patients
with LC could be operated on.

69 patients underwent bronchoscopy, which was
successful in diagnosing lung lesions in 19%. This cor-
responds to the previously determined 20% of positive
bronchoscopical findings in peripheral lung lesions in our
group of patients from years 2004-2006 (ref.?).

New bronchological methods, such as EBUS or radial
EBUS, have contributed only minimally to the verifica-
tion of peripheral lesions in patients in our group. They
were successful in 20% (2/10) and 19% (3/16) of cases
respectively. According to the literature, we could expect
a much higher yield of radial EBUS in the diagnosis of
peripheral lung lesions. In a study by Hsia et al., radial
EBUS was successful in 65% verifying 40 lung deposits
under 30 mm (ref.?). Our success rate was only 20%. The
cause could be possibly due to our inexperience with this
method that was newly introduced to our department at
the time of the study.

In our model-created “screening like” group of 49 pa-
tients, lung cancer was diagnosed in 75% (37/49) of cases.
The size of these lesions was approximately 20 mm, most
often the upper left and lower right lobes were affected.
Less often than we expected (in 30%), we indicated resec-
tion treatment in such diagnosed LCs, although 49% of
them were diagnosed in early TNM stages (1. and II.). In
comparison according to the Dante study'®, 65% (39/60)
of LCs detected by screenings were surgically treated.
In the US National Lung Screening Trial (NLST) it was
60% (642/1060) of the detected LCs (ref.!") and in the
Nelson study resectability of diagnosed lung malignancies
was 67.7% (ref.'?). This could be due to the fact that in
our study also persons monitored for other lung diseases
(COPD) were examined, and not only asymptomatic
smokers as were included in above mentioned studies.

Our results are comparable with other studies. The
false positivity of CT-controlled biopsy is usually very low,
up to 0.2% (ref.’'). False negativity varies between 6-54%.
Our results correspond with these data. Only 1/50 punc-
tures diagnosed as lung carcinoma was discordant with
the final surgical specimen diagnosis. The sensitivity in
our cohort was 81.7%.

The proportion of PNOs occurring after biopsy
is reported in the literature in the range of 12-45%,
while PNOs requiring drainage arise in around 2-15%.
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According to the literature, cases of postpunction hemop-
tysis vary between 1.7-10.3% (ref.>'>8). Our results are
in agreement with the reported numbers of both minor
and severe complicating PNOs as well as the number of
patients with hemoptysis.

CONCLUSION

Biopsy of peripheral lung lesions under CT control is
an effective and safe method that will become increasingly
important for diagnosis. Although a number of complica-
tions can be expected in about a third of patients, they are
serious in a few percent only. The accuracy of this method
in the diagnosis of small sized lung cancers is sufficient,
we verified by biopsy under CT control 82 % of LC. With
the increasing number of detected pulmonary lesions in
connection with planned lung cancer screening, there will
be an increasing demand for quality material obtained by
biopsies, that will be needed both for basic morphologi-
cal verification as well as for biomarker testing necessary
for targeted treatment of lung cancer. Therefore, we are
convinced that the importance and number of indications
of this method will increase in the future. Our aim is to
contribute to a better awareness of what can be expected
from biopsy of pulmonary nodules under CT control,
both by indicating physicians as well as by performing
radiologists.
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