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PURPOSE
We aimed to evaluate the feasibility, accuracy, and complications of computed tomography
(CT)-guided percutaneous transthoracic needle biopsy (PTNB) of cavitary lesions.

METHODS

Consecutive PTNB procedures in an academic institution over a 4-year period were reviewed, 53
of which were performed on patients with cavitary lesions. The demographic data of patients,
lesion characteristics, biopsy technique and complications, initial pathologic results, and final
diagnosis were reviewed. A final diagnosis was established through surgical correlation, microbi-
ology or clinico-radiologic follow-up for at least 18 months after biopsy.

RESULTS

The overall accuracy of PTNB was 81%. In 33 patients (62%) the cavitary lesion was found to be
malignant (23 lung cancers and 10 metastases). The sensitivity and specificity for malignancy
was 91% and 100%, respectively. In 20 patients (38%) a benign etiology was established (16
infections and 4 noninfectious etiologies), with PTNB demonstrating a sensitivity of 81% and
specificity of 100% for infection. Wall thickness at the biopsy site, lesion in lower lobe, and ma-
lignancy were significant independent risk factors for diagnostic success. Minor complications
occurred in 28% of cases: 13 pneumothoraces (5 requiring chest tube), 1 small hemothorax, and
1 mild hemoptysis. A nonsignificant higher chest tube insertion rate was seen in cavities with a
thinner wall.

CONCLUSION

PTNB of cavitary lesions provides high accuracy, sensitivity, and specificity for both malignancy
and infection and has an acceptable complication rate. Wall thickness at the biopsy site, lesion
in lower lobe, and malignancy were significant independent risk factors for diagnostic success.
Samples for microbiology should be obtained in all patients, especially in the absence of on-site
cytology, due to the high prevalence of infection in cavitary lesions.

cavity is defined as “a gas-filled space within pulmonary consolidation, a mass, or a

nodule” (1). Cavities occur in malignant tumors and benign diseases (Fig. 1). Malig-

nant causes of cavitation occur from internal desquamation of tumor cells with lig-
uefaction in primary lung cancer and pulmonary metastases (2). Benign causes of cavitation
may be due to necrosis, including caseous and ischemic necrosis, cystic dilatation of airways
within consolidation, or cyst-forming infections. Although certain computed tomography
(CT) findings, such as a nodular or irregular inner contour, a spiculated or lobulated margin,
or enhancing mural nodule, are more common in malignant nodules (3, 4), imaging features
between benign and malignant cavitary nodules show considerable overlap.

CT-quided percutaneous transthoracic needle biopsy (PTNB) is a recognized method for
establishing the diagnosis of pulmonary lesions, as it has high diagnostic accuracy ranging
from 82%-97% and a low complication rate (5-7). Most previous studies refer to biopsy of
solid pulmonary lesions. The safety and diagnostic accuracy of PTNB for cavitary lesions
have been reported in only a few studies (8, 9). Zhuang et al. (8) showed that the diagnostic
accuracy of CT-guided PTNB for malignant cavitary disease was 96.3% but did not specifi-
cally address accuracy for benign causes of cavitary disease such as infection. Yeow et al. (9)
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demonstrated that in the setting of benign
pathologic results, the overall diagnostic
accuracy rates with percutaneous needle
biopsy for focal lung lesions decreased
from 95% to 86%, and they found a 94% di-
agnostic accuracy rate for cavitary lesions,
but they did not specifically look at how be-
nignity affected the accuracy of diagnosing
cavitary lesions. The aim of this retrospec-
tive analysis was to evaluate the feasibility,
diagnostic accuracy, and complications of
PTNB of cavitary pulmonary lesions, both
malignant and benign.

Methods

This study was designed as a retrospective
single-center study and was performed in
accordance with the Health Insurance Por-
tability and Accountability Act (HIPAA). Due
to the retrospective nature of the study pro-
tocol, the institutional ethical review board
waived the need for informed consent. This
study was designed and conducted accord-
ing to recently published Standards for Re-
porting of Diagnostic Accuracy (STARD) (10).

Medical record review

A search of the radiology database was
performed to identify patients who had un-
dergone CT-guided PTNB over a 4-year pe-
riod from July 2009 through June 2013.Two
investigators identified cavitary lesions un-
dergoing PTNB on chest CT images by con-
sensus, and these subjects were enrolled in
this study (Fig. 2).

One investigator retrospectively re-
viewed the medical record, including pa-
tient notes, imaging, and surgical, patholog-
ic, and other laboratory reports. Abstracted
data included patient demographics, and
smoking history. With regard to the lung

* (CT-guided percutaneous transthoracic nee-
dle biopsy of cavitary nodules is safe, with a
high sensitivity and specificity for malignan-
cy and infection.

* When feasible, the thickest wall of the cavi-
tary nodule should be biopsied.

* Samples should be sent for microbiology
evaluation in all cases without malignant
cells identified on rapid on-site evaluation, or
when rapid-onset evaluation is not available.

* Wall thickness at the biopsy site, lesion in
lower lobe, and malignancy were significant
independent risk factors for diagnostic suc-
cess.

biopsy, largest diameter on axial images,
cavitary wall thickness at the biopsy site,
and location of the cavity were recorded as
was the presence of emphysema, whether
fine-needle aspiration alone or with core bi-
opsy was performed, length of the needle
path, histopathologic results of the biopsy
specimen, and complications. Postbiopsy
records were reviewed and abstracted data

included follow-up surgery and pathology,
diagnostic imaging, and treatment pre-
scribed.

Biopsy procedure

All biopsies were performed by one of five
experienced thoracic radiologists (with 3-30
years of experience) according to a standard
protocol under moderate sedation (11). All

Figure 1. a-d. Examples of cavitary lesions which

were diagnosed on percutaneous transthoracic
needle biopsy (PTBN) as (a) bladder cancer metastasis, (b) aspergillus infection, (c) non-small cell
lung cancer, and (d) mycobacterium avium-intracellulare (MAI) infection.

All biopsies
(n=1090)

Cavitary biopsies

(n=53)
[
[ \ [ \
PTNB Malignancy Specific benign Nonspecific benign Nondiagnostic
result (n=30) (n=13) (n‘=3) (n=7)
Final Primary lung Bacterial (n=7) MAI Metastases (n=3)| | Lung abscess
diagnosis cancer (n=23) MAI (n=5) Rheumatoid nodule Scar
Metastases (n=7) Fungal (n=1) Granuloma MAI
Inflammatory
nodule

Figure 2. A flow chart of the subjects included in this study.
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procedures were performed under CT guid-
ance using a 16 MDCT scanner (Lightspeed,
General Electric) with slice thickness 2.5-5
mm, kV 100-140, and mA 100-260. Patients
were positioned either prone or supine, de-
pending on the location of the lesion. Biop-
sies were planned to avoid crossing large
vessels, fissures, or bullae. Sampling of the
maximal wall thickness of the lesion was
preferable, when accessible.

A 19G thin walled co-axial needle (Chi-
ba-Ultrathin, Cook) was advanced to a po-
sition within the wall of the cavity (Fig. 3).
Additional intra-cavitary fluid was aspirat-
ed at the discretion of the operators. Once
the needle was in the wall of the lesion, the
inner stylet was removed and a 22G aspi-

Figure 3. A 61-year-old patient with squamous
cell carcinoma of the lung in left lower lobe
diagnosed at PTNB and confirmed by surgical
lobectomy. CT shows biopsy needle targeting
the maximal wall thickness and avoiding vessels.

ration needle (Chiba, Cook) was advanced
through the lumen of the introducer-nee-
dle. Then, tissue samples were aspirated.
Drops of saline were placed in the well of
the introducer needle during needle ex-
changes to form a water seal to prevent air
from entering the needle, and to reduce the
risk of air embolism.

Aspirated specimens were submitted on
glass slides to the on-site cytotechnologist
in attendance for rapid interpretation, re-
garding the adequacy of each specimen
for diagnosis. If infection was being consid-
ered or if the rapid interpretation was not
diagnostic for malignancy, further aspirates
were obtained and submitted for microbi-
ology including Gram stain, fungal stain,
AFB smear, and aerobic and anaerobic cul-
ture. In cases where the rapid interpretation
was not diagnostic for malignancy, core bi-
opsy specimens were obtained using a 20G
spring-loaded biopsy needle (Quick-core
disposable biopsy needle; Cook or Temno,
Allegiance Healthcare Corp.) with a 1 or
2 cm needle throw if deemed safe by the
operator. Core biopsy specimens were sub-
mitted in formalin for pathologic examina-
tion. In all 53 cases fine needle aspirations
(FNA) for cytology were obtained, with the
addition of core needle biopsies in 18 cases.
Samples for microbiology were obtained in
30 cases. In 6 cases, intracavitary fluid was
also aspirated.

Immediately after the specimens were
obtained, but before the removal of the
coaxial introducer needle, a limited CT scan
was performed to rule out the presence of
pneumothorax and hemorrhage. If pneu-

PTNB result

Final diagnosis

Malignancy

Malignancy

True (+)ve

n=30

n=30

No malignancy
False (+)ve
e [Fase (v |

Specific benign
n=13

Malignancy

3 False (-)ve

Nonspecific benign

n=3

No malignancy

True (-)ve
n=20

Nondiagnostic
n=7

Figure 4. A flowchart demonstrating how the sensitivity and specificity for the diagnosis of
malignancy was calculated including diagnostic results with respect to malignancy.

mothorax was present, air was aspirated at
the time of removal of the biopsy needle.
After removal of the coaxial introducer nee-
dle, the patient was immediately rolled on
to a stretcher in a biopsy-site down position
to reduce the rate and size of a pneumotho-
rax (12). Chest radiographs were obtained
at 1 and 3 hours after the procedure, ac-
cording to department protocol.

Complications were categorized in accor-
dance with the Society of Interventional Ra-
diology clinical practice guidelines (13). The
presence of a pneumothorax, hemoptysis,
air embolism and procedure-related mor-
tality, as well as the need for intervention
to control complications such as chest tube
insertion, were recorded.

Statistical analysis

The histopathologic reports of needle
biopsy were divided into the following
categories: malignant or suspicious for
malignancy, specific benign, nonspecific
benign, and nondiagnostic. Malignant or
suspicious for malignancy included cases in
which a specific malignancy was diagnosed
or suspicion for malignancy was present.
Specific benign included cases in which a
benign neoplasm such as hamartoma or
specific infection was diagnosed. A biopsy
sample was regarded as nonspecific be-
nign if pathologic findings such as fibrosis,
inflammation without identification of spe-
cific microorganisms, and necrosis were re-
ported but no specific organisms or disease
could be identified. If specimens contained
normal respiratory elements, including
lung tissue, respiratory epithelial cells, his-
tiocytes, or blood that did not represent
a mass or lesion, this was considered as a
nondiagnostic category. The final diagnosis
was established through surgical correla-
tion, microbiology or clinico-radiologic fol-
low-up for at least 18 months after biopsy.

The overall accuracy for a specific diag-
nosis for malignancy, infection or a benign
etiology was determined. The sensitivity
and specificity for the diagnosis of malig-
nancy and for the diagnosis of infection
was calculated as outlined (Figs. 4, 5). Di-
agnostic success was defined as a PTNB
result which was concordant with the final
diagnosis (i.e., a malignant PTNB result
with final diagnosis of same malignancy
and a specific benign PTNB result with the
same specific benign final diagnosis). Any
nonspecific benign PTNB result or nondi-
agnostic specimen, or discordance of the
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PTNB result

Final diagnosis

Specific infection
& response to antibiotics

Specific benign (Infection) =13
n=13
No infecti
o |: _egtlon False (+)ve
Malignancy
n=30 No infecti
o nfection [1rue (e |
Nonspecific benign
n=3 Infecti
nfection False (-)ve
n=3

Nondiagnostic
n=7

Figure 5. A flowchart demonstrating how the sensitivity and specificity for the diagnosis of infection
was calculated including diagnostic results with respect to infection.

PTNB result and final diagnosis was con-
sidered a diagnostic failure.

Demographic data, lesion and proce-
dure characteristics were evaluated using
the nonparametric Mann-Whitney U test
for numeric values and Fisher exact test for
categoric values. Multivariable logistic re-
gression, using variables yielding a P < 0.1
in the univariable logistic regression analy-
sis, was performed to identify independent
risk factors for diagnostic success. The Hos-
mer-Lemeshow goodness-of-fit test was
used to assess model performance. Odds
ratios (ORs) with 95% Cls were calculated. A
P value less than 0.05 was considered statis-
tically significant. Statistical analyses were
performed using statistical software, Stata
for Mac (StataCorp, version 15.1).

Results

A total of 1090 percutaneous CT-guided
lung biopsies were performed over a 4-year
period, 53 (5%) of which were performed
on cavities (22 men, 31 women; mean age,
65.4 years; age range, 29-89 years) (Fig 2).
Twelve patients were nonsmokers, 28 were
ex-smokers and 13 were current smokers.
In the majority of cases (64%, 34/53), the
biopsied cavity was a solitary lesion. In 19
cases there were multiple lesions, and the
decision regarding which lesion to biopsy
was based on size in 15 cases (with the larg-
est lesion biopsied) and on the safest route
in 4 cases. The mean maximal lesion diam-
eter was 33+18 mm (range, 8-82 mm) and
mean maximal cavity wall thickness was
12+8 mm (range, 2-63 mm). Characteristics

of the patients and the lesions are summa-
rized in Table 1.

Of the 53 cavities that underwent PTNB,
the biopsy was positive for malignancy in
30 cases, including 23 primary lung cancers
(adenocarcinoma in 16, squamous cell car-
cinoma in 6, and poorly differentiated car-
cinoma in 1), and 7 metastases (head and
neck cancer in 3, transitional cell carcinoma
in 2, and 1 each of colon and endometri-
al cancer). A specific benign finding was
identified in 13 cases, all being infection,
including 7 bacterial infections, 5 myco-
bacterium avium-intracellulare infections
(MAI), and 1 fungal infection. Three cavities
were diagnosed as nonspecific benign, but
confirmed as MAI and granulomatous nod-
ule (unidentified cause) in each case by sur-
gery, and as a rheumatoid nodule in 1 case
by clinical and CT follow-up. Nondiagnos-
tic PTNB occurred in 7 cases: 3 cases were
confirmed by surgical pathology as a me-
tastasis, bacterial lung abscess, and an old
postinflammatory scar. One case was con-
firmed as MAI by bronchoscopy. The final
diagnosis of the remaining 3 nondiagnostic
biopsy samples were made by clinical and
imaging follow-up: 2 cases were metastases
(as the nodule increased in size and there
were multiple nodules), and 1 case resolved
at follow-up and was likely to have been in-
flammatory in etiology. Table 2 summarizes
the results obtained from PTNB and the fi-
nal diagnosis.

The overall accuracy for a specific diag-
nosis for malignancy, infection or a specific
noninfectious benign etiology was 81%. A
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Table 1. Patient demographics and lesion
characteristics

Characteristic No
Age (years)® 65+14
Sex
Male 22
Female 31
Smoking history
Nonsmoker 12
Smoker 13
Ex-smoker 28
Underlying malignancy
No 30
Lung cancer 6
Other malignancy 17
Head and neck cancer 6
Transitional cell cancer 3
Breast cancer 2
Hematologic 1
Endometrial 1
Rectal 1
Pancreatic 1
Prostate 1
Multiplicity
Single lesion 34
Multiple lesions 19
Lesion size (mm)? 33+18
Wall thickness (mm)? 12+8

aData are meanzstandard deviation.

diagnosis of malignancy was made in 33
patients (62%), of which 23 were primary
lung cancers and 10 were metastases. PTNB
demonstrated a sensitivity of 91% and
specificity of 100% for malignancy. PTNB
correctly established the diagnosis of lung
cancer in all cases. In the three cases of me-
tastasis, which were not diagnosed by biop-
sy, only FNA was obtained.

In 20 patients a benign etiology was es-
tablished (38%), including 16 infections and
4 noninfectious benign etiologies. PTNB
demonstrated an 81% sensitivity and 100%
specificity for a diagnosis of infection. In 13

Kiranantawat et al.



Table 2. Results of diagnosis obtained from PTNB and the final diagnosis (n=53)

Lesion PTNB, n Final diagnosis, n
Malignant lesions
Lung cancer 23 23
Metastases 7 10
Benign lesions
Bacterial infection 7 8
MALl infection 5 7
Fungal infection 1 1
Granuloma 0 1
Rheumatoid nodule 0 1
Nonspecific benign (scar/ 3 2
inflammation/fibrosis)
Nondiagnostic 7 0

PTNB, percutaneous transthoracic needle biopsy; MAI, mycobacterium avium-intracellulare infection.

Table 3. Patient demographics and lesion characteristics in success and failure groups

Variable Diagnostic success (n=43) Diagnostic failure (n=10)
Age (years)® 69 (30-89) 66 (33-77)
Sex, n

Male 19 3

Female 24 7
Lesion size (mm)? 34 (8-82) 24 (9-69)
Wall thickness (biopsy site, mm)? 11 (3-51) 7 (3-22)
Location, n

Upper & middle lobe 20 8

Lower lobe 23 2
Final diagnosis, n

Benign 13 7

Malignant 30 3
Needle path, n

<3 cm 10 2

>3cm 33 8
Biopsy needle category, n

FNA 28 7

Core 15 3

FNA, fine needle aspiration.
aData are median (min-max).

cases of infection (81%) a specific organism  with diagnosis of infection by PTNB, 9 did

was identified by PTNB. Of the 13 patients

not have any antibiotic treatment prior to

the PTNB and the other 4 had antibiotic
treatment only. Of the 3 patients without
a specific microbiologic diagnosis by PTNB
but who subsequently went on to have a
specific infectious diagnosis made either
surgically or bronchoscopically, 2 did not
receive antibiotic treatment prior to PTNB
and 1 patient did.

Regarding the four noninfectious benign
entities (granuloma, scar, rheumatoid nod-
ule, and inflammatory nodule which re-
solved on follow-up imaging), PTNB yielded
a nonspecific benign result in 2 cases and
a nondiagnostic result in 2 cases. In two of
these four cases only an FNA was obtained.

Core needle biopsy (CNB) was performed
in 18 cases: FNA and CNB confirmed a final
diagnosis of malignancy in 10, infection in
6 and other benign causes in 2 (rheumatoid
nodule, and granuloma). In the 10 cases of
malignancy in which a CNB was obtained,
FNA and CNB made the diagnosis in 9 cases
and FNA only made the diagnosis in 1 case
in which the CNB only identified necrosis.
CNB also did not add to the diagnostic accu-
racy of FNA and microbiology in either the
infectious or noninfectious benign cases.

In the 6 patients with a known histo-
ry of lung cancer, the final diagnosis was
lung cancer in 3 cases, and MAI, lung ab-
scess, and a rheumatoid nodule (one case
of each). In the 17 cases with an extra-pul-
monic malignancy, the final diagnosis was
metastasis from the known malignancy in
10 cases, a new primary lung cancer in 4
cases, a lung abscess in 2 cases, and asper-
gillosis in one case.

There were 10 cases of diagnostic failure,
including 3 cases that demonstrated non-
specific benign histology and 7 cases of a
nondiagnostic sample. Benign lesions were
significantly associated with diagnostic
failure (P = 0.03). A trend towards a higher
diagnostic failure rate was seen in cavities
with a thinner wall at the biopsy site (P =
0.086). Although 70% of the cases of diag-
nostic failure were in nodules with a wall
less than 10 mm, there were 23 nodules
with a wall less than 10 mm which were a
diagnostic success. Table 3 details the de-
mographic data, lesion characteristics and
biopsy technique of diagnostic success
and failure groups. These variables in ad-
dition to diagnostic success were included
in the initial multivariable logistic model.
The model fit was acceptable as indicated
by the Hosmer-Lemeshow test (P = 0.8). Af-
ter model refinement, wall thickness at the
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Table 4. Risk factors for chest tube insertion

Variable No chest tube (n=48) Chest tube insertion (n=5) P
Age (years)® 65+14 69+7 0.600
Sex, n
Male 19 3 0.638
Female 29 2
Lesion size (mm)? 34+19 25+16 0.308
Wall thickness (biopsy site, 14+12 8+6 0.227
mm)?
Emphysema, n
Present 31 4 0.651
Absent 17 1
Location, n
Upper & middle lobe 25 3
Lower lobe 23 2 1
Final diagnosis, n
Benign 20 0 0.144
Malignant 28 5
Needle path, n
<3cm 12 0 0.577
>3cm 36 5
Biopsy needle category, n
FNA 31 4 0.651
Core 17 1

FNA, fine-needle aspiration.
2Data are mean * standard deviation.

biopsy site (OR, 1.21; 95% Cl, 1.02-1.44; P =
0.01), lesion in lower lobe (OR, 17.39; 95%
Cl, 0.84-64.86; P = 0.048), and malignancy
(OR, 14.71; 95% Cl, 1.56-139.11; P = 0.007)
remained significant independent risk fac-
tors for diagnostic success.

There were no procedure related deaths
or major complications. Minor complica-
tions occurred in 15 patients (28%). Postbi-
opsy pneumothorax occurred in 13 patients
(24.5%), 5 patients (9.4%) requiring chest
tube. One patient had mild hemoptysis and
one patient had a small hemothorax but
neither required intervention. A nonsignif-
icant higher chest tube rate occurred after
biopsy of cavities with a thinner wall but
no statistical difference was found between
patients requiring and not requiring chest
tube in relation to patient age, sex, lesion

characteristics, presence of emphysema,
length of the needle path, and final diag-
nosis (Table 4). Asymptomatic perilesional
hemorrhage was noted by CT at time of
biopsy in 17 patients (32%). There was no
statistical difference in the rate of all com-
plications or in the rate of major complica-
tions (pneumothorax requiring chest tube,
hemothorax or hemoptysis) between FNA
alone and FNA combined with core biopsy
(P=0.27 and P = 0.65, respectively).

Discussion

In this retrospective analysis of PTNB of
cavitary pulmonary lesions, we evaluated
the diagnostic accuracy, complication rates,
and risk factors for diagnostic failure and
development of pneumothorax requiring
chest tube insertion. The overall accuracy
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for a specific diagnosis was 81%. The sen-
sitivity and specificity for malignancy were
91% and 100%, respectively; and for infec-
tion were 81% and 100%, respectively. In-
dependent factors for diagnostic success
were wall thickness at the biopsy site, lesion
location in the lower lobe, and malignancy.
We found benignity was a significant inde-
pendent risk factor for diagnostic failure,
which agrees with the findings in prior stud-
ies (9, 14). Prior studies have also revealed
improved diagnostic success with a wall
thickness of >5 mm which is also in keeping
with our findings of improved diagnostic
success with increased wall thickness at the
biopsy site (8). Our sensitivity and specific-
ity for diagnosing malignancy is similar to
the findings of Zhang et al. (8) which de-
termined overall sensitivity and specificity
of PTNB for diagnosing malignancy of 96%
and 98%, respectively (8). While other pa-
pers have demonstrated that in the setting
of benign pathologic results the overall di-
agnostic accuracy rates with percutaneous
needle biopsy for focal lung lesions decreas-
es, this study is unique in that it specifically
addressed the sensitivity and specificity of
PTNB for diagnosing infection in cavitary le-
sions, which is often an important diagnos-
tic consideration in such lesions (9).

The causes of solitary cavitary lesions
detected by plain radiography have been
reported as malignancy in 37.7%-55.4%
and benign in 44.6%-62.3% (15, 16). In this
study, we found 62% of cases were malig-
nant and 38% were benign. In 10 of the 23
patients with a known underlying malig-
nancy (43%), the final diagnosis of the cavi-
tary nodule biopsied was not related to the
known primary cancer and was a secondary
malignancy in 4 cases, an infection in 5 cas-
es, and a rheumatoid nodule in one case.
This underscores the importance of per-
forming biopsies in these cases. We recom-
mend microbiology evaluation on all cases
without malignant cells identified on rapid
on-site evaluation. In the absence of on-site
evaluation, a fine needle aspirate should be
sent to microbiology on all cavitary lesions.

A prior study on pulmonary cavitary bi-
opsy reported a higher percentage of non-
diagnostic samples when cavity maximal
wall thickness was less than 5 mm (8). We
also experienced a higher diagnostic failure
rate in cavities with a thinner wall at the bi-
opsy site. Therefore, we suggest targeting
the thickest wall of a cavitary nodule where
technically feasible and safe.

Kiranantawat et al.



PTNB of cavities was associated with an
overall complication rate of 28% (15 of 53),
with pneumothorax being the most com-
mon (13 of 15). Five patients (9.4%) required
chest tube insertion. This incidence of pneu-
mothorax is within previously reported
ranges for pneumothorax rate (range, 17%-
36.8%) and chest tube insertion (range, 1%-—
14.2%) after PTNB of pulmonary nodules
(5-7, 17-19). The development of perile-
sional hemorrhage was also evaluated and
occurred in 32% (17/52) of patients. This is
within the rate of hemorrhage observed af-
ter PTNB in recent literature (26.8%-41.1%)
(20, 21). In the absence of hemoptysis, per-
ilesional hemorrhage was not considered
a major complication as there have been
studies suggesting that a degree of pulmo-
nary hemorrhage may even be a protective
advantage during PTNB in the prevention of
pneumothorax development (21).

In this study, no significant difference was
found in the rate of pneumothorax requir-
ing chest tube insertion with respect to pa-
tient age, sex, presence of emphysema, and
location of lung lesions, in agreement with
earlier reports (18, 19). In addition, lesion
size and length of the needle path were not
associated with an increased risk of chest
tube insertion. Although a higher chest
tube rate was seen in cavities with a thin-
ner wall, this was not statistically significant.
A previous study on PTNB cavitary lesions
also reported that no significant risk factors
for pneumothorax development were pres-
ent in relation to wall thickness (8).

This study found mild hemoptysis in one
case (1.9%), which is within the reported
incidence range (0.2%-8.4%) (5-7, 19, 20).
We did not experience any cases of air em-
bolism. Air embolism is a rare but poten-
tially fatal complication, with a reported
incidence of 0.06% in a large series (22).
The considered risk factors of air embolism
were coughing during the procedure, posi-
tive-pressure ventilation, needle tip placed
within the pulmonary vein, and procedure
performed in a patient with vasculitis (23).
Cystic or cavitary lesions are also reported
as possible risk factors for air embolism in
several published reports (24).

This study has several limitations. The
retrospective nature of the study may have
introduced a selection bias. Our analysis for
risks associated with chest tube insertion
may have been underpowered to detect
significant differences due to the overall low
number of chest tubes inserted. Larger stud-

ies would be useful in the future to uncover
other potentially significant differences. Fi-
nally, our results are based on the experience
at a single academic medical center with
procedures performed by one of five expe-
rienced thoracic radiologists and may not be
widely applicable to centers which are not
as experienced in CT-guided PTNB or where
on-site cytopathology is not available.

In conclusion, CT-guided percutaneous
biopsy of cavitary pulmonary lesions is a
safe procedure which provides high sensi-
tivity for specific diagnoses, both malignant
and infectious. Wall thickness at the biopsy
site, lesion location in the lower lobe, and
malignancy were significant independent
risk factors for diagnostic success. Samples
for microbiology should be obtained in all
patients due to the high prevalence of in-
fection in cavitary lesions.
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