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Abstract 
Background: CT –guided percutaneous 
transthoracic fine needle aspiration biopsy 
(TFNAB) has become a widely accepted and 
effective minimally invasive technique for the 
diagnosis of a variety of intrathoracic lesions 
that are not readily accessible with 
bronchoscopy. It is generally regarded as a 
safe procedure with limited morbidity and 
extremely rare mortality. It provides high 
diagnostic accuracy and has a relatively low 
complications rate. 
Objectives: The aims of our study were to 
report our experience with regard to the 
accuracy & pneumothorax rate of percutaneous 
CT-guided biopsy of solitary pulmonary 
nodules using automatic biopsy gun. 
Patients and methods: Between January 2006 
and August 2009, 54 patients (46 men and 8 
women) with solitary pulmonary nodule 
underwent CT guided transthoracic biopsy at 
Al-Kadhimyia teaching hospital, Baghdad, 
Iraq. All the lesions could not be diagnosed 
with fiberoptic bronchoscopy. CT-guided 
biopsy was performed with an 18-gauge 
automatic biopsy gun. Chest radiography was 
done 2-4hr later and 24hr after biopsy for 
observation of pneumothorax. The overall 
diagnostic accuracy, pneumothorax rate, and 
chest tube insertion rate were determined. 
Diagnostic accuracy and pneumothorax rate 
were statistically compared according to lesion 
size & lesion depth (p value of less than 0.05 
was considered to be significant). 
Results: Forty one patients (76%) diagnosed as 
malignant (diagnostic accuracy of 87.8%). 

Thirteen patients (24%) were diagnosed as 
benign (diagnostic accuracy of 92.3%). The 
overall diagnostic accuracy was 89% (48 of 
54). The diagnostic accuracy did not differ 
with respect to the lesions size and lesions 
depth from the chest wall. Accurate diagnosis 
was made in 25 of the 29 nodules <20 mm 
(86%) and in 23 of the 25 nodules 20 mm 
(92%). Similarly accurate diagnosis was made 
for 36 (90%) of the 40 nodules shallower than 
60 mm and for 12 (85.7%) of the 14 nodules 
60 mm. Pneumothorax occurred in 23 (42%) 
patients. Pneumothorax occurred more 
frequently in small sized lesions (16 out of 29 
lesions measuring <20 mm) as compared to (7 
out of 25 lesions 20 mm) (P <0.05). similarly 
pneumothorax occurred more frequently in 
deeper lesions (10 out of 14 lesions  60mm in 
depth) as compared to (13 out of 40 lesions 
<60 mm in depth) (P <0.05). Only 7 (13%) 
patients requiring thoracostomy tube 
placement.  
Conclusions: CT- guided biopsy using 
automatic biopsy gun allowing a specific 
diagnosis for benign & probably malignant 
lesions. Diagnostic accuracy was not affected 
by the size and depth of the lesions. Deeper & 
small sized lesions have associated with an 
increased rate of pneumothorax. 
Keywords: solitary pulmonary nodule, CT – 
guided biopsy, automatic biopsy gun. 
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Introduction 

CT –guided percutaneous 
transthoracic fine needle aspiration 
biopsy (TFNAB) has become a widely  
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accepted and effective minimally 
invasive technique for the diagnosis of 
a variety of intrathoracic lesions that 
are not readily accessible with 
bronchoscopy (1-3). It is an easy, 
reliable and safe procedure that 
obviates the need for exploratory 
surgery in medically treatable or 
unresectable cases (4). It is a relatively 
accurate method of diagnosing benign 
and malignant lesions of the chest (3, 5-7). 
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Haaga and Alfidi (8) reported the 
first computed tomography (CT)-
guided biopsy in 1976, and numerous 
reports since that time have shown 
TFNAB procedures to be both 
effective and accurate (3, 5-7, 9-11).  

CT- guided TFNAB is generally 
regarded as a safe procedure with 
limited morbidity and extremely rare 
mortality (5, 6, 9, 10, 12). It provides high 
diagnostic accuracy and has a 
relatively low complications rate (13-15).  

The management of solitary 
pulmonary nodule (SPN) depends on 
many factors including clinical 
features, results of relevant 
investigations, population 
characteristics, and local policy (16, 17). 
The most important first step is to 
determine the likelihood of the nodule 
being malignant and then to decide 
whether the lesion should be removed, 
observed, or further investigations 
performed (18,19). TFNAB is advocated 
to improve the precision of 
management by increasing the 
confidence with which masses can be 
categorized as benign or malignant (6, 

20, 21), and so it has a strong impact on 
the diagnostic protocol of the solitary 
pulmonary nodule (22). CT-guided lung 
biopsy has found wide-spread 
acceptance as a principal method of 
diagnosing SPN (5, 11, 23-25). 

Most CT-guided lung biopsies 
described in earlier reports were 
performed with fine-needle aspiration 
for cytology and the materials obtained 
by means of aspiration are usually 
suitable only for cytological 
examination and were useful in 
differentiating malignant from benign 
lesions, but these have some limitation 
in certain clinical settings, it does not 
allow adequate subtyping of 
carcinoma, seldom yields a specific 
pathologic diagnosis in cases of benign 
disease and a negative result does not 
exclude malignancy (6, 26-29). More 
recently, tissue core biopsy using an 

automated cutting needle, which 
enables the histological evaluation of 
the obtained samples has been 
implemented (30), and this may improve 
the diagnostic yield and increase the 
chances of obtaining a specific 
diagnosis (31, 32). The automatic biopsy 
gun has become popular for biopsy of 
various organs (33). The advantages of 
obtaining a core specimen include 
greater accuracy in allowing a specific 
diagnosis for benign lesions, the ability 
to diagnose carcinomas without a 
trained cytopathologist and greater 
accuracy in defining cell types of 
carcinomas (33-35). 

To our knowledge this study is the 
first one done in Iraq to study role of 
CT-guided biopsy of solitary 
pulmonary nodule using automatic 
biopsy gun.   
Patients and methods  

Between January 2006 and August 
2009, a prospective study included 54 
patients with solitary pulmonary 
nodule underwent CT guided biopsy at 
Al-Kadhimyia teaching hospital, 
Baghdad, Iraq. The study population 
included 46 men and 8 women with a 
mean age of 56 years (range, 34–66 
years). All the lesions could not be 
reached & diagnosed with fiberoptic 
bronchoscopy. The average lesion size 
was 2.1 mm (range, 0.5–40mm) and 
the average depth of lesions from the 
skin surface was 51 mm (range, 18–
82mm). 

Examinations were done with the 
CT unit (Somatom plus4; siemens 
medical system). Preliminary scans 
were done without use of contrast 
medium in either prone or supine 
position to plan the biopsy approach. 
Biopsies were performed in the prone, 
supine or lateral decubitus positions, 
depending on proximity of the lesion 
to the chest wall. After the lesion had 
been localized, depth of the lesion 
from the skin surface was measured. 
The chosen entry site was prepared and 
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draped in a sterile fashion, under the 
local anesthesia biopsy needle was 
inserted and biopsy was performed 
with automatic biopsy gun (Temno, 
Italy, 18-gauge, 15cm length). The 
obtained specimen was treated by H & 
E stain. 

All patients were hospitalized. 
They rested in bed and underwent 
chest radiography 2-4hr later and 24hr 
after biopsy. If pneumothorax was not 
present, the patient was discharged the 
morning after biopsy. Thoracostomy 
tubes were inserted if the 
pneumothorax was moderate to large 
(>30%) on the basis of the distance 
from the lung apex to the cupola or on 
the basis of continued size increase on 
follow-up radiographs. Thoracostomy 
tubes were also inserted if the patients 
experienced substantial pain or 
shortness of breath in the presence of a 
small pneumothorax 

True positive diagnosis: in cases 
with surgical confirmation, when 
biopsy of another site revealed cancer 
with the same histologic 
characteristics, or when the lesion 
increased in size and other proven 
metastases were found.  

True-negative diagnosis: in cases 
with surgical confirmation, when the 
lesion disappeared or decreased in size 
with or without the use of antibiotics, 
or when the lesion remained stable on 
follow-up CT for 18-24 months. 
Follow-up CT was scheduled 3, 6, 12, 
18, and 24 months post- biopsy. 

False-positive diagnosis: if 
surgical resection yielded a benign 
diagnosis, if the lesion disappeared or 
decreased in size before surgical 
resection, or if the lesion remained 
stable on the follow-up CT for at least 
18-24 months in patients refusing 
surgical resection.  

False-negative diagnosis: if 
surgical resection yielded a malignant 
diagnosis; if the lesion increased in 
size; if other proven metastases were 

diagnosed on CT or MR imaging and 
proven by histologic examination of 
the biopsy specimen or resection. 

Final diagnosis of the 54 patients 
was proved by: formal surgery 
(36patients), presence malignant liver 
lesions proved by FNA (3 patients), 
follow up CT for 20-24months (15 
patients) 
Statistical analysis 

 Using the program SPSS (version 
15 for Microsoft Windows). The 
overall diagnostic accuracy, 
pneumothorax rate, and chest tube 
insertion rate were determined. The 
diagnostic accuracy was calculated 
using the following formula: 
diagnostic accuracy (%) = (no. true-
positive + no. true-negative) / total 
number of solitary pulmonary nodules. 
Diagnostic accuracy and 
pneumothorax rate were statistically 
compared according to lesion size & 
lesion depth. A P value of less than 
0.05 was considered to be significant.  
Results 

The study population included 54 
patients (46 men and 8 women) with a 
mean age of 56 years (range, 34–66 
years). 29 patients have nodules <20 
mm in diameter & 25 patients have 
nodules 20 mm (20mm is the cutoff 
value between small & large nodules). 
Forty patients have lesion <60mm 
from the chest wall, while 14 patients 
have lesions 60mm in depth from the 
chest wall (lesion depth was measured 
from the pleural puncture site to the 
edge of the intrapulmonary lesion 
along the needle path), (60mm is the 
cutoff value between superficial & 
deep nodules)  

Of 54 pulmonary nodules 41 
(76%) diagnosed as malignant (36 
true-positive & 5 false negative) with 
diagnostic accuracy of 87.8% (36 of 
41). Thirteen patients (24%) were 
diagnosed as benign (12 true-negative 
& 1 false positive) with diagnostic 
accuracy of 92.3% (12 of 13).  
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The overall diagnostic accuracy of 
the procedure was 89% (48 of 54). 
Table 1 shows the final pathological 
diagnoses and results of CT -guided 
biopsy. The diagnostic accuracy did 
not differ with respect to the lesions 
size and lesions depth from the chest 
wall. An accurate diagnosis was made 
for 25 (86%) of the 29 pulmonary 
nodules <20 mm and for 23 (92%) of 
the 25 pulmonary nodules 20 mm, a 
statistically insignificant difference (p 
= 0.54) as shown in table 2. An 
accurate diagnosis was made for 36 
(90%) of the 40 nodules shallower than 
60 mm and for 12 (85.7%) of the 14 
nodules deeper than or equal to 60 
mm, a statistically insignificant 
difference(p = 0.52)as shown in table 2. 

Pneumothorax occurred in 23 
(42%) patients. Pneumothorax 
occurred more frequently in small 
sized lesions (16 out of 29 lesions 
measuring <20 mm) as compared to (7 
out of 25 lesions 20 mm) (P <0.05). 
similarly pneumothorax occurred more 
frequently in deeper lesions (10 out of 
14 lesions  60mm in depth) as 
compared to shallower lesions (13 out 
of 40 lesions <60 mm in depth) (P 
<0.05) as shown in table 3. Only 7 
(13%) patients requiring thoracostomy 
tube placement. Figure 1 shows images 
of CT –guided biopsy in 2 patients one 
with malignant lesion & the other with 
benign lesion. 

 
 

Table 1: The final pathological diagnoses (no. of patients) and results of CT -
guided biopsy (no. of patients & %) of the 54 patients included in the study. 

Accurate diagnosis by CT-guided 
biopsy 

Total No. of 
patients 

Final pathological Diagnosis 

% No. of patients 
Malignant lesions 

89 33 37 Primary carcinoma of bronchus 
75 3 4 Secondary metastases  

Benign lesions 
75 3 4 Granuloma 
100 2 2 Fibrosis 
100 2 2 Organizing pneumonia 
100 5 5 Hamartoma 
89 48 54 Total  

 
 

Table 2: The diagnostic accuracy of the 48 patients included in the study 
according to lesion size & lesion depth from the chest wall. 

 
P value Total 

No. of 
patients 

Accuracy   
 % No. 

 
P =0.54 

 
48 

86 25 nodules <20 mm in size  Lesion size 
(mm) 92 23 nodules 20 mm in size  

 
P =0.52 

 
48 

90 36 nodules<60 mm in depth Lesion depth 
(mm) 85.7 12 nodules 60 mm in depth 
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Table 3: Cases complicated by pneumothorax compared to lesion size & lesion 
depth from the chest wall. 

 
 

 
Figure 1: A: 46 year old male with Rt. upper lobe mass, FNAB reveal 
bronchogenic carcinoma which is proved by sub-sequent surgery & 
histopathology. B: 35 year old male patient with Rt. Lower lobe mass, FNAB 
reveal granuloma which was proved by follow up CT for the next 20 months. 
 
Discussion 

CT-guided lung biopsy has found 
wide-spread acceptance as a principal 
method of diagnosing SPN (5, 11, 23-25). 
Tissue core biopsy using an automated 
cutting needle, which enables the 
histological evaluation of the obtained 
samples has been implemented (30), and 
this may improve the diagnostic yield 
and increase the chances of obtaining a 
specific diagnosis (31, 32). The 
advantages of obtaining a core 
specimen include greater accuracy in 
allowing a specific diagnosis for 
benign lesions, the ability to diagnose 
carcinomas without a trained 
cytopathologist and greater accuracy in 
defining cell types of carcinomas (33-35).  

In our study diagnostic accuracy 
for malignant lesions was 87.8%  (36 
out of 41) and for benign lesions 

92.3% (12 of 13), these results were 
comparable with that reported in the 
previous studies where the diagnostic 
accuracy has been reported as greater 
than 80% for benign disease and 
greater than 90% for malignant disease 
(6, 9, 10). 

The overall diagnostic accuracy in 
the current study was 89% (48 of 54) 
which was comparable with that 
described in the previously reported 
studies where the diagnostic accuracy 
has been described to be high, 81-96% 
(5, 11, 22, 24, 25, 36-38). 

In our study, although the 
diagnostic accuracy for small 
pulmonary nodules <20 mm was less 
(86%) when compared with diagnostic 
accuracy for larger pulmonary nodules 
20 mm (92%), this difference is 

P value Total 
No. of 
patients 

Pneumothorx rate  
 % No. 

 
P < 0.05 

 
23 

55 16 nodules <20 mm in size  Lesion size 
(mm) 28 7 nodules 20 mm in size  

 
P < 0.05 

 
23 

32.5 13 nodules<60 mm in depth Lesion depth 
(mm) 71.4 10 nodules 60 mm in depth 

A B 
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statistically insignificant (p = 0.54), & 
these results were comparable with that 
of Lucidarme et al. (25), Westcott et al. 
(39), and Laurent F. et al. (40) where they 
have shown that the diagnostic 
accuracy for small nodules is 
comparable to that for large nodules, 
but Li et al. (6) and Tsukada et al. (30) 
have reported that diagnostic accuracy 
for small pulmonary nodules is 
significantly less than that for large 
nodules.  

Similarly we observed a 
statistically insignificant difference in 
diagnostic accuracy between 
superficial nodules (90%) and deeper 
nodules (85.7%) (p = 0.52) & these 
results were comparable with that 
reported in the previous studies (38, 40). 

The most common complication 
of CT-guided lung biopsy is 
pneumothorax (11). A higher frequency 
of pneumothorax is a known 
disadvantage of CT-guided biopsy 
when compared to U/S guided biopsy 
and may be related to the fact that the 
needle stays across the pleura for a 
longer time. In addition, all lesions 
accessible to US-guided biopsy were 
peripheral and did not require the 
traversal of aerated lung, whereas it is 
likely that most difficult, small, deep 
lesions are sampled at CT-guided 
biopsy, which also may account for the 
higher complication rate (41). Prior 
studies found pneumothorax rates 
between 9% and 54% (22, 25, 30, 32, 37, 40, 

42), in our studies pneumothorax 
occurred in 42% of the patients. The 
relatively high rate of pneumothorax in 
our study may be related to the use of 
an 18-gauge automatic biopsy gun. 
Despite the relatively high rate of 
pneumothorax, we believe that the 
high yield for benign disease avoids 
further invasive diagnostic procedures 
and justifies the risk. 

The depth and size of the lesion 
might have an impact on 
pneumothorax rate (43- 45). Previous 

studies have found a strong correlation 
between lesion size and pneumothorax 
rate (5-7, 43). In our study pneumothorax 
occurred more frequently in small 
sized lesions (16 out of 29 lesions 
measuring <20 mm) as compared to (7 
out of 25 lesions 20 mm) (P <0.05). 
Cox et al. (43) reported that smaller 
lesion size correlated with the 
development of increased 
pneumothorax rate. They hypothesized 
that when the lesion is relatively small, 
the up-and-down movement of the 
needle tip results in more tearing of 
adjacent lung parenchyma. 

Many authors have reported that 
greater lesion depth caused the 
pneumothorax rate to increase (5, 7, 42, 

45). In our study pneumothorax 
occurred more frequently in deeper 
lesions (10 out of 14 lesions 60 mm 
in depth) as compared to (13 out of 40 
lesions <60 mm in depth) (P <0.05). It 
would be reasonable to hypothesize 
that a longer needle path may have a 
greater chance to tear the pleura and 
normal lung tissue as patients breathe 
during the procedure (2). On the other 
hand, Yeow et al. (44) showed that 
subpleural lesions that were 2 cm from 
the pleural surface correlated with a 
higher pneumothorax rate than those 
farther from the pleura because 
shallow anchoring made dislodgement 
of the needle to the pleural cavity easy, 
causing air ingress. In the present study 
only 7 patients (13%) requiring 
thoracostomy tube placement & theses 
results are roughly comparable with 
that shown by Golfieri R. et. al. (22) 
which required thoracic drainage in 
10% of cases. 

In conclusions CT _guided biopsy 
using automatic biopsy gun allowing a 
specific diagnosis for benign & 
probably malignant lesions. Diagnostic 
accuracy was not affected by the size 
and depth of the lesions. Deeper & 
small sized lesions have associated 
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with an increased rate of 
pneumothorax. 
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