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Introduction

Percutaneous computed tomography (CT)-guided 
transthoracic needle biopsies (TTNBs) is a reliable 
technique for the pathologic diagnosis of pulmonary lesions. 

Pneumothorax is the most common complication of TTNBs 
(1-3). Chest pain, shortness of breath, low oxygen saturation 
caused by pneumothorax may increase the need for 
hospitalization and consequently result in increased costs. 
Therefore, the treatment of pneumothorax is a matter of 
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Background: To assess the effect of aspiration in the biopsy-side down position to deal with delayed 
pneumothorax after computed tomography (CT)-guided lung biopsy. 
Methods: A retrospective review was performed of the 236 delayed pneumothorax patients who underwent 
CT-guided transthoracic needle biopsies (TTNBs). Asymptomatic minimal pneumothorax patients were 
managed conservatively. Manual aspirations were applied for symptomatic cases with minimal pneumothorax 
and all cases with moderate to large pneumothorax. Patients were included into two groups: in group A 
(35 patients), aspiration was performed in the same position as the biopsy, while in group B (54 patients), 
patients were turned to the biopsy-side down position (from supine to prone or vice versa), and aspiration 
was conducted. The efficacy of two approaches was evaluated. 
Results: One hundred forty-seven (62.3%) asymptomatic cases resolved without treatment. Distance 
between parietal and visceral pleura before and after aspiration were 4.24±1.87 and 1.93±2.33 cm for group A, 
3.92±1.31 and 0.98±1.50 cm for group B, respectively. Volume of aspirated air in group A and group B were 
735.4±231.8 and 434.8±320.3 mL, respectively. Complete lung expansion was detected in 28.6% (10/35) and 
38.9% (21/54) for group A and group B, respectively. The overall effective rate and failure rate were 74.3% 
(26/35) and 25.7%(9/35) for group A, 92.6% (50/54) and 7.4%（(4/54)（for group B, respectively, which have 
significant statistic difference (P<0.05). 
Conclusions: Manual aspiration in biopsy-side down position demonstrates the safety and efficacy in 
treating delayed pneumothorax after CT-guided TTNBs. Thus reduce the rate of pneumothorax requiring 
drainage catheter placement.
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particular interest. A variety of approaches to the technique 
have been evaluated in an attempt to reduce the rate of 
TTNBs-related pneumothorax (4,5). Simple aspiration 
and tube thoracostomy were recommended to deal with 
the pneumothorax. As reported, tube thoracostomy is 
associated with more complications and resulted in a longer 
stay in hospital than simple aspiration (6). Many previous 
reports have shown that increasing delayed pneumothoraces 
often need chest tube placement. Patient positioning after 
biopsy has been studied but remains controversial, some 
study found that placing the patients biopsy-side down (from 
prone to supine or vice versa) after biopsy substantially 
reduced the rate of pneumothorax (5,7), while some other 
articles found no effect (8,9). Anecdotally, we noted in 
practice some satisfactory results were achieved by using 
aspiration in biopsy-side down position. We reported our 
preliminary experience using a modified manual aspiration 
in the biopsy-side down position in an attempt to deal with 
delayed pneumothorax caused by biopsy, thus reduce the 
application of tube thoracostomy significantly. 

Methods

This retrospective study was approved by the Ethical 
Committee and Institutional Review Board of Affiliated 
Hospital  of North Sichuan Medical College (No. 
NSMC1601-018). A retrospective review was performed 
of the clinical records and radiological findings of 1750 
consecutive patients who underwent CT-guided TTNB 
for lung lesions from January 2011 to December 2015. 
A delayed pneumothorax was detected in 236 cases. 
Eighty-nine pneumothorax patients who underwent 
manual aspiration treatment, were included in our study. 
The average age was 50.5 years (range, 28–87 years). 
Patients were included into two groups according to 
the aspirate position. In the first half of the observation 
period, aspiration was done on the same side as the biopsy  
(group A), in a while we noticed that some aspiration results 
on the opposite side were encouraging and in the second 
half the opposite side aspiration was chosen for group B. 
The baseline patient clinical characteristics for two groups 
are shown in Table 1. Those who did not undergo an 
attempt at aspiration were not included into our study. 

Procedures were performed by four radiologists 
experienced in CT-guided biopsies. All patients had 
prebiopsy scans of the chest available for biopsy planning 
using single slice helical CT scanner (X-vision, Toshiba, 
Tochigi, Japan). Patients were placed in prone or supine 

position according to their lesions. After the skin had been 
prepared and a local anaesthetic had been administered, 
TTNBs were performed using 19-gauge coaxial needle. 
Subsequently, the obtained material was prepared in smears 
and immersed in 10% formalin for pathologic examination. 
Follow up CT was performed using a chest CT with 
thin slices (3–5 mm) to detect the presence of possible 
complications. 

Delayed pneumothorax was defined as pneumothorax 
developed after  the biopsy needle is  removed.  A 
pneumothorax was considered as minor pneumothorax if 
the distance (D) between parietal and visceral pleura was 
less than or equal to 1 cm, moderate if it was greater than  
1 cm but less than or equal to 2 cm, or large if it was greater 
than 2 cm (10,11). For group A, aspiration treatment was 
conducted in the position same to biopsy. For group B, 
patients were turned to biopsy-side down position (from 
supine to prone or vice versa), and the aspiration performed. 
After needle insertion, accurate localization of the needle 
tip was confirmed with sequential CT images and aspiration 
was conducted. Oxygen was administered during and after 
the procedures. Patients with failed aspiration underwent 
insertion of a 7-F pigtail drainage catheter (BT-PD1-
0730-W, Taipei, Taiwan) attached to an underwater seal 
placed by the radiologist. 

Patients were followed up with CT to check for 
pneumothorax and also for other complications. The 
maximum distance between parietal and visceral pleura was 
measured and compared to the distance before aspiration. 
The procedure was found to be effective when the distance 
reduced by more than or equal to half the distance before 
treatment and the aspiration was considered to be failed 
if the pneumothorax recurred to more than one-half the 
distance before treatment. 

Statistical analysis was performed using statistical 
software (SPSS Inc., Chicago, IL) on a personal computer. 
Student’s t-test and chi-square test were used to assess 
the statistical significance of the differences between the 
two groups for continuous variables and categorized, 
respectively. P values less than 0.05 were considered to 
indicate a statistically significant difference. 

Results

During the course of observation, 147 asymptomatic 
minimal pneumothorax patients (62.3%) of the 236 patients 
resolved without treatment. The remaining 89 patients 
were treated with an attempt manual aspiration, which 
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included into two groups: in group A (35 patients), aspiration 
was performed in the same position as the biopsy, while in 
group B (54 patients), patients were turned to the biopsy-side 
down position. Distance between parietal and visceral pleura 
before and after aspiration were 4.24±1.87 and 1.93±2.33 
cm for group A, 3.92±1.31 and 0.98±1.50 cm for group B, 
respectively. Volume of aspirated air in group A and group 
B were 735.4±231.8 and 434.8±320.3 mL, respectively. 
Complete lung expansion was detected in 28.6% (10/35) 
and 38.9% (21/54) for group A and group B. The overall 
effective rate and failure rate were 74.3% (26/35) and 

25.7% (9/35) for group A, 92.6% (50/54) and 7.4% (4/54) 
for group B, respectively, with significant statistic difference 
(P<0.05). 

Of the 54 delayed pneumothorax cases in group B, 
patients were turned to biopsy-side down position, and then 
manual aspiration conducted (Figure 1). Results of aspiration 
between two groups are list in Table 2. The comparison of 
treatment effect for two groups is provided in Figure 2. 

Tube thoracostomy were applied in the 25.7% (9/35) and 
7.4% (4/54) patients for group A and B, respectively. For 
group A, aspiration were ineffective in seven patients with 

Table 1 Comparison of variables between the two groups 

Parameter Group A (n=35) Group B (n=54) P value

Age (years) 49.4±7.3 51.5±6.3 0.437

Male/female 19/16 35/19 0.321

Supine/prone 20/15 33/21 0.709

Lesion abutting fissure 14/21 28/26 0.274

Emphysema in needle path 8/27 13/41 0.318

Lesion size (mm) 50.3±9.4 47.6±7.3 0.183

Lesion depth (mm) 46.8±8.3 51.2±8.8 0.163

Needle passes 1.5±0.8 1.4±0.7 0.232

No. of tissue sampling 1.7±0.7 1.8±0.4 0.341

Time interval between identification of pneumothorax and 
biopsy (hours)

2.7±0.9 3.1±0.7 0.254

Figure 1 A 74-year-old male with a left upper lobe mass. (A) Very small amount of pneumothorax was detected when the lung biopsy was 
performed (white arrow), but a large amount of delayed pneumothorax was developed in follow up; (B) this patient was turned to the biopsy-
side down position for aspiration; (C) the almost complete re-expansion of the lung had been achieved in the follow up CT. CT, computed 
tomography.
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large tension pneumothorax and subcutaneous emphysema, 
other two patients suffered from severe dyspnea and 
hypoxemia. For group B, aspirations were unsuccessful 
in two patients with large tension pneumothorax, and 
in another two patients, pneumothorax decreased when 
aspiration applied, but recurrent in a short-term followed 
up by CT scan. We observed no serious side effects such as 
lung edema or hemorrhage after simple aspiration. 

Discussion

It is essential to perform the TTNBs correctly in order to 
obtain a representative cytological sample from lung masses. 
Pneumothorax remains the most common and potentially 
serious adverse event of CT-guided lung biopsy, ranged 
from 8.2% to 54% (12,13). The pneumothorax rate caused 
by TTNBs may be affected by many factors, including 
the size and depth of the mass, age, emphysema in biopsy 
needle path, status of pulmonary function, the number of 

biopsies and biopsy technique (2,14,15). Pneumothorax 
severe enough to require tube thoracostomy is generally 
agreed upon to be a serious complication of TTNBs. The 
literature reveals the rate of tube thoracostomy varies 
from 7.3% to 15% (16,17). Treatment of post-biopsy 
pneumothorax remains a relevant clinical issue. 

Thirty-five delayed patients in group A were treated with 
attempt simple manual aspiration in our study, which was 
succeed in 74.3% (26/35), similar to other reports range 
from 57% to 75%. While the other delayed 54 patients in 
group B, with puncture site in biopsy-side down position, 
succeed in 92.6% (50/54), significantly higher compared to 
other studies. Chest tube thoracostomy was applied only in 
7.4% (4/54) of all delayed pneumothorax patients, which 
significantly lower than many other international reports. 

The mainly three mechanisms which allow air to enter 
the pleural space are communication with the outside 
atmosphere, visceral pleural rupture and the presence of 
gas-producing organisms (18-21). And the first two factors 

Table 2 Results of the two approaches

Parameter Group A (n=35) Group B (n=54) P value

D before aspiration (cm) ( mean ± SD) 4.24±1.87 3.92±1.31 0.125

D after aspiration (cm) ( mean ± SD) 1.93±2.33 0.98±1.50 0.011

Volume of aspirated air (mL) ( mean ± SD) 735.4±231.8 434.8±320.3 0.023

Complete lung expansion [n (%)] 10 (28.6) 21 (38.9) 0.318

Overall effective rate [n (%)] 26 (74.3) 50 (92.6) 0.017

Failure rate [n (%)] 9 (25.7) 4 (7.4) 0.017

D, refers to distance between parietal and visceral pleura.
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may contribute to lung biopsy-induced pneumothorax. An 
unskilled biopsy may cause direct or indirect communication 
between the atmosphere and the pleural space, visceral pleural 
rupture is considered to be the most important contributing 
factor in lung biopsy-induced pneumothorax especially for 
pneumothorax in moderate to large in volume (21). The 
manual aspiration of a pneumothorax was initially reported 
by Yamagami et al. (22) as a method of preventing an 
increased pneumothorax that would require chest tube 
placement. But simple aspiration may be insufficient when 
the parenchymal tear is large enough and theoretically 
carries a high risk of short-term recurrence because (I) the 
aspiration in the region surrounding the leak may increase 
the alveolar-to-pleural pressure gradient, and (II) it does 
not promote pleural symphysis (23). Average volume of 
aspirated air in group A was significant higher than that 
of group B in our study. We believe that the above two 
contributing factors are important reasons. Furthermore, 
the failure rate of group A is higher than that of group 
B, so the therapeutic effect of aspiration in some patients 
were relatively poor, which leads to more gas extracted. In 
general, small and asymptomatic pneumothoraces often do 
not need any treatment, and resolve spontaneously. If the 
pneumothorax is moderate, or the patient is symptomatic, 
simple aspiration or tube thoracostomy is required (24). 
The attractiveness of simple aspiration is its potential for 
an outpatient treatment, its relative simplicity, and minimal 
invasiveness compared to tube thoracostomy. 

Zidulka et al. (23) reported that placing dogs in the 
lateral decubitus position with the puncture site down 
stopped the progression of pneumothorax. The animal 
experiments hypothesized that placing the puncture site 
down may inhibit progression of pneumothorax by causing 
(I) a reduction in the size of alveoli as well as the alveolar-
to-pleural pressure gradient surrounding the needle track, 
(II) the development of airway closure and an increased 
resistance to collateral ventilation, and (III) dependent 
accumulation of hemorrhagic fluid around the needle track. 
The current study demonstrates that manual aspiration in 
the biopsy-side down position has an encouraging result for 
biopsy-induced delayed pneumothorax. There were several 
contributing factors that might led to the high success rate 
in the present study. Firstly, parietal pleural rupture while 
not visceral pleural rupture occurred in the aspiration. This 
procedure does not cause increased pneumothorax further. 
Secondly, changing patients to biopsy-side down position 
may be beneficial for the visceral and parietal pleura 
symphysis, creating a physical barrier to further leakage of 

air. Finally, a different puncture site in the biopsy-side down 
position was selected for aspiration. This procedure did 
not increase the alveolar-to-pleural pressure gradient in the 
region surrounding the leak. 

There were several limitations to our study. First, owing 
to the retrospective nature of our study, there may be 
associated with bias. For example, our study did not take 
into account some factors probably effect the incidence of 
pneumothorax such as operator experience, the presence 
of pulmonary hemorrhage, etc. It is also inevitable that 
there will be selection bias. Another limitation involved the 
relatively small sample sizes of patients, and further larger 
patient population studies are required to confirm our 
results. 

In conclusion, the current study’s results demonstrate 
the safety and efficacy of aspiration in the biopsy-side 
down position in the treatment of delayed pneumothorax 
following CT-guided TTNBs. The advantage of this 
approach is its availability, low procedure-related 
morbidity, reduced pain, and lower hospitalisation rate, and 
significantly reduced the rate of pneumothorax requiring 
drainage catheter placement after CT-guided TTNBs. 
Therefore, the current authors recommend this procedure 
as an alternative treatment option to tube thoracostomy in 
the treatment of delayed pneumothorax after CT-guided 
TTNBs. 
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