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Introduction

The initial management of pneumothorax is decided 
based on the patient’s clinical stability, pneumothorax size, 
and risks of recurrent pneumothorax (1,2). Management 

guidelines for a large pneumothorax in a clinically stable 

patient remain controversial. Treatment options for these 

patients include inserting a chest tube, aspiration, thoracic 

vent, and surgical treatment (3). The British Thoracic 
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Society (BTS) pleural disease guidelines 2010 recommend 
needle aspiration (1). Simple aspiration is as effective and 
more feasible than chest tube insertion (1-17). One of the 
background is the placement of a chest tube includes the 
risks of severe pain, intercostal vessel bleeding, intercostal 
nerve injury, and injury to the lung, kidney, liver, and 
heart (18-20). These risks are increased in patients with 
intrathoracic adhesions, a history of pneumothorax, and 
severe emphysema, depending on the physician or assistant’s 
inexperience. Recently, there has been reported a careful 
follow-up for spontaneous pneumothorax (21) and effect on 
the ambulatory management (22). A large bore chest tube 
drainage and regular inpatient admission are becoming less 
of the primary strategies for treating primary spontaneous 
pneumothorax (PSP). Therefore, the current controversy 
centers on three competing evidence-based options for 
ambulatory management of large pneumothoraces: watchful 
waiting (20,22,23)

 
vs. 16-gaude (G) needle aspiration  

(7-10,12-16) vs. thoracic vent with an 8–11 French tube 
(21,24-28). These reports indication are mainly for PSP, but 
other pneumothorax is well unknown. Standard aspiration 
needle is mainly used by 16-G, and the effect with a smaller 
needle and the number of aspiration times have not been 
fully verified. Ambulatory care with a thoracic vent tend to 
be widespread, but it also concerns about adverse events (22). 

In 2013, we conducted a prospective, two-center study 
to assess the effectiveness of manual aspiration using a 
20- or 22-G needle in clinically stable patients with a all 
type large pneumothorax due to any cause. The primary 
endopoint was manual aspiration success up to three using 
a small needle in patients with a large, clinically stable 
pneumothorax. The secondary goal was to assess the risk 
factors of manual aspiration failure. This study had some 
novelties: (I) the indication was independent of the degree 
of collapse or etiology in clinically stable patients; (II) small 
needles (20–22-G) were used; (III) aspiration was attempted 
thrice; (IV) intrathoracic pressure was measured; (V) serum 
plasma factor XIII was measured (29,30); and (VI) the 
factors of manual aspiration failure was assessed.

We present the following article in accordance with 
the TREND statement checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1587/rc).

Methods 

Study design and patients

This study was registered with the UMIN Registry (UMIN 
000016004), approved by the Ethics Committee of Joetsu 

General Hospital (J-79), and followed the principles of 
the Declaration of Helsinki (as revised in 2013). Informed 
consent was obtained from all patients. Patients who 
presented to Joetsu General Hospital (Niigata, Japan) 
and Toyama University Hospital (Toyama, Japan) with 
a pneumothorax between July 2013 and June 2018 were 
included. 

Pneumothorax size was determined by the distance 
from the lung apex rim to the ipsilateral thoracic cupola 
and the distance from the horizontal rim to the ipsilateral 
chest wall at the level of the hilum on a standard upright 
chest radiograph. A large pneumothorax was basically 
defined as ≥3 cm from the apex to the cupola following 
the ACCP guideline. When the decision was difficult due 
to intrathoracic adhesions, the size was determined as 
the presence of a visible rim of >2 cm between the lung 
margin and chest wall at the level of the hilum following 
the BTS guideline (1). Clinically stable patients with a 
large pneumothorax were presented with the options of a 
chest tube, aspiration, or surgery, and the advantages and 
disadvantages of each treatment method were discussed. 
The patients selected the indicated treatment option. 
Patients who were unstable, required a ventilator, underwent 
chest tube drainage or had a small pneumothorax, bilateral 
pneumothorax, hemopneumothorax, or postoperative 
pneumothorax were excluded from the study. Patients who 
desired chest tube placement or those with psychiatric 
disorders that made it difficult for the patient to participate 
were also excluded. All types of pneumothorax were eligible 
for aspiration, except those that occurred after thoracic 
surgery. Patients were indicated regardless of whether the 
first or the recurrence.

Aspiration procedure

The aspiration protocol is shown in Figure 1. Manual 
aspiration was performed in an outpatient or emergency 
room setting. Patients were placed in the decubitus position 
with the diseased side up or in the supine position if the 
decubitus position resulted in worse pain or dyspnea. Chest 
ultrasonography was performed to confirm intrathoracic 
adhesions and the distance from the skin to the pleural 
space at the puncture site (31,32). The size of the 
intravenous needle was chosen according to the depth of 
the intrathoracic space. A 20- or 22-G needle (Supercath 
5, MEDIKIT Co., Ltd., Tokyo, Japan) was used. After 
skin disinfection, field preparation, and administration of 
local anesthesia (1% lidocaine), a small-calibre intravenous 

https://jtd.amegroups.com/article/view/10.21037/jtd-21-1587/rc
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needle catheter was introduced. After advancing to a depth 
where the catheter could be fully inserted into the pleural 
space, the metal needle was pulled out. The puncture site 
was in the fifth or sixth intercostal space at the midaxillary 
line in the decubitus position or in the second or third 

intercostal space at the midclavicular line in the supine 
position. The site with the shortest depth was chosen first. 
After the needle had entered the pleural space, confirmed by 
air bubbling in the lidocaine-filled syringe, the catheter was 
advanced into the pleural space. The catheter was connected 
to a 50-mL syringe via a three-way valve (Figure 2).  
Air was manually and gradually aspirated to the point of 
resistance. The catheter was immediately withdrawn, and 
chest radiography was performed. If lung expansion was 
complete or only small apical pneumothorax was present, 
the patient was discharged soon. If the amount of air was 
≥2,500 mL, a chest tube was placed. The policy of chest 
tube insertion with 2,500 mL or more complied with the 
BTS guidelines (1). If the lung expansion was insufficient, 
an additional aspiration was immediately attempted after 
chest ultrasonography on the same day. A chest X-ray 
was repeated and patients were discharged, even if the 
lung expansion was insufficient. If careful observation 
was desirable for a patient, a patient was admitted to the 
hospital. Consecutive aspirations performed on the same 
day were counted as one. 

Patients were told to return the day after discharge 

Figure 1 Treatment flowchart. Patients with all types of pneumothorax were eligible for aspiration, except for patients recovering from 
thoracic surgery. If lung expansion was complete or only a small amount of apical air was present, the patient was discharged. If the lung 
expansion was insufficient, a second aspiration was immediately attempted. Manual aspiration was attempted up to three times. If sufficient 
lung expansion was not attained after three aspiration attempts, the patient underwent chest tube drainage or surgery. 

Large pneumothorax in clinically 
stable patient

Manual aspiration

Drainage air ≥2,500 mL

Good expansion (up to three 
times)

Poor expansion

Failure
Chest tube 
drainage
or operation

Exclusion criteria:
clinically stable patients with small pneumothorax, clinically unstable patients 
with any size pneumothorax, patients with tension pneumothorax, bilateral 
pneumothorax, hemopneumothorax, postoperative pneumothorax, and patients 
requiring a ventilator

Success (no recurrence within 
one week)

Figure 2 Manual aspiration. A small-caliber intravenous needle 
catheter was introduced after skin disinfection, field preparation, 
and local anesthesia. The catheter was connected to a 50-mL 
syringe. Air was manually and gradually aspirated to the point of 
resistance. 
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for a subsequent chest X-ray. If the lung expansion was 
poor, manual aspiration was performed again and verified 
via chest radiography. Patients were followed until lung 
expansion was complete, and manual aspiration was 
attempted up to three times. If sufficient lung expansion 
was not attained after three aspiration attempts, the patient 
underwent chest tube drainage or surgery. 

Variables and assessments

The primary endopoint was manual aspiration success up 
to three using a 20- or 22-G needle in patients with a large, 
clinically stable pneumothorax. The secondary goal was to 
assess the risk factors of manual aspiration failure. 

Aspiration success was defined as complete lung 
expansion or only a small rim of apical pneumothorax 
without recurrence within 1 week. Aspiration failure was 
defined as ≥2,500 mL of aspirated air, aspiration more than 
three times, and the requirement of a chest tube or surgery. 
We recorded the patients’ age, sex, smoking history, 
pneumothorax diagnosis [PSP, secondary spontaneous 
pneumothorax (SSP), traumatic pneumothorax, or 
iatrogenic pneumothorax], affected side, time from onset to 
presentation, chest X-ray findings [degree of the collapsed 
lung (slight, medium, or severe), pneumothorax size, 

distance from the lung apex rim to the ipsilateral thoracic 
cupola in the midclavicular line, interpleural distance, inner 
hemithorax distance at the level of the hilum, distance 
from the midline to the carina at the level of the carina]  
(Figure 3), number of aspirations, amount of air in 
the aspiration drainage,  complications,  emergent 
hospitalization, emergent operations after aspiration, serum 
plasma factor XIII, and intrathoracic pressure on inspiration 
and expiration after aspiration. 

The diagnosis of pneumothorax type followed the ACCP 
guidelines (33). Performing a reassessment of the aspiration 
the next day followed the guidelines of previous reports (4). 
The time from onset to presentation was determined via 
a detailed patient interview. The median line of the chest 
X-ray was defined as the line connecting the midpoint 
of both sternoclavicular joints and the spinous process. 
Pneumothorax size was determined using the ACCP and 
BTS guidelines (1,33), the Light index (34,35), and the 
Japan Society for Pneumothorax and Cystic Lung Diseases 
(JSPCLD) classifications on chest X-rays. Using JSPCLD 
classifications, the pneumothoraces were divided into three 
categories: mild (apex of the collapsed lung was above the 
clavicle), moderate (apex was below the clavicle, the lung 
was not almost completely collapsed), and severe (lung was 
almost completely collapsed). The intrathoracic pressure 
was measured for 10 s using a manometer (FUSO-8230, 
FUSO, Co, Ltd., Tokyo, Japan) connected to the catheter. 
The maximum intrathoracic pressure measured during the 
10-s period was used in this study. 

Statistical analyses

Our preplanned sample size was a total of 100 consecutive 
patients full filled the inclusion and exclusion criteria in 
the two study sites. They were evaluated prospectively for 
various effective factors of manual aspiration using a 20- 
or 22-G needle in clinically stable patients with a large 
pneumothorax due to any cause.

The differences between groups were evaluated using a 
non-parametric Wilcoxon rank-sum test. The chi-squared 
test or Fisher’s exact test was used to compare categorical 
variables as appropriate. All reported P values are two-sided.

The risk factors included in the multivariate analyses 
were selected based on the univariate analyses, statistical 
independence, and clinical significance. Multivariate logistic 
regression was used to identify independent risk factors of 
aspiration failure. A nominal logistic regression was initially 
performed with preoperative and intraoperative variables 

Figure 3 Chest X-ray findings and assessments. (A) The distance 
from the lung apex rim to the ipsilateral thoracic cupola in 
the midclavicular line. (B) The inter-pleural distance, and (C) 
represents the inner hemithorax distance at the level of the hilum. 
(D) The distance from the midline to the carina at the level of the 
carina.

A

B

C

D



Journal of Thoracic Disease, Vol 14, No 2 February 2022 325

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(2):321-332 | https://dx.doi.org/10.21037/jtd-21-1587

that were significant univariate predictors of the outcome 
being modelled. Due to the rarity of the outcome events 
being modelled, variables with P<0.1 were included in the 
multivariate logistic regression models. The cut-off value 
for inter-pleural distance at the level of the hilum was 20 mm 
based on the BTS guidelines. The cut-off value for midline 
shift distance at the level of the carina was 10 mm based on 
the results of a preliminary receiver characteristics analysis, 
which showed 9 mm to be the optimal cut-off value with a 
C-index of 0.39. All statistical analyses were performed using 
JMP version 12.0 statistical software (SAS Institute, Inc., 
Cary, NC, USA). Statistical significance was set at P<0.05.

Results 

Overall, 162 patients were eligible for this study, and 107 
were enrolled (Figure 4). The patients’ characteristics are 
summarized (Table 1). Follow-up within 1 week was achieved 

in all patients. No patient experienced any complications 
after aspirations or withdrew from the study.

Of the 107 patients, 91 (85.0%) were male. The median 
patient age was 36 years, and 59 patients (55.1%) had a left 
pneumothorax. The most common type of pneumothorax 
was PSP (68/107; 63.6%), followed by SSP (31/107; 
28.9%), traumatic (5/107; 4.7%), and iatrogenic (3/107; 
2.8%). Forty-eight patients (44.9%) sought medical 
assistance within 24 h of the injury. The success rate of the 
first aspiration was 53.3% (57/107), the second aspiration 
was 59.2% (16/27), and the third aspiration was 80.0% 
(8/10). Up to three aspirations, a total of 81 patients (75.7%) 
were treated successfully by manual aspiration. Manual 
aspiration with no hospitalization was successful in patients 
even with severe pneumothorax, traumatic pneumothorax, 
or pregnant patients. No patients who failed manual 
aspiration required emergent surgery, though all 26 patients 
underwent elective surgery at a later date, including 20 

Figure 4 Follow diagram of the study. Aspiration failure is defined as 2,500 mL of aspirated air, aspiration more than three times, or the 
requirement of a chest tube or surgery. The success rate of the first aspiration was 53.3% (57/107) of the second aspiration was 59.3% (16/27), 
and of the third aspiration was 80.0% (8/10). A total of 81 patients (75.7%) were successfully treated with manual aspiration.

Assessed for eligibility (n=162)

1st aspiration (n=107)

Success (n=57)

Success (n=8)

Success (n=16)

Failure (n=1)
• Desired chest tube placement (n=1)

2nd aspiration (n=27)

Failure (n=23)
• ≥2,500 mL of aspirated air (n=23)

Failure (n=2)
• Insufficient lung expansion (n=2)

Exclusion
• Fulfilling exclusion criteria (n=50)
• Declined to participate (n=5)

Total success
75.7% (n=81)

3rd aspiration (n=10)
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patients who underwent bullectomy, 5 who underwent 
covering, and 1 who underwent looping. No patient 
experienced any complications due to aspiration. 

Older age (P=0.012), SSP (P=0.045), ≤24 h between 
onset and presentation (P=0.041), severe collapsed lung 
using the JSPCLD classification system (P=0.0028), inter-

pleural distance >20 mm at the level of the hilum (P=0.0082), 
severe pneumothorax using the Light index (P<0.001), 
≥10 mm midline shift distance at the level of the carina 
(P<0.001), and high intrathoracic pressure before aspiration 
(P=0.0051) were found to be significant risk factors for 
aspiration failure (Table 2). There were no significant 

Table 1 Background of all patients

Variables
Spontaneous primary, 

n=68 (63.6%)

Spontaneous 
secondary, n=31 

(28.9%)

Traumatic, n=5 
(4.7%)

Iatrogenic, n=3 
(2.8%)

Total, n=107 (%)

Age (median, IQR) 22 [17–36] 66 [54–81] 43 [17–51] 75 [72–77] 36 [18–62]

Sex (male, %) 57 (83.8) 28 (90.3) 4 (80.0) 2 (66.7) 91 (85.0)

Smoking history (%) 11 (16.2) 30 (96.8) 2 (40.0) 3 (100.0) 46 (42.9)

Side of pneumothorax, (left, %) 40 (58.8) 17 (54.8) 1 (20.0) 1 (33.3) 59 (55.1)

Time from onset to presentation (%)

≤24 h 32 (47.1) 12 (38.7) 3 (60.0) 1 (33.3) 48 (44.9)

>24 h 36 (52.9) 19 (61.3) 2 (40.0) 2 (66.7) 59 (55.1)

Chest X-ray findings

Apex to cupola distance (median, 
IQR) (mm)

65 [48–106] 51 [15–76] 52 [17–69] 52 [25–67] 60 [35–85]

Inter pleural distance at level of 
the hilum (median, IQR) (mm)

29 [17–47] 33 [20–53] 34 [23–34] 16 [0–19] 30 [17–47]

Inner hemithorax distance at level 
of the hilum (median, IQR) (mm)

139 [131–144] 144 [134–156] 138 [127–153] 139 [133–147] 139 [132–146]

Midline shift distance at level of 
the carina (median, IQR) (mm)

7 [0–9] 7 [3–10] 9 [0–13] 0 [0–3] 6 [0–9]

Pneumothorax size using the Light 
index (median, IQR) (%)

52.9 (33.2–72.4) 53.9 (34.3–74.0) 50.2 (41.9–58.9) 29.2 (0–35.7) 51.7 (34.1–72.3)

JSPCLD classification criteria (%)

Medium 33 (48.5) 21 (67.7) 4 (80.0) 3 (100.0) 61 (57.0)

Severe 35 (51.5) 10 (32.3) 1 (20.0) 0 (0) 46 (43.0)

Intrathoracic pressure (median, IQR) 
(cmH2O)

Before aspiration −0.5 (−1.0 to +3.5) +1.7 (+0.5 to +10.9) −1.5 (−2.4 to −0.5) +1.0 (−0.5 to 2.0) +1.2 (−0.7 to +3.6)

After aspiration −6.5 (−8.8 to −4.5) −1.4 (−6.9 to +3.0) −6.0 (−8.5 to −4.3) −6.0 (−6.5 to −5.0) −6.4 (−8.3 to −4.3)

Plasma factor XIII (median, IQR) (%) 78 [70–91] 108 [90–122] 115 [91–125] 88 [67–91] 81 [73–109]

Amount of drainage air (median, 
IQR) (mL)

1,315 [725–1,845] 1,250 [720–1,530] 1,180 [645–1,435] 430 [250–550] 1,230 [700–1,680]

Aspiration success (%) 54 (79.4) 19 (61.3) 5 (100.0) 3 (100.0) 81 (75.7)

Categorical variables are presented as n (%). Continuous variables are presented as indicated. IQR, interquartile range; JSPCLD, The 
Japan Society for Pneumothorax and Cystic Lung Diseases
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differences in sex, PSP, traumatic pneumothorax, iatrogenic 
pneumothorax, diseased side, apex to cupola distance, 
intrathoracic pressure after aspiration, or plasma factor XIII 
among the patients with resolved and those with persistent 
pneumothorax. 

An inter-pleural distance of >20 mm at the level of the 
hilum [odds ratio (OR): 4.93; 95% confidence interval  
(CI): 1.49–22.71; P=0.0075], SSP (OR: 3.11; 95% CI: 1.14–
8.76; P=0.027), and ≤24 h between onset and presentation 
(OR: 2.95; 95% CI: 1.12–8.26; P=0.028) were found to be 
independently associated with aspiration failure (Table 3). 
An inter-pleural distance >20 mm at the level of the hilum 
was significantly associated with severe collapsed lung using 
JSPCLD classification (P=0.0002), severe pneumothorax 
using the Light index (P<0.0001), ≥10 mm midline shift at 
the level of the carina (P=0.0044), and higher intrathoracic 

pressure before aspiration (P=0.0054). SSP was also 
associated with age (P<0.0001).

Discussion

This study was a prospective, two-center study assessing the 
effectiveness of manual aspiration with a 20- or 22-G needle 
in clinically stable patients with a large pneumothorax 
due to any cause. In this study, 75.7% of patients were 
successfully treated with manual aspiration and did not 
require hospitalization. Aspiration failure was correlated 
with an inter-pleural distance >20 mm at the level of 
the hilum (OR: 4.93; 95% CI: 1.49–22.71; P=0.0075), 
spontaneous secondary pneumothorax (OR: 3.11; 95% CI: 
1.14–8.76; P=0.027), and ≤24 h from onset to presentation 
(OR: 2.95; 95% CI: 1.12–8.26; P=0.028). There were 

Table 2 Univariate analysis of patients with aspiration failure

Variables Success, n=81 Failure, n=26 P value

Age (median, IQR) (%) 28.0 (33.5–66.0) 56.5 (17.0–56.5) 0.012

Sex (male, %) 67 (82.7) 24 (92.3) 0.35

Smoking history 30 (37.0) 16 (61.5) 0.039

Type of pneumothorax (%)

Spontaneous primary 54 (66.7) 14 (53.9) 0.25

Spontaneous secondary 19 (23.5) 12 (46.2) 0.045

Traumatic 5 (100.0) 0 (0) 0.33

Iatrogenic 3 (100.0) 0 (0) 0.43

Side of pneumothorax (left, %) 45 (55.6) 14 (53.9) 0.65

≤24 h from onset to presentation (%) 32 (39.5) 16 (61.5) 0.041

Chest X-ray findings

Apex to cupola distance (median, IQR) (mm) 58 (36.5–83.0) 67 (20.3–106.0) 0.72

Inter pleural distance at level of the hilum >20 mm 49 (60.5) 23 (88.5) 0.0082

Midline shift distance at level of the carina ≥10 mm 13 (16.1) 15 (57.7) <0.001

Pneumothorax size using the Light index (median, IQR) (%) 43.1 (29.3–61.3) 74.0 (50.6–86.5) <0.001

Severe collapsed lung using the JSPCLD classification criteria (%) 28 (34.6) 18 (69.2) 0.0028

Intrathoracic pressure (median, IQR) (cmH2O)

Before aspiration −0.2 (−1.6 to +2.1) 2.7 (1.4 to 4.8) 0.0051

After aspiration −6.0 (−6.6 to 4.3) −6.7 (−8.8 to 2.4) 0.73

Plasma factor XIII (median, IQR) (%) 78.0 (70.5 to 108.5) 87.0 (74.8 to 116.5) 0.65

Categorical variables are presented as n (%). Continuous variables are presented as indicated. IQR, interquartile range; JSPCLD, The 
Japan Society for Pneumothorax and Cystic Lung Diseases.
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no significant differences in intrathoracic pressure after 
aspiration or plasma factor XIII between patients with 
resolved and persistent pneumothoraces. 

Pneumothorax is a common disease (36-40). Despite 
the incidence of pneumothorax (38-40), several methods 
for initial treatment exist. Placement of a chest tube is 
common in the nations following the ACCP guidelines, 
while aspiration is recommended by the BTS. Although 
a careful follow-up or effect on the thoracic vent 
management for spontaneous pneumothorax, there are 
concerns about adverse events (21,22). Thoracic vent had 
serious adverse events and similar pain compared to the 
standard care (22). It is also easy to imagine a sense of 
discomfort when a patient is inserted a foreign body such as 
a thoracic vent. Manual aspiration had fewer complications 
and could be easily performed anywhere. Achieving a 
resolution of pneumothorax in an outpatient setting avoids 
hospitalization (17) and reduces the physical, mental, and 
economic burden on the patient. Some patients included 
severe pneumothorax, iatrogenic, or pregnant women. 
Despite a small sample size, aspiration may be a more 
preferred option in all pneumothoraxes. The high success 
rate of aspiration (75.7%) in this study was thought to be 
because of the policy that allowed up to three attempts. 
This was comparable to previous reports success rates 
(47.8% to 91.3%) using 16-G needle (7-10,12-16). In this 
study, all patients treated with aspiration had improved 
symptoms, even when the aspiration failed. Despite a small 
sample size, both traumatic and iatrogenic pneumothorax 
had a 100% cure rate. This was also comparable to previous 
reports (23). Therefore, especially for patients with 
iatrogenic pneumothorax, the less-invasive aspiration may 
be a more preferred option than chest tube placement or 
surgery. Aspiration with a smaller needle may serve as a life-
saving procedure that can be done by a non-specialist. 

We found that an inter-pleural distance >20 mm at 
the level of the hilum, SSP, and ≤24 h between onset and 
presentation are significantly associated with aspiration 
failure. The BTS included an inter-pleural distance >20 mm  
at the level of the hilum and SSP when creating the 
algorithms to develop their guidelines. However, most 
patients with these conditions were successfully cured by 
manual aspiration in this study. Manual aspiration was 
preferred by patients for several reasons, including avoiding 
the difficult chest tube placement procedure and the 
subsequent requirement of antithrombotic medications. 
Therefore, manual aspiration should be the first choice for 
the initial treatment of any pneumothorax, even in patients 
with a risk factor for aspiration failure.

The time from pneumothorax onset to presentation 
also affected the success of manual aspiration. Typically, 
patients with pneumothorax, especially those with PSP, 
present several days after the onset of symptoms (41). 
Pulmonary fistulas may close naturally in approximately  
1–3 days (42). Generally, the clinical symptoms associated 
with SSP are more severe than those associated with PSP (43).  
Therefore, clinical manifestations are unreliable indicators 
of pneumothorax size (44). Additionally, plasma factor 
XIII has been reported to be a fistula-healing factor and 
intraoperative bleeding (29,30,45,46). In lung disease, 
there are some reports related to therapeutic effect of 
pneumothorax and prolonged air leak after pulmonary 
lobectomy (47,48). However, effect of plasma factor XIII is 
controversial (49). At least, plasma factor XIII was not found 
to be associated with the success of manual aspiration in this 
study, although it cannot be ruled out that it is associated 
with the development of pneumothorax.  

Tension pneumothorax is known that intrathoracic cavity 
pressure tend to be positive and affects hemodynamics 
(50,51). Although tension pneumothorax was excluded 

Table 3 Multivariate logistic regression analysis of patients with aspiration failure

Variables OR 95% CI P value

Chest X-ray findings

Inter pleural distance at level of the hilum >20 mm 4.93 1.49–22.71 0.0075

Type of pneumothorax

Spontaneous secondary 3.11 1.14–8.76 0.027

Time from onset to visiting the clinic

≤24 h 2.95 1.12–8.26 0.028

OR, odds ratio; CI, confidence interval.
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from this study, we assumed that persistent air leaks 
cases were higher intrathoracic pressure. There may be 
a causal relationship between the degree of collapse and 
intrathoracic pressure, but at least in this study there was no 
statistical result as a failure factor.

The diagnosis of pneumothorax is usually confirmed via 
imaging, which may also yield information about the size 
of the pneumothorax. A standard erect chest X-ray during 
inspiration is recommended for the initial diagnosis of 
pneumothorax. Various formulae for measuring the size of 
pneumothorax have been reported (34,35). In this study, the 
Light criteria, mediastinal shift, chest X-ray findings, and 
intrathoracic pressure were all correlated to the horizontal 
collapse distance. Besides the BTS included an inter-pleural 
distance >20 mm at the level of the hilum, the horizontal 
collapse distance would be the most useful factor that it can 
be easily implemented by anyone and anywhere. Vertical 
collapse is widely known as the degree of collapse; however, 
patients with pneumothorax often have adhesions in the 
apical lung, rendering measurements of vertical collapse 
difficult. Therefore, the horizontal collapse distance was 
used in this study. 

Chest tube insertion is complicated by the presence 
of adhesions, which are likely if the lung apex does not 
collapse (18,19). As adhesions are difficult to detect on 
chest radiography, and computed tomography is not always 
available, chest ultrasonography is the most effective 
imaging technique to detect intrathoracic adhesions (31) 
and can also be used to diagnose pneumothorax (32). 

The appropriate chest tube diameter for pneumothorax 
has been previously reported (20,52). The ACCP guidelines 
recommend a larger bore (35-37,41-44) French chest tube, 
while the 2010 BTS pleural disease guidelines recommend 
simple aspiration using a 14–16-G needle. There is also a 
report using an 18-G needle (11). A large caliber tube is not 
necessary for only air drainage. Treatment time with small 
bore catheter was shorter than conventional chest tube 
drainage (53). Smaller-calibre tubes or needles have a slower 
flow rate. The flow rate of the 20-G needle is 55 mL/min 
and that of the 22-G needle is 31 mL/min. Slower drainage 
may help prevent re-expansion pulmonary edema (54). For 
patients at risk of pulmonary edema, we prophylactically 
administered methylprednisolone sodium succinate  
(40 mg) 30 min before aspiration (55). Proper needle 
selection is important, especially in patients with a thick 
thorax. Smaller needles are also shorter. Ultrasound 
can also be used to determine the shortest path to the 
pneumothorax, which is dependent on body position. 

The Supercath 5 apparatus included a built-in check valve 
and inner needle retraction into the safety cover with one 
button press, which helped minimize the risk of worsening 
a pneumothorax and accidental needle sticks for medical 
staff. A needle’s characteristics must be considered when 
performing manual aspiration.  

Initial treatment for pneumothorax should safely and 
effectively drain the air in the chest cavity. Ideally, this 
treatment should be available in any healthcare setting 
and be inexpensive. However, drainage via a larger bore 
chest tube typically requires hospitalization and may lead 
to complications, especially in patients with adhesions. 
Management of a thoracic vent and narrow bore chest 
tubes do not always require hospitalization, and have an 
economical benefit or shorter treatment time (26). However, 
there remains a sense of discomfort that foreign matter 
is indwelling, despite less pain compared to chest tube 
drainage (7,15). The number of aspiration was reported up 
to the second time (7), but this time it was performed up to 
three times. Aspiration up to three times is an effective and 
safe procedure in patients with large pneumothorax, and 
aspiration may serve as a life-saving procedure that can be 
done by a non-specialist. In this study, all patients treated 
with aspiration had improved symptoms, even when the 
aspiration failed. This aspiration technique would need to 
learn for all physicians and medical students.

Limitations

This study has some limitations. This two-center study 
had a small sample size and limited ethnic diversity. 
A large multicenter and international study would be 
needed. However, the study population is prospective 
and sequential. This study is not a comparative study 
with chest tube drainage or thoracic vent. However, the 
effectiveness was equal to or better than previous studies. 
The definition of aspiration success might be too short. 
However, we referred to that past report (9). Even if it is 
cured by chest tube insertion, it is the same in conservative 
treatment. The significance of aspiration cures without 
hospitalization is even greater. The short treatment period 
was similar to the previous reports (15,17). The time 
from onset to presentation was calculated with details 
obtained during patient interviews and was not verified in 
this study. However, the patient’s symptoms are useful in 
determining if >24 h between onset and presentation has 
passed. In this study, the maximum intrathoracic pressure 
obtained during a 10-s measurement period was used as 
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the pressure fluctuates with breathing. Very few studies 
regarding pneumothorax and intrathoracic pressure 
measurements have been reported; therefore, continuous 
data accumulation may be required.

Conclusions

Manual aspiration up to three times using a small needle 
might be one of a treatment option in clinically stable 
patients with any large pneumothorax. Aspiration failure 
was correlated with an inter-pleural distance >20 mm at the 
level of the hilum, spontaneous secondary pneumothorax, 
and ≤24 h from onset to presentation.
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