
Review began 06/27/2023 
Review ended 07/03/2023 
Published 07/05/2023

© Copyright 2023
Ozawa et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Artificial Pneumothorax Using the Liver-Directed
Approach and Seldinger’s Technique: Technical
Feasibility and Safety
Mizuki Ozawa  , Miyuki Sone  , Shunsuke Sugawara  , Chihiro Itou  , Shintaro Kimura  , Yasuaki Arai  ,
Masahiko Kusumoto 

1. Diagnostic Radiology, National Cancer Center Hospital, Tokyo, JPN

Corresponding author: Mizuki Ozawa, mizukiozawa0717@gmail.com

Abstract
Purpose
This study aimed to evaluate the technical feasibility and safety of artificial pneumothorax induction for
percutaneous procedures using the liver-directed approach and Seldinger’s technique.

Materials and methods
The data of 25 consecutive patients who underwent percutaneous procedures after inducing artificial
pneumothorax were reviewed retrospectively. The liver surface was punctured with an 18-gauge indwelling
needle via the intercostal space in the inferior thoracic cavity under ultrasound guidance, avoiding the lung
parenchyma and leaving the catheter in place. After a deep inhalation pulled the catheter tip into the pleural
cavity, a hydrophilic guidewire was inserted through the catheter. Finally, a small-diameter catheter was
inserted into the pleural cavity over the guidewire to induce artificial pneumothorax. Procedure time (the
time from local anesthesia to completion of the procedure), technical success (successful induction of
artificial pneumothorax), clinical success (successful completion of the percutaneous procedure), and
complications (categorized according to the Clavien-Dindo classification) were evaluated in this study.

Results
The artificial pneumothorax induction was successful in all cases. Clinical success was achieved in 23 of 25
procedures (92%). No severe complications were observed.

Conclusion
The liver-directed approach and Seldinger’s technique for inducing artificial pneumothorax was safe and
feasible for avoiding lung injury.
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Introduction
The key to avoiding complications associated with percutaneous needle biopsy and ablation is to limit injury
to other organs. The lung may be involved in the puncture route during the procedures for mediastinal and
subdiaphragmatic liver tumors. A multicenter retrospective study of 9,783 percutaneous lung biopsies
reported 10 cases (0.10%) of tension pneumothorax, nine cases (0.092%) of hemothorax, and six cases
(0.061%) each of air embolism and severe pulmonary hemorrhage or hemoptysis [1]. Lung biopsy and
percutaneous procedures traversing the lung parenchyma may have similar severe adverse events. 

Artificial pneumothorax, originally described by Forlanini as a treatment for tuberculosis more than 100
years ago, has recently been proposed to avoid lung injury during percutaneous procedures [2]. The
techniques for inducing artificial pneumothorax vary in the literature; however, most studies applied the
one- or two-step methods. The first step is to inject a small amount of gas by puncturing the pleural cavity
with a fine needle; in the two-step method, the space created by the needle is then punctured with another
needle [3-5]. Although both methods are technically simple, the two-step method requires two punctures,
and both may cause lung injuries. Furthermore, deflation after the procedure may be challenging because
only a fine needle is used.

The method of inducing artificial pneumothorax by introducing a fine needle into the liver surface in the
inferior region of the thoracic cavity, avoiding the lung parenchyma, and using a guidewire is safe and
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commonly performed in clinical practice. Therefore, we named this method of creating artificial
pneumothorax the liver-directed approach and Seldinger’s technique. This retrospective study aimed to
evaluate the technical feasibility and safety of inducing artificial pneumothorax for percutaneous
procedures using this technique. 
 

Materials And Methods
Patients
Institutional review board approval was obtained for this retrospective study, and the requirement for
informed consent was waived. However, all patients provided written informed consent to undergo the
procedure. The data of 25 consecutive patients (17 males and eight females; mean age 70.8 years) who
underwent percutaneous procedures with artificial pneumothorax induction between 2013 and 2021 were
reviewed. The procedures included 15 radiofrequency ablations (RFA) for hepatocellular carcinoma, eight
biopsies for hepatocellular carcinoma, mediastinal tumor and adrenal tumor, and two cryotherapies for
renal cell carcinoma.

Technique
All procedures were performed under local anesthesia with mild intravenous analgesics. The liver surface
was punctured with an 18-gauge indwelling needle (Surflo, Terumo, Tokyo, Japan) under ultrasound
guidance via the intercostal space in the inferior region of the thoracic cavity to avoid the lung parenchyma
(Figure 1). The catheter was left in place and the patient was instructed to inhale deeply, thus moving the
catheter into the pleural cavity. Subsequently, a hydrophilic guidewire (Radifocus Guidewire M; Terumo) was
inserted into the pleural cavity through the catheter (Figure 2). Finally, small diameter (4- to 8-F catheter or
soft tube) tubes were inserted into the pleural cavity over the guidewire, then artificial pneumothorax was
induced and the percutaneous procedure was performed (Figures 3-5). After the percutaneous procedure, the
gas was extracted as much as possible, and the catheter was removed.
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FIGURE 1: Schema of Seldinger’s technique to induce artificial
pneumothorax (coronal image)
The liver surface is punctured using an 18-gauge indwelling needle via the pleural cavity under ultrasound
guidance. The catheter is left in place (black arrow). 

ST: subcutaneous tissue, PC: pleural cavity.
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FIGURE 2: Schema of Seldinger’s technique to induce artificial
pneumothorax (coronal image)
The patient is instructed to inhale deeply to help advance the catheter tip further into the pleural cavity.
Subsequently, a hydrophilic guidewire is inserted into the pleural cavity through the catheter (black arrow). 

ST: subcutaneous tissue, PC: pleural cavity.
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FIGURE 3: Schema of Seldinger’s technique to induce artificial
pneumothorax (coronal image)
Finally, small-diameter catheters are inserted into the pleural cavity over the guidewire to induce artificial
pneumothorax (black arrow).

ST: subcutaneous tissue, PC: pleural cavity.
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FIGURE 4: Image of a 78-year-old female patient who underwent
radiofrequency ablation (RFA) with artificial pneumothorax for
subdiaphragmatic hepatocellular carcinoma (HCC)
Artificial pneumothorax was induced using Seldinger’s technique and a narrow catheter was inserted (black
arrow).
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FIGURE 5: Images of a 78-year-old female patient who underwent
radiofrequency ablation (RFA) with artificial pneumothorax for
subdiaphragmatic hepatocellular carcinoma (HCC)
With the artificial pneumothorax, the RFA for subdiaphragmatic HCC was successfully performed without lung
injury.

Outcome measures
The following outcomes were evaluated in this study: procedure time (the time from local anesthesia to
completion of the procedure), technical success (successful induction of artificial pneumothorax), clinical
success (successful completion of the percutaneous procedure), and occurrence of complications,
categorized according to the Clavien-Dindo classification [6]. The target lesions, catheter types, and types
and amounts of gas were also evaluated. Additionally, the cases with indwelling catheters left in place after
the procedure were evaluated.

Statistical analysis
Only descriptive statistics were performed (means and percentages).

Results
Procedure details
The target lesions were 19 (76%) hepatocellular carcinomas, three (12%) mediastinal tumors, two (8%) renal
cell carcinomas, and one (4%) adrenal tumor. The mean procedure time was 95.2 min (range: 25-160). The
catheters used were 6-Fr percutaneous transhepatic cholangio-drainage (PTCD) tube in 15 (60%) cases, 8-Fr
PTCD tube in five (20%) cases, 4-Fr seeking catheter in four (16%) cases, and 6.5-Fr seeking catheter in one
(4%) case. The gases used were room air (18/25, 72%), CO2 (5/25, 20%), and mixed room air and CO2 (2/25,
8%). The amount of gas used was measured in 20 procedures, with a mean of 477.5 mL (range: 150-1000).
The treatment details are summarized in Table 1.
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Target Lesion n (%)

 HCC 19 (76%)

 RCC 2 (8%)

 Mediastinal Tumor 3 (12%)

 Adrenal Tumor 1 (4%)

Procedure Time (minutes)  

 Mean (range) 95.2 (25-160)

Type of Tube  

 6F PTCD tube 15 (60%)

 8F PTCD tube 5 (20%)

 4F seeking catheter 4 (16%)

6.5F seeking catheter 1 (4%)

Type of Gas  

 Room Air 18 (72%)

 CO2 5 (20%)

 Room Air + CO2 2 (8%)

Amount of Gas (ml, 20 cases are available)  

 Mean (range) 477.5 (150-1000)

Technical Success 100%

Clinical Success 92%

Adverse events (Clavien–Dindo classification)  

 Grade Ⅰ 3 (12%)

 Grade Ⅱ 1 (4%)

TABLE 1: Details of percutaneous procedures with artificial pneumothorax of 25 patients
HCC: hepatocellular carcinoma; RCC: renal cell carcinoma; PTCD: percutaneous transhepatic cholangio-drainage

Technical and clinical success
Artificial pneumothorax was successfully induced in all cases. Clinical success was achieved in 23 of 25
patients (92%). The remaining two patients underwent RFA and required the induction of a concomitant
artificial pleural effusion to achieve clinical success. 

Complications
Three grade I and one grade II complication were observed, according to the Clavien-Dindo classification. All
grade I complications were associated with biopsies and included two cases of pain and one of hemothorax
that did not require treatment. However, in the patient with hemothorax, the catheter was left in place after
the procedure for continuous drainage. The grade II complication, dyspnea, was associated with artificial
pneumothorax and required oxygen therapy. 

Discussion
Our results suggest that artificial pneumothorax induction using the liver-directed approach and Seldinger’s
technique is highly feasible, with technical and clinical success rates of 100% and 92%, respectively. The
maneuver is also safe, with no severe complications associated with the procedure.

Lin and Li reported that the technical and clninical success rates were 100% and 90.9%, respectively, in 11
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cases of percutaneous mediastinal tumor biopsy with artificial pneumothorax. They used the two-step
method to induce artificial pneumothorax [7]. Favelier et al. described a case of a percutaneous adrenal
tumor with a biopsy performed by inducing artificial pneumothorax; they also used the two-step method to
induce the pneumothorax [5]. No severe procedural complications were reported in either article.

Artificial pneumothorax can be applied to perform percutaneous ablations as well as biopsies [8-13]. A
previous study on 26 RFA procedures for hepatocellular carcinoma reported that the technical success rate
of artificial pneumothorax induction was 88.5%. Again, they used the two-step method to induce artificial
pneumothorax, and no severe procedural complications occurred [4].

Artificial pneumothorax using the liver-directed approach and Seldinger’s technique has a low risk of lung
injury since the pleural cavity is punctured where the lung parenchyma is absent. Additionally, inflation and
deflation are straightforward phases compared to the two-step method due to the indwelling tube or
catheter. Furthermore, the catheter can be used as a drainage device for pneumothorax and hemothorax if
the latter occurs. Creating artificial ascites using Seldinger’s technique is feasible [14]. Our method is
technically simple and similar to the creation of artificial ascites. 

A potential risk for hepatic hemorrhage exists because the puncture needle is advanced to the liver surface;
however, such a risk is low because of the small diameter of the needle (18 G). Atwell et al. reported a low
incidence of bleeding complications (0.5%) in their retrospective review of 3,636 percutaneous liver biopsies
[15]. Since the puncture needle for the artificial pneumothorax is not inserted into the liver parenchyma, the
rate of bleeding complication is expected to be lower than that of percutaneous liver biopsies.

This study has some limitations. First, it was a retrospective study conducted at a single institution with a
small sample size. Second, the indwelling catheter and gas for the procedures were not standardized.

Conclusions
Artificial pneumothorax induction for percutaneous procedures using the liver-directed approach and
Seldinger’s technique may be a feasible and safe technique to avoid lung injury. However, further
prospective studies with a larger sample size are warranted to determine the feasibility and safety of this
maneuver.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board of National Cancer Center Hospital issued approval NCCH-2018-049. Ethical Approval: All procedures
performed in studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. For this type of study formal consent is not required. This
retrospective study was approved by the Institutional Ethics Committee. Informed Consent: This study has
obtained IRB approval (approval number: NCCH-2018-049) from the Institutional Ethics Committee and the
need for informed consent was waived. All patients provided written informed consent to undergo the
procedure. Consent for Publication: For this type of study consent for publication is not required. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We would like to thank Editage (www.editage.com) for English language editing.

References
1. Tomiyama N, Yasuhara Y, Nakajima Y, et al.: CT-guided needle biopsy of lung lesions: a survey of severe

complication based on 9783 biopsies in Japan. Eur J Radiol. 2006, 59:60-4. 10.1016/j.ejrad.2006.02.001
2. Garbarino MC, Cani V, Mazzarello P, et al.: A century ago: Carlo Forlanini and the first successful treatment

of tuberculosis. Lancet. 2018, 392:475. 10.1016/S0140-6736(18)31497-1
3. Zuo T, Lin W, Liu F, Xu J: Artificial pneumothorax improves radiofrequency ablation of pulmonary

metastases of hepatocellular carcinoma close to mediastinum. BMC Cancer. 2021, 21:505. 10.1186/s12885-
021-08223-7

4. Shibamoto K, Mimura H, Fukuhara Y, Nishino K, Kawamoto H, Kato K: Feasibility, safety, and efficacy of
artificial carbon dioxide pneumothorax for computed tomography fluoroscopy-guided percutaneous
radiofrequency ablation of hepatocellular carcinoma. Jpn J Radiol. 2021, 39:1119-26. 10.1007/s11604-021-

2023 Ozawa et al. Cureus 15(7): e41423. DOI 10.7759/cureus.41423 9 of 10

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/j.ejrad.2006.02.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejrad.2006.02.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)31497-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)31497-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12885-021-08223-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12885-021-08223-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11604-021-01148-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11604-021-01148-y?utm_medium=email&utm_source=transaction


01148-y
5. Favelier S, Guiu S, Cherblanc V, Cercueil JP, Krausé D, Guiu B: Transthoracic adrenal biopsy procedure using

artificial carbon dioxide pneumothorax as outpatient procedure. Cardiovasc Intervent Radiol. 2013, 36:1184-
7. 10.1007/s00270-012-0508-8

6. Dindo D, Demartines N, Clavien PA: Classification of surgical complications: a new proposal with evaluation
in a cohort of 6336 patients and results of a survey. Ann Surg. 2004, 240:205-13.
10.1097/01.sla.0000133083.54934.ae

7. Lin ZY, Li YG: Artificial pneumothorax with position adjustment for computed tomography-guided
percutaneous core biopsy of mediastinum lesions. Ann Thorac Surg. 2009, 87:920-4.
10.1016/j.athoracsur.2008.10.020

8. de Baère T, Dromain C, Lapeyre M, et al.: Artificially induced pneumothorax for percutaneous transthoracic
radiofrequency ablation of tumors in the hepatic dome: initial experience. Radiology. 2005, 236:666-70.
10.1148/radiol.2362040992

9. Yang X, Zhang K, Ye X, et al.: Artificial pneumothorax for pain relief during microwave ablation of
subpleural lung tumors. Indian J Cancer. 2015, 52 Suppl 2:e80-3. 10.4103/0019-509X.172519

10. Valle LG, Rochal RD, Rahal A Jr, Garcia RG: Percutaneous CT-guided ablation in the hepatic dome:
artificially induced pneumothorax for safe transpleural access. J Clin Imaging Sci. 2015, 5:63. 10.4103/2156-
7514.170732

11. Hou X, Zhuang X, Zhang H, Wang K, Zhang Y: Artificial pneumothorax: a safe and simple method to relieve
pain during microwave ablation of subpleural lung malignancy. Minim Invasive Ther Allied Technol. 2017,
26:220-6. 10.1080/13645706.2017.1287089

12. Jia H, Tian J, Liu B, Meng H, Pan F, Li C: Efficacy and safety of artificial pneumothorax with position
adjustment for CT-guided percutaneous transthoracic microwave ablation of small subpleural lung tumors.
Thorac Cancer. 2019, 10:1710-6. 10.1111/1759-7714.13137

13. Maeda H, Kajiwara K, Yoshimatsu R, et al.: Artificially induced pneumothorax with a Veress needle for
cryoablation of renal cell carcinoma. Minim Invasive Ther Allied Technol. 2022, 31:483-6.
10.1080/13645706.2020.1814341

14. Kang TW, Lee MW, Hye MJ, et al.: Percutaneous radiofrequency ablation of hepatic tumours: factors
affecting technical failure of artificial ascites formation using an angiosheath. Clin Radiol. 2014, 69:1249-
58. 10.1016/j.crad.2014.07.012

15. Atwell TD, Smith RL, Hesley GK, et al.: Incidence of bleeding after 15,181 percutaneous biopsies and the
role of aspirin. AJR Am J Roentgenol. 2010, 194:784-9. 10.2214/AJR.08.2122

2023 Ozawa et al. Cureus 15(7): e41423. DOI 10.7759/cureus.41423 10 of 10

https://dx.doi.org/10.1007/s00270-012-0508-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00270-012-0508-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.sla.0000133083.54934.ae?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.sla.0000133083.54934.ae?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2008.10.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2008.10.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2362040992?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2362040992?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0019-509X.172519?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0019-509X.172519?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2156-7514.170732?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2156-7514.170732?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13645706.2017.1287089?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13645706.2017.1287089?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/1759-7714.13137?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/1759-7714.13137?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13645706.2020.1814341?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13645706.2020.1814341?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.crad.2014.07.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.crad.2014.07.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2214/AJR.08.2122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2214/AJR.08.2122?utm_medium=email&utm_source=transaction

	Artificial Pneumothorax Using the Liver-Directed Approach and Seldinger’s Technique: Technical Feasibility and Safety
	Abstract
	Purpose
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Patients
	Technique
	FIGURE 1: Schema of Seldinger’s technique to induce artificial pneumothorax (coronal image)
	FIGURE 2: Schema of Seldinger’s technique to induce artificial pneumothorax (coronal image)
	FIGURE 3: Schema of Seldinger’s technique to induce artificial pneumothorax (coronal image)
	FIGURE 4: Image of a 78-year-old female patient who underwent radiofrequency ablation (RFA) with artificial pneumothorax for subdiaphragmatic hepatocellular carcinoma (HCC)
	FIGURE 5: Images of a 78-year-old female patient who underwent radiofrequency ablation (RFA) with artificial pneumothorax for subdiaphragmatic hepatocellular carcinoma (HCC)

	Outcome measures
	Statistical analysis

	Results
	Procedure details
	TABLE 1: Details of percutaneous procedures with artificial pneumothorax of 25 patients

	Technical and clinical success
	Complications

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


