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Abstract
Tuberous sclerosis complex lymphangioleiomyomatosis (TSC-LAM) is a rare disease, which may develop an intractable 
pneumothorax. Chemical or mechanical pleurodesis is a general management to prevent recurrence of pneumothorax, render-
ing it difficult to later dissect the pleura and control intraoperative bleeding. Since total pleural coverage (TPC) alternative 
to pleurodesis has been firstly reported by Kurihara et al. (Jpn J Thorac Cardiovasc Surg 54:274, 2006), TPC was performed 
in case of a 46-year-old female with a secondary spontaneous pneumothorax caused by TSC-LAM and followed by lung 
transplantation. Final pathological report showed the reinforced visceral pleura in the absence of dense adhesions.
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Introduction

Tuberous sclerosis complex lymphangioleiomyomatosis 
(TSC-LAM) is a rare disease, which may trigger an intrac-
table pneumothorax. Chemical or mechanical pleurodesis is 
recommended to prevent recurrence, rendering it difficult to 
later dissect the pleura and control intraoperative bleeding. 
We performed total pleural coverage (TPC) as an alterna-
tive to pleurodesis, based on the recommendations of recent 
reports. Pathological findings are important when evaluat-
ing the efficacy of TPC. Herein, we report the case of a 
46-year-old female with a secondary spontaneous pneumo-
thorax caused by TSC-LAM who underwent TPC prior to 
lung transplantation.

Case report

A 46-year-old female was admitted to the emergency room 
with dyspnea, and right pneumothorax was diagnosed. Chest 
computed tomography (CT) revealed the features of lym-
phangioleiomyomatosis (LAM), including facial angiofi-
broma, hypomelanotic macules, and renal angiomyolipoma; 
we thus diagnosed tuberous sclerosis complex (TSC)-LAM. 
As the air leakage had developed 10 days prior, airleak con-
trol was performed by video-assisted thoracoscopic surgery 
(VATS), which showed multiple lung cysts with ruptured 
bullae surrounded by a dense adhesion in the right upper 
lobe. After releasing the adhesion, the bullae was ligated, 
and covered a huge fragile cyst at risk of imminent rup-
ture with an absorbable polyglycolic acid sheet (Neoveil; 
Gunze Ltd., Kyoto, Japan) and fibrin sealant (Tisseel; Baxter 
Healthcare Corp., Deerfield, IL, USA). To prevent recur-
rence, we performed total pleural coverage (TPC) of the 
entire lung surface using 12 sheets of oxidized regenerated 
cellulose (ORC) mesh (Ethicon SURGICEL ® absorbable 
Hemostat gauze, Johnson & Johnson, Brunswick, NJ, USA) 
(Fig. 1). The patient was discharged on postoperative day 
(POD) 9.

One month later, she was readmitted to treat a contralat-
eral recurrent pneumothorax. She again underwent TPC 
after ligation of the ruptured bullae and was discharged on 
POD 22. Home oxygen therapy and sirolimus 1 mg daily 
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was prescribed, because the dyspnea remained aggravated 
even after operation.

Fourteen months later, lung transplantation was suc-
cessfully performed; both lungs that had been subjected 
to TPC were sampled, revealing thickened visceral pleura 
surrounded by minimal inflammation (Fig. 2). After the 
operation, oxygen therapy was no longer necessary and 
she was discharged on POD 41 without any complication.

Discussion

Tuberous sclerosis complex (TSC) is an autosomal-dom-
inant genetic disorder affecting multiple organs. LAM is 
one manifestation of TSC, caused by a TSC2 mutation 
triggering aberrant cell proliferation [2].

Since recurrent pneumothorax is one of the most common 
complications seen in LAM patients, chemical or mechanical 

Fig. 1  Gross findings of lungs correlated to computed tomographic 
images. a Ruptured bullae were evident in the right upper lobe, as 
was a dense adhesion around the bullae. The adhesion was released 
and the bullae loop ligated. b The ruptured area (asterisk) contained 

bullae, as revealed by CT. c A huge fragile cyst at risk of immediate 
rupture was covered by an absorbable polyglycolic acid sheet (e). d 
The fragile cyst (arrow) was located near the bullae, as revealed by 
CT. f We performed total pleural coverage (TPC) of the entire lung
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Fig. 2  Gross and microscopic findings of lungs that had undergone 
TPC. a, b The surfaces of both the right (a) and left (b) lungs were 
relatively smooth. c, d The visceral pleura that had undergone TPC 

were thickened, and minimal adhesion of the visceral to the parietal 
pleura was evident. e Elastica-Masson stain showed the thickened vis-
ceral pleura above the natural visceral pleura (arrow)
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pleurodesis has been recommended to prevent recurrence [3, 
4]. However, after pleurodesis, it was difficult to dissect the 
pleura and control intraoperative bleeding, because of severe 
adhesion. Therefore, TPC was recommended as an alterna-
tive to pleurodesis, in which ORC was used to cover the 
entire pleura to make thickened visceral pleura, as in studies 
of Noda et al., Kurihara et al., Kusu et al. [3, 5–7].

Although sirolimus inhibits tissue proliferation and 
the release of lymphangiogenic growth factors [8, 9], and 
relieves symptoms, the dyspnea worsened in our case as dis-
ease progressed, and lung transplantation was performed at 
15 months after the initial operation. The pathology showed 
the thickened pleura without severe inflammation (Fig. 2).

Although animal experiments have been performed to 
check adhesion or visceral pleural thickness after pleurode-
sis [3], no report on a patient treated via TPC who later 
underwent lung transplantation has appeared. As shown 
here, TPC might be one of the good tools for prevention 
of recurred pneumothorax, making the thickened visceral 
pleura useful to describe our patient with LAM who under-
went TPC followed by lung transplantation; examination of 
the extracted lung showed that our treatment reinforced the 
visceral pleura in the absence of dense adhesions.

Conclusion

TSC-LAM is a rare disease, which may trigger an intracta-
ble pneumothorax. TPC might be one of the good tools for 
prevention of recurred pneumothorax, making the thickened 
visceral pleura useful to describe our patient with LAM who 
underwent TPC followed by lung transplantation.

Acknowledgements This research was supported by Basic Sci-
ence Research Program through the National Research Foun-
dation of Korea (NRF) funded by Ministry of Education 
(NRF-2017R1D1A1B03030603).

Compliance with ethical standards 

Conflict of interest The authors declare no conflict of interest related 
to the manuscript.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Kurihara M, Kataoka H, Ebana H. Thoracoscopic surgery for 
recurrent pneumothorax in LAM patients requiring lung trans-
plantation in the future (total pleural covering method). Jpn J 
Thorac Cardiovasc Surg. 2006;54(suppl):274.

 2. Wataya-Kaneda M, Uemura M, Fujita K, et al. Tuberous sclero-
sis complex: recent advances in manifestations and therapy. Int J 
Urol. 2017;24:681–91.

 3. Kurihara M, Mizobuchi T, Kataoka H, et al. A total pleural cover-
ing for lymphangioleiomyomatosis prevents pneumothorax recur-
rence. PLoS One. 2016;11:e0163637.

 4. Noda M, Okada Y, Maeda S, et al. An experience with the modi-
fied total pleural covering technique in a patient with bilateral 
intractable pneumothorax secondary to lymphangioleiomyoma-
tosis. Ann Thorac Cardiovasc Surg. 2010;16:439–41.

 5. Kurihara M, Kataoka H, Ishikawa A, Endo R. Latest treatments 
for spontaneous pneumothorax. Gen Thorac Cardiovasc Surg. 
2010;58:113–9.

 6. Noda M, Okada Y, Maeda S, et al. A total pleural covering tech-
nique in patients with intractable bilateral secondary spontaneous 
pneumothorax: report of five cases. Surg Today. 2011;41:1414–7.

 7. Kusu T, Nakagiri T, Minami M, et al. Null allele alpha-1 antit-
rypsin deficiency: case report of the total pleural covering tech-
nique for disease-associated pneumothorax. Gen Thorac Cardio-
vasc Surg. 2012;60:452–5.

 8. Xu KF, Tian X, Yang Y, Zhang H. Rapamycin for lymphangi-
oleiomyomatosis: optimal timing and optimal dosage. Thorax. 
2018;73:308–10.

 9. Zhou L, Ouyang R, Luo H, et al. Efficacy of sirolimus for the 
prevention of recurrent pneumothorax in patients with lym-
phangioleiomyomatosis: a case series. Orphanet J Rare Dis. 
2018;13:168.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Total pleural coverage followed by lung transplantation in patient with lymphangioleiomyomatosis
	Abstract
	Introduction
	Case report
	Discussion
	Conclusion
	Acknowledgements 
	References




