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Introduction: Vanishing lung syndrome (VLS) is a clinical condition that characterized by large bullae that compress the normal lung
parenchyma. Longitudinal documentation of VLS disease progression and outcomes following endobronchial valve (EBV) treatment
remains scarce, particularly for right middle lobe (RML) involvement.

Case Presentation: We report a 7-year longterm follow-up case of a 73-year-old female with chronic obstructive pulmonary
disease(COPD) who presented with progressive dyspnea and declining pulmonary function. Serial computed tomography scans over 7
years documented the gradual expansion of emphysematous changes predominantly in the RML, with corresponding deterioration in
pulmonary function tests (FEV; decreased from 0.83L to 0.51L). Bronchoscopic lung volume reduction using a single endobronchial
valve (EBV) was performed, leading to a significant improvement in dyspnea. Two months post-intervention, the patient demonstrated
remarkable clinical improvement with a six-minute walking distance increase from 310 to 650 meters, FEV, recovery to 97% of
baseline (0.81L), and radiological evidence of complete RML atelectasis with adjacent lobe re-expansion.

Conclusion: This case underscores the insidious progression of VLS and highlights the utility of EBV therapy in the management of
advanced cases.

Keywords: vanishing lung syndrome, VLS, bronchoscopic lung volume reduction, BLVR, endobronchial valve, EBV, chronic
obstructive pulmonary disease, COPD

Introduction

Vanishing lung syndrome (VLS), also termed idiopathic giant bullous emphysema, is a rare clinical entity characterized
by the presence of large bullae in the lungs that compress the adjacent normal lung parenchyma.' These bullae develop
a poorly understood pathogenesis involving alveolar wall destruction and formation of emphysematous spaces.” We
present the case of a 73-year-old female with a unique 7-year progression of right middle lobe (RML) dominant
emphysema, offering novel insights into VLS evolution and management.

Case Presentation

A 73-year-old woman presented on July 6, 2021, with the chief complaint of recurrent cough and sputum production
persisting for over 10 years, accompanied by exertional dyspnea that had worsened over the previous year. She was
diagnosed with chronic obstructive pulmonary disease (COPD) in 2007 but only began regular treatment in 2010. Her
medical history included hypertension, diabetes, and coronary artery disease, with no notable family history. She was an
ex-smoker with a 20 pack-year history and denied exposure to occupational dust or illicit drugs.
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Since 2020, the patient had reported progressively worsening exertional dyspnea, occasionally accompanied by
bilateral lower extremity edema. A chest CT scan performed in July 2021 revealed uneven emphysema localized to
the RML. Retrospective analysis of serial CT scans dating back to 2014 demonstrated progressive, heterogeneous
emphysema in the RML (Figure 1A-D). This progression correlated with pulmonary functional deterioration: FEV,
dropped from 0.83L to 0.51L, while the RV/TLC ratio increased from 62% to 78%, inversely correlating with RML
volume expansion (analyzed using Synapse 3D software, Fuji Film Co., Japan) (Figure 2A and B). Perfusion scanning

with single-photon emission computed tomography (SPECT) revealed markedly reduced blood perfusion in the RML
(Figure 3A).
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Figure | Serial chest CT findings during the follow-up and 2 months post-BLVR. (A-D) Shows insidious progression and heterogeneous of emphysema in the RML, with
conronal and axial view showing the compression of the interlobar fissure and adjacent lobes. The axial view with LAA% showing the emphysema index with an attenuation
value lower than —960 Hounsfield unit. (E) Shows the complete atelectasis of the RML and re-expansion of the adjacent lobes 2 months post-BLVR.

Abbreviations: BLVR, bronchoscopic lung volume reduction; LAA%, low attenuation area/total lung volume.
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Figure 2 Serial pulmonary function tests during the follow-up and 2 months post-BLVR. (A) Shows a progressive decline in FEVI, FVC, RUL and RLL volume, while
progressive expanding in the RML volume before BLVR. (B) Shows progressive decline FEV 1%, FVC%, RV/TLC, RUL% and RLL%, and the negative change in RML%, while not
apparent change in FEVI/FVC. Figure also demonstrated the reversion of pulmonary function test indices and the right lung lobe volumes 2 months post BLVR.
Abbreviations: BLVR, bronchoscopic lung volume reduction; FEVI, forced expiratory volume in one second; FVC, forced vital capacity; FEVI/FVC, the ratio of FEVI to
FVGC; RV, residual volume; TLC, total lung capacity; RV/TLC, the ratio of RV to TLC, FEV 1%, the percentage of FEVI to the predicted FEVI; FVC%, the percentage of FVC to
the predicted FVC; RUL, right upperlobe; RML, RML; RLL, right lower lobe; RUL%, the percentage of RUL to the right lung; RML%, the percentage of RML to the right lung;
RLL%, the percentage of RLL to the right lung.
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Figure 3 Radiologic image related to the BLVR. (A) Shows a marked decrease of blood perfusion of the RML in single-photon emission computed tomography. (B) Shows
the chest X ray taken on the first day post-BLVR. (C and D) Shows a chest CT scan obtained 2 months post-BLVR, confirming complete atelectasis of the RML and re-
expansion of adjacent lobes. The red arrows in (B and C) point to atelectasis of the RML. The red circles in (C and D) show the location of the EBV.

Bronchoscopy excluded significant stenosis or obstruction of the right middle bronchus. The absence of interlobar
collateral ventilation was confirmed by using the Chartis system (PulmonX Corp., USA) (Figure 4A). In August 2021,
the patient underwent bronchoscopic lung volume reduction (BLVR) via placement of a single endobronchial valve
(EBV) (EBV-ts-5.5) into the RML bronchus (Figure 4B—D). This intervention resulted in a subjective improvement in
dyspnea. Postoperative imaging showed a significant reduction in emphysematous changes in the RML, with partial re-
expansion of the adjacent lobes (Figure 3B). The patient was discharged seven days later.

At the two-month follow-up, the patient reported only mild dyspnea. Her exercise tolerance improved substantially, with
six-minute walking distance increasing from 310 meters to 650 meters. Pulmonary function test(PFT) showed significant
recovery in FEV1 and FVC, with FEV, remarkably rebounding to 0.81L (97% of 2014 baseline) (Figure 2A and B). CT
imaging confirmed complete atelectasis of the RML and re-expansion of the adjacent lobes (Figures 1E and 3C and D).

Discussion

VLS is a rare clinical syndrome that requires radiological imaging for diagnosis.> The radiologic criteria were first
proposed by Roberts et al, who defined it as the presence of giant bullaec occupying at least one-third of a hemithorax.
However, there is currently no universally accepted or standardized definition.® It is most commonly associated with
cigarette smoking, but may also be linked to alpha-1 antitrypsin deficiency and marijuana use.** Although VLS
secondary to COPD is proposed as progressive bullae enlargement and worsening dyspnea,’ the rate of progression
remains unpredictable and has not been previously reported. A previous case report followed up five patients within one
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Figure 4 Bronchoscopic image related to the BLVR. (A) Shows the measuring with the Chartis system. (B) Shows measuring of the right middle bronchus with flexible
bronchoscopy. (C and D) Shows the EBV-ts-5.5 positioned in the right middle bronchus.

family for approximately 20 years, but none of these cases reported detailed disease progression before therapeutic
intervention.® Our case is among the first to provide detailed long-term follow-up data on disease progression prior to
intervention.

The patient experienced a 7-year progression of VLS in the RML, with an inverse correlation between emphysema-
tous volume and pulmonary function deterioration. Although the pathogenesis of VLS is not fully understood, it likely
involves chronic alveolar wall destruction and potentially a check-valve mechanism, where air enters, but cannot exit the
affected lobe.”® However, in this patient, bronchoscopy did not reveal significant bronchial stenosis or obstruction, which
supports this hypothesis.

VLS management traditionally involves conservative measures or surgical interventions." Recently, bronchoscopic
lung volume reduction (BLVR) using EBVs has emerged as a less invasive alternative for patients with poor pulmonary
function.®” Although VLS was once defined as large bullae in one or both upper lobes,” endobronchial valve therapy for
RML-dominant VLS is relatively rare.

A review of published cases and our case revealed that, among the eight documented RML-targeted EBV interven-
tions (Table 1), all patients were current or former smokers. Seven of these eight patients showed substantial improve-
ments, with FEV, increases ranging from 16% to 63% post-BLVR.*'*"!* Most patients required only one valve for
treatment. Valve deployment (typically Zephyr EBVs 4.0-5.5) leads to bulla collapse and adjacent lung re-expansion, as
seen in previous case reports where the residual volume decreased significantly post-BLVR.® This aligns with the
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Table | Characteristics of Cases Treated with BLVR in RML

Case 1'° Case 2'' Case 3'' Case 4'' Case 5'2 Case 6° Case 7" Our Case
Agelsex 59/M 52/M 66/F 50/M 65/F 65/M 57/M 73/F
Smoking (pack-year) Ex-smoker Ex-smoker Ex-smoker Smoker Ex-smoker Ex-smoker Ex-smoker(50) Ex-smoker

(40) (39 0) (15 80) ()
FEVI (L/%pre) before BLVR 0.56/19% 1.07/35.4% 0.71/38.3% 0.74/19.7% 0.74/36% 0.41/13% 0.8/23% 0.63/36%
FEVI (L/%pre) after BLVR 0.73/24% 1.75/57.7% 1.03/55.2% 0.83/21.9% 0.86 0.58/19% 1.2 0.95/57%
Percentage of FEVI 30.36% 63.55% 45.07% 12.16% 16.22% 41.46% 50.00% 50.79%
improvement
FVC (L/%pre) before BLVR 2.05/54% 2.3/49% 1.36/65%
FVC (L/%pre) after BLVR 2.76/73% 35 2.22/109%
RV (L/%pre) before BLVR 7.0/314% 5.37/216% 3.54/182% 6.43/275% 8.0/340% 4.01/196%
RV (L/%pre) after BLVR 5.86/262% 2.89 4.74/200% 59 2.14/105%
TLC (L/%pre) before BLVR 9.14/146% 5.72/120% 8.23/135% 5.42/115% 5.42/115%
TLC (L/%pre) after BLVR 8.79/140% 5.6 6.61/108% 4.35/94%
6MWD (m) before BLVR 315 230 250 310
6MWD (m) after BLVR 437 300 360 650
Valves insertion Two EBVs 4.0 One EBV 5.5 One EBV 4.0 One Valve One EBV 5.5 One EBV 5.5 One EBV 4.0 and One 5.5 One EBV 5.5
Follow-up (months) 7m 6m 6m 6m 12m 2m 2m 2m
Outcome Improved Improved Improved Not Improved Improved Improved Improved
improved*

Notes: *The bulla volume did not change in this case.

mechanistic rationale that EBVs promote atelectasis by blocking inspiratory airflow while allowing exhalation, thereby
reducing hyperinflation and improving diaphragmatic mechanics.

The improvements in the 6-minute walk distance (6MWD) further validate the clinical relevance of these physiolo-
gical changes, consistent with previous reports on enhanced exercise tolerance.'®'*'? It should be noted as a limitation
that the long-term outcomes remain understudied, as most cases have follow-up periods of <12 months. However, some

12

studies have demonstrated sustained benefits for more than one year, © suggesting the durability of the response in

suitable candidates.

Conclusion

This study presents a rare case of VLS secondary to COPD with detailed documentation of disease progression for 7
years prior to intervention. This case highlights the inverse relationship between RML emphysema volume and
pulmonary function deterioration over time and underscores the utility of EBV therapy as an effective treatment option
for advanced disease. Further studies are needed to evaluate long-term outcomes and optimize management strategies for

this rare condition.

Data Sharing Statement
All data generated or analyzed during this study are included in this article. Further inquiries can be directed to the
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