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Introduction

Idiopathic pleuroparenchymal fibroelastosis (IPPFE) 
is a relatively new entity of idiopathic interstitial pneu-
monia (IIP) that was first included as a specific clinico-
pathologic entity in the updated classification of IIPs in 
2013.1) IPPFE is characterized by upper lobe-predominant 
fibrosis involving the pleura and subpleural lung 

parenchyma. Patients with IPPFE reportedly have a 
characteristic chest wall deformity known as flat chest.2) 
Chest computed tomography (CT) in patients with flat 
chest often shows a mediastinal shift or displacement of 
the heart. However, its impact on hemodynamics after 
lung transplantation remains unclear.

In this report, we describe a fatal case of pulmonary 
hypertension that was exacerbated after single lung 
transplantation (SLT) in association with flat chest in a 
patient with IPPFE.

Case Report

A 40-year-old woman with a diagnosis of IPPFE was 
evaluated for lung transplantation. She showed flat chest 
typical of IPPFE. Although she had a history of surgical 
fixation of her funnel chest in childhood, she still showed 
funnel chest. Because no evidence of pulmonary arterial 
hypertension was demonstrated (mean pulmonary arte-
rial pressure [PAP], 16 mmHg by right heart catheteriza-
tion; right ventricular systolic pressure [RVSP], 30 mmHg 
by echocardiography), she was listed for lung transplan-
tation with SLT as the primary procedure because of the 
severe donor shortage in Japan. At 1.5 years later, she 

A 40-year-old woman with idiopathic pleuroparenchymal fibroelastosis (IPPFE) and flat 
chest underwent left single lung transplantation (SLT). Although she had developed 
over-systemic pulmonary arterial pressure (PAP) at transplantation, it was alleviated. 
However, her PAP gradually increased again. Her transplanted lung was well-inflated, 
but progression of fibrosis in her right native lung appeared to have caused a mediastinal 
shift, and her flat chest caused obstruction of the outflow tract of the pulmonary vein. She 
died of heart failure and associated infection 1.5 years after transplantation. An autopsy 
confirmed irreversible pulmonary arterial and venous changes in the transplanted lung, 
suggestive of chronic pressure overload. The flat chest associated with IPPFE can affect 
pulmonary circulation after SLT.
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Pulmonary Hypertension Exacerbated by Flat Chest

underwent left SLT from a brain-dead donor. Her flat 
chest had become more pronounced during the waiting 
period. An echocardiogram on admission showed that 
the RVSP was high at 84 mmHg and Swan–Ganz cathe-
terization showed over-systemic PAP, indicating an 
exacerbation of right heart failure. The total ischemic 
time of the graft was 6 hours 48 minutes. She was dis-
charged home 4 months after SLT.

After transplantation, her RVSP temporarily decreased 
to an almost normal range, but it then gradually increased 
again in association with symptoms of right heart failure, 
necessitating medical treatment including diuretics and a 
phosphodiesterase-5 inhibitor. However, the effects of 
this treatment were limited. Chest CT showed progres-
sion of fibrosis of the native right lung and inflation of 
the transplanted left lung, resulting in mediastinal shift. 
Furthermore, the flat chest wall in combination with the 
mediastinal shift resulted in obstruction of the outflow 
tract of the pulmonary vein (Figs. 1A–1C). This dynamic 

anatomical change in the thorax seemed to have caused 
the pulmonary hypertension. To resolve the problem, the 
patient underwent the sternal elevation (Ravitch) proce-
dure. After the operation, her PAP as measured by the 
Swan–Gantz catheter temporarily decreased. A chest CT 
taken after the operation demonstrated successful 
decompression of the left atrium, which persisted there-
after in follow-up CT (Fig. 1D). However, echocardiog-
raphy showed that its effect on the RVSP was limited 
(Fig. 1E). She was unable to be weaned from oxygen 
therapy thereafter. Her right heart failure persisted and 
her respiratory condition gradually deteriorated. She 
developed recurrent right pneumothorax, pneumonia, 
and acute rejection. She died of respiratory and cardiac 
failure 1.5 years after SLT.

An autopsy revealed progression of IPPFE in the 
native right lung compared with the extracted lung at 
transplantation. Although the transplanted left lung 
showed no signs of chronic rejection such as bronchiolitis 

Fig. 1  �Mediastinal shift and associated change in RVSP. (A) Chest CT before transplantation showed that the patient had a flat chest and 
the mediastinum was deviated to the left. (B) Chest CT 5 months after transplantation showed that the transplanted left lung was 
well-inflated, resulting in a mediastinal shift to the right. The flat chest caused deformation of the left atrium, which narrowed the 
outflow tract of the pulmonary vein (red arrow). (C) Chest CT 14 months after transplantation. Progression of the mediastinal shift 
and flattened chest wall resulted in obstruction of the outflow tract of the pulmonary vein (red arrow). (D) Chest CT 3 months after 
the sternal elevation procedure. Successful decompression of the left atrium was demonstrated (red arrow). (E) The initially low 
RVSP was increasing by the time of transplantation. After lung transplantation, the RVSP decreased to almost the normal range. 
However, it gradually increased again in association with symptoms of right heart failure. After the Ravitch procedure, the RVSP 
decreased slightly. Ao: aortic arch; CT: computed tomography; LA: left atrium; RVSP: right ventricular systolic pressure 
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obliterans, morphologic changes associated with pulmo-
nary hypertension were noted: intimal proliferation of 
pulmonary arteries and veins, medial hypertrophy of pul-
monary arteries, and muscularization of arterioles (Fig. 2). 
These autopsy findings suggested that the vessels in the 
transplanted lung had been affected by chronic pressure 
overload.

Discussion

In this report, we have described a fatal case of pulmo-
nary hypertension after SLT associated with a flat chest 
in a patient with IPPFE. Intimal thickening of the pulmo-
nary artery and vein in the graft lung without pathologic 
findings of chronic rejection suggested the occurrence of 
chronic pressure overload of the graft lung. The well-in-
flated transplanted left lung and progression of fibrosis 
in the native right lung led to mediastinal shift, and the 
flat chest associated with IPPFE compressed the left 

atrium; this resulted in obstruction of the outflow tract of 
the pulmonary vein, which elevated the PAP in the trans-
planted lung. If the patient had undergone right lung 
transplantation, she would not have had compression of 
the left atrium. The laterality of lung transplantation 
should be carefully considered when the patient has flat 
chest and pretransplant mediastinal shift. Although the 
flat chest was fixed by the sternal elevation procedure, it 
is likely that chronic pressure overload had already 
caused irreversible vascular changes in the lung. The 
funnel chest may have also affected the compression of 
the left atrium; however, the progression of the flat chest 
shortened the anteroposterior diameter of the thoracic 
cage and exacerbated the obstruction of the outflow tract 
of the pulmonary vein.

Nasir et al.3) recently reported that a pretransplant 
mean PAP of >40 mmHg is associated with reduced sur-
vival after SLT. The reported theory is that increased 
native lung pulmonary pressure causes hyper-perfusion 

Fig. 2  �Autopsy findings. (A) The transplanted lung showed congestion and edema without any signs of chronic rejection (Elastica van 
Gieson staining, ×10 at original magnification). (B) Intimal proliferation of pulmonary artery in the transplanted lung (Elastica 
van Gieson staining, ×40 at original magnification). (C) Pulmonary veins in the transplanted lung also exhibited intimal prolifer-
ation (Elastica van Gieson staining, ×100 at original magnification). (D) Muscularization of arterioles (Elastica van Gieson stain-
ing, ×200 at original magnification). 
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of the transplanted lung, resulting in primary graft dys-
function.4) Likewise, an extremely high pretransplant 
PAP in our case may have affected the initial blood flow 
in the transplanted lung. However, this was not the main 
cause of mortality because the RVSP temporarily 
decreased to the normal range after lung transplantation 
and increased again in the long term. Native lung 
complications after SLT also reportedly impact post- 
transplant survival.5) In our case, post-transplant compli-
cations including pneumonia and pneumothorax in the 
native lung may have affected the blood flow and vascu-
lar pressure in the transplanted lung. The present case 
suggests that a severe flat chest can affect hemodynamics 
in complex ways and further complicate problems of the 
native lung in SLT.

Conclusion

The laterality and the indications for SLT in patients 
with IPPFE and a flat chest should be carefully consid-
ered, especially when these patients have pretransplant 
mediastinal shift and pulmonary hypertension.
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