
*Corresponding author: Yoshiteru Morio, Center for Pulmonary Circulation and 
Hemoptysis, Department of Respiratory Medicine, National Hospital Organization 
Tokyo National Hospital, Takeoka Kiyose-shi Tokyo, Japan, Tel: + 81 424912111; 
E-mail: morio.yoshiteru.pn@mail.hosp.go.jp

Citation: Enomoto Y, Takeda K, Kawashima M, Masuda K, Fukumoto K, et al. 
(2021) Imbalanced Angiogenic Factors in Hemoptysis Vasculature from Bronchi-
ectasis. J Pulm Med Respir Res 7: 067.

Received: July 15, 2021; Accepted: July 19, 2021; Published: July 26, 2021

Copyright: © 2021 Enomoto Y, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits un-
restricted use, distribution and reproduction in any medium, provided the original 
author and source are credited.

Introduction
	 Bronchiectasis (BE) is one of the most frequent causes of he-
moptysis in pulmonary diseases [1]. Hemoptysis is a life-threatening 
symptom due to asphyxia and blood loss and then can also impair 
quality of life in patients [2-5]. While hemoptysis occurs substantially 
in 20-37% [6,7], there raises a higher risk for relapsed hemoptysis 
when complicated with chronic pulmonary infection in BE patients 
[8,9].

	 Candidates of therapeutic strategy for hemoptysis include hemo-
static agents, bronchoscopy, Bronchial Artery Embolization (BAE) 
and surgery [2,4,5]. BAE, a minimally invasive procedure, is the first-
line treatment for hemoptysis patients [5]. We have previously report-
ed that BAE is efficacious for the control of hemoptysis in patients 
with Mycobacterium avium complex infection, chronic pulmonary 
aspergillosis and cryptogenic hemoptysis as well as in BE patients 
[1,10-12]. However, there remains to be concerned for recurrent he-
moptysis in some patients after BAE.

	 Hemoptysis may occur through rupture of aberrant vessels in 
bronchial artery-pulmonary artery shunt. Life-threatened hemopty-
sis occurs presumably in 30-40% from systemic artery-pulmonary 
circulation shunts [13]. Aberrant vessels responsible for hemoptysis 
manifest often in BE patients with chronic pulmonary infection [8,9]. 
However, a precise mechanism of the aberrant vasculature forma-
tion is still unclear. While homeostasis of vasculature is regulated by 
angiogenic factors, including Vascular Endothelium Growth Factor 
(VEGF) and Angiopoietin-1 (Ang1), aberrant vasculature may occur 
in imbalance of angiogenic factors during inflammation [14-17].

	 We present a case report of a 72-year-old female with BE and 
repeated hemoptysis, who underwent surgical resection because of 
uncontrollable hemoptysis by BAE. We hypothesized that angiogenic 
factors may be imbalanced in the aberrant vessels responsible for he-
moptysis and then performed immunohistochemical examination of 
angiogenic factors with the specimens from surgical resections.

Case Presentation
	 A 72-year-old female was referred to our hospital for repeated 
hemoptysis even though receiving continuous prescription of he-
mostatic agents. She formerly smoked 20 cigarettes per day for 43 
years and had history of infant tuberculosis. She was received several 
prescriptions for hypertension and hyperlipidemia for 20 years, and 
underwent intracephalic aneurysm clip at age of 62 years. In recent 5 
years, she was suffering from repeated hemoptysis.

	 A physical examination revealed middle-to-late inspiratory coarse 
crackles in the right lower lung field. Both chest X-ray and Comput-
ed Tomography (CT) revealed bronchiectatic changes and collapsed 
shrinkages in right lower lobe (Figure 1). Both contrast-enhanced 
CT and three-dimensional CT revealed convolution and aneurysm 
of bronchial artery (Figure 1). Bronchial arteriography demonstrated 
7-mm dilated convolution and 20-mm sized pooling of contrast in-
jection in the right lower lobe. Outflow from the vascular lesion into  
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Abstract
	 Bronchiectasis (BE) often causes life-threatened hemoptysis. 
There raises a higher risk for relapsed hemoptysis when complicat-
ed with chronic pulmonary infection in BE patients. Hemoptysis may 
occur through rupture of aberrant vessels in bronchial artery-pul-
monary artery shunt. Although imbalanced angiogenic factors may 
account for aberrant vessels responsible for hemoptysis, a precise 
mechanism of the aberrant vasculature formation is still unclear. 
We present a case report of a 72-year-old female with BE and re-
peated hemoptysis, who underwent surgical resection because of 
uncontrollable hemoptysis by Bronchial Artery Embolization (BAE). 
We performed immunohistochemical examination and observed im-
balanced angiogenic factors in the aberrant vessels responsible for 
hemoptysis of the specimens from surgical resections.
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right lower pulmonary arteries was also stained during the early arte-
rial phase, suggesting a presence of bronchial artery-pulmonary artery 
shunt (Figure 1). Bronchoscopic study was not performed because of 
the patient’s anxiety for airway bleeding.

	 Since 20-mm sized aneurysm of bronchial artery elongated, the 
patient underwent both initial BAE at proximal aneurysm of bron-
chial artery and subsequent right posterolateral thoracotomy and then 
middle-lower lobectomy was taken. She was discharged home with-
out any incident on postoperative day 14 and resolved her hemop-
tysis. No overt appearance of new aneurysm in bronchial artery has 
seen in follow-up CT 1 year later.

	 We performed immunohistochemical examination of angiogenic 
factors with specimens from surgical resections. We compared im-
munohistochemical stainings of VEGF, Ang1 and its receptor, Tie2, 
in pulmonary arteries between bleeding lesion adjacent to bronchial 
artery (i.e. pathological lesions) and non-bleeding lesion distant from 
bronchial artery (i.e. control lesions) in the specimens. The immuno-
histochemical staining was classified accordingly into following three 
grades. Grade 0: no staining; Grade 1: partial staining; Grade 2: whole 
staining of pulmonary arterial wall. In each tissue section, at least 50 
consecutive pulmonary arteries were analyzed at X20 magnification. 
Predominant expressions of Ang1 and Tie2 were observed in pulmo-
nary artery from non-bleeding lesion. In contrast, while expression 
of VEGF was augmented, those of Ang1 and Tie2 were attenuated in 
pulmonary artery from bleeding lesion (Figure 2). Collectively, these 
immunohistochemical findings suggested that imbalanced angiogenic 
factors emerged in the aberrant vessels responsible for hemoptysis.

Discussion
	 BE is one of the most frequent cause of hemoptysis in pulmonary 
diseases [1]. While hemoptysis occurs substantially in 20-37% [6,7], 
there raises a higher risk for relapsed hemoptysis when complicated 
with chronic pulmonary infection in BE patients [9,10]. BAE is the 
first-line treatment among several candidates of therapeutic strategy 
for hemoptysis [5]. Despite long-term efficacy of BAE to control he-
moptysis, there remains to be concerned for recurrent hemoptysis af-
ter BAE in some BE patients [1,3,4,18,19].

	 Hemoptysis through rupture of aberrant vessels may occur due 
to vulnerable vasculature, especially in adjacent pulmonary artery, 
against a higher blood pressure in bronchial artery-pulmonary artery 
shunt. Life-threatened hemoptysis occurs presumably in 30-40% 
from systemic artery-pulmonary circulation shunts [13]. However, a 
precise mechanism of the aberrant vasculature formation remains to 
be elucidated.

	 Homeostasis of vasculature is regulated by orchestration between 
angiogenic factors, including VEGF and Ang1.VEGF is not only 
essential for sprouting and migration of endotheliums during angio-
genesis but also has important functions for maintenance of vascular 
system. Ang1 and Tie2 system has important functions in regulating 
vascular integrity and maintenance of quiescent endothelial state [20]. 
After VEGF-driven phase of active angiogenesis, Ang1 and Tie2 sys-
tem contributes to vascular homeostasis by regulating endothelial 
barrier function [14].

	 Aberrant vasculature responsible for hemoptysis may occur in im-
balance of angiogenic factors during inflammation from pulmonary 
aspergillosis, tuberculosis or BE [15-17]. We examined and compared 
immunohistochemical staining of VEGF, Ang1 and Tie2 in pulmo-
nary arteries between bleeding lesion adjacent to bronchial artery and 
non-bleeding lesion distant from bronchial artery in the specimens 
from surgical resections. While expressions of Ang1 and Tie2 but 
not VEGF were observed predominantly in pulmonary artery from 
non-bleeding lesion, augmented expression of VEGF and attenuat-
ed expressions of Ang1 and Tie2 were observed in pulmonary artery 
from bleeding lesion. These immunohistochemical findings suggest-
ed that imbalanced angiogenic factors emerged in the aberrant vessels 
responsible for hemoptysis. Existences of imbalanced angiogenic fac-
tors in vascular malformation, including arteriovenous fistula, have 
been demonstrated in retina, dura and cerebral vessels [14,21,22].  

Figure 1: A, B: Chest X-ray and Computed Tomography (CT) revealed 
bronchiectatic changes and collapsed shrinkages in right lower lobe (ar-
rows). C, D: Contrast-enhanced CT and three-dimensional CT revealed 
convolution and aneurysm of bronchial artery (arrows). E: Bronchial arte-
riography demonstrated 7-mm dilated convolution and 20-mm sized pool-
ing of contrast injection in the right lower lobe (arrows). Outflow from 
the vascular lesion into right lower pulmonary arteries was also stained 
(dashed arrow).

Figure 2: A-C: Representative immunohistochemical stainings of VEGF 
(A), Ang1 (B) and Tie2 (C) in pulmonary arteries (ovals) distant from 
bronchial artery in the specimens from surgical resections. D-F: Those of 
VEGF (D), Ang1 (E) and Tie2 (F) in pulmonary arteries (ovals) adjacent 
to bronchial artery in the specimens. G: Distributions of immunohisto-
chemical staining grades for each angiogenic factor in pulmonary arteries 
between bleeding lesion adjacent to bronchial artery and non-bleeding 
lesion distant from bronchial artery in the specimens from surgical resec-
tions. P values were analyzed statistically by Fisher’s exact test.
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Since there raises a possibility in contribution of imbalanced angio-
genic factors to vascular malformation, we speculate that imbalanced 
angiogenic factors may play a role for hemoptysis vasculature from 
BE.

Conclusion
	 We present here a 72-year-old female with BE and repeated he-
moptysis, who underwent surgical resection because of uncontrolla-
ble hemoptysis by BAE. Despite long-term efficacy of BAE to control 
hemoptysis, there remains to be concerned for recurrent hemoptysis 
after BAE in some BE patients. Although imbalanced angiogenic fac-
tors were observed in the aberrant vessels responsible for hemoptysis 
in the present case report, the precise mechanism of vasculature for-
mation remains to be elucidated. Since such findings cannot be cur-
rently endorsed, future studies in this area are strongly encouraged.
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