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Background: Bronchial vascular remodeling is an underresearched component of airway 

remodeling in COPD. Image-enhanced bronchoscopy may offer a less invasive method for 

studying bronchial microvasculature in COPD.

Objectives: To evaluate endobronchial mucosal vasculature and changes in COPD by image-

enhanced i-scan3 bronchoscopy and correlate them pathologically by analyzing bronchial 

mucosal biopsies.

Methods: This case–control study analyzed 29 COPD patients (41.4% Global initiative for 

chronic Obstructive Lung Disease B [GOLD B] and 58.6% GOLD D) and ten healthy controls 

admitted at Alexandria Main University Hospital, Egypt. Combined high-definition white light 

bronchoscopy (HD WLB) with i-scan3 was used to evaluate endobronchial mucosal micro-

vasculature. The vascularity was graded according to the level of mucosal red discoloration 

(ie, endobronchial erythema) from decreased discoloration to normal, mild, moderate, and 

severe increased red discoloration (G-1, G0, G+1, G+2, and G+3, respectively) and scored by 

three bronchoscopists independently. Bronchial mucosal biopsies were taken for microvascular 

density counting using anti-CD34 antibody as angiogenesis marker.

Results: Different grades of endobronchial erythema were observed across/within COPD 

patients using combined HD WLB + i-scan3, with significant agreement among scorers 

(P=0.031; median score of G+1 [G-1–G+2]) being higher in GOLD D (P=0.001). Endobron-

chial erythema significantly correlated with COPD duration, exacerbation frequency, and body 

mass index (P,0.05). Angiogenesis was significantly decreased among COPD patients versus 

controls (10.6 [8–13.3] vs 14 [11–17.1]; P=0.02). Mucosal surface changes (including edema, 

atrophy, and nodules) were better visualized by the combined HD WLB + i-scan3 rather than 

HD WLB alone.

Conclusion: Combined HD WLB + i-scan3 seems to be valuable in evaluating mucosal 

microvasculature and surface changes in COPD, which may represent vasodilatation rather 

than angiogenesis.

Keywords: COPD activity, endobronchial erythema, angiogenesis, vascular remodeling

Introduction
COPD is a heterogeneous disease characterized by various pathological structural 

changes (ie, remodeling).1 Bronchial vascular remodeling has been proposed to occur 

in COPD, although it seems to be less evident than in asthma, and may contribute 

to increased airway wall thickness and, therefore, may be associated with COPD 

progression.2

The three main aspects of bronchial vascular remodeling are vasodilatation, 

increased microvascular permeability, and angiogenesis.3 The conventional method 

used to study bronchial vascular remodeling is immunohistochemical analysis of 
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bronchial mucosal biopsy. Different markers of angiogen-

esis such as monoclonal antibodies against CD34, CD31, 

factor VIII,4 integrin avb3,5 and vascular endothelial growth 

factor were used for quantitative analysis of bronchial wall 

vascularity.3

Image-enhanced bronchoscopy may offer a less invasive 

technique to evaluate some aspects of bronchial vascularity. 

Early attempts have been made in the last 2 decades in order 

to study the endobronchial mucosal vasculature using high-

magnification bronchovideoscopy to study subepithelial vessels 

of the bronchial mucosa.6,7 I-SCAN technology is the newly 

developed real-time image-enhancement endoscopy technology 

that is classified as a digital contrast method among endoscopic 

imaging techniques.8 I-SCAN technology combined with high 

definition has been widely used in gastroenterology9 and can 

unmask a plethora of small lesions.10

We hypothesized that I-SCAN bronchoscopy could 

evaluate endobronchial mucosal microvasculature in COPD 

patients in vivo. Accordingly, our objectives of the current 

study were to assess endobronchial vasculature and mucosal 

changes in COPD by image-enhanced bronchoscopy and to 

correlate them first pathologically by analyzing bronchial 

mucosal biopsies and second with lung function and evidence 

of COPD activity.

Methods
study design and population
This was a prospective case–control study that invited 31 

COPD patients diagnosed according to Global initiative for 

chronic Obstructive Lung Disease (GOLD)11 and 14 healthy 

non-COPD subjects to participate from January 2014 to 

February 2015 in Alexandria Main University Hospital, 

Egypt. COPD patients were clinically stable without evidence 

of exacerbation at the time of enrollment in the study. Patients 

with bronchial asthma, primary bronchiectasis, interstitial 

lung diseases, and lung cancer were excluded from the 

study. All subjects underwent bronchoscopy and subsequent 

bronchial mucosal biopsy was taken. The healthy subjects 

underwent fiberoptic bronchoscopy for a clinical indication 

of mainly foreign body extraction and alleged hemoptysis. 

However, two patients with COPD were excluded due to 

accidental diagnosis of lung cancer, whereas four healthy 

subjects were excluded due to inadequate processing 

of bronchial mucosal biopsies. Accordingly, 29 COPD 

patients and ten healthy controls were analyzed. The study 

protocol was approved by the local ethical committee of 

Alexandria University, Egypt and all the participants signed 

informed consent.

Characteristics of the patients
The following clinical history data of patients were collected: 

frequency of acute exacerbation of COPD (AECOPD) in the 

last year as well as forced spirometry. COPD assessment test 

score, GOLD score,11 and Body mass index, Airflow obstruc-

tion, Dyspnea, and Exercise capacity (BODE) index12 were 

used for further assessing COPD patients. Chest computed 

tomography scan was performed for all patients to evaluate 

both airways and parenchyma. Apical bronchus of the right 

upper lobe was used for bronchial wall thickness measure-

ment by different ways13,14 (Figure 1) from axial computed 

tomography images with the use of inspiratory acquisitions 

with digital imaging and communications in medicine 

(DICOM) software (OsiriX DICOM Viewer, Version 4.0, 

32-bit; Pixmeo Medical Imaging Software Development 

Company, Geneva, Switzerland). Emphysema was scored 

visually according to the modified Goddard scoring system.15 

Level of -950 HU to -1,020 HU was chosen to describe 

emphysematous changes in the lungs.16

Bronchoscopy
High-definition white light bronchoscopy (HD WLB; Pen-

tax, EB-1970TK with Pentax EP-i5000K video processor, 

Tokyo, Japan) was performed under conscious sedation 

using midazolam 3–7 mg. Image-enhanced i-scan3 visu-

alization (surface–contrast–tone enhancement) was then 

turned on and added to the HD WLB for reevaluation of the 

mucosal surface texture and blood vessels of the bronchial 

tree. i-scan3 settings were: brightness average, redness 0, 

blueness 0, enhancement level +2, surface enhancement +3, 

tone enhancement gastric, color enhancement off, and noise 

reduction low. Images of the bronchial wall of the main, 

lobar, and distal bronchi were continuously recorded for 

later off-line analysis.

Image analysis
All the recorded images and videos of both HD WLB and 

i-scan3 were analyzed visually by three independent bron-

choscopists. A subjective score was developed for evalua-

tion of vascular changes. This score depended on i-scan3 

property in reconstruction of virtual images in real time by 

increasing the intensity of narrowed blue light to maximum 

and by decreasing narrowed red light and green light to 

minimum resulting in an improved contrast of the capillary 

patterns and enhancement of the mucosal surface.9 We clas-

sified the grade of erythema – using combined HD WLB + 

i-scan3 – according to the level of mucosal red discoloration 

enhancement against bluish background ranging from grade 
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(G)-1 to G+3. Grade 0 reflects normal bronchial mucosa vas-

culature detected in healthy controls, G-1 reflects decreased 

mucosal vascularity, while G+1 (mild), G+2 (moderate), and 

G+3 (severe) reflect increased mucosal red discoloration. 

In case of heterogeneous endobronchial erythema in the 

tracheobronchial tree of the same patient, the grade was 

evaluated using visual mean. Furthermore, bronchial mucosal 

surface changes including mucosal nodules, edema, atrophy, 

striations, and stoma were described. The detected bronchial 

mucosal and vascular changes in COPD were compared with 

normal findings of controls. The generated grading system 

was evaluated by three bronchoscopists independently, and 

agreement of their readings’ median was tested.

Pathological evaluation
Bronchial mucosal biopsies were taken from accessible bron-

chi with no specific predetermined location as the changes 

found were diffuse. The biopsies were immediately fixed in 

10% formalin solution overnight, dehydrated in graded series 

of ethanol, and then embedded in paraffin. Serial 4 μm thick 

sections were cut, dewaxed, and stained by hematoxylin 

and eosin for routine histological examination followed by 

immunohistochemical staining using anti-CD34 monoclonal 

antibody (#MA5-18091 at a dilution of 1 μg/mL; Thermo 

Fisher Scientific, Waltham, MA, USA) to highlight the 

endothelial cells of newly formed blood vessels. Angio-

genesis was evaluated by manual semiquantitative counting 

of microvessels highlighted using anti-CD34 antibody in 

ten high power fields as a measure of microvascular den-

sity (MVD).

statistical analysis
All the data were presented as median and interquartile range 

(IQR=25th–75th percentile) or number and percentage (%). 

The quantitative variables were not normally distributed by 

Kolmogorov–Smirnov test. Comparisons between groups 

were performed using Mann–Whitney U, Fisher’s exact, or 

Monte Carlo significance tests as appropriate and Spearman 

rank correlation test. The receiver operating characteristic 

curve and area under the curve analysis were used to test 

the accuracy, sensitivity, and specificity of the diagnostic 

utility of CD34. Agreement between investigators regarding 

I-SCAN score readings was performed by two-way mixed 

effect model intraclass correlation (ICC), where people 

effects are random and measure effects are fixed. Data were 

analyzed using the Statistical Package for Social Sciences 

Figure 1 Bronchial wall thickness measurement in high-resolution CT scan.
Notes: Coronal (A) and axial (B) cuts demonstrated the identification of apical segmental bronchus of right upper lobe bronchus (RB1). (C) shows axial cut of chest CT 
showing circumferential measures of outer and inner areas of rB1 to calculate airway cross-sectional area (PWa%). (D) shows axial cut of chest CT measuring the inner and 
outer diameters to calculate I/O ratio and T/D ratio ([inner diameter - outer diameter/2] to outer bronchus diameter).
Abbreviations: CT, computed tomography; I/O ratio, inner to outer diameter ratio; sD, standard deviation; W, width; h; height; Min, minimum; Max, maximum; T/D ratio, 
bronchial wall thickness to outer diameter ratio.
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(SPSS Version 20; IBM Corporation, Armonk, NY, USA) 

and P-value #0.05 using two-sided test was considered as 

significant.

Results
study population
The baseline characteristics of both the control and the COPD 

patients are shown in Table 1. The COPD patients were 

highly symptomatic with a median COPD assessment test 

score of 13 and ranging from 10 to 21 and moderate to severe 

airway obstruction. Accordingly, 41.4% (12 patients) were 

GOLD B and 58.6% (17 patients) were GOLD D (Table 1). 

The clinical and functional characteristics of COPD patients 

according to GOLD score are shown in Table 2. The dura-

tion of COPD, AECOPD frequency, and BODE index were 

significantly higher in GOLD D versus GOLD B (P,0.05). 

Bronchial wall thickness was detected in all patients without 

statistically significant difference according to GOLD score 

(P.0.05; Table 2).

Vascular changes
Different grades of endobronchial erythema were observed 

using combined HD WLB and i-scan3 across COPD patients 

(Figure 2) as well as within the same endobronchial tree of 

some patients, ie, heterogeneous endobronchial erythema 

with significant agreement among the three bronchoscopists 

(ICC =0.133, 95% confidence interval [CI]: -0.024 to 0.347, 

P=0.031) as well as among two independent readings of 

one bronchoscopist (ICC =0.239, 95% CI: -0.096 to 0.548, 

P=0.005). The median grade of the bronchoscopists was G+1 

(IQR = G-1–G+2) for the COPD patients being significantly 

higher in GOLD D versus GOLD B (G+1 [IQR = G-1–G+2] 

vs G0 [IQR = G–1-G+1]; P=0.001). However, the median 

grade reading of the bronchoscopists for the healthy control 

was G0 (IQR = G–1-G+1) without statistical significant dif-

ference compared with the COPD group (P=0.379).

endobronchial mucosal changes
Different mucosal changes were clearly identified by high-

definition i-scan3 bronchoscopy better than HD WLB in 

COPD patients (Figure 3). Mucosal thinning was the most 

common mucosal change that was detected in 92%, while 

mucosal folds and edema were present in 65.3% of the 

patients. Mucosal stoma and nodules were observed in 30% 

and 38.4%, respectively. Tracheomalacia was detected during 

bronchoscopic session in 19%.

angiogenesis assessment
Histopathological examination of bronchial mucosal biopsies 

revealed chronic inflammatory changes. COPD patients had 

significantly lower angiogenesis (MVD) in comparison with 

controls (10.6 [8.65–13.2] vs 14.25 [11–15.2] respectively, 

P=0.02; Figure 4A–C). However, there was no significant 

difference between GOLD B and GOLD D (P=0.826). By 

receiver operating characteristic curve analysis, a cutoff 

MVD of #13.7 had the sensitivity of 81.5% and specificity of 

55.6% to discriminate COPD patients from healthy controls 

with a diagnostic accuracy of 75.7% (area under the curve = 

0.757, 95% CI: =0.559−0.866, P=0.022; Figure 4D).

Correlations
Grade of endobronchial erythema detected by i-scan3 

correlated positively with duration of COPD, frequency 

of AECOPD, and body mass index (BMI; r=0.4, P=0.02; 

r=0.1, P=0.004 and r=0.3, P=0.03, respectively) but not 

Table 1 Baseline characteristics of the study population

Variable COPD (n=29) Controls (n=10) Significant 
(P-value)

age (years) 60 (53–65) 30.5 (20.8–52.3) 0.001*
sex

Male/female; n (%) 21 (72.4)/8 (27.6) 5 (50)/5 (50) 0.250
smoking history

Current/former/passive; n (%) 16 (55.2)/5 (17.2)/8 (27.6) 5 (50)/0 (0)/5 (50) 0.290
Pack/year index 57.5 (35–75) 30 (24–35) 0.047*

spirometry
FeV1/FVC 55 (46–60) 82 (77.8–88.3) 0.001*
FeV1 (l) 1.4 (0.8–1.75) 2.75 (2.5–3.1) 0.002*
FeV1% predicted 54 (35–65) 90 (72.5–106) 0.008*

gOlD stage
gOlD B/gOlD D 12 (41.4)/17 (58.6) – na

Note: *P#0.05 is considered significant. Data expressed as median (IQR=25th–75th percentile) unless otherwise stated. “–” not relevant.
Abbreviations: FeV1, forced expiratory volume 1; FVC, forced vital capacity; GOLD, Global initiative for chronic Obstructive Lung Disease; IQR, interquartile range; 
na, not assessed.
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Table 2 Clinical and functional characteristics of COPD according to gOlD scores

Variable GOLD B  
(n=12; 41.4%)

GOLD D  
(n=17; 58.6%)

Significant 
P-value

age (years) 62 (60–67.5) 58 (50.8–63.5) 0.2
sex; n (%)

Male/female 10 (83.3)/2 (16.7) 11 (64.7)/6 (35.3) 0.6
smoking history; n (%)

Current/former/passive 7 (58.3)/3 (25)/2 (16.7) 9 (53)/2 (11.7)/6 (35.3) 0.441
Pack year index 50 (33.8–70) 60 (28.8–80) 0.9
BMI (kg/m2) 24.2 (20.4–27.4) 25.6 (23.98–28.7) 0.1
6MWT (m) 212.5 (200–220) 200 (180–216.3) 0.4
MMrC dyspnea scale 1 (1–1.5) 2 (1–2.25) 0.05
CaT score 12 (12–14) 14 (12–16) 0.19
COPD duration (years) 5 (3.5–10) 12 (5.75–20) 0.007*
aeCOPD frequency/year 1 (1–1) 2 (2–2) ,0.001*

Comorbidities; n (%) 3 (27) 9 (50) 0.27
BODe index 3 (2.5–4) 5 (3–6.3) 0.04*

spirometry
FeV1/FVC 60 (52.5–67.5) 48 (39–59) 0.005*
FeV1 (l) 1.76 (1.58–1.98) 0.995 (0.75–1.4) 0.001*
FeV1% 62 (54.5–72.5) 40 (25.5–60) ,0.001*

FeF25–75% 53 (40.5–83.5) 16.5 (9.5–42) 0.01*
Chest CT scan

Bronchial wall thickness
PWa% 75 (74–78) 77 (76–80) 0.4
T/D ratio 0.26 (0.24–0.29) 0.26 (0.23–0.3) 0.9
I/O ratio 0.49 (0.4–0.51) 0.44 (0.39–0.5) 0.2
emphysematous changes; n (%) 8 (66.7) 12 (70.6)
emphysema visual score 1 (0.5–2) 1 (0.5–2) 0.8

emphysema distribution; n (%)
Upper lobe 5 (57.1) 4 (38.5)

Upper + lower lobes 1 (14.3) 5 (38.5) 0.59

lower lobe 2 (28.6) 3 (23.1)

Notes: PWa: airway cross-sectional area (PWa .63% indicated bronchial wall thickness13), T/D ratio: (inner diameter - outer diameter/2) to outer bronchus diameter 
(T/D ratio .0.22 indicated bronchial wall thickness14), I/O ratio ,0.8 indicated bronchial wall thickness,13 *P#0.05 is considered significant. Data expressed as median 
(IQR=25th–75th percentile) unless otherwise stated.
Abbreviations: gOlD, global initiative for chronic Obstructive lung Disease; BMI, body mass index; 6MWT, 6-minute walk test; CaT, COPD assessment test; aeCOPD, 
acute exacerbation of COPD; FeV1, forced expiratory volume after 1 second; FVC, forced vital capacity; FEF, forced expiratory flow; CT, computed tomography; I/O ratio, 
inner to outer diameter ratio; BODE, Body mass index, Airflow obstruction, Dyspnea, and Exercise capacity index; PWA, percentage of airway cross-sectional area; T/D 
ratio, bronchial wall thickness to outer diameter ratio; IQR, interquartile range; MMRC, modified Medical Research Council scale.

Figure 2 The different grades of endobronchial erythema identified by HD WLB (A–E) and i-scan3 (F, H–K).
Notes: A and F show decreased erythema (H–J); B and H show normal erythema (g0); C and I show mild erythema (g+1); D and J show moderate erythema (g+2); and 
E and K show severe erythema (g+3).
Abbreviations: HD WLB, high-definition white light bronchoscopy; G, grade of erythema.
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Figure 3 hD WlB (A–C) and i-scan3 (D–F) showing various endobronchial mucosal changes.
Notes: A and D show mucosal striations (arrowheads), edema, and stoma; B and E show mucosal nodules (arrows); and C and F show mucosal thinning (stars).
Abbreviation: HD WLB, high-definition white light bronchoscopy.

Figure 4 endobronchial mucosal microvasculature in COPD and controls.
Notes: (A) Distribution of CD34 among COPD patients and healthy controls; (B) a section through the bronchial lamina propria shows high microvascular density in a 
control subject (anti-CD34, ×400); (C) shows low microvascular density in a COPD patient as highlighted by CD34 endothelial immunostaining (anti-CD34, ×400); and (D) 
rOC curve to evaluate angiogenesis between COPD patients and healthy controls.
Abbreviation: rOC, receiver operating characteristic.
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with BODE index and pulmonary function parameters 

(P.0.05). However, MVD inversely correlated only with 

aging (r=-0.38, P=0.04).

Mucosal nodules and edema detected by i-scan3 were 

significantly associated with active smoking status (P=0.02 

and 0.05, respectively), while mucosal atrophy was signifi-

cantly associated with cumulative smoking index (P=0.02) 

and tracheomalacia with spirometric grade of airflow obstruc-

tion (P=0.03).

Moreover, we observed positive correlation between 

MVD and bronchial wall thickness measured radiologically 

by airway cross-sectional area (r=0.48, P=0.01), while endo-

bronchial erythema by i-scan3 was significantly associated 

with mucosal atrophy (P=0.047) and negatively correlated 

with bronchial wall thickness despite being insignificant 

(r=-0.37, P=0.07).

Discussion
To our knowledge, this is the first study to use combined HD 

WLB and i-scan3 image enhancement to study the micro-

vascular abnormalities of the airways in COPD patients in 

vivo that are confirmed by histopathologically and correlate 

them with both radiological and lung function measure-

ments. It also shows that this combined bronchoscopic 

technique can delineate the different endobronchial mucosal 

changes − which represent another limb of bronchial wall 

remodeling − in this group of patients better than HD WLB 

alone. We believe that these results highlighted the vascular 

remodeling in COPD that could be a target for future thera-

peutic interventions.

Previous studies
Thompson et al17 described the bronchitis index after exami-

nation of the endobronchial mucosa by bronchoscopy using 

a scale that grades erythema, edema, and friability of the 

mucosa as well as secretions. They found that this index 

had no correlation with spirometric values within COPD 

patients, which may suggest that elevation of bronchitis index 

is not a function of airway obstruction. Hashimoto et al18 and 

Calabrese et al19 found that there was no correlation between 

the degree of vascularity, vascular area, or vessel size and 

airflow limitation in COPD patients, and they suggested 

that angiogenesis seems independent of the development of 

airway obstruction and not related to its severity. Our current 

results agree with these findings.

Interpretation of results
Combined HD WLB and i-scan3 image enhancement 

was able to identify different degrees of endobronchial 

mucosal erythema across and within COPD patients with 

significant agreement among scorers. Thus highlighting 

the concept that COPD is a heterogeneous disease across 

individuals and regionally in the lung. Tanaka et al7 visu-

alized blood microvessels on bronchial mucosa using a 

high-magnification bronchovideoscope in subjects with 

COPD. Recently, van der Heijden et al20 showed that 

HD WLB and I-SCAN bronchoscopy were significantly 

better for the detection of subtle vascular abnormalities 

in the airways compared with autofluorescence video-

bronchoscopy in case of suspicious preinvasive malignant 

lesions.

Furthermore, endobronchial mucosal erythema was 

significantly higher in severe GOLD score, ie, GOLD D 

and significantly correlated with the duration of the disease 

as well as the frequency of AECOPD and BMI. COPD is 

well known as a heterogeneous multicomponent disease 

that is associated with vascular abnormalities21 and that the 

frequency of AECOPD and BMI are considered as markers 

of COPD progression and activity.22 The vascular component 

of airway remodeling is an important contributor that may 

alter management strategy of COPD.2 Ikeda et al23 reported 

that the presence of various endobronchial mucosal changes 

such as erythema, edema, secretions, and atrophic mucosa 

may give evidence of active inflammation. Accordingly, 

we may suggest that grade of endobronchial erythema may 

be a marker of COPD activity.

Moreover, we found that COPD patients had significantly 

lower angiogenesis as being identified by CD34 compared 

with healthy controls despite the higher endobronchial ery-

thema grade in COPD patients, and that low MVD count-

ing by CD34 discriminated between COPD and controls 

with diagnostic accuracy of 75.7% and sensitivity of 81%. 

This could be explained on the basis of many factors. First, 

increased vascular area, ie, vasodilation and vascular leak-

age of both large and small airway wall are the dominant 

aspects of bronchial vascular remodeling in COPD rather 

than new vessel formation,18,19,24,25 while angiogenesis and 

vascular leakage are more prevalent in asthma.2,24 Second, 

aging – which is considered as one of the risk factors for 

the development of COPD11 – could be a cause of decreased 

angiogenesis,26 as we found a significant inverse correlation 

between these two variables. Interestingly, we observed 

positive correlation between bronchial angiogenesis and 

bronchial wall thickness denoting increased proportion 

of the wall occupied by newly formed vessels. However, 

angiogenesis as previously observed in this study and oth-

ers has not been reported as a particular feature of COPD in 

contrast to asthma.27
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Clinical implications
Our pilot descriptive study pinpoints to the effectiveness 

of combined HD WLB and i-scan3 bronchoscopy as mini-

mally invasive tool for in vivo assessment of endobronchial 

mucosal microvascular remodeling as a marker of activity in 

COPD patients that should be considered in future therapeutic 

interventions, and that this tool can help in vivo tracking 

the effects of various therapeutic interventions for COPD. 

However, further studies are needed for clearer understand-

ing of angiogenesis and its role in COPD pathogenesis that 

may lead to the development of selective molecules with 

antiangiogenic properties and fewer side effects, which may 

be beneficial for this group of patients.28 Chetta and Olivieri2 

reported that in COPD, there is less experimental evidence 

on the effect of inhaled steroids on airway microvascular 

changes, in contrast to asthma where inhaled steroids can 

downregulate vascular remodeling in asthmatic airways by 

acting on proangiogenic factors.

limitations of the study
The present study has some limitations. First, we did not use 

other markers of angiogenesis, which have been approved to 

be related to pathophysiology of COPD.29 However, CD34 

is considered an acceptable highlighter for endothelial cells 

of blood vessels in order to count the MVD.30 Second, we 

did not incorporate other bronchoscopic techniques such as 

the narrow band bronchoscopic imaging or autofluorescence 

bronchoscopy in the current study. However, in the literature 

these techniques are used mainly for early detection of lung 

cancer rather than studying airway diseases.31

Conclusion
Combined image enhancing i-scan3 with HD WLB seems 

to be valuable in evaluating endobronchial mucosal micro-

vasculature in COPD and better in detecting mucosal surface 

changes rather than HD WLB alone. Furthermore, endobron-

chial erythema visualized by bronchoscopy may represent 

a measure of COPD activity and an indicator of bronchial 

vasodilation and vascular leakage rather than angiogenesis 

that is significantly decreased among COPD patients. These 

findings could modify disease management and prognosis.
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