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Abstract: The aim of this study was to examine normal bronchi in dogs by using virtual bronchoscopy (VB) and
to evaluate the utility of VB in clinical practice. The bronchi of six dogs without tracheobronchial disease were visualized
by VB. Airways from the tracheal bifurcation to the lobar bronchi were well visualized in all dogs. Segmental and
subsegmental bronchi were also well identified, but the degree and number of those varied with dog size. The mean
numbers of segmental and subsegmental bronchi identified in the six dogs were 41.83 and 50.17, respectively, whereas,
the mean numbers in medium- and large-sized dogs were 55.00 and 82.67, respectively, and in small-sized dogs, the
means were 28.67 and 17.67, respectively. Although there were size-dependent differences in VB visualization of the
bronchi, it was possible to identify peripheral airways to the subsegmental bronchi level, which can rarely be
accomplished via conventional bronchoscopy. VB is the noninvasive method that can be used to examine bronchial
anatomy, and our results suggest that VB can be useful for evaluating bronchi, including segmental and subsegmental
ones that cannot be examined routinely by conventional bronchoscopy. Thus, VB has potential as an alternative to
conventional bronchoscopy in the examination of bronchi in dogs. 
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Introduction

Diagnostic imaging including thoracic radiography, fluo-

roscopy and computed tomography (CT) is used to help iden-

tifying tracheobronchial diseases and conventional bronchoscopy

is actually an important diagnostic technique for evaluating

the accurate lesions in veterinary medicine [12]. However,

this modality is invasive so complications caused by the

examinations may be inevitable. Virtual bronchoscopy (VB)

creates a 3-dimentional endoscopic image from CT data and

displays the hollow lumen of bronchi as if by actual endo-

scopic examinations. In humans, many reports about clinical

application of VB and comparison between conventional

bronchoscopy and VB have been studied [4, 5]. In dogs, only

two reports associated with the VB were studied that VB can

be used for supportive diagnostic modality in dogs with

lung lobe torsion and induced laryngotracheal stenosis [3,

10]. The purpose of this study is to describe the normal vir-

tual bronchoscopic appearance of canine bronchi and to

assess the usefulness of VB in clinical practice in veteri-

nary medicine. 

Materials and Methods

Animals

Six patients who had thoracic CT examination for evaluat-

ing additional pulmonary lesions and metastasis related to

underlying diseases and were diagnosed with no bronchial

diseases were included. There were 2 castrated males, 3

spayed females, and 1 intact female. Ages were ranged from

10 months to 13 years old. The patients were a Golden

Retriever with 32 kg (P1, a skull mass suspected to chondro-

sarcoma), a Welsh Corgi with 19.2 kg (P2, follicular cell thy-

roid carcinoma), a Bedlington Terrier with 10.5 kg (P3, salivary

gland adenocarcinoma), a Schnauzer with 7.3 kg (P4, squa-

mous cell carcinoma in right hindlimb phalanges), a Maltese

with 3.2 kg (P5, chronic facial inflammation), and a Spitz

with 6.6 kg (P6, intestinal adenocarcinoma). It was regarded

as medium to large sized dogs if weighing more than 10 kg

and as small sized dogs if weighing less than 10 kg. Accord-

ing to this, P1 to P3 were classified as medium to large sized

dogs and P4 to P6 as small sized dogs. All CT examinations

were performed at the Veterinary Medical Teaching Hospital

of Seoul National University.
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CT examination and VB

All dogs were positioned in sternal recumbency and CT

images were acquired using a 64 row multidetector, CT scan-

ner (Aquilion 65; Toshiba, Japan). CT imaging conditions

were as follows: 120 kVp, 150–200 mAs, 0.75–1.0 sec/rota-

tion, 0.5–1.0 mm scan slice thickness without reconstruction

intervals and 1.0 helical pitch. Three dimension (D) volume

renderings were obtained in Digital Imaging and Communi-

cations in Medicine (DICOM) using an image processing

workstation (Vitrea II ver. 4.1.0.0; Vital Images, USA).

Image analysis

The 3D images of bronchi were evaluated and the number

of bronchi was counted if the bronchial orifices were clearly

visualized. The bronchial anatomical structures including the

tracheal bifurcation, mainstem bronchi, lobar bronchi, seg-

mental bronchi, and if possible, subsegmental bronchi were

assessed in each patient.

Results

The tracheal bifurcation, bilateral mainstem bronchi and

lobar bronchi were equally clearly visualized in all dogs

(Figs. 1 and 2). Segmental and subsegmental bronchi were

Fig. 1. The virtual bronchoscopic image of tracheal bifurcation in P1

(Golden Retriever with 32 kg; a skull mass suspected to chondrosa-

rcoma). The sagittal, dorsal and transverse computed chromatogra-

phy (CT) 2 demension (D) images are shown together and the virtual

bronchoscopic images are verified by pointing to a cursor in 2D view.

RPB, right principal bronchus; LPB, left principal bronchus.

Fig 2. From the principal bronchi to subsegmental bronchi can

be visualized (A) right principal bronchus, (B) right caudal

lobar bronchus, (C) left caudal ventral segmental bronchus and

(D) subsegmental bronchus from the left caudal dorsal segmen-

tal bronchus. RB1, right cranial lobar bronchus; RB2, right mid-

dle lobar bronchus; RB3, right accessory lobar bronchus; RB4,

right caudal lobar bronchus; RB4D1, first dorsal segmental

bronchus from the right caudal lung lobar bronchus; RB4D2,

second dorsal segmental bronchus from the right caudal lung lobar

bronchus; RB4V1, first ventral segmental bronchus from the right

caudal lung lobar bronchus; RB4V2, second ventral segmental

bronchus from the right caudal lung lobar bronchus.

Table 1. The number of segmental bronchi seen in each dog and mean ± SD for each segmental bronchi (n = 6)

Lung lobes P1 P2 P3 P4 P5 P6 Mean ± SD

Right cranial 10 8 12 4 5 6 57.50 ± 3.08

Right middle 7 7 6 4 3 3 55.00 ± 1.90

Right accessory 4 4 5 1 4 4 53.67 ± 1.37

Right caudal 15 15 13 4 8 9 10.67 ± 4.41

Left cranial 5 5 8 3 5 4 55.00 ± 1.67

Left caudal 15 15 13 4 5 10 10.33 ± 4.89

Total 56 54 55 20 30 36 41.83 ± 15.32
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also identified in all dogs but the degree and number of those

were different in each dogs (Tables 1 and 2). The segmental

and subsegmental bronchi were displayed more in medium to

large sized dogs (P1–P3) than in small sized (P4–P6); the

mean value of the number of identified segmental and sub-

segmental bronchi in medium to large sized dogs was 55.00

± 1.00 and 82.67 ± 18.00 and in small sized dogs 28.67 ±

8.08 and 17.67 ± 8.39. In addition, it was from the right and

left caudal lobar bronchi that the segmental and subsegmen-

tal bronchi were best viewed.

As breathing was held during the CT examination in all

dogs, minimum motion artifacts caused by respiration were

occurred. The atelectasis was induced in four dogs (P2–P4

and P6) by anesthesia and this finding did not hinder view-

ing bronchial structures by VB.

Discussion

The bronchi are air-conducting tubes with bands of smooth

muscle and flattened overlapping cartilage rings for support.

The bronchial tree is consisted of left and right principal

bronchi and each bronchus is divided into lobar bronchi that

are subdivided into segmental bronchi and then further into

subsegmental bronchi [1, 6, 11]. The threshold value between

−790 and −930 was selected to assess the bronchial struc-

tures. The focus of this study was confirming the visibility of

anatomical bronchi by VB. VB could be possible to visual-

ize up to subsegmental bronchi although individual differ-

ence was existed. The segmental and subsegmental bronchi

were visualized more in large sized dogs than in small sized

dogs. In humans, the visibility of the bronchial virtual images

was expected lower in children than in adults because of the

smaller size of the airways and the same reason can be

applied to the dogs [8]. Therefore, the difference in bron-

chial visualization seen in medium to large and small sized

dogs may result from differences in bronchial size.

With 2D CT images, the evaluation of bronchial wall and

diameter such as wall thickness or bronchioarterial ratio can

be performed [2, 14]. As the VB images are seen together

with CT 2D images, the evaluation of bronchi that are abnor-

mally narrowed, occluded or compressed can be performed

more accurately [10]. In addition, the lumen of subsegmen-

tal bronchi that are too small to evaluate in detail by 2D CT

images can be assessed by using VB. 

Conventional bronchoscopy is a useful tool when evaluat-

ing canine respiratory disease and when evaluating tracheo-

bronchial structure diseases including tracheobronchial

collapse, stricture and intraluminal mass, inflammatory con-

ditions including bronchitis and pneumonia, and traumatic

injuries [9]. However, despite these indications, the examina-

tion by conventional bronchoscopy cannot be proceeded rou-

tinely because it is invasive and thereby may cause

complications such as exacerbation of inflammation, hemor-

rhage, pneumomediastinum, pneumothorax and accumula-

tion of secretions. In addition, most patients undergoing the

procedure tend to have some degree of respiratory disease, so

the conditions can be worsened after the evaluation [9].

Because VB is non-invasive technique, the risk of complica-

tion with conventional bronchoscopy can be highly reduced

assuming the anesthesia is performed safely. The complica-

tions related to traumatic injuries caused by the broncho-

scopic tool are never occurred with VB. In small sized dogs,

the airway obstruction can be caused by conventional bron-

choscope because of small size of bronchi so it has to be

removed every 30 to 60 sec for ventilation [9]. With VB,

there is no concern about tool-related hypoventilation and

about the time limit taken to do examination up to the

smaller bronchi. In humans, the research about the utility and

indication of VB has been conducted and the possibility of

using VB as an alternative modality of conventional bron-

choscopy was suggested [4, 8, 13]. In contrast, many other

studies also concluded that VB cannot replace the conven-

tional bronchoscopy but can assist the conventional broncho-

scopy and give additional information [5, 7]. In veterinary

medicine, there have been no studies about direct compari-

son between conventional bronchoscopy and VB in clinical

practice that was not performed in this study neither. But in

this study the details of anatomical structures of bronchi were

visualized by VB, which may expect VB to have usefulness

in helping diagnose tracheobronchial disease and potentials

of an alternative modality of the conventional bronchoscopy

in patients who cannot be applied to the conventional bron-

choscopy. Further study will be needed to determine the

obvious utility of VB compared to the conventional broncho-

scopy. VB can be used to visualize the areas beyond the tra-

cheobronchial stenosis, envision the pre-bronchoscopy planning

Table 2. The number of subsegmental bronchi seen in each dog and mean ± SD for each subsegmental bronchi (n = 6)

Lung lobes P1 P2 P3 P4 P5 P6 Mean ± SD

Right cranial 13 4 18 4 0 5 57.33 ± 6.74

Right middle 3 6 10 0 4 5 54.67 ± 3.33

Right accessory 5 6 6 0 2 0 53.17 ± 2.86

Right caudal 38 24 23 9 2 5 16.83 ± 13.85

Left cranial 2 5 17 0 2 3 54.83 ± 6.18

Left caudal 30 17 21 9 2 5 14.00 ± 10.62

Total 91 62 95 22 8 23 50.17 ± 37.75
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and the lesions for biopsy in humans. These indications may

be applied to the veterinary medicine as well [3, 13]. 

It remains a limitation that the color of lesions cannot be

differentiated from the normal mucosa and dynamic bron-

chial lumen during normal respiratory phase by VB. The

dogs only having no tracheobronchial diseases were included

in this study so the abnormal bronchi could not be identified.

If the further study applying VB to the patients who have the

diseases is performed, the utility of VB can be determined

more clearly. Also, the purpose of this study is to confirm the

possibility and efficiency of VB in evaluation of bronchial

anatomy, not to compare the degree of visualizing bronchi

between different breed or body size of dogs. Therefore, the

increase of the diversity and the size in patients would have

to be included in the future study with statistical analysis to

demonstrate the efficiency of VB.

In conclusion, VB is noninvasive and can examine the

bronchial structures to the subsegmental bronchi. It is thought

that VB can be used in helping evaluate the tracheobronchial

diseases and further as an alternative modality of the conven-

tional bronchoscopy in patients who cannot be applied to the

conventional bronchoscopy. 
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