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Abstract:

Background:

Sampling  of  peripheral  pulmonary  nodules  with  radial  endobronchial  ultrasound  (p-EBUS)  increases  diagnostic  yield  of
bronchoscopy.  However,  diagnostic  yield  is  influenced  by  numerous  factors.

Objective:

We evaluated the use of SpyGlass, a one millimeter diameter optic fiber, to obtain images of the distal mucosa and of pulmonary
lesions detected with p-EBUS to determine if visual aspect of the distal mucosa was predictive of diagnosis.

Methods:

We prospectively recruited subjects investigated for peripheral nodules. Bronchoscopy was performed and p-EBUS was used to
locate the lesion through a guide sheath. The Spyglass fiber was introduced in the sheath to obtain images of the distal bronchial
mucosa. Tissue sampling was subsequently done.

Results:

Fifteen patients were enrolled in the study. A final diagnosis of malignancy was confirmed in 80%. All lesions could be located using
p-EBUS (100%). Diagnostic sensitivity for p-EBUS was 58.3%. Distal mucosa could be imaged with SpyGlass in 14/15 patients
(93.3%).  Mucosal  appearance  was  described  as  abnormal  in  7  out  of  the  15  subjects.  Mean  SpyGlass  procedure  time  was  6.5
minutes. No direct complication was reported.

Conclusion:

Spyglass  can  be  used  in  combination  with  p-EBUS  to  obtain  images  of  the  distal  bronchial  mucosa  and  peripheral  pulmonary
nodules. More patients will be needed to confirm whether mucosal appearance can be predictive of malignancy.
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INTRODUCTION

The need to investigate peripheral lung nodule is a commonly encountered clinical situation in pulmonary medicine.
Histological diagnosis of such lesions is crucial to prevent unnecessary surgeries for  benign  lesions  and  to  orient
 therapy  in  cases of  malignancy.  Standard  bronchoscopy  has a  diagnostic  yield  limited  to  10-50%  for  peripheral
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pulmonary lesions less than 2 cm diameter [1]. Radial endobronchial ultrasound (p-EBUS) improves the diagnostic
yield of bronchoscopy for peripheral lung nodules. Using a small ultrasound probe, the peripheral nodule is located and
then sampled through a guide sheath. Studies have shown diagnostic yields of 58-84% with p-EBUS. Positive results
correlated with size of the nodule, presence of a “bronchus sign” on computer tomography, position of the probe with
respect to the lesion and sampling methods [2 - 13]. A meta-analysis of the use of p-EBUS showed a pooled sensitivity
of 73% for diagnosis of cancer using this technique. However there was a significant heterogeneity in study populations
[14].  The  use  of  fine  needle  aspiration  has  been  shown to  increase  the  diagnostic  yield  of  p-EBUS.  This  could  be
explained by the fact that the lesion is located behind normal bronchiolar mucosa at the distal end of the guide sheath
[15]. Hence, the ability to visualize the aspect of the mucosa at the distal end of the guide sheath prior to sampling could
prove useful in choosing sampling methods and eventually improve diagnostic sensitivity for pEBUS.

The Spyglass Direct Vizualization System (Boston Scientific, Natick, MA, USA) is a 0.9 mm diameter optic fibre
probe developed for the evaluation of biliary tree (Fig. 1). It has been shown to provide valuable images of the bile
ducts  [16].  The use  of  this  system in  the  bronchial  tree  has  not  been described but  appears  technically  feasible.  In
combination with p-EBUS, it could be used to visualize the distal bronchus through the catheter guide sheath to predict
sampling results and eventually guide choices in sampling techniques.

Fig. (1). SpyGlass optic Fiber has a diameter of 0.9 mm.

This study aimed to evaluate if the distal bronchial tree and peripheral pulmonary lesions could be imaged using the
Spyglass optic fiber probe by inserting it through the bronchoscopic guide sheath after nodule detection with p-EBUS.
We also wanted to verify if the aspect of the observed bronchial mucosa was predictive of diagnosis.

MATERIALS AND METHODS

Population

Fifteen subjects were recruited at our institution to participate in the study. Subjects were consecutive patients who
underwent diagnostic bronchoscopy with p-EBUS for the evaluation of a peripheral pulmonary nodule of more than 10
mm in diameter. All study subjects were first evaluated by one of the pulmonary specialists from our institution who
planned the pEBUS procedure. Computed axial tomography imaging of the lung parenchyma was available for all study
subjects. All imaging was reviewed by the physician performing the bronchoscopy and p-EBUS prior to inclusion in the
study. Size of the lesion on CT scan was measured using its longest diameter. Peripheral pulmonary lesion was defined
as a lesion completely surrounded by pulmonary parenchyma and not visible on bronchoscopy.
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The study protocol was approved by the institutional review board. Signed informed consent was obtained from all
patients prior to inclusion in the study.

Procedure

The procedures were performed by 4 bronchoscopists (AD, SM, MS, NL) with proficiency for p-EBUS. A second
physician experienced in p-EBUS was present to assist during the Spyglass procedure. The main study investigator
(AD)  was  present  for  all  study  procedures.  All  procedures  were  performed  under  conscious  sedation  using  a
combination of intravenous midazolam and fentanyl. A therapeutic videobronchoscope was used (BF-T180 and BF-
T160, Olympus, Tokyo, Japan).

Fig. (2). Spyglass image of normal appearing carina distinguished at the end of the guide sheath (which appears yellow in the lower
part of the picture).

If no lesion suspect was identified after standard bronchoscopy, p-EBUS was performed using Olympus endoscopic
ultrasound processor (UM-4R, Olympus, Tokyo, Japan) with a 1.7 mm diameter flexible radial probe (UM-S20-20R,
Olympus, Tokyo, Japan) inserted through a 2.7 mm diameter guide sheath (XB01-836-13, Olympus, Tokyo, Japan)
(GS). The GS-covered probe was then used to localize the lesion. Once the lesion was located, an ultrasound image was
recorded and the probe removed with the GS let in place.

Subsequently, the SpyGlass optic fiber (Boston Scientific, Natick, MA, USA) (Fig. 1) was inserted through the GS
and advanced at the distal end of the sheath. The SpyGlass probe has an external diameter of 0.9 mm and a length of
231 cm (Fig. 1). It contains a 6,000 pixel image bundle surrounded by approximately 225 light transmission fibers. The
lens at the tip of the optic fiber provides a 70° field of view. Physiologic serum was instilled (10 ml at a time up to a
maximum of 150 ml) concurrently through the GS using a distal sideport in order to open the small distal airways and
achieve the best image possible. Total amount of fluid instilled was recorded. Images of the p-EBUS and Spyglass
examination were recorded on a video disc for subsequent review. If the distal mucosa could be imaged, the physician
performing the procedure reported if the mucosa appeared normal or abnormal. To determine the appearance of normal
mucosa, during the first three cases that were done, the probe was inserted in a separate, healthy appearing part of the
lung and images subsequently obtained with the optic fiber. The aspect of the mucosa was defined as normal when a
carina was found and of normal appearance after viewing the first three cases as described above Fig. (2). After images
were obtained, the SpyGlass optic fiber was removed. Total time to perform the Spyglass bronchial visualization was
recorded. Thereafter, p-EBUS probe was reintroduced in the guide sheath to ascertain proper positioning within the
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lesion prior to sampling.

Sampling of the lesion was then performed through the sheath in the following sequence: five transbronchial forceps
biopsies,  fine  needle  aspiration  (not  done  in  some  subjects  because  the  needle  would  not  pass  through  a  bended
catheter), cytology brush and bronchoalveolar lavage using three 50 ml aliquots of normal saline at body temperature. A
chest X-ray was performed following procedure to detect pneumothorax. Clinically significant bleeding that required
intervention was recorded as well. Follow-up data was obtained in all patients to ascertain final diagnosis.

RESULTS

Fifteen patients were enrolled in the study. Characteristics are shown in Table 1.

All lesions were located using p-EBUS (100%). Position of the probe with respect to the lesion was central in 60%
(9 patients) and peripheral in 40% (6 subjects).

A definitive diagnosis could be obtained in 14 subjects. One subject did not have a definitive pathological diagnosis
but  proved  to  have  a  benign  course  with  complete  radiological  regression  of  the  lesion  at  6  months  follow-up.
Malignancy was the final diagnosis in 12 patients (80%): 11 patients with a primary pulmonary neoplasia and 1 with a
metastatic melanoma. The two confirmed benign cases were proven by subsequent open lung resection and consisted in
one case of fungal infection and one case of fibro-inflammatory remodeling.

Using the SpyGlass system, images of the distal mucosa could be obtained in 14/15 patients. Extrinsic compression
of the distal end of the guide sheath prevented passage of the optic fiber and visualization the distal mucosa in one
patient. Mucosal aspect was described as normal in 50% of cases (7/14) and abnormal in the other 50% (Figs. 2 and 3).

Characteristics and results for each individual subject are shown in Table 1. p-EBUS samplings were diagnostic in
7/15 of cases (46%).

Fig. (3). Spyglass image: Infiltrated aspect of the mucosa with narrowing of the bronchial lumen is seen at the end of the guide
sheath. Transbronchial biopsy and cytology brushings confirmed adenocarcinoma of the lung.

Procedure  prolongation  time  for  SpyGlass  was  6  minutes  30  seconds  on  average  (3-12  minutes).  The  last  four
Spyglass procedures all lasted less than 5 minutes.

No direct complication of SpyGlass was reported. One pneumothorax occurred after trans-bronchial biopsies and
did  not  require  drainage.  It  was  attributed  to  the  trans-bronchial  biopsy  procedure  itself  rather  than  the  Spyglass
examination. No bleeding was reported.
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Table 1. Patient characteristics and results with corresponding Spyglass optic fiber appearance.

ID Sex Age Lesion size
(mm)

Localisation p-EBUS position SpyGlass appearance Sampling results Final diagnosis

1 M 77 38 RUL Central Abnormal (infiltrated) Adenocarcinoma Adenocarcinoma
2 M 53 18 LLL Central Abnormal (mucus) Non-diagnostic Infection
3 F 50 32 LLL Adjacent Abnormal (granulation) Non-diagnostic Adenocarcinoma
4 F 48 52 RUL Central Normal Granuloma Fungal infection
5 F 66 35 RLL Central Normal Adenocarcinoma Adenocarcinoma
6 F 63 18 RUL Adjacent Normal Non-diagnostic Fibrosis
7 M 79 42 RML Adjacent Normal Non-diagnostic Squamous cell carcinoma
8 F 50 21 LUL Adjacent Technically impossible Non-diagnostic Metastatic melanoma
9 F 68 54 RUL Central Normal Non-diagnostic Bronchioloalveolar carcinoma
10 M 65 25 RUL Adjacent Normal Adenocarcinoma Adenocarcinoma
11 M 63 27 RUL Adjacent Abnormal (hemorrhagic) Adenocarcinoma Adenocarcinoma
12 F 59 46 LUL Central Abnormal (infiltrated) Adenocarcinoma Adenocarcinoma
13 M 68 26 RUL Central Abnormal (granulation) Non-diagnostic Squamous cell carcinoma
14 M 68 23 RUL Central Normal Adenocarcinoma Adenocarcinoma
15 M 61 74 RUL Central Abnormal (infiltrated) NSCLC NSCLC

DISCUSSION

Standard flexible bronchoscopy allows only the first 5 or 6 generations of the bronchial tree to be examined using a
flexible bronchoscope, thus limiting its usefulness in the evaluation of peripheral pulmonary lesions. The use of radial
probe  EBUS has  been  shown to  increase  the  diagnostic  yield  of  bronchoscopy  for  peripheral  lesions  to  73% [14].
However, in our experience, biopsy specimens often turn out to be non-diagnostic despite ascertained localization of
pulmonary nodules with the p-EBUS. In one study, performing fine needle aspiration through the p-EBUS guide sheath
in addition to transbronchial biopsy significantly increased the diagnostic yield of bronchoscopy with p-EBUS [15].
This finding could be explained by the fact that the abnormal or malignant tissue lies beyond the airway wall. Hence,
being able to visualize the mucosa at the end of the guide sheath could possibly help guide sampling methods for p-
EBUS. In this feasibility study, we hypothesized that the Spyglass Direct Visualization system, a 0.9 mm optic fiber
developed for diagnostic examination the biliary tree, could be used to obtain images of the distal bronchial mucosa and
pulmonary nodules.

We performed 15 Spyglass procedures after nodule localization with p-EBUS. Images of the distal mucosa could be
obtained in all but one subject. We also were able to distinguish normal from abnormal bronchial mucosa. The Spyglass
procedure  added  on  average  6  minutes  and  30  seconds  to  the  entire  procedure.  Procedure  time  decreased  with
increasing number of procedures, suggesting there may be a learning curve for the personnel and physician performing
it. Proper positioning of the optic fiber within the guide sheath and opening of the distal airway with small amounts of
instilled saline were necessary to obtain clear and interpretable images of the distal mucosa.

This study aimed at determining whether the Spyglass optic fiber could be used to image the distal airways. It was
not powered to evaluate the diagnostic value of optic visualization of the distal mucosal appearance. However, in our
series,  mucosal aspect seemed to be predictive of a cancer diagnosis.  More subjects will  be needed to confirm this
hypothesis.

In the present study, we observed that diagnostic yield and sensitivity for p-EBUS are lower than those reported in
the literature [2 - 14]. We asked ourselves whether manipulations associated with the SpyGlass could have displaced the
guide sheath prior to sampling. However, in all cases, adequate positioning of the sheath was ascertained by repeating
the p-EBUS after the Spyglass and prior to sampling. Hence, this diagnostic gap is more likely to be due to sampling
techniques and subject-related factors. Also, the small number of patients studied makes these results unreliable as one
or two additional positive or negative cases could significantly influence sensitivity and diagnostic accuracy.

In conclusion, we demonstrated the feasibility of using the SpyGlass Direct Visualization System optic fiber via a
guide sheath to obtain images of the distal bronchial mucosa. Given the small diameter of this fiber, it allowed us image
the bronchial mucosa farther than the smallest available bronchoscope would have likely allowed. More subjects will be
needed  to  confirm  whether  aspect  of  the  mucosa  could  predict  a  positive  pEBUS  diagnosis.  It  is  possible  that
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visualizing the aspect of the distal mucosa could orient the bronchoscopist in choosing subsequent sampling procedures,
notably by adding needle aspiration, and help increase the diagnostic yield for this procedure. As technology improves,
the day might come when the endoscopist will be able to directly locate and visualize peripheral pulmonary nodules,
thus increasing the diagnostic yield of bronchoscopy for this condition.
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