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Abstract

Background: Transbronchial cryobiopsies has become increasingly important in the diagnostic

workup for interstitial lung diseases. The rate of complications and mortality are low compared

to surgical lung biopsies, but the diagnostic yield is not as high. The reason for the lower diagnos-

tic yield could in some cases be explained by biopsies taken too centrally or in less affected

areas. In this pilot study we examined the feasibility of using the electromagnetic navigation sys-

tem, superDimension (SD), when performing cryobiopsies to increase the diagnostic yield.

Methods: Electromagnetic navigation bronchoscopy and cryobiopsies were performed using SD.

An electromagnetic board placed on the back of the patient and a position sensor at the tip of

the navigational probe created a real-time 3D reconstruction of previously acquired computer

tomography images. The procedure was performed with the patients in general anesthesia using

a rigid bronchoscope when performed in Florence and with a flexible bronchoscope through an

orotracheal tube when performed in Aarhus.

Results: In total, 18 patients were included. Five patients were excluded, partly due to techni-

cal difficulties. Disposable 1.7 mm cryoprobes were used in Aarhus, and reusable 1.9 mm probes

in Florence. Pneumothorax was detected in three (23%), mild hemorrhage was seen in one (8%)

and moderate hemorrhage in six (46%). The biopsies contributed to the diagnosis in 11 of the

patients (85%).
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Conclusion: Using superDimension electromagnetic navigation system when performing cryobi-

opsies is feasible. A larger prospective trial is necessary to homogenize the technique between

centres and to evaluate diagnostic advantage and complications.

© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Background

Transbronchial cryobiopsies (TBCB) have gained increasing

interest in the diagnostic workup of interstitial lung diseases

where lung tissue is needed for a confident diagnosis. Com-

pared to surgical lung biopsies, the procedure is associated

with fewer complications, morbidity and mortality. The

diagnostic yield of TBCB is not as high, but still close to that

of surgical lung biopsies (75-85% vs. 90-98%).1�6

At the moment, most centers use high resolution com-

puted tomography (HRCT) to identify the optimal site for

biopsy and fluoroscopic guidance to reach the designated

biopsy site. The optimal location is app. 10 mm distance

from, and with a perpendicular relation between the probe

and the thoracic wall. When biopsies are taken from the lat-

eral parts of the lower lobes, it is relatively easy to ensure

correct perpendicular position of the cryoprobe by fluoros-

copy. However, when the biopsies are taken from the poste-

rior parts of the lower lobes, in the middle lobe/lingula or in

the upper lobes, it is more difficult to assess if the probe is

in the right position. In approximately 10-25% of all TBCB, a

confident pathological pattern is not obtained.2,5,6 The rea-

son behind the lack of diagnostic yield is multi-factorial but

a biopsy that is taken in a central part of the lung and includ-

ing mainly conducting airways or in a less affected non-rep-

resentative area of the lung are the main causes. There are

many unexplored options combining the TBCB procedure

with navigation systems. Some of these are already being

used as tools together with the bronchoscope in other con-

texts, for example electromagnetic based navigated bron-

choscopy or ultrasound guided biopsies in the diagnosis of

peripheral lung lesions.7,8 The superDimension electromag-

netic navigation system is a technology that can be used

together with bronchoscopy and enables real-time tracking

of the navigational probe and thus provides accurate guid-

ance to the desired area from where to perform the biopsy.

It is a system developed for navigation to peripheral lesions

in the lungs that are difficult to reach. For the procedure,

three devices are needed; a planning software that converts

the computed tomography (CT) scan into multiplanar images

to reconstruct three-dimensional images of the airways; a

steerable probe that contains the position sensor and an

electromagnetic board connected to the computer contain-

ing the planning data.

A similar technique to guide the bronchoscopist to

the optimal biopsy segment in suspected ILD patients

undergoing TBCB, would be of great value, especially

when the areas of interest are located in difficult to

reach parts of the lungs using only fluoroscopy or when

there are only subtle changes. Also, this technique

could result in a higher diagnostic yield and prevent

some patients from having to go through a second TBCB

procedure or surgical lung biopsies.

The aim of this pilot study was to explore the feasibility

and safety parameters using superDimension system when

performing cryobiopsies.

Method

Patients referred for TBCB as part of an investigation for

interstitial lung diseases at the Department of Respiratory

Diseases and Allergy, Aarhus University Hospital, Denmark

and the Department of Experimental and Clinical Medicine,

Careggi University Hospital, Florence Italy where included in

this pilot study. Eligibility criteria for TBCB have previously

been described.6 Baseline demographics regarding gender,

age, smoking history, lung function parameters (forced vital

capacity (FVC), diffusing capacity for carbon monoxide

(DLco)), 6-minute walk test distance and lowest saturation

were recorded.

All patients had HRCT performed within four weeks

before the procedure. The optimal place from where to take

the biopsy was discussed at a multidisciplinary team confer-

ence with participation of radiologists and pulmonologists.

Patients were eligible for inclusion if any of the biopsies

were to be obtained from other areas than the lateral parts

of the lower lobes. A compact disc of the scan was created

for the superDimensionTM navigation system (ver. 6.0 (Flor-

ence) and 7.1 (Aarhus), Medtronic Inc.).

Procedure

Before the procedure, an electromagnetic board was placed on

the back of the patient. The procedure was performed with

the patients in general anesthesia intubated with a rigid tra-

cheoscope (Stortz 14) when performed at Careggi University

Hospital, Florence, Italy and with a flexible bronchoscope

(Olympus, Tokyo, Japan), the patient being intubated with an

orotracheal tube, when performed at Aarhus University Hospi-

tal, Aarhus, Denmark. All patients were monitored with oxygen

saturation, blood pressure, transcutaneous carbon dioxide par-

tial pressure and ECG during the procedure. Cryprobes from

ERBE, Tubningen, Germany, were used in both centers. Bron-

choalveolar lavage was performed in all patients. Subsequently,

a position sensor at the tip of the navigational probe was intro-

duced into the airways through an Extended Working Channel

(EWC). In the electromagnetic field generated, the position of

the sensor was calculated in real time and merged with the

previously created 3D reconstruction of the patient and the

place from where to take the biopsy could be found. A Fogarty

balloon was then placed at the entrance of the segmental bron-

chus, ready to be inflated, once the biopsy was obtained to

prevent bleeding. In Florence, fluoroscopy was also used right

before the biopsies were taken, to make sure the probe was in

the right perpendicular position beneath pleura. The cryoprobe
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was cooled with CO2 for five to eight seconds and then

retracted with the frozen lung tissue attached at the tip of the

probe. Four biopsies were obtained when possible. The frozen

biopsies were thawed in isotonic saline and fixed in formalin

and embedded in paraffin, following standard procedure.

Hemorrhage was categorized as mild if only suction was

required, as moderate if installation of saline water or extra

occlusion of the Fogarty balloon were required and severe if

the patient became hemodynamic or respiratory unstable,

or if transfusion, surgery or intensive care was needed.

Chest x-ray was routinely performed two hours after the

procedure to screen for pneumothorax.

TBCB target, lobe and/or segment, size of cryo-probe,

seconds of freezing, complications, and number of biopsies

were recorded. All TBCB samples were discussed in a multi-

disciplinary setting with radiologists, pathologists and pul-

monologists.

Ethics

The Regional Ethics Committee for Clinical Trials of the Tus-

cany Region approved the study (Identifier: 19916_oss).

Approval from The Central Denmark Region Committees on

Health Research Etichs was waivered upon request.

Statistics

The results are presented as mean § standard deviation

when normally distributed or as median with interquartile

ranges when not normally distributed.

Results

Eighteen patients (11 patients from Aarhus, seven

patients from Florence) were recruited and five patients

were excluded due to technical difficulties leaving thir-

teen patients for analysis (Fig. 1). All patients that were

excluded had biopsies taken from other areas, but were

not included in the analysis. Baseline demographics can

be seen in Table 1.

In the two first patients in Aarhus, a reusable cryoprobe

of 1.9 mm was used and due to the time-consuming proce-

dure, SD was only used for the first biopsy, and subsequently

conventional fluoroscopy was used. These patients were not

included in the analysis. After this, a disposable cryoprobe

of 1.7 mm was used. In Florence, reusable cryoprobes size

1.9 mm were used in all procedures. SD was not possible in

two of the patients because of difficulties in getting into the

selected segment due to severe fibrosis (one patient in Flor-

ence and one in Aarhus) and in one patient due to mismatch

between the navigation system and the bronchial tree (Flor-

ence). In 12 (92%) patients, biopsies were taken from the

right lung (upper lobe: three, middle lobe: three, lower

lobe: six) and in one patient, the biopsies were taken from

the left lower lobe. Pneumothorax was detected in three of

the 13 patients (23%) of which one had a chest tube inserted

that was removed the following day (Table 2). Mild or mod-

erate hemorrhage was seen in 7 (54%). None of the patients

experienced severe hemorrhage or acute exacerbations.

Pleura was not present in any of the biopsies from Aarhus

and in Florence, these data were missing. The biopsies

contributed to the diagnosis in 11 of the 13 patients (85%).

The results from the two sites are presented in Table 2.

Discussion

We have in this pilot study, as the first, shown that using SD

electromagnetic navigation system when performing TBCB

with both rigid and flexible bronchoscopes in the diagnostic

workup for interstitial lung diseases is feasible.

Performing TBCB with conventional fluoroscopy, even

when guided by HRCT scans, is a blind procedure and the

biopsies are not always diagnostic. Using the SD system may

result in more patients having representative biopsies, a

higher diagnostic yield and fewer patients being referred for

new TBCB or surgical lung biopsies. In particular, in patients

with only subtle changes on HRCTor in patients with changes

that are more difficult to reach solely guided by fluoroscopy,

the use of the SD navigation system could be beneficial, see

Fig. 2. But, like all other procedures, the use of electromag-

netic navigation bronchoscopy requires training, both in

planning the procedure, using the software and navigating

with the multiplanar CT images.

In both centers, the cryobiopsies were performed by

experienced interventional pulmonologist that were already

familiar with performing TBCB. In Aarhus, TR, was also

familiar with using SD for retrieving tissue samples from pul-

monary lesions. Even with experienced physicians, the per-

ception was that the procedure took longer time compared

to solely using conventional fluoroscopy.

In the first two patients in Aarhus, a cryoprobe of 1.9 mm

was used but the procedure was time- consuming due to dif-

ficulties in navigating the cryoprobe through the EWC, and

thereafter, the new disposable 1.7 mm cryoprobe was intro-

duced for all patients.

The rate of pneumothorax was comparable to other studies

using fluoroscopy guided TBCB, but the rate of hemorrhage

was higher.6,9 More Danish patients experienced moderate

hemorrhage (63%) probably due to more biopsies being central

compared to Florence. In Florence, fluoroscopy was used after

finding the targeted area and before taking the biopsies, to

make sure the probe was in the desired area beneath pleura

and thus probably more peripheral. The changes found on CT

in the Aarhus cohort were more pronounced more centrally

which could also explain the higher rate of bleeding. Also,

Fig. 1 Flowchart.
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Table 1 Patient demographics.

Number of patients (F/M) Aarhus cohort8 (2/6) Florence cohort5 (1/4) Total cohort13 (3/10)

Age (range) 64.1 (52-80) 65.8 (57-74) 64.7 (52-80)

Ever/never smokers 6/2 4/1 10/3

FVC % predicted 94 § 21 77 § 26 88 § 24

DLCO % predicted 69 § 16 70 § 10 69 § 13

6MWTD, m 491 § 115 429 § 20 466 § 92

6MWTD, lowest saturation, % 95 § 3 92 § 2 94 § 3

HRCT pattern

-Probable UIP 2 3 5

-Indeterminate 4 1 5

-Alternative diagnosis 2 1 3

Table 2 Procedure related data and results.

Aarhus cohortN=8 Florence cohortN=5 Total cohortN=13

Number of biopsies per patient (IQR) 4 [4-4] 4 [4-4] 4 [4-4]

Size of cryoprobe (1.7, 1.9) 1.7 1.9

Seconds of freezing (median and IQR) 7 [7-8] 6 [6-6] 7 [6-7]

Size of biopsies (mm and IQR) 5 [4.6-7.5] 6.5 [5-8] 5 [5-8]

Site of biopsies

-Right, Upper 3 0 3

-Right, middle 1 2 3

-Right, lower 3 3 6

-Left lower 1 0 1

Pneumothorax 1 (13%) 2 (40%) 3 (23%)

Hemorrhage

-mild 1 (13%) 0 1 (8%)

-moderate 5 (63%) 1 (20%) 6 (46%)

Contribution to diagnosis (%) 7 (88%) 4 (80%) 11 (85%)

Diagnosis

-Hypersensitivity pneumonitis 3 0 3

-Idiopathic pulmonary fibrosis 0 2 2

-Smoking related -ILD 1 1 2

-Cryptogenic organizing pneumonia 1 0 1

-Nonspecific interstitial pneumonia 1 0 1

-Scleroderma ILD 0 1 1

-Pulmonary alveolar proteinosis 1 0 1

-Unclassifiable ILD 1 1 2

IQR: interquartile range, F: female, M: male, ILD: interstitial lung disease.

Fig. 2 SD navigation system.
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pleura was not found in any of the Danish biopsies, supporting

that the bleeding rate was due to biopsies being more cen-

tral.6 The perception of the degree of bleeding can be differ-

ent when using a rigid bronchoscope and a flexible fiberscope.

One drop of blood may block the view when working with the

fiberscope while it requires more bleeding to interfere when

using the rigid bronchoscope. This might influence the label-

ing of degree of bleeding. As in other studies with TBCB, we

found a high diagnostic yield of 85%.5,6,9

Apart from the hardware and software for the SD, a sensor

probe at the cost of approximately 1000 Euro is needed for

each patient. When using conventional fluoroscopy as guid-

ance when performing TBCB, approximately 10-25% of the

biopsies are non-diagnostic. Many of these patients will have

to go through a new TBCB procedure or for some, a surgical

lung biopsy which will also pose a considerable cost when

staff, equipment and possible hospitalization are calculated.

This study has several limitations. As this is a pilot study,

the sample size is small and it is not a randomized and con-

trolled trial comparing the diagnostic yield and risk of com-

plications to patients having TBCB performed only with

conventional fluoroscopy. Also, the study was not blinded

when discussed at MDT meetings. The procedure was per-

formed slightly different in the two centers making it more

difficult to compare the results and the use of fluoroscopy

might be the reason for more peripheral biopsies and less

hemorrhage in the Italian patients. Based on the results in

this study, we can not recommend or disadvice against the

use of fluoroscopy at the same time as the electromagnetic

navigation system when performing TBCB.

Conclusion

Using superDimension when performing cryobiopsies is safe

and feasible. Larger randomized, controlled, single blinded

multicenter trials are necessary to homogenize the tech-

nique between centres and to evaluate diagnostic yield and

complications.
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