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Lung cancer

54 yrs, 33 PY
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Lung cancer

?

Swensen AJR 2002

• 10% of heavy smokers develop LC

• half of all smokers >50 years of age have at least 1 
pulmonary nodule: cancer ?

• 10% will develop a new nodule during the year

2/3 peripheralperipheral LC   vs 1/3 centralcentral LC
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• leading cause of cancer related deaths
– France : 28,000 new cases / yr
– Germany: 40,000 new cases / yr

Lung cancer

5-year survival (%)
Primary site 1974-1976 1992-1998
Lung 12 15
Colon/rectum 50 62
Breast 75 86
Pancreas 3 4
Prostate 67 97

• late diagnosis of extensive disease � treatment failure 
� low survival rates



Potentially Potentially resectableresectable cancer can be identified cancer can be identified 
using CT screening programsusing CT screening programs1,21,2

1. Sone S et al, 1988  
2. Henschke CI et al, 2001 
3. Swensen SJ et al 2005

• high proportion of false-positive CT findings (may 
reach 70%) 3

– histologic confirmation is required

• significant proportion of early-stage lung cancer 
patients may be medically inoperable 1.
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SPN: thethe diagnostic dilema

thoracotomy
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PET does not solve all the issues !
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Operable

��� � surgery

Non operable
��� � local treatment

• diagnosis ?
• which technique ?

PET positive Solitary Pulmonary Nodule
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Fiberoptic Bronchoscopy : accessibility ?

Baaklini et al Chest 2000

– Central lesions: yield 82 %
– Intermediate lesions :  yield 61 %
– Peripheral lesions : yield 14 %
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Intermediate lesions : yield 61 %

JM Vergon. St Etienne
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Peripheral lesions: yield 14% if Æ £2 cm
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TransThoracic Needle Aspiration (TTNA)

• TTNA may reach diagnostic yield of 82 to 96%1,2

• pneumothorax rates that range from 23- 44%3,4

1. Kaazerooni EA et al, 1996
2. Ohno Y et al, 2003
3. Li H et al, 1996
4. Laurent F et al, 1999

the high diagnostic yield of this method the high diagnostic yield of this method 
derives from selected populations that derives from selected populations that 
fulfilled in advance clinical and fulfilled in advance clinical and 
radiologicradiologic criteria to undergo TTNAcriteria to undergo TTNA
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50 %30 %40 000Germany

30 %8 000Netherlands

1 %95 %50 %28 000France 4 (gae)

0 %20 %80 %28 000France 3  (ver)

30 %40 %70 %28 000France 2 (dut)

30 %50 %65 %28 000France 1 (tro)

< 10 %50 %50 %8500Belgium

easy access to
Fluoroscopy

Guided
Bronchoscopy
for peripheral

lesions

TTNA
accessibility

out of the range
of visibility of
conventional

bronchoscopy

Incidence of
lung cancer

Accessibility to SPN
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Novel methods to improve yield of bronchoscopy for S PLL

• EGB1,2,3

• Virtual bronchoscopy + ultrathin fibroscope4

• Ultrasound guidance5

1. Schwarz Y et al,2003
2. Hautmann H et al,2005
3. Guildea T et al, 2006
4. Shinagawa N et al, 2003
5. Herth FJ et al, 2006

65%

<3cm

CT guided- Virtual Br. 4

74 66       100

<2       2-4         >4

EGB 3

70%Yield,%

<3cmSize, cm

EBUS 5
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electromagnetic navigation : overview

To guide bronchoscopic interventions in desired 

predetermined distal areas (targets) within the 

bronchial tree. 
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electromagnetic navigation : Overview

• image-guided localization device which 
aims in guiding bronchoscopic interventions 
in desired predetermined areas (targets) 
within the bronchial tree. 
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• locatable flexible guide (1-mm-
diameter, 8-mm-long) 

electromagnetic navigation : overview
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• control lever

electromagnetic navigation : overview
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The extended working channel: sheath that can be in serted through the working 
channel of a bronchoscope providing an easy access for bronchoscopic
accessories (forceps, brush, needle etc.) 

electromagnetic navigation : overview
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electromagnetic navigation : overview

1. target points are first 
determined on a three-
dimensional CT scan which 
can be imported into the 
system. 

2. recommended technical 
thoracic CT criteria for 
navigation software :
slice thickness 2-3.5 mm, 
slice interval (with overlap of 
1mm) 1-2.5 mm, image size 
512x512 pixels and dicom
format. 
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Anatomic landmarks are marked as coordinates on the virtual 
bronchoscopy image

electromagnetic navigation : planning
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The same “radiologic landmarks” selected on the virtu al bronchoscopy
image are identified in vivo and touched with the probe to register their 
location in the software for establishing alignment

electromagnetic navigation : registration
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electromagnetic navigation : matching
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electromagnetic navigation : matching
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electromagnetic navigation

The sensor tip viewpoint displays 
in real time the graphical view 
from the locatable’s guide point 
of view. The tip’s movement and 
orientation are reflected by the 
movement of the viewing angle, 
ensuring that the tip’s position 
and orientation are kept in the 
center of the viewpoint (bottom 
right).

Only the current target is shown 
in the viewpoint while all other 
points and pathways are not 
visible. The distance from the tip 
sensor to the selected target is 
also displayed.
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electromagnetic navigation: biopsy
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Eur Respir J. 2007 Mar 14; [Epub ahead of print]

Electromagnetic navigation diagnostic bronchoscopy fo r small peripheral lung
lesions.

Marquette CH. CHRU, Lille.

This study evaluated prospectively the diagnostic yield and safety of electromagnetic navigation guided
bronchoscopy biopsy, for small peripheral lung lesions in patients where standard techniques were non-
diagnostic.The study was conducted in a tertiary medical centre on 40 consecutive patients considered
unsuitable for straightforward surgery or CT-guided transthoracic needle aspiration biopsy due to co-
morbidities. Lung lesions mean(SE) diameter was 23.5(1.5)mm and depth from visceral-costal pleura was
14.9(2)mm. Navigation was facilitated by an electromagnetic tracking system which could detect a position 
sensor incorporated into a flexible catheter advanced through bronchoscope. Information obtained during
bronchoscopy was superimposed on previously aquired CT-data. Divergence between CT-data and data 
obtained during bronchoscopy (divergence) was calculated by system's software as a measure of
navigational accuracy.All target lesions but one was reached and the overall diagnostic yield was
62.5%(25/40). Diagnostic yield was significantly affected by CT-to-body divergence (p=0.03); yield was 77.2% 
when estimated divergence was </=4mm. Three pneumothoraces occurred and chest drainage was required
in one case.Electromagnetic navigation guided bronchoscopy has the potential to improve the diagnostic yield
of transbronchial biopsies without additional fluoroscopic guidance and may be useful in early diagnosis of
lung cancer, particularly in non-operable patients.
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EGB: results

*only for lower lobe nodules

23715T2  size (mm)

11725
TNM staging 
T1  size (mm)

69712lesion depth from visceral diaphragmatic pleura (mm )*

214.940lesion depth from visceral costal pleura (mm) 

1.23.140lesion volume (cm 3)

1.523.540lesion size (mm)

SESEmeanmeannnLesion characteristicsLesion characteristics

Marquette CH, ERJ 2007
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• primarily severe cardiovascular problems (n = 12/40 )
• renal impairment (hemodialysis)(n = 7/40)

• severe obstruction (FEV1pred < 30 2 % (n = 10/40)

• Patients with previous lobectomy (n = 3/40) 
• mixed co-morbidities (cardiovascular disease, diabe tes, COPD, hepatic 

failure, obesity)(11/40)
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Clinical implication : diagnostic “cul de sac”



*diagnosis obtained by open lung biopsy (n=8), mediastinoscopy (n=2), or TTNA (n=3)
**EGB biopsy not feasible (regression of lesion in CT/negative PET,14 months follow up) 

Total cases 25                              15

1lost to follow up (n=1)2Hamartoma/granuloma

1sandblasting silicosis

1
Pneumonia**2Tuberculosis

Benign lesions (n=1)Benign lesions (n=5)

2squamous cell lung cancer

2Metastatic Adenocarcinoma10squamous cell lung cancer

9Adenocarcinoma10Lung adenocarcinoma

nMalignant lesions (n=13)nMalignant lesions (n=20)

DiagnosisDiagnosisnotnot obtainedobtained byby EGB*EGB*EGB EGB obtainedobtained diagnosisdiagnosis



Diagnostic yield without additional guidance: overall 62.5%Diagnostic yield without additional guidance: overall 62.5%

������ ����������������	

�
������*difference according to CT-to-body divergence, p= 0.03.

5922minimum distance from target reached   > 8 mm

66.518minimum distance from target reached   � 8 mm

44.418CT-to-body divergence > 4 mm

77.2*22CT-to-body divergence � 4 mm

64.717depth from visceral pleura   > 14 mm

60.823depth from  visceral pleura  � 14 mm

53.813all other lobes

66.527right or left upper lobe

68.419volume >1cm3

57.121volume � 1cm3

76.913size  >30 mm

71.47size  > 20 mm � 30 mm

43.716size   > 10 mm � 20 mm

754size  � 10 mm

73.315T2 lesion

5625T1 lesion

Yield %nFactors 
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Electromagnetic navigation: sampling issues and safety

• In every lesion, 8.5 (0.7) mean (SE) biopsies were attempted and 6.7 (0.4) 
specimens per lesion were obtained. 
Among specimens obtained on site, 2 (0.5) specimens per lesion [or 29(1)% of 
specimens obtained] corresponded to clots, unidentifiable cellular casts or non 
recognisable material and were judged as improper for evaluation. 

• Pneumothorax rate (3/40), drainage (1/40)*
- 58 years-old smoker with severe COPD presented pneumothorax requiring chest 
drainage five hours after bronchoscopy

- two patients experienced immediately after procedure small asymptomatic 
spontaneously resolved pneumothoraces.

• *without fluoroscopy (Makris D, Marquette CH, ERJ 2007)
• Pneumothorax rate in Guildea’s study was 3.7% (2/54) (fluoroscopy used)  
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Therapeutic prospects

gentle gift of TL Mc Lemore, Paris, Texas, USA
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take home messages

1. The overall diagnostic yield of EGB for SPLL (62. 5%) is superior to the 
yield of conventional bronchoscopic techniques for S PLL reported in most 
studies.

2. EGB may be considered in the diagnosis of SPLL wh ere conventional 
bronchoscopy fails. 

3. In contrast to fluoroscopy, this technique is not  associated with radiation 
exposure.

4. no significant association between the diagnostic  yield of the technique 
and location/size of the lesion was observed

5. EGB yield may be affected by CT-to-body divergenc e
Divergence- differences could be obviated in the nea r future (software advance -

CT of ultra fast temporal resolution and/or respiratory gating).

6. EGB is not a cumbersome technique. (Providing a previous experience in flexible 
bronchoscopy, EGB can be easily learned)

7. Negative Predictive value- Sampling issues ?? 
the clinician must always continue to pursue a diagnosis if an EGB guided biopsy 
is negative or non-diagnostic using all available diagnostic methods


