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Goals

To be able to identify a solitary pulm. 
nodule
To understand various techniques to 
diagnose a SPN



Solitary Pulmonary Nodule 
(SPN)

Also called coin lesion
Lesion less than 3 cm and surrounded 
by lung parenchyma without other 
abnormalities
0.20% of all CXR have SPN
150,000 nodules per year identified



Solitary pulmonary nodules

1. Ost D, Fein AM, Feinsilver SH.  The solitary pulmonary nodule. N Engl J 
Med 2003;348:2535-2542



Leef JL, and Klein JS.  The solitary pulmonary nodule.  
Radiologic Clinics of North America 2002; 40:123-143

Presenter�
Presentation Notes�
In the United States, lung cancer is the leading cause of cancer death.

 When detected in stage 1 the cure rate for lung cancer  can be up to 70%.4

 Survival rates may be as high as 80% at 5 years in those patients with resected malignant nodules.  

However, in advanced lung malignancies survival drops down to less than 5% at 5 years after diagnosis.

  Bronchogenic carcinoma is increasing especially amongst the elderly. �



Composition of SPN

Retrospective study at Mayo clinic:
65% of lesions are benign

(79% were granulomas, 7% hamartoma)
Of the malignant lesions:
49% adenocarcinoma
29% squamous cell ca
8% large cell ca



Demographic risk factors

Age
Smoking history
History of prior malignancies
Environmental exposures

Presenter�
Presentation Notes�
It is important to understand demographic risk factors because these factors help guide how aggressive you want to be in evaluating the nodules.  

Studies indicate that there are less lung malignancies in people less than 40 years of age, but increasing malignancies in people between 40 to 80 years old. 

 Tobacco smoke is also a risk factor for malignancy. 

 Environmental exposures can predisposes to lung cancer.  Asbestos after a latency period of 20 to 40 years, when combined with tobacco exposure, increases the risk of lung cancer.  

Other environmental exposures including heavy metals such as uranium, cadmium and nickel cause increased susceptibility to lung malignancies. �



Radiological features of benign 
and malignant nodules

Nodular size

Presenter�
Presentation Notes�
We move the next topic of radiological features of benign and malignant nodules.  Play close attention to this portion of the topic.�



Nodular Size

80% of benign nodules are <2 cm
Only 15% of malignant lesion <1 cm

Presenter�
Presentation Notes�
While 80% of benign nodules are less than 2 cm in diameter, malignant lesions are rarely less than 1cm in diameter.

  A lesion’s growth rate can denote malignancy. 

 If the doubling time of a nodule is between 30-360 days, then the lesion should be sampled for biopsy or resected.

 Malignant bronchogenic tumors’ doubling time is often greater than 1 month or less than a year.

 In a lesion that is spherical, a 30% increase in diameter correlates with a doubling of tumor volume. 

 This growth pattern can signify that a nodule that was not present 2 months ago is most likely benign. �



Radiological features of benign 
and malignant nodules

Nodular size
Spiculation (corona radiata sign)



Corona Radiata Sign

1. Ost D, Fein AM, Feinsilver SH.  The solitary pulmonary 
nodule. N Engl J Med 2003;348:2535-2542

Presenter�
Presentation Notes�
The sign involves fine lines extending four to five millimetes away from a nodule in a computed tomography (CT) scan, giving the appearance of spiculation on plain radiological film. 

Malignant lesions have more vascular because of an increase in angiogenic factors like vascular endothelial growth factor.

  These angiogenic factors lead to magnifying microvessel density causing increase capillary perfusion and permeability, which enhances on CT scan witn contrast. 

Tumors with lymph node metastasis or vessel invasion can have coarse spiculations and thickening of the bronchovascular bundles around the tumor �



Radiological features of benign 
and malignant nodules

Nodular size
Spiculation (corona radiata sign)
Calcifications



Leef JL, and Klein JS.  
The solitary pulmonary 
nodule.  Radiologic Clinics 
of North America 2002; 
40:123-143

Benign Patterns of Calcifications

Presenter�
Presentation Notes�
  Laminated or central pattern of calcification is often observed in benign lesions such as granuloma 

  However, calcium cannot distinguish between benign or malignant nodules because 67% of carcinoid tumors as well as almost 94% of all lung cancer do not contain appreciable calcium �



Noninvasive Diagnostic 
Techniques

CT scan
PET scan
PET/CT scan



CT Scan

Limit of detectable change is 0.3mm
Contrast enhances a nodule
Bronchus sign



Bronchus sign

Increases the yield of a bronchoscopy 
from 44% to 82%

Presenter�
Presentation Notes�
The bronchus sign on CT occurs when one or more bronchus leads directly to a peripheral pulmonary nodule. 

 Air bronchograms (bronchus sign)  can suggest adenocarcinoma, especially the localized form of bronchoalveolar cell carcinoma, or lymphoma 

However, the bronchus sign can be observed in benign lesions including organizing pneumonia, pulmonary infarct, tuberculosis, harmatoma or sarcoidosis. 

The bronchus sign can be utilized as guidance to aid in the selection of a diagnostic procedure to further evaluate a SPN �



Bilaceroglu S, Kumcuoglu Z, Alper H, Osma E, Cagirici U, Gunel O, Bayol U, Celikten E, Perim K, Kose T.  CT 
bronchus sign-guided bronchoscopic multiple diagnostic procedures in carcinomatous solitary pulmonary nodules 
and masses Respiration 1998; 65:49-55

Bronchus Sign



PET Scan

Uptake of 18-fluorodeoxyglucose
Metanalysis of 727 studies (1966-2000) 
in Medline and Cancerlit from Gould et 
al.
Mean sensitivity is 93.6% and mean 
specificity is 85.8% 



Downside of PET scan

False (-):
- Bronchioloalveolar Carcinoma
- Carcinoids
- 5% of all stage 1 lung cancer 
- Tumors less than 1 cm in diameter
False (+) : 
- Infectious or inflammatory processes 



PET/CT



PET/CT Scan

Sensitivity to 96% 
Specificity 88%. 

Presenter�
Presentation Notes�
PET/CT has the same false negative and false positives of a regular PET scan�



Invasive Diagnostic 
Procedures

Bronchoscopy
Thoracotomy versus VATS



Bronchoscopy

Sensitivity ranges from 20-80%. 
Multiple techniques:  

Bronchial Washing
Endobronchial Biopsy
Bronchial Brushing
Bronchoalveolar Lavage (BAL)
Transbronchial Needle Aspiration

Presenter�
Presentation Notes�
  Bronchoscopy is a broad field with multiple techniques within the field

  The broad range in sensitivity is because of user technique and preference in the procedures used�



Bronchoalveolar Lavage (BAL)

Lee, Augustine. Bronchoalveolar lavage (2004). Retrieved September 
15,2007 from www.thoracic.org

http://www.thoracic.org/


Transbronchial fine Needle 
Aspiration (TBNA)

Transbronchial needle aspiration biopsy. Retreived on September 15, 2007. 
website:http://www.webio.hu/broncho/album/album7.php



Bronchial Brushing

Lung Cancer. Retrieved on September 15, 2007. 
website:http://www.tobacco-facts.info/bronchoscopy.htm



Houston VA Medical Center 
Study

Retrospective analysis of 177 men 
(active or ex smokers) with pulmonary 
nodule evaluated by bronchoscopies
over a 4 year period 
Diagnostic yield of malignancy is 64%, 
and of benign lesions is 35% 

Presenter�
Presentation Notes�
It is the pulmonologist’s preference on which technique to use during the bronchoscopy.�



Baaklini WA, Reinoso MA, Gorin AB, Sharafkaneh A, Manian 
P.  Diagnostic yield of fiberoptic bronchoscopy in evaluating 
solitary pulmonary nodules.  Chest 2000;117:1049-1054

Presenter�
Presentation Notes�
The researched also noticed that the more central to the bronchial tree the lesion is, the greater the yield with bronchoscopy �



Baaklini WA, Reinoso MA, Gorin AB, Sharafkaneh A, Manian P.  
Diagnostic yield of fiberoptic bronchoscopy in evaluating solitary 
pulmonary nodules.  Chest 2000;117:1049-1054

Presenter�
Presentation Notes�
the right middle lobe or lingular segment had the highest yield in bronchoscopy �



Bronchoscopy Complications

Complication rate approximately 2%
Most common complications:
- Hemorrhage 
- Pneumothorax



BAL vs. Fine Needle Aspiration

Retrospective study 
45 pts pulmonary disease evaluated by 
both BAL and fine needle aspiration 
Resulted: 35% of the time fine needle 
aspiration was positive while the BAL 
was negative. 

Presenter�
Presentation Notes�
Clark et al. conducted the evaluation between the techniques of BAL and fine needle aspiration in a retrospective study involving 45 patients pulmonary disease (pneumonia, infiltrate, cavitary lesion, pulmonary mass or nodule).

  The study showed that in 12 events of pulmonary mass and nodules, 35% of the time fine needle aspiration was positive while the BAL was negative.

BAL did poorly compared to fine needle aspiration because the BAL technique was varied and amount of saline used was suboptimal.  

The optimal volume of BAL fluid should be 200-300 ml but in the study the volume ranged from 3 to 50 ml perhaps because the patients were too sick to tolerate larger amounts of fluid.�



Clark BD, Vezza PR, Copeland C, Wilder AM, Abati A.  
Diagnostic sensitivity of bronchoalveolar lavage versus 
lung fine needle aspirate. Mod Pathol 2002;15:1259-1265 

Presenter�
Presentation Notes�
The study showed that in 12 events of pulmonary mass and nodules, 35% of the time fine needle aspiration was positive while the BAL was negative �



TBNA

Study in Switzerland
172 patients underwent diagnostic 
bronchoscopy for a peripheral 
pulmonary lesion 
Bronchoscopist determines which 
patients have bronchial washings, 
bronchial brushing, or transbronchial 
needle aspiration



Results

Reichenberger F, Weber J, Tamm M, Bolliger CT, Dalquen P, 
Perruchoud AP, Soler M.  The value of transbronchial needle 
aspiration in the diagnosis of peripheral pulmonary lesions.  Chest 
1999;116:704-708

50%

22%

Presenter�
Presentation Notes�
 Results indicated that 50% of the patient population was diagnosed by bronchoscopy

22% had diagnostic thoractomy�



TBNA increase diagnostic yield 
of bronchoscopy by 50%. 

Figure1. Bronchoscopic workup 
of 172 pulm nodules    

In regard to the impact on the 
diagnositic yield of

Different bronchoscopic methods

Reichenberger F, Weber J, Tamm M, Bolliger CT, Dalquen P, Perruchoud AP, Soler M.  
The value of transbronchial needle aspiration in the diagnosis of peripheral pulmonary 
lesions.  Chest 1999;116:704-708 

Presenter�
Presentation Notes�
Additional use of transbronchial needle aspiration (TBNA) increased the overall diagnostic yield of bronchoscopy to approximately 50% �



Lesion Diameter Influences 
TBNA

Reichenberger F, Weber J, Tamm M, Bolliger CT, Dalquen P, Perruchoud AP, Soler M.  The value of 
transbronchial needle aspiration in the diagnosis of peripheral pulmonary lesions.  Chest 
1999;116:704-708

Presenter�
Presentation Notes�
This figure shows the percentage of needle aspiration that was that was positive for a diagnosis.



Also the success rate for TBNA was significantly greater in lesions with a diameter over 3 centimeters �



TBNA Complications

Pneumothorax
Hemoptysis/Hemorrhagic Complications 
Air Embolism or Hemothorax (rarely)



Thoracotomy vs VATS

Annals of Thoracic Surgery
Randomized prospective trial of VATS 
vs muscle sparing lateral thoracotomy. 
44 patients with SPN: randomized into 
22 patients for VATS and 22 patients 
with lateral thoracotomy. 



Thoracotomy

Carson-Dewitt, R. Thoracotomy: Lung Cancer. 2007. retrieved 
9.15.07 website: http://www.thirdage.com/ebsco/files/14870.html

Presenter�
Presentation Notes�
  Surgeon places a patient under general anesthesia, 

  then a double lumen endobronchial tube is placed to allow ventilation of the contralateral lung, 

  while collapsing the ipsilateral lung.

  Then the surgeon makes a larger incision and requires a rib retractor�



VATS

Video-Assisted Thoracoscopic Surgery (VATS) at Mayo Clinic. Retrieved on 9.15.07. 
website: http://www.mayoclinic.org/video-assisted-thoracic-surgery

Presenter�
Presentation Notes�
Video Assisted Thoracic surgery also  places a patient under general anesthesia, then a double lumen endobronchial tube is placed to allow ventilation of the contralateral lung,

 while collapsing the ipsilateral lung.

  Approximately 3 incisions are made to allow the surgeon access to place a telescope camera and 2 biopsy forceps. �



Inclusion Criteria

Maximum nodule size 2.5cm, 
Located in peripheral third of the lung 
Nodule is classified as indeterminate 
after diagnostic procedures 



Results

VATS procedure:
Significantly less pain and hospital 
stay.
Sensitivity and specificity of both 
VATS and Thoracotomy is 100% 



Study Result – VATS vs. Thoracotomy

Santambrogio L, Nosotti M, Bellaviti N, Mezzetti M.  
Videothoracoscopy versus thoracotomy for the diagnosis of the 
indeterminate solitary pulmonary nodule.  Ann Thorac Surg 
1995;59:868-71



Algorithms

Swenson et al. – complex model to predict 
probability of malignancy
Included demographic features: age, sex, 
cigarette smoking status, history of asbestos 
exposure, extrathoracic malignant neoplasm, 
(COPD)
Plain radiographic data including diameter, 
location, margin and cavitation. 

Presenter�
Presentation Notes�
Now that you have the information of different techniques and ways to evaluate a nodule, it is important to know what to do with the information�



Swenson’s algorithm

Probability of Malignancy= ex/(1+ex)
x = -6.8272 + (0.0391 * Age) + 
(0.7917 * cigarettes) + (1.3388 * 
Cancer) + (0.1274 * diameter) + 
(1.0407 * spiculation) + (0.7838 * 
Upper)

Presenter�
Presentation Notes�
This is a mathematical representation of things we need to think about when deciding whether a nodule is likely to be malignant.�



Flowchart from the NEJM

Ost D, Fein AM, Feinsilver SH.  The solitary pulmonary nodule. N Engl J Med 2003;348:2535-2542

Step 1

Step 2

Step 3

Step 4

Presenter�
Presentation Notes�
In the New England Journal of Medicine, there is a recommendation to use a pretest probability of cancer based on various demographic and clinical characteristics to steer the clinician to the most appropriate initial diagnostic test �



Step 1



Step 2

Presenter�
Presentation Notes�
This is where I hesitate to follow the flowchart, based on my research.  

We know that calcifications can be seen in 6% of lung cancer

We understand that bronchogenic carcinoma and carcinoid tumor can be slow growing.  �



Step 3



Step 4



American college of radiology

Ost D, Fein AM, Feinsilver SH.  The solitary pulmonary nodule. N 
Engl J Med 2003;348:2535-2542



Conclusion

Investigation of the solitary pulmonary 
nodule remains an inexact science 
Medicare reimbursement for PET 
imaging is $1912, noncontrast CT of the 
thorax $276 and a CT guided needle 
biopsy is $560



Pearls of Wisdom

CT scan with iv contrast
Understand radiological signs of 
malignancy (corona radiata, size)
Get a pulmonary consult but also may 
need surgical consult 
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