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Exercise testing is increasingly used to assess the 

aerobic reserve of lung resection candidates.  

 

These tests have the capability to assess the entire 

oxygen transport system and to detect possible deficits 

that may predispose to postoperative complications. 

  

 

Therefore, the potential exists to evaluate much of 

the cardiopulmonary system with just one test  
(Olsen GN. Chest 1989; 95: 218-225) 



Types of exercise tests 

Test low-tech:  

• 6-min walking test 

• Shuttle test 

• Stair climbing test 

 

Test high tech:  

•  VO2/VCO2 measurement (Cycle, treadmill) 

 



Cardiopulmonary exercise test 

• Performed in a controlled environment. 

• Continuous monitoring of various parameters.  

• Easy standardization and good reproducibility of results. 

• PeakVO2 is the single most important parameter as a direct 
measure of exercise capacity.  

• CPET does not only allow assessment of over-all cardio-
pulmonary reserves, but in case of a limitation of exercise 
capacity, to find the reason for this, such as pulmonary, 
cardiovascular, or musculo-skeletal limitations.  



VO2max and postop morbidity 



Am J Respir Crit Care Med 1995 



6 of 7 pts with VO2<60% had compl (86%) 

11 of 17 with VO2 < 15 ml/kg/min had compl (65%) 

8 of 65 with VO2 > 90% had compl (12%) 



• January 2006-June 2008: 263 CPET 

• 59 wedge or segmentectomy 

• 204 major resections (177 L, 27 P) 
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Respiratory complications by peakVO2  

(204 anatomic resections) 

Brunelli A et al. CHEST 2009 



Mortality and peakVO2  

(204 anatomic resections) 

Brunelli A et al. CHEST 2009 
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Stratification of outcomes by peakVO2 

Brunelli A et al. CHEST 2009 



Benzo R et al. Respir Med 2007 



Licker M et al. Eur Respir J 2011 



Licker M et al. Eur Respir J 2011 







Effect of pre-operative training 

in lung cancer patients 



Increase in peak VO2max (2.3 ml/kg/min) 
Increase in 6MWT  (40 m) 
No changes in PFTs 

•Increase in peak VO2 (2.8mL/kg/min) 
•No improvement of PFT 

•Increase in peak VO2 (6.3 ml/kg/min) 
•Increase in PaO2 (22 mmHg) 
•Increase in PFTs (FEV1, FEV1/FVC)  

Jones L Cancer 2007, 20 pts  

Bobbio A EJCTS 2008, 12 pts  

Divisi D EJCTS 2013, 27 pts 

Short term aerobic training. 4-6 sessions/week, 4-6 weeks  

+ pt education and breathing techniques 



Brunelli A et al CHEST 2013;143(5 Suppl):e166S  



Beyond VO2max: 

VE/VCO2 



c-index 0.87 

VE/VCO2 slope < 34: 98% survival probability 

VE/VCO2 slope≥34: 5.5% probability of death 

EJCTS 2010 



http://ats.ctsnetjournals.org/current.shtml


VE/VCO2 is a predictor of respiratory complications  

either in pts with VO2<15 and VO2>15 mL/kg/min  



VE/VCO2 is a predictor of respiratory complications  

either in pts with and without COPD 

VE/VCO2 > vs. < 35: RC 22% vs 7.6%; death 7.6% vs. 0.2% 



CPET and cardiac risk 





VO2max AND survival 



Brunelli A et al. Ann Thorac Surg 2014; 98:238 

Overall Survival 

P=0.0004 

PREDICTORS HR P value 

Age>70 2.3 0.005 

VO2max<60% 2.4 0.001 



Cancer specific Survival 

P=0.01 

Brunelli A et al. Ann Thorac Surg 2014; 98:238 



VO2max AND quality of life after surgery 



Pompili C et al. Eur Respir J 2013 



Proportion of patients with postoperative low 

Physical or Mental QoL scores 



Individual objective components of health, such as 

VO2max, when they are extrapolated from the 

patients contextual framework, may constitute only 

the basis of self-rating, which can be subsequently 

modified by the context of the evaluation 



CPET in the guidelines 



Recommendations: 

1-  Cardio-pulmonary exercise tests are performed in controlled environment, 

reproducible and safe. PeakVO2 measured during an incremental exercise on treadmill 

or cycle should be regarded as the most important parameter to consider, as a measure 

of exercise capacity and highly predictive of postoperative complications.  

Level of evidence 2++; Grade of  recommendations B 

2- The following basic cut-off values for peakVO2 should be considered : 

 peakVO2> 75% of predicted value or 20mL/min/kg qualifies for pneumonectomy 

 peakVO2 < 35% or 10 mL/min/kg indicates high risk for any resection.  

 Evidence is thin to recommend cut-off values for lobectomy 

Level of evidence 2++; Grade of  recommendations C  

http://www.ests.org/index.html






CPET and VATS lobectomy: 

is VO2max still a reliable indicator? 

 

 



Burt BM et al. JTCVS 2014; 148:19-28 

Mortality in High Risk patients 



1684 lobectomies patients with VO2max available in ESTS database 

281 VATS lobectomies 

 

Matched comparison after VATS 

Low VO2max (<15 ml/kg/min) was not associated with increased surgical risk  

after VATS lobectomy, challenging the traditional operability criteria  


