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Introduction: Cor pulmonale and pulmonary vascular changes are known to occur in very severe chronic obstructive 
pulmonary disease (COPD). We tested the hypothesis that pulmonary vascular flow and volume are reduced in mild-
moderate COPD. 
 
Methods: The Multi-Ethnic Study of Atherosclerosis (MESA) COPD Study recruited cases of GOLD-defined mild, 
moderate and severe COPD and controls from two population-based cohort studies. Participants were age 50-79 
years, had smoked 10 or more packyears and were free of clinical cardiovascular disease. Pulmonary perfusion 
measurements were performed on a 1.5 T 
scanner (GE Healthcare) using the TRICKS 
sequence and a contrast bolus of 0.1 mmol/kg 
Gd-DTPA at a rate of 5 ml/s. Pulmonary blood 
flow (PBF), pulmonary blood volume (PBV) 
and mean transit time (MTT) were calculated 
from signal intensity-time curves on a pixel-by-
pixel basis by using deconvolution analysis 
(Fermi function model), indicator dilution 
theory and the central volume principle. The 
arterial input function was derived from a 
cardiac short axis gradient echo MR sequence 
(TR 1300 ms, TE 179 ms) in the right-
ventricular cavity with 1RR temporal resolution 
over 40 seconds and a contrast dose of 0.05 
mmol/kg to minimize saturation effects of the 
contrast agent. Mean PBF, PBV and MTT of a 
central coronal slice were calculated and 
displayed in quantitative maps using dedicated 
software. Linear regression models were 

adjusted for age, sex, race/ethnicity, height, 
weight, smoking status, pack-years and left 
ventricular stroke volume. 
  
Results: Pulmonary perfusion MRI allowed for quantification of perfusion abnormalities and distribution of perfusion 
in COPD (Fig 1). Among 48 controls, mean PBF was 85 ml/(min*100ml), mean PBV was 5.3 ml/100ml and mean 
MTT was 4.0 sec. In comparison in COPD patients (n=52) PBF was reduced in mild (-19 ml/(min*100ml), 95% CI -
42, 3; P=0.10), moderate (-25 ml/(min*100ml), 95% CI -10, -6; P=0.009) and severe (-46, 95% CI -81, -11; P=0.01) 
disease when compared to controls. Similarly PBV was reduced in mild (-1.0 ml/100ml, 95% CI -2.4, 0.4; P=0.18), 
moderate (-1.1 ml/100ml, 95% CI -2.3, 0.1; P=0.07) and severe (-2.5 ml/100ml, 95% CI -4.7,-0.3; P=0.03) COPD 
compared to controls. MTT increased significantly with increasing COPD severity. These perfusion changes were 
similar among current and former smokers and were not appreciably changed by additional adjustment for partial 
arterial oxygen saturation and hyperinflation. 
 
Discussion: Pulmonary parenchymal perfusion on MRI was reduced in mild to severe COPD. These findings 
suggest pulmonary vascular dysfunction and/or damage in early COPD, which has implications for cardiac function 
and potentially for COPD pathogenesis. 
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Figure 1: Quantitative maps of PBF (a,c) and MTT (b,d) in a control and a patient with
mild COPD. Maps show the homogenous distribution of perfusion. In mild COPD
perfusion abnormalities in the lung apex with decrease of PBF and increase of MTT are
depicted. 
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