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investigated in 100 patients (Young et al. 2018) and this

previous work was in agreement with our observations.

The fact that there were no significant relationships

between VDP and oscillometry in the control subgroups

except for R5 and VDP in never-smokers is also congru-

ent with previous results (Young et al. 2018). Based on

Figure 2. Relationship between MRI ventilation heterogeneity and impedance measurements in representative subjects. Centre slice coronal

static ventilation 3He MRI (cyan) co-registered to anatomical 1H (grey-scale) and corresponding oscillometry plots for two representative asthma,

COPD, never-smoker and ex-smoker participants. Worse ventilation heterogeneity qualitatively reflected increased frequency dependence of

resistance and reactance as well as greater AX in participants with asthma and COPD, but not for never-smokers and ex-smokers without

COPD.
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this previous work, our results were not unexpected. R5

reflects the resistance of the entire respiratory system

including all airways (and not the just the small airways

or the larger airways) and this may explain why signifi-

cant relationships with VDP were not present. R5 was also

not significantly different between the four subgroups,

whereas R5-19, X5, AX as well as plethysmography-mea-

sured airways resistance (Raw) were. This suggests that R5

is not sensitive to the differences in resistance in our

patient population and this could be because much of the

resistance in these patients may be due to the peripheral

airways and this effect is overshadowed in the R5 signal.

Oscillometry measurements that reflect the heterogeneity

of airway narrowing (R5-19) as well as X5 and AX (Tgava-

lekos et al. 2007; Dellaca et al. 2009) were all related to

VDP in asthma and all COPD patients, and none of these

relationships were detected in never- or ex-smokers.

Notably, ventilation defects in severe COPD were previ-

ously shown to be related to both emphysema and small

airways disease (Kirby et al. 2013; Capaldi et al. 2016) so

the negative relationship between VDP and X5 in COPD

was not surprising. This was not previously observed

(Young et al. 2018) perhaps due to the current study’s

larger sample size across all grades of COPD severity. It

has been shown in experimental studies in humans and

animals however, that the major influence of heterogene-

ity is its impact on resistance and elastance between

0.1 Hz and 5 Hz (Hantos et al. 1986, 1990; Tepper et al.

1992), whereas our system is limited to 5 Hz and above.

We are thus only capturing the “tail-end” of the impact

of heterogeneities using R5-19 and this may explain the

weak correlations observed.

Figure 3. Quantitative relationships between MRI VDP and

impedance measurements. (A) VDP was not significantly related to

R5 in asthma nor in COPD subjects. (B) VDP was significantly

related to R5-19, and, (C) X5 and, (D) AX in asthma and COPD

participants.

Table 2. Multivariable models to predict VDP from oscillometry

Unstandardized
Standardized

PVariable B Standard error b

MODEL 1: All subjects, n = 175 (R = 0.63; R2 = 0.39, P < 0.0001)

R5 �1.98 0.77 �0.22 0.01

R5-19 1.81 1.61 0.15 0.3

X5 �2.75 1.26 �0.34 0.03

AX 0.13 0.11 0.21 0.2

MODEL 2: Never-smokers, ex-smokers with and without COPD,

n = 126 (R = 0.66, R2 = 0.44, P < 0.0001)

R5 �3.96 1.17 �0.48 0.001

R5-19 5.14 2.35 0.35 0.03

X5 �3.55 1.63 �0.41 0.03

AX 0.10 0.13 0.15 0.5

MODEL 3: Ex-smokers with and without COPD, n = 84 (R = 0.62;

R2 = 0.38, P < 0.0001)

R5 �2.95 1.93 �0.29 0.1

R5-19 6.24 3.41 0.39 0.07

X5 �1.16 2.20 �0.14 0.6

AX 0.18 0.17 0.27 0.3

MODEL 4: Asthma only, n = 49 (R = 0.65, R2 = 0.43, P = 0.001)

R5 �1.28 0.84 �0.20 0.1

R5-19 3.33 1.85 0.49 0.08

X5 1.15 1.36 0.24 0.4

AX 0.14 0.13 0.36 0.3

VDP = ventilation defect percent; R5 = resistance at 5 Hz; R5-

19 = resistance at 5 Hz minus resistance at 19 Hz; X5 = reactance

at 5 Hz; AX = reactance area.

Covariates: age, sex, BMI.
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