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What is the minimal clinically important
difference for helium-3 magnetic
resonance imaging ventilation defects?
To the Editor:
Pulmonary magnetic resonance imaging (MRI) using inhaled polarised gases provides a way to directly
visualise and sensitively measure lung ventilation abnormalities or ventilation defects [1]; the burden in
individual patients may be directly quantified as the percent ventilation volume [2], ventilation defect
volume (VDV) [3] or ventilation defect percent (VDP) [4], which is VDV normalised to the total lung
volume. In patients with asthma, MRI ventilation defects worsen during methacholine [5] and exercise
challenge [5, 6], and respond to bronchodilation [5, 6]. However, it is still unknown if quantitative changes
in MRI ventilation abnormalities directly reflect changes in patient-related outcomes like symptoms; this is
important when considering MRI for clinical and research studies in asthma patients, which require an
understanding of the minimal clinically important difference (MCID).
First described in 1989 [7], the MCID reflects the smallest measurement difference that patients perceive
as beneficial. MCID estimations typically involve patient perception but up to nine methods have been
reported [8] and no standard for calculating MCID has been established. For example, changes in clinical
parameters provide the foundation for the so-called anchor-based MCID approach [9], in which patientor clinician-reported metrics serve as “anchors”. Conversely, distribution-based or data-driven approaches
reflect instrument error and precision, including the standard error of measurement (SEM) [10], which
has been validated as a proxy for the MCID.
Here, we estimated the MCID of MRI VDV and VDP using distribution- and anchor-based approaches.
We used both approaches because MRI VDV and VDP measurement precision are heavily dependent on
the algorithm used and the reproducibility of the quantification. First, we used the SEM to estimate the
distribution-based MCID for VDV based on algorithm precision previously published [3]. As previously
described [3], pulmonary MRI VDV is quantified using a semiautomated algorithm in units of millilitres
while VDP is measured as a percentage of the thoracic cavity volume in units of percentage. Based on five
repeated segmentation rounds in 15 subjects, the SEM for VDP was calculated as the square root of the
repeated measures intraobserver VDP variance and was 40 mL [3]. We also consider the smallest
detectable difference (SDD), which generates confidence about measurement uncertainty. The previously
calculated SDD for VDV was 110 mL [3] and because this is larger than the SEM, it is possible that an
observed change less than the SEM would be due to measurement error. In contrast, if the SDD is smaller
than the MCID, it is possible to distinguish a clinically important change with adequate measurement
precision. To be certain that a clinically important change is not due to measurement error, we propose to
conservatively use the MCID of 110 mL, which reflects measurement precision, instead of 40 mL, which
was the measured SEM.
For the anchor-based method, we used the patient-reported and validated Asthma Control Questionnaire
(ACQ) score [11] as the anchor, and the significant relationship between ACQ score and MRI VDP
previously published in 18 asthmatic patients [12]. In these asthmatics, the relationship between ACQ
score and VDP was determined by the equation of their linear relationship as VDP=7.5×ACQ−5.0 [12].
The MCID for ACQ score was previously determined to be 0.5 [11] and therefore, based on the linear
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relationship, a 0.5 change in ACQ would result in a 4% VDP difference. Therefore, using ACQ score as an
anchor, the VDP MCID is 4%.
While ACQ score and exacerbations may be used in asthma clinical trials, the most commonly used
objective end-point is the forced expiratory volume in 1 s (FEV1); the MCID for FEV1 is often described
as a range which for asthmatics is 100–200 mL [13]. In contrast with FEV1, which is dominated by the
large airways [14], MRI is sensitive to all airways and the MCID is 110 mL for VDV (distribution-based)
and 4% for VDP (anchor-based). The 4% VDP MCID can be translated to a VDV of 200 mL based on the
mean thoracic cavity volume segmented from MRI, which was reported to be 5.0 L [3]. In a similar
manner, the VDV MCID of 110 mL is equivalent to ∼2%. Thus, we report a range of 110–200 mL for
VDV and 2–4% for VDP as MCID ranges. To illustrate the quantitative meaning of the MCID of VDP in
individual patients, figure 1 shows MRI for three patients with asthma with visually and quantitatively
improved ventilation following bronchodilation (increasing VDP improvement shown from left to right).
For subject S1, there was a change in VDV/VDP equivalent to the distribution-based MCID or SDD. For
subjects S2 and S3, there were post-bronchodilator changes in VDV/VDP that were similar in magnitude
to the anchor-based MCID estimate. Notably, S1 and S3 showed clinically significant post-bronchodilator
FEV1 changes (⩾200 mL and ⩾12%), while S2 did not. The sensitivity of MRI to post-bronchodilator
changes highlights a unique opportunity for pulmonary MRI to help explain subjective or
patient-perceived improvements (i.e. ACQ or quality of life improvements) that are not reflected by FEV1.

S2

S3

Pre-BD

S1

FEV1 2.37 L
VDV 240 mL
VDP 6%

FEV1 0.94 L
VDV 580 mL
VDP 13%

FEV1 2.41 L
VDV 280 mL
VDP 6%

FEV1 2.37 L
VDV 70 mL
VDP 2%

FEV1 1.42 L
VDV 200 mL
VDP 5%

Post-BD

FEV1 2.06 L
VDV 390 mL
VDP 8%

FIGURE 1 Change in asthmatic magnetic resonance imaging (MRI) ventilation after bronchodilator (BD) for three representative subjects. Three
asthmatic subjects exhibited visual changes in MRI ventilation post-BD. A 45-year-old male (S1) underwent an improvement in ventilation equal to
the smallest detectable difference and distribution-based minimal clinically important difference (MCID), while a 28-year-old female (S2) and a
31-year-old female (S3) underwent improvements at least as large as the anchor-based MCID. Notably, S1 and S3 also exhibited clinically
significant changes in forced expiratory volume in 1 s (FEV1) (⩾200 mL and ⩾12%) but S2 did not. VDV: ventilation defect volume; VDP: ventilation
defect percent.
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The number of experts using hyperpolarised gas MRI in asthma clinical trials is still very small so it is
important to consider the MRI VDP MCID in the context of the MCID of other established asthma
biomarkers. The MCID we calculated for MRI VDP is similar to the MCID for FEV1 in asthma at 110–
200 mL. Moreover, we have used the ACQ MCID of 0.5 [11] to determine the upper limit of this range at
200 mL and therefore, these are already intrinsically related. The MCID for the Asthma Quality of Life
Questionnaire (AQLQ) is also 0.5 [15], and though the relationship between VDP and AQLQ has not
been directly established, we previously showed that VDP is significantly worse in patients with lower
quality of life (AQLQ <5) [12]. MRI VDP directly detects early changes in clinically important pathologies
with high reproducibility [16]. Taken together, this means that MRI has both the sensitivity and precision
needed for clinical studies, although the complexity and cost of the acquisition of these measurements
compared to other tests is still a limitation.
It is important to consider the helium-3 MRI results in the context of future development of xenon-129
MRI, which is much less costly to acquire. In this regard, we previously directly compared 3He and 129Xe
MRI, and showed that 129Xe VDP was greater than 3He VDP in asthmatics [17]; this suggested that there
was enhanced sensitivity to airway abnormalities using 129Xe gas, which we speculated was due to the
viscosity and diffusivity of the gas, so that 129Xe VDP was systematically larger than 3He VDP in
asthmatics. Based on this important information, we speculate that the slope of the linear relationship
between ACQ and 129Xe VDP, and thus the MCID, would be similar to 3He MRI VDP, but these
calculations still need to be undertaken in a prospective 129Xe MRI study. It is also important to note that,
though there is no standard for calculating MCID values, the anchor-based estimation we generated here
was based on cross-sectional data and did not reflect within-subject variability or response to therapy.
Considering the original definition of MCID [7], “within-subject” differences in response to therapy will
be important to investigate in prospectively designed clinical trials.
In summary, pulmonary MRI biomarkers of ventilation have already provided some intriguing results in
patients with asthma, but to our knowledge, MRI biomarkers have not been used in large-scale clinical
trials of potential new therapies. Other considerations aside (i.e. technological and financial), this lack of
uptake may reflect the lack of a deep understanding of the relationship between MRI biomarkers with how
patients perceive symptoms. We provide calculations of MCID for 3He MRI VDV and VDP to support the
use of MRI in the research and development of novel therapies, as well as therapy decisions or n=1 trials,
towards more precise decision making in individual patients.
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