
Restricted magnetic resonance diffusion
of lung consolidation is not specific for
respiratory exacerbation

To the Editor:

We read with interest the recent publication by CIET et al. [1] related to the diagnosis of respiratory tract
exacerbation (RTE) in cystic fibrosis (CF) using diffusion-weighted magnetic resonance imaging (DWI).
RTE is a difficult diagnosis and their results highlight the usefulness of magnetic resonance imaging (MRI)
in radiation-free management of CF. In this study, the visual analysis of a DWI score had good diagnostic
accuracy to discriminate between controls and RTE’s and the authors must be congratulated for this result.
However, in their study, the total acquisition time in the supine position to complete both T2 and DWI
sequences was 30 min, which is very long in the clinical context of RTE if we are to obtain artefact-free
images. In addition, only the largest restricted consolidations in the RTE group were selected for analysis,
meaning that bronchi potentially thickened and mucus-filled during RTE were excluded. Last but not least,
in order to assess the value of DWI as compared to a standard T2 sequence for diagnosing RTE, it is
necessary to demonstrate whether or not the DWI “hotspots” could correspond to an artefact called the
T2-shine-through effect [2]. Indeed, T2 has already been demonstrated as a biomarker for acute lung
inflammation [3]. To solve this, the authors performed quantitative measurements of the apparent
diffusion coefficient (ADC) in both controls and subjects undergoing RTE. In controls, ADC
measurements were performed randomly inside the lung parenchyma when no hotspots were visible.
Surprisingly, the receiver operating characteristic (ROC) curves of the ADC indicated 100% specificity for
the diagnosis of RTE towards the lowest ADC values. This crucial point is unfortunately not discussed
though it is a feature that corresponds neither to the literature [4–6] nor to the physical principle of this
measurement. Indeed, the general mathematical formula to calculate an ADC value is: ADC= −1/b1·Ln(S1/S0)
where S1 and S0 correspond to the DWI signals at two b-values, where b is the gradient factor. Therefore,
there are two mathematical possibilities under normal conditions: 1) Owing to the very short decay time of
the lung signal due to susceptibility artefacts, there is a need for ultra-short echo times (of a microsecond
order of magnitude) in order to obtain any signal from the lungs [7, 8]. The DWI echo time was 54 ms and
thus the lung signal was a null value at all b-values. In agreement with this, the figures in the article display
no vessel and no signal inside the lung (and, as a consequence, S1=S0=0). 2) Due to additional noise, S1 and
S0 may not be exactly equal to zero (as can also be seen in the figures of the article). Therefore S1=(s1+n1)
and S0=(s0+n0), where n represents the level of noise. Since noise is expected to be constant n0≈n1 and,
therefore, the mathematical formula for ADC becomes: ADC= −1/b·Ln(1)=0.

It is therefore impossible to reach 100% specificity for RTE towards the lowest ADC values in the lung.
Indeed, as demonstrated above, the lowest near-zero ADC values correspond to those of the normal lung
parenchyma (see also figure 1). The ROC curve of the ADC indicates that the normal lung was excluded
from this study. It seems unlikely that, by performing three random measurements inside the lung
parenchyma of control subjects, such a systematic non-inclusion of any normal lung parenchyma may be
reproducible. In our institution, we measured ADC values in 52 CF patients, including those with RTE
(n=10) and those without RTE (n=42) (mean age=17±16 years, male/female=28/24). In agreement with
the physics of MRI, we found, randomly, the lowest ADC values to be inside the predominant areas of
normal lung parenchyma (at 0.2±0.3×10−3 mm2·s−1). Conversely, by selecting acute consolidations, we
found the highest ADC values (see also figure 1).
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In the study by CIET et al. [1], the presence of abnormally elevated ADC only, in all CF controls with a
DWI score of zero, suggests that the random exclusion of the normal lung induced a random diagnostic
accuracy evaluation. However, this crucial information from normal lung parenchyma needs to be taken
into account, because it yields important implications for therapeutic management. Indeed, in our
institution, consolidations normally disappear under antibiotics in the vast majority of cases and thus the
ADC values diminish towards those of normal lung parenchyma. In the CIET study, consolidation ADC
values never reduce after treatment, indicating that the lesions remain abnormally uncleared (as confirmed
by the morphology images). Finally, figures from the CIET article [1] demonstrate that the sternum, the
cerebrospinal fluid and the ribs have prominent variations in DWI intensity before and after treatment.
No signal variation is expected from these normal bone and water structures under antibiotics. Thus, the
meaning of these variations, similar to those of the consolidations, is questionable.

To conclude, the study by CIET et al. [1] demonstrates higher DWI scores in CF patients to detect RTE but
does not demonstrate that ADC is specifically reduced in RTE. Owing to the close similarity between DWI
and T2 intensity variations (not only morphology), the T2-shine-through effect still remains a rationale to
explain results from the DWI score [2, 3].
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FIGURE 1 Computed tomography (CT) (a) and magnetic resonance imaging (MRI) images (b, c, d) using
T2-weighting (b) and diffusion-weighting (DWI) (c), as well as the corresponding apparent diffusion coefficient
(ADC) map reconstruction (d) in a 12-year-old cystic fibrosis (CF) patient undergoing respiratory tract
exacerbation (RTE) before treatment. The white arrow indicates an area of newly developed consolidation, the
white arrowhead an area of chronic bronchial wall thickening and the white star an area of normal lung
parenchyma. The acute consolidation demonstrates both T2 signal hyper-intensity (b) and “hotspots” on the
diffusion sequence (c). On the corresponding ADC map reconstruction (d) the area of consolidation appears
bright whereas the normal lung parenchyma appears dark, demonstrating both high and low ADC values,
respectively. In agreement with this visual record, the mean quantitative measurement of ADC in the area of
consolidation is 2.2×10−3mm2·s−1 compared to 0.2×10−3 mm2·s−1 in the normal lung parenchyma. ADC
measurement in the area of chronic bronchial wall thickening is intermediate at 1×10−3 mm2·s−1 and stable
as compared to previous yearly examinations. Both acute lung consolidation and chronic bronchial wall
thickening display similar levels of increase under T2-weighting (b), diffusion-weighting (c) and ADC mapping
(d) due to the T2-shine-through effect.
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