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Emphysema detection and volumetry in lung CT serves as an important factor in COPD detection and is
relevant for timely, effective treatment and risk prediction for acute respiratory events [González et al.
2018], prognosis [Labaki and Han 2018], or lung cancer surveillance [Sekine et al. 2012]. Recent evidence
shows that early COPD detection has clear advantages for patients and is cost effective [Johnson et al.
2021].

Using a threshold of -950 HU is a standard approach for quantification of emphysema in lung CT [Wang et
al. 2013]. Although this thresholding method can be used to give an estimate of the emphysema volume, it
is not suitable to identify the area of emphysema in detail. By contrast, contextflow SEARCH Lung CT
utilizes a deep learning segmentation method to identify the exact area of emphysema and present more
accurate volume measurements. When used for detection, the thresholding-based approach identifies
emphysema areas in nearly all of the CT scans. In contrast, the AI-based approach has better specificity
and thus reduces small false-positive occurrences.

We have assessed the performance of both methods (AI-based Emphysema segmentation by contextflow
SEARCH Lung CT; standard HU-based thresholding, no cluster analysis) on 3617 slices drawn from a set of
494 scans with pixel-wise expert annotations. Ground truth was established through manual pixel-wise
labeling of emphysematous image regions performed and included a quality control procedure involving
expert radiologists.

Results are presented in table 1. The contextflow SEARCH method is more accurate in delineating
emphysema locally on a pixel-level. The Dice metric is the standard way to assess the overlap of a
segmentation method against the ground truth. The AI method achieves a Dice of 0.4 in contrast to a Dice
of 0.23 with the thresholding-based method. Additionally, the volume of emphysema predicted in the slice
is closer to the ground truth as can be seen from the volume similarity.

Table 1. Accuracy of
emphysema segmentation
and detection comparing
AI-based segmentation,
and threshold based
segmentation.

Measure contextflow SEARCH
Lung CT

Emphysema HU<-950

Pixel-level

Dice 0.4 0.23

Volume Similarity 0.59 0.48

Case-level

Sensitivity 0.97 1

Specificity 0.56 0.002

PPV 0.68 0.48

NPV 0.96 1
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To assess emphysema detection on a case-level, we used a set of 494 positive and 559 negative scans
(492 with other pathologies and 67 healthy cases). The contextflow SEARCH method has a similar
sensitivity to the thresholding-based approach, detecting nearly every occurrence of the pattern. However
the thresholding-based method predicts emphysema in every scan, resulting in 0% specificity. The
AI-based method achieves a specificity of 56% and therefore reduces the overhead of false-positive
occurrences presented to radiologists.

To better assess the impact of small emphysema predictions, e.g. due to noise in the image, we repeated
the evaluation with different coverage cut-offs. Here, emphysema detection is only considered if at least
2%, 5%; or 10% respectively of the overall lung volume is covered with emphysema. Table 2 summarizes
the corresponding findings, and shows that the overall difference remains consistent across these cut-offs.

Table 2. Accuracy of emphysema
detection with different cut-offs.
Abbreviation: contextflow SEARCH
Lung CT approach (CF), and
Emphysema HU based approach
with HU<-950 (HU).

Case-level measure 2% 5% 10%

CF HU CF HU CF HU

Sensitivity 0.96 0.99 0.95 0.98 0.93 0.96

Specificity 0.63 0.06 0.68 0.09 0.72 0.15

PPV 0.65 0.42 0.67 0.43 0.69 0.44

NPV 0.96 0.92 0.95 0.88 0.93 0.87

Both datasets include scans with and without contrast enhancement, soft and sharp reconstruction kernels,
and a slice thickness ranging from 0.75 to 5 mm. Varying acquisition parameters have been shown to
influence the cutoff for emphysema detection [Boedeker et al. 2004, Gierada et al. 2010]; therefore the HU
thresholding technique is expected to be more sensitive to the changes in acquisition than the method in
contextflow SEARCH Lung CT.

The illustration below provides a visual comparison of results of both approaches for four chest CT scans.
The first column (CT scan) shows the image data, the second column visualizes ground truth annotations
for emphysema (manual pixel-wise annotations by expert annotators), the third column visualizes
segmentation results provided by contextflow SEARCH Lung CT and the fourth column shows
segmentation results for the HU-based thresholding approach.
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Summary
Estimating the extent of emphysema based on an HU threshold was introduced in the 1990s [Coxson et al.
1990], [Gevenois et al. 1996]. With the recent progress in AI medical imaging, we are now able to measure
the extent of emphysema more accurately, which is an important step towards detecting emphysema
subtypes on a variety of lung CT scanner types.

In combination with other COPD-relevant patterns [Lynch et al. 2015] that are also supported by
contextflow SEARCH Lung CT, this is becoming the new basis for improved decision making in the
treatment and progression of COPD patients.

If you have any questions, comments, are interested in a partnership or getting contextflow integrated into
your clinical routine, feel free to contact us at office@contextflow.com.
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