
IMAGES IN ANESTHESIA

Multidetector computed tomography-derived emphysema index
for preoperative quantification of emphysema severity
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Emphysema is a chronic obstructive airway disease

(COPD) characterized by loss of elastic recoil of the

lungs, which results in alveolar hyperinflation and collapse

of the airways during exhalation. This disease presents

multiple challenges during anesthesia, and assessing its

severity preoperatively may help with intraoperative

management.

Pulmonary function tests provide only functional

information, and conventional chest radiography provides

only a gross estimation of disease severity. Multidetector

computed tomography (MDCT) combined with dedicated

post-processing software however, is a novel tool that

utilizes high-resolution imaging, thereby allowing

quantitative assessment of emphysema. This rapidly

evolving technology provides detailed anatomical

information about lung parenchyma, the airways, and the

distribution of emphysematous lung tissue.1 It requires no

intravenous contrast material and can be used to

differentiate between airway-predominant and

emphysema-predominant COPD.2

Quantitatively, it allows assessment of the density of

each voxel (three-dimensional [3D] volume unit

representing a pixel on the 2D image) of lung

parenchyma using vendor-specific software that calculates

total lung volume (TLV) and emphysematous volume (EV)

of both lungs.3 The typical value for the attenuation

coefficient, Housefield units, is set at -950 to differentiate

between emphysema (seen as red dots) and normal lung

tissue (Figure).3 The EV/TLV or the emphysema ratio (ER)

(%) can then be calculated for individual lobes of the

lungs.2 The Figure shows an overall ER of 17.1%, which

signifies that at least 17% of the patient’s lungs are not

Figure Multidetector non-contrast coronal reformatted chest

computed tomography image shows areas of air-trapping in red.

The table in the lower aspect of the image reflects the ratio between

the air-trapped emphysematous volume (EV) and normal lung

volumes. The blue areas are the large airways and were not

included in the calculation of this patient’s 17.1% EV ratio.
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available for active air exchange while at the same time

being more susceptible to developing pneumothorax due to

air-trapping. There is considerable evidence to support

intraoperative use of protective ventilatory strategies,

including lower tidal volumes (6-7 mL�kg-1 for two-lung

ventilation and 3-4 mL�kg-1 for one-lung ventilation) to

reduce volutrauma in general.4 In the patient represented in

the Figure, however, we attempted to further reduce tidal

volumes by approximately 17% to less than 6 mL�kg-1 for

two-lung ventilation and less than 3 mL�kg-1 for one-lung

ventilation.

There are multiple limitations to using MDCT,

including the lack of availability of the software in

smaller community hospitals as well as the lack of

standardization among software developers. Also,

although it takes less than a minute for an experienced

radiologist to calculate the volumes, not every patient has

undergone preoperative non-contrast CT of the chest, and

the ER is not routinely reported by radiologists unless

specifically requested, reducing its timely availability for

the anesthesiologist’s use in many cases. Nevertheless,

there is a potential for this novel technology to help

anesthesiologists and intensivists selecting the appropriate

tidal volume, thereby avoiding volutrauma. We urge the

anesthesia community to design and carry out research

studies to validate this technology.
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