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a b s t r a c t

In Europe and America, the newly-developed, simultaneous measurement of diffusing

capacity for CO (DLCO) and NO (DLNO) has replaced the classic DLCO measurement for

detecting the pathophysiological abnormalities in the acinar regions. However, simulta-

neous measurement of DLCO and DLNO is currently not used by Japanese physicians. To

encourage the use of DLNO in Japan, the authors reviewed aspects of simultaneously-

estimated DLCO and DLNO from previously published manuscripts. The simultaneous

DLCO-DLNO technique identifies the alveolocapillary membrane-related diffusing capacity

(membrane component, DM) and the blood volume in pulmonary microcirculation (VC); VC

is the principal factor constituting the blood component of diffusing capacity (DB;DB ¼ θ � VC

where θ is the specific gas conductance for CO or NO in the blood). As the association

velocity of NO with hemoglobin (Hb) is fast and the affinity of NO with Hb is high in

comparison with those of CO, θNO can be taken as an invariable simply determined by
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diffusion limitation inside the erythrocyte. This means that θNO is independent of the

partial pressure of oxygen (PO2). However, θCO involves the limitations by diffusion and

chemical reaction elicited by the erythrocyte, resulting in θCO to be a PO2-dependent

variable. Furthermore, DLCO is determined primarily by DB (∼77%), while DLNO is determined

equally by DM (∼55%) and DB (∼45%). This suggests that DLCO is more sensitive for detecting

microvascular diseases, while DLNO can equally identify alveolocapillary membrane and

microcirculatory abnormalities.

& 2017 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
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1. Historical backgrounds on lung diffusing
capacity

In Europe and North America, the measurement of the

diffusing capacity (DL) for nitric oxide (NO) is used in a variety

of lung diseases to evaluate the impediment of gas transfer in

the acinus across the alveolocapillary membrane and micro-

circulation [1–6]. The use of NO diffusing capacity (DLNO)

required that the Task Force Panel organized by the European

Respiratory Society (ERS) create standards for the measure-

ment and interpretation of DLNO [7]. To encourage the use of

DLNO in Japan, the authors have comprehensively reviewed

the methodological and pathophysiological aspects of clini-

cally using DLNO.
It has been over 100 years since Marie Krogh developed the

method to measure the single-breath carbon monoxide (CO)

uptake through the alveolocapillary membrane [8]. Since

then, the single-breath CO diffusing capacity (DLCO) has

become the most clinically useful pulmonary function test

after spirometry and the measurement of lung volumes. A

practical method to examine the single-breath DLCO was

proposed by Ogilvie et al. [9], and at the same time, Roughton

and Forster [10] proposed a memorable model describing the

gas transfer in the lung. They assumed that two processes

could explain the transfer of CO from the alveolocapillary

membrane to hemoglobin (Hb) in erythrocytes: (1) the mem-

brane diffusing capacity for CO (DMCO) and (2) the blood

diffusing capacity for CO (DBCO). The DMCO reflects the diffu-

sion limitation across the effective alveolocapillary mem-

brane, which consists of gas-phase diffusion (if any), the

alveolar wall, and the plasma layer surrounding the erythro-

cyte. The DBCO is defined as the product of alveolar capillary

blood volume (VC) and specific gas conductance for CO in the

blood (θCO). The θCO signifies the diffusive process across the

membrane of the erythrocyte and its interior and incorpo-

rates the competitive, replacement reaction of CO with

oxyhemoglobin (HbO2). Since the reciprocals of DMCO and

DBCO are the gas-transfer resistances that are connected in

series, the total resistance for CO transfer, 1=DLCO, is

expressed as:

1=DLCO ¼ 1=DMCO þ 1=ðθCO � VCÞ ð1Þ

Roughton and Forster [10] developed a clever method for

determining DMCO and VC from DLCO measured at two differ-

ent alveolar partial pressure of oxygen (alveolar PO2) (classic

two-step alveolar PO2 technique).
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