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ABSTRACT: Lung capillary blood volume (Qc) and the membrane 
dlfruslng capacity (Dm) can both be determined from the combined meas
urement of nJtrlc oxide (NO) and carbon monoxide (CO) transfers using 
the single-breath method. In ten healthy subjects, no difference was ob· 
served between t.he values of transfer factor of the lungs for carbon 
monoxide (Tt co) recovered an er a 3 s or 9 s breath·holdlng time (IBH). 
The NO-CO method could thus be used with a short tBH and a low frac· 
tlon or Inspired nitric oxide (FlNo) (8 ppm). However, In ten patients with 
chronic obstructive lung disease (COLD), the values or both transfer factor 
of the lungs for nit ric oxide (TLNO) and TLCo were underest imated by 
around 20% at a short tDH (3 s). ln COLD patient~, the NO-CO method 
therefore requires a longer tBH and a hlghn Inspired fraction or NO (30 
ppm) than ln healthy subj ects. Similar values or Dm and Qc were obtained 
using the NO-CO method and the two-step conventional method, at two 
levels or the Olrygenatlon. 'fhe former method gave less scatter. Further
more, TtNO Is Independent of the fraction or Inspired oxygen (Ftoz> and 
directly proport ional to carbon monoxide membrane dlffuslng capacity 
(Dmco), 
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Methods In healthy subjects, lung capillary blood volume (Qc) 
and r.he membrane diffusing capacity (Dm) can be accu
rately measured by l.he nilric oxide-carbon monoxide 
(NO-CO) method [J, 2]. Dm and Qc are calculated by 
measuring r.he transfer capacities of two gases, nilric oxide 
(NO) and carbon monoxide (CO), with the single-breath 
method (SB). In previous experiments, we calculated both 
parameters using a short true breal.h-holcling duration 
(tBH=3 s), and a low inspired fraction of NO (FJN0=8 
ppm) [ 1]. BoRL.AND and HtoEND011'AM [21 employed a 
higher inspired fraction (40 ppm), allowing a greater 
duration of tBH (about 6 s). As r.hc transfer factor of the 
lungs for NO (Tt.No) is about five times greater than the 
t.ransfer factor of the lungs for CO (TLco), the alveolar 
concentration of NO (FANo), al the end of the breath
hold period is lower than tJ1at of PAco. The longer the 
tBH, the smaller the FANO and the less accurate the 
mcasu.rcmenL A compromise between FINo and LDH needs 
to be found for both healthy subjects and those with 
chronic obstructive lung disease (COLD). This study was 
designed to find out whether the NO-CO method could 
be applied to patients with COLD and, if so, under what 
conditions of tBH and F1r-:o. 

Experiments were performed in three 
subjects: two groups of ten healthy subjects 
patients with COLD. 

Measurements of Ttco and TI..No were perform~ 
the SB method. Measurements of gas volumes were 
in a bag-in-box system connected to a dry soimn~u: 
rotating system of electronically controlled 
(Morgan, UK) connected to the subject ___ ,.,..,." 
measurements to be carried out in one "'"11ne•u 
Helium (He) was used as the insoluble gas. He 
were measured with Hewlett Paclcard analysers 
oxygen (0

2
) with a Sensormedics OM-ll and 

chemiluminescence (Thermoelectron, USA). The 
tivity of the NO analyser was 1% in the 10 ppm 
Calibration was performed prior to the experiment 
a mixture containing 10 ppm NO in nitrogen (NJ 
air without NO. Linearity was checked before thO 
experiments were carried out by diluting the cm,tll"''""' 

gas with nitrogen using a W6sthof( pump. 
After a full exhalation, the subject inspired the 

mixture up to a volume close to his predetermined 
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held his breath for a predetermined lime 
y performed a rapid expiration. During 

9 900 ml "alveolar'' sample was with
wush-out of the first 900 ml. rnspired 
amJ alveolar fractions of CO and/or NO, 
then measured. The delay between the 

ol the inspired mixture and the analysis of 
gas wos about 60 s. As we estimated tlte 

of NO in air or pure 0~ to 0.5 ppm and 
h respectively, the transformation of NO in 
w~ not taken into accounL The lOLal breath 

(tT01} was 1aken as tlle sum of the in
the true breath-holding time (LDH) and the 
up to the start of the sampling period. Tt. 

tf!n!~·o~:on:~SM;u in ml standard temperature and 
·min·1·torr1, and Qc in ml. The 

ne ( 11 were used for culculnting Dm 

Dmco = TLNo/a 
1/Qc = Sco(l(I't..co - a{I'LNo) 

is a coefficient taking into account the solo
the molecular weights of NO and CO. 

Experiments 

of ten subjects were studied. 

All were members of the staff with ages 
24-43 yrs (5 men, 5 women). Two of them 

smokers and were asked to refrain from 
the day of the experiment. They performed 

s successively: A, B, C. For a given 
measurement was done on separate days 
protocol. 
over 3 s (tTOT about 5 s) would lead to a 
of NO in the alveolar sample (less than 
this experiment was designed to check the 

a reduction in tBH on the recovered values of 
was measured twice for tBH of 9 s and 3 s 

,.,,.,uuJre;:c[s. The inspired mixture used for the SB 
. 21% 02.• tO% He, 2,800 ppm CO in N

2 mJxture). 
aim of the second experiment was to compute 
Qc with the NO-CO method using a short tBH 

and CO transfers were determined simultane
,,_ . ., .• '""" method). NO (8 ppm) was added 10 the 

described above. Five measurements 
on each subject. 

~xpcrirnent, 0 2 and NO were added to the 
txture in order: 1) to compute TLCO at a high 

level and calculate Dmco and Qc from the 
or TLco in air (experiment A), and with the 

ate.d. mixture (two-step method); 2) to 
vlly of TLNo 10 alterations in the level 

· The inspired mixture used for the SB 
ncd 60% 0 2, 5% He, 1,400 ppm CO, 8 ppm 

NO in N2• Five measurements were performed on each 
subject at a tBH of 3 s. 

Second group. The aim of these experiments was to check 
the validity of the total breath-holding Lime chosen. The 
ten subjects (6 women and 4 men, aged 22-60 yes) were 
asked to inspire at different rates and to hold their breoth 
for different times. Each subject performed the experi
ment five times. tBH ranged from 0.6-5.0 s and tTOT 
from 1.8- 8.6 s. The coefficient of variation of the recov· 
ered TLNO values was calculated for each subject. These 
experiments were performed prior to all others 
(protocol D). 

Patients 

Ten patients, nine men and one woman, with a history 
of COLD and with permanent hypoxaemia (arterial oxy
gen tension Pao

1 
44.3-70.5 torr) carried out three types 

of experiment; two with tBH of 8 s, one with the one
step NO-CO method with 30 ppm NO in the inspired 
mixture, the other without NO but with 60% 0 1 along 
with CO and He. 1l1ese LWO experiments enabled Calcu
lation of Qe and Dm using both the one·s!ep NO-CO 
method and the two-step conventional method from the 
same parameters. The third experiment was performed 
using the NO-CO method with 8 ppm FtNO and a short 
tBH (3 s). The three experiments were carried out within 
a half day. A quarter of an hour was left between two 
measurements. As the carboxyhaemoglobi n (Hbco) 
levels measured prior to the first experiment were low, 
the back pressure of CO was not taken into account to 
calculate TLco. Qc values were corrected according to a 
150 g·/·1 haemoglobin (Rb) concentration, making the 
assumption thm eco is proportional to Hb concentration. 

Statistical analysis 

Means and their coeflicient of variation, i.e. the ratio 
of standard deviation (so) to the mean, were calculated. 
The data were compared using Student's t-l.est for paired 
samples. 

Results 

Healthy subjects 

Protocol A. Reduction of the breath-holding duration did 
not affect TLCO (t=0.45 1, p>0.5) or carbon monoxide 
transfer coefficient (Kco) (t=0.853, p>0.3). Individual 
values are shown in table 1. 

Protocols 8 and C. Dm and Qc calculuted from the 
two-step method or the NO-CO method were not signifi
cantly different (t=l.23, p>0.2 for Dm. t= 1.35, p>0.2 for 
Qc) (table 2). However, the scatter in the calculmcd value.s 
or Dm and Qc was lower with the NO-CO mctllod 
(differences in the cocfficicnL'i of variations were 5.3±4.5 
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Table 1. - Effect of the breath-holding time on TLco and Kco in ten healthy subjects 
performing the SB method with either a 3 s or a 9 s true breath-hold 

TLCO d Kco d 
ml·min·1·torr1 ml-min·1·torr·1-l'1 

tBH 3 s 9s 3s 9s 

Name 
JM 32.9 29.2 3 .7 6.89 5 .96 0.93 
MF 25.8 25.4 0.4 6.36 5.94 0.42 
AML 21.3 21.6 -0.3 4.59 4.77 -0.18 
HG 28.0 30.0 -2.0 5.73 6.24 -0 .51 
FP 24.7 25.4 -0.7 5.76 5.86 -0.10 
MM 22.5 22.9 -0.4 5.02 5.03 -0.01 
EA 23.1 22.5 0.6 6.17 5.72 0.45 
EL 30.4 30.6 -0.2 6.57 6.52 0.05 
CK 31.1 33.3 -2.2 6.09 6.59 -0.50 
GM 35.0 30.9 4.1 7.69 6.90 0.79 

mean 0.3 0.134 
so 2.1 0.499 

Each value is the mean of two measurements. d: the differences between values of TLCO or Kco 
for 3 s and 9 s tBH; TLCO: transfer factor of the lungs for carbon monoxide; Kco: carbon 
monoxide transfer coefficient; SB: single-breath; tBH: true breath-holding time. 

Table 2.- Dmco and Qc with the NO-CO method and the two-step method in ten healthy 

subjects 

NO-CO method Two-step method 

Dmco Qc TLNO/fLCO Dmco Qc 
m so/m m so/m m so/m m so/m 

Name 
JM 65.3 11.5 99.0 16.0 4.0 67.5 12.7 96.3 17.3 
MF 64.1 3.5 75.8 3.2 4.6 59.8 8.1 80.0 14.9 
AML 63.0 13.0 62.9 2.8 5.1 62.5 13.2 63.2 21.3 
HG 63.9 9.8 - 88.4 10.2 4.2 75.7 19.2 78.0 13.0 
FP 55.5 0.5 80.8 19.1 4.1 58.1 11.7 77.6 17.\ 
MM 51.7 6.5 64.7 11.8 4.5 49.7 5.1 66.9 14.2 
EA 57.9 4.5 68.9 1.2 4.6 53.1 15.8 74.0 10.2 
EL 64.2 2.3 100.6 15.2 3.9 62.9 7 .9 102.5 5.3 
CK 75.0 5.2 96.2 9.8 4.4 115.4 8.8 75.1 16.7 
GM 69.4 6.3 117.6 6. 1 3.8 77.6 13.4 105.2 18.3 

mean 63.0 6.3 85.5 9.5 4.32 68.2 11.6 81.9 14.8 
so 6.7 4.0 17.0 6.1 0.397 18.8 4.2 14.5 4.5 

Five measurements per subject per method were performed. Dmco: membrane diffusing capacity for 
carbon monoxide (ml·min'1•torr1); Qc: lung capillary blood volume (ml); Tu;o nnd TLCo: transfer factor of 
the lungs for nitric oxide and carbon monoxide, respectively; so: standard deviation. 

and 5.3±8.2% for Dm, p<O.OI and Qc, p=0.07, 
respectively). As expected, the TLco values fell when 
the subjects inspired the mixture containing 60% 0 2 (at 
21% Fto2, TLC0=28.7±4.3, at 60% Fto

2
, Ttco=18.4±2.8). 

However, TLNO was essentially the same for both 
concentrations of 0 2 in the inspired mixtures, 124.2±13.2 
and 128.4±11.6 ml·min·1·torr1 for 21% 0

2 
and 60% 0

2
, 

respectively (1=2.0, p=0.07). 

Protocol D. No correlation was found between the total 
breath-holding time and the recovered value of TLNo in 
any subject. The coefficient of variations of TLNo ranged 
from 16-1.4% within subjects (mean 8%). 

Patients 

All of lhc patients were hypoxaemic and 
some were hypcrc::~pnic and/or polycyth:JCIII 
Values of Dm and Qc obtained by the 
two-siep methods are listed in table 4. There 
differences between the parameters calculated by 
methods (p=0.30 and 0.20 for Dm and Qc, 
Table 5 gives the results obtained wilh lhe 
wilh either a long (8 s), or a short (3 s) tBH. 
and TLCO were significantly different. The 

21 lions for TLco and TLNo wilh a short tBH were 
19.3%, respectively. The percentage dccrcsSCS 
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Table 3. -Characteristics of the patients with chronic obstructive lung disease 

age height FEV
1
/FVC Pao2 Paco

2 
Hb Hbco 
g·tl yrs m % !OJT !OJT % 

Name 
LARL 46 1.76 68 52.5 47.3 177 0 
LARC 70 1.65 43 60.7 38.3 175 1.8 
GAR 74 1.70 51 63.0 42.8 159 1.5 
DRU 65 1.70 61 51.8 46.5 166 2.2 
RAV 56 1.60 67 44.3 58.5 196 1.5 
BED 57 1.60 55 62.3 67.5 173 2.0 
DUV 29 1.50 63 61.5 413 150 1.2 
TOUJ 51 1.56 30 51.0 44.3 154 2.4 
BID 64 1.65 69 59.3 46.5 160 1.1 
DUM 50 1.53 53 70.5 46.5 163 1.2 

FEV): forced expiratory volume in one second; FyC: forced vital capacity; Pao~d Paco2: 
artenal oxygen and carbon dioxide tension, respectively; Hb: haemoglobin; Hbco: car xyhaemo-
globin. 

Comparison of the resu~s obtained with the 
and the two-step method in patients with 

Two-step method 
Dmco Qc 

39.5 35.2 36.9 
41.6 35.1 39.4 
42.2 22.4 43.6 
47.0 34.9 45.2 
25.8 47.8 23.9 
31.4 32.0 28.6 
42.4 22.6 35.9 
26.5 15.2 29.1 
33.9 19.0 30.3 
53.0 37.1 55.5 

38.3 30.1 36.8 
8.4 10.0 9.5 

diffusing capacity Cor carbon monoxide; Qc: 
volume; so: standard deviation. 

TLco and TLNo values with a short (3 s) and 
true breath-hold period in COLD patients 

tBH 8s 
TLCo TLNO TLNO/fLCO 

47.6 15.3 63.2 4.1 
57.7 16.5 71.1 43 
33.8 12.7 45.7 3.6 
44.2 16.6 66.7 4.0 
71.3 13.9 80.3 5.8 
50.0 12.5 55.5 4.4 
35.0 11.4 40.2 3.5 
22.8 8.5 54.2 6.4 
28.9 9.9 35.0 3.9 
74.4 18.8 77.8 4.1 

46.6 13.6 57.0 4.43 
17.33 3.2 5.5 ±0.927 

f, ug time; Tu:o and TLNo: transf~r factor 
,~or carbon monoxide and nitric oxide, respcc-

dard deviation. 

similar for both transfer capacities. The scatter of the 
TLNo{fLCo ratio is greater in COLD patients (±0.927) 
than in healthy subjects (±0.397, table 2). 

Discussion 

The conventional two-step method for determination 
of Dm and Qc relies on the competition of the binding 
of 0 2 and CO to haemoglobin. The values of Qc and Dm 
obtained in the present study using the NO-CO method 
were not significantly different from those obtained with 
the two-step method for both 8 s and 3 s tBH in healthy 
subjects. However, in the patients with COLD, there was 
only agreement at the 8 s tBH. The 20% undcrestima
tions in TLco and TLNo with a 3 s tBH in the COLD 
patients was attributed to the airway obstruction in these 
patients [3]. With a 3 s tBH, tTOT is about 5 s, but with 
8 s tBH, tTOT is around 10 s. In normal subjects, the 
decay in the alveolar concentration of CO is known to be 
mono-exponential in the first 30 s of the manoeuvre [2, 
4]. In this condition, a short tBH can be used to calculate 
TLNo and TLCO with sufficient accuracy. 

In patients with obstructive respiratory diseases, 
impairment in gaseous diffusion due to enlargement of 
the alveolar spaces is thought to slow down the transfer 
of CO to the alveolar capillary membrane [3). A much 
longer tBH is therefore needed to obtain gas transfer 
values that are independent of breath-holding time. 
However, it has been reported that there is a difference 
between the values of Tr.co recovered after 5 s and 10 s 
tBH in emphyscmatous patients [3). Transfer measure
ments and, hence, calculation of Dm and Qc are thus not 
straightforward in these patients. The NO-CO method 
being a one-step method is likely to reduce the scatter of 
the lung transfer capacity values due to changes in the 
distribution of the inspired gas when two successive 
manoeuvres are needed to calculate Dm and Qc. Further
more, NO and CO have very close molecular weights, 
therefore their distributions within the lungs should be 
the same. Nevertheless the NO-CO method, as the con
ventional one, remains sensitive to the distribution of 
alveolar ventilation pcrfusion rate (VA/Q). 
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TLNo is nearly equal to the product Dmco·a where "a" 
is a constant coefficient. Furthermore, in agreement with 
BoRLAND and HlOENBorrAM [2], we did not find any 
significant alteration in TLNo when the alveolar concen
tration in 0

1 
was changed. Therefore, TLNo, whatever the 

F1o1, depends only on the membrane diffusing capacity. 
This shows that measurement of TLNo should be suitable 
for both experimental and clinical purposes. It may be 
surprising that 'Ii.No only reflects DmNo. As gas exchange 
occurs in perfused area, DmNo and Qc should be related. 
However, DmNo depends on the thickness of the 
alveolar-capillary banier as well as on its surface which 
are not both necessarily linked to Qc. Therefore, the ratio 
Tt.No(I'Lco should be more scattered in patients than in 
healthy subjects. We found, indeed, that the standard 
deviation of this ratio was 0.927 in patients and 0.397 in 
healthy subjects. However, the averages were not differ
ent, 4.43 and 4.32, respectively. suggesting that the 
reduction in Qc and Dm in COLD patients, as a whole, 
is similar. 

There are several ways of measuring tTOT [5]. We 
chose the classic Ogilvie method on the basis of the 
absence of correlation between the total breath-holding 
time and the recovered value of TLNo in the normal 
subjects performing protocol D. As the coefficient of 
variation of Tu.~o can be as low as 1.4% using the Ogilvie 
method, it seems unlikely that another method could lead 
to bcLter results. 

Finally we should stress the complete absence of 
toxicity of NO under our experimental cond itions. Short 
exposures to high inspired concentration (200-700 ppm) 
can lead to death [6], and longer exposures to 60 and 100 
ppm can lead to irritation of mucous membrane or even 
acute respiratory distress [7]. The maximum allowed 
concentration for NO in the atmosphere of industrial 
buildings, 8 ha day for 5 days per week, is 25 ppm. V oN 
NlEOING et al. [8] found no effect on gas exchange during 
15 min exposure to 15 ppm NO. Pao

2
, arterial carbon 

dioxide tension (PacoJ, pH, DaAo
2

, TLco re mained 
normal. The levels used in the present experiment were 
well below the threshold of toxicity. One vital capacity 
of 30 pp m NO is about a hundredth of the volume of NO 
given to the subjects in the study of Von Nieding et al. 

In conclusion, the NO-CO method enables 
computation of both Dm and Qc in a one-step manoeuvre. 
It also reduces the scatter in the results. Tu.~o is directly 
proportional to Dmco and independent of Ftor These 
features of the method and its potential interest have 
recently been reviewed by MEYER and PuPER [9]. In 
healthy subjects or patients without obstructive lung 
disease, the method can be used with a low NO concen
tration (8 ppm) and a low breath-holding time (3 s). In 
COLD patients, with an 8 s breath-holding time and 30 
ppm NO in the inspired mixture, the NO-CO method, 
like the two-step method, gives higher values of Dm and 
Qc than those obtained with a shorter breath-holding time. 

In our experience, and in agreement with othe 
studies, the method appears completely r 
co~ld, thus, be adoptc~ clinically wilhout 
pauents to unnecessary nsl<s. 
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DlterminaJion du volume capil/aire pulmonaire et de 
itede diffusion de la membrane chez les patienls 
OPCO, par la mithcde NO-CO. J. Moinard, H. 
RESUME: Le volume sanguin capillaire pulmonaire 
facteur de membrane (Dm) pcuvent etre d~tcrmin& 
deux par la mesure combinee du transfert de NO ec 
grace a la methode en respiration unique. Chez 10 
portants, l'on n'a observe aucune difference entre 
Tu:o obtenues apres 3 ou 6 secondes d'apnk (lBH). 
NO-CO pourrait done etre utilisee avec un tBH 
faible fraction de NO inspire (FINO) (8 ppm). 
10 patients attcints de bronchopncumopathie chronique 
tive (BPCO), les valeurs, tant de ToNo que de TLCO. 
estimees d'environ 20% lorsque tBH est court (3 
Chez les BPCO, la nielhode NO-CO exige des lors un 
long et une fraction inspiree plus elevee de NO (30 
chez lcs sujets normaux. Des valeurs similaires de 
ont ete obtenues avec la methode NO-CO et avec la 
convcnlionnelle en deux ctapes, a deux niveaux 
La methode ancicnne donnait moins de dispcrs 
TL.No est indcpendant de Fro1 et directement nrn10011

'

Dmco. 
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