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CORRESPONDENCE

Gas exchange in acute COPD exacerbation

REPLY

From the authors: 

In their re-evaluation of our data, Noordegraaf and Mar-
shall suggest that in our analysis of the relative contribu-
tion of different factors on the change in arterial oxygen
tension (Pa,O2) during exacerbations of chronic obstructive
pulmonary disease (COPD) we assumed that hypoxic pul-
monary vasoconstriction (HPV) was not present. This was

not the case. Our analysis was based on the ventila-
tion-perfusion (V 'A/Q ') distributions that were actually
measured in each patient using the multiple inert gas elim-
ination technique, during the acute exacerbation episode
and under stable clinical conditions. We are firmly con-
vinced that in each of these conditions HPV was operating
and contributed to V 'A/Q ' matching. Indeed, we have pre-
viously shown that in COPD patients studied under differ-
ent clinical conditions, inhibition of HPV with either
100% oxygen breathing or vasodilators results in substan-
tial deterioration of V 'A/Q ' distributions and worsening of
hypoxaemia [1–4]. We believe that the absence of HPV in
our study would have resulted in a further impairment of

To the Editor:

The article "Mechanisms of worsening gas exchange
during acute exacerbations of chronic obstructive pulmo-
nary disease" by BARBERÀ et al. presents an interesting anal-
ysis of the factors influencing gas exchange [1]. We would
like to add some additional considerations. The authors
assessed the influence of physiological variables using the
Wagner West model of ventilation/perfusion      (V 'A/Q ')
distribution. This is a static model and may be mis-leading if
it is assumed that the V 'A/Q ' distribution remains constant
when arterial oxygen tension (Pa,O2) and/or mixed venous
oxygen tension (Pv,O2) are varied. To demonstrate the
likely quantitative and qualitative errors resulting from
their assumptions we used a computer model that com-
bines pulmonary gas exchange and blood flow control [2,
3]. We initiated the computer model with the V 'A/Q ' char-
acteristics and haemodynamic data of the chronic obstruc-
tive pulmonary disease (COPD) patients provided in the
article, together with some assumed values required by the
model. The model prediction of changes in Pa,O2/inspired
oxygen fraction (FI,O2) for each of the physiological var-
iables when hypoxic pulmonary vasoconstriction (HPV)
is absent (authors' prediction) and when HPV is present (our
prediction) are shown in table 1.

These results show that the calculated effects of the
combined parameters in the lung model, when HPV is pre-
sent, equal 6.0 kPa (45 mmHg) which coincides with the
actual measured decrease of Pa,O2/FI,O2 in the patient group
6.0 kPa (45 mmHg). These effects are overestimated in the
lung model when HPV is absent 11.3 kPa (85 mmHg).
Furthermore, the relative contribution of each factor on
Pa,O2/FI,O2 in the lung model when HPV is present is less,
compared to the absence of HPV, due to the homeostatic
effects of HPV on Pa,O2.

The use of this dynamic lung model that incorporates
the HPV provides further insights into the effects of the
complex interactions between oxygen consumption, car-
diac output and V 'A/Q ' imbalance in COPD patients with
an acute exacerbation of COPD.

References

1. Barberà JA, Roca J, Ferrer A, et al. Mechanisms of wors-
ening gas exchange during acute exacerbations of chronic
obstructive pulmonary disease. Eur Respir J 1997; 10:
1085–1291.

2. Marshall BE, Marshall C, Frasch F, Hanson CW. Role of
hypoxic pulmonary vasoconstriction in pulmonary gas
exchange and blood flow distribution. 1. Physiological
concepts. Int Care Med 1994; 20: 291–297.

3. Marshall BE, Hanson CW, Frasch F, Marshall C. Role of
hypoxic pulmonary vasoconstriction in pulmonary gas
exchange and blood flow distribution. 2. Pathophysiology.
Int Care Med 1994; 20: 291–297.

A. Vonk Noordegraaf, B.E. Marshall
Dept of Anesthesia, Hospital of the University of Pennsyl-
vania, 3400 Spruce Street, Philadelphia, PA 19104, USA.
Fax: 215 3495078.

Table 1.  –  Analysis of the relative contributions of the
factors that determined the change in ratio of arterial oxy-
gen tension to inspired oxygen fraction calculated by means
of the computer model in the presence and absence of
hypoxic pulmonary vasoconstriction (HPV)

                                    HPV

Factor Present
mmHg

Absent
mmHg

V 'E
Q '
V 'O2
Extrapulmonary factors
(V 'E, Q ', V 'O2 combined)
V 'A/Q ' inequality
All factors combined

0
5

-35
-30

-19
45

0
10

-42
-33

-61
85

The changes in minute ventilation (V 'E), cardiac output (Q '),
oxygen consumption (V 'O2) and ventilation/perfusion (V 'A/Q ')
inequality are the same as in the article.
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gas exchange during both the acute exacerbation episode
and under stable clinical conditions. Therefore, we would
like to emphasize that the absence of HPV was not at all
an assumption in our study.

Since the analysis we performed was based on the ac-
tual measurements of V 'A/Q ' distributions, it is likely that
in the model proposed by Noordegraaf and Marshall the
effect of HPV would have been superimposed on a condi-
tion where it was already present, thus overestimating its
impact on pulmonary gas exchange. Nonetheless, we share
their view that HPV plays a crucial role in modulating gas
exchange in COPD patients.

Furthermore, it is interesting to note that in the analysis
performed by Noordegraaf and Marshall, extrapulmonary
factors (i.e. oxygen consumption and cardiac output) play
an important role in modulating the Pa,O2 value, regardless
of the effect of HPV. This reinforces one of the major
messages of our study, that both oxygen consumption and
cardiac output are crucial, each one on a different direc-
tion, in determining the final Pa,O2 value during acute
exacerbations in COPD patients.
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