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The alveolar dead space (VDalv) as a percentage of tidal volume was calculated in horses by substituting 
the values for partial pressure of carbon dioxide in end-expiratory gas (PE'CO~ and for partial pressure of 
carbon dioxide in arterial blood (PaC02) in the equation: 

PaC02 - PE'C02 
% VDalv = X 100 

PaC02 

The mean % VDalv of 12 chronic obstrucive pulmonary disease (COPD) subjects was 3 times greate! than 
that of 22 normal subjects. Since the larger % VDalv of COPD subjects was due to an elevated PaC02, It v.:as 
considered that maldistribution of ventilation was the principal cause of their increased % VDalv compared with 
that of clinically normal subjects. 

INTRODUCfiON 

Alveolar dead space is defmed as that fraction of 
alveolar ventilation in which gas exchange is absent or 
deficient (Nunn, 1969). 

The major portion (66%-80%) of alveolar dead space 
is due to uneven distribution of blood flow, according to 
Severinghaus & Stupfel (1957), woo also showed that 
the alveolar oead space may be calculated as a percen
tage of the tidal volume by means of the equation: 

PaC02 - PE'C02 
% VDalv = ----- X 100 (1) 

where % VDalv = percentage alveolar dead space 
PE'C02 = ~artial pressure of carbon dioxide 

m end~expiratory gas 
PaC02 = partial ~ssure of carbon dioxide 

m arterial blood 
The validity of the above equation was subsequently 

confmned by Julian, Travis, Robin & Crump (1960) and 
by Nunn & Hill (1960). The e<JUation was used by Mit
chell & Littlejohn (1972) to estunate alveolar dead space 
in adult horses and by Littlejohn & Van Heerden (1975) 
for similar studies in foals. 

Although Weaver & Walley (1975) recorded an 
abnormally large alveolar dead space in an anaesthetized 
subject with chronic obstructive pulmonary disease 
(COPD), measurements of alveolar dead space in con
scious horses with COPD have not so far been reported. 
Since emphysema causes an increase in the alveolar dead 
space in man (Hugh-Jones, 1958; Nunn, 1969), it was 
considered relevant to investigate this aspect of ventila
tion in horses with COPD. 

The studies reported here were designed to compare 
the magnitude of the alveolar dead space in horses with 
COPD with that in clinically normal horses. 

SUbjects 
MATERIALS AND METHOOS 

Thirteen subjects with COPD as determined by clini
cal examination (Littlejohn, 1980) and 24 clinically nor
mal horses and ponies were investigated. All subjects 
were unpremedicated and all were conscious and in the 
standing position. 
Techniques 

The PaC02 was determined by methods previously 
described (Littlejohn, 1981). End-expiratory ~as was 
collected simultaneously by the technique of Littlejohn 
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(1969) and the PE'C02 determined with a Radiometer 
PC02 electrode type E5036. 

The alveolar dead space was calculated by substituting 
the values obtained in Equation (1). 

Negative values for % VDalv were obtained in 2 nor
mal subjects and in 1 with COPD. These 3 values were 
attributed to technical error (Scheid & Piiper, 1980) and 
discarded. 

RESULTS 

The mean values and standard deviations for PaC02, 
PE'C02 and% VDalv in 22 normal and 12 COPD sub
jects are shown in Table 1. 

There was a significantly larger % VDalv in the 
COPD horses for which a mean value of 19,98% was 
obtained compared with a mean of 6,1% for normal 
horses. Mean end-expiratory values for PC02 did not 
differ significantly. The increased % VDalv in COPD 
subjects was therefore due to an increase in their PaC02 
values. 

DISCUSSION 

The % VDalv of 6,1% which was obtained in clinically 
normal horses is somewhat larger than that obtained by 
Littlejohn (1969) in 14 normal resting subjects. From 
that study, the mean % VDalv was calculated to be 
2,7%. The reason for the greater % VDalv in normal 
subjects in the present studies is not clear, but the 
increase may be associated with environmental: variables 
present at the altitude of 1 300m (such as ambient tent
perature and barometric pressure) or to minor differences 
m technique. 

Factors influencing the magnitude of the alveolar dead 
space were discussed by Severinghaus & Stupfel (1957) 
and by Nunn (1969). These factors may be summarized 
as follows: 

(1) Hydrostatic failure of alveolar perfusion. 
The COPD subjects of the present study had a 
mean pulmonary arterial pressure of 50 mmHg. 
Thus any deficiencies of perfusion may have been 
due to a mechanical limitation of the capillary 
flow rather than to circulatory insufficiency lead
ing to pulmonary hypotension. 

(2) Ventilation of non-vascular air-spaces. 
According to Donald, Renzetti, Riley & Cour
nand (1952), this is the major cause of the 
increased physiological dead space which is seen 
in human subjects with chrome lung disease. 
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(3) Perfusion of non-ventilated or poorly ventilated 
alveoli. 
In normal subjects this factor may account for 
20% of the total alveolar dead space (Severing
haus & Stupfel, 1957). 

(4) Inequalities of ventilation and perfusion. 
Perfusion of non-ventilated or poorly-ventilated 
alveoli functions as a right-to-left shunt thus 
elevating the PaC02 in equation (1) (Severinghaus 
& Stupfel, 1957). 

An excess of non-perfused alveoli thus enlarges the 
alveolar dead space by lowering the end-expiratory 
PC02, whereas an increase in the number of perfused 
alveoli which have poor or non-existent ventilation 
enlarges the alveolar dead space by raising the PaC02• 

In our COPD subjects the mean PE'C02 was not sig
nificantly different from that in the normal subjects. The 
~ean PaC02 value or COPD subiects was significantly 
higher (by 6,3 mmHg) than that of the cfinically normal 
subjects. 

The results therefore suggest that uneven distribution 
of ventilation was the principal cause of increased alveo
lar dead space in our series of COPD horses, and that 
conseque!ltly there was gross mismatching of ventilation 
to perfusion. 

A~co~ding to Nunn .0969) maldistribution of inspired 
~as m diseased lungs IS usually associated with sequen
tial rather than synchronous emptying of alveoli. Fur
thermore, in cases of emphysema in man, areas of the 
NO. OF 

SUBJECTS 
INORMAU 

10 

NO. OF 
SUBJECTS 

ICOPDI . 
- 10 

5 

%VD al" 

'!bVD "'' 

FIG. I. Distribution of percentage alveolar dead space in 22 nonnal 
and 12 COPD subjects. 

lung with a defective ventilation are slow to empty and 
fill with gas. In functional terms, alveolar ventilation is 
reduced and alveolar dead space is increased (Nunn_] 
1969). Such an effect may exist in horses with COPD 
and it was assumed by Gillespie & Tyler (1969) that 
there must be an uneven distribution of ventilation in the 
lun~s of horses with emphysema. The demonstration of 
an mcreased % VDalv supports that assumption, which 
was based on known facts regarding chronic pulmonary 
disease in man. As stressed by Gillespie & Tller (1969), 
the possibilities for varying combinations o ventilation 
and perfusion in diseased lungs are infinite. 

Apart from the one observation by Weaver & Walley 
(1975) no comparisons between the alveolar dead space 
of COPD and normal horses appear to have been made. 
However, the fmdings of the present study suggest that it 
is a simple and informative determination which pro
vides corroborative evidence of lung dysfunction and its 
effects on ventilation and perfusion. 

From a correct statistical point of view the 2 sample 
populations of% VDalv are not comparable. Applymg 
Snedecor's 'F' test to the data gives an unacceptably 
large variance ratio of 5,65. This is undoubtedly due to 
the skew distribution of the normal values and the wide 
variation of the abnormal values shown in Fig. 1. Exami
nation of the 2 histograms however leaves little doubt 
that the % VDalv of a horse may be of clinical and 
functional significance. 
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