
Brit. Heart J., 1965, 27, 674.

PULMONARY CIRCULATION IN CHRONIC BRONCHITIS
AND EMPHYSEMA

BY

DAVID B. SHAW,* ROBERT F. GROVER, J. T. REEVES, AND
GILBERT BLOUNT, JR.

From the Section of Cardiology, University of Colorado Medical Center, Denver, Colorado, U.S.A.

Received June 24, 1964

Hypoxia is usual in patients with severe pulmonary emphysema, and the way in which they adapt
to it may be crucial to their survival. Two means of maintaining tissue oxygenation which might be
employed by the emphysematous patient are increased erythropoiesis to raise the oxygen-carrying
capacity of the blood, and increased cardiac output to raise the rate of blood flow to the tissue.

It might be possible to predict the adaptive mechanisms in emphysema by using Barcroft's
(1925-28) analogy between the healthy mountain dweller, hypoxic due to the low oxygen tension of
ambient air, and the patient at sea-level, hypoxic due to lung disease. There is an impressive body
of evidence that in the high altitude resident, a major adaptation is the rise in red cell count which
parallels the fall in arterial oxygen saturation with increasing altitude, while the cardiac output
remains virtually unchanged (Hurtado, Merino and Delgado, 1945; Pefialoza et al., 1963). Early
studies on patients with pulmonary emphysema suggested that quite the opposite form of adaptation
occurred in this condition. Thus, Wilson, Borden, and Ebert (1951) found no hmmatological
response to hypoxia, and McMichael and Sharpey-Schafer (1944) reported a significant increase in
cardiac output in emphysema. However, it has now been shown that the red cell volume increases
to a normal extent in response to hypoxia in emphysema (Shaw and Simpson, 1961), while recent
reports of cardiac output in emphysema are contradictory. Thus it has been suggested that the car-
diac output at rest is increased, normal, or decreased, and that the response of the cardiac output to
exercise is reduced or normal (Harvey et al., 1951; Yu et al., 1953; Williams and Zohman, 1959).

One explanation (which has been suggested) for the conflicting findings in emphysema is that
cardiac output represents a balance between the opposing effects of hypoxia and pulmonary arterial
hypertension (Williams and Zohman, 1959; Aber, Bayley, and Bishop, 1963). However, it is diffi-
cult to assess the significance of the divergent findings of different workers, because they have used
different definitions of the "normal" cardiac output. Further, the results of studies of emphysema-
tous patients in one laboratory have been compared with those of normal subjects in another.

The work here is a study of the cardiac output, and its relationship to pulmonary hypertension
and hypoxia in emphysematous patients at rest and during exercise in the supine and erect posture.
The findings are compared with data previously obtained from normal subjects studied under similar
conditions in the same laboratory.

SUBJECTS AND METHODS
Patients. Studies were carried out on 39 male and 3 female subjects suffering from chronic irreversible

obstructive airway disease associated with chronic bronchitis or emphysema or both. The diagnosis was
made by clinical history, physical examination, and pulmonary function data. All had a history of dyspnoea

* Present address: Royal Devon and Exeter Hospital, Exeter, Devon.
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PULMONARY CIRCULATION IN CHRONIC BRONCHITIS AND EMPHYSEMA 675

TABLE I

BASIC DATA ON EMPHYSEMATOUS PATIENTS*

Mean Mean Mean
Mean arterial pulmonary Mean MBCt Mean Mean

Subjects No. age oxygen artery PAPf Y. of hxemoglobin hematocrit
(yr.) saturation plasma CO2 (mm. Hg) normal (g./100 ml.) (%)

(%) content
Vol. %

Resting .. 41 52 81 52 35 32 15 51§
Supine exercise 17 49 80 50 37 37 15
Treadmill exercise 18 51 87 52 32 28 16 49
Normal**." 94 42 16 100

* Normal mean resting values at Denver (5280 feet) are given in the lowest column.
subjects only, since in one instance no oxygen uptake was obtained at rest.

t PAP, pulmonary artery pressure.
t MBC, maximum breathing capacity.
§ On 24 patients only.

** Anderson et al. (1953) and unpublished data.

The resting data is from 41

TABLE II

DISTRiBUTION OF VALUES FOR ARTERIAL OXYGEN SATURATION AND MEAN PULMONARY ARTERIAL PRESSURE
AT REST IN 41 EMPHYSEMATOUS PATIENTS

Arterial oxygen No. of Mean pulmonary No. of
saturation (Y.) subjects arterial pressure subjects

(mm. Hg)

95-90-1 11 15-19 1
90-85-1 5 20-24 7
85-80-1 10 25-29 10
80-75-1 6 30-39 12
75-70-1 3 40-49 6
70-65-1 2 50-59 2

Under 65 1 4 Over 59 3

for at least two years without obvious cause other than emphysema, or bronchitis. Three-quarters of the
patients gave a history of chronic productive cough for two years or more; in five cases it was not possible to
determine whether a productive cough existed. No patients are included who were known to have been in
cardiac failure within four weeks of catheterization, but three patients had been in cardiac failure and had
recovered between one and twelve months before study. All patients had an impairment of ventilatory
function (maximum breathing capacity below 63%0 of normal), and the total lung capacity was increased
(more than 110%O of normal) in 20 of the 25 patients in whom it was measured. Thirty patients had an
arterial saturation below 90 per cent and all but one had a mean pulmonary artery pressure above 19 mm.
Hg at rest. Additional data on these patients are given in Tables I, II, and III. Necropsies have been carried
out on ten of the patients; all showed the pathological changes of emphysema, and evidence of bronchitis
was present in six.

All studies were carried out in Denver (altitude 5,280 ft.). The oxygen consumption was not measured at
rest in one subject (No. 2477), and in the presentation of resting data this subject has been excluded. Exer-
cise studies were carried out in 33 patients, 17 in the supine position using bicycle pedals, and 18 in the erect
posture on a treadmill (2 patients were studied in both postures). Little or no sedation was used. A cardiac
catheter was introduced from a peripheral vein through the right heart into the pulmonary artery where it
remained throughout the study. Cardiac output was determined by the direct Fick method for oxygen at
2x
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TABLE III

BLoOD A-V OXYGEN DIFFERENCE AND OXYGEN CoNsumPTIoN iN EMPHYSEMA PATIENTS AT REST AND DuRING
EXERCiSE

Surface Rest Supine exercise Treadmill exercise
Age area- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

No. (yr.) (sq. i.) 02 a-v 02 a-v 02 a-v
consumption (Vol. %) consumption (vol. %) consumption (vol. %)
(ml./min.) _(ml./min.) (ml./min.)

1~~~~~~~~~~~~98
1734
1740
1744
1748
1758
1816

1818

1823
1878

1885

1763
1764

1795

1798

1803
Mart.
Come.
Raph.
1921
2096
1574
2036
1934
1846
1716
1742
2112
1831
1729
1761
1703
Blas.
Neff.
Knut.
Conn.
2109
1614

*1930
2291
*2092
*1686
2477

62
65
45
54
48
51

53

50
52

26

51
57

59

44

48
67
74
63
49
63
58
49
30
58
59
77
36
49
60
47
40
64
49
46
62
52
31
58
49
45
52
43

1 92
1 70
1 98
1-81
1-51
1 58

1 93

2-00
1-79

2-09

1 80
1 78

1 -61

1 70

1-77
1-75
1-64
1 62
1-55
1-75
1 87
1 65
1-73
1-54
1-50
1-73
1-83
1-72
1 66
1-80
1-73
1-55
1 70
1-74
1-72
1 56
1.91
1-77
1-97
1-71
1-94
1-41

* Female patients.

260
235
370
225
195
195

230

300
235

275

250
215

215

270

205
240
195
228
200
240
245
210
255
145
205
200
275
275
225
215
225
205
219
270
217
225
340
205
275
235
230

3-785.43
4*46
6-33
6-40
5 86

4-87

6-684*52
4-70

5*184*72
4'80
5-02

4-054.35
5-10
4*15
4-66
4-50
5-034*04
4-70
3-083.75
4-23
4-313'703.475*07
3 5663.39
3 58
2-96
4-86
4-90
4-52
3-264.49
4-063.57
4-14

560

850

395

395

810
570
410
630
665

835

585

395
440
470
860
445

565

6-20

7.99

5-84

5-65

9.77
6-91
7-21
7-20
8-49

9.90

5-15

7-27
5-08
7-10
10-29
8-64

6-97

860
820
1600
860
560
555
665
830
1080
865
680
860
1060
1495
885
875
1200
620
785
625
565
1025

515
790
500

9-81
11-33
11-73
11-13
11 -25
10-68
12-15
9-67
10-20
11 65
8-04
8-57
9.99
10-67
10-39
10-10
11'64
9-56
10'03
10-35
10-64
9.99

9*06
10-25
7-12

rest and during supine and treadmill exercises. Exercise was performed for periods of six to ten minutes.
Expired air was collected during the final two minutes of exercise, and concurrently, samples of mixed venous
and arterial blood were drawn. Under these conditions, a "steady state" was attained (Blount, 1959).
Blood samples were analysed by the~nethod ofVan Slyke and Neill, and samples ofexpired air were analysed
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PULMONARY CIRCULATION IN CHRONIC BRONCHITIS AND EMPHYSEMA 677

TABLE IV

CARDIAC OUTPtrr AND OXYGEN CONSUMPnON FOR EMPHYSEMA (E) AND NoRMAL (N) SuwEcrs

Position of No. of No. of Mean 02 Mean Mean a-v S.E. of Significance
subjects subjects obser- consumption cardiac difference mean a-v p

vations (ml./min.) output (ml. %) differ-
I ~~~~~~~(1./min.) ence

At rest, supine
E* .. .. 41 41 236 (145-370) 5 48 4 49 0-13 <0-01
Nt .. .. 53 63 221 (135-360) 5 63 3-98 0'07

Supine, exercise
E* ......... .. 17 17 580 (395-860) 8-1 7-38 0-38 >0-4
Nt .. .. 17 17 620 (370-845) 8-8 7-01 0 30

Treadmill, exercise
E* .. 10 12 1055 (860-1600) 10.1 10-49 0-28 >0 7
Nt .. 10 14 1100 (850-1570) 10-6 10-38 0-26

Note: Range is given in parentheses.
* Emphysema patients.
t Normal subjects.

by the micro-Scholander technique. The accuracy of the methods in this laboratory is given in Reeves
et al. (1961b).

Table I shows that the patients exercised in the supine position were similar to the whole group of patients
as regards age, maximum breathing capacity, arterial oxygen saturation, and mean pulmonary artery
pressure. Those exercised in the erect posture were similar to the entire group in age, but tended to be less
hypoxic and to have a more severe ventilatory disturbance (as judged by arterial oxygen saturation and maxi-
mum breathing capacity, respectively).

RESULTS
The results are set out in Tables III and IV.
Supine Rest. The mean cardiac output of the 41 emphysematous patients at rest was 5 48

1./min., which is not significantly different from the mean value of 5 63 1./min. for 53 normal subjects.
Furthermore, when cardiac output is related to oxygen consumption the slopes of the regression lines
of the data for the emphysematous patients and for the normal subjects are not significantly different,
the slopes being 0-0215 and 0f0218 l./ml., respectively (p>0 7).

The mean arterio-venous (a-v) oxygen difference at rest for all the emphysematous patients was
wider than normal, the values being 4 49 and 3-98 vol. per cent, respectively (p<0.01). A similar
difference was observed when the mean a-v difference of the 38 male patients was compared with the
mean of 42 estimations in 38 normal male subjects, the values being 4 56 and 4-08 vol. per cent,
respectively (p<0 01). Six of the patients had a-v differences wider than the upper limit of normal
of 5 14 vol. per cent and 18 had values greater than one standard deviation above the normal mean;
none had differences narrower than the normal (Table III and Fig. 1).

The a-v difference was related to the arterial oxygen saturation in the 41 emphysematous
patients studied at rest (r=0 4, p<0 02). No significant correlation could be shown between the
a-v difference and the mean pulmonary arterial pressure (p>0.3, degrees of freedom 39).

Supine Exercise. The patients with emphysema did not achieve high levels of exertion, the mean
oxygen consumption being only 580 ml./min. (range 395-860 ml./min). However, this level of
exercise was sufficient to increase the mean pulmonary arterial pressure by an average of 21 mm. Hg.
The range of values for the maximum mean pulmonary artery pressure attained was 26-95 mm. Hg.
The patients were only slightly more hypoxic during exertion than at rest; the arterial oxygen
saturation decreased by an average of 2-1 per cent.
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FIG. 1.-Cardiac output is plotted against oxygen con-
sumption in 41 resting patients with chronic ir-
reversible obstructive airway disease. Two iso-
pleths of a-v oxygen difference representing the
upper and lower limits of the normal (2-82 and
5-14 vol. Y.) are drawn. Six points lie outside
the line representing the upper limit for normal.
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FIG. 3.-Regression lines for the relationship of cardiac
output to oxygen consumption during supine and
treadmill exercise in the patients with obstructive
airways disease are plotted beside the regression
lines for normal subjects.
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FIG. 2.-The cardiac output of 17 emphysematous
patients exercising in the supine position is plotted
against their oxygen consumption. The regression
line and the lines for + twice the standard error of
the estimate for 17 normal subjects exercising under
similar conditions are given for comparison
(Reeves et al., 1961c).
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FIG. 4.-The relationship of cardiac output to oxygen
consumption of 18 patients (25 estimations) and
that of 10 normal subjects (41 estimations) during
treadmill exercise (Reeves et al., 1961a).

Table IV and Fig. 2 and 3 compare the data from the emphysematous patients with those
obtained from 17 normal subjects who performed similar levels of exercise (the mean oxygen uptake
being 620 ml./min. and the range 370-845 ml./min.) The general trend of the relationship of cardiac
output to oxygen consumption is similar in both groups of subjects, slopes of the regression lines
being 0 0088 1./ml. in emphysema and 0-0082 l./ml. in normal subjects (p>0-4). Similarly, there is
no significant difference between the mean a-v difference for the two groups, the values being 7-38
and 7-01 vol. per cent for the emphysematous and normal subjects respectively (p>0-4).

Treadmill Exercise. Eighteen patients with emphysema were studied while they performed 25
stints of exercise on the treadmill. The mean pulmonary arterial pressure increased by an average

of 24 mm. Hg and the maximum in individual patients ranged from 35 to 105 mm. Hg. They
became slightly more hypoxic during exertion, the arterial oxygen saturation falling by an average of
4-13 per cent. For these 18 patients, the 25 determinations of cardiac output are related to oxygen
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PULMONARY CIRCULATION IN CHRONIC BRONCHITIS AND EMPHYSEMA 679

consumption in Fig. 4, and plotted for comparison are 41 estimations of cardiac output from 10
normal subjects (Reeves et al., 1961a). It appears from the figure that the cardiac output in the
emphysematous patients walking on the treadmill is similar to the normal.

The oxygen consumption of 8 of the emphysematous patients during treadmill exercise was below
that of the normal subjects reported by Reeves et al. (1961a). For statistical purposes, the 12 values
of cardiac output for 10 patients who attained oxygen consumptions of 850-1600 ml./min. are com-
pared with the 14 results from 10 normal subjects whose exercise oxygen consumptions were within
this range. The mean oxygen consumptions for the two groups are very similar, the values being
1055 and 1100 ml./min. for the emphysematous and the normal subjects, respectively (Table IV).
The mean values for the a-v difference in the two groups were also similar, being 10-49 and 10-38
vol. per cent, respectively (p>0.7). When cardiac output is related to oxygen uptake (Fig. 3), the
regression lines for the two groups have slopes which are not significantly different, the values being
0 0076 I./mil. in emphysema compared with 0 0079 1./ml. for normal subjects (p>07). For these
10 selected emphysema patients the average rise in mean pulmonary artery pressure of 25 mm. Hg
and the average decrease in arterial saturation of 4 0 per cent during exercise were similar to the
changes observed in the entire group of 18 patients.

DISCUSSION
Wade and Bishop (1962) analysed their own and published data in patients with pulmonary

emphysema and reported that the resting cardiac output, as judged by the "cardiac index", was
abnormally high in 8 per cent of the subjects, and abnormally low in 5 per cent. However, Reeves
et al. (1961b) found that the "cardiac index" varied with the age, sex, body size, and metabolic rate
of the subject, and showed that the a-v oxygen difference was a better standard for assessing the
"normality" of the resting cardiac output. None of the 41 emphysematous patients in the present
study had an abnormally narrow a-v difference at rest, so that according to the criteria of Reeves
et al. (1961b) no patient had an abnormally high cardiac output. In 6 of the 41 patients the a-v
difference was wider than normal, implying an abnormally low cardiac output.

Aber et al. (1963) reported that the cardiac output was inversely proportional to the mean
pulmonary artery pressure in 14 patients with "obstructive airways disease", and it might be sug-
gested that in some emphysematous patients cardiac output is limited by pulmonary hypertension.
However, no correlation could be shown between the mean pulmonary artery pressure and the a-v
difference at rest in the 41 patients of the present study, and Wade and Bishop (1962) found no cor-
relation between cardiac output and pulmonary artery pressure in their own and collected data. It
seems unlikely that the cardiac output was depressed by a high pulmonary arterial pressure in the
patients of the present study, since only one of the six with a-v differences above normal had marked
hypertension (the mean pressures being 18, 25, 29, 26, 20, and 44 mm. Hg).

The ability of the heart to adapt to a high pulmonary arterial pressure in emphysema is illustrated
by the normal or almost normal increase in cardiac output in response to exercise, in both the supine
and erect position, which has been observed in the present study and by other recent workers (Kitchin
Lowther, and Matthews, 1961; Cotes, Pisa, and Thomas, 1963). In fact it would be surprising if an
increase in pulmonary arterial pressure of the degree seen in emphysema had much effect upon the
cardiac output, since similar pressures are seen in patients with other pathological conditions and in
healthy residents at high altitude, in whom the cardiac output and its response to exercise are re-
ported to be normal. Thus, the cardiac output is usually normal in patients with kyphoscoliosis at
rest and during exercise despite mean pulmonary arterial pressures as high as 50 mm. Hg (Bergofsky,
Turino, and Fishman, 1959). Similarly, in healthy residents at high altitude a normal cardiac output
is maintained against a mean pulmonary arterial pressure as high as 62 mm. Hg (Penaloza et al.,
1963). However, though the absolute pressure in the pulmonary artery does not appear to limit
cardiac output, it is possible that pathological changes in the pulmonary arterial system in emphy-
sema may have indirect effects upon the circulation. Thus, reduction of the compliance of the walls
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FIG. 5.-The emphysematous patients have been FIG. 6.-Cardiac output is plotted against oxygen con-
grouped according to their arterial oxygen satu- sumption during treadmill exercise in 9 patients
ration (at rest). The mean and twice the standard whose arterial oxygen saturations were less than
error range of the mean for the a-v oxygen dif- 80 per cent. All the points cluster near the normal
ference is plotted for each group. regression lines.

of the pulmonary artery will modify the pulmonary artery pressure wave form (Shaw, 1963) and may
alter the pattern of ejection and work done by the right ventricle.

In the emphysematous patients in the present study the correlation between the a-v oxygen
difference and the arterial oxygen saturation at rest (Fig. 5) implies that the cardiac output rises with
increasing hypoxia. This is contrary to the findings of Borden et al. (1950), but in agreement with
those of Cournand (1950). However, in distinction to Cournand's conclusions, the severely
hypoxic patients of the present study had a normal cardiac output, and the mildly hypoxic patients
tended to have a reduced output. Further, no abnormal increase in cardiac output during exercise
was observed even in the more hypoxic patients (Fig. 6).

It is tempting to suggest that the basic pathology of the lungs and pulmonary vessels in the mildly
hypoxic patients with a low cardiac output differs from that of the severely hypoxic patients who have
a normal cardiac output. Thurlbeck and Angus (1963) in a necropsy study found that while
emphysema and bronchitis frequently occur together they may also occur independently. Fletcher
et al. (1963) attempted to distinguish in life between patients with severe airways obstruction with
emphysema and those with airways obstruction without emphysema (who were termed "bronchitis"
patients). An analysis of the patients in this study using the criteria of Fletcher et al. (1963) is
presented in Table V. Compared with the patients with arterial oxygen saturations above 85 per
cent, the more hypoxic patients have a higher incidence of heart failure, a slightly higher carbon
dioxide content in the pulmonary arterial blood, and more disturbance of the ventilation-perfusion
ratio (as measured by the steady-state carbon monoxide diffusing capacity). The less hypoxic
patients had a greater abnormality of the total lung capacity and the carbon monoxide uptake.
This pattern of results implies that the less hypoxic patients with an abnormally low cardiac output
have more features in common with the "emphysema" patients as described by Fletcher et al.
(1963) and that the more hypoxic patients with a normal cardiac output have more in common with
the "bronchitis" patients of these workers. However, the difference between the groups of patients
is small and does not reach the level of significance in any respect (greatest difference is in the carbon
dioxide diffusing capacity where p=0-2-0-1). Similarly, the study of necropsy material in the 10
patients where it is available does not show any difference in the severity of the emphysema and
bronchitis (assessed by the criteria of Mitchell et al., 1964) between those with a wide a-v difference
and those with normal values.

Fishman, Fritts, and Cournand (1960) have shown that acute hypoxia is associated with a rise in
cardiac output. However, except during an attack of acute bronchitis, the emphysematous patient

680
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PULMONARY CIRCULATION IN CHRONIC BRONCHITIS AND EMPHYSEMA 681

TABLE V

PULMONARY FUNCToN DATA FOR GROUPS OF EMPHYsEMA PATIENTS*

History of Mean Carbon Diffusion
cardiac arterial Mean PAt monoxide capacity TLC$

Subjects failure saturation CO2 content uptake for carbon %
(no. of (vol. %) (ml./min.) monoxide normal
patients)

Low cardiac output 0 91 50-8 211 7-3 130

Emphysema I .. 0 91 50 5 2-3 7-6 129

Emphysema I .. 3 76 52-3 2-5 5-4 124

* The patients have been divided into three groups, the six with an abnormally wide a-v difference, the 16 with
a resting arterial oxygen saturation above 85% (Emphysema I), and the 25 with a saturation of 85% or less (Emphy-
sema II), and analysed by the criteria of Fletcher et al. (1963).

t PA, pulmonary arterial blood.
$ TLC, total lung capacity.

TABLE VI

COMPARISON A-V OXYGEN DIFFERENCE IN VOL. PER CENT BETWEEN NORMAL SUBECTS AT DENVER, EMPHYSEMA
PATIENTS, AND HEALTHY RESIDENTS AT HIGH ALTITUDE

Subjects No. SaO2* a-v Significance
difference p

Normals at Denver .. .. .. .. .. 53 94 3 98 0 02-0 01
Altitude residents at Leadvillet .. .. .. 20 92 4-36f
Emphysema I .. .. .. .. .. .. 16 91 5 03 0 02-0 01
Altitude residents at Leadvillet .. .. .. 20 92 4-36 J
Emphysema II .. .. .. .. .. .. 25 76 4-14 >0 9
Altitude residents at Morococha .. .. .. 36 78 4-14f

* SaO2%=arterial oxygen saturation per cent.
t Vogel et al. (1962).
t Pefialoza et al. (1963).

Note: Emphysema I are those patients who had a resting arterial oxygen saturation of over 85 per cent, and Emphysema
II are those whose saturation was 85%Y or less.

is more analogous to the chronically hypoxic mountain dweller than to the volunteer at sea-level who
is rendered acutely hypoxic artificially. Healthy residents at an altitude of 14,900 ft., who were
investigated by Peinaloza et al. (1963), have a similar mean arterial oxygen saturation to that of the
more hypoxic emphysematous patients in the present study (those with an arterial oxygen saturation
of 85% or less). The mean a-v differences of the two types of subject are identical at the value of
4'14 vol. per cent, which implies that the resting cardiac output of these severely hypoxic emphyse-
matous patients is normal (Table VI). Residents at an altitude of 10,150 ft. studied by Vogel et al.
(1962) have a similar mean arterial oxygen saturation to that of the less hypoxic emphysematous
patients of the present study (those with an arterial oxygen saturation of more than 85%). The
mean a-v difference of the altitude residents is not as wide as that of the emphysematous patients, but
is significantly wider than the mean for normal subjects at Denver (p<0 02, Table VI), implying that
the resting cardiac output of both types of subject is lower than the normal for Denver. Further, 3
out of the 20 altitude residents have resting a-v differences wider than the upper limit of normal for
Denver (none had narrower a-v differences). Reeves et al. (1961c) have shown that the normal
initial response to very mild exercise is a widening of the a-v oxygen difference, and that this occurs
before an increase in cardiac output. The increased work of breathing in the emphysematous
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patient (and perhaps in the altitude resident) may constitute a form of mild exercise, and, if so, a
wide a-v difference should be expected. For a given ventilatory impairment this phenomenon
should be more pronounced in patients who maintain relatively normal blood gas tensions by
hyperventilation, than in those with less ventilatory drive who develop significant hypoxia and carbon
dioxide retention.

SUMMARY

The oxygen consumption, a-v oxygen difference, cardiac output, pulmonary artery pressure, and
arterial oxygen saturation have been studied at rest in 41 patients with chronic irreversible obstructive
airway disease, and during exercise in the supine position in 17 patients, and in the erect position in
18 patients. The findings have been compared with those of normal subjects studied under similar
conditions in this laboratory.

At rest the mean a-v oxygen difference was significantly wider in the emphysematous patients
than in the normal subjects, the values being 4 49 and 3-98 vol. per cent, respectively (p<O.Ol).
During supine exercise the cardiac output increased by a normal amount in the majority of the em-
physematous patients; a slightly subnormal increase was observed in four patients. During exercise
in the erect position the cardiac output increased to the same extent in the emphysematous patients
as in the normal subjects.

No relationship could be shown between the a-v oxygen difference and the pulmonary artery
pressure, and pulmonary hypertension did not appear to be responsible for the low cardiac output
seen in some emphysematous patients.

The cardiac output tended to be normal in the severely hypoxic patients (arterial oxygen saturation
85% or less), but was abnormally low in the less hypoxic patients. These findings are compared
with the results reported in normal residents at high altitude, and the similarity between the data
from the two types of subject is discussed.

We are indebted to Dr. Giles F. Filley and Dr. R. S. Mitchell for pulmonary function data given in Table VI, and
for details of necropsy findings. Dr. H. F. Freundlich kindly checked some of the statistical calculations.
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