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Abstract
Background Oxygen therapy is effective
in the prevention and treatment of
oedematous exacerbations of cor pulmonale. As renal blood flow is reduced in
cor pulmonale a study was designed to
investigate whether one of the beneficial
effects of oxygen was to increase renal
blood flow. The effect of oxygen therapy
on renal haemodynamics measured noninvasively was examined in patients with
chronic obstructive airways disease and
previous episodes of oedema.
Methods Renal blood flow waveforms
were recorded in a single vessel by colour
flow Doppler ultrasound in nine hypoxaemic patients (Pao2) (arterial oxygen
tension < 8 kPa while they were breathing
air) with chronic obstructive airways disease and previous oedema and eight age
matched
normoxaemic
volunteers
(arterial oxygen saturation (Sao2) 97% or
more when breathing air) while they were
breathing air and oxygen. Sao2 and transcutaneous PaO2 (TcPO2) and Paco2
(TcPCo2) were monitored. Five renal
velocity profile recordings were made
from the same segmental vessel with the
patient breathing room air for one hour
followed by oxygen titrated to achieve an
oxygen saturation of 95% or more without
a rise in TcPco2 for 15 minutes. Control
subjects breathed 35% oxygen.
Results No significant change in the pulsatility index (a measure of distal vascular resistance) or mean height of the
waveform (Tamx, a measure of renal
blood flow) occurred in the control
subjects while they were breathing air or
oxygen. The pulsatility index of the
patients with chronic obstructive airways
disease was significantly greater than that
in the control subjects breathing air (144
(SD 0-28) v 1-03 (0-14). Breathing oxygen
was associated with an increase in TcPO2
in the patients (from 6-9 (1 9) to 11-5 (0 7)
kPa), a fall in pulsatility index (from 1-44
(0 28) to 1P26 (0-14) and an increase in
Tamx (from 0-187 (0 055) to 0-234 (0 087)

mis).
Conclusions The results suggest that
renal vascular resistance is increased in
patients with chronic obstructive airways
disease and hypoxaemia and that short
term oxygen therapy reduces renal vascular resistance and increases blood flow.
Some of the benefits of oxygen therapy

in cor pulmonale may be due to improvements in renal haemodynamics.

The pathogenesis of oedema in chronic respiratory failure, "cor pulmonale," is controversial.'2 Right ventricular failure due to
secondary pulmonary hypertension has been
largely disproved3 and the increased levels of
salt and water retaining hormones reported4
could be explained by volume depletion due to
diuretic treatment.5
Reduced renal blood flow has been consistently reported in patients with respiratory
failure from chronic obstructive airways disease,*&" with a further fall occurring during
episodes of oedema.'2 1" The glomerular filtration rate is relatively well maintained in cor
pulmonale,691' suggesting that compensatory
efferent glomerular vasoconstriction occurs.
The resulting fall in peritubular capillary blood
pressure and rise in colloid osmotic pressure
could then explain the excessive salt and water
retention found in cor pulmonale."4
The cause of the reduction in renal blood
flow is unknown. Oxygen therapy reduces the
number of exacerbations of oedema in patients
with chronic obstructive airways disease'5 and
causes resolution of the oedema,4 suggesting
that chronic hypoxia could alter renal blood
flow. Reports that oxygen therapy failed to
improve renal flow in hypoxaemic patients with
chronic obstructive airways disease,9 11 1617
however, discredited the idea that alterations in
renal haemodynamics could be important in
causing fluid retention.
Previous studies of renal haemodynamics in
chronic obstructive airways disease may have
failed to detect oxygen induced changes in
renal flow because of failure to control for the
effect of hypercapnia, technical problems with
the clearance methods used to record renal
blood flow, the use of hypoxic challenges
during the studies, and the invasive nature of
the haemodynamic recordings.
Colour flow Doppler ultrasound is a noninvasive technique for assessing changes in
renal haemodynamics and has been used to
document changes in renal flow in transplanted
kidneys'8 and after dopamine infusions in
critically ill patients.'9 We have used this technique to record changes in renal haemodynamics in patients with hypoxaemic chronic
obstructive airways disease breathing air and
controlled oxygen and to compare these with
renal haemodynamics in normoxaemic control
subjects.
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Methods
PATIENTS AND CONTROLS

METHODS

A pilot study was performed initially to determine the time course of changes in renal
haemodynamics and the within patient coefficient of variation of the technique. Repeated
recordings 6f renal haemodynamics were made
at 15 minute intervals for one hour in three
hypoxaemic patients with chronic obstructive
airways disease breathing 35% oxygen. On the
basis of the initial study a period of 15 minutes
of oxygen therapy was chosen to minimise rises
in arterial carbon dioxide tension (PCo2).
All studies were performed in the afternoon.
On arrival patients were seated in a semi-erect
position breathing room air. Transcutaneous
P02 (TcPo2) and Pco2 (TcPco2) were recorded
(Radiometer TCM 3) after dry gas calibration
and stabilisation at 45°C followed by calibration with an arterialised ear lobe capillary blood
sample.20 Oxygen saturation was recorded by
finger pulse oximetry (Ohmeda Biox II). After
one hour renal haemodynamics were recorded
(see below), with simultaneous measurements
of Sao2, TcPo2 and TcPco2. Patients then
received oxygen by a controlled oxygen mask
(Ventimask), starting with 24%. The inspired
oxygen concentration (FIO2) was then titrated
against oxygen saturation until a saturation of
95% or greater was achieved without a rise in
TcPco2. The patient then continued at the
same FIO2 for a further 15 minutes, after which
renal artery velocity profiles, oxygen saturation, TcPo2, and TcPco2 were recorded.
Renal haemodynamics were also measured in
eight normal subjects breathing room air, air by
face mask (as placebo oxygen), and 35%
oxygen.

RENAL HAEMODYNAMIC MEASUREMENTS

Colour flow Doppler ultrasound examination
of renal haemodynamics was carried out with
an Acuson 128 scanner with pulsed and colour
Doppler scanning facilities. A 3-5 MHz probe
(all modes) was used. The sample volume size
of the spectral Doppler was 3-4 mm and the
wall filter setting

50 Hz.

Either the left

or

the

right kidney was used, depending on accessibility. Kidneys were scanned in the longitudinal plane.
Flow velocities were measured in a vessel at
segmental-interlobar level, chosen from the
colour map of the renal vasculature. This level

of artery was chosen, firstly, because colour
images of segmental-interlobar vessels were
obtained consistently in all patients and, secondly, because at this level and size of vessel the
flow profile within the vessel is more fully
developed than in the renal artery.2'
The colour image of the vessel enabled
beam-vessel angle corrections to be made to the
pulsed wave Doppler measurements, thereby
permitting velocity measurements to be made
from the received Doppler frequency shift. In
practice, the angle was kept within 200 to keep
errors to a minimum. Five sets of measurements were obtained at each stage of the study.
As flow velocity changes with the depth of the
vessel, only vessels at about the same depth (30
mm from the renal capsule) were selected in
different subjects.
Measurements were made of maximum systolic velocity, minimum diastolic velocity, and
time averaged maximum velocity (Tamx) in the
cardiac cycle. No attempt was made to measure
the cross sectional area of the vessel under
investigation. The pulsatility index (PI)22 was
calculated as:
Maximum height ofwaveform -minimum height ofwaveform

mean height of waveform

STATISTICAL ANALYSIS

Values for the pulsatility index and Tamx in
control subjects breathing air, air by mask, and
oxygen were compared by two way analysis of
variance. Comparison between flow velocities
for controls and patients was made by the
unpaired t test and between air and oxygen for
patients by paired t test. Results are presented
as means with standard deviations in parentheses unless otherwise indicated.

Results
DESCRIPTIVE DATA (TABLE 1)

The mean ages of the patients and controls
were similar (62 and 58 years). All patients had
severe airways obstruction (mean FEV, 0-65 1,
FEVI/vital capacity 35%) and were hypoxaemic when breathing air (mean Pao2 6-9 kPa).
Three patients were hypercapnic at the time of
the study (Paco2 > 6-0 kPa). All patients had
been oedematous and three were oedematous at
the time of the study. Medication included
inhaled salbutamol (9 patients), inhaled
Table I Descriptive data, spirometric values, arterial
blood gas and oxygen saturation (for air) for control
subjects and patients with chronic obstructive airways
disease (mean values with SD or range)
Controls
Number

8

Male/female
Age (y)

4/4

FEV, (1)
FVC (1)
Pao,(kPa)

9

9/0

58
(55-61)
2-58 (0-73)
3-44 (0-76)
-

Paco2(kPa)

pH
Oxygen

saturation (%)

-

97

Patients

(97-98)

62
(54-72)
0-65 (0-37)
1-85 (0-65)
69 (44-81)
6-4 (4 9-9-1)
743 (0-05)
84

(64-93)

FEV,-forced expiratory volume in one second; FVCforced vital capacity; Pao2-arterial oxygen tension;
Paco2-arterial carbon dioxide tension.
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We studied nine patients with chronic respiratory failure (Pao2 < 8 kPa with room air)
due to chronic bronchitis and emphysema
(FEV, < 15 1, FEV,/FVC ratio <70%). All
patients had been previously oedematous but
were clinically stable at the time of the study
with no recent change in medication. They had
no evidence of cardiac, liver, or renal disease
(normal results of electrocardiography and
serum biochemistry). All patients gave informed consent for the study, which was approved by the hospital ethics committee. Eight
age matched normoxaemic subjects (arterial
oxygen saturation (Sao2) with air ) 97 % recorded by pulse oximetry) acted as controls.
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Table 2 Mean height of the waveform (Tamx) and
pulsatility index (PI) (for air and oxygen) for the nine
patients with chronic obstructive airways disease
Air

02

Air

02

1
2
3
4
5
6
7
8
9

0-195
0-204
0-312
0-169
0-109
0-194
0-184
0-147
0-172

0-236
0-276
0-432
0 200
0 111
0-244
0-190
0-205
0-213

1-21
1-88
1-32
1-49
1-90
1-26
1-29
1-46

1-19
1-35
1-30
1-41
1-35
1-22
1-31

1-14

1-28
0-92

Mean

0-187

0.234*

1-44

1-26t

*p < 0 01;tp < 0 05.

ipratropium bromide (6), prednisolone (4),
theophylline (7), diuretics (8), and an inhaled
corticosteroid (2).
RENAL HAEMODYNAMICS

The pilot study showed that the renal vascular
response to oxygen was rapid and sustained.
With 35% oxygen the pulsatility index had
fallen by 15% (2%) at 5 minutes, 14% (2%) at
15 minutes, 16% (2%) at 30 minutes, and 19%
(2%) at 60 minutes. The mean within patient
coefficient of variation was 6% for Tamx and
5% for the pulsatility index.
There was no significant difference in the
mean (SD) pulsatility index for the control
subjects between air (1 -03 (0 -14)), air by mask
(1-05 (0-16)), and oxygen (1-03 (0 13)). Tamx
(m/s) also did not differ significantly between
air (0-228 (0-050)), air by mask (0-209 (0-043)),
and oxygen (0-211 (0-047)). With air the pulsatility index for control subjects (1-03) was
significantly less (p = 0 008) than that for
patients with chronic obstructive airways disease (1-44 (0 28)).
TcPo2 improved in patients with chronic
obstructive airways disease when they were
breathing oxygen from a mean of 6-9 (1 9) to
11-5 (0 7) kPa. Carbon dioxide tensions did not
rise significantly (6-4 (1-6) while they were
breathing air and 6-7 (1-5) kPa with oxygen).
With oxygen the pulsatility index fell by 13%
(1-44 (0-28) to 1 26 (0-14); p < 0 05: table 2)
and Tamx increased by 25% (0-187 (0 055) to
0-234 (0 087) m/s; p < 0 01: table 2).
Discussion
The non-invasive technique of colour flow
Doppler ultrasound used to measure renovascular resistance suggests that resistance is
increased in hypoxaemic patients with chronic
obstructive airways disease and previous
episodes of cor pulmonale and is reduced with
oxygen therapy. Absolute renal blood flow or
resistance cannot be measured with this technique but the pulsatility index is known
to increase with increased vascular resistance.'822125 The pulsatility index decreased

significantly, by 13%, with oxygen therapy in
the hypoxaemic patients, and the time averaged
maximum velocity in the artery under inves-
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Tamx (mls)

PI

Patient
No

tigation increased simultaneously by 25%.
This indicates an increase in absolute flow
unless vascular diameter decreased, which is
unlikely in view of the fall in the pulsatility
index.
Studies on normal subjects have generally
shown an increase in renal blood flow with
moderate acute hypoxaemia,26 probably
because of increased catecholamine concentrations and cardiac output.27 Paradoxically, renal
blood flow is low in hypoxaemic patients with
chronic obstructive airways disease despite
normal or even increased cardiac output. During oedematous exacerbations flow is further
reduced but it recovers to pre-exacerbation
levels after the resolution of fluid overload."'3
There is evidence to suggest a causal
relationship between arterial oxygenation and
the improvement in renal haemodynamics.
Patients having long term oxygen therapy have
fewer oedematous exacerbations"5 and oedema
may resolve, and renal flow improve, with
oxygen therapy.4 Most studies, however, of
renal blood flow with oxygen therapy have
found either no change or a fall in flow.9"' 161728
Fishman et al9 studied changes in renal
blood flow in hypoxaemic patients with chronic
obstructive airways disease at different inspired
oxygen concentrations including an FIO2 of
16%. Effective renal plasma flow was measured
by the p-aminohippurate method with direct
renal vein cannulation. Renal plasma flow
increased during hypoxaemia and decreased
during oxygen therapy (30% oxygen). Davies
et al " also reported a fall in renal plasma flow in
three hypoxaemic patients with chronic obstructive airways disease having oxygen
therapy, using the aminohippurate method.
Studies of the effect of oxygen therapy on renal
blood flow, measured by radioisotope techniques, have produced conflicting results. 1617 28
Kilbum et al measured renal flow by aminohippurate clearance in 27 patients with chronic
obstructive airways disease breathing hypoxic
gas mixtures. Renal flow and sodium excretion
were reduced when Pao2 fell below 5 3 kPa.
Others,'617 however, have found no significant
change in renal flow with oxygen.
Important differences in study design may
account for the past failure to observe a
relationship between Pao2 and renal flow. The
most important of these is the degree of carbon
dioxide retention that patients have developed
during oxygen therapy." 1617 Hypercapnia
reduces renal flow -through catecholamine
release and by a neurally mediated action,29 and
in patients with hypoxaemic chronic obstructive airways disease there is also indirect
evidence that hypercapnia decreases renal
flow.23 The confounding problem of hypercapnia is illustrated by the recent study of
Mannix et al,'7 who measured renal blood flow
by "'I orthoiodohippurate clearance in five
hypoxaemic patients with chronic obstructive
airways disease while they breathed air and
oxygen. After oxygen for one week sodium
excretion had increased and renal blood flow
had increased by 20% (though this was not
significant). In their discussion the authors
state that renal flow fell in only one patient, who
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unlikely to be important in the normal regulation of renal flow,' the structural changes
occurring with chronic hypoxia'6 could
increase sympathetic outflow and renal vascular resistance. By reducing chemoreceptor
stimulation oxygen therapy would increase
renal flow. This hypothesis requires further
study.
Our results suggest that renal haemodynamics are abnormal in hypoxaemic patients
with chronic obstructive airways disease and
that short term treatment with oxygen decreases renal vascular resistance. Changes in
the renal circulation may be central in the
pathogenesis of the fluid overload in cor pulmonale and one of the benefits of oxygen
therapy may be an improvement in renal
haemodynamics.
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developed carbon dioxide retention with
oxygen therapy. We avoided carbon dioxide
retention by giving oxygen for short periods
and found that oxygen improves renal
haemodynamics (Mannix and coworkers might
have had a similar result if they had excluded
the patient who developed hypercapnia from
their analysis). Both oxygen and carbon dioxide
are likely to have important actions on the renal
vasculature in cor pulmonale and it is important that future studies separate these effects.
Aminohippurate clearance techniques were
used to measure renal flow in previous studies.
This technique is well validated in normal
subjects but may be inaccurate in patients with
renal dysfunction, in which changes in the
tubular handling of aminohippurate may
occur." Changes in renal tubular function have
been reported in cor pulmonale'2 and the
results obtained with aminohippurate techniques cannot be assumed to reflect accurately
the changes in renal haemodynamics that occur
with oxygen. Although Doppler ultrasound
cannot measure absolute renal flow, there is
good evidence, both experimentally22" and in
patients with renal dysfunction,'819 that the
flow indices derived from the renal velocity
waveform are sensitive indicators of changes in
renal haemodynamics. In addition, Doppler
ultrasound is non-invasive and is more likely to
reflect the true state of the renal vasculature.
The hypoxaemic challenges916 and invasive
monitoring9 " used in previous studies may
have altered renal flow.
An increase in renal blood flow with oxygen
could be mediated by several mechanisms,
including a rise in cardiac output or carbon
dioxide tension, alterations in circulating hormones acting on the kidney, or a direct action
on the renal vasculature. Cardiac output is
normal or even increased in most patients with
hypoxaemic chronic obstructive airways disease and tends to fall with oxygen treatment.3"
Increased renal blood flow due to a rise in
cardiac output with oxygen therapy is therefore
unlikely to explain our findings.
Increased plasma concentrations of renin,
aldosterone, and atrial natriuretic peptide have
been reported in patients with hypoxaemia and
chronic respiratory failure.45 16 4 35 Raff et al5
found no change in renin or angiotensin II on
discontinuing oxygen therapy in patients with
hypoxaemic chronic obstructive airways disease, and Winter et al35 found no change in
atrial natriuretic peptide concentrations during
oxygen therapy in patients with chronic obstructive airways disease. Reihman et al 6
reported no changes in renin, aldosterone,
noradrenaline, or vasopressin concentrations
with oxygen therapy in patients with chronic
obstructive airways disease. More work is
needed but current data do not suggest that
hormones mediate the rise in renal flow with
oxygen.
Changes in renal vascular resistance
mediated by the carotid body could explain our
findings.26 Experimentally, hypoxic stimulation of the carotid body decreases renal blood
flow and this effect is abolished in the denervated kidney.26 Although the carotid body is
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