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Atrial natriuretic peptide in stable and
decompensated chronic obstructive pulmonary
disease

K Skwarski, M Lee, L Tumbull, W MacNee

Abstract
Background-Plasma levels of atrial
natriuretic peptide (ANP) are elevated in
patients with chronic obstructive pul-
monary disease (COPD) and may have a
role in preventing oedema formation in
these patients.
Methods-Plasma ANP levels were mea-
sured in 60 patients with COPD and
these measurements were related to pul-
monary haemodynamics, response to
treatment during exacerbations, and
clinical patterns ofthe stable disease.
Results-Plasma ANP levels did not cor-
relate significantly with right atrial or
pulmonary arterial pressures but did
correlate significantly with both the right
ventricular end diastolic volume and
right ventricular wall volume measured
by magnetic resonance imaging. Oxygen
(2 1/min by nasal prongs for 30 minutes)
did not change the mean pulmonary
arterial pressure or the level of plasma
ANP. In 20 patients with an acute exac-
erbation of COPD plasma ANP levels
were higher in those with oedema (302
(185) pg/ml) than in those without
oedema (87 (43) pg/ml). Oxygen given for
one hour had no effect on plasma levels
ofANP. However, plasma ANP levels fell
over the first three days during treat-
ment in those with oedema, the fall cor-
relating with the change in body weight.
In a further 20 stable patients with
hypoxic COPD, those with hypercapnia
and previous episodes of oedema had
higher levels of plasma ANP (120 (50)
pglml) than normocapnic patients with
no previous oedema (54 (15) pg/ml).
Conclusions-The level ofANP is high in
the plasma of patients with COPD, par-
ticularly during exacerbations in those
with oedema. The association of a high
plasma ANP level and volume overload is
shown by the fall in ANP levels with
treatment of the oedema, and the corre-
lation between levels of ANP and right
ventricular end diastolic or wall volumes.

(Thorax 1993;48:730-735)

The traditional view of the development of
peripheral oedema in patients with chronic
obstructive pulmonary disease (COPD) sug-

gests that chronic hypoxia is responsible for
pulmonary vasoconstriction which eventually
leads to irreversible pulmonary hypertension,
increased right ventricular work, and right
ventricular failure.' 2 This sequence of events
has been challenged recently.3 The right ven-
tricular performance is relatively well pre-
served in patients with COPD, even in the
face of pulmonary hypertension.45 Moreover,
the decline in right ventricular function in
patients with COPD presenting with oedema
may not be as a direct result of an augmented
right ventricular afterload.5 6 Furthermore,
not all patients with COPD and pulmonary
hypertension develop oedema, suggesting
decompensated cor pulmonale during exacer-
bations of their condition. Several authors
have suggested that abnormalities in salt and
water balance underlie the clinical syndrome
of oedema in patients with hypoxic
COPD.7-10

Since de Bold et all' showed that human
cardiocytes in both atria produce and store a
potent natriuretic peptide-atrial natriuretic
peptide (ANP)-this substance has been
extensively studied in patients with congestive
cardiac failure. In these patients plasma ANP
levels correlate variably with the pulmonary
arterial or right atrial pressures.'2-'1 The gen-
eral view, however, is that atrial stretch is the
major stimulus to the release of ANP.12 16 17

The role ofANP in the development of the
clinical syndrome of cor pulmonale is
unknown. Recent reports of measurement of
ANP levels in patients with various chronic
lung diseases including COPD have shown
that these patients have higher levels of
plasma ANP than normal subjects. 17-19
Preliminary studies also suggest that levels of
ANP are even higher in those with decom-
pensated cor pulmonale. Plasma ANP levels
correlate weakly with pulmonary arterial
pressure and right atrial pressures in some
studies'7-20 but not in others,2' and are not
influenced by short term supplemental
oxygen.2'
The aim of this study was to extend these

observations on ANP to a larger group of
patients with COPD. In particular we wished
to correlate plasma ANP levels, not only with
pulmonary haemodynamics, but also with
right ventricular dimensions, the effects of
treatment during acute exacerbations of
COPD, and with the clinical patterns of the
stable disease.
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Methods
STUDY POPULATION
Sixty patients with COPD were studied and
formed three separate groups. Twenty
patients were studied when clinically stable
(table 1) at least 6 weeks after their last exac-
erbation of COPD. In these patients mea-
surements of pulmonary haemodynamics
were made as part of their assessment for
domiciliary oxygen therapy. A further 20
patients were studied on admission to hospi-
tal with an acute exacerbation of COPD
(table 1). The remaining 20 patients with
COPD presented at the outpatient clinic
when clinically stable and were divided into
two clinical patterns: so called "blue
bloaters" (Pao, < 8&0 kPa, Paco2 > 6-0 kPa,
past history of peripheral oedema) and "pink
puffers" (Pao2 > 8 0 kPa, Paco2 < 6-0 kPa,
no past history of peripheral oedema) (table
2) on the basis of their blood gas values and
clinical findings.

HAEMODYNAMIC STUDY
Each patient was studied semisupine, resting
at an angle of 45°. An arterial line was
inserted into the non-dominant brachial or
radial artery under local anaesthetic (2% ligno-
caine) to sample arterial blood. A Swan-Ganz
thermodilution pulmonary arterial catheter
(Edwards Laboratories, Santa Anna,
California) was passed from a right ante-
cubital vein to the pulmonary artery under
local anaesthetic and coupled to a pressure
transducer attached to a haemodynamic cart
(Hewlett Packard Model No 78339A).

Table 1 Mean (SD) characteristics ofpatients with
COPD studied when stable or during an acute
exacerbation.

Stable Acute

n 20 20
Age (years) 67 (6) 70 (7)
FEVy (1) 0-7 (0 2) 0-6 (0 2)
FVC (1) 1-7 0-4) 1-1 (0-5)
Pao2 (kPa) 6-8 (0 8) 6-7 (0 9)
Paco2 (kPa) 6-5 (0 9) 6-7 (1-7)
H+ (nmol/l) 41 (0 9) 44 (1-8)

FEV, forced expiratory volume in one second; FVC-
forced vital capacity; Pao,2 Paco,-partial pressures of
oxygen and carbon dioxide; H+-hydrogen ion concen-
tration.

Table 2 Mean (SD) characteristics ofpatients with stable
COPD studied at presentation at the outpatient clinic.

"Blue "Pink
bloaters" puffers" p

n 11 9
Age (years) 60 (8) 70 5 (5) NS
FEV, (1) 0-6 (0 3) 0 9 (0.2) <0-02
FVC (1) 1-9 (0-6) 2-2 (0-8) NS
Pao, (kPa) 6-9 (1-0) 9-2 (0-7) <0-001
Paco2 (kPa) 7-2 (1-0) 5-7 (0-3) <0-01
H+ (nmol/l) 41 (2.5) 40 (3 4) NS
ANP (pg/ml) 120(50) 54 (15) <0-01

FEV,-forced expiratory volume in one second; FVC-
forced vital capacity; Pao,, Paco,-partial pressures of
oxygen and carbon dioxide; H+ hydrogen ion concen-
tration; ANP atrial natriuretic peptide.

Intracardiac pressures were measured by
averaging over three respiratory cycles and
were zero referenced to a point five cm below
the sternal angle. Mean values were obtained
by electrical integration. Cardiac output was
determined by the thermodilution technique.
The mean of at least three values which var-
ied by less than 10% was used in the analysis.
Heart rate was recorded continuously by an
ECG monitor.

Radionuclide technique
Right ventricular ejection fraction (RVEF)
was measured by gated radionuclide ventricu-
lography following a peripheral venous
injection of 750 MBq technetium-99m
labelled human serum albumin.4 The normal
value of RVEF in our laboratory is > 0 40.422
Measurements were made at the end of the
cardiac catheterisation when the patients
breathed air.

Magnetic resonance imaging (MRI)
An MRI scan of the thorax was carried out
2-5 days after the right heart catheterisation
in eight patients. A cardiac gating technique
was used to acquire data at end systole and
end diastole as previously described.2324
Multiple images were obtained from the car-
diac apex up to, but excluding, the right ven-
tricular outflow tract in a plane orthogonal to
the interventricular septum using 16 mm slice
thickness. The right ventricular "free" wall
volume (RVWV) and chamber volume were
calculated by measuring the area from irregu-
lar regions of interest drawn around these
structures in each image. Summation of the
product of each area and the slice thickness
was used to obtain the volume. Each image
was analysed by an operator (LT) who was
unaware of the clinical or haemodynamic
data. Right ventricular end diastolic chamber
volumes (RVEDV) could only be assessed in
six of the eight patients. Details of the tech-
nique and its reproducibility have been pub-
lished previously.23 As previously described,
the right ventricular end diastolic volume
excludes the outflow tract which improves the
reproducibility of the measurement but
underestimates the true absolute value of the
ventricular volume.2'

PLASMA ANP
Ten ml samples of blood were removed and
placed into EDTA tubes to measure plasma
levels of ANP. Plasma was rapidly separated,
stored at -70°C, and measured in batches
within two months by a specific radio-
immunoassay.2526 ANP antibody was raised in
the rabbit by conjugation of synthetic ANP
1-28 with bovine thyroglobulin using carbo-
diimide as the coupling agent.25 Iodine-125
labelled ANP was purchased from Amersham
International Laboratories. ANP was
extracted from plasma using Sep-PaK C-18
cartridges (Waters Associates, UK) and
eluted with a mixture of ethanol, water, and
acetic acid. The lower limit of detection for
the assay was 10 pg/ml. The level ofANP was
measured by a specific and sensitive radio-
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immunoassay technique, using 125I-ANP
(1-28). The normal mean (SD) plasma level
of ANP in our laboratory in patients under-
going cardiac catheterisation is 45 (15) pg/Mi.27

STATISTICAL METHODS
Comparison between mean values was made
using the Wilcoxon rank test. Correlation
coefficients were calculated from standard
equations.

PROTOCOLS
Haemodynamic study
In the haemodynamic study ANP was mea-
sured in samples of blood from the right
atrium, pulmonary artery, peripheral vein,
and peripheral artery, both when the patients
breathed room air and when hypoxaemia was
corrected by breathing oxygen given at a flow
rate of 2-3 1/min by nasal prongs for 30
minutes to achieve a Pao2 > 8-0 kPa.

Serial measurements ofANP levels duning acute
exacerbations ofCOPD
Patients presenting to our hospital with an
acute exacerbation of COPD had samples of
venous blood withdrawn on admission while
breathing room air and again after breathing
oxygen for one hour (2 1/min via nasal
prongs). On each of the subsequent two days
ANP levels were again measured while the
patient breathed oxygen. Each sample was
taken in the morning. If diuretic therapy was
prescribed this was administered after the
blood sample for ANP measurement was
withdrawn. Since all samples were taken in
the morning, no diuretics were given for at
least 12 hours before the withdrawal of the
blood samples. None of the patients were
given respiratory stimulants, catecholamine
infusions nor haemodynamically active drugs
other than 62 agonists. Oxygen, diuretics,
nebulised f62 agonists, and antibiotics where
appropriate were thus the only drugs which
were administered. Sodium intake was not
controlled although no salt was added to the
normal ward diet. Blood was also sampled six
weeks after the exacerbation at a time when
the patients were clinically stable.

ANP levels in relation to clinical patterns of
COPD
A further 20 samples of blood were taken for
ANP measurement from patients with COPD
who were clinically stable at least six weeks
after their last exacerbation of COPD. These
patients were categorised clinically depending
on the presence or absence of hypercapnia
and past history of peripheral oedema (see
above).

Results
HAEMODYNAMIC STUDY
All 20 patients who underwent right heart
catheterisation had severe airflow limitation,
were hypoxaemic, and the majority also had
hypercapnia (table 1). However, they had a
wide range of mean pulmonary arterial pres-
sures (mean 27; range 16-45 mm Hg).
Plasma ANP levels were not significantly dif-

Table 3 Effect ofoxygen (2 I/min, nasal prongs) on
plasma ANP leels in peripheral or central blood in 20
patients with stable COPD. Values are mean (range)

Air Oxygen

Pao, (kPa) 6-8 (4-5-8-3) 10-7 (7.5-12.0)**
PaCO2 (kPa) 6-5 (5-3-8&3) 6-7 (5-9-8-5)
PPA (mm Hg) 27 (16-45) 25 (14-41)
HR (b/min) 83 (64-114) 80 (61-108)
PRA (mm Hg) 2-5 (0-7) -
Pcw (mm Hg) 4-5 (1-10) 4-0 (0-9)
CO (1/mn) 5-1 (3-3-7-6) 5-0 (2-9-7 9)
PVR (dyn S cm-) 290 (218-947) 273 (141-670)
ANPRA (pg/mi) 156 (33-294) 178 (45-418)
ANPPA (pg/mI) 146 (23-288) 137 (57-283)
ANPBA (pg/mi) 143 (32-272) 137 (51-303)

PRA-mean right atrial pressure; PPA-mean pulmonary
arterial pressure; HR-heart rate; Pcw-pulmonary
capillary wedge pressure; CO-cardiac output; PVR-
puJmonary vascular resistance; ANPIRA-ANP in right
atrium; ANPPA-ANP in pulmonary artery; ANPBA-
ANP in brachial artery. **p < 0-01.

ferent when measured in the right atrium,
pulmonary artery, or peripheral arterial blood
(table 3). Oxygen given for 30 minutes (2-3
1/min via nasal prongs) did not change either
the mean pulmonary arterial pressure nor the
level of plasma ANP, but did correct the
hypoxaemia (Pao2> 8-0 kPa) in all but one
patient (table 3). No significant correlation
was found between the level of plasma ANP
and any of the pulmonary haemodynamic
variables or the blood gas values (r = 0 1-0 4,
p > 0-05). In eight patients who had an MRI
scan within 3-5 days (RVWV 38 (11) ml,
RVEDV 40 (17) ml), however, significant
correlations were found between the right
ventricular dimensions-that is, RVWV
(r = 0-84, n = 8, p < 0-01, fig 1) and RVEDV
(r=0-81, n=6, p <005, fig 2)-and the
plasma ANP level measured in peripheral
blood. The mean (SD) RVEF measured by
radionuclide ventriculography in these
patients (n = 10) was 0-36 (0 10). There was
no significant correlation between RVEF and
plasma ANP level (r = -045, p > 0 05).

SERIAL MEASUREMENTS OF ANP IN PATIENTS
WITH ACUTE EXACERBATIONS OF COPD
Twenty patients presenting with an acute
exacerbation of COPD who required hospital
admission were divided into two groups: 10
who presented on admission with peripheral
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Figure 1 Relationshi between plasmaANP level and
right ventricular wal volume (RVWV9 in eight patients
with chronic obstructive pulmonary disease (r = 0-84,
p < 0 01).

732
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thx.48.7.730 on 1 July 1993. D
ow

nloaded from
 

http://thorax.bmj.com/


Atial natriuretic peptide in COPD

Figure 2 Relationship
between plasma ANP level
and right venricular end
diastolic volume (RVEDV)
in six patients with chronic
obstructive pulmonary
disease (r = 0 81,
p < 005).
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oedema and 10 who presented without.
There was no difference in the level of Pao2
on admission (measured when breathing air)
in those with oedema (5-6 (1P2) kPa) and
those without (6 1 (0-5) kPa). However,
those with oedema were more hypercapnic
(Paco2 7-2 (1P3) kPa) and acidotic (H+ ion
47(5) nmol/l) than those without oedema
(Paco2 6-1 (2 3) kPa; H+ ion 44 (3) nmol/l;
p < 0 05). The FEV, measured at the time of
discharge was also similar in both groups
(patients with oedema, 0-57 (0 17) 1; patients
without oedema, 0-69 (0 30) 1; p > 0 05).
Patients without oedema had a statistically
lower level of plasma ANP on admission both
when breathing air and oxygen (2 I/min for
one hour) (87(43) pg/ml on air; 96(21) pg/ml
on oxygen) compared with those presenting
with oedema (302(185) pg/ml on air; 281
(199) pg/ml on oxygen; p < 0-01)). Oxygen
(2 1/min for one hour) increased the Pao2 in
patients with and without oedema to 7-6
(1P8) kPa and 8-5(1P7) kPa respectively (p <
0 05), and the Paco2 to 7 5 (1 9) kPa and
6-4(1-2) kPa (p < 0 05), but did not change
the level of plasma ANP for the group as a
whole (ANP on air 205 (96) pg/ml; ANP on
oxygen 194(103) pg/ml, p > 0-05) nor when
those with or without oedema were analysed
separately.

Plasma ANP levels during the second and
third day after admission did not change sig-
nificantly in the group as a whole nor when
the values in those with and without oedema

were analysed separately (fig 3). There was,
however, a significant fall in ANP while
breathing oxygen on day 2 (168 (132) pg/ml)
and day 3 (158 (11) pg/ml) compared with
the values on admission (256 (181) pg/ml,
p < 0 05) for the whole group. The mean
plasma ANP level was still significantly higher
on day 3 in those with oedema (232 (46)
pg/ml) than in those without oedema (88 (17)
pg/ml, p < 0-05). Six weeks after the acute
exacerbation, when the patients were clini-
cally stable, the level of ANP in the plasma
was unchanged in those who presented with-
out oedema (87 (16) pg/ml) compared with
the level on admission (87 (43) pg/ml,
p > 0-05) but had fallen further in those who
presented with oedema (118 (47) pg/ml;
p < 0-05) (fig 3). In the patients who had
peripheral oedema at the time of admission
the fall in body weight correlated with the fall
in the level of plasma ANP (r = 0-85;
p = 0 002) (fig 4).

ANP IN THE DIFFERENT CINICAL PATTERNS
OF COPD
Patients who were defined as having the
"blue and bloated" syndrome of COPD had a
lower FEVI, were more hypoxaemic, and
were hypercapnic compared with those
considered to be "pink puffers" (table 2).
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Figure 4 Correlation between the changes in plasma
ANP level and body weight over the first three days during
exacerbations ofchronic obstructive pulmonary disease in
10 patients (r = 0-85, p = 0 002).
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Figure 3 Serial measurements ofplasmaANP levels in patients with (hatched bars) and
without (closed bars) oedema during an exacerbation of chronic obstructive pulmonary
disease on day 1, when breathing air or oxygen (2-3 /lmin for one hour), and on days 2
and 3, and 6 weeks later when clinically stable when breathing oxygen. **p < 0-01,
*p < 0-05 comparing patients with and without oedema; tP < 0-05 comparing
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The level of plasma ANP measured in those
with the "blue and bloated" type of COPD
was higher than in those with the "pink and
puffing" type (table 2) although there was
clearly some overlap between the groups (fig 5).

Discussion
ANP is an important humoral regulator of
salt and water balance and of arterial pres-
sure.'4 When given to healthy subjects it
causes natriuresis, vasodilation, and can also
suppress the activity of the renin-angiotensin-
aldosterone system,'8'9 actions which would
be beneficial in cor pulmonale.

Plasma ANP levels are elevated in patients
with primary or secondary pulmonary hyper-
tension'16 21 28 29 and correlate with both the
mean pulmonary arterial (PPA) and right
atrial pressures in some studies'720 but not in
others.2' These conflicting data may arise
because of the small number of patients stud-
ied and the narrow range of haemodynamic
variables. Plasma ANP levels rise in response
to the increase in PPA during exercise,28 pre-
sumably because of an increase in right atrial
pressure and atrial distension. However, in a
group of patients with primary pulmonary
hypertension with raised PPA levels (mean
PPA 74(13) mm Hg) plasma ANP levels were
elevated in all but one patient despite normal
right atrial pressures.29
Our study helps to resolve these conflicting

data in a larger group of patients with a wide
range of pulmonary arterial pressures. In this
group we found no significant correlation
between pulmonary arterial or right atrial
pressure and simultaneously sampled plasma
ANP levels. Furthermore, the levels of
plasma ANP in patients with hypoxic COPD
were similar in central venous and peripheral
arterial blood, whereas others have found
higher levels of ANP in central than in
peripheral blood.'7 Since atrial stretch is
thought to be the major stimulus to the
release ofANP it is not surprising that central
venous pressure measurements, which are a
poor reflection of atrial stretch, do not corre-
late well with the levels of ANP. Surprisingly,
in previous studies the correlation between
plasma ANP levels and right atrial pressure
was present even when the atrial pressure
remained within the normal range,'7 although
this relationship was not confirmed in other
studies.2'

Although we were not able to make direct
measurements of atrial chamber size, we
found a significant relationship between right
ventricular end diastolic chamber volume and
right ventricular wall volume, measured by
MRI, and plasma ANP levels. We presume
that an increase in right ventricular volume
would also be associated with an increased
atrial volume and presumably atrial stretch.'0
The correlation between ANP levels and right
ventricular wall volume is interesting since in
animal studies hypoxia is associated with both
increased right ventricular mass and, in addi-
tion, an increase in messenger RNA expres-
sion for ANP in the right ventricular wall."

These data confirm the presence of

elevated levels of plasma ANP in 60 patients
with COPD. Although plasma ANP levels
were higher in patients with an exacerbation
of COPD than in normal subjects, very high
levels (>120 pg/ml) occurred only in those
with oedema. This finding did not relate to
the severity of the disease. Previous studies
suggest that, during an exacerbation of
COPD, pulmonary arterial pressure rises32
which presumably would cause release of
ANP as a result of increased atrial stretch.
An increase in central blood volume sec-

ondary to activation of the renin-angiotensin-
aldosterone system and consequent salt and
water retention33 could also increase atrial
stretch and ANP release. High levels of ANP
should have a protective role in the develop-
ment of oedema in patients with COPD and
hypoxia due to its beneficial haemodynamic
effects and the inhibitory effects of ANP on
the renin-angiotensin system.'4 Furthermore,
the release of ANP remains responsive to
physiological manipulations in patients with
COPD.3" However, why sodium and water
retention still occurs in patients with hypoxic
COPD and oedema in the face of very high
levels of plasma ANP remains unclear.
Several explanations are possible such as a
blunted renal response to ANP36 or the possi-
bility that the suppressive effect of ANP on
the renin-angiotensin axis is outweighed by
the stimulatory effect of inadequate renal per-
fusion'7 on the renin-angiotensin system.'8

Since the level of hypoxaemia was not dif-
ferent in patients with exacerbations of
COPD with and without oedema, both
groups would presumably have pulmonary
hypertension at least acutely.'2 However, the
degree of hypercapnia and acidosis was
higher in those with oedema, as noted in a
previous study,39 and may have contributed to
a further increase in pulmonary arterial pres-
sure, stimulation of the renin-angiotensin sys-
tem, reduction of effective renal plasma flow,
and thus the filtered sodium load.40 The fall
in plasma ANP levels with treatment in
patients with oedema is likely to be due to a
combination of factors including the improve-
ment in blood gas values, a fall in pulmonary
arterial hypertension,32 and reduction in cen-
tral venous pressure consequent on a diuresis.
Support for this latter mechanism comes
from the relationship between the fall in body
weight and the fall in ANP levels in these
patients.
The pathogenesis of the oedema in cor pul-

monale remains unknown.6 The adaptive
mechanisms which occur in response to
chronic pulmonary hypertension, such as an
increase in right ventricular end diastolic vol-
ume,' may also produce a chronic elevation of
ANP levels. This hypothesis is supported by
the presence of elevated ANP levels in those
patients who had hypercapnia and a past his-
tory of peripheral oedema compared with
those who were normocapnic and had never
had oedema. An increased level of ANP con-
sequent upon the higher levels of pulmonary
arterial pressure in the "blue bloaters" may be
one of the reasons why oedema does not
always develop in patients with COPD and
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pulmonary hypertension, even during exacer-
bations.532
Our data show that oxygen given acutely to

hypoxic patients, whether in a stable state or
during an exacerbation, has no effect on ANP
levels. These findings confirm those of other
workers in studies of patients with stable
COPD.21 Furthermore, short term discontin-
uation of oxygen does not appear to affect the
levels of ANP in patients with hypoxic COPD
treated with long term oxygen therapy.27 The
effect of long term oxygen therapy on plasma
ANP levels has not been studied, although
oxygen given over six days to hypoxic patients
with COPD did not alter the level of ANP in
the plasma.28
The results of this study suggest that the

complex interactions between pulmonary
haemodynamics, blood gas values, the renin-
angiotensin system, and ANP in patients with
exacerbations of COPD with and without
oedema are worthy of further study, since
they may lead to more logical treatment of
patients with exacerbations of COPD and
oedema.
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