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Ambulatory pulmonary arterial pressure in
primary pulmonary hypertension: variability,
relation to systemic arterial pressure, and plasma
catecholamines

A Mark Richards, Hamid Ikram, Ian G Crozier, M Gary Nicholls, Siegfried Jans

Abstract
The variability of pulmonary arterial
pressure, the relation of pulmonary
pressure to systemic pressure, pul-
monary pressure responses to stimuli
(exercise, hypoxia, smoking, free
ambulation), and plasma catecholamine
responses were assessed in five patients
with primary pulmonary hypertension.
Ambulatory monitoring techniques
provided data for the computerised
analysis of continuous, beat-to-beat,
direct recordings of both pulmonary and
systemic arterial pressures for 8 to 10
hours. The absolute variability of
pulmonary arterial pressure and the
magnitude of absolute changes in this
variable in response to stimuli were
increased in primary pulmonary hyper-
tension. The variability of systemic pres-
sure was similar to that in healthy volun-
teers. Basal and stimulated plasma cate-
cholamine values were normal,
suggesting preservation of normal sym-
pathetic nervous system activity in
primary pulmonary hypertension.
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Primary pulmonary hypertension is a rare

disease' and its cardinal characteristic, an
increase in pulmonary arterial pressure, is
difficult to measure without catheterisation of
the pulmonary artery. For these reasons data
on levels and variability of pulmonary artery
pressure in primary pulmonary hypertension
are scant and confined to intermittent read-
ings in restricted, catheterised patients.2 3

Spontaneous variability in pulmonary pres-

sure has been put forward as a major
impediment to the assessment of responses in
therapeutic trials of vasodilator agents in
primary pulmonary hypertension. However,
our knowledge of the magnitude of such varia-
tion is very limited.23 Further, in these
patients, the behaviour of the pulmonary cir-
culation during unrestricted ambulation and
how responses to physiological stimuli may
differ from normal are quite unknown. It is
also not known whether the relation between
concomitant shifts in systemic and pulmonary
arterial pressures is distorted in primary pul-
monary hypertension. Finally, the activity of
the sympathetic nervous system in primary
pulmonary hypertension is largely unex-

plored. We have previously reported a tech-

nique which allows the continuous recording
of pulmonary artery pressure in unrestricted
people over prolonged periods4 and described
the range and variability of pulmonary artery
pressure and its relations to systemic arterial
pressure and plasma catecholamines in
healthy volunteers during several everyday
activities.5 The current report is the first to
describe alterations in these variables at rest
and in response to exercise, eating, smoking,
and hypoxia in ambulant patients with
primary pulmonary hypertension and it com-
pares these findings with those reported in
earlier studies of healthy volunteers.

Patients and methods
The protocol was approved by the hospital
ethics committee and all patients gave informed
consent. The study group consisted of five
patients (four women and one man, aged 24 to
60 years (mean 41 years)) with primary pul-
monary hypertension (mean pulmonary artery
pressure >25 mmHg at rest, no secondary
cause identified by full evaluation6). We com-
pared the results with those in six healthy
people (three women, three men) aged 24 to 40
years (mean 29 years) who were studied
earlier.5 Three patients were treated with cap-
topril (25 mg twice or three times a day) and
two were untreated.
The patients were studied on day 4 of a diet

containing a constant amount of sodium
(80 mmol/day) and potassium (60 mmol/day)
and no caffeine. Between 0800 and 1000 hours
on the study day they underwent pulmonary
artery catheterisation via an antecubital vein
with a fluid filled F5 Goodale-Lubin catheter.
The catheter was connected to a portable
transducer-perfusion unit as already des-
cribed.4 After careful clinical assessment of
arterial blood supply to the left arm, the left
brachial artery was cannulated with a F3 Sel-
dicath connected to a second portable trans-
ducer-perfusion unit. The left radial pulse and
circulation in the left hand were checked
throughout the study. Signals from the two
transducers, together with the electrocar-
diogram from chest leads, were continuously
recorded on separate channels of a Medilog
miniaturised, multichannel tape recorder worn
on a belt at the waist. The pulmonary arterial
pressure signal was processed by an AM4
recorder module set for linear amplification of
pressures between 0 and 150 mm Hg. The
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frequency response for both systemic and pul-
monary artery pressure was linear to 8 HZ.4
The methods of continuous ambulatory re-
cording of both pulmonary and systemic
arterial pressures have been described else-
where.457 To eliminate zero shift problems
caused by postural changes with the low pres-
sure pulmonary system the transducers were
worn on the anterior chest wall directly over the
tip of the catheter in the main pulmonary artery
(placed under fluoroscopic guidance) and the
patients remained upright, either seated or
standing, throughout the recording period.
Both transducers were calibrated with a mer-
cury column at the beginning and at the end of
each study and also at approximately the mid-
point of the protocol.

After catheterisation, patients were given
breakfast and allowed a period of 1-5 hours to
become accustomed to their portable equip-
ment. Each participant then progressed
through a sequence of interventions. These
were spaced at least an hour apart, and between
interventions patients were able to move about,
talk, sit, read, sleep, stand, and visit the toilet
while recordings continued. Careful note of
body posture and activity was made through-
out by one observer who used a stopwatch and
diary. As a safety measure, an additional mem-
ber of the research medical staff was present at
all times.

Exercise was performed on a stationary
upright bicycle with a graded submaximal
exercise test (modified Naughton protocol8) to
75% of maximum predicted heart rate. Blood
was sampled for plasma catecholamine concen-
trations 10 minutes before exercise (- 10 min-
utes) and when exercise started (0 minutes) and
at the peak exercise as well as 15, 20, 30, and 60
minutes after the end of exercise.
Hypoxia-The patients breathed a gas mix-

ture of 10% oxygen in nitrogen for 30 minutes,
or as long as it was tolerated, while in the sitting
position. During this intervention, arterial
samples for blood gas analysis together with
venous blood for catecholamines were drawn at
- 10 minutes, 0 minutes, peak hypoxia, and 30
minutes after return to breathing room air.
Smoking-Three patients (smokers) smoked

two commercial filter tipped cigarettes (5 5 cm
of each) in 10 minutes. Venous plasma cate-
cholamine samples were taken at 0 and 10
minutes.

Eating-Patients ingested a 2-5 MJ (man) or
2-0 MJ (women) lunch over a period of 15
minutes.
Venous samples were collected into chilled

tubes, centrifuged at 4°C, and stored at - 80°C
before radioenzymatic assay for plasma cate-
cholamines.9
For data analysis, a PDP- 11 computer was

programmed to calculate average systolic,
mean, and diastolic pulmonary and systemic
pressures and heart rate for successive groups
of 10 heartbearts. These results were used to
provide graphical and digital printouts with
means and standard deviations for periods of
interest. Mean values of pressures and heart
rate were calculated for each of the 16-20 half
hour periods of total recording time. The short

term variability of these variables was assessed
by the method of Mancia et allo in which the
standard deviations and coefficients of varia-
tion were calculated for each separate half hour
period. An index of longer term variability was
provided by the standard deviation and varia-
tion coefficient derived from averaging the 16-
20 mean half hourly values. Two way analysis
of variance with repeated measures and the t
test for paired data were used to test for
significant changes in pressure and heart rate
and hormone concentrations during interven-
tions. Successive 1 minute mean values of
pulmonary and systemic pressures were
correlated (product-moment correlation co-
efficient) during the periods of interest. To
compare resting and intervention related
plasma concentrations of catecholamines, sys-
temic and pulmonary arterial pressures, heart
rate, and the variability of the haemodynamic
indices in patients and healthy volunteers
studied earlier we used the non-parametric
Mann-Whitney test." Intergroup comparisons
were also made by analysis of variance (BMDP
program P2V) with "group" (normal or pul-
monary hypertensive) and "time" as repeated
measures. Interactions between "group" and
"time" were inspected to allow detection of
significant non-parallelism between groups in
the response ofpressures to any given stimulus.
Data are given as mean (SEM) unless stated
otherwise.

Results
Studies were completed without complica-
tions. On day 3 of the constant diet 24 hour
urinary excretion of sodium was 69 (5) mmol.
For the 8-10 hour period of continuous

recording, mean values for pulmonary and
systemic pressures (n = 5) were 49 2(8-2)/23.0
(4 8) and 115-4 (4.7)/65-2 (24) mm Hg respec-
tively. Pulmonary, but not systemic, pressures
were significantly greater than the correspond-
ing values in our earlier study of healthy
volunteers (15.7/6-3 mm Hg (p < 0 01) and
121.1/72.4 mm Hg (NS) respectively (fig 1).
Pulmonary pressure showed similar variability
within half hour periods as between half hour
periods and in both cases absolute variations
(mm Hg) but not percentage coefficients of
variation significantly exceeded values in
healthy volunteers (table 1). Over 8-10 hours
the variation in systolic pulmonary arterial
pressure in individual patients at rest (that is
seated, unstimulated, and a minimum of 5
minutes clear of any activity or intervention)
was 20-32 mmHg (mean 23-2 (2-2) mm Hg).
Pulmonary diastolic pressures at rest varied by
8-15 mm Hg (mean 12-2 (1 9) mm Hg).
Corresponding values for the mean range
covered by resting pulmonary pressures in our
volunteer group were significantly lower (12-1
(1 2) and 6-8 (1-3) mm Hg for systolic and
diastolic pressures respectively) (p < 0 01 for
both comparisons). Swings in resting pulmon-
ary pressure lasted several minutes and
occurred gradually, and no precipitous changes
(that is occurring within seconds) were recor-
ded at rest. Changes in resting pulmonary
pressure bore no clear relation to time of
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Ambulatory pulmonary artery pressure in pulmonary hypertension
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Figure I Continuous recordings ofpulmonary systolic, mean, and diastolic pressu
plottedfrom serial integrated one minute mean values over 8 hours and during seve
activities and interventions. (a) Datafrom a healthy volunteer and (b) a patient
primary pulmonary hypertension (both aged 28 years).

captopril dose (and were similar in both tre
and untreated patients) or any other e
discernible external stimulus. Coefficieni
variation (SD mean 0) for entire recordin
these patients for pulmonary systolic and (

tolic pressures were 15i1 and 20 9% res

tively, within half hours (table 1), an ind
short term fluctuation. Coefficients from
entirely confined to recordings taken in sez
resting patients (at least 100 minutes of rec
ing per patient derived from integrated
minute mean values) were 10-6% and 15
for pulmonary systolic and diastolic vi

respectively.
The variability of both systemic art

pressure and heart rate did not significg
differ from normal (table 1). Table 2 j
p-ressures and heart rates averaged for the
recording period and for separate inter
tions.

Inspection ofcomputer graph printouts
erally showed that pulmonary pressure,

temic pressure, and heart rate moved in parallel
(figs 2 and 4)-except during hyppxia when
pulmonary pressure clearly rose in the absence
of a significant change in systemic pressure (fig

uW,. 3). Overall, for serial 30 minute integrated
,_ values, there was a positive correlation between

mean pulmonary and systemic pressures in
three patients (r values 0-58, 0-68, 0-72;

3j p < 0o01 to p < 0 001), but this correlation
was not found in two patients (r = 0-12, 0-22
(NS)). This variable relation between systemic
and pulmonary pressures contrasted with find-
ings in healthy volunteers for whom uniformly
strong, positive correlations were found.

Visual comparison of graphic outputs of
kV pulmonary pressures for the entire period of

recording from healthy volunteers and patients
A,y with primary pulmonary hypertension

indicated that the direction of response of
pulmonary pressures to any given stimulus was
similar in both groups, but the group with
pulmonary hypertension showed a more

8 abrupt and greater absolute change (from a

higher baseline value) (fig 1). This impression
was confirmed by detailed analysis of pressure

res responses during standardised interventions.
,ral
with

EXERCISE
The duration of exercise required for patients
to achieve 7500 of predicted maximum heart

!ated rate varied from 13 to 20 minutes (mean 16 6
asily (2-7)) and tended to be shorter than in healthy
ts of volunteers (21-2 (3 3) minutes, difference NS).
gs in Pressures in both pulmonary and systemic
dias- circuits increased abruptly at first and then
;pec- continued a more gradual climb until exercise
ex of was halted (p < 0-001 for changes from resting
data values in both pulmonary and systemic pres-
ated, sures and systolic and diastolic pressures (fig
:ord- 2). Throughout exercise pulmonary, but not
one systemic, pressures were significantly greater
2% than in the healthy volunteers (p < 0 001,

alues p < 0-01 for systolic and diastolic values res-

pectively, table 2) and group-time interaction
terial analysis showed a significantly steeper rise in
antly pulmonary pressures but not systemic pres-
gives sures with time in the patient group (p < 0-001
total for both pulmonary systolic and diastolic pres-
ven- sures). Pulmonary systolic pressures rose by

43 mm Hg from rest to peak exercise compared
gen- with only 19 mm Hg in healthy volunteers.
sys- Pulse pressures increased in both circuits in

Table 1 Pulmonary and systemic arterial pressures for recording over 8-10 hours

Variability

Within 05 h periods Between 05 h periods

Mean (SEM) SD CV SD CV
(mm Hg) (mm Hg) (%) (mm Hg) (%)

PAP
Systolic 1"PHT 49 2 (8 2)** 7-2** 15.1 7.5* 15 3

Normal 15 7 (10) 3-8 25-8 3-5 22 0
Diastolic 1OPHT 23 0 (4.8)* 3-7** 20-9 3.8* 19 5

Normal 6 3 (0-7) 2-4 42-7 1-8 31-1
SAP
Systolic 1"PHT 115 4 (4 7) 9-3 8-1 8-5 7-4

Normal 121 1 (5 3) 8-1 6-8 9-3 8-0
Diastolic 1nPHT 65 2 (2-4) 7-0 10-8 44 6 8

Normal 724 (38) 60 87 60 83
Heart rate 1OPHT 89 8(6-3) 6-0 6-4 6-8 6 8
(bpm) Normal 910(29) 93 101 113 113

1 PHT, primary pulmonary hypertension; PAP, pulmonary artery pressure; SAP, systemic arterial pressure; CV, coefficient of
variation (SD/mean",,- n + 5 for 1''PHT and n + 6 for healthy volunteers.
Significance of difference compared with normal: *p < 0 05, **p < 0 01.
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Table 2 Pulmonary and systemic arterial pressures and heart rate during total recording and interventions (mean
(SEM) )

Pulmonary arterial pressure Systemic arterial pressure

Systolic (mm Hg) Diastolic (mm Hg) Systolic (mm Hg) Diastolic (mm Hg) Heart rate (beats/min)

Total recording:
1°PHT (n = 5) 492 (83) 232(44) 1161 (48) 653(27) 923 (45)
Normal (n = 6) 15 7 (10) 6 3(07) 121-1 (5 3) 724(38) 910 (2 9)

Resting:
1°PHT (n = 5) 47-1 (67) 222(42) 1146 (69) 634(32) 914 (41)
Normal (n = 6) 139 (1 1) 55(09) 1187 (49) 690(27) 848 (34)

Exercise:
1°PHT (n = 5) 89 6 (14 3)*** 37 2 (6-9)*** 166 2 (14 3) 80 8 (4 6) 125 4 (9 4)
Normal (n = 6) 33 3 (1-7) 12 0 (09)*** 157 0 (7-3) 85 8 (4-2) 152-0 (5-4)***

Eating:
1°PHT (n = 5) 53 8 (8 1) 25 4 (4 5) 124 0 (8-2) 67-6 (5-1) 94-2 (7-5)
Normal (n = 6) 16 0 (1 9) 7 2 (1 6) 129-8 (6.7)* 79-0 (3-7)* 95 5 (4 2)

Hypoxia:
1°PHT (n = 5) 67 2 (9 6)** 30 2 (4 8)* 114 6 (6 4) 58 8 (4 5) 96-6 (8.3)**
Normal (n = 6) 250 (38)*** 10-0(14) 1028 (110)* 568 (92)* 105-3 (35)

Smoking:
1°PHT (n = 3) 48-3 (14 3) 21 7 (7 6) 136 0 (3-5)** 71 3 (3-9) 99 7 (14 3)
Normal (n = 6) 15 8 (1 6) 6 4 (0 8) 125 8 (6-7)** 78 4 (5 6) 105-0 (2 8)***

1°PHT, data from patients with primary pulmonary hypertension; Normal, healthy volunteers.
Significance of change from resting values before interventions: * p < 0 05, **p < 0-01, ***p < 0-001.
At all times pulmonary systolic and diastolic pressures were, as expected, significantly greater in 1°PHT patients than in healthy
volunteers (p = <0005 - p <0001). Systemic diastolic pressures differed between groups for "eating" only (p <0-001).
Systemic systolic pressures did not differ significantly between groups at any time.
Values given are for peak exercise, peak hypoxia (taken at 80% duration of intervention), 8 minutes of eating, and 5 minutes of
smoking and are averaged over a mean time of 100 minutes for "resting".

both groups (p < 0 001 for change from
baseline for all pressures). Successive corre-
sponding one minute mean values of pulmon-
ary and systemic pressures during exercise
were closely correlated in all patients (range of r
values 0-88-0 97, p < 0 001 for all). Plasma
catecholamine concentrations rose normally
with exercise (table 3) and peak values for
noradrenaline (6-27 (0 24) nmol/l and adren-
aline (889-65 (218-32) pmol/l) did not differ
significantly from those achieved in our healthy
volunteers (6-65 (1-03) nmol/l and 622-21
(169-20) pmol/l respectively).

HYPOXIA
Patients tolerated exposure to 10% oxygen
in nitrogen for 4-20 minutes compared with
healthy volunteers who tolerated 10% oxygen
for 8-30 minutes. Systemic pressure did not
alter significantly from resting values (fig 3,
table 2). Arterial oxygen saturation fell sig-
nificantly (95 0 (1-4) to 74-1 (55)%o; p < 0001)

by the end of the hypoxic period. Pulmonary
pressure rose in all patients (p < 0 01 and p <
0 05 for systolic and diastolic values respec-
tively, fig 3). Heart rate rose significantly (fig 3,
table 2). Absolute increases in pulmonary pres-
sure in the patients were significantly greater
than in healthy volunteers (p < 0 001 and p <
0 01 for systolic and diastolic values respec-
tively, table 2). However, time-group inter-
action analysis indicated parallel behaviour of
pulmonary arterial pressure in both groups.
Plasma noradrenaline was unchanged while
adrenaline values rose significantly (table 3),
similar to the response seen in healthy volun-
teers.

Hypoxia
1601160-

Systemic arterial
pressure (mmHg)

80
Figure 2 Changes in
pulmonary and systemic
arterial pressures and
heart rate (mean
(SEM)) with exercise in
five patients with
pulmonary hypertension.
Standard errors were
calculatedfor integrated
mean pressures and heart
rate from successive one
minute intervals before,
during, and after exercise.
Exercise time varied
between patients (shown as
0-100% on horizontal
axis) and standard errors
were calculated in 10%
stepsfor duration of
exercise (shown as
continuous lines above
mean systolic and below
mean diastolic pressures,
and a dotted line above
mean heart rate).

Exercise

Systemic arterial
pressure (mmHg)

Pulmonciry arterial
pressure (mmHg)

120-

80-

L0-

Pulmonary arterial
pressure (mmHg)

Heart rote (beats/min)

80-

4L0 F& Z9%k

0 ...... . SEM
Mean

140-

Heart rate (beeats/minI 100 .4. SEM
Mean

60

-10 0 100% +20 *Lo0 '60
Time

-10 0 100% +10 +20 +30
Time

Figure 3 Changes in pulmonary and systemic
arterial pressures and heart rate (mean (SEM) )
with acute hypoxia infive patients with pulmonary
hypertension. Seefig 2for symbols and calculation of
plotted values. Duration of hypoxia varied between
patients and is shown as 0-100%o on the horizontal
axis.
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Ambulatory pulmonary artery pressure in pulmonary hypertension

Figure 4 Changes in
pulmonary and systemic
arterial pressures and
heart rate (mean
(SEM)) when two
cigarettes were smoked,
between 0-10 min, by three
patients with pulmonary
hypertension. See fig 2for
variables, symbols, and
calculation ofplotted
values.

Smoking

Systemic arterial
pressure (mmHg)

80-

Pulmonary arterial
pressure (mmHg)

0-

140-

Heart rate (beats/min) 100-

60-

.P

-10 0 10

Time

SMOKING
Three patients (smokers) smoked t
cigarettes in 10 minutes. During s
temic pressure rose significantly al
values and returned to baseline
minutes of the patients finishing ti
(fig 4). The tendency for pulmonC
and heart rate to increase was not
significant. These variables showe
nible response in normal subjec
retained a strong, positive correlat
pulmonary and systemic pressures
smoking (range of r values, r =

p < 0 01 to p < 0-001). In all th
both noradrenaline and adrenaline
tions rose (table 3).

EATING
The tendency for the systemic anc

pressures and heart rate to incr
eating did not achieve statistical
(table 2). The overall pattern of hae
responses was similar to that seei
volunteers (table 2). Time-group

analysis showed no difference between the two
groups.

MISCELLANEOUS
Quiet walking was associated with modest
increases and stair-climbing with sharp
increases in pulmonary pressure above resting
values. Two patients slept for brief periods
while sitting and all pressures and heart rates
were notably lower at these times. An inciden-
tal observation was the lack of any cardiac
arrhythmia beyond occasional supraven-
tricular and ventricular extrasystolic beats dur-
ing recordings.

Discussion
SEM Knowledge of the fluctuations in pulmonary~ Mean arterial pressure in health and disease is critical

for interpretation of data obtained during cath-
20 3'0 eterisation of patients with primary pulmonary

hypertension. We used techniques enabling the
computerised integration of continuous, beat
to beat, direct recording ofboth pulmonary and

:wo standard systemic arterial pressure to acquire such data
,moking sys- in patients with primary pulmonary hyperten-
bove resting sion during rest, free ambulation, and various
within five interventions. Carefully standardised condi-
he cigarettes tions of study allowed us to compare our

ary pressure findings with those in a group of healthy
statistically volunteers studied earlier.5
d no discer- Over periods of 8-10 hours and in the course
-ts. Patients of several interventions and activities pulmon-
-ion between ary pressure was maintained above normal
throughout values in these patients (fig 1, table 2). Absolute
0-69-0-88, variation in pulmonary pressure was greater in

Lree patients primary pulmonary hypertension than in the
cconcentra- healthy volunteers (table 1). Relative variation

(coefficients of variation) were similar or less
than in the volunteers (table 1) and somewhat
greater than the 8% figure calculated by Rich et

i pulmonary al for mean pulmonary pressure from intermit-
ease during tent readings in resting, supine patients.3 These
significance data show the increased absolute, but not
mmodynamic proportional, variability of pulmonary pres-
n in healthy sure in primary pulmonary hypertension. We
interaction have also confirmed earlier reports of sig-

Table 3 Plasma catecholamines (mean (SEM ))

Time (min)

Exercise:
Noradrenaline (nmol/l)
i'PHT (n = 4)
Normal (n = 6)

Adrenaline (pmol/l)
1'PHT(n= 4)
Normal (n = 6)

Hypoxia:
Noradrenaline (nmol/l)
i1PHT (n = 4)
Normal (n = 6)

Adrenaline (pmol/l)
i'PHT (n = 4)
Normal (n = 6)

Smoking:
Noradrenaline (nmol/l)
1'PHT(n= 3)
Normal (n = 6)

Adrenaline (pmol/l)
1'PHT(n= 3)
Normal (n = 6)

-10 0 Peak

2-2 (03) 25 (04) ** 63 (20)
3-7 (0-5) 4-4 (0 5) ** 66 (1 0)

431 (109)
420 (71)
-10

497 (65)
442 (87)
0

2-4 (0-3) 2-5 (0 3)
5-3 (06) 40 (04)

** 890 (218)
* 622 (169)
Peak

+15

2i1 (0 4)
32 (02)

551 (76)
556 (130)
+30

+20 +30

20 (0-1) 2-2 (02) 25 (05)
3-1 (02) 30 (03) 30 (03)

448 (49) 480 (82) 508 (87)
426 (136) 442 (98) 239 (87)

27 (05) 20 (0-1)
4-2 (0 5) 3-1 (0 4)

519 (82) 862 (1 80) *1173 (371) 508 (109)
535 (175) 437 (115) * 933 (213) 486 (65)

0

1 9 (02)
35 (05)

Peak

30 (0-1)
40 (03)

295 (126) 851 (295)
338 (71) 720 (164)

+60

Within groups two way analysis of variance of all time points followed by paired t test comparing 0 and peak values indicated a significant rise in both catecholamines
with exercise, and in adrenaline alone during hypoxia for both groups.
*p < 0-05, **p < 0-01, ***p < 0 001.

40
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nificant spontaneous fluctuations in pulmon-
ary pressure in primary pulmonary hyperten-
sion apparently unrelated to medication or any
other easily discerned stimulus.23
To our knowledge, variability in systemic

pressure and the relation of systemic to pul-
monary pressures have not previously been
reported in primary pulmonary hypertension.
Our data indicate that the values of variability
in systemic pressure in our patients with
primary pulmonary hypertension resembled
those seen in healthy volunteers. These data
imply that the lesion resulting in the high
values of (and excessive absolute variation in)
pulmonary pressures seen in this patient group
exerts no similar effect on fluctuations in
systemic pressure.
Changes in pulmonary pressures during

exercise were directionally similar but of
greater absolute magnitude than those seen in
healthy volunteers. Hypoxia also resulted in a
greater rise in pulmonary pressure than was
seen in healthy volunteers.5 12 Over the whole
study period we found generally parallel
movement of pulmonary and systemic pres-
sures in three patients, but no relation in two
patients. In contrast, pulmonary and systemic
pressures changed in parallel in all healthy
volunteers. Although no clinical characteristics
predicted the absence of this relation in the two
patients, it may be related to the abnormal
pulmonary vasculature.
The activity of the sympathetic nervous

system has not previously been assessed in
primary pulmonary hypertension. We contin-
uously monitored heart rate and took frequent
samples to estimate plasma concentrations of
catecholamine at rest and during interventions.
Despite the higher mean age of patients their
baseline concentrations of plasma cate-
cholamines tended to be lower than in the
healthy volunteers and the peak values attained
with interventions were similar in the volun-
teers and those with pulmonary hypertension.
The pattern of change in plasma cate-
cholamines with interventions was similar in
both groups. Care must be taken in extrapolat-
ing from plasma catecholamine concentrations
to sympathetic nervous activity and little can be
divined concerning sympathetic traffic to any
single organ.'3 Nevertheless, our data suggest
that primary pulmonary hypertension is not
attended by any gross alteration in either basal
or stimulated global sympathetic nervous sys-
tem activity.

Resting heart rates were similar in the two
groups (table 2). However, it is noteworthy that
during exercise, patients with primary pul-
monary hypertension achieved slightly greater
systemic pressures, and far greater pulmonary
pressures than normal in association with sub-
stantially lower heart rates (table 2). Variability
in heart rate also tended to be lower in the
patient group (table 1). The groups were not

well matched for age and the apparent dimini-
shed responsiveness in heart rate may simply
reflect the greater age of the patients. An
alternative explanation is that vagal inhibition
of heart rate was enhanced as a result of
increased stimulation of baroceptors in the
pulmonary arteries or right ventricle'4 in
primary pulmonary hypertension. Further
studies with age and weight matched controls,
together with assessment of the effect of
atropine, may clarify this issue.

In summary, our data indicate that the
absolute variability of pulmonary arterial pres-
sure and the magnitude of absolute changes in
pulmonary arterial pressure in response to
stimuli are enhanced in primary pulmonary
hypertension. The variability of systemic
arterial pressure is normal. Short term con-
gruency of shifts in pulmonary and systemic
pressures are preserved but in some patients
the relation between systemic and pulmonary
pressures, over periods of hours, is weakened.
Basal and stimulated plasma catecholamine
values are normal, suggesting preservation of
normal sympathetic nervous system activity in
primary pulmonary hypertension.
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