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CLINICAL RESEARCH

Hypersensitivity of lung vessels to catecholamines in systemic
hypertension

MAURIZIO D GUAZZI, MARINA ALIMENTO,
ALVISE POLESE

Abstract

Among patients with primary systemic hypertension pressure
and arteriolar resistance in the pulmonary circulation exceed
normal values and are hyper-reactive to sympathetic stimulation.
A study was therefore carried out in 16 patients with uncomplica-
ted essential hypertension and nine healthy subjects to compare
the pulmonary vascular reactivity to exogenous catecholamines.
In the normotensive group the dose response relation to adrena-
line ([tg: dyn) was 1=-4, 2=-9, 3=-9, and 4=-10 and to
noradrenaline 2=+3, 4=+8, 6=+4, and 8=+3. The relations
in the hypertensive subjects were 1=+18, 2=+42, 3=+59, and
4= + 77 and 2= + 39, 4= + 54, 6= + 76, and 8= + 100, respectively.
Group differences were highly significant. Cardiac output (blood
flow through the lungs) was raised by adrenaline and reduced by
noradrenaline. In either case the driving pressure across the
lungs was significantly augmented in the hypertensive patients
but not in the normotensive group.
Both catecholamines had a vasoconstrictor effect on the

pulmonary circulation as a result ofvascular over-reactivity. The
opposite changes in resistance between normal and hypertensive
subjects produced by adrenaline suggest that a constrictor
vascular hypersensitivity occurs in the pulmonary circulation
with the development of systemic high blood pressure.
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Introduction

Pulmonary arterial pressure' and arteriolar resistance among
patients with systemic hypertension significantly exceed values
in normal controls. These changes are not explained2 by the
mechanical or chemical factors known to be concerned in the
regulation of pulmonary vasomotility in man.' Lung vessels in
essential hypertension are also over-reactive to adrenergic activation
during mental arithmetic and the cold pressor test.4 This may either
be due to alterations of vascular receptors or excitation-contraction
coupling (smooth muscle sensitivity) or wall thickening and
narrowing of the lumen, or reflect abnormal levels of external
activation.
We have evaluated the responsiveness to exogenous catechola-

mines in an effort to settle these questions.

Subjects and methods

Sixteen hypertensive men with a mean age of 45 (SD 3-8) years and mean
weight of 73 (6) kg were admitted to hospital and given infusions of
adrenaline and noradrenaline. All had supine diastolic pressures of between
95 and 110 mm Hg on repeated measurement and none had ever received
antihypertensive agents. No patient had an urgent need for treatment;
evidence of cardiac, lung, or cerebrovascular disease; or an underlying renal
or endocrine cause of the hypertension. Respiratory gas values and pH of
the arterial blood were normal. Controls were nine normotensive men (mean
age 47 (SD 4-6) years; mean weight 71 (5-2) kg) who had been admitted to
hospital for atypical chest pain and in whom coronary disease was excluded
by angiography. They had normal arterial oxygen and carbon dioxide
tensions and pH values and were not receiving any form of treatment.

For the right sided pressure and cardiac output measurements a triple
lumen 7F thermodilution balloon tipped catheter (Edwards Laboratories)
was inserted percutaneously into an antecubital vein and advanced to the
pulmonary artery or, when necessary to the wedge position. Systemic
arterial pressure was measured in the right brachial artery through a Teflon
catheter needle. These procedures were carried out under local anaesthesia.
Pressures were determined with Statham strain gauge transducers with zero
reference level 5 cm below the sternal angle. Cardiac output was determined
by the thermodilution method. Systemic vascular resistance (SVR) and
pulmonary arteriolar resistance (PAR) were calculated as follows: SVR=
(AP-RAPx 1332 x 60)/CO (ml/min); PAR=(PP-PWPx 1332 x60)/CO,
where AP, RAP, PP, and PWP are mean systemic, right atrial, pulmonary
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arterial, and pulmonary wedge pressures and CO is cardiac output. The
circulatory variables and pleural pressure, estimated by the method ofMilic-
Emili et al,5 were recorded on a Gould-Brush eight-channel recorder, model
480. Arterial oxygen and carbon dioxide tensions and pH were measured as
described.2

Study sessions were carried out in the morning one week after admission.
Patients were first familiarised with the investigators and had been
instructed not to smoke or take alcohol or foods containing caffeine for 24
hours. After lying supine for at least 30 minutes the subjects received
infusions of adrenaline (8 Rg/ml in 5% dextrose in water) and noradrenaline
(16 ug/ml in 50% dextrose in water) at initial doses of 0 5 and 1 0 ug/mmn for
three minutes, respectively. Infusions were given through the proximal port
of the venous catheter placed at the level of the right atrium and regulated by
a constant infusion pump. Doses of adrenaline and noradrenaline were
increased to 1, 2, 3, and 4 and 2, 4, 6, and 8 itg/min, respectively, with a
washout period of at least 15 minutes between each infusion. Drugs were
infused in random order. Continuous records of heart rate and pleural,
aortic, and pulmonary pressures were obtained throughout. Cardiac output,
pulmonary wedge pressure, and arterial oxygen and carbon dioxide tensions
and pH were measured and systemic and pulmonary arteriolar resistance
calculated as baseline values and during the largest pressure variations at
each step of the catecholamine infusions.

Results were expressed as means and SD; significance of differences from
the baseline values and between the two groups at each phase of the
pharmacological tests was assessed by either one way or two way analysis of
variance, as appropriate.

Results

The two groups of patients were well matched for age and somatic
characteristics. Baseline pleural pressure, arterial oxygen and carbon
dioxide tensions, and pH were similar to normal in the hypertensive
population and in neither group did they change significantly during the
catecholamine infusions.
The table shows the responses of pulmonary arterial pressure, mean

pulmonary wedge pressure, pulmonary arteriolar resistance, and cardiac
output to increasing doses of the two catecholamines compared with baseline
values. Although cardiac output was increased by adrenaline and reduced by
noradrenaline, the driving pressure through the lungs (difference between
mean arterial and mean pulmonary wedge pressures) was augmented by
either stimulus in the hypertensive patients and almost unchanged in the
normotensive ones. In these latter subjects pulmonary arteriolar resistance
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FIG I-Mean systemic and pulmonary vasomotor responses evokedby noradrenaline in normotensive ( ) and hypertensive (E)
populations. Bars are SD.
**Difference from normotensive population significant at p<001.

Circulatoiy responses to increasing doses of noradrenaline and adrenaline in normotensive and hypertensive subjects. Values are means (SD in parentheses)

Noradrenaline (ugmin) Adrenaline (tglmin)

Baseline 1 2 4 6 8 Baseline 0-5 1 2 3 4

Pulmonary arterial pressure
(mm Hg):

Ss'stoli~- Normotensive 18(5 3) 18 (53) 19(4-1) 19(3 8) 20 (6-1) 20 (5-8) 19 (49) 19(4-9) 20(4-4) 20 (4 2) 23 (3-9) 23 (4-6)
y Hvpertensive 24(32) 24(3 2) 27 (3-3) 28 (2-2) 30* (30) 32* (2 7) 23 (3-5) 23 (3-5) 24 (3-6) 28 (2 9) 31* (3-7) 33**(3 2)
DNormotensive 5 (2-4) 5 (2-4) 5 (2-3) 5 (2 1) 5 (2-3) 5 (2-2) 5 20 5 (2-0) 4 (2-5) 5 (2-6) 5 (2 1) 5 (1-9)DHpertensive 8(2-3) 8 (23) 11 (20) 12 2 -1) 15*(2 1) 17**(22) 8 (23) 8 (23) 10 (22) 14* (24) 15**(25) 18**(25)

Mean pulmonary wedge pressure
(mm Hg):
Normotensive 5-3 (1 8) 5-3 (1-8) 5-6(2 0) 5-3 (1-7) 6-1 (1-9) 65 5152(15-2 52(15215) 50 1 2) 5 8 (14) 6-6 (2-1) 6-5 (2 3)
Hypertensive 5 0(2-0) 5-0(2-0) 56(1-6) 6-0(1 8) 7-9 (1 6) 8-7 (2 3) 5 0(1 3) 5-0(1-3) 48 (1-4) 5 5 (1-5) 5 2 (1-8) 5 5 (1-8)

Cardiac output (ml min):
Normotensive 6125 (220) 6125 (220) 5776 (200) 5700* (195) 5550** (205) 5050**(235) 6050 (201) 6050 (201) 6280 (227) 6650* (291) 7020** (285) 7350** (264)
Hypertensive 6340(265) 6340(265) 6070(215) 5790* (181) 5420** (282) 5030" (265) 6150 (195) 6150 (195) 6515 (203) 6970* (277) 7365 (299) 7680* (280)

Pulmonarv arteriolar resistance
(dyn/s/cm- 5):

Normotensive 52(14) 52(14) 55 (17) 60 (13) 56 (12) 55 (14) 59 (12) 59 (12) 55 (16) 50 (15) 50 (17) 49 (15)
Hypertensive 102(13) 102(13) 141 (12) 156 (11) 178**(16) 202**(18) 104(11) 104(11) 122** (8) 147**(19) 163"(25) 182"*(28)

*Difference from baseline significant at p<005. "Difference from baseline significant at p<001.
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FIG 2-Mean systemic and pulmonary vasomotor responses to adrenaline in normotensive (0) and hypertensive (E) groups. Bars are
SD.
*Difference from normotensive population significant at p<005.
**Difference from normotensive population significant at p<001.

1000 did not vary during the noradrenaline test and fell during the infusion of
adrenaline; changes, however, did not reach statistical significance. By
contrast, in the hypertensive population, both catecholamines raised the
resistance of the pulmonary circulation and differences from the baseline

800 value were statistically significant at each infusion dose beyond the
threshold.

Figure 1 plots the rise of systemic vascular and pulmonary arteriolar
resistance with increasing doses of noradrenaline in the two patient groups.

600
^ /Configurations of the curves were similar for the two variables, but in the

600- T 2 i/ hypertensive group curves were steeper and evidently shifted to the left.
Average variations from baseline of systemic resistance in the hypertensive
population were significantly (p<001) different from those in the normo-
tensive group at dosages of 4, 6, and 8 [tg/min, and pulmonary resistance

400 exceeded normal values (p<001) at all infusion rates beyond the threshold.
Figure 2 plots the changes in the same variables with increasing doses of

E . . / / | adrenaline. Adrenaline had a depressor effect on systemic vascular resist-
ance, which was more pronounced in the hypertensive subjects (differ-

+200 by/ ences between the two populations significant at p<0-01 at dosages of 2, 3,
E +200 °°- itand 4 ptg/min). As described above, adrenaline induced opposite responses

X LogTXZr .09 dose of adrenaline in the pulmonary bed in the two groups, arteriolar resistance being mildlyLog doe depressed in the normotensive subjects and substantially enhanced in the
.:5 1 2 3 4 hypertensive group; differences in changes were significant (p<001) at all

0 0 4 1 1 1 1 (.9 / min ) steps beyond the threshold.
1 i 2 4 6 8 Figure 3 shows the absolute variations in cardiac index evoked by

Xo ills Log dose of noradrenaline adrenaline and noradrenaline infusions in the normotensive and hyperten-Log dose of noradrenalie
Dsive populations. At no infusion rate was the group difference statistically

<> -200- T significant.

1\S ~~~~~Discussion
-400~~~~~~~~~ A question that must be clarified is whether changes in

\_\ ~~~~pulmonary arteriolar resistance during catecholamine infusion in
t9\T ~~~hypertensive subjects reflect active vasomotion.

-600 \ lAmong the factors controlling flow through the lungs, those of. ... \ b ~mechanical origin are predominant and knowledge of the passive
b ~~~~relation between pressure and flow is essential for interpreting
~~~ ~~physiological or pharmacological activities that also affect the heart

-800 |and systemic circulation. If th is relation is not linear changes in
Z, ~~~resistance when flow is also changing may not necessarily reflect

FIG 3-Mean responses of cardiac index to increasing doses of adrenaline and . active vasomotion. Studies in dogs suggest that this relation is
noradrenaline in normnotensive (0)and hypertensive subjectsc. Bars are SD. . linear,' and the same seems true of normal man in the supine
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position when flow is suddenly doubled'; the actual passive
pressure-flow relation with small changes in flow in man, however,
is not known. In this study the increase in pulmonary blood flow
promoted by adrenaline was associated with no change or a small
reduction in the difference between the pulmonary arterial and
wedge pressures in the normotensive population. Concomitantly
there was a tendency for the pulmonary arteriolar resistance to fall.
This effect may have resulted from passive adaptation to increased
flow' or from active pharmacological vasodilatation. By contrast, a
similar increase in the cardiac index by the same stimulus in the
hypertensive group promoted a substantial rise of the driving
pressure across the lungs; it follows that changes in pulmonary
arteriolar resistance under the influence of adrenaline reflected
active vasoconstriction in these subjects. Of particular importance
was the response to noradrenaline: though the cardiac index was
reduced by a similar extent in the two -populations, in the
hypertensive group the driving pressure through the lungs became
as great as during the infusion of adrenaline, suggesting that even
greater vasoconstriction had occurred. Respiratory factors should
be considered extraneous to these phenomena, since the measured
variables (pleural pressure, arterial blood gas values, and pH) were
comparable at the baseline and during catecholamine infusions.
These pharmacological tests show that the systemic circulation is

over-reactive to adrenaline (vasodilatation) and to noradrenaline
(vasoconstriction) in hypertension but do not show whether the
vascular over-reactivity derives from a specific abnormality in
vascular sensitivity. Conclusions may be different when discussion
is addressed to the pulmonary circulation. Noradrenaline had no
appreciable effect on the pulmonary vascular tone in normotensive
subjects and, in agreement with findings in cats," adrenaline showed
a slight vasodilative action in this group. Comparison of these data
with those in other reports is difficult, because in several studies
changes in left atrial pressure were ignored and most were carried
out in patients with valve, myocardial, or pulmonary diseases.7 In
contrast with these results, in hypertension both catecholamines
had a vasoconstrictor effect. The dose responseplot showing the rise
of resistance with increasing doses of noradrenaline documents the
existence of vascular over-reactivity, though some evidence has
been reported that spontaneously hypertensive rats are liable to
have an increase in pulmonary arterial medial thickness,' there is no
information in man concerning the possibility of duplication in the
pulmonary circulation of the structural vascular changes that occur

in the systemic circulation in hypertension.'" The question, there-
fore, concerning the relation between constrictor over-reactivity
and structure of the pulmonary vessels remains open. By contrast,
the opposite direction ofthe changes in arteriolar resistance between
normotensive and hypertensive subjects during an infusion of
adrenaline leaves little doubt that a vasoconstrictor vascular over-
sensitivity becomes active with the development of hypertension.
This does not favour increased wall thickness and narrowing of the
lumen, since in this case a more pronounced fall rather than a rise in
resistance would be expected.
Whether the oversensitivity depends on the fact that hypertensive

subjects have a different quality" or mixture ofpulmonary receptors
from normotensive people or different biochemistry in the
excitation-contraction coupling'2 or other vascular regulatory
components'3 is a subject of investigation.
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100 YEARS AGO

It must be very annoying to Signor Succi, who would fain be considered the
"champion faster," to find a fellow countryman, a certain Stefano Merlatti,
ready to forestall his proposed demonstration in Paris. Merlatti, indeed,
would out-do Succi, for he proposes to fast for fifty dys and nights, and not
to make use ofany mysterious red liquid, but to content himselfwith filtered
water. It is difficult to speak seriously about these.so-called experiments,
which are ofabout the same scientific importance as ihe search for a mode of
perpetual motion; but one circumstance in connection with Succi's fast may
be pointed to as affording the only available means of testing his assertion
that he took no food. During the month in which it is alleged thathe took no
food, he only lost a little over two stone in weight, yet his temperature was
maintained at the normal point, and the movements ofrespiration and ofthe
heart were unaffected. It does not need a very profound acquaintance with
chemistry and physics to know that the mtenanceofthesefunctions ofthe
body necessitates the consumption of a large quantty of force-producing
material. It has been estimated by Professor Foster that the work done every
day by the heart alone is about the amount performea by anian in the ascent
of Snowdon. But Succi fenced, rode, swam, took long walks, and otherwise
conducted himself like an athlete in training- so that ie had not only to
maintain his internal vil processes, but to supply" the additionl force
required for all these extemal exercises, yet he-only lost 441 grammes, or
rather less than one pound avoirdupois ;a day; This is the only well
established fact about the so-called fast; and, upon-thefifce of it, casts the
gravest suspicion upon the whole story. This fact- may be looked at fiom

another point of view. The well-known experiments ofBidder and Schmidt
have shown that a fasting animal loses as much as /37 of its body-weight a
day; and -yet it would appear that Signor Succi lost less than two pounds a
day, which is only equal to a daily loss of /38 of his body-weight. If one of
these fasters were rigorously watched, carefully weighed from day to day,
and the amount of force expended scientifically measured, facts of some
value with regard to the wasting of the human body in inanition, analogous
to those obtained by Chossat, Voit, and Bidder and Schmidt, with regard to
certain animals, would be presented to physiology. But when asked to
believe that force can be createdout ofnothing by "will power," and that the
fundamental laws of physics and physiology are suspended in favour of a
young gentleman who has already passed some time in a lunatic asylum, men
of science may be excused if they decline to waste their time in serving on
committees of inspection, or in discussing such wild propositions. (British
Medicaljounal 1886;ii:829.)

Hence, temperance has made great progress, and has more to make, but
rather in the direction ofsolids thanof liquids. Many persons, who, drinking
no alcohol, cannot drink less, still eat too much. They and their-supporters,
who do not always follow their example, should remember that temperance,
amongst other things, demands, not that a glass ofgood ale or wine should be
called poison, but that its votaries should not gorge themselves with animal
food orbulky vegetables like potatoes. (BritishMedicalJournal 1886;i:I221L)


