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Abstract
Objective—To characterise cardiopulmonary baroreflex responses and examine the eVects of a
45 minute cycling bout late after successful repair of coarctation of the aorta.
Subjects—10 young adults (mean (SEM) age 18.1 (2.6 years)) operated on for coarctation of
the aorta 12.7 (3.5) years earlier, and 10 healthy controls.
Design—Forearm blood flow (venous occlusion plethysmography) and vascular resistance, left
ventricular internal diastolic diameter, and central venous pressure estimated from an antecubital
vein were measured in the supine position at baseline and during five minute applications of lower
body negative pressure (LBNP) at −15 mm Hg (LBNP−15) and −40 mm Hg (LBNP−40). Venous
samples were obtained at baseline and during LBNP−40 for noradrenaline (norepinephrine),
adrenaline (epinephrine), renin activity, and aldosterone. The tests were repeated after 45 min-
utes of moderate exercise.
Results—Baseline heart rate (78 (9) v 64 (6) beats/min), echocardiographic cardiac output (6.9
(1.1) v 5.0 (0.2) l/min), shortening fraction (41.7 (1.8)% v 33.3 (1.3)%), and forearm blood flow
(3.4 (0.4) v 2.3 (0.3) ml/100 g/min) were higher in the coarctation group than in the controls
(p < 0.05). Changes in forearm blood flow and forearm vascular resistance from baseline to
LBNP−40 were similar in both groups, but the relation between forearm vascular resistance and
estimated central venous pressure or left ventricular internal diastolic diameter was shifted down-
ward in the coarctation group. Plasma adrenaline was increased in the coarctation group (base-
line: 3.2 (0.6) v 2.4 (0.3) pmol/l in controls; LBNP−40: 687 (151) v 332 (42) pmol/l) (p < 0.05).
Both groups showed a similar downward displacement of forearm vascular resistance (p < 0.05)
after exercise.
Conclusions—There appears to be resetting of the cardiopulmonary baroreflex to a lower fore-
arm vascular resistance in young adults operated on for coarctation of the aorta, associated with
hyperdynamic left ventricular function. Raised circulating adrenaline could contribute to the
lower forearm vascular resistance.
(Heart 2001;85:318–325)

Keywords: coarctation of aorta; cardiopulmonary baroreflex; forearm vascular resistance; circulating
catecholamines

Despite apparently successful surgical repair of
coarctation of the aorta in early childhood and
the absence of evidence of recoarctation,
10–30% of patients examined are found to be
hypertensive. A notable increase in the preva-
lence of systolic hypertension is further ob-
served for post-surgical periods greater than 10
years.1 2 Using 24 hour ambulatory blood pres-
sure monitoring, we have recently shown that
daytime systolic hypertension was present in
49% of recordings from patients successfully
operated on more than 10 years previously for
coarctation of the aorta, compared with 20% of
recordings in patients with a shorter postopera-
tive period.3 In the absence of recoarctation or
other complication, a clear explanation for this
higher incidence of hypertension after repair of
coarctation is still lacking.

An attenuated baroreflex has been reported
in patients with essential hypertension4–6 and it
has been proposed that this may be a
contributing factor in the evolution of chronic
arterial hypertension. There are few data on
baroreceptor function after surgical repair of
coarctation of the aorta. Alterations in barore-
flex function have been described using animal

models of experimentally induced
coarctation.7–9 In rats, Michellini and col-
leagues reported a diminished arterial barore-
flex 10 days after experimental coarctation.9 In
Labrador puppies, Bonchek and associates
reported resetting of the arterial baroreflex to a
higher pressure level but normal reflex sensitiv-
ity up to two years after experimental coarcta-
tion of the aorta.7 A similar resetting was also
reported in dogs by Igler and colleagues,8 asso-
ciated with an attenuation of baroreflex sensi-
tivity.

There is to our knowledge only one pub-
lished report of an investigation of arterial
baroreflexes following surgical repair of coarc-
tation of the aorta in humans. During routine
catheterisation seven years after successful sur-
gical repair, Beekman and colleagues produced
increases and decreases in mean arterial
pressure of between 10% and 25% in six ado-
lescents with mild residual hypertension, using
bolus injections of increasing doses of phenyl-
ephrine and nitroprusside.10 Results showed
decreased baroreflex sensitivity as well as reset-
ting about a higher baseline mean arterial pres-
sure.
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In addition to arterial reflexes, inhibitory
cardiopulmonary baroreflexes originating
mainly from the left atrial and ventricular
structures11–13 are known to play a role in the
regulation of arterial blood pressure. Reflex
vascular resistance adjustments to cardiopul-
monary baroreceptor deactivation may be
investigated in humans through a non-invasive
approach using the application of lower body
negative pressure and peripheral blood flow
measurements.

In this study we used lower body negative
pressure at low and high levels to investigate
cardiopulmonary arterial baroreflex function
in 10 adolescents successfully operated on for
coarctation of the aorta at least 10 years before,
and in healthy control subjects of similar age.
Circulating plasma catecholamines, plasma
renin activity, and aldosterone were also
measured, as changes in these markers may
reflect associated sympathetic or angiotensin II
modulating eVects. Because an acute bout of
moderate dynamic exercise has been seen to
induce changes in arterial blood pressure and
baroreflex function,14 15 we repeated measure-
ments following a single 45 minute bout of
cycling exercise in patients and controls to
compare the pre-exercise and postexercise
responses.

Methods
SUBJECTS

Patients were recruited from a cohort of
children operated on for coarctation of the
aorta and followed regularly in our paediatric
cardiology unit. We investigated 10 normoten-
sive patients operated on at least 10 years ear-
lier and with no evidence of recoarctation
(arm–leg pressure gradient less than
15 mm Hg). Surgery had been done at a mean
(SEM) age of 5.6 (2.1) years with a mean post-
surgical delay of 12.7 (3.5) years. End to end
anastomosis had been used in nine patients and
left subclavian flap angioplasty in one. Calcula-
tion of blood pressure loads as previously
reported3 showed that patients had a similar
daytime prevalence of systolic and diastolic
hypertension (14 (5)% and 1.5 (1)%) as
controls (12 (4)% and 1 (0.5)%). Electrocar-
diographic and echocardiographic variables
were normal in all patients.

For comparison purposes, a group of 10
healthy adolescents recruited on a voluntary
basis from local schools and friends of patients
was also evaluated and screened for any known
health problems.

The project was approved by the ethics
review board of our institution, and informed
consent was obtained from all participants, and
from the parents or guardian of subjects under
18.

PROCEDURES

Subjects reported to the laboratory (which was
maintained between 19–23°C) in the after-
noon for a two hour period. Upon arrival, and
at least 30 minutes before starting the protocol,
a peripheral venous cannula was inserted into
the right antecubital vein for blood sampling
and estimation of central venous pressure, with

subjects in a supine position. Blood pressure
measurements and ECG monitoring in lead III
were done throughout the entire protocol.

Forearm blood flow was measured by venous
occlusion plethysmography using a mercury in
Silastic strain gauge (EC-4, DE Hokanson Inc,
Place Bellevue, Washington, USA), as previ-
ously described.16 The strain gauge was placed
4–5 cm below the antecubital crease on the
opposite arm to that used for blood pressure
measurements, and the forearm was raised
10 cm above the anterior chest wall. Venous
occlusion pressure was 40–50 mm Hg while
the circulation to the hand was arrested by
inflating a cuV around the wrist at suprasysto-
lic pressure during determination of forearm
blood flow. Blood flow measurements were
obtained during a two minute hand occluded
period, and the mean of at least five blood flow
measurements was used for subsequent com-
putations. Forearm vascular resistance was cal-
culated by dividing mean arterial pressure
(mm Hg) by forearm blood flow (ml/min/
100 ml of forearm volume) and is expressed as
resistance units.

INDICES OF CENTRAL BLOOD VOLUME

Echocardiographic “sweeps” (HP3500 Sono-
cardiograph, Hewlett-Packard Inc, Andover,
Massachusetts, USA) were made in all sub-
jects, rotating the transducer parallel to the
long axis of the left ventricle from the chordae
tendinae to the aortic root. Measurements of
left ventricular internal diastolic diameter were
determined in M mode after locating the
parasternal long axis in cross sectional mode
over three consecutive cardiac cycles when
heart rate was stable. The end diastolic frame
was chosen at the peak of the R wave of the
simultaneously recorded ECG. Left ventricular
end systolic and end diastolic volumes were
derived from the dimensions using the formula
of Teichholz and colleagues.17 Central venous
pressure was also estimated15 18–20 by measuring
right venous pressure from an antecubital
venous catheter connected through a saline
filled line to a pressure transducer (P 23 ID,
Gould Instrument Systems, Valley View, Ohio,
USA) positioned at the mid-chest level while
the arm hung down on the side of the bed in
the left lateral supine position. Measurements
were obtained at baseline as well as during both
levels of lower body negative pressure.

STUDY PROTOCOL AND UNLOADING MANOEUVRES

After a 30 minute quiet rest and calibration
adjustments, baseline values of blood pressure,
heart rate, forearm blood flow, central venous
pressure, and circulating hormone concentra-
tions were obtained before application of lower
body negative pressure. Baroreflex control of
forearm vascular resistance was examined dur-
ing lower body negative pressure, which
deactivates cardiopulmonary receptors and
induces reflex vasoconstriction in the forearm,
as described previously in detail.21 22 The
subject lay quietly with the lower limbs and
body enclosed in an acrylic box sealed by a
neoprene skirt at the level of anterosuperior
iliac crest. The box was connected to an
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adjustable vacuum source and the pressure
within was monitored and recorded through-
out the procedure (Gould P 23 ID). Two levels
of low body negative negative pressure (LBNP)
were applied: −15 mm Hg (LBNP−15) and
−40 mm Hg (LBNP−40), each level being main-
tained for five minutes. Values of forearm blood
flow were taken as the average of five flow
curves during the last two minutes of each
condition.

During a second series of investigations,
lower body negative pressure was applied in an
identical fashion for echocardiographic deter-

mination of end systolic dimensions and left
ventricular internal diameter in diastole, with
constant monitoring of heart rate and blood
pressure. The order in which we carried out
these two series of investigations (forearm
blood flow and echocardiography) was ran-
domised.

Forearm blood flow, forearm vascular resist-
ance, and echocardiographic variables were
determined at each of the three study end
points (baseline, LBNP−15, and LBNP−40).
Baroreflex control of forearm vascular resist-
ance was examined from the slope of the rela-
tion between changes in forearm vascular
resistance from baseline and left ventricular
internal diastolic diameter and estimated
central venous pressure, calculated for each
subject and averaged for each group. The same
measurements were repeated 30 minutes after
termination of a moderate bout of cycling
exercise.

EXERCISE

Exercise was carried out on a cycle ergometer
at a submaximal intensity of 70% of the age
predicted maximum heart rate. After a two
minute warm up, pedalling resistance was
increased until the target heart rate was
reached and this exercise load was maintained
for a 45 minute period. The exercising
workload did not diVer between groups, and
the subjects had similar heart rates during

Table 1 Baseline haemodynamic variables in patients and
control subjects

Variable

Rapaired
coarctation
(n=10)

Controls
(n=10)

Heart rate (beats/min) 78 (9)* 64 (6)
SBP (mm Hg) 117 (3) 118 (3)
DBP (mm Hg) 64 (3) 67 (3)
MAP (mm Hg) 82 (2) 84 (3)
eCVP (mm Hg) 7.1 (0.6) 7.7 (0.7)
LVIDD (mm) 49.0 (1.8) 48.9 (1.3)
LVISD (mm) 28.7 (1.9)* 32.7 (1.3)
Shortening fraction (%) 41.7 (1.8)† 33.3 (1.3)
Qc (l/min) 6.9 (1.1) 5.0 (0.2)
FBF (ml/100 g/min) 3.4 (0.4)* 2.3 (0.3)
FVR (units) 27.0 (3.2)* 43.4 (6.3)

Values are mean (SEM).
*p < 0.05, †p < 0.01 v control.
DBP, diastolic blood pressure; eCVP, estimated central venous
pressure; FBF, forearm blood flow; FVR, forearm vascular
resistance; LVIDD, left ventricular internal diastolic diameter;
LVISD, left ventricular internal systolic diameter; MAP, mean
arterial pressure; Qc, estimated cardiac output; SBP, systolic
blood pressure.

Figure 1 EVects of lower body negative pressure (LBNP) on central vascular volume and forearm responses. Values are
means of estimated central venous pressure (eCVP), left ventricular internal diastolic diameter (LVIDD), forearm blood
flow (FBF), and forearm vascular resistance (FVR) in patients with coarctation of the aorta (CoAo) and control subjects
(Ctrl). Error bars = SEM. *p < 0.05 v control subjects; †p < 0.01 v baseline.

4

3

1

2

0

FB
F 

(m
l/1

00
 g

/m
in

)

LBNP–15

†

†

†

†
†

†

Baseline LBNP–40

80

60

20

40

0

FV
R

 (
u

n
it

s)

LBNP–15

†

†

Baseline

CoAo
Ctrl

LBNP–40

10

8

4

2

6

0

eC
V

P
 (

m
m

 H
g

)

LBNP–15

† †

† †

Baseline LBNP–40

6

5

4

3

1

2

0

LV
ID

D
 (

cm
)

LBNP–15

†
† †

†

Baseline LBNP–40

320 Johnson, Perrault, Vobecky, et al

www.heartjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.85.3.318 on 1 M

arch 2001. D
ow

nloaded from
 

http://heart.bmj.com/


exercise and similar blood pressures immedi-
ately after the exercise bout.

CIRCULATING HORMONAL RESPONSES

Blood samples were withdrawn within 30
seconds after completion of blood flow
measurement under baseline conditions, as
well as during the last minute of application of
LBNP−40. Plasma noradrenaline (norepine-
phrine) and adrenaline (epinephrine) concen-
trations were determined using a radioenzy-
matic method.21 Renin activity (ng/l/s) was
measured indirectly on EDTA plasma through
the generation of angiotensin-1 and its quanti-
tation by a radioimmunoassay, using 125I-
angiotensin-1 as the marker (Incstar Corpora-
tion, Stillwater, Minnesota, USA). Aldosterone
(pmol/l) was measured by a solid phase radio-
immunoassay (Diagnostic Product Corpora-
tion, Los Angeles, California, USA), using 125I-
aldosterone as the marker. The intra-assay and
interassay coeYcients of variation for all assays
ranged between 7% and 12%.

STATISTICAL ANALYSES

All dependent variables are expressed as mean
(SEM). A two way (2 × 3) analysis of variance
for repeated measures on the last factor was
used to compare the relation between the levels
of lower body negative pressure and dependant
variables. On finding significant main group or
lower body negative pressure eVects, the LSD
multiple range test was used for further
post-hoc comparisons. The slopes of the
forearm vascular resistance versus left ventricu-
lar internal diastolic diameter and versus
estimated central venous pressure relations
were calculated individually for each subject by
the method of least squares regression. Statisti-
cal analyses were performed using Sigma Stat
software. Significance was set at p < 0.05.

Results
SUBJECT CHARACTERISTICS

Patients operated on for coarctation of the
aorta and control subjects were of similar age
(18.1 (2.6) v 21.1 (3.5) years), body weight (63
(4) v 68 (3.0) kg), height (1.7 (0.03) v 1.7
(0.03) m), and body surface area (1.8 (0.01) v
1.8 (0.1) m2).

Baseline haemodynamic data are summa-
rised in table 1 for the coarctation group and
the controls. Heart rate was significantly higher
in the patients. A similar left ventricular
internal diastolic diameter was found in both
groups, but the patients had a lower left
ventricular internal systolic diameter. Cardiac
output was higher in the patients, as was the
calculated left ventricular shortening fraction.
Systolic, diastolic, and mean arterial pressure
and estimated central venous pressure did not
diVer between the groups. However, forearm
blood flow was higher and forearm vascular
resistance lower in the coarctation group than
in the controls.

VASOMOTOR AND HEART RATE RESPONSES TO

BARORECEPTOR UNLOADING

Figure 1 shows the eVects of lower body nega-
tive pressure on indices of central volume—
namely, estimated central venous pressure and
left ventricular internal diastolic diameter—
together with forearm blood flow and forearm
vascular resistance. As expected, in both
groups application of negative pressure de-
creased the estimated central venous pressure
and left ventricular internal diastolic diameter
(p < 0.05), thus confirming an unloading
eVect on central blood volume. LBNP−15 and
LBNP−40 caused significant stepwise reductions
in forearm blood flow and increases in forearm
vascular resistance in both groups. Despite a
similar pattern of vasoconstrictor response,
patients showed a greater forearm blood flow,
and inversely a lower forearm vascular resist-
ance, under both levels of lower body negative
pressure.

The mean relative changes from baseline
induced by LBNP−40 application are shown in
fig 2. Application of lower body negative pres-
sure resulted in only slight changes of systolic
and diastolic pressures. In keeping with a

Figure 2 Mean relative changes from baseline at lower body negative pressure (LBNP) of
−40 mm Hg. Values are means expressed as per cent from baseline for systolic and diastolic
blood pressure (SBP, DBP), heart rate (HR), forearm blood flow (FBF), forearm vascular
resistance (FVR), left ventricular internal diastolic diameter (LVIDD), and estimated
central venous pressure (eCVP) in patients with coarctation of the aorta (CoAo) and
controls. Error bars = SEM.
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were obtained by averaging individual data during lower
body negative pressure at −40 mm Hg and −15 mm Hg
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stimulation of the arterial baroreflex at higher
levels of lower body negative pressure, a 12%
increase in heart rate was observed in response
to LBNP−40, the magnitude of the response
being similar in the two groups. The extent of
the decrease in forearm blood flow and the
increase in forearm vascular resistance induced
by lower body negative pressure was similar in
the two groups, as were changes in left
ventricular internal diastolic diameter and esti-
mated central venous pressure.

The sensitivity of the baroreflex function,
illustrated by the relation between the esti-
mated central venous pressure and the corre-
sponding calculated forearm vascular resist-
ance, is shown in fig 3, using observations at
baseline and at −15 mm Hg and −40 mm Hg
lower body negative pressure. Parallel relation
lines were found for patients and controls,

although a downward shift in the forearm vas-
cular resistance line is seen in the coarctation
group. A similar pattern was also found when
using left ventricular internal diastolic diam-
eter as central volume index (not shown). The
mean slope calculated from slopes of each
individual estimated central venous pressure–
forearm vascular resistance regression line was
not significantly diVerent between groups
(−5.48 (0.82) v −7.87 (1.53)).

EFFECTS OF EXERCISE

As can be seen from fig 4, systolic and diastolic
blood pressures were not significantly changed
under any testing condition. However, exercise
resulted in a significant downward displace-
ment of the forearm vascular resistance and an
upward shift of forearm blood flow (not
shown) in both patients and controls.

HORMONAL RESPONSES TO BARORECEPTOR

UNLOADING

The circulating catecholamine and renin–
aldosterone hormonal profiles assessed at
baseline and at LBNP−40 are shown in table 2.
At baseline, patients showed slightly but
non-significantly higher noradrenaline concen-
trations and plasma renin activity, and signifi-
cantly higher concentrations of adrenaline. A
significant increase in plasma noradrenaline
from baseline was seen in both groups in
response to LBNP−40. As can be seen from cal-
culated changes relative to baseline, LBNP−40

increased circulating catecholamines and
plasma renin activity but decreased circulating
aldosterone concentrations to the same extent
in both patients and controls.

Figure 4 EVects of a single 45 minute cycling bout on systolic and diastolic blood pressure (SBP, DBP) as well as on
forearm vascular resistance (FVR) responses to lower body negative pressure (LBNP). Results in patients with coarctation
of the aorta (CoAo) are on the left and those of controls are on the right. Values are means, error bars = SEM. *p < 0.05 v
baseline.
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Table 2 Adrenergic and renin-angiotensin-aldosterone system responses to lower body
negative pressure at −40 mm Hg (LBNP−40) in patients with repaired coarctation and
control subjects

Hormone Baseline LBNP−40 Change (%)

Noradrenaline (nmol/l)
Coarctation 3.2 (0.6) 5.5 (0.5)‡* 90.6 (23.5)
Controls 2.4 (0.3) 3.7 (0.3)** 57.3 (15.5)

Adrenaline (pmol/l)
Coarctation 406.7 (94.9)† 688.6 (151.2)‡ 87.5 (15.0)
Controls 231.9 (42.6) 331.7 (41.7) 71.9 (29.3)

Plasma renin activity (ng/l/s)
Coarctation 0.37 (0.09) 0.49 (0.17) 57.7 (62.6)
Controls 0.27 (0.07) 0.36 (0.16) 32.8 (32.0)

Aldosterone (pmol/l)
Coarctation 217.9 (38.2) 186.3 (49.9) −18.2 (9.6)
Controls 235.1 (50.0) 180.6 (55.4) −17.2 (9.2)

Values are mean (SEM).
†p < 0.05 between groups; ‡p < 0.01 between groups; *p < 0.05 v baseline; **p < 0.01 v baseline.
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Discussion
Although we were only able to study a small
number of subjects, our results suggest that
normotensive adolescents operated on for
coarctation of the aorta in early childhood have
a downward shift in the regression line between
forearm vascular resistance and estimated cen-
tral venous pressure or left ventricular internal
diastolic diameter, suggesting a resetting of the
integrated cardiopulmonary–arterial barore-
flex without change in its sensitivity. This was
not associated with diVerences in sympathetic
or renin–aldosterone hormone status or re-
sponsiveness to lower body negative pressure or
exercise.

BAROREFLEX DISTURBANCES IN ESSENTIAL

HYPERTENSION AND OPERATED COARCTATION OF

THE AORTA

Recent observations obtained in our laboratory
using 24 hour blood pressure monitoring indi-
cate that despite successful surgical repair of
coarctation of the aorta in early childhood,
asymptomatic young adult patients have up to
twice the hypertension load of their age
matched control counterparts 10 years or more
after surgery.3 Contrary to the relatively large
body of evidence showing a resetting of barore-
ceptor cardiac reflexes in subjects with border-
line or pronounced hypertension,6 22–26 there
have been few investigations of arterial reflex
involvement in patients operated on for coarc-
tation of the aorta, and to our knowledge there
are no data on the cardiopulmonary baroreflex.

Igler and colleagues showed a return towards
normal carotid sinus baroreceptor function
3–7 months after surgical repair of coarcta-
tion.8 A resetting of the arterial baroreflex to
operate at higher arterial pressures in response
to injections of pressor and depressor drugs
was also found in mildly hypertensive adoles-
cents operated on for coarctation seven years
earlier.10

To our knowledge, our study is the first to
examine cardiopulmonary baroreflex function
in patients after surgery for coarctation of the
aorta. Our results do not support the view that
a change in cardiopulmonary baroreflex sensi-
tivity is a factor in the higher prevalence of
hypertension seen years after surgical repair of
coarctation. An increase in cardiopulmonary
baroreflex sensitivity is generally reported in
the early stages of hypertension, followed by a
decrease in response gain with increasing
severity.22 24–27 In the present study, estimates of
baroreflex sensitivity in patients and controls
were similar. Low level suction (10–
20 mm Hg) to the lower body decreases central
blood volume with little observable eVect on
heart rate or mean arterial pressure, and its
eVect is thus considered to be primarily on car-
diopulmonary baroreflexes. On the other hand,
higher levels of negative pressure which pro-
duce a fall in pulse pressure and result in a
reflex chronotropic and vasomotor response
aVect both cardiopulmonary and arterial
baroreflexes.13 A downward shift in the forearm
vascular resistance to estimated central venous
pressure relation was seen in the coarctation
group, suggesting a resetting to a lower central

venous pressure threshold for the release of
vasoconstrictor tone. Because the forearm vas-
cular resistance versus central venous pressure
relation was obtained over the low and high
ranges of negative pressure application, this
response reflects the combined cardiopulmon-
ary and arterial reflex influences. We cannot
therefore draw any conclusions about specific
cardiopulmonary or arterial baroreflex func-
tions from this study.

VASCULAR RESISTANCE AFTER SURGICAL REPAIR

OF COARCTATION OF THE AORTA

There are few data on measurements of vascu-
lar resistance after repair of coarctation of the
aorta. Our present results, obtained using
venous occlusion plethysmography, confirm
previous observations in our laboratory show-
ing lower femoral, humeral, and renal arterial
resistance in patients successfully operated on
for coarctation of the aorta and with normal
resting blood pressure values.28 DiVerences in
left arm vascular development have been
described following correction of coarctation of
the aorta using the subclavian flap surgical
procedure.29 30 However, in the present study
the end to end anastomosis procedure was used
in all but one of the patients. It thus appears
unlikely that the lower vascular resistance
found results from abnormal vascular develop-
ment. Functional abnormalities, such as a
reduced hyperaemic response to a three minute
arm occlusion and a limited vasodilator
response to glyceryl trinitrate infusion, have
also been reported some 7–17 years after repair
of coarctation of the aorta,31 32 which is
compatible with a more pronounced baseline
vasodilatation.

Previous observations in rats have shown
that an increase in the discharge rate of aVerent
C fibres located in the wall of the left
ventricle—caused by a series of positive
inotropic interventions—resulted in a greater
inhibition of vasoconstriction influences.33 34 A
change in the ventricular contractile state could
thus account for a resetting of the cardiopul-
monary reflex response. Baseline echocardio-
graphic measurements obtained in our patients
indicate a hyperdynamic cardiac output related
to a higher heart rate and increased left
ventricular shortening fraction. This is in
agreement with previous observations showing
the persistence of enhanced left ventricular
systolic function and an overall hyperdynamic
circulation both at rest and during exercise35–37

long after surgical repair of coarctation of the
aorta. In the present study, patients had nearly
twice the adrenaline concentration of controls,
which could contribute to the exaggerated ven-
tricular contractile function. A chronic hyper-
contractile ventricular state in coarctation of
the aorta could thus enhance cardiopulmonary
aVerent receptor stimulation, leading to further
sympathoinhibitory influences and lower vas-
cular resistance. In addition, the raised circu-
lating adrenaline could, at least in part,
contribute to the lower vascular resistance
through the enhanced â2 adrenergic vasodilator
response that is known to occur in skeletal
muscle vasculature.
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HORMONAL RESPONSES TO LOWER BODY

NEGATIVE PRESSURE APPLICATION

Little information is available on circulating
catecholamine and renin–aldosterone re-
sponses in the long term follow up of patients
operated on for coarctation of the aorta. The
present results are in agreement with previous
reports38–42 showing baseline plasma noradren-
aline and aldosterone concentrations, as well as
plasma renin activity, to be in the normal range
of values for adolescents having successful sur-
gery in early childhood. Raised plasma renin
activity has, however, also been reported in the
long term follow up of coarctation of the aorta,
and was associated with an increase in
adrenergic stimulation, presumably resulting
from a lower renal perfusion secondary to a
potential recoarctation. In the present study,
signs of aortic restenosis resulted in exclusion
from the experimental protocol.

Our findings nevertheless showed higher cir-
culating adrenaline in our coarctation group
than in controls. Raised adrenaline concentra-
tions in coarctation of the aorta have previously
been reported in the early postoperative period
after surgical repair,39 though such data can
hardly be compared with ours, obtained some
10 years after surgery. The reason for our
observation thus remains unclear.

BAROREFLEX FUNCTION FOLLOWING EXERCISE

Our finding of a significantly lower forearm
vascular resistance in both groups following
exercise is in line with reductions in forearm
vascular resistance previously reported after a
single bout of exercise of moderate intensity in
patients with mild to moderate hyper-
tension.14 15 Despite the baseline resetting to
lower forearm vascular resistance in the patient
group, exercise induced a further downward
shift in the estimated central venous pressure–
forearm vascular resistance regression in both
groups (data not shown). It did not alter the
slope of the regression line and thus did not
aVect the sensitivity.

Forearm vascular resistance was decreased
to the same extent in patients and controls.
This could be related to enhanced vasodilata-
tion secondary to exercise induced ther-
moregulatory response to the same exercise
induced metabolic demand.

CONCLUSIONS

Measurements of forearm blood flow by
venous occlusion plethysmography during
lower body negative pressure suggest a reset-
ting of the cardiopulmonary baroreflex to a
lower level of vascular resistance in normoten-
sive adolescents after successful surgery for
coarctation in early childhood. The respective
contributions of arterial and cardiopulmonary
baroreflexes remain to be determined.
Echocardiographic measurements indicate a
hyperdynamic contractile state, which could
also be related to an observed increase in
circulating adrenaline in our coarctation group.
In view of the relatively small number of
patients in our study group, further investiga-
tions are needed to confirm our findings and to

examine the functional significance of the low-
ered peripheral vascular resistance.
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IMAGES IN CARDIOLOGY

Magnetic resonance image of a large, fatal angiosarcoma of the
heart

A 49 year old man underwent kidney transplantation.
Because of an initial rejection of the allograft the usual
doses of azathioprine and steroids were increased. Three
years later the patient developed atrial fibrillation and
clinical features of pericarditis. An echocardiogram showed
a right atrial mass which was confirmed by computed tom-
ography. Magnetic resonance imaging with gadolinium
injection revealed the true extent of the tumour and
indicated a diagnosis of angiosarcoma of the heart (below
left, arrows show the tumour invading the interventricular
septum, right atrium and right ventricle walls; below right,
arrows show the reduction of the right atrium and involve
ment of the atrioventricular septum by the expansive
mass). Because of major involvement of the cardiac

structures it was decided to initiate chemotherapy.
However, because of a refractory heart and renal failure, the
patient died in the following month. The diagnosis was
confirmed by necropsy, histology, and electron microscopy.

Angiosarcoma is a rare tumour of the heart and has a
poor prognosis. In our case the extent of the tumour was
exceptional and accounts for the rapid death of the patient.
Magnetic resonance imaging with gadolinium injection
appears to be the imaging modality of choice for an early
diagnosis of malignant heart tumours.

GIANLUCA RIGATELLI
EMANUELA VISENTIN

GIORGIO RIGATELLI
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