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Indirect arterial pulse tracings in children with
coarctation of the aorta before and after operation
M OYONARTE, D F DICKINSON, D MEDICI, AND D I HAMILTON

From the Regional Paediatric Cardiothoracic Unit, Royal Liverpool Children's Hospital,

Myrtle Street, Liverpool

ABSTRACT Eleven children with coarctation of the aorta were investigated before and after

surgical treatment, using simultaneous indirect carotid and femoral artery pulse wave tracing.

The timing of the onset of the femoral pulse in the children with coarctation, both before and

after operation, did not differ significantly from normal. However, the time interval between

the peak of the femoral pulse and the dicrotic notch of the carotid pulse was signifi-

cantly shorter than normal in the children with coarctation before operation. After operation,

the peak femoral to carotid dicrotic notch time interval was restored to normal. It is suggested

that this simple non-invasive test might be of value in the long-term follow-up of patients after

operation for coarctation of the aorta, particularly in those undergoing operation early in

childhood, to detect residual or recurrent coarctation.

The first use of synchronous indirect radial and
femoral artery pulse recording in coarctation of
the aorta was reported by Scheele.' Since then,
further studies have shown the value of the tech-
nique.2 3 However, although direct intra-arterial
measurements of femoral and radial artery pulse
pressure have been made before and after surgical
repair of coarctation,4 no study using indirect
assessment has been reported. The potential value
of a simple non-invasive technique which supple-
ments clinical examination is considerable, par-
ticularly in the paediatric age group. We have
studied a group of children undergoing surgical
treatment for coarctation of the aorta in order to
assess the use of indirect pulse recordings.

Patients and methods

Eleven children witlh coarctation of the aorta were
studied at the Royal Liverpool Children's Hospital.
The diagnosis was confirmed by cardiac catheter-
isation and angiography as part of the routine
preoperative assessment, and in nine cases direct
arterial pressure gradients across the site of co-
arctation were recorded. Full clinical details of
the cases are given in the table. Eleven normoten-
sive children without cardiovascular abnormalities,
Address for reprint requests: David I Hamilton, Royal Liverpool
Children's Hospital, Myrtle Street, Liverpool L7 7DG.

matched for age with the children with coarctation
of t'he aorta, served as control subjects. Simul-
taneous indirect pulse recordings were obtained
from the left carotid and left femoral arteries
using Statham Universal Transducing Cell, model
UC3, strain gauges, mounted in nylon holders
(Cambridge Instruments). Records were taken in
partial expiration on a Cambridge multichannel
physiological recorder using a paper speed of 50
and 100 mm/second.
An ECG (lead II) and a phonocardiogram from

the third intercostal space at the left sternal edge
were recorded simultaneously. From these records,
two measurements were made each to the nearest
five milliseconds. The delay in onset of the
femoral pulse (onset time) was measured from the
onset of the carotid pulse. The delay in the peak
of the femoral pulse was measured as the time
interval between the dicrotic notch of the
carotid pulse and -the peak of the femoral pulse
(PF-CDN time). Where the peak of the femoral
pulse fell later than the carotid dicrotic notch the
time interval was recorded as a negative value.
The carotid dicrotic notch was chosen as a useful
fixed reference point on the arterial pulse wave

which can be recognised by its relationship to the
aortic component of the second heart sound. In
each case, five cardiac cycles were analysed, and
a mean value for each measurement was obtained.
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Table Clinical data on eleven patients with coarctations

Patient Age at Preoperative peak systolic arterial Surgical correction Postoperative
operation pressure (mm Hg) sphygmomanometer
(yr) Ascending Descending pressures (mm Hg)

aorta aorta Arm Leg

1 4 125 85 Left subclavian flap aortoplasty 85 80
2 5 - 90 End-to-end anastomosis 105 110
3 5 130 100 Dacron gusset 110 110
4 7 150 95 Dacron gusset 130 -

5 6 - 90 End-to-end anastomosis 100 90
6 7 110 80 End-to-end anastomosis 105 -

7 7 110 90 End-to-end anastomosis 110
8 9 140 100 Dacron gusset* 115 -

9 9 120 90 Dacron gusset 105 100
10 13 140 95 Dacron tube graft 140 125
11 15 140 110 Dacron gusset* 130 110

*Operation for residual coarctation

These measurements are illustrated on the re-
cording from a control patient in fig 1. In the
patients with coarctation of the aorta, further
recordings were made six to eight weeks after
operation. Student's t test was used for statistical
analysis of the data.

I 1
Fig 1 Simultaneous carotid and femoral pulse
tracings from a normal control subject. Each
vertical line indicates a time interval of 0-04 seconds.
The time interval between the onset of the carotid and
femoral pulses (A) is approximately 0-06 seconds.
The time interval between the peak of the femoral
pulse and the dicrotic notch of the carotid pulse (B)
is approximately 0-07 seconds.
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Fig 2 Time interval between the onset of the
simultaneously recorded carotid and femoral pulses
in normal control subjects and patients with
coarctation of the aorta before and after operation.
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Results

The mean values of the measurements of onset
time interval and PF-CDN time interval for each
patient before and after operation, together with
the results from the control subjects are given in
figs 2 and 3. The mean value for the onset time
interval in the patients with coarctation before
operation was 0 057 seconds (SD 0014, range 0 04
to 0*08 s). The value for the normal control sub-
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Fig 4 Simultaneous femoral and carotid artery pulse
tracing from patient 8. (A) Before operation. The
onset of the femoral pulse is delayed 0 04 seconds
after the onset of the carotid pulse, and the peak
of the femoral pulse falls 0 03 seconds after the
carotid dicrotic notch. (B) A fter operation. The onset
of the femoral pulse is 0 03 seconds after the onset
of the carotid pulse and the peak of the femoral
pulse falls 0V08 seconds before the carotid dicrotic
notch.

Patients

Fig 3 Time interval between the peak of the femoral
pulse and the dicrotic notch of the simultaneously
recorded carotid pulse in normal control subjects and
patients with coarctation of the aorta before and
after operation.

jects was 0055 seconds (SD 0-018, range 0025 to
009 s). This difference is not significant. After
operation, the mean onset time interval was 0*044
seconds (SD 001, range 003 to 0*06 s). This is
significantly different from the preoperative value
(p<0 05) but not from the values in control
subjects (p<0'05).
The mean value for the PF-CDN time interval

before operation in the patients with coarctation of
the aorta was 0 00 seconds (SD 0'016, range
-0 02 to +0 03 s), and significantly different
(p<0001) from the mean of the normal control
subjects (0-083 seconds, SD 0,028, range 0 045 to
0d13 s). After operation, the mean PF-CDN value
was 0 075 seconds (SD 0-021, lange 0 04 to 0'1 s),
ar.d differed significantly (p<0001) from the pre-
operative value, but not from that of the normal
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Pulse tracing in coarctation

control subjects (p<0-1). The pulse pressure
recordings before and after operation from a
patient with coarctation are illustrated in fig 4.
No correlation was found between either the onset
time interval or the PF-CDN time interval and the
peak systolic pressure gradient across the site of
the coarctation before operation.

Discussion

Although considerable clinical importance has
been given to the delay in the transmission of the
arterial pulse wave to the lower extremity in
coarctation of the aorta, published studies of
directly or indirectly recorded femoral pulse
waveform have failed to show a consistent delay
in the onset of the femoral pulse as compared with
upper limb pulses.4-0 Thus, although there is a
tendency for the onset of the femoral pulse to be
delayed beyond the onset of the radial pulse in
patients with coarctation of the aorta, this is also
true of a significant proportion of normal indi-
viduals. Conversely, in some patients with coarcta-
tion the onset of the femoral pulse has been
shown to precede the onset of the radial pulse.3
Our present results confirm the wide range of
values seen in normal individuals, which overlap
extensively the ranges of values seen in patients
with coarctation both before and after operation.
Although there is a tendency for the onset time
interval to shorten after operation (fig 2), in a
number of cases no difference could be recorded.

Lewis" emphasised that the clinically appreciated
delay in the femoral pulse in coarctation was re-
lated to the slow ascent of the femoral pulse curve
to a delayed peak. Kuhn et al,3 using indirect
arterial pulse tracings, showed that the time
interval between the delayed femoral peak and the
dicrotic notch of a simultaneously recorded
carotid pulse discriminated clearly between patients
with coarctation and normal individuals. Our
results endorse their findings. Although we were
unable to show a correlation between preoperative
PF-CDN time interval and directly measured press-
ure gradients, the restoration of the PF-CDN
time interval to normal suggests a satisfactory
result after operation. This view is supported
by the work of previous authors,4 5 using di-
rectly measured pulse pressure tracings. It is of
interest that although the PF-CDN time interval
was significantly increased in all patients after
operation, this increase was most marked in the
youngest patient who underwent an angioplastic
repair of the coarctation by subclavian flap aorto-
plasty.7 Conversely, the increase in PF-CDN time

interval was least in the patient who required
a complete Dacron tube graft to restore aortic
continuity after resection of a hypoplastic seg-
ment 6 cm in length.

Several recent reports have shown a significant
incidence of persistent hypertension after surgical
repair of coarctation of the aorta.8 9 There is some
evidence to suggest that early operation, probably
before the age of 2 years, is more likely to result
in a satisfactory postoperative blood pressure than
if operation is delayed until later in childhood.8 9
However, end-to-end anastomosis of the aorta in
early childhood is associated with a significant
risk of persistent or recurrent coarctation during
the growth period.'0-12 Left subclavian flap aorto-
plasty appears to offer many advantages in this
respect,7 ' but further evaluation over a longer
period is necessary. Measurements of the PF-
CDN time interval provides a simple, non-invasive
investigation which discriminates clearly between
normal individuals and patients with coarctation.
Serial recordings performed in the years after
operation may therefore be useful in detecting
residual obstruction at the operation site, and
give a guide to the need for direct pressure
measurement and angiography.

We would like to thank Dr E Epstein and Dr JL
Wilkinson for their help and advice, Mr N Clarke
for his technical assistance, and Mrs Sheila
Critchley for secretarial help. D Medici was sup-
ported by a grant from the National Heart
Research Fund.
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