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later a left sided empty direct inguinal hernia was found and repaired.
The patient was returned to ambulatory treatment uneventfully.

Discussion

Although inguinal hernia during continuous ambulatory
peritoneal dialysis is a recognised complication,'-3 a patient
presenting with scrotal or labial oedema and no detectable cough
impulse has not been described. Continuous ambulatory
peritoneal dialysis is associated with intermittent abdominal
distension and increased intra-abdominal pressure. In our
patients presumably a small hernial sac was already present or
formed as a result of increased pressure. During dialysis fluid
entered the sac and then leaked out into surrounding tissues to
form oedema as a result of increased hydrostatic pressure

exceeding the osmotic pressure of the dialysate. Once dialysis
stopped the oedema was rapidly reabsorbed.
Our experience suggests that scrotal or labial oedema is a sign

of a small inguinal hernia which may not be clinically apparent
and is an indication for early herniorrhaphy.
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Cold pressor test in diagnosis of coronary artery disease:
echophonocardiographic method

BASIL I B SENEVIRATNE, IAN LINTON, ROGER WILKINSON, WILLIAM ROWE, MARY SPICE

Abstract

The cold pressor test was used to induce myocardial
ischaemia in patients with coronary artery disease and
the rise in left ventricular filling pressure used as the
index of myocardial ischaemia. Left ventricular filling
pressure was derived from a non-invasive echophono-
cardiographic method. A study group of 19 consecutive
patients with chest pain underwent the cold pressor test
before coronary angiography. Eighteen responded with
a rise in filling pressure exceeding 30% and, of these,
17 had serious coronary artery disease (three single
vessel, one two vessel, and 13 triple vessel disease; one
had coronary artery spasm only). The remaining patient,
who showed no rise in filling pressure, did not have
coronary artery disease. None of 15 normal controls
showed a rise greater than 5% (patients with coronary
artery disease versus normal controls p < 0001).
The cold pressor test would be suitable for patients

who cannot or should not exercise and may be combined
with exercise electrocardiograms to improve the infor-
mation content, as it uses a different marker of myo-
cardial ischaemia.

Introduction
The cold pressor test, a reflex sympathetic alpha adrenergic
receptor stimulus, increases coronary vascular resistance and
reduces coronary blood flow in patients with coronary artery
disease, presumably by coronary vasoconstriction. Simul-
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taneously it increases myocardial demands for oxygen by an
increase in arterial blood pressure and heart rate and induces
myocardial ischaemia in patients with coronary artery disease.
In normal people, however, coronary blood flow is appropriately
increased by the coronary vasodilatory reserve overriding the
vasoconstrictor stimulus1 2 and myocardial ischaemia is not
induced. Hence this simple stress test has been successfully
used in the diagnosis of coronary artery disease by employing
non-invasive methods designed to detect the responses of the
ischaemic myocardium such as reduction of left ventricular
ejection fraction3 and induction of abnormalities in wall motion.4

Increase of the left ventricular filling pressure is one of the
earliest and most sensitive responses of the ischaemic myo-
cardium and is observed before the onset of electrocardio-
graphic ST depression or chest pain in stressed patients.5 We
employed an echophonocardiographic method6f 7 to assess the
expected rise in filling pressure after cold stimulation. This
method has been validated by our own work (B I B Seneviratne,
A Morton, I Linton, paper read at third ASEAN congress of
cardiology, 1980) and later work by others.8 9 Employing
this method, we found that of our patients who subsequently
underwent angiography, those with proved coronary artery
disease invariably showed at least a 30% rise in filling pressure
during the test. In contrast, none of our normal controls showed
a rise of more than 5%' .

Subjects and methods

Controls-Fifteen healthy volunteers (mean age 40 9 years, range
17-60) were subjected to the cold pressor test. None had clinical
evidence of coronary artery disease and all were normotensive and
had normal echocardiograms.

Study group-Nineteen consecutive patients (mean age 58 8 years,
range 34-70) being investigated for chest pain were subjected to the
test in the week preceding angiography (see table II). Seventeen
were subsequently shown to have serious lesions (50%' reduction of
lumen diameter)-three with single vessel disease, one with double
vessel disease, and 13 with triple vessel disease-and two to be free
of coronary artery disease. One of these two patients had evidence of
coronary artery spasm induced by intravenous ergonovine (ergo-
metrine). Three patients had angiographic evidence of impaired left
ventricular function at rest as assessed by two dimensional echo-
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cardiography and angiography. Two patients had controlled hyper-
tension. Three had inconclusive exercise electrocardiogram tests,
seven could not be exercised because of the severity of their symptoms,
and nine had positive test results. Most were taking beta blockers,
but nitrates and calcium antagonists were stopped at least six hours
before the tests. No patient had valvular heart disease, rhythm
disturbances, or conduction defects.

Estimation of left ventricular filling pressure-We used the method
of Paloma and coworkers to derive the left ventricular filling pressure.6
The M mode echocardiogram, electrocardiogram, and phono-
cardiogram were recorded simultaneously at a paper speed of 50 mm/s.
The phonocardiogram was recorded either at the cardiac apex or at
the left sternal edge, depending on where the second heart sound
was most distinct. The mitral valve echo was recorded at the area of
greatest amplitude of valve motion with a clear visualisation of the
coaptation point (C point). When the posterior leaflet was not clearly
seen (five cases in the study group) the first heart sound was taken
as the C point. Clear E points were obtained in all mitral echograms,
and the QC interval (from the onset of the Q wave to the C point in
the echogram) and S2E interval (from the first vibration of the second
heart sound to the E point in the echogram) measured and averaged
over five cardiac cycles. We used the regression equation, left ventricu-
lar filling pressure=21-6xQC/S5E+1-1 mmHg."i Systolic blood
pressure was measured by the standard cuff method, and heart rate
obtained from the electrocardiogram. After a baseline recording,
cold stimulation was performed.

Cold pressor test-Ice in polyethylene packs was applied to the
right forearm, and the right hand immersed in ice water for two
minutes. Recordings were started after one minute of cold stimulation
and continued for another minute.

All patients gave informed consent, and results were evaluated by
Student's t test for paired and unpaired observations.
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Results

CONTROLS

The controls showed a rise in heart rate and systolic blood pressure
after cold stimulation. Left ventricular filling pressure either fell
minimally, remained the same, or showed a small rise ( < 50,) (table I,
fig 1).

TABLE I-Mean (and standard deviation) haemodynamic values before and
after cold pressor testing in normal controls and patients with coronary artery
disease (study group)

Controls Study group

Before After Before After
testing testing testing testing

Heart rate (beats/min) 67 9 (10-2) 69-7 (16 8)* 65-1 (15 1) 68-9 (15-8)t
Systolic blood pressure
(mm Hg) 127-2 (9-6) 142-7 (8-5)$ 130-3 (22 5) 146-9 (25-I)$

Left ventricular filling
pressure (mm Hg) 9-8 (1-1) 9-7 (1-3)* 9 9 (2-3) 16-4 (4-2)$

*Statisticallv not significant.
tp 001.
+Fp 0-001.

STUDY GROUP

Table II shows the individual results of cold pressor testing in
the 19 patients with chest pain. All exhibited a rise in heart rate after
cold stimulation despite treatment with beta blockers. Systolic blood
pressure also rose significantly. All patients with proved coronary
artery disease showed a rise of greater than 30",, in left ventricular
filling pressure during the test (p < 0-001) (fig 1). There was no

correlation between the extent of coronary artery disease and the
magnitude of the rise in filling pressure; nor was there a correlation
between the rise in filling pressure and resting left ventricular function,
which was normal in most cases, although two of the three patients
with impaired left ventricular function showed the greatest rises.
The patient with no sign of coronary artery disease but with evidence
of coronary artery spasm showed a rise in left ventricular filling
pressure of 45",,. The other patient without evidence of coronary
artery disease had no rise in filling pressure.
Four patients had mild angina during the test, which was promptly
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FIG 1-Percentage rises in left ventricular filling pressure during cold
pressor test in patients with coronary artery disease (CAD), coronary artery
spasm, and normal coronary arteries.

TABLE II-Results of cold pressor test, exercise electrocardiography, and number
of stenosed coronary arteries in study group

Left ventricular Increase
Sex filling pressure (mm Hg) in left No of
and ventricular stenosed Exercise
age Before cold After cold filling coronary electrocardiogram

pressor test pressor test pressure arteries

M 66 15-5 23-0 48 3 - N, A
M 63 8-0 13-0 63 3 +
M 60 9 7 18-0 86 3
M 64 9-0 13-0 44 2
M 60 9-0 12-0 33 3 +
M 60 9-0 13-4 59 3 N
M 70 6-8 26-6 291 3 + N, A, I
M 55 10-5 14-4 37 3 + I
M 58 10-0 15-0 50 3 +
M 60 9-4 14-4 53 3 +
M 61 119 22-7 91 3 + N
M 54 7-8 16-2 108 3 N, I
M 64 10-3 17-3 68 1 + A
M 57 9 2 13-4 46 1
M 41 10-3 13-7 33 3 +
F 34 14-4 19-5 35 3 -
M 65 8-8 13-7 56 1 N, A
F 67 8-3 12-0 45 0 S
M 59 11-0 11-0 0 0 -

*+, -=Positive, negative test results for coronary artery disease. N =Notch on
AC segment during cold pressor test. A =Angina during cold pressor test. I=
Impaired left ventricular function. S = Spasm of coronary artery.

relieved in all cases by sublingual glyceryl trinitrate. Six patients
showed a notch in the AC segment of the mitral echogram after cold
stimulation, this change being additional evidence of an increase in
left ventricular filling pressure10 (table II, fig 2).

Discussion

Direct measurements of coronary sinus blood flow during
the cold pressor test show that patients with coronary artery
disease and angina of effort develop an inappropriate increase in
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coronary vascular resistance, a reflex mediated through alpha
adrenergic receptors. The vasoconstriction in the face of the
increasing myocardial demand for oxygen resulting from an
increased heart rate and increased systolic blood pressure
induced myocardial ischaemia in all patients. The normal
response was an appropriate increase in coronary blood flow by
reserve vasodilatory mechanisms overcoming the vasocon-
strictor stimulus, mechanisms which were perhaps exhausted in
the patient with coronary artery disease.' 2

ECG
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-I 1 I1
I I_ -I I_
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DLVFP=7-9 DLVFP =16 2
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FIG 2-Diagrammatic representation of simultaneous electrocardiogram
(ECG), phonocardiogram (phono), and M mode echogram of mitral valve
(echo) before and after positive cold pressor test (CPT). S2E and QC
intervals given in-mm at chart speed of 50 mm/s, and derived left ventricular
filling pressures (DLVFP) given in mm Hg.

On this basis cold stimulation has been successfully used to
diagnose coronary artery disease by employing non-invasive
methods to detect various responses of the ischaemic myo-
cardium.3 Sowton's group, using cardiac gated blood pool
studies, noted a consistent fall in left ventricular ejection fractions
in patients with the disease.3 They found the test to be superior
to dynamic supine exercise, isometric hand grip, and single lead
exercise electrocardiography." Nanda's group, using two
dimensional echocardiography after cold stimulation, recorded
abnormalities of wall motion in 72% of patients with coronary
artery disease and a fall in ejection fraction in all.4
The echophonocardiographic method we used to measure left

ventricular filling pressure has been found by previous workers
and ourselves to be an accurate and sensitive method to monitor
acute changes in pressure, closely correlating with measurements
obtained by Swan-Ganz catheterisation.68 In this study we
found a rise in pressure of over 30%' in all cases of proved
coronary artery disease, while normal controls had little (5%)
or no rise. The rise was as pronounced in those with single
vessel disease as in those with triple vessel disease, and there
was no correlation between the rise in pressure and the resting
left ventricular function, which was normal in most cases.
Our study was limited in so far as we had angiographic data

only for patients with angina severe enough to warrant con-
sideration for bypass surgery, and the sensitivity of cold pressor
testing in patients with infrequent angina therefore remains
unknown. It was reassuring, however, that the test gave a
positive result even in those with single vessel disease and in
two cases with false negative exercise tests. On the other hand,
from our controls and in subsequent studies in young patients
with mitral valve prolapse and atypical chest pain syndromes,
we did not have false positive results, implying that the test is
reasonably specific.
One worker has recorded some rises in left ventricular end

diastolic pressure in patients with normal coronary arteries
after cold stimulation, but this was not statistically significant
compared with rises in patients with coronary artery disease.'2
Moreover the few "normals" were patients with chest pain
syndromes, and there is evidence that patients with angina
pectoris and normal coronary arteries show abnormal coronary
vasoconstriction after cold stimulation." False positive results
might be expected in the presence of coronary artery spasm,'4 as
in one of our cases, and in patients with impaired left ventricular
function from any cause, where the increase in afterload induced
by cold may lead to rises in left ventricular filling pressure.
Indeed, in coronary artery disease cold stimulation, by inducing
ischaemia, may be unmasking latent left ventricular dysfunction,
which is further aggravated by rising afterload, thereby leading
to the increase in left ventricular filling pressure noted.
Our method of performing the cold pressor test to detect

myocardial ischaemia is simple and truly non-invasive, unlike
radionuclide studies. An M mode echogram of the mitral valve
is easily. recorded in almost all cases, and phonocardiograms
are available in most M mode units. The cold pressor test
would be ideally suited to the sizable proportion of patients
with chest pain syndromes who cannot or should not exercise.
We find the test most useful in the latter group with chest pain
occurring at rest, and indeed seven of the 18 patients with
proved coronary artery disease in our study group were not
suitable for exercise testing. A negative test result is followed
by a standard maximum exercise test. As no single non-invasive
test used in the diagnosis of coronary artery disease is ideal in
specificity and sensitivity, an additional test that uses an inde-
pendent marker of ischaemia may improve the information
content of a testing process.9 The cold pressor test used in
conjunction with the exercise electrocardiogram may be that
near ideal combination available in most institutions.
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