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SUMMARY Thirteen patients with chronic renal failure and uraemia were investigated by echocar-
diography preoperatively before and after haemodialysis and again after a successful renal transplan-
tation to evaluate the cardiac changes caused by renal transplantation.

After renal transplantation, the left ventricular end-diastolic and end-systolic diameters, as well as

the cardiac index, decreased, probably because of the decreased left ventricular filling pressure. The
left ventricular wall thickness and mass decreased, apparently as a result of the decrease of the left
ventricular preload and also of the decrease of the afterload, because the systolic blood pressure

decreased. The left atrial diameter decreased in response to the decreased left ventricular preload
and wall hypertrophy.
The changes in the indices of left ventricular function as a result of haemodialysis appeared to

predict the changes seen after renal transplantation.
Renal transplantation appears to have a tendency to result in normal left ventricular and left atrial

volumes, as well as to lessen left ventricular hypertrophy, without significantly improving left
ventricular function.

In chronic renal failure the heart and circulation are

affected by several pathological conditions. Increased
oxygen demand of the tissues, chronic volume over-

load, and anaemia, in addition to the presence of an

artificial arteriovenous fistula, increase cardiac out-
put, leading to left ventricular dilatation and
increased cardiac size.'-6 In uraemic patients pro-
nounced left ventricular hypertrophy often occurs
principally because of arterial hypertension,6 which is
frequently severe and difficult to control adequately.
Uraemic changes in tissue metabolism and electrolyte
balance may also affect cardiac function, leading to
uraemic pericarditisl 7 8 and even possibly to uraemic
cardiomyopathy.9 10

Renal transplantation corrects the uraemic
metabolic changes and restores the decreased blood
haemoglobin concentrations to normal, and often, at
least partially, returns the increased blood pressure to
normal. Hence restoration of the circulation and car-

diac function is expected, and, indeed, cardiac size
has been found to decrease," 12 as has left ventricular
size and cardiac output.2 In a previous study we inves-
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tigated the cardiac effects of haemodialysis,6 and the
purpose of the present study was to investigate, by
echocardiography, the cardiac changes caused by
renal transplantation, especially its effect on left ven-
tricular size and function. We also wanted to investi-
gate the extent to which the changes occurring after
renal transplantation could be predicted by the acute
cardiac changes seen after haemodialysis.

Patients and methods

Nine male and four female patients with chronic renal
failure and uraemia, comprising the consecutive cases
of successful renal transplantation, were investigated
before and after haemodialysis, an average of four and
a half months before renal transplantation and again
at a mean of a little over nine months after transplan-
tation. The transplant was considered to function well
when the serum creatinine level remained below 150
,umolI without haemodialysis. The ages of the
patients ranged from 20 to 50 years, with a mean age
of 31 years. Ten of the patients were hypertensive and
three were normotensive. Antihypertensive treatment
usually consisted of diuretic, beta-blocking, and vaso-
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dilating drugs. The cause of chronic renal failure was
glomerulonephritis in 10 patients, interstitial .neph-
ritis in one, hydronephrosis in one, and renal
amyloid disease in one. All the patients had an

arteriovenous fistula in either upper extremity, con-

structed by the same surgeon, in studies performed
both before and after renal transplantation. All the
patients were treated by corticosteroids and immuno-
suppressive drugs after transplantation. None of the
patients had a history of myocardial infarction or

evidence of coronary artery disease. Before trans-
plantation all the patients were treated by haemo-
dialysis lasting four hours three times a week.
The echocardiographic examinations were made

immediately before and within 30 minutes of
haemodialysis. Echocardiograms were obtained with
an ATL Mark III real-time echocardiographic system
using a mechanical sector transducer with a 900 angle
and a frequency of 3.0 megaHertz. The M-mode
echocardiogram, electrocardiogram, and carotid pulse
tracing were recorded with a Honeywell fibreoptic
recorder equipped with a black and white adapter
using 3M-dry silver paper and 50 mm/s paper speed.
In the initial studies, a Picker Echoview ultrasono-
scope equipped with a Polaroid film recorder was
used. Echocardiograms were recorded by the same

echocardiographer (MI) using an accurate standard
techniquel3 routinely employed in this laboratory.'4
The left ventricular end-diastolic diameter (LVDd)
and wall thicknesses were measured at the point of the
R wave in the electrocardiogram. The left ventricular
volumes were calculated using the prolate ellipse for-
mula, and the cardiac output was calculated as the
product of the left ventricular stroke volume and the
heart rate. The fractional shortening of the left ven-

tricular minor axis in systole (FS) was calculated as

(LVDd-LVDs)/LVDd x 100, where LVDs is left
ventricular end-systolic diameter. The mean velocity
of the left ventricular circumferential muscle fibre
shortening (mVCF) was calculated as previously
described,'5 using in the calculation the left ventricu-
lar ejection time measured from the simultaneously
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recorded carotid pulse tracing. The left ventricular
mass was determined using LVDd and the mean

value of the left ventricular posterior wall and inter-
ventricular septal thicknesses according to the for-
mula previously established.16

Student's paired t test was used in analysing the
differences between the results of serial studies.
Two-variable linear regression estimates were used in
the correlation studies.

Results

In no patients were the left ventricular contractions
found to be asymmetric in real-time two dimensional
studies. In three patients before, and in one patient
after renal transplantation, a slight pericardial effu-
sion was found, which did not seem to disturb cardiac
function much.17 Nine of the 10 patients with arterial
hypertension before transplantation also needed anti-
hypertensive drugs after operation, though in reduced
amounts.
The renal transplantation did not cause significant

changes in body weight, diastolic blood pressure,
heart rate, left ventricular ejection time, fractional
shortening, or mean velocity of left ventricular cir-
cumferential muscle fibre shortening compared with
the measurements made either before or after
haemodialysis treatment (Tables 1 and 2).

CHANGES VS MEASUREMENTS MADE BEFORE
HAEMODIALYSIS (Tables 1 and 2)
As a result of the renal transplantation, the systolic
blood pressure decreased by 19-6 + 28-2 mmHg (p <
0-05), the serum potassium concentration decreased
by 1-7 + 11 mmol/I (p < 0 001), the serum urea
concentration decreased by 21-1 + 7-1 mmoIIl (p <
0-001), and the blood haemoglobin concentration
increased by 615 + 33-6 g/l (p < 0.001). In our
laboratory the normal range of serum potassium con-
centrations is 3 5 to 5-3 mmol/l and that of serum
urea is 2 5 to 6-0 mmol/l.
The echocardiographic measurements showed the

Table 1 Physical and laboratory data

Before After After P value
haemodialysis haemodialysis transplantation

BHvsAT AHvsAT

Body weight (kg) 62-7 + 8-1 61-2 + 8-6 63-2 ± 8-9 NS NS
Blood pressure (mmHg)

Systolic 170-0 - 33-6 156-2 ± 31-0 150-2 ± 25-9 0.05 NS
Diastolic 954 - 16-6 86-2 + 13-3 94-2 + 11-9 NS NS

Heart rate (bt/min) 76-8 ± 14-4 77:7 + 14-5 71-3 + 9-1 NS NS
LVET (ms) 279 ± 24 266 ± 26 270 ± 21 NS NS
Blood haemoglobin (g/l) 61-5 + 14-1 122-9 ± 27-1 0-001
Serum potassium (mmolI1) 5-54± 0-96 3-81± 0-29 3-84± 0-62 0-001 NS
Serum urea (mmol!l) 28-8 + 7-4 12-5 ± 4-3 7-6 ± 2-7 0-001 0-001

Mean ± standard deviation. BH, before haemodialysis; AH, after haemodialysis; AT, after renal transplantation; LVET, left ventricular
ejection time; n = 13.
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Table 2 Echocardiographic data

Before After After P value
haemodialysis haemodialysis transplantation

BHvsAT AHvsAT

Left atrial diameter (mm) 414 + 4-3 38-5 + 5-9 35-8 + 4 5 0-005 NS
Cardiac index (1/min per m2) 5-65± 1-05 5-41+ 1-31 3-94± 148 0 005 0.01
Left ventricle

End-diastolic diameter (mm) 56-6 + 4-4 54 2 3-4 49.6 5-9 0 001 0.01
End-systolic diameter (mm) 39-3 4-8 36-4 + 33 32-8 + 61 0-005 0 05
Fractional shortening (%) 30-6 53 329 + 43 343 + 71 NS NS
mVCF (circ/s) 1-09± 0-20 1-24± 0-19 1-25+ 0-24 NS NS
Posterior wall thickness (mm) 13-2 + 21 13-2 + 19 12.2 ± 23 0-05 0.05
Mass index (g/m2) 197-7 44-8 178-2 36-8 143-5 + 473 0 001 0-01

Mean + standard deviation. BH, before haemodialysis; AH, after haemodialysis; AT, after renal transplantation; mVCF, mean velocity of the
circumferential muscle fibre shortening; n = 13.

left atrial diameter to have decreased by 5- 5 + 5*4mm
(p < 0.01) (Fig. 1), left ventricular end-diastolic
diameter to have decreased by 7*0 + 5.1 mm (p <
0-001), left ventricular end-systolic diameter
to have decreased by 6-5 + 6.7 mm (p < 0*005) (Fig.
2), and the cardiac index to have decreased by 1*7 +

1.7 1/min per m2 (p < 0.005) (Fig. 3). Renal transplan-
tation also caused a significant reduction in left ven-
tricular hypertrophy: the left ventricular posterior
wall thickness decreased by 1.1 ± 17 mm (p < 0 05)
and the left ventricular mass diminished by 54-2 ±
43.3 g/m2 (p < 0.001).

The patients' ages correlated negatively with frac-
tional shortening (r = -0-679, p < 0.05) and mean
velocity of left ventricular circumferential muscle
fibre shortening (r = -0-632, p <0.05) measured
before haemodialysis.

CHANGES VS MEASUREMENTS MADE AFTER
HAEMODIALYSIS (Tables 1 and 2)
After renal transplantation, the serum urea concentra-
tion decreased by 4-8 + 3.3 mmol/l (p < 0 001) and,
by echocardiographic measurement, left ventricular
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Fig. 1 The effect of haemodialysis (HD) and renal
transplantation (TR) on left atrial diameter (LAD).
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Fig. 2 The effect of haemodialysis (HD) and renal
transplantation (TR) on left ventricular end-diastolic
(LVDd) and end-systolic (LVDs) diameters.
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Fig. 3 The effect of haemodialysis (HD) and renal

transplantation (TR) on cardiac index.

end-diastolic diameter decreased by 4*6 4*4 mm (p
< 0-01) (Fig. 2), left ventricular end-systolic diameter
decreased by 3.5 ± 5 2 mm (p < 0O05) (Fig. 2), and the
cardiac index decreased by 1-5 ± 17 /main per m2 (p
< 0.01) (Fig. 3).

CORRELATIONS BETWEEN CHANGES SEEN AFTER
RENAL TRANSPLANTATION
The changes in the measurements made before
haemodialysis and after renal transplantation were
evaluated. The changes in the measurements as a
result of renal transplantation did not correlate with
the time between the operation and the postoperative
measurement. There was a significant positive corre-
lation between the changes in systolic blood pressure
and left ventricular end-systolic diameter (r = 0.590,
p < 0.05). The systolic blood pressure measured
before haemodialysis correlated positively with its
decrease because of the renal transplantation (r =

0-662, p < 0-05) and the diastolic blood pressure with
its change (r = 0-746, p < 0 01). The changes in
systolic blood pressure correlated negatively with the
changes in fractional shortening (r = -0 607, p <
0.05) and in mean velocity of left ventricular cir-
cumferential muscle fibre shortening (r = -0-746, p
< 0-01). The changes in the left atrial diameter corre-
lated positively with the changes in left ventricular
end-diastolic diameter (r = 0.722, p<0-01) and with
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the changes in the left ventricular mass (r = 0*588, p
< 0.05). The changes in the cardiac index correlated
positively with the changes in the left ventricular mass
(r = 0*736, p < 0 01).

PREDICTIVE VALUE OF CHANGES RESULTING
FROM HAEMODIALYSIS
The changes in body weight caused by haemodialysis
correlated positively with the changes caused by the
renal transplantation as regards the systolic blood
pressure (r = 0-674, p < 0.05) and diastolic blood
pressure (r = 0*572, p < 0.05). This correlation was
negative as regards the changes in fractional shorten-
ing (r = -0-617, p < 0.05). The changes in the dias-
tolic blood pressure as a result of haemodialysis corre-
lated with the changes in the left atrial diameter
caused by the renal transplantation (r = 0-622, p <
0.05). The haemodialysis changes of left ventricular
end-systolic diameter correlated negatively with the
transplantation changes in mean velocity of left ven-
tricular circumferential muscle fibre shortening (r =
-0-604, p < 0.05) and the haemodialysis changes of
fractional shortening correlated positively with the
transplantation changes of fractional shortening (r =
0*582, p < 0-05) and mean velocity of left ventricular
circumferential muscle fibre shortening (r = 0*738, p
< 0.01). The haemodialysis changes in the latter pre-
dicted its changes after transplantation (r = 0-733, p
< 0 01), and the haemodialysis changes of the cardiac
index predicted the changes in left ventricular post-
erior wall thickness (r = 0.593, p < 0.05) caused by
renal transplantation, but not the changes in left ven-
tricular mass.

Discussion

Normal blood haemoglobin and serum potassium
concentrations as well as nearly normal serum urea
concentration after renal transplantation showed that
the procedure corrected the abnormal metabolic and
electrolyte balance. This was associated with the dis-
appearance of hypervolaemia and hence a decrease in
the left ventricular filling pressure. The serum potas-
sium concentrations were at the low end of the normal
range, perhaps because of diuretic and corticosteroid
treatment. Unlike haemodialysis,2 6 18 renal trans-
plantation did not cause a significant reduction in
body weight because, in spite of the decrease of water
retention and thus extracellular volume, the muscle
and fat tissue apparently increased as a result of nor-
mal metabolism and also corticosteroid treatment.
Though the diastolic blood pressure did not change
significantly, the systolic blood pressure decreased
after renal transplantation, indicating a decreased left
ventricular afterload. Though the arteriovenous
fistula was left open after transplantation as a reserve
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for possible future complications, both the left ven-
tricular preload and afterload seemed to decrease as a
result of operation, and hence changes in the echocar-
diographic measurements were expected.
The mean left ventricular diameter decreased both

in systole and diastole, reaching normal values, so that
the cardiac index also decreased significantly because
of the decreased left ventricular preload. The mean
cardiac index, however, still remained high because of
the open arteriovenous fistula. The correction of
anaemia also resulted in decreased cardiac output
because of increased viscosity and improved oxygen
carrying capacity of the blood. In spite of the
decreased preload and thus decreased Starling's
effect, and in spite of the increased blood viscosity,
the indices of left ventricular function showed a ten-
dency to increase, though not significantly, which
means that the decreasing effect of the reduced left
ventricular preload on left ventricular function was
compensated for by the decreased afterload and
increased ventricular contractility, perhaps because of
the mechanical advantage of a smaller heart rather
than because of favourable changes in metabolism and
electrolyte balance. The changes in left ventricular
volumes and function found in the present study are
in agreement with the findings of Riley et al.2 in four
patients. Decreases in the cardiac volume'I and car-
diothoracic ratiol2 measured from chest x-rays have
also been found after renal transplantation.
The left ventricular wall thickness and mass

decreased significantly after renal transplantation
because of decreased cardiac output and decreased
ventricular afterload. Hypertension is obviously the
most important factor in causing left ventricular
hypertrophy in chronic renal failure.6 Though the
cause of increased blood pressure is undoubtedly
renal in patients with chronic renal failure, hyperten-
sion seems to be frequently, at least partially, irrevers-
ible. Possible causes for this are postoperative steroid
therapy, the influence of the patient's own kidneys,
and chronic rejection.'9 Only in one of our patients
was hypertension entirely cured after transplantation
and this was one of the two patients whose own kid-
neys were removed. Because of residual hypertension
and also because of the open arteriovenous fistula, the
left ventricular wall thickness and mass still remained
greater than normal. The extreme left ventricular
hypertrophy may also be partially irreversible even
though its cause is removed. Because the effect of the
renal transplantation seemed to be greater on the left
ventricular preload than on the afterload, it is not
surprising that the changes in blood pressure did not
correlate significantly with the changes in left ven-
tricular wall thickness or mass. On the other hand,
the changes in systolic blood pressure correlated well
with the changes of left ventricular end-systolic
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diameter, fractional shortening, and mean velocity of
left ventricular circumferential muscle fibre shorten-
ing, reflecting the significance of afterload on left ven-
tricular function, on which also the modern vaso-
dilator treatment of cardiac failure is based.
The left atrial diameter also decreased significantly

after renal transplantation and its changes correlated
significantly with the changes in left ventricular dias-
tolic volume and mass. In previous studies we found
that the left atrial size depended on the degree of left
ventricular hypertrophy and therefore also on the
decreased left ventricular diastolic compliance.6 20 As
the changes in left ventricular mass are dependent on
the changes in preload and afterload, both of which
have an effect on cardiac output, the correlation bet-
ween the changes in left ventricular mass and cardiac
index was to be expected.

PREDICTIVE VALUE OF CHANGES CAUSED BY
HAEMODIALYSIS
As haemodialysis causes a very acute decrease in left
ventricular preload,2 6 18 it was of interest to discover
which variables, if any, could predict the cardiac
changes caused by renal transplantation. The effect of
haemodialysis on left ventricular afterload appears to
be less than on preload, because in our previous work
haemodialysis caused a significant decrease only in
diastolic blood pressure.6 The correlations seen bet-
ween the changes in body weight or diastolic blood
pressure resulting from haemodialysis and the
changes caused by renal transplantation were slight
and have no obvious explanation. The decrease in
water loss and hence body weight after haemodialysis
is adjustable and so perhaps greater in patients with
more advanced renal disease and hypertension; in
these patients, renal transplantation perhaps also
causes a more distinct decrease in blood pressure and
a subsequent increase in left ventricular function.
On the other hand, however, the changes in left

ventricular end-systolic diameter and the indices of
left ventricular function caused by haemodialysis
more closely predicted the changes of left ventricular
performance caused by renal transplantation. Hence
measurement of the changes in left ventricular end-
systolic diameter, fractional shortening, and mean
velocity of left ventricular circumferential muscle
fibre shortening caused by haemodialysis could be
applicable in practice to predict the changes in left
ventricular function after renal transplantation.

Renal transplantation thus apparently decreases left
ventricular and left atrial volumes towards normal,
and also lessens left ventricular hypertrophy, but it
does not significantly improve left ventricular func-
tion. The changes in left ventricular end-systolic size
and the indices of left ventricular function resulting
from haemodialysis are apparently indicative of
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changes in left ventricular function caused by renal
transplantation.
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