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let count should be performed in all patients with peripheral
vascular disease.

We are grateful for financial support for some of this work
from the Endowment Researoh Fund of the United Sheffield
Hospitals.

Addendum

Since preparing this report two similar cases (one man and
one woman) have been investigated and treated by us.
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Summary

In a series of 325 recipients of cadaveric renal transplants
sudden occlusive arterial disease was found to be respon-
sible for 12% of deaths. Acute myocardial infarction (9%)
occurred 25 times more than expected in the normal
population and cerebral thrombosis (3%) 300 times more.
The greatest loss was in the initial three-month period
after transplantation. Patients with renal failure due to
essential hypertension were especially at risk, accounting
for six of the 12 deaths.

Introduction

The apparently high incidence of fatal arterial occlusive disease
in renal allograft recipients (Australian National Renal Trans-
plantation Survey, 1971; Advisory Committee to the Renal
Transplant Registry, 1972; Brunner et al., 1972; Lowrie et al.,
1973) suggests a higher mortality from these causes than in the
normal population.
To determine the accuracy of this observation the mortality

due to acute coronary and cerebral arterial thrombosis was
determined in a consecutive series of 325 patients who received
cadaveric renal transplants during a six-year period.

Patients and Methods

Between August 1967 and May 1973 349 cadaveric renal
transplant operations were carried out on 325 recipients at
Sydney Hospital and the Royal Prince Alfred Hospital (Sheil
et al., 1972, 1973). The total follow-up experience to May 1973
was 570 patient years, during which time there were 100 deaths.
The causes of death were determined from necropsy and hospital
clinical records.
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Age- and sex-specific death rates in Australia for acute
myocardial infarction and cerebral thrombosis (respectively
410 and 433 in the international classification of causes of
death) obtained from published data of the Commonwealth
Bureau of Census and Statistics (O'Neill, 1971) were used to
derive the expected mortality from these causes in the number
of person years at risk in the transplant population. Since the
probability of death from either of these causes is small statistical
analysis was based on a Poisson approximation.

Results

Of the 100 deaths in this transplant population nine were
certainly and two possibly due to acute coronary occlusion, and
three resulted from cerebral thrombosis (table I). Necropsy
confirmation was obtained in all three with cerebral thrombosis
and in seven of the patients with coronary thrombosis. In the
two other certain cases myocardial infarction was proven by
serial electrocardiography and serum enzyme determinations
after their admission to hospital with a clinical history suggestive
of this diagnosis. Death was possibly due to coronary artery
occlusion in two patients who died suddenly at home when in
apparently good health (one had had severe atherosclerosis).

Seven deaths were due to cerebral haemorrhage. Three of
these occurred in patients on anticoagulant therapy, and one was
due to a ruptured cerebral aneurysm. In this study these seven
deaths were excluded from further consideration.

Occlusive vascular mortality was greatest in the early post-
transplantation period, and five deaths occurred in the first
month and three others in the next two months after operation.
Five of the nine patients dying from proven coronary artery
occlusion had had ischaemic heart disease before transplantation.
Graft function at the time of acute arterial occlusion was good
in all but two patients (cases 9 and 14). In one further patient
(case 4) poor graft function at the time of his death was due to
prolonged hypotension resulting from his myocardial infarction.
The calculated expected mortality in this transplant popula-

tion was 0-36 death from myocardial infarction and 0-01 from
cerebral thrombosis. The observed mortalities-nine and three
deaths-were respectively 25 times and 300 times greater, both
highly significant increases.
When the renal allograft recipients were grouped according

to their original renal disease those with essential hypertension
had the highest overall death rate (table II). This was due to a
mortality from occlusive arterial disease of 26%, which was
significantly higher than that of the patients in any of the other
diagnostic categories except those with polycystic renal disease.
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TABLE i-Occlusive Arterial Deaths in Renal Allograft Recipients

Duration of Duration of Serum Previous
Case No. Sex Age at Death Primary Dialysis Graft Creatinine Documentation Ischaemic

Renal Therapy Function at Death of Cause Heart
Disease (Months) (Months) (mg/100 ml) of Death Disease

Patients who died of Myocardial Infarction
1 M. 45 G.N. 5 1-9 1-2 Hospital records None
2 M. 48 E.H. 2-5 2-0 2-2 Necropsy Acute coronary

insufficiency
3 M. 43 G.N. 0-5 14-6 2-1* Necropsy None
4 M. 48 G.N. 12 0-7 7-6t Necropsy None
5 M. 45 E.H. 1 0-6 2-0 Hospital records Angina for

7 years
6 M. 34 E.H. 4 16-6 2-1 Necropsy None
7 F. 40 E.H. 1 0-5 2-3 Necropsy 2 previous

rnyocardial
infarctions

8 M. 46 E.H. 1-5 30-6 1-8 Necropsy Angina for
5 yeats

9 M. 57 U.A.N. 16 0-2 11-0 Necropsy Angina for
I! years

10 F. 45 A.N. 3 0-7 1-0 Sudden death None (severe
at home peripheral

vascular
disease)

11 F. 35 G.N. 5-5 14-4 1-6 Sudden death None
at home

Patients who died from Cerebral Thrombosis
12 F. 48 Calc. 11 5-9 111 Necropsy None
13 M. 40 E.H. 12 8-8 1-5 Necropsy None
14 F. 52 P.K. 21 2.5 weeks Necropsy None

after transplant
nephrectomy

G.N. = Chronic glomerulonephritis. E.H. = Essential hypertension. U.A.N. = Uric acid nephropathy. A.N. = Analgesic nephropathy. Calc. = Calculous disease.
P.K. = Polycystic renal disease.
*Serun creatinine at time of myocardial infarction 1-6 mg/100 ml.
tSerum creatinine at time of myocardial infarction 2-7 mg/100 ml.

TABLE 1I-Causes of Death in Renal Allograft Recipients Related to Underlying Renal Disease. Data expressed as Proportion of Patients

Primary Disease Causing Renal Failure

Causes of Death Glomerulo- Analgesic Essential Vesicoureteral Polycystic Other Total
nephritis Nephropathy Hypertension Reflux Kidneys

No. of transplant recipients: 145 78 23 23 13 43 325

Infection 19 14 2 2 1 7 45
Complications of drug therapy 4 - - - 1 2 7
Vascular disease:

Myocardial infarction*t 4 1 5 - - 1 11
Cerebral thrombosis 1 1 1 3
Cerebral haemorrhage 2 4 1 1 7
Ruptured aortic aneurysm 1 - - - - 1

Technical causes 2 1 1 1 - - 5
Other causes 9 8 1 2 - 1 21

Total 41 (28) 28 (36°o) 10 (430/) 5 (22%0) 4 (310o) 12 (28°o) 100 (31°o)
_-

. s 1 r ___ _ _s _! _ _ _ _ ___ s: _ no1s}!sen/e|.a,!nni__,r, _ n i . A otPercentage dead from occlusive vascular disease 2-8"- t 1-30°t 26-1%O 0%T 7-7o

*Includes two patients in whom the diagnosis was not proven (see text).
Significance of difference between mortality from occlusive vascular disease in essential hypertension and that in other diagnostic categories by Z2 analysis:
tP <0-001.
+P <0-05.

Discussion

Sudden cardiac or cerebrovascular death, which is a major
cause of death in the haemodialysis population, has become
recognized as an important factor in the success of renal replace-
ment programmes (Cohen et al., 1970; Burton et al., 1971;
Brunner et al., 1972; Lowrie et al., 1973).
The present series confirms that in cadaveric allograft

recipients fatal occlusive arterial disease is much more common
than in the population at large. That these deaths occurred more
often in the early post-transplantation period implies that the
stress of operation and heavy immunosuppressive therapy,
including high-dose corticosteroids, were important precipitating
factors in patients with pre-existing arterial disease. Chronic
renal failure is accompanied by several factors implicated in the
pathogenesis of atherosclerosis, in particular hypertension,
hypertriglyceridaemia (Bagdade et al., 1968; Dombeck et al.,
1973), hyperparathyroidism and phosphate retention resulting
in vascular calcification (Parfitt, 1969; Rosen et al., 1972) and
hyperuricaemia. Such factors may have been present for many
years before transplantation. In addition after transplantation
persistent hypertension, hyperlipidaemia (Ibels et al., 1973;

Casaretto et al., 1973; Ghosh et al., 1973), and the necessity for
permanent therapy with relatively large doses of corticosteroids
may cause further arterial disease (Kannell et al., 1971; Carlson
and Bottiger, 1972; Kalbak, 1972).
The somewhat higher mortality from myocardial infarction

in this series than in other reports (Reeve et al., 1969; Pletka
et al., 1969; Starlz et al., 1970; Advisory Committee to the
Renal Transplant Registry, 1972; Brunner et al., 1972) may be
due to the acceptance into our renal replacement programme of
patients with known ischaemic heart disease.
A reduced survival after transplantation has been reported

for patients with renal failure due to malignant hypertension
(Advisory Committee to the Renal Transplant Registry, 1972),
a finding in accord with the observation that six of the 12 fatal
vascular occlusions in this series were in patients with this
diagnosis. The high incidence of vascular complications in
essential hypertension is not surprising in view of the arterial
damage that must accompany hypertension severe enough to
have caused renal failure. It has been suggested that earlier
bilateral nephrectomy in patients with renal failure due to
malignant hypertension might reduce the incidence of subse-
quent fatal arterial disease (Lazarus and Hampers, 1972).
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Summary

Metiamide, an antagonist of histamine H2 receptors, was
administered intravenously to normal subjects and to patients
with a peptic ulcer during vagal stimulation with a constant
infusion of insulin. In normal and peptic-ulcer subjects there
were reductions of 70% and 71% respectively in gastric-
acid output compared with control tests on the same sub-
jects. The decreased acid output resulted from a reduction
in both volume of secretion and acid concentration. Metia-
mide is therefore a potent inhibitor of vagally-induced
gastric acid secretion.

Introduction

Certain actions of histamine in the body, such as the stimula-
tion of smooth muscle in the gut and bronchi, are antagonized
by mepyramine. Ash and Schild (1966) termed such
mepyramine-sensitive receptors Hi receptors and suggested
that those actions of histamine which were unaffected by
mepyramine, including the stimulation of gastric secretion,
were mediated by a second type of receptor. This second
group, now known as H2 receptors, was defined by Black
et al. (1972) when they described the properties of burima-
mide, the first selective H2 receptor antagonist.
The H, receptor antagonists, burimamide and its more

potent analogue metiamide (fig. 1), antagonize the stimula-
tion of gastric secretion in man both by histamine and pen-
tagastrin (Wyllie and Hesselbo, 1973). These findings have
rekindled controversy as to the physiological role of hista-
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FIG. 1-Chemical structure of metiamide.

mine in gastric secretion and have suggested that H2 receptor
antagonists might have therapeutic value in the treatment of
peptic ulcer.
The present experiments were undertaken to assess the

effect of metiamide on vagallyinduced gastric secretion in
man using the insulin infusion test as a constant vagal stimu-
lus (Carter et al., 1972).

Patients and Methods

HEALTHY VOLUNTEERS

Paired insulin infusion tests were carried out in six healthy
male volunteers with no previous dyspeptic history and
ranging in age from 27 to 34 years.

After a 12-hour overnight fast the subject was intubated
as described by Hassan and Hobsley (1970). The tests began
with collection of two 15-minute samples of basal gastric
secretion after which insulin (0 03 U/kg/hr) were infused
intravenously for 150 minutes while gastric juice was collec-
ted every 15 minutes. All samples were assessed in terms of
volume (ml), pH, acid concentration (mmol/l.), and acid out-
put (mmol). All titrations were carried out to end-point pH 7
using 0-1 N NaOH solution, a glass pH electrode, and an
automatic titrator (Radiometer, Copenhagen).

After 60 minutes of insulin infusion a second intravenous
infusion was begun in the opposite arm. In tests using
metiamide 250 mg of the drug diluted to 13-2 ml with nor-
mal saline was delivered at a constant rate of 200 mg/hr
for 75 minutes. In the control tests the technique was iden-
tical but for the omission of metiamide from the saline
vehicle. The order of the paired tests was randomized and
unknown to the subject. The interval between the two tests
was less than two weeks in all but one of the subjects in
whom the tests were six weeks apart.
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