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Fig. 4. Top: Brief asystole after the injection of a third
dose of 25 mg. of suxamethonium in a child of 3 years.
Note slight baseline interference caused by occult shiver­
ing, abolished in the second tracing which followed the top
directly; an evanescent ventricular conduction defect is also
apparent. Bottom: Wenckebach's periodicity after the fifth
dose of 50 mg. of suxamethonium in a 17-year-old during
halothane anaesthesia.

impressive arrhythmias associated with the repeated use of
larger doses of suxamethonium, illustrated in Fig. 4, and
previously described by Lupprian and Churchill-Davidson.9

It is therefore clear that THA has rendered the use of
intermittent suxamethonium safer, and it has extended its
scope tremendously.

Two important reservations to the use of THA are,
firstly, the routine preliminary need of atropine, particu­
larly in the young, and secondly, an amino-oxidase inhibi­
tor such as THA should not be given with pethidine, since
the combinationl2 may lead to central sympathetic and
psychic overstimulation with anxiety, severe headache,
constriction of the chest, and tachycardia.

SUMMARY

Clinical trials of THA (tacrine, tetrahydroaminacrine) in a
new combination with suxamethonium established the
safety and usefulness of THA in extending the duration of
controlled relaxation with much-reduced doses of suxa­
methonium, with predictable and complete recoveries as
compared with the similar employment of hexafluorenium.
The conclusion that THA is superior to hexafluorenium is
based on an extensive clinical investigation as well as
animal studies which both revealed numerous undesirable
side-effects of hexafiuoreruum, and an impressive lack of
side-effects in patients who received THA under surveil­
lance with the electrocardiograph, spirometer and periphe­
ral nerve stimulator.

We wish to acknowledge the valuable help given us by Prof.
D. J. du Plessis, Head of the Department of Surgery, who
encouraged the experimental work and provided facilities and
financial assistance; Petersen Ltd. who supplied the THA;
Medical Distributors Ltd. who made a very generous donation
of instruments and equipment; Prof. C. H. Wyndham and the
Department of Physiology of the University of the Witwaters­
rand who provided the animals and kymograph; and Dr. J. R.
Duffield who kindly allowed us to use his nerve stimulator.
Special thanks are due to Prof. J. C. Nicholson, Chief Anaes­
thetist, Miss E. Kellett, Theatre Supervisor, and the staff of the
main theatre, Johannesburg Hospital, for their help; and Mr.
Max Ulrich for the photographs.
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Fig. 3. See text.
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suxamethonium, and then the apnoeas after THA priming.
The shaded portions of the columns represent the dura-

tion of the apnoeas as
found by Gordh and
Wahlin4 after 10 mg. of
THA and repeated
doses of 50 mg. of
suxamethonium. We
gave 15 mg. of THA
and followed this by
repeated doses of only
20 mg. of suxametho­
nium; in spite of giv­
ing less than half the
dose of Gordh, all our
apnoeas actually ex­
ceeded in duration
those of Gordh and
Wahlin, except the sixth
one which is marked by
'ears' in Fig. 3. Our
other apnoeas are indi­
cated by the broken­
line extensions.

Perhaps even more important evidence was obtained
with the electrocardiograph. After the injection of 20 mg.
suxamethonium in an adult, and proportionately less in
children, we did not find any marked change in the ECGs
of 68 patients. This is in striking contrast to the usually

FIBROMUSCULAR HYPERPLASIA OF THE RENAL ARTERIES
CAUSING HYPERTENSION*

F. A. K. VAN WYK, M.B., M.MED. (CmR.), Pretoria

Stenosis of the renal arteries associated with arterial hyper­
tension is a well-recognized entity. Many years ago Gold­
blatt and co-workersl demonstrated that a partial block of
a renal artery producing renal ischaemia, induced systemic

'Paper read at the 44th South African Medical Congress, Johannesburg,
July 1963.

hypertension. Houssay and Braun-Menendez2 showed that
an enzymatic substance, renin, was produced in the ischae­
mic kidney, and that this acted on serum hypertensinogen
to form angiotensin, which is a pressor substance.

In addition, it has been demonstrated that the renin­
angiotensin system can stimulate the secretion of
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aldosterone. Webb and Hardy 3 found increased urinary
aldosterone in a patient with fibromuscular hyperplasia of
the renal artery. It is therefore conceivable that the renin
mechanism can cause hypertension, not only by vasocon­
striction, but also by the stimulation of aldosterone.

Clinically there are several well-recognized lesions caus­
ing renal artery obstruction. Others occur more rarely.

The following causes of obstruction of the renal artery have
been described:

1. Atheromatous plaques of renal arteries or aorta.4

2. Embolism and thrombosis of renal arten'.
3. Aneurysm.5 .
4. Congenital stenosis and hypoplasia.4

5. Aberrant renal arteries.4,6
6. Presiure by muscular bands.7

7. Coarctation of the aorta. , 9
8. Ligation of accessory renal arteries.
9. Arteriovenous fistula.lO

10. Extrinsic pressure by retroperitoneal tumours, or an abdo-
minal aneurvsm. l1

11. Thromboangiitis of the renal artery_12
12. Syphilitic arteri tis.l 3

13. Trauma.14

14. Idiopathic aortitis of l:hildhood and adolescence.!5
15. Fibromuscular hyperplasia of the renal arteries.

Fibromuscular hyperplasia of the renal arteries is an un­
common lesion, but is probably next in importance to atheroma
as a caus~ of renal artery obstruction in females. This appa­
rently uruque leSion consists of irregular zones of thickenino
of the media or intima causing narrowing of the artery. Be~
tween the narrow areas there may be dilatation givino the
artery a beadlike or 'string of sausages' appearance.!6 It pre­
sents a typical radiological picture, which is diagnostic.

In 1938 Leadbetter and BurklandI7 described a case of a
5-year-old boy with hypertension. They demonstrated an
anomaly of the right renal artery, and after nephrectomy the
hypertension was relieved. A photomicrograph of the excised
artery showed changes which could now be termed fibromuscu­
lar hyperplasia. Since then, isolated reports4,I -20 of similar
cases have appeared in the American literature, and during
1962 the Mayo Clinic2I published their experience with 23
cases, and Wylie et al.2"2 in the same year described 35 cases.
To date these have been the only two series with any signifi­
cant number of patients.

CLINICAL co 'SIDERATlONS

Four cases were studied in Pretoria. All were females and were
aged 36, 35, 35 and 42 years. These age and sex figures can be
compared with those compiled by others:

Age Sex
Mayo Clinic21 16 - 58 17 females

Average 34 6 males
Wylie et 01.22 63% between 30 females

30 and 50 years 5 males

SYMPTOMS AND SIGNS

Three patients had symptoms which could be ascribed to
hypertension, while in one the condition was discovered during
a routine examination before donating blood. Only I patient.
who had undergone a nephropexy three years previously, had
a. history suggesting a renal lesion. In 2 patients the hyperten­
sion was of a short duration: in the one less than 2 years, and
i~ the other only a few months, but in 1 patient the hyperten­
sion had been present for at least 10 years, and the other for
12 years. The average pressures were 205/110, 190/110,200/
1.20, .and 210/120 mm.Hg. The only really significant clinical
SIgn III all 4 patients was the presence of asystolic bruit, clearly
audible in the epigastric region. This sign has been stressed by
Wylie er 01.22 who found it in 83°~ of their cases. In the Mayo
Clinic series21 it was found in 18 out of 20 patients. They
described iJ:1e bruit as of an unusually high frequency. and
almost continUous with accentuation during systole.

TO patients had signs of coarctation of the aorta. primary
hyperaldosteronism or of primary renal disease.

SPECIAL INVESTIGATIONS

I. lnrrovenous Pyelogram
Excretory pyelograms were done in all patients. In the

majority of cases these may be completely normal. The possible
pyelographic changes described in patients with renal artery
stenosis include:

(a) A difference in the size of the kidneys.
(b) A difference in the time of appearance and in the con­

centration of the contrast medium. If there is a difference
in the concentration of the dye, the darker shadow is
more often to be found on the side of the affected
kidney.

In 1 ef our patients there was a difference in the concentra­
tion of the dye on the 2 sides as demonstrated in Fig. 1, and

Fig. J. Intravenous pyelogram showing a difference in the concentration
of dye.

in 2 the one kidney was smaller than the other. It is of interest
that in 3 patients there was severe nephroptosis of I or both
kidneys.

2. Separare Renal Functio/1 Srlldics'!:3,24
Although the gross renal function is preserved in most cases,

the affected kidney rejects abnormal loads of sodium and
water, so that subnormal amounts appear in the urine. Sodium
and water (i.e. volume of urine) can be measured quantitatively
by separate catheterization of the ureters. This test is tedious
for the patient, and subject to technical errors. However, if
the plasma and urine concentrations of sodium are compared
with a substance not rejected by the tubules, a significant rela­
tive reduction in sodium concentration is found on the side of
the ischaemic kidney. Substances used for this purpose include
creatinine, inuline and urea.25,26

Separate renal-function studies were performed in 3 patients,
and in all 3 some difference in function between the 2 kidneys
was demonstrated. We have had no experience with the radio­
active renogram.27

3. Arteriography
This is the most important invesligation in cases ef renal

artery narrowing. Aortograms were performed by the Sel­
dinger technique of retrograde catheterization, and by trans­
lumbar needle injection. The former method gives more
satisfactory pictures. The aortograms showed the typical lesions
of this disease. These consist of multiple areas of concentric
narrowing of the artery, alternating with areas of normal or
dilated vessel. This produces the characteristic beaded appear­
ance28 (Fig. 2). The proximal few millimetres of the artery are
usually not affected. Fig. 3 shows involvement of the main
stem, and the extrarenal branches. The beading may be
localized to a small segment in some cases. In 2 of our cases
the condition was bilateral. In I case the right renal artery was
stenotic over a long distance. bu t the proximal few millimetres
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appeared to be nonnal. The left kidney in th!s case was
supplied by 3 renal arteries. Marked post-stenotIc dilatation
was present in 1 case.

Arteriography contributed to the definitive diagnosis of the
condition, but is also essential for detennining operability and
method of surgical attack.

Fig. 2. The characteristic beaded appearance of the renal artery on the
right side.

Fig. 3. The proximal few millimetres of the right renal artery are
normal but the main stem and large branches are involved.

1REATMENT

In all 4 cases a diagnosis of hypertension owing to renal artery
stenosis was made, and surgical exploration was advised. In 1
patient a thoraco-abdominal approach .was used, but in the
other 3 an antero-Iateral abdominal incision proved adequate.
The renal arteries were exposed from their origin to the point
of entry into the kidney. In 3 patients an obvious thrill was
palpable over the arteries. In I patient the renal artery was
surrounded by numerous small vessels, which were probably
collaterals. This was the patient who had had proven hyper­
tension for 10 years. The exposed arteries presented the typical
beaded appearance of the radiographs af.ld confinned t.!Je diag­
nosis of fibromuscular hyperplaSia (FIg. 4). At this stage
arterial pressures were detennined in the aorta and in the
distal portions of the renal arteries. In all ~ cases there wa~ a
marked pressure gradient across the stenotic area, confimung
the diagnosis of renal artery stenosis.

Surgical procedures adopted were as follows:

Case 1
Resection of the renal artery with reconstruction by an

autogenous vein graft. The saphenous vein was used for this
purpose. In this case an end-to-end anastomosis without the
use of a graft as advocated by Wylie et al.,2"2 would probably
have been a possible and a better procedure. At the completion
of the anastomosis the pressure gradient was very small, i.e.

Fig. 4. The left renal artery demonstrated at operation, showing the
headed appearance.

135/110 mm.Hg in the aorta, to 115/90 mm.Hg in the distal
renal artery.

This patient made an uneventful recovery. The blood pres­
sure dropped to 120/80 mm.Hg on the 4th postoperative day.

Case 2
In this patient an attempt was made to alleviate the stenosis

by a patch graft, but this was unsuccessful owing to the fact
that the renal artery was too fibrotic. Resection and end-to-end
anastomosis or interposition of a graft or prosthesis was not
considered, as the proximal stump of nonnal renal artery was
thought to be too short to ensure a satisfactory anastomosis.
This patient had marked post-stenotic dilatation, and therefore
a bypass from the aorta to the dilated renal artery was inserted,
using a teflon prosthesis. Pulsation in a small upper branch of
the renal artery was unsatisfactory on completion of the
anastomosis, and it was decided to remove the upper pole of
the kidney supplied by this branch.

Pressure readings at the completion of the operation showed
only a small gradient between aorta and renal artery. The
blood pressure in this patient dropped to 110/70 mm.Hg 3 days
after the operation. Nine months later it fluctuated between
140/85 and 115/80 mm.Hg. In this patient a spleno-renal
arterial bypass would possibly have been a better operation, as
this would have eliminated the use of an artificial prosthesis.

Case 3
This patient had a small right kidney with severe stenosis of

the renal artery. There was a marked difference in pressure
between the proximal and distal portions of the renal artery
(Fig. 5). We were in some doubt as to which would be the
correct procedure to adopt in this patient, but it was eventually
decided that an attempt should be made to save the kidney,
and consequently a bypass between the aorta and the distal
renal artery was done, using a teflon prosthesis. This resulted
in a far smaller pressure gradient, i.e. 160/110 to 135/95
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mm.Hg (Fig. 6). On the 4th postoperative day her blood
pressure was 140/90 mm.Hg, but 3 weeks later it had risen to
175/90 mm.Hg. Three months postoperatively it was 125/85
mm.Hg.

Fig. 5. Pressures taken in distal and proximal parts of renal artery and
showing a marked difference in pressure.
Fig. 6. Pressures taken after insertion of a bypass prosthesis showing
only a small gradient between proximal and d.istal parts of renal artery.

Biopsy of the kidney of this patient showed marked fibro­
muscular disease of the intrarenal vessels. The attempt to
improve the vascularization of this kidney was therefore
probably a mistake. A nephrectomy would have been a better
operation. Eventually this will probably be necessary.

Case 4
This patient had bilateral disease, but separate renal function

studies and radiographs showed a small left kidney with poor
excretion of water and sodium. An attempt at splenorenal
anastomosis was unsuccessful and the kidney was removed.
Blood pressure fell from 210/120 to 160/110 mm.Hg, but the
ultimate prognosis must be considered as poor.

Pathology
Three renal arteries, cases 1, 2 and 4, were available for

study, and in 3 cases biopsy specimens of the kidneys were
taken. The striking pathological feature is the concentric zones
of mural thickening of the renal arteries causing narrowing.
Immediately distal to the ring of narrowing the vessel was
dilated and thin, forming a micro-aneurysm. These alternating
zones of narrowing and widening gives the typical beaded
appearance of the renal artery. The thickening of the arterial
wall is due to fibrosis, with or without muscular hyperplasia of
the media (Fig. 7). In other cases the media may appear
relatively normal, and fibrosis is more marked in the intima. In
1 case from the Mayo Clinic series,21 there was marked adven­
titial thickening, but this appears to be rather unusual. Fibrosis
may be completely concentric or may be patchy, forming
raised cushions of fibrous tissue. Fig. 8 depicts a longitudinal
section of the artery showing ridges of hyperplastic tissue,
alternating with troughs of mural thinning. In addition to the
fibromuscular hyperplasia there is usually extensive damage to
the elastic tissue. There may be fragmentation, degeneration,
irregularity and duplication of the internal and external elastic
laminae. These changes are most obvious in the main renal
arteries, but may be found in the smaller branches, and the
interlobar, arcuate and interlobular arteries.

Sections of the kidneys may show zones of cortical infarction
and tubular atrophy ascribed to ischaemia. In other cases the
kidney may be histologically normaL

Atherosclerosis of the main renal artery in a few cases, has
been found by Wylie and his co-workers,22 but our cases
showed no such changes. There was also no evidence of
arteritis or fibrinoid necrosis.

Discussion
The question arises whether these lesions are unique to

the renal arteries. Poutasse and associates18 described the

case of a boy of 14 who had fibrous proliferation of the
intima of the renal arteries, but also of the coeliac axis
and superior mesenteric arteries. Szilagyi29 suggested that
this condition could be a local manifestation of some
systemic pathologic process, such as a collagen disease.

Fig. 7. Photomicrograph of renal artery showing marked thickening and
fibromuscular hyperplasia of the media.

Fig. 8. Longitudinal section of a renal artery with alternating areas of
thickening and thinning of lhe vessel wall.

Apart from these authors little other definite evidence could
be found of generalized arterial disease, and, for the most
part, fibromuscular hyperplasia seems to be localized to
the renal arteries, although intimal fibrous stenosis may be
found in other visceral arteries.

There is general agreement that these fibrous and fibro­
muscular stenotic lesions do not resemble atherosclerosis,
although the latter may be a superimposed process. Possible
aetiologic factors which have been suggested include con­
genital abnormalities, intrinsic defects of elastic tissue,
collagen disease, Erdheim's medial necrosis, healed arteritis,
and abnormal stretching of the arteries, especially in
pregnancy.l9 The fact that most cases occur in young adult
females may suggest the possibility of an endocrine factor,
as it is known that ovarian and other hormones are capable
of having an influence on mesenchymal tissues.

Hunt and associates21 suggest a basic abnormality of
elastic tissue, which may precede the fibromuscular
changes, and that the latter could be an unusual healing
process following some type of vascular injury.

Three of our cases displayed marked nephroptosis with
rather long, tortuous renal arteries, and one is tempted to
speculate whether a mechanical factor could play a role in
the aetiology. As previously mentioned, 1 of our patients
had a nephropexy performed some years earlier. McKu­
sick30 has called attention to the role of mechanical stress
in the localization of vascular defects in Marfan's syn­
drome. His description of the pathological features of the
diseased aorta in this condition is interesting: '(1) Disrup­
tion of elastic lamellae, and (2) formation of conglomerate,
disorganized masses of hyperplastic and hypertrophied
smooth muscle fibres.'
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The possibility is suggested that the abnormal movements
of a nephroptotic kidney with a long tortuous renal artery
could cause so much mechanical stress that would be
injurious to the elastic tissue in the arterial wall, that it
could result in fibromuscular hyperplasia as a compensat­
ing process.

SUMMARY

Fibromuscular hyperplasia of the renal arteries is an
important cause of renal artery stenosis and renal hyper­
tension. It occurs predominantly in young adult females,
and presents no typical clinical picture, except for the
finding of an abdominal bruit, which could be helpful in
the diagnosis. The most important special investigation is
the renal arteriogram which shows a typical 'string of
beads' appearance. The most striking pathological feature
is the corrugated appearance of the intimal surface of the
renal artery, owing to fibromuscular thickening alternating
with zones of thinning. The condition is amenable to surgi­
cal correction, depending on the type of lesion found at
operation.

I wish to thank my medical, radiological and urological
colleagues for their help in the investigation of these patients,
and Mr. T. Marais of the photographic department for the
photographs.
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ACETOHEXAMIDE ('DIMELOR') IN DIABETES
MlR lAM HERMAN, M.B., CH.B. AND W. P. U. JACKSON, M.D., F.R.C.P., Diabetes Clinic, Department of Medicine,

Groote Schuur Hospital and the University of Cape Town

hexamide [N-(p-acetylbenzenesulphonyl) - N - cyclohexyl­
urea], which was synthesized in the Lilly Research Labora­
tories. Its chemical structure differs from that of the earlier
sulphonytureas in the substitution of an acetyl group in the
para position on the phenyl ring and a cyclohexyl group
on the urea radicle:

Both acetohexamide and its metabolic product (formed
by the reduction of the p-acetyl group) have the same
hypoglycaemic activity in man and animals as do tolbuta­
mide and chlorpropamide,l differing only in duration of
action and potency. (Actually, in the rat, acetohexamide is
about 4 times as active (l.S tolbutamide and twice as active
as chlorpropamide.2) The fact that its metabolic product is
also physiologically active probably accounts for its pro­
longed action (24 - 48 hours). A single daily dose is there­
fon~ suft1cient. In practice, acetohexamide probably falls
between the other 2 sulphonylureas in potency. In price,
dose for dose, the 3 sulphonylureas are comparable.

The sulphonylurea drugs, tolbutamide and chlorpropamide,
have been used extensively in our Diabetes Clinic in the
management of adult patients with the stable type of
disease who are non-ketotic. They have also occasionally
been used in the rarer, younger subjects with asymptomatic
diabetes discovered accidentally.

Sulphonylureas act by releasing endogenous insulin from
the beta cells of the pancreas, providing the pancreas is
not severely damaged.

Tolbutamide ('rastinon', 'artosin') can be considered
almost completely safe. Severe hypoglycaemia is not a
danger. The maximum dose should never exceed 3 G (6
tablets) per day. One disadvantage is that it has to be given
in divided doses.

Chlorpropamide ('diabinese')-a much more powerful
hypoglycaemic agent than tolbutamide-produces better
results in more severe diabetics (excluding ketosis, of
course). Further, it is long-acting and can be taken in I
daily dose. It is, however, known to produce occasional
important toxic effects, especially skin rashes and intra­
hepatic obstructive jaundice with damage to the liver cells.
Owing to the fact that it is not detoxicated in the body and
is slowly excreted there is a greater danger of severe hypo­
glycaemia. Daily dose should, in any event, never exceed
500 mg. (2 tablets) and preferably be reduced to 250 mg.
where possible.

The ideal sulphonylurea might therefore be one that falls
between these 2 in potency, has no toxic effects and can
be taken in 1 daily dose.

Recently short-term experiments have been carried out
to study the efficiency of a new oral sulphonylurea, aceto-
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