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Bilateral adrenal phaeochromocytomas associated with
unilateral renal artery stenosis
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Summary: A 21 year old male was discovered to be severely hypertensive. He was found to have
bilateral adrenal phaeochromocytomas and a single renal artery stenosis. More than 40 cases ofcoexisting
renal artery stenosis and phaeochromocytomas have been reported. The aetiology of renal artery stenosis
in association with phaeochromocytoma maybe multifactorial and the radiographic appearances are not
always clear-cut.

Renin levels in this patient were elevated prior to the removal of the phaeochromocytomas but the renal
vein renin ratio did not suggest that the renal artery stenosis contributed significantly to his hypertension.
The patient's hypertension resolved following successful removal of the phaeochromocytomas despite
persistence of the renal artery stenosis. Thus, though renin levels may be misleading in these cases, renal
vein renin ratios may still be helpful in deciding on patient management.

Introduction

The co-existence of renal artery stenosis and phaeo-
chromocytoma has been recognized since 1958. Over
40 cases have now been reported. We report a case of
bilateral adrenal phaeochromocytomas together with
unilateral renal artery stenosis. To our knowledge this
is the first such case reported. We discuss the possible
pathogenesis, the angiographic findings and the value
of renin estimations in these patients.

Case report

A 21 year old male Caucasian was admitted for head
injury observations following a minor road traffic
accident. He suffered no other significant injury. He
claimed to have been previously well. He had no
family history of note. On physical examination he
was alert and orientated. His pulse was 90/min and
regular. His blood pressure was 190/120 mmHg
(supine) and 90/70 mmHg (erect). A right renal bruit
was heard. On fundoscopy he had arteriolar narrow-
ing and arterio-venous nipping. The remainder of his
physical examination was unremarkable. Ward
urinalysis showed the presence of 2+ protein. Chest
X-ray, routine haematology and biochemistry, as well
as creatinine clearance, were normal. The electro-

cardiogram showed left ventricular hypertrophy with
a strain pattern in the lateral leads.
A percutaneous transfemoral renal angiogram was

performed. This revealed a normal left kidney and
normal left renal artery. The right kidney was supplied
by two main arteries, the upper and larger of which
had a smooth stenosis just proximal to its bifurcation.
The lower artery appeared normal in calibre through-
out its length (Figure 1). In addition, a large mass was
noted over the upper pole of the right kidney. The
position and vascularity of this mass was consistent
with a phaeochromocytoma (Figure 2).

During angiography the patient became severely
hypertensive (200/140 mmHg). Blood pressure
returned to normal immediately on intravenous
administration of phentolamine. Twenty four hour
urinary excretion of vanillylmandelic acid (VMA) was
markedly elevated at 204 pmol/24 h (normal
5-45 gmol/24 h). Plasma noradrenaline levels were
also grossly elevated at 9622 pg/ml supine (normal
290 105 pg/ml) and 13174 pg/ml erect (normal
710 ± 300 pg/ml). Peripheral plasma renin levels were
slightly elevated at 5.3 pmol/ml/h supine on a normal
salt diet (normal 1-5 pmol/ml/h). Selective venous
samples for renin were taken during angiography and
these demonstrated high values at every site including
both right and left renal veins (15.9 and 12.7 pmol/ml/h
respectively). The renal vein renin ratio did not,
however, exceed 1.5 and was therefore not diagnostic
of renovascular hypertension. A diagnosis of right
adrenal phaeochromocytoma with co-existing right
sided renal artery stenosis was made. A second
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Figure I Renal angiogram. The right kidney is supplied by two renal arteries, the upper and larger of which has a
smooth stenosis just proximal to its bifurcation.

Figure 2 Renal angiogram showing a large mass above the right kidney.

generation computed tomographic (CT) scan at this
time confirmed the presence of a right adrenal mass
and failed to reveal any other masses.
The patient's hypertension was controlled using

oral phenoxybenzamine and propranolol for 10 days
prior to operation. At operation the right adrenal
gland was found to be replaced by a yellow/green
tumour 250 g in weight. The right renal artery was not
compressed by tumour or by fibrous bands. Tumour
histology was characteristic of phaeochromocytoma,

vascular invasion was not demonstrated. Immuno-
cytochemistry showed strong uptake of the protein
gene product (PGP) 9.5, a neural marker. Electron-
microscopy revealed characteristic neurosecretory
granules.

Post-operatively the patient made an uneventful
recovery but he remained hypertensive (BP
180/120 mmHg). Repeat 24-hour urinaryVMA levels,
although less than pre-operatively were still elevated
and plasma noradrenaline levels also remained high.
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A third generation CT scan demonstrated two
further masses in the left adrenal gland. These were
surgically removed. Their combined weight was 41 g
and the histological appearance was identical to that
of the first.

Post-operatively the blood pressure, urinary VMA
and noradrenaline levels returned to normal. The
patient required no further anti-hypertensive therapy,
his medications being replacement cortisone acetate
only.
One month after the second operation the right

renal bruit was still audible. Repeat angiography
demonstrated the right renal artery stenosis as before.
Selective renin levels at this time had returned to
normal although the level in the right renal vein
(3.02 pmol/ml/h) exceeded that in the left (2.58 pmol/
ml/h). This was non-significant as the ratio of right to
left did not exceed 1.5. Balloon angioplasty was
performed, following which the stenosis could not be
demonstrated and the renal artery bruit disappeared.
The patient remains well and normotensive 2 years

following surgery, his only treatment being cortisone
acetate replacement therapy.

Discussion

The first description of phaeochromocytoma with
renal artery stenosis is attributed to Harrison.' One
year post successful removal of three left sided
phaeochromocytomas (I adrenal and 2 extra-adrenal)
a 16 year old girl developed reno-vascular hyperten-
sion. The left renal artery was found at operation to be
encased in dense scar tissue. The vessel had appeared
normal at the time of her initial operation. Following
excision no histological change was documented in the
artery. Since then some 40 more cases have been
reported.2 3
The reason for the association between phaeochro-

mocytoma and renal artery stenosis has not always
been as clearcut as in the case described by Harrison.
Naidich et al.24 reported a patient who, 10 years
following resection of two phaeochromocytomas, was
found to have fibrous adhesions which appeared
responsible for a smoothly contoured segmental
stenosis in the mid-portion ofthe right renal artery. At
operation the presence of compressive adhesions was
confirmed. Soon afterwards the patient died. At
post-mortem two residual right-sided extra-adrenal
phaeochromocytomas were found one located
immediately adjacent to the right renal artery produc-
ing minimal compression. No histological change was
found within the renal artery. In this case both
compression by tumour and catecholamine-induced
spasm, together with the adhesions may have con-
tributed to the renal artery stenosis.
Many cases of renal artery stenosis associated with

phaeochromocytomas have been secondary to direct
compression or stretching of the renal artery by
tumour.'5 Of27 cases reviewed by Alvestrand et al., 16
were considered to be secondary to tumour compres-
sion.' Valik et al. reported that 75% of tumours
causing renal artery compression arise from the lum-
bar sympathetic chain on the side of the stenosis in the
region of the renal hilum.37 However, the fact that the
phaeochromocytoma may also be found at a distance
from the stenosed renal artery points to other possible
explanations.7"10 2",44

Six case reports indicate that the renal artery
stenosis in association with phaeochromocytoma may
be transient or reversible. In one case a 13 year old
female died hours after renal angiography which
demonstrated a right adrenal phaeochromocytoma
with right and left renal artery stenosis and stenosis of
the coeliac artery. At post-mortem the phaeochro-
mocytoma was found but there was no evidence of
stenosis in any of the aforementioned vessels.8 It has
been suggested that the transient stenosis is due to
catecholamine-induced spasm. Indeed, it has been
demonstrated that such spasm can be induced by
direct injection of adrenaline into the general circula-
tion of dogs.38

In the majority of reported cases the renal artery
stenosis has occurred on the same side as the tumour
and in close proximity to it, thus, in the case of
non-compressing tumours, the stenosis may be attrib-
utable to local hormone seepage rather than to
elevated circulating hormone levels. Long term
exposure of these vessels to the effects of high
catecholamine concentrations may result in irrevers-
ible organic lesions. A variety of histological changes
have been noted in such vessels including intimal
fibrosis'5 and fibro-muscular hyperplasia.32 In one case
an atheromatous plaque causing renal artery stenosis
was found in association with a phaeoch-
romocytoma.25 Two cases have been described of
phaeochromocytoma and renal artery stenosis occurr-
ing in Von Recklinghausen's neurofibromatosis.'5"9 In
one case the renal artery stenosis occurred many years
after successful removal of a phaeochromocytoma,
while in the other case they occurred simultaneously.
As both fibromuscular dysplasia, causing renal artery
stenosis, and phaeochromocytoma occur with in-
creased frequency in Von Recklinghausen's disease, it
is not surprising that they might occur by chance in the
same patient. This occurrence was predicted by
Thomas et al. but at the time of publication they could
find no such report.3'
The angiographic findings of renal artery stenosis in

association with phaeochromocytoma are variable.24
Often the stricture escapes detection since the tumour
compresses the artery from behind and flattens the
vessel making it appear normal sized. Compressing
tumours tend to cause smooth stenoses of the distal
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half of the renal artery with a variable degree of
post-stenotic dilatation.

Stenoses adjacent to non-compressing tumours
have variable reported angiographic appearances. A
smooth segmental stenosis of the mid-portion of the
renal artery with abrupt transition from normal to
narrowed lumen was present in three cases.'0"3'34 In
one case there was irregular narrowing of the distal
renal artery with extension into the branch vessels.4'
Multiple tubular stenoses of various arteries including
the renal artery were noted in one case.8 Angiographic
changes seen when fibromuscular dysplasia is
associated with phaeochromocytoma have been des-
cribed in 2 cases, one showed the typical beaded
appearance of the renal artery,32 in the other there was
smooth stenosis of the mid-portion of the renal artery
with post-stenotic dilatation.'8
The presence of an undiagnosed phaeochromo-

cytoma in a patient undergoing renal angiography can
prove fatal8 and should be suspected if the patient
develops severe hypertension or cardiac arrythmias
during the procedure. We feel that in cases of
suspected renovascular hypertension, the possibility
of a coexisting phaeochromocytoma should be
carefully considered before proceeding to angio-
graphy.
Plasma renin levels and renal vein renin ratios are

undoubtedly of great value in the diagnosis of
renovascular hypertension. Can the same criteria be
applied to cases of renal artery stenosis complicated by
the co-existence ofone or more catecholamine produc-
ing tumours? Hiner found increased plasma renin
activity in more than 70% of patients with phaeochro-
mocytomas in whom it had been measured.39 Elevated
plasma renin levels in these patients may be due to
associated renal artery disease or to vascular compres-
sion by tumour. Increased levels may also result from
changes in intra-renal haemodynamics related to the
effect of volume depletion or to high concentration of
circulating catecholamines. In a comprehensive review

of 37 cases of co-existing phaeochromocytoma and
renal artery stenosis by Hill et al.9 14 patients had
peripheral renin estimations all ofwhich were found to
be elevated. Six patients had renal vein renin ratios
measured and all showed significant elevation (ratio
> 1.5). In our case renin levels were grossly elevated
prior to operation at all sites of measurement. The
renal vein renin ratio however did not exceed the level
consistent with significant renal artery stenosis.
Peripheral renin levels returned to normal after suc-
cessful tumour removal despite the persistence of the
renal bruit and angiographically proven stenosis.
These results suggest that renin levels were elevated

in this case because of circulating catecholamine
excess prior to surgical removal of the phaeochromo-
cytomas. Renal vein renin estimations in this case
indicate that the renal artery stenosis did not
significantly contribute to the hypertension. Thus
peripheral plasma renin levels may be elevated in such
cases of dual pathology without clinically significant
renal artery stenosis. However, renal vein renin samp-
ling continues to be helpful in deciding, in each
individual, to what extent the renal artery stenosis
contributes to the hypertension and therefore, the
management of the patient.

There seems, therefore, to be no single explanation
why renal artery stenosis is associated with phaeochro-
mocytoma. Compression by tumour or fibrous ad-
hesions together with reversible or irreversible stenosis
of the renal artery, caused by catecholamine excess,
account for the majority of cases though the
pathogenesis ofthe renal artery stenosis is by no means
clearcut in every case. Likewise, angiographic
appearances vary in accordance with the cause of the
renal artery stenosis. The detailed investigations in our
patient suggest that renin levels were elevated because
of circulating catecholamine excess prior to surgical
removal of the phaeochromocytomas and point to
circulating catecholamine excess as the possible ex-
planation of the coincidence for the two conditions.
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