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Arterial hypertension developing 10 years after
radiotherapy for Wilms's tumour

OLLI KOSKIMIES

Abstract

Three patients developed arterial hypertension more
than 10 years after receiving irradiation for Wilms's
tumour. Scattered radiation appeared to have caused
changes in the remaining kidney which were not severe
enough to inhibit compensatory hypertrophy but which
produced a rise in blood pressure at a later date. Since
arterial hypertension appears to be a delayed complica-
tion of radiotherapy which is easily detected and con-
trolled and can occur at any age long-term surveillance
after successful treatment of malignant tumours in
childhood is -necessary.

Introduction

An increasing number of children with malignant diseases can
now be cured or have their lives prolonged substantially by
surgery, cytostatic drugs, and ionising radiation. The last two
methods of treatment in particular are known to have many side
effects, some appearing immediately and others only several years
after treatment. Many organs are known to be adversely affected
by radiation. The effects on the kidney have been graded by
Luxton' as follows: acute and chronic radiation nephritis,
asymptomatic proteinuria, benign arterial hypertension, and
malignant arterial hypertension.

In this paper I describe three patients who first developed
arterial hypertension more than 10 years after irradiation
treatment for Wilms's tumour. These findings emphasise the
necessity of long-term surveillance of patients with successfully
treated malignancies in childhood.

Case reports

CASE I

In 1959 a girl aged 2 years 7 months was admitted with a history of
haematuria and a palpable tumour on the right upper part of her
abdomen. On admission haematuria and proteinuria were both
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present, and her systolic blood pressure was 105 mm Hg. A right
nephrectomy was performed and a large tumour removed subradically.
The tumour, which originated in the right kidney, had dislocated the
liver, extended to the left side and infiltrated the renal vein and vena
cava. Histological examination showed an undifferentiated nephro-
blastoma. During the operation 50 mCi of radioactive gold were
instilled into the space of the extirpated right kidney. Postoperatively,
irradiation of 4073 rads was given to the right upper abdominal
quadrant (table).
When the child was 3 years old a metastasis in the right lower

pulmonary lobe was detected and a lobectomy performed. Post-
operatively, irradiation of 3650 rads was given to the right lower chest.
At the time of the operation her blood pressure was 105/60 mm Hg.
She was followed up at the outpatient department until the age of 7
years. During this period her blood pressure was well within normal
limits.

In 1974, at the age of 17 years, she was admitted with proteinuria
and arterial hypertension, which had been detected by the school
physician during a routine examination. She was small in stature
(height 152 cm, weight 53 kg) with underdevelopment of the right
side of the chest and the right breast. Her blood pressure was 160/120
mm Hg. An overnight urine specimen gave a urinary osmolality of
959 mmolikg (959 mosmol/kg); protein and cell excretions were
within normal limits. Sporadic urine analyses showed intermittent
protein up to 5 g/l and at times an increased number of leucocytes.
Her haemoglobin concentration was 13 g/dl and serum creatinine
55 7 jumol/l (0-63 mg/dl). Intravenous pyelography showed the left
kidney to be compensatorily hypertrophied as it was > 2 SD above the
mean in length. There was no evidence of coarctation of the aorta or
intracranial processes. Serum electrolyte concentrations, calcium and
phosphorus, thyroid function, and urinary catecolamine excretion
were found to be normal, and there was no family history of hyper-
tension. As no cause other than radiation injury to the remaining
kidney was found treatment with reserpine was started. Blood
pressure control was adequate, diastolic pressure being well below
95 mm Hg.

CASE 2

In 1960 an 11-month-old girl presented with a three-month history
of tiredness and lack of appetite. She was admitted because there was
palpable resistance in the left kidney area and her blood pressure was
220,130 mm Hg. A left nephrectomy was performed and a partially
undifferentiated nephroblastoma originating in the left kidney
removed. Postoperatively, she received irradiation to the left upper
abdominal quadrant and actinomycin D stosstherapy (table). After
the operation her blood pressure fell to 110/80 mm Hg and remained
at that level during the follow-up period. She was admitted every
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three months for a year for actinomycin D stosstherapy and was
thereafter seen at the outpatient department; follow-up was dis-
continued when she was 6 years old.
At the age of 8 she had measles and underwent an appendicectomy.

At that time her blood pressure was 120/80 mm Hg. She was referred
at the age of 14 years for further examination because of abdominal
pain. She was of slender build (height 156 cm, weight 37 kg) with
underdevelopment of the left side of the abdominal musculature,
chest, and left breast and with a scoliosis towards the right side. Her
blood pressure was 170/120 mm Hg; it had been measured several
times during the two years before the examination and either the
values had been normal or the diastolic value had been 90-95 mm Hg.
Her urine analysis showed no abnormality with normal concentra-
tion capacity; her haemoglobin concentration was 131 g/dl and
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ality and his systolic blood pressure was 100 mm Hg; the diastolic
value was not systematically recorded. Follow-up was discontinued at
the age of 8 years.
At the age of 13 he was referred again because of a scoliosis towards

the right side. On examination his weight was 49 kg, height 168 cm;
his left leg was 2 cm shorter than the right, and the abdominal and
dorsal musculature and the vertebrae were underdeveloped. His
blood pressure was 160/110 mm Hg. He had proteinuria (less than
1 g/l) and microscopic haematuria; his haemoglobin concentration
was 12 g/dl and serum creatinine 442,2mol/l (0 50 mg/dl). There was
no evidence of acute nephritis or vasculitis. Cystoscopy excluded local
lesions in the urethra and bladder. Intravenous pyelography showed
that his remaining kidney was more than 2 SD above the mean in
length but normal in structure. Other causes of arterial hypertension

Patient data showing the development of arterial hypertension in three children with Wilms's tumour

Treatment of Wilms's tumour

Case No Age at Postoperative Blood pressure reading: Final
(sex) nephrectomy irradiation Additional follow-up

(yrs) (rads) treatment Preoperative Postoperative (age in years)

1 (F)* 2 7/12 4073 Localradioactive 105/ ? 105/60 7 4/12
gold (50 mCi)

2 (F) 111/2 4937 Actinomycin D 220/130 110/80 6 '/12
(60 gg/kg for
5 days 4
times/yr)

3 (M) 2 " 12 3648 Actinomycin D 170/120 120/80 8 11/12
(80 ,ug/kg for
5 days 10
times/2 yrs)

Findings 11-15 years after treatment for Wilms's tumour

Case No Age at re- Blood Serum Findings at
(sex) examination Clinical pressure creatinine Urine intravenous

(yrs) findings (treatment) (>Lmol/l) analysis pyelography

1 (F)* 17 1 12 Symptomless 160/120 55-7 No cells, Compensatory
proteinuria, (reserpine) intermittent hypertrophy
arterial proteinuria of remaining
hypertension kidney

2 (F) 14 Recurrent 170/120 54 8 Normal Compensatory
abdominal (propranolol) hypertrophy
pain, scoliosis, of remaining
arterial kidney
hypertension

3 (M) 13 Scoliosis, 160 110 44 2 Microscopic Compensatory
proteinuria (hydrochloro- haematuria, hypertrophy
and thiazide) proteinuria of remaining
haematuria, kidney
arterial
hypertension

*Other findings included: pulmonary metastases treated with lobectomy and irradiation (3650 rads) at age 31 years.
Conversion: SI to tradiltlofzal iinits-Serum creatinine concentration: 1 gtmol/Il000113 mg/dl.

serum creatinine 54-8 timol/l (0-62 mg/dl). Intravenous pyelography
showed the right kidney to be normal; its length was approximately
2 SD above the mean. Other organic causes of arterial hypertension
were excluded as in case 1. In addition the peripheral renin activity
was normal (0 76 mmol/ml/h; 1 0 ng/ml/hour). There was no family
history of hypertension. The child was given propranolol, which
moderately controlled her constantly raised blood pressure; later
hydrochlorthiazide was added to the treatment. At the age of 16 she
underwent an operation because of acute intestinal occlusion due to
jejunal adhesions. Histological examination of the intestine showed
changes of fibrous serositis, which may have been caused by the
earlier radiotherapy. At that time her blood pressure was 115/90 mm
Hg and she was taking the antihypertensive regimen as before.

CASE 3

In 1970 a boy aged 2 years 8 months presented with stomach pain
after acute abdominal trauma. On admission he had a palpable tumour
in the left upper abdomen and his blood pressure was 170/120 mm Hg.
He had microscopic haematuria, and his blood urea concentration was
2 499 mmol/l (7 mg/dl). The left kidney was surrounded by a haema-
toma and a left nephrectomy was performed. Nephroblastoma was
diagnosed histologically. Postoperatively, his blood pressure fell to
120/80 mm Hg. Irradiation and actinomycin D stosstherapy were
given (table). For two years he was admitted every three months for
actinomycin D stosstherapy. Clinical examination showed no abnorm-

were excluded as in case 1. Because of his constantly raised blood
pressure he was given hydrochlorathiazide. His mother also had
raised blood pressure periodically but did not receive any medication.

Discussion

The arterial hypertension detected in these patients was
considered to be of renal origin for several reasons. Firstly,
ionising radiation is known to have unwanted effects on many
organs, bringing about vascular changes (for example, pulmonary
hypertension2) as well as parenchymal and vascular changes.1
The likelihood of renal damage due to direct radiation was
supported by the gross macroscopic changes in the nearby
organs. Secondly, two of the patients had proteinuria either
alone or in combination with microscopic haematuria, which
also indicated renal damage. Thirdly, other diseases known to
cause secondary hypertension were excluded by clinical and
laboratory investigations. Neither acute nephritis nor systemic
disease were detected. Radiation-induced aortitis and subsequent
coarctation of the abdominal aorta were excluded by determining
blood pressure in the lower extremities. Thus scattered radiation
appeared to have caused changes in the remaining kidney which
were not severe enough to inhibit compensatory hypertrophy
but which could cause a rise in blood pressure at a much later

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.285.6347.996 on 9 O

ctober 1982. D
ow

nloaded from
 

http://www.bmj.com/


998 BRITISH MEDICAL JOURNAL VOLUME 285 9 OCTOBER 1982

date. Renal biopsy was not performed for any of these patients
because of the risk of damaging the remaining kidney. Renal
arteriograms were not considered necessary as the blood
pressure could be controlled successfully by low doses of anti-
hypertensive agents. Apparently, these three cases belonged to
the benign arterial hypertension category of Luxton.'

Shapiro et al3 reported a case of Hodgkin's disease in which
irradiation caused arterial hypertension to develop 10 years later.
In their patient one kidney was shrunken owing to direct
radiation damage and was the cause of the raised blood pressure.
In all three patients reported in the present study, however, the
remaining kidney was larger than average, thus showing that
even a compensatorily hypertrophied kidney can be the cause of
hypertension.

Because of the combination of various types of treatment, the
number of children with malignant tumours who can be treated
successfully is increasing. Every physician should therefore be
aware of the side effects of such treatment and of the complica-
tions which can develop at a much later date. These case reports
indicate that arterial hypertension is a delayed complication of
radiotherapy which, however, is easily detected and controlled.
If undetected it causes irreversible vascular damage. Thus, the

traditional five-year follow-up after successful treatment of
malignant disease is not long enough, as problems may arise
much later at any age.

This study was supported in part by the Foundation for Pediatric
Research and the Sigrid Juselius Foundation.

Requests for reprints should be addressed to: Dr 0 Koskimies,
Children's Hospital, Stenbackinkatu 11, SF-00290 Helsinki 29,
Finland.
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High dose of antacid (Mylanta II) reduces bioavailability
of ranitidine

G W MIHALY, A T MARINO, L K WEBSTER, D B JONES, W J LOUIS, R A SMALLWOOD

Abstract

To investigate the effect of antacid on the bioavailability
and disposition of ranitidine six healthy volunteers were
studied on two occasions one week apart. In the first
study they received ranitidine 150 mg with 60 ml water,
and in the second study they received ranitidine 150 mg
plus 30 ml of an aluminium/magnesium hydroxide
mixture (Mylanta II) and 30 ml water. Giving antacid
reduced both the maximum plasma ranitidine concen-
tration and the area under the curve by one-third;
elimination of the drug was not changed.
Thus giving a high dose of antacid significantly

diminished the bioavailability of ranitidine.

Introduction

The efficacy of the histamine H2-receptor antagonist ranitidine
in the treatment of peptic ulceration is related to the plasma
drug concentration achieved.' Antacids are commonly prescribed
with H2-receptor antagonists; in the case of cimetidine co-
administration of antacid reduces bioavailability by one-third.2 3
The aim of the present study was to investigate the effect of
antacid on the bioavailability and disposition of ranitidine.
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Subjects, methods, and results

Six healthy volunteers (three men, three women) aged 21-29 years
and weighing 56-83 kg were each studied on two occasions a week
apart. In the first study, after an overnight fast each subject received
ranitidine as a 150 mg tablet (Zantac) with 60 ml water (control study).
In the second study the ranitidine tablet was taken with 30 ml of an
aluminium/magnesium hydroxide mixture (Mylanta II; neutralising
capacity 150 mmol (5 5 g) hydrochloric acid/30 ml) plus 30 ml water
(antacid study). On each occasion blood was sampled at intervals to
12 hours and urine to 24 hours and assayed as previously described.'
The maximum plasma concentration and the time taken to reach

it were obtained directly from each subject's plasma concentration-time
profile. The area under the plasma concentration-time curve from
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Mean± SEM plasma ranitidine concentrations (n= 6) after control ( - )
and antacid ( 0 - - 0) studies, showing significant reduction in bioavailability
with antacid.
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