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Hypertension after renal transplantation in patients
treated with cyclosporin and azathioprine

N Gordjani, G Offner, P F Hoyer, J Brodehl

Abstract
The incidence of hypertension was sought in
102 children who had undergone renal trans-
plantation. Fifty five were being treated with
cyclosporin and 47 with azathioprine, and
they were foliowed up for a maximum of five
years. After one year 35 of those receiving
cyclosporin (64%) and 34 of those receiving
azathioprine (72%) were hypertensive; after
five years the figures were 5/6 (83%) and 25/35
(71%), respectively. Recipients of grafts from
living related donors had a lower incidence of
hypertension than recipients of cadaveric
grafts. The incidence of hypertension was
higher in patients with acquired original kid-
ney disease than in children with congenital or
familial diseases. In both groups creatinine
clearance and the frequency of acute rejection
episodes did not differ between normotensive
and hypertensive patients. When the lowest
concentrations of cyclosporin in whole blood
were more than 400 ng/ml the incidence of
hypertension one year after transplantation
was higher. The incidence of hypertension
after renal transplantation in children is
higher than that reported in adults. Acquired
original disease, transplantation of cadaveric
grafts, and nephrotoxicity of cyclosporin are

ail contributory factors.

Hypertension after renal transplantation poses

a considerable therapeutic problem to the
nephrologist. Transient hypertension immedi-
ately after the transplant is found in almost
all cases.' The main concern, however, is per-

sistent hypertension with cardiovascular and
cerebrovascular complications, and increased
mortality and morbidity.2 3 The aim of the
present study was to investigate the incidence
and possible causes of hypertension after trans-
plantation in children and adolescents, and to
compare two different treatment regimens-
cyclosporin and azathioprine.
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Patients and methods
One hundred and two patients who received
transplants between 1973 and 1987 were

studied. Patients with grafts that had been func-
tioning for less than a year were excluded.
Seventy two patients who received transplants
between 1982 and 1987 were given cyclosporin,
but 10 lost their grafts because of irreversible
rejection, and surgical and other complications,
and seven patients were lost for follow up or

received three drugs for immunosuppression (a
combination of cyclosporin, azathioprine, and
low dose prednisolone). Thus 55 patients could

be evaluated in the cyclosporin study group.
Ninety seven recipients were treated with
azathioprine alone, and 62 grafts functioned for
more than a year. Thirty five organs were lost
because of irreversible rejection, thrombosis
and recurrence of oxalosis, and 15 patients were
lost to follow up. Thus 47 patients receiving
conventional immunosuppression with azathio-
prine and high dose prednisolone could be eva-
luated.
Our treatment regimens for azathioprine and

cyclosporin have been described elsewhere.4 5
The mean (SD) age at the time of renal trans-
plantation was 11-7 (3-4) years in the azathio-
prine group and 12-4 (4-0) years in the cyclos-
porin group. Histories were obtained from the
case notes, and included information about
hypertension before transplantation, and pre-
vious treatment with steroids. Hypertension
was defined as persistent blood pressure read-
ings above the 95th percentile (according to
Horan et a16) that required antihypertensive
treatment. Severe hypertension was defined as
blood pressure readings necessitating treatment
with three or more antihypertensive drugs in
maximum or near maximum dosage.

Antihypertensive regimens varied, and the
following drugs were used in a 'stepped care'
approach: propranolol (dose range: 0-85-8
mg/kg/day), hydralazine (dose range: 09-5-9
mg/kg/day), nifedipine (dose range: 0 2-1 -8 mg/
kg/day), and a-methyldopa (dose range: 9-52
mg/kg/day). Two patients in each group were
also given captopril (dosage range: 05-2-1
mg/kg/day). One patient with a membranoproli-
ferative glomerulonephritis had a decreased
glomerular filtration rate, but none of the others
showed deterioration of renal function after
taking captopril. Most of the patients received
additional frusemide (dose range after the initial
period of six weeks after transplantation:
0-9-6-2 mg/kg/day). Chest radiographs, electro-
cardiograms, and ophthalmic examinations
were assessed for symptoms suggestive of
hypertension.
Serum creatinine and sodium concentrations

were measured by standard procedures, and
urinary sodium excretion was calculated and
correlated with body weight. Creatinine clear-
ance was calculated by the method of Schwartz
et al,7 which is appropriate for children who
have received transplants.8 Cumulative doses of
predinisolone were documented for each patient
for each observation interval.
The Mann-Whitney U test, Student's t test,

and Fisher's exact test were used to assess the
significance of differences between and within
groups. Values are given as mean (SD), or
median and 95% confidence interval (C1).

275

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.65.3.275 on 1 M

arch 1990. D
ow

nloaded from
 

http://adc.bmj.com/


Gordjani, Offner, Hayer, Brodehl

Table I Original diseases in recipients of renal transplants

Patients treated with Patients treated with
cyclosporin (n=55) azathioprine (n=47)

No (%) with congenital or familial renal disease: 38 (69) 31 (66)
Renal dysplasia or hypoplasia 14 10
Familial juvenile nephronophthisis 8 5
Oxalosis 0 1
Cystinosis 5 9
Obstructive uropathy 8 1
Familial nephritis 2 4
Infantile polycystic kidney 1 1

No (%) with acquired renal disease: 17 (31) 16 (34)
Proliferative glomerulonephritis 3 3
Focal segmental glomerulosclerosis 3 2
Haemolytic uraemic syndrome 4 6
Miscellaneous 7 5

Results
The distribution of original kidney diseases in
the study groups is shown in table 1. About two
thirds of the patients had congenital or familial
diseases; there were no differences between the
two treatment groups. The overall incidence of
hypertension after transplantation is shown in
table 2; there was no significant difference
between the study groups. No change of
incidence was seen in the azathioprine group
during the five years of observation, whereas in
the cyclosporin group the percentage apparently
increased slightly. The difference between the
first and fifth year, however, was not signi-
ficant.
The incidence of severe hypertension requir-

ing treatment with at least three antihyperten-
sive drugs was higher among those receiving
cyclosporin than among those taking azathio-
prine (table 3). In the azathioprine group there
was only one patient who required more than

two hypotensive drugs during the period two to
four years after transplantation, but the differ-
ence was not significant.
Ten patients receiving cyclosporin and 17

receiving azathioprine received allografts from
living related donors, the remainder receiving
cadaveric grafts. Hypertension was significantly
more common in recipients of cadaveric grafts
who were taking azathioprine during the first
two years after transplantation, and during the
first three years in those taking cyclosporin
(table 4). The difference persists during the
following years, but seems to level off.

Bilateral nephrectomy was not routinely per-
formed in our patients, but in a few (six taking
cyclosporin and three taking azathioprine)
bilateral nephrectomy was done before trans-
plantation because of obstructive uropathy
(n=4), infantile polycystic disease (n=2), or
severe hypertension (n=3). In some other cases
nephrectomy was done after transplantation,
mainly because of severe hypertension. The
incidence of hypertension in the small group of
patients after bilateral nephrectomy is shown in
table 5. Most of the patients remained hyperten-
sive.
The role of the original disease that lead to

endstage renal failure in causing hypertension
after transplantation is shown in table 6.
Acquired original kidney diseases were associ-
ated with hypertension more often than con-
genital or familial diseases. The difference was
significant in the first year in children treated
with azathioprine (table 6).
The cumulative prednisolone dose received

by each patient each year is shown in fig 1. The
mean dose in the azathioprine group was about

Table 2 Overall incidence* hypertension in the two groups before, and up to five years after, transplantation

Before Years after transplantation
transplantation

1 2 3 4 5

Patients receiving cyclosporin 39/55 (71) 35/55 (64) 25/36 (69) 16/25 (64) 11/15 (73) 5/6 (83)
Patients receiving azathioprine 34/47 (72) 34/47 (72) 32/44 (73) 32/42 (73) 30/39 (77) 25/35 (71)

*No with hypertension/total No of patients.

Table 3 Incidence* ofsevere hypertension in the two groups
up to five years after transplantation

Years after transplantation

1 2 3 4 5

Patients receiving
cyclosporin 4/55 3/36 2/25 2/15 1/6

Patients receiving
azathioprine 0/47 1/44 1/42 1/39 0/35

-No with severe hypertension/total No of patients.
The results were not significant.

Table S Incidence* of hypertension in patients who
underwent bilateral nephrectomy before investigation

Years after transplantation

1 2 3 4 5

Patients receiving
cyclosporin 3/6 3/5 1/3 1/2 1/2

Patients receiving
azathioprine 3/3 2/3 2/3 2/3 -

'No with hypertension/total No of patients.

Table 4 Incidence* ofhypertension in patients with cadaveric kidneys compared with that among patients with kidneysfrom
living related donors

Years after transplantation

1 2 3 4 5

Patients receiving cyclosporin:
No (%) with cadaveric kidneys 33/45 (73) 24/30 (80) 15/20 (75) 9/12 (75) 3/3 (100)
No (%) with kidneys from living related donors 2/10 (20) 1/6 (17) 1/5 (20) 2/3 (67) 2/3 (67)

p Value <0-01 <0-01 <0-05 1-0 1-0

Patients receiving azathioprine:
No (%) with cadaveric kidneys 25/30 (83) 23/27 (85) 22/26 (85) 20/24 (83) 17/22 (77)
No (%) with kidneys from living related donors 9/17 (53) 9/17 (53) 10/16 (63) 10/15 (67) 8/13 (62)

p Value <0 05 <0 05 0-2 0-4 0-5

'No with hypertension/total No of patients.
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Table 6 Incidence* of hypertension in patients with acquired kidney disease compared with that among patients with
congenital or familial kidney disease

Years after transplantation

1 2 3 4 5

Patients receiving cyclosporin:
No (%) with acquired kidney disease 12/17 (71) 10/13 (77) 6/8 (75) 4/5 (80) 1/1 (100)
No (%) with congenital kidney disease 23/38 (61) 15/23 (65) 10/17 (59) 7/10 (70) 4/5 (80)

p Value 07 07 07 10 10

Patients receiving azathioprine:
No (%) with acquired kidney disease 15/16 (94) 13/15 (87) 13/15 (87) 12/14 (86) 10/13 (77)
No (%) with congenital kidney disease 19/31 (61) 19/29 (66) 19/27 (70) 18/25 (72) 15/22 (68)

p Value <0-05 0-3 0-4 0-6 0 9

*No with hypertension/total No of patients.

10
p< 0-0001

Time after transplantation
(years)

Figure I Cumulative
prednisolone doses in
patients recetving treatment
with azathioprine and
cyclosporin. Values are
given as median and 95%
conftdence intervals.

Figure 2 Graftfunction
expressed as creatinine
clearance in the two groups.
Values are given as
mean (SD).

twice as high as that received by the cyclosporin
group. This difference is highly significant
during the first four years. Comparing hyper-
tensive and normotensive patients in each group
separately, however, there was no correlation
between hypertension with dose of predni-
solone.

Graft function was assessed by calculation of
the creatinine clearance from plasma creatinine
concentration and body length. The creatinine
clearance declined in both groups over the five
years, but was significantly lower in the cyclo-
sporin group compared with the azathioprine
group (fig 2). Patients in the two groups were
compared, measurements of glomerular filtra-
tion rate below 30 ml/min/l 73m2 were associ-
ated with higher rates of hypertension (table 7).
The influence of cyclosporin on the develop-

ment of hypertension was assessed by studying
the concentrations of cyclosporin in the blood of
both normotensive and hypertensive patients
(fig 3); the mean concentrations were slightly
higher in the hypertensive patients, but the
difference was not significant. High concentra-
tions of cyclosporin in blood were associated
with a higher incidence of hypertension a year
after transplantation (table 8).
The incidence of abnormal findings on chest

radiography, ophthalmoscopy, and electro-
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Figure 3 Cyclosporin concentrations in whole blood in
normotensive and hypertensive patients projected on to the
therapeutic range. Values are given as mean (SD).

cardiography in recipients of transplants is
shown in table 9. Retinal and electrocardio-
graphic features of hypertension were consis-
tently seen in 40-60% of patients. Radiological
signs (vascular congestion and increased trans-
verse cardiac diameter) decreased over the first
two years and by five years were seen in only
16% of patients. There were no significant
differences between normotensive and hyper-
tensive patients within each group concerning
daily urinary sodium excretion, urinary volume,
and the number of acute episodes of rejection.

Hyper-reninism or complications of the
graft's vascular anastomosis, or both, were
found in four patients of the cyclosporin group
and five patients of the azathioprine group.
They were not serious and no specific measures
were taken to correct the stenosis. Two children
treated with cyclosporin and one treated with
azathioprine experienced recurrence of original
disease (membranoproliferative glomeruloneph-
ritis); all three were hypertensive.

Discussion
The incidence of hypertension after renal trans-
plantation is generally reported to be higher in
children and adolescents than in adults. Almost
all the children who received renal transplants
became hypertensive in the first few weeks after

Table 7 Incidence* of hypertension in patients with glomerular filtration rate above and below creatinine clearance of 30
ml/min/]L73 m2

Years after transplantation

1 2 3 4 5

No (%) with glomerular filtration rate s-30 8/9 (89) 8/9 (89) 7/10 (70) 9/9 (100) 4/4 (100)
No (%) with glomerular filtration rate >30 61/93 (66) 49/71 (69) 41/57 (72) 32/45 (71) 26/37 (70)

*No with hypertension/total No of patients. The results were not significant.
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Table 8 Incidence* of hypertension in patients treated with cyclosporin. Those with high concentrations in whole blood
(>400 nglml) are compared with those with low concentrations (<400 nglml)

Years after transplantation

1 2 3 4 5

No (%) with concentrations <400 ng/ml 25/44 (57) 19/29 (66) 14/22 (64) 10/14 (71) 4/5 (80)
No (%) with concentrations >400 ng/mI 10/11 (91) 6/7 (86) 2/3 (67) 1/1 (100) 1/1 (100)
p Value <005 0-6 10 10 10

*No with hypertension/total No of patients.

Table 9 Incidence* of other findings indicating past or present hypertension in recipients of renal transplants

Years after transplantation

1 2 3 4 5

No (%) with electrocardiographic changes 43/71 (61) 22/55 (40) 26/49 (53) 15/36 (42) 11/28 (39)
No (%) with radiological changes 18/61 (30) 9/52 (17) 10/53 (19) 7/36 (19) 4/25 (16)
No (%) with retinal changes 22/53 (42) 14/34 (41) 12/30 (40) 12/21 (57) 10/24 (42)

*No of abnormal findings/total No of examinations.

transplantation,' whereas hypertension in the
same period in adults occurs in about 80%.9
Persistence of hypertension in adult patients
occurs in about half.2 9 In a large series of
children undergoing transplantation and treated
with azathioprine Broyer et al found an inci-
dence of late hypertension of 65%,1o and sus-
tained hypertension in children has been
reported in up to 86%.3 Our data confirm these
findings (table 2). A slight but not significant
increase in the development of hypertension
over the years can be noted in the cyclosporin
group. The incidence in the azathioprine group
remained within the range 72-77%. The inci-
dence of hypertension was higher in patients
who received cadaveric grafts than in those who
received grafts from living related donors in
both study groups (table 4), particularly among
those in the cyclosporin group during the first
three years after transplantation. These findings
accord with those of other investigators.9`1 The
beneficial effect of organs from living related
donors could be related to fewer immunological
injuries at vascular and parenchymal sites, or to
shorter ischaemic time of the graft, or both.'2
The results of investigation of the influence

of original disease on hypertension after trans-
plantation are conflicting. Though some
authors have reported a similar incidence of hy-
pertension in congenital and glomerular
diseases,9 10 12 others have found a stronger
association between hypertension and glomeru-
lar diseases.' 3 We classified our cases as
congenital or familial, and acquired, diseases.
Our findings support the idea that acquired
diseases, assuming that they were associated
with pathoimmunological mechanisms, are
more often followed by hypertension after
transplantation (table 6). Most of these patients
had received steroids before transplantation.
Recurrence of the original disease was the cause
of the hypertension in three children.
Our data do not show clearly the beneficial

effect of bilateral nephrectomy on the develop-
ment of hypertension because there were too
few cases for statistical evaluation (table 5). The
effect of removal of the kidneys has, however,
been thoroughly studied. Curtis et al investi-
gated six patients before, and a mean (SD) of

4X5 (1 -5) months after, bilateral nephrectomy.'3
They found that blood pressure fell and renal
vascular resistance dropped. Renal plasma flow
of the graft rose 77% at the same time. Other
authors have confirmed these results.9 14 15

Renin hypersecretion of the patients' own
remaining kidneys is thought to be the main
mechanism.9 14' This is in accord with the
observation that patients with uncontrollable
hypertension on haemodialysis respond to
nephrectomy. 6

Hypertension as a result of long term steroid
treatment is a well known feature. Some studies
have shown a significant drop in blood pressure
after switching to taking them on alternate days,
the total dose remaining the same.'0 17 18
Patients taking conventional immunosuppres-
sion with azathioprine and high dose predniso-
lone are particularly at risk of developing
steroid associated hypertension. As shown in
fig 1, patients treated with azathioprine received
significantly more steroids. We therefore regard
treatment with steroids as an important contri-
butory factor to the development of hyper-
tension in conventional immunosuppression.
Considering each study group separately, the
hypertensive patients did not receive signifi-
cantly higher cumulative doses of prednisolone.

It has been reported that normotensive
recipients of grafts increase their blood pressure
when put on a high sodium diet.'4 Thus the
intake of sodium may also be a contributory
factor. The daily sodium intake (as assessed by
the daily urinary sodium excretion) was not
higher in our hypertensive patients. With an
assumed sodium intake of 3-5 mmol/kg/day,
our patients were receiving a normal amount of
sodium.

Renal artery stenosis can be the result of
endothelial damage, atheromatous plaques,
trauma during harvest and transplantation,
disturbed haemodynamics during the end to
side anastomosis, and immunological damage. 6
Broyer et al found a total incidence of 43/334
(13%) of appreciable stenoses in children who
had received transplants, and 20% in grafts in
hypertensive patients. 0 Henrikson et al
detected 22/367 (6%) in a series of adult
patients; nine of the 22 were normotensive.19 In
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our series four cases had mild to moderate renal
artery stenosis.
The effects of cyclosporin on renal func-

tion have been the subject of numerous
investigations. Continuous cyclosporin treat-
ment leads to chronic vasoconstriction of the
renal microvasculature.9 20 This is partly medi-
ated through increased sympathetic nerve activ-
ity and inhibited renal prostaglandin synthesis,
and partly through stimulation of the renin
angiotensin system." Renal vascular resistance
and arterial blood pressure are increased in
consequence. In cardiac graft recipients receiv-
ing cyclosporin for more than 12 months, these
effects are rarely reversible and potentially
progressive.20 Switching from cyclosporin to
azathioprine after a certain period has been
reported to cause a fall in renal vascular resis-
tance and arterial blood pressure.9 22 More
recent data indicate that hypertension in
patients treated with cyclosporin may be as-
sociated with a defect in renal sodium
excretion.23 24 The effect of dietary sodium
restriction and antihypertensive treatment may
thus be more pronounced in hypertension asso-
ciated with cyclosporin. As an obvious sign of
the influence of cyclosporin on the renal micro-
vasculature, creatinine clearance was signifi-
candy compromised in the cyclosporin group
(fig 2). The decline in renal function over five
years, however, was parallel in the two groups.
This indicates the existence of other factors in
the azathioprine group. Figure 3 shows that
hypertensive patients had slightly higher cyclos-
porin concentrations, although there was no sig-
nificant difference. A higher percentage of
patients with cyclosporin concentrations of
more than 400 ng/ml were hypertensive (table
8). As doses of cyclosporin were reduced, the
number of concentrations over 400 ng/ml
decreased. There were therefore too few data to
evaluate the influence of high cyclosporin con-
centrations after three years. The percentage of
severe hypertension was higher in recipients
treated with cyclosporin, indicating that cyclos-
porin has a role in the pathogenesis of hyperten-
sion (table 3).

Chronic rejection has been reported as a cause
of hypertension in renal recipients of allografts
in about 15% of adults,'9 and 59% in children.'0
Ingelfmnger et al found a positive correlation
between blood pressure, renal function, and the
number of antihypertensive agents admin-
istered. They interpreted these results as an
effect of chronic rejection.' In our study the
creatinine clearance was not significantly lower
in hypertensive patients than in normotensive
patients. Glomerular filtration rate declined in
both treatment groups, however. It may be that
chronic rejection leading to progressive impair-
ment of graft function could also be a cause of
hypertension.
The long term outcome of renal transplanta-

tion depends on the control of hypertension.
Strict observation on consistent treatment of the
patients are therefore necessary. Our antihyper-

tensive regimen varied; nowadays we start with
frusemide because the renal function is usually
reduced. If necessary, we then add nifedipine
as a vasodilatator. If there is tachycardia,
f3-adrenergic antagonists (for example, propra-
nolol) are considered. We may then give an
additional vasodilatating agent (for example,
hydralazine). Converting enzyme inhibitors
(such as captopril) are used in refractory hyper-
tension if renal function remains stable after an
initial dose. Subsequent doses and intervals
between them are adjusted according to the
renal function.

The Statistical Package for the Social Sciences (x) software was
supplied by SPSS Inc.
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