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ABSTRACT

Hypertension after pediatric renal transplant is a common and
important risk factor for graft loss and patient survival. The
mechanism of post kidney transplant hypertension is complex and
multifactorial. Control of blood pressure in renal transplant patients
is important but often times blood pressures remain uncontrolled.
The management of hypertension and obesity in pediatric kidney
transplant patients is based on the pathophysiology. Compared
to the general pediatric hypertensive population, special attention
needs to be focused on the additional impact of immunosuppressive
medications side effects and interactions, recurrent disease, and donor
and recipient comorbidities such as obesity on blood pressure control
with thoughtful consideration of the risk of graft failure. In general,
there is a need for prospective studies in pediatric kidney transplant
patients to understand the pathophysiology of hypertension and
obesity and the appropriate approach to achieve a balance between
the primary need to avoid rejection and the need to lower blood

pressure and prevent obesity.
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INTRODUCTION

Hypertension is a frequent complication following kidney
transplantation in children!"! and has been shown to be a risk
factor for increased cardiovascular morbidity and graft failure.™*
Its presence is a significant and independent risk factor for poor
long-term graft survival.

Reported prevalence of hypertension following renal
transplantation ranges between 60% and 90% depending on
the method used for blood pressure (BP) measurement and
diagnostic criteria for hypertension.” In contrast, most
recent prevalence rates of post renal transplant hypertension
in the UK reported by Sinha and the British Association for
Pediatric Nephrology are 66.4% at 6 months and 55.9%
at 5 years after transplant if both clinic BP > 95" percentile
and use of antihypertensive medications were used to define
hypertension.?
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CAUSES AND RISK FACTORS OF
HYPERTENSION

Steroids

Steroids have been an important part of
immunosuppression protocols since the early
years of transplant and have been highly effective
in preventing rejection. However, the side effect
profile of steroids, particularly their effects on lipid
and glucose metabolism and BPs, has prompted
avoidance or early withdrawal during more recent
years. Steroids produce hypertension by causing
sodium and water retention and this effect is dose
dependent. A recent study suggests activation of
vascular smooth muscle receptors as well.[¢]

Several studies have associated wuse of
steroids with hypertension post-transplant and
steroid withdrawal with improvement in BPs.
A prospective study done by Hocker ef al. showed
that steroid withdrawal caused a significant
reduction of arterial hypertension which
persisted after 2 years from the time steroids were
discontinued and that these children required
less anti hypertensives.!'” In contrast, the larger
European multicenter randomized control study
tacrolimus and withdrawal of steroids did not
see any significant difference in the incidence of
hypertension but approximately 8% of the steroid
withdrawal group, compared with 18% of the steroid
group were on >3 antihypertensive medications
6 months post-transplant.'® A study done by
Maduram et al. demonstrated similar findings and
reported that pediatric renal transplant patients
who received early steroid withdrawal required
significantly less anti hypertensives compared with
those on steroids.'” A meta-analysis by Knight
and Morris comparing maintenance steroids
with steroid avoidance or withdrawal after renal
transplantation in adult patients showed significant
reductions in the risk of hypertension in the
avoidance or withdrawal group and this relative
reduction remained significant even when only the
intention-to-treat analysis was included.?"

Calcineurin inhibitors

The introduction of calcineurin inhibitors
as part of the immunosuppressive regimen led
to significant reductions in allograft rejection
rates but also contributed to an increase in BP in
transplant patients. This elevation in BP following

treatment with calcineurin inhibitors is dose
dependent and is caused by the vasoconstriction
of the glomerular afferent arteriole resulting in
sodium and water retention. Increased sympathetic
nerve discharges and increased vascular resistance
have also been suggested.?!! Other mechanisms
implicated include endothelial dysfunction,
arterial baroreceptor impairment and activation
of sympathetic, endothelin and renin-angiotensin
systems.?”l More recently, animal studies done by
El-mas er al. suggested the role of central nitric
oxide and carbon monoxide in the hypertensive
response to cyclosporine.?’!

Both cyclosporine and tacrolimus can induce
hypertension. In a cross sectional study done
by Seeman et al., the authors demonstrated that
children with poorly controlled hypertension
had significantly higher cyclosporine doses and
tacrolimus levels.[''l However, more recent studies
suggest that the effects may be greater with
cyclosporine use compared with tacrolimus. In a
retrospective cohort study done by Denburg et al.,
both systolic blood pressure (SBP) and diastolic
blood pressure (DBP) during later years after
transplant were found to be lower, independent
of concomitant decrease in steroid use. This was
likely due to the transition from cyclosporine to
tacrolimus over the last decade.? Several other
studies have demonstrated a similar effect of
cyclosporine on BP compared to tacrolimus for
immunosuppression.*¢22! Vincenti et al. in their
study reported that significantly fewer patients
treated with tacrolimus required antihypertensive
medications to control BP compared with those
who were treated with cyclosporine at 5 years
post-transplant.! Margreiter et al. reported similar
results. New onset or worsening hypertension was
found to be significantly more common in patients
receiving cyclosporine microemulsion, although
the duration of follow up in this study was only
6 months.?” A more recent study by Kramer ez al.
however did not show a significant difference
in the rate of use of antihypertensives between
cyclosporine treated and tacrolimus treated patients
at 3 years post-transplant.

This difference in findings may potentially be
genetic in nature. A recent study has suggested that
polymorphisms in the CYP3A5 may be associated
with the degree and severity of hypertension in
patients receiving calcineurin inhibitors following
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renal transplant. Ferraresso et al. found that BP
was significantly more elevated in patients who
were heterozygous for the CYP3A5*1/*3 gene.
These patients were also taking significantly
more antihypertensive medications and remained
hypertensive 6 months after transplant.?”!

Obesity

Children commonly experience weight gain
after transplant.?*3%1 The greatest increase in
body mass index (BMI) and prevalence of obesity
seems to happen during the 1 year post transplant.
Furthermore, more children who present for
transplant are now obese with a prevalence of 8%
of transplanted children before 1995 and 12.4%
after 1995 as reported by Hanevold et al.*®! This
causes concern since results from a study done by
Koulouridis et al. suggested that central obesity
and body weight are important contributors to
BP control in children and adolescents.’” In
transplant patients, an increase in BMI was found
to be a significant contributor to an increase in
SBP independent of glucocorticoid exposure.?
A positive correlation between SBP and BMI that
persists years after transplant was also demonstrated
by Silverstein er al.®® Obesity prior to transplant
may worsen this association. Mitsnefes et al.
reported that children who were obese prior to
transplant had significantly higher SBP than
children who became obese or overweight after
transplant as well as children who were able to
maintain a normal BMI.B!

There are several reasons why patients develop
obesity after transplant. Factors identified by
Foster et al. as a risk for BMI increase include
age 6-12 years at transplant, remote transplant
year, female sex, lower BMI at transplant,
Hispanic ethnicity and black race.®® Steroid use
was significantly associated with weight gain in
several studies.?43233351 Denburg et al. in their
study have reported that the average interval dose
of glucocorticoid following transplantation was
significantly associated with interval increases in
BMI, with greater association in males, younger
patients and patients with lower baseline BMI.[*

The mechanism by which obesity causes
hypertension seems to be multifactorial and highly
complex. Sodium sensitivity which accompanies
obesity, increased renal sodium reabsorption,
impaired pressure natriuresis, extracellular volume

expansion, increased leptin, activation of the
sympathetic nervous system (SNS), increased
activity of the renin-angiotensin-aldosterone
system (RAAS) and physical compression of
the kidneys especially in the presence of visceral
obesity may play a contributory role.*7-4l

It is also now known that adipose tissue is an
active organ that produces all components of
the RAAS, including angiotensin, angiotensin
converting enzyme (ACE), renin and AngIl.
Obesity is also a proinflammatory state and several
studies have shown that adipose tissue, particularly
visceral adipose tissue, secretes adipokines such as
leptin, interleukin-6 and tumor necrosis factor-o
which have been linked to metabolic syndrome. 4243

Recent studies have focused on the involvement
of the SNS activation in obesity related
hypertension. The SNS activation is thought to
be not generalized, but rather differentiated and
localized to muscle and kidney SNS, with normal
or even reduced cardiac sympathetic activity
due to baroreceptor inhibition.¥ Furthermore,
studies have shown that the link between presence
of obesity and increased SNS activity may be
limited to the presence of visceral body fat.[44]
Alvarez et al. reported an association between SNS
activity and abdominal visceral fat that is closer
compared with abdominal subcutaneous fat and
that is independent of total body fat. In their study,
muscle SNS activity was about 55% higher in men
with increased abdominal visceral fat compared
with age-matched, total fat mass—matched and
abdominal subcutaneous fat-matched men with
lower abdominal visceral fat level.*¥ In a later
study, they added that muscle SNS activity was
similar in subcutaneously obese and non-obese
individuals with similar abdominal visceral fat.*]

Mechanisms reportedly involved in the increased
SNS activity include hyperleptinemia, activation
of the central nervous system melanocortin
system, hypoadiponectinemia, hypoghrelinemia,
hyperinsulinemia, increased angiotensin II levels
and baroreceptor dysfunction.®! However, leptin
has been inconsistently connected to increased
SNS activity. Alvarez et al. did not see increased
SNS activity despite higher levels of leptin in
the subcutaneously obese individuals.! Another
factor which is common in obesity and has been
reported to contribute to the increased SNS activity
is obstructive sleep apnea (OSA).04641 However,
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this may again be related to the presence of visceral
fat. Vgontzas et al. reported in their study that in
contrast to those with obesity but no sleep apnea,
obese sleep apneics had a significantly greater
amount of visceral fat and that visceral but not
subcutaneous fat was significantly correlated with
indexes of sleep apnea.¥ In contrast, Grassi et al.
demonstrated that OSA can contribute to adrenergic
activation in both obese and lean subjects.*”!

Obese patients also have activated RAAS
and increased circulating levels of renin,
angiotensinogen and Angll, which would all
contribute to increased BP.*2%! Aside from
synthesis of the components of the RAAS by
visceral fat, several other mechanisms have been
implicated that include sympathetic stimulation
and hemodynamic alterations possibly resulting
from compression of the kidneys by visceral fat.
Increased RAAS activity combines with increased
SNS activity to impair pressure natriuresis and
increase renal tubular sodium reabsorption, finally
resulting in volume expansion and an increase in
BP.5%5 Free fatty acids have also been reported as
contributory to elevations in BP. FFA may increase
vascular tone via stimulation of the SNS.52

Donor factors

The source of donor kidney could also affect
BP after transplant. Sinha et al. reported those with
hypertension are more likely to have received kidney
from a deceased donor.”?! Similarly, Heidotting ef al.
demonstrated that a lower donor age and living
donors can lead to a significantly lower number
of antihypertensive medications up to 36 months
after renal transplant.®¥ The reason for this is not
clear but may be due to longer cold ischemia times
resulting to more severe ischemic-reperfusion
injury. Other donor factors that may contribute
to increased risk of post-transplant hypertension
include family history of hypertension, smaller
size, female gender, presence of hypertension
and overall quality of the allograft and degree of
reperfusion injury.’¥ “Nephron mass underdosing”
from smaller or female donorsP¥ together with
allograft dysfunction from cellular and antibody
mediated rejection can lead to chronic kidney
disease, which can also be an independent risk
factor contributing to post transplant hypertension.

In addition, studies of adult kidney transplant
recipients have demonstrated effects of kidney-donor

genetic variants on allograft function. Some of
the genes implicated include apolipoprotein L1
gene (APOL1), which appear to explain the effects
of African donor population ancestry on graft
survival and has been associated with increased risk
for HIV-associated nephropathy, focal segmental
glomerulosclerosis and hypertension-attributed
end stage renal disease (ESRD), the caveolin 1
gene (CAV1) linked to renal fibrosis and ascending
polyomavirus infection and multi-drug resistance
1 encoding P-glycoprotein gene (ABCB1) which
affects drug metabolism.5*%! Reeves-Daniel et al.
reported that graft survival was significantly shorter
in donor kidneys with two APOL1 risk variants after
renal transplantation than those with zero or one
risk variants and that the presence of both variants
had more effect compared to human leukocyte
antigen mismatch and cold ischemia time. 75% of
those with two APOL1 risk variants were also noted
to have biopsy-proven APOL1-associated lesions
including FSGS and donor-acquired nephron
scarring with arteriosclerosis compared to only
11.8% among grafts with 0/1 APOLI risk alleles.?
However, there is no difference in allograft survival
at 5 years post-transplant for recipients with high-risk
APOL1 genotypes as reported by Lee et all”
On the other hand, donors who have decreased
expression of CAV1, which affects transforming
growth factor-f (TGF-B) receptor degradation
may have significantly greater renal fibrosis and
shorter allograft survival.’) Moore et al. reported
a significantly increased risk for graft loss among
those with donor CAV1 risk genotypes compared
with donor non-CAV 1 risk genotypes with increased
incidence of biopsy-proven interstitial fibrosis.5®
Further studies about the effects of genetic variations
may provide opportunities to improve long-term
graft survival in pediatric kidney transplants. For
example, in the future, CAV1 genotyping of the
donor may provide opportunities to prevent fibrosis
in the transplanted kidney by pre-emptively treating
the recipient with ACE1 inhibitor which can inhibit
profibrogenic TGF £ in the kidney.

Chronic allograft dysfunction

There are numerous mechanisms leading to
nephron loss and eventual graft dysfunction and
failure post-transplant. The North American
Pediatric Renal Trials and Collaborative Studies
Annual Report in 2008 reported that chronic
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rejection accounted for 40.4% of all graft failures
and that this continues to be the most common
cause of graft failure for children.’% Other causes
include acute rejection, renal artery stenosis,
thrombosis, calcineurin inhibitors nephrotoxicity,
bacterial and viral infections, chronic arterial
hypertension, chronic obstruction, poor adherence
to medications and malignancy.>¢

Stenosis of transplant renal artery

Renal artery stenosis of the transplanted kidney
should be suspected in any kidney transplant patient
with severe or worsening hypertension and/or renal
function deterioration not attributable to rejection
or cyclosporine toxicity. Renal artery stenosis can
cause hypertension via activation of the RAAS
leading to increase in salt and water retention.
However, studies done among adults suggest that
renal artery stenosis may not be the actual reason
for the clinically significant changes in BP since
improvement in BP is not consistently achieved after
angioplasty.['%2 Nonetheless, stenosis of the renal
artery may contribute to worsening allograft function.

Hypertension prior to transplant
It is important to note that the pre transplant
BP may affect the development of hypertension

post-transplant. A recent study done by Sinha
et al. showed that half of the non-hypertensive
patients post-transplant eventually developed
hypertension with incidence rates highest among
patients who were pre-hypertensive at baseline.”
They also estimated that half of the patients who
had pre-hypertension (SBP and/or DBP 90-95®
percentile) and normal BP (SBP and/or DBP > 50t
but < 90 percentile) will become hypertensive in 2
and 3 years respectively. In contrast, <50% of those
with optimal BP (BP < 50® percentile) will become
hypertensive after a follow-up period of 7 years.

Figure 1 shows the causes of hypertension in
pediatric renal transplant patients.

Vitamin D deficiency

A study done by Shroff suggested vitamin D
deficiency as a possible modifiable risk factor
for hypertension post kidney transplant.l®’! They
found an inverse correlation between 25 (OH) D
and SBP, but this was no longer significant after
multiple regression analysis. Studies of adults
reported potential effects of vitamin D on BP
and cardiovascular disease (CVD).[64%81 Some of
the mechanisms reported in these studies, which
may lead to CVD protection include negative
endocrine regulation of the renin-angiotensin

CNIS -

1. Increased

vasoconstriction

(CSA, TAC) | e 2. Increased sympathetic tone
3. Na retention via RAAS, ENac
4. Increased fibrotic factor

Recipient HTN \

Recipient factors
1. Pre-existing hypertension
2. Genetics
3. Native kidney related
hypertension —
4. Renal artery stenosis
5. Others
- obesity
- sleep apnea
- immunological insult/rejection
- viral infection
- diabetes

l Donor Factor
1. Genetics
2. Nephron mass

Pediatric 3. Quality of Kidney
Post Renal @ | 4 SCD vs ECD
Transplant 5. Age
Hypertension 6. Gender

f

- recurrent UTI
- vitamin D deficiency

1. mineralocorticord receptor activation
with Na and water retention

2. activation of Gc receptors on vascular
GC | == | smooth muscle and increased sensitivity
to vasoconstrictors

Figure 1: Causes of hypertension in pediatric patients with renal transplant (Modified from hypertension after kidney
transplantation: A pathophysiologic approach by Thomas, et al.[54]) *CNIS - Calcinurin inhibitors *CSA - Cyclosporin *TAC
- Tacrolimus *HTN-Hypertention *CKD-Chronic Kidney Disease *UTI-urinary tract infection *Gce-Glucocorticoids

*Na-Sodium *RAAS-Renin-angiotensin aldosterone system *ENac-Sodium Channel *SCD-Standard Criteria Donor *ECD-

Extended Criteria Donor
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system, inhibition of vascular smooth muscle
proliferation, suppression of vascular calcification,
downregulation of pro-inflammatory cytokines
and up regulation of anti-inflammatory cytokines.
However, the available data is insufficient and more
research is needed to determine the amount of
vitamin D supplementation necessary to lower BPs.

MONITORING: AMBULATORY BLOOD
PRESSURE MONITORING (ABPM)

VERSUS CLINIC BP MONITORING

Over the past years, 24 h ambulatory BP
monitoring for evaluating hypertension in children
and adolescent transplant patients has been more
widely used and recommended.!'4®! Several
studies have demonstrated its superior ability to
detect hypertension.['*¢*74 Compared with clinic
BP monitoring, ABPM can detect nocturnal
hypertension. McGlothan ez al. in their study have
reported that hypertension during sleep was more
common than when awake, with as much as 55%
of patients having systolic hypertension when
asleep versus 38% when awake and 52% having
diastolic hypertension during sleep versus 21%
when awake."V Ferraris et al. also reported that
30% of pediatric renal transplant patients who were
normotensive during clinic visits had uncontrolled
BPs when ABPM was used.”” Moreover, the
study done by Paripovic et al. showed that 68%
versus 42% of pediatric post renal patients were
hypertensive when automatic monitor of blood
pressure (AMBP) versus clinic BP measurements
were used. What is more concerning from this study
is that as much as 21% had hidden uncontrolled
hypertension despite antihypertensive medications
and an additional 24% had masked hypertension
in which the office BP is normal, but daytime
systolic and/or diastolic AMBP is elevated in
those without antihypertensive medications.’!
Similarly, Basiratnia e al. diagnosed uncontrolled
hypertension in 20% and untreated and masked in
27% of patients.[” These studies should prompt
transplant clinics to include ABPM in their practice.

IMPACT OF HYPERTENSION AND
OBESITY RENAL TRANSPLANT
OUTCOMES

There have been several studies done looking

at the effect of hypertension and obesity on graft
survival in adult renal transplant which may
provide insight on their effects in pediatric renal
transplant recipients.

Hypertension after kidney transplantation
predicts reduced patient and allograft survival.
Mange et al. showed that the level of BP during
the 1% year affected the survival of renal allografts
from living donors, independent of renal
function).[ Similarly, results from a larger study
done by Opelz er al. that included 29, 751 patients
followed for up to 7 years demonstrated that
uncontrolled hypertension at 1, 3 and 5 years from
transplantation is associated with graded increase
in subsequent allograft failure and death-censored
graft failure irrespective of rejection episodes and
antihypertensive medication use.l” Raiss Jalali
et al. compared transplanted kidney function
in hypertensive patients with satisfactory BP
control (arterial pressure < 160/90 mmHg) and
unsatisfactory control who were matched for age,
gender, donor—recipient relation, primary disease,
early post-transplant course, immunosuppression
and antihypertensive medications. After 3 years,
they found a slow but significant increase in the
mean creatinine levels in those with unsatisfactory
BP control with a significant negative correlation
between creatinine clearance and 3-year BP.I’7)
Kasiske er al. reported that each 10 mm Hg of
systolic BP was associated with a significantly
increased relative risk for graft failure,
death-censored graft failure and death even after
adjusting for the effects of acute rejection and
other variables.[”®

One of the largest studies done on the impact
of obesity on renal transplant was done by
Meier-Kriesche et al., who retrospectively analyzed
51,927 primary adult renal transplants registered in
the USRDS and reported a very strong association
between pre-transplant BMI and outcomes after
renal transplantation. The extremes of very high
and very low BMI were associated with significantly
worse patient and graft survival.”” Several other
retrospective analysis showed poorer patientand/or
graft survival in obese or overweight patients.3031
Kovesdy et al., however, in a prospective cohort of
993 kidney transplant recipients, found that waist
circumference rather than BMI per se was associated
with patient mortality. Higher BMI was associated
with lower mortality after adjustment for waist
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circumference while higher waist circumference
was more strongly associated with higher mortality
after adjustment for BMI. This suggests the
important effect of obesity from visceral adiposity
which is reflected by waist circumference rather
than non-visceral adiposity in kidney transplant
recipients.?

Obesity and increased weight after transplant also
leads to inferior graft outcomes. A retrospective study
by el-Agroudy et al. reported on 650 non-diabetic live
donor kidney recipients with a BMI at transplant
of <25 kg/m? who were followed for a maximum
of 10 years. Obesity developing after renal transplant
was associated with significantly higher incidence
of chronic allograft nephropathy, post-transplant
hypertension,  post-transplant  hyperlipidemia,
diabetes mellitus, ischemic heart disease, increased
incidence of patient death from CVD and reduction
in graft function based on serum creatinine at
10 years.®3 Similarly, Ducloux et al. studied 292
renal transplant recipients and found that patients
with an increase in BMI of more than 5% at 1 year
post-transplant had an increased risk of graft loss.®%

These significant differences associated
with obesity or weight gain may be associated
to the effects of obesity on the kidney or due to
several comorbidities related to the weight gain.
Nonetheless, the effects of both obesity and
hypertension on renal transplant cannot be ignored
and both must be addressed aggressively.

MANAGEMENT

Control of hypertension after transplant in
children has been difficult and studies indicate
that only about 20-50% of treated children attain
normal BP.[''21  Similarly, the prevalence of
uncontrolled hypertension in the UK cohort as
reported by Sinha is around 30%."

Excellent control of BPs in patients with kidney
disease is of utmost importance. Seeman et al.
reported that children who remained hypertensive
had significantly decreased graft function after
2 years compared with those who reached normal
BP levels.®! The kidney disease outcomes quality
initiative recommends that for children with chronic
kidney disease, BP should be maintained lower
than the 90 percentile for normal values adjusted
for age, gender and height or 130/80 mm Hg,
whichever is lower.® However, the results of

the ESCAPE trial showed that intensified BP
control with target BP less than the 50™ percentile
adjusted for age, gender and height is associated
with a significant slowing of progression of renal
disease. In this study, 29.9% children whose BP
was maintained in the low range of normal had a
decline of 50% in the glomerular filtration rate or
progression to ESRD as compared to 41.7% in the
group with BP maintained between the 50® and
95" percentiles.®”! However, it is still not known
if this lower treatment goal and more aggressive
hypertension control should be recommended for
children with transplanted kidneys. In addition,
it might also be worthwhile to consider extending
this goal prior to transplant given the findings from
the study by Sinha. Their study reported reduced
occurrence of hypertension post-transplant in those
with lower levels of BP in the normal and optimal
range before transplant.®! Similarly in adults,
achieving lower SBP is associated with improved
graft and patient survival even several years after
transplantation. In a study involving 24,404 primary
deceased-donor kidney transplant recipients,
patients with uncontrolled hypertension (SBP > 140
mmgHg) at 1 year who were able to achieve
adequate BP control (SBP < 140 mmHg) at 3 years
had significantly improved 10 year graft survival
than those with sustained hypertension at 3 years.
Better BP control after year 3 was also associated
with improved 10-year graft survival while even a
temporary increase in SBP at 3 years was associated
with worse graft survival. In addition, the authors
also performed a subset analysis in patients whose
serum creatinine was < 130 umol/L at 1 and
3 years to account for renal impairment as a cause
of elevated BP. The association of SBP changes
with subsequent graft outcome remained in this
subgroup of recipients with excellent 1-, 3- and
10 year graft function. Subjects with SBP < 140
mmHg at 1 and 3 years had a significantly better
10-year graft survival rate than those whose SBP
increased from <140 mmHgat 1 yearto >140 mmHg
at 3 years."® However, most of the studies done are
observational studies and whether this association
between hypertension and poorer graft outcomes is
purely dependent on BP control and not affected
by other factors such as acute rejection and
polyomavirus infection remains to be proven. More
prospective trials are needed to determine optimal
BP goals for children pre and post renal transplant.
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Table 1: Management of hypertension in pediatric renal
transplant patients

* Salt retention and volume overload-loop
diuretics and thiazides
» Lower vascular tone-ACE inhibitors,
ARBs, CCB, other vasodilators
» Lower sympathetic tone-beta blockers,
alpha blockers, centrally acting agents
* Decrease role of fibrosis-ACE inhibitors, ARBs
+ Improve cardiac output-beta blockers,
ACE inhibitors, ARBs
 Evaluate secondary causes such as ASA, TRAS,
AVF, use of herbal supplements and medications
which has the potential to increase blood
pressure (caffeine, licorice, ephedra, NSAIDS,
herbal supplements, steroids, oral contraceptives)
* BP monitoring-combination of clinic BP and 24
ABMP with endpoint BP age appropriate
 Follow end organ damage parameters-graft
function and proteinuria, cardiac function
through echocardiography, eye exam
Consider angioplasty for renal artery stenosis
Consider bilateral native nephrectomy
» Manage obesity-weight control, diet, exercise
Adjunct therapy-sleep apnea management,
breathing treatment, nonpharmacologic
and complementary medicine (relaxation,
meditation, guided imagery, hypnosis, yoga)
Address adherence to treatment (targeted education
and information, motivation, behavioral skills training,

internet-based and cell phone interventions)
[ e e e

ACE=Angiotensin converting enzyme, ARBs=Angiotensin
receptor blockers, CCB=Calcium channel blocker,
NSAIDS=Non-steroidal anti-inflammatory drug, BP=Blood
pressure, ABMP=Ambulatory blood pressure monitoring,
TRAS=Transplant renal artery stenosis, ASA=Acetylsalicylic
acid, AVF=Arteriovenous fistula

In general, the control of BP is based on the cause
of hypertension. Forrenal artery stenosis, angioplasty
or surgical repair may be necessary. In children with
native kidney induced hypertension poorly controlled
by medical treatment, nephrectomy may be
beneficial. In addition to the causes of hypertension
discussed previously, use of supplements or other
medications, which have the potential to increase
BP should be elicited and addressed during the
clinic visits. Examples include caffeine, licorice,
ephedra, non-steroidal anti-inflammatory drugs,
herbal supplements, steroids and oral contraceptives.
Table 1 gives a summary of the management of
hypertension in pediatric transplant patients.

For most patients, more than one class of
antihypertensive agent may be necessary to
adequately control hypertension. Calcium channel
blockers (CCB) are the most commonly prescribed
antihypertensives, in combination with diuretics,
angiotensin converting enzyme inhibitors (ACEI)
orbeta-adrenoceptor antagonists but practice differs
among practitioners. Results from a meta-analysis
on antihypertensives among adult renal transplant
patients done by Cross ef al. suggested that CCBs are
preferred as first-line agents for hypertensive kidney
transplant recipients. CCBs compared to placebo or
no treatment was found to significantly reduce the
risk of graftloss at 1 year post transplant. However,
they also noted differences in serum creatinine
outcomes among different classes of CCB.®! This
may be explained by inhibition of CYP3A4 and
p-glycoprotein by non-dihydropyridine CCB such
as verapamil and diltiazem which can increase
cyclosporine concentrations by approximately
30%, thus necessitating dose reductions when
these drugs are used in combination.®” Moreover,
results of the meta-analysis showed that compared
with patients on CCBs, patients receiving ACEI
had significantly lower GFR by as much as 12
mL/min and higher creatinine at the end of
follow-up.® Thus, some physicians are reluctant
to use ACEI because of the potential for decrease
in renal perfusion especially with a single kidney,
cyclosporine use and risk of transplant renal
artery stenosis. However, ACEI in majority of
pediatric recipients do not cause decrease in renal
perfusion and have renoprotective mechanisms,
which include inhibition of glomerulosclerosis and
antiproteinuric effect in addition to a decrease in
systemic and intraglomerular BP. More recent data
showed benefits and safety of ACEI in pediatric
transplant patients. A retrospective analysis by
Arbeiter et al. demonstrated significantly improved
BP control during the 1% year of ACEI use in those
who failed other medications previously. BP control
was achieved in 94% in 6 months and in 100% in
12 months after initiation of ACEI therapy and
the number of antihypertensive medications also
decreased.’!! Seeman et al. suggested that control
of hypertension in children post renal transplant
could be improved by increasing antihypertensive
drugs such as ACEI and diuretics after an important
although non-significant findings of use of fewer
antihypertensive medications and less use of ACEI
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and diuretics in pediatric post renal transplant
patients with uncontrolled hypertension. They
cited that children with controlled hypertension
received twice as much diuretics and five times
as much ACEI than children with uncontrolled
hypertension.'! In a later prospective trial, they
demonstrated that intensified control of BP by
ABPM and addition of more antihypertensive
medications, particularly ACEI and diuretics, can
improve BP control especially nocturnal BP.5)
Several adult studies also report ACEI as effective,
safe and well tolerated among adult renal transplant
patients. A recent retrospective study done by
Aftab er al. showed that the use of a beta-blocker
therapy and ACE1l inhibitor or angiotensin
receptor blocker (ARB) was associated with better
survival when adjusted for age, sex, diabetes and
coronary artery disease. This benefit was seen in all
subgroups of patients with different comorbidities
including those without diabetes mellitus or left
ventricular systolic dysfunction.’” Another study
by Hillebrand et al. showed graft survival was longer
in patients who received long-term treatment with
ACEI/ARB, CCB, or a combination of ACEI/
ARB and CCB. Effects were more pronounced in
those with uncontrolled (>130/80 mmHg) BP at
1 year after transplant who were treated with ACE/
ARBs.%! Stigant er al. also reported a significant
decrease in arterial BP after initiation of ACEI or
AT II antagonist therapy with serious side effects of
hyperkalemia, anemia, hypotension and worsening
renal function occurring in only 9% of the study
population.® Other classes of anti-hypertensives
that are used are loop diuretics and centrally
acting agents. Addition of loop diuretics may be
advantageous for patients with volume overload
who present with edema or unexplained weight
gain. An option for refractory hypertension would
be clonidine, which is a centrally acting agent
available as oral tablet or transdermal patch, but
this commonly causes sedation and increased
sympathetic activity if discontinued abruptly.'*”

Non-pharmacologic measures including weight
loss, dietary changes and increased physical activity
should also be instituted for all hypertensive
children to maximize the therapeutic effects of the
medications.

Obesity is a modifiable risk factor that may be
exacerbated by renal transplantation and contribute
significantly to hypertension and cardiovascular

mortality risk. Given the role of obesity in
hypertension presented in this review, prevention
and treatment of pretransplant obesity is a logical
and necessary approach to hypertension in renal
transplant patients. Recently, among adult renal
transplant patients, there has been more focus on
dietary protocols to manage obesity. Guida ez al.
showed that diet with light physical activity during
the first post-transplant year improved body weight
with decreased body fat, total cholesterol and
plasma fasting glucose.”™ Similarly, Bellinghieri
et al. reported that a low calorie, low fat diet
intervention improved BMI to normal and lipid
levels in post-transplant patients after 12 months.?®

For children, both parents and patients should
be counseled regarding diet and exercise with
focus on prevention of significant weight gain and
obesity. Sodium restriction is particularly important
because high salt consumption can blunt the BP
lowering effects of antihypertensive drugs and
directly increase BP through volume expansion.
One of the dietary approaches recommended to
control hypertension is the dietary approaches to
stop hypertension (DASH) or the DASH diet. This
approach recommends intake of fruits, vegetables,
whole grains, lean meats and low fat dairy foods to
create a diet that is low in fat and sodium and rich in
magnesium, potassium, calcium and fiber. Couch
et al. studied the effects of a modified DASH diet
versus routine dietary changes among adolescents
who were pre-hypertensive or hypertensive.
They found a significant change in SBP among
DASH participants versus the control group
despite higher initial BP measures among those
in the DASH group.’” In contrast, a cross-over
randomized control trial done by Saneei et al.
demonstrated that a modified DASH diet among
children with metabolic syndrome prevented an
increase in DBP compared with the usual dietary
recommendations.*®

In addition to nutritional changes, careful and
vigorous monitoring of weight gain and other risk
factors such as OSA is also warranted. Treatment
of OSA with nocturnal continuous positive airway
pressure, which has been demonstrated to decrease
sympathetic activity in patients with OSA,®? may
be considered. Information about community
based resources that promote healthy lifestyles
and offer patient education programs should also
be discussed with parents. These resources include
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the jump rope for heart and hoops for heart offered
by the American Heart Association (AHA),!%
and the Alliance for a Healthier Generation which
is a joint project of the AHA and the Clinton
Foundation.[®Y All these should be done as routine
pre-transplant and post-transplant care since
weight gain after transplant may potentially persist
for years.

Another nondrug option that has been recently
utilized to decrease BP is paced breathing using
a device called RESPeRATE (InterCure, Inc).
Use of this device aims to decrease breathing rate
to <10 respirations/min by following musical
tones.['%? The proposed mechanism is decreased
peripheral sympathetic nerve activity during
device-guided slow respiration!%! or reflex control
of the cardiovascular system from stimulation
of pulmonary stretch receptors or increased
baroreceptor sensitivity.'” However, studies which
have been conducted to assess its effects have
shown differing results. A meta-analysis done by
Mabhtani et al. showed an overall improvement in
BP control, but the effects became non-significant
when trials sponsored by or involving the
manufacturers of the device were excluded.!'”
Following this meta-analysis, another randomized
placebo controlled trial conducted by Landman
et al. showed no significant difference in systolic and
diastolic BP between the device guided breathing
group and the control group with noted respiratory
difficulties in the intervention group.!%!

Other therapies include relaxation, meditation,
guided imagery, hypnosis and yoga.!'? However,
further studies are needed to elucidate the
effectiveness of these approaches.

Finally, a key issue that needs to be addressed
especially in adolescent patients is the issue of
compliance to treatment. In a systematic review
by Dobbels, adolescents have a reported weighted
mean of prevalence of non-adherence to treatment
of 43.2%, which is significantly higher than the
weighted mean of 22.4% found in studies of
adherence involving younger recipients or a mixed
younger and adolescent populations.'7 According
to Fredericks and Dore-Stites, medication
non-adherence is associated with increased disease
frustration, poor regimen adaptation/cognitive
issues, difficulty with ingestion (e.g. number of
medications, taste) and lack of parental monitoring
and involvement. They recommend intervention

that includes targeted education and information,
motivation and behavioral skills training to
increase adherence to treatment, as well as use of
technology such as internet-based and cell phone
interventions (eHealth).['®! Reviews of eHealth and
healthcare interventions using technology revealed
that enhancing standard care with reminders,
disease monitoring and management and
education through the use of cell phone voice and
text messaging can help improve health outcomes
and that interventions that incorporate behavioral
methods (e.g. self-monitoring, goal setting,
immediate feedback, contingency management)
have better effects.!!1%110

CONCLUSIONS

The mechanism of post kidney transplant
hypertension is complex and multifactorial.
Control of BP in renal transplant patients is
imperative to improve patient and graft survival.
The management of hypertension and obesity in
pediatric kidney transplant patients is based on
the pathophysiology. Compared with the general
pediatric hypertensive population, special attention
needs to be focused on the additional impact of the
side-effects and interactions of immunosuppressive
medications, recurrent disease and donor and
recipient comorbidities on BP control with
thoughtful consideration of the competing risk
of graft failure. All these taken into account
make control of BP in pediatric kidney transplant
patients more challenging. There is a need for
prospective studies in pediatric kidney transplant
patients to understand the pathophysiology of
hypertension and obesity and the appropriate
approach to achieve a balance between the primary
need to avoid rejection and the need to lower BP
and prevent obesity.
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