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Abstract
Purpose of Review Cardiovascular disease is the leading cause of death and allograft loss among kidney transplant recipients, and
hypertension is an independent risk factor for cardiovascular morbidity of this patient population. The etiology of hypertension is
multifactorial, including pre-transplant volume overload, post-transplant recipient and donor-associated variables, and transplant-
specific causes (immunosuppressive medications, allograft dysfunction and surgical complications such as transplant artery stenosis).
Recent Findings No randomized controlled trials have assessed the optimal blood pressure targets and explored the best antihy-
pertensive regimen for kidney transplant recipients. According to the large observational studies, it is reasonable to achieve a
blood pressure goal of equal to or less than 130/80 mmHg in the long-term follow-up for minimizing the cardiovascular
morbidity. The selection of antihypertensive agents should be based on the patient’s co-morbidities; however, the initial choice
could be calcium channel blockers especially in the first fewmonths of transplantation. In patients with cardiovascular indications
of renin-angiotensin-aldosterone system inhibition, given the well-described benefits in diabetic and proteinuric patients, it is
reasonable to consider the use of renin-angiotensin-aldosterone system inhibitors.
Summary There is a need for future prospective trials in the transplant population to define optimal blood pressure goals and
therapies.

Keywords Kidney transplantation . Hypertension . Antihypertensive treatment . Renin-angiotensin system . Calcium channel
blocker

Introduction

Hypertension (HT) remains one of the most common clinical
problems in kidney transplant recipients (KTRs) and is a well-

recognized risk factor for cardiovascular morbidity and mortal-
ity [1, 2]. The overall prevalence varies depending on the trans-
plant population studied and the hypertension definition used.
It is associated with factors such as age, male gender, obesity,
and smoking that affects the general population, and, also, it is
associated with transplant-specific causes [3]. Allograft pathol-
ogies, post-transplant proteinuria, immunosuppression-related
factors, donor-related factors, and transplant renal artery steno-
sis are important causes of HT [4].

Several studies have demonstrated the association between
HT and allograft survival and cardiovascular morbidity in the
literature [5–7]. The Collaborative Transplant Study, a cohort
of 30.000 KTRs, showed a graded association between sys-
tolic and diastolic blood pressure levels and allograft failure
[8]. Paoletti et al. showed that HT causes graft dysfunction and
increases proteinuria in KTRs [9]. Rigatto et al. reported that
high blood pressure increases left ventricular hypertrophy in
individuals whose HT is uncontrolled in the post-
transplantation period [10]. Despite major clinical concern,
no randomized clinical trials are assessing the optimal target
blood pressure level and defining the best antihypertensive
regimen for this patient population.
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Causes of Hypertension in Kidney Transplant
Recipients

The pathogenesis of post-transplant HT is multifactorial. In
addition to the traditional risk factors encountered in the gen-
eral population, transplant-specific causes pertain to KTRs
including pre-existing recipient, donor, and peritransplant fac-
tors such as immunosuppresive medications, delayed graft
function, allograft pathologies, and surgical complications
(Table 1) [4, 5]. Long standing HT before transplantation,
due to the development of vascular stiffness with excess fluid
during the dialysis period may produce post-transplant HT.
Obesity and metabolic disorders which induce variable injury
to the transplanted kidney are effective in the development of
post-transplant HT [11, 12]. The development of HT in a
transplant recipient can accelerate kidney dysfunction—
especially if it is accompanied by proteinuria [6].
Furthermore, acute cellular and/or antibody-mediated rejec-
tion episodes, chronic transplant glomerulopathy, and recur-
rent glomerular disease may be associated with chronic allo-
graft dysfunction and post-transplant HT [13]. The role of
native kidneys in the pathogenesis of post-transplant HT has
not been completely elucidated. Native kidneys can induce
HT through activation of the sympathetic nervous system or
increased renin secretion [14, 15]. A few small studies have
reported that bilateral native nephrectomies before or after
transplantation improve blood pressure control [16–18]. In
contrast, Midvedt et al. showed no blood pressure improve-
ment after bilateral nephrectomy in a population of 158 living
donor transplant recipients [19].

There are numerous donor factors associated with HT in
transplant recipients. These include pre-existing donor HT,

older donor age, and poor allograft quality including donor
kidney size. Guidi et al. reported that the transplantation of a
“hypertensive” kidney from a hypertensive donor determines a
tenfold increase in the requirement of antihypertensive therapy
than the transplantation of a “normotensive” kidney to obtain a
similar blood pressure control [20]. Similarly, Blanca et al. re-
ported that post-transplant HT and cardiovascular disease have
been observed more frequently in individuals transplanted of
the kidneys from extended criteria donors (who have cerebro-
vascular disease and/or HT) [21]. In another study, el-Agroudy
et al. reported that low donor/recipient body weight ratio de-
creases long-term allograft survival in KTRs [22]. They hy-
pothesized that kidneys from small donors are at risk for graft
loss if they are transplanted into large recipients, and they dem-
onstrated that a low donor/recipient body weight contributes to
inferior long-term renal allograft survival [22]. It is a well-
known fact that the size of the donor kidney relative to the
recipient plays a role in the development of post-transplant
HT due to underdosing nephrons and subsequent maladaptive
hyperfiltration. Even for this purpose, transplant programs have
been created to target the fitting of kidneys suitable for the
recipient’s height and length [23].

Calcineurin inhibitors and steroids are blamed for the devel-
opment of HT among KTRs. Steroids are known to increase
blood pressure by sodium retention and volume expansion.
The development of post-transplant HT depends on the dose
of steroids used [24, 25]. Early reduction or discontinuation of
the steroid has been reported to have positive effects in main-
taining HT control [25], but in today’s practice, discontinua-
tion of steroids is not recommended because it shortens the
survival of the transplanted kidney. Cyclosporin, one of the
most used drugs in the 1980s in transplantation practice,

Table 1 Factors contributing
post-transplant hypertension Recipient factors Donor factors Transplant specific factors

Delayed graft function

Pre-existing hypertension Genetics

Native kidney disease Nephron mass Immunosuppressive drugs

Obesity Donor Age -Calcineurin inhibitors

Genetics Donor gender -Corticosteroids

Metabolic syndrome Donor hypertension

Chronic kidney disease Allograft dysfunction

-Acute cellular rejection

-Antibody-mediated rejection

-Mixed rejection

-Chronic allograft nephropathy

-Thrombotic microangiopathy

Surgical complications

-Transplant renal artery stenosis

-Lymphocele

-Ureter stenosis
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increases the prevalence of post-transplant HT among KTRs
[26]. Cyclosporin, the first-generation drug of calcineurin in-
hibitors, may impair renal perfusion and lead to HT by increas-
ing renal vasoconstriction, which can lead to HT. Taler et al
reported the prevalence of HT in KTRs to be as high as 7090%
because of characteristic vascular changes of cyclosporin
which causes renal and systemic vasoconstriction [27].
Registry data and observations from clinical trials have sug-
gested lower rates of post-transplant HT with a tacrolimus-
based regimen compared with a cyclosporin-based regimen
[28, 29]. Eventually, tacrolimus have replaced cyclosporin in
almost all immunosuppressive protocols in the current trans-
plantation practice in recent decades. Given the importance of
appropriate immunosuppression to avoid acute rejection, we
suggest lifestyle modifications and antihypertensive medica-
tion (if necessary) instead of modifying the immunosuppres-
sion protocol from tacrolimus-based regimen to mTOR
inhibitor-based regimen of the KTR.

Disruption of graft functions during acute cellular or
antibody-mediated rejection can cause HT development.
Activation of the renin-angiotensin-aldosterone system
(RAAS) with impaired kidney function, fluid loading of the
patient leads to the development and/or deterioration of HT.
High-dose steroid therapy and intravenous immunoglobulin
(IVIG) treatment during rejection therapies also facilitate HT
worsening [30]. HT associated with acute rejection episodes
responds well to treatment of rejection, whereas it often
worsens with treatment protocols consisting of high-dose ste-
roids and IVIG. HT associated with chronic allograft nephrop-
athy is similar to that associated with chronic kidney disease
(CKD). We usually advise lifestyle modifications and antihy-
pertensive medication in addition to attempts to prolong allo-
graft survival.

Transplant renal artery stenosis is a vascular complication
that can be seen in 1–25% after transplantation [31]. It can be
seen between 3 months and 2 years after transplantation and
often develops in the surgical anastomosis line [31]. While it
is a potentially treatable cause of post-transplant HT, failure to
diagnosemay compromise transplant kidney outcomes.When
stenosis is treated interventionally, both the graft function of
the KTR is maintained for a long time and blood pressure
control becomes easier. Progression of stenosis in the trans-
plant artery, worsening of graft functions, and/or uncontrolled
HT development indicate the need for revascularization [32].
Revascularization options can be summarized as endovascular
interventions (balloon angioplasty and stent application) and
surgical revision of the renal artery. Chen et al. compared
outcomes between angioplasty and stent placement methods
in the treatment of transplant renal artery stenosis [33]. They
showed that there was no difference between the 2 methods in
terms of blood pressure, graft functions, and graft survival
[33]. They also showed that stent placement resulted in fewer
cases of re-stenosis compared with balloon angioplasty alone

[33]. Surgical revision of the renal artery should be reserved
for cases where angioplasty fails.

Which Blood Pressure Goal Should be
Targeted in Transplant Recipients?

No randomized controlled trials are investigating the optimal
blood pressure goal in transplant recipients. There is also no
evidence to support the superiority of one treatment choice
over another. Considering the various HT guidelines written
in the last 10 years and the recently published “Turkish
Hypertension Consensus Report 2019,” the comments and
recommendations regarding optimal blood pressure level in
KTRs are insufficient [34].

In several international guidelines, such as International
Society of Hypertension Global Hypertension Practice
Guideline from 2020, Joint National Committee (JNC) 8
Guideline from 2014, and European guidelines from 2013,
recommend a blood pressure less than 140/90 mmHg for the
general population, 130/80 mmHg for CKD population, and
diabetics [35–37]. In the full text of these guidelines, although
diabetics and CKD patients are evaluated, there are no specific
recommendations for kidney transplantation.

One of the 2 guidelines to review the blood pressure targets
of KTRs is the HT Guideline published in 2017 in partnership
with the American Society of Cardiology and the American
Heart Association [38•]. According to this guideline, the
blood pressure goal in KTRs is suggested as equal to or less
than 130/80 mmHg [38•]. This recommendation was based on
the results of the SPRINT study which was published in 2015
[39•]. The blood pressure goal was extrapolated from CKD
patients’ data and should be evaluated by randomized con-
trolled trials, since no transplanted patient was included in
the SPRINT trial.

Another recommendation to interpret the blood pressure
goal in KTRs is found in the KDIGO (Kidney Disease:
Improving Global Outcomes) 2012 guideline that interpret
the blood pressure goal as equal to or less than 130/
80 mmHg [40]. The level of evidence is classified as 2D
which is based on expert opinion and is provided solely by
epidemiologic data concerning long-term graft survival [40].

Although there is no recommendation regarding transplant
recipients in the Canadian guideline published in 2017, blood
pressure goal for non-diabetic CKD patients is interpreted as
less than 140/90 mmHg [41]. Finally, according to the recent-
ly published national guideline, Turkish Hypertension
Consensus Report, 2019, blood pressure goal is less than
140/80 mmHg in CKD patients whose age is > 65 years and
equal to or less than 130/80 mmHg whose age is < 65 years.
Transplant recipients are not specified separately in this guide-
line [34]. The blood pressure goals recommended by various
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guidelines in individuals with CKD, diabetics, and KTRs are
summarized in Table 2.

Therefore, the optimal blood pressure values recommended
for transplant recipients are the conclusions from epidemio-
logical studies evaluating long-term graft survival and cardio-
vascular morbidity and are at the level of expert opinion (level
of evidence 2D). According to a recently published meta-anal-
ysis, the recommended target blood pressure value should be
less than 140/90 mmHg [42].

According to our opinion, while a KTR is considered as a
stage 2–3 CKD patient even under the best conditions, it is
necessary to optimize the patient’s cardiovascular risk factors.
Blood pressure targets should not be set very tightly at the
beginning of the transplantation (first 6 months), in which a
blood pressure target should be planned to ensure adequate
organ perfusion and reduce the risks of hypotension and graft
thrombosis. This target can be considered as less than 140/
90 mmHg in the first 6 months. This target should be consid-
ered as equal to or less than 130/80 mmHg in order to control

cardiovascular risks, prevent target organ damage, and pro-
long graft survival after 6 months of transplantation.

Which Anti-hypertensive Drug Could be
Selected in Transplant Recipients?

There are no randomized controlled trials that determine opti-
mal antihypertensive therapy in KTRs. The choice of treat-
ment should be individualized by evaluating the patient’s co-
morbidities, drug to drug interactions, and efficacy/tolerability
index of the drug.

Calcium channel blockers (CCB) are generally the first
choice in a KTR with high blood pressure. They are used as
the first option to neutralize the vasoconstrictive effects of
calcineurin inhibitors, as they reduce renal vascular resistance.
Kuypers et al. reported that transplant recipients using calcine-
urin inhibitors and CCBs had better graft functions in post-
transplant 2 years than those who did not use CCBs [43]. Non-

Table 2 Blood pressure goals
recommended by various
guidelines in kidney transplant
recipients and chronic kidney
disease patients

Guideline Uncomplicated
hypertension

Diabetes Chronic kidney
disease

Kidney
transplantation

KDIGO (2019)

(mmHg)

≤ 140/90 ≤ 140/90

(proteinuria (-))

≤ 130/80

(proteinuria (+))

≤ 140/90

(proteinuria (-))

≤ 130/80

(proteinuria (+))

≤ 130/80

(proteinuria
not-specified)

ISH (2020) < 65 years <
130/80

≥ 65 years <
140/90

< 130/80 < 130/80 Not-specified

ESH/ESC (2013)

(mmHg)

< 140/90 < 140/85 < 140/90

< 130/80

(proteinuria (+))

Not-specified

JNC 8 (2014)

(mmHg)

< 150/90 (≥ 60
year) ≤ 140/90
(< 60 year)

< 140/90 < 140/90 Not-specified

AST Not-specified Not-specified Not-specified KDIGO 2012
suggestions are
accepted

ACC/AHA (2017)
(mmHg)

≤ 130/80 ≤ 130/80 ≤ 130/80 ≤ 130/80

Canadian

Hypertension

Guideline (2017)

(mmHg)

<140/90 ≤ 130/80 < 140/90 Not-specified

Turkish Hypertension
Consensus Report
(2019)

(mmHg)

≤ 140/80 (> 65
year) ≤ 130/80
(< 65 year)

≤ 140/80 (>65
year) ≤ 130/80
(<65 year)

≤ 140/80 (>65
year) ≤ 130/80
(<65 year)

Not-specified

KDIGO Kidney Disease: Improving Global Outcomes, ISH International Society of Hypertension Global
Hypertension Practice Guidelines, ESH/ESC European Society of Hypertension/European Society of
Cardiology, JNC Joint National Committee, AST American Society of Transplantation, ACC/AHA American
College of Cardiology/American Heart Association
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dihydropyridine CCBs (diltiazem and verapamil) should be
used with caution in KTRs as they increase calcineurin inhib-
itor drug levels [44]. On the contrary, in Turkey, diltiazem is
preferred by many transplant nephrologists at stage 1-2 HT, as
it allows the liver cytochrome p450 (CYP3A4) enzyme inhi-
bition to reduce the dose of the calcineurin inhibitor used [45].

Cross et al. published a Cochrane Database systematic re-
view, which included 29 studies comparing CCBs to placebo
in 2262 KTRs, 10 studies comparing RAAS blocker with
placebo in 445 KTRs, and 7 studies comparing RAAS
blockers with CCBs in 405 KTRs [46••]. They found that
CCBs reduces graft loss (risk ratio [RR], 0.75, 95% CI,
0.57–0.99) and improves glomerular filtration rate (4.45 mL/
min, 95% CI, 2.22–6.68); however RAAS blockers have in-
conclusive results for glomerular filtration rate (−8.07 mL/
min, 95% CI, −18.57 −2.43) and graft loss [46••]. They also
reported that in direct comparison with CCBs, although
RAAS blockers decrease proteinuria (−0.28 g/24 h, 95% CI,
−0.47 −0.10), the data of graft loss was inconclusive (RR,
7.37, 95% CI, 0.39–140.35). The authors concluded that
CCBs may be preferred as first-line antihypertensive treat-
ment in KTRs [46••].

There is no evidence-based difference between
dihydropyridine and non-dihydropyridine CCB use in
transplantation practice. There is not any trial examining
the possible beneficial effects—allograft survival, graft
loss, decreasing proteinuria—of different sub-classes of
CCBs in the literature. While we have been using diltiazem
as first-line antihypertensive therapy in the first 6 months in
KTRs in our transplantation unit to reduce the dose of cal-
cineurin inhibitor used, however in recent years, we are
using lercanidipine as the first option because of more
prominent antihypertensive effect in hypertensive KTRs.
Furthermore, lercanidipine dilates both afferent and effer-
ent glomerular arteries and improves renal resistive index
which is important in long-term allograft survival [47, 48].
Prospective, randomized controlled studies are needed to
add crucial insight into this subject.

Renin-angiotensin-aldosterone system (RAAS) blockers,
on the other hand, are a group that is withdrawn in the early
post-transplant period but helps maintain graft functions by
reducing intra-glomerular pressure and proteinuria in the long
term. In the early period, the clinician would disapprove
treating with RAAS blockers because of hyperkalemia, while
graft function has just started. Moreover, treatment with
RAAS blockade may impair patient’s anemia [49].
Additionally, RAAS blockade may disrupt graft functions,
which create confusion in terms of acute rejection.
According to our opinion, because of these reasons, it is an
uncomfortable treatment choice for both the transplantation
team and the patient in the first several months. However, in
the long term, the progression-slowing effect of RAAS inhib-
itors especially in proteinuric recipients cannot be neglected.

In an observational study by Shin et al., RAAS blockade
has been shown to prolong graft survival in proteinuric trans-
plant recipients [50]. In this observational study, Shin et al.
analyzed 2680 KTRs who had a functioning graft at 6 months
after transplantation. They assessed the association of RAAS
blockers with patient and graft survival using time-dependent
Cox analysis [50]. They found that RAAS blockade is posi-
tively associated with lower risk of graft loss [50].

In a retrospective study conducted by Heinze et al., RAAS
blockers have been reported to show better graft survival in
the post-transplant 10th year when compared with other anti-
hypertensive drugs [51]. The authors reported that the 10-year
patient survival rate was 74% in the RAAS blockade group,
but only 53% in the non-RAAS blockade group [51].
Similarly, 10-year graft survival was better in the RAAS
blockade group when comparedwith the non-RAAS blockage
group (59% vs 41%, p = 0.002). They concluded that the use
of RAAS blockers was associated with longer patient and
graft survival and more frequent use of these medications
may reduce the incidence of renal allograft failure in KTRs
[51].

A prospective, double-blinded, randomized controlled trial
of 213 KTRs evaluated the effectiveness of ramipril versus
placebo on an endpoint of worsening allograft function, de-
velopment of end-stage kidney disease, or death [52]. The
authors found that treatment with ramipril compared with pla-
cebo did not lead to a significant reduction in doubling of
serum creatinine, end-stage kidney disease, or death in
KTRs with proteinuria. They concluded that their results do
not support the use of RAAS blockers for improving clinical
outcomes in transplant recipients [52].

The largest study on this subject—which was consisted of
500 KTRs—is the SECRET (The Study on Evaluation of
Candesartan Cilexetil after Renal Transplantation) study in
which KTRs were compared while using candesartan or pla-
cebo [53••]. Philipp et al. have reported that proteinuria was
lower and serum creatinine and potassium were higher in pa-
tients using candesartan [53••]. The authors have also noted
that RAAS inhibitor allows better blood pressure control with
less antihypertensive co-medication than the usual antihyper-
tensive medication [53••]. In the second year, all-cause mortal-
ity, cardiovascular mortality, and graft survival were similar
between candesartan and placebo group [53••]. Enrollment
into this study was halted prematurely because of a lower than
expected primary event rate (all-cause mortality,
cardiovascular mortality, and graft survival) which would not
cross the statistical boundary required to establish the superi-
ority of one treatment over the other. The authors reported that
none of the group comparisons for the different components of
all-cause mortality, cardiovascular morbidity and all-cause
graft failure was statistically significant [53••].

Hiremath et al. conducted a meta-analysis of 8 studies
using RAAS blockers and placebo in 1500 KTRs [54••].
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Their analysis showed RAAS blockers did not significantly
change all-cause mortality (RR, 0.96; 95%CI, 0.62–1.51),
graft survival (RR, 0.76; 95%CI, 0.49–1.18), and serum cre-
atinine doubling (RR, 0.84, 95%CI, 0.51–1.39) compared
with control group [54••]. The authors concluded that a sam-
ple wider than 10.000 patients would be needed to definitively
answer whether RAAS blockade improves allograft survival
in this patient population [54••].

Therefore, definitive evidence for the benefit of RAAS
blockers in KTRs is still lacking. According to our opinion,
RAAS blockers and/or RAAS blockers/CCBs could be a first
choice of anti-hypertensive therapy in KTRs after stabilization
of early transplantation period. We especially suggest RAAS
blockers use in diabetic and/or proteinuric patients and also for
post-transplant erythrocytosis; but its use could also be con-
sidered in non-proteinuric and non-diabetic KTRs. On the
other hand, we agree with the general clinical nephrology
practice that supports CCBs as a first choice of anti-
hypertensive medication in the first 6 months of the post-
transplantation period.

Beta-blockers could be selected in transplant recipients
with coronary artery disease and/or arrhythmia. Alpha-
blockers can also be used in patients with prostate hyperplasia.
Although transplant nephrologists do not prefer in their clini-
cal transplantation practice, it is also possible to use thiazide
diuretics and mineralocorticoid receptor blockers in patients
who can tolerate these antihypertensives.

Conclusion

In summary, we suggest that the blood pressure target could
be considered as less than 140/90 mmHg to supply ade-
quate organ perfusion in the first few months of transplan-
tation. A target less than 130/80 mmHg to prevent target
organ damage, cardiovascular morbidity, and prolong graft
survival could be considered after stabilization. In KTRs
with proteinuria, diabetes, or coronary artery disease, the
RAAS blockers or RAAS blocker/CCB combination seems
to be the best option. Further prospective, controlled trials
are needed to define optimal blood pressure goals and
therapies.
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