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Abstract

Heart transplantation is the gold standard in patients with end stage heart failure, offering
vastly improved survival, mortality and quality of life. However, hypertension occurring
after cardiac transplantation is a serious issue, with the incidence ranging from 50 to 80% of
patients. The pathophysiology of the hypertension encompasses a more varied and unique
set of causes than those identified in non-organ transplant patients, particularly related to
the use of calcineurin inhibitors (CNIs) especially cyclosporine. An in-depth understanding
of hypertension after heart transplantation remains a critical issue that necessitates further
clarification, due to its deleterious long-term consequence such as impaired graft survival,
cardiac allograft vasculopathy (CAV), and overall survival. This article provides a compre-
hensive review of the prevalence, risk factors, etiology, complications, and management of
hypertension after heart transplantation.

Keywords: hypertension; calcineurin inhibitors; heart transplant cyclosporine; tacrolimus;
corticosteroids; cardiac allograft vasculopathy; systematic literature review

1. Introduction

Heart transplantation is the gold standard of treatment in patients with end stage
heart failure, offering vastly improved survival, mortality and quality of life. However,
one of the most common post-transplant sequelae is hypertension. Hypertension (HTN)
occurs frequently after cardiac transplantation. One study reported a prevalence of 52%
at 1 year and 77% at 4 years post-transplant. Another study found a prevalence of 71.4%
after 3 years post-transplant. The International Society for Heart and Lung Transplantation
(ISHLT) reported 72% at 1 year and 92% at 5 years [1,2].

One of the primary pathophysiologic mechanisms which contribute to this problem is
the effect of immunosuppressive agents such as calcineurin inhibitors [3,4] on the renin—
angiotensin—-aldosterone and sympathetic nervous systems [5], leading to sodium and
fluid retention and enhanced vasoconstriction. Among CNIs, cyclosporine is more often
associated with hypertension than tacrolimus, which is the most used CNI agent in the
modern era of cardiac transplantation [6,7]. However, there are also alternate mechanisms
of hypertension, independent of CNIs, such as failure of cardiac volume receptors to
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respond to changes in loading conditions as a result of cardiac denervation after heart trans-
plantation [8,9]. Furthermore, denervation of the transplanted heart and the consequent
increase in heart rate have important implications on clinical parameters such as arterial
stiffness and loss of modulation of blood pressure and heart rate during sleep [10].

The clinical implications of post-transplant hypertension are enormous, as it can lead
to cardiac and renal structural alterations, and subsequent dysfunction. As delineated in
Figure 1, there are special considerations for the management of post-cardiac transplant hy-
pertension. Additionally, post-transplant hypertension plays a significant role in the onset
of angiographic cardiac allograft vasculopathy (CAV). The cornerstone of management of
hypertension in heart transplant recipients is reducing the dose of immunosuppression (IS)
to the lowest effective dose.

Non-pharmacological therapies Goals

Weight loss - Preserve allograft function
Sodium restriction to <1.5grams - Avoid long term complications (CAV)
per day Aggressive BP control to < 120/80 if

Treatment of comorbidities FEA LD U concomitant risk factors for ASCVD

Hypertension

Pharmacological therapies Special Considerations | Management of immunosuppression

First Line: CC blockers and direct acting vasodilators
Second Line: RAAS blockade Immunosuppression optimization
Avoid BB early to lowest effective dose

Figure 1. This figure depicts key components of post—cardiac transplant hypertension manage-
ment: therapeutic strategies both pharmacological and non-pharmacological, immunosuppression
optimization, and blood pressure targets.

We conducted a systematic literature review to assess the current body of knowledge
on hypertension in the cardiac transplant population. The review synthesizes existing evi-
dence on the pathophysiological mechanisms driving hypertension in transplant recipients,
proposes a management framework, and highlights emerging contributors—including
donor-derived factors—as well as new research avenues involving RAAS blockade, aldos-
terone antagonists, SGLT2 inhibitors, and renal denervation.

2. Risk Factors

In contrast to the general non-transplant hypertensive patient population, traditional
risk factors, including family history of HTN, obesity, and diabetes, play a minor role
in the development of post-transplant HTN [11]. Cyclosporine-induced hypertension
develops regardless of the classic cardiovascular risk factors, which may exist before and
after cardiac transplantation [12]. Studies have not found any correlation between body
weight increase and blood pressure (BP) values. However, Olivari et al. [3,11] found that
normotensive patients post-transplant had a smaller weight increase than patients who
developed hypertension post-transplant, suggesting that obesity or weight gain may play
an important role in the development of hypertension following cardiac transplantation.
The effect of weight reduction on the BP of these patients is not known yet, but further
studies on body weight reduction in this population are needed. So far, the risk factors
associated with development following cardiac transplantation have not been thoroughly
identified. Interestingly, while the male sex has been classically associated with non-
transplant related hypertension, a study from Norway by Nygaard et. Al which looked at
a total of 50 heart transplant recipients (35 males and 15 females) with an average age of
48 years, with the donor group containing 34 males and 16 females with an average age of
36 years, showed that the increases both ambulatory SBP and DBP were strongly associated
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with the female donor sex [13]. This is a fascinating observation and warrants further
follow-up and understanding of the contributing anatomic and physiological factors of a
donor female heart to the development of hypertension after cardiac transplant.

3. Pathogenesis

The pathogenesis of hypertension in heart transplant recipients is multifactorial, com-
plex, and unrelated to the presence of hypertension prior to transplantation (Figure 2).

Post Cardiac Transplant Hypertension
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Figure 2. This figure illustrates the etiology of post-cardiac transplant hypertension: (1) Use of
calcineurin inhibitors and prednisone. (2) Cardiac denervation leading to dysregulated cardio-renal
reflexes. (3) Dysregulation of cardiac mechanoreceptors. (4) Lack of normal nocturnal decline in
blood pressure in cardiac transplant recipients.

As mentioned, one of the common etiologies of hypertension after heart transplanta-
tion is the use of CNIs. Both cyclosporine and tacrolimus are implicated, but the incidence
of hypertension with tacrolimus is reported to be lower [14,15]. The vast majority of im-
munosuppressive regimens include a CNI, likely combined with a corticosteroid. CNIs are
known to cause hypertension in post-transplant patients through a host of mechanisms
which affect blood pressure regulation, such as through the renin—angiotensin system,
the sympathetic nervous system, the endothelin system, the nitric oxide system, and the
production of free radicals. However, as we will further elucidate upon, hypertension
in heart transplant patients is more pronounced than in other patient groups receiving
cyclosporine, indicating non-CNI related mechanisms of hypertension as well [16,17].

One of the major mechanisms through which CNIs are thought to cause hyperten-
sion is through their effect on the renin-angiotensin—aldosterone system (RAAS) and the
sympathetic nervous system. A study showed that CNIs not only induce renin production
in the collecting duct but also cause increased vascular endothelial growth factor (VEGF)
production, resulting in disproportional vessel growth [18]. A study by Nishyiama et al.
demonstrated that in CsA-induced hypertensive rats, Angiotensin II levels are increased in
both plasma and kidney [19]. Also, from a hemodynamic perspective, CsA causes intrarenal
vasoconstriction, leading to a severe reduction in blood supply to nephrons, resulting in
increased renin secretion. Thus, it is postulated that CNIs may trigger a vicious circle of
RAAS activation [5]. CNIs impair the vasodilatory response by diminishing prostacyclin
levels (PGI2), endothelium-derived relaxing factor, and nitric oxide activity [20]. It is also
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thought that CNIs reduce glomerular filtration rate and increase sodium reabsorption [21],
consequently requiring greater pressure levels to maintain natriuresis, mediated in part by
increased sodium chloride cotransporter (NCC) activity in the distal convoluted tubule [22].
It is likely that CNIs alter the functions of all NOS isoforms by several different mecha-
nisms [22,23] and thus reduce NO production. This decreased NO bioavailability could
lead to an inadequate vasodilation, leading to unopposed vasoconstriction, which is a main
mechanism of CNI-induced alteration in organ hemodynamics, including the kidney.

While the immunosuppressive effects of corticosteroids are highly beneficial in terms
of prevention and treatment of acute rejection, multiple adverse effects are associated with
the use of corticosteroids. Corticosteroids are most notorious for various systemic effects
such as weight gain, hormonal imbalances, salt and water retention, Cushing’s disease, and
hypertension [24,25]. There is substantial evidence concerning the dose-dependent relation-
ship of corticosteroids and the risk of hypertensive crisis in organ transplant recipients [26].
The clinicians accordingly recommend minimal dosages of steroids (for example, 5 mg
per day dose of prednisone) to achieve long-term immunosuppression in organ transplant
recipients without increasing their risk for episodic hypertension [27].

Alterations in sympathetic nervous system activity have been suggested as a key
mechanism in the development of cyclosporine-associated systemic hypertension [28].
Scherrer et al. [29] provided evidence of sympathetic overactivity in heart transplant recipi-
ents treated with cyclosporine (CsA) by recording sympathetic action potentials from the
peroneal nerve using intraneural microelectrodes. Arterial pressure and sympathetic nerve
activity were compared between five recipients treated with azathioprine and prednisone
alone and 16 recipients treated with azathioprine, prednisone, and CsA. The CsA-treated
group exhibited higher blood pressures, which were accompanied by increased sympa-
thetic nerve activity. Notably, although norepinephrine levels in these patients were within
the “normal” range, they were still approximately 50% higher than in transplant recipients
not receiving CsA, thus leading to elevated sympathetic discharge and increased regional
vascular resistance [30].

A calcineurin inhibitor (CNI)-independent explanation for hypertension in cardiac
transplant patients centers on cardiac denervation and its effect on dysregulated cardio-
renal reflexes [9]. In a normal heart, volume expansion is sensed by cardiac volume
receptors, which suppress vasopressin and the renin—-angiotensin—aldosterone system
(RAAS) while promoting diuresis and natriuresis [31]. Animal studies in denervated dogs
have shown diminished diuretic and natriuretic responses. Similarly, in heart transplant
patients, renal reflexes to volume expansion are impaired, and the RAAS response is not
appropriately suppressed. In a small study, Braith et al. compared blood pressure, renal,
and endocrine responses to acute volume expansion in 10 heart transplant recipients and
six liver transplant patients on similar cyclosporine doses versus a control group. Blood
pressure increased in the heart transplant group, while urine flow and sodium excretion
were blunted compared to controls [32]. They also observed abnormally elevated atrial
natriuretic peptide levels in heart transplant recipients, suggesting dysregulation of cardiac
mechanoreceptors that regulate hormone release [33]. It was shown that pretreatment
with captopril abolished elevations in systolic and diastolic blood pressure, normalized an-
giotensin Il and aldosterone levels, and restored urine flow and sodium excretion following
saline infusion [34]. These findings have important therapeutic implications, highlight-
ing the potential benefit of angiotensin-converting enzyme inhibitors (ACEi) and sodium
restriction in managing hypertension in this population.

Another factor contributing to hypertension in heart transplant patients is the absence
of the normal nocturnal decline in blood pressure, which leads to inappropriately smaller
reductions in cardiac output. Modest increases in peripheral resistance have also been
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observed [35]. This disrupted circadian rhythm, with the loss of the typical nighttime blood
pressure fall, results in a greater 24-h hypertensive burden on the allograft. It is thought
to arise from the denervated transplanted heart’s inability to respond appropriately to
the nocturnal increase in vagal tone and decrease in sympathetic activity. Additionally,
immunosuppressive therapy may play a role, as cyclosporine and glucocorticoids can cause
fluid retention and increased venous return during the night, potentially further blunting
the normal nocturnal decline in cardiac output [36].

4. Diagnostic Workup of Post-Cardiac Transplant Hypertension

When hypertension is suspected, a 24 h ambulatory blood pressure monitoring (ABPM)
should be performed to confirm the diagnosis of hypertension, identify non-circadian
patterns of hypertension, as well as ascertain the burden of hypertension. In a study by
Walker et al. [37] comparing 24 h ABPM and routine clinical BP monitoring, the incidence
of hypertension was 52% in the 24 h group and 33% in the clinical BP monitoring group
(p = 0.02). Bansal et. al showed that in when ABPM was performed in 34 pediatric
heart transplant recipients (PHT), mean age 14 & 5 years, median 5.5 years post-PHT,
ABPM identified masked HTN in 60% of patients, with majority being categorized as
nocturnal hypertension, with abnormal circadian BP patterns found in 82% of patients.
A discordance between clinic BP readings and ABPM was also seen, thus diagnosing
masked hypertension; resulting in a modification of therapy [38]. In a review consisting of
over 2000 renal transplant patients, ABPM reflected target organ damage (carotid intimal
thickness and left ventricular wall mass) more closely than blood pressure measured in
the office. It also served the dual purpose of identifying patients who exhibited nocturnal
hypertension, as well as a non-circadian BP “non-dipper” which has emerged as a risk
factor for cardiovascular events in kidney transplant patients [39].

The ISHLT guidelines [40] on the care of heart transplant recipients recommend the
use of 24 h ambulatory blood pressure monitoring as a Ila recommendation with level
of evidence C. Since transplant patients lack the normal diurnal variation in BP, the 24 h
ABPM can also help ascertain the burden of hypertension [41]. Thus, ABPM is emerging
as an important tool in heart transplant follow-up, especially for diagnosing masked
hypertension and nocturnal BP abnormalities. Given the parallel evidence from renal
transplant patients, ABPM should be strongly considered for patients with discrepant
clinic vs. home BP readings, those with suspected nocturnal patterns, or individuals with
immunosuppression-related hypertension or early graft vasculopathy.

A basic workup, including thyroid function, renin, aldosterone levels, and metanephrines,
can be obtained to rule out other causes of hypertension, depending on the clinical sce-
nario [42]. Other comorbidities should also be evaluated. These include overnight sleep
testing for obstructive sleep apnea [43], 24 h urine protein or urine spot PCR, renal ultra-
sound for evaluation of renal parenchymal disease [44], complete blood count to rule out
cell dyscrasias, comprehensive metabolic panel for electrolytes, renal and liver function,
and hemoglobin Alc. Renal artery ultrasound should be obtained to look for renal vascular
disease [45].

Once the diagnosis of hypertension is made, it is important to obtain a transthoracic
echocardiogram to establish a baseline cardiac function and chamber sizes, as we know that
hypertension can lead to left ventricular hypertrophy (LVH). In cardiac transplant patients,
LVH can also be due to other causes, such as treatment with CNIs [46], donor-derived LVH,
and chronic allograft rejection [47,48]. It is also essential to repeat echocardiograms during
follow-up of treatment of hypertension, since there is clear evidence of LVH regression
with treatment of hypertension [49].
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5. Blood Pressure Goals

Treatment of hypertension in transplant recipients is imperative to preserve allograft
function and avoid long-term complications such as CAV [50]. The BP goal for transplant
recipients is not well established; however, based on recent hypertension guidelines in
2017 [51], it is safe to say that we should be targeting a BP < 130/90 or even lower to
<120/80 as studied in the SPRINT trial [52], although the trial did not include any transplant
patients. The hypertension guidelines recommend aggressive BP control to <120/80 in
patients with concomitant risk factors for ASCVD (which in our case would include CAV),
such as hyperlipidemia, smoking, diabetes, and obesity.

6. Non-Pharmacological Therapies for Treatment of Hypertension in
Heart Transplant Recipients

The ACC/AHA hypertension guidelines emphasize the importance of non-pharm-
acological measures to target hypertension. These include weight loss in patients who
are overweight or obese [53], sodium restriction to <1.5 g per day [54], DASH (Dietary
Approaches to Stop Hypertension) diet [55], reduced alcohol intake and smoking cessation.
Sodium restriction is particularly very important in post-cardiac transplant hypertension,
which is partly mediated by enhanced sodium sensitivity and sodium retention [56,57]. The
guidelines also recommend potassium supplementation to treat hypertension. However,
this might be harmful in transplant patients who are at risk for hyperkalemia from other
medications. Physical activity such as aerobic exercises, dynamic resistance training, and
isometric resistance training have been shown to be extremely beneficial for hypertension
management as elucidated by several meta-analyses [58,59].

Treatment of hypertension also includes treatment of comorbidities such as hyper-
lipidemia and diabetes, both of which are risk factors for hypertension in heart transplant
patients. Treatment of OSA with CPAP has been shown to have beneficial effects in lowering
BP [60]. Often, these patients need multiple visits to up-titrate/optimize anti-hypertensive
medications to achieve the target. A study from the Cedars group by Jamero et al. [61]
showed that utilizing tele-visits with nurse practitioners was a very effective tool in achiev-
ing the target BP goal in heart transplant patients within a short timeframe.

7. Anti-Hypertensive Medications in Transplant Recipients

As previously mentioned, patients with heart transplantation have an altered circadian
rhythm and lose the diurnal variation in BP. Hence, the burden of hypertension is much
higher compared to normal individuals [62]. In general, due to the lack of diurnal variation
and lack of nighttime BP dip, expert reviews recommend twice daily dosing or nighttime
dosing of anti-HTN medications to combat this problem [63,64].

7.1. Calcium Channel Blockers (CCBs)

Dihydropyridine CCBs are the most widely used anti-hypertensive medications in
the early post-transplant period. They have minimal drug interactions and a simple side
effect profile. The non-dihydropyridine CCBs like diltiazem and verapamil have negative
inotropic effects and AV nodal blocking properties, so they are generally avoided during
the early postoperative period. Diltiazem and verapamil have the added effect of boosting
the levels of CNI, as it is a CYP 450 enzyme inhibitor [65], so one should be very careful in
monitoring the CNI levels when a patient is initiated on these drugs. It is usually suggested
to dose reduce CNIs by 20-50% [66]. CCBs are potent renal vasodilators and have the
added benefit of combating CNI-induced renal vasoconstriction and thereby improving
renal function [67].
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Based on a large Cochrane analysis [68] performed on renal transplant recipients,
the hypertension guidelines recommend the use of calcium channel blockers as first-line
agents for hypertension in the renal transplant population. The RAAS blockade should be
considered in patients with additional comorbidities, such as proteinuria or reduced LVEF.
with caution required in those with hyperkalemia and worsening creatinine.

In a large randomized trial including 116 cyclosporin-treated heart transplant patients
with HTN, Brozena et al. [69] studied the efficacy of lisinopril vs. diltiazem in the treatment
of HTN. They found that both drugs were equally effective in lowering blood pressure.
There was a numerically higher incidence of peripheral edema in the diltiazem group, and
similarly numerically higher incidence of hypotension and hyperkalemia in the lisinopril
group. Interestingly, there was a significant number of non-responders in both groups (42%
in the diltiazem group and 36% in the lisinopril group), suggesting that most patients need
more than one drug for the treatment of hypertension.

7.2. RAAS Blockade

As previously discussed, heart transplant recipients tend to have the inability to sup-
press their RAAS due to sympathetic denervation of the heart [9], leading to expansion
of extracellular volume by sodium and water retention. ACEi and angiotensin receptor
blockers (ARBs) are less commonly used to treat isolated post-transplant hypertension with-
out another indication. The reason is the added nephrotoxicity by renal vasoconstriction
concomitantly with CNIs [70]. A large systematic review on using ACEi in renal transplant
patients [71] showed that there was a decrease in proteinuria and BP. However, they did
notice a decline in GFR during short-term follow-up. A study by Hausberg et al., comparing
atenolol to quinapril for treatment of HTN in renal transplant patients, showed that both
medications were equally effective, and quinapril had the added benefit of renal protection
by reducing albuminuria with no change in renal function [72]. As such, the guidelines
recommend using RAAS blockade for hypertension in patients with concomitant CKD,
proteinuria, or depressed LVEFE.

7.3. Beta Blockers

Beta blockers (BB) are generally avoided in the initial period post-transplant due to
the risk of bradycardia in denervated hearts and the negative inotropic effects [66]. Some
specific beta blockers, such as nebivolol with intrinsic nitric oxide-mediated vasodilatory
properties, are particularly attractive to treat CNI-induced hypertension from a high SVR
state. Although there are no randomized controlled trials, BB can be used safely and
effectively for the treatment of hypertension in heart transplant recipients [73].

7.4. Diuretics

Diuretics are commonly used in heart transplant recipients for volume optimization
during the initial post-operative phase when the allograft is still stiff, recovering from
cold ischemia. Loop diuretics have a modest effect on BP. A recent study by Tutakhel
et al. [74] showed that thiazide diuretics are better at treating CNI-induced hypertension
by promoting sodium excretion via the thiazide-sensitive sodium chloride transporters,
which are upregulated by CNIs.

7.5. Vasodilators

As previously discussed, systemic vasoconstriction due to a high SVR state is one
the pathophysiological drivers of systemic hypertension in post-transplant patients [75].
Vasodilators such as alpha blockers and hydralazine are very effective in controlling HTN
in this setting [76].
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8. Management of Immunosuppression for Treatment of Hypertension in
Heart Transplant Recipients

The cornerstone of pharmacological therapy in targeting hypertension in heart trans-
plant recipients is reducing the dose of immunosuppression to the lowest effective dose [22].
The ISHLT guidelines recommend that immunosuppression be tailored to every individual
patient to minimize the ill effects while protecting the allograft from rejection [50].

There are several studies evaluating the safety and efficacy of early steroid weaning in
heart transplant patients [22,77]. All of these studies have demonstrated that early steroid
weaning is feasible and safe in the first year after transplant in the contemporary era of
maintenance immunosuppression using CNI and cell cycle inhibitors. Some studies did
report increased incidence of biopsy-proven early rejections in the early steroid weaning
group; however, the overall survival was not different [78]. An interesting trial by Yamani
et al. [79] studied the outcomes on steroid-free immunosuppression after thymoglobulin
induction compared to routine immunosuppression with thymoglobulin induction. They
showed that both groups had similar incidences of early rejection (both groups were treated
with pulse steroids during rejection). The steroid-free group had better long-term metabolic
effects in terms of bone density and muscle strength. The RESTCO study [80] in the Spanish
heart transplant population also showed similar results, including a statistically significant
decrease in hypertension in the steroid-free group. Multiple other studies have also shown
that hypertension improves after steroid weaning [81,82].

The ISHLT guidelines [50] recommend weaning immunosuppression, including CNIs,
to the lowest effective dose to mitigate the potential side effects. There have been several
studies evaluating the safety of reduced CNI dosing. In general, hypertension is less
common with tacrolimus compared to cyclosporine, as shown in the landmark studies
by Taylor et al. [6] and Kobashigawa et al. [7]. Reduction in CNI dosage to the minimal
effective dose has been shown to decrease the incidence of hypertension in renal transplant
patients [83]. CNI sparing regimens [84] or reduced-dose CNI in combination with prolif-
eration signal inhibitors [85] have also shown decreased incidence of hypertension in the
long run. However, one should be very cautious in changing immunosuppression early in
the post-transplant period and in high-risk patients (with a history of rejections and donor-
specific antibodies) by carefully weighing the risk of allograft rejections [75,86]. Of note,
CNI-free regimens also improve renal function as well as lower BP [87]. A landmark study
from the Mayo group also showed decreased incidence of CAV and decreased incidence of
hypertension in the early sirolimus conversion group compared to the CNI group [88].

9. Novel Therapies and Existing Knowledge Gaps

ARNIs, non-steroidal MRAs, and SGLT2 inhibitors are some of the most recent BP
agents that are being used in patients with heart failure. Although not primarily used for
HTN management these agents lower the systemic BP as afterload-reducing agents, as well
as leading to left ventricular reverse remodeling and improving the ejection fraction. SGLT2
inhibitors in particular have been shown to improve the nocturnal hypertension in patients
with diabetes mellitus [89]. The EMPA-REG BP investigators trial showed significant BP
lowering in addition to glycemic control in diabetic patients treated with empagliflozin [90].
A small retrospective study with 22 heart transplant patients showed that SGLT2i were both
safe and effective in the management of diabetes without any infectious complications [91],
although there was no significant change in the BP. Larger randomized studies are needed
to evaluate the use of SGLT2i in heart transplant patients. The DAPARHT trial is currently
enrolling patients with heart transplants to study the effects of dapagliflozin [92].
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The BP-lowering effects of sacubitril valsartan, an angiotensin receptor-neprilysin
inhibiting agent, are well known in the non-transplant population [93]; however, its use in
the post-transplant population has not been well studied.

The latest addition to the armamentarium of heart failure therapies is finerenone,
which is a non-steroidal mineralocorticoid antagonist. This is also an afterload reducing
agent shown to have a significant effect on BP lowering in patients with CKD and type
2 DM [94]. Its use in heart transplant patients has not been studied yet. Spironolactone,
which is also a mineralocorticoid antagonist, has been shown to improve BP in patients
with resistant hypertension and HFpEF [95]. A small study from Romania showed that
patients exposed to spironolactone early post-transplant had less rejection, although they
did not evaluate the BP effects in this study [96]. The main caveat of mineralocorticoid
antagonists is the hyperkalemia associated with treatment. In the post-transplant patients,
this could be challenging with concomitant use of other medications, which may also cause
hyperkalemia, such as TMP-SMX and tacrolimus.

Renal denervation therapy has been studied for many years as a treatment for re-
fractory hypertension, and recently, we have three different devices that have been ap-
proved [97]. We do not have data about the efficacy and safety in post-heart-transplant
patients. This therapy could be a potential option for heart transplant patients with sub-

optimal BP control on multiple agents if shown to be safe.

The various pharmacological therapies are summarized in Table 1.

Table 1. Summary of different classes of anti-hypertension in cardiac transplant patients.

Drug Class Recommendation Benefits Risks/Side Effects
. . . Diltiazem /verapamil: negative
Dihydropyridine Minimal drug interactions inotropic effect, AV nodal

Calcium Channel

CCB—first-line therapy for

(DHP CCB), low side effect
profile, potent renal

block—avoid in early postoperative

Blockers (CCBs) post-cardiac . . period, boost CNI levels (CYP 450
. vasodilators, improve A TLALE :
transplant hypertension . inhibitor), need CNI dose reduction
renal function o
(20-50%)

fgifcesgiaig,ceiszlég Decrease proteinuria and Monitor for nephrotoxicity with

RAAS blockade . ) . BP, renal use of CNIs, decline in GFR (short
mellitus, proteinuria, rotection (quinapril) term), caution with hyperkalemia
reduced LVEE, CKD p qihap ' P
Second- or thlrd-hr}e Ngblvololz nitric e
agents preferred with oxide-mediated . . O,

Beta blockers . . g inotropic effects—avoid in the early
concomitant arrhythmias, vasodilation, treats ostoperative period
tremors (propranolol) CNI-induced hypertension postop P
Used for volume Promote sodium excretion,

S optimization, thiazides are  Loop diuretics—modest BP  Risk of dehydration and

Diuretics .
better for effect, thiazides are more volume loss
CNI-induced HTN effective for BP

Vasodilators Third-line agents are used . Headaches, compensatory

3 Cause systemic .

(hydralazine, when other agents are vasodilation tachycardia,

alpha blockers) not tolerated. orthostatic hypotension.
zgf(;(ifitc]i)lr)l-slg\cf iifr;;gh No studies in use for BP Risk of UTI—need

SGLT2i control in heart

concomitant diabetes
mellitus and CKD.

transplant patients

careful monitoring

10. Clinical Practice Application

The best clinical practice model combines evidence-based guidelines as discussed in

the review, multidisciplinary care, and an understanding of donor-specific risk profiles
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and individualized risk stratification. As previously stated, ABPM should be strongly
considered for patients with discrepant clinic vs. home BP readings, those with suspected
nocturnal patterns, or individuals with immunosuppression-related hypertension or early
graft vasculopathy. Utilization of ancillary resources, such as dedicated transplant nurse
practitioners and use of tele-visits, allows for closer monitoring and day-to-day follow-up.
Risk factor assessment and stratification should be thoroughly performed and optimized.
Further studies related to donor-specific risk factors are warranted. As previously dis-
cussed, the cornerstone of pharmacological therapy in targeting hypertension in heart
transplant recipients is reducing the dose of immunosuppression to the lowest effective
dose. Adding medications in a stepwise approach to reach a goal BP < 130/80, with calcium
channel blockers being first-line agents and ACE inhibitors in the instance of proteinuria or
LV dysfunction. Finally, our heart transplant recipients benefit greatly from coordinated
management across medical, vascular, renal, and lifestyle domains. Consider involving a
nephrologist from the early post-transplant period, especially in patients with pre-existing
CKD, diabetes, high-dose CNI exposure, or persistent and uncontrolled hypertension.
Lifestyle modifications such as sodium restriction, maintaining hydration, weight manage-
ment, and aggressive diabetes control with early referral to our endocrinology colleagues
are very important.

11. Prognosis

The implications of post-transplant hypertension are enormous regarding cardiac and
renal structural alterations and subsequent dysfunction [98]. One consequence of hyper-
tension is increased arterial stiffness, which leads to an increased risk of cardiovascular
events, graft vascular disease, and increased mortality in transplantation patients [10]. It is
also thought that post-transplant hypertension plays a significant role in the onset of angio-
graphic CAV [99,100]. While CAYV is multifactorial in origin, with both immune-mediated
and non-immune-mediated factors contributing to the pathogenesis [101], non-immune
mediated risk factors such as hyperlipidemia, hypertension, diabetes mellitus, metabolic
syndrome, smoking, and obesity can predispose cardiac transplant recipients to CAV [102].
These risk factors are found in greater prevalence in solid organ transplant recipients,
mainly due to the side effects of immunosuppressive medications, which can cause or
worsen pre-existing metabolic disorders.

However, there have been several smaller studies suggesting that outcomes improve
with treatment. One study by Schroeder et al. showed that in cardiac-transplant recipients
randomized to diltiazem, there was a decreased incidence of angiographic CAV and death at
five years. Similarly, it was shown that in 32 cardiac transplant recipients, intimal thickness
at one year measured by intravascular ultrasound (IVUS) was significantly greater in
the untreated control group than in those who received calcium channel blockers, ACE
inhibitors, or both [103,104]. In a more recent study, the combined use of these agents was
more effective than either drug alone at reducing IVUS indices of CAV [105], and there
is further evidence that use of ACE inhibitors or angiotensin receptor blockers results in
improved outcomes [7]. These findings emphasize the gravity of the fact that control of
hypertension should be a priority in heart transplant recipients [106].

12. Conclusions

In summary, while heart transplantation remains the gold standard of treatment for
end-stage heart failure, hypertension post-transplant is not only very common but also
carries a significant burden of morbidity and mortality. Post-transplant hypertension is a
complex issue with multiple proposed pathophysiologic etiologies. The first step in the
management of HTN is lifestyle modification, as well as management of comorbidities
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such as OSA and obesity in post-transplant recipients. The second step is the optimization
of immunosuppression to the lowest effective dose, particularly with calcineurin inhibitors.
When it comes to pharmacological therapies for HTN, multiple anti-hypertensive agents
are available; it is imperative to choose the right agent for the individual patient using
personalized medicine based on comorbidities. Larger randomized trials to evaluate the
long-term effects of the various anti-HTN medications in transplant recipients, as well as
the use of the latest therapies such as renal nerve denervation, and the use of ARNi, SGLT?2i,
and Finerenone.

13. Limitations

A limitation in our systematic literature review is that most studies involving car-
diac transplant patients are single-center retrospective studies, with smaller population
sizes, which limit generalizability. There are variations in study design, populations, and
interventions, thus making comparisons difficult.

14. Key Points

e A 70-90% incidence of HTN in heart transplant patients attributable to CNI ther-
apy, which cause renal vasoconstriction, stimulating the RAAS, causing sodium and
fluid retention.

e  Lack of normal “nocturnal decline” of blood pressure due to cardiac denervation is
also an important cause.

e  Confirm hypertension diagnosis in cardiac transplant patients with 24 h ambulatory
BP monitoring

e Lifestyle modification as well as management of comorbidities such as OSA and
obesity is essential

e  Multiple anti-hypertensive agents are available; choose the right agent for the individ-

ual patient using personalized medicine based on other comorbidities.

Non-DHP CCB are first-line to alleviate CNI-induced vasoconstriction.

RAAS blockade should be considered in patients with co-existing CKD or proteinuria.

Beta blockers can be safely used in heart transplant patients who are not bradycardic.

Immunosuppression management—Wean steroids as early as safely possible, Wean
CNI to the lowest effective dose individualized to each patient.

e  There exist knowledge gaps—there exists no data for the latest therapies such as renal
nerve denervation, ARNi, SGLT2i, Finerenone in cardiac transplant recipients.
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