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Renal transplantation improves the survival and quality of life of patients with end-stage renal disease.
Cardiovascular disease is the leading cause of morbidity and mortality in renal transplant recipients. The
bidirectional relationship between renal and heart disease creates a unique clinical scenario that
demands a comprehensive and personalized approach. This expert consensus, drafted by the Spanish
Society of Transplantation, the Spanish Society of Cardiology, and the Spanish Society of Nephrology,
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aims to assess current practices and propose strategies for the management of heart disease in renal
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Chrgnic kidney disease transplant recipients. A panel of Spanish nephrologists and cardiologists with expertise in renal and
Controversy heart transplantation reviewed the scientific evidence concerning the current management of heart
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disease in renal transplant recipients. Subsequently, consensus statements were created through a 2-
round Delphi methodology, resulting in 30 statements covering key topics such as the identification of
renal transplant candidates, the management of heart disease in renal transplant recipients, and
eligibility for combined heart-kidney transplantation in patients with both end-stage renal disease and
cardiac disease. These consensus statements provide expert guidance for the management of heart
disease in renal transplant recipients, an area where published clinical evidence remains limited.
© 2024 Sociedad Espafiola de Cardiologia. Published by Elsevier Espafia, S.L.U. All rights are reserved, including
those for text and data mining, Al training, and similar technologies.

Tratamiento de la cardiopatia en receptores de trasplante renal: documento de
consenso nacional de SET/SEC/SEN basado en una encuesta Delphi

RESUMEN

El trasplante renal mejora la supervivencia y la calidad de vida de los pacientes con enfermedad renal
terminal. La enfermedad cardiovascular es la principal causa de morbimortalidad durante el trasplante
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renal. La relacién bidireccional entre enfermedad renal y cardiaca presenta un escenario clinico inico que
requiere un abordaje integral y personalizado. El objetivo de este consenso de expertos de la Sociedad
Espafiola de Trasplante, la Sociedad Espafiola de Cardiologia y la Sociedad Espafiola de Nefrologia es
evaluar la practica habitual y las estrategias sugeridas para el tratamiento cardiolégico en los receptores
de trasplante renal. Un panel de nefrélogos y cardi6logos espafioles expertos en trasplante renal y
cardiaco revisé la evidencia cientifica en relacién con el tratamiento actual de la cardiopatia en
trasplantados renales. Posteriormente, se crearon aseveraciones consensuadas mediante una
metodologia Delphi de 2 rondas. Se elaboraron 30 aseveraciones que abarcaban temas clave como la
identificacién de candidatos a trasplante renal, el tratamiento de la cardiopatia en los receptores de
trasplante renal y la candidatura para trasplante cardiorrenal combinado en pacientes con insuficiencia
renal terminal y cardiopatia. Las aseveraciones consensuadas del presente manuscrito proporcionan una
orientacién adicional a los expertos para el tratamiento cardiolégico de los receptores de trasplante renal,
en quienes la evidencia clinica publicada es escasa.

© 2024 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Se reservan todos los derechos,

incluidos los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.

Abbreviations

CKD: chronic kidney disease

eGFR: estimated glomerular filtration rate
ESRD: end-stage renal disease

HRT: combined heart and renal transplantation
HT: heart transplantation

LVEF: left ventricular ejection fraction

RT: renal transplantation

INTRODUCTION

Renal transplantation (RT) has been demonstrated to improve
the quality of life and survival in patients with end-stage renal
disease (ESRD).! However, cardiovascular disease is the leading
cause of death after RT (35%-55% of the causes of death in RT
recipients).? Conventional risk factors (diabetes, hypertension,
and dyslipidemia) and transplantation-specific risk factors
(elevated levels of homocysteine, systemic inflammation, infec-
tions, and immunosuppressive drugs) drive the cardiorenal
interaction and require a comprehensive and personalized
approach.?

This bidirectional relationship between renal and heart
disease requires collaboration between nephrologists and
cardiologists for the management of patients with advanced
heart disease and ESRD. RT recipients may experience changes
in cardiovascular dynamics after renal function recovery,”
although they remain at elevated risk of cardiovascular events,
such as coronary artery disease, heart failure, and arrhythmias.”
Therefore, more exhaustive and frequent cardiological
and vascular evaluation before and after RT could help
improve survival outcomes. The optimal management of this
population is particularly challenging due to gaps in scientific
evidence.

In this work, nephrologists and cardiologists who are experts in
transplantation, in collaboration with the Spanish Society of
Transplantation (SET), the Spanish Society of Cardiology (SEC), and
the Spanish Society of Nephrology (SEN), explored the challenges
associated with heart disease in RT recipients, examined current
management strategies that can be used for consultation within
Spain, and prepared consensus statements on renal and cardiac
management in this setting.

METHODS

This expert consensus involved nephrologists and cardiologists
with expertise in transplantation, including participants from all
heart transplantation (HT) units and an equivalent number of high-
volume RT units in Spain (figure 1).

The consensus was developed in 2 phases (figure 2). Phase
1 consisted of a review of existing evidence on topics related to RT.
Phase 2 involved a 2-round Delphi methodology (described
elsewhere)>® to discuss the most controversial topics (or those
with less supporting evidence) identified in Phase 1. The process
was coordinated by 2 nephrologists (D. Hernandez Marrero and J.
M. Cruzado) and 2 cardiologists (M.D. Garcia-Cosio and M. Farrero)
and involved a scientific committee of 6 nephrologists and
6 cardiologists (figure 1 of the supplementary data).

In phase 1, the scientific committee reviewed topics not
addressed by current clinical practice guidelines,”® including: a)
cardiac assessment of RT candidates; b) management of heart
disease in RT; and c) HT candidacy in patients with ESRD. Evidence
was presented in a face-to-face meeting in September 2023.
Statements with full agreement from the scientific committee
were approved, while those considered more controversial were
submitted to the Delphi process. Evidence-supported statements
were assigned a level of evidence and grade of recommendation
according to the Scottish Intercollegiate Guidelines Network
(SIGN) scale (table 1 of the supplementary data).’

In October 2023, the first Delphi questionnaire (first round),
comprising 30 statements, was sent to a panel of 15 experts in RT
and 14 experts in HT (table 2 of the supplementary data). These
experts were selected based on their specialty (nephrologists and
cardiologists) and their experience in the care of both RT and HT
recipients (minimum of 5 years), as well as their scientific
publications related to RT or HT.

Panelists provided their degree of agreement or disagreement
with each statement using a 9-point Likert-type ordinal scale®
structured in 3 groups: 1-3, disagreement; 4-6, no agreement or
disagreement; and 7-9, agreement. Median scores were obtained
for each statement. Consensus of disagreement was inferred if the
median score was 1-3 and > 66.7% of respondents scored within
this range; consensus of agreement was inferred if the median
score was 7-9 and > 66.7% of respondents scored within this range.
Statements with a median score of 4-6 were considered uncertain
by the majority of the group. In cases of disagreement or partial
disagreement with the statement, panel members were asked to
briefly explain their reasoning and were invited to rewrite the
statement. Reformulated statements were discussed and a vote
was held in a face-to-face meeting with the expert panel
(November 2023) using the second Delphi questionnaire.
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Figure 1. Geographical distribution of transplant units.
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Figure 2. Central illustration. Consensus development outline. Renal transplantation improves the survival and quality of life of patients with end-stage renal
disease, but cardiovascular disease is the main cause of morbidity and mortality during renal transplantation. Given the bidirectional relationship between renal
and heart disease, a comprehensive and personalized approach is needed. To guide the management of renal transplantation in patients with heart disease, an
expert consensus among Spanish nephrologists and cardiologists with expertise in renal and heart transplantation was developed in 2 phases. Phase 1 involved a
review of existing evidence on relevant topics related to renal transplantation, conducted by the scientific committee in a face-to-face meeting to raise the main
topics. Phase 2 involved a 2-round Delphi methodology to discuss the most controversial topics (or those with less supporting evidence) identified in phase 1.

RESULTS AND DISCUSSION OF THE CONSENSUS

Cardiologic assessment of RT candidates

Five statements regarding the cardiologic assessment of
candidates for RT were supported by clinical evidence (table 1)

and 3 statements were submitted to the Delphi process (table 2),
all of which reached consensus (82.2%-91.1%) in the first round.
According to the European Society of Cardiology (ESC)'® and
Kidney Disease Improving Global Outcomes (KDIGO)® guidelines,
RT candidates without cardiologic symptoms should be assessed
for cardiovascular disease through clinical evaluation, electrocar-
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Table 1

Statements with committee agreement on the cardiological study of RT candidates

Cardiological study of RT candidates

Level of evidence Grade of recommendation

RT is the treatment of choice in patients with ESRD-associated heart disease.'®" 1+ A
RT offers a significant survival advantage over other treatment options in patients with ESRD- 1+ A
associated heart disease.'®!"!

Patients on the waiting list for RT with advanced heart failure and a persistently low (< 30%) LVEF 2+ C
despite adequate fluid management on dialysis should be evaluated for combined (simultaneous or

sequential) heart-kidney transplantation.®12-14

RT candidates with heart failure and reduced ejection fraction should receive quadruple therapy with 2+ C
ACEIs/ARBs/sacubitril-valsartan, beta-blockers (preferably carvedilol), MRAs, and SGLT2i.'>!>~"7

Peritoneal dialysis or hemodialysis with shorter sessions or a more frequent weekly schedule should 1+ A

be prioritized in patients with ventricular dysfunction who are candidates for RT because they are

more physiologic therapies.'®

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ESRD, end-stage renal disease; LVEF, left ventricular ejection fraction; MRA,
mineralocorticoid-receptor antagonist; RT, renal transplantation; SGLT2i, sodium-glucose cotransporter type 2 inhibitor.

Table 2

Controversial statements on the cardiological study of RT candidates submitted to Delphi consensus

Cardiological study of RT candidates

% Agreement
(Delphi round)

1. All RT candidates should be evaluated on the basis of clinical history, physical examination, electrocardiogram, cardiac biomarkers, and 91.1%
echocardiogram. (1R)
2. In the presence of proven chronic coronary artery disease, routine revascularization (percutaneous or surgical) to reduce perioperative 91.1%
risk is not warranted but should be assessed on a case-by-case basis. (1R)
3. In patients with heart failure with reduced ejection fraction and no evident cardiologic cause, as well as advanced CKD on peritoneal 82.2%
dialysis or intermittent hemodialysis, an intensive hemodialysis program (with increased frequency and optimized parameters) should (1R)

be considered to evaluate a potential uremic and reversible component of heart disease.

1R, first round; CKD, chronic kidney disease; IQR, interquartile range; RT, renal transplantation.

diogram, and chest X-ray. Those who have been or are on dialysis
for at least 2 years, or have risk factors for pulmonary hypertension
(eg, portal hypertension, connective tissue disease, chronic
obstructive pulmonary disease, or congenital heart disease),
should also undergo an echocardiogram. However, the timing
for this assessment is not clearly established,>® and further
research is needed to elucidate this issue.

There was agreement (91.1%) that all candidates for RT should
be evaluated with an electrocardiogram alongside clinical history,
physical examination, cardiac biomarkers (eg, N-terminal pro-B-
type natriuretic peptide [NT-proBNP], troponin), and an echocar-
diogram (table 2). Biomarkers may be altered in chronic kidney
disease (CKD) and patients on dialysis and should be used as a
reference point for follow-up, especially considering the dynamic
changes that can occur over time. Nevertheless, additional
investigations are required.

Heart failure and reduced ejection fraction

Solid data are available for quadruple therapy in RT candidates
with heart failure and reduced ejection fraction (< 40%) with
angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers or sacubitril/valsartan, beta-blockers, mineralocorticoid-
receptor antagonists (MRAs), and sodium-glucose cotransporter
type 2 inhibitors (SGLT2i).'*1>-17 Most drug classes are safe and
effective in patients with heart failure with reduced ejection
fraction and CKD up to stage 3b (estimated glomerular filtration
rate [eGFR] minimum 30 mL/min/1.73 m?)."® However, data are
limited for those with stage 4-5 CKD as most of these patients are
excluded from clinical trials.”® In patients with severe CKD (stage
4), there is some evidence of the safety and efficacy'® of SGLT2i,
and to a lesser extent of angiotensin-converting enzyme inhibitors,
vericiguat, digoxin, and omecamtiv mecarbil, but further clinical

research is needed. In dialysis patients with dilated cardiomyopa-
thy, carvedilol has been shown to increase 2-year survival and
reduce morbidity and mortality.!® Sacubitril/valsartan has also
been shown to improve left ventricular systolic and diastolic
function in patients with heart failure with reduced ejection
fraction and ESRD.”

Given the significant impact of left ventricular ejection fraction
(LVEF) on RT candidacy, the expert panel developed a clinical
protocol for up-titration of heart failure medication (figure 3).
Adoption of this strategy may lead to better organ distribution due
to a lower requirement for combined HT and RT (HRT) and may also
increase RT candidacy in patients not eligible for HT if LVEF
improvement is achieved.

In the last 2 decades, there has been a tendency to consider
peritoneal dialysis therapy in ESRD patients with ventricular
dysfunction and heart failure whenever possible, based on its
potential to enhance quality of life for the patient, improve
hemodynamic tolerance, and reduce hospital admissions.'®
However, there are no randomized studies comparing peritoneal
dialysis vs hemodialysis in ESRD patients with heart failure and
reduced LVEF. According to the scientific committee, although
home dialysis (peritoneal dialysis or home hemodialysis) may be
considered as the first-line option,?! conventional hemodialysis
may be required for better volumetric depletion or in cases of
suboptimal dialysis efficacy with other techniques, as long as
sudden changes in blood volume are avoided.

Although the existence of uremic heart disease has not been
clearly characterized, there are reports of patients with eccentric
left ventricular hypertrophy and significant systolic dysfunction
that can be reversible with hemodialysis.'® In this regard, there was
consensus among the panelists (82.2%) on the usefulness of
intensive hemodialysis for patients with heart failure, reduced
LVEF, and advanced CKD (table 2).



256 M.D. Garcia-Cosio et al./Rev Esp Cardiol. 2025;78(3):252-262

o kY
Treatment of patients with HFrEF according to GFR Treatment of patients with HFrEF in dialysis
GFR > 60 mL/min/1.73 m? Previous considerations
* Start with beta-blockers (low-dose), iSGLT2, ARNI (low-dose), and MRA. * There are no da_ta f’" MRA in stage 4 and 5 CKD, where t.hese. drugs are
. § formally contraindicated. However, the DOHAS study (Dialysis
+ Potassium and GFR should be monitored Outcomes Heart Failure Aldactone Study) investigated the use of
* If creatinine increase is < 50%, there is no symptomatic hypotension and potassium is < 5.5 spironolactone in hemodialysis patients, with positive results.
mEq/L, titrate ARNI. « There are positive observational data on the efficacy and safety of ARNI
* If HR > 60 bpm, titrate beta-blockers. in hemodialysis patients.
* Currently there are only observational data on iSGLT2 in dialysis
GFR 30-60 mL/min/1.73 m? patients (de la Flor, et al. Biomedicines. 2023;11:1908), but there
are at least 4 ongoing clinical trials to evaluate the efficacy and safety
« Start with beta-blockers (low-dose), iSGLT2, and ARNI (low-dose). of iSGLT2 in these clinical settings (NCT05687058, NCT05179668,
« If the BP is > 100 mm Hg, GFR > 30 mL/min/1.73 m?, and potassium < 5 mEq/L, MRA can be NCT05114552, and NCT05374291).
introduced. « To monitor treatment and as a general criterion, predialysis BP
* If creatinine increase is < 50%, there is no symptomatic hypotension,and potassium < 5.5 mEq/L, and serum K values should be used
titrate ARNI.
* If HR > 60 bpm, titrate beta-blockers. Proposed treatment
- N * Initiation with beta-blocker monotherapy, especially carvedilol (low-dose),
GFR 15-30 mL/min/1.73 m should be considered.
+ Start with beta-blockers (low-dose), iSGLT2 (if GFR > 20 mL/min/1.73 m?), and ACEI (low-dose). * ACEI/ARAIl/ sacubitrilivalsartan can be considered depending on
baseline BP (systolic BP > 100 mmHg) and tolerance to hemodialysis
* If creatinine increase is < 50%, there is no symptomatic hypotension, and potassium is < 5.5 sessions.
mEq/L, titrate ACEI. ) i . .
i * The use of MRA with special monitoring or serum potassium can be
* If HR > 60 bpm, titrate beta-blockers. considered. To maintain serum potassium in the normal range, the use
of resins such as patiromer and zirconium cyclosilicate should be
GFR < 15 mL/min/1.73 m? considered.
* The use of an iSGLT2 (dapaglifozin or empaglifozin) can be considered.
« Start with beta-blocker monotherapy (low-dose).
+ Consider hydralazine with isosorbide dinitrate and, if tolerated, low-dose ACEI. Considerations for specific drugs
* If creatinine increase is < 50%, there is no symptomatic hypotension and potassium < 5.5 mEq/L, * Vericiguat > Inclusion criteria in the VICTORIA study described a GFR >
titrate ACEI. 15 mL/min/1.73 m2. At inclusion, 10.2% of patients had a GFR < 30
« If HR > 60 bpm, titrate beta-blockers. mL/min_/1.73 m.2 and 42.7% be.tv_veen 31 ar\d 60 mL/m.in/1.73 m?2. There
K - was no interaction between clinical benefit and baseline GFR. In
» Comparison of the renal effects of valscartan vs sacubitril/varsartan showed that after addition, there was no effect or significant changes in GFR during
36 weeks of treatment, sacubitril/valsartan lowers risk of renal dysfunction. follow-up.
L ¥ J \_ J

Figure 3. Protocol for the management of heart failure in chronic kidney disease at different stages. ACEI, angiotensin-converting enzyme inhibitors; ARAII,
angiotensin II receptor antagonists; ARNI, angiotensin receptor-neprilysin inhibitor; BP, blood pressure; GFR, glomerular filtration rate; HFrEF, heart failure with
reduced ejection fraction; HR, heart rate; iSGLT2, sodium-glucose transport protein 2 inhibitor; MRA, mineralocorticoid-receptor antagonists.

Coronary artery disease treatment in RT candidates

After the publication of the KDIGO 2020 guidelines,® based on
the results from the ISCHEMIA-CKD trial,? in the subgroup of
patients with eGFR < 30 mL/min/1.73 m? or those on dialysis, an
invasive strategy seems to be more favorable than a conservative
strategy for severe baseline ischemia.?? There was a consensus
(91.1%) among the panelists that revascularization should not be
routine but decided on an individualized basis in patients with
proven chronic coronary artery disease (table 2).

Management of heart disease in RT recipients

Ten statements on the management of heart disease in RT were
supported by clinical evidence (table 3), and 20 statements were
submitted to the Delphi process. Of these, consensus was reached
on 17 in the first round and on 3 after modification in the second
round (table 4).

Blood pressure control

Several important factors related to blood pressure control in RT
recipients were identified (table 4). Currently, no optimal blood
pressure targets have been established in the peritransplant or
follow-up periods, but chronic hypotension may hinder renal
function recovery.®® This clinical issue, in which no pericarditis,
pericardial effusion, amyloidosis or other causes of hypotension
are detected, is not well understood pathophysiologically. The use
of vasoactive drugs to maintain systolic pressure > 100 mm Hg
(and close to 110 or 120 mm Hg) may be beneficial in the
immediate postoperative period.>* Conversely, high blood pres-

sure may increase surgical RT bleeding and jeopardize long-term
patient and graft survival.?> Randomized clinical trials are needed
to clarify this concern.

Regarding optimal antihypertensive treatment, angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers do not
seem to have a prominent role (except in special situations), but
there is considerable consensus on the use of calcium antagonists.
There was no consensus to recommend any modification of
immunosuppression after RT to improve systemic arterial pressure
control or reduce cardiovascular events. Nevertheless, in RT
recipients with high calcineurin inhibitor levels, dose optimization
would be advisable before intensifying antihypertensive therapy
(75.6% agreement).

Some studies in RT recipients have reported no change in the
risk of cardiovascular events when switching from calcineurin
inhibitors to mammalian target of rapamycin inhibitors.>>>¢
Considering this evidence, there was 90.7% agreement among
panelists on the need to balance the potential cardiovascular
benefits of modifying immunosuppression against the risks of
rejection and the worsening of other cardiovascular risk factors.

Dyslipidemia

There was no consensus to modify the maximum statin dose in
RT patients treated with calcineurin inhibitors (cyclosporine and
tacrolimus) since the risk of rhabdomyolysis is low. It is important
to consider the risk of drug-drug interactions when using statins
and to select those that minimally interfere with cytochrome P450
3A4 (CYP3A4).>” While coadministering cyclosporine with specific
statins may require a reduction in the statin dose, no adjustment is
needed when combined with tacrolimus.>® Several studies have
reported a significant decrease in the rate of cardiovascular events
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Table 3

Statements with committee agreement on the management of heart disease in RT

Management of heart disease in RT

Level of evidence

Grade of recommendation

Blood pressure control and treatment

Maintaining good control of post-RT arterial hypertension is essential to reduce the risk of renal graft loss,
cardiovascular events, and death.”®

Dyslipidemia
Dyslipidemia is highly common after RT and can be exacerbated by immunosuppressants. Generally, it is
recommended to treat post-RT dyslipidemia with statins that have less interaction with CYP3A4. The
benefit may be limited in patients with low cardiovascular risk undergoing RT. The target for low-density
lipoprotein cholesterol is determined by the cardiovascular risk profile according to current clinical
guidelines.?*

Anticoagulation

The indication for anticoagulation in atrial fibrillation should be the same for patients with and without RT,
using the CHA2DS2-VASc and HAS-BLED scales. Transplantation is considered a nonmodifiable risk factor
for bleeding.?>%

Control of cardiovascular risks factors

Although RT reduces the risk of cardiovascular disease compared with dialysis, RT recipients have a higher
risk of cardiovascular events, including death, than the general population.

Age, male sex, white race, hypertension as a cause of RT, and duration of dialysis before transplantation are
risk factors for developing atrial fibrillation after transplantation.?”®

Management of coronary artery disease, arrhythmias, valve disease

The incidence of heart failure after de novo transplantation is approximately 18% at 3 years.'?

Active monitoring for the development of heart failure after RT is necessary, given its high posttransplant
prevalence and its association with renal graft loss and death.'?

Treatment with ACEIs or ARBs may help slow the progression of IFTA in patients with erythrocytosis.?**°
Ligation of an “unnecessary” arteriovenous fistula should be considered in RT recipients with symptoms of
heart failure and a hemodynamic profile of high cardiac output and high arteriovenous fistula flow (1.5-2.0
L/min, with arteriovenous fistula flow >30% of cardiac output).>!

Treatment of coronary artery disease in RT recipients should follow current guidelines, with caution due to

potential interactions with immunosuppressants.>?

ACE], angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; IFTA, interstitial fibrosis and tubular atrophy; RT, renal transplantation.

and mortality when statins are used in RT recipients.>>*° In HT
recipients receiving tacrolimus, high-intensity statins are a safe
option for the treatment of refractory hyperlipidemia.*' Thus, there
was a 97.6% agreement among the panelists that the choice of
statins in both HT and RT should consider patients’ renal function
and potential drug-drug interactions.

Atrial fibrillation

For patients with RT and atrial fibrillation, there is no evidence
on the use of ablation and limited evidence on anticoagulants.*?
Although evidence regarding direct-acting oral anticoagulants in
RT is limited, the panelists agreed that these treatments are a
reasonable alternative to vitamin K antagonists. Cyclosporine has
been reported to increase rivaroxaban levels.*> However, a study
reported no increase in bleeding events when combining
cyclosporine with direct-acting oral anticoagulants in patients
with atrial fibrillation.** All oral anticoagulants have a varying
percentage of renal elimination, so they may accumulate and
increase the risk of bleeding if taken concomitantly with drugs
that decrease their clearance. Therefore, their coadministration
with immunosuppressants such as calcineurin inhibitors or
mammalian target of rapamycin inhibitors (sirolimus and
everolimus) requires careful monitoring.*> Specific dose adjust-
ments of direct-acting oral anticoagulants are not required,
although more frequent renal function monitoring should be
performed (1-3 months after initiation and every 6-12 months
thereafter, or more frequently based on patient-specific char-
acteristics). Drugs that induce lower renal clearance should be
avoided (eg, nonsteroidal anti-inflammatory drugs, high doses of
diuretics, or immunosuppressants) if there is a degree of renal
failure (GFR <50 mL/min/1.73 m?).*>%% Table 5 shows the

possible combinations and interactions between direct-acting
oral anticoagulants and anticalcineurinics.

Coronary artery disease

There is a lack of evidence to rule out coronary artery disease in
asymptomatic RT recipients.?®> Risk factors associated with the
occurrence of post-RT myocardial infarction are age, history of
angina, peripheral vascular disease, dyslipidemia, pretransplant
infarction, posttransplant hemoglobin decline, positive pretrans-
plant noninvasive tests for ischemia, and arrhythmia.?”*® Persis-
tently elevated troponin T levels, without normalization after
restoration of renal function, were associated with an elevated risk
of death and cardiovascular events at 5 years.”! However, there is
no evidence to support the use of markers such as troponin T in the
follow-up of RT patients.

There is no specific evidence regarding the treatment of
coronary artery disease in RT recipients. The KDIGO guidelines
suggest that management should be at least as intensive as in the
general population®? and this was supported by the expert panel.
Moreover, guidelines focus mainly on medical management and
the use of statins and aspirin in cardiovascular disease.’® Primary
prevention in diabetes with aspirin is suggested based on
individual risk assessment and preferences. Additional well-
designed studies are required to clarify this issue.

Heart failure

Natriuretic peptides (brain natriuretic peptide [BNP], NT-
proBNP) are important for screening de novo heart failure in RT
recipients. Increases in plasma BNP after RT are associated with
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Table 4
Controversial statements on the management of heart disease in RT submitted to Delphi consensus

Management of heart disease in RT

% Agreement
(Delphi round)

Blood pressure control and treatment

4. After RT (not peritransplantation), assessing blood pressure through ambulatory blood pressure monitoring and/or self-measurement of 77.8%

blood pressure is essential to rule out a nondipper pattern and/or masked hypertension. (1R)

5. After RT, blood pressure should be measured at each visit. 71.1%

(1R)

6. If systemic arterial pressure is > 160/100 mmHg during the perioperative period of RT, hypotensive treatment should be initiated to reduce 86.7%

bleeding risk. (1R)

7. Patients with chronic hypotension during the peritransplant period are at higher risk of primary failure and delayed graft function and may 75.6%

require treatment with vasoconstrictor drugs if necessary. (1R)

8. In the long-term follow-up of patients undergoing RT, blood pressure control should aim for levels below 140/90 mmHg, or even 130/80 100%

mmHg if the treatment is well tolerated. (1R)

9. Treatment with ACEI or ARBs may help slow the progression of IFTA in patients with reduced tacrolimus levels (5-6 ng/mL). 68.9%

(1R)

10. Thiazides are a useful option for calcineurin inhibitor-induced hypertension, but they may increase the risk of skin cancer due to their 77.8%
photosensitizing effect and should be reserved for third-line treatment (after renin-angiotensin system inhibitors and calcium antagonists). (1R)

11. After RT, the decision to modify the type of immunosuppressive treatment to improve control of a specific cardiovascular risk factor must be 90.7%
weighed against the potential risk of rejection, worsening of other risk factors, and the limited data on the reduction in cardiovascular (2R)
events.

12.In cases of excessively high calcineurin inhibitor levels in hypertensive patients, the dose of the calcineurin inhibitor can be optimized before 75.6%
intensifying antihypertensive therapy. (1R)

13. A management protocol should be established for patients receiving antiplatelet therapy who undergo RT due to the increased risk of 93.3%
peritransplant hemorrhage. (1R)

Dyslipidemia

14. PCSK9 inhibitors do not interfere with the metabolism of immunosuppressants and can be used in renal transplant patients at high 93.3%
cardiovascular risk who have not reached target lipid levels with statins/ezetimibe and/or who are intolerant to them. (1R)

15. The type and dose of statins in both HT and RT should be selected based on the patient’s renal function and potential drug interactions, 97.6%
especially with cyclosporine. It is recommended to start with lower doses and titrate until the target is reached, increasing to maximum (2R)
doses if well tolerated.

16. In patients at high cardiovascular risk with confirmed intolerance to high doses of statins who do not achieve the low-lipid lipoprotein 97.6%
target, combined therapies (statin at a lower dose plus ezetimibe and/or bempedoic acid and/or anti-PCSK9 monoclonal/siRNA antibodies) (2R)
are recommended.

17. Monitoring albuminuria after RT is important for classifying cardiovascular risk. 93.3%

(1R)
Anticoagulation

18. Direct-acting oral anticoagulants are not currently approved for dialysis, and their use in patients on the transplant waiting list is inadvisable 75.6%
due to potential difficulties with their reversal. (1R)

19. Direct-acting oral anticoagulants are reasonable alternatives to vitamin K antagonists in adult renal transplant recipients, but evidence in 86.7%
solid organ transplant cohorts is limited. Those with the lowest renal clearance are preferred. (1R)

Management of coronary artery disease, arrhythmias, valve disease

20. Medical, surgical, or percutaneous treatment for acute and chronic coronary syndrome in renal transplant recipients follows the same 97.8%
indications as in the general population. (1R)

21. The onset of heart failure within the first year after RT necessitates ruling out renal artery stenosis in the graft. 88.9%

(1R)

22. Diagnosis of de novo heart failure in transplant recipients is the same as in the general population: clinical manifestations, natriuretic 88.9%
peptides, and evaluation of underlying heart disease. (1R)

23.The treatment of de novo heart failure in renal transplant recipients is the same as in the general population, using medications that improve 100%
prognosis while assessing the potential reduction in glomerular filtration rate and associated hyperkalemia. (1R)

1R, first round; 2R, second round; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; IFTA, interstitial fibrosis and tubular atrophy; IQR,
interquartile range; PCSK9, proprotein convertase subtilisin/kexin type 9; RT, renal transplantation; siRNA, small interfering RNA.

allograft dysfunction, while both pre- and posttransplant NT-
proBNP levels have been linked to diastolic dysfunction and major
cardiac adverse events.”>>* However, the predictive role of NT-
proBNP in cardiac outcomes is uncertain due to multiple
confounding factors (eg, degree of renal function).

There are few studies on the treatment of heart failure in RT
recipients. In a small randomized clinical trial of RT recipients with
left ventricular hypertrophy, lisinopril reduced left ventricular
mass index compared with placebo.’® Randomized clinical studies
are urgently needed to establish effective heart failure treatment
following RT.

Despite this, all panelists agreed that the treatment of de novo
heart failure in RT recipients should be the same as in the general
population.”®>” However, the treatment may induce hyperkalemia
in RT recipients, especially in those with renal tubular acidosis due
to anticalcineurin drugs and with suboptimal graft function. In the
absence of clear recommendations, therapies such as patiromer
and sodium zirconium cyclosilicate require evaluation in RT
recipients due to interference with drug absorption.'”> Short
reports have indicated that while zirconium cyclosilicate does
not modify tacrolimus levels,”® patiromer may require an increase
in tacrolimus dosage.>®
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Table 5
Combination of direct-acting oral anticoagulants with anticalcineurinics

Direct-acting oral anticoagulants
and anticalcineurinics

Cyclosporine

Tacrolimus

Adjustment for renal function

Dabigatran Not recommended*” Not recommended*” This drug is excreted renally to a greater extent than other anti-Xa
inhibitors and therefore poses a higher risk in RT patients with
lower graft function due to the effects of calcineurin inhibitors

Apixaban 1 apixaban concentration | apixaban concentration Not recommended in GFR <15 mL/min/1.73 m?

(no dosage adjustment (no dosage adjustment Dosage of 2.5 mg/12 h if GFR 15-29 mL/min/1.73 m?
required)*’ required)*’

Edoxaban Reduce dose to 30 mg of No data available Not recommended in GFR <15 mL/min/1.73 m?

edoxaban®®

Dosage of 30 mg/24 h if GFR 15-50 mL/min/1.73 m?

Rivaroxaban In healthy volunteers t
rivaroxaban

concentrations*®

There seems to be no
interaction®®

Not recommended in GFR <15 mL/min/1.73 m?
Dosage of 15 mg/24 h if GFR 15-50 mL/min/1.73 m?

GFR, glomerular filtration rate; RT, renal transplantation.

Candidates for combined heart and renal transplantation

Two statements on the study of candidates for combined HRT
were supported by clinical evidence (table 6) and 7 statements
were submitted to the Delphi process; consensus was achieved for
4 statements in the first round and for 3 modified statements in the
second round (table 7).

There is limited evidence on the prognosis of patients with
severe heart disease and ESRD. A meta-analysis has reported an
increase in cardiovascular mortality in patients with GFR < 60-
75 mL/m/1.75 m? and proteinuria.®! Heart failure is recognized as a
major cause of morbidity and mortality in patients with CKD, with
a 12 to 36 times higher risk of occurrence in those on dialysis

Table 6

Statements with committee agreement on the study of candidates for RT and HT

compared with the general population; every 1-point increase in
LVEF is associated with a 2.5% decrease in mortality among
patients on the waiting list for RT.5?

Key data on the current indication for HT in dialysis patients
come from the United Network for Organ Sharing (UNOS)'® and the
International Society for Heart and Lung Transplantation (ISHLT)®*
registries. In the UNOS registry, HRT recipients had a lower
adjusted risk of death compared with isolated HT recipients,
especially among those on dialysis before transplantation.'®> These
data suggest that HRT should be considered in HT candidates with
ESRD requiring dialysis and those with GFR < 30 mL/min/1.73 m?.
Importantly, dialysis patients and those with GFR <30 mL/min/
1.73 m? undergoing isolated HT were more unstable and had more

Study of candidates for combined RT and HT

Level of evidence Grade of recommendation

Stable patients (elective and hemodynamically optimized) on dialysis, as well as those with GFR <30 mL/min/1.73 2+ C
m?, benefit most from cardiorenal transplantation, with survival rates similar to those of patients with isolated
HT. This strategy offers longer cardiac graft survival and a reduced need for dialysis/RT during follow-up.'>¢°

The prognosis of patients with severe heart disease and renal failure is poorer due to the lack of scientific evidence 2+ C
on optimal medical treatment and other devices as they are systematically excluded from studies.'”

GFR, glomerular filtration rate; HT, heart transplantation; RT, renal transplantation.

Table 7

Controversial statements on the study of candidates for combined RT and HT submitted to Delphi consensus

Study of candidates for combined RT and HT

% Agreement
(Delphi round)

24. Patients with an indication for HT who have CKD with a GFR <45 mL/min/1.73 m?, an albumin/creatinine ratio >30 mg/g, or albuminuria 97.8%
>50 mg/d, should be evaluated by a multidisciplinary team for heart-kidney transplantation, especially if they are at risk of short-term kidney (1R)
disease progression (diabetes, long-term hypertension, structural renal damage, cardiac retransplantation with prolonged exposure to

calcineurin inhibitors).

25. To decide on the indication for heart-kidney transplantation, it may be necessary to extend the study with renal ultrasound, renal Doppler or 100%
computed tomography angiography of renal arteries, or even renal biopsy. (1R)
26. Candidates for heart-kidney transplantation who require short-term mechanical circulatory support due to cardiac instability should undergo 83.3%
sequential (not simultaneous) heart-kidney transplantation, due to the risk of renal graft loss. (2R)
27. Patients who remain on dialysis at 3-6 months after HT are at high risk of mortality. Early transplantation strategies, including living donor 90.5%
options, should be considered. (2R)
28. Patients with severe renal impairment who have a GFR <20 mL/min/1.73 m? at 12 months after isolated HT despite minimization of 95.2%
immunosuppressants with calcineurin inhibitors and metabolic optimization should be considered for early RT (preferably living donor) to (2R)
reduce their mortality.

29. Immunologic risk in simultaneous combined transplantation should be based on the criteria used for HT (perform virtual crossmatch in 86.7%
sensitized patients). (1R)
30. Patients who are candidates for simultaneous cardiorenal transplantation do not require pretransplant virtual crossmatching in the absence of 75.6%
circulating HLA antibodies. (1R)

1R, first round; 2R, second round; CKD, chronic kidney disease; GFR, glomerular filtration rate; HLA, human leukocyte antigen; HT, heart transplantation; RT, renal

transplantation.



260 M.D. Garcia-Cosio et al./Rev Esp Cardiol. 2025;78(3):252-262

ventricular assist devices than those undergoing combined
transplantation.’®

According to recommendations established in several con-
sensuses, patients with a GFR <30 mL/min/1.73 m? are consid-
ered candidates for combined HRT, although some groups
consider combined transplantation for patients with GFR
<45 mL/min/1.73 m2.'*6%5% At a consensus conference on HRT,
Kobashigawa et al.'* evaluated indications for transplantation
based on renal function. Combined transplantation is recom-
mended for HT candidates with GFR < 30 mL/min/1.73 m?, while
patients with GFR 30-45 mL/min/1.73 m? should be assessed
individually. Patients with GFR > 45 mL/min/1.73 m? should be
considered for isolated HT. Similarly, Ahsan et al.’° have
developed an algorithm for selecting patients who would benefit
from combined HRT. Patients with eGFR <30 mL/min/1.73 m?
with optimized hemodynamics criteria can be selected for
combined HRT. Patients with eGFR 30 to 45 mL/min/1.73 m? are
recommended combined HRT if they have acute kidney injury
without complete recovery of renal function, that is, if they either
remain on renal replacement therapy or have GFR < 30 mL/min/
1.73 m? after optimization. Patients with eGFR 30 to 45 mL/min/
1.73 m? can also be considered for combined HRT if they have
established CKD with small kidney size or proteinuria > 0.5 g/d.%°
The American Heart Association provides similar criteria to
Ahsan et al.®° for combined HRT.®*

While the number of patients receiving combined HRT has
increased in recent years, mortality has been reported to be up to
4.7-fold higher in HRT recipients than in those receiving RT after
HT.5®> Renal graft loss due to hemodynamic instability in the
immediate posttransplantation period is a key issue with
combined HRT. In the UNOS registry, the rate of primary graft
failure at 5 years was 4% in HRT recipients and 2% in contralateral
isolated kidney recipients.!® Furthermore, while the incidence of
acute rejection is lower in combined transplantation, patients
receiving RT after HT have the possibility of receiving a living donor
transplant, offering advantages in terms of survival and increased
health-related quality of life.%®

Almost all panelists (97.8%) agreed that patients indicated for
HT who have CKD and structural renal damage should be evaluated
for HRT. However, while combined HRT improves prognosis in
patients with advanced CKD and an indication for HT, the presence
of functional cardiorenal injury (ie, reversible with cardiac
improvement) is difficult to measure. Therefore, hemodynamic
stabilization to enhance the evaluation of renal function is
recommended whenever possible.

RT after isolated HT

According to the expert panel, patients requiring short-term
mechanical circulatory support due to cardiac instability should
receive sequential HRT to mitigate the risk of graft loss. The panel
acknowledged the high risk of mortality in HT patients with ESRD
who are on long-term dialysis and the need to implement early RT
strategies. The Canadian transplant registry indicates that HT
recipients with ESRD have longer survival rates when they receive
an RT compared with those who remain on the waiting list.° In
addition, UNOS registry data show that patients who received
nonrenal transplants and later developed ESRD also have longer
survival when they received an RT compared with those who
remained on the waiting list. The risk of death or removal from the
kidney transplant waiting list was also higher among candidates for
RT after HT compared with those who received a RT alone.®”
Importantly, it is difficult to predict the length of recovery from
acute kidney injury in HT recipients and it may take several months.

However, prioritizing RT in HT recipients on dialysis may reduce
opportunities for other patients on the waiting list. Currently, no

studies have compared mortality in HT and non-HT recipients on
dialysis.

HT recipients receive higher doses of calcineurin inhibitors in
the first months after transplant, which can adversely affect renal
function. Most panelists (95.2%) agreed that early RT, preferably
with a living donor, should be considered in HT recipients with
severe renal impairment, even with appropriate use of calci-
neurin inhibitors and metabolic optimization. However, waiting
times for RT and access to living transplant programs vary by
center. Thus, in cases of CKD with GFR <20 mL/min/1.73 m?
which confer greater mortality risk in HT recipients, it is
reasonable to consider early RT if feasible. An American
consensus on HRT established a safety net for RT, prioritizing
patients on dialysis after HT and those with persistent GFR
< 20 mL/min/1.73 m? for 6 weeks from day 30 to 365 after HT.!*
Navarro-Manchén et al. reported that survival in patients with a
GFR < 30 mL/min/1.73 m? 1 year after HT was significantly lower
than in those with higher GFR.°® Notably, patients who received
an RT had longer survival than those who remained on the
waiting list,°” as has been demonstrated in patients with
advanced CKD following HT.%°

The immunologic risk in combined transplant should be based
on HT criteria. A virtual crossmatch is required in sensitized
patients but should not be performed in the absence of human
leukocyte antigen (HLA) antibodies. According to the expert panel,
all candidates for HRT should have their HLA antibodies tested
periodically.

CONCLUSION

After 2 rounds of discussions and clarifications, all proposed
statements were agreed upon with a high degree of consensus.
However, some points needed clarification or refinement, many
related to specific cases or differing perspectives among nephrol-
ogists and cardiologists. Nonetheless, the high level of agreement
indicates that, despite the lack of evidence or the existence of
controversies on some issues, health professionals managing
patients undergoing RT clearly understand the importance of
appropriate management, multidisciplinary collaboration, and
further well-designed clinical studies to enhance patient care,
which will impact survival and quality of life.

FUNDING

We thank support from Instituto de Salud Carlos III (ISCIII),
RICORS2040, RD21/0005/0001, RD21/0005/0010, RD21/0005/
0012, RD21/0005/0022 “Financiado por la Unién Europea -
NextGeneration EU”, Mecanismo para la Recuperacion y la
Resiliencia (MRR).

This study was funded by a nonconditioned grant from
AstraZeneca, CSL Vifor, Astellas and Chiesi, who had no influence
or participation in the development of this project, and by the
Spanish Society of Transplantation, the Spanish Society of
Cardiology, and the Spanish Society of Nephrology.

STATEMENT ON THE USE OF ARTIFICIAL INTELLIGENCE

No artificial intelligence has been used in the preparation of this
article.

AUTHORS’ CONTRIBUTIONS

M.D. Garcia-Cosio, J.M. Cruzado, M. Farrero, and D. Hernandez
Marrero contributed equally to this work. M.D. Garcia-Cosio, .M.



M.D. Garcia-Cosio et al./Rev Esp Cardiol. 2025;78(3):252-262

Cruzado, M. Farrero, and D. Hernandez Marrero were responsible
for the concept, writing—reviewing and editing, and final review of
the work. M.T. Blasco Peir6, M. Crespo, J.F. Delgado Jiménez, B. Diaz
Molina, C. Fernandez Rivera, I.P. Garrido Bravo, V. Lopez Jiménez, E.
Melilli, S. Mirabet Pérez, M.L. Pérez Tamajon, D. Rangel Sousa, and
E. Rodrigo Calabia performed the literature review, data collection,
writing—reviewing and editing, and final review of the work. All
authors have read and agreed to the published version of the
manuscript.

CONFLICTS OF INTEREST

M.D. Garcia-Cosio has received speaker fees and travel grants
from Astellas, AstraZeneca, Rovi, Abbott, Epycardio, and Chiesi. M.
Farrero has received speaker fees and travel grants from Novartis,
AstraZeneca, Rovi, Abbott, and Chiesi. S. Mirabet Pérez has received
funding from Chiesi for participating in a lecture, consulting, and
attending a congress. The remaining authors declare no conflicts of
interest.

ACKNOWLEDGEMENTS

We are grateful to the cardiac and kidney transplant teams of
the hospitals involved in this work and to AstraZeneca, CSL Vifor,
Astellas and Chiesi, and thank the Spanish Society of Transplanta-
tion, the Spanish Society of Cardiology, and the Spanish Society of
Nephrology for their support.

The authors would like to thank Ian Marshall on behalf of
Springer Healthcare for providing medical writing assistance.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in
the online version available at https://doi.org/10.1016/j.rec.2024.
09.008.

REFERENCES

1. Abecassis M, Bartlett ST, Collins AJ, et al. Kidney transplantation as primary therapy
for end-stage renal disease: a National Kidney Foundation/Kidney Disease Out-
comes Quality Initiative (NKF/KDOQITM) conference. Clin | Am Soc Nephrol.
2008;3:471-480.

2. Akkaya S, Cakmak U. Changes in Cardiac Structure and Function of Recipients after
Kidney Transplantation. J Clin Med. 2024;13:3629.

3. Lofman [, Szummer K, Hagerman I, Dahlstrom U, Lund LH, Jernberg T. Prevalence
and prognostic impact of kidney disease on heart failure patients. Open Heart.
2016;3:e000324.

4. Neale ], Smith AC. Cardiovascular risk factors following renal transplant. World J
Transplant. 2015;5:183-195.

5. Fitch K, Bernstein SJ, Aguilar MD, et al. The RAND/UCLA Appropriateness Method
User’s Manual. Available at: http://www.rand.org/pubs/monograph_reports/
MR1269.html. Accessed 22 Apr 2024.

6. Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi survey
technique. ] Adv Nurs. 2000;32:1008-1015.

7. Velleca A, Shullo MA, Dhital K, et al. The International Society for Heart and Lung
Transplantation (ISHLT) guidelines for the care of heart transplant recipients. J
Heart Lung Transplant. 2023;42:e1-e141.

8. Chadban S], Ahn C, Axelrod DA, et al. KDIGO clinical practice guideline on the
evaluation and management of candidates for kidney transplantation. Transplan-
tation. 2020;104(4S1 Suppl 1):S11-S103.

9. Scottish Intercollegiate Guidelines Network (SIGN). A guideline developer’s hand-
book. Edinburgh: SIGN; 2019. (SIGN publication no. 50). Available at: https://www.
sign.ac.uk/media/2038/sign50_2019.pdf. Accessed 22 Apr 2024.

10. Wali RK, Wang GS, Gottlieb SS, et al. Effect of kidney transplantation on left
ventricular systolic dysfunction and congestive heart failure in patients with end-
stage renal disease. ] Am Coll Cardiol. 2005;45:1051-1060.

11. Kim DG, Cho DH, Kim K, et al. Survival Benefit of Kidney Transplantation in Patients
With End-Stage Kidney Disease and Prior Acute Myocardial Infarction. Transpl Int.
2023;36:11491.

12. House AA, Wanner C, Sarnak MJ, et al. Heart failure in chronic kidney disease:
conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO) Contro-
versies Conference. Kidney Int. 2019;95:1304-1317.

—_

3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

261

. Itagaki S, Toyoda N, Moss N, et al. Outcomes of Simultaneous Heart and Kidney
Transplantation. ] Am Coll Cardiol. 2023;81:729-740.

Kobashigawa ], Dadhania DM, Farr M, et al. Consensus conference on heart-kidney
transplantation. Am J Transplant. 2021;21:2459-2467.

Beldhuis IE, Lam CSP, Testani JM, et al. Evidence-Based Medical Therapy in Patients
With Heart Failure With Reduced Ejection Fraction and Chronic Kidney Disease.
Circulation. 2022;145:693-712.

Cice G, Ferrara L, D’Andrea A, et al. Carvedilol increases two-year survivalin dialysis
patients with dilated cardiomyopathy: a prospective, placebo-controlled trial. ] Am
Coll Cardiol. 2003;41:1438-1444.

Niu CY, Yang SF, Ou SM, et al. Sacubitril/Valsartan in Patients With Heart
Failure and Concomitant End-Stage Kidney Disease. ] Am Heart Assoc. 2022;11:
€026407.

Timoteo AT, Mano TB. Efficacy of peritoneal dialysis in patients with refractory
congestive heart failure: a systematic review and meta-analysis. Heart Fail Rev.
2023;28:1053-1063.

Halvorsen S, Mehilli ], Cassese S, et al. 2022 ESC Guidelines on cardiovascular
assessment and management of patients undergoing non-cardiac surgery. Eur
Heart J. 2022;43:3826-3924.

Sandal S, Chen T, Cantarovich M. The Challenges With the Cardiac Evaluation of
Liver and Kidney Transplant Candidates. Transplantation. 2020;104:251-258.
Sarnak MJ, Auguste BL, Brown E, et al. Cardiovascular Effects of Home Dialysis
Therapies: A Scientific Statement From the American Heart Association. Circula-
tion. 2022;146:e146-e164.

Bangalore S, Maron DJ, O'Brien SM, et al. Management of Coronary Disease in
Patients with Advanced Kidney Disease. N Engl ] Med. 2020;382:1608-1618.
Agarwal KA, Agarwal UK, Pavlakis M. Impact of Blood Pressure Control on Graft
Survival in Kidney Transplant Recipients. Transplant Proc. 2023;55:98-102.
Authors/Task Force Members, ESC Committee for Practice Guidelines, ESC National
Cardiac Societies. 2019 ESC/EAS guidelines for the management of dyslipidaemias:
Lipid modification to reduce cardiovascular risk. Atherosclerosis. 2019;290:140-
205.

Birdwell KA, Park M. Post-Transplant Cardiovascular Disease. Clin ] Am Soc Nephrol.
2021;16:1878-1889.

Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diagnosis and
management of atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis
and management of atrial fibrillation of the European Society of Cardiology (ESC)
Developed with the special contribution of the European Heart Rhythm Associa-
tion (EHRA) of the ESC. Eur Heart J. 2021;42:373-498.

Lentine KL, Brennan DC, Schnitzler MA. Incidence and predictors of myocardial
infarction after kidney transplantation. ] Am Soc Nephrol. 2005;16:496-506.

den Dekker WK, Slot MC, Kho MML, et al. Predictors of postoperative cardiovas-
cular complications up to 3 months after kidney transplantation. Neth Heart J.
2020;28:202-209.

Pisano A, Bolignano D, Mallamaci F, et al. Comparative effectiveness of different
antihypertensive agents in kidney transplantation: a systematic review and meta-
analysis. Nephrol Dial Transplant. 2020;35:878-887.

Alzoubi B, Kharel A, Machhi R, Aziz F, Swanson K], Parajuli S. Post-transplant
erythrocytosis after kidney transplantation: A review. World | Transplant.
2021;11:220-230.

Masson G, Viva T, Huart ], et al. The Effect of Elective Ligation of the Arteriovenous
Fistula on Cardiac and Renal Functions in Kidney Transplant Recipients. Kidney360.
2023;4:1130-1138.

Rangaswami ], Mathew RO, Parasuraman R, et al. Cardiovascular disease in the
kidney transplant recipient: epidemiology, diagnosis and management strategies.
Nephrol Dial Transplant. 2019;34:760-773.

Wazir S, Abbas M, Ratanasrimetha P, Zhang C, Hariharan S, Puttarajappa CM.
Preoperative blood pressure and risk of delayed graft function in deceased donor
kidney transplantation. Clin Transplant. 2022;36:e14776.

Aufidn P, Cavero T, Garcia A, Gonzalez ], Andrés A. Kidney transplantation out-
comes of patients with chronic hypotension in dialysis. Kidney Int Rep.
2024;9:1742-1751.

Zeng ], Zhong Q, Feng X, et al. Conversion From Calcineurin Inhibitors to Mamma-
lian Target of Rapamycin Inhibitors in Kidney Transplant Recipients: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Front Immunol.
2021;12:663602.

Sommerer C, Legendre C, Citterio F, et al. Cardiovascular Outcomes in De Novo
Kidney Transplant Recipients Receiving Everolimus and Reduced Calcineurin
Inhibitor or Standard Triple Therapy: 24-month Post Hoc Analysis From TRANS-
FORM Study. Transplantation. 2023;107:1593-1604.

Wiggins BS, Saseen ]JJ, Page 2nd RL et al. Recommendations for Management of
Clinically Significant Drug-Drug Interactions With Statins and Select Agents Used
in Patients With Cardiovascular Disease: A Scientific Statement From the American
Heart Association. Circulation. 2016;134:e468-e495.

Migliozzi DR, Asal NJ. Clinical Controversy in Transplantation: Tacrolimus Versus
Cyclosporine in Statin Drug Interactions. Ann Pharmacother. 2020;54:171-177.
Holdaas H, Fellstrom B, Cole E, et al. Long-term cardiac outcomes in renal
transplant recipients receiving fluvastatin: the ALERT extension study. Am J
Transplant. 2005;5:2929-2936.

Bae S, Ahn JB, Joseph C, et al. Statins in Kidney Transplant Recipients: Usage, All-
Cause Mortality, and Interactions with Maintenance Immunosuppressive Agents. |
Am Soc Nephrol. 2023;34:1069-1077.

Heeney SA, Tjugum SL, Corkish ME, Hollis IB. Safety and tolerability of high-
intensity statin therapy in heart transplant patients receiving immunosuppression
with tacrolimus. Clin Transplant. 2019;33:e13454.


https://doi.org/10.1016/j.rec.2024.09.008
https://doi.org/10.1016/j.rec.2024.09.008
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0350
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0350
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0350
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0350
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0355
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0355
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0360
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0360
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0360
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0365
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0365
http://www.rand.org/pubs/monograph_reports/MR1269.html
http://www.rand.org/pubs/monograph_reports/MR1269.html
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0375
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0375
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0380
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0380
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0380
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0385
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0385
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0385
https://www.sign.ac.uk/media/2038/sign50_2019.pdf
https://www.sign.ac.uk/media/2038/sign50_2019.pdf
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0395
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0395
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0395
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0400
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0400
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0400
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0405
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0405
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0405
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0410
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0410
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0415
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0415
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0420
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0420
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0420
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0425
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0425
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0425
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0430
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0430
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0430
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0435
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0435
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0435
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0440
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0440
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0440
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0445
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0445
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0450
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0450
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0450
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0455
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0455
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0460
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0460
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0465
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0465
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0465
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0465
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0470
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0470
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0475
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0475
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0475
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0475
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0475
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0475
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0480
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0480
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0485
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0485
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0485
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0490
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0490
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0490
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0495
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0495
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0495
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0500
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0500
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0500
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0505
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0505
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0505
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0510
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0510
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0510
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0515
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0515
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0515
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0520
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0520
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0520
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0520
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0525
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0525
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0525
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0525
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0530
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0530
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0530
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0530
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0535
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0535
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0540
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0540
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0540
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0545
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0545
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0545
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0550
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0550
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0550

262

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

M.D. Garcia-Cosio et al./Rev Esp Cardiol. 2025;78(3):252-262

Steffel ], Collins R, Antz M, et al. 2021 European Heart Rhythm Association Practical
Guide on the Use of Non-Vitamin K Antagonist Oral Anticoagulants in Patients with
Atrial Fibrillation. Europace. 2021;23:1612-1676.

Wannbhoff A, Weiss KH, Schemmer P, Stremmel W, Gotthardt DN. Increased levels
of rivaroxaban in patients after liver transplantation treated with cyclosporine A.
Transplantation. 2014;98:e12-e13.

Chang SH, Chou IJ, Yeh YH, et al. Association Between Use of Non-Vitamin K Oral
Anticoagulants With and Without Concurrent Medications and Risk of Major
Bleeding in Nonvalvular Atrial Fibrillation. JAMA. 2017;318:1250-1259.

Lam E, Bashir B, Chaballa M, Kraft WK. Drug interactions between direct-acting oral
anticoagulants and calcineurin inhibitors during solid organ transplantation:
considerations for therapy. Expert Rev Clin Pharmacol. 2019;12:781-790.

Zakko ], Ganapathi AM, Whitson BA, et al. Safety of direct oral anticoagulants in
solid organ transplant recipients: A meta-analysis. Clin Transplant. 2022;36:
el14513.

Bashir B, Tran BD, Mantravadi S, Stickle DF, Chervoneva I, Kraft WK. Drug interac-
tion study of apixaban with cyclosporine and tacrolimus: Results from a phase I,
open-label, crossover trial in healthy volunteers (Abstract PI-039). Clin Pharmacol
Ther. 2018;103(Suppl S1):S25.

Parasrampuria DA, Mendell ], Shi M, Matsushima N, Zahir H, Truitt K. Edoxaban
drug-drug interactions with ketoconazole, erythromycin, and cyclosporine. Br |
Clin Pharmacol. 2016;82:1591-1600.

Brings A, Lehmann ML, Foerster KI, et al. Perpetrator effects of ciclosporin (P-
glycoprotein inhibitor) and its combination with fluconazole (CYP3A inhibitor) on
the pharmacokinetics of rivaroxaban in healthy volunteers. Br J Clin Pharmacol.
2019;85:1528-1537.

Camporese G, Bernardi D, Bernardi E, et al. Absence of interaction between
rivaroxaban, tacrolimus and everolimus in renal transplant recipients with
deep vein thrombosis or atrial fibrillation. Vascul Pharmacol. 2020;130:106682.
Keddis MT, El-Zoghby ZM, El Ters M, et al. Cardiac troponin T before and after
kidney transplantation: determinants and implications for posttransplant surviv-
al. Am ] Transplant. 2013;13:406-414.

Kidney Disease: Improving Global Outcomes Transplant Work Group. KDIGO
Clinical Practice Guideline for the Care of Kidney Transplant Recipients. Am |
Transplant. 2009;9(Suppl 3):S1-S155.

Schwab S, Porner D, Kleine CE, et al. NT-proBNP as predictor of major cardiac
events after renal transplantation in patients with preserved left ventricular
ejection fraction. BMC Nephrol. 2023;24:32.

Memon L, Spasojevic-Kalimanovska V, Stanojevic NB, et al. Are levels of NT-proBNP
and SDMA useful to determine diastolic dysfunction in chronic kidney disease and
renal transplant patients? J Clin Lab Anal. 2013;27:461-470.

Paoletti E, Cassottana P, Amidone M, Gherzi M, Rolla D, Cannella G. ACE inhibitors
and persistent left ventricular hypertrophy after renal transplantation: a random-
ized clinical trial. Am J Kidney Dis. 2007;50:133-142.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lentine KL, Costa SP, Weir MR, et al. Cardiac disease evaluation and management
among kidney and liver transplantation candidates: a scientific statement from the
American Heart Association and the American College of Cardiology Foundation:
endorsed by the American Society of Transplant Surgeons, American Society of
Transplantation, and National Kidney Foundation. Circulation. 2012;126:617-663.
McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure. Eur Heart J. 2021;42:3599-3726.
Swanson K], Aziz F, Parajuli S, et al. Sodium zirconium cyclosilicate use in kidney
transplant recipients. Nephrol Dial Transplant. 2021;36:2151-2153.

Servais AM, Langewisch ED, Westphal SG, Miles CD. Safety and Efficacy of Patir-
omer in Kidney and Liver Transplant Recipients. J Clin Nephrol Ren Care.
2022;8:069.

Ahsan SA, Guha A, Gonzélez ], Bhimaraj A. Combined heart-kidney transplantation:
Indications, outcomes, and controversies. Methodist Debakey Cardiovasc J.
2022;18:11-18.

Matsushita K, Coresh ], Sang Y, et al. Estimated glomerular filtration rate and
albuminuria for prediction of cardiovascular outcomes: a collaborative meta-anal-
ysis of individual participant data. Lancet Diabetes Endocrinol. 2015;3:514-525.
Rangaswami ], Bhalla V, Blair JEA, et al. Cardiorenal syndrome: Classification,
pathophysiology, diagnosis, and treatment strategies: A scientific statement from
the American Heart Association. Circulation. 2019;139:e840-e878.

Khush KK, Cherikh WS, Chambers DC, et al. The International Thoracic Organ
Transplant Registry of the International Society for Heart and Lung Transplanta-
tion: Thirty-fifth Adult Heart Transplantation Report-2018; Focus Theme: Multi-
organ Transplantation. J Heart Lung Transplant. 2018;37:1155-1168.

Kittleson MM, Sharma K, Brennan DC, et al. Dual-Organ Transplantation: Indica-
tions, Evaluation, and Outcomes for Heart-Kidney and Heart-Liver Transplanta-
tion: A Scientific Statement From the American Heart Association. Circulation.
2023;148:622-636.

Melvinsdottir I, Foley DP, Hess T, et al. Heart and kidney transplant: should they be
combined or subsequent? ESC Heart Fail. 2020;7:2734-2743.

Alam A, Badovinac K, Ivis F, Trpeski L, Cantarovich M. The outcome of heart
transplant recipients following the development of end-stage renal disease:
analysis of the Canadian Organ Replacement Register (CORR). Am J Transplant.
2007;7:461-465.

Cassuto JR, Reese PP, Sonnad S, et al. Wait list death and survival benefit of kidney
transplantation among nonrenal transplant recipients. Am J Transplant.
2010;10:2502-2511.

Navarro-Manchén ], Martinez-Dolz L, Almenar L, et al. Prognostic value of glomer-
ular filtration rate 1 year after heart transplantation. Rev Esp Cardiol. 2010;63:564-
570.

Roest S, Hesselink DA, Klimczak-Tomaniak D, et al. Incidence of end-stage renal
disease after heart transplantation and effect of its treatment on survival. ESC Heart
Fail. 2020;7:533-541.


http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0555
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0555
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0555
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0560
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0560
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0560
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0565
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0565
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0565
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0570
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0570
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0570
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0575
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0575
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0575
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0580
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0580
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0580
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0580
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0585
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0585
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0585
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0590
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0590
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0590
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0590
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0595
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0595
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0595
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0600
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0600
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0600
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0605
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0605
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0605
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0610
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0610
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0610
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0615
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0615
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0615
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0620
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0620
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0620
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0625
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0625
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0625
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0625
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0625
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0630
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0630
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0635
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0635
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0640
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0640
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0640
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0645
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0645
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0645
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0650
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0650
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0650
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0655
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0655
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0655
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0660
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0660
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0660
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0660
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0665
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0665
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0665
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0665
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0670
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0670
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0675
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0675
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0675
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0675
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0680
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0680
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0680
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0685
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0685
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0685
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0690
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0690
http://refhub.elsevier.com/S1885-5857(24)00306-2/sbref0690

	Management of heart disease in renal transplant recipients: a national Delphi survey-based SET/SEC/SEN consensus document
	INTRODUCTION
	METHODS
	RESULTS AND DISCUSSION OF THE CONSENSUS
	Cardiologic assessment of RT candidates
	Heart failure and reduced ejection fraction
	Coronary artery disease treatment in RT candidates

	Management of heart disease in RT recipients
	Blood pressure control
	Dyslipidemia
	Atrial fibrillation
	Coronary artery disease
	Heart failure

	Candidates for combined heart and renal transplantation
	RT after isolated HT


	CONCLUSION
	FUNDING
	STATEMENT ON THE USE OF ARTIFICIAL INTELLIGENCE
	AUTHORS’ CONTRIBUTIONS
	CONFLICTS OF INTEREST
	Acknowledgements
	APPENDIX SUPPLEMENTARY DATA
	References


