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Cardiorenal syndrome is a complex syndrome characterized by dysfunction of the heart and kidneys in an interdependent fashion and is further divided into different subtypes based on primary organ dysfunction. Simultaneous Heart-Kidney transplantation is the treatment of choice for end-stage irreversible dysfunction of both organs, however it may be avoided with determination of cardiorenal subtype and management of primary organ dysfunction. This article discusses types of cardiorenal syndrome, indications and concerns regarding the use of simultaneous heart-kidney transplantation, and outlines algorithms for determination of need for dual vs. single organ transplantation.
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Introduction

Concurrent dysfunction of the heart and kidneys, referred to as cardiorenal syndrome (CRS), is a well-described phenomenon, occurring due to the significant interactions of these organs in physiological and pathological states (1). This complex relationship persists even after definitive therapy of either organ with transplantation. While kidney transplantation is the treatment of choice for end-stage renal disease (ESRD), cardiovascular disease is a major cause of post-transplant morbidity and mortality, and represents the leading cause of death in kidney transplant patients with a functioning graft (2, 3). Conversely, renal dysfunction is a significant contributor to long-term mortality post heart transplantation. Therefore, simultaneous heart-kidney (sHK) transplantation has evolved as a recognized therapy for advanced heart failure with advanced chronic kidney disease (CKD) (4). As a caveat to multi-organ transplantation, solitary organ transplantation in both heart failure and advanced CKD is associated with decreased adverse events related to secondary organ dysfunction, suggesting that multiorgan transplantation is not always necessary (5, 6). When patients present with simultaneous organ dysfunction, it is imperative to determine the degree of reversibility of secondary organ dysfunction in order to make a decision regarding definitive therapy with transplantation.

This poses the question: for patients referred for simultaneous heart-kidney transplantation, can the patient benefit from only one of the organs being transplanted?



Cardiorenal syndrome and sHK transplantation

Of multiorgan transplants, sHK transplants have experienced the largest increase in frequency from 2015 to 2020 (7). This has occurred even though debate exists regarding the exact population of patients that would benefit from dual organ transplantation, and there is notable variability in kidney function of sHK recipients by center, with median estimated glomerular filtration rate (eGFR) ranging from 19 to 59 ml/min/1.73 m2 from 2014 to 2019 (8). This debate, and resulting variability, is driven by the inability to predict the potential for renal recovery in patients with heart failure or recovery of heart function in patients with renal failure.

While it is established that heart transplant alone is contraindicated in patients with heart failure requiring dialysis, sHK transplant in patients without sufficiently deranged renal function shows no benefit over heart transplant alone (5, 9, 10). Additionally, sHK transplant has the potential for worsened kidney graft survival as compared to kidney transplant alone due to alterations in hemodynamics, use of vasopressors, and use of cardiopulmonary bypass (11). Conversely, sHK transplant is associated with improved cardiac graft survival, driven by lower rates of cardiac allograft rejection events and coronary allograft vasculopathy (9, 12, 13). Therefore, the indications for sHK transplant in patients with heart failure have varied over 30 years of conferences and societal meetings. This culminated in a recent consensus conference recommending sHK transplant in patients with eGFR <30 ml/min/1.73 m2, and allowing for consideration of sHK transplant in patients with eGFR 30–44 ml/min/1.73 m2 with evidence of intrinsic CKD (14–19).

In patients with advanced CKD, namely eGFR <30 ml/min/1.73 m2, or ESRD, the presence of hemodynamic volume overload, arterial remodeling, arterio-venous shunts, and uremia contribute to the development and worsening of cardiorenal syndrome. In these patients, kidney transplant has the potential to improve cardiac function through reverse cardiac remodeling and decreased volume overload. A single-center study at Cleveland Clinic from 2003 to 2013 investigated patients with left ventricular (LV) dysfunction who underwent kidney transplant alone; comparison of baseline and post-transplant echocardiograms demonstrated an improvement in LV ejection fraction with significant improvement in LV diastolic function, LV mass, and right ventricular systolic pressure (6).

Decision making regarding solitary as compared to dual organ transplant will predominantly depend on the primary etiology of organ dysfunction. There are five described subtypes of cardiorenal syndrome that encompass the spectrum of acute or chronic dysfunction of either the heart or kidneys because of acute or chronic dysfunction of the other organ. Type 1 is an acute cardiorenal syndrome due to heart failure and cardiogenic shock in which the acute heart failure and resulting congestion causes an acute kidney injury (AKI). Type 2 is a chronic cardiorenal syndrome where chronic heart failure leads to CKD. Type 3 is described as acute renocardiac syndrome, where AKI leads to volume overload, an inflammatory surge, and metabolic disturbances secondary to uremia, culminating in heart failure. Type 4 is chronic renocardiac syndrome, in which left ventricular hypertrophy and chronic heart failure result from CKD-associated cardiomyopathy. Finally, type 5 is secondary cardiorenal syndrome due to a systemic process such as amyloidosis, sepsis, or cirrhosis, resulting in simultaneous heart and kidney failure (20).

Underlying the concerns for the benefit of multiorgan transplant are the ethical considerations regarding potential harm in removing organs from the donation pool. These considerations revolve around beneficence, what benefits the individual patient, and utility, what benefits the greatest number of patients. In the application of these ethical principles to sHK transplant, the benefit of replacing both organs will depend on the degree of secondary renal or cardiac dysfunction. Some allocation procedures for sHK transplant may assign organs to individuals who receive less benefit in terms of life-years gained; additionally, patients who receive kidneys through the multiorgan transplant system generally receive higher quality kidneys as measured by the kidney donor profile index (KDPI), undermining the current matching scheme for kidney transplant alone (21). The Organ Procurement and Transplantation Network/United Network of Organ Sharing published a Liver-Kidney Transplant policy in 2017 to combat kidney over-utilization, which incorporated a “safety net,” wherein patients with renal failure in the first year post-liver transplant would be prioritized for kidney transplant (22). Adoption of a similar policy for patients being considered for sHK has been proposed, and was shown to have favorable cost-effectiveness, particularly in patients with moderate or high likelihood of kidney dysfunction reversibility (19, 23, 24). However, these proposals have not yet been codified into policy.

A sHK transplant is beneficial to patients who cannot recover function in either organ with single-organ transplantation. However, because of the interdependence of the heart and kidney, there is potential for patients to benefit from transplantation of one organ alone. We discuss the following algorithms to determine if replacement of one organ is sufficient instead of a simultaneous heart-kidney transplant. Separate algorithms for kidney failure in heart transplant candidates and heart failure in patients with established kidney dysfunction were used in two different cases.



Case 1: Heart transplant alone to reverse kidney failure


Case history

A 62-year-old woman with burnt out hypertrophic cardiomyopathy (HCM) with a history of LV aneurysmectomy, mitral valve replacement, and ventricular tachycardia was referred for consideration for heart-kidney transplant. The patient had New York Heart Association (NYHA) class IIIB-IV symptoms, with dizziness and frequent falls at home. On exam, her blood pressure was 90/50 mmHg and her heart rate was paced at 60 beats per minute. She appeared frail, with jugular venous distension and cool extremities. Her baseline creatinine was 1.68 mg/dL and eGFR ranged between 25 and 40 ml/min/1.73 m2. Urinalysis was negative for proteinuria and casts. Her echocardiogram revealed a small LV with an apical patch, a bioprosthetic mitral valve, decreased right ventricular (RV) function, and no significant valvular dysfunction. Renal ultrasound demonstrated normal sized kidneys with mild renal disease. Her initial hemodynamics at a heart rate of 60 and blood pressure of 92/52 mmHg had a right atrial (RA) mean pressure of 14 mmHg, an RV pressure of 44/4 mmHg, a pulmonary arterial (PA) pressure of 44/28 (mean 33) mmHg, and a mean pulmonary capillary wedge pressure (PCWP) of 28 mmHg with a cardiac output of 2.4 L/min and cardiac index of 1.6 L/min/m2 by thermodilution.

Given hemodynamics consistent with cardiogenic shock the patient was supported with intra-aortic balloon pump placement and milrinone infusion. During this period she had repeated eGFR measurements between 40 and 60 ml/min/1.73 m2. After multi-disciplinary discussion with the renal transplant team and heart failure cardiologists, the patient was listed for and underwent heart transplant alone. Her post-operative creatinine was 1.0 mg/dL and her eGFR increased to over 60 ml/min/1.73 m2, demonstrating a significant improvement in her kidney function.



Discussion

Cardiac dysfunction, whether acute or chronic, can impact renal function in multiple ways. The neurohormonal dysregulation of chronic heart failure and activation of the renin-angiotensin aldosterone system (RAAS) plays a significant role in kidney injury and progression of renal disease. The consequences of increased renin, angiotensin II and aldosterone include increased sodium reabsorption, as well as production of pro-inflammatory and pro-fibrotic peptides, which result in worsening renal function along with injury and hemodynamic stress to the heart. Hemodynamic stress may include low cardiac output and central venous congestion. Low cardiac output states result in inadequate renal blood flow, which increases RAAS activation, thereby worsening renal afferent arteriolar vasoconstriction, and leads to oxidative stress and hypoperfusion injury to the kidneys. Central venous congestion, represented by elevated central venous pressure (CVP), results in elevated intraabdominal pressure, decreased renal capillary pressure gradient, reduced renal blood flow and glomerular filtration rate, ultimately contributing to decreased kidney function (1, 25, 26).

Management of kidney failure in heart transplant candidates should therefore be tailored toward identification of the disease process, and interventions to remedy the resultant pathophysiologic derangements, as reflected in Figure 1. Patients with clear evidence of intrinsic renal disease, such as medical renal disease on ultrasound or significant proteinuria, likely have irreversible renal dysfunction and require consideration of sHK transplant. However, in the absence of such findings, invasive hemodynamic assessment is necessary as sHK transplant should be considered if renal function is impaired despite optimal hemodynamics. Hemodynamic derangements in these patients can be broadly classified into 3 states. Patients with a low cardiac index but normal filling pressures are primarily suffering from a hypoperfusive state, and improvement in perfusion by inotropes or mechanical circulatory support devices is necessary to determine renal recovery. Those with a low cardiac index, elevated PCWP, but normal CVP are similarly suffering from a low perfusion state and require therapy to improve cardiac output. In patients with a low cardiac index, elevated PCWP and elevated CVP the impairment is related to a decreased gradient across the renal capillaries, thus these patients require both support to increase the cardiac output as well as therapies to reduce central venous congestion.


[image: Figure 1]
FIGURE 1. Algorithm for management of Heart-Transplant candidates with renal dysfunction to determine need for Simultaneous Heart-Kidney Transplant.


This patient's primary disease process was CRS type 2, with a low cardiac output and elevated filling pressures. Given her lack of structural abnormality, the decision was made to optimize hemodynamics with mechanical circulatory support and inotrope therapy. As a result, she had improvement in her markers of renal function, and was able to tolerate heart transplant alone with excellent post-operative renal function. She was spared unnecessary dual organ-transplant, and therefore did not utilize a donor organ that would have been of limited benefit to her.




Case 2: Kidney transplant alone to reverse heart failure


Case history

A 52-year-old male patient with ESRD for many years had been listed for kidney transplant for 6 years. The patient had a newly recognized drop in LV ejection fraction (LVEF) and two admissions for volume overload in the last 6 months. He had NYHA class III symptoms with dyspnea on exertion, and his persistent hypotension did not allow for up-titration of goal-directed medical therapy for heart failure. He was therefore referred for simultaneous heart-kidney transplant. On physical exam, his blood pressure was 95/50 mmHg and heart rate was 85 beats per minute. A prominent S3 was appreciable, and the patient had bilateral lower extremity edema. Echocardiogram revealed a dilated LV, mild mitral regurgitation, mildly depressed right ventricular function, severely depressed LV function with LVEF of 25–30%, and pulmonary arterial systolic pressure of 60–65 mmHg. Cardiac MRI did not show evidence of infiltrative disease. Coronary angiogram revealed no left main or left anterior descending (LAD) disease, 70% occlusion in a first diagonal branch of the LAD, and 30–40% stenosis in the left circumflex and right coronary arteries. An arteriovenous (AV) fistula study showed brachial artery flow of 2,700 mL/min. Initial right heart catheterization at a heart rate of 60 and blood pressure of 95/50 mmHg had an RA mean pressure of 18 mmHg, RV pressure of 60/4 mmHg, PA pressure of 60/28 (mean 38) mmHg, and a mean PCWP of 28 mmHg with a cardiac output of 7.3 l/min and cardiac index of 3.6 l/min/m2 by thermodilution.

Given these findings, he was diagnosed with high-output heart failure related to increased flow through the AV fistula. The patient underwent fistula revision, resulting in a decrease in brachial arterial flow to 1,100 mL/min. A repeat transthoracic echocardiogram 6 months from the intervention revealed a normal LV size, improvement in LV function to normal with LVEF 60–65%, trace mitral regurgitation and normal RV function. Repeat right heart catheterization at a heart rate of 60 and blood pressure of 95/50 mmHg revealed an RA mean pressure of 5 mmHg, RV pressure of 41/2 mmHg, PA pressure of 41/16 (mean 24) mmHg, and PCWP of 16 mmHg with a cardiac output of 6.0 l/min and cardiac index of 3.1 l/min/m2 by thermodilution.

Given the patient's sustained improvement in left ventricular parameters, he was listed for kidney transplant alone.



Discussion

Renal dysfunction leading to cardiac injury and dysfunction occurs throughout the spectrum of progressive renal disease. Acute kidney injury is difficult to identify as a causative agent in cardiac dysfunction, as in the case of CRS 3, due to the array of comorbid conditions contributing to AKI. AKI is associated with a dramatically increased risk of cardiovascular mortality and major cardiovascular events, whether by fluid overload leading to pulmonary edema, or electrolyte abnormalities leading to arrythmias (20, 27). Chronic kidney disease in the early stages can lead to development of comorbid conditions such as hypertension, anemia, and derangements in nutritional status, all of which are risk factors for cardiac disease. The chronic inflammatory state induced by renal injury results in the generation of pro-inflammatory biomarkers that are implicated in the development of both heart failure and coronary atherosclerosis. Progressive disease leads to abnormalities of calcium and phosphate, accumulation of uremic toxins, and further chronic inflammation. Eventually, ESRD and fluid shifts resulting from dialysis, worsening electrolyte and calcium/phosphate homeostasis, as well as worsening anemia and malnutrition all result in progressive myocyte dysfunction, cardiac remodeling and fibrosis, atherosclerotic disease and arrythmias (1, 20, 26). In certain cases, high output heart failure can result from AV fistulas surgically created for dialysis. The acute decrease in systemic vascular resistance following fistula creation causes an increase in sympathetic nervous system activity leading to increased contractility and heart rate. Over time, blood volume increases causing elevated venous return and cardiac filling pressures (28, 29). High flow fistulas, particularly those with flow volume >2 L/min, are associated with the development of worsening RV dysfunction, LV hypertrophy, pulmonary hypertension, and eventually heart failure (30–32).

Management of patients with ESRD presenting with heart failure should involve identification of treatable causes of heart failure, such as ischemic heart disease or infiltrative disease. Patients with non-ischemic cardiomyopathy should be treated with guideline directed medical therapy for heart failure, along with management of volume status and anemia. Patients should be evaluated for high-ouput heart failure and treated if necessary, as correction of the high output state has been associated with improvement in LV mass, biventricular volumes and NT-proBNP levels (33). Unused AV fistula sites should be ligated, and flow through other sites measured. Reduction in AV fistula flow may be attempted with precision banding, or ligation and grafting (34, 35). If heart failure persists, AV fistula closure should be considered. If the heart failure disease state and myocardial dysfunction are unable to be corrected by these methods, the patient should be considered for sHK transplant (Figure 2).
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FIGURE 2. Algorithm for the management of Kidney transplant candidates with heart failure to determine need for Simultaneous Heart-Kidney Transplant.





Conclusion

Patients with concomitant kidney and heart dysfunction are difficult to manage; as a result, many patients are referred for simultaneous heart-kidney transplant. However, algorithm-based management of these patients may allow for correction of secondary organ dysfunction, and thereby allow for single organ transplant alone. In patients with heart failure, optimization of hemodynamics with appropriate support can allow for heart transplantation alone and reversal of cardiorenal syndrome due to the benefits of improvement in renal congestion and perfusion. Similarly, GDMT, optimal dialysis, and correction of high output states can reverse cardiomyopathy in patients with CKD, allowing for kidney transplantation alone and conferring the benefits of optimized kidney function for heart function.



Ethics statement

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors' institutions and Food and Drug Administration guidelines, including patient consent where appropriate.



Author contributions

SA provided final drafts, figures, and discussion contents as well as references. LE and PA provided initial drafts, as well as content, and reviewed further drafts. NM and QA reviewed and assisted with drafts of the manuscript. AG set out the outline of the paper, as well as figure concept and design, and provided final review. All authors contributed to manuscript revision, read, and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

sHK, simultaneous heart-kidney.



References

 1. Kumar U, Garimella PS, Wettersten N. Cardiorenal syndrome-pathophysiology. Cardiol Clin. (2019) 37:251–65. doi: 10.1016/j.ccl.2019.04.001

 2. Ojo AO, Hanson JA, Wolfe RA, Leichtman AB, Agodoa LY, Port FK. Long-term survival in renal transplant recipients with graft function. Kidney Int. (2000) 57:307–13. doi: 10.1046/j.1523-1755.2000.00816.x

 3. Shirali AC, Bia MJ. Management of cardiovascular disease in renal transplant recipients. CJASN. (2008) 3:491–504. doi: 10.2215/CJN.05081107

 4. Lund LH, Khush KK, Cherikh WS, Goldfarb S, Kucheryavaya AY, Levvey BJ, et al. The registry of the international society for heart and lung transplantation: thirty-fourth adult heart transplantation report-−2017; focus theme: allograft ischemic time. J Heart Lung Transplant. (2017) 36:1037–46. doi: 10.1016/j.healun.2017.07.019

 5. Bergler-Klein J, Pirich C, Laufer G, Grimm M, Regele H, Mayer G, et al. The long-term effect of simultaneous heart and kidney transplantation on native renal function. Transplantation. (2001) 71:1597–600. doi: 10.1097/00007890-200106150-00019

 6. Hawwa N, Shrestha K, Hammadah M, Yeo PSD, Fatica R, Tang WHW. Reverse remodeling and prognosis following kidney transplantation in contemporary patients with cardiac dysfunction. J Am College Cardiol. (2015) 66:1779–87. doi: 10.1016/j.jacc.2015.08.023

 7. OPTN/UNOS Ethics Committee. Ethical Implications of Multi Organ Transplants – OPTN. (2019). Available online at: https://optn.transplant.hrsa.gov/policies-bylaws/public-comment/ethical-implications-of-multi-organ-transplants/ (accessed March 22, 2022).

 8. Shaw BI, Samoylova ML, Barbas AS, Cheng XS, Lu Y, McElroy LM, et al. Center variations in patient selection for simultaneous heart-kidney transplantation. Clin Transplant. (2022) 36:e14619. doi: 10.1111/ctr.14619

 9. Agarwal KA, Patel H, Agrawal N, Cardarelli F, Goyal N. Cardiac outcomes in isolated heart and simultaneous kidney and heart transplants in the United States. Kidney Int Rep. (2021) 6:2348–57. doi: 10.1016/j.ekir.2021.06.032

 10. Shaw BI, Samoylova ML, Sanoff S, Barbas AS, Sudan DL, Boulware LE, et al. Need for improvements in simultaneous heart-kidney allocation: the limitation of pretransplant glomerular filtration rate. Am J Transplantation. (2021) 21:2468–78. doi: 10.1111/ajt.16466

 11. Shaw BI, Sudan DL, Boulware LE, McElroy LM. Striking a balance in simultaneous heart kidney transplant: optimizing outcomes for all wait-listed patients. JASN. (2020) 31:1661–4. doi: 10.1681/ASN.2020030336

 12. Chou AS, Habertheuer A, Chin AL, Sultan I, Vallabhajosyula P. Heart-kidney and heart-liver transplantation provide immunoprotection to the cardiac allograft. Annals Thoracic Surgery. (2019) 108:458–66. doi: 10.1016/j.athoracsur.2019.02.012

 13. Raichlin E, Kushwaha SS, Daly RC, Kremers WK, Frantz RP, Clavell AL, et al. Combined heart and kidney transplantation provides an excellent survival and decreases risk of cardiac cellular rejection and coronary allograft vasculopathy. Transplant Proc. (2011) 43:1871–6. doi: 10.1016/j.transproceed.2011.01.190

 14. Taiwo AA, Khush KK, Stedman MR, Zheng Y, Tan JC. Longitudinal changes in kidney function following heart transplantation: Stanford experience. Clin Transplant. (2018) 32:e13414. doi: 10.1111/ctr.13414

 15. Mudge GH, Goldstein S, Addonizio LJ, Caplan A, Mancini D, Levine TB, et al. Task force 3: recipient guidelines/prioritization. J Am College Cardiol. (1993) 22:21–31. doi: 10.1016/0735-1097(93)90812-F

 16. Miller LW. Listing criteria for cardiac transplantation: results of an American Society of transplant physicians-national institutes of health conference. Transplantation. (1998) 66:947–51. doi: 10.1097/00007890-199810150-00032

 17. Mehra MR, Kobashigawa J, Starling R, Russell S, Uber PA, Parameshwar J, et al. Listing criteria for heart transplantation: international society for heart and lung transplantation guidelines for the care of cardiac transplant candidates-−2006. J Heart Lung Transplant. (2006) 25:1024–42. doi: 10.1016/j.healun.2006.06.008

 18. Mehra MR, Canter CE, Hannan MM, Semigran MJ, Uber PA, Baran DA, et al. The international society for heart lung transplantation listing criteria for heart transplantation: a 10-year update. J Heart Lung Transplant. (2016) 35:1–23. doi: 10.1016/j.healun.2015.10.023

 19. Kobashigawa J, Dadhania DM, Farr M, Tang WHW, Bhimaraj A, Czer L, et al. Consensus conference on heart-kidney transplantation. Am J Transplant. (2021) 21:2459–67. doi: 10.1111/ajt.16512

 20. Raina R, Nair N, Chakraborty R, Nemer L, Dasgupta R, Varian K. An update on the pathophysiology and treatment of cardiorenal syndrome. Cardiol Res. (2020) 11:76–88. doi: 10.14740/cr955

 21. Reese PP, Veatch RM, Abt PL, Amaral S. Revisiting multi-organ transplantation in the setting of scarcity. Am J Transplant. (2014) 14:21–6. doi: 10.1111/ajt.12557

 22. OPTN/UNOS Kidney Transplantation Committee,. Simultaneous Liver Kidney (SLK) Allocation Policy. (2015). Available online at: https://optn.transplant.hrsa.gov/media/1192/0815-12_SLK_Allocation.pdf (accessed Mar 23, 2022).

 23. Wayda B, Cheng XS, Goldhaber-Fiebert JD, Khush KK. Optimal patient selection for simultaneous heart-kidney transplant: a modified cost-effectiveness analysis. Am J Transplant. (2022) 22:1158–68. doi: 10.1111/ajt.16888

 24. Cheng XS, Khush KK, Wiseman A, Teuteberg J, Tan JC. To kidney or not to kidney: Applying lessons learned from the simultaneous liver-kidney transplant policy to simultaneous heart-kidney transplantation. Clin Transplant. (2020) 34:e13878. doi: 10.1111/ctr.13878

 25. Damman K, van Deursen VM, Navis G, Voors AA, van Veldhuisen DJ, Hillege HL. Increased central venous pressure is associated with impaired renal function and mortality in a broad spectrum of patients with cardiovascular disease. J Am College Cardiol. (2009) 53:582–8. doi: 10.1016/j.jacc.2008.08.080

 26. Ronco C, Bellasi A, Lullo LD. Cardiorenal syndrome: an overview. Adv Chronic Kidney Dis. (2018) 25:382–90. doi: 10.1053/j.ackd.2018.08.004

 27. Uduman J. Epidemiology of cardiorenal syndrome. Adv Chronic Kidney Dis. (2018) 25:391–9. doi: 10.1053/j.ackd.2018.08.009

 28. Ori Y, Korzets A, Katz M, Perek Y, Zahavi I, Gafter U. Haemodialysis arteriovenous access–a prospective haemodynamic evaluation. Nephrol Dial Transplant. (1996) 11:94–7. doi: 10.1093/ndt/11.1.94

 29. Beigi AA, Sadeghi AMM, Khosravi AR, Karami M, Masoudpour H. Effects of the arteriovenous fistula on pulmonary artery pressure and cardiac output in patients with chronic renal failure. J Vasc Access. (2009) 10:160–6. doi: 10.1177/112972980901000305

 30. Aitken E, Kerr D, Geddes C, Berry C, Kingsmore D. Cardiovascular changes occurring with occlusion of a mature arteriovenous fistula. J Vasc Access. (2015) 16:459–66. doi: 10.5301/jva.5000336

 31. Basile C, Lomonte C, Vernaglione L, Casucci F, Antonelli M, Losurdo N. The relationship between the flow of arteriovenous fistula and cardiac output in haemodialysis patients. Nephrol Dial Transplant. (2008) 23:282–7. doi: 10.1093/ndt/gfm549

 32. Reddy YNV, Obokata M, Dean PG, Melenovsky V, Nath KA, Borlaug BA. Long-term cardiovascular changes following creation of arteriovenous fistula in patients with end stage renal disease. Eur Heart J. (2017) 38:1913–23. doi: 10.1093/eurheartj/ehx045

 33. Rao NN, Stokes MB, Rajwani A, Ullah S, Williams K, King D, et al. Effects of arteriovenous fistula ligation on cardiac structure and function in kidney transplant recipients. Circulation. (2019) 139:2809–18. doi: 10.1161/CIRCULATIONAHA.118.038505

 34. Chemla ES, Morsy M, Anderson L, Whitemore A. Inflow reduction by distalization of anastomosis treats efficiently high-inflow high-cardiac output vascular access for hemodialysis. Semin Dial. (2007) 20:68–72. doi: 10.1111/j.1525-139X.2007.00244.x

 35. Gkotsis G, Jennings WC, Malik J, Mallios A, Taubman K. Treatment of high flow arteriovenous fistulas after successful renal transplant using a simple precision banding technique. Annals Vascular Surg. (2016) 31:85–90. doi: 10.1016/j.avsg.2015.08.012



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Current considerations for heart-kidney transplantation



		Introduction



		Cardiorenal syndrome and sHK transplantation



		Case 1: Heart transplant alone to reverse kidney failure



		Case history



		Discussion







		Case 2: Kidney transplant alone to reverse heart failure



		Case history



		Discussion







		Conclusion



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Transplantation

Current considerations for
heart-kidney transplantation





OPS/images/frtra-01-1022780-g001.gif
idney Falure in Heart Transplant Candidates
T~

Gt e pe 2

| =
Wit e
: ey






OPS/images/frtra-01-1022780-g002.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
' frontiers ‘ Frontiers in Transplantation





