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Cardiovascular Assessment
Although renal transplantation reduces cardiovascular 

morbidity and mortality compared to end stage renal disease 
(ESRD), it is associated with an early increase of cardiovascular 
morbidity and mortality [1-9]. Renal transplantation recipients 
should undergo rigorous screening processes considering 
not only peri-operative risk, but also must be designed to 
provide information regarding CV risk in the early years post-
transplantation [10,11]. 

There is no universally accepted screening process 
especially in asymptomatic chronic kidney disease (CKD) 
patients given their high cardiac risk even if asymptomatic 
[8,12-27]. All recipients must be tested by non-invasive methods 
as recommended by Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines and the only determinant for testing by 
American College of Cardiology/American Heart Association 
(ACR/AHA) guidelines were functional status tempered by risk 
factor profile [18,19].

Intermediate levels of testing result from application of 
guidelines developed by more kidney-specific stakeholder 
groups (Figure1) (Table 1) [20,21].

Table 1: Non-invasive cardiovascular assessment of potential kidney 
transplant recipient.

Resting electrocardiography

Conventional echocardiography

Stress electrocardiography

Stress echocardiography either exercise or pharmacologic

Myocardial perfusion scan

Carotid intimal medial thickness

Cardiopulmonary exercise test

Computed tomography coronary angiography

Magnetic resonance angiography

Cardiac magnetic resonance imaging

Electron beam computed tomography

Digital subtraction fluorography
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Abstract

Cardiovascular disease continues to be the most important cause of death after transplantation. Although there is a dramatic improvement 
in the diagnosis and management of cardiovascular disease, the rate of cardiovascular death after kidney transplantation still higher 
compared to general population. Chronic kidney disease is associated with many risk factors that lead to increased incidence and prevalence 
of cardiovascular diseases. In this mini-review, we will discuss recent advances in cardiovascular work up prior to kidney transplantation.
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Abbreviations: ESRD: End Stage Renal Disease; CKD: Chronic Kidney Disease; KDOQI: Kidney Disease Outcomes Quality Initiative; ACR: 
American College of Cardiology; AHA: American Heart Association; CAD: Coronary Artery Disease; ICA: Invasive Coronary Angiography; 
MPI: Myocardial Perfusion Imaging; SPECT: Single Photon Emission Computed Tomography; DSE: Dobutamine stress echocardiography; 
ABI: Ankle-Brachial Index; CTA: Computed Tomography Angiography; MRA: Magnetic Resonance Angiography; DS-CMR: Dobutamine stress 
Cardiac Magnetic Resonance; ABI: Ankle-Brachial Index
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Figure 1: Cardiac risk assessment of four guidelines.

As conventional CV risk factors are highly prevalent in 
this population, exclusion of coronary artery disease (CAD) 
comprises a substantial component of CV screening in higher 
risk transplant candidates [17]. There is no consensus on which 
technique will be optimal when deciding that cardiovascular 
screening is mandatory [22-25]. The presence or absence of 
chest pain provides little clinical certainty in distinguishing 
between the presence and absence of significant CAD in 
potential renal transplant recipients [23,26-30]. There is 
substantial debate regarding the necessity to perform invasive 
coronary angiography (ICA) to exclude significant CAD prior 
to transplantation. Numerous studies have been published 
demonstrating the advantages and limitations of non-invasive 
investigations in the ESRD context [27,31-33]. 

Exercise-based stress testing is widely accepted as the 
preferred, and most accurate, methodology for the non-invasive 
exclusion of coronary ischemia. Uraemia, however, is commonly 
associated with reduced exertional capacity, frequently 
preventing ESRD patients from achieving the necessary level 
of tachycardia required to minimize the occurrence of a false 
negative result. Previous studies have demonstrated a higher 
risk of future cardiovascular events amongst patients unable to 
complete exercise stress tests, regardless of the presence of a 
negative result. Thus combinations of exercise and vasodilatory 
agents, or dobutamine infusion have been utilized to optimize 
non-invasive imaging results [34-36]. 

Conventionally, exercise (+/- dipyridamole or adenosine) 
or dobutamine single photon emission computed tomography 
(SPECT) and myocardial perfusion imaging (MPI) have 
been the most commonly utilized investigation in the non-
invasive exclusion of ischemia prior to RTx. Dobutamine stress 
echocardiography (DSE) is a commonly utilized alternative, with 
some results indicating a higher specificity attributable to this 

investigation, but similar overall accuracy in non- renal failure 
patients [37,38]. The presence of a negative study does not 
entirely exclude the presence of haemo dynamically significant 
coronary artery disease, hence the preference within some RTx 
centers to rely solely upon ICA for the evaluation of coronary 
risk in this context, however are associated with procedural 
risk [32]. Myocardial perfusion studies and dobutamine stress 
echocardiography (DSE) show equally well results in diagnosing 
patients with stenosis ≥ 50% of a major coronary artery, which 
supported by Cochrane meta-analysis [39]. Data from large 
studies on general populations shows similar or superior 
outcomes of medical treatment over revascularization, except in 
triple vessel disease [15,40-42].

Alternatively, recent data from CKD studies compared to the 
general population confirm compromised therapeutic responses 
to medical treatment [43]. 

As diabetics have high risk of cardiac events and poor 
negative predictive value of non-invasive test, some advice use of 
cardiac catheterization as sole for prediction of adverse cardiac 
events in diabetics waiting transplantation [44,45]. Dobutamine 
stress Cardiac Magnetic Resonance Imaging (DS-CMR) has 
recently been demonstrated to provide a very high level of 
accuracy in the non-invasive detection of significant CAD, with 
low procedural risk [46-49].

Which results at cardiovascular assessment prevent 
transplantation? This is difficult to judge. Most centers currently 
will consider ischemia not responsive to revascularization 
as contraindication to transplantation. Similarly, after 
revascularization of advanced coronary disease, severe 
left ventricular dysfunction considered contraindication to 
transplantation as it associated with high mortality [50]. On 
the other hand, absence of coronary disease in the presence 
of severe left ventricular systolic dysfunction considered as 
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indication for transplantation as many reports confirm cardiac 
function improvement after restoration of kidney function in 
adult and pediatric.

Many dialysis patients have pulmonary hypertension which 
worse with duration on dialysis. Data from recent studies shows 
increased risk of graft and/or patient loss in advanced elevation 
of right ventricular systolic pressure ≥50 mmHg [50]. 

Some data suggest that high right ventricular systolic 
pressure considered as contraindication to transplantation till 
treated. Finally, it is mandatory to manage advanced vascular 
heart disease before transplantation [51]. 

Assessment of Peripheral Vascular Disease
There is an absolute indication for vascular assessment 

including general assessment of prognosis as well as specific 
assessment of the vascular supply needed for the transplant 
operation. Atheromatous iliac arteries that have been ossified 
through years of CKD management must thus be carefully 
assessed by the surgeon planning to perform the transplant [52-
54]. 

The presence of peripheral arterial disease (PAD) and its 
degree could be assessed by noninvasive tests. These tests 
include ultrasound, segmental limb pressures, the ankle-brachial 
index (ABI), segmental volume plethysmography, and exercise 
treadmill test. Furthermore, recent data suggest that computed 
tomography angiography (CTA) and magnetic resonance 
angiography (MRA) have become important noninvasive 
methods for the PAD assessment [55-60]. Arteriography still 
considered as gold standard for diagnostic evaluation of PAD. 
Nowadays, to establish the diagnosis of PAD and to plan the 
most adapted intervention, most vascular specialists use 
three-dimensional reconstructed angiography (CTA or MRA) 
or bidimensional images obtained with Duplex-ultrasound 
modalities [59-61]. However, diagnostic standard angiography 
may still remain necessary, in selected cases [62,63]. 

Conclusion
Cardiovascular screening and intervention for transplant 

recipient especially asymptomatic patients are common practice 
but the clear benefits of these interventions still questionable. 
Large Randomized controlled trial is needed to clearly define the 
risk/benefit of the current practice.

References
1. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, et al. (2011) Systematic 

review: kidney transplantation compared with dialysis in clinically 
relevant outcomes. Am J Trans 11(10): 2093-2109.

2. Aakhus S, Dahl K, Wideroe TE (1999) Cardiovascular morbidity and 
risk factors in renal transplant patients. Nephrol Dial Transplant 
14(3): 648-654.

3. Oniscu GC, Brown H, Forsythe JL (2005) Impact of cadaveric renal 
transplantation on survival in patients listed for transplantation. J Am 
SocNephrol 16(6): 1859-1865. 

4. Rabbat CG, Thorpe KE, Russell JD, Churchill DN (2000) Comparison of 
mortality risk for dialysis patients and cadaveric first renal transplant 
recipients in Ontario, Canada. J Am SocNephrol 11(5): 917-922.

5. Schnuelle P, Lorenz D, Trede M, Van Der Woude FJ (1998) Impact of 
renal cadaveric transplantation on survival in end-stage renal failure: 
evidence for reduced mortality risk compared with hemodialysis 
during long-term follow-up. J Am Soc Nephrol 9(11): 2135-2141. 

6. Shrestha A, Basarab-Horwath C, McKane W, McKane W, Shrestha B, et 
al. (2010) Quality of life following live donor renal transplantation: A 
single center experience. Ann Transplant 15(2): 5-10.

7. Tomasz W, Piotr S (2003) A trial of objective comparison of quality of 
life between chronic renal failure patients treated with hemodialysis 
and renal transplantation. Ann Transplant 8(2): 47-53. 

8. Irene Ma, Nathan Johnson, David Landsberg, Nathan Johnson, Adeera 
Levin, et al. (2005) Cardiovascular events and investigation in patients 
who are awaiting cadaveric kidney transplantation. J Am SocNephrol 
16(3): 808-816. 

9. Ojo AO, Hanson JA, Meier-Kriesche H, Okechukwu CN, Wolfe RA, et 
al. (2001) Survival in recipients of marginal cadaveric donor kidneys 
compared with other recipients and wait-listed transplant candidates. 
J Am SocNephrol 12(3): 589-597. 

10. Ritz E, Schwenger V, Wiesel M, Zeier M (2000) Atherosclerotic 
complications after renal transplantation. Transpl Int 13(Suppl 1): 
S14-19.

11. Karthikeyan V, Ananthasubramaniam K (2009) Coronary risk 
assessment and management options in chronic kidney disease 
patients prior to kidney transplantation. Curr Cardiol Rev 5(3): 177-
186.

12. Gaston RS, Basadonna G, Cosio FG, Davis CL, Kasiske BL, et al. (2004) 
Transplantation in the diabetic patient with advanced chronic kidney 
disease: a task force report. Am J Kidney Dis 44(3): 529-542.

13. Danovitch GM, Hariharan S, Pirsch JD, Rush D, Roth D, et al. (2002) 
Management of the waiting list for cadaveric kidney transplants: 
report of a survey and recommendations by the Clinical Practice 
Guidelines Committee of the American Society of Transplantation. J 
Am SocNephrol 13(2): 528-535. 

14. Knoll G, Cockfield S, Blydt-Hansen T, Dana Baran, Bryce Kiberd, et al. 
(2005) Canadian Society of Transplantation: consensus guidelines on 
eligibility for kidney transplantation. CMAJ 173(10): 1181-1184.

15. Pilmore H (2006) Cardiac assessment for renal transplantation. Am J 
Transplant 6: 659-665. 

16. Kasiske BL, Israni AK, Snyder JJ, Camarena A, COST Investigators, et 
al. (2011) clinical trial to examine coronary screening before kidney 
transplantation (COST Design considerations and feasibility for a). Am 
J Kidney Dis 57(6): 908-916.

17. Friedman SE, Palac RT, Zlotnick DM, Chobanian MC, Costa SP, et al. 
(2011) A call to action: variability in guidelines for cardiac evaluation 
before renal transplantation. Clinical Journal of the American Society 
Nephrology 6(5): 1185-1191.

18. Fleisher LA, Beckman JA, Brown KA, Hugh Calkins, Elliot L, et al. (2007) 
ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation 
and care for noncardiac surgery: executive summary: a report of the 
American College of Cardiology/American Heart Association task 
force on practice guidelines (writing committee to revise the 2002 
guidelines on perioperative cardiovascular evaluation for noncardiac 
surgery): developed in collaboration with the American Society of 
Echocardiography, American Society of Nuclear Cardiology, Heart 
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society 
for Cardiovascular Angiography and Interventions, Society for Vascular 
Medicine and Biology, and Society for Vascular Surgery. Circulation 
116(17): 1971-1996. 

http://dx.doi.org/10.19080/JOJUN.2017.2.555582
https://www.ncbi.nlm.nih.gov/pubmed/21883901
https://www.ncbi.nlm.nih.gov/pubmed/21883901
https://www.ncbi.nlm.nih.gov/pubmed/21883901
https://www.ncbi.nlm.nih.gov/pubmed/10193814
https://www.ncbi.nlm.nih.gov/pubmed/10193814
https://www.ncbi.nlm.nih.gov/pubmed/10193814
https://www.ncbi.nlm.nih.gov/labs/articles/15857921/
https://www.ncbi.nlm.nih.gov/labs/articles/15857921/
https://www.ncbi.nlm.nih.gov/labs/articles/15857921/
https://www.ncbi.nlm.nih.gov/pubmed/10770970
https://www.ncbi.nlm.nih.gov/pubmed/10770970
https://www.ncbi.nlm.nih.gov/pubmed/10770970
https://www.ncbi.nlm.nih.gov/pubmed/9808102
https://www.ncbi.nlm.nih.gov/pubmed/9808102
https://www.ncbi.nlm.nih.gov/pubmed/9808102
https://www.ncbi.nlm.nih.gov/pubmed/9808102
https://www.ncbi.nlm.nih.gov/pubmed/20657513
https://www.ncbi.nlm.nih.gov/pubmed/20657513
https://www.ncbi.nlm.nih.gov/pubmed/20657513
https://www.ncbi.nlm.nih.gov/pubmed/14626576
https://www.ncbi.nlm.nih.gov/pubmed/14626576
https://www.ncbi.nlm.nih.gov/pubmed/14626576
http://jasn.asnjournals.org/content/16/3/808.full
http://jasn.asnjournals.org/content/16/3/808.full
http://jasn.asnjournals.org/content/16/3/808.full
http://jasn.asnjournals.org/content/16/3/808.full
https://www.ncbi.nlm.nih.gov/pubmed/11181808
https://www.ncbi.nlm.nih.gov/pubmed/11181808
https://www.ncbi.nlm.nih.gov/pubmed/11181808
https://www.ncbi.nlm.nih.gov/pubmed/11181808
https://www.ncbi.nlm.nih.gov/pubmed/11111954
https://www.ncbi.nlm.nih.gov/pubmed/11111954
https://www.ncbi.nlm.nih.gov/pubmed/11111954
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=15332226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kasiske%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=15332226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kasiske%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=15332226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kasiske%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=15332226
https://www.ncbi.nlm.nih.gov/pubmed/11805184
https://www.ncbi.nlm.nih.gov/pubmed/11805184
https://www.ncbi.nlm.nih.gov/pubmed/11805184
https://www.ncbi.nlm.nih.gov/pubmed/11805184
https://www.ncbi.nlm.nih.gov/pubmed/11805184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1277045/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1277045/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1277045/
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2006.01253.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2006.01253.x/pdf
https://www.ncbi.nlm.nih.gov/pubmed/21411203
https://www.ncbi.nlm.nih.gov/pubmed/21411203
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357
https://www.ncbi.nlm.nih.gov/pubmed/17901357


JOJ Urology & Nephrology

How to cite this article: Tariq Z, Ajay S, Ahmed A , Ahmed H. Evaluation of the Cardiovascular System Prior to Transplantation; an Endless Debate. 
JOJ uro & nephron. 2017; 2(2): 555582. DOI: 10.19080/JOJUN.2017.2.555582.004

19. Kidney Disease Outcomes Quality Initiative (2005) K/DOQI clinical 
practice guidelines for cardiovascular disease in dialysis patients. Am J 
Kidney Dis 45(4supply3): S1-S153. 

20. Abbud-Filho M, Adams PL, Alberu J, Cardella C, Chapman J, et al. (2007) 
A report of the Lisbon conference on the care of the kidney transplant 
recipient. Transplantation 83(8 Suppl): S1-S22. 

21. Friedman SE, Palac RT, Zlotnick DM, Chobanian MC, Costa SP, et al. 
(2011) A call to action: variability in guidelines for cardiac evaluation 
before renal transplantation. Clin J Am SocNephrol 6(5): 1185-1191.

22. De Lima JJ, Sabbaga E, Vieira ML, de Paula FJ, Ianhez LE, et al. (2003) 
Coronary angiography is the best predictor of events in renal trans-
plant candidates compared with noninvasive testing. Hypertension 
42(3): 263-268. 

23. Kahn MR, Fallahi A, Kim MC, Esquitin R, Robbins MJ, et al. (2011) Coro-
nary artery disease in a large renal transplant population: implications 
for management. Am J Trans 11(12): 2665-2674. 

24. Hickson LJ, Cosio FG, El-Zoghby ZM, Gloor JM, Kremers WK, et al. 
(2008) Survival of patients on the kidney transplant wait list: relation-
ship to cardiac troponin T. American Journal of Transplantation 8(11): 
2352–2359. 

25. De Mattos AM, Siedlecki A, Gaston RS, Robert S Gaston, Gilbert J Perry, 
et al. (2008) Systolic dysfunction portends increased mortality among 
those waiting for renal transplant. Journal of the American Society of 
Nephrology 19(6): 1191-1196.

26. Sharma R, Pellerin D, Gaze DC, Gregson H, Streather CP, et al. (2005) 
Dobutamine stress echocardiography and the resting but not exercise 
electrocardiograph predict severe coronary artery disease in renal 
transplant candidates. Nephrol Dial Transplant 20(10): 2207-2214. 

27. Sharma R, Pellerin D, Gaze DC , Shah JS, Streather CP, et al. (2005) 
Dobutamine stress echocardiography and cardiac troponin T for the 
detection of significant coronary artery disease and predicting out-
come in renal transplant candidates. Eur J Echocardiogr 6: 327-335. 

28. Braun WE, Phillips DF, Vidt DG, Karthikeyan V, Ananthasubramaniam 
K, et al. (2009) Coronary artery disease in 100 diabetics with end-
stage renal failure. Transplant Proc 16: 603-607. 

29. Margolis JR, Kannel WS, Feinleib M, Karthikeyan V, Ananthasubrama-
niam K, et al. (1973) Clinical features of unrecognized myocardial in-
farction--silent and symptomatic. Eighteen-year follow-up: The Fram-
ingham study. Am J Cardiol 32(1): 1-7 

30. Rostand SG, Kirk KA, Rutsky EA (1986) The epidemiology of coronary 
artery disease in patients on maintenance hemodialysis: implications 
for management. Contrib Nephrol 52: 34-41. 

31. Bart BA, Cen YY, Hendel RC, NuclCardiol J, Missov ED, et al. (2009) 
Comparison of dobutamine stress echocardiography, dobutamine 
SPECT and adenosine SPECT myocardial perfusion imaging in patients 
with end- stage renal disease 16(4): 507-515. 

32. Enkiri SA, Taylor AM, Keeley EC, Lipson LC, Gimple LW, et al. (2010) 
Coronary angiography is a better predictor of mortality than non-in-
vasive testing in patients evaluated for renal transplantation. Catheter 
CardiovascInterv 76(6): 795-801.

33. Gowdak LH, de Paula FJ, Cesar LA, Martinez Filho EE, Ianhez LE, et al. 
(2007) Screening for significant coronary artery disease in high- risk 
renal transplant candidates. Coron Artery Dis 18(7): 553-558.

34. Worthley MI, Unger SA, Mathew TH, Graeme R, John D Horowitz, et al. 
(2003) Usefulness of tachycardic-stress perfusion imaging to predict 
coronary artery disease in high- risk patients with chronic renal fail-
ure. Am J Cardiol 92(11): 1318-1320.

35. Al Jaroudi W, Iskandrian AE. Regadenoson (2009) A new myocardial 
stress agent. J Am Coll Cardiol 54(13): 1123-1130. 

36. Navare SM, Mather JF, Shaw LJ, Fowler MS, Heller GV, et al. (2004) Com-
parison of risk stratification with pharmacologic and exercise stress 
myocardial perfusion imaging: a meta-analysis. J NuclCardiol 11(5): 
551-561. 

37. Mahajan N, Polavaram L, Vankayala H, Ference B, Wang Y, et al. (2010) 
Diagnostic accuracy of myocardial perfusion imaging and stress echo-
cardiography for the diagnosis of left main and triple vessel coronary 
artery disease: a comparative meta-analysis. Heart; 96(12): 956-966. 

38. Picano E, Molinaro S, Pasanisi E (2008) The diagnostic accuracy of 
pharmacological stress echocardiography for the assessment of coro-
nary artery disease: a meta-analysis. Cardiovasc Ultrasound 6:30.

39. Wang LW, Fahim MA, Hayen A, Mitchell RL, Baines L, et al. (2011) Car-
diac testing for coronary artery disease in potential kidney transplant 
recipients. Cochrane Database of Systematic Reviews (12).

40. Manske CL, Wang Y, Rector T, Wilson RF, White CW, et al. (1992) Cor-
onary revascularisation in insulin- dependent diabetic patients with 
chronic renal failure. Lancet 340(8826): 998-1002. 

41. McFalls EO, Ward HB, Moritz TE, Goldman S, Krupski WC, et al. (2004) 
Coronary-artery revascularization before elective major vascular sur-
gery. New England Journal of Medicine; 351(27): 2795-2804. 

42. Poldermans D, Schouten O, Vidakovic R (2007) A clinical randomized 
trial to evaluate the safety of a noninvasive approach in high-risk pa-
tients undergoing major vascular surgery: the DECREASE-V pilot study. 
Journal of the American College of Cardiology 49(17): 1763-1769.

43. Bansal N, Hsu CY, Chandra M, Iribarren C, Fortmann SP, et al. (2011) 
Potential role of differential medication use in explaining excess risk 
of cardiovascular events and death associated with chronic kidney dis-
ease: a cohort study. BMC Nephrology 12: 44. 

44. Welsh RC, Cock eld SM, Campbell P, Hervas-Malo M, Gyenes G, et al. 
(2011) Cardiovascular assessment of diabetic end-stage renal disease 
patients before renal transplantation. Transplantation 91(2): 213-218. 

45. Jardine AG, Gaston RS, Fellstrom BC (2011) Prevention of cardiovascu-
lar disease in adult recipients of kidney transplants. Lancet 378(9800): 
1419-1427.

46. Gebker R, Jahnke C, Hucko T (2010) Dobutamine stress magnetic reso-
nance imaging for the detection of coronary artery disease in women. 
Heart 96(8): 616-620. 

47. Kelle S, Egnell C, Vierecke J, Chiribiri A, Vogel S, et al. (2009) Prognostic 
value of negative dobutamine-stress cardiac magnetic resonance imag-
ing. Med SciMonit 15(10): MT131-136.

48. Wallace EL, Morgan TM, Walsh TF, Dall’Armellina E, Ntim W, et al. ( 
2009) Dobutamine cardiac magnetic resonance results predict cardiac 
prognosis in women with known or suspected ischemic heart disease. 
JACC Cardiovasc Imaging; 2(3): 299-307. 

49. Jahnke C, Nagel E, Gebker R, Kokocinski T, Kelle S, et al. (2007) Prog-
nostic value of cardiac magnetic resonance stress tests: adenosine 
stress perfusion and dobutamine stress wall motion imaging. Circula-
tion 115(13): 1769-1776.

50. Issa N, Krowka MJ, Gri MD, Hickson LJ, Stegall MD, et al. (2008) Pul-
monary hypertension is associated with reduced patient survival after 
kidney transplantation. Transplantation 86(10): 1384-1388.

51.  Fleisher LA1, Beckman JA, Brown KA, Calkins H, Chaikof EL, et al. 
(2009) 2009 ACCF/AHA focused update on perioperative beta block-
ade incorporated into the ACC/AHA 2007 Guidelines on perioperative 
cardiovascular evaluation and care for non-cardiac surgery. Circula-
tion 120(21): e169-e276. 

52. Nankivell BJ, Lau SG, Chapman JR, O’Connell PJ, Fletcher JP, et al. (2000) 
Progression of macrovascular disease after transplantation. Trans-
plantation; 69(4): 574-581.

http://dx.doi.org/10.19080/JOJUN.2017.2.555582
https://www.ncbi.nlm.nih.gov/pubmed/15806502
https://www.ncbi.nlm.nih.gov/pubmed/15806502
https://www.ncbi.nlm.nih.gov/pubmed/15806502
https://www.ncbi.nlm.nih.gov/pubmed/17452912
https://www.ncbi.nlm.nih.gov/pubmed/17452912
https://www.ncbi.nlm.nih.gov/pubmed/17452912
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/21511835
https://www.ncbi.nlm.nih.gov/pubmed/12913060
https://www.ncbi.nlm.nih.gov/pubmed/12913060
https://www.ncbi.nlm.nih.gov/pubmed/12913060
https://www.ncbi.nlm.nih.gov/pubmed/12913060
https://www.ncbi.nlm.nih.gov/pubmed/21920018
https://www.ncbi.nlm.nih.gov/pubmed/21920018
https://www.ncbi.nlm.nih.gov/pubmed/21920018
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2008.02395.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2008.02395.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2008.02395.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2008.02395.x/abstract
http://jasn.asnjournals.org/content/19/6/1191.full
http://jasn.asnjournals.org/content/19/6/1191.full
http://jasn.asnjournals.org/content/19/6/1191.full
http://jasn.asnjournals.org/content/19/6/1191.full
https://www.ncbi.nlm.nih.gov/pubmed/16030034
https://www.ncbi.nlm.nih.gov/pubmed/16030034
https://www.ncbi.nlm.nih.gov/pubmed/16030034
https://www.ncbi.nlm.nih.gov/pubmed/16030034
https://academic.oup.com/ehjcimaging/article/6/5/327/2397662/Dobutamine-stress-echocardiography-and-cardiac
https://academic.oup.com/ehjcimaging/article/6/5/327/2397662/Dobutamine-stress-echocardiography-and-cardiac
https://academic.oup.com/ehjcimaging/article/6/5/327/2397662/Dobutamine-stress-echocardiography-and-cardiac
https://academic.oup.com/ehjcimaging/article/6/5/327/2397662/Dobutamine-stress-echocardiography-and-cardiac
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822140/
http://www.sciencedirect.com/science/article/pii/S0002914973800797
http://www.sciencedirect.com/science/article/pii/S0002914973800797
http://www.sciencedirect.com/science/article/pii/S0002914973800797
http://www.sciencedirect.com/science/article/pii/S0002914973800797
https://www.ncbi.nlm.nih.gov/pubmed/3568669
https://www.ncbi.nlm.nih.gov/pubmed/3568669
https://www.ncbi.nlm.nih.gov/pubmed/3568669
https://www.ncbi.nlm.nih.gov/pubmed/19308650
https://www.ncbi.nlm.nih.gov/pubmed/19308650
https://www.ncbi.nlm.nih.gov/pubmed/19308650
https://www.ncbi.nlm.nih.gov/pubmed/19308650
https://www.ncbi.nlm.nih.gov/pubmed/20518007
https://www.ncbi.nlm.nih.gov/pubmed/20518007
https://www.ncbi.nlm.nih.gov/pubmed/20518007
https://www.ncbi.nlm.nih.gov/pubmed/20518007
https://www.ncbi.nlm.nih.gov/pubmed/17925609
https://www.ncbi.nlm.nih.gov/pubmed/17925609
https://www.ncbi.nlm.nih.gov/pubmed/17925609
http://www.ajconline.org/article/S0002-9149(03)01188-3/abstract
http://www.ajconline.org/article/S0002-9149(03)01188-3/abstract
http://www.ajconline.org/article/S0002-9149(03)01188-3/abstract
http://www.ajconline.org/article/S0002-9149(03)01188-3/abstract
https://www.ncbi.nlm.nih.gov/pubmed/19761931
https://www.ncbi.nlm.nih.gov/pubmed/19761931
https://www.ncbi.nlm.nih.gov/pubmed/15472640
https://www.ncbi.nlm.nih.gov/pubmed/15472640
https://www.ncbi.nlm.nih.gov/pubmed/15472640
https://www.ncbi.nlm.nih.gov/pubmed/15472640
https://www.ncbi.nlm.nih.gov/pubmed/20538671
https://www.ncbi.nlm.nih.gov/pubmed/20538671
https://www.ncbi.nlm.nih.gov/pubmed/20538671
https://www.ncbi.nlm.nih.gov/pubmed/20538671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2443362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2443362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2443362/
https://www.ncbi.nlm.nih.gov/pubmed/22161434
https://www.ncbi.nlm.nih.gov/pubmed/22161434
https://www.ncbi.nlm.nih.gov/pubmed/22161434
https://www.ncbi.nlm.nih.gov/pubmed/1357450
https://www.ncbi.nlm.nih.gov/pubmed/1357450
https://www.ncbi.nlm.nih.gov/pubmed/1357450
http://www.nejm.org/doi/pdf/10.1056/NEJMoa041905
http://www.nejm.org/doi/pdf/10.1056/NEJMoa041905
http://www.nejm.org/doi/pdf/10.1056/NEJMoa041905
http://europepmc.org/abstract/med/17466225
http://europepmc.org/abstract/med/17466225
http://europepmc.org/abstract/med/17466225
http://europepmc.org/abstract/med/17466225
https://www.ncbi.nlm.nih.gov/pubmed/21917174
https://www.ncbi.nlm.nih.gov/pubmed/21917174
https://www.ncbi.nlm.nih.gov/pubmed/21917174
https://www.ncbi.nlm.nih.gov/pubmed/21917174
https://www.ncbi.nlm.nih.gov/pubmed/21048531
https://www.ncbi.nlm.nih.gov/pubmed/21048531
https://www.ncbi.nlm.nih.gov/pubmed/21048531
https://www.ncbi.nlm.nih.gov/pubmed/22000138
https://www.ncbi.nlm.nih.gov/pubmed/22000138
https://www.ncbi.nlm.nih.gov/pubmed/22000138
http://heart.bmj.com/content/96/8/616.full
http://heart.bmj.com/content/96/8/616.full
http://heart.bmj.com/content/96/8/616.full
https://www.ncbi.nlm.nih.gov/pubmed/19789518
https://www.ncbi.nlm.nih.gov/pubmed/19789518
https://www.ncbi.nlm.nih.gov/pubmed/19789518
https://www.ncbi.nlm.nih.gov/pubmed/19356575
https://www.ncbi.nlm.nih.gov/pubmed/19356575
https://www.ncbi.nlm.nih.gov/pubmed/19356575
https://www.ncbi.nlm.nih.gov/pubmed/19356575
https://www.ncbi.nlm.nih.gov/pubmed/17353441
https://www.ncbi.nlm.nih.gov/pubmed/17353441
https://www.ncbi.nlm.nih.gov/pubmed/17353441
https://www.ncbi.nlm.nih.gov/pubmed/17353441
https://www.ncbi.nlm.nih.gov/pubmed/19034007
https://www.ncbi.nlm.nih.gov/pubmed/19034007
https://www.ncbi.nlm.nih.gov/pubmed/19034007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fleisher%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beckman%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calkins%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaikof%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaikof%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaikof%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaikof%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaikof%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=19884473
https://www.ncbi.nlm.nih.gov/pubmed/10708114
https://www.ncbi.nlm.nih.gov/pubmed/10708114
https://www.ncbi.nlm.nih.gov/pubmed/10708114


JOJ Urology & Nephrology

How to cite this article: Tariq Z, Ajay S, Ahmed A, Ahmed H. Evaluation of the Cardiovascular System Prior to Transplantation; an Endless Debate. 
JOJ uro & nephron. 2017; 2(2): 555582. DOI: 10.19080/JOJUN.2017.2.555582.005

53. Eggers PW, Gohdes D, Pugh J (1999) Non traumatic lower limb extrem-
ity amputations in the Medicare end-stage renal disease population. 
Kidney Int 56(4): 1524-1533.

54. Wong G, Howard K, Chapman JR, Chadban S, Cross N, et al. (2012) 
Comparative survival and economic benefits of deceased donor kidney 
transplantation and dialysis in people with varying ages and co-mor-
bidities. PLoS One 7(1): e29591. 

55. Rofsky NM, Adelman MA (2000) MR angiography in the evaluation of 
atherosclerotic peripheral vascular disease. Radiology 214(2): 325-
338.

56. McPhail IR, Spittell PC, Weston SA (2001). Intermittent claudication: 
an objective office-based assessment. J Am Coll Cardiol 37(5): 1381-
1385. 

57. McDermott MM, Ferrucci L, Guralnik JM, Dyer AR, Liu K, et al. (2010) 
The ankle-brachial index is associated with the magnitude of impaired 
walking endurance among men and women with peripheral arterial 
disease. Vasc Med 15(4): 251-257. 

58. Koelemay MJ, den Hartog D, Prins MH, Kromhout JG, Legemate DA, et 

al. (1996) Diagnosis of arterial disease of the lower extremities with 
duplex ultrasonography. Br J Surg 83(3): 404-409. 

59. Menke J, Larsen J (2010) Meta-analysis: Accuracy of contrast-enhanced 
magnetic resonance angiography for assessing steno-occlusions in pe-
ripheral arterial disease. Ann Intern Med 153(5): 325-334. 

60. Ota H, Takase K, Igarashi K, Chiba Y, Haga K, et al. (2004) MDCT com-
pared with digital subtraction angiography for assessment of lower ex-
tremity arterial occlusive disease: importance of reviewing cross-sec-
tional images. AJR Am J Roentgenol 182(1): 201-209.

61. Bonvini RF, Roffi M (2010) Tools & techniques: aortoiliac and common 
femoral endovascular interventions. Euro InterventionJun 6(2): 288-
289.

62. Tang GL, Chin J, Kibbe MR (2010) Advances in diagnostic imaging for 
peripheral arterial disease. Expert Rev CardiovascTher 8(10): 1447-
1455.

63. Owen AR, Roditi GH (2011) Peripheral arterial disease: the evolving 
role of non-invasive imaging. Postgrad Med J 87(1025): 189-198.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                         Track the below URL for one-step submission 
                  https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JOJUN.2017.2.555580

http://dx.doi.org/10.19080/JOJUN.2017.2.555582
https://www.ncbi.nlm.nih.gov/pubmed/10504504
https://www.ncbi.nlm.nih.gov/pubmed/10504504
https://www.ncbi.nlm.nih.gov/pubmed/10504504
https://www.ncbi.nlm.nih.gov/pubmed/22279541
https://www.ncbi.nlm.nih.gov/pubmed/22279541
https://www.ncbi.nlm.nih.gov/pubmed/22279541
https://www.ncbi.nlm.nih.gov/pubmed/22279541
http://pubs.rsna.org/doi/abs/10.1148/radiology.214.2.r00fe42325?journalCode=radiology
http://pubs.rsna.org/doi/abs/10.1148/radiology.214.2.r00fe42325?journalCode=radiology
http://pubs.rsna.org/doi/abs/10.1148/radiology.214.2.r00fe42325?journalCode=radiology
https://www.ncbi.nlm.nih.gov/pubmed/11300450
https://www.ncbi.nlm.nih.gov/pubmed/11300450
https://www.ncbi.nlm.nih.gov/pubmed/11300450
https://www.ncbi.nlm.nih.gov/pubmed/20511294
https://www.ncbi.nlm.nih.gov/pubmed/20511294
https://www.ncbi.nlm.nih.gov/pubmed/20511294
https://www.ncbi.nlm.nih.gov/pubmed/20511294
https://www.ncbi.nlm.nih.gov/pubmed/8665208
https://www.ncbi.nlm.nih.gov/pubmed/8665208
https://www.ncbi.nlm.nih.gov/pubmed/8665208
https://www.ncbi.nlm.nih.gov/pubmed/20820041
https://www.ncbi.nlm.nih.gov/pubmed/20820041
https://www.ncbi.nlm.nih.gov/pubmed/20820041
https://www.ncbi.nlm.nih.gov/pubmed/14684540
https://www.ncbi.nlm.nih.gov/pubmed/14684540
https://www.ncbi.nlm.nih.gov/pubmed/14684540
https://www.ncbi.nlm.nih.gov/pubmed/14684540
https://www.ncbi.nlm.nih.gov/pubmed/20562084
https://www.ncbi.nlm.nih.gov/pubmed/20562084
https://www.ncbi.nlm.nih.gov/pubmed/20562084
https://www.ncbi.nlm.nih.gov/pubmed/20936931
https://www.ncbi.nlm.nih.gov/pubmed/20936931
https://www.ncbi.nlm.nih.gov/pubmed/20936931
https://www.ncbi.nlm.nih.gov/pubmed/21273362
https://www.ncbi.nlm.nih.gov/pubmed/21273362
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/JOJUN.2017.2.555580

	Title
	Abstract
	Keywords
	Abbreviations
	Cardiovascular Assessment
	Conclusion
	References
	Figure 1
	Table 1

