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A B S T R A C T

Cardiovascular disease is a significant cause of morbidity and mortality in kidney transplant candidates and 
recipients. Cardiac investigation prior to kidney transplant listing has aimed to minimise the risk of early post- 
operative cardiac events or premature death. Invasive coronary angiography and coronary revascularisation may 
be considered as part of pre-transplant work up, but there is limited evidence to support this strategy in 
asymptomatic patients. The joint British Transplantation Society and British Cardiovascular Society guideline on 
‘Cardiovascular assessment of potential adult kidney transplant recipients’ has been written to harmonise UK 
practice and highlight current evidence in this area. This manuscript summarises the relevant recommendations 
from chapters related to coronary angiography and coronary revascularisation in adult patients being assessed 
for kidney transplantation.

1. Introduction

The aim of cardiac investigation prior to a kidney transplant is to 
minimise the risk of post-transplant adverse cardiac events or premature 
death of the recipient. A large component of this risk relates to coronary 
atherosclerotic disease and myocardial infarction.

Coronary artery disease (CAD) may be suspected or confirmed 

through a number of methods. Currently, invasive coronary angiog-
raphy (ICA) remains the gold standard and the test on which potential 
revascularisation is planned.

Whether to undertake coronary artery revascularisation in anybody 
with CAD continues to be the subject of intense research. However, 
coronary artery revascularisation specifically in a population of people 
proceeding towards a kidney transplant has been less well studied. 
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Beyond consideration of revascularisation, the identification of CAD 
may also have significant implications for the transplant listing decision.

The joint British Transplantation Society (BTS) and British Cardio-
vascular Society (BCS) guideline on cardiovascular assessment of po-
tential adult kidney transplant recipients has recently been written and 
this manuscript summarises the relevant recommendations from the 
chapter related to coronary angiography and elective coronary artery 
revascularisation.

2. Methods

The joint BTS and BCS ‘Guideline on cardiovascular assessment of 
potential adult kidney transplant recipients’ was written in line with the 
BTS guideline development policy, and the recommendations of NICE 
Evidence [1]. Guideline contributors conducted literature searches 
using PubMed® to identify relevant evidence. Virtual progress meetings 
between the guideline development group and contributors were held, 
including discussion of the final grading of the recommendations, with 
input from a patient representative throughout. The guideline was 
opened for public consultation through email correspondence and the 
website of the BTS. In these Guidelines the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) system has been 
used to rate the strength of evidence and the strength of recommenda-
tions [2].

3. Symptomatic patients

Patients with symptoms of coronary artery disease (predominantly 
effort-related chest discomfort and/or breathlessness) can be evaluated 
in a very similar way to standard practice, taking into account that pa-
tients requiring a kidney transplant may have a number of contributing 
causes. Whilst assessment is being undertaken, the patient is not likely to 
be considered a transplant candidate, and this may add an additional 
degree of urgency to cardiac investigations.

The choice of a non-invasive test will vary according to patient 
characteristics and local expertise. All patients should have optimised 
medical therapy for cardiovascular risk factors [3] and antianginal 
medication to relieve symptoms.

Revascularisation may be considered either after failure of satisfac-
tory response to medical therapy or for perceived prognostic reasons. 
Most commonly, this is due to functionally significant left main stem 
(LMS) or 3-vessel coronary disease [4]. Routine revascularisation prior 
to low or intermediate-risk non-cardiac surgery is not recommended [5]. 
A routine invasive strategy with coronary revascularisation prior to 
high-risk vascular surgery did not result in significant benefit [6], 
although patients with LMS disease were excluded. American guidance 
does not recommend coronary revascularisation solely with the aim of 
reducing perioperative cardiovascular events outwith of patients with 
LMS or complex coronary artery disease [7].

Therefore, current guidance allows an individualised approach based 
on coronary anatomy, the extent of myocardium at risk, the risks of 
revascularisation procedures, and the risks of forthcoming surgery [8].

4. Asymptomatic patients

We suggest: 

● All patients with abnormal cardiac tests (e.g. significantly abnormal 
echocardiogram or functional ischaemia test) should be discussed in 
a joint cardiac-transplant multi-disciplinary meeting or with a linked 
cardiologist with special interest in kidney transplantation to deter-
mine an appropriate investigation and management plan in the event 
of a diagnosis of significant coronary artery disease (2D).

We recommend: 

● Offer elective invasive coronary angiography only as part of a mul-
tiprofessional transplant work-up protocol or after agreement from 
the applicable transplant multi-disciplinary meeting that the test has 
a high likelihood of changing clinical decisions supported by an 
appropriate evidence base (1B).

Symptoms can be hard to assess in people where exercise capacity 
may be limited from multiple causes, which is often the case in those 
being considered for kidney transplantation.

In the population beyond transplantation, there is now little mandate 
to offer coronary artery revascularisation in the absence of refractory 
symptoms, and guidelines caution against this [4,5,8] except in rare 
circumstances such as the incidental finding of coronary artery disease 
which is considered high-risk and functionally significant despite the 
lack of symptoms. In the UK, a revascularisation decision in these cir-
cumstances would be expected to be discussed by the ‘Heart MDT’ [9], a 
meeting comprised of cardiologists and cardiac surgeons with different 
sub-speciality expertise, and a careful discussion with the patient un-
dertaken to ensure full understanding of the relevant risks and 
unknowns.

Patients undergoing transplant assessment are commonly screened 
for CAD, but currently there is no or limited evidence that screening 
impacts longer-term cardiovascular or transplant outcomes [11,12], and 
so detailed and individualised discussion in a Cardiac-Transplant MDT is 
recommended.

5. Invasive coronary angiography

In the United Kingdom, ICA is now most commonly performed via 
the radial artery as a day-case procedure under local anaesthetic. Un-
dertaken in a specific type of procedure room (‘cardiac cath lab’), a pre- 
shaped catheter is navigated to each coronary artery, and iodine-based 
radiopaque contrast is used under X-ray fluoroscopy guidance to 
obtain images of the coronary artery lumen from multiple orientations.

6. Timing

We recommend: 

• If offered as part of pre-transplant assessment, invasive coronary 
angiography should be performed only after other less invasive tests 
have been unsuccessful in allowing a transplant listing decision. (1B)

• Do not routinely offer elective invasive coronary angiography or 
coronary artery revascularisation in asymptomatic patients. (1A)

• Once invasive coronary angiography is to be offered, it should be 
performed as soon as clinically feasible, taking into account the ur-
gency of potential transplant listing and, in the case of pre-emptive 
kidney transplant, decisions about dialysis initiation. (1D)

Elective ICA carries inherent risks, and the information obtained may 
provide clinical benefit only in a selected group of patients. As such, it 
should only be performed as part of an evidence-based transplant work- 
up protocol or after agreement from the applicable transplant multi- 
disciplinary meeting that the test has a high likelihood of changing 
clinical decisions supported by an appropriate evidence base.

If offered as part of pre-transplant assessment, ICA should be per-
formed after other less invasive tests have been unsuccessful in allowing 
clinical decisions to be reached and after the patient has completed other 
less invasive tests and remains a potential transplant candidate. Cardiac- 
transplant MDT input prior to coronary angiography to ensure the 
findings inform further management is important.

Once ICA is indicated, it should be performed as soon as clinically 
feasible, with regard to the urgency of potential transplant listing and, in 
the case of pre-emptive kidney transplant, decisions about dialysis 
initiation.
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7. Informed consent

Patients undergoing ICA as part of transplant assessment should 
provide informed consent similar to other patients. However, it is 
important to ensure that patients are aware that identification of severe 
CAD may not necessarily lead to revascularisation (which is commonly 
assumed) but also that the findings may affect their subsequent listing 
for transplant.

For patients with chronic kidney disease (CKD), consent should 
include the risks of contrast-associated acute kidney injury and accel-
eration of dialysis-dependent kidney failure, where relevant, in addition 
to an increased risk of stroke. Patients in the ISCHEMIA-CKD trial un-
dergoing coronary angiography or percutaneous coronary intervention 
(PCI) who were not already receiving dialysis had an incidence of 
contrast-associated acute kidney injury of 7.9% and a 3.76-fold higher 
stroke risk [12].

The consent process should specifically cover the risk of vascular 
injury. This is particularly relevant for patients with CKD, where a radial 
approach may reduce future availability of conduits for arteriovenous 
(AV) fistula. A femoral approach is often feasible but is accompanied by 
increased risk of peri-procedural bleeding. Ultrasound guidance and 
micro-puncture techniques are now commonly used.

8. Vascular access

An individual discussion should occur regarding the pros and cons of 
radial versus femoral access for ICA. The cardiologist performing the 
procedure should be informed by the transplant MDT, including input 
from vascular surgery if needed. Preservation of the radial artery for 
future AV fistula formation must be weighed against the increased risk 
of bleeding with a femoral approach. Arterial access is contraindicated 
in a limb with an active or planned AV fistula. Where radial access is 
used, a ‘patent haemostasis technique’ using controlled pressure (such as 
with a TR band) with plethysmography to promote radial patency 
should be employed, along with administration of 50–70 i.u/kg heparin 
during diagnostic ICA to minimise the consequence of reduced radial 
artery blood flow [13].

9. Contrast considerations

Low-osmolar contrast (e.g., Visipaque) and intravenous fluids (pre- 
and post-hydration) are recommended at the time of ICA or PCI, 
depending on kidney function, urine output status, and left ventricular 
function. Routine use of N-acetyl cysteine is not recommended. The 
lowest volume of contrast needed to obtain diagnostic images should be 
used [14].

10. Performing clinician

In many cases, particularly in patients with CKD, there will be a need 
to minimise contrast use and take special regard to vascular access. 
Therefore, procedures should be performed by a senior resident doctor 
or a consultant.

11. Elective coronary artery revascularisation

Coronary artery revascularisation may be performed by PCI or cor-
onary artery bypass graft surgery (CABG) to relieve symptoms of 
ischaemic heart disease or to improve the longer-term prognosis by 
reducing cardiovascular events. The European Society of Cardiology 
(ESC) 2024 guidelines [4] and their 2023 counterpart from the United 
States [8] set out the current evidence and consensus.

Briefly, PCI has demonstrable prognostic benefit in the acute setting 
[15] but not when performed for chronic symptoms [16]. Prognostic 
benefit following CABG is seen in patients with stable angina who have 
diffuse three-vessel coronary disease or left main stem coronary disease, 

with benefit most marked among those with diabetes mellitus or 
impaired left ventricular function.

There is no data which demonstrates that PCI or CABG among 
asymptomatic individuals with significant flow-limiting coronary dis-
ease will reduce the risk of perioperative ischaemic events.

There is, therefore, an inherent paradox in the pursuit of cardiac risk 
reduction prior to kidney transplantation: we are currently testing 
asymptomatic patients to detect pathology for which no evidence-based 
intervention exists. Nevertheless, there is a need to develop sensible 
management pathways for patients where ‘asymptomatic’ but flow- 
limiting CAD is detected prior to transplant listing. Individualised 
joint cardiac-transplant MDT decision-making is key to maximising the 
number of successful organ transplants.

12. Decision making

We recommend: 

● Elective coronary artery revascularisation in potential kidney 
transplant recipients should generally be offered for the same rea-
sons as in the non-transplant population. (1B)

● Revascularisation decisions should be made by a multi-professional, 
multi-disciplinary team with the presence of a clinician responsible 
for the patient and with the wishes of the informed patient repre-
sented. (1D)

UK cardiology decision-making around coronary artery revascular-
isation is increasingly supported by a ‘heart team’ multidisciplinary 
approach with a format set out in joint British Society recommendations 
[9]. For patients being considered for a kidney transplant, the more 
specific cardiac-transplant MDT should ensure effective communication 
and joined-up decision-making, relevant not only to the individual pa-
tient's symptoms and prognosis but also to the timing of the transplant.

If coronary evaluation in asymptomatic patients is to be more than 
simply a triage tool to restrict transplantation based upon inferred risk 
[17], then individualised discussion within the MDT is mandatory to 
settle the following questions: 

(1) Does the severity of CAD truly preclude transplant listing?
(2) Should PCI or CABG be offered to reduce perceived risk (peri-

operative or otherwise)?
(3) Will successful coronary revascularisation change transplant 

eligibility, and why?
(4) If revascularisation is being recommended, are there specific 

procedural considerations?

Coronary revascularisation should not routinely proceed ‘ad hoc’ 

immediately following diagnostic ICA. However, when appropriately 
informed by prior non-invasive tests and MDT planning, an invasive 
angiogram with the option to proceed with PCI may be appropriate to 
avoid repeated procedures.

Revascularisation should not be routinely offered in asymptomatic 
patients, as there is no evidence that this reduces perioperative risk. 
However, once screening of an asymptomatic person has uncovered 
significant CAD, it places the patient, physician and transplant MDT in 
an invidious situation: how to make decisions and recommendations for 
which there is no evidence of benefit?

Therefore, decisions are made with good intentions [17] often based 
on a combination of factors, such as the pattern of coronary disease, the 
extent of myocardial ischaemia or jeopardy, patient comorbidities, the 
risk of a revascularisation procedure, whether transplant listing will be 
facilitated, and patient and clinician opinions. The MDT must be mindful 
of the potential harm of withholding transplantation without strong 
evidence [18].
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13. Modality of revascularisation

PCI and CABG have different periprocedural and postoperative 
considerations, which the ‘heart team’ will be well versed in [7,14]. Of 
relevance to patients proceeding to transplantation will be the necessary 
duration of dual-antiplatelet therapy (DAPT). Patients undergoing kid-
ney transplantation on DAPT have a 50% greater postoperative hae-
morrhage rate [19]. In patients undergoing PCI, consideration should be 
given to ‘short-DAPT’ drug-eluting stents i.e. those with CE marks or 
study data supporting DAPT duration of 1–3 months following elective 
PCI, although stent choice should not significantly vary from the general 
PCI population.

Where PCI is offered for symptomatic coronary artery disease, the 
use of invasive physiological lesion assessment (e.g., FFR/iFR) and intra- 
coronary imaging (IVUS/OCT) is encouraged based on individual lesion 
characteristics. Given the high incidence of calcification among patients 
with CKD, we suggest that PCI is best performed at centres experienced 
in calcium-modification techniques (e.g., rotational atherectomy and/or 
intravascular lithoplasty). Drug-eluting balloon angioplasty may be a 
suitable alternative for selected patients with diffuse CAD.

CABG is most commonly performed via sternotomy, and recovery 
generally takes a minimum of 6 weeks before further major surgery 
would be considered. In patients enrolled in ISCHEMIA-CKD [12], the 
incidence of dialysis initiation after CABG was 12.5% versus 11.1% in 
the conservative strategy group.

Current international guidance does not differentiate between 
revascularisation modalities based on the presence of CKD or the po-
tential transplant recipient [4,7,8,14]. Therefore, the decision to choose 
PCI or CABG should be individualised by the ‘heart team’ [9].

Table 1 presents a selection of studies examining the impact of cor-
onary revascularisation in CKD patients who are being considered for 
kidney transplantation.

14. Conclusion

The decision whether to use invasive coronary angiography and to 
proceed to elective coronary artery revascularisation is difficult in the 
pre-transplant population. It is incumbent upon the transplant team, 
with links to cardiac expertise, to ensure that testing is appropriate and 
supported by evidence of improved clinical outcomes. Where evidence is 
lacking, a multiprofessional decision-making process should be the 
standard, and the patient should be fully informed of the uncertainty 
and the implications of different approaches.
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Table 1 
Selected studies assessing coronary revascularisation in CKD patients being 
considered for a kidney transplant.

Study Findings
Kumar et al. 2011. 

[20]
Patients undergoing revascularisation followed by 
transplantation (n = 51) had a 98.0% and 88.4% cardiac 
event-free survival at 1 and 3 years, respectively. Cardiac 
event-free survival for patients revascularised and 
awaiting deceased donor transplantation was similar: 
94.0% and 90.0% at 1 and 3 years, respectively. 
No control group, selection bias, bias by indication, 
medical therapy non-standardised

Hemmelgarn et al. 
2004. [21]

CABG associated with improved outcomes compared to no 
intervention in patients on dialysis and non-dialysis CKD. 
PCI associated with improved outcomes for dialysis 
patients, but not for patients with non-dialysis CKD. 
Selection bias, non-standardised medical therapy, bias by 
indication

Sedlis et al. 2009. [22] Post-hoc analysis of the COURAGE trial examined 320 
patients with stable CAD and an eGFR below 60 ml/min 
and found no difference in rate of acute myocardial 
infarction and death between those who underwent 
revascularisation and those who received optimal medical 
therapy alone. However only 5% of patients had an eGFR 
below 30 ml/min and none were receiving kidney 
replacement therapy, so results are not directly applicable 
to the transplant population.

Farkouh et al. 2019. 
[23]

A meta-analysis of COURAGE alongside data from two 
further studies which included patients with CKD also 
showed no benefit of revascularisation compared to 
optimal medical therapy in patients with mildly depressed 
levels of kidney function.

Bangalore et al. 2024. 
[12]

The ISCHEMIA-CKD study specifically examined patients 
with an eGFR below 30 ml/min, recruiting 777 patients 
with moderate to severe ischaemia on an exercise or 
pharmacological stress test. Over half of patients had 
diabetes, over half were on dialysis, and 13% were listed 
for a kidney transplant. Patients were randomised to an 
invasive (angiography plus or minus revascularisation 
with optimal medical therapy) or conservative strategy 
(optimal medical therapy alone). No difference was found 
in primary outcome: a composite of all-cause death or non- 
fatal acute myocardial infarction (HR 1.01, 95% CI 
0.79–1.29) or secondary outcome: all-cause death, non- 
fatal myocardial infarction, hospitalisation with a cardiac 
event or resuscitated cardiac arrest (HR 1.02, 95% CI 
0.79–1.29). Comparable results were seen in subgroup 
analyses of patients with diabetes and those on dialysis. 
Patients in the invasive group had an increased risk of 
stroke (HR 3.76, 95% CI 1.52–9.32), and increased 
incidence of the composite outcome of death or initiation 
of dialysis.

Herzog et al. 2021. 
[24]

A post-hoc analysis of the 194 patients listed for kidney 
transplantation in ISCHAEMIA-CKD (who were younger 
and less comorbid than the overall cohort) found nearly a 
third of patients had a major adverse cardiovascular event 
over 2.4 years of follow up, but similarly there was no 
difference in outcomes between invasive and conservative 
approaches. It should be noted that half of kidney 
transplant candidates assigned to the invasive approach 
were not revascularised, most frequently due to no 
obstructive lesions being found on angiography, and 20% 
of patients in the conservative group underwent off- 
protocol angiography, which may limit the power of this 
subgroup analysis. One proposed explanation for the high 
frequency of off-protocol angiography was clinician 
anxiety around transplanting patients without coronary 
intervention.

Nimmo et al. 2021. 
[25]

The UK-based Access to Transplantation and Transplant 
Outcome Measures (ATTOM) study showed no association 
between completion of non-invasive screening for CAD 
and major adverse cardiovascular events up to five years 
post-transplant, including peri-operative complications, in 
a propensity score-matched analysis of 1760 patients. 
Those who were not propensity score matched were more 
likely to be male, of Asian ethnicity, of lower 
socioeconomic status, diabetic, and have a history of  

Table 1 (continued )
Study Findings

ischaemic heart disease, peripheral vascular disease and 
cerebrovascular disease.

Kamran et al. 2018. 
[26]

Meta-analysis of 6 studies. No randomised studies 
included. Compared to pretransplant revascularization, 
medical management is no different in terms of 
posttransplant cardiovascular outcomes.
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