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In Canada and other high-income countries, population aging
is contributing to an increasing prevalence of multimorbidity,
adding considerable complexity to healthcare and creating a
growing need to evaluate the effectiveness, appropriateness,
and safety of interventions in patients with unique manage-
ment considerations.1 Patients with severe aortic stenosis and
chronic kidney disease (CKD) exemplify the complexity and
treatment challenges that can occur as diseases that accom-
pany aging coincide.2,3 Outcomes with surgical aortic valve
replacement have historically been poorer for patients with
advanced CKD, complicated by high rates of worsening
kidney function, kidney failure requiring dialysis, major
adverse cardiac events, and mortality.4,5 Given the high
perioperative risks of surgical value replacement, transcatheter
aortic valve replacement (TAVR) has become an attractive,
less-invasive treatment option than surgical aortic valve
replacement for many patients. Although patients with CKD
have typically been excluded from randomized controlled
trials in this area, observational studies have reported that
TAVR is associated with better clinical outcomes compared
with surgical valve replacement in patients with CKD.6-8

Kidney transplant recipients are a particularly unique
group of patients with CKD who are at risk of both allograft
failure and cardiovascular disease (including valve disease) due
to aging, a high prevalence of traditional cardiac risk factors,
exposure to CKD-specific risk factors (including those that
may be accrued from previous time undergoing dialysis), and
transplant-specific factors (many related to the effects of
immunosuppressive medications).9-11 Recent trends illustrate
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that kidney transplant recipients are becoming older, have
more comorbidities at the time of transplant, and are surviving
longer with a functioning allograft after transplant, further
contributing to their acquisition of comorbidities and
complexity.12,13 Historically (1991-2004), patients with a
kidney transplant have been reported to have a 2-year mor-
tality risk of 30% after surgical aortic valve replacement,
including a 14% risk of in-hospital death.14 Despite growing
evidence of the efficacy and safety of TAVR in high-, inter-
mediate-, and low-risk patients at large, there has been little
information on outcomes to guide TAVR use specifically in
kidney transplant recipients who develop aortic stenosis.15

In this issue of the Canadian Journal of Cardiology,
Witberg et al.16 address an important knowledge gap by
reporting on outcomes after TAVR from a multicenter reg-
istry (created from 16 centres in Europe, North America, and
Israel that performed procedures between 2008 and 2017),
including 72 kidney transplant recipients vs 144 matched
nontransplant controls with similar levels of kidney function.
Kidney transplant recipients made up < 1% of patients un-
dergoing TAVR in this registry. Mean estimated glomerular
filtration rate (eGFR) improved by 3 mL/min/1.73 m2 at
90 days after TAVR in patients with CKD without a trans-
plant, but declined in transplant recipients from a preproce-
dural mean eGFR of 39 mL/min/1.73 m2 to a nadir of
32 mL/min/1.73 m2 at 90 days. One in 4 kidney transplant
recipients required initiation of dialysis after TAVR, which
was 2 times more common than in matched patients without
a transplant. Of note, more than three-quarters of patients
who went on to receive dialysis required its initiation during
the periprocedural period, and only 1 in 10 patients who
started dialysis in this period were able to subsequently dis-
continue it. This finding indicates that the development of
kidney failure was temporally related to events surrounding
the TAVR procedure and that kidney function was unlikely to
recover subsequently. In multivariable models, the strongest
predictor of requiring dialysis was the contrast volume to
eGFR ratio, with significant effect modification observed such
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that the risk of dialysis associated with a higher contrast vol-
ume to eGFR ratio was greater among kidney transplant
recipients. Other periprocedural and intermediary outcomes
were similar between the 2 groups, and over a median follow-
up of 2.3 years post-TAVR, the risk of death was similar
between the 2 groups, at 29% vs 32%. This study suggests
that TAVR may serve as an effective and appropriate treat-
ment strategy for many kidney transplant recipients who
develop aortic stenosis; however, recognition of the risk of
graft failure requiring dialysis is an important safety consid-
eration that warrants further consideration.

The investigators should be commended for their efforts to
collaborate across multiple centers to deliver this cohort study
and thereby advance our understanding of the risks and
outcomes of TAVR in kidney transplant recipients. Previous
studies of TAVR in kidney transplant recipients have been
limited by very small sample sizes and sparse data on post-
procedure kidney allograft function.17,18 A strength of the
study by Witberg et al.16 lies in its sample of 72 transplant
recipients from across 16 international centers, which provides
valuable information on the absolute risks of outcomes that
are important to kidney transplant recipients, including acute
dialysis initiation, 2-year risk of maintenance dialysis, and
death post-TAVR.16,19 These results can inform the risk and
benefit discussions with kidney transplant recipients when
weighing management options for severe aortic stenosis.

There are also limitations to the inferences that can be drawn
from the information provided in this study that are important
to recognize. Although the study provides risk estimates relative
to the nontransplant CKD population, what would arguably be
most clinically relevant would be a comparison of the effec-
tiveness and safety between all themanagement approaches that
should be presented as treatment options to patients, including
conservative medical management, TAVR, and surgical aortic
value replacement. One previous study by Fox et al.17 reported
on 8 kidney transplant recipients who underwent TAVR vs 18
recipients who underwent surgical valve replacement and re-
ported 1-year mortality of 0% in the TAVR group vs 17%
(based on 3 deaths) in the surgical group. The small number of
patients and events, and potential for treatment selection bias
for surgery vs TAVR, leaves considerable uncertainty as to the
degree that differences in outcomes result from the treatment
approaches vs prognostic “case-mix” differences between pa-
tients who received the different interventions. This is partic-
ularly difficult when attempting to compare outcomes of
various treatments, applied to different study populations,
reported in separate studies.

In this study of transplant recipients by Witberg et al.,16

the comparison of outcomes after TAVR with patients
without a kidney transplant provides a framework to under-
stand the incremental differences in risk experienced by
patients with a kidney transplant above those of patients with
comparably reduced eGFR. Although the measured baseline
comorbidities between the 2 groups were similar, there are
important unmeasured confounders that would have differed
between these 2 groups that could contribute to the differ-
ences in kidney outcomes observed. Even when matched
based on eGFR, kidney transplant recipients (who, in this
study, had received their transplant on average 13 years before
TAVR) have several unique causes of reduced eGFR, such as
chronic rejection and calcineurin inhibitor nephrotoxicity,
that place them at risk for progression of chronic allograft
nephropathy to kidney allograft failure that necessitates
maintenance dialysis. These factors could play an important
role in the larger decline in eGFR and higher risk of requiring
long-term dialysis among kidney transplant recipients than
older patients with CKD without a transplant.

Nonetheless, the particularly high risk of dialysis in the
perioperative period and low incidence of recovery of kidney
function are noteworthy findings of this study and suggest that
the procedural risk of acute kidney injury (whichmay be related
to radiocontrast, hypotension, bleeding, and medication
exposures around the time of TAVR) likely plays a prominent
role in the development of kidney failure after TAVR. There are
several factors that place kidney transplant recipients at partic-
ularly high risk of acute kidney injury, including the use of
multiple medications that can reduce kidney perfusion
(including calcineurin inhibitors, renin-angiotensin system
blockers, and diuretics). Further, kidney allografts are particu-
larly prone to developing chronic damage after ischemiae
reperfusion injury,20 increasing the likelihood that those who
develop acute kidney injury will progress to kidney failure
requiring dialysis rather than recover kidney function. These
factors may interact with radiocontrast-induced injury to in-
crease the risk of severe acute kidney injury, whichmay underlie
the stronger relationship between the contrast volume to eGFR
ratio and the risk of periprocedural dialysis that was observed in
kidney transplant recipients in this study.

There are several important messages from this study by
Witberg et al.16 that can inform clinical care today and
research on strategies designed to improve the safety of TAVR
in the future for people with CKD. This study highlights that
patients with advanced CKD, particularly those with a kidney
transplant, should be recognized as being at high risk of
kidney failure requiring dialysis after TAVR, and discussion of
this risk should be provided to patients in a shared decision-
making process. These findings should prompt care teams
to include processes that address modifiable factors for kidney
protection into preoperative, intraoperative, and postoperative
care pathways for cardiac procedures for patients with
advanced CKD, including transplant recipients. In the
absence of pharmacological interventions for prevention of
acute kidney injury, other strategies to reduce the risk of acute
kidney injury also need to be evaluated in this patient
population, in whom the traditional use of prophylactic
intravenous fluids is extremely challenging. Promising strate-
gies include novel imaging techniques and procedural
strategies that can be used to reduce the volume of contrast
required to complete procedures, as well as refined strategies
to improve assessment and optimization of volume status.
Because approximately one-third of patients now undergoing
TAVR have CKD, and this number can be expected to grow
in the future, it would seem that testing these strategies should
be a priority. The study by Witberg et al.16 provides an
important foundation for understanding current challenges
and identifying opportunities to improve the outcomes of
cardiovascular intervention in this complex population.
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