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Risk of graft loss in kidney transplant recipients after
aortic valve replacement
Stefan Büttner 1 ,2∗ , Carolin Zöller1 ,3 ,4, Sammy Patyna 1, Anisa Gradascevic 2, Helge Weiler2, Mark Rosenberg2, Thomas Walther 5,
Andreas M. Zeiher4, Helmut Geiger1, Mariuca Vasa-Nicotera4, Ingeborg A. Hauser1, and Stephan Fichtlscherer4

Surgical aortic valve replacement (SAVR) in kidney transplant recipients (KTR) is associated with high morbidity and mortality, and an
increased risk of postoperative graft failure potentially leading to graft loss. Transcatheter aortic valve implantation (TAVI) emerged as
an alternative in high-risk patients. However, data on TAVI in KTR are limited. We performed a retrospective analysis of 40 KTR in
which aortic valve replacement was performed at our center between 2005 and 2015. The outcomes and follow-up of TAVI (n= 20;
2010-2015) and SAVR (n= 20; 2005–2015) were analyzed with respect to patient and graft survival. Baseline characteristics in both
groups were comparable. Hospital stay after TAVI was significantly shorter compared to SAVR (19 [11.5–21.75] days vs. 33 [21–62] days,
p= 0.001). Acute graft failure occurred more frequently after SAVR (45% vs. 89.5%; p= 0.006). Thirty-day mortality was 10% in both
groups. However, in-hospital mortality reached 25% in the SAVR group (TAVI 10%), indicating a more complicated course after surgery.
Moreover, during a median follow-up time of 1928 days in TAVI patients and 2717 days in patients after SAVR, graft loss occurred only in
the surgically treated group (n= 7). While one-year survival after TAVRwas 90% compared to 69% after SAVR, long-term follow-up
showed comparable results (at 5 years: TAVI 58% vs. 52% SAVR; log-rank-test: p= 0.86). In KTR, TAVI can be performedwith goodmid-
to long-term results. Compared to SAVR, renal outcomes seem to be improved after TAVI, suggesting better graft survival.

Keywords: Aortic valve stenosis (AS), aortic valve replacement, transcatheter aortic valve implantation (TAVI), kidney transplant
recipients (KTR), graft survival.

Introduction
Aortic valve stenosis (AS) is one of the most common valve
diseases in patients with chronic kidney disease [1], especially
with end-stage renal disease (ESRD) [1, 2]. Compared to the
general population, the prevalence of heart valve diseases in
ESRD patients is higher with about 13% of patients suffering
from AS after four years of dialysis [2, 3]. Data on the incidence
of AS after kidney transplantation are scarce, but the risk for
developing AS in kidney transplant recipients (KTR) is likely to
increase with longer time on dialysis due to increasing waiting
time, improved survival, and increasing age. In the general
population, surgical aortic valve replacement (SAVR) is the
gold standard therapy for AS with overall low perioperative
mortality [4]. However, data regarding SAVR in KTR are
limited showing an increased morbidity and mortality [5],
with acceptable long-term survival rates of about 50% after
five years [5]. Large, randomized trials have been performed
comparing transcatheter aortic valve implantation (TAVI)
to SAVR for high- [6] and intermediate-risk patients [7]
showing non-inferiority of TAVI. TAVI also emerged as a viable
option for dialysis patients [8, 9]. However, KTR represent a
special population due to impaired renal function, ongoing

immunosuppressive therapy (e.g., steroids, mycophenolate,
and calcineurin inhibitors) with a higher risk for infections
and wound healing deficits [10], and a high burden of comor-
bidities. Similar to SAVR [11], the outcome of TAVI in general
population is determined by kidney function prior to the
intervention [12–15] and acute kidney injury (AKI) following
TAVI [16, 17]. To date, data on TAVI in KTR with a functioning
kidney graft are limited [18–20]. The aim of this study was to
investigate short- and long-term data of KTR undergoing TAVI
or SAVR, and analyze the outcomes with respect to patient and
graft survival.

Materials andmethods
Patients

All KTR with a functioning graft and a high-grade AS under-
going either TAVI or SAVR at University Hospital Frankfurt
between 2005 and 2015 were included in this retrospective
cohort study. The University Hospital Frankfurt is a tertiary
care institution including a kidney transplant center which
performs around 70 kidney transplantations per year. During
the study period, 747 kidney transplantations were performed.
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The study was conducted in accordance with the 1975 Declara-
tion of Helsinki and was approved by the institutional review
board (file number 429/15) of the Goethe University.

Treatment strategy was discussed for every individual case
within the local interdisciplinary heart team. Demographic,
clinical, laboratory, echocardiographic, and treatment parame-
ters were systematically retrieved from the medical case files
for every patient. For all patients we calculated the logistic
EuroSCORE and the EuroSCORE II using the calculator on
http://www.EuroSCORE.org/calc.html, as well as the Society
of Thoracic Surgeons’ (STS) risk model using the calculator
on http://riskcalc.sts.org/stswebriskcalc/#/calculate. Follow-
up of all patients took place at the University hospital or
in the associated outpatient clinic (“Kuratorium für Dialyse
und Nierentransplantation e.V. Schleusenweg,” Frankfurt am
Main, Germany).

Definitions and clinical endpoints

Baseline kidney transplant function was retrieved from pre-
vious consultations (at least three months prior to admis-
sion). Postoperative incidence of acute graft failure was
compared using The Acute Kidney Injury Network (AKIN)
classification [21]. Procedure-related complications were
assessed following the Valve Academic Research Consortium
(VARC) 2 definition [22].

Perioperative preparation followed a standardized pro-
tocol in both groups. SAVR and TAVI were performed by a
highly experienced heart-team. By protocol, in both groups,
antibiotic prophylaxis was given prior to surgery or interven-
tion. Furthermore, a continuous infusion of hydrocortisone
(200mg/day) was administered during and after the surgery,
replacing immunosuppressive therapy. Nephroprotection was
performed by administration of intravenous fluid administra-
tion until euvolemia and discontinuing nephrotoxic medica-
tions prior to the intervention. Hemodialysis, if necessary, was
performed as either intermittent or continuous hemodialy-
sis/hemodiafiltration depending on the hemodynamic status
of the individual patient. Anticoagulation of the dialysis circuit
wasperformedwithheparinor regional citrate anticoagulation.

Statistical analysis

Continuous variables are shown as median and interquartile
range (IQR). Categorical variables are reported as frequencies
and percentages. Continuous and categorical variables were
compared usingMann–Whitney U test, Wilcoxonmatched pair
test, andFisher’s exact test. To analyze thepatient andgraft sur-
vival, we used Kaplan–Meier estimator. All p-values reported
are two-sided. Statistical significance was assumed when the
p-value was <0.05. Statistical analyses were performed using
BiAS (http://www.bias-online.de) and Prism 5 (GraphPad Soft-
ware Inc; San Diego, CA, USA).

Results
Patient characteristics

The study population comprised of a total of 40 KTR after aortic
valve replacement, including 20 patients after SAVR and 20
patients after TAVI. As shown in Table 1, clinical (including

gender, comorbidities, BMI, and dialysis time prior to trans-
plantation) and echocardiographic data, aswell asmaintenance
immunosuppressive therapy at admission (Table 2) were com-
parable between the groups. Patients in the TAVI group tended
to be older (69 vs. 65.5 years; p = 0.06). Importantly, periopera-
tive risk assessment of bothgroupsusing theSTS-Score (5.27 vs.
5.19; p = 0.74) and EuroScore II (4.53 vs. 4.89; p = 0.78) showed
no difference between the two groups. Three patients (15%)
underwent interventional coronary angioplasty for significant
coronary artery stenosis prior to TAVI, within one week of the
index procedure. In the SAVR group, aortic valve replacement
was performed as isolated procedure in 9 or combined with
coronary artery bypass grafting in 11 patients.

Procedure data and in-hospital course

Procedure data and hospital course are given in Table 3.
Transfemoral route was used in 90% of TAVI procedures. In
two patients, the transapical access was used. Different types
of valves were implanted (13 Edwards Sapien, 6 CoreValve,
and 1 Portico). Median length of fluoroscopy time during TAVI
was 24 min (IQR: 19.25–33.5) and a median amount of 138 ml
(102.5–177.5) of contrast dye was used during the intervention.
Of the surgically treated patients, 17 received bioprosthetic
valves (14 Edwards Perimount, 2 Medtronic Mosaic, and one
SJM Toronto) and 3 patients received mechanical valves (2
Medtronic Advantage and one Edwards MIRA 3600). Median
time of surgery in the cohort was 261 min (195.5–311) with
shorterdurationof isolatedSAVR[201min (172–257)] compared
to the combined surgery [310 min (270–360)]. Median time on
extracorporeal circulation was 139 min (106.75–176.75) with
shorter time on extracorporeal circulation for patients with
isolated SAVR [115 min (68.5–125)] compared to patients with
combined surgery [171 min (149.3–191)]. Median aortic cross-
clamping time was 104 min (67.25–121.25) (isolated SAVR:
75.5 min [45.5–98]; combined surgery: 121 min [113.5–129.8]).

The median duration of the hospital stay in the TAVI group
was 19 days (11.5–21.75). In contrast, patients after SAVR had a
significantly longer median hospital stay with 33 days (21–62)
(p = 0.002). The length of stay in intensive care unit (ICU)
did not differ significantly between the two groups (TAVI: 4.5
days (3–6.8) vs SAVR: 8 (3–24); p = 0.11). Patients after SAVR
needed significantly more blood transfusions (RBP) (TAVI: 55%
vs SAVR: 86%, p = 0.03), as well as fresh frozen plasma (FFP)
(TAVI: 20% vs SAVR: 65%; p = 0.01).

Procedure-related complications

As shown in Table 4, the spectrum of complications differed
between the two groups. After SAVR, 30% of cases required re-
sternotomy, 40% of cases were complicated by wound healing
deficits, and 55% of patients suffered from various infections
(Table 5), some of which were severe (e.g., four cases of pneu-
monia and two cases of sepsis). In contrast, infectious com-
plications were very rare in the TAVI group (5%, one case of
pneumonia). In the group, 55% of the procedures were compli-
cated by vascular complications, such as dissection, aneurysm,
and bleeding at the access site. One TAVI patient was con-
verted to open heart surgery after ventricle rupture during
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Table 1. Patient characteristics of study population

Values TAVI SAVR p-value Combined Isolated
n = 20 n = 20 n = 11 n = 9

Epidemiology

Age, years 69 (67–74) 65.5 (59.9–68) 0.06 67 (62–69) 65 (57.5–67.5)

Gender, male 14 (70) 14 (70) 1.00 7 (64) 7 (78)

BMI, kg/m2 27.5 (24.2–31.5) 26.8 (22.1–31.8) 0.38 24.3 (21.8–26.9) 31.8 (23–33.9)

Time since Tx, months 73.5 (43.3–130.5) 95 (23–243.8) 0.61 83 (20–132) 150 (24–277)

Time on dialysis prior Tx, months 59 (24.2–31.5) 60.0 (23–107) 0.61 72 (42–107) 43 (17–118.8)

Risk calculation

Euro SCORE II 4.53 (2.9–8.2) 4.89 (2.8–9.4) 0.78 7.94 (4.77–10.48) 2.77 (2.05–5.39)

STS Score 5.27 (3.7–6.1) 5.19 (2.7–7.7) 0.74 5.463 (3.64–8.72) 3.34 (2.24–6.52)

Comorbidities

Diabetes mellitus 13 (65) 9 (45) 0.34 5 (45) 4 (44)

COPD 7 (35) 10 (45) 0.52 6 (55) 4 (44)

Previous myocardial infarction 2 (10) 6 (30) 0.24 5 (45) 1 (11)

Atrial fibrillation 6 (30) 11 (55) 0.20 6 (55) 4 (44)

Peripheral artery disease 10 (50) 4 (21) 0.10 0 4 (44)

Cerebrovascular disease 3 (15) 3 (15) 1.00 0 3 (35)

Previous pace maker 1 (5) 4 (20) 0.34 3 (27) 1 (11)

Previous CABG 4 (20) 0 (0) 0.11 0 0

Coronary artery disease 13 (65) 12 (60) 1.00 10 (91) 2 (22)

Hypertension 20 (100) 19 (95) 1.00 10 (91) 8 (89)

Echocardiographic data

LV-EF, % 65 (56–65) 60 (55–65) 0.51 60 (42.3–65) 65 (55–65)

Aortic valve area, cm2 0.8 (0.7–1.0) 0.8 (0.7–0.9) 0.12 0.79 (0.7–0.825) 0.6 (0.6–0.8)

Mean transaortic pressure gradient, mmHg 44.5 (35.5–50) 52 (38.5–62.5) 0.19 46 (35.5–51.5) 61.5 (55.75–67.25)

Max transaortic pressure gradient, mmHg 71 (61.3–77.8) 83 (65–93.5) 0.09 80 (61.5–83.5) 90.5 (81.75–103.3)

IVS, mm 15 (14–16) 16 (15–16) 0.21 15 (14.25–16) 16 (15.17.5)

LA diameter, mm 46 (42.5–49.5) 45 (41.8–52.8) 0.95 42.5 (37.5–50) 45 (44–53)

LVEDP, mmHg 49 (42.8–52.3) 51.5 (45.5–58.3) 0.22 53 (43.5–58.75) 51 (45.5–56.5)

LVPW, mm 14 (13.5–15) 15 (13–15.3) 0.92 14.5 (13–15) 15 (13.5–16)

PAP, mmHg 41 (37–47) 36 (30–55) 0.59 43.5 (35.25–57.5) 30 (26.5–49.5)

Data presented as numbers (percentage) or median (interquartile range). BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; CABG:
Coronary artery bypass graft; LV-EF: Left ventricular ejection fraction; IVS: Intraventricular septum; LA: Left atrium; LVEDP: Left ventricular end-diastolic
pressure; LVPW: Left ventricular posterior wall; PAP: Pulmonal artery pressure; Tx: Kidney transplantation; TAVI: Transcatheter aortic valve implantation;
SAVR: Surgical aortic valve replacement; STS: Society of Thoracic Surgeons.

TAVI using the transapical access and one patient suffered from
peri-interventional minor stroke without neurologic sequelae.

Graft function and graft survival

Compared to TAVI, acute graft failure was almost twice as
frequent after SAVR (45% vs. 90%, p = 0.006). After the
procedure, 25% of TAVI patients and 55% of patients after
SAVR needed renal replacement therapy (p = 0.053). Detailed
information is presented in Table 6. Interestingly, there was
no difference in the incidence and severity of acute graft

failure between the two subgroups of isolated or combined
SAVR. While transplant function in the TAVI group returned
to baseline in all patients suffering from acute graft failure,
a total of four patients after SAVR remained on hemodialysis
at discharge. In addition, three patients after SAVR developed
graft loss during follow-up. Long-term graft survival after
SAVR was reduced to 50% after five years (p = 0.0002). The
median time tograft loss afterSAVRwas 7days (1–746).Notably,
there was no graft loss during hospital stay or follow-up in the
TAVI group (Figure 1).
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Table 2. Maintenance immunosuppressive therapy on admission

Immunosuppressive therapy TAVI SAVR p-value
n = 20 n = 20

CNI mono 1 5 1.000

CNI+steroid 10 50 5 25 0.191

CNI+MMF/MPA 1 5 3 15 0.604

CNI+Aza 3 15 1 5 0.604

CNI+MMF/MPA+steroid 4 20 2 10 0.661

MMF/MPA+steroid 2 10 8 40 0.065

Data presented as numbers (percentage). CNI: Calcineruin inhibitor; MMF: Mycophenolat mofetil; MPA: Mycophenolic acid; Aza: Azathioprine;
TAVI: Transcatheter aortic valve implantation; SAVR: Surgical aortic valve replacement.

Table 3. Procedure data and in-hospital course

Values TAVI SAVR p-value Combined Isolated
n = 20 n = 20 n = 11 n = 9

Procedure data

Length of fluoroscopy time, min 24 (19.3–33.5) n/a n/a n/a

Contrast dye used, ml 138 (102.5–177.5) n/a n/a n/a

Transfemoral route 18 (90) n/a n/a n/a

Operation time, min n/a 261.0 (195.5–311) 310 (270–360) 201 (172–257)

Extracorporeal circulation, min n/a 139.0 (106.8–176.8) 171 (149.3–191) 115 (68.5–125)

Aortic cross clamp time, min n/a 104.0 (67.3–121.3) 121 (113.5–129.8) 75.5 (45.5–98)

In-hospital course

Length of hospital stay, days 19 (11.5–21.8) 33 (21–62) 0.002 27.5 (17.25–61.25) 42 (25.5–104.5)

Length of ICU stay, days 4.5 (3–6.8) 8 (3–24) 0.11 10 (2,75–29.5) 8 (3–24.5)

RBC transfusion 11 (55) 18 (90) 0.03 10 (91) 9 (100)

Platelet transfusion 3 (55) 9 (45) 0.08 4 (36) 5 (56)

FFP transfusion 4 (20) 13 (65) 0.01 8 (73) 6 (67)

S-creatinine on admission, mg/dl 1.9 (1.55–2.94) 2.04 (1.24–2.95) 0.68

S-creatinine at 24 h, mg/dl 2.25 (1.33–2.95) 2.47 (1.7–3.12) 0.37

CRP on admission, mg/dl 0.62 (0.09–1.34) 0.44 (0.24–2.15) 0.68

CRP at 48 h, mg/dl 6.43 (1.64–8.57) 17.9 (11.68–23.01) 0.000004

Data presented as numbers (percentage) or median (interquartile range). Bold values represent statistical significance. ICU: Intensive care unit; RBC: Red
blood cell; FFP: Fresh frozen plasma; CRP: Creactive protein; TAVI: Transcatheter aortic valve implantation; SAVR: Surgical aortic valve replacement.

Patient outcomes

Thirty-day mortality was 10% in both groups. However, the in-
hospital mortality reached 25% in the SAVR group (TAVI 10%).
Median follow-up timewas 1928 days in TAVI patients and 2717
days in patients after SAVR. One-year survival estimated by
Kaplan–Meier analysis was 90% after TAVI compared to 69%
after SAVR. In the further long-term follow-up, a similar sur-
vival ratewas achieved in both groups (TAVI 58% vs SAVR 52%,
log-rank-test: p = 0.86) (Figure 2).

Discussion
Our retrospective study investigating and following a cohort of
KTR undergoing aortic valve replacement provides interesting

information on patient and graft outcomes after surgical
or interventional aortic valve replacement in this special
population. TAVI seems to provide better short- to mid-term
outcomes, mostly because of a reduced incidence of severe in-
hospital complications. However, long-term results seemed to
be comparable to SAVR. Most importantly, the rate of severe
acute graft failure, and even graft loss, seems to be markedly
reduced after TAVI compared to SAVR. This goes in line with a
recent analysis from the U.S. Nationwide Representative Study
showing a lower rate of AKI in KTR after TAVI compared to
SAVR [23].

Data regarding outcomes after heart valve surgery in KTR
are limited, suggesting an increasedmorbidity andmortality in
these patients. Reported in-hospital mortality ranges from 5%
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Table 4. Complications during hospital stay

Complications TAVI SAVR p-value Combined Isolated
n = 20 n = 20 n = 11 n = 9

Infectious complications 1 (5) 11 (55) 0.0012 6 (55) 5 (56)

Major vascular complications 3 (15)

Minor vascular complications 8 (40)

Life-threatening bleeding1 2 (10) 7 (35) 0.1274 4 (36) 3 (33)

Major bleeding2 7 (35) 3 (15) 0.2733 2 (18) 1 (11)

Minor cerebrovascular accident 1 (5)

Myocardial infarction 1 (5) 1 (11)

Wound healing deficits 8 (40) 6 (55) 2 (22)

Conversion to open heart surgery 1 (5)

Re-sternotomy 6 (30) 3 (27) 3 (33)

Pacemaker implantation 3 (15) 1 (5) 0.605 1 (9)

Data presented as numbers (percentage). 1Defined as bleeding with a drop in hemoglobin≥5 g/dl; 2Defined as bleeding with a drop in hemoglobin≥3 g/dl.
TAVI: Transcatheter aortic valve implantation; SAVR: Surgical aortic valve replacement.

Table 5. Infectious complications and causes of death

Complications/cause of death TAVI SAVR
n = 20 n = 20

Infectious complications during hospitalization

Pneumonia 1 (5) 4 (20)

Sepsis 2 (10)

Endocarditis 1 (5)

Cholangitis 1 (5)

Wound infection 2 (10)

Urinary tract infection 1 (5)

Cause of death during hospitalization

Cardiac 2 (10)

Infection 5 (25)

Cause of death during follow-up n = 18 n = 15

Infection 2 (11) 1 (6.7)

Cardiac 3 (16.7) 2 (13.3)

Malignancy 1 (5.5)

Unknown 2 (13.3)

Data presented as numbers (percentage). TAVI: Transcatheter aortic valve implantation; SAVR: Surgical aortic valve replacement.

to 18.7% [5, 24, 25] and reveals a high two-year mortality rate
after valve surgery of 40% [5]. Due to its minimally invasive
nature and lack of need for extracorporeal heart and lung
support, TAVI may offer an improved outcome in the high-
risk population of KTR. Data of TAVI in eight KTR from our
center, showing a lower in-hospital and one-year mortality,
support this assumption [18]. Al-Rashid et al. [19] reported low
short-term mortality in eight KTR undergoing TAVI, while the
mid-term mortality after 1 and 2 years reached 38% and 53%,
respectively. Notably, both cohorts had a very high median

length of hospital stay (19 and 33 days, respectively), indicating
a prolonged and complex course after the procedure. Especially
in the SAVR group, prolonged hospitalization rendered the
30-daymortality ineffective in describing short-term outcomes
in this special population, as half of the patients stayed in
hospital for more than 33 days. In fact, in-hospital mortality
reached 25% in the SAVR group and the more favorable 30-day
mortality of 10%masks the true outcome. However, short-term
mortality in our cohort was lower after TAVI than after SAVR.
Moreover, long-term follow-upwas comparable in both groups,
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Table 6. Graft function

Graft function TAVI SAVR p-value Combined Isolated
n = 20 n = 20 n = 11 n = 9

Acute graft injury 9 (45) 18 (90) 0.006 9 (82) 9 (100)

AKIN I 3 (15) 2 (10) 1.000 0 2 (22)

AKIN II 1 (5) 3 (15) 0.605 2 (18) 1 (11)

AKIN III 5 (25) 13 (65) 0.024 7 (64) 6 (67)

Need for dialysis 5 (25) 11 (55) 0.053 6 (55) 5 (56)

Graft loss 0 7 (35) 2 (18) 5 (56)

During hospital stay 0 4 (20) 1 (9) 3 (33)

During follow-up 0 3 (15) 1 (9) 2 (22)

Time to graft loss in days n/a 10 (1–746)

Data presented as numbers (percentage) or median (interquartile range). Bold values represent statistical significance. AKIN: Acute Kidney Injury Network;
TAVI: Transcatheter aortic valve implantation; SAVR: Surgical aortic valve replacement.

Figure 1. Kaplan–Meier analysis for graft survival between theTAVI and
SAVR group. TAVI: Tanscatheter aortic valve implantation; SAVR: Surgical
aortic valve replacement.

Figure 2. Kaplan–Meier analysis for patient survival between the TAVI
and SAVR group. TAVI: Transcatheter aortic valve implantation; SAVR:
Surgical aortic valve replacement.

suggesting TAVI as a promising alternative therapy in this
population.

The essential need for immunosuppression after kidney
transplantation increases perioperative risk, especially the risk
ofwound healing deficits, and infectious complications, such as

wound infections, pneumonia, and sepsis. Previous reports of
cardiac surgery in KTR reported infectious complication rates
of up to 17.5% [24] with rates of sepsis of up to 6% [25, 26],
pneumonia of 7% [25, 26], and death due to sepsis of 11% [24].
Infective endocarditis of prosthetic valves is a worrisome
complication after both SAVR and TAVI procedures, especially
in patients on maintenance immunosuppressive therapy. To
date, there are limited data to indicate any advantage of TAVI
or SAVR regarding the risk of infective endocarditis after the
procedure [27]. However, one patient after SAVR suffered from
endocarditis inour cohort. Theneed for re-sternotomy inKTR is
reported to be up to 22.8% [28], which goes in linewith the high
rate seen in our cohort. Glucocorticoids and mycophenolate
mofetil [10], as well as diabetes mellitus (present in half of the
study population) are known risk factors for wound healing
deficits which might explain the high rates of infections and
re-sternotomy in this population. We observed a reduced
rate of severe complications, especially infections and wound
healing deficits, after TAVI in our study. This probably resulted
in shorter hospital stay and reduced in-hospital mortality.
The majority of complications after TAVI in our study were
associated with the vascular access. In the meantime, however,
the size of the sheath for TAVI has been significantly reduced,
and it is therefore suggested that this might translate into a
lower vascular complication rates, as already demonstrated in
other populations [29].

Following septic AKI, cardiac surgery-associated AKI (CSA-
AKI) is the second most common type of AKI in adult patients
undergoingopen-heart surgeryand is associatedwith increased
mortality and morbidity [30]. Also, chronic kidney disease
and AKI are the risk factors for an unfavorable outcome
after TAVI [11–15, 31]. Additionally, pre-procedural kidney
function is associated with new-onset dialysis [32], one-year
mortality [33], and long-term progressing chronic kidney
disease [34] after TAVI. A propensity-matched analysis of
patients undergoing TAVI or SAVR showed a similar incidence
of AKI in both groups. However, KTR were not included
in this analysis [35]. More recently, Hundemer et al. [36]
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demonstrated a higher risk of AKI in KTR undergoing cardiac
surgery compared to a matched control of non-transplanted
patients. Another study found that the rate of AKI and AKI
requiring dialysis was significantly lower after TAVI compared
to SAVR [37]. Severe AKI bears the risk of permanent graft
failure in KTR, which dramatically affects the quality of life.
Despite comparable baseline graft function in our cohort, AKI
was almost twice as frequent after SAVR compared to the TAVI
group. Moreover, graft function recovered in all patients after
TAVI, even if dialysis was temporarily necessary. As recently
shown, AKI after TAVR is frequent in KTR [19] but seems to be
transient. Nevertheless, severity, as classified by AKIN criteria,
and the need for dialysis were higher after SAVR in our cohort,
leading to permanent graft loss during hospitalization in 25%
of these patients and additional graft failures in two patients
during follow-up. Unfortunately, the fate of kidney grafts
after cardiac surgery is rarely investigated, with small studies
indicating that up to 15% of patients experience permanent
graft loss after CSA-AKI [24, 26]. A recent multicenter registry
study reported that 26.4% of KTR undergoing TAVI required
long-term dialysis during follow-up [20]. Interestingly, in this
study, only 1 out of 14 KTR recovered from peri-interventional
hemodialysis and 6 KTR experienced graft loss during the
follow-up. This rate is higher than those seen in our cohort and
might be due to the fact that the patients in this registry were
markedly older and included a considerable number of patients
with stage 4 and 5 chronic kidney disease (15.3% and 22.2%,
respectively) [20]. However, KTR should be meticulously
informed about the risk of graft loss, including the risk of
returning to dialysis, which, according to our data, might be
more prevalent after SAVR.

Limitations

Thereare some limitationsof our study todiscuss. First, because
of the small sample size collected only in a single center, as
well as the retrospective nature of the analysis, our study is
susceptible to several biases that are common for this type of
study such as allocation bias. Moreover, the small sample size
further limits the validity of our results. Although each case
has been discussedwithin the heart team on an individual basis
including all available factors, we cannot exclude the risk of
allocation bias. However, decision making toward the treat-
ment concept forKTRwith severeAS is complex and sometimes
challenging. Our results are in favor of TAVI with regard to
patient and graft survival, especially in the short- to mid-term
follow-up, but are rather hypothesis-generating with respect
to graft survival. Second, it has to be noted that the surgical
group consisted of both, isolated aortic valve replacement and
combined heart surgery, which thereby may have affected out-
comes after SAVR. However, we found no numerical differ-
ence in complication rates between the two subgroups of surgi-
cally treatedpatients, especiallywith respect to renal outcomes.
Despite the lack of randomized studies in this very special popu-
lation, careful patient selection ismandatory, especially if com-
bined surgery is discussed.Without a doubt, our study ismainly
hypothesis-generating and further clinical studies are neces-
sary to prove these results. In our opinion, our data may help

clinicians to be aware, that KTR represent a special population
that should be handled with upmost care.

Conclusion
In summary, despite low peri-operative risk stratification in
our cohort, in-hospital morbidity and mortality is high in
KTR undergoing either TAVI or SAVR. Therefore, KTR are a
high-risk population and treatment decision should be based
on an individual basis with TAVI as a promising alternative
for patient and graft survival in selected patients. Our data
might help to fully inform KTR about the potential risks and
benefits of both treatment strategies, although larger scaled
studies are not available and would be difficult to conduct in
this niche indication. TAVI is feasible and safe in KTR and
might be an alternative to SAVR in patients with high-grade
aortic stenosis after renal transplantation. In addition to a
good short- to mid-term patient and graft survival, good long-
term outcome in our cohort seems to be comparable to SAVR.
Especially important for patients with a functioning graft is
the fact that, compared to surgical valve replacement, the
rate of graft failure and even graft loss is less likely to occur
after TAVI. However, careful treatment planning and risk
assessment in KTR with high-grade AS remain essential and
more clinical data about this rarely investigated cohort are
necessary.
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