
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Clinical and hemodynamic effects of transcatheter aortic valve implantation

Yong, Z.Y.

Publication date
2012

Link to publication

Citation for published version (APA):
Yong, Z. Y. (2012). Clinical and hemodynamic effects of transcatheter aortic valve
implantation. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/clinical-and-hemodynamic-effects-of-transcatheter-aortic-valve-implantation(2008307f-897c-4aa5-92d0-c7e8523c15b4).html


Chapter 3.3
Predictors and clinical relevance of acute 
kidney injury following transcatheter aortic 
valve implantation 

Ze Yie Yong
Esther M.A. Wiegerinck

Kirsten Boerlage-van Dijk
Karel T. Koch
Marije M. Vis

Berto J. Bouma
Riccardo Cocchieri

Susanne Eberl
Jan J. Piek

Bas A.J.M. de Mol
Jan Baan, Jr

Submitted



Chapter 3.3

100

ABSTRACT

Background During transcatheter aortic valve implantation (TAVI), episodes 
of hypotension, contrast administration and embolization of debris may result in 
acute kidney injury (AKI). Following cardiac surgery, AKI is known to be strongly 
associated with short- and long-term mortality. Therefore, our purpose was to 
investigate the incidence, predictors and prognostic relevance of AKI in TAVI. 

Methods We studied 195 patients (age 80±8 years, 86 male), who had un-
dergone a TAVI either through transfemoral approach with the Medtronic-CoreV-
alve® bioprosthesis (n=129) or through transapical route with the Edwards SA-
PIEN bioprosthesis (n=66). Clinical data were collected from the medical history, 
laboratory analysis and echocardiography. Acute kidney injury was defined as a 
decrease in estimated glomerular filtration rate compared with baseline of ≥25% 
within 5 days after TAVI. 

Results  Following TAVI the incidence of AKI was 23%, which was inde-
pendently predicted by loop diuretic use ≥2 units (OR: 3.80; 95% CI: 1.52-9.47), 
post-implantation diastolic arterial blood pressure (per mmHg, OR: 0.95; 95% CI: 
0.91-0.99), maximum leukocyte count (per 109/L, OR: 1.12; 95% CI: 1.02-1.23) and 
chronic obstructive pulmonary disease (OR: 2.37; 95% CI: 1.00-5.65). Acute kidney 
injury was found to be a strong independent predictor for both in-hospital mortal-
ity (incidence: 13%; OR: 9.71; 95% CI: 3.18-29.65), and 1 year cumulative mortality 
(incidence: 24%; HR: 2.97; 95% CI: 1.45-6.07).

Conclusion The incidence of acute kidney injury following transcatheter 
aortic valve implantation is 23%. Cardio-renal syndrome and severe inflammatory 
reponse syndrome are potential mechanisms for AKI. In-hospital and mid-term 
mortality following TAVI is strongly associated with AKI. 
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Introduction

A substantial number of patients with severe symptomatic aortic valve stenosis is 
not referred or is rejected for surgical aortic valve replacement (SAVR), due to their 
high age and other comorbidities, which increase their risk of peri- and postopera-
tive mortality and morbidity.1, 2 Transcatheter aortic valve implantation (TAVI) 
has in the last few years emerged as a good alternative treatment of these patients 
with a high surgical risk.3-9 Special care should be given to the prevention of acute 
kidney failure following this procedure, since renal dysfunction is frequent in this 
patient population. Acute kidney injury (AKI) and the need for temporary he-
modialysis is a frequent complication following cardiac surgery with a reported 
incidence of 3 to 25% depending on the different definitions used.10-17 The incidence 
of AKI after TAVI is reported to be less compared with that following SAVR.10 
However, irrespective of its occurrence in the setting of SAVR, other cardiac sur-
gery or TAVI, AKI is shown to be associated with a higher incidence of in-hospital 
and long-term mortality.10-19 
Possible mechanisms of AKI during TAVI are exposure to periods of hypotension 
(rapid ventricular pacing, balloon valvuloplasty and valve deployment), nephro-
toxicity of contrast, calcium/cholesterol embolizations due to catheter and wire 
manipulation in the often calcified aorta, and inflammatory response.  Two fac-
tors have been reported to be predictors for AKI in TAVI in at least two studies: 
periprocedural red blood cell transfusions and postprocedural systemic inflamma-
tory response syndrome.10, 18-20 However other predictors were found in one study, 
which other studies failed to identify, such as chronic obstructive pulmonary 
disease, logistic EuroSCORE, previous myocardial infarction and hypertension.10, 18 
Therefore our aim was to examine the predictors in our single-centre patient popu-
lation and to compare them with those reported by previous studies. Secondly our 
purpose was to determine the short- and mid-term prognostic value of AKI follow-
ing TAVI. 

Methods

Patients and transcatheter valve procedure

In a single-centre prospective observational study between October 2007 and June 
2012, we included 195 consecutive patients who were treated with either trans-
femoral (n=129) or transapical (n=66) aortic valve implantation for their severe 
symptomatic aortic valve stenosis. All patients had a high surgical risk or were re-
jected for conventional aortic valve replacement, as determined by our heart team, 
consisting of an interventional cardiologist, a cardio-thoracic surgeon and a cardio-
anaesthesiologist. All patients treated in our transcatheter heart valve program 
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have been entered in a prospectively designed protocol and dedicated database. 
Patients with terminal renal failure requiring chronic hemodialysis (n=4) and 
patients who died within 24 hours following TAVI (n=6) were not included in our 
study. All patients received N-acetylcysteine before and after TAVI and patients 
with a preprocedural estimated glomerular filtration rate (eGFR) of less than 60 
mL/min/1.73 m2 were pre- and post-hydrated with intravenous NaCl 0.9% or 
bicarbonate, according to our hospital protocol to prevent contrast-induced ne-
phropathy.   
The technique of transcatheter aortic valve implantations has been described in de-
tail in previous studies.21, 22 Access to the aortic valve was obtained either through 
the transfemoral artery or through the apex of the heart using a mini-thoracotomy. 
For the transfemoral approach the Medtronic-CoreValve self-expandable valve 
prosthesis (Corevalve Inc, Irvine, CA, USA) was used and for the transapical ap-
proach the balloon-expandable Edwards SAPIEN prosthesis (Edwards Lifescienc-
es, Irvine, CA, USA). All transapical valve implantations were performed under 
general anesthesia and the transfemoral valve implantations either under general 
(n=61) or local anesthesia (n=68). The duration of the procedure, the amount of 
contrast use and the arterial blood pressure were recorded during the procedure.

Renal function assessment and acute kidney injury

Serum creatinine levels were measured in all patients the day before TAVI and 
daily in the first five days after the procedure. The eGFR was calculated using the 
simplified modification of diet in renal disease (MDRD) formula. Acute kidney in-
jury was defined as a decrease in eGFR of >25% within the 5 postprocedural days, 
in accord with the RIFLE (risk, injury, failure, loss and end-stage kidney disease) 
criteria and/or the need of hemodialysis during the index hospitalization.23 Data 
on urinary output were not complete and therefore not included in our definition 
of AKI.

Evaluation of other parameters

General patient data were collected from the medical history. As part of routine 
patient care, blood samples were collected the day before TAVI and daily up to 
at least 5 days after the procedure. Laboratory analysis of these blood samples in-
cluded serum creatinine and whole blood hemoglobin level, platelet and leukocyte 
count. Transthoracic echocardiography was performed within three months before 
TAVI and within a week postprocedurally, using the GE Vivid 7 machine (GE 
Healthcare, Horten, Norway). Aortic (prosthetic) valve hemodynamics were as-
sessed before and after TAVI and included aortic valve effective orifice area (EOA), 
peak and mean aortic valve pressure gradient (AVPG), and (paravalvular) aortic 
regurgitation (AR) grade. Other echocardiographical parameters assessed before 
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and after TAVI were: global left ventricular (LV) systolic function, LV internal and 
wall dimensions, mitral regurgitation grade and pulmonary artery pressure. Left 
ventricular mass (LVM) was calculated using the corrected formula from Devereux 
and colleagues.24 Clinical follow-up until hospital discharge was available of every 
patient. 
In-hospital mortality was defined as death irrespective of cause during index hos-
pitalization.
The VARC-combined safety endpoint is defined as the occurrence of either one 
of the following events up to 30 days postprocedure: all-cause mortality, major 
stroke, life-threatening or disabling bleeding, acute kidney injury stage 3, peripro-
cedural MI, and repeat procedure for valve-related dysfunction (surgical or inter-
ventional therapy).25 The date and cause of death occurring within 1 year follow-up 
after TAVI were established.

Statistical methods

Categorical variables are expressed as number and percentages and compared be-
tween groups with a Fisher Exact test. Continuous variables are presented as mean 
and standard deviation. Differences of a continuous variable between two groups 
were analyzed with a two-tailed Student’s t-test or Mann-Whitney U test, where 
appropriate. The Wilcoxon signed rank test was used for within group comparison 
of biomarker levels between different time points. 
A stepwise logistic regression analysis including all variables with P-value < 0.2 in 
the univariable analysis was used to determine the predictive factors of both AKI 
and in-hospital mortality.  Cumulative survival plots of patients with and without 
AKI were estimated using the Kaplan-Meier method. The log-rank test was used 
to compare the difference in survival between both groups of patients. To identify 
predictors of death within 1 year after TAVI, a Cox proportional hazard model was 
applied. Results are reported as adjusted hazard ratio (HR) with 95% confidence 
interval (CI). P-values <0.05 were considered to be significant. Statistical analysis 
was performed using GraphPadPrism version 5.00 and the statistical software SPSS 
17.0 for windows (SPSS Inc., Chicago, IL). 

Results

Baseline patient characteristics and procedural and post-procedural data are 
shown in table 1. The incidence of acute kidney injury following TAVI was 23% (44 
patients). The other changes in eGFR after TAVI are shown in figure 1.
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Table 1: Pre-, peri- and post-operative parameters of patients  (n=195) 
  
 Total  AKI  No AKI  
 (n = 195)  (n = 44)  (n = 151)  

P-value 

Patient data              
Age, years 80.1 ± 7.6  81.0 ± 7.1  79.9 ± 7.7  0.3 
BMI, kg/m2 27.5 ± 5.4  27.8 ± 5.6  27.5 ± 5.3  0.51 
Male gender 86 ( 44 )  21 ( 48 )  65 ( 43 )  0.61 
Clinical history              

Hypertension 95 ( 49 )  24 ( 55 )  71 ( 47 )  0.4 
Diabetes 52 ( 27 )  12 ( 27 )  40 ( 26 )  1 
Hypercholesterolemia 35 ( 18 )  4 ( 9 )  31 ( 21 )  0.12 
Prior myocardial infarction 47 ( 24 )  10 ( 23 )  37 ( 25 )  1 
Previous PCI 63 ( 32 )  13 ( 30 )  50 ( 33 )  0.72 
CABG 39 ( 20 )  5 ( 11 )  34 ( 23 )  0.13 
COPD 65 ( 33 )  20 ( 45 )  45 ( 30 )  0.069 
Peripheral arterial disease 63 ( 32 )  14 ( 32 )  49 ( 32 )  1 
Atrial fibrillation 44 ( 23 )  14 ( 32 )  30 ( 20 )  0.1 

Logistic EuroSCORE 19.2 ± 12.5  20.2 ± 14.1  18.8 ± 12.0  0.99 
STS score 6 ± 4.2  6.7 ± 4.1  5.8 ± 4.3  0.12 
Preprocedural hospitalization 37 ( 19 )  12 ( 27 )  25 ( 17 )  0.13 
              
Preprocedural variables              
eGFR, mL/min/1.73m2 70 ± 23.9  66.3 ± 26.9  71.0 ± 23.0  0.15 
Hemoglobin, mmol/L 7.9 ± 1  7.7 ± 1.2  7.9 ± 1.0  0.24 
Oral antidiabetic use 35 ( 18 )  5 ( 11 )  30 ( 20 )  0.27 
Loop diuretics ≥ 2 units  38 ( 19 )  16 ( 36 )  22 ( 15 )  0.002 
LVEF ≤ 40% 37 ( 19 )  8 ( 18 )  29 ( 19 )  1 
LVMI, g/m2 148.6 ± 42.2  162.6 ± 41.9  144.6 ± 41.6  0.003 
Indexed EOA, cm2/m2 0.42 ± 0.11  0.41 ± 0.11  0.42 ± 0.12  0.91 
AVPG max, mmHg 74 ± 22  77 ± 24  72 ± 21  0.42 
AVPG mean, mmHg 47 ± 15  49 ± 17  47 ± 14  0.51 
MR grade ≥ 3 17 ( 9 )  7 ( 16 )  10 ( 7 )  0.069 
PAP, mmHg 41 ± 11  41 ± 10  40 ± 12  0.54 
Contrast CT / CAG ≤ 5 days 13 ( 7 )  3 ( 7 )  10 ( 7 )  1 
              
Procedural data              
Transapical approach 66 ( 34 )  14 ( 32 )  52 ( 34 )  0.86 
Local anesthesia 68 ( 35 )  9 ( 20 )  59 ( 39 )  0.03 
Contrast amount, mL 139 ± 64  138 ± 70  140 ± 63  0.74 
Procedural duration, min 90 ± 31  88 ± 32  90 ± 31  0.73 
Post systolic ABP, mmHg  125 ± 27  116 ± 25  128 ± 27  0.008 
Post diastolic ABP, mmHg  52 ± 13  47 ± 11  53 ± 13  0.048 
Post mean ABP, mmHg 78 ± 18  71 ± 14  80 ± 18  0.009 
              
Postprocedural variables              
Min eGFR, mL/min/1.73m2 67.4 ± 31.8  38.1 ± 18.1  75.9 ± 29.9  <0.001 
RBCT 55 ( 28 )  15 ( 34 )  40 ( 26 )  0.35 
Max leucocyte count 109/L 12 ± 4.1  13.5 ± 4.6  11.5 ± 3.9  0.008 
Indexed EOA, cm2/m2 1.08 ± 0.27  1.12 ± 0.30  1.07 ± 0.27  0.26 
AVPG max, mmHg 21 ± 8  21 ± 8  21 ± 8  0.95 
AVPG mean, mmHg 12 ± 5  12 ± 4  12 ± 5  0.68 
AR grade ≥ 2 49 ( 25  14 ( 32 )  35 ( 23 )  0.32 
PAP, mmHg 44 ± 11  48 ± 11  42 ± 11  0.048 
New PM 24 / 179  8 / 38  16 / 141  0.18 
New LBBB 62 / 151  18 / 36  44 / 115  0.25 
In hospital RRT 4 ( 2 )  4 ( 9 )  0 ( 0 )  0.001 
30-day mortality 19 ( 10 )  12 ( 27 )  7 ( 5 )  <0.001 
In hospital mortality 25 ( 13 )  15 ( 34 )  10 ( 7 )  <0.001 
VARC-combined end point 31 ( 16 )  16 ( 36 )  15 ( 10 )  <0.001 
Admission duration (days) 13 ± 10  19 ± 11  11 ± 10  <0.001 
              

Values are n (%) or mean ± SD. AKI, acute kidney injury; BMI, body mass index; PCI, percutaneous coronary intervention; 
CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; STS, society of thoracic surgeons; 
eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; EOA, effective orifice area; AVPG, 
aortic valve pressure gradient; MR, mitral regurgitation; PAP, pulmonary artery pressure; CT, computed tomography; 
CAG, coronary angiography; ABP, arterial blood pressure; RBCT, red blood cell transfusion; AR, aortic regurgitation; PM, 
pacemaker; LBBB, left bundle branch block; RRT, renal replacement therapy; VARC, valve academic research consortium. 
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Figure 1: Changes in esti-
mated glomerular filtration 
rate compared with baseline 
within 5 days following 
transcatheter aortic valve 
implantation. 

The patient cohort was dichotomized according to the presence or absence of AKI. 
In univariable analysis, AKI was associated with more loop diuretic use, a higher 
left ventricular mass, less local anesthesia, a lower post-implantation systolic, 
diastolic and mean arterial blood pressure (ABP), a higher maximum postproce-
dural leukocyte count and a higher postprocedural pulmonary artery pressure. 
Independent predictors for AKI (shown in table 2) were identified using multivari-
able logistic regression analysis and included: loop diuretic use ≥2 units (OR: 3.80; 
95% CI: 1.52-9.47), post-implantation diastolic ABP (per mmHg, OR: 0.95; 95% CI: 
0.91-0.99), maximum leukocyte count (per 109/L, OR: 1.12; 95% CI: 1.02-1.23) and 
chronic obstructive pulmonary disease (COPD) (OR: 2.37; 95% CI: 1.00-5.65). The 
individual effects of these factors on change in serum creatinine levels are shown 
in figure 2.

Table 2: Independent predictors for acute kidney injury following TAVI 
              

 Variables  Odds ratio  95% CI  P-value 
 Loop diuretics ≥ 2 units   3.80 1.52 - 9.47  0.004 
 Post diastolic ABP, per mmHg  0.95 0.91 - 0.99  0.009 
 Max leucocyte count, per 109/L  1.12 1.02 - 1.23  0.022 
 COPD  2.37 1.00 - 5.65  0.05 
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Figure 2: Comparison of the absolute change in serum creatinine levels (mean ± SEM) between two 
patient groups based on their loop diuretic (LD) use, post-implantation diastolic (diast.) arterial 
blood pressure (ABP), postprocedural maximum leucocyte count and chronic obstructive pulmonary 
disease (COPD). * p<0.05.

In-hospital all-cause mortality in the total group was 13% (n=25), of which 15 pa-
tients (34%) were in the AKI group versus 10 (7%) in the non-AKI group (p<0.001). 
All deaths occurred between 3 days and 44 days after TAVI (median: 20 days), 
and included death due to low cardiac output (n=10), pneumonia (n=5), sepsis 
(n=3), ventricular fibrillation (n=2), COPD (n=1), hemorrhagic shock (n=1), cardiac 
tamponade (n=1), stroke (n=1) and terminal sedation (n=1). Figure 3 shows a com-
parison in baseline and post-procedural creatinine levels between survivors and 
non-survivors during index hospitalization after TAVI.
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Figure 3: Comparison of 
pre- and postprocedural 
serum creatinine levels (mean 
± SEM) between patients 
who were alive at discharge 
(survivors, n=170) and who 
patients who died during 
index hospitalization (non-
survivors, n=25) following 
TAVI.
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In table 3 the patient cohort was dichotomized according to the presence or ab-
sence of in-hospital mortality. Compared with patients who were alive after index 
hospitalization, the patients who died during index admission had a significantly 
higher age, lower body mass index (BMI), more COPD, a higher logistic Euro-
SCORE and STS risk score, had a higher frequency of preprocedural hospitaliza-
tion, a lower left ventricular ejection fraction (LVEF), a higher left ventricular mass 
index (LVMI), more mitral regurgitation, a lower forced expiratory volume in 1 
second and a higher incidence of acute kidney injury.

Table 3: Pre-, peri- and post-operative parameters of patients  (n=195) 
  
 Non-survivors  Survivors  
 (n = 25)  (n = 170)  

P-value 

Patient data          
Age, years 82.8 ± 6.3  79.7 ± 7.7  0.045 
BMI, kg/m2 25.0 ± 4.3  27.9 ± 5.4  0.005 
Male gender 13 ( 52 )  73 ( 43 )  0.4 
Clinical history          

Hypertension 14 ( 56 )  81 ( 48 )  0.52 
Diabetes 7 ( 28 )  45 ( 26 )  0.81 
Hypercholesterolemia 4 ( 16 )  31 ( 18 )  1 
Prior myocardial infarction 8 ( 32 )  39 ( 23 )  0.32 
Previous PCI 11 ( 44 )  52 ( 31 )  0.25 
CABG 4 ( 16 )  35 ( 21 )  0.79 
COPD 13 ( 52 )  52 ( 31 )  0.042 
Peripheral arterial disease 9 ( 36 )  54 ( 32 )  0.65 
Atrial fibrillation 9 ( 36 )  35 ( 21 )  0.12 

Logistic EuroSCORE 27.2 ± 16.6  18.0 ± 11.4  0.003 
STS score 9.0 ± 6.0  5.5 ± 3.7  <0.001 
Preprocedural hospitalization 11 ( 44 )  26 ( 15 )  0.002 
          
Preprocedural variables          
eGFR, mL/min/1.73m2 65.7 ± 29.9  70.6 ± 23.0  0.32 
Hemoglobin, mmol/L 7.5 ± 1.0  7.9 ± 1.0  0.14 
Oral antidiabetic use 4 ( 16 )  31 ( 18 )  1 
Loop diuretics ≥ 2 units  9 ( 36 )  29 ( 17 )  0.054 
LVEF ≤ 40% 16 ( 64 )  142 ( 84 )  0.029 
LVMI, g/m2 173.1 ± 36.1  145.3 ± 42.0  0.001 
Indexed EOA, cm2/m2 0.43 ± 0.10  0.42 ± 0.12  0.51 
AVPG max, mmHg 75 ± 28  73 ± 21  0.85 
AVPG mean, mmHg 46 ± 18  47 ± 14  0.51 
MR grade ≥ 3  6 ( 24 )  11 ( 6 )  0.011 
PAP, mmHg 40 ± 10  41 ± 12  0.72 
FEV1, L/min 1.53 ± 0.63  1.77 ± 0.60  0.015 
          
Procedural data          
Transapical approach 8 ( 32 )  58 ( 34 )  1 
Local anesthesia 7 ( 28 )  61 ( 36 )  0.51 
Contrast amount, mL 158 ± 102  136 ± 56  0.81 
Procedural duration, min 97 ± 39  89 ± 30  0.65 
          
Postprocedural variables          
Acute kidney injury 15 ( 60 )  29 ( 17 )  <0.001 
Indexed EOA, cm2/m2 1.07 ± 0.19  1.09 ± 0.28  0.87 
AVPG max, mmHg 21 ± 7  21 ± 8  0.98 
AVPG mean, mmHg 11 ± 4  12 ± 5  0.38 
AR grade ≥ 3  10 ( 40 )  39 ( 23 )  0.085 
PAP, mmHg 47 ± 9  43 ± 11  0.23 
New PM 5 / 20  19 / 159  0.15 
New LBBB 9 / 19  53 / 132  0.62 
          

Values are n (%) or mean ± SD. FEV1, forced expiratory volume in 1 second. 
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Independent predictors for in-hospital mortality are shown in table 4 and included: 
AKI (OR: 9.71, 95%CI 3.18-29.65), BMI (per kg/m2, OR: 0.84, 95%CI 0.74-0.95), pre-
procedural hospitalization (OR: 3.89, 95%CI 1.17-12.90) and LVMI (per g/m2, OR: 
1.01, 95%CI 1.00-1.03). 

Table 4: Independent predictors for in-hospital mortality after TAVI 
              

 Variables  Odds ratio  95% CI  P-value 
 Acute kidney injury  9.71 3.18 - 29.65  <0.001 
 BMI, per kg/m2  0.84 0.74 - 0.95  0.006 
 Preprocedural hospitalization  3.89 1.17 - 12.90  0.026 
 LVMI, per g/m2  1.01 1.00 - 1.03  0.045 

Follow-up was available of all patients with a median follow-up time (interquartile 
range) of 17.0 (6.0-25.9) months. The cumulative 1 year mortality after TAVI was 
24% (n=46), of which 22 (50%) were in the AKI group and 24 (16%) in the non-AKI 
group (p<0.001). Causes of death within 1 year were: low cardiac output (n=18), 
pneumonia (n=6), COPD (n=5), sepsis (n=4), ventricular fibrillation (n=2), hemor-
rhagic shock (n=2), stroke (n=2), sudden cardiac arrest (n=2), metastatic cancer 
(n=2), terminal sedation (n=1), cardiac tamponade (n=1), and pulmonary embolism 
(n=1).
The Kaplan-Meier survival analysis shows a statistically significant difference in 
survival between the patients with AKI and those without AKI (p<0.0001 by log-
rank test) as shown in figure 4. Multivariable analysis of 1 year cumulative survival 
after TAVI (table 5) revealed that AKI was an independent predictor for mid-term 
mortality (HR: 2.97, 95%CI 1.45-6.07), together with postprocedural aortic regurgi-
tation grade ≥ 2 (HR: 2.41, 95%CI 1.15-5.05) and left ventricular mass index (per g/
m2, HR: 1.01, 95%CI 1.01-1.02).

    










 
 













  

  

  








 







 


Figure 4: One-year survival 
after TAVI according to the 
occurrence of postprocedur-
al acute kidney injury.
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Table 5: Multivariate Cox regression analysis of association 
between clinical parameters and 1-year mortality after TAVI 

      
      

HR (95% CI) 
  

P-value 

      

 Acute kidney injury  2.97 (1.45 - 6.07)  0.003 
 Postprocedural AR grade ≥ 2   2.41 (1.15 - 5.05)  0.02 
 LVMI, per g/m2  1.01 (1.00 - 1.02)  0.021 
      

Discussion

The present single-centre prospective study shows that acute kidney injury occurs 
in 23% of the patients who had undergone a TAVI. More periprocedural use of 
loop diuretics, a lower post-implantation mean arterial blood pressure, a higher 
postprocedural leukocyte count and COPD are identified as independent predic-
tors of AKI after TAVI. Together with a lower body mass index, preprocedural 
hospitalization and left ventricular mass index, AKI is shown to be an independent 
predictor for in-hospital mortality. Also for mid-term cumulative mortality, AKI is 
identified as a strong independent predictor.
The clinical importance of preprocedural renal function disorders and postpro-
cedural acute kidney deterioration in the setting of invasive procedures has been 
highlighted in many previous studies.10-20, 26-29 The incidence of AKI in our study is 
comparable with the reported incidences of 12-28% following TAVI.10, 18-20 The vari-
ability in incidence reported in those studies could be explained by the different 
criteria used for defining acute kidney injury, and perhaps also by the differences 
in patient characteristics and in contrast amount used during the procedures. In 
contrast with other studies, we chose to define AKI as a renal function deteriora-
tion within 5 days instead of within 2-3 days.10, 18, 19 This definition is also used in 
previous studies of PCI and cardiac surgery patients.15, 17, 28 Furthermore, the in-
crease in creatinine after contrast exposure is known to reach its peak at 3 to 5 days 
after the procedure.30

Several factors have been identified as independent predictors of AKI in our study. 
A strong independent predictor for AKI after TAVI found in our study was the 
periprocedural use of 2 or more units of loop diuretics. Similarly, continuous infu-
sion of furosemide during cardiac surgery has been reported to result in a higher 
incidence of postoperative acute renal failure compared with infusion of saline or 
dopamine.31 A straightforward explanation is that loop diuretics cause hypovole-
mia and subsequently a decrease in renal perfusion. Alternatively, loop diuretics 
have been shown to activate the sympathetic and renin-angiotensin systems, which 
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can result in an increase in left ventricular afterload and a decrease in cardiac out-
put.32 Furthermore, when a loop diuretic is administered prior to the procedure, it 
can exacerbate the nephrotoxic effect of contrast exposure by diverting the medul-
lary blood flow to the cortical circulation.33 Our finding that patients treated with 
more loop diuretics are at a higher risk for postprocedural kidney deterioration, 
suggests that periprocedural administration of loop diuretics should be avoided, as 
much and as reasonably possible.  
Our study showed that a lower diastolic arterial blood pressure directly after valve 
implantation was associated with acute kidney injury. The low ABP during TAVI 
is probably a result of both procedure- and patient-related factors. Temporary 
periprocedural hypotension during TAVI is created by balloon valvuloplasty, 
rapid pacing, valve deployment and by vasodilatation due to exposure to certain 
anesthetics. A low ABP can also be caused by the hemodynamic instability as a 
result of an impaired cardio-circulatory homeostasis due to an impaired left ven-
tricular function and/or significant aortic regurgitation. When renal parenchyma is 
exposed to a reduced perfusion and oxygen tension, it results in tubular epithelial 
and vascular endothelial injury.34, 35 Close monitoring of arterial blood pressure 
during the TAVI procedure and where possible prevention and treatment of sud-
den drops in blood pressures is of paramount importance to maintain adequate 
renal perfusion and to prevent AKI. 
The maximum leukocyte count measured post-procedurally was related to AKI 
in our study. This relationship was also found in previous studies, in which an in-
crease in both leukocyte count and C-reactive protein were attributed to a systemic 
inflammatory response syndrome (SIRS).18-20 Comparable with cardiac surgery,15 

certain pro-inflammatory events during TAVI can cause SIRS, notably direct tissue 
trauma by manipulation with a wire or valve prosthesis, ischemia-reperfusion 
(myocardial) injury and contact of blood components with an artificial surface.  
Inflammation is thought to play an important role in the pathophysiology of isch-
emic kidney injury, which explains the association between SIRS and AKI.34, 35 
Patients with chronic obstructive pulmonary disease are shown to have a twofold 
higher risk to develop AKI after TAVI compared with patients without COPD. 
Previous studies have reported COPD as independent predictor for AKI in patients 
undergoing cardiac surgery 12, 36 or TAVI.12 Decreased renal perfusion and peripro-
cedural episodes of severe hypoxemia-hypercapnia are proposed mechanisms of 
renal function deterioration in patients with COPD undergoing TAVI.37, 38

In correspondence with previous reports, our study did not show a relation be-
tween the amount of peri-procedural contrast use during TAVI and the occurrence 
of AKI following the procedure.10, 18, 19 This is explained by the fact that a relatively 
low amount of contrast was used during our TAVI procedures, especially in pa-
tients with pre-existing renal dysfunction. This is supported by the fact that in our 
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study, patients with an eGFR of ≤60 mL/min/1.73m2 received significantly less 
contrast compared with patients with an eGFR of > 60 mL/min/1.73m2  (123±63 
vs. 148±64 cc, p=0.002). 
In contrast with three previous reports,10, 18, 20 our study did not find any relation-
ship between periprocedural (< 24 hours post TAVI) red blood cell transfusion and 
the occurrence of postprocedural AKI. With a mean of 0.7 units per patient, the 
amount of periprocedural RBCT in our study is much less compared with that re-
ported in earlier studies. This can explain why RBCT was of little impact on kidney 
injury in our patient population. 
Our in-hospital mortality was 13% and 30-day mortality 10%, which is compa-
rable with those reported in other TAVI studies.10, 18, 19, 39 The strong relationship 
we found between AKI and in-hospital mortality can be partly attributed to the 
comorbidities of the AKI group, such as a higher age, more COPD, a higher STS 
risk score and a lower baseline eGFR, making these patients more susceptible for 
poor outcome. However, like in previous studies,10, 18, 19 we show that AKI predicts 
in-hospital mortality, independently from these factors, which means that there is a 
somewhat direct causality between kidney failure and mortality. Since a low post-
implantation diastolic arterial blood pressure was found to be predictive for AKI, 
a poor peri- and postprocedural cardio-circulatory performance probably plays an 
important role in the development of acute kidney failure. Therefore, a plausible 
explanation for AKI being predictive for mortality after TAVI may be that it forms 
a part of the development of a cardiorenal syndrome, in which neurohumoral acti-
vation (renin-angiotensin and sympathetic system) leads to a vicious circle of renal 
and cardiac failure, finally resulting in the death of the patient.40 Like in two previ-
ous studies,18, 19 AKI was found to be also an independent predictor for cumulative 
one-year mortality in our study. However, this rather reflects the large impact of 
AKI on early (in-hospital) mortality than a true mid-term risk of mortality. 
In addition to AKI, left ventricular mass index and lower body mass index were 
identified as important predictive factors for in-hospital mortality and in case of 
LVMI and significant postprocedural aortic regurgitation, also for one-year mor-
tality after TAVI. Previous studies have shown a similar association between low 
BMI and adverse outcome after cardiac surgery.41, 42 Left ventricular hypertrophy 
is a known predictor of poor short- and long-term outcome in patients who had 
undergone surgical aortic valve replacement.43-45 Significant paravalvular aortic re-
gurgitation has been identified as predictor for in-hospital mortality after TAVI in 
an earlier report.46 We demonstrate that it also has an important impact on survival 
on the longer term. 
Like reported previously,10, 18-20 we have found that the development of AKI after 
TAVI is determined by a multiple of factors, which are not all modifiable. How-
ever, some preventive measures could decrease the risk of postprocedural AKI, 
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such as periprocedural intravenous hydration, reduction of the amount of peripro-
cedural contrast exposure and avoidance of diuretic administration. Close monitor-
ing of periprocedural arterial blood pressure and adequate treatment of a sudden 
decline in blood pressure are clinically relevant. In patients with COPD, careful 
monitoring and optimization of periprocedural oxygen saturation could be im-
portant to reduce renal function deterioration. Prospective or randomized studies 
in the future are needed to investigate whether certain periprocedural preventive 
measures will have impact on the occurrence of acute kidney failure, or even more 
importantly on the occurrence of short- and mid-term mortality following TAVI.  
This study is limited by the relatively small sample size and small amount of 
events, which may have resulted in model overfitting in multivariable analysis. 
Furthermore the results were obtained from a prospective observational study, 
such that the effect of other unmeasured or unknown confounding factors on AKI 
and mortality cannot be ruled out. 

Conclusion

This single-center prospective observational study identified more loop diuretic 
use, a low post-implantation arterial blood pressure, a higher postprocedural leu-
cocyte count and COPD to be predictive for acute kidney injury following trans-
catheter aortic valve implantation. The occurrence of acute kidney injury following 
TAVI is of great clinical importance since it is an independent predictor for both 
short- and mid-term mortality. Pre- and periprocedural preventive measures may 
have an impact on the occurrence of AKI and subsequently on the outcome after 
TAVI. 
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