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aBstract 
Background: Preprocedural chronic kidney disease (CKD) and postprocedural 
acute kidney injury (AKI) are risk factors for patients undergoing surgical aortic valve 
replacement (SAVR) and are strongly associated with short- and long-term mortality. 
Current data in transcatheter aortic valve implantation (TAVI) are inconclusive. This 
study investigates the prevalence and prognostic relevance of CKD and the incidence, 
predictors and prognostic relevance of AKI in TAVI patients. 

methods: In this study 299 consecutive transfemoral TAVI-patients were included. CKD 
was divided into 5 classes based on estimated glomerular filtration rate, according to 
guidelines of the National Kidney Foundation. AKI was defined as a 150% creatinine 
increase within 5 days after TAVI compared with baseline. Outcomes were assessed 
according to Valve Academic Research Consortiom -2 criteria. 

results: Prevalence of pre-procedural CKD stage-1 was 14.7% ( n = 44)  stage-2 42.5% (n 
= 127), stage-3 35% (n = 104), stage-4 6% (n = 18) and stage-5 2% (n = 6).Thirty-day and 
1-year mortality rates did not significantly differ between the CKD-categories (p=0.47). 

Following TAVI the incidence of AKI was 17.7%, which was independently predicted 
by loop diuretic use ≥40 mg (OR: 2.39; 95% CI: 1.12-5.08), post-implantation mean 
arterial blood pressure <80 mmHg (OR: 3.04; 95% CI: 1.50-6.14) and pre-procedural 
CKD (eGFR<60ml) (OR: 2.89; 95% CI: 1.41-5.90). AKI was found to be associated with 
both 30-day mortality (p<0.001) and 1- year mortality (p<0.001).

conclusion: Renal function influences prognosis after TAVI. CKD, loop diuretic use 
and mean arterial blood pressure are independent predictors for acute kidney injury, 
which is associated with 30-day and 1-year mortality.
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introduction
Patients with chronic renal failure more often develop premature calcification of the 
aortic valve.1-12 This, possibly together with the development of cardiovascular disease 
and other comorbidities in the elderly population might be related to the frequently 
encountered renal dysfunction in the fragile transcatheter aortic valve implantation 
(TAVI) patient population.3 Pre-procedural chronic kidney disease (CKD) is strongly 
associated with short- and long-term mortality13-16 in patients who undergo surgical 
aortic valve replacement (SAVR). Worsening of pre-procedural renal function, is a 
frequent complication following cardiac surgery and is referred to as acute kidney injury 
(AKI).17 The reported incidence of AKI is 3 to 25% depending on the definitions used.17-21  
AKI is shown to be associated with a higher incidence of short- and long-term mortality, 
irrespective of its occurrence in the setting of SAVR, other cardiac surgery or TAVI.18,19,21-27

Both pre- and  acute postprocedural impaired renal function, have been associated 
with suboptimal outcomes after SAVR.16,28,29  Recently published reports with respect to 
the relationship between impaired renal function and clinical outcomes after TAVI were 
not uniform able to identify severe preprocedural CKD as an independent predictor for 
mortality.3,28,30-32  Published data on prognosis of patients who undergo TAVI and experience 
post-interventional AKI are consistently reporting worse prognosis.26-28,33-36  By analyzing 
both pre-existing kidney disease and post-procedural acute kidney injury, more insight in 
the pathogenesis and relevance of renal function in TAVI patients can be obtained. 

The aim of this study was to examine the prevalence and assess the influence of 
various states of pre-procedural CKD on outcomes after TAVI and to examine the 
incidence, predictors and prognostic value of AKI after TAVI. 

methods
Patients and transcatheter valve implantation
Between October 2007 and December 2013 we included 299 consecutive patients 
treated with a transfemoral aortic valve implantation for severe symptomatic aortic 
valve stenosis in a single-center prospective observational study. All patients had a 
high surgical risk or were rejected for SAVR, as determined by our multidisciplinary 
heart team. All patients treated in our transcatheter heart valve program have been 
entered in a prospectively designed protocol and dedicated database. All patients 
gave written informed consent before the TAVI procedure and to data being collected 
and utilized as per the ethical guidelines of the institute.

Patients who died within 24 hours following TAVI (n=6) were excluded since 
representative postoperative creatinine was not available. All patients received 
N-acetylcysteine before and after TAVI and patients with a pre-procedural estimated 
glomerular filtration rate (eGFR) of less than 60 mL/min/1.73 m2 were pre- and post-
hydrated with intravenous NaCl 0.9%, NaCl 0.65% or bicarbonate, according to our 
hospital protocol to prevent contrast-induced nephropathy.   
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The technique of transcatheter aortic valve implantations has been described 

in detail in previous studies.37,38 The Medtronic-CoreValve self-expandable valve 

prosthesis (Corevalve Inc, Irvine, CA, USA) was used in 139 procedures, the balloon-

expandable Edwards SAPIEN prosthesis (Edwards Lifesciences, Irvine, CA, USA) in 

160 procedures. The procedures were either under general (n=65) or local anesthesia 

(n=134). The duration of the procedure, the amount of contrast use and the arterial 

blood pressure were recorded during the procedure. The arterial blood pressure was 

recorded at the start of the procedure and continuously until the end of the procedure 

and closure of the access site.

Renal function assessment and acute kidney injury
Serum creatinine levels were measured in all patients the day before TAVI and daily in the 

first three to five days after the procedure. The eGFR was calculated using the simplified 

modification of diet in renal disease (MDRD) formula. In attempt to specify pre-procedural 

renal function CKD was divided into 5 stages 5 CKD stage 1 (≥90 mL/min/1.73 m2) stage 

2 (89-60 mL/min/1.73 m2), stage 3 (30-59 mL/min/1.73 m2) (further subdivided in stage 3a 

and 3b 30-45 and 45-59  mL/min/1.73 m2 ), stage 4 (15-29 mL/min/1.73 m2) and stage 5 

(<15 mL/min/1.73 m2; or dialysis). We dichotomized the pre-procedural kidney function by 

using a cut-off eGFR of CKD stage 1-2 vs  CKD stage ≥3 (≥60 mL/min/1.73 m2  vs  <60 ml/

min/1.73 m2 ) to compare between pre-procedural chronic kidney function. According to 

the standardized Valve Academic Research Criteria (VARC) for TAVI patients, acute kidney 

injury was defined in correspondence with AKIN criteria as an increase in creatinine of 

150% during the index hospitalization (≥ stage-1 AKI)22, 40. Data on urinary output were not 

complete in and therefore not included in our definition of AKI. The patient cohort was 

dichotomized according to the presence or absence of AKI.

Evaluation of other parameters
General patient data were collected from the medical history. Information of all pre-

procedural medication was collected. One unit of loopdiuretics was defined as 40 

mg Furosemide or 1 mg Bumetanide daily. Laboratory analysis of the blood samples 

included serum creatinine and whole blood hemoglobin level, platelet and leukocyte 

count. Transthoracic echocardiography was performed within three months before TAVI 

and post-procedural within a week, using the GE Vivid 7 or 9 machine (GE Healthcare, 

Horten, Norway). Aortic (prosthetic) valve hemodynamics were assessed before and 

after TAVI. Clinical follow-up until hospital discharge was available of every patient. 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 

between groups with a Fisher Exact test or chi square, where appropriate. Continuous 
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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 < 0.10 

in the univariate analysis was used to determine the predictive factors of AKI. Results 

are reported as adjusted odds ratio (OR) with 95% confidence interval (CI). Cumulative 

survival plots of patients with and without AKI and patients with and without CKD were 

estimated using the Kaplan-Meier method. The log-rank test was used to compare the 

difference in survival between both groups of patients. P-values <0.05 were considered 

to be significant. Statistical analysis was performed using statistical software SPSS 20.0 

for windows (SPSS Inc., Chicago, IL). 

results
Baseline patient characteristics and procedural and post-procedural data are shown in 

Table 1. Mean age was 80.4 years, with 63% female patients. The prevalence of pre-

procedural CKD stage-1 was 14.7% ( n = 44) CKD stage-2 42.5% (n = 127), stage-3 

35% (n = 104), stage-4 6% (n = 18) and stage-5 2% (n = 6). Of the total population, 

57% was classified as CDK class < 3 (n=171) versus 43% as  CDK class ≥ 3 (n=128). 

Thirty-day and 1-year mortality rates did not differ between the CKD categories 

(p=0.38, p=0.86) (Figure 1). Pre-procedural CKD was not directly related to higher 

30-day mortality rates or one-year mortality rates (p=0.47).

Incidence of AKI was in the entire group of patients was 17.7%. The other changes 

in eGFR after TAVI are shown in Figure 2. The mean absolute creatinine levels increased 

significantly more in patients with pre-procedural kidney disease. Mean creatinine 

pre- and postprocedural per CKD category is shown in Figure 3. AKI was associated 

with 30day- and 1year mortality (both p<0.001). In the total group, 30-day all-cause 

mortality was 5.7% (n=17), which was unequally distributed between patients with 

AKI (n=11, 20.8% total AKI group)) and no AKI (n=6, 2.4% non-AKI group) (p<0.001). 

Figure 4 shows a comparison in baseline and post-procedural creatinine levels 

between survivors and non-survivors after TAVI. Causes of death included death due 

to low cardiac output (n=5), pneumonia (n=3), sepsis (n=2), COPD (n=1), hemorrhagic 

shock (n=2), cardiac tamponade (n=1), stroke (n=3).

Follow-up was available of all patients with a range of 4.1-12.0 months. One year 

mortality after TAVI was 15% (n=46), of which 21 patients (46% ) were in the AKI group and 

25 (54%) in the non-AKI group (p<0.001). Causes of death within 1 year were: low cardiac 

output (n=11), pneumonia (n=5), COPD (n=4), sepsis (n=3), hemorrhagic shock (n=2), 

stroke (n=4), cardiac tamponade (n=1), end stage heart failure (n=2), metastatic carcinoma 

(n=2).The Kaplan-Meier survival analysis shows a significant difference in survival between 

the patients with AKI and those without AKI (p<0.001 by log-rank test) as shown in Figure 1. 
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table 1. Pre-. peri- and post-operative parameters of patients  (n=299)

total
(n = 299)

aki
(n = 51)

no aki
(n = 248) P-value

Patient data

Age (y) 80.4 ± 8.0 80.7 ± 7.3 80.3 ± 8.2 0.8

BMI (kg/m2) 28.3 ± 5.5 29.3 ± 5.3 28.1 ± 5.5 0.1

BSA (m2) 1.88 ± 0.21 1.92 ± 0.21 1.87 ± 0.21 0.1

Men 111 (37%) 21 (41%) 90 (36%) 0.8

Clinical history

Hypertension 178 (60%) 33 (65%) 146 (59%) 0.8

Diabetes Mellitus 90 (30%) 17 (33%) 73 (29%) 0.8

Hypercholesterolemia 60 (20%) 6 (12%) 54 (22%) 0.09

CAD 143 (48%) 26 (51%) 117 (47%) 0.7

Previous PCI 83 (28%) 15 (29%) 70 (28%) 1

CABG 32 (11%) 5 (10%) 28 (11%) 0.8

COPD 104 (35%) 23 (45%) 80 (32%) 0.2

Atrial fibrillation 71 (24%) 16 (31%) 54 (22%) 0.4

PAD 58 (19%) 10 (20%) 45 (18%) 1

Renal function 

CKD 1 44 (15%) 3 (6%) 41 (17%) 0.008

CKD 2 127 (43%) 15 (29%) 112 (45%)

CKD3a 70 (23%) 16 (31%) 54 (22%)

CKD3b 34 (11%) 9 (18%) 25 (10%)

CKD4 18 (6%) 5 (10%) 13 (5%)

CKD5 6 (2%) 3 (6%) 3 (1%)

medication

Loopdiuretics >2 57 (19%) 18 (35%) 39 (16%) 0.007

oral antidiabetics 64 (21%) 9 (18%) 55 (22%) 0.8

ACE-i 149 (50%) 29 (57%) 124 (50%) 0.7

NYHA class ≥ 3 196 (66%) 44 (86%) 152 (61%) 0.004

EuroSCORE 18.1 ± 11.9 20.4 ± 13.9 17.7 ± 11.4 0.1

STS score 6.4 ± 5.1 9.4 ± 7.9 5.8 ± 3.5 <0.001

Preprocedural data

Indexed EOA (cm2/m2) 0.41 ± 0.13 0.41 ± 0.13 0.41 ± 0.12 0.4

AVPG max (mmHg) 72 ± 23 74 ± 27 72 ± 23 0.8

AVPG mean (mmHg) 47 ± 16 47 ± 19 47 ± 16 0.9

Impaired systolic LVF 42 (14%) 7 (14%) 35 (14%) 1

AR grade ≥ 2 55 (18%) 11 (22%) 44 (18%) 0.6

MR grade ≥ 2 135 (45%) 22 (43%) 113 (46%) 0.9
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table 1: Continued

total
(n = 299)

aki
(n = 51)

no aki
(n = 248) P-value

Procedural data

Procedural duration (min) 125 ± 55 119 ± 56 126 ± 55 0.4

contrast (ml) 144 ± 53 146 ± 68 144 ± 68 0.8

Red Blood Cell 
Transfusion

67 (22%) 15 (29%) 52 (21%) 0.2

Postoperative variables

Indexed EOA, (cm2/m2) 1.1 ± 0.33 1.1 ± 0.30 1.1 ± 0.34 0.05

AVPG max (mmHg) 19 ± 8 17.8 ± 7.8 19.1 ± 8.5 0.8

AVPG mean (mmHg) 11 ± 5 10.2 ± 4.7 11.2 ± 5.6 0.2

AR grade ≥ 2 61 (20%) 16 (31%) 45 (18%) 0.05

MR grade ≥ 2 62 (21%) 16 (36%) 46 (26%) 0.2

30-day mortality 17 (6%) 9 (18%) 8 (3%) 0.001

Data expressed as mean ± SD or as number (percentage). AKI, acute kidney injury;  BMI, 
body mass index; BSA, body surface area; CAD, coronary artery disease; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive 
pulmonary disease; PAD, peripheral artery disease; CKD, chronic kidney disease; ACE-i, 
angiotensin-converting-enzyme inhibitor; NYHA: New York Heart Association; STS, society of 
thoracic surgeons; EOA, effective orifice area; AVPG, aortic valve pressure gradient; LVF, left 
ventricular function; AR, aortic regurgitation;  MR, mitral regurgitation

In univariate analysis, AKI was associated with a pre-procedural higher NYHA 

functional class, a higher STS risk score, a lower baseline eGFR, use of higher dose 

loop diuretic and lower post-implantation arterial blood pressure (systolic, diastolic 

and mean). Independent predictors for AKI (shown in Figure 5) were identified using 

multivariable logistic regression analysis and included: pre-procedural use of loop 

diuretic ≥2 units (OR: 2.39; 95% CI: 1.12-5.08),  post-implantation mean arterial blood 

pressure < 80 mmHg(ABP) ( OR: 3.04; 95% CI: 1.50-6.14) and  by preprocedural CKD, 

with an eGFR<60ml/min/1.73m2 (OR: 2.89; 95% CI: 1.41-5.90). The individual effects 

of these factors on change in serum creatinine levels are shown in Figure 5. A gradual 

increase in incidence of AKI was seen with baseline severity of CKD (Figure 6). When 

combining both pre- and direct post-procedural renal function, all patients with AKI 

(both with or without pre-procedural CKD) have a significant worse prognosis (Figure 7).

discussion

The present  study shows that impaired renal function in patients after a transfemoral 

TAVI is associated with increased short and long-term mortality. This study highlights  

the difference in prognostic value of preprocedural CKD and postprocedural AKI . 
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CKD is a frequent problem in the frail TAVI population. In our study population, 
nearly half of the patients had preprocedural renal insufficiency NKF class ≥2 (43.5%). 
We compared patients with and without CKD to assess the influence of preprocedural 
renal function disorders on outcomes of TAVI. We found no significant difference 
in baseline characteristics, with exception of a higher STS and Euro Scores. Partly 
this could be explained by the inclusion of baseline creatinine level in the risk score 
variables. The presence of CKD was associated with a trend toward higher mortality at 
30-days as well as 1 year, but this was not significant, despite an increase in the rate 

figure 1. Kaplan-Meijer survival curve; upper pannels classes of chronic kidney disease, lower 
pannels acute kidney injury versus no acute kidney injury.
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figure 2. Changes in eGFR after TAVI in total population  (n=299)

figure 3. Absolute creatinine increase per CKD category.

of postprocedural AKI even when subdividing our population CKD into 2 stages CKD 
as suggested by  Levey et al. (CKD stage 1-3a, compared to 3b-5; 30-day mortality 
(p=0.85), one year mortality (p=0.10)).4 Preprocedural CKD increases the risk of 
postprocedural AKI, which impairs prognosis after TAVI. The clinical importance of 
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figure 4. Comparison in baseline and post-procedural cratinine levels between survivors and 
non-survivors after TAVI. 

preprocedural kidney disease and postprocedural acute kidney injury in the setting of 
invasive procedures has been highlighted in many previous studies. However, previous 
reports on the effects of CKD on survival after TAVI are conflicting; D’ascenzo et al and 
Goebel et al concluded effects of CKD similar to our results on survival outcomes after 
TAVI.3,30 On the contrary Yamamoto et al and Dumonteil et al reported severe CKD 
to be associated with increased risk for 30-day mortality in a large but diverse cohort 
of femoral, apical, subclavian, transaortic or transcarotid implanted transcatheter 
aortic valves.32,39 Postinterventional AKI was not analyzed in both studies. Furthermore 
concomitant arteriosclerosis is more frequent in patients treated by transapical and 
transaortic approach compared to transfemoral patients, which may negatively affect 
kidney function. In contrast, patients in our cohort are uniformly treated by transfemoral 
TAVI. The small number of events in our more homogenous cohort might underestimate 
the influence of CKD. CKD was identified as predictor for developing AKI after TAVI, 
which was strongly associated with 30-day and one year mortality. AKI occurred in 
17% of the patients who had undergone a transfemoral TAVI. The incidence of AKI in 
our study is similar with the reported incidences of other studies (12-28%). We have 
found that the development of AKI after TAVI is determined by a multiple of factors, 
which are not all modifiable. In correspondence with previous reports, CKD was a 
predictor for developing AKI after TAVI. Baseline renal dysfunction is associated with 
adverse events.32 Detailed classification of baseline renal dysfunction might provide 
a more accurate risk assessment since a more severe baseline kidney dysfunction 
preprocedural, was associated with a higher incidence of AKI. CKD could reflect a 
heterogenous group of disorders affecting kidney function and could therefore be a 
surrogate marker for more widespread microvascular disease. Microvascular disease 
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figure 5. Independent predictors for AKI and the he individual effects of predicting factors on 
change in serum creatinine levels. (LD= loop diuretics; ABP=arterial blood pressure directly after 
prosthesis implantation; *= P< 0.005)

figure 6. Number of patients per CKD class and incidence of AKI per class.

may increase the risk of malperfusion and therefore, similar to a drop in ABP, tubular 
epithelial and vascular endothelial injury, especially in already impaired renal function. 
An independent predictor for AKI after TAVI found in our study was the periprocedural 
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9 use of 2 or more units of loop diuretics (>80 mg Furosemide or > 2mg bumetanide). 

Similarly, continuous infusion 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.40 An explanation could be that loop diuretics cause 

hypovolemia and subsequently a decrease in renal perfusion. Alternatively, loop 

diuretics have been shown to activate the sympathetic and renin-angiotensin systems, 

which can result in an increase in left ventricular afterload and a decrease in cardiac 

output.41 Furthermore, when a loop diuretic is administered prior to the procedure, an 

exacerbation of  the nephrotoxic effect of contrast exposure could occur by diverting 

the medullary blood flow to the cortical circulation.42 Our finding that patients treated 

with more loop diuretics at the time of TAVI are at a higher risk for postprocedural 

kidney deterioration, suggests that periprocedural administration of loop diuretics 

should be avoided as much as reasonably possible.  

Our study showed that a lower mean ABP directly after TAVI 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 ventricular function and/or significant aortic stenosis and regurgitation. When 

figure 7. Combined acute and chronic kidney disease and effects on 30-day mortality.
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the renal parenchyma is exposed to a reduced perfusion and oxygen tension, it 
results in tubular epithelial and vascular endothelial injury.43,44 Close monitoring of 
ABP during TAVI  and where possible prevention and treatment of sudden drops in 
blood pressures is of paramount importance to maintain adequate renal perfusion 
and prevent AKI. Local analgesia could provide a more stable hemodynamic situation, 
and therefore could be the preferred option during transfemoral TAVI. Our study did 
not show a relation between the amount of peri-procedural contrast use during TAVI 
and the occurrence of AKI following the procedure.18,26 This is explained by the fact 
that a relatively low amount of contrast (<150 cc) was used in our institution during 
TAVI procedures, especially in patients with pre-existing renal dysfunction. This is 
supported by the fact that in our 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  (136±52 vs. 151±52 cc, p=0.025). 

In contrast with previous reports,18,26,45 our study did not find any relationship 
between periprocedural (< 24 hours post TAVI) red blood cell transfusion (RBCT) 
and the occurrence of postprocedural AKI. With a mean of 0.5 units per patient, the 
amount of periprocedural RBCT in our study is minimal. This could explain why RBCT 
was of little impact on kidney injury in our patient population. 

Our 30-day mortality was 5.6%, which is comparable with those reported in other 
TAVI studies.18,26,27,46 The association we found between AKI and 30 day and one year 
mortality has been described previously.3,26,33-35,47 Predictors for AKI seem to be related 
to renal hypoperfusion, close monitoring of renal perfusion could decrease the risk of 
postprocedural AKI.

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 
midterm mortality following TAVI.  

Limitations
This study is limited by the relatively small number of events. 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
Renal function influences prognosis after TAVI. Pre-procedural CKD is common in the 
high-risk TAVI population. CKD, loop diuretic use and mean arterial blood pressure 
are independent predictors for acute kidney injury, which is associated with 30-day 
and 1-year mortality

147



9

references

1. Braun J, Oldendorf M, Moshage W, Heidler R, Zeitler E, Luft FC. Electron beam computed 
tomography in the evaluation of cardiac calcification in chronic dialysis patients. AmJKidney 
Dis 1996;27:394-401.

2. Dellegrottaglie S, Saran R, Gillespie B, et al. Prevalence and predictors of cardiovascular 
calcium in chronic kidney disease (from the Prospective Longitudinal RRI-CKD Study). 
AmJCardiol 2006;98:571-6.

3. Goebel N, Baumbach H, Ahad S, et al. Transcatheter aortic valve replacement: does kidney 
function affect outcome? AnnThoracSurg 2013;96:507-12.

4. Levey AS, de Jong PE, Coresh J, et al. The definition, classification, and prognosis of chronic 
kidney disease: a KDIGO Controversies Conference report. Kidney Int 2011;80:17-28.

5. Levey AS, Eckardt KU, Tsukamoto Y, et al. Definition and classification of chronic kidney 
disease: a position statement from Kidney Disease: Improving Global Outcomes (KDIGO). 
Kidney Int 2005;67:2089-100.

6. Maher ER, Young G, Smyth-Walsh B, Pugh S, Curtis JR. Aortic and mitral valve calcification in 
patients with end-stage renal disease. Lancet 1987;2:875-7.

7. Raggi P, Boulay A, Chasan-Taber S, et al. Cardiac calcification in adult hemodialysis patients. 
A link between end-stage renal disease and cardiovascular disease? JAmCollCardiol 
2002;39:695-701.

8. Rattazzi M, Bertacco E, Del VA, Puato M, Faggin E, Pauletto P. Aortic valve calcification in 
chronic kidney disease. NephrolDialTransplant 2013;28:2968-76.

9. Shaw A, Swaminathan M, Stafford-Smith M. Cardiac surgery-associated acute kidney injury: 
putting together the pieces of the puzzle. Nephron Physiol 2008;109:55-60.

10. Stompor T. An overview of the pathophysiology of vascular calcification in chronic kidney 
disease. PeritDialInt 2007;27 Suppl 2:S215-S22.

11. Stompor T. Coronary artery calcification in chronic kidney disease: An update. World JCardiol 
2014;6:115-29.

12. Straumann E, Meyer B, Misteli M, Blumberg A, Jenzer HR. Aortic and mitral valve disease in 
patients with end stage renal failure on long-term haemodialysis. BrHeart J 1992;67:236-9.

13. Brennan JM, Edwards FH, Zhao Y, O’Brien SM, Douglas PS, Peterson ED. Long-term survival 
after aortic valve replacement among high-risk elderly patients in the United States: insights 
from the Society of Thoracic Surgeons Adult Cardiac Surgery Database, 1991 to 2007. 
Circulation 2012;126:1621-9.

14. Durmaz I, Buket S, Atay Y, et al. Cardiac surgery with cardiopulmonary bypass in patients with 
chronic renal failure. JThoracCardiovascSurg 1999;118:306-15.

15. Fernando M, Paterson HS, Byth K, et al. Outcomes of cardiac surgery in chronic kidney disease. 
JThoracCardiovascSurg 2014.

16. Thourani VH, Keeling WB, Sarin EL, et al. Impact of preoperative renal dysfunction on long-term 
survival for patients undergoing aortic valve replacement. AnnThoracSurg 2011;91:1798-806.

17. Shaw A. Update on acute kidney injury after cardiac surgery. JThoracCardiovascSurg 
2012;143:676-81.

18. Bagur R, Webb JG, Nietlispach F, et al. Acute kidney injury following transcatheter aortic valve 
implantation: predictive factors, prognostic value, and comparison with surgical aortic valve 
replacement. EurHeart J 2010;31:865-74.

19. Bove T, Calabro MG, Landoni G, et al. The incidence and risk of acute renal failure after cardiac 
surgery. JCardiothoracVascAnesth 2004;18:442-5.

20. Greason KL, Englberger L, Suri RM, et al. Safety of same-day coronary angiography in patients 
undergoing elective aortic valve replacement. AnnThoracSurg 2011;91:1791-6.

21. Karkouti K, Wijeysundera DN, Yau TM, et al. Acute kidney injury after cardiac surgery: focus on 
modifiable risk factors. Circulation 2009;119:495-502.

148



9

22. Cruz DN, Bagshaw SM, Ronco C, Ricci Z. Acute kidney injury: classification and staging. 
ContribNephrol 2010;164:24-32.

23. Loef BG, Epema AH, Navis G, Ebels T, Stegeman CA. Postoperative renal dysfunction and 
preoperative left ventricular dysfunction predispose patients to increased long-term mortality 
after coronary artery bypass graft surgery. BrJAnaesth 2009;102:749-55.

24. Loef BG, Epema AH, Smilde TD, et al. Immediate postoperative renal function deterioration in 
cardiac surgical patients predicts in-hospital mortality and long-term survival. JAmSocNephrol 
2005;16:195-200.

25. Machado MN, Nakazone MA, Maia LN. Prognostic Value of Acute Kidney Injury after Cardiac 
Surgery according to Kidney Disease: Improving Global Outcomes Definition and Staging 
(KDIGO) Criteria. PLoSOne 2014;9:e98028.

26. Nuis RJ, Van Mieghem NM, Tzikas A, et al. Frequency, determinants, and prognostic effects of 
acute kidney injury and red blood cell transfusion in patients undergoing transcatheter aortic 
valve implantation. CatheterCardiovascInterv 2011;77:881-9.

27. Sinning JM, Ghanem A, Steinhauser H, et al. Renal function as predictor of mortality in 
patients after percutaneous transcatheter aortic valve implantation. JACCCardiovascInterv 
2010;3:1141-9.

28. Nguyen TC, Babaliaros VC, Razavi SA, et al. Impact of varying degrees of renal dysfunction on 
transcatheter and surgical aortic valve replacement. JThoracCardiovascSurg 2013;146:1399-406.

29. Thourani VH, Chowdhury R, Gunter RL, et al. The impact of specific preoperative organ 
dysfunction in patients undergoing aortic valve replacement. AnnThoracSurg 2013;95:838-45.

30. D’Ascenzo F, Moretti C, Salizzoni S, et al. 30 days and midterm outcomes of patients undergoing 
percutaneous replacement of aortic valve according to their renal function: a multicenter study. 
IntJCardiol 2013;167:1514-8.

31. Wessely M, Rau S, Lange P, et al. Chronic kidney disease is not associated with a higher risk for 
mortality or acute kidney injury in transcatheter aortic valve implantation. NephrolDialTransplant 
2012;27:3502-8.

32. Yamamoto M, Hayashida K, Mouillet G, et al. Prognostic value of chronic kidney disease after 
transcatheter aortic valve implantation. JAmCollCardiol 2013;62:869-77.

33. Barbanti M, Latib A, Sgroi C, et al. Acute kidney injury after transcatheter aortic valve 
implantation with self-expanding CoreValve prosthesis: results from a large multicentre Italian 
research project. EuroIntervention 2013.

34. Barbash IM, Ben-Dor I, Dvir D, et al. Incidence and predictors of acute kidney injury after 
transcatheter aortic valve replacement. AmHeart J 2012;163:1031-6.

35. Elhmidi Y, Bleiziffer S, Piazza N, et al. Incidence and predictors of acute kidney injury in patients 
undergoing transcatheter aortic valve implantation. AmHeart J 2011;161:735-9.

36. Genereux P, Kodali SK, Green P, et al. Incidence and effect of acute kidney injury after 
transcatheter aortic valve replacement using the new valve academic research consortium 
criteria. AmJCardiol 2013;111:100-5.

37. Grube E, Laborde JC, Gerckens U, et al. Percutaneous implantation of the CoreValve self-
expanding valve prosthesis in high-risk patients with aortic valve disease: the Siegburg first-in-
man study. Circulation 2006;114:1616-24.

38. Webb JG, Pasupati S, Humphries K, et al. Percutaneous transarterial aortic valve replacement 
in selected high-risk patients with aortic stenosis. Circulation 2007;116:755-63.

39. Dumonteil N, van der Boon RM, Tchetche D, et al. Impact of preoperative chronic kidney 
disease on short- and long-term outcomes after transcatheter aortic valve implantation: a 
Pooled-RotterdAm-Milano-Toulouse In Collaboration Plus (PRAGMATIC-Plus) initiative 
substudy. AmHeart J 2013;165:752-60.

40. Lassnigg A, Donner E, Grubhofer G, Presterl E, Druml W, Hiesmayr M. Lack of renoprotective 
effects of dopamine and furosemide during cardiac surgery. Journal of the American Society of 
Nephrology : JASN 2000;11:97-104.

149



9

41. Lal S, Murtagh JG, Pollock AM, Fletcher E, Binnion PF. Acute haemodynamic effects of frusemide 
in patients with normal and raised left atrial pressures. British heart journal 1969;31:711-7.

42. Solomon R, Werner C, Mann D, D’Elia J, Silva P. Effects of saline, mannitol, and furosemide to 
prevent acute decreases in renal function induced by radiocontrast agents. The New England 
journal of medicine 1994;331:1416-20.

43. Abuelo JG. Normotensive ischemic acute renal failure. The New England journal of medicine 
2007;357:797-805.

44. Sutton TA, Fisher CJ, Molitoris BA. Microvascular endothelial injury and dysfunction during 
ischemic acute renal failure. Kidney international 2002;62:1539-49.

45. Aregger F, Wenaweser P, Hellige GJ, et al. Risk of acute kidney injury in patients with severe 
aortic valve stenosis undergoing transcatheter valve replacement. NephrolDialTransplant 
2009;24:2175-9.

46. Buellesfeld L, Wenaweser P, Gerckens U, et al. Transcatheter aortic valve implantation: 
predictors of procedural success--the Siegburg-Bern experience. European heart journal 
2010;31:984-91.

47. Elhmidi Y, Bleiziffer S, Deutsch MA, et al. Acute kidney injury after transcatheter aortic valve 
implantation: incidence, predictors and impact on mortality. Archives of cardiovascular 
diseases 2014;107:133-9.

150




