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Introduction

Transcatheter aortic valve implantation (TAVI) has been 
established as an alternative procedure in cardiovascular 
medicine for the treatment of non-operable or high-risk 
patients with severe aortic stenosis. Over the last years, 
TAVI using mostly transfemoral (TF-AVI) and transapical 
(TA-AVI) access, has become an established procedure 
performed worldwide in highly qualified cardiac centers 
with satisfactory short- and mid-term results (1). Even 
though experience and techniques have constantly improved 
over the last years, peri- and postprocedural complications 
in high risk TAVI-collectives remain a major issue affecting 
outcome and survival (2). Taken together, preliminary data 
suggest that the minimally invasive transapical approach 
is a viable alternative for patients in who open heart 
surgery is not feasible or possesses unacceptable risk and 
may lead to a significant decrease in perioperative trauma 
and eventually to a decrease in perioperative risk. Despite 
these encouraging data this technique includes the need of 
fluoroscopy and angiography using contrast agent to aid 

positioning of the valve (3), which may lead to contrast-
induced nephropathy (CIN) as one form or one etiology 
of acute kidney injury (AKI) which is associated with 
increased morbidity and mortality (4). Although previous 
studies established clinical and surgical characteristics 
associated with increased risk of AKI after cardiac surgery 
e.g., cardiopulmonary bypass (CPB) duration (5), severe 
hemodilution during CPB reflected by nadir hematocrit (6)  
and low oxygen delivery during CPB which are avoided 
by the lack of using CPB during TAVI, other potential 
factors like older age (5,7,8) diabetes mellitus, congestive 
heart failure still remain (5,7,8). Additionally, the systematic 
occurrence of short periods of extreme hypotension (rapid 
pacing for balloon valvuloplasty and valve deployment) and 
the manipulation of large catheters in the aorta of patients 
with a high prevalence of diffuse atherosclerosis with the 
risk of embolization are further potential risk factors for 
AKI after TAVI and may play an important role in terms of 
estimating the potential risk of this procedure influencing 
perioperative morbidity and mortality (9). This Review 
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aims to present an overview over the current literature 
concerning AKI after TAVI with regard to the definition 
of AKI, the impact of AKI on mortality and potential risk 
factors for renal impairment after TAVI.

Definition of AKI after TAVI

AKI is defined as the rapid loss of kidney function occurring 
over hours or days and resulting in the dysregulation of 
volume and electrolyte homeostasis and in the accumulation 
of metabolic waste products (10). The definition of AKI in 
published studies dealing with the phenomenon of AKI after 
TAVI varies widely and lacks standardization. With regard 
to current definitions, the Acute Dialysis Quality Initiative 
(ADQI) group recommended the Risk, Injury, Failure, Loss, 
End-stage renal disease (RIFLE) criteria for diagnosis and 
classification of AKI. These definition, introduced in 2002, 
is based on either relative increases of serum creatinine or 
duration and severity of oliguria to classify AKI by defining 
the first stage (Risk) by a 1.5-fold increase in the serum 
creatinine, or a glomerular filtration rate (GFR) decrease 
by 25%, or urine output <0.5 mL/kg per hour for at least  
6 hours (11). Due to the fact, that several studies suggested a 
relevant impact of even smaller changes in serum creatinine 
on patients outcome, the international consortium of renal 
and critical care societies [acute kidney injury network 
(AKIN)] recently proposed a modified classification. These 
modifications included the addition of an absolute increase 
in serum creatinine of ≥0.3 mg/dL and the specification that 
the decline in kidney function has to occur within 48 hours. 
Moreover, the AKIN proposed, that the term “acute renal 
failure” should be restricted to the severe state of complete 
organ dysfunction whereas the “Loss” and “End-stage” 
categories have been removed due to a lack of uniform 
indications and timing of renal replacement therapy 
(RRT) and variability of RRT availability in different 
countries (“AKIN criteria”) (12). With regard to the TAVI 
procedure, the Valve Academic Research Consortium 
(VARC) established an independent collaboration between 
Academic Research organizations and specialty societies 
to create consistent endpoint definitions and consensus 
recommendations for implementation in TAVI clinical 
research programs (13). In their first consensus report, the 
VARC proposed modified RIFLE criteria, implementing 
the 0.3 mg/dL increase in the “Risk” category for the 
definition of AKI after TAVI and additionally selected 
an outer bound of 72 hours after the index procedure for 
diagnosing AKI based on evidence that adverse outcomes 

were observed when the elevation occurred within 24 to  
48 hours of the procedure and to ensure that the process 
was both acute and related to the procedure itself rather 
than as a consequence of post-procedure multi-organ 
system failure. Moreover, the VARC criteria did not include 
urine output criteria in their initial version since urine 
outputs may not be measured accurately or routinely in all 
cases. In 2012, the VARC published their updated endpoint 
definitions in the Valve Academic Research Consortium-2 
(VARC-2) consensus document (2) now recommending the 
AKIN criteria including the definition of AKI according 
to urine output measures. Moreover, the timing for the 
diagnosis of AKI was extended from 72 hours to 7 days.

In conclusion, a broad variety of definitions was 
proposed since the establishment of the TAVI procedure 
resulting in a lack of standardization and therefore might 
be an additional explanation for different results concerning 
the incidence of AKI after TAVI. However, two aspects 
should be mentioned: the VARC-2 criteria implemented 
the most current definition of AKI, which has been also 
adopted by the majority of the nephrology community, 
including the KDIGO (Kidney Disease: Improving Global 
Outcomes) initiative (14) and should therefore serve as 
the standard definition for future studies (Table 1). Despite 
the advances in defining AKI, limitations remain, as all 
named definitions are predominantly based upon changes of 
serum creatinine levels. A creatinine elevation often occurs 
delayed in relation to the onset of AKI and serum creatinine 
levels are influenced by several other factors than kidney 
function, especially in elderly patients, in whom additionally 
alterations in volume status affect creatinine values. With 
regard to these shortcomings, several biomarkers are 
currently validated to allow an earlier diagnosis of AKI 
and to facilitate the differentiation between functional 
and structural kidney damage. The potential future 
implementation of novel biomarkers for the definition 
of AKI after TAVI might possibly affect diagnosis and 
treatment options of TAVI patients (10).

Pathophysiology of AKI after TAVI

As mentioned in the VARC-1 consensus document, the 
natural history of AKI in a variety of clinical settings is now 
well understood, including the recognition that even small 
decreases in kidney function can have a dramatic impact 
on the risk for subsequent mortality (13,15,16). However, 
some aspects concerning the pathophysiology of AKI are—
even if not specific, but at least—typical for TAVI patients. 



1529Journal of Thoracic Disease, Vol 7, No 9 September 2015

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2015;7(9):1527-1535www.jthoracdis.com

Although the absence of CPB reflects a major difference in 
comparison to the classical cardiac surgery associated acute 
kidney injury (CSA-AKI), TAVI patients (at the moment) 
represent a special patient clientele with regard to the 
presence of comorbidities and often even concerning their 
age. At the age of 70, the kidneys have lost between 30% to 
50% of their cortical glomeruli due to ischemic changes and 
a significant number of the remaining glomeruli manifest 
some degree of sclerosis, next to concomitant tubular and 
vascular changes leading to functional alterations including 
a reduction in renal blood flow of up to 50% from age  
20 to age 80 (10,17). AKI in TAVI patients is most likely a 
combination of prerenal azotemia and direct nephrotoxic 
influences leading to renal ischemia and acute tubular 
necrosis (ATN). Causes of prerenal azotemia include 
(among others) hypovolemia, hemorrhage, impaired cardiac 
output or renal vasoconstriction caused by vasoconstrictive  
medication. The normal response of the kidney to prerenal 
conditions is to concentrate the urine and reabsorb sodium 
in order to maintain or increase intravascular volume 
and normalize renal perfusion. Therapy to restore renal 
perfusion promptly improves renal function. However, 
prolonged or profound prerenal azotemia can result in 
ischemic damage leading to ischemic AKI, particularly 
in combination with the presence of exogenous toxic 
compounds (e.g., aminoglycosides, contrast media) (18). 
This ischemic condition is leading to tubular damage. Thus, 
AKI after TAVI can be considered as the common final path 
resulting from prerenal azotemia due to pre-, intra- and 
postoperative factors and additional nephrotoxic influences 
resulting in ATN. A detailed review of the pathophysiology 
of AKI is outside the scope of this report and the reader is 
referred to a published review for further information (18). 
In summary, several processes lead to AKI after TAVI and 

the awareness of these factors at every particular timepoint 
before, during and after the TAVI procedure are of utmost 
importance to reduce the danger of postprocedural AKI.

Incidence and impact on mortality of AKI after TAVI

AKI is a frequent complication after TAVI being reported in 
ranges from 8.3% to 58% (9,19-24). Differing results might 
partially be explained by the use of different definitions 
of AKI. Moreover, the differences of the analyzed patient 
cohorts with regard to general comorbidities, access route 
(transfemoral, transapical or others), amount of contrast dye 
and especially known risk actors for the occurrence of AKI 
may account for the broad range of reported incidences. 
Currently, there is only one study focusing on AKI after 
TAVI using the AKIN criteria with a detailed observational 
period of 72 hours and a follow-up of renal function until 
postoperative day 7 (in line with the updated VARC II 
criteria). Sinning et al. (22) present in their sophisticated 
analysis the results of 77 patients who underwent TAVI and 
observed AKI in 26% of patients. The occurrence of AKI 
after TAVI was strongly associated with 30-day, 6-month 
and 1-year mortality. Konigstein et al. (25) analyzed the 
usefulness of the updated VARC-2 criteria with regard to 
AKI after TAVI and observed an incidence of 16.7% out 
of 251 patients without any patient suffering from stage III 
AKI. The major drawback of this study is the observational 
period. The authors did only focus on the first 72 hours 
after the procedure, although the updated VARC-2 criteria 
require, that the timing for the diagnosis of AKI should 
be extended from 72 hours to 7 days (VARC-II) (2). The 
only multicenter study published by Nuis et al. (19) used 
the VARC I criteria (modified RIFLE classification; period 
under consideration: 72 hours) to define postoperative 

Table 1 AKIN criteria including VARC-2 recommendations for the diagnosis of AKI after TAVI according to Kidney Disease: 
Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. KDIGO Clinical Practice Guideline for Acute Kidney Injury. 
Kidney inter., Suppl 2012;2:1-138. Serum creatinine values or urine output can be considered for diagnosing AKI. In comparison to the 
original VARC, the timing for diagnosis of AKI is extended from 72 hours to 7 days

Stage Serum creatinine Urine output

1 1.5-1.9 times baseline or ≥0.3 mg/dL (≥26.5 mmol/L) increase <0.5 mL/kg/h for 6-12 hours

2 2.0-2.9 times baseline <0.5 mL/kg/h for ≥12 hours

3 3.0 times baseline or increase in serum creatinine ≥4.0 mg/dL  

(≥353.6 mmol/L) with an acute increase of at least 0.5 mg/dL  

(44 mmol/L) or initiation of RRT

<0.3 mL/kg/h for ≥24 hours or anuria ≥12 hours

RRT, renal replacement therapy.
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AKI. The authors analyzed the outcome of 995 patients 
and report an incidence of AKI of 20.7% with a majority 
of patients presenting stage I (15%), whereas 6% of 
patients presented stage II or III. Multivariable analysis 
revealed a 3.15-fold higher mortality risk for patients with 
postoperative AKI without analyzing the impact of different 
stages of AKI on mortality. Saia et al. (24) used identical 
criteria for the definition of AKI (VARC 1), but report a 
significantly higher incidence of AKI with 41%. In line with 
Nuis et al. (19), the majority of patients developed stage 
I (78.6%), 9.5% stage II and 11.9% stage III AKI. The 
higher frequency of AKI might be explained by the high 
incidence of preoperative present chronic kidney disease 
(CKD) (87.3%) in the analyzed cohort. AKI did not appear 
as a risk factor for 30-day mortality but post-procedural 
AKI stage III was an independent predictor of 1-year 
death showing a more than 8-fold increased mortality risk. 
Seiffert et al. (26) analyzed 326 patients with regard to the 
VARC 1 endpoint definitions and observed an incidence 
of 29.5% AKI. Whereas stage I AKI was common and did 
not show significant impact on 1-year all-cause mortality, 
AKI stage II (HR 2.52; P=0.013) and stage III (HR 6.80; 
P<0.001) showed to be independent significant predictors 
for diminished 1-year survival. The lowest incidence of 
AKI after TAVI report Bagur and colleagues (9) in their 
analysis of 213 patients with an incidence of AKI of 11.7%. 
Despite these excellent results, it has to be mentioned, that 
the authors used the RIFLE classification for their analysis 
with a possible bias concerning AKI stage I. Moreover, 
the observational period was 48 hours in contrast to  
72 hours in the studies mentioned above. However, even 
Bagur et al. identified AKI as independent predictor for  
in-hospital mortality. In the largest systematic review to 
asses predictors for periprocedural and midterm mortality 
after TAVI in high risk patients with symptomatic 
AS, analyzing 25 studies with more than 8,000 patients,  
AKI ≥ stage II (according to the VARC 1 definitions) was the 
strongest predictor for 30-day mortality, whereas stage III AKI 
was an important determinant for midterm mortality (27).

In conclusion, AKI is a common complication after TAVI 
and shows to be a strong predictor of short- and mid-term 
mortality. Only a few studies analyzed the severity of AKI 
in terms of the defined different stages (I-III), the majority 
of patients seem to develop “mild” AKI (stage I). Although 
there is evidence, that small decreases in kidney function can 
have dramatic impact on the risk for subsequent mortality 
(15,28), current data on AKI after TAVI do not support 
these findings with regard to AKI after TAVI. However, 

stage II and III seem to be independent relevant predictors 
for short- and mid-term mortality and are therefore also 
included in the “combined safety endpoint at 30 days” in 
the VARC endpoint definitions (2).

Risk factors for AKI after TAVI

Several studies identified risk factors for AKI after cardiac 
surgery and after percutaneous coronary intervention 
(PCI) (11,15). The TAVI procedure itself can currently 
be considered as a “hybrid procedure” using surgical and 
catheter-based techniques and valve implantation and can 
mostly be performed without the need for CPB, but the 
procedure requires the use of contrast agent. Thus, previous 
analyses focusing on either cardiac surgery associated-, 
or PCI associated AKI cannot be applied to the TAVI 
procedure. Moreover, the current patient clientele consists 
of multimorbide patients mostly presenting a multitude of 
identified risk factors for AKI. Besides, the TAVI procedure 
itself might influence the incidence of postoperative AKI 
due to technical aspects, as well as the different approaches 
(TF, TA, Tao, transsubclavian, etc.) might lead to a different 
outcome. And again, different definitions of AKI might 
result in statistical bias.

With regard to the current data concerning the 
outcome after TAVI, several studies identified predominant 
peripheral arterial occlusive disease (PAOD) as independent 
significant predictor for postoperative AKI (19,20,22,25). 
Next to the underlying generalized atherosclerosis including 
renal perfusion as important factor for the decrease of 
renal function, particulate atherosclerotic emboli generated 
during valvuloplasty, catheter passage through the aorta and 
deployment of the valve prosthesis might additionally be 
responsible for a postoperative decrease in eGFR.

Another commonly identified risk factor is red blood 
cell (RBC) transfusion during or after the procedure 
(9,19,25,29,30). Nuis et al. (19) identified the number of 
blood transfusions to be the strongest predictor of AKI 
with a distinct gradient of risk. Interestingly, the clinical 
triggers upon which one may decide to administer blood 
transfusions during TAVI were not associated with AKI, 
leading the authors to the conclusion, that clinicians should 
be more restrictive in their use of blood transfusions during 
TAVI and that the need of unequivocal criteria for the 
decision of blood transfusion is advocated. Although the 
intended effect of RBC transfusion is the improvement 
of organ function by increasing tissue oxygen delivery, 
transfused blood cells may contribute to organ injury 
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because of changes that occur during storage. Due to 
several functional changes (e.g., loss of ability to generate 
nitric oxide, increased adhesiveness to vascular endothelium, 
release of procoagulant phospholipids and accumulation 
of proinflammatory molecules), stored RBCs may impair 
tissue oxygen delivery, promote a proinflammatory state and 
activate leucocytes (31-35).

With regard to proinflammatory cascades, several studies 
revealed a coherency between the development of a septic 
inflammatory response syndrome (SIRS) and AKI after 
TAVI. Aregger et al. (20) observed a pathological leucocyte 
count and fever without clinical focus in patients who 
developed AKI after TAVI. In line with this, Sinning et al. (22)  
found that 60% of the analyzed patients with AKI fulfilled 
the criteria of SIRS and showed significantly higher 
leucocyte counts and CRP levels 48 hours after TAVI.  
A possible relation between postoperative leucocyte count 
and AKI was also found in several other studies (19,36,37). 
The pathophysiological background is not completely 
understood yet, but may be triggered by RBC transfusion 
as well as by renal ischemia-reperfusion injury caused by 
the TAVI procedure caused by rapid pacing, intraoperative 
hypotension and the grade of aortic regurgitation after the 
procedure.

One other matter of debate is the impact of CKD on 
postoperative outcome and AKI. Even with regard to the 
endpoint “30-day and 1-year mortality”, existing data is 
contradictory (22,38-42). Noteworthy, Voigtländer et al. (41)  
mention in their analysis, that patients with severe impaired 
renal function were excluded from the PARTNER trial (43)  
and therefore the results of the PARTNER trial cannot 
necessarily be extended to patients with severe impaired 
renal function. However, it is well known from the 
Edwards SAPIEN Aortic Bioprosthesis  European 
Outcome registry (44), that CKD is upon the strongest 
independent predictors of 1-year mortality. With regard to 
the occurrence of AKI after TAVI, Elhmidi et al. (21) and 
Seiffert et al. (26) identified a correlation between baseline 
renal function and the incidence of AKI, whereas Wessely 
et al. (39) did not find an association between CKD and 
AKI after TAVI. From a pathophysiological point of view, a 
possible impact of baseline renal function on the occurrence 
of AKI after TAVI is not surprising as at least concomitant 
pre-existing small-vessel disease leading to the risk for organ 
malperfusion may play an important role in this respect.

The impact of contrast agent on the occurrence of AKI 
after TAVI is still a matter of debate. Although most studies 
do not show a statistical impact of the dose of contrast agent 

on the incidence of AKI after TAVI (9,19,22,24,25,29), 
there is data suggesting that higher doses of contrast agent 
might have an impact on the occurrence of AKI after 
TAVI. Madershahian et al. (45) found a possible association 
between a higher incidence of CIN and 30-day mortality 
with regard to extensive use of contrast media during  
TA-AVI among high-risk patients with pre-existing renal 
impairment. Van Linden and colleagues (37) described in 
a series of 270 consecutive standard TA-AVI patients that 
postoperative AKI and RRT depend on the amount of  
intra-operative contrast agent. Regarding the amount 
of intra-operative contrast-agent the authors show, that 
patients with dialysis and acute renal failure received a 
higher dose of contrast-agent, which was statistically 
significant in the RRT group only. Beside thrombocytopenia 
and pathological leukocyte count in terms of SIRS, Van 
Linden et al. (37) identified a higher amount of contrast 
media as an independent risk factor for AKI. These findings 
are in line with the study of Yamamoto et al. (30), who 
analyzed 415 consecutive transfemorally treated TAVI 
patients and identified a relationship between contrast dose 
increment and high prevalence of AKI. Major drawbacks of 
most studies are the inability to determine, if the relation 
between increased contrast media and worse post-TAVI 
outcomes is associative or causative. In other words, did the 
contrast agent itself cause worse outcome or is increased 
contrast amount a consequence of a complicated procedure. 
The pathophysiological background in terms of a contrast 
induced acute vasoconstriction caused by the release of 
adenosine, endothelin and other vasoconstrictors leading 
to reduction in renal blood flow is clearly understood (46). 
However, the impact of these effects on renal function is still 
under debate. For a detailed review of the pathophysiology 
of contrast induced nephropathy, the reader is referred to a 
published review (47).

Anyhow, the multimorbid condition in the current era 
of TAVI and superimposed insults caused by the procedure 
(microembolic events, bleeding complications, etc.) might 
overrule (statistically observable) negative effects of contrast 
agent administration.

In this context, it is of interest that Ewe et al. (48) 
observed that patients treated via transapical TAVI (TA-AVI)  
received significantly less contrast agent in comparison 
to the transfemoral (TF-AVI) approach, suggesting that 
the TA-AVI may be a preferred approach in patients with 
concomitant impaired renal function. Unfortunately, 
the authors did not analyze postoperative outcome with 
regard to AKI. This observation is leading to the question 
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whether there is a difference with regard to AKI in relation 
to the procedural approach (TA/TF). Seiffert et al. (26)  
found a higher incidence of stage I AKI in TA-AVI patients 
but a lower frequency of stage III in comparison to  
TF-AVI patients. In contrast, several studies identified 
the TA approach as risk factor for the occurrence of AKI 
(9,20,24,49). Aregger et al. (20) identified the transapical 
approach as significant independent predictor for AKI 
after TAVI in their series of 54 patients. These findings are 
supported by the analysis of Saia et al. (24) who report that 
the transapical approached emerged as the only significant 
predictor of AKI. The authors performed sophisticated 
multivariable analysis, excluded variables with a significant 
correlation with the TA-access (general anesthesia and 
RBC transfusion) and tested several statistical models in 
attempt to avoid overadjustment. However, the authors 
did not differentiate between the different stages of AKI 
impeding the interpretation of a potential clinical relevance 
of the observed renal injury. Several hypotheses are under 
discussion to explain these findings. The TA approach is 
mostly and more often performed under general anaesthesia 
with a higher amount of analgetic medication leading to 
hemodynamic depression and lower blood pressure which 
is compensated by the administration of vasoconstrictive 
drugs. These interventions cause impairments of general 
and renal perfusion, potentially leading to postoperative 
AKI. Besides, the duration of the weaning period after 
the intervention and consecutive differences in fluid 
management of the intensive care unit might additionally 
influence renal hemodynamics. Currently, there is no valid 
data focusing on these aspects. Moreover, as the “TF first 
strategy” is practiced at most centers, TA patients suffer 
present a higher risk profile in terms of comorbidities 
resulting in a higher susceptibility including a predisposition 
for renal injury. In line with this, patients selected to the 
transapical approach are typically selected for this approach 
because of advanced peripheral vascular atherosclerosis 
with highly calcified, tortuous, and small peripheral vessels. 
The presence of such advanced peripheral disease may 
be associated with a higher prevalence of calcium plaques 
also in the aorta and the aortic valve, which may embolize 
plaques to the kidneys during the procedure. Conversely, 
the transfemoral approach involves delivery of a large 
profile device in the abdominal aorta, which may cause 
embolization of aortic plaques into the renal arteries (49). 
However, next to the direct embolization, preexisting 
calcification might be more an indicator for “renal frailty” 
than a causative factor. This hypothesis is supported by the 

findings of van Rosendael et al. (50) who investigated the 
association between the atherosclerotic burden and plaque 
characteristics of the aortic valve and thoracic aorta and the 
incidence of AKI after TAVI. In this study, the burden of 
noncalcified atherosclerosis was independently associated 
with AKI (odds ratio, 1.03 per each 1% of increase in aortic 
segments with noncalcified atherosclerosis) after adjusting 
for baseline renal function, logistic EuroSCORE, and 
procedural access. In summary, current data suggest that 
patients treated via the transapical TAVI show a higher 
incidence of AKI in comparison to TF patients. However, 
current data allow no valid estimation with regard to 
the different hypotheses. Larger studies focusing on the 
incidence with regard to the different approaches might 
clarify the role of the access itself and the differences of the 
treated patient populations.

Preventive strategies

In order to reduce the risk of AKI after TAVI, preventive 
strategies, especially for patients with high risk for AKI 
deserve consideration. As mentioned in almost every 
study, the prevention of contrast induced tubular necrosis 
using N-acetylcystein or sodium bicarbonate and careful 
intravenous hydration based on the individual cardiac 
performance of each patient are practicable. Despite 
conflicting results with regard to the impact of contrast 
agent on AKI, the avoidance of unnecessary amount of 
contrast agent by performing hand-injections, dilution 
of media and gaining experience in echocardiographic 
guiding for valve positioning, as well as a precise 
preoperative planning should be mandatory with regard 
to the crucial influence of AKI on short- and mid-
term mortality. Additionally, a more restrictive use of 
blood transfusions may improve renal outcome. Efforts 
to maximize the period of time between transcatheter 
aortic valve procedures and preoperative contrast based 
investigations might have beneficial effects. More elaborate 
methods like the implementation of Doppler-based renal 
resistance index might help to identify patients at risk (51).  
Further prophylactic strategies like the choice of the 
adequate contrast medium, withholding of nephrotoxic 
drugs, preventive dialysis or forced hydration may 
potentially reduce the risk of AKI, but cannot be generally 
recommended and need to be approved in further studies (10).  
To elaborate the optimal regime for each institution and, 
ideally, for each individual patient, close collaboration with 
the attending nephrologists is inevitable.
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Comment

The pivotal role of AKI after TAVI on short- as well as 
mid-term mortality is beyond all questions. However, the 
distinct incidence and impact as well as the identification 
of risk factors are still matter of debate. The lack of 
standardization with regard to the definition of AKI in 
current studies complicates interpretation. Therefore, the 
updated VARC-2 criteria including the different stages of 
AKI should serve as the standard definition for AKI after 
TAVI in future studies including an observational period 
of 7 days after the procedure. Moreover, it would be 
favorable to analyze detailed procedural information such 
as duration of rapid pacing, predilatation of aortic annulus, 
intraoperative hypotension, perioperative inotropic 
support etc. to perform a sophisticated analysis with regard 
to possible risk factors to identify periprocedural changes 
that may contribute to renal insult. Beside the pure 
outcome analysis, a gain of experience and information 
concerning the side effects of TAVI is needed to fully 
understand the role of AKI after TAVI and to identify 
outcome predictors.

With regard to the presented data, it can be summarized 
that predominant PAOD and RBC transfusion during 
or after the procedure most obviously contribute to the 
development of AKI after TAVI. The impact of the applied 
contrast agent is still a matter of debate. However, with 
regard to the underlying pathophysiological mechanisms 
especially in older and fragile TAVI patients, attention 
should be drawn to every periprocedural aspect to protect 
these patients from renal damage. Prehydration, reduction 
of contrast administration, critical revision of the indication 
for blood transfusion, careful fluid management and 
avoidance of nephrotoxic drugs are important to optimize 
patients’ outcome. Having in mind, that severe AKI has been 
identified as the strongest predictor for 30-day mortality and 
as an important determinant for midterm mortality, even the 
pre- and postprocedural therapy must be taken into account 
and requires dedicated care in specialized centers.

In addition, further insight will improve patient selection 
and facilitate preoperative decision making concerning to 
the optimal approach (surgical aortic valve replacement or 
catheter-based treatment) and the favorable access route 
with regard to the TAVI procedure.
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