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Abstract
Several observational studies have shown that postoperative acute kidney injury (AKI) may significantly worsen the prognosis 
of a transcatheter aortic valve implantation (TAVI). The purpose of this systematic review and meta-analysis is to evaluate 
the recent evidence on the impact of AKI on clinical outcomes following TAVI. A comprehensive search in PubMed, Embase 
and the Cochrane Library was performed for relevant studies by two independent investigators. We pooled the odds ratio (OR) 
from individual studies, and performed heterogeneity, quality assessment and publication bias analysis. Forty-three eligible 
studies comprising 544,112 patients were included. Postoperative AKI not only significantly increased the risk for short-
term and long-term all-cause mortality (OR 6.25, 95% CI 5.72–6.83, P < 0.00001; OR 3.49, 95% CI 2.78–4.40, P < 0.00001, 
respectively), but also increased the risk for early myocardial infarction (OR 3.98, 95% CI 1.90–8.31, P = 0.0002), major 
and life-threatening bleeding (OR 1.51, 95% CI 1.12–2.03, P = 0.007; OR 2.35, 95% CI 1.80–3.06, P < 0.00001, respec-
tively), major vascular complications (OR 1.69, 95% CI 1.30–2.18, P < 0.0001), need for blood transfusion (OR 2.15, 95% 
CI 1.89–2.46, P < 0.00001) renal replacement therapy (OR 22.36, 95% CI 11.88–42.12, P = 0.0002) and cerebrovascular 
accidents (OR 1.92, 95% CI 1.23–2.98, P = 0.004). Acute kidney injury following TAVI is associated with increased post-
operative mortality and morbidity. Future efforts are required to determine whether early prevention of post-procedural AKI 
after TAVI impacts upon clinical outcomes.
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Introduction

Increasing evidence has shown that transcatheter aortic 
valve implantation (TAVI) is used to treat patients with 
either inoperable aortic stenosis or high risk for surgical 
aortic valve replacement [1]. Though less invasive, TAVI is 
associated with varying degrees of complications that may 
affect outcome. Acute kidney injury (AKI) after TAVI is a 
common complication, with an incidence ranging from 12 to 
57% of the patients undergoing this procedure [2–4].

Currently, the pathophysiologic mechanisms of AKI in 
the setting of TAVI have not been completely elucidated. 
Growing evidence has suggested that several factors, such as 
the amount of contrast medium, perioperative blood transfu-
sion, postoperative severe inflammatory response syndrome 
and hemodynamic changes after TAVI, might play crucial 
roles [5–7]. Moreover, the impact of AKI on short-term and 
long-term postoperative clinical outcomes remains contro-
versial. Previous meta-analysis and reviews conclude that 
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postoperative AKI seems to significantly worsen TAVI prog-
nosis [8].

However, these studies included relatively small popula-
tion sizes and nonconclusive data are available regarding 
postoperative outcomes such as major vascular complica-
tions, need for renal replacement therapy, new pacemaker 
implantation and cerebrovascular accidents. Therefore, to 
confirm whether or not AKI patients have more adverse out-
comes than non-AKI patients after TAVI, we conducted a 
meta-analysis of the existing and up-to-date studies to com-
pare the short-term and long-term adverse cardiovascular 
outcomes between AKI and non-AKI patients after PCI.

Methods

Search strategy

This systematic review and meta-analysis was carried out in 
accordance with the PRISMA guidelines [9]. An electronic 
search of the PubMed, Embase and Cochrane Library data-
bases was conducted from inception to May 2018 with no 
language restrictions. The following key words and medical 
subject heading terms searched were applied: (transcath-
eter aortic valve implantation OR transcatheter aortic valve 
replacement OR TAVI OR TAVR) AND (acute kidney 
injury OR chronic kidney disease OR renal dysfunction OR 
renal failure). A manual search of additional articles was 
carried out using references from comparable articles and 
published reviews to seek potentially relevant citations.

Study selection

Two independent investigators (M.M and G.WD) performed 
the initial screening of titles and abstracts. Full-length 
articles of identified studies were retrieved. Studies were 
included if they (1) investigated clinical outcomes after 
TAVI in patients with postoperative AKI; (2) had availability 
of data of outcomes, or data regarding clinical events from 
which it could be calculated. Studies were excluded if they 
were (1) abstracts, letters, conferences, editorials or reviews 
or (2) duplicate publications. Decisions were made regarding 
eligibility according to pre-specified selection criteria. Any 
differing decision was resolved by consensus or discussion 
with the third investigator (G.YF).

Data extraction and quality assessment

Two main investigators (M.M and G.WD) independently 
extracted the data and reached a consensus on all items. 
The following items were extracted from each study if 
the available: name of the first author, the year of pub-
lication, study design, region, number of participants, Ta
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age of patients, percentage of male participants, valve 
type, access, logistic EuroSCORE, outcomes of interest, 
OR and 95% CI and follow-up duration. The primary 
end points were short-term (in-hospital or 30 days) and 
long-term (more than 6 months) all-cause mortality. Sec-
ondary end points of interest include cerebrovascular 
accidents (CVA), myocardial infarction, bleeding (major 
or life threatening), need for red blood cell transfusions, 
need for postprocedural renal replacement therapy 
(RRT), need for postprocedural pacemaker implantation, 
amount of contrast dye administration and in-hospital 
length of stay. A quality assessment of each selected 
study was performed by two investigators (G.YF and 
W.YS) using a nine-item Newcastle–Ottawa Scale (NOS) 
[10]. A third investigator was consulted for any uncer-
tainty. A total score of ≥ 7 indicated a high-quality study, 
whereas a total score of < 7 was considered to indicate 
a low-quality study.

Statistical analysis

Meta-analysis and statistical analyses were completed 
using the RevMan 5.3 (Cochrane Collaboration) and 
Stata 12.0 (StataCorp). Unadjusted odds ratios (ORs) 
and adjusted hazard ratio (HR) with 95% CIs were used 
as the summary statistic for dichotomous outcomes. For 
continuous outcomes, the summary statistic chosen was 
the mean difference. Cochrane Chi square test (Q test) 
and the I2 statistic were calculated for the detection of 
heterogeneity, with an I2 less than 25%, 25 to 50%, and 
greater than 50% corresponding to low, moderate and high 
heterogeneity, respectively. If I2 was < 50%, a fixed effects 
model was used, while if I2 was > 50%, a random-effect 
model (DerSimonian and Laird) was applied. Sensitiv-
ity analysis was conducted to investigate the influence 
of a single study on overall effect estimate and was car-
ried out by sequentially excluding one study at a time. 
In addition, sensitivity analysis restricted to studies with 
VARC-2 definition of AKI was carried out to provide a 
contemporary picture of the incidence and impact of the 
complication. If substantial heterogeneity was presented 

Fig. 1   Flow diagram of literature search and study selection
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in the meta-analysis, meta-regression for age, gender and 
baseline estimated glomerular filtration rate (eGFR) and 
subgroup analyses were performed to identify the potential 
sources of heterogeneity by study design (retrospective 
compared with prospective studies), region (studies per-
formed in the European countries compared with studies 
performed outside of European countries) and number of 
participants (≤ 200 compared with > 200). Publication bias 
was assessed by Begg’s adjusted rank correlation test and 
Egger’s regression asymmetry test (P < 0.10 was consid-
ered indicative of statistically significant heterogeneity). 
P < 0.05 was considered statistically significant.

Results

Study selection

A total of 2984 publications were identified through the lit-
erature search, with three studies identified through man-
ual searching of reference lists from these articles. After 
removal of duplicates, a review of the titles and abstracts 
of 2063 articles was conducted. A total of 118 articles were 
obtained and read in full. Of these, a further 75 studies were 
excluded. Methodological details of the search strategy were 
shown in supplementary appendix Table 1. Ultimately, 43 
studies [11–53] that met the inclusion criteria, including 
54,412 patients after TAVI with postprocedural AKI, were 
included (Fig. 1).

Study characteristics and quality assessment

Basic characteristics of the studies are present in Tables 1 
and 2. Included studies consisting of 1953 postoperative 
AKI patients (AKI+) and 7354 non-AKI patients (AKI−) 
after TAVI were published from 2009 through 2016. 25 out 
of 36 studies were conducted in European countries (12 in 
Germany), 5 in America and 6 in other regions. Nineteen 
studies were prospective cohort studies, and 17 studies were 
retrospective cohort studies. Mean patient age was around 
80 years old. All of the included studies were of high quality 
(Table 3), with an average NOS score of eight. 

All‑cause mortality

A total of 35 studies (51,324 patients) report short-term mor-
tality. Patients with AKI experience a significant increase 
of the short-term all-cause mortality compared to non-
AKI patients (OR 6.25, 95% CI 5.72–6.83, P < 0.00,001, 
I2 = 24%) (Fig. 2). Twenty-seven studies including 8037 
patients report long-term mortality. Long-term all-cause AK
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Table 3   Study quality assessment using the Newcastle–Ottawa Scale

First author, 
year of 
publication 
(reference)

Selection Comparabil-
ity

Outcome

Representa-
tiveness of 
exposed 
cohort

Selection of 
nonexposed 
cohort

Ascertain-
ment of 
exposure

Outcome 
of interest 
absent at 
start of study

Assessment 
of outcome

Follow-up 
long enough 
for outcomes 
to occur

Adequacy 
of follow-
up

Total score

Zivkovic 
(2018)

* * * * * * * – – 7

Nijenhuis 
(2018)

* * * * * * * * * 9

Filho (2018) * * * * * * * * * 9
Zaouter 

(2017)
* * * * * * * – – 7

Giannini 
(2017)

* * * * * * * * * 9

Marbach 
(2017)

* * * * * * * – – 7

Gupta (2017) * * * * * * * – – 8
Arsalan 

(2016)
* * * * * * * * – 8

Thong-
prayoon 
(2016)

* * * * * * * – – 7

Meneguz-
Moreno 
(2016)

* * * * * * * * * 9

Giannini 
(2016)

* * * * * * * * * 9

Crowhurst 
(2016)

* * * * * * * – – 7

Dusse (2016) * * * * * * * – – 7
Elmariah 

(2016)
* * * * * * * * * 9

Chatani 
(2015)

* * * * * * * * – 8

Konigstein 
(2015)

* * * * * * * * * 9

Munoz-Gar-
cia (2015)

* * * * * * * * * 9

Rosendael 
(2015)

* * * * * * * – – 7

Voigtländer 
(2015)

* * * * * * * * – 8

Johansson 
(2014)

* * * * * * * * * 9

Barbanti 
(2014)

* * * * * * * * * 9

Sinning 
(2014)

* * * * * * * * * 9

Généreux 
(2013)

* * * * * * * * * 9

Saia (2013) * * * * * * * * * 9
Frerker 

(2013)
* * * * * * * – – 7

Yamamoto 
(2013)

* * * * * * * * * 9
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mortality is significantly increased in AKI patients compared 
to non-AKI patients. The study unadjusted OR is 3.49 (95% 
CI 2.78–4.40, P < 0.00,001, I2 = 64%) (Fig. 3). Additionally, 
adjusted long-term HR is 2.82 (95% CI 2.06–3.86, P < 0.001, 
I2 = 72%) (Fig. 4). Sensitivity analysis suggests that exclu-
sion of any individual study does not significantly change 
the results. Furthermore, sensitivity analysis restricted to 
ten studies with VARC-2 definition of AKI confirms the 
increased short-term and long-term all-cause mortality (OR 
7.97, 95% CI 5.78–11.01, P < 0.00,001, I2 = 37%; OR 4.17, 
95% CI 2.76–6.31, P < 0.00001, I2 = 73%, respectively) 
in patients with AKI. Subgroup analysis by study design, 
region and number of participants does not significantly alter 
the overall effect estimates. Meta-regression was performed 
to examine the following potential confounders: age, gender 

and baseline eGFR. These potential confounders are not able 
to explain the observed heterogeneity (all P > 0.05).

Cerebrovascular accidents

Secondary outcomes are presented in Table 4. Eleven arti-
cles (3885 patients) report data regarding cerebrovascular 
accidents including stroke. AKI patients have a significant 
increase of stroke compared to non-AKI patients (OR 1.92, 
95% CI 1.23–2.98, P = 0.001, I2 = 28%). Sensitivity analy-
sis restricted to six studies with VARC-2 definition of AKI 
shows patients with AKI to be significantly associated with 
increased cerebrovascular accidents (OR 2.99, 95% CI 
1.63–5.48, P = 0.0004, I2 = 36%).

Table 3   (continued)

First author, 
year of 
publication 
(reference)

Selection Comparabil-
ity

Outcome

Representa-
tiveness of 
exposed 
cohort

Selection of 
nonexposed 
cohort

Ascertain-
ment of 
exposure

Outcome 
of interest 
absent at 
start of study

Assessment 
of outcome

Follow-up 
long enough 
for outcomes 
to occur

Adequacy 
of follow-
up

Total score

Goebel 
(2013)

* * * * * * * – – 7

Keleş (2013) * * * * * * * * – 8
Pilgrim 

(2012)
* * * * * * * – – 7

Alassar 
(2012)

* * * * * * * * – 8

Barbash 
(2012)

* * * * * * * – – 7

Gebauer 
(2012)

* * * * * * * – – 7

Khawaja 
(2012)

* * * * * * * * * 9

Kong (2012) * * * * * * * * – 8
Nuis (2012) * * * * * * * * * 9
Wessely 

(2012)
* * * * * * * – – 7

Elhmidi 
(2011)

* * * * * * * – – 7

Nuis (2011) * * * * * * * * * 9
Linden 

(2011)
* * * * * * * * * 9

Bagur (2010) * * * * * * * – – 7
Sinning 

(2010)
* * * * * * * * * 9

Strauch 
(2010)

* * * * * * * – – 7

Aregger 
(2009)

* * * * * * * – – 7

Asterisks are the star ratings per the Newcastle–Ottawa Scale. * and ** indicates the highest ratings for these categories
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Myocardial infarction

Myocardial infarction after TAVI was reported in six stud-
ies. AKI patients suffer a significant increase of myocardial 
infarction compared to non-AKI patients (OR 3.98, 95% CI 
1.90–8.31, P = 0.0002; I2 = 0%). Sensitivity analysis indi-
cates that exclusion of any individual study does not signifi-
cantly alter the results.

Need for renal replacement therapy and contrast 
dye volume

Pooled analysis of nine studies conclude that AKI patients 
have a significant higher risk for the need for postoperative 
renal replacement therapy compared to non-AKI. The over-
all OR is 22.36 (95% CI 11.88–42.12, P = 0.0002, I2 = 0%). 
No difference in contrast media volume is found between 

patients with and without AKI after TAVI (mean difference 
3.82, 95% CI − 1.34 to 8.98, P = 0.15, I2 = 69%).

Bleeding and need for transfusion

AKI patients experience a significant increase of major 
bleeding as well as life-threatening bleeding compared to 
non-AKI patients (OR1.51, 95% CI 1.12–2.03, P = 0.007, 
I2 = 51%; OR 2.35, 95% CI 1.80–3.06, P < 0.00001, I2 = 36%, 
respectively). Sensitivity analysis restricted to six stud-
ies with VARC-2 definition of AKI suggests that patients 
with AKI are significantly associated with increased risk 
for life-threatening bleeding (OR 2.06, 95% CI 1.20–3.56, 
P = 0.009, I2 = 1%), but not for major bleeding (OR 1.96, 
95% CI 0.82–4.68, P = 0.13, I2 = 71%). In addition, 24 arti-
cles (7262 patients) report data regarding blood transfu-
sion. Compared to non-AKI patients, AKI patients have a 

Fig. 2   Forest plots for odds ratio of short-term mortality in AKI patients after TAVI
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significant increase in the need for red blood cell transfu-
sion (OR 2.15, 95% CI 1.89–2.46, P < 0.00001, I2 = 35%). 
Sensitivity analysis restricted to nine studies with VARC-2 
definition of AKI also indicates that patients with AKI have 
a significantly higher risk for blood transfusion require-
ment compared with non-AKI patients (OR 1.92, 95% CI 
1.57–2.34, P < 0.00001, I2 = 45%).

Pacemaker implantation

Six studies enrolling 2183 patients show a non-significant 
need for postprocedural pacemaker implantation associated 
with AKI patients (OR 1.05; 95% CI 0.79–1.38, P = 0.75, 
I2 = 22%).

Major vascular complications

A total of ten studies (3544 patients) report major vascular 
complications. AKI patients have a significant increase of 
major vascular complications compared to non-AKI patients 

after TAVI (OR 1.69, 95% CI 1.30–2.18, P < 0.0001, 
I2 = 17%). However, sensitivity analysis restricted to five 
studies with VARC-2 definition of AKI finds no difference 
in risk for major vascular complications between the two 
groups (OR 1.28, 95% CI 0.83–1.99, P = 0.26, I2 = 26%).

Publication bias

Egger’s or Begg’s test do not reveal significant publication 
bias in the analysis of short-term mortality (Egger P = 0.99 
and Begg P = 0.39), long-term mortality (Egger P = 0.12 and 
Begg P = 0.18) or secondary outcomes.

Discussion

The meta-analysis demonstrates that patients with AKI after 
TAVI have a significant increase of short- and long-term 
all-cause mortality. In addition, major and life-threatening 
bleeding, myocardial infarction, need for transfusion and 

Fig. 3   Forest plots for odds ratio of long-term mortality in AKI patients after TAVI
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renal replacement therapy, cerebrovascular accidents, major 
vascular complications, hospital length of stay and contrast 
medium are all significantly increased in AKI patients. 
Moreover, the sensitivity analyses performed including only 
VARC-2 studies does not substantially affect the results.

AKI after surgical aortic valve replacement (SAVR) is a 
frequent complication, with an incidence ranging from 4.1 
to 57.7% [54]. TAVI is an alternative to SAVR in higher-risk 
patients, and will further expand indications to lower-risk 
patients [55, 56]. AKI is a relevant and frequent compli-
cation after TAVI, but less so in TAVI versus SAVR [56].
Similar to AKI following SAVR, the pathogenesis of AKI 
after TAVR is also multifactorial and is often a combination 
of the use of nephrotoxic contrast media or medications, 
hemodynamic instability perioperatively or more specifi-
cally during periods of rapid pacing as well as cholesterol 
atheroembolization to the renal vascular bed from catheter 
insertion through a calcified aorta [57].

The impact of AKI on long-term mortality remains con-
troversial, with some studies suggesting an increased mor-
tality [11, 13, 18, 20], while others show no differences [15, 
23, 27, 33]. Moreover, the impact of AKI on mortality may 
increase with the aggravating severity of AKI. Crowhurst 
and colleagues suggest that AKI mortality rates do increase 
with AKI severity and AKI impacts on mortality only if the 
patient suffers stage 2 or 3 [15]. Other studies also show 

that acute kidney injury, particularly stages 2 and 3, holds 
a strong negative impact on long-term outcome after TAVI 
[24, 27]. The study by Chatani et al. [18] reveals that patients 
with advanced AKI (stages 2 and 3) post-TAVI have a sig-
nificantly higher mortality at 2 years, whereas patients with 
AKI stage 1 have a similar long-term outcome to non-AKI 
patients.

Several studies show similar results with this current 
meta-analysis. The review includes 13 studies with more 
than 1900 patients and shows patients developing AKI after 
TAVI exhibit a two- to sixfold higher mortality rate com-
pared with non-AKI patients, and the 30-day and 1-year 
mortality rates range from 8.8 to 44.4% and 31.5 to 55.5%, 
respectively [58]. Another recent meta-analysis investigat-
ing the predictors and outcome of AKI after TAVI suggests 
that even stage 1 AKI exerts detrimental effects on sur-
vival within 1 year, and AKI is also independently linked 
to mortality beyond 3 years [59]. Moreover, the review by 
Najjar et al. reports that patients who develop AKI after 
TAVR have a mortality rate of 7.8–29%, which is two to 
eight times higher than those who do not suffer from AKI, 
and hospital length of stay is also significantly increased in 
patients with AKI [57]. A prior meta-analysis by Gargiolo 
et al. shows mortality, myocardial infarction and blood trans-
fusion are significantly increased in the AKI group, but no 
statistical difference in stroke, hospitalization and contrast 

Fig. 4   Forest plots for adjusted hazard ratio of long-term mortality in AKI patients after TAVI
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medium received between the AKI and non-AKI group after 
TAVI [8]. However, the present meta-analysis of 36 articles 
recruiting 9307 patients demonstrates a significant increase 
of cerebrovascular accidents, hospitalization and volume of 
contrast dye. AKI after TAVI procedures may be related to 
several causes such as advanced age, comorbidity, bleeding 
and anemia, cholesterol embolization due to the manipula-
tion of large catheters in the aorta of patients with a high 
prevalence of diffuse atherosclerosis, and the complexity 
and length of the procedure (that requires a higher contrast 
dose) [53]. In addition, kidney diseases including AKI are 
associated with impaired primary hemostasis, like platelet 
malfunctions, which contribute to an increased risk of post-
TAVI bleeding and mortality [60, 61]. Patients treated with 
dual antiplatelet therapy or anticoagulant agents peri-TAVI 
are at increased risk of major bleeding [62, 63]. Aspirin 
monotherapy reduces risk of 30 days major vascular compli-
cations and bleedings after TAVI, which are confirmed to be 
independent predictors of 30 days all-cause mortality [63].

Different from other studies, our study has strictly been 
conducted in patients with AKI after TAVI. Besides, sev-
eral studies have assessed the impact of AKI on mortality 
after TAVI, but patients with AKI post-TAVI may have 
more complications with several co-morbidities, and newly 
published studies are available; hence, we have conducted a 
comprehensive meta-analysis regarding postoperative out-
comes besides mortality. We find that the baseline eGFR 
does not have an effect in explaining the observed hetero-
geneity in the outcomes. This does not mean that baseline 
eGFR does not impact upon AKI. Indeed, it is well known 

from previous evidence that eGFR, even moderate, has an 
impact on outcomes, including AKI after TAVI.

Limitations

There are several limitations to consider when interpreting 
the results of the present study. Firstly, the observational 
studies enrolled in this meta-analysis each have their inher-
ent limitations, such as design bias, selection bias and treat-
ment bias. Although randomized clinical trials are the most 
persuasive evidence, they recruit few patients and often 
cannot represent the real-world subjects. Hence, our sys-
tematic review and meta-analysis shed light on the clinical 
outcomes that may be observed in everyday clinical prac-
tice. Second, significant between-studies heterogeneity in 
terms of the effect sizes of several end points are observed 
in this study and have used a random-effect model for these 
results. This could be a limitation in this study. While we did 
perform appropriate statistical analysis including subgroup 
analysis and meta-regression to assess sources of heteroge-
neity, the bias caused by the influence of unmeasured con-
founders could not be eliminated. In addition to that we used 
summarized published event rates for each study instead 
of patient-level data, which is subject to confounding and 
selection bias. An additional caveat is that, as some studies 
suggest, the incidence of postoperative clinical outcomes 
may increase with AKI severity, and we could not analyze 
the impact of different stages of AKI on the prognosis in 
AKI patients after TAVI because few studies provide related 
data for calculation.

Table 4   Summary of primary and secondary outcomes in patients after TAVI

AKI acute kidney injury, MD mean difference, OR odds ratio, CI confidence interval, NA not applicable

End points Studies AKI+ AKI− Overall effect Heterogeneity P

Events Total Events Total MD OR 95% CI P value I2%

Primary outcomes
 Short-term mortality 35 1229 9526 1018 41,798 NA 6.25 5.72–6.83 < 0.00001 24 0.11
 Long-term mortality 27 632 1757 1024 6280 NA 3.49 2.78–4.40 < 0.00001 64 < 0.00001

Secondary outcomes
 Cerebrovascular accident 11 31 723 82 3162 NA 1.92 1.23–2.98 0.004 30 0.16
 Myocardial infarction 6 14 471 17 1962 NA 3.98 1.9–8.31 0.0002 0 0.95
 Blood transfusion 24 606 1472 1509 5790 NA 2.15 1.89–2.46 < 0.00001 35 0.05
 Major bleeding 12 244 945 726 4224 NA 1.51 1.12–2.03 0.007 51 0.02
 Life-threatening bleeding 11 99 795 187 3319 NA 2.35 1.80–3.06 < 0.00001 36 0.11
 Major vascular complications 10 102 707 242 2837 NA 1.69 1.30–2.18 < 0.0001 17 0.29
 Pacemaker implantation 6 80 402 319 1781 NA 1.05 0.79–1.38 0.75 22 0.75
 Renal replacement therapy 9 67 409 18 1244 NA 22.36 11.88–42.12 < 0.00001 0 0.54
 Hospital stay, day 14 NA 736 NA 2808 4.27 NA 3.03–5.51 < 0.0001 96 < 0.0001
 Contrast dye volume 27 NA 1630 NA 6951 3.82 NA − 1.34 to 8.98 0.15 69 < 0.00001
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Conclusions

Acute kidney injury following TAVI is associated with 
increased postoperative mortality and morbidity. Future 
efforts are required to determine whether early prevention 
of post-procedural AKI after TAVI impacts upon clinical 
outcomes.

Acknowledgments  This work was partly supported by the Applied and 
Fundamental Study of Sichuan Province (No.2017JY0026).

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Statement of human and animal rights  This article does not contain 
any studies with human participants or animals performed by any of 
the authors.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Smith CR, Leon MB, Mack MJ et al (2011) Transcatheter ver-
sus surgical aortic-valve replacement in high-risk patients. s 
364:2187–2198

	 2.	 Leon MB, Smith CR, Mack M et al (2010) Transcatheter aor-
tic-valve implantation for aortic stenosis in patients who cannot 
undergo surgery. N Engl J Med 363:1597–1607

	 3.	 Bagur R, Webb JG, Nietlispach F et al (2010) Acute kidney injury 
following transcatheter aortic valve implantation: predictive fac-
tors, prognostic value, and comparison with surgical aortic valve 
replacement. Eur Heart J 31:865–874

	 4.	 Elhmidi Y, Bleiziffer S, Piazza N et al (2011) Incidence and pre-
dictors of acute kidney injury in patients undergoing transcatheter 
aortic valve implantation. Am Heart J 161:735–739

	 5.	 Nuis RJ, Van Mieghem NM, Tzikas A et al (2011) Frequency, 
determinants, and prognostic effects of acute kidney injury 
and red blood cell transfusion in patients undergoing tran-
scatheter aortic valve implantation. Catheter Cardiovasc Interv 
77:881–889

	 6.	 Van Linden A, Kempfert J, Rastan AJ et al (2011) Risk of acute 
kidney injury after minimally invasive transapical aortic valve 
implantation in 270 patients. Eur J Cardiothorac Surg 39:835–842

	 7.	 Sinning JM, Scheer AC, Adenauer V et  al (2012) Systemic 
inflammatory response syndrome predicts increased mortality in 
patients after transcatheter aortic valve implantation. Eur Heart J 
33:1459–1468

	 8.	 Gargiulo G, Sannino A, Capodanno D et al (2015) Impact of post-
operative acute kidney injury on clinical outcomes after transcath-
eter aortic valve implantation: a meta-analysis of 5,971 patients. 
Catheter Cardiovasc Interv 86:518–527

	 9.	 Liberati A, Altman DG, Tetzlaff J et al (2009) The PRISMA 
statement for reporting systematic reviews and meta-analyses of 
studies that evaluate health care interventions: explanation and 
elaboration. J Clin Epidemiol 62:e1–e34

	10.	 Wells GA, Shea B, O’Connell D et al. The Newcastle-Ottawa 
scale (NOS) for assessing the quality if nonrandomized studies in 

meta-analyses. Ottawa: Dept of Epidemiology and Community 
Medicine, University of Ottawa; http://www.ohri.ca/progr​ams/
clini​cal_epide​miolo​gy/oxfor​d.htm. Accessed on 8 Jan 2017

	11.	 Arsalan M, Squiers JJ, Farkas R et al (2016) Prognostic usefulness 
of acute kidney injury after transcatheter aortic valve replacement. 
Am J Cardiol 117:1327–1331

	12.	 Thongprayoon C, Cheungpasitporn W, Srivali N et al (2016) Inci-
dence and risk factors of acute kidney injury following transcath-
eter aortic valve replacement. Nephrol (Carlton) 21:1041–1046

	13.	 Meneguz-Moreno RA, Ramos AI et al (2017) Prognostic value 
of renal function in patients with aortic stenosis treated with tran-
scatheter aortic valve replacement. Catheter Cardiovasc Interv 
89:452–459

	14.	 Giannini F, Latib A, Jabbour RJ et al (2016) Impact of post-pro-
cedural hyperglycemia on acute kidney injury after transcatheter 
aortic valve implantation. Int J Cardiol 221:892–897

	15.	 Crowhurst JA, Savage M, Subban V et al (2016) Factors contribut-
ing to acute kidney injury and the impact on mortality in patients 
undergoing transcatheter aortic valve replacement. Heart Lung 
Circ 25:282–289

	16.	 Dusse F, Edayadiyil-Dudásova M, Thielmann M et al (2016) Early 
prediction of acute kidney injury after transapical and transaortic 
aortic valve implantation with urinary G1 cell cycle arrest bio-
markers. BMC Anesthesiol 16:76

	17.	 Elmariah S, Farrell LA, Daher M et al (2016) Metabolite profiles 
predict acute kidney injury and mortality in patients undergo-
ing transcatheter aortic valve replacement. J Am Heart Assoc 
5:e002712

	18.	 Chatani K, Abdel-Wahab M, Wübken-Kleinfeld N et al (2015) 
Acute kidney injury after transcatheter aortic valve implanta-
tion: impact of contrast agents, predictive factors, and prognostic 
importance in 203 patients with long-term follow-up. J Cardiol 
66:514–519

	19.	 Konigstein M, Ben-Assa E, Banai S et al (2015) Periprocedural 
bleeding, acute kidney injury, and long-term mortality after tran-
scatheter aortic valve implantation. Can J Cardiol 31:56–62

	20.	 Muñoz-García AJ, Muñoz-García E, Jiménez-Navarro MF et al 
(2015) Clinical impact of acute kidney injury on short- and long-
term outcomes after transcatheter aortic valve implantation with 
the CoreValve prosthesis. J Cardiol 66:46–49

	21.	 van Rosendael PJ, Kamperidis V, van der Kley F et al (2015) 
Atherosclerosis burden of the aortic valve and aorta and risk of 
acute kidney injury after transcatheter aortic valve implantation. 
J Cardiovasc Comput Tomogr 9:129–138

	22.	 Voigtländer L, Schewel J, Martin J et al (2015) Impact of kid-
ney function on mortality after transcatheter valve implantation 
in patients with severe aortic valvular stenosis. Int J Cardiol 
178:275–281

	23.	 Johansson M, Nozohoor S, Bjursten H et al (2014) Acute kid-
ney injury assessed by cystatin C after transcatheter aortic valve 
implantation and late renal dysfunction. J Cardiothorac Vasc 
Anesth 28:960–965

	24.	 Barbanti M, Latib A, Sgroi C et al (2014) Acute kidney injury 
after transcatheter aortic valve implantation with self-expanding 
corevalve prosthesis: results from a large multicentre italian 
research project. EuroIntervention 10:133–140

	25.	 Sinning JM, Adenauer V, Scheer AC et al (2014) Doppler-based 
renal resistance index for the detection of acute kidney injury and 
the non-invasive evaluation of paravalvular aortic regurgitation 
after transcatheter aortic valve implantation. EuroIntervention 
9:1309–1316

	26.	 Genereux P, Kodali SK, Green P et al (2013) Incidence and effect 
of acute kidney injury after transcatheter aortic valve replacement 
using the new valve academic research consortium criteria. Am J 
Cardiol 111:100–105

http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm


175Internal and Emergency Medicine (2019) 14:161–175	

1 3

	27.	 Saia F, Ciuca C, Taglieri N et al (2013) Acute kidney injury fol-
lowing transcatheter aortic valve implantation: incidence, predic-
tors and clinical outcome. Int J Cardiol 168:1034–1040

	28.	 Frerker C, Schewel D, Kuck KH et al (2013) Ipsilateral arterial 
access for management of vascular complication in transcatheter 
aortic valve implantation. Catheter Cardiovasc Interv 81:592–602

	29.	 Yamamoto M, Hayashida K, Mouillet G et al (2013) Renal func-
tion-based contrast dosing predicts acute kidney injury following 
transcatheter aortic valve implantation. JACC Cardiovasc Interv 
6:479–486

	30.	 Goebel N, Baumbach H, Ahad S et al (2013) Transcatheter aor-
tic valve replacement: does kidney function affect outcome? Ann 
Thorac Surg 96:507–512

	31.	 Keles T, Ayhan H, Durmaz T et al (2013) Improvement in renal 
functions with transcatheter aortic valve implantation. J Geriatr 
Cardiol 10:317–322

	32.	 Pilgrim T, Stortecky S, Luterbacher F et al (2013) Transcatheter 
aortic valve implantation and bleeding: incidence, predictors and 
prognosis. J Thromb Thrombolysis 35:456–462

	33.	 Alassar A, Roy D, Abdulkareem N et al (2012) Acute kidney 
injury after transcatheter aortic valve implantation: incidence, risk 
factors, and prognostic effects. Innovations (Phila) 7:389–393

	34.	 Barbash IM, Ben-Dor I, Dvir D et al (2012) Incidence and predic-
tors of acute kidney injury after transcatheter aortic valve replace-
ment. Am Heart J 163:1031–1036

	35.	 Gebauer K, Diller GP, Kaleschke G et al (2012) The risk of acute 
kidney injury and its impact on 30-day and long-term mortal-
ity after transcatheter aortic valve implantation. Int J Nephrol 
2012:483748

	36.	 Khawaja MZ, Thomas M, Joshi A et al (2012) The effects of 
VARC-defined acute kidney injury after transcatheter aortic valve 
implantation (TAVI) using the Edwards bioprosthesis. EuroInter-
vention 8:563–570

	37.	 Kong WY, Yong G, Irish A (2012) Incidence, risk factors and 
prognosis of acute kidney injury after transcatheter aortic valve 
implantation. Nephrology (Carlton) 17:445–451

	38.	 Nuis RJ, Rodes-Cabau J, Sinning JM et al (2012) Blood transfu-
sion and the risk of acute kidney injury after transcatheter aortic 
valve implantation. Circ Cardiovas Interv 5:680–688

	39.	 Wessely M, Rau S, Lange P et al (2012) Chronic kidney disease 
is not associated with a higher risk for mortality or acute kidney 
injury in transcatheter aortic valve implantation. Nephrol Dial 
Transpl 27:3502–3508

	40.	 Elhmidi Y, Bleiziffer S, Piazza N et al (2011) Incidence and pre-
dictors of acute kidney injury in patients undergoing transcatheter 
aortic valve implantation. Am Heart J 161:735–739

	41.	 Nuis RJ, Van Mieghem NM, Tzikas A et al (2011) Frequency, 
determinants, and prognostic effects of acute kidney injury and red 
blood cell transfusion in patients undergoing transcatheter aortic 
valve implantation. Catheter Cardiovasc Interv 77:881–889

	42.	 Van Linden A, Kempfert J, Rastan AJ et al (2011) Risk of acute 
kidney injury after minimally invasive transapical aortic valve 
implantation in 270 patients. Eur J Cardiothorac Surg 39:835–842

	43.	 Bagur R, Webb JG, Nietlispach F et al (2010) Acute kidney injury 
following transcatheter aortic valve implantation: predictive fac-
tors, prognostic value, and comparison with surgical aortic valve 
replacement. Eur Heart J 31:865–874

	44.	 Sinning JM, Ghanem A, Steinhauser H et al (2010) Renal func-
tion as predictor of mortality in patients after percutaneous tran-
scatheter aortic valve implantation. JACC Cardiovasc Interv 
3:1141–1149

	45.	 Strauch JT, Scherner MP, Haldenwang PL et al (2010) Minimally 
invasive transapical aortic valve implantation and the risk of acute 
kidney injury. Ann Thorac Surg 89:465–470

	46.	 Aregger F, Wenaweser P, Hellige GJ et al (2009) Risk of acute 
kidney injury in patients with severe aortic valve stenosis 

undergoing transcatheter valve replacement. Nephrol Dial Transpl 
24:2175–2179

	47.	 Nunes Filho ACB, Katz M, Campos CM et al (2018) Impact of 
acute kidney injury on short- and long-term outcomes after tran-
scatheter aortic valve implantation. Rev Esp Cardiol (Engl Ed). 
https​://doi.org/10.1016/j.rec.2017.11.024

	48.	 Nijenhuis VJ, Peper J, Vorselaars VMM et al (2018) Prognostic 
value of improved kidney function after transcatheter aortic valve 
implantation for aortic stenosis. Am J Cardiol 121:1239–1245

	49.	 Zivkovic N, Elbaz-Greener G, Qiu F et al (2018) Bedside risk 
score for prediction of acute kidney injury after transcatheter aor-
tic valve replacement. Open Heart 5:e000777

	50.	 Zaouter C, Priem F, Leroux L et al (2017) New markers for early 
detection of acute kidney injury after transcatheter aortic valve 
implantation. Anaesth Crit Care Pain Med 37:319–326

	51.	 Gupta T, Goel K, Kolte D et al (2017) Association of chronic 
kidney disease with in-hospital outcomes of transcatheter aortic 
valve replacement. JACC Cardiovasc Interv 10:2050–2060

	52.	 Marbach JA, Feder J, Yousef A et al (2017) Predicting acute kid-
ney injury following transcatheter aortic valve replacement. Clin 
Invest Med 40:E243–E251

	53.	 Giannini F, Latib A, Jabbour RJ et al (2017) The ratio of contrast 
volume to glomerular filtration rate predicts acute kidney injury 
and mortality after transcatheter aortic valve implantation. Car-
diovasc Revasc Med 18:349–35554 (Latib A, Maisano F)

	54.	 Bertoldi L et al (2012) Transcatheter vs surgical aortic valve 
replacement in intermediate-surgical-risk patients with aortic ste-
nosis: a propensity score-matched case-control study. Am Heart J 
164:910–917

	55.	 Baumgartner H, Falk V, Bax JJ et al (2017) 2017 ESC/EACTS 
Guidelines for the management of valvular heart disease. Eur 
Heart J 38:2739–2791

	56.	 Gargiulo G, Sannino A, Capodanno D et al (2016) Transcatheter 
aortic valve implantation versus surgical aortic valve replace-
ment: a systematic review and meta-analysis. Ann Intern Med 
165:334–344

	57.	 Najjar M, Salna M, George I (2015) Acute kidney injury after 
aortic valve replacement: incidence, risk factors and outcomes. 
Expert Rev Cardiovasc Ther 13:301–316

	58.	 Elhmidi Y, Bleiziffer S, Deutsch MA et al (2014) Acute kid-
ney injury after transcatheter aortic valve implantation: inci-
dence, predictors and impact on mortality. Arch Cardiovasc Dis 
107:133–139

	59.	 Liao YB, Deng XX, Meng Y et al (2017) Predictors and outcome 
of acute kidney injury after transcatheter aortic valve implanta-
tion: a systematic review and meta-analysis. EuroIntervention 
12:2067–2074

	60.	 Moretti C, D’Amico M, D’Ascenzo F, Colaci C, Salizzoni S, Tam-
burino C et al (2014) Impact on prognosis of periprocedural bleed-
ing after TAVI: mid-term follow-up of a multicenter prospective 
study. J Interv Cardiol 27:293–299. https​://doi.org/10.1111/
joic.12115​ PMID: 24701998

	61.	 Soslau G, Brodsky I, Putatunda B, Parker J, Schwartz AB (1990) 
Selective reduction of serotonin storage and ATP release in 
chronic renal failure patients platelets. Am J Hematol 35:171–178 
PMID: 2220759

	62.	 Sciascia S, Radin M, Schreiber K et al (2017) Chronic kidney 
disease and anticoagulation: from vitamin K antagonists and 
heparins to direct oral anticoagulant agents. Intern Emerg Med 
12:1101–1108

	63.	 D’Ascenzo F, Benedetto U, Bianco M et al (2017) Which is the 
best anti-aggregant or anti-coagulant therapy after TAVI? A pro-
pensity matched analysis from the ITER registry. The manage-
ment of DAPT after TAVI. EuroIntervention 13:e1392–e1400

https://doi.org/10.1016/j.rec.2017.11.024
https://doi.org/10.1111/joic.12115
https://doi.org/10.1111/joic.12115

	Clinical effects of acute kidney injury after transcatheter aortic valve implantation: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Search strategy
	Study selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study selection
	Study characteristics and quality assessment
	All-cause mortality
	Cerebrovascular accidents
	Myocardial infarction
	Need for renal replacement therapy and contrast dye volume
	Bleeding and need for transfusion
	Pacemaker implantation
	Major vascular complications
	Publication bias

	Discussion
	Limitations
	Conclusions
	Acknowledgments 
	References




