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Abstract 

Objective: This study aimed to determine if contrast medium volume (CMV) is a risk factor for acute kidney injury 
(AKI) during transcatheter aortic valve implantation (TAVI) via a transfemoral approach performed without major 
complications. All TAVI procedures performed at our institution between March 2014 and March 2018 were retrospec-
tively reviewed. AKI was diagnosed using the Acute Kidney Injury Network classification based on the Valve Academic 
Research Consortium-2 definition. Procedures performed via a transapical approach and those in which circulatory 
dynamics failed intraoperatively were excluded.

Results: Eighty-one (96.4%) of 100 patients scheduled for TAVI were enrolled; seven (8.6%) developed AKI and 74 
(91.4%) did not. The serum creatinine (SCr) level was significantly higher (p < 0.05) and the estimated glomerular filtra-
tion rate was significantly lower in the AKI group (p < 0.05). The CMV was significantly higher in the AKI group (103 ml 
vs 84 ml, p < 0.05), as was the CMV × SCr/BW value (3.34 vs 1.49, p < 0.01). The area under the curve for CMV × SCr/BW 
was 0.9228 and the cut-off value was 2.99. The CMV, SCr, and estimated glomerular filtration rate affect the likelihood 
of AKI after transfemoral TAVI and a CMV × SCr/BW value > 2.99 accurately predicts AKI.

Keywords: Transfemoral transcatheter aortic valve implantation, Acute kidney injury, Serum creatinine, Contrast 
medium

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
Acute kidney injury (AKI) occurs in up to 30% of cases 
after cardiac surgery [1]. AKI after conventional cardiac 
surgery or percutaneous coronary intervention is associ-
ated with prolonged hospitalisation and increased mor-
tality [2–6]. AKI can be caused by nephrotoxins, hypoxia, 

mechanical trauma, inflammation, cardiopulmonary 
bypass, and hemodynamic instability, and the risk of its 
occurrence may be affected by the choice of fluids, vas-
oactive agents, and transfusion strategy [7]. Contrast-
induced nephropathy (CIN) is a type of AKI that occurs 
after administration of contrast medium and is usually 
reversible. The pathogenesis of CIN is uncertain but is 
thought to involve hypoxic injury and generation of free 
radicals [8]. The contrast medium volume (CMV) is con-
sidered to be a major risk factor for AKI [9–14]. Sev-
eral studies have demonstrated an association between 
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a CMV × serum creatinine (SCr)/body weight (BW) 
value > 5.0 and an increased risk of AKI or need for dialy-
sis after percutaneous coronary intervention [11–14].

Transcatheter aortic valve implantation (TAVI) is pre-
ferred in patients with severe aortic stenosis who are not 
surgical candidates; however, AKI reportedly occurs in 
8.3–58% of cases [15–21]. Predictors of AKI after TAVI 
include the baseline creatinine concentration [19, 22, 23], 
blood transfusion [15, 24], a transapical (TA) approach 
[21, 25], peripheral vascular disease [26], the EuroSCORE 
(Logistic European System for Cardiac Operative Risk 
Evaluation) [24], diabetes mellitus [23, 26] and use of a 
contrast agent [27]. However, the impact of CMV on the 
risk of AKI after TAVI remains controversial; although 
most studies have not shown a significant effect [15, 16, 
19, 21, 28, 29], there are data suggesting that a higher 
dose might have a negative impact [30]. There are several 
explanations for these conflicting findings. First, the defi-
nition of AKI in studies of AKI after TAVI lacks stand-
ardisation [31] and second, most studies have included 
the TA approach, which is a known risk factor for AKI 
after TAVI [15, 17, 21, 25]. In this analysis of the influ-
ence of renal function-based contrast dosing on the risk 
of AKI, defined according to the VARC-2 criteria [32], we 
only included patients in whom transfemoral (TF) TAVI 
had been performed and who did not have major periop-
erative complications.

Main text
Study population
Patients who underwent transfemoral TAVI for severe 
aortic valve stenosis at our institution between March 
2014 and March 2018 were considered for enrolment. 
Patients who underwent TA or trans-subclavian TAVI 
were excluded, as were those who developed major perio-
perative complications. The study protocol was approved 
by our institutional review board. The requirement for 
informed consent was waived.

TAVI procedures
The procedures were performed in a hybrid operating 
room under general anaesthesia. Transarterial access was 
established percutaneously or after surgical cut-down. A 
self-expanding valve prosthesis (Core-Valve, Medtronic 
Inc., Minneapolis, MN) or a balloon-expandable prosthe-
sis (Edwards SAPIEN, Edwards Lifesciences, Irvine, CA) 
was used. Rapid right ventricular pacing was performed 
during balloon dilation for a native aortic valve and at 
the time of implantation for a balloon-expandable bio-
prosthetic valve. The position of the prosthetic valve was 
decided according to the intraoperative multislice com-
puted tomographic findings. The contrast agent used was 
Iopamidol, which is iodinated and non-ionic and has low 

osmolarity. All patients were extubated within 6 h of the 
procedure.

Definitions and collection of data
The data collected included age, sex, height, BW, the 
presence of hypertension, hyperlipidaemia, diabetes mel-
litus, peripheral artery disease, cerebrovascular disease, 
prior percutaneous coronary intervention, prior coro-
nary artery bypass grafting, chronic obstructive pulmo-
nary disease, SCr, estimated glomerular filtration rate 
(eGFR), or chronic kidney disease (CKD), STS (Society 
of Thoracic Surgeons Predictive Risk of Mortality) score, 
and Logistic EuroSCORE. The SCr level was measured 
on the day before TAVI and on days 0, 1, 2, 3, 5, and 7 
thereafter. The CMV × SCr/BW values were calculated 
based on the preoperative SCr and BW and the intraop-
erative CMV.

AKI was defined according to the VARC-2 definition 
as an absolute reduction in kidney function (for < 7 days) 
as follows: stage 1, an increase in SCr to 150–199%, an 
increase in SCr of ≥ 0.3 mg/dl, or urine output < 0.5 ml/
kg/h for > 6  h but < 12  h; stage 2, an increase in SCr 
to 200–299% or urine output < 0.5  ml/kg/h for > 12  h 
but < 24  h; stage 3, an increase in SCr to ≥ 300% or 
SCr ≥ 4.0 mg/dl with an acute increase of ≥ 0.5 mg/dl or 
urine output < 0.3 ml/kg/h for ≥ 24 h or anuria for ≥ 12 h. 
Patients receiving renal replacement therapy are consid-
ered to meet the stage 3 criteria. We did not diagnose 
AKI based on urine volume. The patient demographics, 
clinical characteristics, and intraoperative findings were 
compared between the AKI group and the non-AKI 
group.

Statistical analysis
We grouped the patients according to whether they 
developed postoperative AKI and searched for contrib-
uting factors. Categorical variables are presented as the 
frequency and percentage and were compared using the 
chi-square or Fisher’s exact test. The normality of distri-
butions was assessed using the Shapiro–Wilk test; nor-
mal and skewed continuous variables are presented as 
the mean ± standard deviation and median (interquartile 
range), respectively. Continuous variables were compared 
using the Student’s t-test or Mann–Whitney U test.

Univariate logistic regression analysis was used to test 
variables for statistically significant differences. Receiver-
operating characteristic (ROC) curve analyses were used 
to examine the ability of the variables to predict AKI. The 
prediction performance of each variable was examined 
by comparing the area under the ROC curves. All tests 
were two-sided. A p-value < 0.05 was considered statisti-
cally significant. All analyses were performed using JMP 
Pro 13 (SAS Institute Inc., Cary, NC).
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Results
One hundred patients underwent TAVI during the study 
period. The TA or transsubclavian approach was used 
in 16 patients and the TF approach in 84. Three patients 
who underwent TF-TAVI developed intraoperative 
complications and were excluded, leaving data for 81 
patients available for analysis (see Additional file 1: Fig-
ure S1). AKI occurred in 7 (8.6%) of these patients and 
was categorised as grade 1 in 6 (85.7%) and grade 3 in 
one (14.3%). No patient required renal replacement ther-
apy. The baseline characteristics of the non-AKI (n = 74) 
and AKI (n = 7) groups are shown in Table 1. The mean 
age was 84.6 ± 5.1 (range, 64–94) years and 72.8% were 
women. The mean STS score was 6.9% ± 3.7% and the 
mean Logistic EuroSCORE was 18.7% ± 10.9%. There was 
no significant between-group difference in the frequency 
of CKD. The preoperative SCr value was significantly 
higher and the preoperative eGFR was significantly lower 
in the AKI group than in the non-AKI group (1.32 mg/
dl vs 0.87 mg/dl, p = 0.0232, and 29.5 ml/min/1.73 m2 vs 
49.6 ml/min/1.73 m2, p = 0.0395, respectively).

There was no significant between-group difference in 
operating time, anaesthesia time, intraoperative infu-
sion volume, blood loss, urine volume, transfusion vol-
ume, or use of elective percutaneous cardiopulmonary 

support (Table  2). The CMV was significantly higher in 
the AKI group than in the non-AKI group (103  ml vs 
84 ml, p = 0.025), as was the CMV × SCr/BW value (3.34 
vs 1.49, p = 0.0002).

The SCr, eGFR, CMV, and CMV × SCr/BW value were 
included in the logistic regression analysis. The area 
under the ROC curve (see Additional file  2: Figure S2) 
showed that the CMV × SCr/BW value was best able 
to predict AKI, with an area under the curve of 0.9228 
(95% confidence interval 0.650–0.984), a cut-off of 2.99, 
a sensitivity of 85.7%, and a specificity of 90.4%. The area 
under the curve for the CMV × SCr/BW value was signif-
icantly higher than that for the other variables (Table 3).

Discussion
In this study, 7 patients (8.6%) undergoing TF-TAVI for 
severe aortic stenosis developed AKI; 6 (7.4%) had stage 
1 AKI and one (1.2%) had stage 3 AKI according to the 
VARC-2 criteria. No patient needed renal replacement 
therapy. Risk factors for AKI included the SCr, eGFR, 
CMV, and CMV × SCr/BW value. A CMV × SCr/BW 

Table 1 Baseline characteristics of the study population

The data are shown as the mean ± standard deviation, number (percentage), or 
median (interquartile range) as appropriate

AKI: Acute kidney injury; CABG: coronary artery bypass grafting; CKD: 
chronic kidney disease; COPD: chronic obstructive pulmonary disease; CVD: 
cerebrovascular disease; EF: ejection fraction; eGFR: estimated glomerular 
filtration rate; EuroSCORE: European System for Cardiac Operative Risk 
Evaluation; PAD: peripheral artery disease; STS: Society of Thoracic Surgery

Non-AKI (n = 74) AKI (n = 7) p-value

Age, years 85.5 (82–88) 83 (81–86) 0.337

Male sex 19 (25.7%) 3 (42.9%) 0.382

Height, cm 147.8 ± 9.8 150.0 ± 7.0 0.564

Body weight, kg 48.2 ± 10.2 44.3 ± 9.3 0.323

Hypertension 59 (79.7%) 6 (85.7%) 1.000

Hyperlipidaemia 41 (55.4%) 5 (71.4%) 0.693

Diabetes mellitus 13 (17.6%) 2 (28.6%) 0.608

PAD 16 (21.6%) 1 (14.3%) 1.000

CVD 18 (24.3%) 1 (14.3%) 1.000

COPD 23 (31.1%) 3 (42.9%) 0.675

CABG 7 (9.5%) 1 (14.3%) 0.531

PCI 12 (16.2%) 3 (42.9%) 0.114

CKD 57 (77.0%) 6 (85.7%) 1.000

SCr, mg/dl 0.87 (0.72–1.15) 1.32 (0.84–1.67) 0.023

eGFR, mL/min/1.73 m2 49.6 (37.1–60.0) 29.5 (23.2–54.3) 0.039

EF < 40% 7 (9.5%) 1 (14.3%) 0.531

Euro SCORE, % 16.2 (12.1–22.8) 17.4 (8.4–19.2) 0.556

STS score, % 5.7 (4.3–7.6) 8.4 (6.6–10.6) 0.078

Table 2 Perioperative findings in the study population

The data are shown as the number (percentage) or median (interquartile range) 
as appropriate

AKI: Acute kidney injury; BW: body weight; CMV: contrast medium volume; PCPS: 
percutaneous cardiopulmonary support; SCr: serum creatinine

Non-AKI (n = 74) AKI (n = 7) p-value

Operating time (min) 109 (97–131) 121 (108–229) 0.135

Anaesthesia time 
(min)

242 (226–273) 293 (240–339) 0.071

Intraoperative fluids 
(ml)

1832 (1573–2210) 2001 (1612–2312) 1.000

Bleeding (ml) 49 (30–94) 60 (40–100) 0.584

Urine (ml) 700 (395–1243) 500 (330–800) 0.178

Transfusion (ml) 280 (0–560) 280 (280–560) 0.085

CMV (ml) 84 (75–93) 103 (85–121.08) 0.025

CMV × SCr/BW value 1.49 (1.25–2.21) 3.34 (3.00–4.52) 0.0002

Fluoroscopy time 
(min)

30.5 (24.7–38.6) 30.7 (24.8–89.1) 0.602

PCPS 7 (9.46%) 0 (0.0%) 1.000

Table 3 Comparison of areas under the curve

AUC: Area under the curve; BW: body weight; CI: confidence interval; CMV: 
contrast medium volume; eGFR: estimated glomerular filtration rate; SCr: serum 
creatinine

AUC (95% CI) p-value

CMV × SCr/BW value 0.9228 (0.6757–0.9856) Reference

CMV 0.7683 (0.5095–0.9137) 0.0345

SCr 0.7606 (0.5205–0.9029) 0.0230

eGFR 0.7375 (0.4383–0.9100) 0.0193
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value > 2.99 could be considered the threshold value for 
prediction of AKI during TF-TAVI and for intervention.

In 2012, the endpoint definitions in the VARC-2 con-
sensus document were revised [31] to include a recom-
mendation for the Acute Kidney Injury Network criteria 
to add urine output in the definition of AKI and the tim-
ing for diagnosis of postoperative AKI was extended 
from 72  h to 7  days. A recent meta-analysis identified 
New York Heart Association functional class IV, previ-
ous CKD, requirement for red blood cell transfusion, 
previous peripheral artery disease, and a TA approach as 
strong risk factors for AKI after TAVI according to the 
VARC-2 definition [33]. Furthermore, the rate of AKI 
was higher in patients who underwent TA-TAVI than in 
those who underwent TF-TAVI, as reported previously 
[21, 34–37]. Another study identified major bleeding to 
be an important risk factor for AKI and to have a signifi-
cant impact on outcomes [38].

Our rate of AKI following TAVI is consistent with the 
observations of Keles et al. [39] and Konigstein et al. [28], 
who found rates of 7.1% and 16.7% in 70 and 300 patients, 
respectively. The definition of AKI used (VARC-2 cri-
teria) and the ratio of TF procedures (92.9% and 98%, 
respectively) in those studies were very similar to those 
in our study. Consistent with the previous research, 
we found that the baseline SCr, eGFR, CMV, and 
CMV × SCr/BW value predicted AKI. Elhmidi et al. [18] 
and Seiffert et  al. [40] identified a correlation between 
baseline renal function and incidence of AKI after TAVI. 
Furthermore, Van Linden et  al. [27] reported adminis-
tration of a greater amount of contrast medium to be an 
independent risk factor for AKI, while Yamamoto et  al. 
[41] identified a relationship between an increment in 
the dose of contrast medium and an increased prevalence 
of AKI in their series of 415 consecutive patients who 
underwent TF-TAVI.

The CMV × SCr/BW value has been established as 
a criterion for prevention of CIN, and a value > 5.0 was 
shown to predict post-procedural AKI after percuta-
neous coronary intervention [11–14]. In our study, a 
CMV × SCr/BW value > 2.99 was a risk factor for AKI 
after TAVI. The reason why our threshold CMV × SCr/
BW value was smaller than in an earlier coronary angi-
ography study [11] may lie in the difference in the diag-
nostic criteria used for AKI and CIN. The diagnostic 
criterion for CIN is an increase in SCr of > 0.5 mg/dl or an 
increase of > 25% from baseline in the 48–72 h following 
administration of contrast medium [36]. However, the 
definition of AKI in the VARC-2 document is based on 
the Acute Kidney Injury Network classification, i.e., only 
a slight increase in SCr of 0.3 mg/dl is needed to diagnose 
the onset of AKI in patients with normal renal function.

In this study, we excluded patients who underwent TA-
TAVI and those who had massive bleeding or failure of 
circulatory dynamics intraoperatively. For the first time, 
it was possible to identify CMV as a risk factor for AKI 
after TAVI. Furthermore, although the CMV used was 
smaller than that in previous studies, the incidence of 
AKI was comparable. Therefore, renal function and body 
weight should be taken into account when determining 
the CMV in, for example, an elderly patient with a small 
body habitus, which is common in Asian populations. By 
using the CMV × SCr/BW formula, it is possible to deter-
mine the maximum amount of contrast medium that 
can be used on a case-by-case basis according to preop-
erative renal function and BW. By determining the maxi-
mum dose of the contrast agent, the risk of AKI can be 
decreased by limiting the CMV, the dilution factor, and 
the type of contrast agent used. Our findings suggest that 
avoidance of major complications and reducing the CMV 
decreases the risk of AKI after TF-TAVI.

Limitations
This study has several limitations. First, it was small and 
had a retrospective observational design, so our results 
may have been affected by unknown cofounders. Sec-
ond, we did not apply diagnostic criteria based on urine 
output. Therefore, it is possible that the number of cases 
of AKI was underestimated. Third, the long-term renal 
function and outcomes in patients with AKI were not 
investigated. In a previous study, even a small increase 
in the baseline creatinine level after TAVI was associated 
with a worse outcome [25]. The poor prognosis in our 
patients should encourage better patient selection and 
management for prevention of AKI.
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Additional file 1: Figure S1. Flow chart showing patient selection. TA: 
Transapical; TAVI: transcatheter aortic valve implantation; TF: transfemoral; 
TS: transsubclavian. 

Additional file 2: Figure S2. Receiver-operating characteristic curves for 
predicting acute kidney injury after transfemoral transcatheter aortic valve 
implantation. AUC: Area under the curve; BW: body weight; CMV: contrast 
medium volume; Cre: creatinine; eGFR: estimated glomerular filtration 
rate; SCr: serum creatinine.
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