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Abstract

Background: This study aimed to investigate the predictors and prognosis of acute kidney injury (AKI) occurrence among Chinese
patients following left atrial appendage closure (LAAC).Methods: We retrospectively enrolled 512 consecutive patients who underwent
LAAC between January 2014 and December 2019. AKI was clinically defined according to the Kidney Disease Improving Global Out-
comes serum creatinine criteria. Major adverse cardiovascular events were defined as the composite of all-cause mortality, readmission
due to heart failure, cardiac surgery, systemic embolism, or bleeding events. Results: The incidence of AKI was 5.3% and was highest in
patients with chronic kidney disease (CKD) stages 4–5 (25.0%), followed by those with CKD stages 3a–3b (9.1%), and those with CKD
stages 1–2 or without CKD (3.9% only). Multivariate logistic regression showed that lower body mass index (odds ratio [OR] = 0.889;
95% confidence interval [CI], 0.803–0.986; p = 0.017), hypertension (OR = 5.577; 95% CI, 1.267–24.558; p = 0.023), and CKD stages
4–5 (OR = 6.729; 95% CI, 1.566–28.923; p = 0.010) were independent risk factors for AKI development after LAAC. AKI after LAAC
was associated with 3-year major adverse cardiovascular events (33.3% vs. 7.5%, p < 0.001) and all-cause mortality (11.1% vs. 0.9%,
p < 0.001) compared to that in the non-AKI group. Conclusions: AKI is relatively common after LAAC in patients with a baseline
impaired glomerular filtration rate. Moreover, AKI after LAAC is mainly related to increased midterm mortality and morbidity, which
require more strategies for prevention and treatment.
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1. Introduction

Acute kidney injury (AKI) is commonly regarded as
a complication of many cardiac interventions such as per-
cutaneous coronary intervention (PCI) [1] and transcatheter
aortic valve replacement (TAVR) [2]. Left atrial appendage
closure (LAAC) is the recommended alternative for patients
with nonvalvular atrial fibrillation (NVAF) who cannot tol-
erate long-term oral anticoagulation (OAC) treatment [3,4].
Although LAAC is considered a safe and effective proce-
dure, similar to other cardiac interventions that require con-
trast media, patients who undergo LAAC are also at risk
of AKI. Recent studies have shown that in clinical prac-
tice, AKI after LAAC has implicit adverse effects [5,6].
However, knowledge on AKI after LAAC is insufficient,
and data regarding this setting remain inadequate. Further-
more, patients who undergo LAAC operation are mostly the
elderly, with accompanying kidney dysfunction, diabetes,
and chronic cardiopulmonary disease, all of which are risk
factors for AKI [7]. Therefore, this study aimed to inves-

tigate the predictors and prognosis of AKI among Chinese
patients following the LAAC procedure.

2. Materials and Methods
2.1 Study Population

This observational study collected the clinical data of
consecutive patients who underwent LAAC between Jan-
uary 2014 and December 2019. The inclusion criteria were
as follows: diagnosis of paroxysmal or persistent NVAF,
thrombosis risk score (CHA2DS2-VASc) ≥2, complica-
tions with a high bleeding risk (HAS-BLED) score≥3, and
ineligibility for long-termOAC. The exclusion criteria were
as follows: (1) concomitant coronary angiography and in-
terventional therapy for structural heart disease (e.g., heart
defect closure, transcatheter aortic valve replacement, pace-
maker implantation), (2) acute coronary syndrome accom-
panied by decompensated heart failure, (3) left ventricu-
lar ejection fraction (LVEF) ≤30%, (4) thrombosis forma-
tion in the left atrium, and (5) moderate and severe mitral
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valve stenosis. In addition, patients who were transferred to
surgery or died due to complications of LAAC procedures
were also excluded (Fig. 1).

Fig. 1. The flowchart of the study. AKI, acute kidney injury.

Baseline characteristics, including demographics and
complications, LAAC indications, CHA2DS2-VASc and
HAS-BLED risk scores, antithrombotic medications, pro-
cedural details, and clinical and echocardiographic follow-
up events, were collected through the electronic medical
system records, and data were retrospectively analyzed.

2.2 Device and Implanting Procedure

The LAAC device was implanted using a catheter-
based delivery system after atrial septal puncture. Gen-
erally, closure was performed under general anesthesia
and guided by fluoroscopy combined with transesophageal
echocardiography (TEE). Left atrial appendage (LAA) an-
giography was performed 30° right anterior oblique (RAO)
and 20° caudal (CAU) to measure the LAA orifice. The
device was delivered through a catheter and expanded to
close the LAA opening. The device was released after con-
firming its stability without a large residual shunt (≥5 mm).
Two types of occluders were used in our center: the Watch-
man device (Boston Scientific, MA, USA) and a LAm-
bre device (Lifetech Scientific [Shenzhen] Co. Ltd, Shen-
zhen, China). The device selection was mainly based on the
operator’s discretion; however, the LAmbre occluder was
mostly used in patients with complicated LAAmorphology.
Heparin (80–100 IU/kg of body weight) was administered
after atrial septal puncture, with an activated clotting time
ranging from 250 s to 300 s throughout the entire operation.

2.3 Definition of AKI and CKD

AKI was defined based on the change in serum cre-
atinine (SCr) concentration from the baseline to the peak
value measured within 7 days after LAAC. According to
the Kidney Disease Improving Global Outcomes (KDIGO)
guidelines for AKI [8], an increase in SCr concentration by
≥0.3 mg/dL within 48 h or an increase in SCr concentration
to≥1.5 times compared with that of baseline within 7 days
was considered a clinically established diagnosis of AKI.

CKD was diagnosed and staged according to the
KDIGO criteria [9]: (1) regardless of a decreased glomeru-
lar filtration rate (GFR) [10] or kidney damage lasting >3
months as defined by structural or functional abnormalities
of the kidney and (2) GFR <60 mL/min/1.73 m2 that con-
tinued for >3 months, regardless of kidney damage.

2.4 Prevention of AKI in High-Risk Patients

Patients with CKD at baseline received prophylac-
tic intravenous hydration with isotonic saline 12 h before
LAAC and continued for at least 24 h afterwards. Re-
nal function (SCr level and estimate glomerular filtration
rate, eGFR) was monitored daily until the patient was dis-
charged. The physician team will decide whether to use
glutathione or bicarbonate, if necessary. Attention was
paid on perioperative complications, especially the need for
hemodialysis, during hospitalization.

2.5 Postoperative Anticoagulation Strategy

Patient received warfarin with an international nor-
malized ratio (INR) between 2.0–2.5 after LAAC and novel
oral anticoagulants (NOACs) were prescribed for those
with contraindications to warfarin anticoagulation. TEE
was completed 45 days after surgery to determine (>5 mm)
or device-related thrombus (DRT).Warfarin or NOAC ther-
apy was discontinued after confirming the absence of DRT
and switched to dual antiplatelet therapy using aspirin and
clopidogrel for another 4.5 months. Subsequently, long-
term single antiplatelet therapy was maintained. In pa-
tients with a high risk of bleeding, short-term (≤1 year)
antithrombotic therapy was considered an alternative.

2.6 In-Hospital and Out-of-Hospital Follow-Up

Prior to discharge, TTE was performed to rule out
cardiac effusion, and SCr was tested to ensure no remark-
able deterioration of renal function. The patients underwent
TEE evaluation of residual leak and DRT at 6 weeks and 6
months after the procedure. Follow-up was performed dur-
ing outpatient clinical visits or via telephone call. The fol-
low up time ranged from 2 to 48 months. The comparison
of the primary efficacy endpoint was defined as major ad-
verse cardiovascular events (MACE) in terms of all-cause
mortality, readmission due to heart failure, cardiac surgery,
and systemic embolism, and the primary safety endpoint
was defined as major periprocedural complications such as
major bleedings during follow-up visits [11].
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Table 1. Basic characteristics of AKI vs. non-AKI group.
All non-AKI group AKI group

p value
n = 512 n = 485 n = 27

Male [n (%)] 308 (60.2%) 296 (61.0%) 12 (44.4%) 0.087
Age (y) 69 ± 9 69 ± 9 71 ± 10 0.151
Elderly [n (%)] 341 (66.6%) 342 (70.5%) 20 (74.1%) 0.693
BMI (kg/m2) 24.6 ± 5.7 24.7 ± 5.7 22.8 ± 5.8 0.094
Hypertension [n (%)] 351 (68.6%) 326 (67.2%) 25 (92.6%) 0.006
Diabetes [n (%)] 112 (21.9%) 103 (21.2%) 9 (33.3%) 0.139
Stroke [n (%)] 210 (41.1%) 200 (41.3%) 10 (37.0%) 0.660
Vascular disease [n (%)] 48 (9.4%) 44 (9.1%) 4 (14.8%) 0.319
Echocardiography

LVEF (%) 64 ± 19 64 ± 19 63 ± 17 0.785
LAA Diameter (mm) 21 ± 4 21 ± 4 21 ± 6 0.838
LAA Length (mm) 25 ± 6 26 ± 6 24 ± 5 0.160

SCr (µmol/L) 81 [69, 94] 81 [69, 94] 85 [73, 97] 0.698
eGFR (mL/min/1.73 m2) 75.6 ± 17.9 75.8 ± 17.3 70.9 ± 26.2 0.347
CKD stage 0.001

no CKD/stage 1–2 [n (%)] 412 (80.5%) 396 (81.6%) 16 (59.3%)
stage 3a–3b [n (%)] 88 (17.2%) 80 (16.5%) 8 (29.6%)
stage 4–5 [n (%)] 12 (2.3%) 9 (1.9%) 3 (11.1%)

hs-CRP (mg/L) 0.7 [0.3, 1.9] 0.7 [0.3, 1.9] 0.7 [0.3, 2.6] 0.823
D-dimer (mg/L) 0.27 [0.19,0.74] 0.26 [0.19, 0.72] 0.60 [0.19, 0.97] 0.120
CHA2DS2-Vasc 3.5 ± 1.4 3.5 ± 1.4 4.0 ± 1.7 0.079
HAS-BLED 2.9 ± 1.1 2.9 ± 1.1 3.3 ± 1.1 0.028
AKI, acute kidney injury; BMI, body mass index; LVEF, left ventricular ejection fraction; LAA, left atrial
appendage; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease;
hs-CRP, highly sensitive C-reactive protein.

2.7 Statistical Analysis

Continuous variables were presented as mean ± stan-
dard deviation (SD), and categorical variables as frequen-
cies and percentages (%). Chi-square or Fisher’s exact
tests were performed to compare qualitative variables and
Student’s t-test for numerical variables. In addition, the
Kaplan–Meier curve was used to compare all-cause mor-
tality between the two groups. Multivariate analysis was
used to assess the independent predictors of all-cause 1-year
mortality. A binary logistic multivariate regression model
including clinically relevant baseline parameters such as
age, sex, LVEF, SCr concentration, and other parameters (p
< 0.1 in univariate analysis) was established. All statistical
analyses were performed using the SPSS software (version
25.0.0.1; IBM Corporation, Somers, NY, USA). Statistical
significance was set at p < 0.05.

3. Results
3.1 Basic Characteristics

A total of 512 eligible patients (mean age 69 years)
were enrolled in this study. Twenty-seven (5.3%) patients
developed AKI according to the KDIGO SCr criteria. The
baseline clinical characteristics of the study population are
shown in Table 1. Significant differences in sex, age, or

bodymass index (BMI) were not observed between the AKI
and non-AKI groups. Patients with AKI were more likely
to have comorbid hypertension than that of non-AKI pa-
tients (92.6% vs. 67.2%, p = 0.006). Patients in the AKI
group tend to have a higher CKD stage (CKD stages 3a–
3b, 29.6%, and CKD stages 4–5, 11.1%, and only 16.5%
and 1.9%, respectively, in the non-AKI group). The HAS-
BLED score was significantly higher in the AKI group (3.3
± 1.1 vs. 2.9 ± 1.1, p = 0.028) (Table 1).

3.2 Procedural Characteristics and Outcomes

Significant differences in LAA morphology, device
type, device size, or antithrombotic therapy between the
AKI and non-AKI groups were not found. The contrast
volume administered during the procedure (154 ± 23 mL
vs. 145 ± 22 mL; p = 0.051) and the contrast volume-
to-glomerular filtration (CV/GFR) ratio were higher in the
AKI group (2.3 [1.8, 2.7] vs. 1.9 [1.6, 2.3], p = 0.055), but
the difference was not significant (Table 2).

The DRT ratio was significantly higher in the AKI
group than that in the non-AKI group (11.1% vs. 2.7%, p =
0.012). No significant difference in residual shunt was ob-
served between the two groups. The incidence of different
types of long-term MACE after the procedure was signif-
icantly higher in the AKI group than that in the non-AKI
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Table 2. Procedural characteristics and outcomes of AKI vs. non-AKI group.
All non-AKI group AKI group

p value
n = 512 n = 485 n = 27

Procedure data
LAA morphology 0.830

cactus [n (%)] 33 (6.4%) 32 (6.6%) 1 (3.7%)
cauliflower [n (%)] 359 (70.1%) 340 (70.1%) 19 (70.4%)
chickenwing [n (%)] 82 (16.0%) 78 (16.1%) 4 (14.8%)
windsock [n (%)] 38 (7.4%) 35 (7.2%) 3 (11.1%)

Landing zone diameter (mm) 26 ± 5 26 ± 5 23 ± 4 0.069
Device 0.455

Watchman [n (%)] 366 (71.5% ) 345 (71.1%) 21 (77.8%)
Lambre [n (%)] 146 (28.5%) 140 (28.9%) 6 (22.2%)

Device size (mm)
Watchman 0.513

21 [n (%)] 21 (5.7%) 19 (5.5%) 2 (9.5%)
24 [n (%)] 41 (11.2%) 39 (11.3%) 2 (9.5%)
27 [n (%)] 104 (28.4%) 96 (28.7%) 8 (38.1%)
30 [n (%)] 88 (24.0%) 83 (24.8%) 5 (23.8%)
33 [n (%)] 112 (30.6%) 108 (32.2%) 4 (19.0%)

Lambre
Umbrella size (mm) 27.1 ± 6.1 27.1 ± 6.1 27.7 ± 6.0 0.960
Cover size (mm) 34.8 ± 4.4 34.8 ± 4.4 34.7 ± 4.8 0.824

Contrast volume (mL) 146 ± 22 145 ± 22 154 ± 23 0.051
CV/GFR ratio 1.9 [1.6, 2.3] 1.9 [1.6, 2.3] 2.3 [1.8, 2.7] 0.055
Antithrombotic regimen

VKA [n (%)] 48 (9.4%) 46 (9.5%) 2 (7.4%) 0.741
NOAC [n (%)] 392 (76.6%) 370 (76.3%) 22 (81.5%) 0.532
DAPT [n (%)] 72 (14.1%) 69 (14.2%) 3 (11.1%) 0.288

Outcomes
DRT [n (%)] 16 (3.1%) 13 (2.7%) 3 (11.1%) 0.012
Residual shunt 0.237

None [n (%)] 368 (71.9%) 346 (71.3%) 22 (81.5%)
1–5 [n (%)] 138 (26.9%) 134 (27.6%) 4 (14.8%)
≥5 [n (%)] 6 (1.2%) 5 (1.0%) 1 (3.7%)

3-year MACE <0.001
HF rehospitalization [n (%)] 12 (2.3%) 8 (1.6%) 4 (14.8%)
Stroke/Ischemic events [n (%)] 16 (3.1%) 14 (2.9%) 2 (7.4%)
Cardiac surgery [n (%)] 5 (1.0%) 4 (0.8%) 1 (3.7%)
Major bleeding [n (%)] 6 (1.2%) 5 (1.0%) 1 (3.7%)
Cardiac death [n (%)] 3 (0.6%) 1 (0.2%) 2 (7.4%)

3-year Mortality [n (%)] 6 (1.2%) 3 (0.6%) 3 (11.1%) <0.001
AKI, acute kidney injury; LAA, left atrial appendage; CV/GFR, the contrast volume-to-glomerular filtration;
VKA, vitamin K antagonists; NOAC, novel oral anticoagulant; DAPT, dual antiplatelet therapy; DRT, device
related thrombi; MACE, major adverse cardiac event; HF, heart failure.

group. Long-term all-cause mortality after the procedure
was significantly higher in the AKI group than that in the
non-AKI group (11.1% vs. 0.6%, p < 0.001).

3.3 Logistic Regression Analyses of the AKI Risk Factors
The AKI incidence was highest in patients with CKD

stages 4–5 (25.0%), followed by those with CKD stages 3a–
3b (9.1%), and those with CKD stages 1–2 or without CKD
(only 3.9%) (Fig. 2).

Variables with p < 0.10 were included in the univari-
ate regression model found in Table 1. Univariate regres-
sion analysis showed that lower BMI, hypertension, CKD
stages 3a–3b and 4–5, and HAS-BLED score were risk fac-
tors for the development of AKI (p < 0.05). Multivariate
logistic regression analysis showed that lower BMI (OR
= 0.889; 95% confidence interval [CI], 0.803–0.986; p =
0.017), hypertension (OR = 5.577; 95% CI, 1.267–24.558;
p = 0.023), and CKD stages 4–5 (OR = 6.729; 95% CI,
1.566–28.923; p = 0.010) were risk factors for the develop-
ment of AKI after LAAC (Table 3).
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Table 3. Logistic regression analysis of risk factors for AKI after LAAC.
Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value

Male (male/female) 0.511 (0.234–1.115) 0.092
BMI (kg/m2) 0.884 (0.798–0.978) 0.017 0.889 (0.802–0.986) 0.026
Hypertension 6.097 (1.426–26.061) 0.015 5.577 (1.267–24.558) 0.023
CKD stage

no CKD/stage 1–2 Reference - Reference -
stage 3a–3b 2.475 (1.024–5.979) 0.044 1.997 (0.798–4.996) 0.139
stage 4–5 8.250 (2.037–33.421) 0.003 6.729 (1.566–28.923) 0.010

CHA2DS2-Vasc 1.261 (0.972–1.636) 0.081
HAS-BLED 1.465 (1.039–2.067) 0.030 1.184 (0.807–1.735) 0.387
Contrast volume 1.016 (1.000–1.032) 0.052
AKI, acute kidney injury; LAAC, left atrial appendage closure; BMI, body mass index; CKD,
chronic kidney disease.

Fig. 2. AKI incidence between different CKD stages. AKI,
acute kidney injury; CKD, chronic kidney disease.

3.4 AKI and Long-Term Outcome
The median (IQR) follow-up time was 15 (4–26)

months. The incidence of 1-, 2-, and 3-year MACE after
the procedure was significantly higher in the AKI group
than that in the non-AKI group (11.1% vs. 2.8%, p = 0.019;
18.5% vs. 3.7%, p < 0.001; 33.3% vs. 7.5%, p < 0.001).
The hazard ratio (HR) for MACE showed an increasing
trend over the years (Table 4). There was no statistically
significant difference in the 1-year all-cause mortality be-
tween the two groups. The 2- and 3-year all-cause mortal-
ity rates after the procedure were significantly higher in the
AKI group than that in the non-AKI group (7.4% vs. 0.7%,
p = 0.001, and 11.1% vs. 0.9%, p < 0.001, respectively).
The Kaplan–Meier estimate showed that long-term MACE
(log rank, p = 0.017) and all-cause mortality (log rank, p =
0.001) were significantly higher in the AKI group than that
in the non-AKI group (Fig. 3a,b).

4. Discussion
The principal findings of this study are as follows:

(1) the incidence of AKI after LAAC in our center is rel-

atively lower (5.3%), whereas the incidence of AKI in pa-
tients with renal insufficiency before LAAC is significantly
higher (9.1% in CKD stage 3, 25% in CKD stages 4–5);
(2) multivariate regression showed that low BMI, hyperten-
sion, and preoperative state of patients with CKD stages 4–5
are independent risk factors for AKI; (3) AKI after LAAC
significantly increases the risk of midterm MACE and all-
cause mortality, and the risk increases over the years.

The incidence of AKI ranges from 7% to 9.6% in pa-
tients undergoing PCI operation [1,12,13]. However, the
incidence of AKI after interventional treatment for struc-
tural heart disease is much higher than that after PCI. For
example, approximately 11.7% of patients develop AKI af-
ter TAVR [2], and 29% of patients after MitraClip [14]
will develop AKI. Patients undergoing TAVR are usually
older and frail with more comorbidities and more prone to
hemodynamic disorders due to rapid cardiac pacing dur-
ing the operation; therefore, the incidence of AKI is rela-
tively higher than that in our study. Patients undergoing
LAAC commonly have a venerable age, accompanied by
various risk factors, such as hypertension, diabetes, and
CKD. However, complications and hemodynamic instabil-
ity were not observed during the LAAC procedure. More-
over, there is rare need for blood transfusion after LAAC.
These may be the reasons for the lower incidence of AKI in
LAAC patients than those who underwent TAVR and Mitr-
aClip.

In a previous study [5], the incidence of AKI after
LAAC was 9%, whereas the overall incidence in our study
was only 5.3%. Our study included much younger patients
(69 years vs. 76 years), those with lower rates of hyper-
tension (68.6% vs. 85.1%) and diabetes (21.9% vs. 33.2%)
and lower rates of poor baseline renal function (CKD stages
4–5, 2.3% vs. 8.2%) than that of Nombela-Franco’s report,
which may have contributed to the inconsistency of data.
However, it is worth mentioning that 9% of LAAC opera-
tions in the study by Nombela-Franco et al. [5] were per-
formed in conjunction with other operations, such as TAVR
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Table 4. Comparison of long-term outcomes between AKI vs. non-AKI group.
All non-AKI group AKI group

HR (95% CI) p value
n = 512 n = 485 n = 27

MACE
1-year [n (%)] 15 (2.9%) 12 (2.5%) 3 (11.1%) 4.333 (1.146–16.391) 0.019
2-year [n (%)] 21 (4.1%) 16 (3.3%) 5 (18.5%) 5.852 (1.964–17.440) <0.001
3-year [n (%)] 42 (8.2%) 32 (6.6%) 10 (37.0%) 6.203 (2.579–14.917) <0.001

Mortality
1-year [n (%)] 2 (0.4%) 2 (0.4%) 0 0.940 (0.919–0.962) 0.722
2-year [n (%)] 5 (1.0%) 3 (0.6%) 2 (7.4%) 11.333 (1.811–37.941) 0.001
3-year [n (%)] 6 (1.2%) 3 (0.6%) 3 (11.1%) 13.250 (2.806–42.578) <0.001

AKI, acute kidney injury; MACE, major adverse cardiac events.

Fig. 3. Kaplan-Meier curves up to 3-year follow-up for (a) MACE between AKI vs. non-AKI, log rank = 0.017; (b) all-cause of
mortality between AKI vs. non-AKI, log rank = 0.001.

and PCI, which would increase the amount of contrast agent
and theoretically increase the risk of contrast-induced kid-
ney injury. We excluded patients who underwent combined
surgery in our study. In another European multicenter study
[6], the incidence of AKI after LAACwas as high as 13.7%.
In this study, the subjects were older (75.1 years) and had
a higher proportion of diabetes mellitus (34.7%) and CKD
stages 4–5 (11.5%) at baseline. Furthermore, consistent
outcomes were observed in that patients CKD stages 4–5
had the highest proportion of AKI (36.4% and 25%, respec-
tively).

In the above two studies, the former found that the
only independent predictor of AKI after LAAC was a poor
baseline eGFR (HR, 1.32; 95% CI, 1.09–1.61; p = 0.004),
and the latter revealed the worse renal function at base-
line and a higher incidence of AKI and the CV/GFR ra-
tio having a moderate predictive value for AKI (area un-
der curve or AUC, 0.67; 95% CI, 0.50–0.84; p = 0.05). The
CV/GFR ratio has been identified as an independent predic-
tor of AKI, mainly in patients undergoing PCI [15]; how-
ever, in our study and Nombela-Franco’s study, no correla-

tion was noted between the CV/GFR ratio and AKI. Con-
trary to our expectations, there was no significant correla-
tion between the amount of contrast agent and the occur-
rence of AKI. This result is consistent with those of the two
pioneering studies [5,6]. Although the contrast volume in
the AKI group had an increasing tendency compared with
the non-AKI group, and the p valuewas very close to 0.05, it
did not reach statistical significance. We would expand the
sample size in further studies to confirm it. Our study sug-
gests that low BMI, hypertension, and preoperative CKD
stages 4–5 were independent risk factors for the occurrence
of AKI.

Recently, a study evaluating the effect and safety of
LAAC in patients with CKD and AF found that the inci-
dence of AKI in the CKD group was 11.1%, which was
significantly higher than that in the non-CKD group (0%)
[16]. From the CRIC study, which is by far the largest
prospective CKD cohort with nearly a decade of follow-
up and systematic data collection, it is notable that incident
atrial fibrillation was associated with a higher risk of de-
veloping end-stage renal disease (ESRD) in patients with
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CKD [17], and AKI has been recognized as a risk factor for
CKD progression [18]. We previously reported [19] that the
2-year mortality and incidence of progressive CKD in pa-
tients with AKI after cardiac surgery significantly increased
even after full recovery of renal function. A systematic re-
view and meta-analysis [20] also identified AKI as an in-
dependent risk factor for CKD and ESRD. However, CKD
is often considered a risk factor for AKI because of its epi-
demiological relationship [21]. Therefore, it is plausible to
infer that patients with CKD and AF have poor prognosis
after AKI.

At present, many preventive strategies for reducing
the incidence of AKI have been reported, according to the
recommendations for the prevention of contrast-induced
nephropathy (CIN) [22], such as adequate hydration, use
of low-osmolar or iso-osmolar contrast media, and mini-
mal volume of contrast media. Adequate hydration remains
the central component of CIN prevention, and this strategy
should be implemented in patients with a low eGFR under-
going LAAC. A useful index to prevent CIN is the contrast
volume to GFR ratio, which we strictly controlled below
3.7 in our daily practice to minimize the occurrence of AKI
according to a previous study [15].

The innovation of LAA occlusion with decreased use
of a contrast dye was recently described in a case report us-
ing the TrueFusion™ fusion-imaging system [23]. In turn,
performing LAAC without contrast has been appealing,
particularly in patients with severely reduced renal func-
tion. Sedaghat et al. [24] reported echocardiographically
guided LAAC without the use of a contrast dye, and the
technique appeared to be feasible without compromising
the clinical effect and procedure safety. Thus, it is conceiv-
able that completing LAAC with a reduced or no contrast
agent is beneficial in special cases by decreasing AKI oc-
currence. The RenalGuard System has demonstrated bene-
fits in reducing the occurrence of AKI in patients undergo-
ing TAVR [25] and PCI [26], compared to hydration with
normal saline solution, with a relative risk reduction of 79%
and 74%, respectively. To the best of our knowledge, no
standardized protocol for AKI prevention has been pro-
posed for LAAC. The impact of strategies applied in PCI
and TAVR on meaningful clinical outcomes in patients un-
dergoing LAAC requires confirmation through larger and
multicenter trials.

Surprisingly, these studies have consistently shown
that the occurrence of AKI is related to in-hospital mor-
tality, long-term mortality, and hospitalization due to re-
nal and cardiac events [5,6]. The proportion of noncardiac
deaths was 68.3% in a report by Nombela-Franco. In our
study, the 1-, 2-, and 3-year mortality rates were 0%, 7.6%,
and 11.1%, respectively, in the AKI group, and the prog-
nosis worsened over time. It is speculated that this poor
condition is partially attributed to the deterioration of renal
function after AKI.

5. Study Limitations
The main limitation of this study is its retrospective

nature. Conversely, the incidence of AKI could be under-
estimated because we may have missed an AKI diagnosis
after discharge. Finally, this was a single-center, observa-
tional study. Larger, multicenter studies are warranted to
confirm these results.

6. Conclusions
Like other transcatheter interventions, it is very im-

portant to assess renal function before and after LAAC to
facilitate early warning, identification, and intervention in
patients who are prone to develop AKI. Reducing the risk
of AKI may help improve the clinical outcomes of patients
receiving LAAC. In patients with a high risk of deteriora-
tion of renal function, such as low BMI, hypertension, and
preoperative CKD stages 4–5, further preventive measures
and close monitoring should be undertaken after surgery.
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