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Background: Acute kidney injury (AKI) is one of the most common complications after cardiac surgery. 
While current guidelines indicate that surgical ablation does not increase the risk of renal failure, recent 
studies have produced conflicting results. This study was conducted to evaluate the incidence of AKI after 
maze procedure in patients with rheumatic mitral valve disease and atrial fibrillation, and to elucidate risk 
factors associated with postoperative AKI.
Methods: Between 2011 and 2020, 203 patients with rheumatic mitral valve disease and atrial fibrillation 
(61.4±8.7 years, male:female =67:136) who underwent concomitant maze procedure and mitral valve 
replacement were retrospectively reviewed. Other combined procedures included aortic valve operations 
(n=64, 31.5%) and tricuspid valve procedures (n=149, 73.4%). The AKI was defined as an increase of serum 
creatinine level by 1.5 times after surgery based on the RIFLE (Risk, Injury, Failure, Loss, and End stage) 
criteria. A multivariable logistic regression analysis was performed to evaluate risk factors associated with 
postoperative AKI.
Results: Postoperative AKI developed in 76 patients (37.4%). The multivariable analysis demonstrated that 
age [odds ratio (OR), 95% confidence interval (CI): 1.065, 1.025–1.107; P=0.001], cardiopulmonary bypass 
(CPB) time (1.007, 1.002–1.013; P=0.009) and nadir hematocrit during CPB (0.854, 0.740–0.985; P=0.031) 
were associated with postoperative AKI. 
Conclusions: Postoperative AKI occurred in more than one thirds of patients with rheumatic mitral 
valve disease and atrial fibrillation who underwent combined mitral valve replacement and maze procedure. 
Optimization of CPB management might be needed to prevent postoperative AKI after maze procedure.
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Introduction

Previous studies demonstrated the safety and efficacy 
of concomitant maze procedure in atrial fibrillation 
(AF) patients undergoing cardiac surgery (1-3). Current 
guidelines suggest that surgical ablation does not increase 
the risk of renal failure or dialysis (4). However, the rate 
of postoperative acute kidney injury (AKI) was increased 
in previous studies (5,6). A previous study also showed 
that the development of postprocedural AKI is associated 
with an increase mortality (7). A recent study showed 
that concomitant maze procedure increased the risk of 
postoperative AKI, which was offset by the significant 
survival benefit of the maze procedure (8). This study was 
conducted to evaluate the occurrence rate and risk factors 
of postoperative AKI after concomitant maze procedure 
in patients with rheumatic mitral valve (MV) disease and 
AF. We present the following article in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-600/rc).

Methods

Patient characteristics

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol was approved by the Institutional Review Board 
of Seoul National University Hospital as a minimal risk 
retrospective study (approval no.: 2112-111-1284), which 
did not require individual consent. Between 2011 and 
2020, 203 patients underwent MV replacement (MVR) 
and concomitant maze procedure due to rheumatic MV 
disease and AF at our institution. None of the patients had 
preoperative end-stage renal disease requiring dialysis. 
All patients were enrolled in the present study. The 
mean age was 61.4±8.7 years (male:female ratio =67:136). 
Hypertension, previous history of stroke, and diabetes 
mellitus were the most common co-morbidities (Table 1).

Operative data and surgical procedure 

The operations were performed under cardiopulmonary 
bypass (CPB) with moderate hypothermia and cold 
cardioplegic arrest. CryoProbe (Cryoflex, Medtronic 
Inc., Minneapolis, MN, USA) was used, and all patients 
underwent complete biatrial lesion sets following original 
Cox maze III procedure including coronary sinus 
ablation described by Cox and his colleagues (9). Left 

atrial appendage (LAA) elimination was performed at the 
discretion of the operating surgeons. MVR was performed 
using mechanical (n=159) or bioprosthetic (n=44) valves. 
Combined procedures included aortic (n=65) and tricuspid 
(n=149) valve procedures (Table 2).

Evaluation of renal dysfunction

The primary endpoint of the present study was the 
occurrence rate of AKI after surgery. Preoperative serum 
creatinine was measured on the day before surgery. 
Postoperative serum creatinine was measured immediately 
and 6 hours after surgery, and once a day thereafter until 
7 days after surgery. Based on the RIFLE (Risk, Injury, 
Failure, Loss, and End stage) criteria (10), postoperative 
AKI was defined as ≥1.5-fold increase in serum creatinine 
from the baseline value within 7 days. The glomerular 
filtration rate (GFR) was calculated using the Modified Diet 
in Renal Disease formula as 175 × (serum creatinine) −1.154 × 
(age) −0.203 × 0.742 (if female) × 1.210 (if African-American). 

Evaluation of other clinical outcomes

Early mortality was defined as death within 30 days or during 
the same hospitalization. Low cardiac output syndrome 
(LCOS) was defined as cardiac index <2.0 L/min/m2 or 
systolic arterial pressure <90 mm Hg for which the patient 
required mechanical assistance or high inotropic support, 
such as dopamine or dobutamine, at >5 μg/kg/min. The 
postoperative respiratory complications included pneumonia 
or prolonged ventilator support for more than 48 hr.

Statistical analysis

The statistical analyses were performed using SPSS (version 
23.0; IBM Corp., Armonk, NY, USA) and SAS (version 
9.4; SAS Institute Inc., Cary, NC, USA) statistical software. 
Data are expressed as proportions for categorical variables, 
means ± standard deviations for normally distributed 
variables, and median with interquartile range (IQR) for 
non-normally distributed variables. There were no missing 
values. Patients with and without AKI were compared using 
the χ2 test or Fisher’s exact test for categorical variables and 
Student’s t-test for continuous variables. 

Factors associated with the occurrence of AKI were 
analyzed using logistic regression. All preoperative variables 
shown in Table 1 and intraoperative variables such as CPB 
time, nadir hematocrit level and transfusion of red blood 
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cell (RBC) were included in the analyses. The linearity of 
continuous variables was checked using restricted cubic 
splines. Associated factors were identified in a multivariable 
model using the stepwise selection method; variables with 
a P value <0.2 in univariate logistic analysis were included. 
The results of the multivariable analysis are expressed 

as P values and odds ratios (ORs) with 95% confidence 
intervals (CIs). A P value <0.05 was considered statistically 
significant.

Results

Operative data

The mean CPB and aortic cross-clamp times were  
233.8±57.8 min and 165.5±43.7 min, respectively. During CPB, 
the lowest hematocrit level was 21.1%±2.61% and the median 
number of RBC packs transfused was 1 (IQR: 0–1.5). The 
CPB times were 278.5±54.4 min and 214.6.5±47.8 min in 
patients with concomitant aortic valve replacement and those 
without, respectively. The lowest hematocrit levels were 
21.3%±2.6% and 21.0%±2.6% in patients with concomitant 
aortic valve replacement and those without, respectively. 
The LAA was eliminated using staple excision, internal 
obliteration, and external ligation in 43, 78, and 70 patients, 
respectively. LAA was not eliminated in the remaining  
12 patients. The peak postoperative level of creatine kinase-
MB isoenzyme (CKMB) was 278.0±135.7 ng/mL. 

Occurrence rate of acute kidney injury

Creatinine increased from a preoperative level of  
0.89±0.23 mg/dL to a peak of 1.35±0.64 mg/dL on 
postoperative day 1 (IQR: 1.0–2.0).  The ratio of 
postoperative to preoperative creatinine was 1.52±0.68. AKI 
occurred in 76 patients (37.4%) (Table 3). Univariate analyses 
demonstrated that age (P=0.001), CPB duration (P=0.006), 
number of RBC packs transfused (P=0.001), and the nadir 
hematocrit level during CPB (P=0.002) and concomitant 
aortic valve replacement (P=0.018) were associated with 
AKI occurrence, while the LAA elimination technique 
(P=0.327) and peak CKMB after surgery (P=0.085) were 

Table 1 Study characteristics 

Variables Total (n=203)

Age (years), mean ± SD 61.4±8.7

Male/Female 67/136

Body surface area (m2), mean ± SD 1.57±0.16

Risk factors, n (%)

Smoking 44 (21.7)

Hypertension 48 (23.6)

Diabetes mellitus 35 (17.2)

Dyslipidemia 31 (15.3)

Overweight (BMI >25 kg/m2) 42 (20.7)

History of stroke 41 (20.2)

Chronic kidney disease (GFR <60 mL/min) 22 (10.8)

COPD 12 (5.9)

Peripheral vascular disease 5 (2.5)

LV dysfunction (EF <0.50) 31 (15.3)

EuroSCORE II, mean ± SD 3.94±2.27

SD, standard deviation; BMI, body mass index; GFR, glomerular 
filtration rate; COPD, chronic obstructive pulmonary disease; 
EF, ejection fraction; LV, left ventricle; EF, ejection fraction; 
EuroSCORE, European System for Cardiac Operative Risk 
Evaluation

Table 2 Operative data of the study patients

Variables Total (n=203)

Concomitant procedures, n (%)

Aortic valve operation 65 (32.0)

Tricuspid valve operation 149 (73.4)

Coronary artery bypass grafting 5 (2.5)

Replacement of aorta 4 (2.0)

Closure of atrial septal defect 6 (3.0)

Intraoperative IABP insertion, n (%) 8 (3.9)

IABP, intra-aortic balloon pump

Table 3 Changes in renal function and occurrence rate of acute 
kidney injury

Variables Values

Preoperative creatinine (mg/dL) 0.89±0.23

Peak postoperative creatinine (mg/dL) 1.35±0.64

Ratio of peak postoperative to preoperative 
creatinine

1.52±0.68

*Occurrence of acute kidney injury 76 (37.4)

*, defined as ≥1.5-fold increase in serum creatinine from 
baseline within 7 days.
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not. The multivariable analysis showed that age (OR, 1.067; 
95% CI: 1.028–1.107; P=0.001), CPB duration (OR, 1.008; 
95% CI: 1.002–1.013; P=0.004), and the nadir hematocrit 
level during CPB (OR, 0.831; 95% CI: 0.734–0.942; 
P=0.004) were significantly associated with postoperative 
AKI (Table 4). The AKI with RIFLE criteria of Injury 
(≥2.0-fold increase in serum creatinine) and Failure levels 
(≥3.0-fold increase in serum creatinine) occurred in 29 and 
9 patients, respectively. Risk factor analyses showed that 
smoking (P=0.035) was associated with the AKI with RIFLE 
criteria of Injury. Regarding the AKI with RIFLE criteria of 
Failure, only EuroSCORE II showed a trend of association 
in the univariate analyses (Table 5).

Other clinical outcomes

The early mortality occurred in 1 patient (1 out of 203 

patients, 0.49%) who had postoperative AKI. Common 
postoperative complications included respiratory 
complications (n=16, 7.9%), LCOS (n=11, 5.4%) and 
bleeding requiring reoperation (n=12, 5.9%) (Table 6).

Discussion

This study had two main findings. First, the occurrence rate 
of AKI was relatively high after maze procedure performed 
concomitantly with MVR in patients with rheumatic 
MV disease. Second, perfusion parameters, such as CPB 
duration and the nadir hematocrit level during CPB were 
associated with AKI occurrence.

AKI is one of the most common complications of 
cardiac surgery and also associated with increase mortality 
in cardiac procedures (7). Among many factors, the use of 
CPB is a major contributor to AKI after cardiac surgery: 

Table 4 Univariate and multivariable risk factor analysis for the occurrence of acute kidney injury

Variables
Univariate analysis Multivariable analysis

OR 95% CI P value OR 95% CI P value

Age (years) 1.060 1.023–1.098 0.001 1.067 1.028–1.107 0.001

Sex 0.902 0.491–1.655 0.738

Body surface area (m2) 0.166 0.026–1.074 0.059 – – –

Smoking 1.206 0.609–2.385 0.591

Hypertension 1.771 0.918–3.413 0.088 – – –

Diabetes mellitus 0.985 0.464–2.092 0.968

Dyslipidemia 1.461 0.675–3.165 0.336

Body mass index 0.980 0.893–1.075 0.667

History of stroke 1.237 0.615–2.487 0.552

CKD (GFR <60 mL/min) 1.452 0.595–3.543 0.413

COPD 1.729 0.537–5.565 0.359

Peripheral vascular disease 1.117 0.182–6.841 0.905

LV dysfunction (EF <0.50) 1.003 0.966–1.042 0.862

EuroSCORE II 1.235 1.076–1.418 0.003 – – –

CPB (minutes) 1.007 1.002–1.012 0.006 1.008 1.002–1.013 0.004

ACC (minutes) 1.006 0.999–1.012 0.082 – – –

Red blood cell transfusion 1.762 0.937–3.315 0.079 – – –

Nadir Hematocrit during CPB 0.832 0.740–0.935 0.002 0.831 0.734–0.942 0.004

Variables with P value <0.2 were entered into multivariable analysis. OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease; 
GFR, glomerular filtration rate; COPD, chronic obstructive pulmonary disease; LV, left ventricle; EF, ejection fraction; EuroSCORE, 
European System for Cardiac Operative Risk Evaluation; CPB, cardiopulmonary bypass; ACC, aortic cross clamping.
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it predisposes the patient to the systemic inflammatory 
response, ischemia-reperfusion injury, and pigment 
nephropathy due to rhabdomyolysis and hemolysis (8,11). 
Because postoperative AKI is associated with worse early 
and long-term outcomes after cardiac surgery (12,13), 
identification and treatment of factors associated with 
postoperative AKI may improve surgical outcomes. 

Previous studies have demonstrated the benefits of 
concomitant AF ablation during cardiac surgery, including 
MV surgery (1-3); current guidelines make a class I 
recommendation to perform concomitant surgical ablation 
of AF during cardiac surgery (4). Although previous studies 
reported a higher occurrence rate of AKI in cardiac surgery 
patients who underwent concomitant maze procedure (2,6), 
recent guidelines state that concomitant maze procedure 
does not increase the incidence of postoperative dialysis 
or renal failure (14). This may be partly due to the lack 
of standardized criteria for the diagnosis of AKI. A recent 

propensity score matching study (8) divided 874 patients 
with cardiac disease and AF into 308 pairs of maze and 
non-maze patients; a higher AKI rate was observed in the 
maze compared to non-maze group patients [32% (99/308 
patients) vs. 16% (49/308 patients)]. That study confirmed 
that the maze procedure, rather than AF, was associated 
with the occurrence of AKI after surgery. However, the 
authors did not proffer explanations for this finding. The 
increased risk of AKI after surgery with concomitant maze 
procedure cannot be explained solely by prolonged CPB 
duration. To minimize confounding factors, the present 
study only enrolled patients with rheumatic MV disease and 
AF; in addition, postoperative AKI was determined on the 
basis of the RIFLE criteria (10). Our results showed that 
postoperative AKI occurred in 37.4% of patients, which was 
very high considering that the study population consisted of 
relatively young rheumatic patients with low surgical risk. 
However, we failed to identify risk factors for postoperative 
AKI associated with the maze procedure, such as an LAA 
elimination strategy or peak postoperative level of CKMB, 
which reflects the degree of injury of the left atrial muscle 
caused by cryoablation. We found that age and the nadir 
hematocrit level during CPB were associated with AKI 
after concomitant maze procedure; these risk factors have 
been well-described in previous literature (15,16). Further 
studies, such as those based on biomarkers, may identify 
specific risk factors for AKI after the maze procedure.

This study had several limitations. First, this was a 
retrospective study conducted at a single institution. 
Second, the number of enrolled patients was relatively 
small. Third, comparative analyses with patients who 
underwent MVR without concomitant maze procedure 

Table 5 Univariate and multivariable risk factor analysis for the occurrence of acute kidney injury with RIFLE criteria of injury and failure

Variables*
Univariate analysis Multivariable analysis

OR 95% CI P-value OR 95% CI P Value

RIFLE criteria of injury

Age (years) 1.037 0.989–1.087 0.129 – – –

Smoking 2.167 0.924–5.083 0.075 2.608 1.072–6.346 0.035

Nadir Hct during CPB 0.889 0.762–1.038 0.137 0.859 0.731–1.010 0.066

RIFLE criteria of failure

EuroSCORE II 0.521 0.259–1.047 0.067 – – –

*, All variables shown in table 4 were analyzed and variables with P<0.2, which were entered into multivariable analysis, are shown. OR, 
odds ratio; CI, confidence interval; RIFLE, Risk, Injury, Failure, Loss, and End stage; Hct, hematocrit; CPB, cardiopulmonary bypass; 
EuroSCORE, European System for Cardiac Operative Risk Evaluation.

Table 6 Early clinical outcomes

Variables Total (n=203)

Early mortality, n (%) 1 (0.49)

Postoperative complications, n (%)

Respiratory complications 16 (7.9)

Bleeding reoperation 12 (5.9)

Low cardiac output syndrome 11 (5.4)

Stroke 4 (2.0)

Mediastinitis 1 (0.49)

Infective endocarditis 1 (0.49)
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were not performed because almost all of the patients with 
rheumatic MV disease and AF underwent combined maze 
procedure.

In conclusion, age, CPB duration, and the nadir 
hematocrit level were associated with an increased risk of 
postoperative AKI in patients with rheumatic MV disease 
who underwent concomitant MV surgery and the maze 
procedure.
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