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Background: One-stop hybrid coronary revascularization (HCR) combines coronary artery bypass grafting 
(CABG) and percutaneous coronary intervention (PCI) procedures simultaneously. Acute kidney injury (AKI) 
is a common complication after CABG or PCI. This study explored the risk factors for developing AKI after 
one-stop HCR. 
Methods: A total of 123 consecutive patients who underwent one-stop HCR between April 2018 and 
November 2020 were included in this single-center retrospective study. Postoperative AKI was observed 
in 11 patients (the AKI group), and 112 patients did not develop postoperative AKI (the non-AKI group). 
Baseline characteristics and perioperative variables were extracted from the electronic medical records and 
statistically analyzed.
Results: Postoperative AKI occurred in 11 (8.9%) patients. Compared to patients who did not develop 
AKI, patients in the AKI group were older (71.0±9.5 vs. 64.1±9.2 years, P=0.019), had higher preoperative 
creatinine levels (92.6±16.8 vs. 69.8±14.4 mmol/L, P<0.001), experienced a greater volume of postoperative 
drainage on the first day {850 mL [410, 1,500] vs. 500 mL [321, 700], P=0.045}, had a higher proportion 
of chronic renal insufficiency (eGFR <60 mL/min/1.73 m2) (36.4% vs. 7.1%, P=0.012), and had more 
perioperative transfusions (63.6% vs. 22.3%, P=0.007). Multivariate logistics analyses revealed that advanced 
age [odds ratio (OR) 5.44, P=0.014] and perioperative transfusions (OR 4.62, P=0.028) were independent risk 
factors for developing AKI after one-stop HCR.
Conclusions: One-stop HCR did not increase the incidence of postoperative AKI in our center. Advanced 
age (≥75 years) and perioperative transfusions were independent risk factors for developing AKI after one-
stop HCR. Further studies need to be conducted to confirm the risk factors of AKI after HCR procedures. 
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Introduction

Coronary artery bypass grafting (CABG) and percutaneous 
coronary intervention (PCI) are classic treatment strategies 
for patients with multivessel coronary artery disease (1).  
Hybrid coronary revascularization (HCR) was first 
developed in 1996 and combined CABG with PCI, thereby 
benefiting from the cumulative advantages while avoiding 
the relative deficiencies of CABG and PCI (2). HCR can 
be performed at a hybrid suite in a single operative setting 
(one-stop or simultaneous HCR) or performed within 
hours, days, or even weeks apart for the two procedures by 
using conventional operating theaters and catheterization 
laboratories (staged HCR) (3). Acute kidney injury (AKI) 
is a common and significant complication after CABG 
and PCI, and is associated with increased postoperative 
morbidity and mortality (4,5). 

Since one-stop HCR involves CABG and PCI being 
performed simultaneously, this may theoretically increase 
the incidence of postoperative AKI. However, there have 
been no studies examining the clinical characteristics and 
risk factors associated with postoperative AKI in one-
stop HCR. Therefore, this study aims to identify the 
perioperative risk factors of developing AKI after isolated 
one-stop HCR. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://dx.doi.org/10.21037/apm-21-959).

Methods

Study population

This single-center retrospective study was conducted at 
Beijing Chaoyang Hospital, Capital Medical University, 
China. A total of 125 consecutive patients who underwent 
one-stop HCR at our institution between April 2018 and 
November 2020 were retrospectively included in this 
analysis. Selection criterias of patients underwent one-stop 
HCR were: patients with multivessel disease in whom the 
left anterior descending artery (LAD) lesion was not suitable 
for PCI but was suitable for surgical revascularization and in 
whom the non-LAD lesions were amenable to PCI; patients 
who were not suitable candidates for traditional CABG, 
such as patients with poor right coronary or circumflex 
arteries for bypass, contraindications for sternotomy, 
porcelain aorta, a lack of acceptable conduits, and a desire 
for minimally invasive procedure. Patients with end-stage 
renal disease (ESRD) or patients who were receiving renal 
replacement therapy (RRT) before the operation were 

excluded. Finally, 123 patients were enrolled in the study, of 
which 11 patients (8.9%) developed postoperative AKI (AKI 
group), and 112 patients did not develop postoperative AKI 
(non-AKI group). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by local research ethics board of 
Chaoyang Hospital (No.: 2021-D-5) and individual consent 
for this retrospective analysis was waived.

Data definitions

Perioperative baseline variables are shown in Table 1. 
Demographic parameters and surgical characteristics 
including age, gender, body mass index (BMI), preoperative 
creatinine, estimated glomerular filtration rate (eGFR), 
smoking history, hypertension, hyperlipidemia, diabetes 
mellitus, insulin-dependent diabetes, chronic obstructive 
pulmonary disease (COPD), peripheral vascular disease, 
previous stroke, previous myocardial infarction (MI), 
previous PCI, recent acute myocardial infarction (AMI), left 
main disease, left ventricular ejection fraction (LVEF), left 
ventricular end-diastolic dimension (LVDD), preoperative 
intra-aortic balloon pump (IABP), dose of contrast medium, 
perioperative transfusions, postoperative drainage on the 
first day, and reoperation for bleeding, were retrospectively 
collated from the electronic medical records of Chaoyang 
Hospital. Key data elements were defined according to 
the Society of Thoracic Surgeons database and the 2013 
“ACCF/AHA Key Data Elements and Definitions for 
Measuring the Clinical Management and Outcomes of 
Patients with Acute Coronary Syndromes and Coronary 
Artery Disease” (6).

The definition and classification of postoperative AKI 
were following the 2012 Kidney Disease Improving Global 
Outcomes (KDIGO) guideline. The AKI definition satisfies 
one of the following: an increase in serum creatinine by 
≥0.3 mg/dL (≥26.5 mmol/L) within 48 hours; an increase in 
serum creatinine to ≥1.5 times baseline within the previous 
7 days; and urine volume ≤0.5 mL/kg/h for 6 hours (7).

Interventions

For the HCR procedures, minimally invasive direct 
coronary artery bypass (MIDCAB) and PCI were 
simultaneously performed in hybrid operation room. 
Surgical procedures were all performed by one experienced 
surgeon (Pixiong Su). Left internal mammary artery (LIMA) 
was harvested via direct vision or assisted by endoscopy 
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Table 1 Baseline characteristics of patients in AKI group and non-AKI group

Variables* All patients (n=123) AKI group (n=11) Non-AKI group (n=112) P value

Age (years) 64.7±9.4 71.0±9.5 64.1±9.2 0.019

Advanced age (≥75 years) 22 (17.9%) 6 (54.5%) 16 (14.3%) 0.004

Male 96 (78.0%) 10 (90.9%) 86 (76.8%) 0.453

BMI (kg/m2) 25.9±3.2 26.2±1.8 25.8±3.3 0.692

Preoperative creatinine (mmol/L) 71.8±15.9 92.6±16.8 69.8±14.4 <0.001

Preoperative HGB (g/L) 133.9±13.9 132.0±18.3 134.1±13.5 0.638

Preoperative anemia 20 (16.3%) 3 (27.3%) 17 (15.2%) 0.384

eGFR [mL/(min·1.73 m2)] 97.1±29.8 69.2±15.1 99.9±29.5 <0.001

eGFR <60 12 (9.8%) 4 (36.4%) 8 (7.1%) 0.012

Present smoking 67 (54.5%) 8 (72.7%) 59 (52.7%) 0.203

Hypertension 87 (70.7%) 8 (72.7%) 79 (70.5%) 1.000

Hyperlipidemia 85 (69.1%) 10 (90.9%) 75 (67.0%) 0.170

Diabetes mellitus 45 (36.6%) 5 (45.5%) 40 (35.7%) 0.529

Insulin-dependent diabetes 16 (13.0%) 3 (27.3%) 13 (11.6%) 0.155

COPD 2 (1.6%) 0 (0%) 2 (1.8%) 1.000

Peripheral vascular disease 12 (9.8%) 2 (18.2%) 10 (8.9%) 0.292

Previous stroke 25 (20.3%) 4 (36.4%) 21 (18.8%) 0.232

Previous MI 19 (15.4%) 2 (18.2%) 17 (15.2%) 0.678

Previous PCI 25 (20.3%) 1 (9.1%) 24 (21.4%) 0.459

Recent AMI 23 (18.7%) 2 (18.2%) 21 (18.8%) 1.000

Left main disease 56 (45.9%) 6 (54.4%) 50 (45.0%) 0.546

LVEF (%) 63.5±9.2 67.6±8.1 63.1±9.3 0.125

LVEF <50 14 (11.4%) 1 (9.1%) 13 (11.6%) 1.000

LVDD (mm) 47.9±4.5 47.4±3.7 48.0±4.6 0.659

SYNTAX score 31.0±9.6 35.3±8.3 30.6±9.6 0.123

Euroscore II 2.18±2.08 2.15±1.55 2.18±2.13 0.964

Preoperative IABP 2 (1.6%) 1 (9.1%) 1 (0.9%) 0.172

Treated vessels 2.2±0.4 2.3±0.5 2.1±0.4 0.259

Dose of contrast medium (mL)§ 200 [200, 250] 200 [200, 250] 200 [200, 300] 0.594

Perioperative transfusions 32 (26.0%) 7 (63.6%) 25 (22.3%) 0.007

Postoperative drainage of first day (mL)§ 500 [325, 720] 850 [410, 1,500] 500 [321, 700] 0.045

Reoperation for bleeding 6 (4.9%) 2 (18.2%) 4 (3.6%) 0.09

Baseline medications

Preoperative diuretics 21 (17.1%) 2 (18.2%) 19 (17.0) 1.000

β-Blocker 103 (83.7%) 9 (81.8%) 94 (83.9%) 1.000

ACE inhibitor 39 (31.7%) 4 (36.4) 35 (31.3%) 0.741

Aspirin 123 (100%) 11 (100%) 112 (100%) 1.000

*, continuous variables with normal distribution are presented as mean ± SD. §, presented as median [P25, P75]. AKI, acute kidney injury; 
BMI, body mass index; HGB, hemoglobin; eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease; MI, 
myocardial infarction; AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; 
LVDD, left ventricular end-diastolic dimension; IABP, intra-aortic balloon pump.
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through a 5 to 7 cm anterolateral minithoracotomy in the 
fourth or fifth intercostal space. The LIMA to left anterior 
descending artery (LAD) anastomosis was then performed 
through the same incision with the same technique as 
conventional off-pump CABG via sternotomy. The PCI 
procedures were performed using standard techniques. 
LIMA-LAD graft patency was immediately confirmed by 
angiography after the chest closure. 

Drug-eluting stents (DES) or drug-coated balloons 
(DCB) were implanted in the non-LAD lesions. Iodixanol 
was used as the contrast medium in the PCI procedures.

Statistical analysis

Continuous variables are expressed as mean and standard 
deviation, and categorical variables are expressed as a 
proportion. The t-test or Mann-Whitney U test was used 
to compare the variables between the AKI and non-AKI 
groups for continuous variables, and the chi-squared test 
or Fisher exact test was used for categorical variables. 
The risk factors associated with postoperative AKI were 
evaluated via univariate logistic regression, and multiple 
logistic regression analyses identified the independent risk 
factors for AKI. All statistical data analyses were conducted 
using the SPSS software package (IBM SPSS Statistics for 
Windows, Version 22.0), and a P value <0.05 was considered 
statistically significant.

Results

Baseline characteristics

A total of 123 patients who underwent HCR were included 
in the study, and no patients required conversion to 
sternotomy. The mean age was 64.7±9.4 years, and 96 
(78.0%) patients were male. The mean preoperative serum 
creatinine was 71.8±15.9 mmol/L, the mean eGFR level was 
97.1±29.8 mL/min/1.73 m2, the mean number of treated 
vessels was 2.2±0.4, and the median volume of postoperative 
drainage on the first day was 500 mL, 12 (9.8%) patients 
had eGFR levels less than 60 mL/min/1.73 m2 and 32 
(26.0%) patients received perioperative transfusions. 
Baseline characteristics and postoperative outcome data of 
the patients are presented in Table 1. 

Postoperative AKI occurred in 11 (8.9%) patients 
according to the KDIGO guideline, of which 8 (72.7%), 1 
(9.1%), and 2 (18.2%) patients developed stage 1, 2, and 3 
AKI, respectively. Two patients required continuous renal 

replacement therapy (CRRT) and both patients died during 
the hospital stay. The overall mortality was 1.6% in all 
patients and 18.1% in the AKI group. All other AKI patients 
recovered completely at discharge. Comparing patients 
in the AKI group and the non-AKI group, there were no 
differences in gender, BMI, preoperative hemoglobin, 
preoperative anemia, LVEF, heart failure, SYNTAX score, 
Euroscore II, dose of contrast medium, and baseline 
medications. The AKI group were older (71.0±9.5 vs. 
64.1±9.2 years, P=0.019), had higher preoperative creatinine 
levels (92.6±16.8 vs. 69.8±14.4 mmol/L, P<0.001), had a 
greater volume of postoperative drainage on the first day 
{850 mL [410, 1,500] vs. 500 mL [321, 700], P=0.045}, had 
a higher proportion of chronic renal insufficiency defined as 
eGFR <60 mL/min/1.73 m2 (36.4% vs. 7.1%, P=0.012), and 
higher rates of perioperative transfusions (63.6% vs. 22.3%, 
P=0.007) (Table 1).

Logistic regression analysis for risk factors of AKI after 
HCR

All the potential risk factors were involved in the univariate 
logistic regression analyses, variables that were statistically 
different in the univariate logistic regression analyses 
and baseline characteristic analysis were showed in  
Table 2. Advanced age (≥75 years) (P=0.003), eGFR  
<60 mL/min/1.73 m2 (P=0.006), and perioperative 
transfusions (P=0.007) were risk factors for developing 
AKI. The volume of postoperative drainage on the first day 
was not a statistically significant risk factor. Then, logistic 
regression was performed with variables that had been 
significant in previous univariate analysis (advanced age, 
eGFR <60 and perioperative transfusions) for multivariate 
risk factors evaluation. Finally, it revealed that advanced 
age [odds ratio (OR) 5.44, P=0.014] and perioperative 
transfusions (OR 4.62, P=0.028) were independent risk 
factors of developing AKI after one-stop HCR (Table 2).

Discussion

AKI is a well-known complication after cardiac surgery. 
The incidence of postoperative AKI ranges from 8.9% to 
48.5% in patients undergoing isolated CABG (8-12), and 
7.1% to 21.5% in patients who undergo PCI procedures 
(13-15). Postoperative AKI is associated with significantly 
increased risks of in-hospital MI, mortality, and other 
severe perioperative complications. It is also associated with 
significant medical expenses and risks of long-term major 
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adverse events, including chronic kidney disease (CKD), 
end-stage renal disease, and death (15-17). In the present 
study, in-hospital mortality was 1.6% in all HCR patients 
and 18.1% in the AKI group, highlighting the severe 
adverse results of AKI.

It remains a complex mechanism for the pathophysiology 
of AKI following cardiac surgery and PCI, several major 
injury mechanisms have been proposed as the etiology in 
the development of AKI, including the direct nephrotoxic 
effects, hypoperfusion, ischaemia-reperfusion injury, 
increased viscosity of fluid in vascular and tubular cells, 
neurohumoral activation, oxidative stress, apoptosis, 
immune-inflammation injury, and epigenetic regulation 
(18,19).

Mehta et al. suggested that the time interval between 
cardiac catheterization and elective CABG in postprocedural 
AKI was a major risk factor. This latter study demonstrated 
that patients in whom CABG was performed less than 1 day 
after cardiac catheterization had the highest risk of AKI (20). 
Wintgen et al. demonstrated that delayed postoperative 
re-angiography was an independent protective factor 
for the occurrence of post-angiography AKI in patients 
undergoing CABG (21). The one-stop HCR procedure 
combines surgical and catheterized revascularization, with 
the PCI procedure being performed immediately after 
the MIDCAB. Consequently, it can be hypothesized that 
HCR would increase the incidence of postoperative AKI 
compared with either CABG or PCI alone.

Few publications have demonstrated the incidence of 
AKI in one-stop HCR as it is only performed in a limited 
number of centers. Zhou and colleagues reported that 
patients undergoing the one-stop hybrid procedure had a 
higher incidence of AKI than patients undergoing off-pump 
CABG; however, this did not reach statistical significance 
(25.2% vs. 17.6%, P=0.13) (22). Zhao et al. observed that 

the rate of AKI (defined as a 25% increase in creatinine at 
72 h) was 33% in one-stop HCR procedure (23). However, 
in the present study, 8.9% of patients developed AKI after 
one-stop HCR, which is slightly lower than the reported 
incidences of AKI in HCR, PCI, or CABG procedures and 
is contrary to our initial hypothesis. This outcome may be 
due to the following protective factors: (I) the MIDCAB 
procedure avoided cardiopulmonary bypass (CPB), 
decreased the systemic inflammatory response and ischemia-
reperfusion injury, and reduced the occurrence of AKI (24);  
(II) hemodynamic stability was maintained in all our 
patients resulting in adequate organ perfusion, and urine 
volume during the whole operation (25); (III) the contrast 
medium of choice in the PCI procedures was iso-osmolar 
nonionic iodixanol which has the same physiological 
osmolality as blood and has been shown to have the lowest 
risk for contrast-induced AKI, especially in patients with 
CKD and diabetes (5); (IV) the use of nephrotoxic drugs 
were avoided where possible due to the potential risk of 
kidney damage in one-stop HCR procedures. 

Numerous studies have analyzed AKI in the setting 
of either CABG or PCI. Common risk factors for the 
development of AKI after CABG and PCI include advanced 
age, female sex, pre-existing CKD, COPD, diabetes 
mellitus, hypertension, hyperlipidemia, congestive heart 
failure, obesity, and the use of CPB and contrast medium 
(15,26-28). However, to our knowledge, this current report 
is the first to discuss the risk factors involved in one-stop 
HCR procedures.

The present study identified that advanced age (≥75 years)  
was an independent risk factor of developing AKI after 
one-stop HCR, and the risk of postoperative AKI increases 
significantly in elderly patients (OR 5.44, P=0.014). It 
is well-accepted that renal function declines with age 
(27,29,30). Consistent with the literature, the mean eGFR in 

Table 2 Univariate and multivariate logistic regression of patients in AKI group and non-AKI group

Variables AKI group (n=11)
Non-AKI group 

(n=112)
Univariate  

P value

Multivariate

OR (95% CI) P value

Advanced age (≥75 years) 6 (54.5%) 16 (14.3%) 0.003 5.44 (1.40–21.14) 0.014

eGFR <60 4 (36.4%) 8 (7.1%) 0.006 – 0.567

Perioperative transfusions 7 (63.6%) 25 (22.3%) 0.007 4.62 (1.18–18.10) 0.028

Postoperative drainage of first day (mL)§ 850 [410, 1,500] 500 [321, 700] 0.07 – –
§, presented as median [P25, P75]. AKI, acute kidney injury; OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration 
rate.
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our study cohort was 68.8±17.7 mL/min/1.73 m2 in patients 
older than 75 years, and 103.2±28.4 mL/min/1.73 m2  
in patients under 75 years old. Patients with low eGFR can 
withstand less ischemic damage before injury occurs. In 
addition, elderly patients have more comorbidities, which 
may also accelerate the progression of kidney injury.

Perioperative transfusions have been associated with 
postoperative AKI in cardiac surgery and PCI (31-33). The 
current study demonstrated that perioperative transfusions 
also increased the incidence of AKI in HCR procedures 
(OR 4.62, P=0.028). The rate of AKI was 21.9% in patients 
receiving transfusions and only 4.4% in patients without 
transfusions. Most of the transfusions were required 
because of bleeding. The mean postoperative drainage on 
the first day was 1,038±621 mL in transfused patients and 
499±408 mL in patients without transfusions. Appropriate 
antiplatelet therapy to balance the risk of stent thrombosis 
and surgical bleeding in one-stop HCR is challenging (34). 
Thus, one-stop HCR has different anticoagulant strategies. 
Aspirin (100 mg/day) was not discontinued preoperatively. 
Protamine was administrated at the end of MIDCAB, 
then a loading dose of clopidogrel was administered via 
a nasogastric tube before the closure of the thorax. An 
activated clotting time greater than 250 seconds was 
obtained by a second administration of unfractionated 
heparin in the PCI procedure. After surgery, all patients 
were treated with 100 mg aspirin within 6 hours if there 
were no contraindications, and dual antiplatelet therapy was 
administered. These anticoagulation strategies may increase 
the risk of bleeding compared with isolated CABG or PCI, 
which may challenge the hemostasis techniques for the 
cardiac surgeon and lead to bleeding events.

The composition and volume of blood transfusions were 
based on several principles as recommended. A lowered 
postoperative hemoglobin was mainly caused by bleeding, 
but this was not the only indication for transfusion. The 
decision to transfuse a patient with packed red blood cells 
(PRBCs) was based on the patient’s clinical condition rather 
than on a fixed hemoglobin threshold. Targeted transfusions 
were administrated according to the viscoelastic point-of-
care (POC) tests to improve the hemostatic capacity (35). 
In general, transfusions were administered based on the 
laboratory examination, patient’s clinical situation and the 
doctor’s experience.

The mechanisms of transfusion-related AKI remain 
unclear; however, several possible pathophysiological 
explanations have been proposed. The interrelated 
biochemical and morphological changes of erythrocytes 

can lead to depletion of adenosine triphosphate and 
2,3-diphosphoglycerate, and small capillary obstruction 
during storage can influence tissue oxygen delivery. These 
changes may also lead to progressive hemolysis and 
accumulation of microparticles, cytokines, free hemoglobin, 
and iron in the supernatant, causing a proinflammatory 
state, exacerbating oxidative tissue stress, and contributing 
to organ tissue dysfunction transfused patients (33,36,37).

To minimize the risk of AKI in these high-risk patients, 
the following measures should be considered: maintain 
perioperative hemodynamic stability, improve the quality 
of intraoperative hemostasis by reducing bleeding, avoid 
unnecessary perioperative blood transfusions; reduce the 
dose of contrast medium; avoid using nephrotoxic drugs.

This study had several limitations. First, this was a 
single-center retrospective study with small sample size. 
The cohort size in the AKI group was particularly small due 
to the limited number of patients treated with HCR and the 
low incidence of AKI in our center. Second, the differences 
between basic and intraoperative blood pressure, and the 
volume and composition of blood transfusions were not 
analyzed due to the small sample size, and these factors may 
play a role in the development of AKI.

Conclusions

In conclusion, one-stop HCR did not increase the incidence 
of postoperative AKI in our center. Advanced age (≥75 years)  
and perioperative transfusions were independent risk 
factors for developing AKI after one-stop HCR. For elderly 
patients, more attention should be focused on perioperative 
kidney protection. The efficacy of a restrictive transfusion 
strategy at improving HCR outcomes by reducing AKI risk 
requires further verification. Future studies are warranted 
to identify and confirm the risk factors of AKI in patients 
undergoing HCR procedures.
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