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Background

• Patients who develop AKI following CABG have worse outcomes, 
including higher rates of operative mortality

• First two studies to look at a possible association with coronary 
angiography-cardiac surgery interval with AKI were published in 2007 

• One found an increased risk of AKI in patients who had cardiac surgery within 
24 hours of angiography

• The other found no increased risk

• Despite several subsequent studies on the question, no definitive 
recommendation on the subject has been established



Study Purpose

• No prior studies have examined this clinical question in patients 
undergoing urgent CABG or focused on those with CKD

• Study questions:
• Is the interval between coronary angiography and urgent, isolated CABG 

associated with an increased risk of AKI?
• Is this effect different in patients with preexisting kidney disease?



Methods



Patient Selection

• Retrospective, single-center 
study of CABG patients from 
2011-2020

• Utilizes the STS Adult Cardiac 
Surgery Database for patients 
from our institution

• Criteria for study inclusion: 
isolated, urgent CABG with 
angiogram within 7 days of 
surgery and not on dialysis



Preoperative Management

• Heart catheterization performed following institutional renal-sparing 
protocols, including adjustments for patients with CKD

• Surgeons independently determined timing for CABG relative to CA



• Acute kidney injury defined by 
the KDIGO guidelines (2012)

• An increase in serum creatinine by 
≥0.3 mg/dl (≥26.5 µmol/l) within 
48 hours of suspected insult

• An increase in serum creatinine to 
≥1.5 times baseline within 7 days 
of suspected insult

• Chronic kidney disease stage 
determined by eGFR, as defined 
by the KDIGO guidelines (2021)

• Proteinuria not available for our 
patients, cannot differentiate 
between patients with no CKD and 
those with CKD stage 1

Definitions



Patient Groupings

• Patients grouped by time 
interval between coronary 
angiography and surgery

• 0-1 day
• 2 days
• 3 days
• 4-7 days

• Subgrouped by CKD stage
• No CKD/CKD stage 1
• CKD stage 2
• CKD stage 3a
• CKD stage 3b/4/5



Analysis Methods

• Test-of-trend analysis
• Locally estimated scatterplot smoothing (LOESS) curves were used to 

visualize the data
• Adjusted odds ratios of the risk of AKI, controlling for multiple 

covariates, were compared between time interval groups
• All analyses were repeated for CKD subgroups



Results



Patient Characteristics
Characteristic Overall
N 2249
Age 65 (57, 72)
Female 629 (28.0%)
White* 1680 (74.7%)
Body mass index 29.1 (25.7, 33.1)
Diabetes mellitis 1138 (50.6%)
Hypertension 1961 (87.2%)
Heart failure within last two weeks 452 (20.1%)
Ejection fraction ≤35% 269 (12.0%)
Myocardial infarction within 7 days* 1247 (55.4%)
Last creatinine level prior to surgery* 0.9 (0.8, 1.1)
STS predicted risk of renal failure* 1.6% (0.8%, 3.3%)
Preoperative PCI during encounter 105 (4.7%)
On-pump case* 2066 (91.9%)
Cardiopulmonary bypass time (min) 108 (85, 133)
Intraoperative blood use 697 (31.0%)

STS, Society of Thoracic Surgeons.   PCI, percutaenous coronary intervention.
*Significant difference between time interval groups.



Results - All patients

Cochrane-Armitage test-of-trend for AKI by time 
interval group: p=0.96

Group N AKI
Overall 2,249 271 (12.0%)
Day 0-1 512 72 (14.1%)
Day 2 477 55 (11.5%)
Day 3 399 35 (8.8%)
Days 4-7 861 109 (12.7%)



Results - All patients

Adjusted* Odds Ratios and 95% Confidence Intervals for Post-CABG AKI by
   Angiography-to-Surgery Interval (reference “Day 0-1”)

Group Day 0-1 Day 2 Day 3 Days 4-7
Overall 1 0.696 (0.460, 1.052) 0.503 (0.317, 0.797) 0.721 (0.507, 1.024)

Bold typefont indicates statistically significant result
* Adjusted with Age, Sex, Race, Body Mass Index, Recent Heart Failure, Diabetes, Hypertension, Cardiopulmonary Bypass Time,
   Myocardial Infarction within 7 Days, Intraoperative Blood Product Use, and STS Predicted Risk of Renal Failure.



Results – CKD Subgroups

Group N AKI
Day 0-1 281 30 (10.7%)
Day 2 254 16 (6.3%)
Day 3 175 7 (4.0%)
Days 4-7 394 33 (8.4%)

No CKD/CKD Stage 1
Group N AKI

Day 0-1 185 30 (16.2%)
Day 2 144 21 (14.6%)
Day 3 157 15 (9.6%)
Days 4-7 319 35 (11.0%)

CKD Stage 2



Results – CKD Subgroups

Group N AKI
Day 0-1 32 6 (18.8%)
Day 2 49 5 (10.2%)
Day 3 40 4 (10.0%)
Days 4-7 80 15 (18.8%)

CKD Stage 3a
Group N AKI

Day 0-1 14 6 (42.9%)
Day 2 30 13 (43.3%)
Day 3 27 9 (33.3%)
Days 4-7 68 26 (38.2%)

CKD Stage 3b/4/5



Results – CKD Subgroups

Adjusted* Odds Ratios and 95% Confidence Intervals for Post-CABG AKI by
   Angiography-to-Surgery Interval (reference “Day 0-1”)

Group Day 0-1 Day 2 Day 3 Days 4-7
No CKD/CKD Stage 1 1 0.539 (0.273, 1.065) 0.295 (0.118, 0.741) 0.765 (0.436, 1.341)
CKD Stage 2 1 0.903 (0.468, 1.742) 0.502 (0.247, 1.019) 0.521 (0.292, 0.929)
CKD Stage 3a 1 0.164 (0.033, 0.820) 0.339 (0.074, 1.556) 0.778 (0.233, 2.597)
CKD Stage 3b/4/5 1 2.092 (0.446, 9.813) 0.974 (0.208, 4.558) 1.684 (0.412, 6.888)

Bold typefont indicates statistically significant result
* Adjusted with Age, Sex, Race, Body Mass Index, Recent Heart Failure, Diabetes, Hypertension, Cardiopulmonary Bypass Time,
   Myocardial Infarction within 7 Days, Intraoperative Blood Product Use, and STS Predicted Risk of Renal Failure.



Results

• Operative mortality was 7.5 times higher for patients who developed 
AKI (RR 7.5, 95% CI 3.7-15.0)

• Risk of AKI, dialysis, and death increased with advancing CKD stage

Group N AKI Dialysis Operative Mortality
Overall 2,249 271 (12.0%) 19 (0.8%) 35 (1.6%)
No CKD/CKD Stage 1 1104 86 (7.8%) 1 (0.1%) 7 (0.6%)
CKD Stage 2 805 101 (12.5%) 3 (0.4%) 18 (2.2%)
CKD Stage 3a 201 30 (14.9%) 2 (1.0%) 5 (2.5%)
CKD Stage 3b/4/5 139 54 (38.8%) 13 (9.4%) 5 (3.6%)



Discussion and Conclusions



Study Findings

• Patients who underwent surgery 3 days after coronary angiography 
had a lower incidence of AKI compared with those operated on within 
1 day

• Statistically significant difference for overall population and the No CKD/CKD 
Stage 1 subgroup

• Trend towards significance in other CKD subgroups (analysis in smaller 
subgroups limited by inadequate power)



Study Findings

• After day 3 there was no 
further decline in risk of AKI 
relative to day 0-1 cohort 

• This finding may be due in part 
to surgeons independently 
determined timing of surgery 

• Patients who are less healthy in 
ways we cannot adequately 
measure may be more likely to 
have surgery delayed



Conclusions

• Based on our data, it appears that delaying CABG until the 3rd day 
after coronary angiography decreases the risk of AKI, regardless of 
preexisting kidney disease

• The decision for timing of surgery must be made within the context of 
all relevant clinical factors

• Our study findings support the need for a large, multi-center 
randomized prospective trial that could inform guidelines on this 
issue with a high level of evidence



Thank you
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