Predictive Risk Factors for Acute Kidney
Injury Following Cardiac Surgery
Acute kidney injury (AKI) is a common problem faced by patients undergoing cardiac surgery, either with or without cardiopulmonary bypass (CPB).
Several widely accepted classification systems exist to define AKI in the adult
population, including the AKIN (Acute Kidney Injury Network) criteria, RIFLE
(risk, injury, failure, loss, end-stage renal disease) classification, and KDIGO
(Kidney Disease: Improving global outcomes) stages.1 Each of these classification systems agree on three commonalities of AKI: elevated serum creatinine
(SCr), decreased glomerular filtration rate (GFR), and decreased urine output,
or oliguria.1 What are less agreed upon are the most predictive risk factors for
cardiac surgery-associated AKI.
Research regarding cardiac surgery-associated AKI is ongoing, as new
predictive factors and methods of kidney protection are studied and discovered. Several studies agree on some known risk factors of AKI, including female gender, old age, preoperative hypertension, diabetes, and redo operations.2,3 Other studies suggest some risk factors of AKI that are not as widely
studied or accepted, including lowest hematocrit (Hct) during CPB, lowest
oxygen delivery (DO2) during CPB, prolonged CPB duration and cross-clamp
time, blood product usage, high body mass-index (BMI), non-normal mean
arterial pressure during CPB, and low CPB flow or cardiac index.
In a prospective study conducted by Gong et al., out of 198 patients that
developed AKI, 52.38% were elderly, and the rate of mortality was also higher
(42%) than the non-elderly patients (24%).7 In a univariate analysis of risk
factors for AKI, Palomba et al. concluded that several factors showed an increased risk of developing an AKI, including age > 65 (OR 2.32, 95% CI 1.35 3.98), female gender (OR 1.77, 95% CI 0.97 - 3.22), preoperative hypertension
(OR 0.9, 95% CI 0.45 - 1.81), and diabetes (OR 1.43, 95% CI 0.81 - 2.52).2 The
same researchers also found that more complicated procedures, such as combined valve and bypass grafting surgeries, caused more frequent AKI than
single surgeries (OR 3.19, 95% CI 1.62 - 6.25).2
In a 2019 retrospective study of 14,350 critically ill patients with AKI,
Zhou et al. investigated the relationship between lowest Hct and mortality
and found a significant inverse relationship between the incidence of 90-day
mortality and Hct in both genders.8 According to a 2019 randomized retrospective study by Newland et al., maintaining a DO2 index above 270 ml/min/
m2 was associated with reducing the rate of AKI. This study also concluded
that there was a 52% increased risk of AKI if the DO2 was below this threshold (OR, 1.52; 95% CI, 1.29 - 1.77; P < .001).9 The use of blood products, particularly red blood cells, typically attempt to solve the problems of low Hct
and low DO2, but there is research showing that the transfusions themselves
may also be an independent risk factor. When RBCs are stored there is a decrease in deformality, depletion of ATP, inability to generate nitric oxide, and
increase in adhesiveness to vascular endothelium.10 These factors can lead to
an impairment in DO2 and exacerbation of the inflammatory response that
can cause kidney.10
In a retrospective observational study, Hiew et al. evaluated the outcomes
of 1,228 patients that underwent CABG procedures. Using a stepwise multivariate analysis for AKI and AKI-D (patients that required renal replacement
therapy), they found that for every one-minute increase in CPB time the odds
of patients having AKI increased by 1.01.11 Temperature and AKI is another
studied topic, regarding both hypothermia and hyperthermia. Newland et al.
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conducted an observational study relating arterial outlet temperature to AKI for a group of 193 consecutive
patients. They found that for every 10 minutes that the arterial outlet read >37 ℃, the risk for developing AKI
also increased by 34 % (OR 1.03, 95% CI 1.01-1.05, p = 0.01).12
Currently, there are no absolute predictive factors of perioperative AKI, though many studies have attempted to identify such factors. While results from many of the studies agree on the same predictors, other
studies show differing results. For example, although several systematic reviews have concluded females have
an increased risk for developing AKI1,3, two independent groups of researchers suggested no significant difference between genders and a protective effect from the female gender.4,5 Similarly, while systematic reviews
have concluded that diabetes is a known risk factor of AKI, a study conducted by Mukaida et al. found a p-value
of 0.574 when comparing subjects with diabetes who did or did not experience AKI. In fact, the study showed
that a higher percentage of the non-AKI group were diabetic, contradicting what much of the other literature
had claimed about diabetes and AKI.6
Cardiopulmonary bypass can cause physiological changes in patients that can harm the patient’s organs,
especially the kidneys. Injury to the kidneys may occur in about 30% of all cardiac surgeries, some without
recovery. Because of discrepancies in the literature regarding risk factors, it is important to continue researching AKI physiology to reduce the occurrence of AKI in the future, through evidence-based medicine and perfusion. It is clear that the patients who present for surgery with more disease states are the more vulnerable
population, it is important to stay vigilant in minimizing any and all risk factors that can be avoided.
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