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Acute kidney injury (AKI) is a severe complication and a

strong risk factor for death in patients undergoing cardiac sur-

gery,1,2 so much so that the term cardiac surgery�associated

acute kidney injury (CSA-AKI) has been coined, and estab-

lishing a predictive model for CSA-AKI has been the focus of

past research. Various predictive models have been established

to predict AKI, such as the AKI after cardiac surgery score, the

Cleveland Clinic score, the Mehta score, and the simplified

renal index score. However, the discrimination and calibration

predictive value for each of these models is not convincing,

and therefore these models are barely acceptable.1

Currently, there are several preoperative and intraoperative

alternatives to reduce the risk of CSA-AKI, such as avoiding

nephrotoxic drugs, ensuring convenient hydration, and opti-

mizing the patient’s hemodynamic status to maintain adequate

renal perfusion. Intraoperative considerations are also avail-

able and include performing off-pump procedures when possi-

ble, minimizing bleeding, reducing cardiopulmonary bypass

times, and maintaining suitable perfusion pressures (>75

mmHg to 80 mmHg).3 Although these steps well may reduce

the risk of developing CSA-AKI, little yet has been achieved

regarding early CSA-AKI prevention—a topic of paramount

importance.

Given that patients undergo a period of hemodynamic insta-

bility and systemic oxygenation impairment during and after

cardiac surgery, continuous monitoring is required.4 The ideal

means to prevent CSA-AKI would be a continuous, noninva-

sive monitor capable of instantly detecting biomarker changes

relevant to AKI, thus allowing for prompt and appropriate

responses by the care team.3

Current potential biomarkers are insufficient for use in early

detection and prevention. Serum creatinine (SCr) levels are

influenced by a variety of factors including age, sex, ethnicity,

muscle mass, and intravascular volume, regardless of renal

function. Furthermore, there is no SCr level alteration until

50% of the renal function is lost, which can limit substantially

and even delay the detection of CSA-AKI.5,6 Although some

biomarkers could facilitate a diagnosis of CSA-AKI, there is
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an impractical delay in their level changes, which rise 2 hours

to 6 hours after surgery.7 These biomarkers may be the most

sensitive means of CSA-AKI detection, but their analysis and

assay require a considerable amount of money and time. Fur-

thermore, they cannot be detected faster nor measured continu-

ously to assess renal function in real time, which is needed to

preserve healthy renal conditions.

Recent guidelines focus on attaining adequate tissue perfu-

sion along with an appropriate systemic oxygen sup-

ply�demand balance in a strategy called goal-directed

therapy. Goal-directed therapy relies on the close monitoring

of direct and indirect parameters ranging from cardiac index to

lactate, mean arterial pressure, and venous oxygen saturation.

This strategy has enhanced outcomes after cardiac surgery.

However, goal-directed therapy only reflects the parameters of

systemic perfusion in a global manner. Indeed, regional tissue

perfusion and oxygen saturation levels differ according to vari-

ous organs (eg, the greatest oxygen consumption is located in

the heart as opposed to other organs, so a global assessment

would obscure this important difference).4

Near-infrared spectroscopy (NIRS) tries to overcome the

limitations of monitoring indirect perfusion and oxygenation

parameters, which may be a good strategy for early CSA-AKI

detection. NIRS is a noninvasive, optical technique that con-

tinuously measures the difference between oxygenated and

deoxygenated hemoglobin within a regional tissue area, thus

obtaining regional oxygen saturation (rSo2).
8,9 The NIRS tech-

nique applies the Beer-Lambert law, where the concentration

of a substance can be measured according to its absorption of

light. From the differential absorption of 2 near-infrared wave-

lengths of light by oxygenated and deoxygenated hemoglobin,

NIRS devices supply an assessment of the oxyhemoglobin sat-

uration in a volume of area beneath the sensors.10,11 In addi-

tion, NIRS provides invaluable information about the balance

between tissue oxygen delivery and consumption, reflecting

real-time dynamic changes in the microcirculatory bed perfu-

sion, thus allowing rapid feedback on tissue perfusion.12 In

this way, kidney oxygen saturation (kSo2) could be registered
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if NIRS sensors were located in the corresponding area.

Indeed, NIRS can detect important alterations in critical tissue

bed perfusions that might result in organ injury, including the

kidney.

Unlike SCr assessments, NIRS values are not affected by

the same factors altering SCr. NIRS measurement is affected

primarily by its depth of penetration signal, which is limited to

approximately 3 cm to 4 cm beneath the skin. Other factors

potentially impairing NIRS values are a high concentration of

conjugated bilirubin and the amount of skin pigment. The sig-

nal detection also can be disturbed by any external source of

light, which may be caused by the reduced adhesion of the sen-

sors owing to increased patient perspiration.13

Unlike SCr, which supplies almost no information regarding

kidney perfusion, kSo2 provides key information concerning

kidney perfusion via a noninvasive assessment of regional

oxygen supply�demand balance. Moreover, these kSo2 con-

tinuous, noninvasive measures are suitable targets for the

goal-directed therapy to treat impairments in kidney perfusion.

Similar to previous research showing that intraoperative

cerebral desaturation was related to an increased risk of cogni-

tive decline,14 recent studies have demonstrated that intraoper-

ative kidney oxygen desaturation is associated with

postoperative CSA-AKI in adult patients undergoing cardiac

surgery.15 Therefore, intraoperative kidney oxygen monitoring

gives invaluable information that reliably detects CSA-AKI

and even may be used effectively to guide therapy in an earlier

manner than SCr, providing a time-limited span before the

onset of irreversible kidney failure.

Overall, NIRS is a cutting-edge, noninvasive, continuous,

real-time assessment of regional oxygen saturation, which, if

located in the corresponding kidney area, could reflect not

only renal oxygen saturation but also an estimation of kidney

perfusion. In this sense, NIRS supplies invaluable information

that enables prompt and appropriate responses before the onset

of kidney injury, significantly enhancing AKI prevention.

None of these benefits can be derived from the assessment of

traditional targets, such as SCr levels or even novel bio-

markers. Renal oxygen saturation seems to be a promising

marker for the early detection and prevention of CSA-AKI.

Therefore, continuous kidney oxygen saturation monitoring

may be a promising, cutting-edge, real-time, noninvasive strat-

egy to enhance the prevention of AKI and allow for prompt,

appropriate responses.
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