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INTRODUCTION

Perioperative acute kidney injury (AKI) is often subtle and an
underdiagnosed condition that is associated with significant
morbidity. It leads to an increased hospital length of stay (LOS),
costs, and mortality."? The incidence of AKl is around 20% in
hospitalized patients and is much higher (50-65%) in the critically
ill. However, the true incidence of perioperative AKl is difficult to
assess, since most patients have mild to moderate AKl and therefore
it often goes unnoticed.?? Perioperative AKl occurs more commonly
in elderly patients with chronic comorbidities undergoing major
surgeries. Even subclinical AKl in the perioperative period may
be associated with high complications, further leading to chronic
kidney disease (CKD) and increased long-term mortality.*=5
Perioperative AKl is commonly seen in patients with major
cardiothoracic trauma, orthopedic, obesity, vascular surgeries, and
in patients with preexisting CKD.”® However, the biggest challenge
in the perioperative period is to quantify the risk of AKI.

CriNicAL CRITERIA FOR DiaGgNosiIs oF AKI

Itis extremely critical to identify patients who are at risk of developing
perioperative AKI. It manifests as a rapid decline in glomerular
filtration rate (GFR); but since routine calculation of GFR is difficult,
urine output (UO) and serum (Sr) creatinine levels are used to measure
renal function. Various definitions of AKI have been used over the
last decade, with different cutoffs for creatinine and UO, and we
have extensively discussed the development of various criteria,
staging systems, and their drawbacks in the article “Epidemiology
and Pathogenesis of AKI” in this issue. The risk, injury, failure, loss,
and end-stage criteria was inconsistent and not very sensitive in
diagnosing perioperative AKI. The kidney disease improving global
outcomes (KDIGO) criteria provides for a longer duration (up to 7
days), and it is especially pertinent to the postoperative period. It
is interesting to note that in patients who meet both the UO and Sr
creatinine criteria are likely to have worse disease.’®

Significant limitations are involved in using creatinineand UO to
diagnose perioperative AKI. Creatinineis a late marker, and substantial
renal injury would have occurred before Sr creatinine goes up. Also
therisein Sr creatinineis not proportional to the extent of renal injury.
Creatinine and UO are influenced by many factors such as changes in
intravascular volume status, patients’ muscle mass and catabolism,
hemodynamic changes, fluid shifts, etc.'” Many patients do not have
preoperative creatinine, thus postoperative creatinine will not reflect
the extent of renal injury. Due to the stress of undergoing surgery,
the GFR decreases to prevent fluid and electrolyte losses, leading to
low perioperative UO.'>'3

BiomARKERS FOR AKI DiaGgNoOSIS

A number of biomarkers for early diagnosis of perioperative
AKI are now available, such as neutrophil gelatinase-associated
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lipocalin, cystatin C, kidney injury molecule-1, N-acetyl-beta-D-
glucosaminidase, tissue inhibitor of metalloproteinase 2, and
insulin-like growth factor-binding protein 7. These biomarkers have
variable sensitivity and specificity in different clinical conditions.
For more details, we suggest that the reader refers to the article on
biomarkers in AKI, in this supplement, to avoid repetition.

Risk FACTORS FOR DEVELOPMENT
ofF PeriopPerAaTIVE AKI

The major determinants or risk factors are summarized in Table 1.
Developing clinical risk scores for predicting perioperative AKl is
challenging, but certain indicators such as preoperative proteinuria,
anemia, hypoalbuminemia, myocardial dysfunction, leukopenia,
and elevated C-reactive protein have been shown to predict
perioperative AKI, particularly after cardiac surgeries.>'>-"7
Nonresolution of renal injury within 48 hours was found to
predispose the patient to develop chronic renal failure.'®

ReNAL FuncTiONAL RESERVE (KIDNEY STRESS
Test) AND RENAL RESISTIVE INDEX

Renal functional reserve (RFR) identifies renal capacity to increase
GFR under induced physiologic stress conditions. It is a marker
to assesses renal susceptibility to injury and identify patients
who benefit from preventive strategies. The RFR is measured as a
change between peak “stress” GFR induced by intravenous amino
acid infusion and oral protein load from the baseline GFR. A study
of cardiac surgery patients showed that preoperative RFR was
predictive of postoperative AKI."

High renal resistive index measured using ultrasonography
can be an early predictor of AKI development. Combining renal
resistive index and certain novel biomarkers can help predicting
the progression of AKI in the postoperative period.?’
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Table 1: Risk factors for perioperative acute kidney injury

Patient factors Procedure-related factors

Elderly and poor ASA status

Cardiac, transplant surgeries, lapa-
roscopic and emergency surgeries
Comorbidities such as anemia, Use of radiocontrast dye
diabetes mellitus, hyperten-

sion, IHD, CHF, COPD, obesity

Drugs (antibiotics, ACEl, ARBs, Intraoperative instability, use of

steroids) vasopressors

Cancer Blood transfusion and use of
colloids (starch)

CKD, CLD Abdominal compartment

syndrome
Need for intensive care unit
(ICU) admission with sepsis,
and mechanical ventilation

Bleeding disorders

ASA, American Society of Anesthesiologists physical status; IHD, ischemic
heart disease; CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease; ACEI, angiotensin converting enzyme inhibitors; ARBS,
angiotensin-receptor blockers; CKD, chronic kidney disease; CLD, chronic
liver disease

PREVENTIVE STRATEGIES FOR PERIOPERATIVE
AKI

Preventive strategies for perioperative AKl depend on the type of
surgeries, risk factors, preoperative optimization, and intraoperative
management. Emergency surgery, especially in septic patients,
is an independent risk factor for likelihood of developing AKI.
The patients need adequate hemodynamic optimization. The
enhanced recovery after surgery (ERAS) protocols have been
shown to decrease the overall complications and LOS significantly.?’
Similarly the KDIGO bundle approach suggests general preventive
strategies for all high-risk surgeries, i.e., identification of risk factors,
avoidance of nephrotoxic drugs, hyperglycemia, optimization
of hemodynamics and intravascular volume with goal-directed
protocols, and use of functional hemodynamic monitoring during
surgery.??

Cardiac surgeries have the highest incidence of perioperative
AKl as they are associated with significant stress and inflammation,
hemolysis, renal congestion, ischemia-reperfusion injury,
microembolization, rhabdomyolysis, etc. Strategies such as
maintaining euvolemia, and remote ischemic preconditioning,
along with the use of early renal replacement therapy, have shown
to reduce AKI.

PerioPERATIVE HEMODYNAMIC GOALS

It is well-known that surgical stress, even short episodes of
hypotension, can lead to renal injury.

Optimum blood pressure (BP) targets in perioperative care need
to consider the type of surgery, patient’s baseline BP, and the risks
of tissue hypoperfusion.

Studies have suggested that the mean arterial pressure (MAP)
should be maintained at 65 mm Hg and above in normotensive
patients and more than 75 mm Hg in chronically hypertensive
patients to prevent AKI. Evidence suggest thatin noncardiac surgery,
the intraoperative MAP <60 mm Hg for more than 20 minutes and
<55 mm Hg for more than 10 minutes increase the chances of AKI.23
A recent study showed that individual optimization of MAP within
10% of the baseline MAP significantly reduced AKI.2*

OTHER STRATEGIES FOR PREVENTING
PeriorPeraTIVE AKI

Protocolized goal directed therapy (GDT) with fluids, vasopressors,
and inotropes guided by cardiac output monitoring and oxygen
delivery as compared to lactate values was shown to avoid
hypervolemia and hypovolemia and can cause significant reduction
in AKI. Evidence suggest that strict UO monitoring can not only
detect AKI but also reduce fluid overload in surgical patients.?
Intra-abdominal pressure (IAP) determines the renal perfusion
pressure; hence, any situation causing increase in IAP such as
during laparoscopic surgeries or development of intraabdominal
hypertension (IAH) or abdominal compartment syndrome (ACS) can
lead to AKI. Various nephrotoxic drugs, such as diuretics, ARBs, ACEI,
nonsteroidal anti-inflammatory drugs, antibiotics, etc., increase the
risk of AKI. Preoperative ACEI/ARB may cause nonstructural AKI, and
hence, itis prudent to withhold these drugs on the day of surgery.?
Radiocontrast dyes combined with hypovolemia are commonly
implicated in perioperative AKl as many patients have radiological
evaluation before or after surgery especially in emergency
surgeries. This can be mitigated by maintaining normovolemia with
adequate fluid loading, while drugs such as N-acetylcysteine have
shown no benefit. Evidence is strongly against the prophylactic
use of dopamine or high-dose furosemide to block adenosine
triphosphate consumption by renal tubular epithelial cells.?”

CHoice ofF FLuibps

Fluid therapy (with crystalloids or colloids) is aimed at maintaining
the intravascular volume and tissue perfusion. Administration
of chloride-rich fluids such as 0.9% normal saline results in renal
vasoconstriction and decreased renal blood flow and GFR and has
been shown to be independently associated with AKI.2% A recent
study that looked at the use of balanced solutions such as Ringer’s
lactate or Plasma-Lyte compared to isotonic (0.9%) saline showed
reductions in the composite end point of mortality, need for renal
replacement therapy (RRT), and persistent renal dysfunction in
the balanced salt solution (BSS) group.?’ Colloid use still remains
controversial. When compared to saline, 5% albumin has shown to
increase the extracellular fluid volume and intracellular dehydration.
In a study of patients undergoing cardiovascular surgery, albumin
administration was shown to led to perioperative AKI in a dose-
dependent manner.3® Evidence is strongly against the use of
hydroxyethyl starch (HES) since its use has been shown to be
associated with increase in AKI and need for RRT in critically ill
patients, particularly those who had septic shock.' Use of starch in
the perioperative period remains controversial. Blood transfusion
has shown to be independently associated with AKI, particularly in
patients undergoing cardiac surgeries; hence, it is recommended
to optimize preoperative hemoglobin and use measures to reduce
blood loss, avoiding unnecessary blood transfusion.?

CoNncLusIoN

Perioperative AKI occurs frequently and depends on patient
and surgery-related factors. Perioperative AKI causes increased
morbidity and hospital stay, need for RRT, and also increases the
cost. It can also lead to chronic renal dysfunction with possible
dialysis dependence. Improved risk assessment, perioperative
hemodynamic optimization with fluids and vasopressors (if
required), avoiding nephrotoxic drugs and early diagnosis using
novel biomarkers, and strategies to prevent further renal injury
remain the mainstay in improving patient outcomes.
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