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Abstract: Acute kidney injury (AKI) is a complication experienced by many
patients undergoing cardiovascular surgery. Postoperative deterioration in
renal function is associated with an increased risk of in-hospital mortality
and affects long-term survival. Developing strategies to identify and treat

AKI is important to reduce incidence and optimize outcomes.

By Melanie E. Smith, DNP, RN, ACNP-BC
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Acute kidney injury after cardiovascular surgery

stable. Pulmonary congestion previously noted on X-ray
persists, and mild oliguria has developed with a urine out-
put (UO) of 0.3 mL/kg/hr for the last 6 hours. His creatinine
is close to his admission baseline at 1.3 mg/dL, so diuretics
are resumed.

UO improves, and Mr. D is subsequently transferred to
the cardiac stepdown unit. Within 48 hours, he is
hyperkalemic, uremic, and his volume overload is now
refractory to diuretics. The nephologist is consulted and
diagnoses Mr. D with acute kidney injury (AKI). Concerned
for progressive respiratory insufficiency and/or dysrhyth-
mias secondary to hypervolemia and electrolyte abnor-
malities, Mr. D is returned to ICU for continuous renal
replacement therapy as recommended.

M Overview of acute kidney injury

AKI following cardiovascular surgery carries a poor prog-
nosis. Despite improvements in management strategies,
studies have shown that in-hospital mortality and long-term
survival are adversely affected when kidney function dete-
riorates postoperatively."” Early detection and aggressive
early intervention are critical to optimizing outcomes for
those at risk for kidney injury.

AKI, previously referred to as acute renal failure (ARF),
is defined as an abrupt change in kidney function.® The
change in terminology is based on the understanding that
kidney injury is a broad spectrum of acute disease with
different levels of severity.” Ambiguous diagnostic criteria
have historically contributed to the underrecognition,
management, and reporting of kidney injury. Different
definitions of AKI have also made the body of research on
treatment and outcomes difficult to compare.”” Efforts by
workgroups such as Kidney Disease Improving Global
Outcomes (KDIGO) and Acute Dialysis Quality Initiative
(ADQI) have improved the early detection and treatment
of AKI by developing standardized measures for defining
injury and staging severity.”*!° Three classification systems
are commonly used to qualify AKI. Risk, Injury,-Failure,
Loss of kidney function, and End-stage renal disease
(RIFLE), proposed by ADQI in 2004, defines AKI in stag-

es of increasing severity. Three years later, the Acute Kidney
Injury Network (AKIN) modified the RIFLE criteria based
on evidence that even incremental changes in kidney func-
tion were clinically significant and should be acknowledged
and treated as early as possible. The revised classification
system increased the sensitivity and specificity of the mea-
sures used to identify AKL%*

Both RIFLE and AKIN demonstrated predictive valid-
ity and both were used in practice; however, concerns re-
garding the continued use of different definitions for AKI
led to further refinement. After reviewing the evidence on
RIFLE and AKIN, the KDIGO workgroup proposed a third
classification system for AKI, creating one definition for use
in research and practice (see KDIGO criteria).”"!

Despite this important consensus, criticism has been
raised in regards to the KDIGO staging convention, as AKI
may be diagnosed based solely on UO. This approach is
not without limitations; changes in UO do not always
indicate changes in the GFR. Urine volumes can vary in
response to a variety of clinical situations; fever, hyper-
thyroidism, increased fluid intake, or diuretic use can
cause UO to increase or decrease. A corresponding change
in serum creatinine (SCr) is not always seen when UO
decreases, particularly when low UO is caused by inade-
quate fluid volume resuscitation.

Diagnosing AKI based on SCr changes can be problem-
atic as well. Creatinine levels can vary in response to nonre-
nal causes. Medications, muscle injuries, or increased muscle
mass can cause creatinine elevations; a decreased SCr may
result from low muscle mass. Determining the change in
creatinine is difficult when patients present with AKI who
have no prior baseline for comparison.

There has also been concern that determining AKI based
on a single biomarker (such as SCr or an isolated variable
such as UO) may lead to inappropriate treatment and un-
necessary specialty consultations. While changes in UO and
SCr are perhaps the easiest way to identify kidney injury, it
is important to consider whether these changes are affecting
glomerular filtration. The RIFLE classification system is used
most often for these reasons.'

B Evaluating kidney function
Once AKI has been recognized and the degree

of kidney dysfunction staged, etiology should
be determined. Differentiating between prere-

nal, intrinsic-renal, and postrenal causes is a

useful approach. Obtaining a careful medication

KDIGO criteria™"

AKI SCr change

stage from baseline  SCr acute change uo

Stage1 1.5-1.9x >0.3 mg/dL in 48 h  <0.5 mL/kg/hr x 6-12 h
Stage2 2.0-2.9x No data <0.5 mL/kg/hr x 212 h
Stage3 >3 x >4.0 mg/dL <0.3 ml/kg/hr x 224 or

anuria > 12 h or renal
replacement therapy

initiated

and medical history provides useful information
that aids classification (for example, recent
vomiting, diarrhea, nephrotoxin exposure, or
aggressive diuresis).
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Acute kidney injury after cardiovascular surgery

Clinical signs and symptoms found on the
physical exam may also provide clues as to the cause

Urinary findings in AKI'®

of AKI (features of volume depletion, HE hypoten-
sion, or bladder distension). Diagnostic testing and
urine studies can help clarify the mechanism of

kidney injury if the history and physical exam are

inconclusive. Urinalysis, urine osmolality, fraction-
al excretion (FE) of electrolytes, FE of uric acid,and

quantification of urine protein should be included
in the initial testing (see Urinary findings in AKI).

A complete urinalysis (which includes gross
exam, dipstick analysis, and microscopic exam

of urine sediment) is one of the most useful and

Prerenal Intrinsic renal  Postrenal

Urinalysis Normal Proteinuria/ WBCs/RBCs
casts

Fractional excretion <1% >1% Acute <1%;
of sodium (FENa) chronic >1%
Fractional excretion of <10% >10% Variable
uric acid (FEUric acid)
Fractional excretion <35% >35% Variable
of urea (FEUrea)
Urine osmolality >600 mOsm/kg 300mOsm/kg~  Variable

cost-effective diagnostic tools for evaluating
acute and chronic kidney function; however, it is
important to remember that it has limitations. For instance,
urine dipstick for protein can be unreliable. Dipstick testing
is not sensitive enough to detect moderately increased pro-
teinuria; even severe proteinuria may not be identified if
urine is very dilute.”® This is particularly important when
evaluating patients with diabetes mellitus, who are at high
risk for chronic kidney disease (CKD). Initiating ACE in-
hibitor or angiotensin II receptor blocker (ARB) therapy
would be considered for these patients when clinically ap-
propriate when proteinuria is present.'

Spot testing urine protein-to-creatinine ratio provides
better proteinuria quantification. Finally, AKI is often present
despite a normal urinalysis. Prerenal kidney injury, acute
tubular necrosis, urinary tract obstruction, tumor lysis syn-
drome, and hypertensive emergencies are just a few of the
clinical conditions that cause kidney injury without changes
in the urinalysis. Clinicians should be mindful that urinary
testing must be appropriately timed and interpreted in rela-
tion to a patient’s history and clinical presentation. Urine
studies should be done prior to giving diuretics, as they can
falsely affect study results.'?

Creatinine is the most common biomarker used to
evaluate kidney function. In healthy individuals, SCr levels
remain in a steady state because it is neither reabsorbed nor
secreted by the kidneys. This makes creatinine an ideal agent
for calculating the GFR and evaluating kidney injury or
recovery. Creatinine use is not without limitations, how-
ever. In early injury, there has not been sufficient time for
creatinine to accumulate in the blood. This means that kid-
ney injury, as defined by changes in creatinine levels, may not
be apparent for hours to days. It follows that the use of cre-
atinine to estimate GFR will not always reflect actual filtration.
Rising creatinine levels can overestimate GFR; creatinine re-
moval during dialysis makes assessing kidney recovery diffi-
cult. Finally, creatinine has little efficacy in forecasting the
duration and clinical course of AKIL."

www.tnpj.com

Urea, a byproduct of protein metabolism, is commonly
used in managing AKI to monitor levels of nitrogenous waste
and uremic solutes; however, levels can be affected by sev-
eral extrarenal factors, such as diet, hypercatabolism, tissue
necrosis, volume depletion, and steroids."? Ultimately, once
blood urea nitrogen (BUN) and SCr levels rise, kidney in-
jury has already occurred. Because of these factors, even
minor elevations in BUN and SCr must be evaluated using
a staging model, such as AKIN for clinical significance. In-
formation technology can be a helpful tool in systematic
monitoring of high-risk individuals; built-in triggers can alert
providers when lab changes consistent with AKI develop.

Technologic advances have led to the development of
new biomarkers that may predict risk for developing AKI;
lab and point-of-care tests are being designed that aid early
identification of AKI and predict its clinical course."'* Neu-
trophil gelatinase-associated lipocalin (NGAL), normally
present at low levels in human tissue, becomes markedly
elevated following prerenal or intrinsic renal injury. Because
it can be easily detected in serum and urine, it has been
studied for its ability to predict the severity, duration, and
mortality associated with AKL.'7"

The kidney injury molecule dipstick is a rapid urine test
shown in clinical trials to have specificity for detecting
preclinical nephrotoxicity and renal recovery.? Urinary inter-
leukin-18 (IL-18), a cytokine that plays a role in inflamma-
tory disorders, is being evaluated for its ability to predict AKL.*
The combination of urinary IL-18, urine NGAL, and plasma
NGAL was shown to significantly improve risk prediction and
poor outcomes among patients undergoing cardiac surgery.'®

While sophisticated biomarkers of AKI have great
potential to improve care management and patient out-
comes, there is still much to be understood about their
value. Until these advanced technologies become better
understood and more cost effective, simple, evidence-based
strategies such as AKIN criteria to aid early recognition
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and evaluating urinary tests remain among the most help-
ful management tools available.

B AKl following cardiovascular surgery

AKIT following cardiovascular surgery (CVS) can have a
complex and multifactorial etiology. The most common
mechanisms of injury include decreased kidney perfusion
(prerenal), direct tissue injury, and hypersensitivity reactions
that cause renal inflammation (intrinsic-renal). Obstruction
(postrenal) can also contribute to AKI but is rarely the eti-
ology after CVS.3>2%

Numerous preexisting and acute medical conditions
are associated with AKI development. Women appear to
be at increased risk for AKI. There also appears to be an
association between lower serum ferritin levels and AKI
risk. Other risk factors include advanced age; race; diabetes;
HF; the use of ACE inhibitors, ARBs, or nonsteroidal anti-
inflammatory drugs (NSAIDs); exposure to contrast media
prior to surgery; cardiopulmonary bypass; vasopressors;
cardiovascular collapse; and preoperative proteinuria.**%
Prediction scorecards, such as the one developed by the
Cleveland Clinic, are now being used and validated to help
predict AKT after CVS.%-32

Preexisting CKD appears to be the most predictable risk
factor for AKI following CVS.%-*! Most treatment is
supportive once injury develops. Renal protective strategies
have not been found that prevent AKI development. Provid-
ers caring for the CVS patient population must be vigilant
in screening for kidney disease and modifying risk in the
absence of treatment options.”

They must also become as skilled in preventive care as
they are in acute care, using interventions that minimize
risk throughout the perioperative period. A useful ap-
proach might be to develop a comprehensive, intercol-
laborative strategy to promote kidney care best practice.
Early consultation with a nephrologist for high-risk indi-
viduals should be part of this strategy. General recom-
mendations include:

Preoperative

e Using preoperative checklists to screen for baseline
kidney function, anemia, glycemic control, recent con-
trast media and diuretic use; standardizing preoperative
lab surveillance

CKD stages®

Stage 1
GFR >90

Stage 2
60-89

Stage 3
30-59

Stage 4 Stage 5
15-29 <15
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e Using an evidence-based scorecard to identify at-risk
individuals

¢ Providinga 48-hour drug holiday (if possible) from con-
trast media, diuretics, and ACE inhibitors or ARBs

¢ Avoiding nephrotoxic agents, including NSAIDs, amino-
glycosides, and mesalamine

e Providing a preoperative nephrology consult for patients
with CKD stage 2+ (see CKD stages)

¢ Evaluating/optimizing glycemic control

e Conducting an anemia workup if hemoglobin (Hgb) is
less than 11 g/dL
— Consider treatment with L.V. iron
— Consider treatment with erythropoiesis-stimulating

agents

Intraoperative

e Reviewing the risk assessment scorecard (Cleveland Clinic
or facility-specific scorecard)

e Optimizing volume status and BP

¢ Avoiding anemia

Postoperative

e Recognizing AKI

e Optimizing volume status and BP

¢ Avoiding volume depletion

e Early endotracheal extubation

e Providing nutritional support

e Maintaining immunocompetence

e Avoiding or reducing diuretic therapy.2622-3!
Recommendations can be incorporated into a treatment

algorithm that can be referenced by all providers (see AKIT

algorithm: Treatment considerations).

M Case study follow-up

Mr. D presented with numerous risk factors for AKI: CKD
stage 3, a Cleveland Clinic Risk score of 6, diabetes mellitus,
and HF. He received contrast medium less than 48 hours
prior to surgery and was medically managed preopera-
tively on an ACE inhibitor and diuretics. Postoperative
hypertension and the resumption of diuretics likely added
to the severity of kidney injury. Postoperative hypertension
and the resumption of diuretic therapy likely added to
him developing RIFLE Risk/AKIN Stage I AKI, that un-
treated, progressed to RIFLE Failure/AKIN Stage 3 AKI.
There were opportunities to identify AKI and modify risk
factors, but these clues were unrecognized, resulting in di-
alysis dependence.

Healthcare professionals managing the CVS patient
population must be able to deliver evidence-based care and
medical management that identifies at-risk individuals and
initiate preventive acute and supportive care. All members

www.tnpj.com
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AKI algorithm: Treatment considerations?6:28 2931

( AKI acknowledged A
L (Review plan of care with interdisciplinary team) )
I N I N\ I N
Optimize hemodynamics Avoid medication affecting BP Avoid nephrotoxic drugs
e Target BP >100/60 and ® Avoid or reduce diuretics in °* Aminoglycosides
mean arterial pressure >65 patients without overt overload * NSAIDs
® Bolus 250mL lactated Ringer's e Avoid ACE inhibitors and ARBs* * Mesalamine
repeat 4-6x if needed* e Avoid, reduce or discontinue
¢ Transfuse to achieve medications that lower BP
Hgb >8 gm/dL (antihypertensives, sedatives,
e Ensure adequate analgesics)
oxygenation (Spo, >98%)
\ J \. J \\ J
e N ' N
Planned contrast media exposure? Surgery planned? Progressive AKI?
¢ Implement contrast media e Hold diuretics 24 hours prior to Consider nephrology
prophylaxis with acetylcysteine/ surgery consult if:
0.9% sodium chloride solution/ * Consider hydration 1-1.5 L lactated| | e Oliguria
bicarbonate Ringer's or 0.9% sodium chloride o Hyperkalemia
* Use lowest possible solution e Acidosis
contrast media dose e Delay surgery until 48h post ¢ Pulmonary edema
® Use iso-osmotic agents if possible contrast media exposure* ¢ Non-renal organ
¢ Limit contrast media exposure ¢ Consider treatment of anemia dysfunction
L to 1x/day L if Hgb <11 gm/dL JL )

*If clinically appropriate

of the healthcare team must increase their awareness for
AKI development and take advantage of opportunities for
risk reduction throughout the perioperative course.

B Moving forward

AKI is a complex process, and its development after CVS
has a poor prognosis. Individuals who develop AKI as clas-
sified by the RIFLE criteria or AKIN stage III have an almost
twofold increase in mortality.”>”* Older adult patients with
CKD are particularly vulnerable; many who develop AKI
may need lifelong renal replacement therapy. Even a mild
deterioration in kidney function can lead to adverse out-
comes. Therefore, prevention is the most important treat-
ment approach.

In the absence of definitive treatment options, general
interventions should be designed to optimize the patient’s
overall condition: proper nutrition; daily modification of
medication dosing; avoiding potentially nephrotoxic medi-
cations; restoring hemodynamics; and cautious volume
management with fluid administration or diuresis (depend-
ing on the clinical situation). @

www.tnpj.com
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