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Summary

Commonly associated with sepsis, cardiovascular collapse, CHF, vascular surgery, nephrotoxins (such as antibiotics,
intravenous contrast, or other drugs), or urinary outflow obstruction.

May present with flank pain, haematuria, hypertension or hypotension, oedema, lethargy, uraemia, or decreased
urine output; however, often asymptomatic and only diagnosed by laboratory tests.

An acute increase in serum creatinine is essential for diagnosis. Hyperkalaemia, hyperphosphataemia, metabolic
acidosis, and elevated urea nitrogen are common.

The mainstay of treatment is supportive care, with management of the underlying iliness; correction of acid/base,
electrolyte, and volume complications; removal and minimisation of nephrotoxins; and relief of any associated
obstruction being key.

Renal replacement therapy with dialysis may be required and is usually well tolerated.

Failure to treat may be associated with clinical deterioration and death. Outcome is dependent upon the severity
of the underlying disease.



Definition

Acute kidney injury (AKI), previously known as acute renal failure (ARF), is an acute decline in the GFR from baseline, with
or without oliguria/anuria.[1] The change in terminology emphasises that kidney injury presents as a disease spectrum
from mild renal impairment to severe renal failure.[1] [2] [3] A standardised definition is important to facilitate clinical
care and research.[4] AKI may be due to various insults such as impaired renal perfusion, exposure to nephrotoxins,
outflow obstruction, orintrinsic renal disease. The resulting effects include impaired clearance and regulation of metabolic
homeostasis, altered acid/base and electrolyte regulation, and impaired volume regulation.

Epidemiology

The reported incidences of AKl vary, and are confounded by differences in diagnosis, definition criteria, or hospital
discharge coding.[6] [7] In the US, in the hospitalisation discharge diagnoses for kidney disease for 1980 to 2005, the
rate of hospitalisation for kidney disease increased, particularly among adults aged >65 years, and primarily because of
hospitalisations with diagnoses of acute kidney disease.[6] In the UK, incidence ranges from 172 per million population
(pmp) per year to up to 630 pmp per year, depending on the study.[8] Overall incidence among hospitalised patients
ranges from 13% to 22%.[3] [9] The overall incidence of AKl in the ICU is higher at 20% to 50% and it is associated with
mortality over 50%.[10] Prediction scores have been developed for outcomes of AKI, but have had variable success.[11]
[12]

Acute tubular necrosis (ATN) accounts for 45% to 70% of cases of AKI. ATN in ICU patients is caused by sepsis in 35% to
50% of cases. Pre-renal azotaemia, obstruction, glomerulonephritis, vasculitis, acute interstitial nephritis, acute on chronic
kidney disease and atheroembolic injury account for most of the remaining.[13] [14]

The incidence of contrast nephropathy varies, and is reported to be the third most common cause of AKl in hospitalised
patients. In a study of 7500 patients undergoing percutaneous intervention for CAD, 3.3% of all patients experienced
AKI, defined as a rise in serum creatinine of 38 micromols/L (0.5 mg/dL) or more, and 25% of patients, with a baseline
creatinine of at least 153 micromols/L (2.0 mg/dL), experienced AKI.[15]

Up to 7% of inpatient cases of AKl require renal replacement therapy.[16] In ICU, the mortality rate exceeds 50% in cases
of multi-organ failure.[16] [13] [14] Minor rises in creatinine (=26.5 micromols/L [0.3 mg/dL]) are associated with an
increased risk of hospital mortality, an increased risk of chronic kidney disease, and higher odds of progressing to end-stage
renal failure.

Aetiology

Aetiology of AKI may be multi-factorial, generally classified into pre-renal, intrinsic, and post-renal causes.[17]

® Pre-renal azotaemia can be due to various causes of reduced renal perfusion, such as hypovolaemia, haemorrhage,
sepsis, third spacing of fluid (such as in severe pancreatitis), overdiuresis, or other causes of reduced renal perfusion
such as heart failure. Hepatorenal syndrome is a form of pre-renal azotaemia not responsive to fluid administration
seen in cases of severe liver disease. Renovascular disease, especially with the recent addition of an
angiotensin-converting enzyme (ACE) inhibitor to a patient with underlying bilateral renal artery stenosis, is also a
consideration, and this sometimes leads to acute tubular necrosis.
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® |ntrinsic renal failure may be multi-factorial. Acute tubular necrosis, rapidly progressive glomerulonephritis, and
interstitial nephritis are the most common aetiologies. Vascular diseases, including haemolytic uraemic syndrome,
TTP, scleroderma renal crisis, atheromatous embolisation, and thrombosis, are also causal. Severe ischaemic injury
may result in cortical necrosis.

® Post-renalinjury results from mechanical obstruction of the urinary outflow tract. Retroperitoneal fibrosis, ymphoma,
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tumour, prostate hyperplasia, strictures, renal calculi, ascending urinary infection (including pyelonephritis), and
urinary retention are common causes.

Pathophysiology

Pre-renal azotaemia results from impaired renal perfusion and the changes seen are the appropriate physiological
responses. The renal response to a lower perfusion pressure is to enhance sodium and water re-absorption. Baroreceptors
in the carotid artery and aortic arch respond to lower BP with sympathetic stimulation. This, along with vasoconstriction
of the glomerular efferent arteriole and dilation of the afferent arteriole, attempts to maintain glomerular filtration within
a relatively narrow range. Decreasing perfusion promotes activation of the renin/angiotensin/aldosterone system.
Angiotensin Il, a potent vasoconstrictor, stimulates aldosterone release promoting sodium and water resorption at the
collecting duct. Low blood volume is also a stimulus to the hypothalamus promoting ADH release and increased tubular
water re-absorption, concentrating the urine.

Acute tubular necrosis (ATN) due to ischaemia, the most common form of AKI, is preceded by impaired renal perfusion
and tissue hypoxaemia, yielding direct microvascular endothelial injury and tubular ischaemia typically most severe in
the early proximal tubule and the outer medullary segments.[18] [19] Hypoxaemia results in increased reactive oxygen
species, reduction in available ATP, and cellular dysfunction and death.[20] Additionally, complement system activation,
direct neutrophil activation, membrane attack complex activation, cytokines, chemokines, and vasoactive hormones
have all been studied and may be contributory.[21] [22] [23] [24] [25] [26] [27] [28] [29] ATN may also result from
exposure to drugs, endotoxins, or radiocontrast media. Animal models suggest direct cytotoxic effects of the contrast
as well as renal vasoconstriction resulting in impaired medullary blood flow, increased viscosity, and hypoxaemia.[30]
[311[32] [33] [34] [35]

Renal injury associated with obstruction results from increased intratubular pressure yielding tubular ischaemia and
atrophy. Evidence also suggests injury results from an influx of monocytes and macrophages. Cytokines, free radicals,
proteases, and TNF-beta are released causing tubular injury and fibrosis when obstruction becomes chronic.[36] [37]
[38] [39]

Thereis very preliminary evidence that a genetic predisposition for AKI may exist, especially with apolipoprotein E (APO-E)
genes.[40] Genome-wide searches have found other protective candidates, but much more work is needed to validate
these findings.[41]

Classification

Kidney Disease: Improving Global Outcomes (KDIGO) definition of AKI[1]

Any of the following:

® Increase in serum creatinine by 226.5 micromol/L (=0.3 mg/dL) within 48 hours; or
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® |ncreasein serum creatinine to 21.5 times baseline, which is known or presumed to have occurred within the prior
7 days; or

¢ Urine volume <0.5 mL/kg/hour for 6 hours.

Classification based on pathophysiology[5]

® Pre-renal: failure due to impaired renal perfusion, with an appropriate renal response.

® |ntrinsic: failure due to direct injury to renal parenchyma.

® Post-renal: failure due to obstruction of urinary outflow.
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Primary prevention

Pre-treatment for radiocontrast exposure:

® N-acetylcysteine administration before contrast exposure may offer some protection against contrast-induced
nephropathy,[46] [47] [48] [49] although data remain conflicting. One meta-analysis has shown the drug to be of
no benefit and that it may, in fact, be harmful.[S0] If used, it should be started 24 hours before the procedure and
continued for 24 to 48 hours after exposure to contrast, at a dose of 600 mg orally or intravenously every 12 hours.
There is, however, no evidence that N-acetylcysteine alters mortality or renal outcomes if given perioperatively
when radiocontrast is not used.[49] Some have recommended its use in high-risk patients,[47] although further
studies are needed.

® Administration of normal saline at a dose of 1 mL/kg/hour for several hours before and after the contrast is likely
to be beneficial in the prevention of contrast nephropathy.[51]

® Probucol may also reduce the risk, according to a study of its use in patients undergoing coronary interventions,
but remains experimental.[52] In patients with acute ST-elevation about to undergo coronary intervention, high
dose atorvastatin followed by long-term therapy significantly decreased the incidence of contrast-induced
nephropathy.[53] [54]

® One meta-analysis has shown that giving sodium bicarbonate does not protect against contrast-induced nephropathy
better than saline.[S5] However, further meta-analyses suggested that giving sodium bicarbonate may be superior
to the sodium chloride alone in the prevention of contrast-induced nephropathy, but another trial again showed
no difference.[56] [57] [58]
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® Pre-treatment with atrial natriuretic peptide and its continuation for 48 hours has been shown to prevent arise in
creatinine compared with treatment with IV fluids alone .[59] Overall evidence remains lacking.

Treatment during cardiac surgery:

® Sodium nitroprusside has been shown to be associated with improved renal function when given during the
rewarming period of non-pulsatile coronary pulmonary bypass in the course of coronary artery bypass grafting
surgery.[60]

® One large meta-analysis of 4605 adult patients undergoing cardiac surgery with cardiopulmonary bypass and
receiving different forms of therapy, concluded that fenoldopam, atrial natriuretic peptide, and brain natriuretic
peptide showed evidence of nephroprotection, although none reduced all-cause mortality.[6 1] These interventions
are hard to justify based on overall evidence.

® Statin therapy has been evaluated as primary prevention of AKI following cardiac surgery, with mixed results. One
study analysing the effect of high-dose perioperative atorvastatin in patients undergoing elective coronary artery
bypass grafting, valvular heart surgery, or ascending aortic surgery suggested no benefit.[62]

® | evosimendan, a calcium sensitiser used to improved cardiac output, has thus far appeared promising in studies
to prevent AKl in patients undergoing cardiac surgery.[63] However, levosimendan is not yet available.

® One meta-analysis has suggested that preoperative intra-aortic balloon pump support for high-risk patients
undergoing coronary artery bypass grafting surgery lessens the chance of postoperative AKL[64]

® Off-pump surgery is probably less risky.[44]
Critically ill patients in ICU setting

® The use of a chloride-sparing intravenous fluid strategy in critically ill patients had been suggested to reduce the
incidence of AKI,[65] but other randomised trial data questions this finding.[66]
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Case history

Case history #1

A 65-year-old male smoker with hypertension, dyslipidaemia, and diabetes mellitus presents with chest pain. ECG
changes suggest an acute MI. He is taken for an urgent coronary angiogram. Three days later, he is noticed to have
developed an elevated serum creatinine, oliguria, and hyperkalaemia.

Case history #2

A 35-year-old man with a history of congenital valvular heart disease undergoes a dental procedure without appropriate
antibiotic prophylaxis. Several weeks later, he presents with fever and respiratory distress. He is intubated, and
Streptococcus viridans s isolated in all blood cultures drawn at the time of admission. Echo demonstrates a mitral
valve vegetation. Laboratory tests reveal a rising serum creatinine and urine output decline. Urine analysis reveals
more than 20 WBCs, more than 20 RBCs, and red cell casts. Urine culture is negative. Renal ultrasound is unremarkable.
Serum ESR is elevated.

Other presentations

AKlmay develop in the setting of normal urine output and an otherwise asymptomatic patient. Associated laboratory
abnormalities including elevated serum creatinine and urea, hyperkalaemia, and anion gap or non-gap metabolic
acidosis may be all that are seen. Symptoms such as arthralgias, myalgias, or rash may be seen in cases of vasculitis
or glomerulonephritis.

AKI following vascular catheterisation or systemic anticoagulation may result from atheroembolic injury. Abdominal
masses, found on examination or by imaging, may be found in otherwise asymptomatic individuals with obstructive
nephropathy and renal failure. AKI with allergy symptoms (fever, rash, arthralgia), haematuria, and sterile pyuria
suggests interstitial nephritis.

Step-by-step diagnostic approach

AKl is diagnosed by an acutely rising urea and creatinine, or sustained oliguria, in line with validated criteria such as the
Kidney Disease: Improving Global Outcomes (KDIGO) definition.[1] [3] The KDIGO criteria merges into a single definition
features of the RIFLE (Risk, Injury, Failure, Loss of kidney function, and Endstage kidney disease)[67] and Acute Kidney
Injury Network (AKIN)[68] criteria.
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AKl is diagnosed if any of the following criteria are met:[1]

® Increase in serum creatinine by 226.5 micromol/L (=0.3 mg/dL) within 48 hours; or

® |ncreasein serum creatinine to 21.5 times baseline, which is known or presumed to have occurred within the prior

7 days; or

¢ Urine volume <0.5 mL/kg/hour for 6 hours.

AKI should then be staged according to severity criteria using KDIGO, RIFLE, or AKIN classifications.[1] [67] [68]
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The condition is often asymptomatic and only diagnosed by laboratory tests. General symptoms may include nausea
and vomiting. Uraemia and an altered mental status may occur but these are more commonly seen in advanced AKI or
in advanced chronic kidney disease.

A history of trauma or predisposing disease (e.g., CHF, chronic kidney disease, diabetes, peripheral vascular disease, and
connective tissue diseases such as SLE, scleroderma, and vasculitis) may be present. Several groups have published risk
scores for AKI and these have been variably validated by follow-up studies.[45] [69] [70]

History in pre-renal failure

Patients may have a history of excessive fluid loss from haemorrhage, the Gl tract (vomiting, diarrhoea), or sweating.
Hospitalised patients may have insufficient replacement fluids to cover ongoing and insensible losses, especially if
there is restriction of enteral input.

There may be a history of sepsis, Gl surgery, or pancreatitis.

Patients may present with symptoms of hypovolaemia: thirst, dizziness, tachycardia, oliguria, or anuria. Orthopnoea
and paroxysmal nocturnal dyspnoea may occur if advanced cardiac failure is present.

History in intrinsic renal disease

The patient may have a history of rash, haematuria, or oedema with HTN suggesting nephritic syndrome and an acute
glomerulonephritis or renal vasculitis. There might have been a recent vascular intervention preceding the AKl leading
to cholesterol emboli or contrast-induced injury. A history of myeloproliferative disorder such as multiple myeloma
may predispose to AKI, particularly in volume-depleted patients.

A history of all current medicines and any recent radiological examinations should be taken to establish any exposure
to potential nephrotoxins.

Allergic interstitial nephritis may be suspected in patients with a history of NSAID use or recent administration of new
medicines such as beta-lactam antibiotics.

Pigment-induced AKI, due to rhabdomyolysis, should be suspected in patients presenting with muscle tenderness,
seizures, drug abuse or alcohol abuse, excessive exercise, or limb ischaemia (e.g., from crush injury).

Medicines, including aciclovir, methotrexate, triamterene, indinavir, or sulphonamides, can cause tubular obstruction
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by forming crystals. Over-the-counter medications (OTCs) such as NSAIDs and sympathomimetics are often
overlooked,[71] and patients should be specifically queried about their use. Other substances to consider include
hallucinogens and “bath salts”.[72]

History in post-renal failure

Post-renal failure is more common in older men with prostatic obstruction. There is often a history of urgency,
frequency, or hesitancy.

A history of malignancy, prostatism, nephrolithiasis, or previous surgery may coincide with the diagnosis of obstruction.
Obstruction caused by renal calculi or papillary necrosis typically presents with flank pain and haematuria.

Physical examination

Hypotension, hypertension, pulmonary oedema, or peripheral oedema may be present. There may be asterixis or
altered mental status when uraemia is present.


http://bestpractice.bmj.com

2
2]
o
Z
T}
<
o

The patient with fluid loss, sepsis, or pancreatitis may have hypotension along with other signs of circulatory collapse.

Patients with glomerular disease typically present with hypertension and oedema, proteinuria, and microscopic
haematuria (nephritic syndrome).

The presence of rash, petechiae, or ecchymoses may suggest an underlying systemic condition such as vasculitis or
glomerulonephritis.

Patients with acute tubular necrosis may present after haemorrhage, sepsis, drug overdose, surgery, cardiac arrest,
or other conditions with hypotension and prolonged renal ischaemia.

An underlying abdominal bruit may support renovascular disease.

The patient with prostatic obstruction may present with abdominal distension from a full bladder.

Initial tests

Initial work-up should include basic metabolic profile (including urea and creatinine), venous blood gases, FBC, urinalysis
and culture, urine chemistries (for fractional excretion of sodium and urea), renal ultrasound (when appropriate by
history or examination), CXR, and ECG. Urine osmolality is rarely ordered but, if high, suggests pre-renal azotemia (in
the absence of contrast dyes). Urinary eosinophil counts have low sensitivity and specificity for acute interstitial
nephritis, but may be of some use in patients with pyuria.[73]

CXR may reveal pulmonary oedema or cardiomegaly.
ECG may demonstrate arrhythmias if hyperkalaemia is present.

Bladder catheterisation is recommended in all cases of AKI, if bladder outlet obstruction cannot be quickly ruled out
by ultrasound. It is diagnostic and therapeutic for bladder neck obstruction in addition to providing an assessment
of residual urine and a sample for analysis.

Aratio of serum urea to creatinine ratio of 20:1 or higher supports a diagnosis of pre-renal azotaemia, but other causes
of elevated urea must be ruled out (such as drug-induced elevations or Gl bleeding).

Afractional excretion of sodium (FENa) of <12 supports pre-renal azotaemia but may also be seen in glomerulonephritis,
hepatorenal syndrome, and some cases of obstruction and even acute tubular necrosis, as long as tubular function
remainsintact. The FENais calculated as follows: (urine sodium x plasma creatinine)/(plasma sodium x urine creatinine)
x 100%.

A fractional excretion of urea of <35% supports a diagnosis of pre-renal azotaemia and is helpful if the patient has
had diuretic exposure. The fractional excretion of urea is calculated as follows: (urine urea x plasma creatinine)/(plasma
urea x urine creatinine) x 100%.

A fluid challenge may be administered with crystalloid or colloid, and is both diagnostic and therapeutic for pre-renal
azotaemia if renal function improves rapidly.

High urine osmolality (or an elevated urine specific gravity), seen in pre-renal azotaemia, suggests maintenance of
normal tubular function and response to ADH in cases of hypovolaemia. Urine sodium concentration of <20 mmols/L
(20 mEqQ/L) suggests avid sodium retention and would be seen in renal hypoperfusion/pre-renal azotaemia. High
urinary sodium is often seen in ATN, but is not exclusive to the diagnosis. Urine osmolality may be very high as the
result of radiocontrast dyes and mannitol.

Urinary eosinophils of more than 5% to 7% supports, but is not diagnostic for, interstitial nephritis.
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If there is no identified cause of AKI, a renal ultrasound is ordered at onset of work-up to assist in evaluation of
obstructive causes as well as in the evaluation of renal architecture and size. It is also useful for diagnosis of underlying

chronic kidney disease.

Subsequent tests

A CT or MR scan may be required to further evaluate cases of obstruction suggested on ultrasound (e.g., possible

masses or stones).

Nuclear renal flow scans can evaluate renal perfusion and function, and may be modified using captopril to evaluate
forrenal artery stenosis, or with furosemide to evaluate for obstruction in cases of mild hydronephrosis, when obvious

mechanical obstruction is uncertain.

Further diagnostic tests may be determined by the suspected cause of AKI, such as cystoscopy for cases of suspected
ureteral stenosis or serological evaluation (e.g., anti-streptolysin O, ESR, ANA, anti-DNA, complement, anti-glomerular
basement membrane, anti-neutrophil cytoplasmic antibodies, acute hepatitis profile, HIV test, and cryoglobulins) if
the history suggests autoimmune, vasculitis, infectious, orimmune complex disease, or in cases of suspected
glomerulonephritis. Novel serum and urinary biomarkers are showing potential as useful indicators for the diagnosis
of AKl and as predictors of mortality after AKL[74] [75] Further studies are still needed.

Arenal biopsy may be performed for further evaluation of AKI when the history and physical and other studies suggest
systemic disease as aetiology or when the diagnosis is unclear.

Biopsies may confirm acute tubular necrosis, but are rarely done for this condition.

Risk factors

Strong

advanced age

® Advanced age is associated with chronic kidney disease, underlying renal vascular disease, and other comorbid
medical conditions that predispose to AKI.

underlying renal disease

® Associated with increased susceptibility to AKI, particularly contrast-related AKI. Risks increase with increasing
severity of CKD.[5]

malignant hypertension
® Malignant HTN may cause AKL.[5]
diabetes mellitus

® |ncidence rates of AKI of 9% to 38% have been reported in cases of patients with diabetes and chronic kidney

disease undergoing contrast exposure.[42]
myeloproliferative disorders, such as multiple myeloma

® |ntratubular precipitation of light chains in times of volume contraction is associated with renal injury, especially

in cases of contrast exposure with volume contraction in myeloma patients. Hypercalcaemia predisposes to pre-renal

azotaemia.[5] [43]
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connective tissue disease

® May present with AKI (e.g., SLE, scleroderma, anti-neutrophil cytoplasmic antibodies [ANCA]-associated
glomerulonephritis, anti-glomerular basement membrane disease).[5]

sodium-retaining states (e.g., CHF, cirrhosis, nephrotic syndrome)
® Associated with chronic kidney disease, but may present with AKL[5]

radiocontrast
® Exposure may cause AKL.[5]

exposure to nephrotoxins (e.g., aminoglycosides, cancer therapies, NSAIDs, or ACE inhibitors)
® May precede and lead to AKL[5]

trauma

® There may be impaired renal perfusion causing pre-renal azotaemia, rhabdomyolysis predisposing to
pigment-induced injury, or ischaemia causing acute tubular necrosis.

haemorrhage

® The resultingimpaired renal perfusion supports pre-renal azotaemia as cause of AKl orischaemia resulting in acute
tubular necrosis.

sepsis

® May result in acute tubular necrosis, infectious glomerulonephritis, pre-renal azotaemia from hypotension, or
drug-induced injury from medicines used in treatment. Highest risk with bacteraemia.

pancreatitis

® There may be severe third spacing of fluid leading to intravascular volume depletion resulting in pre-renal failure.
drug overdose

® May precede AKI due to rhabdomyolysis and volume depletion.
surgery

® May precede AKI from pre-renal, intrinsic, or post-renal causes. Cardiothoracic surgery is particularly high risk,
although off-pump approaches may limit this risk.[44]

cardiac arrest

® May precede pre-renal azotaemia or acute tubular necrosis, especially if there is severe and prolonged renal
ischaemia.

recent vascular intervention
® May be associated with atheroembolic injury or contrast-induced AKI.
excessive fluid loss

® From haemorrhage, vomiting, diarrhoea, or sweating; hospitalised patients may have insufficient replacement
fluids.

nephrolithiasis

® May lead to AKI if significant obstruction is present.
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Weak
drug abuse

® AKI from nephrotoxicity, ischaemia.
alcohol abuse

® Suspect pigment-induced AKI if rhabdomyolysis is present (e.g., after prolonged loss of consciousness).
excessive exercise

® Suspect pigment-induced AKI due to rhabdomyolysis.
recent blood transfusion

® AKI may be present from intravascular haemolytic transfusion reaction, deposition of immune complexes.
malignancy

® May lead to post-renal AKI if mass effect is causing outflow obstruction, or AKI may result in association with
myeloproliferative disorders or chemotherapy-related toxicities (i.e., tumour lysis). Immune complex
glomerulonephritis may result from the malignancy.

genetic susceptibility
® Some genes may lead to a predisposition to AKI, although there is a dearth of studies.
use of renin-angiotensin system inhibitors

® Found to be a predictor of risk of postoperative AKI, but may be a marker rather than a mediator of risk. It is unclear
whether there is any benefit to stopping agents prior to surgery in high-risk patients.[45]

History & examination factors

Key diagnostic factors

presence of risk factors (common)

® Key factorsinclude advanced age, underlying renal failure, malignant HTN, diabetes mellitus, and exposure to
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nephrotoxins.
reduced urine production (common)

® OQliguriaand anuria, although not diagnostic, are common in kidney injury but not suggestive of a particular aetiology.

vomiting (common)

® May precede AKI and suggest pre-renal azotaemia, or be a later manifestation resulting from uraemia.
dizziness (common)

® Orthostatic symptoms support pre-renal azotaemia.

orthopnoea (common)

® Symptoms of volume overload may result from impaired salt and volume regulation and decreased urine production.

paroxysmal nocturnal dyspnoea (common)
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® Symptoms of volume overload may result from impaired salt and volume regulation and decreased urine production.
pulmonary oedema (common)

® Evidence of pulmonary oedema (e.g., rales on examination) suggest volume overload resulting from impaired salt

and volume regulation.
hypotension (common)
® Supports pre-renal azotaemia that may progress to acute tubular necrosis.
tachycardia (common)
® Supports pre-renal azotaemia.
orthostatic hypotension (common)
® Orthostatic symptoms support pre-renal azotaemia.
hypertension (common)
® Suggests intravascular volume expansion.
peripheral oedema (common)
® May result from impaired renal salt excretion.
muscle tenderness (uncommon)
® Suspect rhabdomyolysis and pigment-induced AKI.
limb ischaemia (uncommon)
® Suspect rhabdomyolysis and pigment-induced AKI.
seizures (uncommon)
® Suspect rhabdomyolysis and pigment-induced AKI.
prostatic obstructive symptoms (uncommon)

® Post-renal failure more common in older men with prostatic obstruction and symptoms of urgency, frequency, or
hesitancy.

haematuria (uncommon)

® May indicate obstruction caused by renal calculi, papillary necrosis, infection, tumour, or acute glomerulonephritis.
fever (uncommon)

® |f present, suspect interstitial nephritis, systemic disease, infectious complication, or vasculitis.

rash (uncommon)

® |f present, suspect interstitial nephritis, systemic disease, infectious complication, or vasculitis.
arthralgia/arthritis (uncommon)

® |f present, suspect interstitial nephritis, systemic disease, infectious complication, or vasculitis.

altered mental status (uncommon)

® Although more often seen in chronic renal failure, will also be seen in AKI when uraemia ensues.
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signs of uraemia (uncommon)

® Although more often seen in chronic renal failure, symptoms and signs may be seen in AKl prior to dialysis initiation
(e.g., asterixis).

Other diagnostic factors

nausea (common)

® May precede AKl and suggest pre-renal azotaemia, or be a later manifestation resulting from uraemia.
thirst (uncommon)

® Suggests pre-renal azotaemia if normal physiological responses and drives are present in a conscious patient.
flank pain (uncommon)

® May indicate infection, obstruction caused by renal calculi, or papillary necrosis.

abdominal distention (uncommon)

® Bladder outlet obstruction may manifest as distention and pain.

abdominal bruit (uncommon)

® Presence of renal bruits suggests renovascular disease.

livedo reticularis (uncommon)

® The presence of classic findings for systemic diseases may suggest renal manifestations.
petechiae (uncommon)

® The presence of classic findings for systemic diseases may suggest renal manifestations.
ecchymoses (uncommon)

® The presence of classic findings for systemic diseases may suggest renal manifestations.

Diagnostic tests

1st test to order

Test Result

basic metabolic profile (including urea and creatinine) acutely elevated serum
creatinine, high serum
potassium, metabolic acidosis

® Often an acutely elevated serum creatinine may be the initial or only sign of
decline in renal function.

ratio of serum urea to creatinine 20:1 or higher supports

. . . re-renal azotaemia
® Consider other causes of elevated urea (such as drug-induced elevations or Gl P

bleeding) when interpreting results.

urinalysis RBCs, WBCs, cellular casts,
proteinuria, bacteria, positive
nitrite and leukocyte esterase
(in cases of infection)

® Collected as clean-catch specimen.
® Patients with glomerular disease typically present with proteinuria and
microscopic haematuria with HTN and oedema.
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Test Result

urine culture bacterial or fungal growth may
® (Collected if there is suspicion of infection on initial urinalysis. occur
FBC anaemia, leukocytosis,

® Anaemia is suggestive of possible chronic kidney disease, blood loss. thrombocytopenia

® | eukocytosis may support infection.
® Thrombocytopenia can be seen in rare disorders such as cryoglobulinaemia,
haemolytic uraemic syndrome, or thrombotic thrombocytopenic purpura.

fractional excretion of sodium <1% supports pre-renal

. - azotaemia
® May also be seen in glomerulonephritis, hepatorenal syndrome, and some

cases of obstruction, as long as tubular function remains intact. Increased
levels are also caused by diuretics.

fractional excretion of urea <35% supports pre-renal
® Test used if patient has been exposed to diuretics. azotaemia
urinary eosinophil count >5%to 7% supports adiagnosis

® Urinary eosinophil counts have low sensitivity and specificity for acute interstitial of interstitial nephritis

nephritis, but may be of some use in patients with pyuria.[73]
® Eosinophiluria may be seen with atheroembolic disease as well.

venous blood gases diagnostic for metabolic
acidosis and certain

® Anion gap acidosis seen in acute and chronic renal failure due to impaired . o
intoxications

excretion of non-volatile acids.
® Assists in further evaluation of acidosis, which is often suggested by the low
bicarbonate on the basic metabolic profile.

fluid challenge renal functionimproves rapidly

® Both diagnostic and therapeutic in pre-renal azotaemia. in pre-renal azotaemia

bladder catheterisation significant urine volume
released after catheter
placement (in cases of bladder
outlet obstruction); minimal
residual urine after catheter
placement (in cases ofimpaired
urine production or higher level
obstruction)

® Diagnostic and therapeutic for bladder neck obstruction in addition to providing
an assessment of residual urine and a sample for analysis.
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urine osmolality high in pre-renal azotaemia
(the effect of dyes and mannitol
must be excluded); close to
serum osmolality in acute
tubular necrosis

® Evaluates maintenance of normal tubular function and response to ADH in
cases of hypovolaemia.

urine sodium concentration <20 mmols/L (<20 mEq/L)
(suggests avid sodium
retention in renal
hypoperfusion and pre-renal
azotaemia); high level (often
with acute tubular necrosis)

® High levels in acute tubular necrosis not exclusive to the diagnosis.
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Test Result

renal ultrasound dilated renal calyces
(suggesting obstruction),
reduced corticomedullary
differentiation, or small and
sclerotic-appearing kidneys
(suggesting chronic kidney
disease)

® Assists in evaluation of post-obstructive causes as well as in the evaluation of
renal architecture and size (underlying chronic kidney disease).

CXR may show signs of pulmonary

® |frenal failure is associated with heart failure. oedema and cardiomegaly

ECG peaked T waves, increased PR
interval, widened QRS, atrial
arrest, and deterioration to a
sine wave pattern (if severe
hyperkalaemia)

® May occur with severe hyperkalaemia.

Other tests to consider

Test Result

ANA normal or elevated

® FElevated titre is supportive of a diagnosis of SLE, which often has renal
manifestations.

anti-DNA normal or elevated

® Elevated titre supports the diagnosis of SLE, which often has renal
manifestations.

complement (C3, C4, CH50) normal or depressed
® |ow complement levels support an active disease process, such as SLE.
anti-glomerular basement membrane normal or elevated

® FElevated titres indicate antibodies to the glomerular basement membrane,
which may present in diseases of the kidney (e.g., Goodpasture's and
anti-glomerular basement membrane syndrome).

SISONSVId

anti-neutrophil cytoplasmic antibodies (ANCA) normal or elevated titres

® FElevated titres are seen in vasculitic syndromes such as granulomatosis with
polyangiitis, eosinophilic polyangiitis, and microscopic polyangiitis.

acute hepatitis profile positive or negative serology

® The presence of positive serology in active hepatitis C is associated with renal
conditions such as membranoproliferative glomerulonephritis and
cryoglobulinaemia.

HIV serology positive or negative

® HIV-associated nephropathy and certain medicines used in the management
of HIV have renal complications.

cryoglobulins positive or negative serology

® The presence of cryoglobulins support cryoglobulin-associated renal disease,
if AKl is present.
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Test Result

ESR normal or elevated

® Anormal ESR argues against the presence of inflammatory renal disease or
embolic injury.

anti-streptolysin-O antibody normal or elevated

® An elevated titre supports, but does not make a diagnosis of, an infectious
glomerulonephritis.

abdominal CT or MR scan image of mass or stone may be
. . . resen
® Sometimes required to further evaluate cases of obstruction suggested on present
ultrasound.
nuclear renal flow scan normal scan reveals

appropriate renal perfusion,
tracer uptake, and excretion;
impaired tracer excretion
(supportive of acute tubular
necrosis); poor blood flow
(supportive of obstruction of
blood supply); normal blood
flow and tracer excretion with
tracer accumulation in the
collecting system (supportive
of obstruction of the urine

® May be modified using captopril to evaluate for renal artery stenosis, or
furosemide to evaluate for obstruction in cases of hydronephrosis where
obvious mechanical obstruction is uncertain.

outflow tract)
cystoscopy direct visualisation and
® May be used if obstruction due to stenosis of the ureter is suspected. .treatment of ureteral stenosis
if present
renal biopsy changes associated with acute

tubular necrosis,
glomerulonephritis, vasculitis,
or other intrinsic renal disease

® Biopsyisfrequently required to furtherinvestigate positive serological studies.
® Biopsies also done when the cause of kidney injury is unclear.
® May confirmacute tubular necrosis, but not often performed for this diagnosis.

2. may b t
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< Emerging tests
)
Test Result
novel serum and urinary biomarkers results indicative of renal

. . . . . damage
® Various novel serum and urinary biomarkers are showing potential as useful g

indicators for the diagnosis and classification of AKI[76] and as predictors of
mortality after AKI,[74] [77] although further studies remain needed.[75] [78]
[79] [80]
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Differential diagnosis

Condition Differentiating signs / Differentiating tests

symptoms

Chronic kidney disease (CKD) ® Reduced renal function with ° An acutely elevated serum
elevation of creatinine is chronic creatinine is diagnostic of AKl and
(>3 months), although there may indicative of reduced clearance.

be acute on chronicrenal disease. There are no causes of chronically

elevated serum creatinine other

than reduced glomerular filtration,
except for minor elevations in
subjects with increased muscle
mass and from certain medicines.

4 Creatinine elevation over time
provides a chronological
perspective and assists in
differentiating acute from chronic
kidney disease.

° Twenty-four-hour urine study for
creatinine clearance would
demonstrate the level of renal
function; the use of 131-I
iothalamate is the definitive test
for this purpose.

Increased muscle mass ® Any elevation of creatinine is . Acutely elevated serum creatinine
minor and typically non-acute. is diagnostic of AKI.

° Minor elevations in creatinine
fromincreased muscle mass may
rarely be seen.

o Twenty-four-hour urine study for
creatinine clearance would
demonstrate normal renal

function. v}

>

Drug side effect ® Certain medicines such as o Discontinuing the medicine 2
cimetidine may lead to an should resultin normalising of the (o)

elevation of creatinine that is serum creatinine. 12,

minor and non-acute. o Twenty-four-hour urine study for 0

creatinine clearance should
demonstrate normal function.

Diagnostic criteria

Kidney Disease: Improving Global Outcomes (KDIGO) - definition criteria[1]

Any of the following:

® Increase in serum creatinine by 226.5 micromol/L (=0.3 mg/dL) within 48 hours; or

® Increase in serum creatinine to =1.5 times baseline, which is known or presumed to have occurred within the prior
7 days; or
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® Urine volume <0.5 mL/kg/hour for 6 hours.

Kidney Disease: Improving Global Outcomes (KDIGO) - severity criteria[1]

® Stage 1

® Serum creatinine 1.5 to 1.9 times baseline; or
® >26.5 micromol/L (0.3 mg/dL) increase in serum creatinine; or

® Urine output <0.5 mL/kg body weight for 6 hours
® Stage?2

® Creatinine increased 2.0 to 2.9 times; or

® Urine output <0.5 mL/kg for 12 hours
® Stage3

® Creatinine increased 3.0 times; or
® Increase in creatinine to =353.6 micromol/L (=4.0 mg/dL); or
® Initiation of renal replacement therapy; or

® Urine output <0.3 mL/kg for 24 hours OR anuria for 12 hours.

RIFLE (Risk, Injury, Failure, Loss of kidney function, and Endstage kidney disease)
consensus criteria[67]

Laboratory test indicates reduced renal clearance.
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Severity groups are as follows.

® |ndicates risk:

® Serum creatinine increased 1.5 times; or

® Urine production of <0.5 mL/kg body weight for 6 hours.

® Indicates injury:

® Creatinine increased 2.0 times; or

® Urine production of <0.5 mL/kg for 12 hours.

® |ndicates failure:
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® Creatinine increased 3.0 times; or

® Urine output <0.3 mL/kg for 24 hours or anuria for 12 hours.
® Indicates loss:

® Persistent AKI for more than 4 weeks; complete loss of kidney function.
® Indicates ESRD:

® ESRD (loss >3 months).

National Institute for Health and Care Excellence: detecting acute kidney injury|[3]

Detect AKI, in line with the RIFLE, Acute Kidney Injury Network (AKIN), or KDIGO definitions, by using any of the following
criteria:

® Arise in serum creatinine of 26 micromol/L (0.3 mg/dL) or greater within 48 hours; or

® A 50% or greater rise in serum creatinine known or presumed to have occurred within the past 7 days; or

® Afallin urine output to <0.5 mL/kg/hour for more than 6 hours in adults and more than 8 hours in children and
young people; or

® A 25% or greater fall in estimated GFR in children and young people within the past 7 days.

SISONSVId



http://bestpractice.bmj.com

Step-by-step treatment approach

Treatment approaches for AKl vary according to the type of insult. The underlying illnesses require treatment.

General therapy includes intervention in electrolyte and acid/base abnormalities and optimisation of volume status,
either by replacing volume in the volume-contracted patient or by fluid removal (either diuresis or renal replacement
therapy) in patients with volume overload.

Sodium and volume restriction are generally required along with limiting potassium and phosphorus intake.

Dose adjustment of medications is likely required in all cases and should not be overlooked. Patients with AKI should not
be given potentially nephrotoxic drugs unless there is no alternative. Electrolyte and acid-base balance should be monitored
and optimised. Early involvement by a nephrologist may be valuable;[81] however, automated electronic alerts to identify
AKI have not proved helpful in trials in improving outcomes.[82]

Pre-renal renal failure

Pre-renal azotaemia is managed with techniques to improve the haemodynamic status of the patient.
The volume-contracted patient requires volume expansion with crystalloid or colloid to restore euvolaemia.

Crystalloid (normal saline or lactated Ringer's) or colloid (considered in cases of significant hypoalbuminaemia) fluids
are infused, along with packed RBCs if there is significant anaemia.[5] The use of the semi-synthetic hydroxyethyl

starch is not advised, as mortality appears to be increased.[83] Blood transfusion is generally not given if only 1 unit
is anticipated. All fluid resuscitation should be performed by one with expertise in the area, with close patient monitoring,

Vasopressors are recommended if hypotension is severe, to augment BP while optimising the patient's volume status.
A common goal of vasopressors in this setting is to keep the mean arterial pressure (MAP) >60 mmHg. (MAP is the
diastolic pressure plus one third of the pulse pressure, where the pulse pressure is the systolic pressure minus the
diastolic pressure.)

If renal hypoperfusion results from impaired cardiac function due to poor left ventricular systolic function, management
is often difficult, but requires optimising cardiac output and volume status by use of inotropes, diuretics, or renal
replacement therapy as indicated by the clinical scenario along with close following of renal function and urine
production during therapy.[5]

Vasopressors and inotropic agents should be used only with appropriate haemodynamic monitoring in place.

Renal replacement therapy may be needed if severe acid/base, electrolyte, or uraemic complications are present
while the underlying cardiac or volume issues are treated. The use of diuretics may be helpful to manage volume in
patients with ineffective circulating volume and pre-renal AKI. However, they generally cannot avert the need for
renal replacement therapy by means of dialysis or filtration, and diuretic-unresponsive volume overload, increased
potassium, severe metabolic acidosis, or uraemic symptoms are indications to proceed to renal replacement therapy.[5]

Intrinsic renal failure

Management of intrinsic renal failure varies according to aetiology.

Volume expansion is required when co-existing pre-renal azotaemia exists.
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Generally, patients with volume overload require sodium restriction. The amount of sodium restriction depends on
the clinical setting. Volume overload may be managed with diuretics when effective.
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Removal of offending drugs, when possible, is necessary in cases of interstitial nephritis or drug-induced AKI.

Acute glomerulonephritis and vasculitis management may also require corticosteroids, cytotoxic agents, or other
immune-modifying drugs depending on the specific diagnosis, often determined by renal biopsy and serology studies.

The management of acute glomerulonephritis requires a nephrologist consultation, particularly regarding the use of
cytotoxic and immune-modifying agents. Doses and protocols for many of the drugs used vary by centre and are
areas of continuing research, and will not be detailed further here. The Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guideline for glomerulonephritis can be consulted. [KDIGO clinical practice guideline for
glomerulonephritis]

There is no specific therapy for acute tubular necrosis aside from supportive care in maintaining volume status and
controlling electrolyte and acid/base abnormalities. Nephrotoxins should be removed or minimised. Renal replacement
therapy is generally required if there is severe acidosis, volume expansion refractory to diuretics, hyperkalaemia, or
uraemia. These interventions remain a main treatment modality for AKI of all causes.

Obstructive renal failure

Obstructive renal failure requires relief of the obstruction. Bladder catheter placement should be done in all cases of
AKl when bladder outlet obstruction cannot be quickly ruled out by ultrasound.

Urological or surgical assistance for ureteral stenting, urinary diversion, debulking procedures, or other case-specific
requirements may become necessary.

Renal replacement therapy may be needed if there is severe acidosis, volume overload unresponsive to diuretics, or
electrolyte or uraemic complications while the underlying obstructive issue is being addressed.

Renal replacement therapy

Various options exist for supporting lost renal function in patients, and selection involves evaluation of the patient's
overall condition with haemodynamic and laboratory evaluation.[84] Renal replacement therapy is indicated for
refractory severe hyperkalaemia, acidosis, volume overload, or uraemia. Studies to evaluate potential benefits of
'early' dialysis have shown mixed results, with the largest study suggesting no benefit in dialysing before reaching
more traditional laboratory values or indications.[85] [86] Determination for need of support and type of therapy to
be used is at the recommendation of the nephrologist consultation.

Conventional haemodialysis is often used when the indications for dialysis arise. Other modes of renal replacement
include sustained low-efficiency dialysis (SLED), extended daily dialysis (EDD), or continuous renal replacement therapy
(CRRT).[87] Arteriovenous and venovenous techniques may be used, although the most frequent is continuous
venovenous treatment through a large double lumen catheter placed into the central venous system, such as the
internal jugular or femoral vein. Major commonly used modalities include continuous venovenous haemofiltration
(CVVH), continuous venovenous haemodialysis (CYVHD), and continuous venovenous haemodiafiltration (CYVHDF).[87]
[88] [89] [90]

Use of CRRT is most useful in haemodynamically unstable patients or those in whom aggressive ultrafiltration within
the conventional 4- to 6-hour treatment of haemodialysis would not be tolerated. Such patients include septic patients
requiring vasopressors, or patients with severe heart failure with volume overload and a BP that would not support
conventional haemodialysis. Despite improved haemodynamic stability, studies have shown that CRRT or more
intensive/frequent dialysis in critically ill patients with AKI confers no increased benefit to other complications or to
mortality.[88] [89] [90]
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Peritoneal dialysis has generally been thought ineffective in AKI and hypercatabolic states, although studies now

suggest equal effectiveness in appropriate subjects. In developing countries, high-volume peritoneal dialysis (HVPD)

provides an alternative form of therapy in selected cases.[91] [92]

Treatment details overview

Consult your local pharmaceutical database for comprehensive drug information including contraindications, drug

interactions, and alternative dosing. ( see Disclaimer)

Acute (summary)

Patient group Tx line
pre-renal azotaemia 1st
..... = with severe hypotension plus
----- . with volume overload adjunct
""" " with uraemia, severe metabolic adjunct

acidosis, hyperkalaemia
refractory to medical
management, or volume overload
unresponsive to diuretics

Treatment

volume expansion and/or RBC transfusion
vasopressor

diuretic

renal replacement therapy

intrinsic renal failure 1st
----- " with volume overload adjunct
..... . with pre-existing pre-renal adjunct
: azotaemia

""" " with uraemia, severe metabolic adjunct

acidosis, hyperkalaemia
refractory to medical
management, or volume overload
unresponsive to diuretics

treatment of underlying condition
diuretic

volume expansion

renal replacement therapy

obstructive renal failure 1st
2nd

----- . with volume overload adjunct

""" " with uraemia, severe metabolic adjunct

acidosis, or hyperkalaemia
refractory to medical
management, or volume overload
unresponsive to diuretics

bladder catheterisation
relief of obstruction above bladder neck
diuretic

renal replacement therapy
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Treatment options

Patient group Tx line Treatment

~ pre-renal azotaemia 1st volume expansion and/or RBC transfusion

» The underlying cause of volume contraction or blood
loss needs to be treated along with restoring
euvolaemia and haemodynamic stability.

» Crystalloid (normal saline or lactated Ringer's) is
sufficient in most cases for volume expansion. Colloid
might be used if there is significant hypoalbuminaemia.
The use of the semi-synthetic hydroxyethyl starch is
not advised, as mortality appears to be increased.[83]

» Volume expansion with normal saline has been
demonstrated to be beneficial in reducing the risk of
contrast-induced nephropathy. Target doses of normal
saline at 1 mL/kg/hour have been demonstrated to
have benefit.[51]

» As pre-renal azotaemia predisposes the kidney to
injury from other means, such as contrast or
nephrotoxins, care should be given to minimise
exposures and dose-adjust drugs to maximise recovery
potential.

» Haemorrhage requires blood product replacement.

----- . with severe hypotension plus vasopressor

» Vasopressors are recommended for severe
hypotension, often with the goal of keeping mean
arterial pressure (MAP) >60 mmHg. (MAP is the diastolic
pressure plus one third of the pulse pressure, where
the pulse pressure is the systolic pressure minus the
diastolic pressure.) All vasopressors should be used
only with appropriate haemodynamic monitoring in
place.

» The underlying cause of hypotension needs to be
treated along with restoring euvolaemia and
haemodynamic stability.

» The septic patient requires haemodynamic support
with vasopressors as needed to support MAP and organ
perfusion.

» Vasopressin is sometimes used as an adjunct to other
vVasopressors.

» If renal hypoperfusion results from impaired cardiac
function, management is often difficult but requires
optimising cardiac output and volume status. Inotropes,
diuretics, or renal replacement therapy may be
required.

ININLVIIL
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Patient group Tx line Treatment
| Primary options

» dopamine: 1 microgram/kg/min intravenously
initially, increase by 5-10 micrograms/kg/min
increments until response, maximum 50
micrograms/kg/min

OR

» epinephrine (adrenaline): 1 microgram/min
intravenously initially, increase dose according to
response, maximum 20 micrograms/min

OR

»norepinephrine (noradrenaline): 1 microgram/min
intravenously initially, increase dose according to
response, maximum 30 micrograms/min

OR

» phenylephrine: 40-60 micrograms/min
intravenously

----- . with volume overload adjunct  diuretic

» The use of diuretics may be helpful to manage volume
in patients with ineffective circulating volume and
pre-renal AKI. However, they generally cannot avert
the need forrenal replacement therapy (RRT) by means
of dialysis or filtration, and diuretic-unresponsive
volume overload is an indication to proceed to RRT.

»|mpaired urine production and volume expansion are
commonly seen in cases of AKI.

» Loop diuretics (e.g,, furosemide) and metolazone may
be effective in promoting diuresis, although diuretic
resistance is often seen.

» Patients also require sodium restriction.

» Itisimportant to remove or minimise any
nephrotoxins.

Primary options

» furosemide: 20-40 mg intravenously initially,
increase by 20 mg/dose increments every 2 hours
as necessary until clinical response

Secondary options

» torasemide: 20 mg intravenously once daily
initially, increase gradually according to response,
maximum 200 mg/day
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Patient group Tx line

with uraemia, severe metabolic adjunct
acidosis, hyperkalaemia

refractory to medical

management, or volume overload
unresponsive to diuretics

Treatment
OR

» bumetanide: 0.5 to 1 mg intravenously initially,
may repeat in 2-3 hours for up to 2 doses if
necessary, maximum 10 mg/day

OR

» metolazone: 5-20 mg orally once daily

renal replacement therapy

» Nephrologist consultation is required.

» Conventional haemodialysis for 4 to 6 hours is used
in haemodynamically stable patients.

» Other modes of renal replacement include sustained
low-efficiency dialysis (SLED), extended daily dialysis
(EDD), or continuous renal replacement therapy
(CRRT).[87] Major commonly used modalities include
continuous venovenous haemofiltration (CVVH),
continuous venovenous haemodialysis (CVVHD), and
continuous venovenous haemodiafiltration (CVVHDF).

» CRRT may be most beneficial in haemodynamically
unstable patients (e.g., patients with sepsis, or severe
CHF) or those in whom aggressive ultrafiltration within
the conventional 4- to 6-hour treatment of
haemodialysis would not be tolerated. Data evaluating
higher clearance volumes and the addition of a dialysis
dose to CVVH have shown improved outcomes.[93]
[94][95]

» Despite these promising initial results, studies have
shown that intensive dialysis in critically ill patients with
AKI confers no increased benefit.[87] [88] [89] [90]
[96]

intrinsic renal failure 1st

with volume overload adjunct

treatment of underlying condition

»Management of intrinsic renal failure varies according
to aetiology. Nephrotoxic agents should be ceased and
the patient referred to a nephrologist if specific
treatment, such as dialysis, management of
fluids/acid-base status, severe hyperkalaemia, or
immunosuppression is required.

diuretic

» The use of diuretics in the management of AKl is
primarily for volume control. The use of diuretics
cannot avert the need for renal replacement therapy
(RRT) by means of dialysis or filtration, but
diuretic-unresponsive volume overload is an indication
to proceed to RRT.

ININLVIIL
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Patient group Tx line

with pre-existing pre-renal adjunct
azotaemia
with uraemia, severe metabolic adjunct

acidosis, hyperkalaemia
refractory to medical
management, or volume overload
unresponsive to diuretics

Treatment

»|mpaired urine production and volume expansion are
commonly seen in cases of AKI.

» Loop diuretics (e.g., furosemide) and metolazone may
be effective in promoting diuresis, although diuretic
resistance is often seen.

» Patients also require sodium restriction.

» Itis important to remove or minimise any
nephrotoxins.

Primary options

» furosemide: 20-40 mg intravenously initially,
increase by 20 mg/dose increments every 2 hours
as necessary until clinical response

Secondary options

» torasemide: 20 mg intravenously once daily
initially, increase gradually according to response,
maximum 200 mg/day

OR

» bumetanide: 0.5 to 1 mg intravenously initially,
may repeat in 2-3 hours for up to 2 doses if
necessary, maximum 10 mg/day

OR

» metolazone: 5-20 mg orally once daily

volume expansion

» Crystalloid (normal saline or lactated Ringer's) is
sufficient in most cases for volume expansion. Colloid
might be used if there is significant hypoalbuminaemia.
The use of the semi-synthetic hydroxyethyl starch is
not advised, as mortality appears to be increased.[83]

» As pre-renal azotaemia predisposes the kidney to
injury from other means, such as contrast or
nephrotoxins, care should be given to minimise
exposures and dose-adjust drugs to maximise recovery
potential.

renal replacement therapy
» Nephrologist consultation recommended.

» Conventional haemodialysis is used in
haemodynamically stable patients.

» Other modes of renal replacementinclude sustained
low-efficiency dialysis (SLED), extended daily dialysis
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Patient group Tx line Treatment
(EDD), or continuous renal replacement therapy
(CRRT).[87] Major commonly used modalities include
continuous venovenous haemofiltration (CVVH),
continuous venovenous haemodialysis (CVVHD), and
continuous venovenous haemodiafiltration (CVVHDF).
» CRRT is most beneficial in haemodynamically
unstable patients (e.g., patients with sepsis or severe
CHF) or those in whom aggressive ultrafiltration within
the conventional 4- to 6-hour treatment of
haemodialysis would not be tolerated.
» Initial data evaluating higher clearance volumes and
the addition of a dialysis dose to CVVH had suggested
improved outcomes.[93] [94] [95]
» Studies have now shown that more intensive dialysis
in critically ill patients with AKI confers no increased
benefit.[87] [88] [89] [90] [96]
~ obstructive renal failure 1st bladder catheterisation
: » Treatment of obstructive renal failure requires
mechanical decompression at the level of obstruction.
» Bladder catheter placement should be done in all
cases of AKI if bladder outlet obstruction cannot be
quickly ruled out by ultrasound.
2nd relief of obstruction above bladder neck

» If bladder neck obstruction is not the cause of the
obstruction, further decompression more proximal in
the GU tract, often requiring consultation with a
urologist and involving placement of ureteral stents,
dilation of strictures, or other necessary procedures
may be required.

» Surgical consultation may be needed if the cause is
tumour with mass effect and debulking is required.
Primary options

» ureteral stenting: if there is a ureteral stricture,
stone or extrinsically obstructing mass

OR

» lithotripsy: stones present at the ureteropelvic
junction causing obstruction may require lithotripsy
or surgical removal

OR

ININLVIIL
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Patient group

with volume overload

Tx line

adjunct

Treatment

» exploratory laparotomy: compressing tumours
may require surgical removal; may be done
following ureteral stenting

OR

» percutaneous nephrostomy: placement of a
catheter into the renal pelvis percutaneously for
drainage of urine from a distal obstruction may be
done by a urologist, surgeon or interventional
radiologist

diuretic

» Diuretics should not be used in suspected complete
obstruction.

» The use of diuretics in the management of AKl is
primarily for volume control. The use of diuretics
cannot avert the need for renal replacement therapy
(RRT) by means of dialysis or filtration, but
diuretic-unresponsive volume overload is an indication
to proceed to RRT.

»|mpaired urine production and volume expansion are
commonly seen in cases of AKI.

» Loop diuretics (e.g,, furosemide) and metolazone may
be effective in promoting diuresis, although diuretic
resistance is often seen.

» Patients also require sodium restriction.

» Itisimportant to remove or minimise any
nephrotoxins.

Primary options

» furosemide: 20-40 mg intravenously initially,
increase by 20 mg/dose increments every 2 hours
as necessary until clinical response

Secondary options

» torasemide: 20 mg intravenously once daily
initially, increase gradually according to response,
maximum 200 mg/day

OR

» bumetanide: 0.5 to 1 mg intravenously initially,
may repeat in 2-3 hours for up to 2 doses if
necessary, maximum 10 mg/day

OR

» metolazone: 5-20 mg orally once daily
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Patient group Tx line Treatment

with uraemia, severe metabolic adjunct renal replacement therapy

acidosis, or hyperkalaemia

refractory to medical

management, or volume overload » Conventional haemodialysis is used in

unresponsive to diuretics haemodynamically stable patients. Other modes of
renal replacement include sustained low-efficiency
dialysis (SLED), extended daily dialysis (EDD), or
continuous renal replacement therapy (CRRT) if the
patient is haemodynamically unstable despite full
support.

» Nephrologist consultation is recommended.

» Renal replacement therapy may be required to
manage complications of obstruction while surgical
interventions are planned and implemented.

ININLVIIL
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Emerging

Fenoldopam

Studies had suggested that fenoldopam (a rapidly acting intravenous D1 receptor agonist) may reduce the need for renal
replacement and reduce mortality in patients with AKI[97] and in patients undergoing cardiovascular surgery.[98] A
meta-analysis showed a reduction in AKI, but no effect on renal replacement therapy (RRT) or mortality.[99] Finally, a
randomised study of nearly 700 patients with AKI has shown no benefit on outcomes of renal recovery, dialysis
requirements, or mortality.[100] Based on the overall evidence, fenoldopam is not recommended as a preventative agent
or therapy for AKI.

Other novel therapeutic agents

The use of other novel therapeutic agents, including atrial natriuretic peptide, theophylline, insulin-like growth factor,
epidermal growth factor, free radical oxygen scavengers, antibodies to adhesion molecules, and prostaglandins, has been
reviewed. None have been shown to be beneficial in human AKL[17] However, 2 studies using a prostacyclin analogue
and an adenosine A1 receptor blocker have shown them to be somewhat efficacious in myocardial salvage.[101] [102]
Further findings to ascertain whether either of these agents is useful clinically are still awaited. Whether statin therapy,
administered either pre-intervention or chronically, is protective continues to be debated,[103] [104] [105] but presently
appears to be disappointing.[106] [107] [108] Additional therapies which may be of benefit are: controlled hypothermia,
ischaemic pre-conditioning, and recombinant alkaline phosphatase infusion.[109] [110] [111] Recombinant erythropoietin
and thyroid hormone were also tried to minimise renal injury. However, erythropoietin demonstrated no nephroprotective
effect,[112] and treatment with thyroid hormone appears to be associated with worse outcomes than other possible
treatments for patients with established AKI; its role in preventing AKI was not adequately investigated.[113] Remote
ischaemic pre-conditioning appeared to hold promise to prevent AKI, but the most recent large studies cast doubt on
any great value.[114] [115]
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Recommendations

Monitoring

Follow-up monitoring of patients with AKI will vary.

If recovery of function is complete and a normal GFR is re-established with no evidence of residual renal injury, no
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renal follow-up is required.

If after AKI, renal function is impaired and the patient is left with residual chronic kidney disease (CKD), a nephrologist
follow-up is recommended with interventions based on stage of CKD.[126]

The National Kidney Foundation's KDOQI guidelines for management of CKD and its complications are available for
recommended management. Management of chronic intrinsic renal diseases (e.g., glomerulonephritis and vasculitis)
requires nephrologist intervention to manage therapies including corticosteroids, cytotoxic drugs, and
immune-modifying drugs, and their side effects and toxicities require close observation.

Patient instructions

Patients who have had an episode of AKI should be seen by a nephrologist before undergoing any diagnostic or
therapeutic intervention that carries an increased risk of acute renal injury. NSAIDs should be avoided.

Complications

Complications Timeframe Likelihood
hyperphosphataemia long term high
A late complication usually arising several days after glomerular filtration falls.

Treatment includes dietary restriction and the administration of phosphate binders, such as calcium acetate, calcium

carbonate, sevelamer, or lanthanum carbonate.

Haemodialysis is effective in phosphorous reduction, and in patients in whom intense renal replacement is undertaken,
such as those on continuous renal replacement therapies or daily dialysis regimens, phosphorous replacement may
be required.

uraemia long term medium

Uraemic toxins accumulate with severe and untreated renal failure, resulting in lethargy, confusion, and obtundation.

Dialysis is required for management of uraemia.

volume overload (pulmonary oedema, peripheral oedema) variable high
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Complications Timeframe Likelihood
Impaired volume regulation is common in cases of AKI not occurring from pre-renal azotaemia.

Volume intake is limited and diuresis maximised with agents such as furosemide.

Response to diuretics is variable.

Ultrafiltration (volume removal by renal replacement therapy) may be required.

hyperkalaemia variable high
A well-recognised complication of kidney injury, not universally seen.
Results from impaired excretion of potassium, cell lysis, or tissue breakdown.

Severe hyperkalaemia may result in classic ECG findings of peaked T waves, increased PR interval, widened QRS, atrial
arrest, and deterioration to a sine wave pattern.

Restrictions on dietary potassium intake should be imposed on all patients and may be sufficient for mild hyperkalaemia.

Sodium polystyrene sulfonate may be used for moderate to severe cases of hyperkalaemia. However, its effects are
not immediate and serum potassium must be rapidly lowered.

If these initial steps are not sufficient or if hyperkalaemia is severe, medical intervention is mandated and includes
cardiac evaluation by ECG.

If classic changes are present, treatment with IV calcium is required immediately in addition to rapid lowering of serum
potassium with insulin, glucose, and beta-agonists. Care should be taken to prevent extravasation when giving calcium
salts intravenously, because they are highly toxic to tissues.

If hyperkalaemia is refractory to medical treatment or if cardiac manifestations are present, haemodialysis is indicated
for rapid potassium normalisation.
metabolic acidosis variable high

Results from accumulation of non-volatile acids. Oral or intravenous bicarbonate preparations such as sodium
bicarbonate or sodium citrate/citric acid may be used to manage metabolic acidosis.

Management often requires dialysis if severe and if respiratory compensation is unable to maintain pH.

chronic progressive kidney disease variable medium
AKI may leave the patient with prolonged renal damage and functional recovery may not return to the baseline.

Recovery is dependent on the mechanism and severity of the injury and the underlying comorbid medical conditions.

AKI in children may be associated with chronic renal disease that may progress to ESRD.[124] [125]

end-stage renal disease variable medium
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Complications Timeframe Likelihood

Severe kidney injury, especially in patients with underlying kidney disease or other comorbid medical conditions, may
not recover and chronic renal replacement therapy may be required.[120]

Prognosis

Recovery for AKl is variable and depends on cause of injury and the severity and duration of AKL[116]

There is anindependent association of AK| with a higher risk of death.[9] [116] [117] In-hospital mortality rates associated
with AKlvary from 6% to 80%, and there is increased long-term mortality in those with AKI surviving hospitalisation.[117]

Up to 6% of patients admitted to ICU have AKI requiring renal replacement therapy (RRT).[16] [116] [118] In hospital,
when AKI requires dialysis, mortality exceeds 50%, especially in those with multiorgan failure.[13] [16] [118] Mortality
rates are high due to death from underlying disease and complications, not just the AKI.

Five-year survival rates in patients with AKI requiring RRT range from 15% to 35% (less than 10% of those patients are
dialysis-dependent).[119]

AKl s irreversible in approximately 5% to 7% of adults and as many as 16% of elderly patients.[120] There is controversy
as to whether prior AKl is a major risk factor leading to future chronic kidney disease, but increasing evidence of strong
association mounts.[121] [122] [123]
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Clinical practice guidelines: acute kidney injury

Published by: UK Renal Association Last published: 2011

Summary: Clinical practice guidelines cover aspects of assessing those at risk and preventative treatment, and
treatment options for those with established AKI.

Clinical practice guidelines: haemodialysis

Published by: UK Renal Association Last published: 2009

Summary: Guidelines for use of haemodialysis, including recommendations on facilities for haemodialysis, equipment,
concentrates and water, membranes, dose, frequency and duration, indications of adequacy of dialysis, vascular access,
and access to and withdrawal from dialysis.

ESPEN guidelines on parenteral nutrition: adult renal failure

Published by: European Society for Clinical Nutrition and Metabolism Last published: 2009

Summary: Expert opinion guidelines on the nutrition of patients with AKI. Patients with AKI should be tube fed for
nutritional support. Oral nutrition supplements are recommended for re-feeding depleted conservatively treated
patients with chronic renal failure or on dialysis. Oral nutrition supplements have been shown to improve survival of
dialysis patients by improving nutrition status.
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Kidney disease: improving global outcomes (KDIGO) clinical practice guideline for acute
kidney injury
Published by: International Society of Nephrology Last published: 2012
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contrast-induced AKI.
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Summary: A group of US experts in adult and paediatric AKI and critical care nephrology organised by the National
Kidney Foundation review the recommendations given in the 2012 KDIGO (Kidney Disease: Improving Global Outcomes)
clinical practice guideline for AKI, and comment on their relevance in the context of current US clinical practice and
concerns.

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 08, 2017.
BM]J Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use
of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2017. All rights reserved.



http://www.renal.org/guidelines/clinical-practice-guidelines-committee
http://www.renal.org/guidelines/clinical-practice-guidelines-committee
http://espen.org/education/espen-guidelines
http://kdigo.org/home/guidelines/
http://kdigo.org/home/guidelines/
http://www.ajkd.org/article/S0272-6386(13)00471-X/fulltext
http://bestpractice.bmj.com

Online resources

1. KDIGO clinical practice guideline for glomerulonephritis (external link)

%)
L
()
%
)
(@)
N
]
o
w
=
3
Z
(@)

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 08, 2017.
BM]J Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use
of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2017. All rights reserved.



http://www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO-GN-Guideline.pdf
http://bestpractice.bmj.com

Key articles

A Kidney disease: improving global outcomes (KDIGO) Acute Kidney Injury Work Group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Inter Suppl. 2012;2:1-138. Full text

4 Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US commentary on the 2012 KDIGO clinical practice guideline for
acute kidney injury. Am ] Kidney Dis. 2013;61:649-672. Full text Abstract

EMENEEED.]

® National Institute for Health and Care Excellence. Acute kidney injury: prevention, detection and management.
August 2013. http://www.nice.org.uk (last accessed 10 January 2017). Full text

® Wang HE, Muntner P, Chertow GM, et al. Acute kidney injury and mortality in hospitalized patients. Am ) Nephrol.
2012;35:349-355. Full text Abstract

* Gaudry S, Hajage D, Schortgen F, et al. Initiation strategies for renal-replacement therapy in the intensive care unit.
N Engl ) Med. 2016;375:122-133. Abstract

o Coca SG, Yusuf B, Shlipak MG, et al. Long-term risk of mortality and other adverse outcomes after acute kidney
injury: systematic review and meta-analysis. Am ] Kidney Dis. 2009;53:961-973. Full text Abstract

References

1. Kidney disease: improving global outcomes (KDIGO) Acute Kidney Injury Work Group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Inter Suppl. 2012;2:1-138. Full text

2. Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US commentary on the 2012 KDIGO clinical practice guideline for
acute kidney injury. Am J Kidney Dis. 2013;61:649-672. Full text Abstract

3. National Institute for Health and Care Excellence. Acute kidney injury: prevention, detection and management.
August 2013. http://www.nice.org.uk (last accessed 10 January 2017). Full text

4.  Thomas ME, Blaine C, Dawnay A, et al. The definition of acute kidney injury and its use in practice. Kidney Int.
2015;87:62-73. Abstract

5. Sharfuddin AA, Weisbord SD, Palevsky PM, et al. Acute kidney injury. In: Taal MW, Chertow GM, Marsden PA, et al,
eds. Brenner and Rector's The Kidney. 9th ed. Philadelphia, PA: Saunders; 2012.

6.  Centers for Disease Control and Prevention (CDC). Hospitalization discharge diagnoses for kidney disease: United
States, 1980-2005. MMWR Morb Mortal Wkly Rep. 2008;5:309-312. Abstract

7. AliT,Khan |, Simpson W, et al. Incidence and outcomes in acute kidney injury: a comprehensive population-based
study. ] Am Soc Nephrol. 2007;18:1292-1298. Full text Abstract

8. UK Renal Association. Clinical practice guidelines: acute kidney injury. March 2011. http://www.renal.org (last
accessed 10 January 2017). Full text


http://www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO%20AKI%20Guideline.pdf
http://www.ajkd.org/article/S0272-6386(13)00471-X/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/23499048?tool=bestpractice.bmj.com
http://www.nice.org.uk/guidance/CG169
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362180/
http://www.ncbi.nlm.nih.gov/pubmed/22473149?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27181456?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2726041/
http://www.ncbi.nlm.nih.gov/pubmed/19346042?tool=bestpractice.bmj.com
http://www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO%20AKI%20Guideline.pdf
http://www.ajkd.org/article/S0272-6386(13)00471-X/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/23499048?tool=bestpractice.bmj.com
http://www.nice.org.uk/guidance/CG169
http://www.ncbi.nlm.nih.gov/pubmed/25317932?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18368005?tool=bestpractice.bmj.com
http://jasn.asnjournals.org/content/18/4/1292.long
http://www.ncbi.nlm.nih.gov/pubmed/17314324?tool=bestpractice.bmj.com
http://www.renal.org/Clinical/GuidelinesSection/AcuteKidneyInjury.aspx
http://bestpractice.bmj.com

(2]
Ll
(S)
<
w
o
1]
TH
]
(2 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Wang HE, Muntner P, Chertow GM, et al. Acute kidney injury and mortality in hospitalized patients. Am ) Nephrol.
2012;35:349-355. Full text Abstract

Case ], Khan S, Khalid R, et al. Epidemiology of acute kidney injury in the intensive care unit. Crit Care Res Pract.
2013;2013:479730. Full text Abstract

Ohnuma T, Uchino S, Toki N, et al. External validation for acute kidney injury severity scores: a multicenter
retrospective study in 14 Japanese ICUs. Am ] Nephrol. 2015;42:57-64. Abstract

Poukkanen M, Vaara ST, Reinikainen M, et al. Predicting one-year mortality of critically ill patients with early acute
kidney injury: data from the prospective multicenter FINNAKI study. Crit Care. 2015;19:125. Full text Abstract

Mehta R, Pascual MT, Soroko S, et al. Spectrum of acute renal failure in the intensive care unit: the PICARD experience.
Kidney Int. 2004;66:1613-1621. Abstract

Liano F, Pascual ). Epidemiology of acute renal failure: a prospective, multicenter, community-based study. Madrid
Acute Renal Failure Study Group. Kidney Int. 1996;50:811-818. Abstract

Rihal CS, Textor SC, Grill DE, et al. Incidence and prognostic importance of acute renal failure after percutaneous
coronary intervention. Circulation. 2002;105:2259-2264. Full text Abstract

Liangos O, Wald R, O'Bell JW, et al. Epidemiology and outcomes of acute renal failure in hospitalized patients. Clin
Am Soc Nephrol. 2006;1:43-51. Full text Abstract

Lameire N, Van Biesen W, Vanholder R. Acute renal failure. Lancet. 2005;365:417-430. Abstract
Myers BD, Moran SM. Hemodynamically mediated acute renal failure. N Engl ) Med. 1986;317:97-105. Abstract
Brezis M, Rosen S, Silva P, et al. Renal ischemia: a new perspective. Kidney Int. 1984;26:375-383. Abstract

Kaushal GP, Basnakian AG, Shah SV. Apoptotic pathways in ischemic acute renal failure. Kidney Int. 2004;66:500-506.
Abstract

Zhou W, Farrar CA, Abe K, et al. Predominant role for C5b-9 in renal ischemia/reperfusion injury. ) Clin Invest.
2000;105:1363-1371. Full text Abstract

Thurman J, Lucia MS, Ljubanovic D, et al. Acute tubular necrosis is characterized by activation of the alternative
pathway of complement. Kidney Int. 2005;67:524-530. Abstract

Bonventre JV, Zuk A. Ischemic acute renal failure: an inflammatory disease? Kidney Int. 2004;66:480-485. Abstract

Lien YH, Yong KC, Cho C, et al. S1P(1) selective agonist, SEW2871, ameliorates ischemic-reperfusion injury in acute
renal failure. Kidney Int. 2006;69:1601-1608. Abstract

Boffa ), Arendshorst W), et al. Maintenance of renal vascular reactivity contributes to acute renal failure during
endotoxemic shock. ] Am Soc Nephrol. 2005;16:117-124. Abstract

Boffa]), Just A, Coffman TM, et al. Thromboxane receptor mediates renal vasoconstriction and contributes to acute
renal failure in endotoxemic mice. ] Am Soc Nephrol. 2004;15:2358-2365. Abstract


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362180/
http://www.ncbi.nlm.nih.gov/pubmed/22473149?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3618922/
http://www.ncbi.nlm.nih.gov/pubmed/23573420?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26337793?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407305/
http://www.ncbi.nlm.nih.gov/pubmed/25887685?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15458458?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8872955?tool=bestpractice.bmj.com
http://circ.ahajournals.org/cgi/content/full/105/19/2259
http://www.ncbi.nlm.nih.gov/pubmed/12010907?tool=bestpractice.bmj.com
http://cjasn.asnjournals.org/cgi/content/full/1/1/43
http://www.ncbi.nlm.nih.gov/pubmed/17699189?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15680458?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/3510383?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/6396435?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15253697?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15253697?tool=bestpractice.bmj.com
http://www.jci.org/articles/view/8621
http://www.ncbi.nlm.nih.gov/pubmed/10811844?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15673300?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15253693?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16572108?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15563566?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15339984?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Khan RZ, Badr KF. Endotoxin and renal function: perspectives to the understanding of septic acute renal failure and
toxic shock. Nephrol Dial Transplant. 1999;14:814-818. Abstract

Schrier RW, Wang W. Acute renal failure and sepsis. N Engl ] Med. 2004;351:159-169. Abstract

Badr KF, Kelley VE, Rennke HG, et al. Roles for thromboxane A2 and leukotrienes in endotoxin-induced acute renal
failure. Kidney Int. 1986;30:474-480. Abstract

EMENEEED.]

Weisberg LS, Kurnik PB, Kurnik BR, et al. Radiocontrast induced nephropathy in humans. Role of renal vasoconstriction.
Kidney Int. 1992;41:1408-1415. Abstract

Russo D, Minutolo R, Cianciaruso B, et al. Early effects of contrast media on renal hemodynamics and tubular function
in chronic renal failure. ] Am Soc Nephrol. 1995;6:1451-1458. Abstract

Persson P, Hansell P, Liss P. Pathophysiology of contrast medium-induced nephropathy. Kidney Int. 2005;68:14-22.
Abstract

Cantley LG, Spokes K, Clark B, et al. Role of endothelin and prostaglandins in radiocontrast-induced renal artery
constriction. Kidney Int. 1993;44:1217-1223. Abstract

Heyman S, Rosenberger C, Rosen S, et al. Regional alterations in renal haemodynamics and oxygenation: a role in
contrast medium-induced nephropathy. Nephrol Dial Transplant. 2005;20(suppl 1):i6-i11. Abstract

Pflueger A, Larson TS, Nath KA, et al. Role of adenosine in contrast media-induced acute renal failure in diabetes
mellitus. Mayo Clin Proc. 2000;75:1275-1283. Abstract

Schreiner GF, Kohan DE. Regulation of renal transport processes and hemodynamics by macrophages and
lymphocytes. Am ] Kidney Dis. 1990;258:F761-F767. Abstract

Klahr S. New insights into the consequences and mechanisms of renal impairment in obstructive nephropathy.
Am ] Kidney Dis. 1991;18:689-699. Abstract

Ophascharoensuk V, Giachelli CM, Gordon K, et al. Obstructive uropathy in the mouse: Role of osteopontin in
interstitial fibrosis and apoptosis. Kidney Int. 1999;56:571-580. Abstract

Moon JA, Kim HT, Cho IS, et al. IN-1130, a novel transforming growth factor-beta type | receptor kinase (ALKS)
inhibitor, suppresses renal fibrosis in obstructive nephropathy. Kidney Int. 2006;70:1234-1243. Abstract

LuJC, Coca SG, Patel UD, et al. Searching for genes that matter in acute kidney injury: a systematic review. Clin ] Am
Soc Nephrol. 2009;4:1020-1031. Full text Abstract

Zhao B. Genome-wide association study to identify single nucleotide polymorphisms conferring risk for acute
kidney injury. ] Am Soc Nephrol. 2014;25(suppl):7A.

Parfrey PS, Griffiths SM, Barrett BJ, et al. Contrast material induced renal failure in patients with diabetes mellitus,
renal insufficiency, or both. A prospective controlled study. N Engl ] Med. 1989;320:143-149. Abstract

McCarthy CS, Becker JA. Multiple myeloma and contrast media. Radiology. 1992;183:519-521. Abstract


http://www.ncbi.nlm.nih.gov/pubmed/10328448?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15247356?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/3537451?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1614056?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8589322?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15954892?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15954892?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8301922?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15705946?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11126837?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2184672?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1962655?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/10432396?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16929250?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2689876/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pubmed/19443624?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2643041?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1561361?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

(2]
Ll
(S)
<
w
o
1]
TH
]
(2 4

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Garg AX, Devereaux PJ, Yusuf S, et al. Kidney function after off-pump or on-pump coronary artery bypass graft
surgery: a randomized clinical trial. JAMA. 2014;311:2191-2198. Full text Abstract

Bell S, Dekker FW, Vadiveloo T, et al. Risk of postoperative acute kidney injury in patients undergoing orthopaedic
surgery-development and validation of a risk score and effect of acute kidney injury on survival: observational
cohort study. BMJ. 2015;351:h5639. Full text Abstract

Marenzi G, Assanelli E, Marana |, et al. N-acetylcysteine and contrast-induced nephropathy in primary angioplasty.
N Engl ) Med. 2006;354:2773-2782. Abstract

Kelly AM, Dwamena B, Cronin P, et al. Meta-analysis: effectiveness of drugs for preventing contrast-induced
nephropathy. Ann Intern Med. 2008;148:284-294. Full text Abstract

KocF, Ozdemir K, Kaya MG, et al. Intravenous N-acetylcysteine plus high-dose hydration versus high-dose hydration
and standard hydration for the prevention of contrast-induced nephropathy: CASIS--a multicenter prospective
controlled trial. Int) Cardiol. 2012;155:418-423. Abstract

Ho KM, Morgan D). Meta-analysis of N-acetylcysteine to prevent acute renal failure after major surgery. AmJ Kidney
Dis. 2009;53:33-40. Abstract

Anderson SM, Park ZH, Patel RV. Intravenous N-acetylcysteine in the prevention of contrast media-induced
nephropathy. Ann Pharmacother. 2011;45:101-107. Abstract

Barrett B), Parfey PS. Clinical practice. Preventing nephropathy induced by contrast medium. N Engl ] Med.
2006;354:379-386. Abstract

LiG, Yin L, LiuT, et al. Role of probucol in preventing contrast-induced acute kidney injury after coronary
interventional procedure. Am J Cardiol. 2009;103:512-514. Abstract

LiW, Fu X, Wang Y, et al. Beneficial effects of high-dose atorvastatin pretreatment on renal function in patients with
acute ST-segment elevation myocardial infarction undergoing emergency percutaneous coronary intervention.
Cardiology. 2012;122:195-202. Abstract

Li Y, LiuY, FuL, et al. Efficacy of short-term high-dose statin in preventing contrast-induced nephropathy: a
meta-analysis of seven randomized controlled trials. PLoS One. 2012;7:e34450. Full text Abstract

Brar SS, Hiremath S, Dangas G, et al. Sodium bicarbonate for the prevention of contrastinduced-acute kidney injury:
a systematic review and meta-analysis. Clin ] Am Soc Nephrol. 2009;4:1584-1592. Abstract

KunadianV, Zaman A, Spyridopoulos|, et al. Sodium bicarbonate for the prevention of contrast induced nephropathy:
a meta-analysis of published clinical trials. Eur J Radiol. 2011;79:48-55. Abstract

Jang]S, Jin HY, Seo JS, et al. Sodium bicarbonate therapy for the prevention of contrast-induced acute kidney injury
—a systematic review and meta-analysis. Circ J. 2012;76:2255-2565. Full text Abstract

Solomon R, Gordon P, Manoukian SV, et al. Randomized trial of bicarbonate or saline study for the prevention of
contrast-induced nephropathy in patients with CKD. Clin ) Am Soc Nephrol. 2015;10:1519-1524. Full text Abstract


http://jama.jamanetwork.com/article.aspx?articleid=1877182
http://www.ncbi.nlm.nih.gov/pubmed/24886787?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4641433/
http://www.ncbi.nlm.nih.gov/pubmed/26561522?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16807414 ?tool=bestpractice.bmj.com
http://www.annals.org/content/148/4/284.long
http://www.ncbi.nlm.nih.gov/pubmed/18283206?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21106264?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18649982?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21205947?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16436769?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19195512?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22854323?tool=bestpractice.bmj.com
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0034450
http://www.ncbi.nlm.nih.gov/pubmed/22511942?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19713291?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/20074886?tool=bestpractice.bmj.com
https://www.jstage.jst.go.jp/article/circj/76/9/76_CJ-12-0096/_article
http://www.ncbi.nlm.nih.gov/pubmed/22975638?tool=bestpractice.bmj.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4559510/
http://www.ncbi.nlm.nih.gov/pubmed/26185263?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Morikawa S, Sone T, Tsuboi H, et al. Renal protective effects and the prevention of contrast-induced nephropathy
by atrial natriuretic peptide. [Erratum in: ] Am Coll Cardiol. 2009;54:1122.] ) Am Coll Cardiol. 2009;53:1040-1046.
Abstract

Kaya K, Oguz M, Akar AR, et al. The effect of sodium nitroprusside infusion on renal function during reperfusion
period in patients undergoing coronary artery bypass grafting: a prospective randomized clinical trial. Eur
Cardiothorac Surg. 2007;31:290-297. Full text Abstract

EMENEEED.]

Patel NN, Rogers CA, Angelini GD, et al. Pharmacological therapies for the prevention of acute kidney injury following
cardiac surgery: a systematic review. Heart Fail Rev. 2011;16:553-567. Abstract

Billings FT 4th, Hendricks PA, Schildcrout ]S, et al. High-dose perioperative atorvastatin and acute kidney injury
following cardiac surgery: a randomized clinical trial. JAMA. 2016;315:877-888. Full text Abstract

Zhou C, Gong}, Chen D, et al. Levosimendan for prevention of acute kidney injury after cardiac surgery: a
meta-analysis of randomized controlled trials. Am ] Kidney Dis. 2016;67:408-416. Abstract

WangJ, YuW, Gao M, et al. Preoperative prophylactic intraaortic balloon pump reduces the incidence of postoperative
acute kidney injury and short-term death of high-risk patients undergoing coronary artery bypass grafting: a
meta-analysis of 17 studies. Ann Thorac Surg. 2016;101;2007-2019. Abstract

Yunos NM, Bellomo R, Hegarty C, et al. Association between a chloride-liberal vs chloride-restrictive intravenous
fluid administration strategy and kidney injury in critically ill adults. JAMA. 2012;308:1566-1572. Abstract

Young P, Bailey M, Beasley R, et al. Effect of a buffered crystalloid solution vs saline on acute kidney injury among
patients in the intensive care unit: the SPLIT randomized clinical trial. JAMA. 2015;314:1701-1710. Abstract

Bellomo R, Ronco C, Kellum A, et al. Acute renal failure - definition, outcome measures, animal models, fluid therapy
and information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality
Initiative (ADQI) Group. Crit Care. 2004;8:R204-R212. Full text Abstract

Mehta RL, Kellum JA, Shah SV, et al. Acute Kidney Injury Network: report of an initiative to improve outcomesin
acute kidney injury. Crit Care. 2007;11:R31. Full text Abstract

Inohara T, Kohsaka S, Miyata H, et al. Performance and validation of the U.S. NCDR acute kidney injury prediction
model in Japan. ) Am Coll Cardiol. 2016;67:1715-1722. Abstract

Thakar CV, Arrigain S, Worley S, et al. A clinical score to predict acute renal failure after cardiac surgery. ] Am Soc
Nephrol. 2005;16:162-168. Full text Abstract

Gabardi S, Munz K, Ulbricht C. A review of dietary supplement-induced renal dysfunction. Clin ] Am Soc Nephrol.
2007;2:757-765. Full text Abstract

Adebamiro A, Perazella MA. Recurrent acute kidney injury following bath salts intoxication. Am ) Kidney Dis.
2012;59:273-275. Abstract

Muriithi AK, Nasr SH, Leung N. Utility of urine eosinophils in the diagnosis of acute interstitial nephritis. Clin ] Am
Soc Nephrol. 2013;8:1857-1862. Full text Abstract


http://www.ncbi.nlm.nih.gov/pubmed/19298916?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19298916?tool=bestpractice.bmj.com
http://ejcts.oxfordjournals.org/content/31/2/290.long
http://www.ncbi.nlm.nih.gov/pubmed/17174559?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21400231?tool=bestpractice.bmj.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843765/
http://www.ncbi.nlm.nih.gov/pubmed/26906014?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26518388?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27045229?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23073953?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26444692?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC522841/
http://www.ncbi.nlm.nih.gov/pubmed/15312219?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2206446/
http://www.ncbi.nlm.nih.gov/pubmed/17331245?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27056778?tool=bestpractice.bmj.com
http://jasn.asnjournals.org/content/16/1/162.long
http://www.ncbi.nlm.nih.gov/pubmed/15563569?tool=bestpractice.bmj.com
http://cjasn.asnjournals.org/content/2/4/757.long
http://www.ncbi.nlm.nih.gov/pubmed/17699493?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22119408?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3817898/
http://www.ncbi.nlm.nih.gov/pubmed/24052222?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

(2]
Ll
(S)
<
w
o
1]
TH
]
(2 4

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Coca SG, Yalavarthy R, Concato J, et al. Biomarkers for the diagnosis and risk stratification of acute kidney injury: a
systematic review. Kidney Int. 2008;73:1008-1016. Abstract

Vaidya VS, Ferguson MA, Bonventre JV. Biomarkers of acute kidney injury. Annu Rev Pharmacol Toxicol.
2008;48:463-493. Full text Abstract

Parikh CR, Lu JC, Coca SG, et al. Tubular proteinuria in acute kidney injury: a critical evaluation of current status and
future promise. Ann Clin Biochem. 2010;47:301-312. Abstract

Ho J, Tangri N, Komenda P, et al. Urinary, plasma, and serum biomarkers' utility for predicting acute kidney injury
associated with cardiac surgery in adults: a meta-analysis. Am J Kidney Dis. 2015;66:993-1005. Full text Abstract

Zhang Z, Lu B, Sheng X, Jin N. Cystatin C in prediction of acute kidney injury: a systemic review and meta-analysis.
Am J Kidney Dis. 2012;59:590-592. Abstract

Small DM, Gobe GC. Cytochrome c: potential as a noninvasive biomarker of drug-induced acute kidney injury. Expert
Opin Drug Metab Toxicol. 2012;8:655-664. Abstract

Clerico A, Galli C, Fortunato A, et al. Neutrophil gelatinase-associated lipocalin (NGAL) as biomarker of acute kidney
injury: a review of the laboratory characteristics and clinical evidences. Clin Chem Lab Med. 2012;50:1505-1517.
Abstract

Balasubramanian G, Al-Aly Z, Moiz A, et al. Early nephrologist involvement in hospital-acquired acute kidney injury:
a pilot study. Am J Kidney Dis. 2011;57:228-234 Abstract

Wilson FP, Shashaty M, Testani ), et al. Automated, electronic alerts for acute kidney injury: a single-blind,
parallel-group, randomised controlled trial. Lancet. 2015;385:1966-1974. Full text Abstract

Zarychanski R, Abou-Setta AM, Turgeon AF, et al. Association of hydroxyethyl starch administration with mortality
and acute kidney injury in critically ill patients requiring volume resuscitation: a systematic review and meta-analysis.
JAMA. 2013;7:678-688. Abstract

Lins RLE, Elseviers MM, Van der Niepen P, et al; SHARF Investigators. Intermittent versus continuous renal replacement
therapy for acute kidney injury patients admitted to the intensive care unit: results of a randomized clinical trial.
Nephrol Dial Transplant. 2009;24:512-518. Abstract

Zarbock A, Kellum JA, Schmidt C, et al. Effect of early vs delayed initiation of renal replacement therapy on mortality
in critically ill patients with acute kidney injury: the ELAIN randomized clinical trial. JAMA. 2016;315:2190-2199.
Full text Abstract

Gaudry S, Hajage D, Schortgen F, et al. Initiation strategies for renal-replacement therapy in the intensive care unit.
N Engl) Med. 2016;375:122-133. Abstract

VA/NIH Acute Renal Failure Trial Network, Palevsky PM, Zhang JH, O'Connoer TZ, et al. Intensity of renal support in
critically ill patients with acute kidney injury. N Engl ] Med. 2008;359:7-20. Full text Abstract

Tolwani AJ, Campbell RC, Stofan BS, et al. Standard versus high-dose CVVHDF for ICU-related acute renal failure. )
Am Soc Nephrol. 2008;19:1233-1238. Full text Abstract


http://www.ncbi.nlm.nih.gov/pubmed/18094679?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2742480/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pubmed/17937594?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/20511371?tool=bestpractice.bmj.com
http://www.ajkd.org/article/S0272-6386(15)00940-3/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/26253993?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21601330?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22475359?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22962216?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22962216?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21195518?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475457/
http://www.ncbi.nlm.nih.gov/pubmed/25726515?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23423413?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18854418?tool=bestpractice.bmj.com
http://jamanetwork.com/journals/jama/fullarticle/2522434
http://jamanetwork.com/journals/jama/fullarticle/2522434
http://www.ncbi.nlm.nih.gov/pubmed/27209269?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27181456?tool=bestpractice.bmj.com
http://content.nejm.org/cgi/content/full/359/1/7
http://www.ncbi.nlm.nih.gov/pubmed/18492867?tool=bestpractice.bmj.com
http://jasn.asnjournals.org/cgi/content/full/19/6/1233
http://www.ncbi.nlm.nih.gov/pubmed/18337480?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

RENAL Replacement Therapy Study Investigators, Bellomo R, Cass A, Cole L, et al. Intensity of continuous
renal-replacement therapy in critically ill patients. N Engl ) Med. 2009;361:1627-1638. Full text Abstract

Chertow GM, Burdick E, Honour M, et al. Acute kidney injury, mortality, length of stay, and costs in hospitalized
patients.] Am Soc Nephrol. 2005;16:3365-3370. Full text Abstract

Ponce D, Balbi AL. Peritoneal dialysis in acute kidney injury: a viable alternative. Perit Dial Int. 2011;31:387-389.
Abstract

EMENEEED.]

Ponce D, Berbel MN, Regina de Goes C, et al. High-volume peritoneal dialysis in acute kidney injury: indications and
limitations. Clin J Am Soc Nephrol. 2012;7:887-894. Abstract

Ronco C, Bellomo R, Homel P, et al. Effects of different doses in continuous veno-venous haemofiltration on
outcomes of acute renal failure: a prospective randomised trial. Lancet. 2000;356:26-30. Abstract

Saudan P, Niederberger M, De Seigneux S, et al. Adding a dialysis dose to continuous hemofiltration increases
survival in patients with acute renal failure. Kidney Int. 2006;70:1312-1317. Abstract

Ronco C. Continuous renal replacement therapies for the treatment of acute renal failure in intensive care patients.
Clin Nephrol. 1993;40:187-198. Abstract

Jun M, Heerspink HJ, Ninomiya T, et al. Intensities of renal replacement therapy in acute kidney injury: a systematic
review and meta-analysis. Clin ] Am Soc Nephrol. 2010;5:956-963. Abstract

Landoni G, Biondi-Zoccai GG, Tumlin JA, et al. Beneficial impact of fenoldopam in critically ill patients with or at risk
for acute renal failure: a meta-analysis of randomized clinical trials. Am J Kidney Dis. 2007;49:56-68. Abstract

Landoni G, Biondi-Zoccai GG, Marino G, et al. Fenoldopam reduces the need for renal replacement therapy and
in-hospital death in cardiovascular surgery: a meta-analysis. ] Cardiothorac Vasc Anesth. 2008;22:27-33. Abstract

Zangrillo A, Biondi-Zoccai GG, Frati E, et al. Fenoldopam and acute renal failure in cardiac surgery: a meta-analysis
of randomized placebo-controlled trials. ] Cardiothorac Vasc Anesth. 2012;26:407-413. Abstract

Bove T, Zangrillo A, Guarracino F, et al. Effect of fenoldopam on use of renal replacement therapy among patients
with acute kidney injury after cardiac surgery: a randomized clinical trial. JAMA. 2014;312:2244-2253. Full text
Abstract

Spargias K, Adreanides E, Demerouti E, et al. lloprost prevents contrast-induced nephropathy in patients with renal
dysfunction undergoing coronary angiography or intervention. Circulation. 2009;120:1793-1799. Full text Abstract

CotterG, Dittrich HC, Weatherley BD, et al. The PROTECT pilot study: a randomized, placebo-controlled, dose-finding
study of the adenosine A1 receptor antagonist rolofylline in patients with acute heart failure and renal impairment.
J Card Fail. 2008;14:631-640. Abstract

Pappy R, Stavrakis S, Hennebry TA, et al. Effect of statin therapy on contrast-induced nephropathy after coronary
angiography: a meta-analysis. Int ) Cardiol. 2011;151:348-353. Abstract


http://www.nejm.org/doi/pdf/10.1056/NEJMoa0902413
http://www.ncbi.nlm.nih.gov/pubmed/19846848?tool=bestpractice.bmj.com
http://jasn.asnjournals.org/cgi/content/full/16/11/3365
http://www.ncbi.nlm.nih.gov/pubmed/16177006?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21799052?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21799052?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22461532?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/10892761?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16850022?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8261674?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/20395356?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17185146?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18249327?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22459931?tool=bestpractice.bmj.com
http://jama.jamanetwork.com/article.aspx?articleid=1910563
http://www.ncbi.nlm.nih.gov/pubmed/25265449?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25265449?tool=bestpractice.bmj.com
http://circ.ahajournals.org/cgi/reprint/120/18/1793
http://www.ncbi.nlm.nih.gov/pubmed/19841299?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18926433?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21636154?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

(2]
Ll
(S)
<
w
o
1]
TH
]
(2 4

104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Zhang T, Shen LH, Hu LH, et al. Statins for the prevention of contrast-induced nephropathy: a systematic review
and meta-analysis. Am ] Nephrol. 2011;33:344-351. Full text Abstract

Zhang BC, Li WM, Xu YW. High-dose statin pretreatment for the prevention of contrast-induced nephropathy: a
meta-analysis. Can J Cardiol. 2011;27:851-858. Abstract

Giacoppo D, Capodanno D, Capranzano P, et al. Meta-analysis of randomized controlled trials of preprocedural
statin administration for reducing contrast-induced acute kidney injury in patients undergoing coronary
catheterization. AmJ Cardiol. 2014;114:541-548. Abstract

Gandhi S, Mosleh W, Abdel-Qadir H, et al. Statins and contrast-induced acute kidney injury with coronary angiography.
Am ) Med. 2014;127:987-1000. Abstract

Bangalore S, Fayyad R, Hovingh GK, et al. Statin and the risk of renal-related serious adverse events: Analysis from
the IDEAL, TNT, CARDS, ASPEN, SPARCL, and other placebo-controlled trials. Am ) Cardiol. 2014;113:2018-2020.
Abstract

Susantitaphong P, Alfayez M, Cohen-Bucay A, et al. Therapeutic hypothermia and prevention of acute kidney injury:
a meta-analysis of randomized controlled trials. Resuscitation. 2012;83:159-167. Full text Abstract

Er F, Nia AM, Dopp H, et al. Ischemic preconditioning for prevention of contrast medium-induced nephropathy:
randomized pilot RenPro Trial (Renal Protection Trial). Circulation. 2012;126:296-303. Full text Abstract

Pickkers P, Heemskerk S, Schouten J, et al. Alkaline phosphatase for treatment of sepsis-induced acute kidney
injury: a prospective randomized double-blind placebo-controlled trial. Crit Care. 2012;16:R14. Full text Abstract

Kim JE, Song SW, Kim JY, et al. Effect of a single bolus of erythropoietin on renoprotection in patients undergoing
thoracic aortic surgery with moderate hypothermic circulatory arrest. Ann Thorac Surg. 2016;101:690-696. Abstract

Nigwekar SU, Strippoli GF, Navaneethan SD. Thyroid hormones for acute kidney injury. Cochrane Database Syst
Rev. 2013;(1):CD006740. Full text Abstract

Yang Y, Lang XB, Zhang P, et al. Remote ischemic preconditioning for prevention of acute kidney injury: a
meta-analysis of randomized controlled trials. Am ] Kidney Dis. 2014;64:574-583. Abstract

Zarbock A, Schmidt C, Van Aken H, et al. Effect of remote ischemic preconditioning on kidney injury among high-risk
patients undergoing cardiac surgery: a randomized clinical trial. JAMA. 2015;313:2133-2141. Full text Abstract

Lewington AJ, Cerda J, Mehta RL. Raising awareness of acute kidney injury: a global perspective of a silent killer.
Kidney Int. 2013;84:457-467. Full text Abstract

Coca SG, Yusuf B, Shlipak MG, et al. Long-term risk of mortality and other adverse outcomes after acute kidney
injury: systematic review and meta-analysis. Am ] Kidney Dis. 2009;53:961-973. Full text Abstract

Tao Li PK, Burdmann EA, Mehta RL. Acute kidney injury: global health alert. Int ] Organ Transplant Med. 2013;4:1-8.
Full text Abstract


http://www.karger.com/Article/FullText/326269
http://www.ncbi.nlm.nih.gov/pubmed/21430372?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21944277?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25001154?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24852935?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24793673?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24793673?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3273643/
http://www.ncbi.nlm.nih.gov/pubmed/21983123?tool=bestpractice.bmj.com
http://circ.ahajournals.org/content/126/3/296.long
http://www.ncbi.nlm.nih.gov/pubmed/22735306?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3396250/
http://www.ncbi.nlm.nih.gov/pubmed/22269279?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26576750?tool=bestpractice.bmj.com
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006740.pub2/full
http://www.ncbi.nlm.nih.gov/pubmed/23440810?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24954246?tool=bestpractice.bmj.com
http://jama.jamanetwork.com/article.aspx?articleid=2299339
http://www.ncbi.nlm.nih.gov/pubmed/26024502?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3758780/
http://www.ncbi.nlm.nih.gov/pubmed/23636171?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2726041/
http://www.ncbi.nlm.nih.gov/pubmed/19346042?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4089304/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4089304/
http://www.ncbi.nlm.nih.gov/pubmed/25013646?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

119.

120.

121.

122.

123.

124.

125.

126.

Rimes-Stigare C, Awad A, Martensson J, et al. Long-term outcome after acute renal replacement therapy: a narrative
review. Acta Anaesthesiol Scand. 2012;56:138-146. Abstract

Bhandari S, Turney JH. Survivors of acute renal failure who do not recover renal function. QJM. 1996;489:415-421.
Abstract

Rifkin DE, Coca SG, Kalantar-Zadeh K. Does AKI Truly Lead to CKD? ] Am Soc Nephrol. 2012;23:979-984. Abstract

Leung KC, Tonelli M, James MT. Chronic kidney disease following acute kidney injury: risk and outcomes. Nat Rev
Nephrol. 2013;9:77-85. Abstract

Bucaloiu ID, Kirchner HL, Norfolk ER, et al. Increased risk of death and de novo chronic kidney disease following
reversible acute kidney injury. Kidney Int. 2012;81:477-485. Abstract

Finn W. Recovery from acute renal failure. Acute renal failure: a companion to Brenner and Rector's the kidney. 1st
ed. Philadelphia, PA: WB Saunders; 2001:425-450.

Shaw NJ, Brocklebank JT, Dickinson DF, et al. Long term outcome for children with acute renal failure following
cardiac surgery. Int ] Cardiol. 1991;31:161-165. Abstract

Cerda ), Liu KD, Cruz DN, et al. Promoting kidney function recovery in patients with AKI requiring RRT. Clin ] Am Soc
Nephrol. 2015;10:1859-1867. Abstract

EMENEEED.]



http://www.ncbi.nlm.nih.gov/pubmed/22092145?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8758044?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8758044?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22460531?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23247572?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22157656?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1869324?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26138260?tool=bestpractice.bmj.com
http://bestpractice.bmj.com

x
T
=
3
O
2
(a]

Disclaimer

This content is meant for medical professionals situated outside of the United States and Canada. The BMJ Publishing
Group Ltd ("BMJ Group") tries to ensure that the information provided is accurate and up-to-date, but we do not warrant
that it is nor do our licensors who supply certain content linked to or otherwise accessible from our content. The BMJ
Group does not advocate or endorse the use of any drug or therapy contained within nor does it diagnose patients.
Medical professionals should use their own professional judgement in using this information and caring for their patients
and the information herein should not be considered a substitute for that.

This information is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition such standards and practices in medicine change as new data become
available, and you should consult a variety of sources. We strongly recommend that users independently verify specified
diagnosis, treatments and follow up and ensure it is appropriate for your patient within your region. In addition, with
respect to prescription medication, you are advised to check the product information sheet accompanying each drug
to verify conditions of use and identify any changes in dosage schedule or contraindications, particularly if the agent to
be administered is new, infrequently used, or has a narrow therapeutic range. You must always check that drugs referenced
are licensed for the specified use and at the specified doses in your region. This information is provided on an "as is" basis
and to the fullest extent permitted by law the BMJ Group and its licensors assume no responsibility for any aspect of
healthcare administered with the aid of this information or any other use of this information.

View our full Website Terms and Conditions.


http://www.bmj.com/company/legal-information/
http://bestpractice.bmj.com

B M Best Practice

Contributors:

// Authors:

Richard Lafayette, MD

Professor of Medicine

Nephrology Division, Stanford University Medical Center, Stanford, CA

DISCLOSURES: RL works as a consultant and researcher for Relypsa, Inc. Although unrelated to this topic area, RL also works as a
consultant for Fibrogen, Inc.; Mallinckrodt, Inc.; and Alexion, Inc.; and as a researcher for Genentech, Inc.; Mallinckrodt, Inc.; GlaxoSK,
Inc.; Rigel, Inc.; Aurinia, Inc.; and the NIH.

// Acknowledgements:

Dr Richard Lafayette would like to gratefully acknowledge Dr Sandra Sabatini, Dr Neil Kurtzman, and Dr Corey D. Ball, the previous
contributors to this monograph.
DISCLOSURES: SS, NK, and CDB declare that they have no competing interests.

// Peer Reviewers:

Garabed Eknoyan, MD

Professor of Medicine
Section of Nephrology, Department of Medicine, Baylor College of Medicine, Houston, TX
DISCLOSURES: GE declares that he has no competing interests.

Dominic de Takats, MA, MRCP

Consultant Nephrologist
Nephrology, North Staffs Royal Infirmary, University Hospital of North Staffordshire, Stoke-on-Trent, UK
DISCLOSURES: DdT declares that he has no competing interests.



