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Patients with kidney disease may have a variety of different clinical presentations.

Some have symptoms or signs that are directly referable to the kidney (such as 
hematuria) or

to associated extrarenal manifestations (edema, hypertension, signs of uremia). 

Many patients are asymptomatic and are incidentally found to have an elevated serum 
creatinine concentration, abnormal urine studies (such as proteinuria or microscopic 
hematuria), or 

abnormal radiologic imaging of the kidneys.



Determination of disease duration —

Acute –

Subacute –

Chronic –



Acute kidney injury (AKI) develops over hours to days and is usually diagnosed in 
hospitalized patients or following a procedure. 

Subacute kidney injury that develops more slowly than AKI but generally results in 
worsening creatinine over the course of a few weeks.

Chronic kidney disease (CKD) is defined by an elevated creatinine, or other evidence 
of kidney damage, that is present and relatively stable for greater than three months.











































Identifying patients for emergency department referral —

●Patients with stage 2 or 3 AKI as per the KDIGO criteria. 

●Patients with stage 1 AKI who have an unclear etiology, patients who have an unknown 
duration or trajectory of elevated creatinine, .

In addition, patients with stage 1 AKI should be referred to the emergency department if 
they have a concomitant, uncontrolled comorbid condition (eg, acute on chronic 
exacerbation of heart failure, diabetic ketoacidosis). 

●Patients with AKI of any stage seen in a resource-limited outpatient setting where the 
initial diagnostic evaluation (eg, renal ultrasound to rule out urinary tract obstruction) or 
interventions (eg, intravenous fluid administration) require an emergency department 
referral.



Indications for urgent nephrology referral —

Patients who do not need an emergency department referral and who are managed as an 
outpatient should be referred for outpatient nephrology consultation if:

●Initial interventions fail to substantially improve the kidney injury.

●Glomerulonephritis (GN) is strongly suspected (such as in a patient with AKI, hematuria, 
and proteinuria).

●AKI occurs as a complication of treatment of an unrelated condition and future 
treatment depends upon nephrology input (such as AKI occurring as a complication of 
chemotherapy).



The time frame of obtaining an outpatient nephrology consult.

A patient suspected of having GN should be seen by a nephrologist within one to two 
days.

However, if the AKI is thought to be due to other etiologies, an initial evaluation within one 
week is reasonable. 

If expedited nephrology follow-up cannot be obtained, then the patient should be referred to 
the emergency department.

In addition, patients who have a history of recent admission to the hospital for 
evaluation and management of AKI should also be seen by a nephrologist in the 
outpatient setting for longitudinal follow-up and secondary prevention of AKI.







Elimination and avoidance of 
potential insults



Dosing —

If the serum creatinine is rising briskly (or if only a single initial value is available), 
then the GFR should be presumed to be 0 mL/min, and drugs should be dosed 
accordingly.

●If the serum creatinine is falling, the eGFR based on the serum creatinine likely 
underestimates the true GFR. In such cases, the medications should be dosed 
according to a GFR greater than the calculated eGFR, with re-evaluation of dosing on a 
daily basis depending upon the trajectory of improvement.

●If the creatinine has reached a plateau and is stable for several days or more, the 
serum creatinine may be used to estimate GFR (using an estimating equation).

●



Volume assessment and 
management



Hypovolemic patients —



Choice and quantity of fluid –

•If hypovolemia is confirmed by clinical assessment, we administer 1 to 3 liters of 
crystalloid (preferably buffered crystalloid) with assessment of clinical response.

For volume responsive patients with a robust response in urine output and improvement 
in GFR, and with persistent evidence of hypovolemia or inability to maintain fluid 
balance, we continue maintenance isotonic fluids at 75 mL/hour or greater depending 
upon the ongoing losses. 

•Among patients with AKI who have a volume status that is difficult to interpret, such as 
in older adult patients or patients with reduced effective arterial blood volume, we 
administer a smaller volume trial (up to 1 liter) of an isotonic fluid. Based upon the 
response, a decision regarding continuation of fluid therapy may be made.

•Patients who do not respond to administered volume with an increase in urine output 
or a decrease in the serum creatinine are unlikely to have prerenal disease and are 
more likely to have established ATN or another form of intrinsic AKI such as rapidly 
progressive glomerulonephritis (GN) or acute interstitial nephritis. 

Continued volume expansion in these patients after a fixed initial trial is discouraged.

•Patients with conditions such as acute pancreatitis, rhabdomyolysis, or tumor lysis 
syndrome may require more liberal fluid resuscitation regimens. 



Goals of resuscitation –





Evaluate need for urgent renal replacement therapy —

●Pulmonary edema

●Hyperkalemia >6.5 mEq/L, hyperkalemia associated with symptoms or signs (ie, cardiac 
conduction abnormalities, muscle weakness), or hyperkalemia >5.5 mEq/L if there is ongoing 
tissue breakdown (eg, rhabdomyolysis) or ongoing potassium absorption (eg, significant 
gastrointestinal bleeding) .

●Signs of uremia, such as pericarditis, or an otherwise unexplained decline in mental status.

●Severe metabolic acidosis (pH <7.1) and hypervolemia, unless acidosis can be rapidly 
resolved by quickly correcting the underlying etiology (eg, diabetic ketoacidosis)

●Acute poisoning



Hypervolemia with pulmonary edema —

Patients who present with AKI and who have severe hypoxia due to pulmonary edema 
often need RRT urgently. 

Some patients may respond quickly to loop diuretics and may therefore avoid the need 
for RRT.

For patients who are oliguric and hemodynamically stable, we use 80 to 200 mg of 
intravenous (IV) furosemide or equivalent and monitor for an increase in urine output .

We consider a urine output of greater than 200 mL within two hours of the furosemide 
dose as adequate. 

If a lower dose (eg, 80 mg) is given and does not induce an adequate response, then a 
higher dose (eg, 200 mg) should be given without delay. 

Patients who do not respond adequately to diuretics should be prepared for RRT.



Managing electrolyte imbalances



Hyperkalemia —

All patients with hyperkalemia should be on a potassium-restricted diet (less than 2 g 
per day). In addition, all potassium-containing infusions and medications should be 
avoided in these patients. 

●We do not dialyze, at least initially, patients with mild hyperkalemia and AKI that is from 
a known, reversible cause (such as volume depletion or an ACE inhibitor/ARB).

We treat such patients with discontinuation of the ACE inhibitor or ARB, a low-
potassium diet, volume administration with or without diuretics (among euvolemic or 
hypovolemic patients), or diuretics alone (among hypervolemia patients). 

●We also do not dialyze, at least initially, patients who have AKI from a cause that is not 
readily reversible, such as ATN, and who have hyperkalemia that is adequately treated 
with medical therapy.



Severe hyperkalemia —

Patients with AKI who have a serum potassium >6.5 mEq/L or those with symptoms or 
signs of hyperkalemia (ie, cardiac conduction abnormalities, muscle weakness) should 
be dialyzed urgently (preferably with dialysis), in addition to receiving rapidly acting 
therapies (ie, insulin and glucose, intravenous calcium) and gastrointestinal potassium 
binders .

In addition, patients with AKI and hyperkalemia >5.5 mEq/L should be dialyzed urgently 
if there is ongoing tissue breakdown (eg, rhabdomyolysis) or ongoing potassium 
absorption (eg, significant gastrointestinal bleeding).



Hyperphosphatemia —

Hyperphosphatemia — We restrict dietary phosphorous to <2 g per day in all patients 
with AKI, except those with hypophosphatemia. 

we typically prescribe phosphate binders in patients with AKI who meet the following 
requirements:

●Have a phosphate concentration >5.5 mg/dL (1.8 mmol/L)

●Are receiving enteral feeding (eating or receiving tube feeds)

●Have a likely prolonged course of AKI (ie, cause of AKI is not readily reversible)

●Hyperphosphatemic patients with AKI who have severe hypocalcemia, even if the 
phosphate concentration is <6 mg/dL or if RRT initiation is imminent

●Hyperphosphatemic patients with continued release of intracellular phosphate such as 
rhabdomyolysis and tumor lysis syndrome



Hypocalcemia —

Hyperphosphatemia should also be corrected in patients with hypocalcemia. 

For diagnosis of hypocalcemia as well as monitoring, serum ionized calcium should be 
measured in addition to the total serum calcium if a laboratory known to reliably measure 
ionized calcium is available.

The total serum calcium concentration does not accurately reflect the ionized calcium 
concentration among patients with low or high serum albumin levels, since calcium is 
bound to albumin.

In addition, since the binding of calcium to albumin is pH dependent, the amount of free 
calcium may be altered by acid-base disorders or by the rapid correction of such 
disorders. 



Hypomagnesemia and 
hypermagnesemia —

Patients with hypomagnesemia and renal impairment should be treated cautiously with 
small doses and frequent monitoring. 

Hypermagnesemia may be seen in patients with AKI due to the central role played by 
the kidneys in elimination of magnesium.

Severe, symptomatic hypermagnesemia is rare except in patients treated with high 
doses of intravenous magnesium, such as women with severe preeclampsia.



Hyperuricemia —
Tumor lysis syndrome may follow initiation of cytotoxic therapy in patients with high-grade 
lymphomas and acute lymphoblastic leukemia;

massive release of uric acid (with serum levels often exceeding 15 mg/dL) leads to precipitation 
of uric acid in the renal tubules and AKI . 

Other features of tumor lysis syndrome include hyperkalemia and hyperphosphatemia.



Managing acid-base disturbances

at a pH of <7.1, acidemia may produce hemodynamic instability related to reduced left 
ventricular contractility, arrhythmias, arterial vasodilation and venoconstriction, and 
impaired responsiveness to catecholamine vasopressors.

A low GFR is the major cause of metabolic acidosis in patients with AKI, although other 
factors may contribute, including increased production of organic acid such as in lactic 
acidosis associated with compromised perfusion. 



—

Metabolic acidosis —

AKI and severe metabolic acidosis who are not volume overloaded and have no other 
indication for acute RRT, bicarbonate may be administered 

diuretics can be used in nonoliguric patients to prevent hypervolemia and to enhance 
excretion of acid. 

The goal serum bicarbonate level is 20 to 22 mEq/L and the goal pH is >7.2 .

Among nondialyzed patients, the total amount of bicarbonate that will be needed can be 
estimated from the calculated bicarbonate deficit .



bicarbonate administration may be associated with serious side effects due to 
hypocalcemia and hypokalemia.

Bicarbonate administration may cause a decrease in the level of ionized or free calcium 
because of a pH-dependent increase in the binding of calcium to albumin. 

This could cause or worsen the symptoms of hypocalcemia (eg, tetany) since symptoms 
of hypocalcemia reflect from the ionized, not total, calcium.

As in patients without AKI, bicarbonate administration could cause hypernatremia, an 
increase in the partial pressure of carbon dioxide (pCO2) among patients with circulatory 
or ventilatory compromise, and increased intracranial pressure in patients with 
diabetic ketoacidosis .



Metabolic alkalosis —

Metabolic alkalosis with AKI may be seen in a minority of cases such as in patients with 
milk-alkali syndrome, severe vomiting, or nasogastric tube suction.

Most such patients are hypovolemic and the alkalosis typically responds to IV sodium 
chloride infusion.

Compensatory metabolic alkalosis without alkalemia may also be seen in patients with 
underlying lung disease who develop AKI. 



Managing nutrition —
we obtain a nutrition consult in hospitalized patients with stage 3 AKI to best tailor therapy. 

Restrictions on potassium, phosphorous, and sodium intake are applicable to most 
patients with AKI.

In the absence of volume depletion, patients with AKI on RRT or with impending RRT are 
also placed on a fluid restriction of 1 to 1.5 L/day.

Nutritional requirements are dependent upon the severity of the underlying disease, 
preexisting nutritional status, and comorbidities .

Although requirements vary based upon the underlying catabolic state, some investigators 
feel that patients need approximately 25 to 30 kcal/kg per day. 

Protein requirement

Whereas nondialysis patients with only mild to moderate illness require only 0.8 to 1.2 
g/kg per day, critically ill patients or patients who are on RRT generally require 1.2 to 1.5 
g/kg per day or more .



Assessing for uremia—

Uremic signs and symptoms include anorexia, nausea, vomiting, metallic taste, and altered 
mental status, among others.

Physical examination findings such as asterixis and pericardial rub, among others, may be 
noted. 

Given the nonspecific nature of the uremic symptoms and signs, elimination of other causes is 
essential before RRT is initiated, especially in the absence of another indication. 

Daily assessment for uremia is necessary until AKI improves or the patient is on RRT. 

This is especially true for critically ill patients in whom neurologic dysfunction may be attributable 
to many causes. 

Thus, RRT initiation should be approached with a clear goal of monitoring whether or not putative 
uremic symptoms improve with therapy. 

Typically, several dialysis sessions are required to determine if symptoms resolve with RRT.



Prevention and management of 
uremic bleeding —
AKI can cause qualitative platelet dysfunction, which can result in a hemorrhagic 
diathesis. 

The major clinical manifestation of this is cutaneous bleeding, but gastrointestinal 
bleeding can also occur. 



MONITORING AND FOLLOW-UP —

Serum creatinine, electrolytes, ionized calcium, total serum calcium, bicarbonate

and phosphate should be measured daily in stable patients.

daily weights, fluid intake, and urine output in order to assess daily fluid balance . 

indwelling catheter primarily include infection.

Patients with moderate to severe AKI should be closely monitored after discharge from the 
hospital regardless of the extent of their recovery, in order to guard against recurrent AKI, 
development of chronic kidney disease, end-stage kidney disease, and cardiovascular events .

Such patients should also have at least a single nephrology outpatient evaluation, if available, 
to ensure optimal management following discharge.

. 



The most common clinical course of contrast nephropathy is 
characterized by a rise in SCr beginning 24–48 hours 
following exposure, peaking within 3–5 days, and resolving 
within 1 week.

More severe, dialysis-requiring AKI is uncommon except in 
the setting of significant preexisting chronic kidney 
disease, often in association with congestive heart failure 
or other coexisting causes for ischemia-associated AKI

contrast nephropathy 













Aminoglycosides cause tubular necrosis.

Nonoliguric AKI (i.e., without a significant reduction in urine volume) accompanies 10–30% of 
courses of aminoglycoside antibiotics, even when plasma levels are in the therapeutic range.

Aminoglycosides are freely filtered across the glomerulus and then accumulate within the 
renal cortex, where concentrations can greatly exceed those of the plasma. 

AKI typically manifests after 5–7 days of therapy and can present even after the drug has been 
discontinued.

Hypomagnesemia is a common finding.



Amphotericin B causes renal vasoconstriction from an increase in tubuloglomerular feedback 
as well as direct tubular toxicity mediated by reactive oxygen species. 

Nephrotoxicity from amphotericin B is dose and duration dependent. 

This drug binds to tubular membrane cholesterol and introduces pores. 

Clinical features of amphotericin B nephrotoxicity include polyuria, hypomagnesemia, 
hypocalcemia, and nongap metabolic acidosis
















