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1 | QUESTION

ABSTRACT

Acute kidney injury is defined as an abrupt decline in kidney func-
tion, which manifests as an increase in serum creatinine level or a de-
crease in urine output within a short period of time. It is a commonly
encountered entity in the clinical setting and necessitates a systematic
diagnostic approach. Acute kidney injury etiologies are classified as ei-
ther prerenal, intrinsic renal, or postrenal. This article presents the key
elements of history taking, physical examination, and laboratory investi-
gations when assessing a patient for acute kidney injury to properly clas-
sify its etiology. The use of imaging modalities is also discussed. Common
etiologies of acute kidney injury in each category are highlighted. Lastly,
this article provides a brief overview of management principles for acute
kidney injury with a particular emphasis on indications for initiation of
dialysis.
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ing in bed and reports some dizziness when standing up

A 39-year-old female presents to the emergency depart-
ment at the request of her family physician due to a 2-
day history of vomiting and profuse diarrhea. She re-
turned from a cruise yesterday and recalls other travel-
ers were sick on the cruise. She is known for anxiety,
gastroesophageal reflux, and patellofemoral syndrome.
Her prescribed medications are sertraline and ranitidine.
On history, she reports feeling well until two days ago.
Since then, she has been vomiting and having diarrhea
incessantly. She also had very little appetite and has not

been eating or drinking well. She has been mostly stay-

to go to the bathroom. She saw her family doctor yester-
day, who obtained blood tests. Notably, her creatinine
level was 135 pmol/L. Three months ago, her creatinine
level was 67 pmol/L on routine blood work.

Which of the following physical examination findings
is not consistent with your suspected cause of acute kid-
ney injury?

A. Absence of crackles on lung exam
B. Orthostatic hypotension

C. Distended bladder

D. Low jugular venous pressure

E. Postural tachycardia




.| MIM

Mo

2 | ANSWER

C. This patient’s history is suggestive of a prerenal acute
kidney injury in the context of significant dehydration.
Indications of this etiology include poor oral intake and
significant fluid loss from vomiting and diarrhea. The pa-
tient also complains of dizziness upon standing, which
reflects orthostatic hypotension secondary to hypov-
olemia. On physical examination, she would be ex-
pected to have findings consistent with hypovolemia,
which include absence of crackles on lung exam (A), or-
thostatic hypotension (B), low jugular venous pressure
(D), and postural tachycardia (E). A distended bladder
is more consistent with postrenal acute kidney injury,
which is commonly due to benign prostatic hyperplasia
in older men. It is not a finding that would be associated
with prerenal acute kidney injury.

3 | INITIAL APPROACH

3.1 | Diagnosis

Acute kidney injury (AKI) is defined as any of the follow-
ing: 1. Increase in serum creatinine >26.5 yumol/L within
48 hours; or 2. Increase in serum creatinine >1.5 times
the baseline, which is known or presumed to have oc-
curred within the prior 7 days; or 3. Urine volume <0.5
mL/kg/h for 6 hours (1). It is important to distinguish
between AKI and chronic kidney disease (CKD). Hence,
a recent creatinine level indicating the patient’s baseline
is especially useful. When it is not available, CKD is sus-
pected based on certain laboratory findings (e.g., normo-
cytic anemia, elevated parathyroid hormone) and radio-
logic findings (e.g., small, shrunken kidneys with cortical
thinning). AKI on CKD is also very common. Therefore,
measuring the serum creatinine over several days may
be needed to document an AKI (2).

3.2 | History Taking

The patient’s history often provides important clues re-
garding the cause of AKI: prerenal, postrenal, or intrin-
sic.

Prerenal AKI results from poor renal perfusion. It is

often associated with an absolute volume loss, which

can be suggested by a history of poor fluid intake or
fluid loss such as vomiting or diarrhea (2). An improve-
ment of the AKI after fluid resuscitation is indicative
of this cause for the prerenal AKI (3). Certain medi-
cal conditions such as congestive heart failure, cirrho-
sis, and sepsis can also result in poor renal perfusion
resulting in prerenal AKI. Lastly, specific medications
are associated with prerenal AKI due to their effect
on the afferent and efferent arterioles. These include
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, and nonsteroidal anti-inflammatory
drugs (4).

Postrenal AKI results from the obstruction of the
urinary flow anywhere from the kidney to the urethra.
When the obstruction is above the bladder, it usually
must affect both kidneys to result in significant AKI. The
patient may complain about difficulty voiding and poor
urine output (1). Benign prostatic hyperplasia is a com-
mon cause in older men (2).

Intrinsic renal AKI is due to a pathologic process
within the kidneys. It has a vast differential diagnosis.
If there is no clear history of prerenal or postrenal AKI,
intrinsic etiologies must be suspected. A thorough re-
view of the patient’s past medical history, medications,
and exposure to potential nephrotoxins is essential.

Risk factors for AKI could also be elicited on history
taking. These include CKD, diabetes mellitus, older age,
chronic liver disease, congestive heart failure, and renal
artery stenosis (3).

3.3 | Physical Examination

An assessment of the patient’s volume status is impor-
tant in the evaluation of AKI. It is especially useful if
a prerenal etiology is suspected. Prerenal AKI is sug-
gested by signs of hypovolemia: orthostatic hypoten-
sion, postural tachycardia, and low jugular venous pres-
sure. Signs of congestive heart failure (e.g., elevated
jugular venous pressure, pulmonary crackles, and pe-
ripheral edema) or cirrhosis (e.g., ascites, telangiectasias,
and palmar erythema) also point towards a prerenal eti-
ology. Acute tubular necrosis (ATN) may result after pro-

longed prerenal AKI and present with similar physical ex-
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amination findings (2).

A patient with postrenal AKI with a below bladder
obstruction could have bladder distention and supra-
pubic discomfort on palpation. However, these signs
would not be noted for an obstruction at a higher level.
Prostate enlargement is appreciated on examination of
patients with benign prostatic hyperplasia. Postrenal
AKI due to kidney stones is suggested by costovertebral

angle tenderness (2).

The physical examination findings for intrinsic causes
of AKI are greatly dependent on the etiology. All pa-
tients with AKI should have their urine output closely

monitored (3).

3.4 | Initial Laboratory Investigations

Blood investigations: A complete blood count and full
metabolic profile are ordered in the evaluation of AKI.
The serum creatinine is important for the diagnosis of
AKI and for monitoring its evolution (4). Some causes
of AKI are associated with a characteristic timeline in
terms of changes in serum creatinine. For instance,
contrast nephropathy usually results in a rise of crea-
tinine within 24-48h, peaks within 3-5 days, and re-
solves within a week. Moreover, hyperkalemia, hyper-
phosphatemia, and metabolic acidosis are possible com-
plications of AKI (2).

A complete blood count is also useful in finding the
etiology of the AKI. For instance, in a patient with sus-
pected sepsis, an elevation in white blood cells could be
present (2).

Urine investigations: Urinary tests are especially use-

Prerenal
Urine sodium <20 mmol/L
Fractional excretion of sodium <1%
Urine osmolality >500 mOsm/kg
Urine microscopy Normal or hyaline casts

Adapted from reference 5.

ful when trying to distinguish between prerenal AKl and
acute tubular necrosis (ATN). In prerenal AKI, the tubular
function is preserved and the kidneys increase sodium
reabsorption and urinary concentration in response to
decreased renal perfusion. However, this function is lost
in ATN (5). The findings of both conditions are shown in
Table 1.

Urinalysis is part of the initial workup for AKI. It pro-
vides information regarding the concentration of the
urine. It also detects proteinuria, white blood cells, and
red blood cells in the urine. However, urinalysis only de-
tects albumin. Therefore, assessing for the presence of

other types of protein requires further testing (2).

Urine electrolytes and osmolality are also often
obtained in the evaluation of AKI. A fractional ex-

cretion of sodium is calculated with the formula

100 X urinary sodium X serum creatinine
serum sodium X urinary creatinine

nary and serum creatinine are pmol/L while the units

The units for uri-

for the other measurements are mmol/L. It is important
to note that for patients on diuretics, these values are
less reliable (4).

Urine microscopy is particularly useful in the evalu-
ation of AKI to assess for the presence of casts. Pre-
renal AKI is usually associated with an unremarkable
urine microscopy although it occasionally presents with
hyaline casts. Urine microscopy in postrenal AKI is usu-
ally unremarkable. Urine microscopy is especially help-
ful when assessing for intrinsic AKI. In ATN, tubular ep-
ithelial cell casts and granular (muddy brown) casts are
seen. White blood cell casts are suggestive of acute
interstitial nephritis. Red blood cell casts are seen in
glomerulonephritis or vasculitic conditions. Most vas-

Acute tubular necrosis
>40 mmol/L

>2%

~300 mOsm/kg

Renal tubular cell and granular casts

(muddy brown)

TABLE 1 Findings on urinary tests for prerenal acute kidney injury and acute tubular necrosis.
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cular causes of AKI other than vasculitis present with a
normal urine microscopy (2).

Imaging: The use of a bladder scan to assess for the
postvoid residual is a simple test for postrenal AKI. If
the postvoid residual is greater than 200 mL, a below
bladder obstruction should be suspected (4).

A renal ultrasound is also often ordered when eval-
uating for AKI. It is particularly helpful to rule out ob-
struction as the ultrasound could show hydronephrosis.
Imaging studies such as computed tomography can also
be used to visualize kidney stones or a neoplasm if they
are suspected as the cause of the obstruction (4). More-
over, imaging may help in differentiating AKI and pro-
gression of CKD in patients whose baseline creatinine is
unclear (3). In CKD, the kidneys usually appear smaller
whereas the kidneys are of normal size in a patient with
AKI without CKD. However, since CKD is most com-
monly caused by diabetic nephropathy, kidney sizes of
CKD patients could also be normal (3).

Genetic testing: Usually, the above investigations pro-
vide a clear etiology for the AKI. However, genetic test-
ing is occasionally used to assess for etiologies of AKI.
For instance, atypical hemolytic uremic syndrome is
commonly associated with genetic defects in the com-
plement pathway and may lead to AKI. Hence, genetic
testing in AKI could affect treatment decisions (3).

4 | BEYOND INITIAL APPROACH
4.1 | Etiologies of AKI

Various etiologies of the prerenal, intrinsic, and postre-
nal AKI are presented in Table 2. Intrinsic causes of AKI
are numerous and are broadly categorized as tubular, in-
terstitial, glomerular, and vascular. A brief description
of four common etiologies in each category will be pro-
vided below.

Acute tubular necrosis (ATN): The most common cause
of intrinsic AKI in hospitalized patients is ATN. The eti-
ology is either ischemic from prolonged poor renal per-
fusion or nephrotoxic. Compared to prerenal AKI, the is-
chemic injury has resulted in tubular injury and the AKI
does not improve with restoration of blood flow to the

kidneys (4). Nephrotoxins are either endogenous or ex-

ogenous. For example, rhabdomyolysis and hemolysis
both result in endogenous nephrotoxin-associated AKI,
in part due to the direct tubular toxicity of myoglobin
and hemoglobin respectively. In multiple myeloma, free
light chains can also cause direct tubular toxicity (3).
Exogenous nephrotoxins include contrast agents used
in CT imaging and medications. Antimicrobial agents
(e.g., vancomycin, amphotericin B, and acyclovir) and
chemotherapy agents (e.g., cisplatin, carboplatin) are
common culprits (2).

Acute interstitial nephritis: Acute interstitial nephritis
is most commonly a result of medications such as antimi-
crobial agents, analgesics, proton pump inhibitors, anti-
convulsants, and diuretics. However, it could also be as-
sociated with infections and systemic diseases, mainly
rheumatologic (6). Patients present with fever, arthral-
gias, and a rash (2).

Glomerulonephritis: Glomerulonephritis (GN) encom-
passes diseases involving the glomerular podocytes,
mesangial, and endothelial cells. They commonly
present with red blood cell casts on urine microscopy (2).
The laboratory investigations can suggest one particular
cause of GN. For instance, elevated antineutrophil cyto-
plasmic antibody (ANCA) is associated with ANCA vas-
culitis. In another example, anti-glomerular basement
membrane (anti-GBM) antibody is suggestive of anti-
GBM disease. Also, low complement levels are seen in
lupus nephritis, membranoproliferative GN, and postin-
fectious GN. Lastly, elevated antistreptolysin O titer is
usually indicative of poststreptococcal GN. A kidney
biopsy is often done if GN is suspected (4).

Hemolytic uremic syndrome: This condition usually fol-
lows a recent diarrheal episode and presents with the
triad of AKI, thrombocytopenia, and microangiopathic
hemolytic anemia (7). It is often due to the Shiga toxin
released by bacteria such as Escherichia coli. Clues in lab-
oratory investigations include anemia, thrombocytope-
nia, elevation in LDH, and presence of schistocytes on

blood smear (2).
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4.2 | Management of AKI

General principles: Management of AKI is directed at re-
versing the underlying cause. Moreover, supportive care
is provided concerning fluid, electrolyte, and acid-base
balance. It is also important to review the patient’s med-
ications to discontinue nephrotoxic agents. Some med-
ications’ dosing needs to be adjusted depending on the
level of kidney function of the patient (3).

Correcting the underlying etiology: Prerenal AKI and
ATN are often due to hypovolemia. Hence, the manage-
ment includes the use of intravenous fluids. Isotonic flu-
ids such as normal saline and Ringer’s lactate are usually
chosen. Aggressive fluid resuscitation is also central to
the treatment of AKI as a result of sepsis and anaphy-
laxis. Moreover, vasopressors are sometimes indicated
to help maintain adequate perfusion. If AKl is secondary
to congestive heart failure, cardiac function should be
optimized (3).

The treatment of postrenal AKI depends on the site

Prerenal acute kidney injury

of the obstruction. As the most common etiology is
benign prostatic hyperplasia, management of this con-
dition with alpha blockers and 5-alpha reductase in-
hibitors improves the AKIl. Some patients require a
catheter to relieve the obstruction. The involvement of
urology is usually encouraged in managing patients with
postrenal AKI (3).

The management of intrinsic AKI is entirely depen-
dent on the etiology. This is usually complex and above
the scope of what a medical student is expected to
know.

Supportive care: AKI can be complicated by various
metabolic abnormalities. Metabolic acidosis is corrected
with oral or intravenous infusion of sodium bicarbon-
ate. Hyperkalemia also often occurs in patients with AKI.
If there is presence of characteristic electrocardiogram
changes, calcium gluconate must be administered imme-
diately to stabilize cardiomyocyte membranes. More-
over, agents to shift potassium intracellularly (e.g., in-

sulin, beta-agonists) and agents to increase elimination

Intravascular volume depletion
Systemic vasodilation

Intrarenal vasoconstriction/dilation

Intrinsic acute kidney injury

Glomerular

Interstitial
Tubular

Vascular

Postrenal acute kidney injury

Extrarenal obstruction

Intrarenal obstruction

Adapted from references 1 and 4.

Vomiting, diarrhea, poor oral intake, hemorrhage, diuretic overuse

Sepsis, anaphylaxis, cirrhosis

Congestive heart failure, cirrhosis, angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers (dilation of efferent arteriole resulting in
lower intraglomerular pressure), nonsteroidal anti-inflammatory drugs

(constriction of afferent arteriole)

Post-infectious glomerulonephritis, anti-glomerular basement membrane
disease, membranoproliferative glomerulonephritis, lupus nephritis, IgA

glomerulonephritis, vasculitis
Acute interstitial nephritis
Acute tubular necrosis

Vascular, malignant hypertension, renal atherosclerotic emboli, hemolytic
uremic syndrome, thrombotic thrombocytopenic purpura, scleroderma renal

crisis, renal vein thrombosis

Benign prostatic hyperplasia, blocked catheter, malignancy, retroperitoneal

fibrosis

Nephrolithiasis, blood clots, malignancy

TABLE 2 Etiologies of prerenal, intrinsic, and postrenal acute kidney injury.
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of potassium such as ion exchange resins may be used.
Lastly, fluid overload is corrected with the use of diuret-
ics (3).

Indications for initiation of hemodialysis: Some pa-
tients with AKI will require renal replacement therapy
such as hemodialysis. The indications to initiate renal re-
placement therapy are metabolic acidosis, hyperkalemia,
and volume overload refractory to medical manage-
ment. Moreover, evidence of uremic pericarditis or en-
cephalopathy is also an indication to start renal replace-
ment therapy (4).
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5 | FLOWCHARTS

Acute kidney injury

History and physical exam
CBC, basic metabolic profile, extended electrolytes,
urinalysis, UOsm and UNa, FENa, urine microscopy,
postvoid residual, and renal ultrasound

v ¥ v
Evidence of hypovolemia on history FENa > 2%, UNa > 40, UOsm Difficulty voiding, poor urine
or physical exam, congestive heart ~300, active urinary sediments output, BPH, bladder distention

failure, cirrhosis, use of ACE-1. ARB,
NSAID, improvement with fluids if

FENa variable, elevated postvoid
there is an absolute volume loss

residual, hydronephrosis, bland
urine sediment

FENa < 1%, UNa < 20, UOsm =500,
bland urine sediment

Prerenal Postrenal

Urinalysis / microscopy

! , ‘

Renal tubular epithelial WBC casts RBC, RBC casts Normal or few RBC
casts, granular casts

. Acute interstitial Glomerulonephritis
Acute tubular Vascular (HUS/TTP,

malignant HTN,

necrosis nephritis

Vasculitis

cholesterol embali,

preeclampsia,
scleroderma renal
crisis)

FLOWCHART 1 Approach to acute kidney injury: Basic algorithm to determine the appropriate investigations
and differential diagnoses of acute kidney injury.

CBC = Complete blood count; UOsm = Urinary osmolality (mOsm/kg); UNa = Urinary sodium concentration (mmol/L); FENa = Fractional
excretion of sodium; RBC = Red blood cell; WBC = White blood cell; HUS = Hemolytic uremic syndrome; TTP = Thrombotic
thrombocytopenic purpura; HTN = Hypertension; ACE-| = Angiotensin-converting enzyme inhibitors; ARB = Angiotensin receptor blockers;
NSAID = Nonsteroidal anti-inflammatory drugs; BPH = Benign prostatic hyperplasia. Adapted from references 2, 4, and 8.



