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Objectives

By the end of this learning experience, the clinicia @ able to define Acute
Renal Failure, discuss the three classifications of ABuied®enal Failure and

Acute renal failure (ARF) or A
called in medical literature
generally consisted of:
hours to days. Howe
Recently the AcutegRi
the treatment of A

thegpast had a very generic definition that
ecrease in renal function that occurs over
mbiguity has caused much debate and confusion.
lity Initiative (ADQI) adopted some guidelines to
r to the gold standard in chronic renal failure of the

crease in serum creatinine level X 1.5 or decrease in GFR by

O <0.5 mL/kg/h for 6 hours

(D) - Increase in serum creatinine level X 2.0 or decrease in GFR by

, or UO <0.5 mL/kg/h for 12 hours

ailure (F) - Increase in serum creatinine level X 3.0, decrease in GFR by
75%, or serum creatinine level > 4 mg/dL; UO <0.3 mL/kg/h for 24 hours,
or anuria for 12 hours

e Loss (L) - Persistent ARF, complete loss of kidney function > 4 wk

« End-stage kidney disease (E) - Loss of kidney function > 3 months”
(Sinert).


http://www.rn.org/

Acute Renal Failure is a common entity in the emergency room; and emergency
room clinicians can play a pivotal role in the early recognition of this life-
threatening event, reversing the cause of the destruction, and placing the patient
on the path to return of renal function. It is important to recognize that there is a
distinction between community acquired ARF and hospital acquired ARF.
Hospital acquired ARF is most commonly seen in the ICU setting and is
frequently a consequence of medical procedures or multi-system organ failure.
This type of ARF has the highest mortality rate and most often is the type that
progresses to End Stage Renal Disease. Community acquired ARF is most
often the result of volume depletion, which is usually and easily correcj#
situation and viable renal function is restored in up to 90% of patients
rates are lower in patients not requiring dialysis and patients tha
oliguric during their course of ARF.

“The clinical condition of acute renal failure (ARF) is said
from 1 to 25% of critically ill patients depending on the
and the criteria used to define its presence. Furthe
populations ranges from 28 to 90%” (ADQI 2,1., 2

rtality in these

The disease is usually manifested by elevat
(BUN) and creatinine. Creatinine levels that a
baseline or increased 0.5mg/dL indicate
immediately after an insult to the ki
normal and the only symptom pre diminished urine output. In
addition, alterations in electrolyte bal&ice, such as sodium and potassium and
alterations in acid-base balanc&may oGeur. The most common causes are any
condition that may interrup od¥low to the kidney such as acute
hypotension, dehydrati c arrest, and direct toxic effects to the kidneys

level ood urea nitrogen
levgted to above 50% of

| failure. However,

and creatinine levels may remain

response to seWe me depletion and hypotension, with structurally intact
nephrons : response to toxic, ischemic, or inflammatory insults to
the kidng jtf ctural and functional damage (intrinsic) and with obstruction
to thesa ge of urine (post renal). Pre-renal conditions account for 50-80% of

Patfe ommonly present with symptoms related to hypovolemia, including
thirst, decreased urine output, dizziness, and orthostatic hypotension.
Hypotension and tachycardia are obvious clues to decreased renal perfusion.
Look for a history of excessive fluid loss via hemorrhage, Gl losses, sweating, or
renal sources. Insensible fluid losses can result in severe hypovolemia in patients
with restricted fluid access and should be suspected in the elderly and in
comatose or sedated patients. Evaluation for hypovolemia should include
evaluations for orthostatic hypotension, mucosal membrane moisture, and tissue
turgor.



Prerenal AKI can also result from decreased renal perfusion in patients with heart
failure or shock (eg, sepsis, anaphylaxis). Patients with advanced cardiac failure
leading to depressed renal perfusion may present with orthopnea and
paroxysmal nocturnal dyspnea. Angiotensin-converting enzyme (ACE) inhibitors
and angiotensin receptor blockers (ARBs) are medications that are frequently
used in the treatment or chronic renal failure; however, these medications can
cause ARF in volume-depleted states. Radiocontrast agents, nonsteroidal anti-
inflammatory drugs (NSAIDs), amphotericin, calcineurin inhibitors,
norepinephrine, vasopressor medications and hypercalcemia can all cause
arteriolar vasoconstriction and ARF. With intrinsic renal failure, remov ular
toxins and initiation of therapy for glomerular diseases decreases re t
vasoconstriction (Sinert, 2006). Hepatorenal syndrome is consid f
ARF due to the vasoconstriction of the blood vessels supplyin

orrected
is dependent

Pre-renal disruptions in blood flow can lead to intrinsic d
and treated early enough. The process of filtration withi
upon the pressure gradient from the glomerulus to
pressure gradient is supplied by the degree of per,
vasculature. The insult begins with a period of de@
usually with a mean arterial pressure (MAP)
several autoregulatory processes within the ki
of the arterioles supplying blood to the g
hypoperfusion are autoregulation a
blood flow to the glomerulus is re
and dilation of the afferent arteyiole.

Q

o,
Wi the renal
casedperfusion to the kidney
less tHa®75mm Hg. This initiates
y 1@ cause severe constriction
The adaptive mechanisms to
of rennin. In auto regulation, the
nstriction of the efferent arteriole

is means that more blood is coming into

kidneys release rennin, w
which causes peripher iction and retention of sodium, thereby
increasing blood press@e enal perfusion. The increase in sodium also
leads to the retenti f Water Dy releasing antidiuretic hormone. When these
adaptive mechagi keep up with the degree of injury, ischemia results.

thekidney is the hallmark of intrinsic AKI, and the most

te tubular necrosis (ATN), either ischemic or cytotoxic.
Ischejmig sts between 60-90 minutes causes irreversible damage within the
IS ifftial ischemic insult triggers production of oxygen free radicals and
at continue to cause damage to the cells that often continues after the

vessels of the kidney are now more sensitive and less tolerant to changes in
blood pressure and the effects of vasoconstrictive medications. These blood
vessels loose the autoregulatory mechanism and the ability to vasodialate in
response to decreased perfusion. Any event which causes hypotension,
including hemodialysis, can cause further damage to the kidneys. Careful
monitoring and assessment of blood pressure is one of the primary preventions
to avoid further renal compromise. Tubular cellular damage results in disruption
of tight junctions between cells, allowing back leak of glomerular filtrate and



further depressing effective GFR. In addition, dying cells slough off into the
tubules, forming obstructing casts, which further decrease GFR and lead to
oliguria.

Post renal failure occurs because of some obstruction in the urinary system
below the level of the kidneys. Common causes of post renal failure include
kidney stones, strictures, tumors, and enlarged prostate. If the obstruction only
involves one side of the renal collecting system between the renal pelvis and the
bladder, serum creatinine may remain normal as the function of the opposite
kidney increases to meet the body’s demands. Patients who develop 3
typically have obstruction at the level of the bladder or downstream tqg
of urinary obstruction, results in decompression within the kidne 35ed
vascular constriction restoring renal blood flow and filtration.

ereis a
ck of

While these classifications are useful in differentiating th
lack of uniformity in the features of the different catego

consistency is a reflection of the diverse nature of thesegi
injury. Rises in creatinine may be rapid or slow, b
linear. Therefore, each increment of elevation in cf
fold loss of nephron function.

exponential, not
g is reflective of a multi-

Creatinine 1.0 mg/ ofgal GFR

Creatinine 2.Q mg/d¥%: 50% reduction in GFR

Creatinin /dI®- 70-85% reduction in GFR

mg/dL - 90-95% reduction in GFR
Differentiating

azotemia, urin
diminishe

renal azotemia and ATN can be difficult. In pre-renal
js diminished. In ATN, urine output may or may not be
-renal assaults, the urinalysis will show normal urinary

jne or granular casts, high specific gravity, high osmolality, low

it low specific gravity, low osmolality, increased urinary sodium,
ea, and creatinine. Another distinguishing element is the response to

while with ATN damage to the nephrons is present. In pre-renal conditions, the
kidneys will respond to therapy aimed at correcting the cause with rapid
improvement in renal function while in ATN these improvements are not seen
from measures such as correction of shock, dehydration, or hypotension.

Oliguria by definition is a 24-hour urine output of less than 400 ml. Oliguria in the
presence of intrinsic renal damage has a poorer prognosis than if pre-renal
failure is the cause. Urine output of less than 100ml/24 hr is termed anuria, and



if abrupt in onset, signifies bi-lateral obstruction, obstruction of the bladder outlet,
bladder trauma with abdominal leakage, or severe bilateral renal injury
depending upon the clinical picture and presentation.

Differences in urinary composition

Pre-renal Failure ATN
Urine specific gravity @ gravity
>1.018 1.0

Urine osmolality (mOsm/kg
H20) >500

Urine osmolality (mOsm/kg
H20) <500

Urine sodium (m
20

Urine sodium (mEg/L) >40

P UN/creatinine

Plasma BUN/creatinine
ratio <10-15

Urine/plasma creatinine
ratio >40

Urine/plasma creatinine
ratio <20

The patient's age has significant implications for the differential diagnosis of ARF.




Newborns and Infants
The most common cause of ARF is prerenal etiologies.
Prerenal ARF

Perinatal hemorrhage - Twin-twin transfusion, complications of
amniocentesis, abruptio placenta, birth trauma

Neonatal hemorrhage - Severe intraventricular hemag
adrenal hemorrhage

Perinatal asphyxia and hyaline membrane disgase porn
respiratory distress syndrome) both may resul@§in pref€rential
blood shunting away from kidneys (i.e., a entral
circulation.

Intrinsic ARF

Acute tubular necrosis (AT
perinatal asphyxia. ATN. also
medications (aminoglyc
perinatally.

cano In the setting of
S bgen observed secondary to
AIDs) given to the mother

ACE inhibitorg can t@verse placenta, resulting in a

phritis is rare and most commonly the result
al transfer of antibodies against the neonate's

| or transfer of chronic infections (syphilis,

ovirus) associated with acute glomerulonephritis.

al ARF: Congenital malformations of urinary collecting systems
shgu suspected.

he most common cause of ARF is prerenal etiologies.
Prerenal ARF

The most common cause of hypovolemia in children is
gastroenteritis.

Congenital and acquired heart diseases are also important
causes of decreased renal perfusion in this age group.



Intrinsic ARF

Hemolytic uremic syndrome (HUS) often is cited as the most
common cause of ARF in children. The most common form of
the disease is associated with a diarrheal prodrome caused by
Escherichia coli 0157:H7.

These children usually present with microangiopathic anemia,
thrombocytopenia, colitis, mental status changes, and renal
failure.

Acute post streptococcal glomerulonephritis should be
any child who presents with HTN, edema, hematuriagfland

Adults

Please remember that post obstructive ARF in t should never be
overlooked (Sinert, 2006).

There are four phases of acute renal failyre catgd th initiating stage, oliguric
stage, diuretic stage, and recovery stage?® ase has a different set of
management principles.

In the initiating stage, which b
hours to days, signs of renal i
creatinine levels and decr
acute renal failure is s
blood flow is reestablis
minimal damage t
fluids lost thro
acute renal fai
acute ren |

ins n the kidney is injured and lasts from
airmen®are present such as altered BUN and
iné®output. During this phase, the cause of
atment is initiated. The sooner that renal

etter the chance of recovering renal function with
hrons. Usually this is best accomplished by restoring
epletion, raising blood pressure. Complications of
any and may be severe or life threatening. Mortality from
is 50% and the number one cause of death is from infections.
f renal failure is determined, the patient needs to be informed

recovery phase, the patient needs to be educated about measures to prevent
further episodes of acute renal failure.

The oliguric stage is hallmarked by decrease in urine output, however, up to 50%
of patients may not exhibit decreased urine output and their symptoms are less
severe. Acute fluid overload may lead to compromise of a patient's ability to
oxygenate and ventilate. Edema may begin to appear in dependent areas or
around the face and the eye orbits. Other complications can include cardiac



arrest from hyperkalemia due to the decrease in urine output, elevated
phosphorus levels due to impaired renal regulation of calcium and phosphates,
metabolic acidosis due to decreases in excretion hydrogen ions, Gl bleeding, and
decreased nutritional status. In treating hyperkalemia, all sources of dietary
potassium should be stopped and a low potassium diet prescribed. Itis
important to question the patient or family about use of salt substitutes, as these
may be common sources of potassium. Exchanging potassium ions across the
intestinal tract using potassium-binding resins is a consideration. This may be
given orally or by rectal enema. These medications usually cause diarrhea, which
leads to increased potassium excretion. In addition, infusions of insulj
glucose may be used to enhance the shift of potassium into the cell.
diuretic, can be used in an attempt to increase urine production
encourage to loss of potassium from the body. Double check t@ma JTe the
patient is not on a potassium sparing diuretic. Finally, dialysis Raay be #lsed in
the treatment of hyperkalemia. Other less serious comg include
disruptions in self-concept and sleep pattern. This stag€ Ry lasts from 5
to 15 days, but can last for weeks. Renal healing bgging
Once blood flow is reestablished, the remaining ng % '

in an attempt to handle to increased workload cauSg

The diuretic stage usually lasts for 1-2 weeks
stage, an increase in urine output is note
kidney continues to heal. The reco
healing process and the develop

cay persist longer. In this

ia begins to resolve as the
is marked by completion of the
ssue in damaged renal basement
membranes. This stage lasts sever onths to a year. Once the diuretic phase
of acute renal failure begins, th@ patienfmay begin to loose massive amounts of
fluids through urination. T prédblems encountered in this phase may be
opposite to those enco e oliguric phase of ARF. The patient may
hydration if the amount of fluid being replaced is

reqgb the&”Glomerular filtration rate depends on the number of residual
ephrons present. If too few nephrons remain, they too eventually
gClerosis from the burden of hyperfiltration, and begin to die. This
continuing cycle is called the Hyperfiltration theory of Acute Renal Failure,
explaining why Chronic Kidney Disease can follow an apparent recovery from
ARF.

Dialysis in ARF



Indications for and timing of initiation of RRT (renal replacement therapy) are
also important and somewhat controversial subjects. Widely accepted indications
for initiation of RRT include the following:

Volume overload. Any patient who is oliguric < 500 cc of urine
in a 24 hour period is at risk for fluid overload and hemodynamic
instability

Hyperkalemia (K* >6.5 or rising)

Acid-base imbalance

Symptomatic uremia (pericarditis, encephalop@e;ng

dyscrasia, nausea, vomiting, pruritus)

Uremia (BUN>100). If the creatinine cl 185<30 mg/dL
then profound uremia is likely to o [ junction with
hyperkalemia and acidosis.

over need to be evaluated
rth@r nephrotoxic injury from
ed drug.

Dialyzable intoxications. Dr
for dialysis due to potential fo
continued exposure to t

Severe dysnatremia (<115 or >16°" d ermia may also be appropriate
indications for RRT. Significant intoxI€gtions with a dialyzable agent (eg,
methanol, ethylene glycol, theoghyllineaspirin, lithium) may be the strongest
indication for emergent dialiSi caf&e other effective therapeutic interventions
are available for most lications of ARF. Volume overload can be
treated with nitrates a tomy; hyperkalemia can be treated with calcium,
insulin, glucose, bi
2007).

The principé ods of renal replacement therapy (RRT) are intermittent

hemodiglysi continuous venovenous hemofiltration (CVVH), and
peritge @l sis (PD). Each has advantages and limitations.

IH ly available, has only moderate technical difficulty, and is the most
effi Vay of removing a volume or solute from the vascular compartment

quickly. Unfortunately, dialysis-associated hypotension may adversely affect
remaining renal function, particularly in patients who are critically ill. This is one
reason CVVH is widely recommended in this setting.

Continuous RRT techniques are more expensive and not universally available;
however, in addition to avoiding hypotension, they are believed to achieve better
control of uremia and clearance of solute from the extravascular compartment.
Because it continues around the clock, CVVH is able to remove larger fluid



volumes, which is a significant advantage with critical care patients on parenteral
nutrition and multiple infusions. CVVH may also preserve cerebral perfusion
pressure more effectively. A theoretical though contested advantage of CVVH is
the clearance of mediators of the inflammatory cascade. Although several
studies have sought to directly compare CVVH to IHD, no study has shown a
convincing advantage for one therapy over the other; in spite of this, many
authorities assert that the choice of IHD over CVVH in the setting of shock would
be inappropriate and unethical.

Peritoneal dialysis is inexpensive, widely available, and does not resu
hypotension. However, it is not capable of removing large volumes o
solute. Its use may be most common in children.

Slow renal replacement therapies are usually completed in the ®@cut e setting
th . There
gFe the same

are several variations of slow continuous therapies, and\
attributes of removing water and solutes over a pro
therapies require no complex machinery to perfor
types of slow continuous therapies, continuous ar
(CAVH), continuous venovenous hemofiltratign (C

e generally four
us hemofiltration

shifts in fluid and electrolyte balance

ic complications. Slow continuous
iclly unstable patients because they do not

r electrolytes. The correction of acid base

s as the changes are evolving, which produces a
. The procedure is highly effective at the correction of
r hypervolemic states, requiring no special

therapies are ideal for he
cause rapid shifts in flyi
and electrolyte balanc

equipment. Fi procedure is simple to do. Slow continuous therapies
are appro r moSt types of people with many different comorbid conditions,
so the ' utilization of these therapies is enormous

Si uotls hemodialysis therapies involve using a dialyzer that is
co o the patient via a vascular access. Vascular access is usually
ach y using a dual lumen catheter inserted into the femoral vein. Arterial

access is associated with a higher complication rate. The subclavian and jugular
veins can also be used as access sites. The tip of the femoral catheter should
optimally lie in the inferior vena cava. The access must be able to deliver an
adequate blood flow rate to prevent clotting in the dialyzer circuit. For treatment
in which blood flow is not assisted with a blood pump device, an arterial access
must be achieved and the patient must have an adequate mean arterial pressure
to propel blood through the dialysis circuit.



Prior to the initiation of the therapy, the blood circuit is primed with heparinized
saline. Sterile precautions must be adhered to so that infection is prevented.
When performing slow continuous therapies without the aid of a blood pump, the
dialyzer must be positioned below the level of the heart to maximize the effects of
hydrostatic pressure. The lines and dialyzed should be secured close to the
access, but within visualization of staff at all times. Line connections should be
checked to make sure that they remain secure throughout the procedure to
minimize the risk of blood loss to the patient

A slow infusion of dialysate is circulated through the dialysate compar f
the dialyzer. This allows for greater solute removal than in CAVH or IS
used for patients who are hyperkalemic or acidotic. The composi

dialysate can be tailored to achieve desired serum concentratigiis o S
electrolytes. In the venovenous form of slow continuous hemoglialysisga blood
pump is necessary to propel the blood through the dialysj
continuous arteriovenous hemodialysis, a pump is not Qe patient’s own

With slow continuous hemofiltration, a pumpgnay be'ws€d if the patient’s primary
means of access is the venous blood compartMgnt. gArterial access uses the
patient’s own blood pressure to propel th ough the blood circuit. Fluid
losses can be up to 15 liters per da ' large amount of fluid loss a

urs due to solute drag. Higher

suction can be ap
cause an increage i

he Ultrafiltrate port to enhance clearance. Suction will
lute drag across the dialyzer membrane. Solute

Is filter tend to achieve higher solute clearances because
@ blood is greatly diminished, increasing the efficiency at which

Slow continuous Ultrafiltration is achieved by either an arterial access or venous
access to the patient’s blood. All other slow continuous therapies require some
type of fluid replacement to be given to the patient. The average maximal fluid
removal is 2000ml per hour. Very minimal waste is removed with SCU. SCU is
generally used in patients who are hemodynamically unstable or are hypotensive
in who electrolyte balance is not a paramount issue. This type of therapy is
particularly suited to individuals with congestive heart failure. The excess fluid



removal can dynamically improve oxygenation and cardiac output in patients with
fluid overload.

Slow continuous hemodialysis removes a greater volume of urea and solutes
than hemofiltration. This is due to the infusion of dialysate and the resulting
diffusion gradient. Hemofiltration does involve some amount of solute removal,
but 10-15 liters of fluid would have to be pulled from the patient per day with
hemofiltration to achieve effective solute removal. On the average, urea
clearances of 18-20ml per minute can be achieved with slow continuous
hemodialysis. Urea clearances with hemofiltration average being app, ely
50% less. Fluid filtration rates for hemofiltration are about 600ml per le
hemodialysis rates are 300ml per hour.

id vol#fime
ake and

One of the main complications of renal replacement therap
deficit. One of the requirements of this procedure is that
output recordings be kept and errors in this process ca
hypovolemia if not detected. A potentially commo ' tion of renal
replacement therapy is clotting of the bIood circuit d is exposed to a
ur. Anticoagulation is
i, does OBedr despite interventions to
prevent it and some patients are not able to resgive gnticoagulation further
complicating the problems. Issues with Iso occur as a result of
clotting or can occur if bloodlines ac talyg become disconnected. Several
different anticoagulation medicati Very methods may be used in slow

and nddemostat mesilate can be used as well.
Anticoagulation with citrat ratns requires special dialysate and serum
calcium levels must be itored as citrate binds with the body’s calcium
and can cause hypoca erm nticoagulation methods can be systemic or
regional; regional ulation involves the administration of heparin into the

i dialyzer, and infusion of protamine before the blood

Finally RAtential for hypothermia does exist because blood is being circulated
out b dy and large amounts of fluids are being utilized as replacement
ang te in the procedure.

Conclusion

The prompt recognition of ARF is essential to restoring renal function. ARF
carries a high mortality rate, which can be diminished by being alert to early signs
of problems in the acute renal failure patient. Nurses can be of particular
importance in the health care team by being able to identify and alert providers to
complications of ARF. Hopefully, as education increases and medical
technology improves patient mortality will decline.
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