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FELINE ACUTE KIDNEY INJURY
1. Pathophysiology, etiology
and etiology-specific
management considerations

Practical relevance: Acute kidney injury
(AKI) is a frequently recognized disease
process in cats that requires immediate
and aggressive intervention. A thorough
understanding of the pathophysiologic
processes underlying AKI and familiarity
with the most common etiologies are
essential for providing the most effective and timely
therapy. Possessing this knowledge will also allow
a more accurate prognosis to be given, and afford
the best chance of a favorable outcome.
Clinical challenges: Feline patients often
present with vague signs of AKI, which may delay
treatment and adversely affect the prognosis.
Their response to injury and treatment is often
different to that of other species.
Audience: This two-part review article is directed
at small animal practitioners as well as specialists.
Part 1 reviews mechanisms underlying AKI in the
cat, as well as etiologies and treatments related to
some specific causes of AKI.
Evidence base: The veterinary literature is limited
with regards to the pathophysiology of AKI unique
to the cat. However, there are numerous feline
studies evaluating causes of AKI.
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New terminology – and a new emphasis

Acute kidney injury (AKI) is a relatively new term in the nephrology
literature that largely replaces the use of ‘acute renal failure’ (ARF).
Originally introduced in the human literature, AKI allows for greater
stratification of cases with regard to severity and prognosis. By
suggesting that a patient has injury, rather than failure, one can
recognize the potential for earlier treatment and recovery. In human
medicine, the older term ‘ARF’ refers only to patients requiring renal
replacement therapy (RRT). Additionally, the more common term
‘kidney’, rather than ‘renal’, facilitates communication with and

understanding by clients of AKI.
The incidence of AKI in cats

is not known, but it is not
uncommon and can be caused
by a variety of different insults.
A uniform definition for AKI
does not exist in the veterinary
literature and varies among
publications. Generally accepted
criteria include an abrupt
reduction in kidney function
resulting in alterations in

glomerular filtration, urine production and tubular function. These
alterations result in an inability to maintain fluid, electrolyte and
acid–base balance, and may lead to azotemia.

Pathophysiology

The pathophysiology of AKI is complex, but can be described by four
stages: initiation, extension, maintenance and recovery.
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PART 2
Part 2 of this review article, discussing
more general aspects of diagnosis, and
setting out an approach to treatment,
appears on pages 785–793 of this issue

of J Feline Med Surg and at:
DOI: 10.1177/1098612X12464460
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Initiation
The initiation phase
begins with the original
insult to the kidney,
which can be due to
several causes including
ischemia, toxins, infec-
tion, neoplasia, obstruc-
tion or the effects of
sepsis. This phase can last
from hours to a few days,
during which time the
glomerular filtration rate
(GFR) falls but clinical
signs are often absent.

Although the under-
lying cause of the initial
insult may vary, all causes
lead to a combination of direct damage to the
renal tubular cells and ischemia (Figure 1).
Hypoxia ensues, leading to a depletion of ATP.
This has the most significant effect on the renal
tubular epithelial cells in the S3 segment of the
proximal convoluted tubule and the thick
ascending loop of Henle, due to their location
in the outer medulla, which has a relatively low
oxygen tension compared with the rest of the
kidney. Low ATP leads to an increased intra-
cellular calcium concentration, which activates
proteases and phospholipases. Reactive oxygen
species and free radicals are generated, resulting
in cellular damage. In response to this, the kid-
ney mounts an inflammatory reaction involving
the production of inflammatory cytokines and
chemokines. These are intended to be protec-
tive, but can also have deleterious effects.

REV IEW / Feline AKI – pathophysiology and etiology

One consequence of
the processes just
described is structural
disruption of the
cytoskeleton of renal
tubular epithelial cells.1,2
There is loss of apical
microvilli and the
absorptive brush border.
Cell polarity is lost as
Na+/K+-ATPase pumps
relocate from their nor-
mal position on the baso-
lateral cell membrane to
the cytoplasm and apical
cell membrane due to
loss of the anchoring
cytoskeleton. This leads

to abnormal solute and electrolyte handling
as well as increased sodium delivery to the
macula densa in the distal tubule. Tubulo-
glomerular feedback is activated, causing
afferent arteriolar vasoconstriction and wors-
ened renal ischemia. Integrin dysfunction also
plays a role. These glycoproteins mediate
adhesion of tubular epithelial cells to the tubu-
lar basement membrane, and in AKI they
move from the basolateral to the apical cell
membrane. Cells lose their connection to the
basement membrane and desquamate into the
tubular lumen. The tubules become obstructed
with casts resulting in backleak of filtrate into
the peritubular interstitium and increased
glomerular back pressure, both of which
decrease GFR.1 Loss of tight junction integrity
between tubular epithelial cells due to cyto-
skeletal dysfunction also contributes to back-
leak of filtrate into the interstitium.

In human medicine, there are
two well known staging systems
that are used to better identify and
classify patients with AKI. The
first is the so-called RIFLE system
(which stands for risk, injury,
failure, loss and end-stage
disease). The second is a
modification on RIFLE put forth by
the acute kidney injury network
(AKIN). The components of both
systems are outlined in the table.3

While there is a proposal under
consideration adapted from the
human criteria and based
predominantly on serum
creatinine,4 there are currently no
prospective studies or consensus
on a feline staging system to
stratify and aid in prognostication
for patients with AKI.

RIFLE criteria

Risk Increase in serum creatinine ≥1.5 x baseline
or decrease in GFR ≥25%

Urine output (UOP) <0.5
ml/kg/h for ≥6 h

Injury Increase in serum creatinine ≥2.0 x baseline
or decrease in GFR ≥50%

UOP <0.5 ml/kg/h for ≥12 h

Failure Increase in serum creatinine ≥3.0 x baseline
or decrease in GFR ≥75%, or an absolute serum
creatinine ≥4.0 mg/dl with an acute rise of at least
0.5 mg/dl

UOP <0.3 ml/kg/h for ≥24 h
or anuria ≥12 h

Loss Persistent AKI or complete loss of kidney function
for >4 weeks

End-stage End-stage kidney disease for >3 months

AKIN criteria

Stage 1 Increase in serum creatinine ≥0.3 mg/dl or increase
to ≥150–199% (1.5–1.9-fold) from baseline

UOP <0.5 ml/kg/h for ≥6 h

Stage 2 Increase in serum creatinine to 200–299%
(>2–2.9-fold) from baseline

UOP <0.5 ml/kg/h for ≥12 h

Stage 3 Increase in serum creatinine to ≥300% (≥3-fold)
from baseline or serum creatinine ≥4.0 mg/dl with
an acute rise of at least 0.5 mg/dl or initiation of RRT

UOP <0.3 ml/kg/h for ≥24 h
or anuria ≥12 h

S t a g i n g

Figure 1 Hypoxic renal
tubular necrosis in a cat
with AKI of unknown etiology
that was suspected to be
secondary to an ischemic
event under anesthesia.
Tubules in the center of
the field (arrow) exhibit
degenerative changes such
as dilatation and casts, as
well as isolated epithelial
cell necrosis. Tubules in
other areas (arrowhead)
exhibit regional pan-tubular
necrosis, as characterized
by diffuse eosinophilia and
lack of cellular detail.
Courtesy of John Keating
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Extension
The second stage of AKI is extension, which
is characterized by amplification of the initial
renal insult by ongoing hypoxia from
ischemia and the resulting inflammatory
response.5 Its duration is thought to be 1–2
days, during which renal tubular cells under-
go apoptosis and necrosis, and the GFR con-
tinues to fall. Cellular injury mechanisms, as
described earlier, continue, but endothelial
cell damage and dysfunction are thought to
play the primary role in this phase.

Damage to peritubular capillary endothelial
cells causes enhanced vascular reactivity to
vasoconstrictive agents and decreased vascu-
lar reactivity to vasodilating agents, with the
overall result being exacerbation of ischemia
and hypoxia. Damaged endothelial cells also
upregulate expression of P- and E-selectin on
their surface, as well as ICAM-1 (intercellular
adhesion molecule-1).6 These are mediators
of endothelial cell–leukocyte interaction, and
increased expression leads to enhanced adhe-
sion and activation of leukocytes. This process
accelerates the inflammatory cascade, result-
ing in vascular congestion and worsened
ischemia.

Overall, the consequence of endothelial cell
dysfunction is continued damage to the tubu-
lar epithelial cells. The extension phase is pro-
posed to be an opportune time for therapeutic
intervention to arrest ongoing cellular dam-
age, but the window is short and difficult to
identify in a timely manner.

Maintenance
The third stage, of maintenance, is character-
ized by stabilization of the GFR at its nadir
and lasts 1–2 weeks. During this time apop-
tosis continues but renal blood flow returns
to normal, leading to cellular repair.
Proliferation and migration of renal tubular
cells occurs, beginning the process of re-estab-
lishing cell polarity and tubular integrity.
Uremic complications may be most noticeable
during this phase.

Recovery
Maintenance is followed by the recovery
phase, during which time the GFR rises as
cellular repair continues. Depending on the
severity of the renal insult, GFR may fully
recover or there may be residual chronic
kidney disease. The onset of polyuria is some-
times a marker for the onset of the recovery
phase, which can last for weeks to months. It
is very important to avoid any additional
renal injury during this period.

Etiologies

While the exact cause of AKI remains undeter-
mined in about one-third of feline patients,7 it
is imperative to make every effort to identify
the etiology due to its potential influence on
treatment and prognosis. Of the various types
of insults that are known to result in AKI,
the most common are toxins, which are the
inciting cause in over 50% of feline patients

Ischemia
� Shock (cardiogenic, distributive, hypovolemic)
� Hypotension
� Thromboembolism/infarction

Neoplasia
� Lymphoma
� Adenocarcinoma
� Sarcoma (hemangiosarcoma)
� Nephroblastoma

Obstruction
� Calculi
� Mucous plugs
� Dried solidified blood
� Tumors
� Blood clots
� Urethral/ureteral strictures

Infection
� Pyelonephritis
� Feline infectious peritonitis

Toxins
� Lilies (Hemerocallis species, Lilium species)
� Ethylene glycol
� Aminoglycosides
� Doxorubicin
� Platinum agents
� Amphotericin B
� NSAIDs
� Mannitol
� Vitamin D (eg, rodenticides, human psoriasis

creams)
� Melamine, cyanuric acid
� Hypercalcemia
� Heavy metals
� Envenomation
� Pigmenturia
� Radiographic contrast agents

Etiologies of feline AKI

Sepsis

Prompt

identification of

the underlying

etiology in AKI

is important

to deliver the

most effective

therapy and

give the most

accurate

prognosis.
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dence of AKI including polyuria, polydipsia,
depression, anorexia, urine chemistry and sed-
iment changes, and azotemia will develop
within about 24–72 h.10 This often progresses
to oliguria or anuria and death. Hadley et al
reported that 77% of affected cats present with
vomiting and hypersalivation, 36% present
with neurological dysfunction (seizures,
tremors, ataxia) and 32% with AKI.9

If treatment with decontamination
and fluid diuresis is instituted within
6 h, full recovery can be expected in
cats without evidence of kidney
insult.8 Unfortunately, there is no
known antidote for lily toxicosis. If
treatment is delayed for longer than
18 h, AKI will develop. Death is expect-
ed within 3–7 days if no renal support
intervention is made. Mortality rate for
cats with AKI secondary to lily inges-
tion is estimated to be 50–100%.9 As
with many types of AKI, chronic kid-
ney disease (CKD) is a possible sequela
in cats surviving AKI.11

NSAIDs
NSAIDs exert their therapeutic effect through
inhibition of cyclo-oxygenase enzymes, COX-1
and/or COX-2, to interrupt production of
prostaglandins. COX-1 is expressed constitutive-
ly and is involved in the production of prosta-
glandins needed for normal physiologic
functions in several organs including the kid-
neys. COX-2 expression is inducible by bacterial
endotoxins, cytokines and growth factors but
this enzyme is also expressed constitutively in
the kidneys in the absence of inflammatory stim-
ulation. COX-2 expression is greatly increased in
dogs that are volume or sodium depleted; there-
fore, administration of NSAIDs that preferential-
ly inhibit COX-2 may cause kidney damage,
particularly in dehydrated patients.12

In a hemodynamically normal patient with-
out pre-existing renal compromise, appropri-
ate dosages of NSAIDs should not result in
AKI and do not affect GFR, as demonstrated
by iohexol clearance studies in cats given a 5-
day course of meloxicam.13 However, in states
of low renal blood flow, prostaglandins play
a crucial role in maintaining kidney function
and GFR. Prostaglandins E2 and I2 exert
vasodilatory effects at the level of the kidney
that are important in its blood flow regulation,
especially during periods of hypovolemia or
decreased renal perfusion.

Kidney insult associated with NSAID use is
due to an interruption in this prostaglandin
pathway during times of decreased renal
blood flow, resulting in decreased renal perfu-
sion and subsequent ischemic nephrosis. All
NSAIDs represent this risk to renal function
regardless of reported COX-selectivity.

with AKI.7 Cats may be exposed to a variety
of nephrotoxic substances including (but not
limited to) lilies, non-steroidal anti-inflamma-
tory drugs (NSAIDs), ethylene glycol (EG),
aminoglycosides, doxorubicin, vitamin D,
and food contaminants such as melamine and
cyanuric acid. Other possible etiologies for
AKI include ischemic injuries, infection of the
upper urinary tract (pyelonephritis), neopla-
sia, prolonged ureteral or urethral
obstruction, and sepsis.

Toxic nephropathy
Lily plants
Lilies have been recognized as nephro-
toxicants in cats for about 20 years,8
but many owners are not aware of
the toxic risk of these decorative house
plants (Figure 2). All members of the
genera Lilium and Hemerocallis should
be considered nephrotoxic to cats.8,9

This includes the Easter lily (Lilium
longiflorum), tiger lily (Lilium species)
and daylily (Hemerocallis species),
among many others. Conversely, calla
lilies (Zantedeschia aethiopica) and peace lilies
(Spathiphyllum species) are not true lilies and
have not been associated with nephrotoxicity.
While the toxic dose and exact compound are
still not known, any part of the plant should
be considered toxic, including the leaves,
flowers, seeds, pollen and stem. One study
of experimental lily-induced nephrotoxicity
identified that the flowers are much more
toxic than the leaves and that the compound
responsible for toxicity is water-soluble.10

Lily intoxication results in diffuse renal
tubular necrosis, with the proximal tubules
being more severely affected than the more
distal parts. Due to cell sloughing, the tubules
often fill with cellular debris from exfoliated
cells, granular casts and hyaline casts.10 The
outcome is severe azotemia and some report a
marked elevation in creatinine in relation to
blood urea nitrogen.11 Urinalysis will generally
reveal changes consistent with proximal tubu-
lar injury before development of azotemia,
including isosthenuria, glucosuria, tubular
proteinuria and cylindruria. Unlike EG toxi-
cosis, these patients do not usually develop
crystalluria and they are normocalcemic.

After ingestion, cats often develop a tran-
sient lily-induced gastritis within about 3 h,
causing vomiting and lethargy.10 If left untreat-
ed, signs may temporarily improve and evi-

Figure 2 Asiatic lily (Lilium
asiatic). All members of
the genera Lilium and
Hemerocallis, and all parts
of the lily plant, should be
considered nephrotoxic
to cats

Decontamination and diuresis prevents

kidney injury secondary to lily plant ingestion

if instituted within 6 h.
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NSAID-induced kidney injury is recognized
with increasing frequency due to the popular-
ity of these medications and the formulation
of flavored tablets and liquids designed to
improve patient compliance. There is current-
ly a limited number of NSAIDs that are
labeled for usage in cats and, in the United
States, these products are not labeled for
extended use. In fact, in 2010, the US Food and
Drug Administration announced the addition
of a boxed warning on labels for Metacam
(meloxicam, Boehringer Ingelheim) usage in
cats, stating: ‘Repeated use of meloxicam in
cats has been associated with acute renal fail-
ure and death. Do not administer additional
injectable or oral meloxicam to cats.’14

Conversely, a recent study showed no evi-
dence of renal decompensation when meloxi-
cam was given to older cats with or without
kidney disease.15 Certainly, this product is not
the only one of its class with the potential to
induce a nephrotoxic insult in at-risk patients
and caution should be exercised with any
extra-label NSAID usage in cats. The
International Society of Feline Medicine
(ISFM) and American Association of Feline
Practitioners (AAFP) recently provided con-
sensus guidelines on the long-term use of
NSAIDs in cats that serve as an additional ref-
erence on this subject.16 These state that, based
on data from cats and other species, the risk of
AKI developing during appropriate therapeu-
tic NSAID use in cats is low.

With excessive NSAID doses, gastrointesti-
nal signs occur within a few hours of exposure
and AKI may not become apparent until
up to 3–5 days after exposure.17 While the
nephrotoxic dosage is not known for all
NSAIDs, ibuprofen toxicity is estimated to
occur at doses of above 87 mg/kg in cats,
or about half of the toxic dose in dogs, because
of the limited glucuronyl conjugating capacity
in cats.17

If recent NSAID exposure sufficient to result
in toxicity is suspected, emesis or gastric
lavage followed by treatment with activated
charcoal, proton pump inhibitors, misoprostol
and intravenous fluid therapy for at least 48 h
is recommended. It is important to note that
NSAIDs undergo enterohepatic recirculation,
which may prolong their half-life.

Renal injury is potentially reversible if
medications are discontinued and treatment
is instituted promptly. Dialytic therapies may
be indicated if azotemia is non-responsive to
diuresis or in oliguric/anuric patients.
However, due to the high degree of protein
binding seen with NSAIDs, removal of the
toxin with dialysis can only be reliably accom-
plished with hemoperfusion utilizing charcoal
filters, which are generally too large for use in
cats and have limited availability.

Ethylene glycol
EG is a highly nephrotoxic substance found in
antifreeze and other industrial solvents. Cats
are considered more susceptible to the toxic
effects of EG than dogs and those that con-
sume as little as 1.4 ml/kg may experience
severe and life-threatening renal injury.18 EG is
metabolized in the liver by alcohol dehydroge-
nase and broken down into several toxic
metabolites including glycoaldehyde, glyco-
late, glyoxylate and oxalate. Toxicity develops
as a result of the direct actions of these metabo-
lites on the tubular epithelium as well as dep-
osition of calcium oxalate crystals in the renal
tubular lumen and interstitium. The parent
compound (EG) is rapidly absorbed in the
stomach and, in cats, the blood concentration
peaks within 1 h of ingestion.18 It is almost
completely metabolized and excreted within
about 24 h.18

Laboratory findings consistent with recent
ingestion include increased serum osmolality
and an elevated anion gap within 1 h due to the
presence of EG and its metabolites; metabolic
acidosis; calcium oxalate monohydrate crystal-
luria within 3 h; isosthenuria within 3 h due to
osmotic diuresis; hypocalcemia due to chelation
of calcium by oxalate and the subsequent dev-
elopment of calcium oxalate crystalluria; and
hyperglycemia, which may be due to inhibition
of glucose metabolism by aldehyde metabolites
of EG, as well as stress.19 If left untreated,
azotemia, hyperphosphatemia, hyperkalemia
and oliguria/anuria will develop.

There are three potential treatments for EG
intoxication in addition to standard support-
ive therapies (see box on page 780). If the
patient is already azotemic at presentation
and/or if oliguria or anuria is present, the
prognosis is poor for recovery.

Cage-side test kits (React Ethylene Glycol Test Kit; PRN Pharmacal) are
available but false negative results may be seen in cats because the threshold
of detection is about 50 mg/dl and cats may exhibit nephrotoxicity with levels
well below this threshold. Another cage-side test kit is available (Kacey EG Test
Strips; Kacey Diagnostics) that is marketed to detect lower levels of EG in feline
samples. However, a study evaluating this kit found poor sensitivity and
specificity at the lower EG levels.20 It also should be noted that with both of
these tests only the parent compound (EG) is detectable and not its
metabolites, so a false negative is possible if the EG has already been fully
metabolized. Additionally, both of these tests can produce false positive results
if the patient has recently received a product or medication containing
propylene glycol, sorbitol, ethanol, mannitol, glycerol, metaldehyde or
thiomersal.19,20 For further clarification, and more accurate results, samples can
often be submitted to human toxicology laboratories at local hospitals to check
the level of parent compound present in blood and confirm the diagnosis.
However, if too much time has elapsed since exposure, even these may
produce a false negative result due to complete metabolism of the parent
compound.

NSAIDs should

not be used if

hypovolemia,

dehydration or

hypotension

are present.

Te s t i n g f o r e t h y l e ne g l y co l t o x i c i t y
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Aminoglycosides
Many medications have the potential to
induce nephrotoxicity but this complication is
most well known and frequently encountered
with the use of aminoglycoside antimicro-
bials. These drugs can result in AKI through
direct injury to the proximal tubular cells and
ensuing tubular necrosis. They are primarily
eliminated through glomerular filtration and
enter the renal tubular lumen. Here they bind
to the brush border of the proximal renal
tubular cells and are endocytosed by a recep-
tor known as megalin.22 As drug accumulates
within the proximal tubular cells of the S1 and
S2 tubular segments, the intracellular lyso-
somes concentrate the drug, causing eventual
lysosomal rupture into the cytoplasm and
cellular damage and necrosis.

Risk factors for nephrotoxicity include the
type of aminoglycoside, elevated serum
levels, the cumulative dose, the duration and
frequency of administration, concurrent use
of furosemide or other nephrotoxic drugs,
hypoalbuminemia, hypovolemia and pre-
existing kidney disease.23

All species are susceptible to this type of
nephrotoxicity, but there is limited data
specifically addressing toxicity in felids. In a
case series in 1999, AKI was recognized in
four cats receiving oral paromomycin for
treatment of infectious enteritis/colitis. This
aminoglycoside is not well absorbed through
the gastrointestinal tract but may have result-
ed in nephrotoxicity due to increased absorp-
tion in the face of intestinal disease. All four
of the cats eventually recovered and their

azotemia resolved over several months.24

Another case report identified AKI in a cat
after lavage of a wound with gentamicin,
which resulted in serum peak concentrations
six times the recommended level following
systemic absorption.25 Reportedly, vestibular
disease or hearing loss may develop prior to
nephrotoxicity in cats and may be an indicator
of impending renal toxicity.26

To reduce toxicity risk, these drugs should
be avoided in patients with pre-existing renal
disease, and adequate hydration and volume
resuscitation should be ensured prior to
administration. They should be given concur-
rently with fluids, only once daily, and for no
more than 5–7 days, if possible. Because the
proximal tubular uptake of aminoglycosides
is a saturable process, once daily administra-
tion limits the amount of drug that reaches the
tubular lysosomes to result in nephrotoxicity.
Monitoring of fresh urine sediments should
be performed prior to and throughout admin-
istration so that the medication may be
discontinued if casts are noted. Additionally,
some clinicians recommend assessing urinary
γ-glutamyl transpeptidase activity as a sensi-
tive method for detecting nephrotoxicity in
patients requiring therapy with aminoglyco-
side antibiotics.27

Ethanol
Ethanol is one of the oldest treatment options and it works by
competing with EG for metabolism by alcohol dehydrogenase.
Alcohol dehydrogenase is known to have greater affinity for
ethanol than for EG; so, if given in time, ethanol is an effective
antidote to prevent metabolism of EG.21 However, ethanol is
associated with increased side effects such as worsened CNS
depression, metabolic acidosis and hyperosmolality.18

Fomepizole
The alcohol dehydrogenase inhibitor, fomepizole (4-methyl-
pyrazole), has been used for dogs with EG toxicity for quite
some time, but, until recently, it was thought that this agent was
ineffective to prevent metabolism of the
parent compound in cats unless given at
the exact time of EG ingestion. However,
studies have shown efficacy of this drug
when given at much higher doses than
those administered to dogs.18,19,21 The
recommended dose for cats is 125
mg/kg IV followed by 31.25 mg/kg IV at

12, 24 and 36 h (and longer if an EG level is still detectable).18,19

Unfortunately, in order to be effective, the medication must be
given within 3 h of ingestion in this species, highlighting the need
for prompt intervention.18 Similar to ethanol, fomepizole is asso-
ciated with CNS depression, especially at the doses required for
treatment in cats, but other side effects have not been docu-
mented with its use.18 While this drug is available in the US, that
may not be the case in many other countries and alternative
treatment options must be considered.

Dialysis
Unlike the above therapies, RRT, or dialysis, is effective at
removal of both the parent compound and the metabolites, and

so offers additional benefit over these
other treatments. Dialysis should be
instituted as soon as possible after
ingestion to maximize removal of all EG
components. However, because of the
short window of opportunity, a dose of
fomepizole should be given if possible
while preparing for dialysis.

Tr e a tm e n t s f o r e t h y l e n e g l y c o l t o x i c i t y

Fomepizole must be given

within 3 h of exposure and

a much higher dose is

needed in cats compared

with dogs.

To reduce toxicity risk, aminoglycosides should

be given concurrently with fluids, only once daily,

and for no more than 5–7 days, if possible.
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Ischemic nephropathy
Ischemia is another common cause of renal
injury in feline patients with AKI.7 This type
of insult can result from hypotensive events
(eg, general anesthesia), hypovolemia
(eg, shock, hemorrhage, severe dehydra-
tion/volume depletion) and thromboembolic
disease. The kidneys normally receive about
20–25% of cardiac output and, as such, are
highly susceptible to ischemic insults.
Autoregulation allows maintenance of renal
perfusion even as mean arterial pressure
decreases to as low as 80 mmHg.28 This mainte-
nance of perfusion occurs through a drop in
afferent glomerular arteriolar resistance medi-
ated mostly by prostaglandins to sustain
glomerular filtration. Angiotensin II also causes
constriction of the efferent arteriole, which aids
in the maintenance of glomerular filtration.

If systemic blood pressure continues to
decline, endogenous vasoconstrictors will
eventually result in increased afferent arterio-
lar resistance with subsequent reduction in
GFR and post-glomerular blood flow perfus-
ing the tubules. Eventually, tubular damage
results in cell sloughing and tubular obstruc-
tion, impaired sodium reabsorption, backleak

Figure 3 (a,b) Orthogonal
radiographs from a 9-year-
old spayed female domestic
shorthair cat that presented
for azotemia that was
unresponsive to fluid
therapy. There is a
ureterolith on the left side
with concurrent renomegaly
(arrow). (c) The cat
underwent surgical ureteral
stent placement to relieve
the obstruction; the stent
is visible spanning the renal
pelvis to the bladder
(arrowheads)

a b

of luminal contents, cell swelling and cast for-
mation. In addition to the injury set up by
reductions in blood flow to the kidneys, reper-
fusion can also contribute to AKI through
oxidant/free radical damage.28

Obstructive nephropathy
Urinary tract obstruction can lead to AKI
through occlusion of the urethra, ureters or
renal pelvises (Figure 3). Potential causes of
obstruction include calculi (most commonly
calcium oxalate), dried solidified blood calculi,
blood clots, mucous plugs, strictures or neo-
plastic masses occluding or compressing the
urinary tract lumen. When urine flow is
obstructed, there is a rapid compensatory

c
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with lymphoma.34 A suspicion of neoplasia
can thus be investigated using ultrasono-
graphic imaging and, if necessary, fine needle
aspiration or biopsy of the renal cortex.

If a neoplastic process is identified, therapy
should be aimed not only at providing sup-
portive care but also treatment of the under-
lying malignancy. In cases of lymphoma, the
response to chemotherapy may be dramatic
enough to result in rapid improvement in
renal function.

Infectious nephropathy
Pyelonephritis is a frequent cause of acute-on-
chronic kidney disease in cats because of the
higher risk of urinary tract infection found in
cats with CKD. As such, urine culture should
be performed in all patients presenting with
AKI or acute-on-chronic kidney disease and
antibiotics should be initiated pending the
results. However, given that occult infection is
possible, a positive response to therapy may
be an indication to continue treatment for 6–8
weeks in cases returning a negative urine cul-
ture. Pyelonephritis most commonly develops
secondarily to ascending lower urinary tract
infections; however, hematogenous spread of
bacteria may also result in renal colonization.

Although data specifically related to feline
pyelonephritis is not available, Escherichia coli
and Enterococcus species are the most
commonly isolated organisms in cats with
bacterial urinary tract infections.35 Ultrasound
findings may be normal or may include
changes such as renal pelvic dilation, proxi-
mal ureteral dilation, hyperechoic renal cor-
tex, and focal alterations in echogenicity in the
cortex and/or medulla (Figure 4).36

Figure 4 Abdominal ultrasound scan from an 8-year-old
castrated domestic shorthair cat that presented with acute
lethargy, anorexia and severe azotemia. The image shows
renomegaly (length 5.6 cm) and pyelectasia. Although mineral
foci were present in both kidneys, no evidence of obstruction
was found. Escherichia coli and Enterococcus species were
isolated on urine culture and the patient was diagnosed with
pyelonephritis
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reduction in GFR and development of inflam-
mation and edema.29 If this persists, tubular
atrophy, fibrosis and apoptosis will eventually
develop. If the obstruction affects only one kid-
ney, and the other is functioning normally, the
contralateral kidney will hypertrophy to com-
pensate and the process may go undetected.

Experimentally, complete ureteral obstruc-
tion in dogs resulted in only a temporary drop
in GFR if the obstruction was relieved within
7 days.29 If the obstruction was present for 14
days, about 70% of GFR returned after 6
months; if present for 28 days, only 25–30% of
function returned; and if present for greater
than 42 days, there was no return of GFR.29

While this guideline provides us with some
idea of the rapidity of kidney function decline,
it is important to realize that in most cats pre-
senting with ureteral obstruction the clinical
duration is unknown and prediction of out-
come may be difficult.

In addition to standard therapies for AKI,
the ureteral obstruction itself will require
specific intervention. Medical management
for ureteral obstructions includes diuresis
with intravenous fluid therapy and possibly
treatment with anti-spasmodic medications
such as tamsulosin, amitriptyline or
glucagon.30 Prazosin has also been evaluated
in dog ureters but was shown to have little
effect and may even contribute to increased
ureteral contractions at high levels.31 If no
movement of an obstructive ureterolith is seen
on serial imaging performed over 48–72 h, or
if azotemia and electrolyte disturbances wors-
en in the face of therapy, more aggressive
treatment is indicated. Such interventions
include RRT, placement of nephrostomy
tubes, ureteral stenting (Figure 3c) and/or
ureterotomy or ureteroneocystotomy for relief
of obstruction.30

Neoplastic nephropathy
Lymphoma is the most common tumor of the
feline kidney, which represents the second
most frequent location for extranodal lym-
phoma in cats.32 However, adenocarcinoma is
the most common primary renal tumor
found.33 Other tumors that have been identi-
fied less frequently include transitional cell
carcinoma, nephroblastoma, hemangiosarco-
ma and adenoma.33

Many of these primary tumors will form
mass lesions (often unilateral), whereas
lymphoma may cause non-specific changes
to the kidney(s) visible on ultrasound as
hyperechoic cortices, hypoechoic nodules,
renomegaly and subcapsular effusion. The
presence of hypoechoic subcapsular thicken-
ing is considered fairly suggestive of renal
lymphoma and, in one study, 80% of cats with
this ultrasonographic finding were diagnosed
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� AKI (acute kidney injury) is a term that replaces ARF (acute renal
failure) in order to describe a wider range of insults to the kidney
and to encourage earlier recognition and treatment of these
events.

� The pathophysiology of AKI is complex, and occurs in four stages:
initiation, extension, maintenance and recovery. If AKI can be
detected and treated in the early stages this may result in a more
favorable outcome.

� Research in recent years has produced a great deal of knowledge
regarding the etiologies of feline AKI. The most commonly
encountered etiology is toxic injury, with important toxins
including lily plants, ethylene glycol, NSAIDs and aminoglycosides.
Other causes of AKI in cats include infection, neoplasia,
obstruction, ischemia and sepsis.

� This knowledge has, in turn, facilitated the development
of therapies that are tailored for specific conditions. It is
thus important to be familiar with the most common causes
of AKI in cats, as prompt recognition will allow the most
effective treatments to be administered in a timely
manner.

KEY POINTS
Septic nephropathy
Sepsis is a key contributor to the development
of AKI in humans in the ICU setting. One
study documented 42% of patients with a
primary diagnosis of sepsis as having con-
comitant AKI, while 32% of AKI patients had
sepsis as a contributing factor.37

The pathophysiology of AKI in sepsis is
complex and still under investigation.
Potential mechanisms contributing to injury
include intrarenal hemodynamic changes
such as reduced glomerular capillary pres-
sure, endothelial dysfunction, the effects of
the inflammatory cascade, coagulopathy and
obstruction of renal tubules.38

It is likely that sepsis is under-recognized as
an etiology of AKI in cats, and it is prudent to
diligently monitor urine output and changes
in serum creatinine in critically ill patients
such that interventions can be made as quick-
ly as possible. An increase of as little as 0.3
mg/dl over a 48 h period is considered signif-
icant in human medicine even if the creatinine
is still within the reference interval. Improved
diligence and investigation of novel urine and
serum biomarkers may aid in earlier detection
of AKI in these at-risk patients in the future.
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