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Therapy,

pPrognosis

Causes,

diagnostics
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Less common than
CKD, cats of any age

Acute onset, often
severe

Prognosis guarded to
poor

Prompt & aggressive
treatment needed

Contrasting AK

C and CKD

Very common in
older cats

Chronic &
progressive

Tubulointerstitial
nephritis

Etiology usually
unknown
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Canses of AKT v cats

' - Pyel hritis, FIP
Neoplasia, hypovolemia, yelonepnrit

hypotension, acute-on-chronic

Other 13% Infectious, 6%
) 0

Urethra, ureter

Unknown, 24%
2 Obstructive, 41%

Toxic, 16%

NSAIDs, lilies, susan little
antifreeze, etc. “ dvm, dabvp
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Initiation

Original insult

Lasts hours to
days

No clinical
signs

Hypoxia from

Ischemia

Pathophysioloay

Extension

Damage is
amplified

Inflammatory
response

GFR continues
to fall

Lasts 1-2 days

Maintenance

GFR stabilizes
Repair begins

Lasts 1-2
weeks

Clinical signs
most evident

Recovery

Ongoing
repair

Marked by
polyuria

Lasts weeks-
months
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WMaking the diagnosis

HISTORY LAB DATA

Don't forget drug/toxin
exposures, environment

CBC, chemistries, urinalysis,
electrolytes, blood gases (if
available)

EXAM, CLINICAL SIGNS IMAGING

Differentiate AKI from CKD
Check blood pressure

Radiographs, ultrasound

susan little
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Cliical signs

Sudden onset lethargy, collapse,
vomiting

Neurological signs

Bradycardia, ECG abnormalities

+/- Reduced urine production




Acute kidvey injury Chrovic kidvey disease

HISTORY

- -

EXAM

susan little
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Chemistries

May be initially normal or azotemia

Rising creatinine over time

Variable hyperphosphatemia

Hyperkalemia (oligu/anuria, obstruction, etc.)

Complete blood count

Nonspecific
Stress or inflammatory changes

Nonregenerative anemia is uncommon (acute
gastric ulceration)

Urinalysis

* [sosthenuria
« Other findings may help

determine etiology: proteinuria,
pyuria, casts, etc.
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T serum creatinine by 0.3 mg/dL
(26.5 pmol/L) within 48 hours

T serum creatinine to 1.5 times
baseline within 7 days

Urine output <0.5mL/kg/hour for
6 hours (least reliable)

Defivition of
acute Kdvey
njury
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O Lab
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LE KID SHORT

susan little
H dvm, dabvp
Monaghan K et al, J Feline Med Surg, 2012

-@CATVETSUSAN-




Retroperitoneal fluid

01(

Other
ncreased cortical +/-
Imedullary ecffogeni/city MH’I”&SOMVIOl
thanges m AKT

[Corticomedullary
junction changes]
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www.iris-kidvey.com

[RIS 3

e st son Guidelines  Education  Emerging Themes ~AboutIRIS Related sites = Renal Week | Hemodialysis Academy
Guidelines IRIS Grading of Acute Kidney Injury (AKI)
RIS Staging of CKD Acute kidney injury (AKI) represents a continuum of renal injury from mild, clinically inapparent, nephron loss

to severe acute renal failure. To emphasize the concept of AKI as a continuum, IRIS recommends that it be

IRIS Treatment graded to accurately characterize the severity of the disorder. The IRIS AKI Grading scale (I-V) for dogs and
Recommendations for cats is based on fasting blood creatinine determination and clinical parameters, such as urinary flow rate.
CKD

The development of this scheme was led by Dr. Larry Cowgill of the IRIS Board and was adopted by the
W IRIS Board, provisicnally in 2012 and finally in 2013. The IRIS Board is now seeking feedback and
recommendations for modifications from the American and European Societies of Veterinary Nephrology
IRIS Canine Proteinuria and Urology (ASVNU and ESVNU) and from the wider veterinary community.

Consensus Project
The IRIS AKI Grading scheme is intended to aid the development of appropriate prognoses in patients with

AKI. In the future, the Board intends to expand these guidelines to include recommendations for diagnostic
testing and for treatment and monitoring of AKI, paralleling the widely accepted IRIS guidelines for Staging
and Treatment of Chronic Kidney Disease (CKD).

» IRIS Guideline Recommendations for Grading of AKl in Dogs and Cats (2016)



wWhy should we grade AKT?

Understand that AKl is a
continuum of renal injury

Take advantage of lessons Better prediction of

from human nephrology outcomes

Discriminate pathophysiologic Better data collection to

& therapeutic spectrum assess treatment outcomes
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Creatinine

AKI Grade mg/dL [umol/L] Description
Non-azotemic AKI
a) Documented AKI and/or
<1.6 b) Progressive non-azotemic 4 in creatinine
Grade 1 by >0.3 mg/dL [>26.5 ymol/L] within 48
[<140] hours
¢) Oliguria (<1 mL/kg/hour) or anuria over 6
hours
Mild AKI
a) Documented AKI + static or progressive
1705 azotemia
Grade 2 o b) Progressive azotemia: 4 creatinine by
(141-220] >0.3 mg/dL [>26.5 pmol/L] within 48

hours or volume unresponsiveness
¢) Oliguria (<1 mL/kg/hour) or anuria over 6
hours




Creatinine .- L.
AKI Grade mg/dL [umol/L] Description
2.6-5.0
Grade 3 221-439]
Moderate to severe AKI:
Grade 4 5.1-10.0 Documented AKI and increasing severities
rade [440-880] of azotemia & functional renal failure.
>10.0
Grade 5 '>880]

Each grade is further sub-graded as:
* NO (non-oliguric) or O (oligo-anuric)
* RRT (requiring renal replacement therapy




8 year old spayed female
Lethargy, poor appetite

History of renal & ureteral
stones

* Previously diagnosed with IRIS
CKD stage 2
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Ginger’s serum creativ

3,5
2.9 mg/dL
5 256 umol/L
2.2 mg/dL
2,5 194 pumol/L
2.4 mg/dL
2 212 umol/L
2.0 mg/dL
s 177 umol/L Day 3:
Grade 3 with

. pre-existing CKD
0,5

0

Day 1 Day 2 Day 3 Day 4

ne

Day 4:
Still Grade 3 with
pre-existing CKD

2.1 mg/dL
186 pumol/L

2.4 mg/dL
212 umol/L

Day 5:
Grade 2 with
pre-existing CKD
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Twtensive care is needed for the best ontcome

1€111

. . Frequent Constant . .
Fluid therapy Urine output monitoring rate Dialysis
infusions
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Keys +o
managing
AKL

01

Specific
therapy when
possible

Correct acid-
base &
electrolyte
disturbances

Correct

hypovolemia,
fluid deficits

Treat
hypertension if
present

Restore urine
output

Supportive
care

Y
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Companion animal exposures to potentially poisonous
substances reported to a national poison control center in
the United States in 2005 through 2014

f. .t a¥o.
- versus \&
86% %

Chocolate! Lilies

susan little
“ dvm, dabvp
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Lily toxicity

» Almost all lily species are toxic to cats s ‘S
» Exposure to any part of the plant is J =
toxic O R, "

* Must treat as quickly as possible!

W Vusanlittle
¥ dvm, dabvp
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Clivical sigws of lily toxicity

o Salivation Depression

Vomiting Polyuria > oliguria > anuria

Anorexia o Death in 3-6 days
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IV FLUIDS

Replacement solution;
monitor for overhydration

REASSESS & ADJUST

Renal values, electrolytes,
urine output

INDUCE VOMITING

Xylazine 0.4-0.5 mg/kg, IV/IM
Dexmedetomidine 7 ug/kg IM

_V@ﬁ"’l Vl@ Activated charcoal once

rehydrated, 1-2 g/kg every 4-

h [\/i ’[’OX‘ 0“{’\,{ 6 hours, up to 4 doses
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Scout

 Spayed female, 8 months
old

* Poor appetite,
polyuric/polydipsic for a
few days

 Weak, cervical
ventroflexion

e - o

n little
dvm, dabvp
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Scout’s result

Reference range

ALP

ALT

Urea
Creatinine
Glucose
Potassium

Total Calcium

33
64
23.2
509
5.35
2.9
2.87

14-111 U/L
12-130 U/L
5.7-12.9 mmol/L
71-212 pumol/L
4.11-8.83 mmol/L
3.7-5.2 mmol/L
1.95-2.83 mmol/L

susan little
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Fluid therapy + careful monitoring

Use replacement solution

% dehydration x body weight
(kg) = deficit (L)

« Replace deficit over 4-12
nours

« Duration? Start weaning when
nydration i1s normal & renal
values have plateaued for 24
hours

susan little
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Avold overhvdratiow!

Congestive heart
failure

Easy to overhydrate

Increases morbidity &

cats mortality Pulmonary edema
Hypertension

Renal edema & Reassess often & Forcing diuresis is
secondary anuria* adjust as needed controversial!

susan little
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Overydration

Early signs Late signs

Trembling Tachy- or bradycardia
Restlessness Nasal discharge
Excitation Chemosis
Vocalization Coughing, dyspnea
Panting Subcutaneous edema
Tachypnea Diarrhea

Vomiting Exophthalmia

Nausea Depression

Polyuria Pulmonary edema

Pleural effusion

susan little
T S
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WMovitoring fluid therapy

Urine output

Urinary catheter or
material to soak urine
(weigh before & after
urination)

Central venous pressure

Trends over time are most
helpful

Body weight

Weight at least 3
times/day

1 kg weight gain = 1L
fluids

PCV & total solids

Crude measurement
Influenced by other

things
susan little
g dvm, dabvp

-@CATVETSUSAN-



The terms ‘oliguria’ and
‘annria’ are only applicable to a
well-hydrated patient that is

appropriately volume
resuscitated.

P,

susan little
Monaghan K, et al. Feline acute kidney injury: 2. Approach to diagnosis, 8 dvm ! dabv P

treatment and prognosis. J Feline Med Surg. 2012 Nov;14(11):785-93. "@CATVETSUSAN-



Restore urive ontput it oliguric or anuric

Only after hypovolemia & dehydration are corrected!

01
|

Urine output goal

« >1-2 mL/kg/hour

DRUGS
Furosemide Intensive .
1-2 mg/kg, IV bolus monitoring is e 2-5 mL/kg/hour IS
0.25-1 mg/kg/hour CRI needed ideal
Mannitol (20%) S .hope for
anuric cats

1-2 mg/kg/min CRI

*Fenoldopam susan little
0.1-1 pg/kg/min CRI g dvm, dabvp
-@CATVETSUSAN-



Reval replacement therapy

Oliguric/anuric
despite therapy
Refractory to fluid
therapy

Severely uremic
Life-threatening
electrolyte
abnormalities
Volume overload
Certain toxins

Options

 Peritoneal dialysis

* Intermittent
hemodialysis

« Continuous renal
replacement
therapy

Y

susan little
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Supportive care

Antiemetics

Maropitant: 1 mg/kg every 24 hours (PO, IV, SC)
Ondansetron: 1 mg/kg every 6-8 hours (PO, IV, SC)

Gastroprotectants

Omeprazole: 1 mg/kg every 12 hours (PO)
Pantoprazole: 1 mg/kg, slow IV, every 24 hours

Nutrition
Feeding tube may be needed

susan little
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Overall mortality is 47-64%

Bad things Good things

* Increase in urine
production to >1

Oliguria/anuria

- Increased mL/kg/hour over 6
potassium hours
» Decreased  Decreasing BUN &
albumin creatinine within 3
days

susan little
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Acute kidney injury - potential outcomes

Initial kidney
failure

« Depends on cause, time
to presentation,

/ l \ response to treatment

« Degree of azotemia is
. not prognostic
Recovery, Death
normal Chronic kidney
function disease

susan little
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M) Check for updates M) Check for updates

Journal of Feline Medicine and Surgery (2012) 14, 775-784 Journal of Feline Medicine and Surgery (2012) 14, 785-793

J/CLINICAL REVIEW

2. Approach to diagnosis,
treatment and prognosis

1. Pathophysiology, etiology
and etiology-specific
management considerations

Kelly Monaghan, Benjamin Nolan and Mary Labato

Kelly Monaghan, Benjamin Nolan and Mary Labato

Prompt recognition - a priority Practical relevance: Feline acute
kidney injury (AKI) is a commonly

Acute kidney injury (AKI) is a term used to describe the condition in  recognized problem in small animal

which there is an abrupt reduction in renal function. This can occur practice that requi

due to several causes, as discussed in Part 1 of this article. In all cases  diagnosis and dnrected therapy There

prompt recognition of AKI is important to maximize the chance of a  are many treatment methods with which

favorable outcome. practitioners should be familiar, including medical
options, surgical interventions and

New terminology - and a new emphasis Practical relevance: Acute kidney injury
(AKI) is a frequently recognized disease
Acute kidney injury (AKI) is a relatively new term in the nephrology process in cats that requires immediate
literature that largely replaces the use of “acute renal failure” (ARF). and aggressive intervention. A thorough §&
Originally introduced in the human literature, AKI allows for greater ing of the pathophysiologic
stratification of cases with regard to severity and prognosis. By processes underlying AKI and familiarity
suggesting that a patient has injury, rather than failure, one can with the most common etiologies are

recognize the potential for earlier treatment and recovery. In human ial for providing the most effective and timely Diagnosis renal repl therapy (dialysis). It is important
medicine, the older term “ARF’ refers only to patients requiring renal therapy. Possessing this knowledge will also allow ) . o . to know which option is most appropriate for
replacement therapy (RRT). Additionally, the more common term amore accurate prognosis to be given, and afford Diagnosis of AK_I should focps on attempts to identify an underlying each cause and stage of AKI to deliver the most
‘kidney’, rather than ‘renal’, facilitates communication with and the bestch ofaf: bl cause and establish the severity of disease. effective therapy.
understanding by clients of AKI. ~ Clinical challenges: Feline patients often : . - Clinical challenges: AKI can cause vague
Acute kidney injury is a The incidence of AKI in cats present with vague signs of AKI, which may delay History and physical examination clinical signs, but a vast array of life-threatening
2 is not known, but it is not treatmentand adversely affect the prognosis. A thorough history should be obtained from the owner regarding time sequelae Rapid recognition of potential
relatively new term that largely ncommon and can be caused  Their response to injury and treatment is often course, previous therapies, medication history and potential exposure plications and knowledge of pti
replaces the use of ‘acute by a variety of different insults. diffea:ent to that.of other speci?s, . to toxins. Physical exami.nation may revea.l various degfee.s of lethar'gy is ir'n-r for st " | )
A uniform definition for AKI Audience: This two-part review article is directed and depression depending on the severity of systemic illness. With  Feline patients also require an understanding
renal failure’ and recognizes  does not exist in the veterinary ~ at small animal practitioners as well as specialists. . . severe disease, patients may have  of their unique physiology as it relates to the
i A literature and varies among Part1 revi ing AKI in the Patients with AKI may have oral ulceration and a “uremic breath’  therapeutic plan.
the pOtent'a| for earlier publications. Generally accepted ~ cat, as well as etiologies and treatments related to re-existing chronic kidne odor (ammonia-like smell). Melena Audience: This two-part review article is directed
treatment and recovery. criteria include an abrupt some specific causes of AKI. P! g y may be noted m pa.tients with sec-  atsmall animal practitioners as well as specialists.
reduction in kidney function Evidence base: The veterinary literature is limited disease as well. ondary gastrointestinal ulceration Part 2 discusses the diagnosis of AKI in cats using
resulting in alterations in with regards to the pathophysiology of AKI unique and bleeding. Attention should be physical ination findings, clini thologi
glomerular filtration, urine production and tubular function. These to the cat. However, there are numerous feline paid to the size of the urinary bladder  results and imaging modalities. The treatment of
alterations result in an inability to maintain fluid, electrolyte and studies evaluating causes of AKI. to evaluate for obstruction as well as hint towards urine production.  AKIl and its sequelae is also reviewed, with
acid-base balance, and may lead to azotemia. Kidneys are often palpably normal or enlarged, and may be painful. information on recent advances in this area.
A patient with a renal tumor or a ureteral obstruction may have asym- Evidence base: While there is s very limited data
Pathophysiology metry in renal size and shape. However, it should not be forgotten that  comparing the of
patients with AKI may have pre-existing chronic kidney disease (CKD)  options, there is literature addressing the use of
The pathophysiology of AKI is complex, but can be described by four as well and this must be considered when evaluating physical exami-  several medications, as well as renal replacement
stages: initiation, extension, maintenance and recovery. nation findings, as well as laboratory and imaging results. therapy, in cats.
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Acute on chronic disease
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Differentiation of uremia

Pre-renal Renal Post-renal
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* 0.5-1.0 mL/kg calcium
gluconate 10% IV over 5-
10 min; monitor ECG

* 0.25-0.5 IU/kg regular

Treatment for insulin + 1 mL/kg

hyperkalemia dextrose 50%

* 1-2 mEq/kg IV sodium
bicarbonate over 10-15
min, repeat if needed

--------------






Cooper et al Peritoneal Dialysis in Cats with
Acute Kidney Injury: 22 Cases (2001-2006)

n cases of acute kidney injury refractory to fluid therapy,
poth hemodialysis and PD are treatment options that can
e considered. Hemodialysis requires specialized training,
equipment, and water purification systems and is also not
readily available to most veterinarians. PD is labor
intensive, but does not require specialized equipment and
may be performed in any clinic with adequate technical
assistance and supervision. Patient personality also must
be considered when deciding to perform PD because the
patient must tolerate frequent manipulations.




Treatment of hyperkalemia

Severity Serum Treatment options
potassium
Mild <6 mEq/L Fluid therapy for dilution
Moderate 6-8 mEq/L Sodium bicarbonate: 1-2 mEqg/kg IV over 10-15 min,

repeat if needed, maximum 4 mEq/kg
Dextrose (50%): 1 mL/kg IV, dilute to 10-20%
Regular insulin: 1 unit IV with dextrose

Severe >8 mEq/L Calcium gluconate (10%): 0.5 mL/kg IV, over 5-10 min,
monitor ECG
Followed by regular insulin with dextrose
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