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« Define Acute Kidney Injury (AKI)

* Identify causes of AKI
« Community acquired (CA) vs
OBJ ECT'V ES Hospital acquired (HA)

«Common vs. notf so common

« Discuss freatment of AKI with
objective use of which freatments
and when they are indicated
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Which of the following is the best
term to define a patient with acute
kidney function changes?

PRE-EST =~ '~
QUESTION .01 Ckenainiury

#] C. Acute Kidney Injury
D. Acute Kidney Dysfunction

Which of the following cause AKI?

A. Dehydration

PRE-TEST  &. medications
QUESTION | C. Obstructive uropathy

D. All of the above
#2

W hich of the followingw ould NOT be
anindication o initiafe renal
replacement therapy?

A. Blood pH < 7.1, refractory to bicarbonate
therapy

PR E_TEST Serum potassium > 6.5mEq/L with peaked
#3 t-waves on EKG, refractory to medical
therapy

. Fuid overload w/ oliguria in a cardiac
surgery pafient not responding to diurefic
therapy

. Blood Urea Nitrogen level> 100mg/dL,
despite volume expansion with NS




AKI VS

At the turn of the century (over 2 decades ago)
AKIN
Recommended AKI replace ARF

Why?

+ Standardizatio

International definitions for
research/outcomes purposes

Madica

AKIN

sOd

& Science

Acute Kidney Injury Network

« Just the injury, without dialysis, increases long term
kid

ney risk

« Everyone has a different point when they start

dialysis
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19 baseline or203
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Injury:_Increase in
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decrease inGFR>
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03
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AKI Epidemic - USRDS Data Survey

HOSPTALDISCHARGE STATUS AFTER
AKI

S — — \‘

FREQUENCY OF AKI

10-15% of AlLinpatients

30-70% critically ill
« 5% requirerend replacement therapy (RRT)

20-30% of those who undergo
electiv e cardiac surgery

1. Lewington. Raising Awareness of AKI: Gobal Perspective of a Silent Killer. Kidneyinternatonal Sept2013
2. Ronco G; Bellomo, R; Kellum J. Acute Kidneynjury. Lancet 2019
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WHO WILL PRESENT WITH AKI2

Not actualy a
Helerogenaos

“disease”, but disorder

i Muiple
rather a clinical AHE5e
syndrome

RECOGNIZING
AKI

Goal is to promptly identify
and treat the underlying cause

—

Risk factors

.« Age
Diabetes/HTN
CKD

Exposures

Critically il
Circulatory Female
Volume depetion
Cancer
Anemia
Chronic dst

Trauma

Pathogenesis

« “renal profusion
Hypoxic injuty
Oxidative stress
Endothelial dysfunc
Inflammatory infiltr
Direct tubularinury
Obstruction
Cytokine-induced inuty




Evaluation
« Careful history
Drug history
Radiocontrast exposure

Recent hypotension DlAGN OS TlC
Urinary symptoms APPROACH
« Physical exam TO AKl
Evaluation of fluid status
Signs of acute or chronic heart failure
Signs of infection/sepsis
Signs of systemic ilnesses

Evaluation
« Chemistry
Elevated creatinine and likely BUN
Possibly electrolyte abnormalities

Acid base disorder DlAGN OS Tl C

* Urinalysis and urine indices APPROACH
RBCs or RBC casfs
WBCs or WBC casts TO AKl
Proteinuria
Hyaline or granular casts

Urine electrolytes (especially urine
sodium, FENa)

* Size and echogenicity

* M ass/tumor/cyst
DIAGNOSTIC * Hydronephrosis

APPROACHTO
AKI

« Histologic findings to
confim/support clinical
diagnosis

2/28/2023
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« Traditional/Cla:
* Functional
+ Damage
* Cellinjury
* Stress-associated

* Pre-in

—

DIAGNOSTIC
APPROACHTO AKI

Universal atribut ol biomarker

« Limitations: poor correlation with GFR in a
dynamic state

« Affected by muscle mass, det,
medications and volume status

FUNCTIONAL

BIOMARKERS

* Alternative to Cr

« Less affected by gender/diet/muscle
mass
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INFLAMMATION BIOMARKERS

« up-regulated inrenal cells after injury
« urine levels 1 in patients w/ischemia induced ATN
« predictive for AKI development 12-24 hr post CABG

« f inrend tubular cells duringinflammatory/ischemic njury
« furinary levels 2 hr after CABG were predictive for AKI

+ Associated with ATN andnot with éGFR defined CKD

« furinary levels associatedwith occurrence of AKI

—— \
CELL CYCLE ARREST BIOMARKERS

 Product of the two
* Urinary value predictive of development of moderate -severe AKI in
post operative patients

—

Predictive
biomarkers -
need for KRT
in AKI
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*Best characteristics forboth
sensitivity and specificity

PREDICTIVE

BIOMARKERS
FOR AKI

\
PROMISING BIOMARKERS

Wni/p-cat
tential os ecrly
Potentid for eaty DKK ﬁ)\ckkopﬂ & . .
ietection or ST Klbiomarker in Potentidirolein

: response sepsis related AKI
(Pregied yardpekal homeostasis in AK

Standard

Low risk
of care

Medium-high "
Clinical risk risk E Biomarkers

stratification

Preventive measues
Ve
high risk Early Nephrology
consultation
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WHO WILL PROGRESS?

= S At 2aanne 04 77 arogressed
Evaluate kidney function

! 3mo post hospitalization
I Identify the high-risk patient
\ q

European Renal /Transplant 53rd Congress, Vienna, Austria,
May 2016

,/ﬁ
{3

—

m— e

CA-AKI (commurity Acqured
* Most common

« May be ashigh as65%

* Increased incidencein summer

Increased incidencewith multiple
medications

« Increased incidencewith multiple
co-morbidities

* We havevery little data

TYPES OF AKI

HA-AKI (no

May be missed but EHR coding is
helping

More common if nephrologyis
consufted

* More studied

* Increasesrisk for recurrence

Increasesrisk for CKD
(bidirectional)

Vascular
disorders

nterstital
nephritis
: |
R
v 5,
[ tschemia Tains Pignerts
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Syndromes of AKI

Prerenal AKI enal AKI
Intravascular Volume N
e ——

G, Cutaneous or Renal lowes
Third Spacing

Infection reisted

Maligasmey

Postrenal AKI

Retroperk, Fibrosks

Acute Vascular Syndrome

Renal Vascular Obstruction
Abdom, Compartment Synd,

Neuropesic bladder
Malposkional Foley Cath

2/28/2023
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ACUTE KIDNEY INJURY SYNDROME

mendonedhif

TubdarDamag

Postienal AK

Biateral Bladder
ueteropeic  oullet
obsiucion obsicion|

Prerenal AKT

ntravascular Volume
Dehydration/ Hemorrhage
CI Cutaneous or Renal lossas
Third Spacine.

| Effective Blood Volume
cHF

Cirrhasiz
NephroticSyndrome
epsis
Anesthesia
Altered Renal Hemodvnamics
Preel Constric
Postglomerular Vasodilation
Medications: ACEL, NSAIDS, CS3
‘Hepatoreml syndroma Surgery

Renal Vascular Obstruction
Abdom. Compartment Synd.

11
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DELIA

78 y/o presents ED c/o N&V for
the last 48hrs

Unable fo keep down intake x
48hrs, No available PMH

PE: sitfing: 110/60, HR 80; standing:
80/55, HR 100

Labs: BUN 45mg/dL, SCr
1.5mg/dL, FeNa 0.3%

UA: neg heme/protein, 0-1 RBC,
neg WBC, 25-100 hydiine casts

DELIA
What type of AKI?

CA-AKI
HA-AKI
Not Coded as AKI

What type of AKI?

CA-AKI
HA-AKI
Not Coded as AKI

12
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PRE-RENAL AKI

SYMPTOMS
«  Historyof fluid losses
Use of NSAIDS or ACEI

Thirst

Fluid deficit by 1/Obalance

Weight

Oliguria

Orthostatic hypotension
Tachycardia

Flat neck veins in thesupine position
Lack of sweat

Dry skin and mucosaewith lo:

—

FENA (FRACTIONAL EXCRETION OF NA)
REMEMBER FENA IS A URINE TEST

Used to help differentiate between intra-renal
proc or exta-rend

FeNa < 1% ~ prerenal cause, volume depletion
Kidney corrects for low fl by redbsorbin
Na, therefare functionalkidney
<1% ‘ >1% ‘ >4% FeNa > 1% ~ ATN

/..cannot compensate and leaki

icakes kdney di

SYNDROME OF
AKI

rtery Thrombo-Emboli
in thrombosis
Atheroembolic disease

2/28/2023
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«FeNa hypically > 1%

«First, blame the drug

ALVIN

[58y/0 mae: PMHx CHE

15 week

[PE: 3+BLL edema foknees, wheezes and crockles |
[Admitted for IV diuresis J

Daily labs demonstrate MsCR

A) CAAKI
B) HA-AKI
C) Notcoded as AKI

A) CA-AKI

C) Notcoded as AKI

2/28/2023
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*SCr0.7mg/dL to0 0.9mg/dL
*SCr0.8mg/dL to 1.4mg/dL
*SCr4mg/dL to 7mg/dL

*SCr3.3mg/dL to 3.8mg/dL

« Fever, Rosh,
eosinophilia, and
eosinophiluria

pz:em = WBC casts common

« Virdlinfections,
legionella

« leptospirosis,
) screoidosis

« Drugs- NSAIDs
Usual * Antibiotics -
Suspects Penicillin's; Quinolones
«PPls

uria (eosinophils)

Rar

BC casts

2/28/2023
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‘ 78y/o in ED w/CP

‘ F/U labs 3 days later with PCP

(koGO es stale SCrio be drawn 48-72H post exposure) |
+SCr. 27mg/dL (baseline 1.9mg/d)

A) CA-AKI
B) HA-AKI
C) Not coded as AKI

[PM: DV, HIN. G 30, al weil-controlled

e

rows STelevation, foken 1o cofh 66—+

B 10653 cays loter with PCP

[KDIGO guidelines sote SCrfo be drawn 48-72H pos exposre]
+50: 2.7mge

gl

A) CA-AKI

C) Not coded as AKI

R—

+SCr. 27mg/dL (baseline 1.9mg/d)

A) Cholesterol embolization

B) Post renal AKI

C) Contrastnephropat

D) Beta blocker induced hypotension

16
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LUCy N

[75y/o in EDw/CP while shoveling snow

[PM DM, HIN, GFR 3q, dll well-controlled

*F/U labs 3 days later inPMD

es stte SCrio be drawn H post exposure)
{baselne 1.9mg/d)

A) Cholesterol embolization
B) Post renal AKI

D) Beta blocker induced hypotension

GLOMERULONEPHRITIS (GN) -

Photomicrograph of urine sediment with  red cell

Systemic [kenal _____|

Diffuse Ant-GBM disease
AC UTE proliferative lupus  (Goodpasture's)

GLOMERULAR s

ANCA-associated  Postinfectious GN
BINTN= vascuitis

Thrombotic Membranoproliferati

microangiopathies ve GN

(HUS/TTP)

Polyarteritis IgA nephropathy
nodosa

Cryoglobulinemia

17
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A) CA-AKI
B) HA-AKI
C) Notcoded as AKI

Brendan

13 y/o male

PMH: sore throat week previously
w/N&V

Dark ‘coke’ colored urine, brought to
ED16

Labs: Na 132mEqg/L, K 5mEq/L, BUN
80mg/dL, SCr 2.6mg/dL, bicarb 16mEg/L
UA: Dip 2+ blood, 1+ protein, RBC casts
on micro

B) HA-AKI
C) Not coded as AKI

——

Brendan

13 y/omale

PMH: sore throat week previously w/N&V
Dark ‘coke’ colored urine, brought toED16
Labs: Na 132mEq/L, K 5SmEq/L, BUN
80mg/dL, SCr 2.6mg/dL, bicarb 16mEq/L
UA: Dip 2+ blood, 1+ protein, RBC castson
micro

=

Brendan

13 y/omale

PMH: sore throat week previously w/N&V
Dark ‘coke’ colored urine, brought toED16
Labs: Na 132mEq/L, K 5SmEq/L, BUN
80mg/dL, SCr 2.6mg/dL, bicarb 16mEq/L
UA: Dip 2+ blood, 1+ protein, RBC castson

micro

) ATN
) GN
C)
D)

AIN
| have absolutely NO idea.....

2/28/2023
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Brendan

13 y/omale

PMH: sore throat week previously w/N&V
Dark ‘coke’ colored urine, brought toED16
Labs: Na 132mEq/L, K SmEq/L, BUN
80mg/dL, SCr 2.6mg/dL, bicarb 16mEq/L
UA: Dip 2+ blood, 1+ protein, RBC castson
micro

A)

C) AIN
D) I have absolutely NO idea

Papillary Necrasis
Blood Clot

TCC (transitional cell carcinoma)
Extrins

SYNDROME OF Retrop rn‘m_gmm;mu

Maligna

AKI

Urethral Strictu
BPH

Prostate Cancer

nes
roge
Malpositiored Foley Catheer

—

POST-RENAL AKI

istory of previous urinary tract obstruction o
infection

Dysuria, no
Frequency, hesitation
Wi

Look for bladder outflow dbstruction si
. ening of steam, enlarged prostate

« Distended bladder, flankm
or tenderness

Pelvic or refropeiitoneal disease o surgery

Complete cnuria or wide variationsin uine output

* Normalurinalysis in the setting of progressive
renalfailure

19



MAR

ORIF done, morphine PCA,POD# 1
foley removed

/Admif fabs : SCr T.2mg/dL,
POD#5 SCr 62mg/dlL

What type of AKI?
A) CA-AKI
B) HA-AKI
C) Not coded as AKI

MAR -

ine PCA, POD#1 foley removed ]
Q 1.2mg/ )
(Pop#s scr samgy/dl

What type of AKI?
A) CA-AKI

C) Not coded as AKI

MAR -

82y/o fell athome, RITFX

\ORIF don: PCA, POD#1 foley removed ]

A) CMP to include serum BUN

B) Urine dip and cell morphology
C) Renal ultrasound

D) None of the above

2/28/2023
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MA -

(Admiticbs saizmg. ]

A) CMP to include serum BUN

B) Urine dip and cell morphology
C) Renal ultrasound

D) None of the above

MA -

ine PCA, POD#1 foley removed ]

|
(Pop#s scr samgy/dl

Medre NSAIDS, +diphenhydrcm

A) 0.5% NS IV fluid

B) Foley

C) Bolus dose furosemide
D) Hold all medications

MA
82y/o fell athome, RITFX

\ ORIF done, momphine PCA, POD#1 foley removed ]

Med review —no NSAIDS, +diphenhydrcmine

A) 0.5% NS IV fluid

B) Foley

C) Bolus dose furosemide
D) Hold all medications

E) All of the above

2/28/2023
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TREATMENT OF AKI

General paradigm
Discontinue all neph

| hemodynamic monitoring
nd uri tput

to radiocon

ck for changes in drug dosing
« Consider renal repl ment therapy

Stable vs unstable
OUTPATIENT Stable patierts
. fy caus
TREATMENT N T e

OF AKI - Encourage flvids
+ Close intervalfollow foinclude lab
monitoring

Unstable pafients
« ED evaiuation
« Admission tohospital

Medical Floor vs ICU

I N PAT I ENT « Initial freatment usually he SAME

« STOP offendingmedication(s)

TREATMENT - Trect osstructionft present

Urinary catheter

OF AKI - Mecsol0's

« Closely monitor vitas, lobs

22
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Volume status
+ Mostimportant gspect of HA-AKI
INPATIENT
« Volume responsiveness vs. Volume
TREATMENT unruesponsiveneslz ! )
OF AKI

+ Offen existing as a continuum

Fluid management
« Initial management of most AKI
+ Choice of solution
« Crystalloid vs. colloid

* No significant difference in renal
outcomes or mortality

+ Colloid considerably more
expensive

» In most case crystalloid is first choice HEM ODYNAM |C
Exceptions: SuU PPO RT

+ Hemorrhagic shock

+ Hepatorenal Syndrome
+ Burn patients

* Massive fluid resuscitation

Vasopressors
o Help in maintaining renal perfusion
o Norepinephine
o Angiotensin Il

ICU o Use AFTER intravascular volume replete

TREATMENT o Vo
OF AKI :

motor shock - particularly helpful

23
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Glycemic control
TCU o Stressinduced hyperglycemia is common in
ICU patients
TREATMENT Prvior conhovelvsy in I'\Tercf‘ure regarding high
tight" glycemic control is needed
OF AKl o KDIGO guidelines currently recommend target
goal of 110-149 mg/dL

Diuretics

Rationale —deaease active Na
transport therefare O2 demand
May help fo “wash out" delris
from tubues

|CU TREATM ENT E%rz)(él ;/Ig\s,?di\cﬂm,'\ncreosedrend
OF AKI

Currentrecommendations
+ NOT for rouine
prevention fireatment of AKI
* May be useful in managir
fluid overload or electolyte
disturbances (potassium)

LVIN <

Crrose 0.8 — 1.4, Tx with IV furosemide with
improvement in fluid status however Cr
continued torise 2.0 >3.6>8.2

UOP diminished and now < 100 mL/day
K+is now5.9despite IV furosemide

BPs unable to rise > 80 systolic despite 2
pressors

at is the best form of dialysisfor Alvin
* NONE
* Infermittent hemodialysis (IHD)
« Continuous renal replace ment therapy (CRRT)
* | don't know:; its why we consulted Neph!

24
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DIALYSIS INTHE TREATMENT OF AKI

Timing of renal replacement therapy
o fim d

ion of CKD

—
DIALYSIS INTHE TREATMENT OF AKI

Timing

rkalemia

te burden

input for nutrition or

* Blood runs countercurrent fo
dialysate
* Solute clearance by DIFFUSION

DlALYS'S |N * Sze-dependent process
THE

TREATMENT

OF N4 * Fluid removed via pressure gradient
* Replaced with equal amount of
replacement fluid

* Solute clearance by CONVECTION
« Sze-independent process

25
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Modality

+ Sower fluidremoval
DIALYSIS IN THE odynamic stability
TREATMENT OF

AKl Greater flexibility

User-friendly machines

« Advantages of HD
+ Fost removal of toxi
« Restrictedtreatment time frame
+ Cost

Mortality remains high

» Reported rates from 40% - 70%

- Features associated with higher mortality
PROGNOSIS - Age

Ser

Respiratory failure
Liver failure
Thrombocytopenia

« Linear relationship between
stage of AKI and mortality
* Stage 1 AKI (RR of 2.4)
« Stage 2 (RR of 4.15)
« Stage 3 (RR of 6.37)

PROGNOSIS

* Varies depending upon
stage of AKI
« Persistent RRT required in
around 20% of Stage 3 AKI

26
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ALVIN

Cr rose 0.8~ 1.4, Tx with IV furosemide with
improvement in fluid status however Cr continued
to rise 2.0>3.6> 8.2

UOP diminished and now < 100 mL/day

K+ is now 5.9 despite IV furosemide

BPs unable torise >80 systolic despite 2 pressors

What is the best form of dialysis for
Alvin?

+ NONE

* Intermittent hemodialysis (IHD)

* Continuous renal replacement therapy
(CRRT)

« Peritoneal dialysis (PD)
| don'tknow; its why we consulted Neph!

— et \
COVID AND AKI

[Incidence
npatient:
* ARDS due to COVID-1
*1520% of those req

[ Risk Fact ors

* Underlying comorbid conditions

Lab-
based
factors

27
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Direct invasion of virus ~ ATN: sepsis
(fevers/hypotension)

COVI D AND and kidney ischemia
AKI - ETIOLOGY Collapsing Pre-kidney azotemia:

glomerulopathy hypovolemia
Immune dysregulation  Rhabdomyolysis
- complement
activation
Oxalate nephropathy
Interstitial nephritis
(medications)
Drug toxicity
A1 hysiol Renal Physiol 3217403410, 261
Biomarkers

« Systemic inflammation - associated with
more severe infection and AKI

COVID AND o
AKI [ Gor

« D-dimer
- ferritin

AmJ Plysiol_Renal Plysiol 321F403-F410,202]

——

COVID and AKI

Treatment
Incorporate same KDIGO AKI guidelines
mentioned throug

uma

« Initiate KRT

28
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Safety data ed

Bl

Itis being used by nephrology for our AKI patients

Ina straight-line compoarison fomatched controls

*No increased fisk of cardiac adverse events
*No increased risks ofkidney adverse evenls
(o increased risks of liver adverse evenis
*No increased risks of neuological adverse evens:

Increased risk of hyperglycemia

Prognosis
. 5 n patient mortality compared to those
COVID AND without AKI
« Post discharge ~ 65% recover kidney function
AKI « At 6 months 35% have decreased eGFR (< 90

mL/min/1.73 m
Those without diagnosed AKI- 1
decreased eGFR af post h: ital follow up

—

butrequiredre-
W/ suspec on cnd Al

d aspira
6 (admis: 1.14) Cr 2.02 peakin

HD then IHD nuria p;
overy as of day 20 inp

Etiology

/ of AKI:
COVID-19 with severe Rhabdomyolysis
> 925000 initially

29
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2 inthe low 90'son RA at local UC

stent with

Admitted:
Maintcined 02 on

ominal _pain > CT abe
oma extending intc

Embolization performed by R to mr
nass affect fo bladder and right ureter (mod-severe
aro o

hCr 1.5

AKI PEARL

If you look for i, youwil find it
ISN CA-AKI s more common than you think

Inpatient management of AKlis evolving
and a lecture al by ifself

‘Sick day rules’ as championed by the UK
wil decrease CA-AKI

Worldwide push to decrease AKI
Oby25
Think Kidneys

AKI INITIATIVE
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PRE-TEST
QUESTION #1

PRE-TEST

QUESTION #1

PRE-TEST
QUESTION #2

Which of the following is the best term to
define a patient withacute kidney function
changes?

A. Acute Renal Failure

B. Acute Renal Injury

C. Acute Kidney Injury

D. Acute Kidney Dysfunction

2/28/2023

Which of the following is the best term to
define a patient withacute kidney function
changes?

A. Acute Renal Failure

B. Acute Renal Injury

C. Acute Kidney Injury

D. Acute Kidney Dysfunction

Which of the following cause AKI?

. Dehydration
Medications

. Obstructive uropathy

. Al of the above

0% >

31



Which of the following cause AKI?

Dehydration
Medications
. Obstructive uropathy
. All of the above

PRE-TEST
QUESTION #2

oNw >

2/28/2023

Which of the folowing would NOTbe an
indication to inifiate renal replacement
therapy?

A.Blood pH < 7.1, refractory to bicarbonate
therapy

PRE-TEST #3 B.Serum potassium > 6.5mEa/L with peaked t-

waves on EKG, refractory fo medical

therapy

C.Fluid overload w/ oliguria in a cardiac
surgery patient not responding to diuretic
therapy

D.Blood Urea Nitrogen level > 100mg/dL,
despite volume expansion with NS

Which of the folowing would NOTbe an
indication to inifiate renal replacement
therapy?

A.Blood pH < 7.1, refractory to bicarbonate
therapy

PRE_TES T #3 B.Serum potassium > 6.5mEq/L with peaked t-

waves on EKG, refractory to medical
therapy

C.Fluid overload w/ oliguria in a cardiac
surgery patient not responding to diuretic
therapy

D.Blood Urea Nitrogen level > 100mg/dL,
despite volume expansion with NS
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THANK YOU!

Becky Ness, PA-C, MPAS, DFAAPA, FNKF
Instructor of Medicine,

Mayo Colege of Medicine

Division of Nephrology and Hyperte nsion

American Academy of Nephrology PAs

ness.becky@mayo.edu
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