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Definition Acute Renal failure

(ARF)-Acute Kidney Injury (AKI)

Inability of kidney fo maintain~
homeostasis leading.to a‘build up of
nitrogenous wastes S

.“_‘ -~

Different to renal msufflcuentvwh@" e
kidney. function-is dercmged but can still
support life

Exact blochemlcal/clmlcal definition not
clear - 26 studies - nho 2 used the same
definition







EIFLE Criteria for Acute Kenal ]]'}rsfmlctlnn
GFR Criteria® Urine Oty




Acute kidney |njury stages

Serum creatlnlne crlterla Urine output
criteria

1 Increase in serum creatinine of 26 Less than 0.5 ml/kg/hour
micromol/litre or more within 48 houts for more than 6 hours*
OR -
1.5 to 2-fold increase-from baseline
2 Increase in serum creatinine to more Less than 0.5 mi/kg/hour
than 2 to 3-fold from baseline for more than 12 hours
3 Increase in serum creatinine to more Less than 0.3 ml/kg/hour
than 3-fold from baseline for 24 hours or anuria for
OR 12 hours

Serum creatinine more than 354
micromol/litre with an acute increase of
at least 44 micromol/ litre

* Urine output of less than 0.5 ml/kg/hour more than 8 hours in children and
young people
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Parenchyma: reduced total mass

Glomeruli: decreased epithelial cells, increased mesangial cells, sclerosis
Afferent arterioles: hyalinosis

Glomerular capillanies: atrophy

Prozxumal tubules: decreased number and length

IDhstal tubules: diverticula and cysts

Interstitimm: fibrosis

Arterial vessels: atherosclerosis and constriction

Box 1: Structural changes occurming in aging kidney [10].
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Authors Reference |Incidence
Wen et al., China [2] 2.76% (aged 65-80) 14.8% (aged =80)
Xue etal.,, USA [7] 1.85% (aged <65 ) 2.86% (aged >85)
Ishani et al., USA [22] 3.1%

- <
Hou e, USA 2313 548/100.000 person s (aged 60
Ali et al., Scotland [24] 1,811 cases per million population
Liano and Pascual, Spain [25] 209 cases per million population
Pasqual et al., Spain [26] gj;::;ﬁig;iﬁ;g?;gg;m
Baraldi et al., ltaly [27] 10 times higher in aged = 65 vs. < 65
Fang et al., China [28] 4.10% (aged 60-80) 6.17% (aged =80)
Uchino et al., multinational [29] 5.7%
Garzotto et al | ltaly [30] 65,8%

Table 1: Incidence of acute kidney injury (AKI) in the elderly.
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Risk factors in adults having surgery or

iodinated contrast agents

Age

CKD

Diabetes
Heart failure
Hypovolaemia

Other conditions

Clinical
treatments or
drugs

Age 65 years or over
CKD with eGFR <60
Yes

Yes

Yes, especially if acutely
unwell

Liver disease

a) Emergency surgery,
especially if patient has
sepsis or hypovolaemia
b) Nephrotoxic drugs in
the perioperative period
c) Intraperitoneal
surgery

Age /5 years or over
CKD with eGFR <40
Yes, if also has CKD
Yes

Yes

Renal transplant

Increased volumes of
contrast agent

Intra-arterial route



AKI and Moritality
3 e |
Brigham and Womens, 9210 adults Multivariable Odds Ratio for_'_ Death

*AKI (Ain Sg;>05) | 6.5 | ~<0.0001
Age (per 10 yr) 1.7 “‘X <0.0001
*CKD , | =25 | <0.0001
+CV dis. 45 | 2004
‘Respiratory dis b A <0.0001
Gl dis. 24 <0.001
Cancer 29 | <0.0001
Infection 7.5 <0.0001

Chertow et al, JASN 16:3365-70
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'Division of Nephrology and Dialysis, IRCCS Casa Soliievo della Sofferenza, San Giovanni Rofondo, italy

2Proof-reader, Department of Emergency and Organ Transplantation, University Hospital of Bari, Bari, ltaly

Auathors Reference Mortality
A6 27% (at 90 days, de mowo
- A
Wen et al.. China = 29 04% (at 90 days. acute—
on—chronic kKidrey imjuryg)
37 . 8% (in-hospital
Kue at al., USA [7] SVt (90 -::l;a}ys.}
Isham et al., LIS5A [Z222] 29 1% (2 yvears)
. 32 7% (imn-hospital)
Adi et @l Scotland [24] 41 4% (90 d )
A9 8% (6 months)
_ 33 3% = a6bHh
Baraldi et al_, Ialy [27] > B ¢ (aged I < 64) y
Ukino et al., mulfinatonal [29] 50 3%
21 72 (intensive care unit
Garzotto et al__ ltakhy [30] Z1-Foa s
James et al., Canada [40] 3% at 35 months
A1 9% (diahysis—requinmg
acute renal faillure)
Lo et al_, LUSA [42] 1.14% (non-dialysis-requiring
acute renal failure)
Song et al., Chima [565] A2 %0
Sesso et al_, Brazil [59] iy E'“‘hﬂw}
Kohh et al_, India [S&0] S50 9%

Table 2: Mortality from acute kidney injurny (AKI]D) in the eldery.
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| REVIEW ARTICLE | JIACM 2011; 12(4): 290-6 7

Acute renal failure in the elderly

SC Dash*, D Bhowmik** S ;
Acute kidney injury

\/ v v

Pre-renal Intrinsic renal Post-renal

0 Absoluted . ‘ ureteric obstruction

i solute decrease in

effective blood vol. \ v v v
Haemorrhage Vascular AGN AIN ATN
Sk'ln losses (burns) Vasculitis Post-infection Drugs/sepsis-
Gllosses Malign hypertension  Anti-GBM associated
Renal losses L Micro polyangitis RPGN acute int.
(diuretic, glycaemia fluid HUS nephritis
pooling peritonitis) v 7

(i) Relative decrease in Nephrotoxic Ischaemic or septic
blood volume v hypotension/shock
CHF v v
Sepsis . Exogenous Endogenous
Anaphylaxis Antibiotics, NSAIDS Intra-tubular pigments
Liver failure Radio-contrast agents Intra-tubular protein

) ) Heavy metal (HG, cisplat, CuSO,)

(iii) Arterial occlusion Solvents (CCL,, Ethylene glycol)

Fig. 1: Acute kidney injury.
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Acute renal failure in the elderly

SCDash*, D Bho

wmik#**

Ischaemia and injury
Actin dysregulation
Loss of cell Loss of surface Loss of cell Loss of cell-cell
polarity membrane attachment ECM attachment attachment
Decreased Apical membrane Cell Opening of tight
proximal Na” blebbing attachment junction
re-absorption i i
Altered TGF with = Tubular Increased
afferent constriction - obstruction paracellular solute
i movement
Decreased GFR Decreased GFR Decreased GFR

Fig. 2: Renal ischaemia and injury.
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Pre-Renal Aonemla
Pathophysiology

=
- — —
B E— =

Renal hypoperfusmn >
B Decreased renal blood flom%nd GFR
B Increased filtration.fraction f@FR/RBF

Increased Na and H,O reabsorp’rron .

B Oliguria, high Ugen, low Uy,
B Elevated BUN/Cr ratio -

Malcolm Cox



Prerenal o
*Often rapidly reversible if we.can idenTif?’r'F{i‘is\ early

The elder'ly at hugh \lek @ecause of ’rhelr

.“_‘ -~

disease - i w@ e

~emrar

———

*This is by dCfIHITIOH r'ap1dly%r'ever5|ble upon the
restoration of - renal” blood flow and glomerular
perfusion pressure |

- THE KIDNEYS ARE NORMAL

This will  accompany  any" disease that involves
hypovolemia, low: cardiac output, systemic dilation, or

selective intrarenal vasoconstriction
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AKI Post—renaIﬁCaUSes

il

Intra-renal Obstruction -
B Acute uric acid nephropa

N Dr-ugs (e.qg., acyclexz_r) ‘\‘Mm =

Extra-renal Obstruction

B Renal pelvis orreter (e.g., stones, clots,
tumors, papillary necrosis, reTropern’roneal
fibrosis)

B Bladder (e.g., BPH neur'opn’rhlc bladder)
B Urethra (e.g., stricture)




Dif ferential Diagnosis -

Hypovolemia

GI loss: Nauseaq; vomi’rinfj" I
(hypona’rr'aemla)

Renal loss: dlur*eS|s\hypo adr'e
osmotic diuresis{(DM) :
Sequestration: pancreatitis,

peritonitis,trauma, low albumm (third
spacing).

Hemorrhage, burns, dehydr'a’rlon
(intfravascular loss).




Differential Diagnos‘is

49.

Renal vasoconstriction: hypercalcaemla :
adrenaline/noradrenaline, cy Iospor'm 7
tacrolimus, amphotericin B.

Systemic vasodilationsepsis, mec‘.ﬁg‘a‘rmn_s,.‘
anesthesia, anaphylaxis. =

Cirrhosis'with ascites
Hepato-renal syndrome

Impairment of au’roregula’rlon NSAIDs, ACE,
ARBs.

Hyperviscosity syndromes: Mul’nple Myeloma,
Polycyaemia rubra vera
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Dysmorphic-Red Blood Cells













Chapter 18: Acute Kidney Injury in the Elderly

Mitchell H. Rosner
Division of Nephrology, University of Virginia Health System, Charlottesville, Virginia

- W BT TSt

TREATMENT OF THE ELDERLY WITH AKI

In general, the treatment of AKI in the elderly follows the same
principles as for the general population. However, the decision
to initiate dialytic support in the very elderly with multiple §
comorbidities and a very poor prognosis may be difficult. This ==

s especallytrue for those individuals with sgnificant baseline 585
renal impairment where the likelihood of renal recovery may S8
be low. The decision to initiate dialysis in these patients re- ; &P
quiresa coordmated discussion with family members, consult- &%
ing physicians and other care providers.
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Acute kidney injury increases risk of ESRD among
~ elderly |

0.16 N= 233.803 g
5,14 . No AKI or CKD , B
o CKD only T s
o — —— AKl and CKD -
. -~
,-;{ 'E 0.1 - - .
£ 0.08- -
= L Log-rank test:
ZE 0.06- - P < 0.0001 DF=3
II::I -
& .04 - el .
4 - i
0021 - R e ———
{ - ~
0

0 100 200 300 400 500 600 700
Days from hospital discharge

Tshani A STal J Am Soc Nephrol



Dol Giudoe et al, J eptwl Teeoaut 2012, 2
g/ e do o/ 10 4T2¢21-C959 100028

@: Nephrology & Therapeutics

Reiew ke e e

Acute Kicney Injury n the Eldely: Epiemiology,Risk Fctors nd é;ﬁ
(o -
ntonio Dl Giuie", Heteo Piemontese!, Glseope Velente Michle Prencp! Chira I Girgioand Filgpo ucele |
m«mﬁ e T i) i ‘;31 iE?: ’

Authors Reference Meortality
46.27% (at 90 days, de novo
Wen et al., China [2] AKI)
o 29.04% (at 90 days, acute-
on-chronic kidney injury)
37.8% (in-hospital)
§| Xue atal., USA [7] 34 5-48.6% (90 days)
' |Ishani et al., USA [22] 29.1% (2 years)
. 32_.7% (in-hospital)
Ali et al_, Scotland [24] 41.4% (90 days)
49 8% (6 months)
) 33.3% (aged = 65)
Baraldi et al_, Italy [27] 2 5% (aged < 64)
Ukino et al., multinational [29] 60.3%
21.7% (intensive care unit
Garzotto et al_, ltaly [30] and in-haspital)
[James et al_, Canada [40] 3% at 35 months
41.9% (dialysis-requiring
acute renal failure)
Loetal, USA [42] 1.14% (non-dialysis-requiring
acute renal failure)
- |Gong et al., China [56] 42%
: . 41% (in-hospital)
Sesso et al., Brazil [59] 59% (community)
60.9%

- |Kohli et al,, India
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Table 1. General approaches for the prevention of AKI

Avoidance of nephrotoxins
Recognition of potential nephrotoxic agents
Recognition of high risk patients and clinical settings
Avoidance of concomitant use of multiple nephrotoxins
Use of lowest dose and for shortest time possible
If applicable, monitoring of drug dose
Frequent monitoring of renal function
Maintain euvolemia
Minimization of nosoccomial infection
Extracellular fluid expansion
(maintain good urine output, stable hemodynamics)
Awvoid agents that impair renal blood flow autoregulation

(NSAIDS, ACE inhibitors, ARBs) -
Pharmacologic interventions if applicable ‘\W” —oy easeis
Use of computer surveillance systems )
ldentify high risk patients and medications .
Determine correct dose for GFR
P
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Table 2. Examples of specific renal protective strategies

Exposures

Strategy

Radiocontrast agents

Aminoglycoside
antibiotics

Tumor lysis (uric acid)

Ethylene glycol
ingestion

Rhabdomyolysis
Methotrexate
Acyclowir

Calcineurin inhibitors

Amphotericin B

Intravenous hydration (normal saline)
Intravenous sodium bicarbonate (7)
M-acetylcysteine

Witamin C

Iso-osmolar contrast

Once-daily dosing

Monitoring of drug levels
Allopurinol/rasburicase

Intravenous hydration/urine alkalinization
Ethanol/fomepizole

Hemodialysis

Intravenous hydration/urine alkalinization =
mannitol

Intravenous hydration/urine alkalinization

Intravenous hydration

Monitor drug levels *+ calcium-channel
blockers

Use of lipid formulation

'z = i
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RECOVERY OF RENAL FUNCTION AND PROGNOSIS
OF AKI IN THE ELDERLY

A recent systematic review and meta-analysis of recovery of
kidney function after AKI in the elderly has shown that recov-

e ery after AKI is approximately 28% less likely to occur when

« the patient is older than 65 yr.** Whether these results are
B caused by the effects of advanced age on the kidney itself or the

increased number of comorbidities (including baseline CKD)

& in the elderly is not certain. Long-term recovery is also less
@ likely and itis believed that AKI in elderly more often results in
4 CKD.?* The lower likelihood of renal recovery in the elderly

may be due to the effects of aging to impair the capacity for
kidney repair.®® The capacity for renal epithelial cell prolifera-

B tion declines with aging as does the function of progenitor and
. stem cells that are critical for tubular repair.?

Several other individual studies have not been able to show
that age is specifically associated with impaired renal recov-
ery.'® Thus, in the individual patient, it may not be clear if age
Is an independent predictor of a poor prognosis and other

~ comorbid conditions may play a more important role in driv-

ing the risk for poor outcomes.*¢
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development of AK], and certain causes of AKI are more com-
monly seen inthis group. In fact, thereare more often multiple B
etiologies of AKI in this age group. Diagnostic approaches to
AKI should focus on the most Likely etiologies. Because of mul-
tiple factors, the likelthood of complete renal recovery 1s m-
paired in this group. b

- £ = £ 5

Mitchell H. Rosner

Driwvision of

Mephrology, University of Wirginia Health System, Chardottesville, Wirginia
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Acute Renal Failure
Nephrotoxic ATN® =

Endogenous Toxins = - — =

B Heme pigments (myoglobln s ,emoglabm);

L] Myeloma light chams\% \\3;:*«\,@,

Exogenous Toxins ————

B Antibiotics (e.g., ammﬁgh,u;ogdes ampﬁoterlcm
B ¥ & -

O Radlocontrastagents
® Heavy metals (e.g., cis-platinum, mercury)
B Poisons (e.g., ethylene glycol)
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Contrast-induced ARF
Clinical Charactetristics: -

Onset - 24 to 48 hrs: after exposure
Duration - 5 to 7 é‘ays‘“}ﬂ

Non-oliguric (majority) . %if
Dialysis - rarely needed =
Jrinary sediment - variable

_ow fractional excretion of Na

%y




Pre-Procedure Prophylams

1. IV Fluid“(N/S)= * f o

1-1.5 mI/kg/hour x12 hours pmor to procedure
and 6-12 hours after ™ % 5

2. MucomysiEfN=acetylcygteine)

Free radical scavenger; prevents oxidativeti
damage 600mg po bd x 4 doses (2 before
procedure, 2 after) —

3.  BicarbfnatesEGAMA 2004) 77 .

Alkalinizing urine should reduce renal meduIIary
damage

5% dextrose with 3 amps HCO3; bolus 3.5 mL/kg
1 hour preprocedure, then 1mL/kg/hour for 6
hours postprocedure

4. Possibly helpful? Fenoldopam, Dopamine

5. Not helpful! Diuretics, Mannitol



Contrast-induced ARF
Prophylactic Strategies -

Use I.\. contrast only when =
necessary >~ \e=

Hydration N e
Minimize contrast-yolume

Low-osmaelar (nonlonlc) contrast
media

N - acetylcystelne fenoldopam




Classification of Glomerular Disease According to Clinical Features

Focal glomerulonephritis — Active urine sediment without renal insufficiency or nephrotic
swndrame

® |e=s= than 15 ywears — Mild postinfectious glomerulonephriti=, lg4 nephropathy, thin basement
rmernbrane disease, hereditary nephritis, Henoch-5Schinlein purpura, mesangial proliferative
glornerulonephritis

% 15 {0 40 years — lgh nephropathy, thin baserent membrane disease, lupus, hereditary
nephtitis, mesangial praliferative glormerulonephitis

® Greater than 40 wears — g4 nephtropathy

Diffuse glomerulonephritis — Active urine szedirment with renal insufficiency and variable
proteinuria, which can include nephrotic syndrarme

® |e=z= than 15 years — Postinfectious glormerulonephritis, memmbranopraliferative
glornerulonephritizs

® 15 to 40 wears — Postinfectious glormerulonephritiz, lupus, rapidly progressive
glornerulonephriti=s, fibrillary glormerulonephritis, mermbranoproliferative glormerulonephritis

® Greater than 40 years — Rapidly progressive glomerulonephritiz, vasculitis Cincluding mixed
cryoglobulinernial, fibrillary glomerulonephritis, postinfectious glomerulonephritis

Hephrotic syndrome — Heawy proteinuria, bland sediment although some hernaturia allowed

® |e== than 15 ywears — Minimal change disease, focal glomerulosclerasis, mesangial proliferative
glornerulonephritis

® 15 {0 40 years — Focal glormerulosclerosis, minimal change diseaze, membranous nephropaths
Cinzluding lupus), diabetic nephropathy , preeclampsia, postinfectious glarmerulonephritis (later
stage)

® Greater than 40 wears — Focal glormerulosclerosis, mermbranous nephropathyy , diabetic
nephropathy , minirmal change disease, g4 nephropathy, primary aryloidozis or the related
dizorder light chain depasition disease (which can account for 15 to 20 percent of cases in patients
over the age of 60), benign nephrosclerasziz, pastinfectious glormerulonephritis Clater stage)

ARF Anthony R Mato MD Downloaded 5.8.09



ARF Post-renal Causes 1

Intra-renal Obstruction
B Acute uric acid: nephropa”‘ N—
® Drugs (e.g.,acyclovir) ~~

——a

Extra-renal Obstruction

® Renal pelvis or ureter (€.g., stones,
clots, tumors, papillary necrosis,
retroperitoneal fibraosis)

B Bladder (e.g., BPH, neuropathic
bladder)

B Urethra (e.qg., stricture)


















Dysmorphic-Red Blood Cells
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FeNa = (urine Na X plasma Cr)
(plasma‘ Na x urlne Cr)

'4 ,,11—.‘2‘7

FeNa <1% » .\

1./ PRERENAL == < S

0 Urine Na < 20. Funct|onmg tubu ";‘»v_reabsorb lots of
filtered Na - ’“\Z,;:M\,_”

2. ATN (unusual) e

[0 Postischemic dz: most-6f-UOP comes from few
normal-nephrons, which handle Na appropriately

[0 ATN-+ chronic prerenal dz (cirrhosis, CHF)
3. Glomerular or vascular injury

[0 Despite glomerular or vascular |nJury, pt may still
have well-preserved tubular function and be able to
concentrate Na







Calculating FeNa after pt has
gotten Lasix..#. = v o

O]

Ll
L]
W

W N

=
Caution with calculatlng FeNaxlf pt. has-had | Loop
Diuretics in past 24-48 h z S

Loop diuretics cause natridresis (Incr urlnary Na
excretlon)ytvhat raises U.Na-even if ptis.
So if FeNa>1%, you don‘t™know if this-is because
euvolemic or because.Lasix increased the U\Nfr
So helpfud=if FeNa still <t o;*_ ut not if FeNa
>19%%0 * —_— o

Fractional Excretlon of L|th|um (endogenous)
Fractional Excretion of Uric Acid

- J

Fractional Excretion of Urea = =
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Hydronlephrosis

A

Right kidney
Longitudinal
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-
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i Dilated

““Renal Pelvis




DFOV 39.0cm







ARF _Signs and*Symptoms

Hyperkalemla
Nausea/Vomltmg =
Pulmonary edema-
Ascites —
Asterixis

Encephalopathy







Mx ARF

L].L

»4.."

Immediate treatment of pulmonary edema and
hyperkalaemia = y

Remove offending cause &treat%ﬁiendmg cause

Dialysis as needed to control hyperkailaemla
pulmonary edema, metabdlic acidosis; and urem
symptoms — ;. <
Adjustment of drug reglmen

Usually restriction of water, Na and K- intake, but
provision of adequate protein

Possibly phosphate binders and Na polystyrene
sulfonate S




Recognise the at-risk patient

Reduced renal reserve:
Pre-existing CRF,-age %@O

.u‘_' o~

hypertension, diabetes ;_M
Reduced mtra-vascular volume
Diuretics; sepsis, CII‘I‘hOSIS, nephrosis
Reduced renal compensation:

ACE-I's (ATII), NSAID’s (PG’s), CyA




Acute Tubular.Necrosis
Clinical Ch‘aracteristics

Oliguric A’T}gl;f

Non Ohgurlc ATN

Characteristic
Incidence 4 1% NG 59%
Toxin-induced . 8% EEEE
UV (ml/24h) =400 1980 + 75
Uy, (MEg/L) 68+ 6 50 + 5
FEy, (%) 6.8 + 1.4 3.1 + 0.5
Dialysis required 84% 26%
Mortality 50% 25%




Assessment of Volume Status

Total Body Wéter:

m weight, serum Na -2'320'
ECF (= Total Body 10
Na): "
O oedema, skin turgoOrLitres {5
— 207 |
Intravascular: 4
H Venous: 57 101
JVP/CVP/PCWP ' 4

B Arterial: BP
(lying/sitting)

fingers, toes, nose
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Indications fi
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Work-up of Acute Renal Failure

Acute Renal Failure

| Prerenal | | Intrinsic | | Postrenal |
—

Tubulointerstitial Glomerular

——

Primary Secondary
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Causes of ARF e

Pre-renal . |Renal -~ Post-renal
Absolute Glomerular Pelvi-calyceal
ypovolaemia (RPGN) -»m«x-:::_;
Relative Tubular ... |Ureteric
nypovolaemia- (ATN) -
Reduced Interstitial ~ [\VUJ-bladder
cardiac output [(AIN) i
Reno-vascular |Vascular Bladder neck-
occlusion . |(atheroemboli) lurethra




