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ACUTE KIDNEY INJURY : PART 1

Background

00:01:28

* 1804 : Wwilliam Heberden — Deseribed ocute Hidne5 irgjurg as ischurio. Renalis,
* 3004 : Beliom o et al — AR RIFLE criterio).

* AKIN eriteria (B007D.
* KDIGO criterio. (A0IA).

* feute Kidney injury D) syndrome characterized by a rapid
deteriorotion of Kidney Sunction oecurring within hours or c\a_xjs.

Classification :
* RIFLE : ADQI Group, A004.
* AKIN : AN Network, 3007,

RIFLE AKIN
Diagnostic criteria
Increese in ssnm creatinine of $0.3 mp/dl.
gﬁaﬁo‘ﬁmﬁm
Urine output of <05 mil/ig/hour for >8 hours
Staging criteria
Fisk (RIFLE) or #tag0 § Increase in sacum craatinion of 50 1o 99% Incraase in serum creatinine of 20.3 ag/dl.
AKINKDIEO) OR of 5010 100%
Urine output of <0.5 mL/kg/ho for OR
G0 12hows {ine output of <0.5 mlAg/howr for 6 to 12 hours
Inpury (RIFLE) or stage 2 inGreass in serum creetinine of 100 10 199% Incroase in serum creatining of >100 t0 200%
(AKINAKDIGO) or o]
Ling output of <0.5 mlfkg/Mour for Uriner cutput of <0.5 mb/kpMowr for 12
1210 24 hours t0 24 hours
Fallue RIFALE) orgtage 3 Incrosse in ssrum cresticins of 2200% ncreass in ssrum creatinine of >200%
{AKINKDIGO) OR OR
{ncroase in serum crestinine by >0.5 mo/di. increase in serum crestirine by > 0.5 mg/dl.
g;mmL gﬂanm
Lrine autput of <0.3 migy/hour for > 24 hours Uring output of <0.3 mi./kgmMhour for > 24 hows
gﬂmumm gﬂMthm
{nitistion of ranel rapiacament thacapy Initizetion; of renal repincement therapy
Loss RWLE) Nood for renal replecoment thempy for >4 wesks
£nd stage RIFLE) Noadt for renal replacesment therapy for >3 monthe
¥DIGO definition of acute Kidney injury *
| Stags | Creatinine criteria Urine output criteria
1 Cr 1.5-1.0imas basoling, OR | < 0.5 mUig/lv x B-12 hours _
Crincreage > 0.3 mg/dL.
2 Cr 2-2.8x basstine ! < 0.5 mikg/tr for > 12 hours
e e b s M i
|
3 Cr> 3x baseline, OR i <D.3mikgMr for > 24 hours, OR
Cr>4 mg/d, OR Anuria > 12 hours
Initiation of dialysis

* HDIEO : KOIGO Group, 4013

Patisnts are staged basec! on the singie most concaming feature.

Incrogse in serum creatinios of 0.3 mo/dL.
gﬁum«mmvm

Urine cuiput of <0.8 mi kg/mow for >8 hours

Incraana in pecum creetining of 0.3 mg/dL.
or 50 1o 99%

OR

Urine sutput of <0.5 mL/kg/Maur for 8 19 12 hours
!&gmnhmmauﬁrﬁndimwzm
Urine output of <0.5 ml/kg/hour for 12

028 haurs

oﬂmhmm‘ oA 2200%

Increens in serum of 20.3 mg/dL 10 24.0
mgal.

OR
Urine autput of <0.3 mlkg/hour for
224 howrs or srwars for 212 houns

OR
Inifiation of mnel reptacement therapy

Critical Care » v1.0 « Marrow Programme for Anaesthesia Residents



692 Renal Disorders

- Active space ----- Pitfolls :

Shortcoming

1. Inabiiity of 5. Creat to datect changes at high GFR level
i 2,8, Creatis akete marker of dacreased GFR

3. Gittical tiinags may confound disgnosis by creatinine criteria |

4. Requéiremant for basefine S. Creat with different metkods to
handle missing baselins

8, §. Creat is a measum of fiunction not of tissue damage and may
miss subclinical AKI

6. Urine outou criteria ere less frequontly uesd, lack specificity,
and may ba too Rberal ]

7. KD'GO definition does not provids insight into pothophyviology

8. Absanoa of goid standard '

| 9. Diffevent criteria for similar stage may have differsnt assoclation
10. KDIGO definition is unreliable for assessment of renal recovery

AKI Spectrum

Potential eolution

1, Saquentis creatinine clearances (8.0, with urine collactions of 2-8 1)

2. Biomarkers of kidney damage/cysiatin G/more frequent
measurement of S. Creat

3. Caemaction of 8, Creat for fhid balance/cystatin G

| 4. Thorough search for baseline/reporiing applied method in fitersture

5. Combining . Creat with biomarkers of kidney damage

6. Consistent uge of urine output criteria and definition of more
7. Uss of biomariers that refiact different pathophysiological mechanisms

| "B, No solutron for the ime being
| 9. Consensus critena for RRT initiation/detalsd description of AKI criteria

'10. Usa of cystatin Gessses recovery by S. Creat after a sufficient tima from
critical ifness fie, after conection of sarcopenia and fluid averioad)

00:12:27

* early recovery : Screatinine/ urine output returning to baseline < 7 doys.
* Ropid recovery  S.Cr / urine output returming to baseline < 48 hours,

* AKD:
. worselgearou’ccomes.
* Recurrence of AKX

Ak, AKD,CHD *

€: SCrnottackto
basoine

5 Biomwrher o los of
rondl reserve inficates
.

A Hoevigence o sy
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Acute Kidney Injury : Part |

Incidence ofAvl: Active space -
incidence timing and outcome of AKI in eritically it patients,
* AWl incidence :
*  35%: RiFLe. ¢ 28%: KOG,
* 38%: AKIN.
* 10-15% of Al potients in ICU require renal replacement therapy ®eT),

feute Kidney injury — short term and long term effects :

§ Severe Cardiac Arrhythmias, Muscle Weskness,
L Paralysls, Depressed Mental state

| Increased i Protein Catabalism; |
| = | (G AKE D enls =
ability; | Uraernls | | i
. Disturbance .
e 0= (D AKI D)2 EE |
State; e~ |.\ )
| PudOwdosd |
L
Interstitis) Oedema, Impaired axygen and metabolite J
diffusion, d Intra-ab p
<>
* ChD: (4-30)%.
* Diolysis : (5~D%.
* Coronary events : (0.3~ 19.8)/1000 person yeav.
* mortality : (30-40)%.
Risk factors for developing AKl in the Icu.:
r _— =
Non modiflable ‘modifiokle Risk foctor
¢ Older oge. . ngwolaemia.
¢ gGender, ¢ Sepsis.
» &H’\nici’ck\. ¢ choice of Suid,
d COmorbidi-tgﬁ . Mephro’(oxins.
i Hﬂper’cension. ¢ mMaojor surgery.
* Diabetes meliitus. * Trauma, including burn patients.
* Chronic K‘xdne3 diseose. *  Critical liness.
*  Heort failure. *  Anemio.
®* CAD S PAD. * emergency procedures,
* COoPD. *  Radiologic Contrast Media.
* Obesity. * COVID-19.
¢ maliognancy.

Critical Care « v1.0 » Marrow Programme for Anaesthesia Residents



Renal Disorders

- Active space -—- Causes of AKI 00:23:23

L Prerenal : Sudden and severe reduction in blood pressure (shock) of
interruption of blood Slow to the Kindeys from severe injury or liness.
* glood loss.
. Dehgdm.ﬁor\,
* Heart foilure.
* Sepsic.
* voscular ocClusion.

3. Intrinsic Renal : Direct \Q)urg {0 the Hidnegs b5
inflarnmadion, drugs, toxins, infection, or reduced
blood. supply

* Acuke tubular necrosis
* Orugs.
* Toxins.
¢ Prolonsed thsiom
* Glomerulonephritis
* fcute tubular necrosis
hd Orugs.
*  Toxins,
* putoimmune disease.
* Infection.
* gmaoll-vessel vasculitis.

3, Postrenal : Sudden obstruction of urine Slow due to enlarged prostate,
Kidney stones, bladder injury or tumor.

* Benign prostodic hgperp\as‘\a.

® Cervical concer.

* meatal stenosis/phimosis.

* Retroperitoneal Nbrosis.

* fProstote concer. o
e urimrg coleuli. 0

8esT study : m {
* 4T patients in ICU | . l |
ol .

¢ 19.8% deVek)ped ARl ;
IS

A by Asticlogy in BEST Kidrey Shady

Critical Care * v1.0 - Marrow Programme for Anaesthesia Residents



Acute Kidney Injury : Part |

Patholoatj of AKl inthe \Cu ¢

Cortax

medulla Voo

! 3
Oy

el . 1 .
"'I\'. ﬁ‘q‘ |
5 flk‘ Nl
U
Al
L)

Inner fimb
modulis

Septic AKI 00:29:34

* syndrome characterized by presence of sepsis and ArI definition.
* Incidence : >40% patient develop Arl.

® RRT: 30%.

. mor’cal'\{ij : 40%.

* pHtributoable mor’cah’tg 3 1O%.

Pa&hophgsio\ogg ot septic ARl :
| | Inkenymatory

mpairodd
Flow

Intorstitium Pori-tubular Proximel
Cuplitery Tubule

Critical Care * v1.0 » Marrow Programme for Anaesthesia Residents
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696 — Renal Disorders

---- Active space -----

Contrast Assoc AL (CA-AKD
* Rise nSCr 2 05 mo/dl (44mmol/D or a. as% increase From baseline value,

ossessed ok 48 hours ofter a radiologicol procedure.
* mechanism :

Direct tubuloyr ’cox'\ci’cﬁ.
Intro. renal vasoconstriction.

* Incidence

Normal podients : 1-3%.

Patients with risk factors : upto as%.

* Pre existing renal dgs%nc’dom

* Diobetes.

°* v dﬂs%nc’don

* Concurrent nephrotoxic medicodions.
3.3% ( SCr> 05mg/dD.

10.3% (% 2Cr> as%h boseline).

10.5% (§ &FR<as%h baseline).

Retrospective study :
Incidence § outcome of contrast-associated acute Kidney injury assessed with
®IFLE) criteria. in critically il patients of medical § surgical intensive care units :
* Incidence of CA-Arl wos ISS%.
* S5.8% had pre-existing kidney injury,
* CA-AKI patients were divided into risik (319), injury (2%, and Sailure (38%).
* D’\cdgs'\s : 1% podient.

Critical Care * v1.0 » Marrow Programme for Anassthesia Residents



Acute Kidney Injury : Part| =

* Recovery rate of Al was 7% ot the time of hospital discharge.
* Higher APACHE It scores were associoted with o higher risk of CA-AKL.

Risk factors :

Preventive meosures :

Definite
Pre—existing K'\dneg diseose
Diobetes, h}jper‘tension, CHF
Advanced age
Volume depletion
Hemodbnmic 'ms’cabili&g
Nephrotoxic medicodions

Conflicting

* ACe-iand ARPS

* Renal transplantodtion
* mMultiple mge\oma

* Female

* Cirrhosis

Large volume or highn osmolality contrast agent

Prediction of Ci-ArI after PCIMehran risk model, JACL,A004

Risk factors Integer score {calculate)

Hypotension 5

1ABP 5

CHF 5

Age > 75 years 4

Anemia 3

Diabetes 3

Contrast-media volume 1 per 100 ml

SCr > 1.5 mgrdi (> 132.6 pmol) or 4

aGFR < 60 mU/min per 1.73 m? 2 for 40-60
4 for 20-38
6 for <20

Note: Low risk: cumulative score < 5; High risk: cumulative score > 16,

5% Sor low [(4S) ond S7.3% $or high [r16]

Reduced dose of contrast medium, ¢
lsotonic saline. °
isotonic bicarbonate solution. '
NAC. .
Diuretics. ]
Stoding,
Theophgl\ine.

Feno\dopam. i

— No role

Contrast medium :

Dose : < 100 ml,

&ms of iodine/e&FR (KI=3%, >1%= as®),
Maudmum dose : (Sgm/kg / sex,;
Route : IV preferred over arteriol.

Critical Care * v1.0 » Marrow Programme for Anaesthesia Residents
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698 - Renal Disorders

ionie. monomer {500~1900 Diatrizoade, iotholomode
lonic dimer 00 loxanlode
Nonionic monomer S00~100 Low ichexoliopamidoliomeprol
Monionic dimer 390-330 1s0 lodixanoliotrolon
Soline ¢
* NS preferred over 4S% DNS. * ntleast 10omi/hr urine output.
* 1 hr before § upto b hrs alter * Rote: (-aDmi/kg/he infusion.
administrodion.
NoHCO3 :
¢ isotonic sokution o NoHCO, : 8SO ¢C of DS + IS0 ¢C 0% 84 % NaHCO,,
NAC ¢
* Controversial benefit.
* Oral route preferred : Tolerable and inexpensive.
s Acc/aHA guidelines do not recommend.
¢ KWDIO sugges’c oral administration,
* Low dose * 60O Mg bd for & dags.
Preserve triol ¢
* Comparison of NS, NaHCO, NAC § Placebo.
* Result : No outcome benefits.
effectiveness of Prevention Strategies for Contrast-induced Nephropadiy :
Pooled group  Swudies, n Poaked AR for Subgroup Anslysis Articies, n AR (96% O
] | | omps% oy ;
igh-dose NAC 18 | orapse1.09 w‘(ﬁ.":&*;p-am e — e
1A acdminisration 18 278 (0.56-1.19
1V admindstration 2 0.55 (0.12-2.62)
Low -dose NAC k- fr— 0.78 (0.65-0.98)
Low-cioaa NAC as 0.75 (0.83-0.89) Overall (R = 14.0%; P = 0276)
MM 30 0.77 {0.08-0.81)
1V administration 5 0.62 {0.18-2.10) Ol NAG 40 e anane 0.77 (0.85-0.82;
Oversll (R = 33.1%; P = 0.012)
Oral NAC 40 0.77 {0.65-0.92)
W NAG 11 0.500724.12 3&‘39: <033 e 03 4 — 090 0.72-1.12)
NAG when LOCM sre veed 40 0.68 (0.58-0.84)
LOCM 40 Reman el 0.£9 (0.58-0.64)
NAG when IOCM are used 7 112 {0.74-1.69) Oversll (= 37.1%; P = 0.013)
10OM only 7 ———— 112{0.74-1.89)
CN - dnophropaty  LOCM - Low-osmoler contrast media Ovorsi fl'm 4.7H: P = 0.4 |
A - inka-erterisl NAC - N-acstyloysteine o ! o
zm : Iniravencis ekt = - Regl 088 1bo 172
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ACUTE KIDNEY INJURY : PART II

Diagnosis of AKI 00:00:22

History § examination :
His’cor}j :

&l loss : vomiting, diarrhoea, haemorrhage.
Decreased intake.

Heart failure, hypotension.

Procedures (Surgery, angioplosty.

Systemic conditions (DM, HTN, IHD, PAD, jaundice).

infection,

slood in urine.

EXposure dmgs :

i. Antibiotic exposure.

il. Immunosuppressive ’chempg
(Transplant, malignanesy.

iti. Radiocontrost agen%.

iv. Herbal medicine, recreational drugs.

V. Flank pain, anuria, hematurio.

exorminodion :

Fluid stodus : mucous membrane, skin turger; sunken eyes, orthostatic
hgpo’cension.

CNS * Stroke, neuropathy (Vasculitis).

Heart : 58, galiop, arrhythmias, murnur, raised JVR

Abdomen : Compartment syndrome, bruit mass, distended bladder; palpoble
tender KidneS.

extremities : Peripheral pulses (PAD), rash (Vasculitis).

Rectal and pelvic examinodion,

Critical Care » v1.0 - Marrow Programme for Anaesthesia Residents
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700 | 49 Renal Disorders

Diagnostic work-up for AK) in ICU :

---- Active space -----
o full blood count with differential
- urine dipstick
¢ urine microscopy (if avaliabie)
¢ renal ultresound
o sarum calcium
]
#oause of AK! remains unclear AND hypwofasmh andomruwm exciuded
OR any of the above Investigations stno
mwmammmmmmmmmmmmmnm
|
[ I T I | T I T 1
B
Ghmerclone- Adomingl
Interstitial Rhabdo- Drug nephro- Cardio-ranal
gg ¥ vamsl nepils compartment TP/ HUS i Mysioma Sepsis e 7
ANCA 8erum 8osino- intravesioutar fragmentotyles K serunv urine $opsis scroen drug leveis
g ANA phits pressure LoH myoglebin protelo- serum CK-MB
Ani-GEBM oosinophiluria plateists easinaphils NT-proBNP
Antids-ONA renal blopsy reticulocytss fena! biopsy cardiac imaging
8 caica haptoglobin
ENA biindin
immunegiobuing
cryoglatisiing
§ hapatitis sarclogy
HIV ssrology
renal blopsy
urine analgsis :

. Reagen{'/ dipstick analysis.
* Microscopic andgs%s.

Dipstick analysis :
* Qualitative § easy ‘o interpret.
* Quick bedside assessment.
* eosinophils : Acute interstitial nephritis,
. LeuHocg’ces/pus celis : Pyelonephritis.

urine dipstidﬁ

Critical Care * v1.0 « Marrow Programme for Anaesthesia Residents



Acute Kidney Injury : Part it - 701

Normal range ¢ 4.0 to 7.8 P e Active space ----«
Reidic ¢ UT1
Alaline : Infection with urea splitting organisms, diuretic
_therapy; nasogastric suckion
R&C § Hb : Gomerulonephritis,
Hb : Intravascular hemolusis or rhobdomuolusis.
Detect only olbumin,
Phusioloical ¢ IS0 mg/d,
microalbuminurio. : 30-300 mg/d (Not detected).
Nephrotic range : 73 5/ A (Glomerulonephritis).
Tubular range * 1-a g/'d (Reute fubular necrosis).
* Gammopathies : Globulin (Not detected).
Normal : S00-800 mOsm/Kg.
Increased : SIADH, pre renal AL
_Decreased : D, polydipsia, renal Akl
sormal * 1,003 o LOB0
incrensed : Pre renal AR, glycosuria, SIADH.
Decreased | Renal A, DY, AT, &N,
Renal threshold : 16,0~1B0 ma/dl.
Dinbetic § storvation ketosis.
Folse positive  Sulphhudnyl groups, e.q. Captopril.
Dipstick is sensitive for leucoeytes even after ysis.
uTi
Bocterio. convert nitrodes to nitrites,
Folse neoetives @ Alkoline urine.

S et SRS

Microscopic examination
* Red blood celis ReCS). * Crystols,
* white blood cells (WBCS. * electrolytes.
* epitheliol cells, * Casts § sediments.

* 2octeria, yeast and porasites,
° Trichomonas.
aec’crolgtes :

* Spot urine No:
- urine No. <i0 mmol/L = Pre-renal.
- urine Na. 40 mmol/L = Renal.

* Fractional excretion of No. (FeNo) =
- Fenla. <001 (4%) : Pre-renal.
- FeNo. »0.02 (a%) : Renal or post-renal.
- FeNoa.i-3% : Indeterminate significance.

urine Na. X Plasmo. ereatinine
Plosmia. sodium X Urine creotinine

Critical Care » v1.0 » Marrow Programme for Anassthesia Residents



