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Acute Kidney Injury, AKI
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COVID-19-associated AKI
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Urinary tests applied to AKI

Acute Kidney Injury (AKI)

B Also known as acute renal failure (ARF), is a sudden episode of

kidney failure or kidney damage that happens within a few hours
n 1 or a few days.
=
PART %'HE%}E{% Causes a build-up of waste products in your blood and makes it
. . hard for your kidneys to keep the right balance of fluid in your body.
Acute Kidney Injury, AKI
v * B Can also affect other organs such as the brain, heart, and lungs.

B [s common in patients who are in the hospital, in intensive care
units, and especially in older adults.
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System Serum creatinine criteria Urine output criteria Renel  Biood Fow
RIFLE criteri Prerenal ory Intrinsic Renal
criteria Sn:]dd;e(n afnd‘sever? redlfxf’tliondir:‘ blo;;d&refuée Kidney Direct injury to the kidneys by inflammation, drugs,
Risk SCrincrease to 1.5-fold or GFR decrease >25% from baseline ~ <0.5 mL/kg/h for 6 h o L e e SO Itiocran e cedbloodis Rl
Injury SCr increase to 2.0-fold or GFR decrease >50% from baseline <0.5 mL/kg/h for 12 h e 3Doioe
Failure SCr increase to 3.0-fold or GFR decrease >75% from baseline or  <0.3 mL/kg/h x 24 h or Al o e sty
SCr 24 mg/dL (2354 umol/L) with an acute increase of at least 0.5  anuriax 12 h + Vascular occlusion « Acute tubular necrosis
mg/DI (44 umol/L) O « Drugs
« Toxil
Loss Persistent AKI = complete loss of kidney function >4 weeks e ases
Ureter « Infection
End-stage renal disease End stage kidney disease (>3 months) ! o
KDIGO criteria
Stage 1 SCr increase 20.3 mg/dL (226.5 umol/L)* or increase to 1.5- to <0.5 mL/kg/h for 6-12 h
2.0-fold from baseline$
Stage 2 SCrincrease >2.0- to 2.9-fold from baseline <0.5 mL/kg/h for 212 h Postrenal
Sudd bstructi f urine flow due to enl: d
Stage 3 SCr increase >3.0-fold from baseline or serum creatinine 24.0 <0.3 mL/kg/h for 24 h PruDS!:;;?kin?:; ;{Q,?es'fr{,'fsdql",'i"}f,y or tumor
mg/dL (2354 umol/L) with an acute increase of at least 0.5 mg/dL Anuria for 212 h e SR
(44 grp}gl/tL) <03r5initi|'71tic_>n of R1R;I'30r,2in patients <18 years, decrease + Meatal stenosis/phimosis
ine 0 ml/min per 1.73 m

+ Retroperitoneal fibrosis
« Prostate cancer
+ Urinary calculi

J. Clin. Med. 2020; 9: 1104.

RRT, renal replacement therapy; *Within 48 h; §within the prior 7 days. Contrib Nephrol. Basel, karger, 2018; 193: pp1-12. ELSEVIER B2
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a Stressors b Insult c Persistent insult d Maladaptive repair

/\ 3 ,.‘,,,g P = s BHIERSHEYEMR120mL - —KBERBL170~180L -
B .2y 1 / 52y n EBERNRAGEENENS Z—

Efferent
— E Damaged = — / arteriole.
S / = )7— - = - .
LT podocyte S e o =\ EX A b=1 Glomeruus
== = = ] lh\’&ﬁ E&ﬂ% I:':|\‘50'""700A1l ar =] EU'& ’ E y A,,e,emmmu
Hyperfiltration * Endothelial and/or epithelial * Loss of filtering units * Progressive arteriole
alterations; proteinuria * Loss of permselectivity nephron loss

Cortical
radiate arlery

* Slight decrease in GFR * Decrease of GFR ° CKD %‘Wﬂ]luuihjjﬁ ® . ;EIML*EFE;&
# Loss of renal functional reserve (AKl or AKD Stages 1-2-3)

Interlobar
vein

= Renal vein

Tubular = Tubular necrosis and/or MVOﬁbmb'aSl‘ Collagen
epithelial cell * Loss of adhesion molecules apoptosis
* Damage biomarkers  Intraluminal cell exfoliation
* Impaired reabsorption and = Tubular obstruction and Sclerosis and/or
Stress biomarkers mitochondrial function interstitial backflow fibrosis

Nature Reviews Nephrology. 2021; 17: 493-502. 11
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Cardiorenal
syndrome

%_

Lung-kidney
interactions

AP\

Hepatorenal
syndrome

ﬁ_

Sepsis

« Altered haemodynamics
» Low cardiac output

* Venous congestion

= Neuro-hormonal activation

* Drugs and contrast media

* Inflammation and cytokine release

* Respiratory distress

* Venous congestion

« Pulmonary hypertension

* Hypoxia and hypercapnia

* Inflammation and cytokine release
« Altered capillary permeability

* Splanchnic vasodilatation

« Increased abdominal pressure

* Altered intestinal barrier

« Inflammation and cytokine release
« Decrease in circulating volume
 Altered microbiota

« Decreased blood pressure

» Circulating endotoxins
» Altered immune response
* Inflammation and cytokine release

* Oxidative stress, DAMPS and PAMPS
* Endothelial damage and capillary leak
= Anatomical-functional dissociation

VB E (R B%

Brain
» Uraemic encephalopathy
» Dementia (long term)
» Stroke (long term)
4

v

N
h 4
Lun
* Acute lung injury
« Pulmonary oedema
* Increased ventilatory drive
4
¥
Liver
Altered hepatic metabolism
and/or synthesis
4

¥
Intestine
* Altered gut microbiota
* Uraemic toxin
accumulation
4
i
v
Immune system
Systemic inflammation

Nature Reviews Nephrology. 2021; 17: 493-502. 13
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Decreased GFR
> Sodium/Water retention

— (o) — (S

’ —» Electrolyte, acid-base i — | TArrytlmu /\
‘@ ‘. o
gl _— g~
. > —> Uremic toxin > .
| | Myocardial | |

 contractili
s Monocy y damage i ty J
activation
t Oxidative stress
__E. ” b Inflammation
Myocardial
apoptosis/hypertrophy
- T Afterload
SNS, RAAS activat >

1 Heart rate
1 ! et

IOV ST R R -2

Acute heart failure
leading to AKI

Type 1: Type 2:

Acute Chronic
cardiorenal cardiorenal
syndrome syndrome

Chronic heart failure
leading to CKD

Hemodynamic
mechanisms: in presence
of acute decompensated
HF leading to decreased

renal arterial flow
and a consequent fall
in GFR

Chronic abnormalities
in heart function
lead to
chronic hypoperfusion

AKI leading to
acute cardiac injury

Contrast induced AKI,
drug induced AKI,
surgery (cardiac or major),

CKD leading to
heart failure

CKD patients have:
traditional CV risk factors
(e.g. hypertension,

ipi ia) AND

acute
etc.

necrosis/

kidney sclerosis and
kidney fibrosis

may predispose to the
development of CRS 3

non conventional CV
risk factors (e.g. anemia,
calcium)

Systemic disease leading
to heart and kidney failure

Microcirculatory
dysfunction,
altered immune responses
exogenous toxins drugs,
and other effects
result in simultaneous
organ failure

Annual Dialysis Conference

15

OLIGURIA

— | Volume overload

ELECTROLYTE | Cardiac output
ANDACIDIBASE  —— | o (NP VR0 icton
(D /" IMBALANCE L

UREMIA

Hydrostatic
edema

__,l 1 Pulmonary vascular permeability [ \

. Proinflammatory cytokines
\.) « IL-6, IL-8

» TNF-a

Leukocyte infiltration
« Neutrophils

«+ T Lymphocytes
/ - Macrophages
INFLAMMATION
Q: 1 Apoptosis

| HmGB1 secretion || TLR4 activation |

Nonhydrostatic
edema

1 Pulmonary vascular permeability
| Alveolar epithelial sodium channels
| Alveolar aquaporins )

AJKD 2018; 72(6): 846-854.
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Lung injury from AKI

Normal alveolar Protein-rich
air space edema fluid

Injured, activated
‘endaihoium

AJKD 2018; 72(6): 846-854.

Case 4 | 535 14£COVID-197% &

i PE AL (AZERR)

IR R R BP: 117/78 mmHg  PCR : 5/26(+) - 6/8 (+, CT>30) * 6/11 (—)
CXR LLLAf3% HR: 101/min Bilateral pulmonary embolism

Ag rapid test (+) RR: 26/min Acute kidney injury

715

PCR (+) BT:37.4C DIC
0,: 98%
kN =1 2021.5.23 6/2 6/17 2021.6.18 6/20 6/24 74
¥ﬁ =g‘|- Hﬂi ‘J< *E Fa = lti EX ?E 1§ ABIR DIL CPREE  RTEEIL VGH POR(-)  MME #E A AR saRE
70, JLJ )( 4 o WIESN E ~ ﬁ T >

1 | L | | | 1 | »
F AR I . KRERE G R E3VTM1 ERIER E1VTM1
COVID-19-associated AKI e
v ﬁ MmEER HE(bgE HE(bBE2 MmERERS FREER-Strip REER-Sediment

WBC: 11,200 ML Glu207 mg/dL  ALB:3.2 gl PT: 106 sec  Glu: 1+ (0.1) gldL  RBC:10~19 JHPF
RBC: 3.74x10° ML BUN:48 mgidlL  LAC: 16.9 mgidL  APTT: 25.0 sec  Bil:(—) WBC: 0~5 IHPF
Hb: 10.9 gidl  Crea:1.25 mgidL  T.Bil: 5.97 mg/dl  INR:0.99 SG: 1.016 RTE <1 IHPF
Hct: 33.1 % eGFR: 45 mmol/L CK: 114 uiL D-dimer: 6.073 Hg/mL OB: 3+ Urothelium <1 IHPF
MCV: 88.5 fL Na: 155 mmol/L Trop-I: <0.10 ng/mL Fibrinogen: 326.8 mg/mL pH: 7.5 Squ. Epi. 0~5 IHPF
PLT: 124,000 L K:35 mmollL.  CRP:0.1 mg/dL Pro: 1+ (30) mg/dL  Other: yeast-like/fugus 2+
Neutrophil: 84.4 % IP:2.9 mg/dL PCT: 0.27 ng/mL pH: 7.51 Uro:<1.5 EU/AL wevccsssmsssssasnsssannns
Lymphocyte: 8.4 % Ca: 8.2 mg/dL pCO,: 31 mmHg Nit: (—) E BT MR (6/24)
Monocyte: 6.4 % ALT: 21 UL pO,: 94 mmHg LEU: (—) " s. maltophiia

Eosinophil: 0.5 %  LDH:577 UL HCO,: 24.3 mmol.  ACR:=300 "

Basophil: 0.3 %  T.Bi:0.6 mg/dL BE: 2.1 PCR: 2500

20
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SARS-CoV-2E# - BEHE

Direct viral effects

¥

¥

¢ Coagu

¥

l

¢ Collapsing glomerulopathy
¢ Endothelial damage

lopathy

¢ Complement activation
¢ Inflammation

YR &

Indirect effects

e Fluid management

* Mechanical
ventilation

* Nephrotoxins

-4

Nature Reviews Nephrology. 2020; 16: 747-764.

Organ
crosstalk

* Fever or sepsis
¢ Diarrhoea

¢ Hypovolaemia
¢ Acute tubular
injury

21

SARS-CoV-25| 8 AKI# =

ﬂascular consequences of SARS-CoV-2

S

[(sARs-Cov-2 |

Coagulation
activation

induced coagulopathy

Capillary
obstruction by |
red blood cells

Fibrinaid necrasis,
“ Glomerular (schemia |

Proximal convaluted tubule |
& L © /.m
Acute proximal  cour l_@
tubular injury - — ‘_/Jg_{ ~
% \a o
Cpodoeye | BT
\ dysfunction i

Kidney invasion via SARS-CoV-2 entry in proximal
tubular cells and podocytes

Imbalanced RAAS activation
Glomerular dysfunction, Inflammatian,
fibrosis, vasaconstriction

A

| Lung/heart dysfunction

NFa @& | Nephrotoxic drugs |~ =
? - T, fi |CU\W
Fluid restriction i \\ }J
L "
Distal tubule | TeEE—— e
instability
Cytokines elevation Unspecific kidney injury factors /

Intensive Care Med. 2020; 46(7):1339-1348. 2

SARS-CoV-2#i i gt 4 2 fig BV 52 &

| Alveoli DC -
: p. S
§ I ==Y

Cytokines o\xooou (

IFN-e

b
A Thrombosis

Macrophage o e
= g,. .y
= Teel, - SARS-CoV-2
,". ®
| e® 0 o
| Neutrophil  'DAMPs

Blood vessel

= Inflammatory
factors or DAMPs

=+ T Capillary
permeability

* Fluid overload

Lumen

° _—
°
e i * Venous congestion
() \ * Hypoxia
: ¢ Inflammatory factors Th .
rombosis
= = DAMPs v

= Viraemia and PAMPs Blood vessel

Nature Reviews Nephrology. 05 July 2021. 22

COVID-19-associated AKIEE E 5 Hf

SCr (mg/l)

2.5

Disease
severity

Functional reserve

Tscr
LGFR

 Proteinuria
* Haematuria

1.0 * Biomarkers of AKI
0.5
AKI Subclinical-AKI (stage 1S)
0.0 | | I I T
0.0 25 50 100 125 150

GFR (ml/min/1.73 m?)

Nature Reviews Nephrology. 05 July 2021. 2
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COVID-19-associated AKI{Ei&ERHF COVID-19-associated AKIJE i
R

Acute tubular iniur B Regional infl i B Older age B Severity of COVID-19 B Nephrotoxins (medications,
jury N glone? 'n, amma — B Diabetes mellitus B Degree of viraemia contrast exposure)
W Direct viral infection B Hypertension B Respiratory status B \/asopressors
B Renal compartment syndrome B Cardiovascular disease or B Non-respiratory organ B Ventilation, high positive end-
B Tissue hypoxia hypoperfusion leading to hypoxaemia, hypotension, hypovolaemia and heart congestive heart failure involvement, e.g. diarrhoea expiratory pressure
failure B High body mass index B | eukocytosis B Fluid dynamics (fluid overload or
B Nephrotoxic-induced injury (potentially associated with the use of antibiotics (vancomycin, B Chronic kidney disease W Lymphopaenia hypovolaemia)
aminoglycosides, colistin) or antivirals (remdesivir, ritonavir) W Genetic risk factors W Elevated markers of inflammation,
® Rhabdomyolysis (e.g. AEOL1 genotype; ACE2 pol eg. ferritin, C-reactive protein, D-
ymorphisms) dimers
Vascular injury W Endothelitis B Immunosuppressed state B Hypovolaemia/Dehydration
B Microthrombi B Smoking history B Rhabdomyolysis
B Thrombotic microangiopathy B Medication exposure, e.g.
angiotensin-converting-enzyme
Glomerular injury B Collapsing glomerulopathy (potentially caused by interferon-associated podocyte injury) (ACE) inhibitors and/or
B Glomerulonephritis angiotensin-receptor blockers
Interstitial injury B Acute .ir?terstitial nephritis; infiltration by immune cells i(r’:’Eaner;aSt:)argnds;ur;osn(sl\tleSrX:%asl)antl-
B nterstitial oedema

N Nature Reviews Nephrology. 2020; 16: 747-764.
Nature Reviews Nephrology. 05 July 2021. 25 26

COVID-19-associated AKIR X £ 46 B B35 241

SEIAIE =B EE | Material | Abnormal Parameter | Elevated/Lowered

=)k BRI - MMAE - DRI+ Urine samples 7 (I Elevated
(pre-renal) ZZY)(NSAID, ACEI/ARB) * % P 7 (RS n ﬁ
sk - AR RERER v WBC 'T—
B Blood t v Neutrophils Elevated 1&* EA % ti ?E 1E m
Bt BE R ARRR AR e PART K AR GRMR IS 7&
(intrinsic renal) &M B/N\EEIL(ATN) ~ #4) ¥ Lymphocytes Lowered i i
(NSAID, proton pump inhibitor, Ferritin U rl nary teSts appl Ied to AKI
antibiotics) e A :tEZSR Elevated v J
EE i markers ~ hsCRP
(post-renal) v LDH

BiE8572021. Vol. 64, No.4
Coagulation markers v D-dimer Elevated

f-\ A v Creatinine Elevated
@6 ft G] r_\% Renal markers v Blood urea nitrogen
= v eGFR Lowered

Int. J. Mol. Sci. 2021; 22: 7082.

27
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29

Property

Explanation

Easily measured

‘Rapid on, rapid off’
kinetics

Dose-dependent
response

Tubular origin

Essential to
homeostasis, injury or
repair

Reliable quantification of a biomarker requires that the biomarker is stable during
collection and processing and the test distinguishes the gene product from its metabolic
product

Biomarker expression must be upregulated shortly after the injurious stimulus and
downregulated after termination of stimulus

The quantity of the biomarker must be proportional to the number of injured nephrons or
the severity of the injured nephrons. Hence, a biomarker must be sensitive to the injury
of a small number of nephrons but also demonstrate a broad dynamic range to respond
to widespread injury

In acute renal failure caused by tubular injury , the biomarker must be expressed at sites
of tubular damage Specific An ideal biomarker should be able to distinguish the injury
induced by different types of acute renal failure, such as volume depletion versus
tubular damage and potentially proximal tubular from distal tubular injury

An ideal biomarker should reflect the injury process, a property called ‘biological
plausibility’, e.g. KIM1 is needed to remove cellular debris, whereas NGAL defends the
urinary system from infection

Distinct from functional
marker

Analysis with an ‘injury’ biomarker should interact in a synergistic fashion with analysis
by a *functional’ biomarker

KIM1, kidney injury 1; NGAL ,

AKIFREIEE

phil i i i i Nature Reviews Nephrology. 2019, 15:599-612.
30

ighRIEE

Modifiers Modifiers
thsiohlogical Physiological
*Nephrectomy \ i * Age
. Canger;:(al single Structure N\ Function 2 Prgeg"a"

kidney hypoplasia » Catabolism
Pathological + High protein diet
. Ihschaemia and/or Pathological

ypoxia * Nephropathies

Toxins * Heart failure
* DAMPS and/or * Sepsis

PAMPS

Modifications
e P L

Physiological ]"’" l‘f,:mn
Hypertrophy . Fleratwn fractions
Pathological (damage) Pathological (dysfunction)
G Glolger\glar d*/ . Decreased glomerular filtration

~ Endothelium and/or

epithelium - A‘Lered pemmabllitybfglomewlar

- Mesangium capillary wal

— Proteinuria and/or . Lmsnﬂubu!aglomemlaﬂeedha;k
« Increase in serum creatinine
= Decrease in urine excretion

. Alwredvaxcularme and | Toss of

haematuria
= Tubular
~ Necrosis and/or apoptosis

= Urinary biomarkers utoregul
— Glycosuria . Los: ufﬁtn-atmn fraction regulation
. it = Loss of concentration and/or
~ Fibrosis dilution capacity
— Altered urine osmolality = Loss of endocrine secretion
» Vascular capac
Stenosis and/or sclerosis « Inability to maintain homeostasis
~ Hypertension * Systemic effects of kidney failure  Nature Reviews Nephrology. 2021, 17:493-502.

31

Bit
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< BREY(BIE)

43 BADH Uosmo 1 B RS hE
REE

AROBIEGE | FABRODE! Peiaisie eGFR | B0

HHRAS FEYE T BUN/Cr >20

Angiotensin Il 1 |—» Na, H,0BIl 1 | FENa<1 |
NaBBl | | FENa>1 |

KA ES

|

RTEIZ IS
| Bumemsr |

dysRBC
RBC cast

ZHEER

urea, Crgt |——>{ BUNICr1,<20 |

RTE
RTE cast

eGFR |

eGFR| |— BEIE

BEAET > BUNCr>20 |

Eé iketpal

MEDMAPS FOR Pathophysiology. Yasmeen Agosti et al. 2007. 32
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BUN/Cr. ratio

BEX it ok = =P T ] Thick Efferent Bowman’s Capsular Kmsﬁ’:'%':’;:';:“ c‘:asamml A- Mepten /WWF!

L Euﬂ mﬂb EEE;E*E capsule epithelium = BUN - [ 3 { ‘ 7o
m R A BR-H BR /)N BN AR 0 R = 45 v BHERSEVRFRSRRE  EEERARRHL - °"""‘?»'oﬂ1_ o - ‘;‘1? .
SREMELERE v BINEBRIE48.4% - e B woul [ =L, L

a7, 500 mOsm [ e (e
m Creatinine | ;M:I - .s:m_r;,o Nl (. |
m 2%({E100~120 ml/min/1.73m? , : el et I 52
A . » v MAREEY - RHR - F&  ASHECHRE - orer 1B ol \ i
L/{_mﬁshﬁ'ﬁgﬁﬁxfﬁkmiﬁ ’ E ogzoo v BINEBRIE% - EELEHW - medulla mm\'\\\_‘// \\\\am/;‘"—'—;m "T" >Urea
:*Ei\ ’ = " O - 1 descending vas rectum 4 descending thin limb 7 cortical col ec:;w";:“
un,a%,.as,ooo Ml FeGFRA100 '( Glame = BUN/Cr. Ratio e e
ml/min/1.73m?2 - 5,000/100=50 - ‘\ Lu'r)nenrif v EEALE10 - Clin J Am Soc Nephrol, 2014; 9: 1781-1789.
=z e 39 Y ==y 4 wman's
BED - S50 - BWAZS NS s + EGlAH20 - TR Aprerenal azotemia -
—% - BUN 24 48.4 57.3
cr. 1 0.0 110.0
33 34

Urine osmolality / SG

Fractional excretion of sodium, FENa

Proximal convoluted Distal convoluted tubule PPN o Ny
= Uosmo [ = BHBENNEREDEENESL
i ients jariable re lion of water
v BRI AT AR - o e e n SFEENEBRUAEES

v EE/NERMEAES - BREEEKH) ZEIFERE -

5 A
 REMBHEE - TERRBEMAKS ABRERE " BAAKRERR
Descending |

: Gollecting duct o
- s e | UnaxPer oo I

v REENENRALS - ARESEEERER - o ST FENa = Prax Ucr 10 <1% >1%

: . - o o and bicarbonate ions
v Functional range: 1.015~1.025 :m;;m L
= lim|
v BRI >1.018 ; B 1 <1.012- e 4]
; Y imb J N \ Papillary duct
o . . el I Delivery of urine
[ wa | mmmEmgay) | mmuE®) | EREMImn > re ]
H,0 93% 99.0 1 tosbeorplori| | Puber sostamplionct water| -ea
sodium and chioride ions.
Na* 140 99.2 0.87 {ascending limb)

35 36
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ACR / Proteinuria

COVID-19-associated AKIEZERRE

n FEMEARAR-BEE-EARGHETEY

= Albumin (RE)ZEE—ERLNER

Podocyte of visceral
layer of glomerular
. (Bowmaris) capsule

@ Fenestration (pore) of glomerular
endothelial cell: prevents filtration of
blood cells but allows all components
of blood plasma to pass through

© Basement membrane of glomerulus:
prevents firation of larger proteins

© slit membrane between pedicels:
prevents filtration of medium-sized proteins

https://healthjade.net/glomerular-filtration/

ACRRAKI#: A

Kidney International, 2017; 92(3): 533~536.

37

Variables
Negative
b I
2-3+

[ Albumin/creatinine ratio (mg/g), n(%)|
<30
30-300
>300

| Protein/creatinine ratio (mg/g)|
<150
150-500
>500
Haematuria with urine dipstick,n(%)

Positive with red blood cells > 5 with automated
urine microscopy, n(%)

AKI (n = 17)

6(35.3)
6(35.3
5(29.4)

4(23.5)
8(47.1)
5(29.4)

3(17.6)
7(41.2)
7(41.2)
11(64.7)
6(35.3)

Non-AKI (n = 331) p value
315 (95.2) <.001
7(21)
9(27)
291 (87.9) <001
35 (10.6)
5/(11i5)
275 (83.1) <001
41 (12.4)
15 (4.5)
143 (43.2) .08
38 (11.5) 013

Nephrology. 2021; 1-9.c

38

SARS-CoV-2#E lgRIZE A S /ER !

S
o U i VLA O - .
AUC 95%C1 value  95%Cl 95%C1 PLR 95%Cl NLR 95%Cl Accuracy 95%Cl

Cystatin C 0.96 (0.90-1.0) 1.00| 900(555-99.75) 885(846-917) 7.84(545-11.2) 0.11(0.02-0.71) 88.56(84.7-91.7)
Albumin/ 0.95 (0.91t0 0.98.9) 30 90.0 (55.5-99.7) 879(839-912) 745(522-106) 0.11(0.02-0.71) 87.9 (840-912)

creatinine

ratio
Protein/ 0.88 (0.72-0.95) 150 80.0(44.3-974) 83.0(78.6-86.9) 4.73(32-6.9) 0.24 (0.07-0.83) 82.9 (78.5-86.8)

creatinine

ratio
CRP 0.89 (0.82-0.96) 5 90.0 (55.5-99.7) 69.7 (645-74.6) 298(229-388) 0.14 (0.02-0.90) 70.3 (65.1-751)
D-dimer 0.94 (0.89-0.98) 05 90.0(55.5-99.75) 86.7 (82.6-90.2) 6.77 (4.8-9.55) 0.12 {0.02-0.77) 86.8 (82.7-902)
Fibrinogen 0.88 (0.79-0.98) 328 90.0 (55.5-97.5) 679 (625-729) 281(217-364) 0.5 (0.02-0.96) 68.6 (63.4-73.5)
Ferritin 0.72 (0.55-0.88) 36.5 80 (44.3-97.5) 53.1(47.6-58.6) 171(123-238) 0.38(0.11-1.32) 53.9 (48.5-59.3)
LDH 0.68 (045-0.92) 260 70.0(34.7-933) 812 (766-853) 3.74(235-595) 0.37(0.14-0.95) 76.3 (76.3-85.0)

Nephrology. 2021; 1-9.c

39

On hospital admission 28th day of hospital admission pvalue
Patient with acute kidney injury (n = 16), mean = SD
Cr (mg/dIf® 13+ 050 14+11 .278
BUN (mg/dl)* 276+ 146 39.9£29.7 109
GFR {ml/min per 1.73 m?)® 563+ 210 58.8 +224° A1
Cystatin C (mg/L)*>* 14605 1.51+045 929
Albumin/creatinine ratio (mg/g™* 185+ 177.9 97 + 108.9 075
Protein/creatinine ratio (mg/g)>* 4B6.2 £ 3755 611.0 + 544.6 .2B6
Patient without acute kidney injury (n = 147), mean £ SD
Cr (mg/dl)® 0.74 £ 016 0.77 048 A19
BUN (mg/dI)* 12.7 £ 3.70 12.8 £ 3.40 605
GFR {ml/min per 1.73 m?° 88.7 £ 525 B888+49 .852
Cystatin €3¢ 0.84 £ 019 082+021 284
Albumin/creatinine ratio (mg/g™* 398+119.2 265+ 101 <001
Protein/creatinine ratio (mg/g)*® 2225+ 4755 124.2 + 1784 <.001

Nephrology. 2021; 1-9.c
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Brlttvs. BHAKIGRISIEE=E Urinary sediment in AKI

Normal or few RBC or
WBC or hyaline casts

Clinical and Laboratory Variables in the Differential Diagnosis
Between Prerenal and Renal AKI

History Gl, urinary, skin volume loss, Drugs or toxin exposure, l i p ¢ < l l i
blood loss or third spacin hemodynamic change RBC WBC RTE cells Granular A N A
S ol i ng [ RBC casts ] [ WBC casts ] RTE casts [ casts ] [ Eesmepiiing Crystaluila ]
Clinical presentation Hypotension : No specific symptoms Pi d casts
“or volume depletion or signs ' \—l—’
Laboratory studies
BUN/S¢, =20 <20 Prerenal GN Interstitial (ATN \ ATN Allergic Acute uric acid
Sediment Normal to few casts “Muddy brown” casts Postrenal Vasculitis nephritis Tubulo-interstitial 3" it retit phropathy
Ugem (mmolikg) =500 <350 ' Arterial Malignant GN nephritis asculitis nephritis Calcium oxalate
i thrombosis or hypertension Pyelonephritis Acute cellular Tubulo- t! y glycol
Proteinuria Nong to trace Mild to moderate embolism Thrombotic Allograft i i iti disease intoxication)
Unjs (mmolff) =20 =40 Preglomerular i jecti Myoglobinuria nephritis Drugs or toxins
FEps (%) =1 =1 | vasculitis Malignant hemoglobinuria (acyclovir,
FEUIBB (%) <35 >35 HUS or TTP Infiltration of the indinavir,
UedS v <20 =40 Scleroderma crisis kidney sulfadiazine,
Novel biomarkers None KIM-1, cystatin C \_ Y, amoxicillin)
NGAL, CYR&1, others Comp ive Clinical Nephrology, 4th Ed.
Comp! ive Clinical Nephrology, 4th Ed)
4 42
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= %’Iﬁ#’?ﬁ?ﬁ %‘lﬁﬁ'ﬂlﬁdﬂﬁ %E%:#éﬁ*%i ﬁ?ﬁ(‘ﬁlﬁ Kidney Lesions/Syndrome  Urine Sediment Urine Dipstick
Prerenal azotemia Bland, hyaline casts, few finely granular casts, -/+ protein
s R 10(60~70%) ZZY)(NSAIDs) 2 5HER #a occasional RTECs
BHE B ME(50~60%) B RE B (43R) 7 ggem Acute tubular injury RTECs, RTEC casts, course granular casts, “muddy —/+ protein
g%ﬂ%ﬁ(iio-ﬁ)%) 25HER REJEE A AR AE 12 B¥ brown” Casts
RTE RBC Dysmorphic RBC Crystal: Acute interstitial nephritis  WBCs, WBC casts, RTECs, RTEC casts, RBCs, —/+ protein, +/++ LE, +/++
Granular cast WBC/Eosinophil RBC cast Calcium oxalate occasional RBC casts blood
WBC cast Uric acid Nephritic syndrome Dysmorphic RBCs (acanthocytes), isomorphic RBCs, +/++ protein, ++/+++ blood
Drug WBCs, RBC casts, WBC casts
YU Nephrotic syndrome Lipid droplets, oval fat bodies, birefringent Maltese cross, +++/++++ protein
gg;ﬁ lipid laden casts, cholesterol crystals
Crystalline nephropathy Various endogenous or drug-related crystals, RTECs, ~/+ blood, -/+ LE
RBCs, WBCs, some WBCs engulfing crystals
Osmotic nephropathy Swollen RTECs with cytoplasmic vacuoles, ~/+ protein
RTEC/granular Casts
Am J Kidney Dis. 73(2): 258-272.

ELSEVIER BiR8 %
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BhEBHEINER SN G AR Le 42 52 18 H o] R AKIGZ i EART (i ?

Tubular damage 3 Tubular damage with Ans °
without excretory excretory dysfunction
dysfunction ¢ e.g. sepsis, ischaemia
e.g. subclinical AKI i nephrotoxin-induced
l tubular damage BUN SCI' UCI'
— T Urine k Low urine T‘UFIHE
biomarker output biomarker
[Dfation] sNA uNA SG Sediment
No tubular damage No tubular damage but = .
and no excretory with excretory cysfunction uAlbumin [sAIbumln] L Posmo } Uosmo
dysfunction e.g. volume depletion,

mild CHF, diuretics

output

e.g. ‘normal kidneys’

Nature Reviews Nephrology. 2019, 15:599-612.

45 46
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Biomarker Type Origin Systemic Proximal tubule
NGAL Damage Distal tubule circulation
KIM1 Damage Proximal tubule
L-FABP Damage Proximal tubule
TIMP2 Stress Distal tubule
IGFBP7 Stress Proximal tubule
IL-18 Inflammation Multiple cell types throughout the body
TNFR1 and TNFR2 Inflammation Ubiquitous membrane receptors
EGF Cell growth and differentiation  Salivary and other glands Thick ascending g
UMOD Unclear Loop of Henle limb

Distal tubule and
CHI3L1 Repair? Multiple cell types throughout the body collectmg duct
CCL14 Persistence (of AKI) Multiple cell types throughout the body

mRNA | Protein . Nature Reviews Nephrology. 2019, 15:599-612.
47 48
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ARIENIS1 RS R BEAKIE ?

Take Home Message

PE wme ES
BP:104/88 mmHg  HEHARIE  &E - ILHABNBERE AKIA B ZERHEASESWINGEEE/ER - EEIEE [Mi5Creatinineit48/)\
HR: 80/min GRS BA_EAER0.3 mg/dL - BEETHAERAENINEERS -
RR: 17/min E
BT: 34.1C
BaE . - , -
B XEh . . . AKIRE S BB AT (50~70%) « B M (25~45%) B % 1 (5%) - 2 REES RIS
ED —RRRIS fEfzDay 21CU fEfaDay 3 BHIENS - EME - BME - (BB NS - [BRIRAEE -
| | 1 1 1 g
BRAER ET :
B2 SARS-CoV-210] K ##5; [E##5| 8 COVID-19-associated AKI - BB EEEHEFEIE
i e e B Hi - o 2 (R 19) 0 BT AE -
WBC: 4,330 JuL BUN: 70 mg/dL BUN: 98 mg/dL
Hb: 5.8 g/dL  [Crea.:0.9  mg/dL Crea.1.3  mg/dL] eGFR * BUN/Cr * Uosmo * FENa * ACR * Sediment& 5815 B = BB R AKI
PLT: 244,000 L ALT.31 UL ALT 10 UL REBE - MENRRERBET LR BRI RS IR ERERES |
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