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Abstract

Urine sediment examination is a fundamental diagnostic tool that provides immediate and clinically
relevant information about underlying kidney disease. Microscopic analysis of urine sediment by trained specialists
helps differentiate among various renal conditions, particularly distinguishing prerenal acute kidney injury from acute
tubular necrosis. It also plays a key role in evaluating slomerular syndromes and crystalline nephropathy. By assessing
cellular morphology and identifying casts and crystals, urine sediment analysis offers critical insights into the nature
of renal injury and disease pathogenesis. Recent advances in automated urine analysis, including digital microscopy
and flow cytometry, have enhanced efficiency and accuracy. These technologies enable rapid quantification of urinary
elements, reduce interobserver variability, and integrate seamlessly with laboratory information systems to improve
workflow. Despite these innovations, physician-performed urine sediment examination remains an indispensable tool
in nephrology. Its contribution to improving diagnostic accuracy in acute kidney injury highlights the importance of

maintaining proficiency in this technique among clinicians managing kidney disease.
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ndesanssmiasfifornaamsatislumsuenuezlsalaviiasing q laslanznsuenaniglannedeundu prerenal acute
kidney injury 88n9INANIY acute tubular necrosis WONING Falunumddglunsuszdiunguennisvedsalalnawesda
warnnzlanefiduiusiundnaiada (crystalline nephropathy) nsUsziliudnuarreusad IUEINITATITNULAATILAZ
nanasasalulaany Frelidiladnuauzeeinis acute kidney injury waznenSiudaveslsaladueged Auinmen
vaunalulagnisnsiadaanisuuudnludf wu ndesganssaufdviauas flow cytometry Ig9eiustaUssansanuay
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nMInsangnoulaaniz (urine sediment examination)
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TanangUszian wu nswenanglaneidsundu (acute
kidney injury) WUU prerenal iU acute tubular necrosis
Metadunzlesniau (slomerular syndrome) Azildl
dadenviludlaaniy suluinnglanefiinanadnesasa
(crystalline nephropathy) nsdanalassasiawas N19959
weNUTELANUDILAAY (cast) WASNANATARARINY d1N1T0
Titoyadaieiiulsaiiiatululald

Tugr9liAdfinuun maluladnisasradaanizuuy
d9ludA (automated urine examination) lASuUN1TWAIUA
2819017n3elan Taedin1suindasganssaiuuufiviauay
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Wwaallinldenauas (red blood cells, RBCs) il 2 dnwauy
aun isomorphic RBCs @1atinainnsidenssnuenta 1ty
nsvndulumadudaany Slumadudaanny uess
lumahutaaine wag dysmorphic RBCs laglanig
acanthocytes \uiusdidensonanladiulnamesda

wastinianv1n (white blood cell, WBCs) laun
neutrophils fdnwaugnay Wuigudnats 10-14 lulasuns
nwuiluedeadu lobe 5ol refractile granule (Son31 glitter
cell) 9199%1AABUl MUY Brownian movement ERRMIGGH
sy (clumping) ananuldlunmezdadelumaiutiaane
vio A1gn1sdniau wu 7 acute glomerulonephritis
1Wusu wad eosinophils o1anulalunmg acute interstitial
nephritis, cholesterol emboli, MsRnidelumaiutlaany
Ussianmnnsnles W schistosomiasis u5e woailsn
mnldaansadiumaaladaauly urine fresh smear @310
¥mstion Wrisht stain #3e Hansel stain Wioliiuwad
eosinophil IFaauiy duwad lymphocytes flvuin
Tnddsstudiaidonuns eranulalun1y acute interstitial
nephritis, Msfnidetalsn vie Wos amvadala nngla
gniauanalla w3e leukemic kidney tUusiu

Lﬂtlaélfiaqvia‘lm (renal tubular epithelial cells, RTECs)
fisUsrevannvians wu nas 243 widew vielluus Siuedua
nnalvg uazdndsnadusenihnavesihiafuadewadg
(Furnaudnaneduedea 7.7 + 1.1 lulaswns wag e
Fudnanamad 13.2 « 2.2 lallasiums) aunsoliusinisionis
g usieviala (tubular injury) w38 acute tubular necrosis ¢
1waa oval fat body \Ju RTECs #ifl fat granule agjm&ﬂu
Tglywandu Waananmsiivledudilvlugadnaiinggd
yosluulullaany (lpiduria) Wedeagiendosqanssem
wuulwanlsdagiiiu high refractile droplet 7ifl Maltese cross
#11190U8890 Mg nephrotic syndrome e

Decoy cells tJu RTECs finaelhsavihlviin viral

cytopathic change Usgneulusme intranuclear viral inclusion

uazdl eccentric cytoplasm ARIYATINIE UIOUIFIT
9131380 comet cells' Tngaunsauwusdnway morphology
panlmdu 4 subtype laun subtype 1 classic decoy cells
fdnweug enlarged nucleus with ground glass intranuclear
basophilic inclusion and rim dense chromatin, subtype
2 intranuclear inclusions surrounded by clear halo fnwu
Tunsinde cytomegalovirus (CMV), subtype 3 multinucle-
ated decoy cells with granular chromatin WLag subtype
4 vesicular nuclei with clumped chromatin and nucleoli
(empty post-inclusion stage) Fadnvazves decoy cells
anaflrnuadnendeiu malignant cells 1§ Usilsanzinide
11U polyoma virus (BK virus), CMV uag adenovirus Wudu
maaﬂ%qﬁwﬁm transitional uroepithelial cells fapsviin
lauA superficial transitional uroepithelial cells wag deep
transitional uroepithelial cells Ing superficial transitional
uroepithelial cells azdivuinluginin RTECs wazilensnaiu
vesiaduarelwadiinind1 RTECs Tasfidusiigudnans
goaflnmdoauszana 10.1 + 1 lulasiwes Tuvaed
s Augnansweswaniiawn 31.2 + 9 lulaswns @3 deep
transitional uroepithelial cells AzHVUIALALENTIEIU
vosianduanawadiilndifsiu RTECs vilwuenaindu
Iagnn superficial transitional uroepithelial cells @u1%0
Ustanzuialduusnn renal pelvis, voln, nseinnzaany
uaz vielaanzdiudu wu nnstdaneaiudaany uzids
L?J'aqmdlﬁu‘f]amw Thlumaiudiaany wien1sinie
Tumaidulaanay @ deep transitional uroepithelial cells
fvsfannzasdadeymaiudasny

maé@iaqﬁwﬁﬂ squamous epithelial cells [Juwag
yoaguuiiveataanizdiu Uate waz Uil
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v s

duiiug fdnwar sunsaun Juukuueg susslduivey
Luiiduedsa wazeradsesiu winnuuinludaanis
ﬁﬂu'ﬂﬁqms‘dulﬂyau?ﬂlaé’wﬁlqmﬂai’mzﬁuﬁ’uﬁfiwdw
maivdaans lnsangludnds warnsafiny squamous
epithelial cells Usinaannlpglinuiiindenvns?
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Normal RBCs

Renal tubular epithelial cells

U 1 wadlungneudaanziinulives
RBCs, red blood cells; WBC, white blood cells

wAgi (Cast)

wAailgUs1amsenTEUen AatwAnandushvediusiu
uromodulin %38 Tamm-Horsfall protein Fadnnwad
Tu thick ascending limb of the loop of Henle Wssn
Qzadumnulu d@uves distal tubules wag collecting ducts
waro1RduiveyNIAENIUT IR

Hyaline cast wpaviwfinfiaylifiwadudowudu 9
1WaUu LLazwulmumzﬂauﬁamaxﬁﬁmmL?’J’M‘ﬁuqa i
dndudiuvsenoudes wsedl pH a1 nuldveslunniy
Aflsnsnisnisivaveslaanzanas Wy nae prerenal AKI,
nseanmanIentn tazn1slterdutaanizusyian loop
diuretics

Granular cast An9INATazaNvesATTdaIofa
91 RTECs @esaufislalelon uaglusiu uromodulin 814
dnwazne1U (coarse granular cast) n3oazidun (fine
granular cast) LLazUWQﬂ%ﬂaﬂﬂwauﬁu muddy Brown casts
Duwilaves granular cast Aiddmady duivgiuin
dihmadininain mitochondrial pigments %58 lipofuscin
pigments TiAnnlUsAuigneendlad nuldueslugiae
fifl acute tubular necrosis LLazﬂﬂﬁaiﬂLﬁuﬁaﬂd%ﬁﬁﬁﬁm
vosmsuinduluviolafisuuss §Uae7il granular casts $1um

Transitional epithelial cells

Squamous epithelial cells

Oval fat body

undindnensallsailald uaziloniagsitazléfunisvan
naunule

Broad cast dA31undiauinndndusugugnans
voufinldonunsinga wie aldenviaiuda lasgdn
agnudnuuzidu fine granular broad cast #38 waxy broad
cast Usidenieviolaiivenedaeen (dilated tubules)
wullunsdlvadlsnlameiFess dau Waxy cast dufugiui
\Aina1n granular cast figanesy Snweasr MdF T high
refractive index, rigid edge, sharp, blunt end PRGN
wesanmiisnsnsinavestaanzanas wu Tulsalane
Fo%s

Fatty cast LAin91nNN15@a1862U99 oval fat body
zfiudnuay Maltese cross w89 fat droplets e
dosginendosganssmilnanlsd wWudediu oval fat body
wulalun1iy nephrotic syndrome

Cellular cast fimagviindne 9 wu Wndeauas Waden
412 9150 RTECs Hesaluunayt Uadnnefiiieadestumssnian
wianisuiadulula n1swu RBC casts Usddenisuiniu
voslnaesad YQUETIN1TNU WBC casts 919UsuaNGan19e
interstitial nephritis azn15WU epithelial cell casts Usuan

2401y acute tubular necrosis
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Broad granular cast (Becoming waxy)
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RTEC, renal tubular epithelial cells; RBC, red blood cells; WBC, white blood cells

wanAsana (Crystals)

KEnASARaLANINAITANALNOUBIBINTBIATTA N9
Tuilaaniy (supersaturation) 3n15duiudundnasaca
wduegfumnudutunazauiunsadisesdaany’
(Ui 3)

Uric acid crystals ﬁ?igULLUUVL@fLLﬁ amorphous uric
crystal, anhydrous uric crystal (uricite), uric monohydrate
crystal @ uric dihydrate crystal Tnefinuvesde uric
dihydrate anwaugidu amber rhomboid, barrel, needle,
6-sided plate & strong polychromatic birefringence Wu
Tulaanzdid pH Wunsa waveraiendesiunnie acute
uric acid nephropathy Tunmg tumor lysis syndrome %38
TsALni

Calcium oxalate crystals (Junsadalalfid (colorless)
f@oagUuuude calcium oxalate monohydrate HUkuu
1H1143 (ovoid) uyis (rod) #se dumbbell shape uazil strong
birefringence @u calcium oxalate dihydrate Hdnweug
\Wugesanmune (envelope shape) il weak birefringence
Tagdrulngjfnagnuguuuulaguuuunisludaans uid
919z nulunulatng annsanwulunsdlves hyperoxaluria
191 primary hyperoxaluria %38 acquired 910 enteric
hyperoxaluria 39.8uraaINN1SKIGA gastric bypass N3
Isuinndudmaasadonadituruings Suusemuusiiles

UTuaun ethylene glycol poisoning #39n15U3lNADIMIS
7151 soneiangs uazsinwulutaanziidunsa

Triple phosphate crystals %38 Struvite crystal 3o
magnesium ammonium phosphate hexahydrate laiiid
fdnweauzr1Ualasan (coffin lid) prisms, trapezoids wag
{l strong birefringence wulullaanzdidusng wazduius
funshnevinuuaiisefiadrveules urease wu
Ureaplasma urealyticum, Corynebacterium urealyticum
Wudu

Calcium phosphate crystals ﬁaaﬂgﬂtmuﬁa ortho-
phosphate Snwauzidu amorphous round granulation
1 weak birefringence wag brushite on1aflanwaiziu needle,
stick, rosette, prism, stars, splinter-like, 9158 rods wazil
strong birefringence wuludaanzfidusng uazeraiieatos
fluN11E acute phosphate nephropathy

Xanthine crystals dnwauwidu granules, uagiduuns

=

il strong birefringence nulutlaaziiiunsa e1aiieates
fiulsA xanthinuria 191 autosomal recessive xanthinuria
Fiduwaunannisun enzyme xanthine dehydrogenase
hlugmsdaes xanthine visenaiduainmslien allopurinol
w30 febuxostat 7l xanthine LﬁﬁJQd%‘lﬁ]’]ﬂﬂ’]igUg’ﬁ

enzyme xanthine oxidase
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Cystine crystals i@ \Juwdunnmden (colorless
hexagonal plates) i weak birefringence wulutlaang
dure orieatesiulsa cystinuria Wy autosomal
recessive hereditary cystinuria %39 acquired cystinuria
vdanmsUgnanelaifianuiinunfvesnisvianuves proximal
tubule U1lUdn1sduesnves dibasic amino acid laun
cystine, lysine, arginine, ornithine Lﬁu‘ﬁu

2,8-Dihydroxyadenine crystals danwuy reddish
brown sphere i strong birefringence wagidu Maltese
cross wululaanzilunsaniossils iesanavanei
gLl enaifiendoiulsa adenine phosphoribosyltransferase

deficiency (autosomal recessive)

Cholesterol crystals Snwuzidu large notched

Calcium oxalate monohydrate

JUN 3 esadialunznoutaanyinulives

Aminopenicillins,

quinolones, ceftriaxone
(needle-shaped)

5UN 4 ndnaSadaiiinanelungneulaany

Calcium oxalate dihydrate

Sulfonamides
(hexagons or ovoid structures; wheat shock;

geometric plates finwulugUas nephrotic syndrome #3e
Tulaamziudddu

Drug related crystals wuiuﬂamwijﬂa8‘171'1(31'%'11&1'161'1&6]
(3U17i 4) ¥l9AAn intratubular obstruction wa¥n1I acute
kidney injury sndulwgiduiaduasadalulaansidunsa
gniuen ciprofloxacin fivzanagnaulutlaaisibusiia
Sulfonamide crystals lLufidgnwasidunnndsunionds;
sulfadiazine crystals dnwaugidu shock/sheave of wheat;
Amoxicillin crystals lufiadnuwagiuduung (thin needles)
3o 1dn21a (brush-like broom); Ciprofloxacin crystals
1518 dnwaziudy, sheaves, star fans; Acyclovir crystals

\lldd IS Y

1318 fdnwasiduduuig; Methotrexate crystals fldwaes-

[

- 2 &
11e1a anwelUuUNUIg

Uric acid

\

Calcium phosphate

Atazanavir

(needle-shaped)

dumbbell; needle-shaped; fan-shaped; rosettes)
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Indinavir

(plate-like; fan-shaped)

3U# 4 wina3adaiiinanetlungneulaany (o)

ﬂ'ﬁLL'UaNa‘VIqﬂﬂaﬁﬂﬁ]ﬂﬂ%@gaﬂgﬂau{]ﬁﬁq'33
Acute kidney injury lLag chronic kidney disease
senoudaanzifuedesiieddylunisulanansndin
Tnsamzegdsunmsddasunneladeundu (acute kidney
injury 3o AKI) tiesnnlunnislamedeunduiinisuingu
yadlaoguniaga iliwaddoyvielangaasneanuily
Haane dwalimuweavivavisadfnunffiaziounendanin
voslsn Fsanansatrouenamgueslsaldegiauiug daan
Tsalmedesdaiunssuumsresdureslu fimsusushues
Touazinialnlaglifiwadvanasnuin azneulaanylulsa
Tameitesedainlalsuinng W eranular cast 1130 waxy cast
Glomerulonephritis wag Nephrotic Syndrome
MNASIINUSNYULALNBULUU nephritis An uindonuns
¥i30 RBC cast lulaanae Ineflinusirewlagsondaqassem]
wuu light microscopy Wu RBC cast 31u3u 1 dusoilan (field)
%sedl acanthocyte 1nninsesay 5 vesdiuundonuns
w30il dysmorphic RBCs 11nni13eeas 50 w3e 819
phase contrast microscopy WuauIU dysmorphic RBCs
wnninsesay 75 vesinwudnidenundluilad squfu
nsilusAudalutiaant: avdrvativayunisidedonii:
proliferative glomerulonephritis d@unsaidaanzvesye
nephrotic sinaglinungnoullaanyfifivad enanundngiu
nsSeslutulutlaanie wu oval fat body, fatty cast,
cholesterol crystal @sazatfuayunisidadoniag
non-proliferative glomerulonephritis a&Jwi%ﬁmmmwﬁ
fnlavinlfiAalanedsundu Sedudrgdasianglaie
Lﬁauwé’wﬁaqmmm@;ﬁus’mé”m WU prerenal azotemia,
renal vein thrombosis, nephrosarca, 930 interstitial
nephritis {usiu d13uithe nephritic-nephrotic syndrome
%mmsammwumzﬂauﬁaanﬂé’ﬁgﬂugﬂufuumau nephritic

urine k8 nephrotic urine $uAU

Methotrexate
(crystalline cast/crumping)

Triamterene
(spherical)

Acute interstitial nephritis

dmiunsItaRuNME acute interstitial nephritis (AIN)
wuamznautaanzainnulinazaudnwiglunisly
adelsa NNTANYINUIIEILNTIRTIINUILALRBAY
Tulaanyldfunsosay 20-80° d w3y eosinophil 1 Joya
Hagtuliafuayudmau eosinophil fiunnindesay 1
%39 Fovay 5 lunsiladeuenlsa biopsy-proven AIN 910
proliferative glomerulonephritis, diabetic nephropathy,
%39 cast nephropathy 1a° Tugiuves WBC cast ﬁummm
wulunmzduq Idwuiu Wy pyelonephritis, proliferative
glomerulonephritis, acute papillary necrosis IWEJEIEU
Tunng AIN aansanusgneuludlaanszfiuszneuludae
RTECs, granular cast, WBCs uag WBC cast umagluiny
dysmorphic RBCs %38 RBC cast Fehumanunzneuilaane
fiasdosmtuuseinsduiaenidianudes msvhnsiene
%uﬁalmﬁaﬂwﬁﬁ%éfaﬁgﬂé’aq

Acute tubular necrosis 182 Pre-renal acute kidney
injury

dmsunsitadeusnlsaniig acute tubular necrosis
(ATN) uae prerenal AKI Fafuilyymiinulfveslugiannne
Tanedsundu Msnsanuanusnzvestlaangiing
Aefulden (isosthenuria) Uszunad 1.010 A1SWU granular
cast lnglan1z muddy brown cast wag RTECs Uiuen
841128 ATN 110131 prerenal AKI NNV hyaline cast
39 hyaline-granular cast $3f7U RTECs 9199steatiuayu
A1g ATN fiiaan hypoperfusion, prerenal AKI A
suussauindu patchy tubular injury agslsfnuudl
98A529lUNU RTECs %39 granular cast 9133gliiaunsa
#an1ag ATN eenldld ilesnnsenulusfinnuindidies
$ouay 20-25 v03ihe AKI szeedl 2 winiufl nsanumznau
Yaaneidldfunny ATNS
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Tuunendidnumrves RTECs o1auenldenain deep
transitional uroepithelial cell wuglvlddayanienain
ufaglunisuenvfinveasad Wumnnuwadfiasdesiuiu
granular cast Wag proteinuria pnatindamaanenarrindu
RTECs 3111031 uroepithelial cells Tumsnaduiumnlaladl
Jm AKl waz/vie lfingneutaanizdug saudaeiae
anaviliings uroepithelial cell 11nnd1 RTECs uenanni
U granular cast wag RTECs lumyneudaangdimuin
HAMUFUITUTAUAIUTULTIVOY AKI fI88199U NITWY
granular cast $1urusnnlugUasfiueulsameruiadnysd
fanmz ATN fifiauuse wazduiusiuanudedunslédu
nstdavaunulalusuiam

Crystalline nephropathy

nsnsnundnasadatunznoutaazludeyadify
flinlugnisidaduanvnues AKI MAaann crystalline
nephropathies ¥lAA199 N130139NU uric acid crystal
TunznoudaanzvesUaedid tumor lysis syndrome
Yrelianunsnifiadunne acute urate nephropathy e’
MINATIINU xanthine crystal Tuﬁjﬂqaﬁﬁmw tumor lysis
syndrome #ifn&alé¥uen allopurinol agenatilugmsidade
xanthine nephropathy® N115M399WU calcium-phosphate
crystals lumzneutiaanziiiefiunsunsdesndesaildlg
o1398lunN1sITadun1y acute phosphate nephropathy
1nN135UYUsENIU oral sodium phosphate solution il
dmsumisuanldnounisdesndes’ n1seTIaNy calcium
oxalate crystal Tumgneulaangiievanadlinsiuanive
waziln1iz AKl 52uAU wide gap metabolic acidosis
9139¢11lUgn153U9de ethylene glycol poisoning'
ANSWU needle-shaped birefringent crystals Iuﬁﬂw AK]
ffidldsuen ciprofloxacin aunsagaslunisifdadonine
ciprofloxacin crystal nephropathy’ eghslsinuissy3ai
nsaanuasasatunzneulaanzlilamnetianzinun
wnely iesnnanunsanursasaluilaansluannzundld
Tosamedlodellaanzfialiuund 2 Flusdeudiazvinig
avranzneulaans wdelinsfuussmuemsiitiansuisedne
TuU3annige Wi oxalate crystal 1anundRINMTTUUTENY
onsiitleanunangs e dnlvu Fenlnuan wise frdasous
satulunsudanadasnsevhimfuteyanisedin wans
asrateuiifidfuldfuvinvendnaiada wazasnau
Tutlaanedug Uszneuiuisasvisatvayuimanaiada
finusdu pathologic crystal

Uszandnmlunisitdadennizlamedeundu
nN1IATIAnnaulaanisiesiiendesganssau
n1snsrataaniziesdiendesganssadidunismaaeu
Aduenldinaliuin aasasianielu 2 dluandafv
fhoghsilaaniziiomautanaiignies ilesnmnniistiaany
Puruwadazunnaats annsdnwiluefinndn 15 I
UAINUI Sruunsiiaguuungnautlaanay (urine sediment
scoring system) @1u190%287UABLENN1IE ATN Lag
pre-renal AKI leiAeutnsusiugy lun1sidadedqend
Anglamel@sunaudiuiu 231 579 N15ASIANY granular
cast 1-5 flu low-power field [LPF] wse RTEC 1-5 ¢
Tu high-power field [HPF] a@u1savitunenisitady ATN
Tagnausiugn Taeiian positive predictive value (PPV)
fi%awaz 100 lumenduiun1snsialinu RTECs w3 eranular
cast @w1sn3tady prerenal AKl lasgrausiuguieaiu
Tnefl negative predictive value (NPV) #i¥osay 91"
SnnnsAnwmdanuiinisnnatiaangsaondesgansami
\Wasun153Tadeann prerenal AKI Wiy ATN $osay 23 uaz
Wasun1itadean ATN Ty prerenal AKI Sosay 14%
wenniinsasanunzneutlaaayiid eranular cast waw
RTECs §afuiusiuainusunsevesn1ig AKl Lagaiuise
T iunenensallsalddnaae §Uae AKI fidazuuy
granular cast gefimnudsslunininnnig Ak szﬁuqmm%u
9 7.3 Wi warduiudiuanudswesaududulunis
Urdanaunule Tnenuitnisiunenaswsnisaainduly
lusduuy dose-dependent relationship® wenani
AZWUY granular cast Wag RTECs Jeanansaviunensiug
vaslalugtredifinnglanedeundulddnse Tnsmnny
granular cast #3® RTECs USNIau1nUIUDNHI8MT
ﬂﬁﬁuﬁmaﬂmﬁﬁ?ﬂiwjﬂa‘c’Jﬁﬁiﬁmm granular cast %3
RTECs Wounin
NM13RTIARzNaUTAANIZ 019U TONYINTAINITAANIE
AKI laBndqe n1sdnwilugdUaediuiu 164 17l Su
MSHRARI WUIIN15ATIANU RTECs %30 granular cast
Tunznaulaanzauisaiuienisia AKl 1dae AUC 0.58
fiarudumegedieiosay 94.3 sgslsinunuinfianul
Wivsfovay 22.8" Snnsnwmilsvilugitrefiunlsmetuia
fesanidu wuinisnsatlaanenungneu RTECs wie
granular cast @u150vunenIsiia AKI laseaudnig
fireutsgaudvinanuliduiy Tasagunimsisnzney
YaamzAsudadiamudinigaon1g ATN uazaunsavinuig
5N AKl SauBanadnsfives AKI 18 wininesan

110 U Nephrol Soc Thail 2026; 32(2): 103-120

https://he01.tci-thaijo.org/index.php/JNST/index



Review Article JNST

Ypanznaudaanzlunisidadutaznisnennsailsauas
amglanedaunau

lanusznauldaiunsafiazsinnig ATN eanluliifiasain
fanulireudnein a19190 1 agunisfnuidsednsam

A19199 1 MsAnwruseansnnvesngneulaanizlunsidadouasnensalnnglanedeunau

n1sANY Population ‘ N ‘ Outcomes
Chawla et al. (2008)" AKI 18  |Renal non-recovery AUC 0.79
Perazella et al. (2010)” AKI 197 | Worsened AKI AUC 0.75
(increased AKIN stage, RRT, death)
Bagshaw et al. (2011)*° AKl'in ICU 83 |Worsened AKI AUC 0.85
RRT/death
Hall et al. (2011)" AKI 249 |Worsened AKI AUC 0.66
(increased AKIN stage, RRT, death)
Schinstock et al. (2013)™ Emergency 363 | AKl occurrence by AKIN criteria AUC 0.57
department Sensitivity 22%
patients Specificity 91%
Goldani et al. (2020)* Cardiac surgery 164 | AKI occurrence by AKIN criteria AUC 0.58
patients Sensitivity 22.8%
Specificity 94.3%

AUC, area under the curve; AKIN, Acute Kidney Injury Network; RRT, renal replacement therapy; ICU, intensive

care unit

n1sasavtasIzinznaulaanizuuusnludf
(automated urine examination)

n13nsransneulaaneiesiiendesganssmiiitednin
TuAuLsIU nan QL%EJWW waztyvues interobserver
variability #ivilsinanisnialiuduew Sainmsiamnnisnsa
Yinsgngnoutaanzuuusnludfiiveliaunsansiadey
fod1alied19singy annszau wazUssudaduyu lay
SEUULME N HAIN50USTUIANAAINUUUAITATINH
pgdaanzuarduunwainisoynia lngodedanasiiy
nepeufmehuiunsmsaure s mthiiviesufoRng
MTATIERTaaIAMLsTUURTI9oRWTR LA UAL NN
Tutlagdu 1lesainannsoiinssisedsiaansldegng
ndwmariivseaniam @15199 2) Tnewmaluladundndlésu
WauAe MTRTeRaInaIiaveseunalulaadz (Urine
digitized microscopy) wag automated flow cytometry

Automated particle recognition

S¥UU APR WUs¥UU iQ200 (Iris Diagnostics, USA) #3®

FUS100 (Dirui Industrial Co. Ltd., China) lwmalulagnislua
laminar flow vesilaanizlngliifesdumios aufuroniung
f3via APR LﬁaizqLLaxﬁi”lLLuﬂaqmﬂiuﬂamw lnanaed
FWleagdunmeuniAndl 500 MmseauALaYIATIZlAY
Taswreuszamidion (neural network) Aifigiudoyann
$1983an91 26,000 AW FaszuU iQ200 A115034UNBUNIA
lade 12 Uszin® wazananudndulunismseudiegng
sefle udinadesodediferviglunisniivasunazda
Uszianeymalmilunsdiilusunsulaianunsadiaseilsd
gndoe Tudagdulafinisysudseimunssuunsiataane
SoluiRmenisiaszininidvastudeidoniiefiuniny
TarmNTNIZI0IN1IATI WU DxU Microscopy Series
(Beckman, USA, 2021) ifugudsuugees iQ200 fiseadu
Frograldunniunaransnsanusiduiidemumunynau
Jagnymeiloaoieasesay 4 @21 FUS-200 (Dirui, China)
Huguimunes FUS-100 fisesiuusinasognagetu uid
Htedinnuanulilunisasianiuuaiize
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A197199 2 WSEUIBUNITASIINENaUTEANILLRILATAITASITLUUD A b ULTR

‘ nsATIINznaUlaaNIZIag ‘

n1sasranznauldanlzonludtn

2AR (Bias) HANUUANANTENINGATI aid]
(Interobserver variability)
Y3umsieeng 12 4a. 4 g,
INTFIU A B
Uinauiognsingiasiedlus i GR
AMTIMUNKANLAT LA Moy 179
NSIUUNTATN B leusididadnin
nsnsaalusiu Mo 14if
nMsmMUSunaeunA Uszillualnguszuna Toiiauiusiug)
NNIIUNUNADALUIIR ylalla g
STeEIANTONa i 57
JoRANa1nINNISUUTINKNG 110 1oy
Aldang an N

Cuvette-based microscopy

JEUUNADIRANTIAUAIING 19U sediMAX (77 Elektronika,
Hungary) w%aﬁi’%ﬂﬁ’ﬂu%a Urised Tudnnistumies
Wieasestunzneutlaaniznoumsiinsed wilindesmaia
Funm 15 amdenileiiedne arntuldwenduag neural
network Usvanana 3eszuuiiazuszanananinaenoutlaany
ponunduilannmadieadsiunisnsiangnouliaansies
N19Nd039an35AU” szuundesqanssadAInd Julny
U SediMax (CONTRUST) sautnaluladl phase contrast
microscopy L& bright field microscopy Wiesiiunauiug
Tunsesramesasanasnes @ Cobas u 701 (Roche,
Germany) wag Atellica UAS 800 (Siemens, Germany) 1Uu
Snszuvdnndluel elanligslumsnsiamuaariuaz
A3ada wazanusadeudeussuuasaumalufes jifins
Lﬁaiﬁél,%wwmmaawaLﬁmaﬂé’

Automated flow cytometry

Yaguulatimsiaunssuy automated flow cytometry
Funiiieananszlunsasatwesd mind (asiedt 3) Toe
5¥UU automated flow cytometry lduannisiiaynia

yoadlaanzfidelut ulvar1uin3esnsiatuwad dasunas
waiwes Lileadaunugil scattergram oonuoIATIZI
wlinvesaunIn® f199INTEUUIBY digitized microscopy
Aasizvinmueseynia dregreszuuiildinalulad
flow cytometry lawA UF-100 (Sysmex, Kobe, Japan),
UF-1000i, UF-5000, UF-4000 &sa1nns@inwifisuussanznin
29435N150573 flow cytometry a85zUU UF-5000 §4
fo8nin u 701 Mdu digitized microscopy lusunis
%577 crystal way cast™

Tngaguszuuiiaseitaanizuuudnludfainisonsis
aznoudaanzlanielual 20 Jurfinenisvageu 3
a1desniinisnsiadnsizidaanisaieilenildiian
TnewadeUssanm 2.7 uniidenisnageuuenaininisly
nsinseilaansuuusnlulifdisanduyuiuiany
lneSogas 32 vasosUfuRnisarunsoanituiutnmadna
19NN LA Lazevanduun1nIitadelafg
$avay 70 senisnaasv? Sudunindeniiyiauls
Tunsihunldiiiedeannisensdansesnisnsiadaans
U3uadun
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A191991 3 LUSHULTEUTENINISEUUATIERAINAD ”asuaqmgmﬂ”[,uﬂﬂmw (digitized microscopy) wag flow cytometry

Al

Digitized microscopy

ANBUAIAVIIAVTOVIHAAN TN

Flow cytometry

Scattergrams hifinmuadoynia

aunIpfiszyuaztiule

=3 =l @ =l . .
LALaRALAY, LUALABAYI epithelial cells,
hyaline casts, ASada Lay WUATILTY

< =1 (=3 = . .
LIALARALAY, LUALABAYNI epithelial cells,
hyaline casts, A3afa Loy LWUATISE

UoR ﬁmwiﬁmmaauimaﬁﬁmsmm Tanudemneyies
Uinausegnatusi 2-3 ingang 4 faddns
Fmuusegsiedalug 65-100 100
JugUnsal Tlidenvannvuaiy flvidenduiuiley
371 2,000,000 um 4,250,000 U

Uszansnnlun1sidadeniazlane@eunau
A28N15A5NLNDUUAE1IZUUUDNLUNR
nsfnyvessTuLInTsRnmAIaveseunalulaane
Tagld 10200 Tugtne 25 Tefifianzlanedeunduain
ATN WU3158UU 1Q200 @11150m5399U granular cast oty
Jevay 24 Y9Al0810fleuniuSeray 72 91NN1IMIITL0Y
frundes Fadlauuandisegredidedfy® Snn1sAine
T¥5guU Cobas 6500 Wag Q200 Wisutunsiasiztaans
wafendesvendmiiifiviesufifinisnuin Cobas 6500
asranudinidenvnmeainuliesas 93 uaraud g
Soway 87 uavananuldiadentasmisaianyliSesay 82
wazAuszSenar 81 Tuvarfiszu 10200 asvanuin
Wonunmlgamnuliipeay 92 wagaudwizSevay 71
wazAsIanULladenwnenl8AIAN T euay 90 Lay
A INzdepas 63° uenINENTIASIERTaEIZLUY
dnluiplaglaniy flow cytometry gailvodninluniunis
ns193dadeunadiazasada Taon1sAnwmdamuinssuy
Cobas 6500 fimaulalun1snsia pathologic cast e
Soway 39.2 wazA1AUTUNIESeuay 98.1 @l UX-2000
fiAmnulilun1smsaa pathologic cast Wiwsiovay 45.1 uag
ANANT UL DAY 93.7%° NSAN®IIBITLUY automated
flow cytometry lagly UF-1000i Tullaaniz 214 dregis
WUINEINN5ATIATUAS LG RALAY Wadldinldanuil
wazwadidoyin IdAisuwiiunsaTanznouliaansies
FIENADY WATIATITLAY LA bALYIINITATIAD Bnns
Anwmilsld UF-5000 asradlaanzsiuiu 636 faegaa
wudrfianuhilunisasianmainazaSanaliiosssvay
31.03 wavdovaz 62.75 mwaidu wlefisuiuszuy

digitized microscopy wiim UAS 800 fiftaulalunis
ATIALAAY wazAsadaasieTeray 63.79 uazseuar 80.36
NPT
lavasunisnsiadaadzdnludfdensddedninlu
UsgdvBnmuazanuuiudn wasnsineilaansieing
ndesganssenilaofifeaviqianadu gold standard il
unumddglunsnsinidadelsalaluteqiu

nsasaanznaulaazSsudieuiuiaisn
nsganwlmidmsunizlaneideunau
(Novel biomarkers of AKI)
Jaguiidadfan1sdanmilgnitmuitudmiunisg
rduuazneinsalvesnnzlanedeunau wu neutrophil
gelatinase-associated lipocalin (NGAL), kidney injury
molecule (KIM)-1, interleukin (IL)-18 @38%3annsganam
wiaiUsuenianissniavuinduresienigla nsdnen
299 Hall dazAs’’ Wudn urine NGAL, urine KIM-1, urine
IL-18 wazAziuuaINN1IRTIanznaulaaniz amsadiguiu
msviweAIdes (net reclassification index) va AKI I
oesilidAgy lawila area under the receiver operating
curve %39 AUROC 84 urine NGAL 0.74, urine KIM-1 0.68,
urine IL-18 0.68, urine microscopy 0.66 Iummxﬁ
fractional excretion 489 sodium (FENa) way FEUrea,
fi AUROC 1fis 0.58 waw 0.6 sudndumintdu Tegawmeni
wansliiuInnisaangneudaanivilnuududilunig
wennsaflselndlAssiuiudidaazuul (Uil 5 uaz 6)
Tuvaefl FENa %30 FEUrea fimnuanunsadisesnitlunis
NYINTOUNAANS AK
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Na3%9 UazAale

9

60] M NGAL; P<0.001
[ 1L-18; P=0.001

50

a0

30

20

10

Primary outcome occurrence (%)

Quartile 1

Quartile 2

M KIM-1; P=0.003
W Microscopy; P=0.006

Quartile 3 Quartile 4

Biomarker group

JUN 5 nsurisnanadidianatininlnidmsunlanel@eundusuuniy quartile waz urine microscopy score
0, 1, 2, 23) lumsueraansnglanelReunauinigasazdnsinsdedinlulssmeiuia (worsened AKI or in-hospital

death)"’
Differential Prognosis of AKI
sgﬂfwc’?\sﬁ diagnosis Worsened AKI
: of AKI Need for RRT

4,

1

JUN 6 unugiivanuinianisidnneutaanylunmsguaitisniglanedeundu®

AKI, acute kidney injury; RRT, renal replacement therapy

waaImemstaanz (urine cytology)

Urine cytology %38 urine cytopathology Aa n13AN®N
dnwauzveswadinululiaanslaglindosganssel Jutu
nMslengianuAaUniveswadieymauduilaais 1wy
waduzlse wadhnite uavwadiiidnuusiingd wadai
Anannn1sasrailaanziilunseiidedddnisnioudiogng
wuulaniy W nstu (cytocentrifugation) n13ATaLEAG

AIBUEaNEed kazn15dend Papanicolaou NBULNLINTIY
srendosganssal Tneiluinldlunisidadonzifeves
madutaaniz lneianiz urothelial carcinoma TugUae
fitaanzduden Alilsinanlnawesda
UBNINAIIATINTAAULIS AT urine cytology &adl
wmmﬁwﬁmiumilﬁhisi’qmsﬁmL%a polyomavirus L
BK virus Tugthedgnaigls Tnenuineadiinnde BK virus
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ildnunizlanziiiendn “decoy cells” Fao1aiigusng
Aaewadurise vlideserdeanudiunglunisulana
MIRTIaNU decoy cells agasiaiiios Tnsanzludnueas
finunelu casts wiofidhuiunn fen positive predictive
value gefieSorar 75 funnnitSevar 90% lunsving
1172 BK virus nephropathy™ wenaINi Huinnisanas
wiemelures decoy cells Tusogsllaaneiimnudunus
funsitusaesguasfinsatudelaudanudinissniay
anae vilinsnradnvaswadlulaamenanadundesde
dhseteiifianusings Usendn uasmnzadluudundinis
asmdeliademaia PCR dded1in
wadAnUnfmaniianusansianulddlushogedaaed
rHunsdeudnaghidon lnslanzidensiasnendesqanset
WUU phase contrast dsteluaniiuseazidenveyad
Tadnauudlalagoud®
annsaszyldanaznoutiaaniziild nisfiarsanaay

& 3 <
N decoy cells WLaglyaauzliy

Dulldvesnnieseniaannzimndudumiwosnis
ez neulaaniziiufsaiunisuedn RBC casts Tu
Nt hematuria 3710 glomerular disease ag19lsAnu
Wl urine cytopathology azfidefnatsusznis wandadl
Fosain wu aulifidreusSewida low-crade wagnis
wanadesordesraunisaivesnma Selddinisneniszuy
nssenurawasine aanylula.a. 2016 15801 The
Paris System for Reporting Urinary Cytology (TPS)” uag
lafinsusuugsludaa 2022* Tngivunnaeiwaziuing
AvaulunisduunvinveswadinUnd (3UAl 7) Lile
anauliadianevessieuna, Wwuauwuglunis
799 urothelial carcinoma laglanzainfiinnuguuss
@3 (High-Grade Urothelial Carcinoma - HGUCQ) wag
Faglvinsdomsszninadnnedineuazunmdgquarvoe
uspuuinnin®

The Paris System Approach to Diagnosis in Urinary Cytology

No/

Is there increased
N/C ratio (20.5 )?

(i.e., not intermediate and

basal urothelial cells)

\

Are any one of the following features
present in the atypical cells?
1. Hyperchromasia

Is there a reason for the "atypia"? <

l

Polyomavirus?
Granuloma?
Ileal conduit?
Urolithiasis?
Reactive changes?

Voo

NEGATIVE FOR HGUC

ATYPICAL

At least 1 features present

2. Coarse Chromatin
3. Irregular chromatinic rim

l

At least 2 features present
and High (==0.7) N/C ratio

'

How many cells with these features?

/\

“Few” ~< 5-10 cells “Many” ~> 10 cells

' '

SUSPICIOUS FOR HGUC HGUC

gﬂﬁ 7 WNUNNASEUIUNSIIBNURaaa meUaaniz mu The Paris System for Reporting Urinary Cytology (TPS)*

HGUC, High-Grade Urothelial Carcinoma
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nsussgnalddeyay1uszhvg (artificial intelligence)
lunsiainisasransnauteaanaz

nansaiieseingnaudaanzdisisnaiy folinng
desrundesqanssaidueaiitosidavarsusenns Wy
ANAAIALARBLIINERTII A1WAN waznsiiatlunisua
wa vileraiinnuaaandeulun1sidedels Machine
learning waz artificial intelligence (Al) FLWTUNUIM
Tunamaunndainniuludagiiu Taserdunisadregrudoya
fifllassaauasiinunmgs Woiaunlunadifienuannse
Tunsimsent ade wasviwenensallsalaagiausiug
warsanEBsty lunsliesginenoutiaany Snisussend
11 Al lEINiunInsIInIndeanssal tneiauwilueg
deep learning fianunsansrasuunviinvenzneutlaany
Wy Wadenuns Wiadenwun casts crystals wavwuaise
Fushugnminisanadendesganssailasuyud uonani
Al §3928Usuls N153ATIENR flow cytometry Feaunsa
asrdveunatulaansdegnmnga andnsnislinauin
auazavanlunHddelsrnnaansiamnadaane®

nsld Al lunisieseginsneulaanzendemealulad
13539101 (computer Vision) uaglaseinguszamiiiey
{3980 (deep Learning) wielvimaufinmasaiunsasiuamn
wazfinunmainndesganssmild Taeviluaefiduneu
ﬁqﬁ39741

AsHAILIlaAa machine learning (model develop-
ment)

nswiedeya (data curation) BusufemssusmAm
Mnndesqanssavesinegsilaaniy §i3ermgazviins
“Fatheiiu” (annotation) vieszydeUstinnuesmzney
Tuusiaznm doyaiiAndoudiaznareidy labeled data
dsunsindulinea Al lutumeudaly Wudumeudifieny

o W =

ddpnnilesnanuusiudarauaiiaelunsiatie
sfuluduneuiiinalnemsaonmnineslinng
AsiALIganasfiu (algorithm development) #175
nsfedeyailasunsintheazgruiadu 3 4a léun asiln
(training), ¥ARTIadBU (validation), uagyanagey (testing)
Machine learning agnilnlviiandnumzvengnauusazyila
Ingodedayaainyern InsinuwazUTuLdaling (model
tuning) Smangsouiiolildkadniddiian udsanluina
Idnadwifiados Fsazhlunaaeuseyanaaeudass Lile
Usziliudsednsnnvedunaluaniniinaeudiaes
N13AsRHUANULsIUEGIMeAGLN (validation)

ganasiuiiunMsiauudzgnilunaaeuldauna

AdinTd InelUSsuifisunadndiunanmsudanaangide sy
fifusyud Welsidulaty Al algorithm fiauntuaziini
udug Uaeady waznioudmsunisldauluuiunmianis
UNNEDT

n151 U9 (implementation)

mil,ﬁumwuazmim%awffayﬁ (preprocessing) 1ae
ammgneullaamyavgnanedendesganssminana 9ty
aefinsusunIn Wy msiinanuendn audyausuniu
wazuoningeaninuvds Taeldineda 1wy U-shaped
Convolutional Network (U-Net) #38 Mask Region-Based
Convolutional Neural Network (Mask R-CNN) gg/lsanunsa
fetoyaidednuazsnoaiBonvesinglandeudu et
Fadnufidaanisanam

AM5ASITVUaLLENUTEIANTRY (object detection &
classification) Inglunatlyausshvg wu Convolutional
Neural Networks (CNNs) 9z3suiainamiisinissyywia
YBIRTNOULAD WU Ialdenuas Winldanw1 casts crystals
dudu uenanidsilanaiianinsonsafuingraresin
Tunmiden 1ewn You Only Look Once (YOLO) Tonsivasngs
mwLﬁaaﬂ%qLﬁauﬁwﬁmqﬁy’wmiumw LWNIZAUIIUY
fifaen19n19m599 VKUY realtime W asanznoulaanis
INIALOUTDAININUIUNIN WAy Faster Region-Based
Convolutional Neural Network (Faster R-CNN)
dun1sWaunfisndiuen R-CNN wag Fast R-CNN lng
\fiu Region Proposal Network (RPN) fiaelinsa9du
LLaszﬂLLuﬂi’mquﬁsmL%LLazLLajus‘J’mwﬁu

199189 URS (interpretation and report) JETREATN
Al gunsaseyslianardnuiuvesnsnauluain sauds
wiafowdonvdRaunifinasfiansunfiudulasunng
wazansaonsefu Hospital Information System (HIS)
iiensdaiuuaz Songuansnsialdesadussuy

UszAnsnnwwvaenslilyauseavg
IUﬂ']'iﬁi'JQGIZﬂE]u{]ﬁﬁ']'Jz

Nagai wazAmg lavaaeun1sld Convolutional
Neural Network (CNN) @95Ug1unnInnannuinlaing
fifluszAnBamIniigndl accuracy oeffissaz 91.8 uaz
dowSsuiisuiuinaaidunvlfid asdanugndodunis
399 urine crystal agfisevay 887 uenanil Erten uaz
A lavnmsAnenmezneutaaniy laun cast, crystal,
epithelial cells, epithelial nuclei, erythrocyte, leukocyte, o
dledes waviaunlueafiuenainazanusiuglaes
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gefiefeuar 98.52 lun1sduunwaduavanauludaane
ui Slimiwennsaeufiamedin uasdausngadmiy
nmsthlUldasdlussuvinssinmaznoutlaanizuuudmluds
Tuvsunedtin®

lun1siasiskaunsiadaanzsnludd dnsudn Al an
39U computer vision fianusasuAnsiUdsuulas
Yo9FlA0g I UET A1UITATILUNAIULANAIIVRIFLAY
Uumssulimnzaudvaninias teandadoniulda
Feandofianatnainniseunalasuywd uenainiisad
n9ld Al Tun1sesigiuaunsiadaanizhuuysuinig
Tngnsiaanseinee wWu nglea Alau uazdayily Usenauriu®
Jang lagAne lawmunluea Extreme Gradient Boosting
(XGBoost) Litevimunerssiiudnsnsnsesesle (estimated
glomerular filtration rate; eGFR) anuakaunsIalaaiy
fwfudeyaoiguazing Jsthsanaudndulunisniia
FSursorAtu Tunallidiarmutugige (AUC 0.91-0.94)
wafaiidedrialuguisurangu 1ilesarnuiasieenail
amzladenlngliflusiusilutlaans® wazdsdinsiamn
woUWALAGU Al UU smart phone agliaunsansratlaaniy
vl dalemalunsdanseslsala®

ogslsfinu wiiiezdauidefisesiudnenimueinis
Usegndld Al uaz machine leaming lunsifisanuusiuen
yosn1snsadaany ilinudesisidussuudnlulf uas
Tinadmdaflusfians uslunstunldate Ssdidedain
wangUszn1s wu AnuwUsusiuvesdayalulanauduaie
windeyaildiinluna Al viaeuvainvats e19neliAn
oARlUNNTIATIZI (bias) Fadawanonisguasnuifiae
uiazse wazenathlugnssindulavnanainiienanels uas
NVINNINAFUNIEUEN (external validation) villanaa
Feliusiusudeldtrunguduae® uenanidaiiuseidu
sussessamaznginglunslityy s iviiieainegiu
doya mnliinnsnisundesdoyaseamnean 019tlug
nadamefinuresdaslaslidsla wienislddeya
Tumaitlildueygm uasvindesnsth Al luldesdluaddn
msldengunsnivienenduad Al fldFunsiusesmengvine
(regulatory approval) MNuILUmMTUQLadNAE UITY
Tuewammsatiulufiniswamuluea Al lHusludiBetu
Ingvgnegutoyadmiu machine learning lvitlvuinlngy
uazmaInuaEnty uaziimsvaaeuneuen elwuule
Juedesile Al dmdumsnsaadaanzannsaldnuldegn
unsvae (generalizability) wazdimuindede (reliability)
Tuauan

GEIL
nsnsrangneulaaiydulinnudidguasdusslovi
Tunsifiadesazguasnuiguaslaneldeundu G
wialulagludagduazinisnsiawuudnluld wian15ns19
ﬁa%‘ﬁmmq%amwim'Lﬁaﬂzhwiwﬁmnmuasamﬁmm
interobserver variability n1snsianzneulaanzlaginne
FengAdaiderlufunaiignain lminensdesnia
wazaaddlddendnuniflofisufunisnsaiiie
nsganmuuulu unndnnaudeaisiianudidguay
Rndunisasiangnaudaaiviiuiunisldteyanisndiin

Tunsquanuldlanedeunduiielilanadnsnavige
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