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Tosukhowong P, Yachantha C, Sasivongsbhakdi T, Boonla C, Tungsanga K. Nephrolithiasis:

Pathophysiology, therapeutic approach and heaith promotion. Chula Med J 2006 Feb;
50(2): 103 -23

Nephrolithiasis or renal stone has been found worldwide; it is also endemic in the
northeastern part of Thailand. Chronic exposure of a stone in the kidney can cause further
complications, from renal failure to mortality. Etiology of nephrolithiasis can be intrinsic, extrinsic,
or combined risk factors. Surgical treatments combined with metabolic abnormality treatments
should be advised to renal stone formers in order to prevent a recurrence. Moreover, lifestyle
change dietary selection of water intake and regular exercise are health promotion programs
that can lead to reduced stone forming propensity.
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fHafeiidndnuandsynsvilsdenanaiadng
namunuadn @2 ldun mazeanaiangalutaanis
(Hyperoxaluria) n1azuaaidangsuilagny
(Hypercalciuria) n1aznsagingalutlaanis
(Hyperuricosuria) naznadinmgeludlaany
(Hyperphosphaturia) A2 e lulagnny
(Hypocitraturia) AnazunniiFessiluilaanns
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(Hypomagnesiuria) nainuna@ensnlutlagoz
(Hypokaliuria) N1EdNAAUBINTAAN UAT
quﬁmﬂnﬁmmm?ﬁué\*)mﬂﬁmﬁoﬁLﬂuwTuLﬂqa
(Abnormalities of inhibitory macromolecule structure)
ﬁumm‘lugﬂﬁ > fadumnamunuednianiiiiaam
a‘?ﬂﬁ’ry'aammn'lumm@ﬁq Faenanyldiauunin
Unfinzipaaussialnfinaraning

@ Caldum phosphate

B Caldum oxalate

< a i a [ nl a o
517 2. uanssruumnamutiagnazdauanlugioalsatiala (1) an1sinanees brush-border membrane

a

u , a = =t A o e &
NUTIL proximal tubule (2) anuammaLmﬂuﬂﬂ'awlmmnm?mumuwmLm:rmmum‘lqumﬂﬂn

(3) Wan1sinzresndnuasdannaginnauuIni liRan1sTnvesndn (4) feundaniinizisdi
Juntaeadyvieln (5) Meanssaeudnuaadauweamalutiagciidunauazifinnisqduaesnan
uwnraldeneanganunu (6) feundnuasdussantianuazunadunaamnidndaniziiogadyala

(7) Nananuaadaneangantaunianilnammaasyvialalasaisioluianaetaiidousonviie lif 1y

(8) ﬁ'ﬂu”anLLﬂﬂL%ﬂ“'ﬂ'ﬂn'ﬂqLﬂm'ﬁﬂﬁuaqmﬂﬁuﬁ'ﬂim (9) Lﬁmﬂq?ﬂﬂqﬂuaﬂLLﬂ@ﬁ]ﬂN'ﬂ'ﬂﬂ‘nqLﬂququu
a v - 2 o v e P S a | v a &
Wl‘ﬂqéﬂqﬂ‘lumﬂ@ (10) Nﬂﬂwmﬂﬂq\ﬂuvﬁﬂﬂUW'ﬂim Lﬂﬂ'ﬂl&ﬂﬂﬂd’iﬂﬂLLNﬂTﬂTW’W‘lumu’]i‘ﬂ@UﬂuNﬂﬂ

q
1

gl (11) Aianisinansssdyvalaiay
1'% n’ ' o ¥ <
feutaluvialalaenissoniuresiaun@n (13)

1

flunAnNdau basolateral membrane (12) iNANTa¥14
Aanisirdausesiaundnllfaiinn papila tip
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2.3.1 navesnganglulagns

(hyperoxaluria)
| A e ° o o v a

anrnatanfarudrAaguaniuiauils
- P V= \
Anansaanguan (evannaulifieulanilunistas
aanueantanmiaulLAFe fasdniaiaduann
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panguanlulaanozguiu 40 Haaniusadu Tannas
sananadaulugiiinanitaniafinnsdaiassiaan
uanaINATFuAEAfIe 1 nreluianieniniiy
Iun Aanfiu 3 whaulnanea lednas arflulamsm
wialUsfiuge deacgneendlad wiawdowiu
Inanasueanlas Inaneaian vidalnaaandian (317 3)
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X N % P
Naa1uMITIRna il soniemrnEaUnANinanTsA
' o & o =< 13 - -
ynatnin lialdgaineantuanlduininuni
Wy nagdnan ldidnvieuaiseaniiesuegounse
o ] o -3 ° %4 - 1 3 z
nissimsaa ldidnvinligadueenganliuinau
' ' [l < o b 4 < -
wazdrsnnieldainisogadnluiuldmileudns
vinlinsalaiuduiuuaadannin Mlvaauaaiden
daszlunisdumidueentuamdunanuaaiden
aang1ianlugaanse danaliiinnrgadneendiian
Wrauuazinlignasieangenunluilaany vie
nmlfegaglaaneamnluniazuradengelutlaany
Tneldif@me) (idiopathic hypercalciuria) ¥inl¥iiin
nmazaantangiludasacidduiu wudien
Fumrzannide Streptomyces toxytricini Failans
1 v v
lipstatin Miusranimingudaeuleilawalunig

» | Abnormal inhibitory
| macromolecule
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dasaanelniy inliiAaninslaansileansiangs
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uananiniasiinniafiaiuiialninag
[ 4 -3 4‘ dl o 2 «
wugnesufiduanvguilannaiinasdauassviaan
ganNn HesRInnsaeulnl AGT: Alanine-
glyoxalate aminotransferase IatiiuaninUniing
v
WUgNITNULIL autosomal recessive AzfiansN1 791
r
- gaganguanganInluasazuaretsazannuile
- Y [ -1 -
\Eiesi 4 faear 50 aaadihanguil azifiantarlnang
v
W bigaededinscusiangdalinindn @ Huau
taUnsinwulasuin
P : 3 - -
findngrunudrluauldisafinlnazinag
wiauudadludoumiivelusivaudalunisgandy
asnganivsandasindausiy vnlilinnraranye
sanguasnluigasvsandanlnuasiufvsemad
winfdinamnnitullasinlfaadialni i uaziin
nsAsuazugaeantediagas  wnldaunn
4 v I v - ce
wuiEegaduguld viaansasnuaulniFly
tla@19z 19U alkaline phosphatase uat N-acetyl-p-
glucosaminidase (NAG) Faiilu lysosomal enzyme
2.3.2 mazueaduugeluilaanaz (hyper-
calciuria)
Aantasilagnazfiurai@auninngn 4

o @ e

Radnusiatinin 1 Alanu vieuanndn 250 fiadnsy
fatu fnalnnisdin 3 nalniidndny 1un noztlagnay
ﬁuﬂaﬁﬂumnmnm?q}m"nu"fiﬁﬁ‘lﬁ (absorptive hyper-
calciuria) nztlagnisiiuaa@anuinainnisaans
n3LqN (resorptive hypercalciuria) Uae Mazuaaiden
wnaInnsfuRanala (renal hypercalciuria) @
ihlgnisfalzaiinlfeediae MiltBouaadoy
gniueenuinlutlagnnz azinliitaniagefiinde
i1 1esuaaidunszagluniazindaanta
(supersaturation) TmﬂmwwzuﬂaLfnﬁuﬂﬂn-mmmua:
waadaunaain etalsialunalnl FeeRiansun
fladedu q Suldun mududusesgleaufiazsaua
duindeuaadan Wy winfuaadenluFuings
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gelutlaanar Aariilaniavialiacndudunes
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Inalaacfilulnauan nl¥nnneesansiudanis
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< o L 9] [ 9 - Y o 5
Az iienaimnannerewas Funls dniulu
1 113
nedindacninlnfiuvatraiatuiusruuaueu
wail 21l gnisfusansesusadenluidaany
gl (gUn 4)
2.3.3 amenagingaluilaanas (hyper-
uricosuria)
nragIndunaannfianianniuainud
- - - - ala Ao o
uasddszneulunsadeandlsluiiaaddn vidediowa
waznsalslufionddnvieanfidue niasilaanadl
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AnUnfrenisitnusesls Saudeldeail
2.3.3.1 waaiAuRmnfilunig
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5% 4. uammunuedTNIBIUAR s U NN

nlifinnsudmnsaginunnduvteiinetidnnsagin
Fenas FainifupudaUnAndatuiuewlsd
reatuneuddty 7 Witmunuedduresidiuuay
nsagsn lutszansiia 4 wuiloyuniliies dwsy
ARAUNAR ATy Rl

nazniaaauldd Hypoxanthine-Guanine
Phosphorybosyltransferase (HGPRT) laul HGPRT
¥ uduneunissaniaiussvinanaiiluuaz
laluguiiu fu PRPP 'lu’:ﬁfj’ﬁumnmmmu‘l-nﬂﬁw
ylAnnagesznisie Ussnsfivil azinlidia
G Mulaluguiu waeetlugldaszuin uazgnaans
Lﬂunmq‘%nmn‘%u wazilsznnsiiaes azin R B
fondlelndaia GMP uaz IMP Guflundnuazes
wulmi HGPRT euas ignansadieundulududs
nmienutesiaulessl PRPP amidotransferase 6t
wlfnsinsueeaeulesl PRPP amidotransferase
WAy Wiganaudafdiuianalanduaziug A
Aty deazillgnaraaneiflunsagindnnig

vt @2 dnwullugilaetsn Lesch-Nyhan syndrome
nazaaeuled glucose-6-phosphatase
'luﬂis:u‘f?ﬂ glycogen storage disease LLUU“?'; 1 ol
Fnuuznglaasiiluiden iesannnismaeulni
vl glucose-6-phosphate doumitaaing
Tulnalamuazanlundraile inliinsunmesie
1ad Andauwiladng Pentose Phosphate Pathway
Vil ribose-5-phosphate daualifuns PRPP
g9ty a¥wRdtudandlalnduin wdnnsaginunn
BN (28)
2.3.3.2 NTLUAUNITUANTBILAA
Wwen lsAn1aiden viamuinlnfintaudainen 1w
Tranzfadindentnn daaliidindeauandie dle
Lmﬁgnﬁwmm:ﬁﬂﬁﬁq‘%‘umﬂqnamamelﬁlﬂu
wlaaflunsagFnlutlasnne wudqmniﬂwnduiﬂu
flansnginuds Huualtufiazndunfu@nunnine
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2333 nailnassidusuiie
geensaginuiee unsfinAdIuNINNI3nAR NS
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1wy efvTerunilinnn dnaziduatmaudnaas
nazntagingalutiaanas Wallinsrzarmnsdanana
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sunfianisaiainiuliondlalnduasnsagin inli
szaunIaginglutlaanie

2.3.3.4 Mainuresin neagEn
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Funduritenisudeeantesnsaginigadananasn
daeiln windiiladeteliFueieuTRnazannisge
nduvdainnisdaudsean asinlinsaginduaanin
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wnziamnrnazarelidesluniasiaginniy
nsa lnsaniziiiedidaauilunsasingd pH 5.5
AuudaziinsaginluszduUnfusmntlagnoniy
nan fannsnfiasinionsaginld

2.3.4 neveamnlutiaaizge (hyper-
phosphaturia)

luninzdndfvgiunfazdudiavasine
ndagazdszian 0.31 - 1.3 nfusiedu uazdlian
gandn 900 fadnfusaduariailuntenaamnly
flannnzgedng (Duiladedidndnatauiislunisiin
ATIBNGEAT nalWiinnsduiurelsrquaadan
uaveswadundeuna@aunasin uasiiawasn
fial u'anmnﬁnmﬁmn'm:wmmeqq'luﬂamo:
failutladuwianiliiameduiussanieunades
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aenganld atnelsinaunisiinseaasnaly
flaaazazlifinpruidaslunisdatiamnssiuaes
pH Tutlagnazénegluaniniibidusann @

235 nazEmsannluilagnay (hypoci-
traturia)

Finsmvsansadnin Li‘lumiéﬁﬁmﬂmqﬁq
unsudn ATP anansa s 4 Inenfluanssiausn
fesaiuluigannasd dnsmluilaaiasiignivean
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nrluudazduasiiAnadaias 320 Nadnfusiadu
wanfizzduiiandntuardaduiunioziiaainsd
imansin Jewnesas 19-63 lufthelsaialalulszne
e 4 ¢ aanpisAnwrresa dasiad Inglaaed
wazA.wad AFynyde wodilulszansinelugiinog
ariusen@zamiledu anuazaund wudnm
mafnnardmsasnlutiaansieianay 80-90 wiax
AATLALINMUTFARUNNTITEFY 200 RadAnFuAeiu™
fitlasemanausennsivn lvmansn lutlagnoz
Buri anaziemeiinsadin nazenaeMIsUAINTe
wunaden nzg‘umnwﬁméwémﬁ nslaFueung
sfiatu rdutlaanns acetazolamide Rilualuns
dudamiauraaenlnd carbonic anhydrase ({lusiu
doutladeifindmenldlutlagnazie nnaiisnafiv
AaniuA wheaslamfuaniiantiugisfananszes
Fpinniarudiindu makansldfuansadoniduds
Wwunuedtnrestinemlu 11U fluorocitrate way
hydroxycitrate iflusu FnsafiaandrAtysanisiies
funanfstiann aannnsfdmsnidudadudanidia
rdnuaznsdalnsesfeutioruitidmensnlutiaanay
Fefimrndeefiazifninafinileeflsznauinite
waadanlding Faflufinensuinniaztiaanasd
FinsmmnAe ﬂqq“mdmﬁqﬁryﬁqm ga3n9finda
2.3.6 nartlaanazduduiiessnnis
°11'1m§’1 (dehydration)
UnAtfaainzarsaclyTunuegrendng
2 -3 AnsAefuAuAuUT i Furen g
Fonuimeiudsznuiludasledeladufi B
daundt 2 ansraduduiiiuaimniiaarnsiinoay
induge dleeanudindusesagnsiinniudane
WRAAMNBNRIEIAT (supersaturation) 1#agina
2905 1UsrqBarraesuna@un aan111an uasHeaws
azdumfuwazifiaiduindsunaiFansentiian
uazindauarFeunaamnldninuazngs Sedug
WiRntialaldinedu aastlaannsdnduiioainns
aifuiuiladudiAnylunedaialiynaila sl
mitlaaililiRanasingnaaiiudssiiuasnab
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2.3.7 nnautlagnaziflunsavialusng
wniiuly (Low pH v3a High pH)

ﬂam'):muﬂnﬁmiﬁmmﬁmﬂunmmq
(pH) 'afp:wm 6-75 (848N pH Husnlaan
mmyﬂﬂ'mm'lunwuwannmfmuLammm?mmw)
uRsziuarrfunsaininii 5.5 lullagnez
nsagindaszaziianisanuaniufeundnginuas
nareiluiiolalfsely) anufidn pH AdAngandn 7 az
mlfAaniranuantesiegndne waziilinane
Hufianeaminsalil atnelsinuseiu pH Afaaai
funsfuLrsninuazanns Sneall indaus nns
AT N1FRBNAIAINIEALINMIEN TINTANINNNG

- = al 1 74 - v (33)
tNUNUBANAY ] NINETANENNIE

3. M3TNEILTALNI
o T n' -l aal (34) :’« b %

nisfnelsatialinainuaneds ' Mantedu
ANTHAGRA LWATNINAUNNTTNEINET FINDNNTAL
ANNTTFudTEnue I suazdfunlgangfnssunas
131na® Fan1rfnunlsatinfedandascasinauay
] ' 1 7
AnNAReY Tunisianusne dasfu nisiiatinga

v - vy P PRV S 4 P
Llazﬂ5"1\1Lﬂ?N'LMQﬂQﬂ“ﬂmﬂ’\WﬁQﬂﬂﬂmultﬂ:ﬁuuﬂ?m

lungm Fanasnsevindananasiasiinisinaiuauld
UsziliutFunuansdaiaiisng ) luilaanazlvidng
(% - 4. - <
roiulnd Aeenaaviluninlssifiugn 3 1haw au
1 v
nrzivANtalnAnIvunuedtiiugnuilauas
siaenitinandn 5 1 luntsiemuauldselyd lunas
Anmnadiarasnisineuaznistlesiuniafinia
41 gaunrndssiiiuldleeldnssail 2 9fia Ae nagily
1 ] [ v
udiniannaludvienisasedaun1aiatiagn
(stone recurrence) WIaTWIATAANRIATU (stone
-l - A A -
growth) 8nassafivile Aen1rAnINT At aq
- - S @
199TANIDa419r wazlFuaiansnaiin sauny
anstiudanainiaticatingne q nravdinisinw gail
wWnunssat
1. BFumstdaanne
2. uaardenlutlaanny
3. nengfinlutlaanny

UINNII 2 ARTHTY
Haendn 200 RadnFusadu
v ' -~ - o~ ] [
UatINg1 700 RadnTusaty

laniiale: wenBadazine masnen wazmsasoadngonm 115

4. aanafalullaanaz  viarnda 900 Aadnfusadu
5. wunil@enlutlddnay uannda 50 Raaniusedu
6. Tmsnluilaany

7. lnpenluilagnne

HINNI 320 HadANTNFADTY
\ J - e e «
UALNTT 150 HAADAIIAUN
Fadu

8. pH Uniegludn 5.5-7.0
3.1 mafnulsatiofaeiinedansay
nnsfnunlsafisfaanisinde AdouldFnm
luilaquiugial] ¢

Extracorporeal shockwave lithotripsy (SWL)
‘ﬂ'ﬂm?'l'iﬂ&"um‘:uwnwﬁqmuqqmnLﬂ?:mﬁﬁl,ﬁmmﬂ
wendmfuRamia latu ndade wearudinreny
fungiuiauazilmziduiisasinWuanl

Percutaneous nephrolithotripsy (PCNL)
Aan1sldndas nephroscope daaidnglatinunng
nephrostomy tract 'ﬁmemuawﬁau‘émmmw”n&m
Taumse udarinfiseaniaald forceps Aufiaviald
m"s‘mmﬂﬁq (ultrasonic lithotripsy) u?"am“'i"aum:i‘iq
(ballistic lithotripsy)

Ureterorenoscopic stone removal (URS)
Aannsldnaas ureteroscope TUNALANABALNUNI
nezmnzilaanzidngveln uarldiriesilendaciia
(basket, forceps) Mdiﬂﬂi‘ﬂ'lﬁﬁfll,l.mﬂ‘fmﬂ'l'i' laser W38
ballistic lithotripsy

Open stone surgery (0SS) Wunsitlatinsn
Fafluanedtlned ufuAumieuaz L Aaesiogy
anatrophic nephrolithotomy (ANL), pyelolithotomy,
ureterolithotomy, Laparoscopic ureterolithotomy u
milindesdednlusinentivluvelaeen lnsnnniany
UWHANNYBAUAN 7 Urzinns 3 una

darisFlunsinuniiauazsssutidundlsa
(Natural history)
v pr Py o A o ala
Huasniifafaniuenisuan vwra Hoilinng
gasun1aiulaans wiafaiinisindaniasu
taarnziauson aziflutladelunnsindulasnmiiin
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1 '
ol

lunsdifdiannsoanuiinlule (calyceal
stones) TALAN (< 5 1u.) InenTadey Taedlaifiannng
10 7 ansazdalisieainnisin wisiesiinininnga
- X PR -
uszer q mazdiiinenasciniu viedilsnesail
2 :nl ¥ -l o e d' - g/
naunsndauainiald laafin1sidudeinnngilon
falalifiennas 107 au wudinelu 5 T agiidilon
MAnan1mdaadia T4 48.5 % Tuduauil 50 % Faefu
nsinweniioeen esandnfawiazldnisaaisio
o o ale W s - L el v g
fnmitandahifiaantsmanilasiinadradrsaieainiy
wifliwan1sfneAlid Wasannnisidaaiumiaiia
nadn asidien snduludulaaunanguiiuusin
¥ 2 +
Wasefamariinewniazliaansléiun ileedin dilan
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'
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famaa (stone-free) TaaRnuad1aLALNAINNNT AR

[l
2/ <

fanfign Tnsfiadufiiuarentsindulaideniinag
Fnwn Tun 1198 SruoueedLlszneuvesiia wiatiia
199Ti0 1M nreAniasedle uas anwieagilag
Fats

3.1.1 qunaresiiauazaiinaci

e < 10 . Wuilafnululdy
danlun (50-60 %) flamanildl stone-free rate
i SWL Taeaaawinfiu 79.9 % (63 %-90 %) Tnsllal
Furusnindeadlssnaurnatia fau stone free
rate 484 PCNL aza1nndn wifiuadna@eantnnga
e ¥

U 14
ARt A8 swi lutianguil anduludilon

'
-

- - - - ﬂ;d :’/ t
flauAnUnANINEdInIATelnidnisganiuse
nsvgmeenaeAnia wiediei SWL udlidda

TR 11-20 NN, | stone-free rate nAa

SWL Tnenadeiniu 64.1 % (50 %-82.7 %) AahaAq

wusi Wl swiL Wifianguil adnalsfinusioumia

waravArenauaastiodiuniuasie stone-free rate
S X S X

123tanguiisng Tne stone-free rate Tulanguillu

ngelRdIua"a (lower pole calyces) astiaandn (55 %)
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W upper (71.8 %) uaz middle pole (76.5%) calyces
uaznudnlufisnunalitin 10 nu. 4 lower pole
calyces N1TH1 PCNL uaz SWL Wiualndideaniu
usilufingunm 11-20 na. n1in PCNL Tfuading
Tnefl stone-free rate WAL 74% WA 57% AINATHL
uananiiindadiu (cystine) uarfiauAa@avaan
(brushite) S 1k laiRsa SWL Tnaanisdflaunlng
nd1 15 . Fotuludiaefiiiadusing 7 wenil pog
uAuni AR NI 4ne33 PONL 3qlildTng
neEnuAINAUIMaLaTeIAsznaL

flnawnm 20-30 a. feudiduares SWL Az
lLideud Tnad stone free rate U89 SWLUWAZ PCNL
Wi 34 % uar 90 % ANANAU uazfiguBEnasnl
vaan3fias SWL 9199l 33 % wsiifesann stone
free rate M8 SWL TuauAdesing agjlugnsdaus
33 %-65 % uaziiluAad non invasive Fiuludilan
figialaiannniin PCNL uazlfuansuienasananai
fiananansunld SWL fannunasldanassunatiaanay
Tuvieln (ureteral stent) (N7ldanatiiftatioafumm
fiaflazanaqngaluviels)

flaunn > 30 uu. i1 success rate MAI SWL
WY 27 % Tmﬂuaa:ﬁﬁqmﬂﬂﬁqﬁmmm'ﬁuﬁﬁqﬁﬂﬂ
N1 500 fig.uu. uazeglunela (renal pelvis) fay
Aennr498 PONL fnnfinlungaiilng lifuiusoumia
uaresAsznauaadiia

WL IN19 (Staghorn stones)

- A o a -
un lmqﬂquﬂ'ﬂuQV]'ﬂf‘!‘LuﬂTQﬂ1mlLﬁ:NLL’BuQ

4 3

gudldly calyces ﬁqmﬁmﬁdou’lvqjtﬁuﬁqmﬁmﬁm
e (Struvite stones) ﬁq‘nﬁﬂ%"u'?;'l,ﬁgﬂiwLﬂummw
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