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ABSTRACT

Obstructive uropathy can have many causes and can manifest as supravesical, vesical, or infravesical levels
of obstruction. Treatment of obstructive uropathy, whether definitive or temporary, has a risk of complications or
could worsen the patient s quality of life. Thus, knowledge of the parameters that predict recoverability of renal
function after obstructive uropathy treatment is essential for patients and their families. Several studies have
evaluated many factors that might potentially predict recoverability of renal function after obstruction release
and these essentially are divided into factors predicting unilateral or bilateral obstruction. Almost all unilateral
obstruction studies used ureteropelvic junction obstruction cases as their subjects and utilized nuclear scan
renography to evaluate kidney recoverability. Factors confirmed as predicting factors for recoverability of renal
function were age, hemoglobin level, BUN-to-creatinine ratio, postoperative urine volume and sodium excretion,
cortical thickness, type of renal pelvis, hydronephrosis grade, corticomedullary differentiation, parenchymal
echogenicity, renal resistive index, and initial kidney function. Thus, these studies all had different criteria for
defining the recovery of renal function, and this might explain the differences observed from study to study.
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INTRODUCTION

Hydronephrosis is a term used to describe a
dilated renal pelvis, with or without involvement

In women, obstructive uropathy can occur
due to pelvic organ prolapse.®*!° In men,
hydronephrosis may follow a benign prostatic

of its calyces, and might arise due to a
physiological or pathological condition.! In the
physiological situation, a dilatation of a urinary
tract structure can occur following events such
as diuresis, increased intra-abdominal pressure
(e.g., straining), or the influence of gravity.? This
dilatation is essential to allow efficient urine
expulsion from the renal pelvis.>* However, in a
pathological condition, also known as obstructive
uropathy, a dilatation of the urinary tract
structure happens in response to obstruction at
the supravesical, vesical, or infravesical level.*”

obstruction.!" Regardless of gender, other
common causes of obstructive uropathy include
urinary tract stone disease, urothelial carcinoma,
other malignancies, and neurogenic bladder.*>!2
To a lesser degree, obstructive uropathy can also
be induced by infection, drug administration, and
radiotherapy.'*™'* Therefore, complaints related to
obstructive uropathy may vary depending on the
underlying cause.'¢ The presence of obstructive
uropathy is also crucial in determining the
prognosis and disease progression.!” !
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If obstructive uropathy is not suitably treated,
it may cause irreversible structural changes and
deteriorate renal function.?*?! Irrespective of the
cause of the obstruction, optimal urine diversion
is a mainstay in addition to definitive treatment
and is performed using an indwelling catheter,
double-J stent (DJ stent), or nephrostomy
tube according to the obstruction location.
However, the use of a urine diversion method,
and specifically the DJ stent insertion and the
nephrostomy tube, often harms the patient’s
quality of life (QoL).?> Moreover, urine diversion
does not provide a complete guarantee of return
of full renal function after definitive treatment.
This could be due to the occurrence of other
pathological processes that affect kidney function
in addition to obstructive uropathy. The duration
of urinary tract obstruction is mostly unknown,
especially in silent ureteral stone disease or
malignancy.?*?

The risk of complications associated with
definitive treatment or urinary diversion,
as well as the possibility of worsening the
patient’s QOL by urinary diversion, necessitate
thorough discussion with the patient and
family, especially regarding disease prognosis.
Therefore, knowledge of the parameters that
could predict renal function recoverability after
obstructive uropathy treatment is essential. The
aim of this review is to explore those parameters
based on the currently available literature.

EFFECTS OF OBSTRUCTIVE UROPATHY
ON THE KIDNEY

Acute kidney injury (AKI), or even chronic
kidney disease, can occur due to obstructive
uropathy, especially with bilateral obstruction.*
The obstruction effects on the kidney can be
influenced by factors such as the duration,
extent (partial or complete obstruction), or
position (unilateral or bilateral obstruction) of
the obstruction, as well as infection and the
initial renal function.?>?¢ The difference between
unilateral ureteral obstruction (UUO) and
bilateral ureteral obstruction (BUO) lies in the
ureteral pressure and renal blood flow within the
acute phase. The total glomerular filtration rate
(GFR) is still maintained in UUO and prevents
acute kidney injury due to the presence of a

functional contralateral kidney; nevertheless,
the affected kidney will suffer GFR decrease
and tubular damage within five minutes after the
onset of the obstruction.?*?”? Tubular damage
causes kidney tubular dysfunction. Dysfunction
of ion transport and urinary acidification is
seen in both UUO and BUO. However, the
urine concentrating ability due to Aquaporin-2
impairment is more marked in BUO, whereas
hypertrophy of the contralateral kidney is seen
for compensation in UUO.”

Damage from interstitial fibrosis becomes
significant following renal obstruction.?*?72%
Inflammatory cells, such as leukocytes and
macrophages, infiltrate in the early stage of
obstruction, and they produce several cytokines.
Cytokines and vasoactive agents, like Tumor
Necrosis Factor a (TNF-a), Transforming
Growth Factor B (TGF-B), Angiotensin II, and
Interleukin-18, are believed responsible for the
occurrence of interstitial fibrosis.?**° Apoptosis
also occurs due to obstructive uropathy and leads
to tubular and interstitial atrophy.”? An animal
study has also indicated that fibrosis progression
continues even after release of the obstruction.?

Microscopically, the apoptosis of tubular
and interstitial cells begins as soon as four days
after onset of the obstruction and peaks at day
15. Thinning of the kidney parenchymal tissue
can be seen within a month. Most experts agree
that a kidney obstruction lasting longer than six
weeks causes irreversible damage.?”*® Therefore,
any delay in obstruction release can affect long-
term renal function.’!

PERIOPERATIVE PARAMETERS
PREDICTING KIDNEY FUNCTION
RECOVERABILITY AFTER OBSTRUCTION
RELEASE

A summary of the current literature discussing
the predicting parameters of recoverability
kidney function after obstructive uropathy
release in unilateral obstruction is shown
in Table 1. A similar summary for bilateral
obstruction or unilateral obstruction in single
kidney patient is shown in Table 2. A summary
of parameters that are positively correlated with
kidney function recoverability after obstruction
release is shown in Figure 1.

501



AydeiBouosenn ‘Hgn ‘uononiisgo uonoun( ainjedolalain ‘Ordn ‘Isuel) Jadel) anssiy ‘| | | Xapul aAl}sIsal
‘1Y ‘enneladolsod ‘HOd ‘ennesadoaid ‘Od ‘ones eale sisoiydauoipAy o) ewAyoualed jeual ‘YyHd ‘Awolsosydau snosueinalad ‘NDOd ‘einssaid oinjadeul ‘dd| ‘eied uonedyi Jejniawo|b
{49 ‘uonouny [eual [elUaIBYIP ‘4¥ @ ‘9ouelesld auluneald DI ‘uonenualayip Ale|inpawoditod ‘gD ‘uaboaiu eain poo|q ‘NNg ‘onel auluneald-0-NNg ‘HOg xapul ssew Apoq ‘|INg

Acta Med Indones-Indones ] Intern Med

opelb sisoiydouolpAH -

adAy oinjad [eusy -
:sisfjeue ajelleAlNW Uo paseq
‘plo sieah gg > sjuaned ul uopouny [eual
10 Ajljigesanooal Buposye sisjoweled

44A 0d -
aul[oap
I¥ [eual YOd Wuow-g| pue ‘-9 -¢ -
Iy [eual Od -
dVHd -
opelb sisoiydouoipAH -
adAy oinjed jeusy -
uoisuapadAy jo AlojsiH -
aby -

:sishjeue
9)elleAlq UO paseq ‘uolouny [eual Jo
Ajjigesanooal Bunosye sisloweled

juswaaoidwi uonouny [eual
unm pejeroosse Ajaamisod | 1 1 pakejsp Od

440 J0d

440 Od

pauljosp Y [euad YOd
I [eual Od

dVHd

apelb sisosydauoipAH
juswbas molseu Jo yibus
(lewAyouasedelxa

10 |ewAyouasedesyur)
adA) oinjad [euay

9pIs pajoayy

woydwAs Od

(020Eq0] ‘|0y09|E)
JoIneyaq pajelal-yjesH

AydesBouai (uaisuepiediy

‘sajaqelp) Aypigiowo)

onaInIp €OVIN-O LWE6 INg
Buisn Asupiy psjoaye ul Jspus9
wewanoidwi 49a %01 < aby

poylaw Aiebing

Vd1a-01wee Buisn Aoupiy pejoaye jo apig

anjeA |eseq 0} pasedwod 440 Od
asealoul 44a %G < 1110d
Jsjpwelp

Jousysod-ois)ue sinjad jeuay
SS8uIy} [ed1I0D
H49 [esselisdi Od

AysejdojaAd pasaquiswsip
saUAH-uosIapuy ‘Aaupiy
|eJaje|esjuod [ewlou

pue Ordn [elsjejiun
Aise|dojeAd palaquawsip
SBUAH-UOSIapuy ‘Asupiy
|eJaje|esjuod [ewlou

Uim ordn [eteiejun

AysejdojaAd palequiawisip

sisAjeue ajeueAnw
‘onjoadsosay

sisAjeue ajeueAlq
‘aAoadsoljey

+(8102) (B9 1T

(GL0Z) "le3e N

juswanoidwi uonouny [eual Joy sisjsweled 440 0d sauAH-uosiapuy ‘Aaupiy
Bunoipaid a1am ssauydIy} B0 CIS |eJa)e|enuod [ewiou sisA|jeue ajeleAlnw #(¥102)
J3391U} puB (%0%>) 44 duljeseq Jomo payioads JoN aby Uim Ordn lessxejun ‘anljoadsonay ‘[e 18 zeueH
BLIDJID juswieal] aAndNIISqO sisAjeuy Apnss jo
uolsnjauey/sinsay uonjoun4 jeuay A1anoday PaIPNS sigjatueled pue uone|ndod pue Apmyg jo adA]  Jeak pue soyiny

William Saputra Wijaya

UOIJ9NIISO [BIBJR[IUN Ul JUSI)LBAI} DAIJONIISGO Jale AJjIqeIan0d8l uoljauny jeual jo siajaweled Bunoipaid *| ajqeL

502



Predicting Parameters of Renal Function Recoverability after Obstructive

AydesBouosenn ‘9gn ‘uononisgqo uonoun( olnjadolalaln ‘Ordn ‘Jisued) J1ooeld} anssiy ‘| | | Xapul dA)SIsal
‘1Y ‘enneladolsod ‘HOd ‘ennesadoaid ‘Od ‘ones eale sisoiydauolpAy o) ewAyoualed jeual ‘YyHd ‘Awolsosydau snosueinalad ‘NOd ‘einssaid oinjadeul ‘dd| ‘eies uonedyji Jejniawo|b
:g4O ‘uonouny [eual [enualaylp ‘4YQ ‘9ouUBIES[O BUIURRSID DI ‘UoieRualayIp Ale|npawooniod ‘gIND ‘usboujiu ealn poolq ‘NNg ‘olel suluiesio-0}-NNg ‘YDg xepul ssew Apoq ‘|INg

"9 Aeuppy [essrepisdi Od -

Aauppyj |esaje|isdi jo uoisnuad [euay -
:sishjleue
S]EBlBAI}NW UO Paseq ‘Uoljouny [eudl
10 Ajljigesanooal Buiosye sisjoweled

Asuply |esole|enuod
J0 AydospadAy Aiojesuadwo) -
Juswieal) Joye
Kaupy [esore|isdi Jo |y Jo sebueyd -
uoljenuaIagip Ale|INnpawosiuo) -
Ayoiuaboyoas jewAyouaied -
ssouyoIy} [ewAyoualed -
Aaupy [essre|isdl jo uoisnpad [eusy -
d49 Asupny [esejelisdi Od -
:sishjeue
SJeliBAIq UO Paskeq ‘uoljouny [eual Jo
Kujigesanooal Bunosye siejeweled

juswiead) Jaye Aaupny

|esale|isdi 8y} Jo |y 9y} ul sabueyn
Keuppy [etsjelisd] 83 4O | [eual Od
(Vd1a-01wee Buisn) Asupiy
|esajeisdi 8y} Jo uoisnuad [eusay
¥49 Asupny [essrepsdi Od

Aauppy |eia)e|esuod

ay) Jo AydoupadAy Aiojesuadwo)
dano

Ayoiuaboyos jewAyoualed
juswieal) Jaye Aaupny

[eJaje|isdl 8y} JO Yipim Ul uoonpay
juswiead) Jaye Aaupny

|esajeisdi ayy Jo yibua| ur uononpay
SSOUYOIY} [ewAyoualed

Vd1a-O.Lwee Buisn
an|eA |eseq 0} pasedwod

8sealouUl Y49 %G <

juswieal} snoleA
‘Kaupiy |elojejeljuoo

Jewsou yum Ayredoin sisAjeue «(¥002)
SAIJONJISCO |eJdje|lUN  S)eleAlINW (8Al0adsold

‘e 19 Jeleyy)

4VHd -

apelb sisoiydouopAH -

adAy oinjed [euay -
:sisfjeue ajeLleAlNW UO paseq
‘plo siedh Gg < syualjed ul uoiouNy [eudl
10 Ajljigesanooal Bunosye sisjoweled

auljosp |y [BUSI YOd Uuow-z| -
1Y [eusi Od -
HVHd -

uoISN|2U0) | S}Nsay

B9} uoouny
|euay A1anooay

paIpnIS Jojeweled juswieal] aAIONISAO

sisAleuy  Apnjs jo ieak

pue uone|ndod pue Apnmg jo adAL pue Joyiny

Vol 54 « Number 3 « July 2022

("ju09) uonoNIISqO |BId)E|IUN U] JUBWILAI} BAI}ONIISO Jd)je A}I|IqeIaA0Dal uoljduny euadl Jo siajaweled Bunoipald | ajgel

503



Acta Med Indones-Indones ] Intern Med

AydesBouosenn ‘:5gn ‘uononssqo uonoun( oiajedossiain ‘Ordn ‘isues) Jaoel) anssiy
‘111 xapul aAnsisal ‘1Y ‘ennelsadolsod “HOd ‘oaneladoald ‘Od ‘onels eale sisolydauolpAy o} ewAyoualed [eual ‘YyHd ‘Awoisoiydau snosueinolad ‘NOd ‘ainssaud oinjadeiul ‘dd| ‘e1ed uonedyjy
Je|niawolb 1y 49 ‘uonouny [eual [eualsayip ‘4 ‘9oueieso aululeald 1010 ‘uonenualayip Ae|inpawodiod ‘gD ‘usbouiiu eain poold ‘NNg ‘oliel auiuneald-0-NNg ‘Yog xapul ssew Apog ‘|Ng

440 0d -
Aydeuboual (esn Bnup ‘000eqO} juswieal}
aiaINIp €OVIN-D1LWEE ‘loyooje) Joineyaq pajejal-yyeay - SNOLIBA ‘S8SNED SNOLIBA
swanosdwi 49Q %/ < 101pasd Buisn Asupiy pajoaye ul  (uoisuspadAy ‘sejaqelp) Aypiqiowo) - ypm Ayyedoun aaioni}sqo sisA|jeue ajeleAlnw
pIN02 44Ad Od 1emo| pue abe Jabunog juswanosdwi 449Q %/ < aby - syjuow 9 < |elajejiun ‘anipoadsonay  ,(Z102) ‘1. 18 npA
Aisbuns
Jaye syjuow g ‘Aydeibous. ssawdly} [ewAyousieq  AysejdojoAd passquiswsip
olaInIp €9VIN-O1W66 440 0d - sauAn-uosiapuy ‘Asupmy
9sea|aJ UoIONIISqo Ja)e uoniouny jeual Buisn Asuppy pajoaye ul (ured ‘uonosyul) woydwAs - |eJa]e|eqjuod jewlou sisAjeue «(€002)
J0 A1anodal jo1paid pinoo 10j0e) ON juswanosdwi 440 %SG< aby - UM Ordn letaieiun ajeleAlq ‘oAoadsold  (|e 18 ynwedeuQ
g
o 9seajal uoljonI}sqo
= Jaye uonouny [eual jo juswaaoidwi
m J0 uonezijige)s o1paid pjnoo LW
m.. €27 L/UlW/|w 0L < dnjeA Y49 Od
<
£ V3 TR juswijeal] aAlodNISqO sisAjeuy Apn3s jo
.m uotsnjauey / sinssy uonjoun4 jeuay A1anooday palpmis I9jatueled pue uonejndod pue Apnjg jo adA]  Jeak pue Joyiny
W. ("juo2) uononiIsgO |eId)E|IUN U] JUBWILAI} BAIIONIISO J3)je A}IjIqelan0dal uoljduny eual Jo sigjawelted Buioipald °| 9a|qel m



Predicting Parameters of Renal Function Recoverability after Obstructive

AydesBouosenn :9gn ‘uononssgqo uonoun( ainjadoialaln ‘Ordn ‘JISued) Jooes} anssiy ‘| | | Xapul dAlSIsal
‘1Y ‘enneladolsod ‘HOd ‘ennelsadoaid ‘Od ‘ones eale sisoiydauoipAy o) ewAyoualed jeual ‘YyHd ‘Awolsosydau snosueinalad ‘NOd ‘ainssaid oinjadeiul ‘dd| ‘eies uonedyji Jejniawo|b
2449 ‘uonouny [euals [euaIaYIP ‘4HQ ‘9oUBIESID SUIUNRESBID DI ‘UohEeRUaIaYIP Ale|jnpawofiod ‘gD ‘uaboJjiu ealn poolq ‘NNg ‘ollel sulunessd-0}-NNg ‘Y09 xapul ssew Apoq ‘|INg

$1°0 Sem uonouny jeual Jo Alonodal poob
Joy abueyo |y |eusl Jo souBIBYIP UBSIN

asea|al uolonsqo

aseaja. uoioNISqo

Jaye uonouny [eual Jo Alanooal  Jaye sAep ¢ ‘anjea auluieald sjuawjeal) SnoLeA ‘elnue sisAjeue »(2002)
101paud pInoo |y [Bual YOd uononpay WINJas JO uononpal %0z< 9oualIayIp |y [euals YOd Aep-¢ yum Ayjedoun aaonssqO  8jeleAlq ‘aaijoadsold ‘[e 18 Jigyoys

SSBUMDIL} [BOIIOD

sisosydauoipAy jo aaibag

AjjIqeianooal ases|al jswiead) Adesayjolpel jo AiolsiH NOd

uolouNy [BUBJ YIIM pajeloosse AjaAaljisod  uononiisgo Jaye yuow | “Ip NOd aJojaq sisAjelp 1o} pasN ‘190UeD [BJINIBD A-||| @be)S sisAjeue (€002)
SSBUDIY} [BD1}0D pue abe Jabunoj /Bw | > suluneald wnies aby 0} anp Ayjedoun aAiponiisqQ  djeleAIq ‘aAoadsold ‘[e 1o yein

wnjpos Ateuun ¥YOd

Hd suun Yod

AjjIgelanooal uonouny aseajal aWNjoA auuN ¥YOd

Jleual yym pajeioosse Ajpaiyisod /b3w uo1ONJISgO JaYe syuow ¢ SSaUDIY} [EDIHOD
0€ < wnipos AJeuun ¥YOd pue ‘sisainip ‘alnuiw /jw Q| < [D4D o Ip sisosydauoipAy jo aaibag NOd ‘oseasip auols sisAjeue «(2661)
¥0d sinoy $z/1 8-2 ‘9 > Hd auun YOd /Bw ¢ > auluneald wnids 9zis Aaupiy| 0} anp Ayjedoun aAonNISqO  d)jelBAIg ‘8ARadsold ‘[e 18 ulessnH

SSOUYOIY} [ewAyouaied

04 Od

Ajjigelanooal |oAs] wnissejod wnias Od

uolouny [eual yum pajeroosse Ajpanisod ases|al |18A8] 8s09n|6 poo|q Od payoads

0l 2 ¥D49 pue “p/bw Q| = uigojboway uo1ONJISgO JBYe Syjuow g |1aa9| uigojboway Od jou Juswieal; ‘sjuaned sisA|eue ajeleAlq (8102)
‘ww Q) = ssauxoly} [ewAyousied  “Ip/Bw g > suluiesid wnies ABojone aAoNIISqO Ayjedoun aAonssqO ‘anjoadsoney ‘[e 1@ npung
BLIgYNID juswileal] aAldNIISqO sisAjeuy Apnjs jo 1eak
uotsnjaueg/sinsey uoloun4 [euay A1anoosay palpms I9jatueled pue uonejndod pue Apmg jo adA] pue Joyny

Vol 54 « Number 3 « July 2022

Kaupy a]Buls e Ul UOIIONIISCO [BIA)E|IUN IO UOI}ONIISYO [BID)R|I] Ul JUBWIEdI} dAI}ONIISO Ja)e A}IjIelaA0dal uojouny jeual jo siajoweled Bunoipaid g ajgeL

505



Acta Med Indones-Indones ] Intern Med

Aydeibouoseuyn iHgn ‘uononiisqo uonounf ainjdolslain ‘OrdN ‘Hsuel) Jadel) anssy ‘| | | Xapul dAISISal
‘1Y ‘enneladoysod “HOd ‘eAnesadoald ‘Od ‘onel ease sisoiydauoipAy o} ewAyoualed [eual ‘YyHd ‘Awolsoiydau snosueinaiad ‘NOd ‘ainssaid oiajadeniul ‘dd| ‘eyes uonesy|ly Jejniswolb
:449 ‘uonouny [eual [eualayIp ‘4HQ ‘9oUBIESIO BUIUNEaID DI ‘uonenualaylp Ale|[npawood ‘gD ‘uabouyu eain poolq ‘NNg ‘ollel sulunessd-0}-NNg ‘Y09 xepul ssew Apoq ‘|INg

William Saputra Wijaya

snjejs Asupiy |essjeleljuo) -
|oAS] BuIUeaID WNJBS Od -
Ayoiuaboyos [ewAyouaied -
ano -
:sisAjeue ajeLleAlNW UO paseq ‘uonouny
Jeual Jo Ajjigesanooal Bunosye sisjaweled

snjejs Aauply |elsjeesuo) -
ano -

apelb sisoiydauoipAHq -
Ayoiusboyos [ewAyouaied -
Hd auun -

|oA9] BuIUREaID WNIBS Od -
Indino NOd -

ddl -

ases|al
uoNONJISqO Jaye yuow |

snjejs Aauppy |elajeesuo)
Aoiuaboyos jewAyousied
diNo

indino NOd

ddl

opelb sisosydauoipAH
SSaUYOIY} |BOILOD

upim pue yybus| [eusy

Hd auun Yod

NOd ‘8injie} [eual 2uoIyo
pey pue uononsqo
[eJajain 8)8|dwod d1uoIyo

'sisA|eue ajelieAlq Uo paseq ‘uonouny Je anjen |eseq 0} pajedwod |oA3] BUIUEaID WNJIBS Od 0} anp sisosydauoipAy sisAjeue ajeleAlNW (5102)
|eual jJo Ajjigesanodal Bujoaye sisjoweled swaoidwl [D4D %0L< uoljejuasald uonosu| EIEYVEEEEIIEToo] ] ‘anoadsold |e 18 ewieys
=V} TR juswijeal] aAldNISqO sisAjeuy Apnys jo

uoISN[ouU0) | S}NSay

uonoun4 jeuay A1an02ay

palpn)g J9)aweled

pue uone|ndod

pue Apnjs jo adAL

Jeak pue soyjny

("ju09) Aaupiy 9jbuls e ul UOI}ONIISO [BI3JB[IUN 10 UOI}ONI}ISCO |eid)e]iq Ul Judwjeal) dA1}ONIISqo 1a)je A})jIqelan0dal uoljduny [eual jo siadjaweled Bunyoipald "z ajqel

6

S



Vol 54 « Number 3 « July 2022

Predicting Parameters of Renal Function Recoverability after Obstructive

UNILATERAL OBSTRUCTION

DEMOGRAPHIC DATA
1. Younger age

-

IMAGING PARAMETER

Lower hydronephrosis grade

Thicker cortical thickness

Higher renal parenchymal to hydronephrosis ratio
Extraparenchymal renal pelvic type

Lower preoperative renal resistive index (<0.7)

A
S
RENOGRAM PARAMETER
1. Preoperative GFR value =10 ml/min/1.73m2

2. Good renal perfusion
3. Precperative delayed tissue tracer transit

SRR Y NN

Figure 1.

Patient History and Demographic
Characteristics

Patient history and demographic
characteristics, such as age, sex, history of
diabetes and hypertension, health-related
behavior (smoking, alcohol drinking, or drug
use), obstruction-related symptoms, and
obstruction etiology, have been discussed in the
current literature studying the recoverability of
kidney function after obstruction release. Age
is known to have negative effects on structural
and functional kidney changes. The development
of nephrosclerosis and a decrease in nephron
number leads to a reduction in the glomerular
filtration rate (GFR).* Hypertension and diabetes
mellitus are other known independent risk factors
for kidney disease and are more commonly
seen in older patients.** Conflicting results
have been reported regarding the association
between smoking and alcohol drinking and
kidney disease. Theoretically, smoking could
lead to kidney damage and early studies showed
that smoking or drinking more than four serving
of alcohol per day was associated with chronic
kidney disease (CKD). However, the current
literature does not identify these as independent
risk factors for CKD. Drug use, such as heroin
or cocaine use, has a confirmed association
with CKD.**7 Gender can also influence the
occurrence of kidney disease, with a more rapid

RENAL FUNCTION

RECOVERABILITY

AFTER OBSTRUCTION B
RELEASE

BILATERAL OR UNILATERAL
OBSTRUCTION IN SINGLE KIDNEY

DEMOGRAPHIC DATA
1. Younger age

o]

L]

i

LABORATORY PARAMETER

1. Hb >10 mg/dL
2. BUN-to-Creatinine ratio >10

IMAGING PARAMETER

1. Parenchymal thickness >10 mm

2. Thicker cortical thickness

3. Normal parenchyma echogenicity

4. Normal corticomedullary differentiation

5. Postoperative reduction of renal resistive index

POSTOPERATIVE PARAMETER

1.2 - 8 L /24 hour postoperative diuresis
2.>30 mEg/L postoperative urinary sodium

decline in kidney function seen in men than in
women due to a protective effect of estrogen.*
No evidence currently suggests that obstruction-
related symptoms, such as pain, are signs of
persisting renal function, and no difference in
renal recovery is observed between benign and
malignant causes after obstruction treatment.*
Of the factors studied, age was the only
parameter that could predict recoverability of
renal function after obstruction release according
to three studies, and younger age was positively
correlated with recoverability.>**7° One study
used a cut-off value of 35 years of age in
predicting recoverability of renal function.**

Lab Parameters

The levels of blood glucose, serum potassium,
and hemoglobin, the BUN-to-creatinine ratio
(BCR), the urine pH, and the postoperative
urinary sodium levels have been evaluated for
their possible roles in predicting kidney function
recoverability. Only the hemoglobin level, BCR,
urine pH, and postoperative urinary sodium
levels were predictive parameters. %3

Hemoglobin can be affected by several
factors, such as bleeding or nutritional status.
However, in a kidney that develops CKD, anemia
becomes one of the signs due to depletion of the
erythropoietin level.® A hemoglobin level > 10
mg/dL has a positive association with the return
of kidney function after obstruction release.?®
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A direct relationship between urine pH and
acute or chronic kidney failure is not clear. Low
urine pH is associated with metabolic syndrome,
which is a risk factor of CKD, and metabolic
acidosis is also a common feature in CKD.*'-*?
Low urinary pH has also been viewed as a
predictor of CKD, and alkaline urine could be a
protective factor for decreased renal function.>3*
On the contrary, Hussain et al. showed that a
urine pH < 6 had a positive association with
the recoverability of renal function. This urine
pH sample was taken from a nephrostomy tube
following administration of an antibiotic to
prevent the influence of urea-splitting organisms
on urine pH.*” This contradictory result is still
unresolved.

Historically, the BCR has been used to
differentiate between pre-renal and intra-renal
causes of AKI, with a ratio of 10:1 considered
normal and a ratio greater than 20:1 considered
a pre-renal cause of AKI.*>*® Increased BCR
in prerenal AKI occurs due to elevation of the
antidiuretic hormone (ADH) levels, leading to
increased urea reabsorption. However, this cut-
off value for the BCR is currently in question.’®’
In a uropathy obstructive state, an elevation of
BCR is expected due to the slower blood flow
through the vasa recta. The slower urinary flow
due to the obstruction also causes an increase
in the urea reabsorption time, thereby leading
to a higher total urea reabsorption.”> A BCR
of more than 10:1 is a predicting factor of
renal recovery after obstruction release, even
though the theoretical explanation underlying
this cut-off value is unclear.’® Therefore, the
exact cut-off value for BCR in predicting renal
recoverability after obstruction release should be
studied further. The elevation in BCR could also
be caused by many other factors that increase
urea production, such as a high protein diet
and gastrointestinal bleeding.’” Thus, caution is
needed when using this parameter.

Natriuresis of more than 30 mEq/L is
associated with the recovery potential of kidney
function.* It is correlated with post obstructive
diuresis (POD), which will be further discussed
in the subsection on postoperative clinical
parameters.
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Imaging

Kidney Anatomy Evaluation

The following kidney anatomy parameters
have been studied for their roles in predicting
kidney function return after obstruction release:
kidney size, cortical and parenchymal thickness,
parenchymal echogenicity, corticomedullary
differentiation (CMD), degree of hydronephrosis,
renal parenchyma to hydronephrosis ratio
(PHAR), and type of renal pelvis (either intra-
parenchymal or extra-parenchymal).

Kidney size, cortical and parenchymal
thickness, and CMD can be evaluated using
ultrasonography (USG). The normal values for
renal length, cortical thickness, and parenchymal
thickness are 10-12 ¢m, 7-10 mm, and 15-20
mm, respectively. Cortical thinning is a sign
that can be radiographically observed in patients
with hydronephrosis.® A reduction in cortical
thickness may reflect atrophy as part of the
pathogenesis of hydronephrosis.'> When the
cortex and medulla are difficult to differentiate,
which is defined as poor CMD, the parenchymal
thickness can be used instead of the cortical
thickness.’® Thicker parenchymal and cortical
thicknesses are associated with better potential of
recoverability of kidney function, with no return
of kidney function observed when the cortical
thickness is less than 12 mm.**** CMD can also
predict the return of kidney function, according
to multivariate analysis.** Recent studies have
failed to show kidney size as a predicting factor
for return of kidney function.**#?

Parenchymal echogenicity can also be
evaluated using USG. Renal parenchyma
echogenicity is determined by comparing it with
that of the liver or spleen parenchyma, which is
usually isoechoic or hyperechoic.”® Increased
renal echogenicity could indicate fibrosis
or severe interstitial infiltration and tubular
atrophy.®® A multivariate analysis by Sharma et
al. showed that parenchymal echogenicity had
a significant relationship with renal function
recoverability after obstruction release.* It was
also correlated with decreased eGFR, while
decreased eGFR indicated a poor prognosis for
renal function recoverability.*
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A study conducted by Li et al. demonstrated
that the degree of hydronephrosis and PHAR
could predict the return of kidney function after
obstruction release, irrespective of the patient’s
age.’* The degree of hydronephrosis and PHAR
can be evaluated using several methods other
than USG, such as computed tomography (CT)
scans, magnetic resonance imaging (MRI), or
intravenous pyelography (IVP). Li et al. used
USG to determine the SFU classification for
the degree of hydronephrosis and PHAR was
calculated using a contrast CT scan.* In infants,
PHAR is a promising parameter for predicting
surgery success in patients with high-grade
prenatal hydronephrosis.®!

The renal pelvic type is considered
extraparenchymal if more than 50% of the
renal pelvis is contained outside the kidney
parenchymal volume, and intraparenchymal if
more than 50% of the renal pelvis is contained
inside the kidney parenchymal volume. The
extraparenchymal type of pelvis is positively
correlated with kidney function improvement
after obstruction treatment.** This might reflect
the small volume that is constrained in the
intraparenchymal pelvis, so a volume excess
could lead to high intrapelvic pressure.®* Thus,
hypothetically, less compliance is found in the
intraparenchymal renal pelvis, making it more
susceptible to obstruction. However, this theory
requires further proof.

Kidney function evaluation

The kidney function evaluation parameters
of renal perfusion, differential renal function
(DRF), and tissue tracer transit (TTT) were
used to predict recoverability of kidney function
were studied in adult ureteropelvic junction
obstruction (UPJO) patients. These three
parameters were obtained using nuclear scan
renography, either 9mTC-MAG3 or 99mTC-
DTPA, and were confirmed in current studies as
potential parameters for predicting recovery of
renal function.?3-3>%7

Khalaf et al. found that good renal perfusion
was positively correlated with the recoverability
of renal function. Renal perfusion is determined
using 99mTC-DTPA and is considered good
perfusion if the first 30 seconds of the vascular

phase after tracer injection represents one third
or more of the total curve counts.®

Better recoverability of renal function was
found for a low DRF than for a higher one.?**’
However, this finding was challenged by Li et
al., who found a higher baseline DRF in a group
showing kidney function improvement after
treatment.** Moreover, a kidney with a DRF less
than 10% has long been known to have a small
chance of recovery.?

The TTT is defined as the transit of a
physiological tracer from the parenchyma
to the renal pelvis and is considered delayed
if the tracer transit is slower than that in the
contralateral kidney. A tracer that is relatively
stable within the kidney in images at three and
nine minutes or a tracer that shows increased
activity in the renal parenchymal is a sign of
delayed TTT. Liu et al. showed that delayed
TTT was positively associated with the return
of kidney function after therapy.*

Resistive index (RI) measurement

RI is measured using Doppler USG. Renal
RI can be calculated as the peak systolic velocity
—end diastolic velocity divided by peak systolic
velocity when the Doppler USG image is
obtained on the interlobar renal artery.®* A high
renal RI (> 0.65) was associated with severe renal
fibrosis and a decrease in renal function.* This
result agrees with that of Li et al., who showed
a correlation between a lower preoperative RI
and better recoverability of kidney function.’*
A study by Shokeir et al. also reported that a
mean difference between postoperative and
preoperative RI of 0.14 indicated a good chance
of renal function return.*

Intraoperative Parameter

Intrapelvic pressure can be measured
intraoperatively during percutaneous
nephrostomy (PCN). This parameter was
measured using a manometer after putting a
needle inside the kidney with the mid-axillary
line as its reference point.*> Even though this
pressure showed significant correlation with
recoverability of renal function after obstruction
release, it failed to show a significant influence
in multivariate analysis.*
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Postoperative Clinical Parameters
Postoperative diuresis of 2—8 liters per 24
h after obstruction release is associated with
better outcomes in terms of renal recovery.®
Decompression of a renal obstruction leads
to post-obstructive diuresis (POD), which is
a physiological response when body tries to
eliminate excess water and solutes due to an
obstruction. POD usually happens in patients with
bilateral obstruction or a single-kidney unilateral
obstruction.® This physiological polyuria response
lasts for less than 48 h, and if it persists more than
48 h, pathological POD occurs. Therefore, as it
is a natural response, POD might be a good sign
for kidney function return. However, careful
monitoring should be done due to the risk of
dehydration and electrolyte imbalance.?’

FUTURE DIRECTIONS

The literature available to date indicate
that different criteria are used to determine the
recoverability of renal function after obstruction
release. Nuclear scan renography has been used
in unilateral obstruction, mostly due to UPJO,
whereas laboratory parameters, such as GFR
or serum creatinine, have been used in cases
of bilateral obstruction or non-UPJO causes
to assess kidney function. These differences
cannot be circumvented due to the different
natural courses of the disease between UUO and
BUO. However, similar criteria should be used
to evaluate the recoverability of renal function.
This study proposes that an improvement of
> 7% DRF and GFR > 30 ml/min/1.73 m?
(Kidney Disease Outcomes Quality Initiative —
KDOQI criteria) should be used as criteria for
recoverability of renal function for unilateral
and bilateral obstructions, respectively. A GFR
> 30 ml/min/1.73 m? is proposed because the
symptoms of CKD are commonly found in stage
4 and 5 disease.

CONCLUSION

Various perioperative parameters can predict
the recoverability of renal function, but these
vary from study to study. These differences
might reflect the differences in the study
populations and the criteria used to determine
renal recoverability.
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