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  COMPENSATORY RENAL HYPERTROPHY 

   AND CHANGES OF RENAL FUNCTION 

       FOLLOWING NEPHRECTOMY 

 Kimio SUGAYA, Yoshihide OGAWA, Tadashi HATANO,  Yuzo KOYAMA, 
Tomonori MIYAZATO, Ayako NAITO, Hiroyuki  YONOU and Haruo KAGAWA 

   From the Department of Urology, Faculty of Medicine, University of the Ryukyus

   We studied the changes in the serum creatinine level and the volume of the remaining kidney 
following nephrectomy using contrast-enhanced compuded tomogram (CT) scans. Twenty-five 

patients undergoing nephrectomy for renal cell carcinoma without obvious disease in the remaining 
kidney were carefully followed for a period of at least two years at our hospial. Twelve patients 
received follow-up CT scans each year after nephrectomy. The ellipsoid volume of the kidney was 
calculated by measuring the 3-dimensional size on CT scans. The mean relative volume (%) of the 
remaining kidney increased up to year 3 postoperatively, and the final mean relative volume at varying 

periods from years 2 to 7 was 120%. Kidneys that were smaller prior to nephrectomy showed a 
tendency to have a larger final relative volume after nephrectomy, although there was no significant 
correlation between the kidney volume prior to nephrectomy and at final measurement. The mean 
serum creatinine level was significantly increased at one year after nephrectomy, but it decreased 
significantly over time. Therefore, both compensatory renal hypertrophy and improved renal function 
seemed to be established within several years after nephrectomy. However, the improvement of serum 
creatinine was delayed compared with the increase of kidney volume. That is, renal plasma flow 
might be increased early by compensatory renal hypertrophy, followed within a few years by an 
increase in glomerular filtration and a decrease of serum creatinine. 

                                             (Acta Urol. Jpn.  46:  235-240, 2000) 
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          INTRODUCTION 

  Postnephrectomy compensatory renal hypertrophy 

has been well documented both  clinically-7) and 
 experimentally") This process involves both 
hypertrophy and proliferation of renal tubular 

 cells/°) Angiotensin II, insulin-like growth  factor-1, 

epidermal growth  factorw), and hepatocyte growth 
 factor'') have been reported to be involved in tubular 

hypertrophy. Postnephrectomy compensatory renal 

hypertrophy in animals is known to be complete 
within a short  period8'9) However, little is known 

about the time until completion of hypertrophy and 
improvement of renal function in adult  humans4'5) 
To assess the changes of the serum creatinine level 

and hypertrophy of the remaining kidney over time, 
we reviewed the data on serum creatinine and  3-

dimensional renal size after contralateral ne-

phrectomy in patients with renal cell carcinoma. 

      PATIENTS AND METHODS 

 Twenty-five patients were followed for at least 2 

years at our hospital after nephrectomy for renal cell 
carcinoma between 1989 and 1996. None of them 

had any disease in the remaining kidney. Contrast-
enhanced CT scans (5-10 mm slice interval) were

taken before nephrectomy in all patients and almost 
every year after nephrectomy in 12 patients. Uri-
nalysis and measurement of serum creatinine were 
repeated annually in all patients. 

 To calculate the volume of the remaining healthy 
kidney, we measured the longitudinal dimension (a), 
the maximum transverse dimension (b), and the 

maximum sagittal dimension (c) on CT scans, as 

                      a  r 

 Fig. 1. Diagram of 3-dimensional CT mea-
        surement of the right kidney. The 
        longitudinal dimension (a) is the 
        distance between the upper and lower 

        pole renal CT slices which include part 
        of the kidney, as shown in A. The 
        maximum transverse dimension (b) and 
        sagittal dimension (C) are measured on 

         renal CT scans, as shown in B.
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Tablel.
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Theremainingkidneyvolume(cm3)calcu豆atedbymeasur量ngthe3-diamensionalsizeonCTscans

beforeandaftercontralateralnephrectomy

No.AgcSex

Postnephrectomyyear

Pre lst 2nd 3rd 4th 5th 6th 7hh

1

2

3

4

5

6

7

8

9

10

11

12

43

45

47

49

53

54

55

56

59

62

65

75

F

F

M

F

M

M

F

F

M

M

F

M

192

225

151

181

188

219

122

151

239

171

186

114

207

225

162

217

224

128

187

243

225

228

139

227

225

172

230

235

128

194

243

225

236

142

225

172

264

243

128

200

249

236

142

182

198

243

140

249

228

182

198

243

145

243

257

190

140

249

236

145

249

236

Mean±SD 178±39 199±39** 205±40** 207±49** 207±42* 211±44* 204±49 210±57

Pre-=prenephrectomy,SD・standarddeviation.

prenephrectomykidneyvolume.

*
,**=signi丘cant(*:p<0.05,**:p<0.Ol)increasecomparedwiththe

showninFig.1.Thelongitudinaldimensionwas

obtainedfromthenumberandthesliceintervalofthe

transverseCTscanswhichincludedpartofthe

kidney.Thekidneyvolumewascalculatedasan

assumedelliposoidvolume(V=4/3× π×a/2×b/2×

c/2)12).Thevolumeoftheremainingkidneyrelative

toitsbaselinevolume(100%)wasalsocalculatedas

丘)110ws:Relativevolume=R2/Rl×100,whereRl

andR2werethekidneyvolumesbefbreandafter

surgery,respectively,

Serumcreatinine,kidneyvolume,andrelative

kidneyvolumebef()reandafternephrectomywere

compared,separatelyfbrmalcsandfemales,and

patientsolderandyoungerthan60yearsofage・

PairedandunpaircddataweretestedbyStudents・t-

test.Reseltsarereportedasthemean±standard

deviationandp<0.05wasconsideredstatistically

signi丘cant.

RESULTS
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Thekidneyvolumesbefbreandafternephrectomy

areshowninTablel.Themeanrelativevolumeof

theremainingkidneywaslI3,116%andIl9%1,2

and3yearsafterrephrectomy,respectively(Fig.2).

Thereafter,themeanrelativevolumeshowedno

increase,andthemean丘nalrelativevolumeat

varyingperiodsfrom2to7yearsafternephrectomy

remainedatl20%.Themeanrelativevolumeofthe

remainingkidneywassigni丘cantlydifferentbetween

baselineandlyear(p=0.0032),andbetweenland2

years(p=0.0057).However,therewerenodiffe-

rencesinthemeanrelativekidneyvolumebetween

malesandfemales(p>0.1)orbetweenpatientsolder

andyoungerthan60yearsofage(p>0.1).Kidneys

thatweresmallerpriortonephrectomytendedto

havealargerfinalrelativevolumcafternephrectomy,

Fig,2.

Post-nephrectomyyear

Relativevolumeoftheremainingkidney

increasecompared

withtheprenephrectomykidneyvolume.

§§
r§=significant(§ §:p<0.Ol,§:p<0,05)

increasecomparedwiththerelative

kidneyvolumeatlyear.

befbreandaftercontralateralnephr-

ectomyincomparisonwiththeprene-

phrectomyvolume.Kidneyvoiume

increasedupto2yearsafternephr-

ectomy.Opcncirclesandbarsshowthe

meanandstandarddeviation.Pre-=

prenephrectomy.**,*一(**:

p<0.Ol,*:p〈0.05)

althoughtherewasnosignificantcorrelation

(p=0.0955)betweenthekidneyvolumepriorto

nephrectomyandat丘nalmeasurementafter .2to7

years(Fig.3).

ThemeanserumcrcatininewasO .98mg/dl,at

baseline;itrosesigni丘cantlytol.23mg/dlafterl

year(p<0.0001),andstayedsignificantlyhigherup

to5yearsrelativetothatatbaseline(P<0.05)(F量9 .

4).However,themeanserumcreatininedecreased

fromlyearonwardsbcingsigni丘cantlylower2
,6,7,

and8years(p<0.05)comparedwiththatlyearafter
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Pre-1st2nd3rd4thsth6th7th8th

Post-nephrectomyyear

Serumcreatininclevelbefbreandafter
oontralateralnephrectomy.Serumcrea-
tininewashigherfrom1(n=25)through
5(n=10)yearsincomparisonwiththe

prenephrectgmyIevel(n=25),but
decreasedfromlyearonwards,being
significantlylowerat2(n=20),6(n=7),
7(n=5),and8(n=3)yearscompared
withthatatlyear.Opencirclesand
barsshowthemeanandstandard
deviation.Pre-=prenephrectomy.**,
*=signi丘cant(**:p<0

.Ol,*:p〈0.05)

灘 識 盟 「e皇,e盤。許eil9罰e票:
§:p<0

.05)§=significant(§ §:P<0.OI,

decreasecomparcdwiththeserum

creatininelevelinlyear.

nephrectomy.Nopatientsdevelopedproteinuriaor

hematuriaafternephrectomy.

1)ISCUSSION

Wedemonstratedthatcompensatoryrenal

hypertrophyandacompensatoryincreaseinrenal

functionwerealmostoompletedwithinafewyears

afternephrectomy.Thischangeseemedtooccur

irrespectiveofgenderorage.Thebaselinekidney

volumetendedtobenegativelycorrelatedwiththe

finalrelativevolumcoftheunresectedkidney.

RLenalhypertrophyhasbeenassessedbyvarious

studiesinvolvinglongitudinalmeasurementsofthe

kidneyonintravenousurogramsト3),andbyafew

studiesoftherenalparenchymalvolumeonrenal

ultrasonograms6・7)orCTscans4・5)Inthisstudy,we

measuredthe3-dimensionalkidneysizeonrenalCT

scans,andcalculatedtherenalvolumeusingthe

formulaforanellipsoidbodyi2).Withthismethod,

the3-dimensionallycalculatedvolumeoftheprostate

glandonultrasonographyhasbeenshownto

correlatewellwiththeweightoftheglandresectedby

prostatectomyl3)Longitudinaldimensionsob-

tainedinthisstudymightbesHghtlyshorterthanthe

reallengthsbecauseoftiltingoftherenalaxisand

becausejudgementwasbasedontheCTslice

interva1,thetransverseandsagittaldimensionsmight

besHghtlylongerthanthetruelengths.Weonly

usedcontrast-enhancedCTscansfbrmeasurement

becauseintravenousinjectionofcontrastmediumhas

beenreportedtoexpandthekidneysizel4).

Themeanrelat三veincrementinlengthofthe

unresectedkidneyinadulttransplantdonorsDorin

patientswithrenaldisease2)isreportedtobe

3.3-10.56%atseveralyearsa{ternephrectomy.In

patientswithrenalcarcinoma,Prassopoulosctal.4)

reportedthatthemeanenlargementoftheremaining

kidneymeasuredonCTscanswasl5%at3months

and30%atlyearafternephrectomy,butonly5%at

2.5yearsafternephrectomy.PrassopoulosetaL5)

alsoreportedthattheremainingk量dneywas36%

Iargeratlmonthbefbrenephrectomy,aswellas54%

atlyear,62%at2years,and47%at3yearsafter

nephrectomyinpatientswithrenalcardnomathan

thenormalkidneysshownonCTscansofbinephric

individualswithoutrenaldisease.Whenthe

preoperativeincreaseofkidneysize(36%)was

substratedfromtheoverallhypertrophy(53%),they

f()undl7%renalgrowthcausedbynephrectomy.

Thispostoperativerenalgrowth(17%)呈ss三milarto

our丘ndingthatthemean丘nalrelativeincreasewas

20%.Theyalsostatedthattherelativevolumeof

theremainingkidneydecreasedat2.54)or3years

afternephrectomy5).Inourstudy,althoughthe

remainingkidneyvolumedecreasedslightlyor

transientlydecreasedafternephrectomyinsome

patients,themeanvolumedidnotfallsignificantly.

Dossetor2)studiedcompensatoryrena監hypertrophy

inpatient5withrenaltumorsfblowedfbrupto8

yearsafternephrectomy,andf()undthattherelative

longitudinaldimensionoftheremainingkidney

showednotendencytodecrease,espesiallyinpatients

withlongerf～)110w-up.However,itappearsobvious

thatcompensatoryrenalhypertrophyoccurs

immediatelyafternephrectomy.AndersonetaL15)

havereportedthatthemeaneHセctiverenalplasma
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flowoftheremainingkidneyalsoincreasesby32.5%

atlweekandby30.1%atlyearafterdonor

nephrectomy.Ontheotherhand,wefoundthat

serumcreatinineincreasedatlyearafter

nephrectomyanddecreasedagainat2yearsafter

nephrectomy.Thus,therewasdiscrepancybetween

thechangesofkidneyvolumeandserumcreatinine

afternephrectomy.Liuetal.havereportedthatthe

glOmerUlar丘ltratiOnrateWaSSigni丘CantlylOWerin

renaltransplantdonorswhosemeanfbllow-upperiod

was3.lyearsthaninpatientswithrenaldisease

whosemeanfbllow-upperiodwas18.8yearsafter

nephrectomy16).TerWceetal,havealsoreported

thatglomerular丘ltrationratemeasuredshortterm

(1.3±03months)a'fterkidneydonationamountedto

62±2.1%ofthcvaluebefbredonationandto68±

L7%(p<0.005)ofthevaluelongterm(4.9±0.8

years)afterdonation,andthatshort-andIong-term

effectiverenalplasmaflowbothamountedto68%of

thevaluebeforedonation且7).Becausetheserum

creatininelevelisrelatedtotheglomerularfiltration

rateandcompensatoryrenalhypertrophyseemstobe

relatedtorenalplasmaflow,asignificantincreaseof

glomcrularfiltrationisdelayedafewyearsbcyond

theimmediateincreaseofrenalplasmaflowafter

contralateralnephrectomy.Inourstudy,thefinal

relativeincreaseofkidneyvolumeat2-7yearsafter

nephrectomywas20%。Thisincrcasemayhave

beenenoughtokeeptheserumcreatininelevelsimilar

tothatbef()renephrectomy.

Themeanrelativekidneyvolumedidnotdiffer

betweenmalesandfemales,orbetweenpatientsover

andunder60yearsofage,inagreementwiththe

resultsofBoneretaL1),EkelundandGothlin3),and

PrassopoulosetaL5)whohavepreviouslyexamined

therclationshipbetweenrenalhypertrophyandage

orsex,althoughAndersonetal.15)havereportedthat

theeffectiverenalplasmaHowoftheremaining

kidneywassignificantlygreaterinmalethanin

femalepatientsafterdonornephrectomy.Inour

study,smallerkidneysbef()renephrectomytendedto

showalargerfinalrelativevolumeafternephrectomy.

Thepossiblereasonswerethoughttobeasfbllows:1)

acertainvolumeofkidneytissuemightbeneededto

maintainanormalserumcreatininelevel,2)larger

kidneysbef()renephrectomymighthavemore

fUnctionalreserve,or3)largerkidneysbefbre

nephrectomymightalreadyhaveundergone

hypcrtrophybccausetheotherkidneywithrenalcell

carcinomahadlostmostofitsfunction5).

oneseemstobethemostlikely.

CONCLUSION

Thethird

ThisstudydemonstratedthatcompensatoryrenaI

hypertrophyandacompcnsatoryincreaseinrenal

functionafternephrectomyarecompletedwithin

severalyears.However,therecoveryofserum

creatinineisdelayedincomparisonwiththemcrease

inkidneyvolume.ContralateralrenalplasmaHow

may量ncreaseimmediatelyaf壮ernephrectomy・

f()llowedbyasigni丘cantincreaseoftheglomerular

mtrationratewithinafヒwyears.Thegenderand

ageofthepatientdoesnotapPeartoinHuence

compensatoryrenalhypertrophy,butsmallerkidneys

priortonephrectomyseemtoenlargemorea氏er

nephrectomy.Incontrast,largerkidneysseemto

havealreadyundergonehypertrophypriorto

nephrectomybecausethefUnctionofthecontralateral

kidneymayo仕enbeimpairedbyinvolvementwith

renalCellCarCinOma.
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和文抄録

腎摘除術後の対側腎の代償性肥大 と腎機能の変移

琉球大学医学部泌尿器科学教室(主 任:小 川由英教授)

菅谷 公男,小 川 由英,秦 野 直,小 山 雄三

宮里 朝矩,内 藤 絢子,米 納 浩幸,嘉 川 春生

腎摘除術後の対側腎の体積と腎機能の変移を検討 し

た.対 象は腎細胞癌で腎摘除術を受け,対 側腎に明ら

かな異常がなく,当 院で少なくとも2年 以上経過観察

している25例 であった.25例 中12例 で毎年CT検 査

を受けていた.腎 の体積は造影CT上 の腎の3方 向

の径を測定 し楕円体体積の公式に当てはめて求めた。

対側腎の体積は術後3年 目まで増加 し,術 前体積

(100%)に 比べて2～7年 後の平均最終体積は120%

であった.対 側腎の腎摘前の体積と術後の最終体積の

間に有意な相関はなかったが,術 前に小さい腎は腎摘

後の最終体積比率が大きい傾向にあった.血 清クレア

チニン値は術後1年 目に有意に増加 したが,1年 目の

値に比べてその後数年の経過で有意に低下 した.つ ま

り,代 償性腎肥大と腎機能の改善は術後数年以内に完

成されるものの,腎 肥大に比べて血清クレアチニン値

の改善は遅れた.こ の理由として,術 後早期の腎血漿

流量の増加に伴って代償性腎肥大は起こるが,糸 球体

濾過率の上昇は2-一一3年遅れるため,上 昇 していた血

清クレアチニン値の低下 も遅れたことが考えられた.

(泌尿紀要46:235--240,2000)




