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INTRODUCTION: As  th e  burde n of ch ronic k idne y dis e as e  (CKD) continue s  to incre as e , e fforts  to re duce  th e
cos t of m onitoring and m anaging th is  dis e as e  are  ne e de d. Aim  of th is  s tudy is  to e valuate  th e  us e fulne s s  of a
ge ne rally obtainable  m e as ure m e nt at ultras ound in th e  s e tting of CKD as  a corre late  to k idne y function. In th is
s tudy w e  de te rm ine d th e  corre lation of ultras ound m e as ure d re nal le ngth  and re nal cortical th ick ne s s  w ith
e s tim ate d glom e rular filtration rate  (e GFR). METHODOLOGY: From  Nove m be r 2011 to March  2013, Tw o h undre d
(114 m e n and 86 w om e n, m e an age  50 ye ars ) clinically diagnos e d cas e s  of CKD not on dialys is  w e re  s tudie d.
Th e  patie nts  w e re  from  a s ingle  ins titution. Es tim ate d GFR w as  de te rm ine d us ing Cock croft and Gault e q uation.
Re nal le ngth  and cortical th ick ne s s  w e re  as s e s s e d ultras onograph ically. Th e  re lations h ips  be tw e e n th e  re nal
le ngth  and cortical th ick ne s s  w ith  e GFR re s pe ctive ly w e re  as s e s s e d us ing Spe arm an’s  corre lation coe fficie nt.
RESULTS: A s tatis tically s ignificant, pos itive  and s trong re lations h ip w as  obs e rve d be tw e e n e GFR and m e an
cortical th ick ne s s  us ing th e  CG e q uations  (Pe ars on’s  r value =0.59 6, s ig p value ). Th e re  als o w as  a s tatis tically
s ignificant and pos itive , but w e ak  re lations h ip be tw e e n CG e GFR and m e an re nal le ngth  (Pe ars on’s  r value =0.216,
s ignificant p value ). CONCLUSION: Cortical th ick ne s s  m e as ure d on ultras ound appe ars  to be  m ore  clos e ly
re late d to e GFR th an re nal le ngth . Re porting cortical th ick ne s s  in patie nts  w ith  CKD w h o are  not on dialys is
s h ould be  cons ide re d.
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ABSTRACT

Introduction

Th e  burde n of ch ronic re nal failure  (CRF) h as
incre as e d e xpone ntially and is  cons um ing th e  re s our-
ce s  of both  de ve lope d and de ve loping e conom ie s ,
and e fforts  to re duce  th e  cos t of m anaging th is
dre adful dis e as e  are  alw ays  w e lcom e d.1

Ultras ound w as  found to be  a rapid, e ffe ctive , radi-
ation-fre e , portable  and s afe  im aging m odality.2

Be caus e  abnorm alitie s  of k idne y s iz e  are  pre s e nt in
m any re nal dis e as e s , it is  valuable  to h ave  a s e t of
s tandard s onograph ic m e as ure m e nts  to us e  w h e n

th e s e  patie nts  are  e xam ine d.3 In dis e as e s  involving
th e  k idne ys , re nal le ngth  and cortical th ick ne s s  are
m e as ure d us ually both  at th e  tim e  of diagnos is  and
during follow -up.4,5 Th e s e  m e as ure m e nts  can be
m ade  us ing s onograph y.6,7

Traditional te ach ing is  th at re nal le ngth  corre late s
w ith  re nal function in ch ronic k idne y dis e as e  (CKD),
and th e re fore  bipolar re nal le ngth s  are  alm os t alw ays
re porte d at re nal ultras ound.8 It is  als o taugh t th at
e GFR is  be tte r th an rais e d s e rum  cre atinine  alone ,
in as s e s s ing s e ve rity of k idne y dis e as e .9

Late r s tudie s  h ave  s h ow n th at re nal volum e  calculate d
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at ultras ound is  a m ore  e xact m e as ure m e nt of a
functioning k idne y th an re nal le ngth . Progre s s ive
re nal arte ry s te nos is  h as  be e n s h ow n to be  as s o-
ciate d w ith  progre s s ive  re duction of re nal le ngth .10,11

A s tudy e valuating patie nts  w ith  s us pe cte d unilate ral
re nal arte ry s te nos is  s h ow e d re nal volum e  w as  a
be tte r pre dictor of s ingle -k idne y GFR th an re nal
le ngth . Th e y als o s h ow e d th e  addition of re nal are a
and pare nch ym al th ick ne s s  m e as ure d at ultras ound
to le ngth  w as  a be tte r pre dictor of both  s ingle -k idne y
GFR and re nal volum e  th an le ngth  m e as ure d at
ultras ound alone . A m ore  re ce nt s tudy s h ow e d th at
k idne y le ngth  and volum e  s ignificantly corre late d
w ith  e s tim ate d glom e rular filtration rate  (e GFR) in
th e  e lde rly, but k idne y le ngth  h as  a low  s pe cificity in
pre dicting re nal im pairm e nt. H ow e ve r, m e as uring
th e  true  k idne y volum e  at ultras ound is  difficult.
Es tim ate s  of volum e  can be  m ade  on th e  bas is  of
th e  e llips oid form ula, but th is  m e th od h as  an inh e re nt
de fe ct be caus e  th e  k idne y is  not actually e llips oid.12

In addition, th e  e llips oid volum e  w ould include  th e
ce ntral s inus  fat th at doe s  not contain functioning
re nal tis s ue  and doe s  vary from  patie nt to patie nt.
Th e s e  factors  lik e ly contribute d to th e  findings  in a
re ce nt s tudy th at s h ow e d a pos itive , but w e ak
as s ociation be tw e e n s onograph ically de te rm ine d
k idne y volum e  and various  indice s  of glom e rular
filtration rate  (GFR). Th e  s tudy s h ow e d a pos itive
corre lation be tw e e n KV and Cock croft and Gault
e s tim ate d GFR(r = 0.471, p= 0.003). Th e  ave rage
k idne y le ngth  w as  found to s ignificantly corre late
w ith  e s tim ate d CrCl by th e  CG e q uation (r=0.371,
p=0.024).1

In patie nts  w ith  CKD, th e  re nal cortical e ch oge nicity
incre as e s  at ultras ound. In addition, th e  re nal corte x
ofte n be com e s  th inne d. A re ce nt s tudy s h ow s  th at
cortical th ick ne s s  m e as ure d on ultras ound appe ars
to be  m ore  clos e ly re late d to e GFR th an re nal le ngth .
Th e re  w as  a s tatis tically s ignificant re lations h ip
be tw e e n e GFR and corticalTh ick ne s s  us ing CG
(p < 0.0001). Als o th e re  w as  a s tatis tically Significant
re lations h ip be tw e e n CG and le ngth  (p = 0.003).
Re porting cortical th ick ne s s  in patie nts  w ith  CKD
w h o are  not on dialys is  s h ould be  cons ide re d.12

As  th e  burde n of CKD continue s  to incre as e , e fforts
to re duce  th e  cos t of m onitoring and m anaging th is
dis e as e  are  ne e de d. Our s tudy w ill atte m pt to e valuate
th e  us e fulne s s  of a ge ne rally obtainable  m e as ure m e nt
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at ultras ound in th e  s e tting of CKD as  a corre late  to
k idne y function (e GFR).
Th e  aim  of th e  s tud w as  to de te rm ine  th e  corre lation
be tw e e n ultras ound m e as ure d re nal le ngth  and re nal
cortical th ick ne s s  w ith  e s tim ate d glom e rular filtration
rate  (e GFR).

Materials and Methods

Th is  w as  de s criptive  cros s  s e ctional s tudy conducte d
at Arm e d Force s  Ins titute  of Radiological Im aging
(AFIRI), Raw alpindi from  Nove m be r 2011 to March
2013.Sam ple  s iz e  w as  calculate d us ing PASS
s oftw are  ve rs ion-11 us ing corre lation coe fficie nt (r)
0.371 of ultras ound m e as ure d re nal le ngth  w ith
e GFR12 as  follow s :-

Numeric Results when Ha: R0<>R1

Pow e r N Alph a Be ta R0
0.9 0304 72 0.05000 0.09 69 6 0.00000

R1
0.37100

A s am ple  s iz e  of 72 ach ie ve s  9 0%  pow e r to de te ct
a diffe re nce  of - 0.37100 be tw e e n th e  null h ypoth e s is
corre lation of 0.00000 and th e  alte rnative  h ypoth e s is
corre lation of 0.37100 us ing a tw o-s ide d h ypoth e s is
te s t w ith  a s ignificance  le ve l of 0.05000. H ow e ve r a
s am ple  s iz e  of 200 w as  ach ie ve d for th e  s tudy.

Operational Definitions

Renal Length: Th e  gre ate s t pole  to pole  dis tance
of k idne y in s agittal plane  on ultras ound, m e as ure d
in m illim e te rs  (m m ).M e an re nal le ngth  calculate d
from  bilate ral m e as ure m e nts .

Renal Cortical Thickness: Th e  s h orte s t dis tance
from  th e  bas e  of m e dullary pyram id to th e  re nal
caps ule  in s agittal plane  at th e  le ve l of m id k idne y
on ultras ound, m e as ure d in m illim e te rs  (m m ). Me an
re nal cortical th ick ne s s  calculate d from  bilate ral
m e as ure m e nts .

Estimated Glomerular Filtration Rate (eGFR):

Cock croft and Gault(CG) e q uation w ill be  us e d to
e s tim ate  GFR (m e as ure d in m l/m in/1.73m 2) from
s e rum  cre atinine  as  follow s



Discussion

Our s tudy s h ow e d a s tatis tically s ignificant re lations h ip
be tw e e n cortical th ick ne s s  m e as ure d at ultras ound
and re nal function in patie nts  w ith  CKD. Th e re  w as
als o a s ignificant re lations h ip be tw e e n CG e GFR

Clinically diagnos e d cas e s  of CKD, on th e  bas is  of
im paire d re nal function for m ore  th an 3 m onth s , from
both  m ale s  and fe m ale s , w ith  an age  lim it of 20-70
ye ars  w e re  include d in th is  s tudy. Th e  patie nts  not
include d in th e  s tudy w e re  th os e  on dialys is  and
th os e  h aving diabe te s  m e llitus , h ydrone ph ros is  or
adult polycys tic k idne y dis e as e  (In th e s e  conditions
k idne y s iz e  us ually incre as e ) as  pe r clinical re cord.
Als o th os e  w ith  e xtre m e s  of age s  i.e . <20 ye ars  and
>70 ye ars  (h ave  s m alle r k idne y s iz e s ) &  w ith  e xtre m e s
of body m as s  (as  e q uation for e GFR do not pe rform
w e ll in s uch  cas e s ) w e re  als o not include d.

Data collection Procedure: Ultras ound m e as ure -
m e nts  w e re  pe rform e d by th e  prim ary auth or w h ich
w as  re vie w e d by a cons ultant h aving 5 ye ars  of
e xpe rie nce . Righ t, le ft and m e an m e as ure m e nts  w e re
tak e n. Th e  e xam inations  w e re  pe rform e d us ing s tan-
dard gre y-s cale  B-m ode  im aging w ith  a 3.5-M H z
curviline ar trans duce r of Alok a SSD 5500 ultras ound
m ach ine . Th e  e xam ination be gan w ith  th e  s ubje ct
s upine ; th e  pre aortic re gion w as  e xam ine d to e xclude
th e  pre s e nce  of a h ors e s h oe  k idne y. Re nal m e as ure -
m e nts  w e re  obtaine d w ith  th e  s ubje ct prone . Le ngth
and cortical th ick ne s s  of th e  k idne y w e re  m e as ure d
bilate rally. Patie nt’s  s e rum  cre atinine  le ve l m e as ure d
in M H  laboratory during pre vious  one  m onth  w e re
us e d to e s tim ate  GFR by Cock croft and Gault
e q uation. All th e  inform ation and m e as ure m e nts  w e re
re corde d on a “Data Colle ction Pe rform a”.
Data analys is  Data w as  e nte re d and analyz e d us ing
SPSS ve rs ion-20. De s criptive  s tatis tics  w as  calculate d
for both  q ualitative  and q uantitative  variable s .
Qualitative  variable  include  ge nde r and th is  w as
pre s e nte d as  fre q ue ncy/pe rce ntage . Quantitative
variable s  age , w e igh t, ultras ound m e as ure d re nal
le ngth , ultras ound m e as ure d re nal cortical th ick ne s s ,
s e rum  cre atinine  le ve l and e s tim ate d glom e rular
filtration rate  (e GFR) and th e s e  w e re  pre s e nte d as
M e an ± SD. Table s  and ch arts  w e re  m ade  for
q ualitative  variable s . Pe ars on’s  r corre lation value
and Sig (2-taile d) value  w e re  calculate d for re nal
le ngth  ve rs us  e GFR and re nal cortical th ick ne s s
ve rs us  e GFR. P-value  le s s  th an 0.01 w as  cons ide re d
s ignificant.
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CrCl (CG) = (140-age) x lean body weight (Kg) x (1.22 male or 1.04 female)

Serum creatinine µ mol/ l

Frequency Percent Valid

Percent

Cumulative

Percent

Male

Fe m ale

Total

Valid

114

86

200

57.0

43.0

100.0

57.0

43.0

100.0

57.0

100.0

Table 1: Ge nde r bas e d Fre q ue ncie s

Sex

Sex

male female
0

20

40

60

80

100

120

Figure 1: Graph  s h ow ing ge nde r bas e d dis tribution of coh ort.

Result

Th e  m e an cortical th ick ne s s  w as  9 .12 m m  (range ,
2.7–19 .4 m m ). Th e  m e an le ngth  w as  9 5.9 5 m m
(range , 48.86 - 124.10 m m ). A s tatis tically s ignificant,
pos itive  and s trong re lations h ip w as  obs e rve d
be tw e e n e GFR and m e an cortical th ick ne s s  us ing
th e  CG e q uations  (Pe ars on’s  r value  = 0.59 6, s igni-
ficant p value ). Th e re  als o w as  a s tatis tically s ignificant
and pos itive , but w e ak  re lations h ip be tw e e n CG
e GFR and m e an re nal le ngth  (Pe ars on’s  r value  =
0.216, s ignificant p value ). Th e  s tronge s t re lations h ip,
as  e vide nce d by th e  h igh e s t Pe ars on’s  r value , w as
for m e an cortical th ick ne s s  and CG e GFR (Pe ars on’s
r value  =0 .59 6) (Tab. 2 and 3).
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m e as ure d at ultras ound alone .13 Anoth e r s tudy
s h ow e d a corre lation be tw e e n e GFR and re nal
volum e s  m e as ure d at ultras ound in 116 h e alth y
ch ildre n.14 O th e r auth ors  h ave  de s cribe d k idne y
volum e  as  a be tte r pre dictor of re nal function th an
re nal le ngth .15,16 Th is  w as  furth e r s upporte d by a
s tudy in 2009  by Sanus i e t al.1 s h ow ing a w e ak  but
pos itive  corre lation be tw e e n k idne y volum e  and
various  indice s  of GFR, be s t w ith  m e as ure d cre atinine
cle arance , in 40 patie nts  w ith  CKD. Th e ir re s ults  als o
s h ow e d a s ignificant corre lation w ith  th e  m e as ure d
cre atinine  cle arance  and th e  CG and MDRD e q ua-
tions , furth e r validating th e s e  e s tim ate s  of GFR in
CKD.1 In m y s tudy re nal corte x m e as ure m e nts  w e re
tak e n pe rpe ndicular to th e  re nal caps ule  from  th e
caps ule  to th e  corticom e dullary inte rface . Th is
inte rface  can be  difficult to ide ntify in s om e  patie nts
in w h om  th e re  is  poor corticom e dullary diffe re n-
tiation. Additional m e as ure m e nts  in th e  trans ve rs e
plane  or an ave rage  cortical th ick ne s s  including th e
uppe r and low e r pole s  m ay prove  to be  a be tte r
re pre s e ntation of functioning pare nch ym al volum e
in future  s tudie s .
O ur s tudy only e valuate d patie nts  w ith  CKD and
patie nts  on dialys is  w e re  ne ce s s arily e xclude d from
th is  s tudy. Exam ining th e  re lations h ip be tw e e n re nal
function on th e  bas is  of s e rum  cre atinine  and cortical
th ick ne s s  w ould be  inh e re ntly flaw e d in th is  group
be caus e  th e  cre atinine  us e d for calculation w ould
be  a m e as ure  of dialys is  e fficacy rath e r th an native
re nal function.
Pote ntial lim itation of m y s tudy is  th e  us e  of com pu-
tational e s tim ate s  of re nal function, rath e r th an
m e as ure d GFR. Alth ough  CG form ula h as  be e n
pre vious ly validate d.17,18 A s tudy by Rule  e t al.19  in
2004 s h ow e d th at th e  MDRD e q uation s ys te m atically
unde re s tim ate d re nal function. Th e  unde re s tim ation
w as  m uch  m ore  pronounce d for h e alth y volunte e rs
(29 %  unde re s tim ation) th an in patie nts  w ith  CKD
(6.2%  unde re s tim ation). H ow e ve r, th e ir s tudy w as
pe rform e d w ith  a ve rs ion of th e  MDRD e q uation
be fore  s tandardiz ation of cre atinine  e s tim ate s  be t-
w e e n laboratorie s . Th e  de ve lopm e nt of th e  ID–MS-
trace able  MDRD s tudy e q uation th at w as  us e d in
th e ir s tudy h as  allow e d th e  us e  of s tandardiz e d
cre atinine  m e as ure m e nts  and s h ould m inim iz e
m e as ure m e nt diffe re nce s .20 A s ligh tly m ore  re ce nt
s tudy dire ctly com paring CG and MDRD e s tim ate s

Table 2: De s criptive  Statis tics

eGFR RL.M RCT.M

Pe ars on Corre lation

Sig. (2-taile d)

N

Pe ars on Corre lation

Sig. (2-taile d)

N

Pe ars on Corre lation

Sig. (2-taile d)

N

e GFR

RL.M

RCT.M

1

200

.216**

.002

200

.59 6**

.000

200

.216**

.002

200

1

200

.267**

.000

200

.59 6**

.000

200

.267**

.000

200

1

200

**. Corre lation is  s ignificant at th e  0.01 le ve l (2-taile d).

Table 3: Corre lations

N Minimum Maximum Mean
Std.

Deviation

Age

W t

Cr

e GFR

RL.R

RL.L

RL.M

RCT.R

RCT.L

RCT.M

Valid N

(lis tw is e )

200

200

200

200

200

200

200

200

200

200

200

20.00

37.00

66.00

3.47

7.9 0

62.00

48.86

2.30

2.70

2.70

70.00

110.00

149 3.00

149 .85

126.10

132.80

124.10

18.50

20.30

19 .40

50.8500

63.1500

300.89 45

41.6658

9 5.0741

9 7.469 3

9 5.9 537

9 .1019

9 .1758

9 .1213

17.38357

12.29 035

309 .70758

35.62370

16.15370

14.289 15

14.219 32

3.59 463

3.35660

3.3439 2

and re nal le ngth . Re nal le ngth  h as  traditionally be e n
cons ide re d a s urrogate  m ark e r of re nal function
be caus e  re nal le ngth  de cre as e s  w ith  de cre as ing
re nal function. Re nal le ngth s  are  unive rs ally re porte d
and are  us ually th e  only m e as ure m e nts  give n at
re nal ultras ound.2 H ow e ve r, on th e  bas is  of ours tudy;
it appe ars  th at cortical th ick ne s s  m e as ure d at
ultras ound m ay be  re late d m ore  clos e ly to e GFR
th an re nal le ngth  in patie nts  w ith  ch ronic re nal failure .
Our s tudy atte m pte d to e valuate  th e  us e fulne s s  of
a ge ne rally obtainable  m e as ure m e nt at ultras ound
in th e  s e tting of CKD as  a corre late  to k idne y function
(e GFR). Prior s tudie s  als o h ave  e valuate d im aging
m e as ure m e nts  as  s urrogate  m ark e rs  of re nal function.
A s tudy e valuating 69  patie nts  w ith  s us pe cte d
unilate ral re nal arte ry s te nos is  s h ow e d re nal volum e
w as  a be tte r pre dictor of s ingle -k idne y GFR th an
re nal le ngth . Th e y als o s h ow e d th e  addition of re nal
are a and pare nch ym al th ick ne s s  m e as ure d at
ultras ound to le ngth  w as  a be tte r pre dictor of both
s ingle - k idne y GFR and re nal volum e  th an le ngth
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of GFR in patie nts  w ith  CKD s h ow e d th e  MDRD
e q uation to be  m ore  accurate  th an th e  CG e q uation
in patie nts  w ith  m ode rate  to advance d k idne y dis e as e
and diabe tic ne ph ropath y.21

Conclusion

Cortical th ick ne s s  from  th e  caps ule  to corticom e -
dullary inte rface  at th e  m id k idne y le ve l m e as ure d
on ultras ound appe ars  to be  m ore  clos e ly re late d to
e GFR th an re nal le ngth . Re porting cortical th ick ne s s
in patie nts  w ith  CKD w h o are  not on dialys is  s h ould
be  cons ide re d.
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