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Summary 

Know lcdgL' of exact gestational age is very crucial to the Obstetrician. Usc ot u I trasound for co.ti 111.1 t i ng 
�g�e�~�t�,�t�t�i�o�n�a�l� age by measuring fetal characteristic like B.P.D., F.L., A.C. and H.C. �i�~� a common prc1d Jt't'. In 
L'MI) pregnancy the estimates arc quite accurate, but in late pregnancy (more them 30 weeks) the prcdidion 
ot error is to the tunc of 3 week!::>. ln this paper two new predictor variables, fetal kidney circumJL·J·cnce 
,md kidney length have been used to predict gestational age with significant reduction in the prcd ictton 
L'rror ( l.S l"''ceks) 

Introduction 

Km,wledge of precise gesl<ltional age is critical 
in Uw CcHL' llf both high and low-risk obstetric patients. 
Cestation,ll clge assessment has long been the 
�Q�u�i�n�t�e�~�:�-�,�e�n�t�J�<�l�l� application of ultrasonography to the 
practice of Obstetrics (Ott. 1985, Hadlock et al1981, 1984). 
The usc of multiple sonographically measured fetal 
chMacterislics has been advocated for estimation of 
gcstcltioncll age The fetal characteristics usually 
employed Me biparietal diameter (B.P.D.), femur length 
(F.I..), hc,1ci Cir cumference (H .C.), abdominal 
cu:cumfcrcnce (A C.) etc. The random error in gestational 
age esli melt 10n increases from about 1 week at 18 weeks 
gestation to almost 3 weeks after 36 weeks' gestation 
(Hadlock el al 1981, 1984; Ott, 1994) which at times may 
be rc:-,ponsible for caesarean sections not actually needed, 
�1�n�c�n�'�<�l�~�L�'�d� morbidity or unnecessary use of tocolytics. 
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In this paper we propose the �u�~�L�'� lli fd,ll rcnc1l 
measurements, kidney circum fe renee ( K.C.) <tnd kid Ill'\ 
length (K.L.) to estimate �g�e�~�t�a�l�i�o�n�a�l� agt' in late l'rL');ll,lllC\ 
(greater than 30 weeks of gestation), a;, they h,l\ 'L' c1 �l�e�:�-�,�~�l�'�r� 

prediction error and better Rc. than the dating lormulac 
based on fetal biometric parameters like FWD, FL, HC, 
AC and their combinations. 

Fetal kidney can be visualised a" carlv as l2 to 
14 weeks. As kidneys enlarge they become �p�r�o�g�r�e�~�s�i�\�'�l�·�l�v� 

easier to identify, and by 30 week:, there �i�~� "u ffil'lent f,1 t 
surrounding and accentuating the norm<ll �~�o�n�o�l�u�c�e�n�l� 

renal parenchyma to make identification relati\·elv 
simple (Lawson, et al1981). 

Material & Methods 

A retrospecti vc study vv,1;, designed to l''\cllllllll' 



• 

the 1·c·l,1tionship betvveen Ida! kidney dimensions and 
gL'"tc1t1onal age. Sample was selected from the cases 
,1ttmd mg the A. N.C. Clilllc of U .1.5. E. Maternity Hospital 
( �;�.�~�.� V.l'vl. Mcd ical College Kanpur. Criteria for inclusion 
111 tlw ... tud\· were as �f�o �l �l�o�w�~�:� 

(I ) "Jiw I .I'd. !'- was exactly known and there was no 
hl..,tOI'\' of irregular periods. 

(:2 ) llw 111L'nc;twal age beyond 30 1\'l'Cks or more. 
(";I ll'lu-., not ,1tthc nsk furcongL'nltal kidney disease. 
1-1) "'t> d""oc1,1tcd medical or obstl'lncal complication. 

L.: ltr ,hound e\an'tination was performed on 
,\Juk,1 <-;SJ) b20 Ultrasound Scanner vvith 3.5 Mhz, Trans 
;\bdom1nc1l ConveA. transducer. 

!).PD., G.L., H.C., A. C., K.C., K.L., K.W., KT. were 
111l'c1c;ured in each case. Measurements were taken using 
till' c11reMiy wel l described landmarks & p lanes. Renal 
length \\'c1S measured on the saggital view. Thickness 
,md 11 idth of the fetal kidney were measured in a 
tr,11bl cr-.c fetal section. Both kidneys vvere visualised 
and tlw 111l'c1n of the measurements of both structures 
\\ ch t,1kL'n. 

St,1 li st ical A nalysis: Least squares method was used to 
111 thl' 1·elcJtionship between gestc1tional age and fetal 
bionH'triL pcHameter(s). [or this purpose M INIT Al3 
f1c1L kdgl' ,,. ,1s used. The p n2d iction cq ua lion have been 
LllmJ1cHL'd on the basis of coefficient of determination, 
1\. ,md ruutme,m square devii1lion �(�l�~�S�D�)� which is a 
n1mbm,1tin of both random error c1nd �~�y�s�t�e�1�n�i�c� error. The 

Tabl e No. I 

�G�c�s�l�l�l�t�i�o�n�n�l�n�,�~�;�c� cslinllllion 

mathen1atical fonnula ror rout mean "cJllcHl ' dL'I lclliu1 1 
�(�~�S�O�)� is 3 A veragc of (cstim,1ted C.,\ - trlll ' C.. :\.) 

Observations 

The average gcstdtioncll ,1gc ulthl' -.ample i.., 1-J. 
40 weeks± 2.61 (Table !). (;cst,1tion,11 �<�~�g�c� L'c111 11\lt hL· 
measured directly. Hl'lll 'L' we -.ttiLl\ liHhl ' 1 Mic1bk·-., 
which cHC correlated 11 1th io\l'"t<1tion,11 ,1gl' ,md tn tu l1ncl 
out a mathematical rclc1tiun;-,h1p bl'l11 L'L'I1 tlwm. J).J' I l 
had a very high correlation Clldlic1cnl 1\'lth (;_A l--.1d11t'l 
circumference & kidnc'\' IL·ngth h,h <1 ... till h1ghL' I 
correlation with G.A (Table 11). Tabk· Ill ,.,hllwo- th,1t 
estimat1on of gestat1on<11 age on the bi1-.is uta �~�m�g�l�l�'� 

parameter after 30 weeks of gc-.,tal!Oil wiJl c1J\.\ cl\'S be Jc._,-, 
accurate. Hadlock (1 984) suggested tlw cumbin,1tiun ul 
4 parameters B.P.D., F.L., /\.C., H .C. rlw R" in this ca-.c' i11 
our study is 92.8'X, whereas rcgrcssilln of �g�c�~�t�,�1�t�i�o�n�,�1�l� 

age on kidney circumference and kid ncy IL·ngth h,h c1 I\ 
value of 98'1,, (Table [[J ). Tc1blc No. IV lists tlw Rl'vl<-;[) lli 
different regression equations. The Rl'vlSD 1s il'c1-.t 111 
case of regression of C.A. on kidncv mcc1surcmc'nh 
(Table IV). lt is an indicator of prediction error. t\long 
With the regression eq Llcl t lOllS LJ5"o prcd 1Ctllll1 111lL'I'\ c1J-.. 
were also calculated for l)0 �u�b�-�.�e�n �· �,�1�t�i�u�n�~� llwn the ,11 l'rclgl ' 
width Of prediction intl'r\ ' c1Jc; \\ c10. Ldkllidted . JJw 
prediction interval ll'idth \\',1-. l."il 1\L'L'k -., 111L,1"l' ll l 
regreSSIOn ol C .i\. lln k1dnL'\ �l�l�1�L�'�c�1�~�U�I�"�l�'�l�l�1�L �' �1�1�h� 11 i11 L h 1-. 
almost half of the Width Lli the prL'didiOI1 intl'r\ 'clJ (\ .(1 

weeks) when C.A. is rL'grcs-,L'd on the Lllll1hln,1tlll11 ul 
B. P.O., F.L, A. C., H. C. 

Showin g sum mary va I ues of fetal characteristics of the 98 patients 

Fetal characteri sti c 

J·U'.LJ 
F.l. 
AC 
ll.C 
kl 
k .l . 

lablcNo. ll 
Showing the correlation m atri x 

G.A. 

B.I'.D. 0.95 
F.! .. 0.87 
A C. 0.83 
ll.C. 0.83 
K.C. 0.97 
U. 0.98 

B.P.D. 

0.87 
0.83 
0.87 
0.93 
0.93 

Mean 
(in centimeters) 

8.63 
6.65 

28.47 
31.0-t 
6.98 
3.91 

F.L. 

0.77 
0.78 
0.86 
0.87 

A. C. 

0.83 
0.79 
0.82 

S.D. 

2.6 
0.-±7 
O.Sf> 
Ui..J. 
tl.5(1 
0.-l-2 

H.C 

0.02 
lUQ 

K.C 

ll.% 

3 1 
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Table Ill 
Showing results of I i near regression for predicting gestational age from Fetal sonograph ic measu rem en ts 

Fetal 
Measurements Regression Equation R2 r p 

ln °1c, 

B.l'.LJ C.A=- L 1A+5.3l B.P.D. 91.6 I 0-t I. I < .ll I 
( 1.4:2) (.16) 

1- [ . C.A. = 7.07 + 4. Ll F.L. 77.1 .1:23.5 <"()I 
( l.Si) (.23) 

(-.._(_ C. A = �2�.�~�1�-�\� + -!.54 K.C yc; 2 I LJ(}() . 7 () J 

(.73) (.I 0) 
kl . C.A = 10.6 + 6.l0 K.l .. lJh.-1 ='--"-111..., .il l 

(.-t7) (. !2) 
11 I' IJ , I I. \ c_ ., I !.C. C.A. =-8.8i + 4.27 BPD + .778 f:L + .152 AC-.10 l HC Y::'..S :?_l)LJ.h · .ll I 

(1.50) (.-!1) (.27) (.07) (.OY) 
Kl, "-.I C.A.=6.5Y + 2.00 KC + 3.55 KL 90.0 2iO"i.h < .0 I 

(.58) (.23) (.31) 

I Figurco. in parcnlhesio. indicate the standard deviation of regression coefficients 

Table No. IV 
Comparison of prediction of gestational age on the basis 
ofR.M.S.D. 

Fetal characteristic(s) used 
as predictor variable(s) 

IU'. U. 
K.C 
K.l .. 
lUI) I I , .\ ( , II.( . 
KC, "-.1 

Discussion 

R2 

91.6'\, 
Y5.2",., 
Y6.-t �·�~ �.�,� 

Y:2.H"o 
lJI) .(l "., 

R.M.S.D. 

0.70 
0.56 
0.-!9 
0.70 
0.36 

rlw error in lhe prediction of gestational age 
when B.J>.LJ. & F.L. arc used as predictor variables is 
quile high in !ale pregnancy. Several other fetal 
characleri-.li cs and their comb ina lions have been studied 
for prL·d iclion of gesla tiona! age. 

jL'elnly cl a! (1982) studied the relationship of 
fctill kidney 11ll'clsur<..'menls like kidney circumference, 
kidne) thickness w ith gcslationil l age. A lberto Chiara 
( 1993) reported cl 1·cry good con·cla tion between right 
J...iclm') length, left kidney length and gestational age 
l r=O.H-t ,llld O.Ho ,·cspcclivcly). In our series we have 
lound clcorrclat1on cociiiCienl, r=O.Y8 c1nd O.Y7bctwccn 
)'i l'S(cl[IL\ncll cl)oil' clnd J...inCk)' length, J...1dne1 ClrL'U111fCrenCC 
re-.pL'cliiL 'h ( l,1bk• II ). hgure l Kon)L' ct a! (1997) hao. 
�~�h�L�\�\�1� n lh,l l J...1dnL'\ length al different gcslat1onal ages 1s 
nol slgniiiCclnll\ ddlt'rcnl in small-tor -date and 
appropnate-lor-dale �b�a�b�i�c�~�.� H ence fetal kidney 
�m�e�a�~�u�r�c�m�c�n�b� c,m provide a good eslil llil tc of gestational 
age in late pregnancy. 
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Figure ( l) shows the �~�c�a� ttcr gram of �l�~�.�l �' �.�l�>�.� \\ ' llh 
G.A. Figure (2) and Figure (3) show thl' ':oc,1IIL'r gram ol 

K.L. and KC. w ith G.i\. These clearly dL·nwnc,tratl' ,1 
good linear reliltionship. 
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Figure 3: Showing the Scattergram between KC and 
Cestational Age 

Table No. III lists the coefficient of determination 
(R ') elnd 1·arious regression equations. For B.P.D. alone 
the R' is 91.6"1o. For a combination of B.P.D., F.L. A.C., 
H.C. the R' is 92.8'X,. The R2 for a combination of K.L. and 
K.C. ts tlw highest (98.0'Yo). Our results are in agreement 
with Clwrvenak eta! (1998) except for femur' length found 
ell ,1 R of LJl.H'\,, �9�1�.�.�!�"�~�,� & 9.J-.8'ro for B.P.D., F.L., and a 
wmbin,l tton nf B. P.O., F.L., A.C. re::,pectively. Hadlock 
l't ell ( lllK-1 ) 1·cpurted a R2 value of 98.1 '\, for a combination 
uii ·LI' l) , l ·. L. , 1\.C., H.C. But his sample included cases 
ol l-1--12 weeks of gestational ages. This high W was 
pwb.1bh due to caseo. of early pregnancy. In our sa1nple 
11 L' h.11 L' ILlund tlw h1ghest R' �(�9�8�'�~ �\�, �)� when the gestational 
elgc J'o regressed on a combination of kidney length & 
kidney circumference. Therefore this combination can 
provide el very accurate estimate of gestational age in 
late pregnancy as compared to already used fetal 
pManwtn(s). 

I"able IV shows root mean square deviations 
(R.M.S.D.). By definition, it shows how accurate is the 
c-.timalL'. It is minimum for a combination of K.L. and 
K.C(.36). 

Table No. V 

Gcstatiolllli age cstilllatioll 

In Table V, we have shown tlw prediction 
i.nterval wid th which was computed using the MINI f/\B 
package on computer. The mean prediction intcn·,ll 
width is up to 3 weeks when a combination of I).J>.D., 
F.L., A.C., H. C. is used. This is reduced to half (1.5 wccb) 
when kidney length and kidney ci rcumfcrL·ncc arc uc,cd 
to predict gestational age. 

Conclusion 

Prediction of gestcltJOilcll clgl' Ill leltl' prcgn.llll \ 
is very crucial for drastic obstetnc,ll lllelnagcml'nl. 1\n 
error of about 3 weeks in predicting C. i\. can be 
detrimental to the patient. In our c,tudy 1\'l' hcl\'e found 
that Fetal kidney circumference and kidney length can 
predict G.A. most accurately in late pregnancy (more 
than 30 weeks of gestation). However, thi s conclu -, Jon 
needs to be verified on ala rger data set. 

References 

1. Chervenak, Frank A.; 51--upski, D.W.; Romero R.; 
myers, M.K. ; Smith Levitin; Rosenwc1ks, Z. ; Thak·r. 
H.T. Am. J. Obstet Gynecol, 178, -! , 678, ( l9LJ8) 

2. Alberto, Chirico, Chtara, C.; Mario 13. Fli,m,l ; Cirog1o, 
R.; Am] ofPerinatology, 10, l(j9 , llJln 

3. Hadlock, F.P.; Deter, R.L. ; H ,lrrist. 1\.1).; [>ark,'-,."-. 
A.J.R., 138, 649, l 984. 

4. Hadlock, F.P.; Deter, R.L.; �H�,�1�r�r�i�~�t�,� I\. B.; l1 Mk, �~�.�K�. �,� 

Radiology, 152, -!97, llJS-1. 
5. Jeanty, P.; Michele Dramaix-wilmet; I: lkha/en, N.; 

Hubinont, C.; Regemortcr V van; Rad Jology; 1-1-1, l "iLJ, 

1982. 
6. Konje, J.C.; Okaro, C.L; Bell, S.C.; de chcl/ cl i-R; Tilvlor , 

O.J.; Ultrasound Obstet & GvnecollO( l) 22, 1997. 
7. Lawson, Thomas L.; Foley, W.O.; Berland, I ,. I .. ; Clcll'k, 

Kenneth E.; Radiology 138, 153, llJSI. 
8. Ott, W.J. Obstet Gynecol, 66,311, l Y85. 
9. Ott, W.J. A.]. of Perinatology 11, 6, -!04, l9LJ4. 

Comparison of prediction interval width for different predictor variables 

Fetal characteristic(s) used Prediction interval width 
As predictor variab le(s) Minimum Maximum 

(in weeks) 

13.P.D. 3.18 3.23 
K.L. 1.98 2.01 
BPD,FL,i\C,HC 2.95 3.07 
K.l ., K.C. 1.49 1.57 

Mean 
in weeks 

1.20 
2.00 
3.00 
±.02 

S.D. 

±.08 
±.02 
±.08 

::n 


