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Improvement study on the formula for bladder volume measured by
two—dimensional ultrasound

NIU Tiejun, YUAN Lijun,ZHANG Yuexuan, WEI Yuhong, LI Wen,SHI Yucong, CHU Yinzhu
Department of Ultrasound , the First Affiliated Hospital of Harbin Medical University , Harbin 150000, China

ABSTRACT Objective Based on the ellipsoid formula and Lambert empirical formula for measuring bladder volume
by two—dimensional ultrasound, to develope a new and higher practicality formula for bladder volume using a large amount of
data, and to verify its accuracy.Methods (1) In vitro experiment : water sacs filled with different volumes of saline were used to
simulate bladders with different volumes.A total of 4500 data sets were collected and divided into a training set of 3000 cases and
a validation set of 1500 cases in a ratio of 2: 1.They were divided into 3 groups according to the bladder volume: <50 ml group,

50~300 ml group and =300 ml group, with 1000 cases in each group in the training set, while 500 cases in each group in the
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validation set.In the training set, the maximum transverse diameter(d1) , maximum anteroposterior diameter (d2) , and maximum
longitudinal diameter (d3) of the water sacs were measured by two—dimensional ultrasound , and the actual volume (V) of water
sacs were measured using a measuring cylinder.The model was established as follow : volume (V) =coefficient (k) Xd1xd2xd3.The
coefficients corresponding to each group and the overall data were calculated, and the corresponding formulas (V1~V4) were
obtained.Substitute 1500 data from the validation set into each formula, and the error percentages of the new formulas in each
group were compared, and the accuracy was evaluated. The error of the new formula was compared with that of the ellipsoid
formula(V=0.52xd1xd2xd3) and Lambert empirical formula(V=0.71xd1xd2xd3).(2)In vivo experiment: a total of 100 healthy
volunteers with no residual urine were selected.Their bladder d1,d2,d3 were obtained by two—dimensional ultrasound when they
wants to urinate.Immediately empty the bladder, collect the urine and measure the actual urine output using a measuring cylinder.
The data was applied to the 3 formulas to analyze their errors.Additionally, the intraclass correlation coefficient (ICC) was used
to evaluate the consistency between predicted and actual voided volume in the in vivo experiment. Results (1) In vitro
experiment results : 4 new formula coefficients were obtained from the training set.For the <50 ml group, k1 was 0.6244, for the
50~300 ml group, k2 was 0.6399, and for the =300 ml group, k3 was 0.6713.The overall coefficient k4 without partitioning was
0.6542.Substituting the validation set data into the new formulas , the errors of the 4 new formulas V1~V4 were ( 18.20+6.84 )ml,
(49.22+16.30) ml, (178.75+60.61) ml and (82.06+13.89) ml, with error percentages of 2.19%, 4.50%, 5.68% and 2.05%,
respectively. Among them, and the formula V4=0.6452xd1xd2Xd3 had the smallest error percentage.The mean absolute errors of
the new formula V4, ellipsoid formula and Lambert empirical formula were 8.7734 ml,73.6529 ml and —13.1576 ml, respectively,
and the new formula with the smallest mean absolute error and best fitting degree (’=0.9921, P<0.05).(2) In vivo experiment
results: the mean errors of the new formula V4, ellipsoid formula and Lambert empirical formula were (8.26+6.21)ml, (23.19+
13.07) ml and (14.08+4.65) ml, respectively, and the new formula with smaller errors. Additionally, the predicted and actual
voided volume in the in vivo experiment demonstrated high consistency (ICC=0.996, P<0.05).Conclusion The new formulas
was developed based on different bladder volumes : ) When volume<50 ml, V1=0.6244xd1xd2xd3.@ When volume is 50~
300 ml, V2=0.6399xd1xd2xd3.)When volume=300 ml, V3=0.6713xd1xd2xd3.@ Without distinguishing volume ranges or in
clinical practice: V4=0.6542Xd1xd2xd3,its accuracy was higher than that of the ellipsoid and Lambert empirical formulas.
KEY WORDS Ultrasonography , two—dimensional ; Bladder volume ; New formula

JB% e 25 B AT R e B IR $R R R B8 2 S A A
Joa A%, TR VA % I 2 AR JB G i g 4 5 9 1 12 B
FAnyr A EEE L. BRI AR kR Z,
i L 3 M2 SR Ak 0 % I 725 i, JH v A 2 T 1 B
Bear F| Ik B d 18 52 AR £8 35 HE R 5 15 IOk 161 7 i
T e 25 B, IR 2285 K5 Claunch 1 TR S [ 457
30T B R0 5 IO 2R A T A AR AG I, 32 VA X T DR
Uy FRE NS L BN SR S R R T e U
Bl =T AR H O R S DR DN % Ik 2 FRUE Ry
TR, (E AR R B SR 1 i A U , L & g [ PR R, HL
Tseng Fl Stoller > il 58 & B, F IR IG5 A 26% i AE4E
B PR, W g HAE P . FEARZ SRS
Hp R ERT A P R S PR A2 2 T PR R U Y
bR, 2% 27 Bl e 5t 22 b — 4 1 75 00 6 0 2 2 R
o3, Hep Yip RS A B 12 R e S AR A K R
SEREER A 2K (V=0.52xd 1xd2xd3) T A T4 A A
IR 5% e 25 L s Paltiel 552 5% b 0 Hr A BR A 28 5 Lambert
22865 5 3 (V=0.71xd1xd2xd3) , iE 5 Lambert £ 56 232X

AR ZXOE EAG o (5 8 2% 334 2 35 7 A X )
TE R 1 1 I 0, 6T A [) 25 8 gt I ) 35 P 1 2%
2019 4F-4x B AR =BT X6 T ASELNE IR A s e o o
AR V=1/6m] (d1+d2+--+d16)/16]°, {HIZ S X5 W
2R, H T AR ARG IR 2 N . AR S8R
F0 T AN ) 28 FEUAE R K 10 7K BEASAUIAS ) 28 RS M, AR
it A O 32 R T I S M g ) A R A 5
FEXF IAERA PRI LB AR, B 76 M I R BB IR IT %
WARITROR RIS % |

M5 TE

— RS

132 SR ST AN [R) 2 B AR PR /K A 7k 2 (T EL
A LB Al ot AT B D) BEAUAS [ 2 BB b, LA D7
15 4 B SR AN 8 22 1A 7 SR AL R 265 14 15 e
TR PN [ 2 [R) P % 220 AN AR OE K AR
(N AR A A RS 7)) K 4 ) P\ T ik
FYARIE , LAB D0 e A Wi P S Ao P (TP ] 1



It R AR S 222 475 2024 45 11 5526555 11 J Clin Ultrasound in Med, November 2024, Vol.26,No.11 . 883 -

Acuson Sequoia # {823 8 2 WX, 5C1 RSk,
Wi 2~5 MHz, I FH M P I e KA VD T A2 A7 A2 (d 1) |
KB B R A2 d2) R A7 (d3) A,
W A FER KB AR K RS PR K dL .d2,
d3 BAR i DL E 1,2, SRR g R 4R 45001, 4 R 21 1
Fu s H o R I 254 3000 4~ FEE UEAE 15004, AR s AS
] B e 25 A7 <50 ml ZH . 50~300 ml £ .>300 ml 41, V|
R iR 2% 100049 s B IEAR Hh A2 4% 5001 .

1 D=6.05 cm
2 D=485cm

B sk R dl d2 R E R

B2 R K 3R R

2. T HERE R N SOIR B R PR B0 AIE 3 TR 5
AR I AR AR ER 2 3 Lambert 85 A 20,
PLZSFR(V)=F B (k) xd1xd2xd3 A2 R FI I 244E
e & 21 B A 2 B V1~ V4, <50 ml.50~300 ml.>300 ml
INR BB R kL k2 k3 I 24 SRR R A
k4, FFEAEEELE 1500 MEHRICA S AU AT, g
BN U R 22 00 Fe DAPEAG HoE R M iR 22 0
bl = (4t {1 - 52 BB /52 PRAEX 100% -

3 SR 2 BEHGR 28 4y e de /NIRRT A X S5
BR A 2 (V=0.52xd1xd2xd3) | Lambert 28 4 7 30 (V=
0.71xd1xd2xd3) # A7 L, F# 3 Fh A =X i1 22 53 B
HAERGE

= eI

B P R B 2023 4F 7~8 H 100 Fil R R %, 5
355, 2z 65 191, A% 20~60 %, F-141(35.85+10.16 ) % .
ARRE : OICUA IR RGP s QHEFR J5 — 4k #a i 42

N E N TosR 4 R . T PETT T Acuson Sequoia
o 28 A2 WA, 5C1 M FEER Sk, R 2~5 MHz.
T R R A T I 2 R 0 R b d
d2 . d3, Fifi J5 37 BIHEZS 5 10, WAC S AH N 9 DR IS 1 1
R SEBRHE R 5 o B TSR S AR AR IR A =K
Lambert 2855 24 2 S Gr B B A5 10 A 158 25 A 40 LU B
N AR, B3R ABIR 2 . KA EEAEYIH 34
Gk T BE VN B ERAE 2 5 1, il T4 46 g AR PR 7
A7 1A A5 e FEORR ) B s o R0 g 3k A D0 o 5 B A 8l
WA I 3 RO E . AR AR BE R 2R B2
GUESHEHE T R YA B G R S .

= Gt ab

N SPSS 17.0 e, T HE BRI A mas 7R, R
FHERAME ] U5 43 B 3 B 468 75 k2 A R A ik 22
SR 2 A 5& 2R 8 (TCCO) PEAR A AR 56 w2 =X Sl
HE PR 5 5 S BRHE R ) —EE , 1CC>0.75 F/om — B
Rif. P<0.05h2ZEmAG¥E L.

# =R

— NGELHA X REGKH

Y 24 3000 47K 2EH, <50 ml 2H 32 PR 2Bk 20~
50 ml, - 34 (40.76+12.34) ml, 15 5 #7 2 X & £ k1=
0.6244 , F /A0 - V1=0.6244%xd 1xd2xd3 ; 50~300 ml £H
FPRAEFA 60~210 ml, -1 (111.82+48.82)ml, 15 15t
AR FEHK2=0.6399, A H : V2=0.6399xd 1xd2xd3;
=300 ml ZH 32 br 25 L A 300~550 ml, “F #4 (436.00+
79.83) ml, £ H B A X A& %0k3=0.6713, 1A K. V3=
0.6713xd Ixd2xd3; VIl £ H B AREHE 15 7 A X R 4L
k4=0.6452 , 51/ 0 : V4=0.6542xd 1 xd2xd3.

T VRE AR AR B A

B UEAE 1500 /K ZE v, 25 B <50 ml 21 S PR 25 R
7 20~50 ml, V341 (34.93+12.46) ml; 50~300 ml 41 52 br
RN 70~195 ml, 14 (88.66+32.59 )ml ; >300 ml £H 5K
PR 25 B0 300~550 ml, F-3 (362.42+123.86) ml. 56
WEEEE 7 AR A S AU A X AT 50, 15 VI~V4
4 258 o8 Y 5 22 03 5] R (18.2046.84) ml | (49.22+
16.30)ml. (178.75+60.61)ml. (82.06+13.89)ml, i% 25 [
AR 2.19% .4.50% .5.68% .2.05% , Hih V4 ()%
25 {43 W/ B E VA SR 22X Lambert Z855 2%
Wi By =ES A0 g8

= AR SR A Lambert 225625 0% 22 Ho i

56 Tk 2 s o AR AT A 3K VA iR 5
Lambert 2257320, 3 33 %) k (H (1R 22 8 & 2 XS



. 884 - I R AR S B2 275 2024 5 11 4526455 118 Clin Ultrasound in Med, November 2024, Vol.26,No.11

WYX iR 25 P AR R 2E B R 2E B AR IR 2
P, A AR E RN, BEE BEAF(9=0.9921,
P<0.05). W31,

R LPEEIA 3 P ARIIRE

UES FIRGOE CPIMRGOE B WriiRE P

AR 8.7734 0.0183 468758 21650  0.9921

gk AR 73.6529 02729 11558830 107512 0.8061

Lambert 2545 -13.1576 -0.0677 482660 21970 0.9919
Y AE AR

100 171 6 5% 4% i 1 1 At i A B 3 HE IR i AN 5
BERUR2E A 43 H i/ DT A VA AT TE RIS,
JIT A A B 4 AR 3 2 2, H R 2 =
5 HE PR 5 M (104.61234.56) ml, 5 52 B HE JR 2 i 22
(23.20£9.33)ml, - 115 224 (23.19£13.07 )ml; Lambert
2RI N NS HE R B 4y (142.83+47.19)ml, 5 52 FrAER
122 (—-15.02+3.3)ml, “F-31R 224 (14.08+4.65 ) ml; Ht
28 A5 HE PR 5 A (128.75+43.89) ml, 5 92 BrHE R &
i 2 (-0.94+1.35) ml, F- 315 22 K (8.26+6.21 )ml; HAE
PRI BT A 3 VA SN HE PR 5 S BRHE IR ) — 3
PE R4 (1CC=0.996, P<0.05) .

it

P8 e 72 R - S 5 2 45Tl rr o i S AR Y i)
B2 —  HERRIN X IR RIG YT 7 58 TPAIR TR I
FlE FARWGEWAEEZEZE X . Bl &R
TR 7k 220, v 8 7 0y A A, 38 A R DU
AR AT B A SR A SRR B L,
L %2 F IR T ER 25 30 Lambert 28567 28 1 1 1
P AR XTI RAR X BRI G JIE 25 , X F AN [ 28 R
i PR R T R B DR 2R R ) %) 2 A B iR 22 4K
KU, ARSI IET A, IERA 5 Lambert 28
BN OB, ) 7K 23 1ok 2 P AN [R) 25 BUBS bk
FLISCER B 45 4500 4, #4218 2 1 Hu ks 43 A il kg
3000 M FEIELE 15004, 73 AT Y ZRAE £ 8545 H <50 ml
A BB k1=0.6244, 50~300 ml 4181 A2 R $ k2=
0.6399,>300 ml 41 A X R % k3=0.6713, Yl 2 dE Lk
BEH AR R B k4=0.6452, SR IESERGE 5T
ABLU AR TR 2ZS T, 8 H VI~V4 4 43 A K
19 F- 4715 25 3 51 4 (18.20+6.84 ) ml . (49.22+16.30) ml
(178.75+60.61)ml . (82.06+13.89) ml, % 2= 1 43 . 53+ 5]
9 2.19% .4.50% . 5.68% . 2.05% , H: b5 A 2 V4 iR
25 H Gyt /N 5 92 BRAE 22 (8] 0435 22 AH X B /N 7E T
DAY v LA O o A o M R . RIS SR 4k
PE A 50 B 872 20 Va4 51 B /A 20 Lambert 2856 28 3K

PR2E MU B 45 5 BB A S - e xR 22 OF
PIMHXS R 22 B Or iR O iR 22 ¥ RN, B
0.9921, Fe 453 1, RIVZ A X WA BE B s, ERA 1
1 o

AR S5 1 B 100 11 JC 5 A PR 1 1Y) £t B A R
HHER AN, B BCF- B2 5/ N A VA 17
WG, B BT 5% e a3 AR A 24 =X 5 i 1 8 =X
Lambert Z8 552 AT 40 BT, 45 5% Wl s sk 2> =5 HE
PR A (104.61+34.56) ml, 5 52 BRHE R 50 25 (23.20+
9.33)ml, F1J15% 22 4 (23.19+13.07 )ml ; Lambert 22552y
FMAGHE R 2 Hy (142.83+47.19)ml, 5 52BRHE FR &0 2%
(-15.02 +3.3)ml, 41224 (14.08+4.65)ml; Hr /A= AS
HEPR A (128.75+43.89)ml, 5 SEFRHE IR B 22 (—0.94+
1.35)ml, F 4415 2% 4 (8.26+£6.21) ml, 45 5 B /R 3 Fh A
S PR B 5 S BRHE DR A B B A XA #40R
g/ 5 HAR GRS o 2 2K Va4 F0 HE R = 5 Se bR
HE R 19— 3 Mk B4 (16C=0.996, P<0.05) , % B A 51
5 38 o8 K a3 B R A =X b K Y 1R BRURR X 7
By, PR T e e 2 A

ARSI 1 SR B - COREABLBS e 1) 7K 58 25 BRI B
550 ml DL, %5 R 28 R I 2 e = B34 <0 s @7
AR IS BE AR /N, HLAS AL X A REAS A R, At
TR BIBESE T 53 M1 s @<50 ml FUREA S DN,
Al BEAETE BT 22 7 JL O R S H: Al A 32 S 000 ) £ Pk
1% ;=300 ml FAEARER 25 BRI R, AT BBAFAAE B 52 2R
AREE A SRS R i = VR P s AR K TR
W 55T, S T el e — 2o

25 LIRS S0 AR A [ J% b 2 FROER A 8 2
K O AR50 ml B, B A H : V1=0.6244xd 1xd2x
d3; @4 2 F1H 50~300 ml Bf, F A K : V2=0.6399x
d1xd2xd3; @42 F=300 ml i}, B A=K : V3=0.6713%
d1xd2xd3 ;@A X o 2R3 21 B8 S Bl PR FH IS 38
NN VA=0.6542xd 1xd2xd3 , A 2 HERE PRI Bk
3 Lambert 2500 A 5 A 8 R ik K2 W Ang
SIS PRt T SR A &k

S Sk

(1] Rz IR BT b PR35 I8 e 7o 4 — SR AR DG IH 3R Y
WHELD ] Trma : BF IR, 2019,

[2]  Warren JW.Catheter—associated urinary tract infections [T].Infect
Dis Clin North Am, 1997, 11(3) :609-622.

[3] Tseng TY, Stoller ML.Obstructive uropathy [J].Clin Geriatr Med,
2009,25(3) :437-443.

[4] Yip SK, Sahota D, Chang AM.Determining the reliability of

ultrasound measurements and the validity of the formulae for



It R AR S 222 475 2024 45 11 5526555 11 J Clin Ultrasound in Med, November 2024, Vol.26,No.11 . 885 -

ultrasound estimation of postvoid residual bladder volume in
postpartum women| J ].Neurourol Urodyn,2003,22(3) :255-260.
Paltiel HJ, Diamond DA, Di Canzio J, et al. Testicular volume:

comparison of orchidometer and US measurements in dogs[J].

Radiology,2002,222(1) : 114-119.

(6] AR, kvt —Fh Mg 4l T Bt & B ik T3 mk [Pl

CN201710531725.7.2019.11.26.

(71 BR%h, WELL, PR = 4 75 7 5 e s v A 2 A (BT .

g PR S B2 2 2 35,2014, 16(3) : 209-210.

Behre HM, Nashan D, Nieschlag E.Objective measurement of
testicular volume by ultrasonography: evaluation of the technique
and comparison with orchidometer estimates [J].Int J Androl, 1989,
12(6) :395-403.
NG SR/INAE TR FUGOTT S e bR v SR e [T ). op
B3R HR ,2022,38(4) :584-587.

SRS, B AR, B =2 D S SR R R R s e (T .
o B2 2 AR H AR, 2009,25(6) : 1099-1102.

Ol H 1 :2024-06-20)

- IR B IR A -

Contrast—enhanced ultrasonic manifestations of mature cystic teratoma of

pancreas:a case report
FRARAZAIE R RIRBEE RS RIL1 6

FID N §§ ?jﬂ{ﬁ EH- = IH'] ? fﬁ’!ﬁ\

[P EESTES R445.1 [ EkFRIAAS |B

BILL, 8% N B A MRS 1> H MK 2 7 AR
JUTF 1A H A e W2 75 X B, AL o =, o S ML

AL SRR RS
FHREZRE , A UL 8 I 4, JC I R e ki 3% 16
B, PIEER R, TR Bk, IR &R A ]
1M —RANZ)8 emx9 em I, 11 FHF T,
AT HES) . SEER KA L E AR )
fiE  HH IR AR 38 AE Y L I R b
J519-9(CA19-9) %% B Tt (31.23 U/ml) .
BRI PR < RS B AR X AT L — KN
217.5 emX6.5 ecmx7.7 em B HOIR 5 LR
G WIS R I TR AR, S e
FEANKS) AT ILBE R fRas L AT Eesh 1
Dy BTG K, AR I Wk CDFI
F I AR I B R4S (B 1A B) .
R 3 R A+ Bl Kk AT H R 3 R A
RS 35 S v 1 5 D JREAE 5,
IR Y == = I @ N B D B
S -THARIG 5 , S0 IhkID) A2 i Bk 39T 11 He g DL

6.5 em MK TIR T2 155 A5 ([ 2A . B) , 3 Ik 390 K &0 bk 3 55
7 A0 R R SR AL, B N AT LR AR TEsRALIX ([ 2C. D) . 35

j( J:1L >Uiﬁi i [X ( lg 1C.D), ﬁfgﬁg‘% A B H R BBk BRI WL — KN 7.5 em X6.5 emx7.7 em BIHOIRSESZVEIR A 75 | h i
PR o IR AR 5 07, 5 e R AR SRR VM, RSN, Py AT DUEE A IRAR (175 5 CDFT FH YR BB M0 755 5 C D ol s i S/ sl

FUICAR AR RS T REHE K . SR RS i

MRI 2« Bk X A WL — K /NS 7.7 emx

W H  HE H AR AR A E0H (82071940)

YEF AT 610041 JRARTH , DU KAV I e 4 PR 2 R

WIRAER : P, Email : yanluo@scu.edu.cn

T, Sl R TR R P B Y AT LS B S R R TR X
PR IS P A4 A1 B T LA 7 A 7 e 4

(F#555 890 11)



