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HYDRODYNAMIC STUDIES ON DISTURBANCE OF
MICTURITION IN BENIGN PROSTATIC
HYPERPLASIA SUBJECTS

Masanori NUMATA
From the Department of Urology, Osaka Medical College
(Chairman: Prof. S. Miyazaki, M. D.)

In order to investigate vesical function and processes of voiding in normal adults and in
a cases of benign prostatic hyperplasia, the following study was conducted.

The measurement of the urethral resistance in uroflowmetric study is known as the
“Pressure Flow Study’’ in our department. This research was conducied on 20 healthy adult
males and 103 benign prostatic hyperplasia subjects.

A) Healthy adult male subjects.

1. Maximum intravesical voiding pressures were influenced during voiding by body po-
sitions. The pressures obtained in the standing position were highest and those in the sitting
position were slightly diminished while those in the prone position were found to be lowest.

It was found that the volume (capacity of the bladder) had no relationship to the maximum
intravesical pressure. ‘ )

2. Flow rate was not found to be significantly different in standing or sitting positions.
However, the volume was found to have a marked influence on the flow rate. It was found
that in normal subject the flow rates were diminished with decreased volume.

3. Urethral resistance was not found to be influenced by posiition on voiding. Increase
of volume resulted in decrease of urethral resistance.

From the above results obtained, uroflowmetric study, namely ‘‘Pressure Flow Study’’,
was then performed only in standing position and with maximum volume.

B) Benign prostatic hyperplasia subjects.

1. Results from ‘‘Pressure Flow Study’ in 103 benign prostatic hyperplasia cases were
statistically analyzed with regards to urethral resistance, residual rate, volume, sizes of pro-
states.

2. In view of the statistical findings, 6 categories of grade of benign prostatic hyper-
plasia were proposed and the progression of this disease was discussed. In brief, during early
stages the voiding pressure remains normal but the flow rate decreases; whereas in later
stages residual urine occurs. In more advanced stages voiding pressure increases and residual
urine diminishes. In later stages bladder pressure increases but flow rate becomes impaired
and residual urine occurs again. These conditions become more severe throughout the course

of disease, and finally result in total retention of urine.
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IS b, S0 LD BHECIRERONEING L 5
RIBEOWAD &\ S ERIIBLNshats, Dk
1, BARIEII2SHLIT T 23 ml/sec, 25~50RET
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Teeeens R=P/F? (Pierce 52, PEA®)

Qoeenes R=+/P/F (Zatz®», Backman %2%)

3 R=Py— Pe/F2 (Smith53, Whitakert )

4 K=o/9GP/V (Sandge 5H2)

R=resistance

P=intracystic pressure

F=flow rate

Py=intracystic pressure

P,=exit pressure

G=acceleration due to gravitation

V =corpuscular velocity of urine
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PR AR L, BRECR LS
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Biskitotc. Tinbhb, BABERERCK T 37
fLTHIR T2 & ST RERHUIE MEL D, BT
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FCHbH., TOEM, 0L EOBHTILFHRE
EEALITIUE, RN 5 IREEF WA b
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BT L A0, PHREEYFL CREEL B BRIEX
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A. BREMR

19674E 4 AHH19TI12A T 49 7 AR,
RRER R REFFHCZ 2 U RIS RIE A B A D
5% 103 Flae AR mEDOR L L.

B. REmHE
AT IRIEATEC X % IREZEO EEX 4 Tho
T, 2EROEARPREOHEREEF LT 5D
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B, a. REEH, b. BRE, c. ERAE
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b, A, B, C, D, E, FEOIECKMEILI B EFHOEHEYKTRLION Fig. T TH
CEI LTS, . n, Thhbihb EFRREFRIA, B, C, D, E, F
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WEATHA, DEEERE TIHAERLIL FRHT . . e
RMCETF LTS, #, XEXCLELERRED Lo T,
BE LRI D, FhEROBEDO NS T IER R
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B EABOEEEYRTRLI-ON Fig. 9 ©H
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Table 2. PHREFOEITEN LXK EROLET)

A B l c D E OF
PRI 0.10~1.13 1.20~2.50 2.65~5.18 5.57~10.90 | 11.27~36.25 oo
3 (156D (1681) (1541 (1561 (1581 Q7))
P l 3.7 | 96.5 103.7 114.7 113.7 87.6
(BERE A E) | ( 40~106) { 55~160) ( 64~160) ( 65~165) ( 50~164) ( 55~132)
F 10.7 7.0 5.0 - 3.4 2.6 o
(R ® = ( 7~ 22) ( 5~ 10) ( 4~ 8) ( 3~ 4) (2~ 6
328.2 291.9 255.7 207.5 206.3 301.6
BHREE (190~490) (180~480) (100~400) (125~390) (160~300) (175~600)
15.6 ! 18.1 32.0 49.8 56.2 100
% R XK ( 0~ 56) ‘ ( 0 ~45) ( 0~ 58) ( 20~ 91) ( 25~ 88)
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L DR F— BN THIRESENRE L b DL %
WEWS D EIRTE DD, [EA DIEFIT OV TR AR
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TERV. BYh, SIREEOBRERENTS X
CIRE VS E T B REOR S HFHNT A &
i, BEWZBEC AN 1 OOERTHHICBE
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XN ERE L THI L udie b i b T
5.
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THFACEZEL, =5l oEMcOVTRFL
FRSRICHES T, REOHREEORI VAL LY
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Ist Stage: BYCEEBROHWIIHEZ 55, HER
BN AERL L ERTH 5. BRIKEDD 5 BT
BLEGSLECERD RS X5k b, BHETH
B, W\TIRBEEE, S5RBREYHFLD LT
5.

2nd Stage: LW HERFRERATLES EFHL T,
EFED 1.5~ 2 HBOETERTS L5z d. LD
DICEEL  Ist Stage W L THETHML,
Ring - TR T5. olck - CiEsE
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oL B, o ORI BN ORI T
5%.
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5T, REERRLY LTI OEREE2RSH LS
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Table 3. Pressure-flow study 547z BPH ¥
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oy — 65|y 7| T1.28 o
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=~ 60| 10| —0.34 | + 50%
ond Stage ; T 120\ 1o 11.20 0
T2l 6 13.60 0
grd Stage i t 200l 7| 1245 + 30%
4th Stage [ T o952 M27.2 ) H# 50%
. A 164 3| al18.2 | 4+ 30%
sthoStage |11 W 51 TEls ) 4 504
| 110U o e | H100%
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fE 30 mmHg/ml2/sec? THoT. L LT TUR
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L, R\CCRISLBIEXERSE 103 Blic ) L TR O
EERHETLTUTOD & ERErERr.

A. EERARBFOWT.

1. HHRESREENAEIHREOLRC L - TR
b, METRLEL, 6L REAMCORET
%. UL, BERAREEEEBEWENE: offfic—ED
BIFRIIEED BRI,

2. BARKEWC DTS & B2 L TS



B BEREEK I - B BE AR 767

EXEDO NN, F— AR TRENRAEOR
P CERRRE L EA T 2 ERS R,

3. REHEINCHA U THIrrE 8 & Tl M
ZIRDL NI, EWAERI T 2 oh T
IEREEPEE T 5.

LR 0%, RicL 53 HILBIERES
BT B R IBEIL $C e, BAREE
(BEMAEE) i\ THfTL.

B. BSIRIEARIEREZIC DOV T.

1. BISZERIBREERFE 103 Blic 2o\ TR EIL
BIFEOBIRC LD LIcZ L ThH Y, TORERR
Bk, BIRE, BWEE EXEBEOREIL
wEAEL L TR ThEELL.

2. LEROBWAEBRCE S CHISRIEAE DR L
HEEEEME A5 6 BB, AECHEITERYRO X

SIE L. ik, AR CLBERBFENA
FEREETH LD, RMEOWAAEZD, LW
BIREAET AL 5%, RT, BRBEREEENLA
ERERL CRRE—RED TS, LrL 3T
T5 &, BEREEMAER T 5 ERT21C b
BOLTREERBRI L TSI URELRD S L 51
5. ZOERTEROETCfs TETITHEL
Y SBOBRRYETSH LS BD, BEACEse
SHERBARBEL 7o 5.

RERDICE Y, APFRC BN EE - n BB RO
ksl LT E T

Tk, AL OB FIIH0H AMRERFEARLITEDLT
FEFE U

g 2 X ®

1) =W E:BEih, 26:3, 1964.

2) EW E: BRBEREEE 63:727, 1972

3) Dubois: (fEEE & : HWIREEE, 29 : 47, 565,
771, 1940. X b 5IAD

4) Rose, D.K.: J. Urol., 17: 487, 1927.

5) Lewis, L. G.: J. Urol., 41: 683, 1939,

6) fEBE B HIMIRSSEE, 29 447, 565, 771,
1940.

7) Lapides, J. and Dodson, A.: J. Urol., 69: 96,
1953,

8) Marschall, S.: J. Urol,, 91: 458, 1964,

9) Adler, A.: CRFZERES : WRAZE, 14 : 251,
1968. X 0 B[R

10) Gleason, D. M. and Lattimer, J.K.: J. Urol.,
87: 507, 1962.

11) Von Garrelts, B.: Acta chir. Scand., 114: 49,

1957, -

12) Pierce, J.M. Jr.: Hopkins; W.F. and Roberts,
V.L.: J. Urol., 95: 516, 1966.

13) EEAMRRE. WIRITEE, 15 : 397, 1960.

14) Cheetham, J.: (Bors, E. and Comarr, A.E.:
Neurological Urology, 44, 1971. X B
15y Tristan, T.A.: Murphy, J.J. and Schoenberg,

H. W.: Radiology, 79: 731, 1962.

16) Olanesco, G. and Streja, M.: (Bors, E. and
Comarr, A.E.: Neurological Urology, 44,
1971, X v3[H)

17) ARAZRRED - WIRACE, 141 251, 1968.

18) Dubois, P.: (Bors, E. and Comarr, A.E.;
Neurological Urology, 44, 1970, X b 21D

19) Bors, E. and Comarr, A.E.: Neurological
Urology, p. 44, S. Karger, Basel, Miinchen,
Paris, New York, 1971.

20) Zinner, N. and Paquin, A. Jr.: J. Urol., 90:
719, 1963.

21) Sandge, J., Bryndorf, E.A. and Gertz, T.C.:
(Bors, E. and Comarr, A.E.: Neurological
Urology, 44, 1971. X b B[H)

22) Murphy, J.J. and Schoenberg, H. W.: J.
Urol., 84: 106, 1960,

23) Arbuckle, L.D. and Paquin, A.].: Invest.
Urol., 1: 193, 1963.

24) Backman, K., Von Garrelts, B. and Sundblad,
R.: Acta chir. Scand., 132: 403, 1966.

25) Denny-Brown, D. and Robertson, E.: Brain,
56: 149, 1933.

26) Gleason, D. M. and Lattimer, J. K.: J. Urol.,
92: 156, 1964.

27) Drake, W.M. Jr.: J. Urol., 59: 650, 1948,

28) Bryndorf, J. and Sandge, D.: (Bors, E. and
Comarr, A.E.: Neurological Urology, 44,
1971, X b 5D

29) Scott, R. Jr. and Mcllhaney, J. S.: I. Urol.,
85: 980, 1961.

30) Susset, J.G., Rabinovitch, H. and Mockinson,
K.J.: J. Urol., 94: 113, 1965.

31) Hopkins, W. F., Pierce, J.M. and Roberts,
V.L.: J. Urol., 94: 479, 1965.

32) Whitaker, J. and Johnston, G.S.: Invest.
Urol., 4: 235, 1966.

33) Cardus, D., Queseda, E.M. and Scott, F. B.:
J. Urol., 90: 425, 1963.



768

34)

35)
36)

3an

38)

39

40)

41)

HH - HRREEK DY - B RIEALE

Kohlrausch, O.: (Bors, E. and Comarr, A.
E.: Neurological Urology, 44, 1971. & » Z[f)

Zatz, L. M.: Invest. Urol., 3: 278, 1965.
Backman, K. A.: Acta chir. Scand., 130: 357,
1965.

Fetter, T.R., Drake, W.M. Jr. and Perez,
J.A.: (Zatz, L.M.: Invest. Urol., 3: 278,
1965. X v E[H)

Von Garrelts, B.: Acta chir. Scand., 115:
227, 1958.

Smith, J.C., Edwards, D. and Bryant, G.H.:

Brit, J. Urol., 38: 542, 1966.

Susset, J. G., Ravinovitch, H. H., Rosario, F.
and Mackinnon, K.J.: J. Urol., 96: 746, 1966.
Boyarsky et al.: (Bors, E.  and -Comarr, A.
E.: Neurological Urology, 44, 1971. & o 2{H)

42)

43)

44)

45)

46)

47

48)
49)

Lapides, J.: (Bors, E. - and Comarr, A.E.:
Neurological Urology, 44, 1971. X o 3{H)
Jeffcoate, T. N. A.: Brit. J. Urol., 37: 633,
1965.
Scott, F. B., Queseda, E.M. and Cardus, D.:
J. Urol., 92: 455, 1964.
Ardran, G.M., Cope, V., Essenhigh, D. M.
and Tuckey, M. :.Brit. J. Urol., 29: 329, 1967.
Ritter, R.C., Zinner, N.R. and Paquin, A.J.:
J. Urol., 91: 161, 1964.
Huffman, G.C. and Keitzer, W. A.: Invest.
Urol., 8: 1, 1965.
Claridge, M. : Brit. J. Urol., 37: 620, 1965.
Guyon: (KA = BASBHEAR, 424
196, HLENE 1969. X v 1A

(1975426 A 6 B3



