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Abstract

Background and Objectives : Uroflowmetric parameters of urination may be influenced by
many factors including age, sex, voiding position, technique used and also anatomical and physiologi-
cal variations. A cross-sectional study was carried out to measure uroflowmetric parameters in normal
Thai subjects and to compare these parameters among different ages and genders. Correlations be-
tween peak flow rate and other parameters were also studied.

Method : One hundred and forty healthy Thai subjects were studied. They were classified into
two groups. Group I comprised of 50 male and 50 female young adults aged 18-30 years. Group II
comprised of 20 male and 20 female pre-elderly aged 50-60 years. A Dantec Urodyn 1,000 uroflow-
meter was used. The residual urine measurement was performed using an ultrasonograph.

Result : The techniques revealed the following uroflowmetric parameters. In the young
adults, the mean with standard deviation of the peak flow rate was 31.2 = 9.0 mi/sec, mean flow rate
22.6 £ 7.4 ml/sec, voiding time 24.7 = 10.6 sec, and voided volume 376.9 = 147.5 ml. In the pre-elderly
group, the peak flow rate was 27.5 + 9.2 ml/sec, mean flow rate 19.1 + 6.2 ml/sec, voiding time 24.4 +
8.5 sec, and voided volume 310.3 + 107.8 ml. The peak flow and mean flow rates were significantly
higher in the young adults (p < 0.05). The voided volume in the young was higher with similar voiding
time. The peak flow and mean flow rates in females were significantly higher than the males (32.5 =
10.0 vs 27.8 £ 8.0 mi/sec, p < 0.05 and 23.5 + 8.1 vs 19.8 + 5.8 mi/sec, p < 0.05 respectively). Voided
volume and voiding time did not differ among both genders. The correlation between peak flow rate
and voided volume was significant (r = 0.382, p < 0.01) indicating that the higher the voided volume
the higher the peak flow rate. Residual urine was less than 50 ml in all subjects indicating that these
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subjects could void completely well. This study yielded normal uroflowmetric parameters in Thai
young adult and pre-elderly subjects without urological symptoms. These parameters vary with age
and gender, and are useful for the investigations of bladder function in a urological clinic.
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Lower urinary tract (LUT) obstruction and/
or hypoactive bladder can be diagnosed from the
patients’ history, symptoms, and physical examina-
tions. Since 1950, uroflowmetry has been another
useful aid for urologists in screening for early LUT
obstruction or hypoactive bladder without obstruc-
tion due to its noninvasiveness and ease of perfor-
mance(1,2). The parameters recorded during the uri-
nary flow measurement are reported both numerically
as peak flow rate, mean flow rate, voided volume and
voiding time, and also graphically in the form of flow
curves(3.4). Most data were obtained from Western
subjects or patients. Since these parameters might
be affected by age, gender, anatomical variations,
posture, hydration status and so on; uroflowmetric
study in urologically asymptomatic subjects of Asian
races will yield data specific to a local group of people
taken care of by their local physicians.

MATERIAL AND METHOD

This study protocol was approved by the
Ethics Review Committee on research involving
human subjects, Faculty of Medicine Siriraj Hospital,
Mahidol University. Informed consent was obtained
from all subjects.

One hundred and forty healthy volunteers
were included in the study. They were divided into

two groups according to their age. Group I: the young
adult group, aged 18-30 years, comprised of 50 males
and 50 females. Group II: the pre-elderly group, aged
50-60 years, comprised of 20 males and 20 females.

All subjects were healthy without a history
of urinary symptoms, prostate or bladder cancer or
surgery, benign prostatic hyperplasia, urethral stric-
ture or surgery, urinary tract stone or any operation
involving the urinary system. They had no medical
conditions known to affect normal voiding such as
diabetes mellitus, hypertension and hyperthyroidism,
and had taken no medication within one week before
the uroflowmetric study.

Each subject completed a validated ques-
tionnaire to assess medical history and urinary symp-
toms equivalent to the American Urological Associa-
tion (AUA) symptom index(3).

A uroflowmeter, Dantec Urodyn 1,000, was
used. It was a rotating-disc flowmeter with an auto-
matic start and stop system(6). Eight parameters were
electronically measured. They were the peak urine
flow rate or maximal flow rate (Qmax, ml/sec), mean
flow rate (QM90, ml/sec), total voiding time (T100,
sec), time to maximal flow rate (Tqmax, sec), voiding
time for the central 90 per cent of the voided volume
(T90, sec), time of descending leg (Tdesc, sec), the
maximal rate of increase of flow rate (dQ/dTmax, ml/
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Table 1., Uroflow parameters in mean + SD.
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Young adults

Pre-elderly

Male

Female

All

Male

Female

All

Number S0
Age (year) 21.8+3.0
Qmax (ml/sec) 29.7+7.1
Qmax - 2 SD (ml/sec)

Atvol > 150 ml 15
QMO0 (mi/sec) 214+5.6
T100 (sec) 262493
vol (ml) 403 + 131
RU (mb) 1.9+ 8.1

50
22.7+3.6
3274105

12
24.1 +89%
232+ 117
351 + 159

0.8+57

100
22.3+33
31.2+90

13
226+74
24.7 + 10.6
377 + 148

14+7.0

20
53.8+27
23.1+84

6
16.2+5.7
247 +9.5
270 £ 95

0+0

20
542436
320479+

15
219+ 5.5t
241+75
351 + 107+

22+84

40
54.0+3.2
27.5+9.2*

9
19.1 + 6.2**
244 +85
310 + 108**
1.1 +6.0

Qmax = the peak flow rate or maximal flow rate, QM90 = mean flow rate,
T100 = total voiding time, vol = the voided volume, RU = residual urine volume.

* = p < 0.05 comparing pre-elderly to young adults of the same sex or of both sexes.
** = p < (.0! comparing pre-elderly to young adults of the same sex or of both sexes.

+ = p < 0.05 comparing males to females of the same age.
++ = p < 0.01 comparing males to females of the same age.
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sec), and the voided volume (vol, ml). All measure-
ments were done only when the voided volume was
greater than [50 ml.

An ultrasonograph, Toshiba SSA 340 A, was
used to measure the residual urine. It measured the
transverse (TR), sagittal (SI) and anteroposterior (AP)
diameters of the bladder and the volume would be
computerized with the equation of "V = 0.7 (TR x SI
x AP)"(7.8),

On the day of measurement, subjects came
to the lab 3-4 hours after their last urination. They
then drank a glass of water to obtain a full bladder.
When they felt the urge to void, they voided into the
receptacle of the uroflowmeter that would record the
result of voiding in the form of graphs of uroflow
with computed values of their parameters. Women
subjects voided in a sitting position and the men

PEAK FLOW RATE (ml/sec)
70
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stood. Immediately after voiding, residual urine was
measured by ultrasonography.

All data were calculated by a computer with
the SPSS program. Results are expressed as means
plus/minus standard deviation. Statistical comparisons
were run by unpaired #-test or Mann-Whitney U test.
Pearson and Spearman coefficient were used to assess
the relationship in each pair of parameter and were
analyzed by linear regression. Statistical significance
was assigned for p-value < 0.05.

RESULTS

The mean age of the 100 young adult sub-
jects was 22.3 + 3.3 years, while that of the 40 pre-
elderly was 54.0 + 3.2 years. The uroflow parameters
are presented in Table 1. In the pre-elderly subjects,
the peak urine flow rate or maximal flow rate, the
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The relationship between the peak flow rate and the voided volume in 140 subjects.
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mean flow rate and the voided volume were signifi-
cantly lower than the young. The total voiding time
and residual urine volume were not different among
the two age groups.

The peak flow rate and the mean flow rate
were higher in females than in the males of the same
age especially in the elderly. The total voiding time
and residual urine volume were not different among
the two genders of any age group.

The lower limit of the peak flow rate was
obtained from the peak flow rate minus 2 times its
standard deviation (Qmax - 2SD).

The maximal values of the peak flow rate in
the younger subjects were higher than in the older
subjects (Fig. 1).

The correlation between the peak flow rate
and the voided volume was significant with Pearson’s
correlation coefficient (r) = 0.382, p < 0.01 (Fig. 2).
The peak flow rate was higher when the voided volume
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was greater. The peak flow rate also correlated well
with the mean flow rate (r = 0.902, p < 0.01) in the
140 subjects.

The peak flow rate was greater in female
than in male subjects of the same age group especially
in the pre-elderly as shown in Fig. 3.

The voiding time correlated significantly with
the voided volume with r = 0.671, p < 0.01 (Fig. 4).
The residual volume also correlated with the voided
volume (r = 0.999, p < 0.01) in the 140 subjects.

DISCUSSION

Uroflowmetry is the measurement of urine
flow rate and the uroflowmetric parameters are usually
shown in either numbers or graphs. The measure-
ments are useful in diagnosing early obstructive lesions
in the lower urinary tract. The peak flow rate (Qmax)
is an important component of a voiding urodynamic
evaluation. In clinical practice and urological research,
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the use of peak flow rate is to detect lower tract
obstruction, to predict treatment outcome and to
assess treatment efficacy(9).

In the present study the peak flow rate was
higher in the young adults than in the pre-elderly
subjects. This is most probably due to changing of
bladder function with advancing age. In men the urine
flow rate is largely controlled by the proximal
compressive zone or the membranous urethra. In
elderly men, benign prostatic hypertrophy which
initiates in the fourth decade of life is the most com-
mon cause of bladder outlet obstruction. While in
females, the urine flow rate is largely controlled by
the last centimeter of the urethra, the distal urethral
segment. Estrogen deficiency after menopause can
result in atrophic urethral changes. The peak flow
rate is decreased due to increased resistance to flow
offered by the urethra and bladder neck, more pro-
nounced in males than in females possibly due to the

prostate gland and the longer urethra in males (20 vs
4 c¢cm long). A distal urethral obstruction tends to
produce less decrease in flow rate than a proximal
one. The peak flow rate measured in the present study
is similar to those in other studies(1,3,10,11),

The peak flow rate correlated well with the
voided volume. From the Frank-Starling Law, the
energy of contraction is proportional to the initial
length of muscle within an optimal limit.

The mean flow rate (QM90) is the voided
volume between 5-95 per cent divided by the voiding
time between 5-95 per cent. This study demonstrated
that the mean flow rate correlated well with the peak
flow rate as they were both affected mostly by the
same factors. So the mean flow rate can be used to
confirm and aid in a more accurate interpretation of
the peak flow rate.

In 1979 Siroky et al suggested that the lower
limit of the maximal flow rate (mean of Qmax minus
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2 times its standard deviation) could be used as a
cut-off point to diagnose lower urinary tract obstruc-
tion(12), They also suggested that the maximal flow
rate was more meaningful when changes in this flow
rate were assessed after medical or surgical therapy.

Does voided volume vary with either age or
gender? In the present study the young adults voided
at a volume significantly higher than the pre-elderly
subjects. This might be due to higher water intake
in the young or compliance of the bladder might be
lower in the elderly. Incontinence of urine is generally
more common in the elderly. The voided volumes
were not significantly different among males and
females of the younger age group, but the pre-elderly
males voided at a lesser volume than the female
subjects.

The time elapsed during urination should
be approximately less than 10 seconds for each 100
ml of voided volume or about 20-25 seconds for a
voided volume of 400 ml. In cases of bladder outlet
obstruction the total voiding time is prolonged. In
the present study the voiding times were the same in
both age groups at the minimum voided volume of
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151 mi. while the mean voided volume was slightly
higher in the young adults. So the younger group
voided a larger volume by the same voiding time as
the pre-elderly, probably indicating mild defect in
urine propulsion in the latter. However, all subjects
could empty their bladder so well that no abnormal
residual urine was detected.

SUMMARY

The present study measured main uroflow-
metric parameters in urologically asymptomatic sub-
jects. It was found that the peak flow rate was higher
in women compared to men and in young adults
compared to the pre-elderly. The mean flow rate
correlated well with the peak flow rate. Although it is
not possible to definitely compare this data in Thai
subjects with other data due to some different con-
ditions such as age, measurement techniques, voided
volume, etc., nevertheless the parameters obtained
are not significantly different from those of other
sources. Further study in larger numbers of subjects
of various age groups may reveal different physio-
logy of the lower urinary tract at different ages.

(Received for publication on October 18, 2002)

REFERENCES

1. Drake JR, Willard M. The uroflowmeter : An aid
to the study of the lower urinary tract. J Urol 1948;
59: 650-8.

2. Von Garrelts B. Analysis of micturition : A new
method of recording the voiding of the bladder.
Acta Chir Scand 1956; 112: 326-40.

3. Stewart BH. Clinical experience with the uroflow-
meter. J Urol 1960; 84: 414-9.

4. Rivas DA, Chancellor MB. Uroflowmetry. In:
Blaivas J, Chancellor MB, eds. Atlas of urodyna-
mics. Baltimore: Williams & Wilkins; 1996: 48-59.

5. Barry MJ, Fowler FJ, O’Leary MP, et al. Correla-
tion of the American Urological Association symp-
tom index with self-administered versions of the
Madsen-Iversen, Boyarsky and Maine medical
assessment program symptom indexes. J Urol 1992;
148: 1558-63.

6. Wein Al, English WS, Whitmore KE. Office Uro-
dynamics. Urol Clin North Am 1988; 15: 609-12.

7. Holmes JH. Ultrasonic study of the bladder. J Urol
1967; 79: 654-63.

8. O’Reilly PH, George NJR, Weiss RM. Diagnostic
techniques in urology. Philadelphia: WB Saunders;
1990: 293-8.

9. Schafer W, Abrams P, Liao L, et al. Good urodyna-
mic practices : Uroflowmetry, filling cystometry,
and pressure-flow studies. Neurourol Urodyn 2002;
21:261-74.

10. Drach GW, Layton TN, Ignatoff J. Peak urinary
flow rate : Observations in female subjects and
comparison to male subjects. J Urol 1979; 122
215-9.

11 Haylen BT, Ashby D, Sutherst JR, Frazer MI,
West C. Maximum and average urine flow rates in
mornal male and female populations: the Liverpool
nomograms. Br J Urol 1989; 64a: 30-8.

12, Siroky MB, Olsson CA, Krane RJ. The flow rate
nomogram: 1. Development. J Urol 1979; 122: 665-
8.




360 T. SUEBNUKANWATTANA et al. J Med Assoc Thai April 2003

myimparmimedaazluaulneund

Faws Auymziann, mur, gwan land3ia, wur,
193 loelnduns, wu*, pywus GUANA, WU, g8 gUNTm, Wyt

anmiuin - msisanmimetranaduitnidumasafiumsinnuesansawsdaamizuarssuy
Ussamiinmugy selaesinsnuaunfcmeqiifgrusanmsmedaansluaulng

FBmi : Anwednadlannminsaiadearnnmmetaazluaulnetng 140 au lme3ae Dantec
Urodyn 1,000 uroflowmeter uazasiamusinastaazfmdnmslunszmnzUaazaieds  ultrasonography
WIHUTBUMIENTNNNEIUAEINA ANATNENWUS TR NUTINAsTEEIE SATMSMBUEIIEgIgn LAazATINg
IpanszwIslEE T

wamIAnm : lamee q nmsinsanmsmedaamedill nquvynsiangy 18-30 1 fewagussan
gegruaamsmeasiz (+ mideuuunaigiu) imay 31.2 + 90 #aApIud sanmameamizeds 226 +
7.4 waaphn? aflrlumsmedaanz 247 + 106 Tt wasUBnasdaenmAy 3769 + 1475 ua lunan
Jolnageony (50-60 1) fBangegaupsmImeieni: 275 + 92 NaspIWf BaTuedsspimImeaas
19.1 + 62 nagpIuf alumsmedaanz 244 + 85 3wt uanFesaan: 3103 + 107.8 wa nau
MpENESINREAYBINIMELaESRTIRAsTBIMIMegIn gy e Tnagngpe i@ dymeaid (p < 005)
Usinmstasnseasingimuanaimgainnnaaislnageeny walsoalumadaanzumam q i iwamdgeian
a"quqqm'ummsrﬁmta:ﬁmwmé‘wmm'sﬁmgqniwmemathﬁﬁséﬁtymeaﬁﬁ (325 + 100 vs 278 + 80,
D < 005 ez 235 + 8.1 v5 198 + 58, p < 005 Mud W) unInmstlaszuaznanlgumstaaisluian
WANEAY a"mwgaqm'ummsdwmTamdzu.a:U%u’\mﬁam'::ﬁmmﬁuﬁuéﬁuaﬂﬁoﬁiﬂéwﬁrymmﬁﬁ (r = 0382, p <
001) uansnaamziiivinunniimetaaizeaniag anUBnastamsimdamddunsawizdaanslufiu
50 w8 wasMaMaiATnaumeUEEElapeisEANG M

s msdnwilaman 9 sasmsissannsmedasnsluedlneund iemaaiuas ielnagey
mmaiuUsdumaanguanwe sayatioalaiuwmdumsusaiugihemessuudsamsutsanalnganly

fEAY . myipsanmImetasnz, pig, WA
[ - ‘- -~
§Awr Suymiiawn, e Tandtin,

wim lwelndung, syWus ulie, §me gunnm
IMBNEMRIUWNE Y 2546; 86: 353-360

* MANEITINe,

* MATNAREANERT, ANZUNNEMENIATIYWE LG, AMIMEIABNAAR, NJANW 4 10700






