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Abstract

Objectives: To evaluate the effectiveness of a novel portable urine flowmeter, Free-

flow, for examining the actual state of urination at home.

Methods: Forty-three patients with benign prostatic hyperplasia used the Freeflow

uroflowmeter in the hospital and at home without accumulating urine. We created a

nomogram for each patient's urine volume and maximal urinary flow rate (Qmax).

Furthermore, we investigated the actual state of each patient's urination. We also

investigated the differences in the micturition status between daytime and nighttime.

Results: Of the 43 patients, 40 were able to provide the necessary data in the hospi-

tal, and all patients provided data measured at home. The trial period of the home

assessment was 2-7 days. Regarding the average urine volume, no significant differ-

ence was observed between in-hospital and at-home patients; however, Qmax and

mean flow rate (Qave) were significantly higher at home. The average coefficient of

variation was very large. The relationship between daytime and nighttime was

observed in 30 patients; urine volume increased significantly at nighttime; however,

no significant difference was observed in Qmax and Qave. The nomogram for several

days and a completed urinary diary helped to display daytime and nighttime urination

characteristics.

Conclusions: Freeflow, the newly developed uroflowmeter, enabled us to determine

the fluctuations in the measurements recorded at home and the differences between

daytime and nighttime. Thus, creating a nomogram for objectively examining night-

time urination status and utilizing a urination diary was found to be effective for pro-

viding correct diagnosis and treatment of lower urinary tract symptoms.
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1 | INTRODUCTION

Noninvasive assessment of prostatic obstruction with lower urinary

tract symptoms (LUTS) associated with benign prostatic hyperplasia

has been previously developed. van Venrooij et al1 reported that

the prediction of the probability of a man with LUTS suggestive of

benign prostatic hyperplasia could be deduced from a diagram

based on a formula composed of three readily available parameters:

prostate volume, maximal urinary flow rate (Qmax), and mean

voided volume (VV).

Uroflowmeters are noninvasive instruments that measure the

amount and speed of urination and have long been used in hospitals

and homes for diagnosing LUTS.2 Hospitals tend to use a fixed type of

uroflowmeter, which is often installed in the toilet; in this context, it

may not be possible to obtain accurate measurements because of

tension during examinations. In addition, it has been reported that
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measurement at home is necessary.2-7 However, this mode of urine

measurement is not very popular in homes because, in Japan, home-

based urine flow measurement cannot be claimed as an insured mode

of medical treatment; its value for home use is not well known. Many

urine flowmeters often store urine in containers. An inexpensive

method that can obtain relevant measurements without collecting the

urine—a funnel-shaped method that approximately measures Qmax—is

known8; however, this method cannot measure urine volume. Our

report in the journal the of Japanese Continence Society (Japanese) dis-

cussed our use of a newly developed urine flowmeter (Freeflow) for

measuring urine flow characteristics, including urine volume, without

collecting urine. We used it simultaneously with the existing in-hospital

urine flowmeter for comparison purposes. We also compared the effec-

tiveness of the Freeflow meter's assessments between in-hospital and

home-based use; its accuracy was not significantly different from that

of the existing stationary type. A large variation in terms of urination at

home was reported, and it was not possible to determine the actual

condition of the patient based on a single measurement in the hospital.9

In this current study, we increased the number of participants in

our assessment, reconfirmed the difference between in-hospital and

at-home use of the Freeflow device, and investigated the urination

data of each participant, including nighttime, in the home utilizing a

nomogram and urinary diary.

A flowrate nomogram was developed to aid the interpretation of

urinary flow rate data.10 This research aimed to create an overall nomo-

gram based on the relationship between Qmax and urine volume and

make use of a urinary diary to examine the micturition status of each

patient and differences between daytime and nighttime urine flow.

2 | METHODS

2.1 | Ethics

The study protocol was approved by the Ethics Committee of

Kanagawa Prefecture Insurance Medical Association. All procedures

were carried out in accordance with the principles of the Declaration

of Helsinki. All participants in the study gave informed consent.

2.2 | Patients

Among the 43 patients included in this study, 40 who visited the clinic

for the diagnosis and treatment of benign prostatic hyperplasia were

treated with oral medications, and three were being followed

up. Patients with inflammatory diseases, such as neurogenetic blad-

der, cancer, and acute cystitis, were excluded.

2.3 | Uroflowmetry and assessment

The structure of the Freeflow device (GEO System Co. Ltd., man-

ufactured by Japan)11 is shown in Figure 1 and a short video clip can

be found on the GEO System homepage (http://www.geo-system.co.

jp/nyoryukei/movie/movie.html).

This device measures the flow velocity by optically reading the rota-

tion speed of the built-in impeller; 100 measurement data were stored.

When the patient visited the hospital, their urine flow rates were mea-

sured; thereafter, they took the device home for home measurement.

After the home measurements, the patients were brought to the clinic,

and their data were transmitted wirelessly to the tablet, portable com-

puter (PC), and printing machine from which they were analyzed. The

date and time of urination, micturition volume, Qmax, average micturition

rate (Qave), hesitation time, and micturition curve were all displayed.

When the patient entered the sleep start time, the daytime and nighttime

minutes were displayed separately in a urination diary. Correlation and

t-test analysis were applied to the difference between the mean values

to compare the urine volume, Qmax, and Qave between the mean values

in the hospital and those found at home. The average value ± SD of each

person's micturition characteristics at home was examined, and the coef-

ficient of variation was calculated. We investigated the relationship

between each patient's micturition volume and Qmax, created a nomo-

gram for all patients, and investigated their urination symptoms.

The difference between daytime and nighttime urination statuses

was investigated by re-setting nighttime from 12:00 AM to 7:00 AM.

Patients with benign prostatic hyperplasia have been reported to have

lower Qmax values at night compared to their Qmax values during the

day4; therefore, we investigated the relationship between the ratio of

Qmax at nighttime and daytime as well as the prostate volume. The

prostate volume was estimated by conducting a transabdominal

echography with a Hitachi Aloka Prosound α (HITACHI Co Ltd, Japan).

In addition, the volume of the prostate was calculated by multiplying

the vertical, horizontal, and diagonal by 0.52.12 During the consulta-

tion, we asked the International Prostate Symptom Score (IPSS), qual-

ity of life (QoL) score, and overactive bladder symptoms score

(OABSS) questions through a questionnaire, provided scores, and

investigated the relationship with the average Qmax value.

3 | RESULTS

3.1 | Implementation status

Of the 43 participants, three were unable to obtain data in the hospital,

and all provided data at home. The average age was 70.4 ± 7.1 (50-85)

years, the average device usage period at home was 4 (1-5, 8, 9) days,

and the average number of measurements was 12.1 (2-68) times. Pros-

tate volume was 29.4 ± 14.2 (12.3-72.9) mL, IPSS was 10.7 ± 5.5 (1-25),

QoL score was 2.9 ± 1.2 (0-6), and OABSS was 4.3 ± 2.6 (0-11).

3.2 | Difference between in-hospital and at-home
measurements

Table 1 shows a comparison of in-hospital and home-based averages.

There was no difference in urine volume, but Qmax and Qave were
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significantly higher at home. Although the Qmax in the hospital and at

home showed a significant correlation (r = 0.75, P < 0.001), patients

who had low levels of Qmax in the hospital tended to show increased

levels at home.

3.3 | Measurement status at home

The home-based urinary flowmeter data were stored in a small print-

ing machine, tablet, or directly on a PC; the measurement time and

various urine volume characteristics are displayed as shown in

Figure 1. The average coefficient of variation for each patient at home

was as follows: Qmax: 0.42 ± 0.2; the amount of urination was 0.45

± 0.19, which was quite large.

Table 2 shows the average value of each patient's urine flow rate

during the daytime and at nighttime (12:00 AM to 7:00 AM). Thirty

patients provided measurements during the nighttime. Qmax and

Qave were not significantly different, but the urine volume was signif-

icantly higher at nighttime.

Table 3 shows a urination diary, which distinguishes between the

daytime and nighttime flow measurements of patient A, who experi-

ences frequent urination 68 times over 5 days.

Figure 2 shows the relationship between the urine volume and

the Qmax of patient A; this is created based on the 5-day urination

diary. The coefficient of variation for each urination is very large,

the Qmax is 0.69, and the urination volume is 0.62; it is clear from

these results that urine flow rate characteristics cannot be judged

based on only one measurement (x mark) in the hospital. There is

often a higher urinary volume at nighttime and frequent urination

as well.

The relationship between each patient's VV and Qmax average

was not significant (r = �0.1, P = 0.52), and the relationship between

F IGURE 1 Freeflow system
(portable uroflowmeter and
printed chart). Qave, mean flow
rate; Qmax, maximum flow rate

TABLE 1 Difference between home
and office uroflowmetry

Home Office Mean difference (95% CI) P-value

Qmax (mL/s) 17.5 ± 7.8 14.6 ± 8.9 2.8 (0.8–4.7) <0.01**

Qave (mL/s) 7.9 ± 3.6 6.7 ± 3.8 1.2 (0.38–1.97) <0.01**

VV (mL) 207 ± 14 200 ± 18 6.6 (�24 to 38) 0.67

Abbreviations: Qave, mean flow rate; Qmax, maximal urinary flow rate; VV, voided volume.

TABLE 2 Comparison of voiding parameters between daytime and nighttime

Daytime

Nighttime

Mean difference P-value(12:00 AM to 7:00 AM)

Qmax (mL/s) 17.1 ± 7.3 16.7 ± 8.3 0.42 (�1.5 to 2.3) 0.65

Qave (mL/s) 7.9 ± 3.7 7.6 ± 4.3 0.25 (�0.66 to 1.17) 0.59

VV (mL) 193 ± 85 266 ± 139 73.4 (38 to 109) <0.001**

Abbreviations: Qave, mean urinary flow rate; Qmax, maximal urinary flow rate; VV, voided volume.
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the Qmax ratio at nighttime and daytime and the prostate volume

was not significant, but this ratio tended to decrease when the pros-

tate volume was large.

The relationship between the IPSS and Qmax showed a signifi-

cantly negative correlation (r = �0.42, P < 0.01); however, some

patients showed low Qmax, even when the IPSS was low.

TABLE 3 Example of a urinary diary
No. Voiding time (s) VV (mL) Qmax (mL/s) Qave (mL/s) Hesitate time (s)

Daytime

1 5:38 29 124 8.8 4.3 7

2 7:23 4 27 13.6 6.6 0

3 8:33 31 125 6.3 4 11

4 10:02 40 90 7.2 2.3 9

5 12:27 32 170 13.6 5.3 2

6 15:02 34 135 10.2 4 1

7 16 22 149 14.7 6.8 4

8 17:19 34 112 6 3.3 8

9 18:45 20 127 11.8 6.3 5

10 20:11 49 136 6.3 2.8 10

11 22:19 54 512 22 9.5 0

Sum 1707

Mean 11 5 5.2

Nighttime

12 23:57 35 281 13.6 8 2

13 1:33 30 296 19 9.9 1

14 2:44 74 204 10.2 2.8 3

15 4:04 40 131 7.2 3.3 10

16 5:07 20 164 14.7 8.2 0

Sum 1076

Mean 39.8 215 12.9 6.4 3.2

Total 2783

Mean 34.3 174 11.6 5.5 4.8

Abbreviations: Qave, mean urinary flow rate; Qmax, maximal urinary flow rate; VV, voided volume.

F IGURE 2 Relationship between
voided volume and Qmax Patient A, 81 y
of age (for 5 d). , daytime data; ,
nighttime data; �, measured value in
hospital; Qmax, maximum flow rate
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4 | DISCUSSIONS

The effectiveness of a newly developed portable uroflowmeter, Free-

flow, which measures urine flow characteristics without collecting

urine, was assessed by applying it among patients with benign pros-

tatic hyperplasia in hospital and home settings.

Several reports have compared the performances of urinary flow-

meters with regard to in-hospital and home measurements.4,6,13,14

Matzkin et al reported a similar result after they investigated the fluctu-

ation of Qmax over a period of 6-12 months.12 Recently, Summers et al

collected urine in a cup and used a urine flowmeter called Stream DX,

which is used at home with a disposable sensor, to make urine flow

measurements and collected the data of 637 people for 19 284 times

over an average of 5 days. They reported considerable fluctuations

between successive days and emphasized the significance of measuring

urine flow at home for obtaining a more accurate diagnosis of urinary

function.15 We examined the comparison between in-hospital and

home measurements; we also examined the difference between day-

time and nighttime measurements at home, created a nomogram for

recording the relationship between each person's urine volume and

Qmax, and maintained a urination diary. The average urine volume of

the participants’ home measurements was not significantly different

from that in the hospital, but Qmax and Qave were significantly higher

at home. It was reconfirmed that a single measurement in the hospital

was insufficient for making an accurate diagnosis. A portable urine flow-

meter can be used for measuring urine flow at home (it involves taking

urine in a cup and examining the change in weight in many cases); in

other cases, a special liquid level sensor can be inserted, and this change

is measured. The newly developed Freeflow did not require urine col-

lection; therefore, it carried less risk of urine spillage on the floor and

was easy to wash. It posed no usability problems, which was a concern

for use among elderly patients. People with dysuria tend to have less

urine output, shorter urination time, and higher Qmax in the early after-

noon than in the morning and evening, and it has been reported that

there is a circadian rhythm in the micturition status.16 Porru et al

reported that people with benign prostatic hyperplasia have a large cir-

cadian rhythm. Examination of the urination statuses between the day-

time and at nighttime by using a urinary flowmeter showed that the

urine volume was large and urination time was longer at nighttime, and

urination rate and Qmax were low during sleep; thus, it could be a use-

ful diagnostic tool for LUTS caused by benign prostatic hyperplasia.5

The limitation of this study was that it did not acquire all micturi-

tion data; therefore, some participants did not provide their nocturnal

micturition data, and we did not ask for records of bedtime and wake-

up time; 12:00 AM to 7:00 AM was defined as nighttime.

As shown in Table 2, the amount of nighttime micturition

increased significantly from that during the daytime, but Qmax and

Qave did not increase. Half of the participants showed a decrease at

night. The Qmax increased with urine volume (as can be observed

based on urine volume and Qmax nomograms), suggesting that half of

the participants may have had LUTS because of benign prostatic

hyperplasia as is estimated by Porru et al.5 Under this system, one can

send data received from the tablet or directly from Freeflow to the

PC via Bluetooth communication and enter the wake-up time and

bedtime; this records the first urination characteristic data after wak-

ing up (from the daytime to sleep time), as shown in Table 2. This data

is then displayed as a diary. This allows the user to note the daily uri-

nation status numerically; however, it can be difficult to determine

the status for several days with this mechanism alone. In Figure 2, the

data of urine volume and Qmax for several days are shown as a nomo-

gram, and nighttime and daytime statuses are distinguished. When

displayed in this way, it is easy to grasp the entire picture. At a glance,

the case of participant A shows that he had polyuria and pollakiuria at

nighttime and that the Qmax at nighttime was not low.It is rec-

ommended that a urine volume of ≥150 mL is necessary for making

correct evaluations while using a urine flowmeter,6 but several in-

hospital patients may not have a urine volume of ≥150 mL. Therefore,

for reliable uroflowmetry testing, Ceyhan et al17 recommended that

1.5 L of water should be taken before uroflowmetry.

At home, having a urine volume of ≥150 mL is common; however,

since the amount of urine discharged at nighttime is larger than that

discharged during the daytime, taking measurements and recording

data at nighttime will help to obtain accurate evaluations. Thus, this

study confirmed the importance of taking uroflowmeter measure-

ments at home.

The guidelines of the Japanese Society of Urology also state that

the micturition diary is useful for men with LUTS, especially those

with benign prostatic hyperplasia, overactive bladder, and nocturnal

polyuria.18

Thus, the present study confirmed the effectiveness of the utiliza-

tion of a urination diary that can distinguish between nighttime and

daytime, such as the Freeflow system, and creating a nomogram to

distinguish between nighttime and daytime measurements over sev-

eral days while renting out the urine flow device to patients.

5 | CONCLUSIONS

Freeflow, the newly developed urine flowmeter, which can measure

urine without collecting it, enabled us to grasp the difference between

in-hospital and home flow measurements, the fluctuating state of

measurements at home for several days, and the difference between

daytime and nighttime flow. Creating a nomogram of the relationship

between urine volume and Qmax, examining its position in the whole,

objectively examining the nighttime urination status, and utilizing the

urination diary, which contained such information, was found to be

effective for providing correct LUTS diagnosis and treatment.
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