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Abstract: Background: Nowadays vital signs in clinics are electronically monitored excepted for urine output 
which still requires, manual recording, which is subject to human errors. We, in-vitro, assessed in this study the 
ability a novel electronic device to measure by a combination of two different methods, the real time flow-output, 
like urine output. Methods: Flow or urine output was measured by a combination technique of gravimetry using 
a dynamometer and capacitive sensing to improve precision. Data were obtained in 3 different situations, low, 
medium, and high flow. Results: Three different situations were tested: full or empty dead space and Pasteur’s 
chamber. The differences between the injected and measured volume varies from 0 to 5 ml representing a 
maximal error of 3 % regardless of the volume injected and the flow in ml/hour. The capacitive sensors behave 
as expected with a parallel curve of the expected and measured flow. Conclusion: We have shown in this in-
vitro study that the combination of gravimetry and capacitive sensors analysis allow accurate measurement of 
volume and flow-output. Clinical trials should be conducted to confirm its usefulness in urine output 
measurement in the real life. 

Introduction 
In physiologic studies and clinical situations, it is of critical importance to measure fluids flow. 

Nowadays, most physiological parameters of the patient in the intensive care units, are electronically 
monitored with highly sophisticated devices [1]. Usually, these devices also supervise whether the 
values remain within the pre-established normal values by the clinicians. This range represents the 
values considered as normal or acceptable for each parameter. Warning can be programmed to alert 
the medical staff if the values are not within an acceptable range. Automatic determination of these 
parameters reduces workload and human error.  Urine output is one of the most relevant 
physiological parameters but is still mainly manually measured. Recently several electronic devices 
measuring urine output have shown accuracy and precision in clinic [2–6]. With these devices 
precision improved and avoid interobserver variations. These trials strongly suggest that ICU 
patients had more meaningful medical management, and beĴer outcomes, with electronic urine 
output monitoring versus conventional manual monitoring. Errors and omissions can be avoided 
with these devices in addition to a saving in the working time of the nursing staff. Several different 
devices are available and use different measurement methods like gravimetry [7], or a custom-
designed sensor using a proprietary algorithm centered on the principles of thermal transfer [2], or 
low-cost device especially designed for that purpose [8]. These devices are rather precise and can be 
used in clinics with however some disadvantages which can complicate their use. We have designed 
a new device trying to make it resemble as much as possible the urinary bags that exist on the market 
and trying to make it as simple as possible. We report our methodology using a combination of 
gravimetry and capacitive analysis to measure total volume of liquid and hourly rate of liquid 
excretion in prototype dedicated to the urine output measurement. 

Methods 
Device: the experimental device the Diuriflux 2023  (Diuriflux system, Montreux, Swiĵerland) 

is designed to measure total volume and hourly flow in other words urine output (Figures 1 and 2). 
The urimeter weight the urinary bag at regular time interval. To achieve high quality of products at 
lesser cost, accurate measurement we use a dynamometer. The principle is based on a strain gauge 
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load cell which convert force in an electrical output signal. As the strength force applied to the sensor 
increases, the electrical signal changes proportionally. This technique has been extensively described 
previously [9]. The model used (Flintec Tension Load Cell Type UXT-50kg-C3, Flintec Inc., Hudson, 
MA, USA) is based on the principle of the modified Wheatstone bridge [10] known as highly accurate 
(Figure 3). To ensure a correct measurement, accelerometers are mounted on the two side of the 
dynamometer, allowing vibration detection and immediate compensation. As external factors can 
alter weight measurement, for example a chair leaning on the bag, a second measure system is 
integrated in the urimeter. The system uses capacitive sensors to detect height of liquid in the bag. If 
weight and liquid height don't match, an alarm goes off. A sensor array is also mounted behind the 
Pasteur’s chamber. It detects early liquid intake before arrival in the urinary bag (Figure 4). Dry 
Pasteur drip chamber is equipped with an anti-reflux valve. It prevents retrograde migration of 
bacteria and venting air inlet filters for pressure balance. The pastor drip is also composed of multiple 
sub chambers which fill up depending on the liquid pressure. This pressure is proportional to flow. 
This allows very early detection of flow variations, for example in case of catheter disconnection.  

 
Figure 1. This figure shows the device from its back. 

 
Figure 2. Details of the Pasteur’s chamber. 
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Figure 3. Details of the used dynamometer, Flintec Tension Load Cell Type UXT-50kg-C3, Flintec Inc., Hudson, 
MA, USA. 

 
Figure 4. Details of the electronics located behind the Pasteur’s chamber. 

As mentioned, the technology of capacitive sensing was used as a method to control the values 
provided by the dynamometer (Figure 5). It is based on coupling, that detects and measures anything 
that is conductive or has a dielectric constant different from air. Our device uses a 24-bit capacitive-
to-digital converters and level-sensing techniques. It has been shown to enable high-performance 
capacitive sensing of liquid levels [11]. Capacitive sensing provides only a control of the 
dynamometric values. The curves issue from the capacitives must follow the curves of the 
dynamometric measures. In case of flow interruption for any unexpected reason it will be detected 
by the capacitive sensors and reported on the screen. This combined approach of capacitive sensing 
and dynamometer measures has a great and major advantage, in that it allows a double check of the 
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values provided by the dynamometer. Moreover, we use a wireless connection between a screen and 
the device. The operating flow chart of the system is shown in Figure 6. 

 
Figure 5. Section showing the location of the capacitives sensors behind the urinary bag. 

 
Figure 6. Operating flow chart of the system. 
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Figure 7. Experimental set-up showing the funnel functioning like a bladder, connected to the inlet of the device 
at the top of the Pasteur’s chamber. 

Experimental set-up: the experimental set-up is illustrated in Figure 6. A funnel is placed above 
the measuring device. The distal tip of the urinary catheter with the inflated balloon is placed in the 
funnel. This mimics a bladder. The catheter is connected to a drainage tubing, like the one use in 
clinic. This drainage tubing goes through the measuring system and connects to the rigid urinary 
bag. There is a Pasteur’s chamber at the entrance of the rigid bag. Thus, a continuous column of fluid 
is established between the urine in the funnel functioning like a bladder and the collection reservoir, 
the urine solid bag below the Pasteur’s chamber. 

Data acquisition: the weight of saline is detected in the urinary bag. This represents the volume 
of saline injected in the system minus the volume remaining in the tubbing, called dead space and 
that of the Pasteur’s room. It should be noted that the curves of capacitive sensors do not give the 
volume of liquid. They indicate the kinetics of the flow and ensure that there have been no external 
events disturbing the measurement. These curves should parallel to the curve of flow and weight. 

In-vitro testing: the system was tested during three different flow situations, low flow design as 
less than 20 ml/hour, medium 20 to 150 ml/hour and high flow defined as over 150 ml/hour. As a 
dead space exists representing the volume of liquid in the tubbing and the volume in the Pasteur’s 
chamber, we tested 2 different situations. One with emptying of the dead space and Pasteur’s 
chamber and one without any emptying. 
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Results: The data are summarized in Table 1 and Figures 8 to 10. In the low flow situation, the 
differences between the injected and measured volumes were low between 1 and 3 percent of the 
injected volume. In the medium flow situation, the measured differences were also low between 0 
and 1 %. Slightly higher differences between 1 and 2 percent were noted in the high flow situation 
with differences between 2 to 3 %.  The flow, in other words, the volume per time unit did not 
influence the results as the total volume of saline injected. Moreover, the two situations with empty 
of full dead space and Pasteur’s chamber did not influence the measures. The volume of saline in the 
Pasteur’s chamber and dead space varies from 0 to 90 ml. When the test was started with a full dead 
space and Pasteur’s chamber the expected and displayed curves are almost superimposed with low 
differences < 5 ml (Figures 8–10). When the test started with a empty dead space and Pasteur’s 
chamber these spaces have to be filled before the measures started. Once they are full the 2 curves are 
perfectly parallel as shown on Figure 9. 

Table 1. this table report the values measured in the 3 different situations tested low flow < 20 ml/hour, medium 
flow > 20 ml /hour and < 150 ml/hour and high flow > 150 ml/hour. We also tested 2 different situations dead 
space and Pasteur’ s chamber empty or full. We did not have errors > 3 % between the injected and the measured 
volume by the system. 

Test number Injected 

volume 

(ml) 

Value 

displayed 

on the 

screen 

Volume in the 

urinary bag 

Volume in the dead 

space + Pasteur’s 

chamber 

Difference between real and 

measured values 

Low flow  

(16 ml/hour) 

296 299 209 90 3 (1%) 

Low flow 

(18 ml/hour) 

67 65 65 0 2 (3%) 

Medium flow 

(108 ml/hour) 

300 300 260 40 0 

Medium flow 

(128 ml/hour) 

665 663 633 30 2 (1%) 

Medium flow 

(45 ml/hour) 

438 438 438 0 0 

High flow 225 225 220 5 5 (2%) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 May 2024                   doi:10.20944/preprints202405.0618.v1

https://doi.org/10.20944/preprints202405.0618.v1


 7 

 

(2700 

ml/hour) 

High flow 

(1834 

ml/hour) 

214 214 211 3 3 (1.5%) 

High flow  

(1215 

ml/hour) 

405 403 353 50 2 (1%) 

High flow 

(1971 

ml/hour) 

920 923 923 0 0 

 
Figure 8. This figure shows the low situation with a flow of 18 ml/hour of injected saline. The device measured 
17 ml/hour. The total injected volume is 67 ml and the total measured volume is 65 ml (2 ml differences (3%)). 
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At the beginning of the perfusion the Pasteur’s chamber was full, and the superimposition of the displayed and 
measured curves is almost perfect. The capacitive curve (violet curve) follows the measured and displayed 
curves. It is situated under and over the other curves because it is normalized between 0 and 1 as shown on the 
secondary Y axis on the right. 

 
Figure 9. Medium flow measurement at 108 ml/hour. The measured curve is not superimposed with the 
displayed curve because the test was started with a dead space and an empty Pasteur’s chamber. Once these 2 
spaces are full the curves are strictly parallel. At the end, with correction of the volume of the dead space and 
Pasteur’s chamber the total volume measured, and the total injected volume are the same. The capacitive curve 
(violet) follows the measured and displayed curves. It is situated under and over the other curves because it is 
normalized between 0 and 1 as shown on the secondary Y axis on the right. 

 
Figure 10. High flow measurement with a full dead space and Pasteur’s chamber at the beginning of the 
measures. This test shows a perfect correlation between the expected and measured curves with a difference of 
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3 ml (1.5%). The capacitive curve (violet) follows the measured and displayed curves. It is situated under and 
over the other curves because it is normalized between 0 and 1 as shown on the secondary Y axis on the right. 

The curves of the capacitive sensors followed the curves obtained from the dynamometer. For 
very low flow it remains flat until the Pasteur’s chamber filled up. As shown on the figures these 
curves remained parallel to the expected and displayed curve.  

Discussion 
Most physiological parameters measured in patients in intensive care unit are electronically 

monitored and several studies have shown that hourly urine output are superior and have a beĴer 
correlation than manual measurements obtained by the medical staff [2,8]. When using manual 
measurement oliguria can be missed with significant consequences for the patient and even increased 
mortality due to acute kidney injury [13]. Automated measurements seem to be significantly beĴer 
than manual [19,20].   

Several devices using various monitoring system are already available. For example, the 
RenalSense Clarity RMS Sensor Kit [2] uses sensors to measure the flow. The technology is based on 
thermal transfer. Its cost is relatively high, and this probably explains the low use of the system in 
clinic. The Accuryn Monitoring System [14] is another commercially available system, but its 
accuracy and technology are unknown. The Sensica Urine Output System [15] is another 
commercially available continuous urine monitoring device. It was recalled in 2022 due to 
inaccuracies [16]. Some of these devices are approved but only in some countries, such as Israel for 
example, but not in the USA. The urine output measurement systems proposed, by Otero et al was 
not commercially developed. This device used capacitive sensors for measuring the amount of urine 
within a rigid container and uses read switches activated by a magnetic float to measure the amount 
of urine collected in two containers which are arranged in cascade [8]. When one of the containers 
fills, it is emptied automatically using a siphon mechanism and urine begins to collect again. An 
electronic unit sends via Bluetooth the information to a PC that calculates the urine output. This 
system seems not to be user friendly and requires a large amount of space. It seems that it has not 
been further developed. Many years ago, the gravimetric method to measure urine output have been 
presented as a simple, inexpensive, dynamic measurement of urine flow [7]. However, due to 
technical problems it has not been further developed and proposed in clinic. Gravimetry has several 
advantages: it allows to measure flow over short time intervals (< 1sec to 5 sec), it can detect minor 
changes in flow as small as 2-3 ml and finally is a very simple method. The Sippi device is another 
new digital, automated urine meter with biofilm control and wireless connectivity. It also has the 
advantage of actively combat urinary tract infections. There are no clinical data reported with this 
device at present. 

More recently a new low-cost system has been proposed, the IoT Urine Scale. It uses gravimetry 
to calculate urine output and transmits the data via the Bluetooth technology to a cellular phone. The 
device is utilizing a strain gauge load cell, an integrated circuit that contains an amplifier, analog-to-
digital converter, and a WiFi-enabled microcontroller [17]. The system seems to work properly and 
has a very low cost. However, the authors do not comment on potential bad measurements due to 
shocks against the measurement system.  

The developed Uriflux 2023 system was shown successful in capturing simulated urine output. 
There was only 1 to 5 mL mean difference between the actual volume and Uriflux 2023 measurements 
in a range between 0 and 5 ml (1-3%).  In clinical medicine, this percentage error is negligible and 
has almost no importance in patient management. However, careful, and frequent urine output 
monitoring is very important especially in patients with heart failure or shock. Urine output is 
essential to manage fluid intake and removal. Sometimes minute-to-minute changes in urine output 
are  of critical importance [18].  

Moreover, the rate of urine output (mL/min) was difficult to measure for the nurses for practical 
reasons and the bag graduations makes precise evaluation difficult. Thus, any rapid changes in 
urinary flow are difficult to detect and is inaccurate.  

Our device has several advantages. It uses gravimetry as measurement system combined with 
capacity sensors. That means that we have a double check, which works perfectly as shown by our 
in-vitro results. The measurements problems due to the gravimetry sensor are immediately detected 
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by the capacitors and signaled to the staff. We also have integrated accelerometers which 
spontaneously correct the excess of movements when detected. It has also, the capability to analyze 
changes in urinary output on a minute basis and thus indicates immediate changes of the urine 
output. Moreover, it resembles the devices used today at the patient’s bed. It will make it easy to use 
because there will be almost no learning curve. Future experimentation on our device must include 
testing in the real life and over a 24 h period and in different hospital seĴings and rooms. Some 
devices must be tested for accuracy at different room temperatures. This has not to be done with ours 
since temperature is not a parameter which influence measurements. 

Conclusions 
In summary, the developed Diuriflux system using gravimetry and capacitive sensors is, in-

vitro, a very accurate and user-friendly system to measure flow and especially urine output. It 
showed high accuracy and high adaptability. It is an affordable system compatible with most of the 
current standard urine collection bags. We believe that it has a real clinical potential and could be 
adopted and used in the daily practice hospital practice around the world.  

Limitations 
The overall results obtained with this device, cannot, of course, be extrapolated to the in-vivo 

situation. Even promising they must be confirmed by in-vivo measurements in clinical practice The 
next tests will be to test the device in the intensive care unit. 

Conflicts of Interest: N. Goy is the engineer who developed the system. A. Desponds et P. Beuret are member 
of the Diuriflux board. 
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