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INTRODUCTION	&	OBJECTIVES
• Urinary voiding acoustics have demonstrated good correlation with

conventional uroflowmetry traces in healthy men, and allows remote and
ambulatory monitoring of patients with lower urinary tract symptoms.

• Objectives: To train and clinically validate a deep learning-based algorithm
(“Audioflow”) to predict conventional uroflowmetry traces based on urinary
voiding sounds, and distinguish between normal and abnormal urinary flow
patterns.

STUDY	PARTICIPANTS

METHODS

• 354 men were recruited between 1 December 2017 and 1
December 2019.

• Inclusion: Age 21 – 80 years, with or without LUTS
• Exclusion: Previous instrumentation/radiation to lower urinary

tract, unable to void spontaneously while standing

• Ethics approval was obtained from the Singhealth Institutional
Review Board (CIRB 2017/2241).

• Study Method:
- Participants voided into a digital gravimetric uroflowmeter with a minimum

void of 150ml, and voiding acoustics were recorded by a smartphone (Apple
iPhone 6, Apple Inc, USA) anchored 30cm away from the collecting cone.

- All uroflowmetry patterns were classified into normal, bladder outlet
obstruction (BOO), and underactive bladder by two senior Urologists. The
latter two flow patterns were categorised as abnormal urinary flows.

• Algorithm Development and Evaluation:
- Each audio file was processed digitally to remove ambient noise, and divided

into 0.1 second frames (with >300 frames per voiding session). Uroflowmetry
traces were paired with their associated audio recordings.

- 240 (68%) traces were used to train the Audioflow deep learning algorithm,
which consisted of a recurrent neural network (RNN) with 4 Bi-directional
long-short term memory (Bi-LSTM) layers followed by two connected layers.

- The validation dataset consisted of the remaining 114 (32%) cases, to test the
Audioflow algorithm’s ability to distinguish between normal/abnormal flows.

• Statistical Analysis:
- Analysis was carried out using sensitivity analyses and receiver-operating

characteristic (ROC) curves.

RESULTS

• The Audioflow deep learning model exhibited great
performance in the classification of urinary flow patterns, with
82.5% (33/40) normal flows and 85.1% (63/74) abnormal
flows accurately classified.

• Overall AUC for distinguishing between normal/abnormal
urinary flows was 0.84.

• On a pilot trial of training the algorithm to discern further
between normal urinary flow, BOO and underactive bladder,
the algorithm was only able to accurately classify 53.6% (15/28)
of urinary flows suggestive of BOO and 40.7% (11/27)
suggestive of underactive bladder.

- Overall, 85% (47/55) of abnormal flows correctly classified.
Fig.2: Confusion matrix and ROC curve for the performance of the Audioflow deep learning
model in differentiating between normal/abnormal urinary flows CONCLUSION

• The Audioflow deep learning algorithm classifies urinary flows
into normal and abnormal patterns with great accuracy.

• Further data should be collect to further reinforce the algorithm
in further sub-classification of urinary flow patterns BOO or
underactive bladder.

• There is great value in operationalising the Audioflow algorithm
into a mobile phone application for ambulatory monitoring of
urinary flows in patients with LUTS.

Note:	This	study	is	supported	by	the	Singhealth Surgery	ACP-SUTD	
Technology	and	Design	Multi-Disciplinary	Development	Programme	(grant	
no.	TDMD-2016-1).

Fig. 1: Examples of uroflow patterns used in training and testing both ML models.
Green curves (first row) suggest normal urinary flow; red curves are suggestive of
bladder outlet obstruction (BOO), and blue curves suggest an underactive bladder.
Both red and blue curves were categorised as abnormal urinary flows.

Fig.3: Confusion matrix for the performance of the deep learning model in differentiating
between normal urinary flow, bladder outlet obstruction (BOO) and underactive bladder.


