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ARTICLE INFO abstract

Introduction: When an operator performs a study of diaphragmatic function by ultra-
sonography, it is interesting to record the breathing cycle.
Methods: This work reports the development of a device making it possible to transmit 
the signal of the beginning of inspiration and expiration to the ultrasound machine via 
ECG cables.
Results: The monitoring of respiratory function using a turbine spirometer provided the 
simultaneous measurement of the gas volume and the breathing rate. The device is usable 
with any commercial ultrasound machine and the cost of manufacture is low (about €70-
$82).
Discussion: The device developed by our team will enable further innovative studies. The 
study of the diaphragmatic deformation using speckle tracking imaging can be triggered 
by the breathing cycle. The combination of the measurement of the gas volume per cycle 
with the corresponding diaphragmatic thickening or displacement leads to the possibility 
of assessing the respiratory work.
Abbreviations: US: Ultrasonography; 2D: Two-Dimensional; STI: Speckle Tracking Imag-
ing; LCD: Liquid Crystal Display

Introduction
In recent years, several works have supported the significance 

of ultrasonography in the assessment of diaphragmatic function 
[1,2]. The excursions of both hemidiaphragms can be measured 
by M-mode ultrasonography (US). Normal values of diaphragmatic 
motion have been reported [3] and M-mode US is able to detect 
hemi diaphragmatic paralysis or hypokinesis [4-6]. In patients 
suffering from neuromuscular disease, the measurement of 
diaphragmatic excursion during forced breathing can predict an 
impairment in vital capacity [7]. Two-dimensional ultrasonography 
(B-mode US) makes it possible to measure diaphragmatic thickness 
at various breathing time such as the end of normal expiration 
(functional residual capacity), at the end of normal inspiration 
and at total pulmonary capacity [1]. B-mode US has demonstrated  

 
its importance in the diagnosis of diaphragm paralysis [8] and of 
diaphragm dysfunction in patients suffering from myopathy [9]. 
Some studies have suggested that speckle tracking ultrasound (STI) 
was superior to conventional ultrasound techniques [10].

It has been reported that the diaphragmatic parameters 
measured by STI were related to the measurements performed 
by M-mode US and B-mode US [11,12]. STI might provide more 
clarification via the analysis of the longitudinal muscle deformation 
[13]. Unfortunately, no ultrasound machine has been developed 
to study diaphragmatic strain. The software used in these 
circumstances is the software designed to track 2D speckle motion 
in echocardiograms. Consequently, during the STI analysis of the 
diaphragm, the tracking time is related to a cardiac cycle time period 
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and not to the breathing cycle. To study the maximum deformation 
of the diaphragm it would be important to analyses the diaphragm 
during the entire inspiratory phase. The aim of this work was to 
develop a system enabling the recording of the respiratory signals 
on the ultrasound machine.

Methods 
The specifications of the device were initially determined: To 

improve the quality of the analysis of the diaphragmatic function 
by ultrasonography, it would be useful to record the beginning 
of inspiration and expiration on the screen of the ultrasound 
machine and to measure simultaneously the gas volume and the 
ultrasonographic parameters (hemi diaphragmatic excursion or 
muscle thickness). Lastly, the device should be usable with any 
commercial ultrasound machine.

Results
Figure 1 reports the principle of the device developed to 

record breathing signals on ultrasound machines. Monitoring 
of the breathing rate and gas volume was performed using a 
commercially available turbine spirometer (price about €1.6 - 
$1.9, Flow Mir, Medical International Research, Rome, Italy). The 
turbine support was built using a three-dimensional printer. This 
support incorporated 3 sensors (1 infrared led and 2 infrared 
phototransistors, price: €10 - $11.6) to detect breathing time and 
assess gas volume. The number of turbine rotations was counted 
by the sensors to assess the gas volume. The direction of the 
rotation made it possible to distinguish inspiration and expiration. 
A microcontroller (Nano, Arduino, price: €25 - $29) was used to 
acquire and interpret the sensor signals.

Figure 1: Principle of the device developed to record breathing signals on the ultrasound machines.

The breathing parameters (inspiratory and expiratory volumes, 
breathing rate) were displayed on an LCD screen (price: €33 - 
$38). Furthermore, electronic signals were sent to the ultrasound 
machine via ECG cables. To record the beginning of inspiration and 
expiration, a voltage pulse was sent now of the reversion in the 
rotational direction of the turbine. The duration of the voltage pulse 
was adjustable (from 500 to 1200 microseconds) and transmitted 

by the microcontroller to a bridge voltage divider. This bridge 
divider made it possible to decrease the voltage to 50mV to the 
first electrode and to 25mV to the second electrode. Consequently, 
the signal amplitude recorded on the screen of the ultrasound 
machine differed according to the breathing time i.e. inspiration 
and expiration (Figure 2). The system was powered via the USB 
connection of the ultrasound machine.
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Figure 2: Measurement of the diaphragmatic excursion (1.52cm) during quiet breathing, by M mode ultrasonography: the 
voltage pulse reports the beginning of both inspiration (arrow: larger voltage) and expiration (image produced using a Vivid 
E90 and a M5S transducer, GE Healthcare, Little Chalfont, United Kingdom).
Abbreviations: L: diaphragmatic excursion in cm, dT: duration of the diaphragmatic contraction in ms, V: velocity of contraction 
in cm/s.

Discussion
The advantage of the device was to record simultaneously the 

breathing cycle via the ECG cables and the diaphragmatic images 
by ultrasonography. The device developed by our team is of interest 
for several supplementary reasons. The cost of manufacture is 
low, in total about €70 - $82, including the turbine spirometer, 
the sensors, the microcontroller and a screen. No change to the 
ultrasound machine is needed since the transfer of the signals is 

transmitted via ECG cables. Consequently, the device is suitable for 
application with any commercially available ultrasound machines. 
M-mode ultrasonography enables the diaphragmatic motion to be 
measured whereas the two dimensional mode can measure the 
diaphragmatic thickness in the area of apposition of the diaphragm 
to the rib cage. The breathing signals on the screen of the ultrasound 
machine is a guarantee that the measurement is performed at the 
right breathing time (Figure 3).

Figure 3: Measurement of diaphragm thickness (d= 0.178cm) in the area of apposition during inspiration (first arrow= beginning 
of inspiration, second arrow= time of measurement) image produced using a Phillips Affinity 70 Ultrasound system - vascular 
transducer (L12-3), Koninklijke Philips N.V, Amsterdam, The Netherlands).
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In patients suffering from hemidiaphragm paralysis, the signal 
of the beginning of inspiration can be useful to demonstrate the 
paradoxical displacement of the paralyzed diaphragm during quiet 
breathing or deep breathing [6]. The simultaneous measurement of 
the diaphragmatic motion and the gas volume of the corresponding 
breathing cycle is also interesting. Indeed, it has been reported 
on one hand, that the relation between inspired volume and hemi 
diaphragmatic movement was linear [14] and on the other hand, 
that diaphragmatic excursions of both sides were quite similar in 
healthy subjects [3,15]. In patients suffering from hemidiaphragm 
dysfunction, the right-to-left ratio of maximal excursion on 
deep breathing can be outside the range of 0.5 to 1.6. In such 
circumstances, it would be useful to control that the inspired 
gas volumes corresponding to the diaphragmatic excursions are 
similar. Furthermore, the work of breathing is the energy expended 
to inhale and exhale a breathing gas. It can be calculated by the 

product of the change in thoracic pressure and the change in 
pulmonary volume.

It has been reported that the measurement of the thickening 
fraction [the ratio (thickness at inspiration-thickness at expiration)/
thickness at expiration] was related to the transdiaphragmatic 
pressure–time product per breath [16]. Consequently, the 
simultaneous recording of the gas volume and the thickening 
fraction should be useful in assessing the work of breathing. The 
significance of the study of diaphragmatic function by STI has 
been recently underlined [13]. The device developed by our team 
can detect the beginning of inspiration and expiration. Since the 
information is transmitted to the ultrasound machine via ECG 
cables, the deformation study by the software can be triggered 
by the breathing cycle and not by the cardiac cycle. Using this 
procedure it is possible to perform the analysis of the diaphragm 
during the entire inspiratory phase (Figure 4).

Figure 4: Study of the diaphragmatic deformation triggered by the breathing cycle (first arrow = beginning of inspiration- 
larger voltage, second arrow= beginning of expiration) - image produced using a Mylab 25 Esaote, Genoa, Italy.

Conclusion
The combination of the recording of the breathing signals and 

gas volume with the corresponding diaphragmatic thickening or 
excursion should be useful for a better analysis of the diaphragmatic 
function.
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