A Precision Time-of-Flight (ToF) Monitoring System for Continuous
Prevention of Endotracheal Tube Dislodgement in Neonatal Care
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Specifications and Constraints

Endotracheal tubes (ETT) are critical for neonates A URE (o Computational Testing Table 2. Design specitications and constraints — .
o ] ] ] n— . . Req ID# | Function Description Type Specification Metric
reauirine mechanical ventilation however ETT A stu dy Was performed in SolidWorks FS-01 User interface | The system should be able to allow the clinician | Objective | The clinician should be able use the Ul to No. of taps
q g ol to input information and control the record baseline, alarm threshold
displacement can be dangerous and sometimes fatal. msn  Simulation to show the effects of putting monitoring, pause/start monitoring in < 3 taps.
Extubation may cause hypoxia or dislodgement to the ¢ the weight of the device on the end of the |/ Wowrent e ol e sk gt roveren Ot | e e sl e sk o0t st e
e _ 1.751e-02 ] : : :
esophagus. g e endotracheal tube. Results: Maximum after intubation.
ggs’v = ] FS-03 Display data | The system should be able to monitor the tube | Objective | The system should show on display Displacement
Current methods of prevention are as follows: e i eo dISplacement was 2.919e-02 mm, a continuously and display information on a movement from the reference point as “0.5 | (mm)
. . B0 . . . screen. mm/1 mm.”
* Frequent X-rays: risks infants to DNA damage 5887e. 3 negllglble effect on the tUbIng' StUdy FS-04 Mechanism | The system should be able to avoid interference | Constraint | Position the device in a way so its Sensor reading
. . el . . 91%- H o : . d with other equipment. mechanism is not affected by the external | accuracy
« Sedation: prohibits from important developmental = specifications: o .
1,000e-30 Interference tubing or neobars.
movements ° An external force Of gravity was used to FS-04 Alarm The system should be able to sound an alarm to | Objective | The system should give audible alarm when | Displacement
. 49 . . . . . . notify the clinician in case of an emergency. tube moves beyond the predetermined (mm)
Current devices | Figure 1. (A) Computational Mesh Model: simulate the orientation of the device on I T
. . <[ Endotracheal tube] . . . . coded alerts on the screen.
fOCUS on noninvasive StrUCturaI dlscrEtlzatlon Of adaptor' (B) the ETT A z'gram IOad Was app|IEd to FS-05 Alert The system should not trigger any false alarms | Constraint | The system should have <1 false alarm/hr. Rates of false
stabilization Static Displacement Map: displays the simulate the weight of added component. PRy Bl Evele Elelis SE eelby 12 ey wevee, alarm per
our.
WlthOUt alert graVitatiOnaI IOad on the ETT Wlth the * One end was fixed to represent the Side FS-06 Battery life The system should be able to operate on Objective | Battery runtime of > 8 hours; initial Hours
. . . . battery. prototype battery life for at least 1 hour.
SyStemS for maxXximum dISplacement belng 2.919e-02 attached to the ventilator. FS-07 Life cycle The device should be for long-term use. Objective | At least 6 months. Months
. mm FS-08 Calibration The system should not require frequent Objective | Recalibrating once a week. Weeks
Supportlng ' . recalibration.
Staff TEStlng Of TOF sensor FS-09 Leakage The system should exhibit safe electrical Objective | Under faulty conditions, current must not UAmMperes
) current exposure. exceed 50 uA
— Figure 2. (A) Calibration curve
A Calibration Curve B _
Residual Plot : : . . .
150- indicates high linearity and
c y=1.017x + 2.499 5- . . o
£ R? = 0.9943 © eesenes’ . predictability across the 20-125 Conclusion
%100_ § 0_..’... ....................... Q..... ........... mm range. (B) Residual plot O II | h d d f
5 g 57 shows the reliability of the N W vsra I’ Oblljr resuhtsd ?VE einonst:catedba SI? ©
i i - 2 so- : - B & i Y
Our Time-of-Flight sensor system will be able to detect 5 8 10- calibration model with minor af? hrreflah e metho Zr rea .t.lme ‘eeh' ac
within £1 mm of ETT displacement, provide real-time S 0 I e e  variance at extreme Wit ) Igd ?‘CCULaCylén' Ifl)reC|§|0n Wit ml
: +hi | i k 0 50 100 150 .
feedback and alert professionals within 3 seconds of 0 50 100 150 rop Reading (um) measurements. (C) Static A N — standards Tor the clinical environment. In

Ruler Measured (mm)

dislodgement. Our device will reduce complications precision analysis shows the high

future iterations, we hope to add multiple ToF

. . V| : . . .
: : Sensor Precision at Constant Distance . . . . I
and improve neonatal safety in NICUS c 135 mm) D % Errorve. Distance precision and low signal noise /ZS senlsors fodr |mprf)ved ri:ohnltormg from multiple
‘ = | e 15- sacartia] G e (G RN ar(;%§§ an ” posmor.\s.o t hg neonate. "
i — . displacement. (D) Measurement Additionally, combining this sensor with other
Mo _ 10+ °° . ’ . . . .
+ ; o of percentage error as a function §ensors suclh I[a)?sl.capnoic;raphy senso.rs for a double verlflc.atlon of .dl.slodgment wo.uld.
o = 5] ., of distance, accuracy improves as improve relia |.|ty. Un. ortunatelil, tlme.and cost constraints pr.ohlblt us from fabricatlng
*.*  distance increases with majority an invasive device which would likely give a better gauge on dislodgement. We will also
5 2 20 40 41 O ARARRRARRSPARARS of the % error being under 10% continue to do more testing with the user interface to design something more in line
ToF Measured Distance (mm) Ruler Measured (mm) | Wlth Clinical needS

Table 1. Validation of Device Structural Integrity and Sensing

Performance. Summary of mechanical and functional testing.
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