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Feasibility and efficacy of controlled respiratory persistence
monitor in clinical application

FENG Junjie, LU Chang, CHENG Shengquan, ZHANG Xiao, SUN Xufang
(Department of Anesthesiology, Second Hospital, Jilin University, Changchun 130022, China)

ABSTRACT Objective: To observe the application of the controlled respiratory persistence monitor
designed based on the principle of rhythmic temperature variations in artificial airways among different
populations and in various artificial airways, and to discuss the feasibility and efficacy of monitoring
controlled respiration persistence, and to provide a new method for the clinical respiratory monitoring.
Methods: A total of 60 adult patients scheduled for general anesthesia, and 30 pediatric patients aged from
1 to 3 years old, classified as American Society of Anesthesiologists (ASA) I-Il , were selected. A total
of 60 adult patients were randomly divided into adult tracheal intubation (ATI) group and adult laryngeal
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mask( ALM) group, and there were 30 cases in each group. Additionally, 30 pediatric patients aged from
1 to 3 years old were regarded as pediatric tracheal intubation (CTI) group. After induction of general
anesthesia, the patients in CTI and ATI groups were underwent tracheal intubation, while the patients in
ALM group were given a laryngeal mask inserted and were connected to the anesthesia machine for
mechanical ventilation. Whether or not the device could detect the respiratory rate (RR) of the patients in
various groups was observed; the RR detected by the device and the frequency set on the anesthesia
machine in various groups were compared. All the patients in three groups were simulated three common
clinical scenarios of continuous respiration changes before surgery: disconnection of the breathing circuit,
failure to switch from manual to mechanical control on the anesthesia machine, and slow air leakage in the
breathing circuit. The ways to report the alert and start time of the atarm by the monitors were compared.
Results: The controlled respiratory persistence monitor was able to detect the RR of the patients in three
groups, and there was no significantly difference between the RR detected by the device and the frequency
set on the anesthesia machine (P>>0.05). In the simulated scenarios of common respiratory persistence
changes, all the patients in three groups received an artificial voice alarm signaling “Attention, breathing
has stopped. ”, which was acknowledged. There was no significant difference in the start time of alarm of
the controlled respiratory persistence monitor between ATI group and ALM group (P>>0.05). Compared
with the start time of alarm of the patients in the same group across different scenarios, compared with slow
air leakage in the breathing circuit, the start time to alarm for circuit disconnection and failure to switch from
manual to mechanical control was shorter (P<C0.05). Conclusion: The clinical application of the
controlled respiratory persistence monitor device designed based on the principle of detecting rhythmic
temperature variations within artificial airways is feasible and effective in different populations and artificial
airways. This device offers a new method for monitoring the respiratory continuity and ensuring the
respiratory safety during surgery.
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Fig. 1 High-sensitive heat sensor
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Fig. 2 Respiratory monitoring procedure
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Fig. 3  High-sensitive heat sensor connected in

breathing circuit

AR A=A (ALM 4 ), R4l 30 4] ; 36 B
TEMRTFARM 1~32 41 LB 306 (ASA 1-114%)
WL SRS HE (CTIH) (F4) . HeBr b
5 ASA M4 KA L. 202 . A Jili s 3 a5 s A
0 26 25 B 015 R 1 i B . AR B AR AR BE 1R
PEZ B ot (R 0SS . 2023-033)
Fif BB B AR E .

1.3 &KEFFH 2MIAESECTIAMATILA RS
HAERE, ALMAEH & AMEE g N TAE,
AR B LI ML E R, CTIA B & RR KN
25min ', ATIAHAM ALM A #EH RR N 12 min ™',
WEH L : 2, SHLBE Y FFARIFGAT (AT T
P B AR 22 B 01 ) BAEL 3 B I AR AL I W 5 52 v e
A Wi F IR [l RSB T 4 R Ay LR
el RS (B 5),

1.4 MMEHAF RS U BB AR H
RR, PLUGiFH W e A SUs v M 5 22 NBE (RR A
WA EAE) AR TAGE M E P o5 MY
PR Y RRFIRR B L35 8 000 3 01 6 AT LA, 1R I
WA e PR M AP A M s G0 S 3L AR N Y
P ASCHEASTARLIG DR 5 UL W 15 252 1 3028 I TF B 1 0 1ef
] AR T 2, DU DY A M e AR 8 1 B P 4
2y SN B . BT LR EE bR Y B R AT B AT ST
P B[R] — T A BT 5% .

1.5 %t F45# R SPSS 27. 0 G4k 17
it 4007 . R Shapiro-Wilk 1 %o Wl & 5 4 ik 47
IEAPER S, WE B SO Uh 2 2 B 8] A5 A5 TE A 40 A
PUats T, 2020 REAR 8 A SR B IN 2507 2%
IYAT, AL TR REAS X5 R0 P L 5 OR F LSD-2 4 5 M
PRI RROVAE A 04, DA 8 (U437
) [M (P25, P75) | Row, HE LR
Mann-Whitney U # % . DL P<<0.05 4 2 %4 41l



1126

TR FEEM (EER) 5085 48 2024 42 7 J]

Assessed for eligibility
(n=95) (Child n=30,
Adult n=65)

Y

Excluded(n=5)
*Not meetining inclusioncriteria(n=3)
Emergency(n=1)
With in underlying lung disease(n=2)
*Dedined to participate(n=2)

CTI group
(n=30)

[ ]

Randomized
(Adult n=60)

v

rates
Child 25 times/min
Adult 12 times/min

y

Set different respiratory

ATI group
(n=30)

ATM group
(n=30)

A

Artificial airways
are built in different
way

Lost for follow up(n=0)
Discontinued interuention(n=0)

Lost for follow up(n=0)
Discontinued interuention(n=0)

Lost for follow up(n=0)
Discontinued interuention(n=0)

y

Analyzed(n=30)

Analyzed(n=30)
Excluded from analysis(n=0)

Analyzed(n=30)
Excluded from analysis(n=0)

Excluded from analysis(n=0)

B4 R

Fig. 4 Flow diagram of clinical experiment
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A': Breathing circuit disconnected ; B: Manual control not converted to mechanical control; C: Slowly air leakage in breathing circuit.
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Fig. 5 Three simulated forms of respiratory persistence change of patients before surgery
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Tab.1 RR and frequencies set by anesthesia machine of patients in three groups within 60 s detected by conrolled respiratory

persistence monitor (n=30,min"")
RR detected by monitor Frequency set by
Group ) 4 P
[M(P25,P75)] anesthesia machine
CTI 25.00(25.00,25.00) 25 —0.460 0.646
ATI 12.00(12.00,12.00) 12 —1.755 0.079
ALM 12.00(12.00,12.00) 12 —1.572 0.110

2 AL 3 R AR 5 e A 3 R 4 4 9 T R R S A M (SO SR R b )

Tab.2 Start time of alarm of controlled respiratory persistence monitors in various groups during simulating three forms of

respiratory persistence change

(n=30, x+s,1/s)

Start time of alarm

Group
Disconnection of Failure to switch from manual to Slow air leakage in
breathing circuit mechanical control breathing circuit
CTI 7.73940.344 9.22340.523" 16.409£0.462
ATI 15.12041.285" 18.428+0.995" 33.137£0.980
ALM 15.295+0.568" 18.126+0.902° 33.306£1.082

"P<C0. 05 compared with slow air leakage in breathing circuit.

3 3 ®

HLAR 38 ) A R0 S it RTS8 B0 78 o0 1 AR S e
[ S 9 /0 o £ AN RIS g o IR R 2 AR
SEXT A R A AR P A L B CE T, WPIRRFEE
PR A ST 2 A 1 30 0 o e A A, R
W 1) 2 i T IR A P B AR B, i .
SOWREE L MREE . OREREE . N AR AL S e A
AR P A R B 5 B R,
P i s N NI R W T S I N I e
JE MR A S R R R B R 40%0~80% , i PR
WA 2 RG2S, AXHE B R 100% ", A
B2 SR &E A 21%0,, MRSk &aY
16%0, M 5% CO, ™, 7E MW 3k i v 23 Ak A 35
S E 7 em L AR SCVE R BB W R
o7 FH o A A R R N P O SO v T R AR A

BT AT IR, PR A A A R e A, IR
NSRS AR AEE IR 22 1T A R i e g
JE I R B s BT R AR AR . BT AW A I A
R A G G WU ES 2 SN 1 R TP
BT WU SR 25 AR R AR A, EEB IR AR
T B IR B A7 PR B IR AR AL A K . AR SCAHE D
P4 925 T W W A B 1 W AP A B T RO TE TR E N
AL N TREWNR2MTAR, FAREIREHXEE,
T PR I R A A W A ACHE R M s e,
U A T B N T N IR AR A AR S 1 2
Je b P 4S  (central processing unit, CPU) AbHRZ,
3 g AR A 0 SO B R b TR R R Y
], a5 RR. PRI A A B2 T LA 3R
SUA L, YRR R R T B W )
A P ASCER I 1) g I ST TR 25 0N T B T 25 A
RO AT ) W 4 e R ek R R, PR s B 12



1128 TR 224 (BE 2 i)

B50% AW 202447 H

Wrohfig, KIMWNAEN FEE, PFREIE" WA TIE
BAEAR T, R TR G HRE R SR L T B
g & ARl T s s, S5 i
ZaME, BESREN W2 iRE sk,
AR R R AT B b
QUATRARA % ™ #ff 55 %W . RR#&E, W%
NS N S e B A 41, 1 B A TR
R o 5 R B RR XTI I AU B A B ) S, 4
A8 4L RR A /N R B CTIAL, 45
BN Z WP RRPE LA/ NB R 5
SRAT DLUER ARG I RR . ARF 5T 45 51 WoR - 45 4L R
BILTE A2 (450K 5 W ORI RR FL 4% 25 ¥ B4 it
S0 S0, VLB ME B ORI RR 55 PR i HL IR S A% —
e, WIS R, RO ROR IR 2ZEAE T T
ARHY AT RE AT UL A 2 M W AT AR i Y

WRAEA S
BEFE 7 WOR s JRR IR A S DL Y JEL A

JEBRA A CO,E B, 3l TR T 4™ T 2 ] 3 2
BEICTD, BT AR S s I JE O E e R
LA 5 B i W R A S R N R 2, AR AL
R L Sk S TR R R 45 A S EORR B8 (]
W R T R AR N N TR R PRROR B R IR
PR AL T 2R 85 J 48 DA AL 422 0K 28 R I R[] % 32 4 U
3 M7 B 5 DAL R S 5 B (el G AR T R . AT
e, Bt 3l PR BRI R L % IR IR A S A v T
Gysie, BT [R] 3% W OT | RRTEHIL T AR B O LA
1] G A8 I o ARBFRE R BN . TR 75
e, S MR A N T AR, ATIZ A
ALM 4TI i B o] L 22 m Bt X, &R
B W B SO X A8 387 A i 2 4 14 DL I R 5 2 4
HH IR £ M LA R A A R, ELR R A A B
PR Z N TAGE R AR, AT 7 I R R e
00 <) R T A R BT 2 SRR AL IR I [ % L R
AR O E RO T 4 R o R e A e B AL A A X
W, R EEALOE R R SR AN, T A IR R
W, AVEHRE PR RS, OIS A R R
Jii P e T BOAT O B 7 T R 2 a0 B
W, o5 51k ™ H O R B0 SRS S, T e
A= i M AN S8 I AR RN B TR, R AL R,
RWIBA W3 0 HAFAE I X AT TR Y
s, PR W UAE 20 s NARE, BOR
Oz A BT I E A R A e, AT IR A
WA R o AN, 32 i AAE [0 3 G2 48 T

SRR R Bl I 1] B A T I IR [0 K B T AR
BEAL T P R B e o LA, Ot DY D 7 [l i 2 1 T X
W, AR N TAE W P AT AT R D B
WA, HRTRBR RS, AT
A IF VAR R 222 W, /N T ROE BIE, RIR]
JE S E BRI PR SR U o AR BIESE R
) I R 455 52 P W 4 ASC A BT 1 B P R P I B 0
Mh2E, BOERZEBIE, i 2E/N T B (E AN &I
USRI R I RIIT IR 0%, A A T4 g 42 6 I
MR AR 5 P B ) 22 4 1k

Z BT BRG], AL A WE A TR
AT PR RO R AR M5 R A R D B R R
P, it — DRz i R AT R L AR
SEME, A A NLEAT Z b FURFEAR BT 5T . 55
Sb, AR TC B IR N TACIE T 8 I M Ty
TET F) A A58 P s 2 ik — 20 B IE

ZE LRTIE, RN A PN IR R T
P D B T M 0 4 ) O i R R A 9 O 3k T AT B
R, AT AR TR r R P AR S W R e
W2 AR LRIk

Pl ST AR
It A AR P S A A R i 5% o
fEERBAN:

EHRAZ GO PR IE R . B Ry
PrRIECRT, H%S 50 R TR SO W, BENS
5B RAE I M G o T, K 2 SRR R, Fh
0552 SREFEU . XoF SCEE I F R A AT HE VA
BRI ST 28 e X T 5T 5 A AT A T 6 5

(&% 30k ]

(1] A0 %, WA, B hh . BRI v I 0 ) 8 W 4 2 1Y
HEAELT] P EBACYYI N, 2009, 3(15): 184-185.

[2] GAUCHER A, FRASCA D, MIMOZ O, et al
Accuracy of respiratory rate monitoring by capnometry
using the Capnomask (R) in extubated patients receiving
supplemental oxygen after surgery [J]. Br J Anaesth,
2012, 108(2): 316-320.

[3] @ XGHE, ARG, JA A M UOR R AL ik 7 T I e
JRR S 95 & v R D] AR R B, 2015, 50(4) -

498-499.
[4] BRANSON R D, MANNHEIMER P D. Forehead
oximetry in critically ill patients: the case for a new

monitoring site [ J].Respir Care Clin N Am, 2004,
10(3): 359-367.
[5] LEE L A, CAPLAN R A, STEPHENS L S, et al.



BHRA, %.

2 ) P 1 5 W A (S RS 87 T 0 T A AN A 2k 1129

Postoperative opioid-induced respiratory depression:
a closed claims analysis[J]. Anesthesiology, 2015,122(3) :
659-665.

[6] VARADY P, MICSIK T, BENEDEK S, et al.
A novel method for the detection of apnea and hypopnea
events in respiration signals [J]. IEEE Trans Biomed
Eng, 2002, 49(9): 936-942.

(7] ZEmesd , Mk, Jumk R, 5. JL 5 BH 28 M B B 0 1 37
PR LR A AE RIS W [T]. b A B S o B 2 5
2003, 38(3): 161-165.

(8] BRFHIWIAKR, HSfles , 4 F &, 5. 402 5 0 AR 0T g
0 7 N BEL 2 e G I VR 7 454 IR0 < 25 B IR 12 W
B R LT]. b B OH G OWA W R A B A% A 2012,
18(2): 111-113.

[9] MA X X, ZHANG S X, ZOU P K, et al. Paper-based
humidity
Materials, 2022, 15(18): 6447.

[10] MARJANOVIC N, MIMOZ O, GUENEZAN ]J.
An easy and accurate respiratory rate monitor is
necessary[J].J Clin Monit Comput,2020,34(2) :221-222.

[11] CRETIKOS M A, BELLOMO R,HILLMAN K, et al.
Respiratory rate: the neglected vital sign [J]. Med J
Aust, 2008, 188(11): 657-659.

[12] HAKIMI N, SHAHBAKHTI M, HORSCHIG ] M,

et al. Respiratory rate extraction from neonatal near-

sensor for respiratory monitoring [J].

infrared spectroscopy signals [J]. Sensors (Basel),
2023, 23(9): 4487.

[13] ADDISON P S, ANTUNES A, MONTGOMERY D,
et al. Robust non-contact monitoring of respiratory rate
using a depth camera[J]. J Clin Monit Comput, 2023,
37(4): 1003-1010.

[14] NUNZIA M, EMILIANO S, SERGIO S, et al.
Breathing chest wall kinematics assessment through a
single digital camera: A feasibility study [J]. Sensors
(Basel, Switzerland),2023,23(15) :6960.

[15] YOO W J,JANG K W, SEO J K, et al.Development of
respiration  sensors using plasticoptical fiber for
respiratory monitoring inside MRI system[J]. J Opt Soc
Korea, 2010, 14(3): 235-239.

[16]BAT Y E, XIE E, LI Q, et al. Fabrication and
characterization of yarn-based temperature sensor for

respiratory monitoring [J]. J Donghua Univ Engl Ed,
2022, 39(6): 527-532.

[17] MANSOUR E, VISHINKIN R, RIHET S, et al.
Measurement of temperature and relative humidity in
exhaled breath [J]. Sens Actuat B Chem, 2020, 304:
127371.

[18] HOPPE P. Temperatures of expired air under varying
climate conditions[J].Int J Biometeorol, 1981, 25(2):
127-132.

[19] ALLAN D. Eyes wide shut: improving physiologic
monitoring during mechanical ventilation[J].Pediatr Crit
Care Med, 2016, 17(12): 1180-1181.

[20] NEJI B, FERKO N, GHANDOUR R, et al. Micro-
fabricated RTD based sensor for breathing analysis and
monitoring[ J]. Sensors, 2021, 21(1): 318.

[21] CHIUMELLO D. Is humidification always necessary
during noninvasive ventilation in the hospital?[J]. Respir
Care, 2010, 55(7): 950.

[22] PLEIL JD,ARIEL GEER WALLACE M,DAVIS M D,
et al. The physics of human breathing: flow, timing,
volume, and pressure parameters for normal,
ondemand, and ventilator respiration[J]. J Breath Res,
2021, 15(4): 042002.

[23] FIORILLO A S, CRITELLO C D, PULLANO S A.
Theory, technology and applications of piezoresistive
sensors: a review[J]. Sens Actuat A Phys, 2018, 281:
156-175.

[24]ZHAO C, LIU D, XU G X, et al. Recent advances in
fiber optic sensors for respiratory monitoring [J]. SSRN
T, 2022,72:103000.

[25] B EE. B & RERR ZERRTT ] F R
%%, 2010, 25(7): 20-22.

[26] QUATRARA B, COFFMAN J, JENKINS T, et al.
The effect of respiratory rate and ingestion of hot and
cold beverages on the accuracy of oral temperatures
measured by electronic thermometers [J]. Medsurg
Nurs, 2007, 16(2): 105-108, 100.

[27] A=y 55 BERIIE 0 2y 6 e 0 fry 0 JRe L0 1l DA JRR B 2 2%
i, 2007, 23(7): 588-590.

(28] # ¥, B A8, X1 47, 55 REEHLAS B3P A0 SC 8
BE T[] op B2 4e 4, 2020, 17(1) 2 55-58.

[29] BT, FIFF5. MEIREBEPREK 5 4 5 RIS R B2 AT IR
2 AL GBI B R [T ] [ K A A Al (R 2% i),
2023, 44(3): 438-445.



