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Abstract

Background: One-lung ventilation (OLV) is a commonly used ventilation method in thoracic surgery,
but intraoperative hypoxemia remains one of the most common and challenging complication. Con-
ventional management strategies, such as increasing the fraction of inspired oxygen, adjusting ven-
tilator parameters, or applying intermittent two-lung ventilation, are often reactive and may not
provide early prediction or precise intervention. This study proposes an artificial intelligence (Al)-
driven segmental oxygen delivery system with a closed-loop control framework for intelligent hy-
poxemia management during OLV. Methods: This study was initiated from a clinical case in which
severe hypoxemia occurred during OLV and was successfully corrected by bronchoscopic-guided
segmental oxygen delivery. Based on this case, an Al-driven segmental oxygen delivery system was
developed, consisting of a Monitoring Layer, Decision Layer, Control Layer, and Bronchoscope Exe-
cution Layer, forming a closed-loop control system. Three Al models were designed, including a hy-
poxemia prediction model, an oxygen flow control model, and a segment selection model, correspond-
ing to prediction, decision-making, and control processes. A proof-of-concept study and simulation
experiments were conducted to compare the Al-based oxygen delivery strategy with conventional
oxygenation strategies in terms of hypoxemia prediction timing, oxygenation stability, and inter-
vention frequency. Results: In the clinical case, when SpO: dropped to approximately 73% during
OLV and conventional interventions were ineffective, continuous oxygen delivery to a non-opera-
tive lung segment under bronchoscopic guidance rapidly restored SpO: to above 95% without sig-
nificantly interfering with the surgical field. Simulation results suggested that the Al-based strategy
could provide earlier hypoxemia warning, reduce the duration of hypoxemia, improve minimum SpO:
levels, and reduce the number of oxygenation interventions compared with conventional strategies,
indicating improved oxygenation stability. Conclusion: The proposed Al-driven segmental oxygen
delivery system enables early prediction and precise intervention for hypoxemia during OLV and
establishes a closed-loop framework for perioperative oxygenation management. This study trans-
lates a case-based clinical technique into an intelligent system framework and demonstrates its
feasibility through a proof-of-concept study, providing a potential pathway toward intelligent an-
esthesia and precision ventilation.
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1. 53|
1.1. BpFES(OLV)ES =

HAfifi 38 <, (One-Lung Ventilation, OLV) [1]5& MR} A Fhig B 0 BRI S5 38 A< SR, 388 e B 25 37 AR ) ki A
AR I FARME . SR, OLV £ 31 8% 1A B U [2], k32 B )l mkﬂmmwm%ﬁ
(ventilation-perfusion mismatch) F1 i 4 43t (intrapulmonary shunt)#4 i1, MM S UK 4 HIUAE (hypoxemia) . Hf
FAEHT, B AR B AC BRI AU AR A sk (7 50T, OLV MRS A 29 5%~10% [3]1) & # K AEA
[F) RS2 (R AEUILRE [4], 7™ BN AT i Je TR 22 2 FF G IR 5 R ACRE AR o BRI, SART 2E AN R i) T AR A5 A E R
HHTIE AR OLV MIRIAGIRES, — B2 MR 5 BRI & 38 b 1) G 8 in) 2 —[5]. OLV
MR AT RIAE T2 JEd@ M TS SR R BE 0 40 MRt EVE , AR S LR B3 NARTIEER, T A 1) /e
i, FBEIKEEE T . IR . BRI UIBR . MU G i e A s B RO i
B, XA IR, (A GEE RS AR > B P LAZE AL PR, X OLV IR RS HE 73
SRS FAT L EL I R

1.2. MBFZEH R

HR I PR _EATXS OLV AIRSAUIAE A AL B VE T 20048 AN SRR SOV B T IR B U i Ao
B OISR K. N PFAOR IE R (PEEP) . TR XUITIE S X AR RIS T3Sl 1
Ji3E T (CPAP). fRiAIE S 3 T (HFIV) BL S AE B 3 5 00 T A5 A S M 48 75 (ECMO) 35 o IR 8T VAAE — E TS
JE BT ARG, (HIAAEN] R R BR P[]

O, TEWORUE T h W TR A, TR, EE RSB ES T ARE IR TR, A
I AR R 5 ARG I AE . HK, CPAP B AN i < B AR AT ASGE S A, (BAEAE /7 BB
I HE 5 ST AR, mARE #EE6]. FHK, ECMO BARF IR ENEAS, HHEA . R
AVESE . FEIERR R, AEATEMTFARGR7]. Bk, A EAAE “QERE” 5 “GRRI
FARYLEE” Z 18] LRGP, IR B SRS = — FhERREFFEL R A - XA TR T ARBIERIA RO
BEAk, BUAT T TR K 22 HORR I B2 A i) 22 B AT N DM AN 3 49, Sk Z RS HEAL AN BEAL 1 s
SRR ARSI R O B, IREURE R A EBRAMEAZESR RV RIS A
PRI E I, M LASRIURSHE . ShaAS ML A A HE 8]

1.3. ARG RARRAR

FEARBE G, AR IR 7 —FoBr W H R SEng AR R Im AU A, s M S U R
SRR RS AR 8 22000 B T R DX it i B B, AYEAS 5 M TR AT A AT B2 T ol B S A RS .
5 50 P A I 36 = ] BT 4 Tﬂ,ﬁﬁ&%ﬁ?%ﬁ%@%?%*@&ﬂ@MMMmemmwwn
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delivery), A UAAEZERE T At =2 bR A5 A RTINS0 200U A S 4 DX g, AT e 3 =/ L L 451 2R A
PRI 23U, SR AT o BRI ORe TR T IR A “ORSHETE” o ST AR
EEEPBL B T RERAEORE T T DURYE FAREAL S0 A B AU B, e TR A L
B A Al (4R, TR AR T Bl B AT )4 A A B A, AT SR R AU . IR SR
N OLV REUSE S A 7 —Fh¥r pO i v JELG, BN “REfIm <7 Herm) “ i B G el </ .

1.4, AITEREANSE EMEHE

JUE RS HE Ml B AL S BORAE 16 AT SRR 9], (EAE LRI R ERE rh, I SRAEAE 25 T B ) .
B, IERIFAE A IR B A R R R E 2D T TR U B, X
WAGRRIF B 2E 2 0 W ok, BEE A RS Z R ZMEREm, REMIheE. FAME. @S35
MBS, BA BRI BARE: &5, REATEA —2 WG, 4 SpO, B T FERf
AT T[10] 7 fe C & A I B AR HL[11]

Rl OLV REEHEAM FE—ahds. 22480, RS & (dynamic multi-parameter closed-loop
control problem), JEHE S FI AN TR BEHR[12)3H T HIN . Wik 5 B ahiEHl[4]. AN TR RE[13] AT LLdE T
A B ARWME B AR A A R AE B PRS0 SRS B AL AR R [14], 8 AR SR T A 2
ST H B L USRS, AL B AU BOE B SRR T T DL SR L, AT SR “ 258 0K )
] “EHRIKEN 7 [15] [16]F1 “FRERIE” [17] [18]/FEAR . 456 MR #% I &4t (closed-loop control system),
KA R Al BRSN[19] 140k i Bt 45 2 4t (Al-driven precision segmental oxygen delivery system), <
DLkt OLV AN ARSI E BT S50« SXAURT DASRE i BRI 22 4Pk, 346 7T Re 4 sl BRI 5 A UkE <
MAEGE N T R 1) B BE 4k [ 201 E 34k (autonomous anesthesia and ventilation) [21]77 [ & & [22] . Al It
BN TR REHAR 23] SHE I B A BRI &5 &, R REtL OLV EAEH R4[24], A HERHIA
MBI 7E (1115 PR S 11 5% [25] -

2. NLERERNHMEREE EHRERE RN

S BLERLf 38 < (One-Lung Ventilation, OLV)JHAMICEUMLAE RS HE S B S 20 &8 s, A SCgt 17—
N L fie R B 14 fii B 25 RS 1 3t 480 2 45 (Al-Driven Segmental Oxygen Delivery System) (4] 1). 1% &%t LLEIA
A2 R A SR A, i N TR B R SR AR A A R AT AL, R S R S B i Bk
PR HEGL A, AT AECRIEFARRET FRTHE N o B A RE . RABBXA S BRI, FEA
$5 Wi JZ (Monitoring Layer). ¥ 3%)2 (Decision Layer). $%llZ (Control Layer) A & 3 S & # #4147 /2 (Broncho-
scope Layer), JE&—A %] £ i (closed-loop control system), SZH MK KA . 55 RS vk 3 RIS HE AT
[ 5E B .

ARG I 28K ¥ it, 3 EALHE W Z (Monitoring Layer). &5 )2 (Decision Layer). %l 2
(Control Layer) A & 3 S & 55 #4047 )2 (Bronchoscope Layer). W illj2 17 357 S48 FEI R 2 A AR BB, 04
IR BE (SpO2) BRI S H. SR T) . MRS 1% S8R FARE B PRERT N TR
HEATAR AR T A S SR W A0 Ak 2 ST BRIt 85 28 1) 2 AR A0 N T2 %89 A e 32 8 SRR 1 S8l < = AR
A HE R IAT SE R R SCREBEPUTEECRE RS B TR AR R R H AR . RAEAIE K

U - TR - PSR - BAT - RS PR AR, SR U A A A B R R A S RS HEAL

2.1. ZREESHUSNE (Monitoring Layer)
I 32 AR T AE i SO R P SRR AR R ) 2 VR AR SR RSB R, A LR e
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KRN . BT OLV HHA G IREZ BT RS G RGN FAREBAESEZ RRE T, K52
SRS HE AR R o W R R AR B A i AN FE(SpO2) Bk K24 (PaO, PaCO2).
WK A ATR(EICO,) s WPIRHLS 3O R, PR . AUl TR . MUK IERS). MR 1% 2%
(LZF. FHBIIKE) FRIFERFEFR bR DT AR BUE B (FARMHALE . FARBER). thsh, LT LgsE &
HEARFEAE, Wl ThREFEbR . T CT SoBFE . REAE AR S04, A TSRS I BE Al PP A% . J8id b
REZFEEIERIRLE, W ZE ] k) 22 R 3 S A BER A B08E R (perioperative real-time physiological data
stream), A JE SRRV TIN5 fit A R SREAR AL P 5 1 B0 0 2k A

AT ErEBINERREEHRERR

Al-Driven Segmental Oxygen Delivery System

MR Monitoring Layer

SpO,
73% ABG Airway Pressure HR/BP Surgical Info

€T

REEE  Decision Layer (Al)

Fm EVRIR L I&ER
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Figure 1. Architecture of the Al-driven segmental oxygen delivery sys-
tem during one-lung ventilation (OLV)
E 1 2@ SHEA LSRR RS EHRERGRIEE

2.2. NI EgeHERKE (Decision Layer)

PR E A RGOSy, R BT N TR ReBENT B AR BEAT 0, 5 L A= S w47 %
REIR S . ZJZ A E—2D 0 ST e AR FROM B RN L S SR M A A AT o R 40 XU Tt A e i
T 1) 7 1) A 3 A R AR AR A A, o oA SR — B [ P R A AR SR IR R 2R 3R AT T, AT SE RIS
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AR RIS . 2B ] SR LA 2 S BRI AR, WA BEALARAR . BRI . K
FEIICIZ M 4% (LSTM)ER Transformer I [A] P I A 45, @IS X SpO, L&A <IE & /148 1k. EtCO, 4%
1 S MR B 1 AT 56 00, BB AT 4 HE Rk 5 4 BhER 10 2% N R ARSI XU HE =« 7EIR AR
W RO (¥ it L, (LA SR R A B i — 2D i v B AR L T 8 SR NS R W BT Il B4

3% R A fili B dEAT A 4R SRR T Y0 B DA S 75 7R D) e LU B 5 o i I A B T2 24

Z BARRAL AR, 3 B AR 7 o A IR AS B TR IR R E 98D 6 T ARAET (T4, I Bt B I ke UGS

ZAEHCR TR L R RS W 2 S B R Ak 2 ) T s, AT S A A SR s 1) e Ak S
M. RIS, RS ZE 0 BT A A R S A FUIR S e Ao BRI B I i SR, I B I A
LA PAT 2 ] 1 BT .

2.3. & IZHIZE (Control Layer)

Pt |2 32 B A0 Bk N T R GRS A S 1 USRI e A O BRI % i S 8, SEILA UL 3
B EHSHEECREENE. SRR LR AR 3 55 bR HLEE . $ 62 0] 5 KL
AAT R B RIS RGER:, RIE Al RS R A3 A R, R
Wk M 0 S A, i SpO2 RIS R )AL, AT AT (S SR AT SE R R . i A R —
A BB 1) PR PR I 545 ] 524t (closed-loop feedback control system), EJ R Guiiddf B35 A A RSB A B & 1E
A, MR AGAKPYRFE R 2T E N . 515 RN B A T3 AT UG AR, il = m] sk
DAESE S H B S SREAL R, A3 i b S B R 5 i 3ok

2.4, IEEBEBERIITE (Bronchoscope Layer)

SCRE BT 22 R G S DU BER RS AE O R R BT B . 22l S U B RS RS
AL HAr it BB, IR R AR A A B TR KW IR A 23, AN AE AN 5 0 T AR 45 AR LT )
TEOL NS INA BRSBTS E MR RS . SCUVE R BE UK UL TR, R
FRALSEN AR S, TR U B e, JRARIE TR RS S R AL A B B, fE TR
PE LI, Pl B AR ST ARXIER A, FIESCRE ST T MR MAME,
S E XIS T KK, BEE TR 5EFEEVBR R, SCUERERIG D
HANTLEBRRGSE G, LIMB AP S SCUE RS, WTE Al 5| SR SCUEFERHERE R
4 (Al-guided bronchoscopic oxygen delivery system).

25. MRRGTIERIESSE

LR ERTR, ASCREE Al BB B GO ML ARG TAERAR QTN 15, W= s KA A AR
HZHG MR, OSRZHET N TR AR A IR S KRS R e (S sk s SRR, FR R AR PR sk 4 R
TRARE S AR, fn, B SCUVERIT R R AR MERE B B ARTBL. AT, RS
PO ORI AR N R BHE 5, JEXT IR AT S S TR, T e BE M AR 1 R e 1%
RGP TSI I - B RE T - SR - RUHERAT - RBEET T A R AR B, D F
3T AR SEUIAE RS HE T TR A T — Rl A BOARAHEZE

3. R&EFMSHERSNIUHALERERE

NS IR 38 < (One-Lung Ventilation, OLV) ARG 4 HILAE Fr) - S0 Pl 150 v i Sl s ), AR SO 1
—E& N TR AA R, 055K T 4% % (Hypoxemia Prediction Model) - 420/, 97t 5 4% il #4784 (Oxygen Flow
Control Model) LA & it 40 i B 126 £ 455 7 (Segment Selection Model) . =AML 43 i3k B2« 5 - v s - 45617
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SN RBEIAAT, JLFEMR OLV REHEAL AR B RE IR R 5.
3.1. {E& R TMES (Hypoxemia Prediction Model)

AR S LR 308 5 7 P e O R o R A e S T I R R AR B 2 B ] B AR Rk —
BRI ) A R AT A RS AT TN o A BFF ) A ALK S XIS FHOMIASE 7R , 00 2R > K2 B[] 2 1 (41 3 min 5 min
B 10 min) A B R AR AR SAMLAE RRE 2R, AT SE BRI S0 1) LB P S5 52 AT 1Tl AL fan N\ 9 BELAR A 2 VR I
[ 41 B4 0,4 I AU MR FE (SpO2) « Bl ik L4 43 . (PaO2) « K — AL Bk (ELCOy) Il & 77+ i<
WEIRAZE . PSR IER(PEEP). 03, “FZNKIEES . RN o4& BEAREES, WitDiaesEts. M
0 CT RAARHFAE S BRI TR st S E B SRR e AN, AR A 28 TR A A 4 o B A 5 7 2] R A
GUNLER 5 S L SR S ) AR Gy e TS, AT R @ # ] )A (Logistic Regression).
BEHLAR A (Random Forest) St B & 7+ 44 (XGBoost) 55 /7 2 H VAR RS 70 A 2 s 6T (] 2 2 8, T
KK CAZ M 4% (Long Short-Term Memory, LSTM)EX, Transformer i8] FE #I AL, DU HE 42 FE S 500
A . R AR — 8 I TE] A R AR EAUILE P E=R, &% P (hypoxemia in 5 min)Fl P (hy-
poxemia in 10 min). 4 TR XU I T A I, R Gut fil 2 S e SRS E,  MATTIFE SpO2 B2 N F& 2 A
HBEATF L, SIS AR A AU = B TR (R A e 22

3.2. S REHIESE(Oxygen Flow Control Model)

TEM 8 75 AT IR B UG, SR B8 A A O R S KA FE B B R . 4
ARERTRECZEA B RS, MARREL m s FRFERMMHLSEK, HmFARANE, 2
B4 I U A3 (barotrauma) (R XU . PRI, 75 EEEE ST AU E IR, DASKBL B ROR S TR A AT
P, AR E AR IR R BN R 24 AT SpO2. PaOy. EtCO.. SEJE /7. iR PEFE bR 245l (it U
BALE DR FARYBE B4 B H O SR EVEFE (W 0.5~5 L/min) S AU RFSERT (] . IR A
JoR b T A mE ] ) R, R OR A [l U R A 5 5 A 2 3 (Reinforcement Learning) 77 v b AT A . AL 2%
) 75 i A i g N7 42 i oF B (reward function) ARG AL SERE, BI: 1) SpO, EFHIMEE TIEA)H: 2) 4F
ARAN i 2 52 e T AR AL BT I 25 7 41 22 i 3) A AU R I KN 45 T1E; 4) UEEAAFRREN AT
Ll AW ] S0, BRI AR IR R A R E S, SERE R S H B A R S MA
AL, .

3.3. & AFE LAY (Segment Selection Model)

AP S YIA] AN Rl B SO A A s BVRCRAN L, R RS s i AN . Ak, ik
FEE I AU BOR RS HE L EURIE T R OCHE IR Bl — . AU BOA M NGO MEE: 1) TR
fili BT AR E; 2) HASCUEBIALE: 3) BEMMMRI A AE ST CT); 4) &l Bul </ ik
VLRSS BLs 5) HATE G RAS(SpO2y PaOz); 6) FARBERER T BL. A 4 th oM S LI AUBL, Bl T -2
JRBL A B AR R AT AR 3 R i B A A T TR GRS L BEALAR AR i 42 0
IR, AR D S KR o S AEAS R T AR 5 5 AN )R8 T T B 2 A T S D 13t Ul B (R e 6 SRt o E
BT, B ASE G i CT =4E @ 5B HIBOR, @A B U A, AT Se B+
B R SR I AR A A R

3.4. Al FEEE TAEN S
AR RS, (RATAER, SRR BRI 5 4 N BOk B R IR AE S TAE, W2
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B PRI e B RE Bt R AR G HIEA TARRAR I T« (RS T R0 88 R R — Bei (8] A A A
AR SECHILAE P PSS AT T s = 00 X e oL BRI, R G0 M s (R SR AL i s B, (AU Bk %
PR E S LR B B e, AR T R R U R R S O R, R R
PAT BLEERAE . VIR, RGURYE SpO, AN UIE e /1A AL HEAT S B A5 17, AT 2 Jld P A2 1) %
Gio i FAR S PEINLE], RG] SEELR S U A A R AL RSHELL S ML

4. BRSUNER S SR SCIHESS

T IR il BORS Bt A R R A TR R B, H B ARG A PR, 3 DU R KA AT
PEREALGT BERIF 9T, PRI AS T 90 5% AR & 56 4IE AT 42 (proof-of-concept study) 540, SEIG k45 & 10 7325, F A
TR RE SR B ) it BRI S R G T AE A R 5 AT AT IR AT I BIE . AHIE 52 1 Je e T Sk Brip 7] Hh B
JIF 368 =3 i) 7 ARG SRR 1) K A 55 K M B AT T 480 S i A, R R T TG 5 ) 4R AR sk
IT53HT . TEZWI T, B A B I8 SO AR AT PR A E , I AU AN R B I B 2R 2 73%, H M
TP R REA RS EEIRES, AR A SV 551 3 R )t B TR XU il B RR b e e Um . &
ML AAUHRN BB MK R IR AR EAE 95% LA b, T ARG TE R, 2 Wil B JORS L4 7E 4 OLV (IR%UT
RA R RNE. IR b, AT — D o 8 A A A AR AR, AR IR T L
BAE G ARG 5 Al R E RIS AR PUE I AL A S AR08 PR DL T T B J7 T B 22 7, AITxT Al
R AL S0 R G0 (R A I PR A B AT S 1 BRI
4.1. BEFHRHNEEHKEITIESH7(Case-Based Oxygenation Response Analysis)

MESIRUERE AL, B 5EEE T A0 5% 10 BRI M A A A 38, IR AR B B 5 RS YRk 4 b B
() A AR A AT 20 AT o I % SpO, BN (AR AL AT 2k, mf LUK Sl s ok B 0 = AN B R
it ST AR E B B AR SR LB B LA I BORS HE L 105 A A IR B I B . R I e 1w WA A
TET V2 M NERGE J 2 S Bt R0k, $m B3 Ml Bt S PP A 22, o il = A i AR A SRS s = (141 2)

Figure 2. Thoracoscopy image showing extensive adhesions and pulmo-
nary bullae in the right lung during the operation

B 2. KRB REGEREMEET ZHRMER S R HAR

FEARSER L B, WA SRR SRF S AT, BB I AU R i 1 e, SR i A 20T o B 3 =</ i
TRECE RN E s R SER B AL RS, AR B T IR AR R, 0oz B T R X i B
S AT AN RO et B, AT S R AR . IR A S LA S AR R R SR it T 2
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FE . NEEERRASIRE, ASCUER IS PERAREEANTE TR AN, i i K TE
FREimig UK ). BB T A WSS A Rl B AR, BT TR DX g i B 2 T (14 4)

4

g lc's:—_:_— O
= The oxygen flow £
 adjustment knob

H: (A) &RK: ERHRENGE Y, SR ARSI S8 @2F, ki BETER,
HME 4.0 mm) IE KA ER:, MRS ES S TIMBEEL N (B) TR
BRI M R AR B T AR

Figure 3. Schematic diagram of segmental oxygen delivery under bronchoscopic guidance
3. XSERIISTHEHREBRAEE

4.2. BRBESEAZTHEMER (Oxygenation Simulation Model)

N T AEASSE AN R RS BRI T3 R VA AS [F) B AU SR s 8O, ARt 90 o R il AR A R A R A
RS o A5 ) B 38 S/ 3T Ll A9 188 2 il PN 2 2 A S Sl ik A A R S i S, AU AR TR A A S 1
T I A LR AR A S

BRI A N S EEHG: WU SpOos ili N i EL B WA B L PRIRATIR L AR IEJE . AR /T
P & DL U B AL B S S 8. B O AE AN IR I [ 5511 SpO2 AR A4 Hh 28 .

TERRL I o B = RS F LSRG . 1) JCEAM T IS (No Intervention), BPZ4EFEELfiE <, A
HHATHAMES: 2) 1£4 T 5% (Traditional Strategy), B4 SpO, N [ & 552 BIE (L1 90%) J - HEAT L4
B BT XUIES; 3) Al PSR SIS (Al Strategy), RIS I A TN ASE BY 4R 0 idE AT il BE L4, R AR SER I 4
A A TR B R B S LU B

TR A F] SR BE T SpO, Bl A4 (1 i 2k, v] DAL [F) SRR 72 A A e ME T T 2 572
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Figure 4. Thoracoscopic image showing partial expansion of
the right lower lung without significant interference with the
surgical procedure

4. RpBp=iREIR RS AH TR 7 A, 1BR3Y
FARIRIEFEREFM

4.3. Al RFHF FIFHERL(Al-Based Oxygen Delivery Simulation)

FE Al REEFIG R, R G0 Jodk TR B R ARk — Bt 1] Py R A AR SR LEE R XU HE4T T3 . 24
T AR L B AR, R SEHR AT A BB, A RAE SpO, L W N B Jm FEHEAT T 10l

AT, RYURYE ST SpO, 57U [ /1R B & R B AR, IR AR BN IR B (it Ui BL A
B, WA G R . Bz e, W APEfl Al SRS 7R RS U S Al 2 A S S A e M D7 T
B

4.4, Al KEE 5155 KRG L B8 4R (Al vs Traditional Strategy Evaluation Metrics)

N T Al BEE SRS 5 G RG22 5, ARWFFLRCE DA N VPR bR : 1) Sl S A B
(Minimum Sp0y); 2) {4 FF4E0 8] (Duration of hypoxemia); 3) %Pk &5 7] (Recovery time); 4) L% T
i ¥ % (Number of interventions) ; 5) %< i ] & & (Total oxygen consumption); 6) F AR Hf I ¥t %
(Interruption of surgery).
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S

RE &%

Hig b, SEGHRISHLL, Al SIS T RETE IR AT TR SIS 52T T3, mIR MRS A A Rk
6], i AR ML A KT, R TR B, AT B v B R 22 4k 5 T R (R 4

4.5. BEAWIFRAZORIER S (Workflow of Proof-of-Concept Study)

AT BRSO W R Se kT A 2 M B e O IR SRR R SRR T U
RIS S BEJA B A A ABHURERY ;SRS FERLIA R b 7)) 5t BAL SRS Al BRI
S s fi il I LU FI SIS AR S G R VE 5 T T B FiaAn L2252, X ARG HEOL A R GE B 1 I IR
LA ELREAT R0 PRAL o

I B IR T SRS I 45 A KT, AT T N TR RESKEh (1 il BegORs E A R ge iR it 1
FI0 BB MRYE S HOR AT VE SRR, FFOARRIT e AT HE T I PR 70 B4 5 L

5. i
5.1. NERGIFARBEERERENET

AT T BT 451 P SR il BURS #E (1 S R ) A0 i AR AR UIRE (IR PR SR Bt A, i — 2B RN T
B RE KN 1 BEIORS HE LR R GUHEZE, SCBL 1A B FORIRAE” B “B R MA RS MBS R4
T B4 17 30 s R I — BORTERF 2 E T R AR, TUASHIE FAE N (] R Al L0 — 20 f 5 Hh A ok 3
AR, JRR @AY — AT N TR BE S5 M3 A USR5 P2 i R, MR i PRI A 2 0 3 AL O mT ik 5E
AR, ATOLAL R e AR i L

R 3e A AR S MIUE 0 A A B B B Sh A PRI MR Z2 e, A B AR A BT L — AN S )
- KUV - SRS TR B - T IHAT - SOBTRAE A PP R o A% G A5 BRAGE 3X SEMRRSRR e [ 2B AR 22 it
AT HIBANF2 T, J8 T MR 22 50 KA. T AHT FUER 0 Al SRBIRSHE LR R ST FE AR
BRI SRR BN, AT D B ARSI R AR (AT R B A

5.2. OLV RSB AR: HAIFFiEH] a3

MTREABER, il R AU 2 ) BT AL — AN SR ) PRI ) R GEn) . R G 92 6] H o
RYERF BB R AACTEREVE N, MARGIREZEIN N AL BISH. Mifsh R LT
RIEMEEZ IR, JFRER A AR, B, ZR @ BA R HEIE RGNS 2 28 SR L.

FEAEGIRE T, BRIEER A IE I 2 SpO, AL o M &5 AT N T, A= T N Tz H R 48 mifE
Al XS A Ge, AT DB RS AR R R SUIRAS HEAT TN, 80 e SR R o SR AR S s, P
A HIBEHOR T R UIA S, N B S EH RS, XRS5 BB R ARG Rk SRR
RGHREL, HJRTHT N TR GER A ER R 5.

Bk, MRS TREMER, NTEREIRNNIBZUEHERARGA DR — Mo At 7%, R —
ol LA P ey AR S A, RN T 4 ] 1 Y B AT IA R | e A2

5.3. BEES SR EHSE (Precision Ventilation and Precision Oxygen Therapy)

e LR UMGE = SRS 38 7 LU it D SR g AT 38 R S BT, AT FC B L A0 i B 2% 3k S SR s DU T 3
UM Bl ” Aifb s “Jii /B, J&T— s o PeR IR R ens . B B PR 5 30RE
BEHORKI A RE, SEHUM B T PSR B OB R ATYE . A1 LR 27 (precision medicine) Fr#% B & 2 AR AR
AR ZE S AT AMARAGIR ST, RS HE AL 4 (precision oxygen therapy) R A W A s 5 2 71 BBl A I 5 3
HITEARAIL. WA TR ERGLZE M EHMIIGE. PR L LB SH, AT PO A R B
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SEAFI AR SRS, T SEIAMA L R A . Rk, AR H I AL E RGN RS iEiE
< (precision ventilation)” B, v {44 (precision oxygen therapy)” i—FszEUE R, AR EIR
BRI R

5.4. EEEMEES EEEFARZ (Intelligent Anesthesia and Smart Operating Room)

IEER, 7 EERRE (intelligent anesthesia) 5 % it T K = (smart operating room)iZ i il Ay 12 27 T2 A )
WA hn, T PR FE ) R EFIR B 3 R G 1 ML < 4% i) 3 4 LA R A J91 XU T R 4t
EBCBELITRMAR. AX—ERT, BHALEREORGISE S R =R R L.

EARRPERFRERE S, BERT RS KB PRI SCERRAE LT RN RS 0] 5L
AR B, N TR ETZHBEEHITLREIE, I EHTIEA S AR, WAL
FEIA S AR A SRR BB B AR 40 o A T4 HH I AL BKS) i B ZOkS HEAIL 4R R G0 v DU N B e R R P )
—ANEHEBHRNER S, A Al R IARE IR S R RGP R R HESE .

5.5. ALEge5EShRERSEE(Human-Al Collaborative Decision-Making)

TR I, N L AR R GO AR S B e f S AN R e A IR A, 17 AR DA B AR R S 1 i B
TH. EARFRRHB RS, A T 6E R 2R TR T 5 B A RIS HERE T R 2 RS ATY mT Eh R
M 2 AR AR BAA T ARG DLEAT B A . X “ N DR RRAHBI IR + BRAR A R T AN E TR
Fepi 3 (human-Al collaborative decision-making), BERIPAFEmPRHEACE, Ul RIEIRR 2 2. Rk,
TERFMGARNFHH, ALFSHE B R G rTVE N RIBR B AR 1 e A B R e, F TR ALK A PV 5 L A S
W AT ARG S A IR sl i = A A A4

5.6. SLhEHkik 5 & £ 54T (Implementation Challenges and Safety Considerations)

TERE N T RE IR B0 1 il B ks 1 1 48 R 8 MRS S0 IEHEE I R B ad f2 e, Ul — R 51 505k
FORPIE 522 Ve 8, T ZAE AR T RGNV

HE, RGBS 21 A B K S b, 45 SpO2. ki< WFIRHLZ 4L
FMLR BN e bnd o AR, ARV BRI RS . I 8] [ 2D M5 5 B T AR AE 22 57, W] RESUIR
Al B N B R Ve . PRI, 75 A faE e 1k 1) S IR 500 Rk S ME B, 481 G 5k T I ] 5% 5 (time alignmentt)
SR B R A (data imputation) ) 2 BLAS LG U7V, DABRIR BB PRSI AT 581 o IR, RS TR B 4K
S E BRI . TERSR A AL AN R G, MIEEASCRE B IEAREE . B AR ALK RE
1 B ARAE R 8 VK BB S AR [26] #8020 A7 ] e 3 B S R e TR o DR, A s A
BTHENR S R R, KRB SN CRE R I ARG, OISR LS AR &
PUATATEEME . TERIRSERIT 5, AL BB 2 A PE[27] 5 a] R R M [28] 2 R L[ 29] o (R FUMI B AL [6]
# th IR (false positive) Bl (false negative), FJRES) il T EOAN b E - FEAE B0 YT . PlL, FFEIIA
A AR N T B (Explainable Al, XAI) /73%[30], 41 SHAP kiF & SibLAI[31] [32], B gk Sk AT AT AL
fifRE[33] 0 [FJIS, I SZ AR BAE FE PP A LA, AR EAS BEIG OL MR N LT, MM m R gt et

REZRGH L& BENRFERE S, (BAESERRImRIA T, NoRA “ALFB) + EAEES” AN ER
Mo N LR RE RS A FE PR AR T 5 I USR8, T e 2% TR 5K EH BRI 2 AR AR IR R 256 5 TR 1S
SUBEAT AN o XA B T AE S T R8RS AR AR Ge ik U, o P ) 2R G AE Ao 5 400 T AT RE AR
W, 5 AR AR R L B R R R e . (Rl TSR B R AU R, At BshviiE
1548 N T4 45 X (Fallback mode) . ¥ B 224 3 48 (41 SpO2 < 88% % il 1 ) 11 22 2 41 % £ 45 (multi-level alert
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S

RE &%

system). X LEHE il AT DR AE R G0 N AR R AN R

5.7. ST HEMNERpHE S5I8F(Construction and Validation of the Oxygenation
Simulation Model)

DN DRASAD, S50 45 S B 70 43 (W AR B A2 G BRI 5 O VR e, AR SO U S (OL V) 264 A
B AR B P AL 8 5 B R IR UE S AR AT T R IR . 12 B AEAEA G NG R KU AT,
BV A R AL 6 R A A RS TR, T AN T8 B DK B PG HE A S SR H L B S F

FERR TR RE 3 7 TR, AT I R FH 48 1 22 5= A 7Y (multi-compartment lung model) [4]RF i B fifi i < 3
8] FR) AR A i B o 2 AR TR il %) 4 22 A Th R PE X 38k (functional compartments), 4 X 15 B A5 A5 [ )38
S L (ventilation-perfusion ratio, V/Q ratio), M\ #8545 KB Y 433 (intrapulmonary shunt) & i8S,
AR A R . FE IR b, ShKE 7 (PaO2) T 45 & il < 44 J7 F (alveolar gas equation)
AR A ML 21 B 1A A 5 22 (oxyhemoglobin dissociation curve), @i 5] A3t Eb 4l (shunt fraction, Qs/Qt)3k
201 80 A S TR A N AT I o) B A S RS IR R, SRR e S i OLV 2% A T MUY F) AR AT 46 52 PR
fE. FEBNASEMT, BTG T HT B 75 R SRS BB . RGUIRSHER [RIZSTEH, H
FO A7 B LG IR MR SpOa(t) Bk E PaOa(t) 2 It Ll 284k LK it T TS B (B S A
LA B ) o LSRR R R VIQ TLFELIRAS, MMM AR S A 7K o i 72 T il 508 B
T[] BB eR 45, B SpO, 7E N — B[] i B M AT LA IRES Gl U MLIA 4307 B 4RC I BT R oy YR B 3k [F] e
LN A ERAHESE, A5 RS ASEIULAN [ (1 A SR W X B W Tl A1 L A /K T B B A R i P PR 5

TESHE T, BB SRR AR T SCRIRIE K OLV A BRSO Bl L Ik P R I M 0 5040 DA S A
TGS SpO, B2k . REESHAIFENIUE SpO2 5 PaO,. ili A 43t L 91 GE 5 B 38 20%~40%
DL B OLV IRER) AR B VEH(0~5 L/min) LLAGE SIS H (Wil A& WFARIERS). ERSHOREMN
B Refs 76 G B R A BV I8 AT, RIS sR S SRRl R 5 i) — Btk .

FERLARLIGAE J7 T, DB ORASEA S SR A T A5 1, AR FELE HEAT LA M LT R B AT T WP B0 E .
B, JE R % — R (trend validation), EHAERA B SpO2 25 1k i 25 5595 51 LSRR HEAT X, 4
R ERERI RS FLIL OLV W Bl 0B i B KRS e B4 T TUS Dodi vk &2 1 g B s A5 ad F2 o OOk, @il 2k
G BRI UE (physiological plausibility), 5 8%%0 H 7454 BEA Im KA, BI A0 EL B3 S BUA A TR, 1
B INA RO X S E B AT TR R R A A K. Ak, ik BB 23 BT (sensitivity analysis), R4t
B SRR S E (A3 L ) 5 A AR ), SRR R i HH AR A e S, 4 R AR I A e B 5 AR RO — B,
—BIOAE TR 1R e Ve AT AR

RUE Ik, AW TR R AU BT JE T AR RS, R 8 A M RIE S AR R A A . I
S8 R G0 220 G RS A A it 24 22 S A6 R o DAL, ARRB e it 5| NFE T CT =4
Lt B M SHORAR DL R B 2 O G R B, WA AT i — PR A 5 500E, st
FLAE G PR PR SRS R R B

5.8. HIRBERMESREMRSE

AW FAAFAE € JRRYE . 5, HATHT ST SO BT R & IR IEWT 7T, FEARREUD, AR
SIIEZ RGIEA R BFH B PHA RS 2. R, ARBTG5 AL T BRI 5 Y 5 458
USLIGBT B, HRAE ELSE MR BE AT RGTIAE . LAh, B S i o A0 2 Y ] e e A S B
AN A i 5 2 e AR AT A

RRBEFCRTACL T LA T HIF R B e, WO 2 Bl O ) e, e AR S AR 2R I 14T [m]
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BRPESSAE; HUk, TFPASOUVE B SIS IBORAM ENE, KBSt ENm B BBl E N FHR, AL S
ARG, LA SWER AR e, B aTiETEIR ARSI IE Al RSHEALSE R S e AR A & E B
(e PR A EL -

6. R4

ARICHE T BRI T R i BORS (L S B 250 S e AR SRR IR PR SR B, B T — AR N T3 e
UKE AT B HE B A R GAE LY, IR LS IR 7T 5 AU, S % R G ROV AE AT AT PR REAT 1 WP IR
k. ZARGUHN G BRI 2B ESE, PN TR GBI AT (RS RG0SR D3R S R
FEMAES, Il S VE G DU B R HEGE A, AT R S S i3 S B ) PR R

AHFFRM], K N TR BRI BZORs tHE L EBORAH S 15, A7 5 SC L R e =390 W U S Ui )
AT AR T, O FEOR SN R B SR A — Rl 1 REAL AR DT S ROK, B RE— DT R [l LA
TEEATNETEIR R TT, A B HES) R BE LA AR GUAE M AT A R Bl A ST B A B8 vl s PR ISP

S

AHIF TN B i RS BE BRI 7T e VLA [R) B 3L Y B R 2R s e
HEE&mE
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