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Nurse-Led Diaphragm-Guided Weaning Protocol Optimizing Sequential Oxygen
Therapy After Extubation in High-Risk Mechanically Ventilated Patients:
A Randomized Controlled Trial

Dong Yuyuan, Zhao Yanbo, Yang Huimei, Wang Qiping, Deng Bin

Abstract Objective: To evaluate the efficacy and safety of a nurse-led diaphragm-guided weaning protocol (NLDGP)
integrating spontaneous breathing trial (SBT) and diaphragm ultrasound (DUS) for sequential oxygen therapy in high-risk
patients after extubation. Methods: In this single-center RCT, 100 high-risk patients (identified by DUS criteria: diaphrag-
matic excursion [DE] <10mm or diaphragmatic thickening fraction <20%) were randomized to intervention (n=50) or
control (n=50). The intervention group received NLDGP-protocolized sequential oxygen therapy (HFNC = NIV transi-
tioned by nurses based on predefined criteria), while controls received conventional oxygen therapy. Primary outcomes
included blood gas parameters (PaO,/PaCO,), DE, and ventilation duration. Results: At 24h post-extubation, the interven-
tion group showed significantly higher PaO, (75.44£4.24 vs 70.29 = 4.24 mmHg, P<0.05) and lower PaCO, (41.291+6.86
vs 55.26£5.02 mmHg, P<0.05). Improved DE was observed in the intervention group (12.87%£2.21 vs 9.97%£2.87 mm,
P<0.001). Total mechanical ventilation time (4.32£2.42 vs 5.66+3.83 days, P<0.05) and ICU stay (median 6.56 vs 7.73
days, P<0.05) were significantly reduced. Conclusion: NLDGP enhances oxygenation, promotes diaphragmatic recovery,
and shortens ventilator dependence in high-risk patients, demonstrating the pivotal role of nurses in advanced weaning
management.
Keywords Diaphragmatic ultrasonography; Spontaneous breathing trial; High-risk weaning; Sequential oxygen

therapy; Nurse-led protocol; Critical care nursing
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2.3.4.2 FRgH (B4 SIRILSR)F R rdl)
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SpO,. WURZ& bk (ETCO,) IKIZIA%E,

IPAP: #J%4 8-10 cmH,0, Hir: 24t
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B PR e ) SR AR IR S B ff, (HBETE “ARAL
R, R SR SEIRAE 2EE, 7
TERUMEEE S E (HIR6-8 mi/kg FiAH
REE). PRI, MR, &FiER, DA
N Bh75 DUS Il 45 R (B /% DE. DCV &
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KR, RR R, PRI R AESfE) RURTHE 1,
i “BRARE L IPAP”, IPAP VA HEIR E & IX
1-2 emH,0,

FiO,: #4E+F SpO, HARFT R IR AKME, &
AN

JE MRS (BURR): 10-12 {X / 470

NIV B2 [8] HENC FrifE: 24 B3 NIV 2
FNRERE (Spo, FAEIEFR, RR <25k
/57, WENRIRIERR %M, IAeksE), Hiz
Rir ()28 Wi NIV W52, 7 LrE
# B AKX IPAP (F 8-10 cmH,0), UIRE4EFR
7€, MYIHeE HENC (FIES R & T 200,
kBT BIIRIT

{FIEESThRIE: TEIRAESIT (<5 L/min
85%) B HFNCKZS% (& < 30 L/min,
FiO, < 0.30) &, ZEfR{iEFAS, SpO, Fisli
br, MA7SHIEHR, JCAHERERAE, 7% E
B IEEIT,

PEESHRZOER: BAZRENRE HENC 1
NIV & NEIE. S8, WRELHE; 7
EEARPIT (330, S8, SHXE#R) ;
EUNRI B A IRE, SpO,. FRIRIEAS. &7
EE, AVLIFESE, MAREEE, DUS fahx; i
FTRITER DUS PEAE (RIS R 5 IRABIIE
AP B MHIOIFAE (WS F T,
BREEG, BWKS); LR T ISR,
SEAA, BERN; 5EITHIN R %58,
CHRIRTE A,

2.3.5 Wb
2.3.5.1 BB R

(1) HKEG 24 /D, 48 /NS BHFK IS 53
#r: PaO, (mmHg), PaCO, (mmHg),

(2) $hE 5 48 /NI IR AL 75 45 4R DE
(mm/s), DCV (mm/s),

(3) M@ EmtE (d): MERIEES]
RANEA + TTANES (BB 5T 1
R

(4) 1CU fERERTE (d)o
2.3.5.2 REL Rt

(D) WYX REHELER (%) D
EWEE 2 MYNEER: FEE (FHE
HIREEMEITHELPIT) ; SIRER ME
Wz %% v§ (PaCO, > 50 mmHg H. pH < 7.35) ;
FEERAME (SpO, < 88% 42> 5 41§,
REATH);

W RBINENMEREE (7R
F8); BRI (A S EIRKINEE ; Bk
BB IEE (CAM-ICU PEAEFHM:), £
S I R R AR #5475 (55 HENC/NIV 3% & #H 5%,
),

(2) EEBERE (),

(3) 28 KIWFEZ,

2.3.6 Btk

FLERTTRL: 4R, MERI. 2W. APACHE
1 ¥F5 (A ICU 24 /M), SOFA 143 (SBT
A AUoE<RE, FEERE. 5N,

WFFRFERR: 4% FIRULELIN [A] s R 1 <57
M58, DUS MR (o5 46 8UE 12 F )
H). FPRFMRENN 8L KR, &),
MIE SN A S GiE. KB, AolESE
1k, ORI 4Rk, BEBTD. HA
ICU ], B2 / BETIN A,
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2.4 Giit )5k & B9 IS 56K (24h vs 48h) R FHEE &
i/ SPSS 25.0 I HATH I 047, 7S TTEDW. A SGIHR R R MAEL, P

ERDHITEERIDIYE £ REE (xts) P<0.05 WEFESI R

FOR, A EESR FAMSIREAR ¢85, JEIES

AR AR AL (9 BUREE) (M(P25, 3 &

P75)] s, A HL#R A Mann-Whitney U k& 3.1 B AR 5L %R

Ko HEERDUEME 2 (%) FoR, 4 TSR A IR L O A UL AR S 137 3, Rk

A Eb 3% SR )2 A 30 5% Fisher fE AL SR, BEE 100 BIFF A ASRIEIIRL S XU B SE i 7T

®1 RABERELABR (X+s)

Ei=ton TR (n=50) FFHRLE (n=50) FIHE P&

FHE (%) 78.26 £ 2.32 78.38 £ 2.15 t=-0.265 0.792
H5) (B /%) 24/26 25/25 %2=0.040 0.841
APACHE II 18.6 + 42 19.1 =38 t=-0.627 0.532
SOFA (SBT i ) 52+ 1.7 54+ 15 t=-0.618 0.538
HEREA (%) x>=1.832 0.766
HERE (X) 6.8 £ 2.1 7.1 £3.0 t=-0.588 0.558
SBT #i DE (mm/s) 92+ 15 9.0+ 1.8 t=0.589 0.557
SBT #] DCV (mm/s) 8.5 (7.0, 10.0) 8.8(7.2,10.2) 7=-0.421 0.674

*2 MABERENRBMIDIERLER (Y £s)

A5 ENEIf=Y Pa02 (mmHg) PaCO2 (mmHg) P&
FTHR4E G 47.44 £ 7.04 60.13 + 2.55 0.792
(n=50) REE 24h 70.29 & 4.24% 55.26 & 5.02% 0.841

RE G 48h 74.85 = 3.98% T 5211 &= 4.87* 1 0.532
U] G 47.12 + 7.86 60.17 £ 2.31 0.538
(n=50) REG 24h 75.44 + 42454 41.29 + 6.86*# 0.766
REG 48h 80.16 + 3.75% T # 38.75 = 5.24% T # 0.558
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FHAMA ST (T 50 511, *THEEH 50 ),

PUH B T B TR LA L ZR 1, IZEAE
WS, PEBIELEI, APACHE 1 ¥F43. SOFA ¥
. SEIRENFEERR M. FHEN RS
MZEFHLGIU R (P> 0.05), RIAE
ERHIE T L,

3.2 M Hifeknbei (% 2)

BWALEG: RHEE PaO,. PaCO, KFEER
BTEFUFE (P> 0.05),

WE G 24 /NI T PaO, BE T X
Ha2H (P < 0.05), PaCO, BEMT XTI (P
< 0.05),

W 5 48 /NI R4 PaO,. PaCO, %55
24 /NN A I — B BE B, (BT 4 PaCcO,
TEEESTHEA (P <0.05), PaCO, BEK
FTXEEHA (P <005), EENETENE

<

R, EHEIRZER I ZEXN PaO,. PaCO, 5
A G2 E Y (P<0.05), HFEERH
ER (P <0.05), BT T4 ek 5 0 &
K. BRESL
3.3 IWALE S fEbn ki (3% 3)

HE J5 48 /N HEAT DUS ¥R, T A4
BEMNBAEEHE (DE) BFRKTHEA (P
< 0.001), FHHMIRALILAEERE (DCV) H

NERSE T IRAH, HER LG EEX (P
> 0.05)

34 AREHLERILE (%49)

WEE 72 /NS, TR A 7 HIix
RRESF (RAER14.0%), WNHIEHKA 10
W (RAEFR2.0%), WMHAREERERTSR
PR (P> 005, BEf&aH: THAR
HHER (4.0% vs 6.0%) FIBZRER (2.0%

xR3 WHBERER 48 /NWRAEBAEIEIRLER (X +5)

2H3/] n DE (mm) DCV (mm/s) [M(P25, P75)]
FTHRZE 50 9.97 = 2.87 9.75 (7.54, 11.31)
T-Fih 50 12.87 = 2.21 9.88 (8.01, 11.77)
FitE t=5.661 7=-0.616

P& < 0.001 0.538

x4 FWARERER 2 /NRARREHFLERBRLIR n(%)]

A5 n BiEE R 3 S5 Bt
Xt RLH 50 3 (6.0) 3 (6.0) 2 (4.0) 2 (4.0) 10 (20.0)
Fimd 50 2 (4.0) 2 (4.0) 1(2.0) 2(4.0) 7 (14.0)

X & 0.638

P& 0.424
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x5 MABENMESIESERIER (X+5)

285 n SWURIESBYE (d) ICU {EBxRY(8] (d) [M(P25, P75)] SEBREIE] (d) [M(P25, P75)]
XEEE 50 5.66 = 3.83 7.73 (5.0, 9.0) 27.68 (15.0, 37.0)
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