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Dexmedetomidine shortens time to extubation in mechanically ventilated ICU

patients: A retrospective cohort study

SUN Jing, LI Yujie, LIU Xiang, SHU Xin, ZHU Yiziting, YI Bin Department of Anesthesiology, Key Laboratory
of Perioperative Multi—organ Protection and Intelligent Anesthesia, First Affiliated Hospital, Army Medical University
(Third Military Medical University), Chongqing, China

[Abstract] Objective To investigate the impact of different sedation strategies on short-term
outcomes in intensive care unit (ICU) patients receiving invasive mechanical ventilation (IMV), and to assess
whether these effects differ in special populations such as the elderly, those with malignancy, or hepatic
impairment. Methods This retrospective observational cohort study utilized data from 2 large critical care
databases, MIMIC-IV (v2. 2) and eICU-CRD (v2.0). Inclusion criteria were: age =18 years; endotracheal
intubation and IMV within 48 h after ICU admission; ICU length of stay (LOS) =48 h; initiation of a single-
agent sedation strategy (dexmedetomidine, propofol, or benzodiazepines) from 2 h before to 48 h after
intubation. Patients receiving combined sedatives, undergoing re-intubation, or with single-drug sample
sizes <100 were excluded. The primary outcome was time to extubation; secondary outcomes included in-
hospital mortality, ICU LOS, incidence of delirium, and major adverse cardiovascular events (MACEs).
Inverse probability of treatment weighting (IPTW) based on gradient boosting machine algorithms was
employed to control confounding bias, followed by augmented inverse probability weighting (ATPW) doubly
robust models to estimate average treatment effects (ATE), odds ratios (ORs), and 95% confidence intervals (CIs).
Prespecified subgroup analyses were applied to examine interactions with age, malignancy, and hepatic status.
Results A total of 12 561 patients were enrolled, comprising 1 111 in the dexmedetomidine group, 8 021 in
the propofol group, and 3 429 in the benzodiazepine group. After IPTW weighting, baseline variables achieved
overall balance across groups. In the AIPW doubly robust models, compared with the dexmedetomidine group,
the propofol group demonstrated prolonged time to extubation by 0. 782 d (ATE=0. 782 d, 95%CTI: 0. 769 to
0. 796, P<0. 001), and the benzodiazepine group by 1. 791 d (ATE=1. 791 d, 95%CI: 1. 779 to 1. 804, P<0. 001);
compared with benzodiazepines, the propofol group showed shortened extubation time by 1.009 d (ATE=
—-1.009 d, 95%CI: —1. 018 to —1. 000, P<0. 001). For secondary outcomes, compared with dexmedetomidine,
both propofol and benzodiazepines were associated with increased risk for in-hospital mortality (propofol: OR=
1. 905, 95%CI: 1. 647 to 2. 201, P<0. 001; benzodiazepines: OR=2. 768, 95%CI: 2. 262 to 3. 388, P<0. 001)
and for delirium (propofol: OR=1.905, 95%CI: 1.428 to 2.541, P<0.001; benzodiazepines: OR=2.382,
95%CI: 1. 681 to 3.376, P<0.001). Additionally, ICU LOS was prolonged by 0.367 d and 1. 012 d in the
propofol and benzodiazepine groups, respectively (propofol: ATE=0. 367 d, 95%CI: 0. 351 to 0. 382, P<0. 001;
benzodiazepines: ATE=1.012 d, 95%CI: 0.996 to 1.029, P<0.001), and the total incidence of MACEs
increased by 6.527 and 15. 199 events (propofol: ATE=6. 527 events, 95%CI: 6. 112 to 6. 942, P<0.001;
benzodiazepines: ATE=15.199 events, 95%CI: 14.727 to 15.671, P<0.001). Regarding ventilator-
associated pneumonia (VAP), propofol was associated with a lower risk than dexmedetomidine (OR=0. 722,
95%CI: 0. 648 to 0. 805, P<0. 001), whereas no significant difference was observed between benzodiazepines
and dexmedetomidine (OR=1.082, 95%CI: 0.934~1.252, P=1.000). Subgroup and interaction analyses
revealed significant interactions between sedation strategy and malignancy (P-for-interaction=0.001) and
moderate-to-severe liver disease (P-for-interaction=0. 048). Among patients with malignancy, propofol showed
a trend toward shorter time to extubation than dexmedetomidine (ATE=-1. 326 d, 95%CI: -2. 732 to —0. 080,
P=0. 064); similarly, in patients with moderate-to-severe liver disease, propofol also demonstrated a trend

toward shorter extubation time than dexmedetomidine (ATE=-1. 232 d, 95%CI: -2. 939 to —0. 475, P=0. 157),
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suggesting attenuated or even reversed benefits of dexmedetomidine in these special populations.

Conclusion

In ICU patients receiving invasive mechanical ventilation, dexmedetomidine, is associated with

shorter time to extubation and lower risks of in-hospital mortality, delirium, and cardiovascular adverse events

compared with propofol and benzodiazepines. However, these advantage of dexmedetomidine are diminished

among patients with malignancy or moderate-to-severe liver disease.
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Figure 1 Flowchart of study population selection based on inclusion and exclusion criteria
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Dexmedetomidine vs Propofol
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Figure 2 Standardized differences of covariates before and after IPTW adjustment
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0.722) , 1% “ R ER G HRILKEEZFALFH

(OR=1.082).
2.5 LA

W2 A3 AT 28 R s (8 5~7) B R g 5 R A
NEAE R RE ( P-for-interaction=0. 001 ) A 52 15 17 1E

we

o7 5 i BT 995 (P-for-interaction=0. 048) fE 76 L A2 H.,

B i B AL AR . s B E T,
TE B 20 AR A 95 HE DK E 2R 9578 I ) S22 A 4K (OF 24 S

R2 HARABNEELER [M(P,,P,)]

Table 2 Primary outcome in the study cohort [ M(P,,, P,,)

£ 0.457 d, P=0. 094) , {H 2% 3 %4 43t
R L A AT FEFOIK R 4 487 Bsf ] 52 3 A (O

L 2
2

X

B —

AN

N Dexmedetomidine Propofol Benzodiazepines p_dex vs p_dex vs p_ pro vs
Primary outcome (n=1111) (n=8 021) (n=3429) P pro ben ben
Extubation time/d 0.82(0.31, 2.15) 1.44 (0.58, 3.53) 2.87(1.41,5.62) <0. 001 <0. 001 <0. 001 <0. 001

x3 IPTWEMEELER (M(Py, P,y)
Table 3 Primary outcome after IPTW adjustment [ M(P,,, P,;)

. ) Dexmedetomidine Propofol Benzodiazepines p_dex vs p_dex vs p_ provs
Primary outcome (n=10393) (n=12 418) (n=11788) p pro ben ben
Extubation time/d 0.9 (0.34,2.41) 1.61(0.63, 3.76) 2.45(1.13,4.99) <0. 001 <0. 001 <0. 001 <0. 001

IPTW : Inverse probability of treatment weighting
x4 WRABORELER [M(P,,P,) ,41(%)]
Table 4 Secondary outcomes in the study cohort [ M(P,,, P,;) ,n(%) ]
Dexmedetomidine Propofol Benzodiazepines p_dex  p_dex p_pro
Secondary outcomes P
(n=1111) (n=8 021) (n=3429) vspro  vsben  wsben
LOS/d 9.79 (6.82, 15.90)  10.30 (6.75, 16. 84) 10. 42 (6.59, 17.12) 0.685 0.305 0.496 0.639
ICU-LOS/d 3.83(2.71, 5.96) 4.07(2.83,6.79) 5.04(3.21,8.29) <0.001 <0.001 <0.001 <0.001
Major adverse cardiovascular events 6(1,17) 7(1,25) 17 (4, 48) <0.001 <0.001 <0.001 <0.001
Bradycardia 0(0,0) 0(0,0) 0(0,0) <0.001 0.015 <0.001 <0.001
Tachycardia 0(0,0) 0(0, 1) 0 (0, 6) <0.001 <0.001 <0.001 <0.001
Hypertension 0(0,0) 0(0, 1) 0(0,2) <0.001 <0.001 <0.001 <0.001
Hypotension 4 (1, 14) 4 (0, 17) 9(1, 34) <0.001 0.181 <0.001 <0.001
Delirium 18 (1.6) 318 (4.0) 167 (4.9) <0.001 <0.001 <0.001 0.029
In-hospital mortality 81(7.3) 1262 (15.7) 907 (26.5) <0.001 <0.001 <0.001 <0.001
VAP 35(3.2) 190 (2. 4) 136 (4.0) <0.001  0.121  0.239 <0.001
LOS: Length of hospital stay; VAP: Ventilator-associated pneumonia
x5 IPTWEHIRELER [M(P,, P, , #1(%) ]
Table 5 Secondary outcomes after IPTW adjustment [ M(P,,, P,.) ,n(%) ]
Dexmedetomidine Propofol Benzodiazepines p_dex p_dex p_ pro
Secondary outcomes P

(n=10393) (n=12418) (n=11788) Vs pro vs ben vs ben

LOS/d 10.45 (6.94,16.5)  10.56 (6.81,17.32)  9.97 (6.47,16.38) 0.002  0.893  0.041 <0.001
ICU-LOS/d 3.88(2.83,6.12) 4.17 (2.88,7.00) 4.76 (3.05,7.76) <0.001 <0.001 <0.001 <0.001
Major adverse cardiovascular events 7(1,20) 8(2,28) 12 (2,39) <0. 001 0.001 <0.001 <0.001
Bradycardia 0 (0, 0) 0(0,0) 0(0,0) 0. 031 0. 187 0.017 0. 047
Tachycardia 0(0,0) 0(0,1) 0(0,3) <0.001 <0.001 <0.001 <0.001
Hypertension 0(0,1) 0(0,1) 0(0,1) <0.001 <0.001 <0.001 <0.001
Hypotension 5(1,15) 5(0,19) 6(1,26) <0. 001 0.704 <0.001 <0.001
Delirium 236 (2.3) 504 (4. 1) 574 (4.9) <0.001 <0.001 <0.001 0. 003
In-hospital mortality 1025 (9.9) 2167 (17.4) 2532 (21.5) <0.001 <0.001 <0.001 <0.001
VAP 318 (3.1) 333 (2.7) 381 (3.2) 0.036 0. 082 0. 477 0.012

IPTW : Inverse probability of treatment weighting; LOS: Length of hospital stay; VAP: Ventilator-associated pneumonia
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Outcome Comparison ATE 95%C/ P value
Extubation Days Propofol vs Dexmedetomidine L] 0.782 (0.769, 0.796)  <0.001

Propofol vs Benzodiazepine

Benzodiazepine vs Dexmedetomidine
Hospital LOS (Days) Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine
Benzodiazepine vs Dexmedetomidine
ICU LOS (Days) Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine
Benzodiazepine vs Dexmedetomidine
Total Bradycardia Count Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine
Benzodiazepine vs Dexmedetomidine
Total Tachycardia Count Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine .
Benzodiazepine vs Dexmedetomidine
Total Hypertension Count Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine
Benzodiazepine vs Dexmedetomidine
Total Hypotension Count Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine -
Benzodiazepine vs Dexmedetomidine
Total Cardiovascular Events  Propofol vs Dexmedetomidine

Propofol vs Benzodiazepine -

Benzodiazepine vs Dexmedetomidine

-1.009 (-1.018,-1.000) <0.001

. 1791 (1.779,1.804)  <0.001
. -0.105 (-0.161,-0.050) 0.032
. 0.824  (0.776,0.873) <0.001

-0.930 (-0.981,-0.879) <0.001

. 0.367 (0.351,0.382)  <0.001

. -0.646 (-0.657,-0.634) <0.001
. 1.012 (0.996, 1.029)  <0.001

L 0.023 (0.020, 0.026)  <0.001

-0.028 (-0.030, -0.026) <0.001
L 0.051 (0.046, 0.055)  <0.001
. 2.277 (2.199, 2.356)  <0.001

-3.010 (-3.063,-2.956) <0.001

- 5.287 (5.203,5.371)  <0.001
- 0.981 (0.966, 0.996)  <0.001
r 0.110 (0.090, 0.129)  <0.001

0.871 (0.840, 0.903)  <0.001

- 3.246 (2.883,3.608)  <0.001
-5.745 (-6.035, -5.454) <0.001

- 8.990 (8.593,9.387)  <0.001

- 6.527 (6.112, 6.942)  <0.001

-8.672 (-8.973,-8.371) <0.001

—— 15199 (14.727,15.671) <0.001

T T
-10 -5

T T T 1
0 5 10 15

Average Treatment Effect (ATE)

B3 EZLR

TEHHE LR

Figure 3 Inter-group comparison for continuous outcome variables

Outcome Comparison

Hospital Mortality Propofol vs Dexmedetomidine
Propofol vs Benzodiazepine L]

Benzodiazepine vs Dexmedetomidine

VAP Propofol vs Dexmedetomidine -
Propofol vs Benzodiazepine -
Benzodiazepine vs Dexmedetomidine -
Delirium Propofol vs Dexmedetomidine

Propofol vs Benzodiazepine -

Benzodiazepine vs Dexmedetomidine

OR 95%C/ P value

_ 1.904 (1.647,2.201) <0.001
0.688 (0.658,0.718) <0.001

_ 2.768 (2.262,3.388) <0.001

0.722 (0.648,0.805) <0.001

0.668 (0.605,0.737) <0.001

1.082 (0.934,1.252) 1.000

1.905 (1.428,2.541) 0.002

0.800 (0.725,0.882) 0.001

2.382 (1.681,3.376) <0.001

0 1

T T 1
2 3 4

Odds Ratio (OR)

B4 ZHEEBRTERAEELLE

Figure 4 Inter-group comparison for binary outcome variables
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FEURE B PR I 18] 4 4 (P 2465 0. 162 d, P=0. 828,
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Ri1.232d,P=0.157), R R E R 54 40K
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SERAETR ARG I IR B b E R 0 S R R AR
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OO, AN, FRATHLES S 2025 4E(Clinical Practice
Guidelines for the Prevention and Management of Pain,
Agitation/Sedation, Delirium, Immobility, and Sleep
Disruption in Adult Patients in the ICUY ({5 F% PADIS #8
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AR TCU S8 BOZ I e £ A0 SEFE IR E T A 2
PUIAE A UEA TR . DZGERALGI A A7 SEFEmK e S
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Subgroup Weighted N B (95%CI) P for interaction P value
Overall 22 756 <P 0.889 (0.654, 1.124) <0.001
Age 0.164

65-80 8605 —— 0.844 (0.471, 1.217) <0.001
<65 10 409 —a— 1.079 (0.718, 1.441) <0.001
>=80 3742 —a— 0.457 (-0.078, 0.993) 0.094
Malignancy 0.001

No 21647 —B 0.985 (0.747, 1.222) <0.001
Yes 1109 -1.326 (-2.732, 0.080) 0.064
Chronic lung disease 0.148

No 17 697 —— 0.981 (0.721, 1.241) <0.001
Yes 5059 —.— 0.539 (-0.002, 1.080) 0.051
Liver disease 0.048

No liver disease 20 676 —— 0.926 (0.688, 1.164) <0.001
Mild liver disease 944 _— 0.892 (-0.002, 1.786) 0.050
Moderate-severe liver disease 1136 -1.232 (-2.939, 0.475) 0.157
Surgery 0.444

No 14788 —— 0.979 (0.696, 1.262) <0.001
Yes 7968 —— 0.782 (0.363, 1.201) <0.001

-35 -3 -25 -2 -15 -1 -05

T T T T T 1
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Beta coefficient

5 WHBvsAERRENEZLERNTHSH

Figure 5 Subgroup analysis of propofol versus dexmedetomidine on the primary outcome
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Subgroup Weighted N B (95%Cl) P for interaction P value
Overall 22129 ‘ 1.645 (1.387, 1.903) <0.001
Age 0.142
65-80 8247 —a— 1.818 (1.394, 2.242) <0.001
<65 10 227 —a— 1.695 (1.303, 2.088) <0.001
>=80 3655 — 1.123 (0.549, 1.697) <0.001
Malignancy 0.012
No 20 944 —— 1.716 (1.454, 1.979) <0.001
Yes 1186 —-0.162 (-1.622, 1.298) 0.828
Chronic lung disease 0.023
No 16 631 — 1.817 (1.523, 2.111) <0.001
Yes 5499 —— 1.081 (0.518, 1.644) <0.001
Liver disease 0.002
No liver disease 20 020 —,— 1.760 (1.493, 2.027) <0.001
Mild liver disease 1126 —_—— 1.454 (0.549, 2.358) 0.002
Moderate-severe liver disease 983 -1.387 (-3.137, 0.363) 0.120
Surgery 0.620
No 14 350 —— 1.714 (1.389, 2.040) <0.001
Yes 7780 —.— 1.578 (1.146, 2.010) <0.001

T T T T T T
-35 -3 -25 -2 ~-15 -1

T T T T T 1
0 0.5 1 15 2 25

Beta coefficient

B6 FHEXvsHERKENEZHER/HTHSS

Figure 6 Subgroup analysis of benzodiazepines versus dexmedetomidine on the primary outcome
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Subgroup Weighted N B (95%Cl) P for interaction P value
Overall 24133 ‘ 0.756 (0.588, 0.924) <0.001
Age 0.162

65-80 8796 —a— 0.974 (0.682, 1.266) <0.001
<65 11242 —a— 0.616 (0.364, 0.868) <0.001
>=80 4 095 —a— 0.665 (0.349, 0.982) <0.001
Malignancy 0.135

No 22594 - 0.731 (0.556, 0.907) <0.001
Yes 1539 —_— 1.164 (0.621, 1.707) <0.001
Chronic lung disease 0.112

No 17 965 —- 0.836 (0.634, 1.037) <0.001
Yes 6168 —— 0.542 (0.240, 0.844) <0.001
Liver disease 0.017

No liver disease 21289 - 0.834 (0.653, 1.014) <0.001
Mild liver disease 1399 —_— 0.561 (-0.056, 1.179) 0.075
Moderate—severe liver disease 1445 -0.155 (-0.832, 0.522) 0.654
Surgery 0.722

No 15057 —— 0.735 (0.513, 0.958) <0.001
Yes 9076 —i— 0.796 (0.545, 1.047) <0.001

-35 -3 -25 -2 -15 -1 -05
Beta coefficient

&7

T T T T T 1
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FZREXvs HHBXM ERZER/RMITLAS

Figure 7 Subgroup analysis of benzodiazepines versus propofol on the primary outcome
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