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INTRODUCTION
Acute kidney injury (AKI) is a clinical syndrome 

characterized by an acute decline in renal function. 
Over the past few decades, the incidence of AKI has 
increased, reaching 20 to 35 % among hospitalized 
patients1,2 and even higher in the intensive care 
unit (ICU), at approximately 40 to 60 %.3,4 Sepsis 
is the cause of 40 to 70% of ICU AKI patients,5,6 

termed sepsis-associated acute kidney injury (SA-
AKI). The mortality rate for these patients further 
increases to 30 to 60%, and hospital stays are also 
prolonged.7,8
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Introduction. To investigate the effect of dexmedetomidine (DEX) 
on the prognosis and renal function recovery in patients with 
sepsis-associated AKI (SA-AKI).
Methods. A prospective observational study was conducted, 
enrolling patients with SA-AKI admitted to the ICU of Suzhou 
Municipal Hospital from July 2021 to June 2023. Patients were 
divided into a DEX group and a non-DEX group according to 
the sedation regimen. 
Results. After matching, a total of 204 patients (102 in each 
group) were included, with balanced baseline (SMD < 10%). The 
primary endpoint: DEX significantly reduced the risk of 28-day 
mortality (adjusted HR = 0.556, 95% CI:0.317 to 0.975; P = .041), 
with a particularly significant benefit in patients with non-
septic shock (HR = 0.372, P = .016) and AKI stage 1 (HR = 0.375, 
P = .035). Secondary endpoints: DEX significantly improved the 
rate of renal function recovery (adjusted OR = 2.841, 95% CI:1.427 
to 5.656; P = .003), and the efficacy was modified by AKI stage 
(P-interaction = .005) and shock status (P-interaction = .006). The 
benefit was most prominent in patients with AKI stage 1 (P = .009) 
; the benefit was clear in patients with non-septic shock (P = .011). 
There was a strong trend toward benefit in patients with septic 
shock (P = .054). There was no difference in ICU length of stay 
between the two groups (P > .05).
Conclusions. DEX significantly improves survival and promotes 
renal function recovery in patients with SA-AKI, particularly in 
patients with stage 1 AKI and non-septic shock. The potentially 
significant benefit observed in patients with septic shock warrants 
further validation in a larger sample.
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Dexmedetomidine (DEX) is a highly selective 
α2 receptor agonist and a widely used sedative 
and analgesic drug in the ICU. DEX also has anti-
inflammatory, anti-oxidative stress, and apoptosis-
reducing properties, and its renal protective 
effects have been confirmed in animal studies.9-12 
In recent years, clinical studies examining the 
protective effects of DEX on renal outcomes have 
begun, primarily in small cohort or retrospective 
studies.13-14 However, high-quality prospective 
randomized controlled trials examining the effects 
of DEX on the prognosis of patients with SA-
AKI are lacking. Therefore, this study aimed to 
investigate the effects of DEX on prognosis and 
renal function recovery in patients with SA-AKI 
through a prospective study.

MATERIALS AND METHODS
Prospective, observational study was used as 

the study design and ethics committee . This 
study was approved by the Ethics Committee of 
Suzhou Municipal Hospital (approval number: 
K-2021-GSKY20210201) and registered in the 
National Medical Research Registration and Filing 
Information System (registration number: MR-32-
22-002262).

The research subjects included SA-AKI patients 
admitted to the ICUs of the three campuses of our 
hospital from July 2021 to June 2023 who agreed to 
participate in this study, and their families signed 
informed consent.

AKI diagnostic criteria: According to the 2012 
KDIGO guidelines, AKI is diagnosed when one 
of the following three conditions is met: 1) Serum 
creatinine (SCr) increases by ≥ 0.3 mg/dL (≥ 26.5 
μmol/L) within 48 hours; 2) SCr increases by ≥ 
50% compared with the baseline value within 7 
days; 3) Urine volume decreases [ < 0.5 mL/(kg*h), 
lasting ≥ 6 hours].2

Diagnostic criteria for sepsis
Meet the following two conditions: 1) infection; 

2) SOFA score ≥ 2 points.15

Diagnostic criteria for SA-AKI
Meeting both the diagnostic criteria for Sepsis 

and AKI.6

Inclusion Criteria

1) Age ≥ 18 years; 2) ICU hospitalization time 
≥ 24 hours; 3) Meet the diagnostic criteria for 
SA-AKI; 4) Require sedation; 5) Have a physical 
examination or outpatient or inpatient renal function 
test report within 1 year before admission.

Exclusion Criteria
1) Chronic renal failure; 2) Bradycardia, II or III 

degree atrioventricular block; 3) Acute myocardial 
infarction, severe heart failure (NYHA grade 4); 
4) Chronic liver failure ( Child-Pugh B and C); 5) 
Drug addicts; alcohol addicts; 6) Mentally disabled 
patients; 7) Pregnant and lactating women.

Study Groups This study was divided into DEX 
group and non-DEX group; In the DEX group, a 
maintenance dose of 0.2 to 0.7 μg·kg⁻¹·h⁻¹ was used 
in addition to conventional treatment, while in the 
non-DEX group, midazolam or propofol was used 
as sedative in addition to conventional treatment.

Data collected included gender, age, underlying 
diseases, type of ICU admission, primary infection 
site, APACHE II score, SOFA score, heart rate 
(HR), mean arterial pressure (MAP), white blood 
cell (WBC), high-sensitivity C-reactive protein 
(CRP), interleukin-6 (IL-6), procalcitonin (PCT), 
arterial lactate, albumin, alanine aminotransferase 
(ALT), blood urea nitrogen (BUN), creatinine (SCr), 
cystatin C, neutrophil gelatinase-associated lipocalin 
(NGAL), eGFR, mechanical ventilation (MV), 
continuous renal replacement therapy (CRRT), 
nephrotoxic drugs, vasoactive drugs, bacteremia, 
septic shock and AKI stage, 28-day survival, ICU 
stay time, and renal function recovery. Renal 
function recovery was defined as creatinine recovery 
to less than 1.5 times the baseline creatinine level 
or urine output > 0.5 mL/(kg*h).13

Statistical analysis was performed using STATA 
18.0 software. Intergroup comparisons were 
performed using the chi- square test or Fisher’s exact 
test. Normally distributed quantitative data were 
expressed as mean ± standard deviation (x ± s), and 
t -tests or t’ tests were performed depending on 
homogeneity of variance. Data with non-normal 
distribution, as confirmed by the Shapiro-Wilk 
test, were expressed as medians (interquartile 
ranges). Intergroup comparisons were performed 
using the Wilcoxon rank-sum test or the Kruskal-
Wallis test. Propensity score matching (PSM) was 
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performed to minimize the influence of confounding 
factors. A 1:1 nearest neighbor matching algorithm 
with a caliper width of 0.01 was used without 
replacement. Variables with a P < .05 and factors 
strongly associated with disease severity and 
treatment decision-making were selected to generate 
propensity scores. Standardized mean differences 
(SMDs) were calculated to evaluate the efficacy 
of PSM in reducing intergroup differences. Cox 
regression, linear regression plus bootstrap, and 
logistic regression were used to analyze the effects of 
dexmedetomidine on 28-day mortality, ICU length 

of stay, and renal function recovery, respectively. 
All continuous variables were included in the 
models using their original units. Multivariate 
logistic regression with interaction terms (DEX × 
AKI stage, DEX × septic shock status) was used 
to assess heterogeneity in efficacy. Adjusted odds 
ratios (ORs) for stratified efficacy were calculated 
using linear combination analysis (LINCOM). A P 
value < .05 was considered statistically significant, 
and a P-interaction value < .05 was considered a 
significant stage effect.

Eligible paitents
(n = 410)

DEX Group
(n = 102)

Included in primary 
analysis
(n = 147)

Withdrawal (n=8)
4: HR < 50 beats/min
2: Refractory Hypotension
2: Sedation needs cannot be met

Withdrawal (n=13)
8: Refractory Hypotension
5: Respiratory Depression

Non-DEX Group
(n = 102)

Included in primary 
analysis
(n = 242)

1:1 PSM

DEX Group
(n = 155)

Non-DEX Group
(n = 257)

Figure 1. Flowchart of the SA-AKI Patient Study
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RESULTS
General Information

A total of 389 patients with SA-AKI were included 
in the final analysis, with 147 in the DEX group and 
242 in the non-DEX group (Figure 1). Of these, 276 
were male and 113 were female, with an age range 
of 71.29 ± 15.81 years, a SOFA score of 6 (4, 8), and 
an APACHE II score of 21.20 ± 5.03. There were 188 
patients with AKI stage 1, 124 with AKI stage 2, 
and 77 with AKI stage 3. Patient and demographic 
characteristics and baseline data for the two groups 
are shown in Table 1. Significant differences in 
WBC, CRP, PCT, albumin, cystatin C, and NGAL 
between the two groups were observed (P < .05); 
no other differences were observed between the 
two groups (P > .05) (Table 1).

A total of 389 patients with SA-AKI were included 
in the final study analysis, including 147 patients 
in the DEX group and 242 patients in the Non-DEX 
group. After propensity score matching (1:1 nearest 
neighbor matching, caliper value = 0.01), 102 pairs 
of patients were successfully matched (204 cases).

After propensity score matching (1:1 nearest 
neighbor matching, caliper value = 0.01), 102 pairs 
of patients were successfully matched (204 patients). 
Forty-five patients in the DEX group were excluded 
due to a lack of sufficiently similar controls. After 
matching, the SMDs for all covariates were < 10% 
(Figure 2). The Rubin’s B value decreased from 
98.2% before matching to 27.5%, and the R value 
improved from 0.81 to 0.89, indicating that matching 
effectively eliminated baseline confounding. No 
statistically significant differences were found 
between the groups (all P > .05) (Table 1).

Comparison of Main Observation Indicators of 
Clinical Data Between the Two Groups

Univariate COX regression analysis compared 
the 28-day mortality rate between the DEX group 
and the non-DEX group. The results showed that 
the 28-day mortality risk in the DEX group was 
0.528 times that of the non-DEX group, which 
means the risk was reduced by 47.2%, and this 
association was statistically significant (P = .022). 
After adjusting for age, APACHE II score, SOFA 
score, arterial lactate, MV, and CRRT, multivariate 
COX regression analysis showed that the 28-day 
mortality risk in the DEX group was still reduced 

O
bs

er
va

tio
n 

in
di

ca
to

rs
B

ef
or

e 
PS

M
A

fte
r P

SM
D

EX
 G

ro
up

n 
= 

14
7

N
on

-D
EX

 g
ro

up
n 

= 
24

2
P

D
EX

 G
ro

up
n 

= 
10

2
N

on
-D

EX
 g

ro
up

n 
= 

10
2

P

Ag
e,

 y
71

.5
0 

± 
17

.0
1

71
.1

5 
± 

15
.0

8
.3

97
71

.6
9 

± 
16

.7
5

70
.5

9 
± 

14
.9

5
.6

22
G

en
de

r (
m

al
e)

, n
 (%

)
99

 (6
7.

35
)

17
7 

(7
3.

14
)

.2
22

67
 (6

5.
69

)
72

 (7
0.

59
)

.4
52

U
nd

er
ly

in
g 

di
se

as
es

, n
 (%

)
H

yp
er

te
ns

io
n

81
 (5

7.
45

)
13

7 
(5

6.
61

)
.8

74
57

 (5
5.

88
)

53
 (5

1.
96

)
.5

74
D

ia
be

te
s

57
 (4

0.
43

)
94

 (3
8.

84
)

.7
60

40
 (3

9.
22

)
37

 (3
6.

27
)

.6
65

ch
ro

ni
c 

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e
17

 (1
2.

06
)

27
 (1

1.
16

)
.7

90
12

 (1
1.

76
)

9 
(8

.8
2)

.4
89

H
ea

rt 
fa

ilu
re

28
 (1

9.
86

)
46

 (1
9.

01
)

.6
88

20
 (1

9.
61

)
17

 (1
8.

14
)

.5
86

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

25
 (1

7.
73

)
46

 (1
9.

01
)

.7
56

17
 (1

6.
67

)
19

 (1
8.

63
)

.7
13

Tu
m

or
8 

(5
.6

7)
17

 (6
.5

3)
.6

06
6 

(5
.8

8)
7 

(6
.8

6)
.7

74
Ty

pe
 o

f I
C

U
 a

dm
is

si
on

, n
 (%

)
.7

04
.3

26
Em

er
ge

nc
y 

no
n-

su
rg

ic
al

 a
dm

is
si

on
58

 (3
9.

46
)

98
 (4

0.
50

)
40

 (3
9.

22
)

38
 (3

7.
25

)
In

pa
tie

nt
 n

on
-s

ur
gi

ca
l t

ra
ns

fe
r

51
 (3

4.
69

)
84

 (3
4.

71
)

34
 (3

3.
33

)
37

 (3
6.

27
)

Em
er

ge
nc

y 
su

rg
er

y 
ad

m
is

si
on

17
 (1

1.
56

)
34

 (1
4.

05
)

20
 (1

9.
61

)
11

 (1
0.

78
)

El
ec

tiv
e 

su
rg

er
y 

tra
ns

fe
r

21
 (1

4.
29

)
26

 (1
0.

74
)

14
 (1

3.
73

)
10

 (9
.8

0)

Ta
bl

e 
1.

 B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 P
at

ie
nt

s 
w

ith
 S

A-
AK

I i
n 

th
e 

Tw
o 

G
ro

up
s



Dexmedetomidine and Sepsis-related AKI—Sixuan et al

37Research Journal of Critical Care Nephrology, Vol 1, No 1, October 2025

O
bs

er
va

tio
n 

in
di

ca
to

rs
B

ef
or

e 
PS

M
A

fte
r P

SM
D

EX
 G

ro
up

n 
= 

14
7

N
on

-D
EX

 g
ro

up
n 

= 
24

2
P

D
EX

 G
ro

up
n 

= 
10

2
N

on
-D

EX
 g

ro
up

n 
= 

10
2

P

Pr
im

ar
y 

in
fe

ct
io

n 
si

te
, n

 (%
)

.3
51

.1
00

Lu
ng

s
72

 (4
8.

98
)

11
2 

(4
6.

28
)

54
 (5

2.
94

)
43

 (4
2.

16
)

D
ig

es
tiv

e 
sy

st
em

32
 (2

1.
77

)
42

 (1
7.

36
)

24
 (2

3.
53

)
19

 (1
8.

63
)

ur
in

ar
y 

sy
st

em
19

 (1
2.

93
)

32
 (1

3.
22

)
9 

(8
.8

2)
14

 (1
3.

73
)

Sk
in

 a
nd

 s
of

t t
is

su
e

5 
(3

.4
0)

14
 (5

.7
9)

3 
(2

.9
4)

6 
(5

.8
8)

ce
nt

ra
l n

er
vo

us
 s

ys
te

m
1 

(0
.6

8)
9 

(3
.7

2)
0 

(0
.0

0)
5 

(4
.9

0)
O

th
er

18
 (1

2.
24

)
33

 (1
3.

64
)

12
 (1

1.
76

)
15

 (1
4.

71
)

Ba
ct

er
em

ia
, n

 (%
)

21
 (1

4.
29

)
40

 (1
6.

53
.5

55
15

 (1
4.

71
)

15
 (1

4.
71

)
.5

55
Se

pt
ic

 s
ho

ck
, n

 (%
)

49
 (3

3.
33

)
89

 (3
6.

78
)

.4
91

38
 (3

7.
25

)
37

 (3
6.

27
)

.8
85

SO
FA

6 
(4

,8
)

6 
(4

,8
)

.0
56

6 
(4

,8
)

6 
(4

,9
)

.7
08

AP
AC

H
E 

II
20

.8
9 

± 
4.

97
21

.3
8 

± 
5.

07
.3

47
21

.3
2 

± 
5.

09
21

.4
4 

± 
5.

28
.8

72
H

ea
rt 

ra
te

, b
ea

ts
 / 

m
in

10
1 

(8
8,

11
4)

99
.5

 (8
3,

10
9)

.1
05

99
.5

 (8
6,

11
2)

10
3 

(8
8,

11
2)

.6
07

M
ea

n 
ar

te
ria

l p
re

ss
ur

e,
 m

m
H

g
70

 (5
9,

77
)

68
 (5

8,
77

)
.2

61
70

 (5
8,

79
)

70
 (6

0,
78

)
.7

09
M

ec
ha

ni
ca

l v
en

til
at

io
n,

 n
 (%

)
91

 (6
1.

90
)

15
7 

(6
4.

88
)

.5
54

67
 (6

5.
69

)
67

 (6
5.

69
)

.5
54

C
R

R
T,

 n
 (%

)
40

 (2
7.

21
)

67
 (2

7.
92

)
.8

80
29

 (2
8.

43
)

30
 (2

9.
41

)
.8

77
N

ep
hr

ot
ox

ic
 d

ru
g 

us
e,

 n
 (%

)
.9

83
.8

93
Va

nc
om

yc
in

15
 (1

0.
20

)
23

 (9
.5

0)
9 

(8
.8

2)
10

 (9
.8

0)
Po

ly
m

yx
in

s
6 

(4
.0

8)
11

 (4
.5

5)
4 

(3
.9

2)
4 

(3
.9

2)
co

nt
ra

st
 a

ge
nt

s
5 

(3
.4

0)
11

 (4
.5

5)
4 

(3
.9

2)
6 

(5
.8

8)
O

th
er

5 
(3

.4
0)

8 
(3

.3
1)

3 
(2

.9
4)

5 
(4

.9
0)

Va
so

ac
tiv

e 
dr

ug
s,

 n
 (%

)
49

 (3
3.

33
)

89
 (3

6.
78

)
.4

91
38

 (3
7.

25
)

37
 (3

6.
27

)
.8

85
W

BC
, ×

 1
09 /L

13
.0

4 
± 

4.
72

14
.1

0 
± 

5.
16

)
.0

40
13

.5
2 

± 
4.

76
13

.8
0 

± 
4.

92
.6

96
C

R
P,

 m
g/

L
42

.5
4 

± 
6.

42
40

.4
2 

± 
6.

55
.0

02
41

.8
2 

± 
6.

02
41

.9
3 

± 
6.

08
.8

90
IL

-6
, p

g/
m

L
99

.9
1 

(8
4.

63
,1

10
.8

8)
99

.0
6 

(8
5.

69
,1

09
.8

5)
.7

00
10

0.
56

 (8
7.

77
,1

09
.9

8)
97

.9
9 

(8
4.

32
,1

10
.3

9)
.4

46
PC

T,
 n

g/
m

L
5.

31
 (4

.6
7,

6.
16

)
5.

02
 (4

.3
1,

5.
82

)
.0

11
5.

20
 (4

.6
1,

6.
01

)
5.

10
 (4

.5
8,

5.
76

)
.4

26
La

ct
ic

 a
ci

d,
 m

m
ol

/L
4.

80
 (3

.4
3,

6.
60

)
4.

89
 (3

.4
1,

8.
40

)
.2

46
4.

89
 (3

.6
2,

7.
10

)
4.

08
 (3

.3
5,

7.
20

)
.3

27
Al

bu
m

in
, g

/L
30

.4
9 

(2
8.

50
,3

4.
39

)
31

.6
7 

(2
9.

13
,3

4.
98

)
.0

30
30

.7
3 

(2
8.

63
,3

4.
73

)
31

.1
0 

(2
8.

25
,3

4.
07

)
.8

37
AL

T,
 U

/L
56

.1
6 

(5
1.

07
,6

1.
12

)
56

.0
8 

(5
1.

28
,6

0.
57

)
.8

44
57

.0
19

 (5
2.

26
,6

0.
76

)
56

.4
3 

(5
0.

96
,6

0.
36

)
.4

24
BU

N
, m

m
ol

/L
9.

42
 (8

.2
3,

11
.4

6)
9.

51
 (8

.2
0,

11
.3

8)
.6

05
9.

22
 (8

.2
6,

 1
1.

18
)

9.
18

 (7
.9

5,
11

.2
0)

.5
63

C
re

at
in

in
e,

 μ
m

ol
/L

14
9.

76
 (1

25
.2

6,
20

3.
33

)
16

1.
83

 (1
31

.6
3,

20
8.

42
)

.1
68

15
3.

46
 (1

30
.4

1,
20

3.
56

)
16

0.
52

 (1
29

.4
2,

20
8.

42
)

.8
58

C
ys

ta
tin

 C
, m

g/
L

2.
14

 (1
.6

8,
2.

59
)

2.
30

 (1
.8

6,
3.

47
)

.0
03

2.
21

 (1
.7

3,
2.

66
)

2.
06

 (1
.6

8,
2.

50
)

.2
76

N
G

AL
, n

g/
m

L
20

6.
78

 (1
98

.0
5,

21
5.

72
)

20
2.

98
 (1

93
.4

7,
21

1.
24

)
.0

06
20

5.
38

 (1
96

.5
3,

21
2.

61
)

20
3.

63
 (1

94
.8

8,
21

2.
63

)
.6

73
eG

FR
, m

L/
m

in
/ 1

.7
3m

2
38

.1
9 

(2
7.

44
,4

7.
34

)
36

.6
7 

(2
7.

43
,4

5.
01

)
.3

34
37

.0
0 

(2
6.

25
,4

4.
41

)
37

.7
3 

(2
6.

58
,4

6.
73

)
.9

55
AK

I s
ta

ge
, n

 (%
)

.5
67

.6
72

AK
I s

ta
ge

 1
76

 (5
1.

70
)

11
2 

(4
6.

28
)

49
 (4

8.
04

)
50

 (4
9.

02
)

AK
I s

ta
ge

 2
43

 (2
9.

25
)

81
 (3

3.
47

)
35

 (3
4.

31
)

30
 (2

9.
41

)
AK

I s
ta

ge
 3

28
 (1

9.
05

)
49

 (2
0.

25
)

　
18

 (1
7.

65
)

22
 (2

1.
57

)
　

Ta
bl

e 
1.

 C
on

tin
ue

d

Ab
br

ev
ia

tio
ns

: A
PA

C
H

E 
II,

 a
cu

te
 p

hy
si

ol
og

y 
an

d 
ch

ro
ni

c 
he

al
th

 e
va

lu
at

io
n 

sc
or

e 
or

 a
cu

te
 p

hy
si

ol
og

y 
an

d 
ch

ro
ni

c 
he

al
th

 e
va

lu
at

io
n 

II 
sc

or
e;

 S
O

FA
, s

eq
ue

nt
ia

l o
rg

an
 fa

ilu
re

 a
ss

es
sm

en
t; 

C
R

R
T,

 
co

nt
in

uo
us

 re
na

l r
ep

la
ce

m
en

t t
he

ra
py

; N
G

AL
, n

eu
tro

ph
il 

ge
la

tin
as

e-
as

so
ci

at
ed

 li
po

ca
lin

; A
KI

, a
cu

te
 k

id
ne

y 
in

ju
ry

.



Dexmedetomidine and Sepsis-related AKI—Sixuan et al

38 Research Journal of Critical Care Nephrology, Vol 1, No 1, October 2025

CI: 1.427 to 5.656; P = .003) (Table 2).
Multivariate adjustment analysis revealed 

differences in 28-day mortality, ICU length of stay, 
and renal function recovery among subgroups 
according to AKI clinical stage and the presence 
or absence of septic shock. Among patients with 
AKI stage 1, the DEX group had a 62.5 % lower 
28-day mortality compared with the non- DEX 
group (HR = 0.375, 95% CI: 0.151 to 0.931; P = .035). 
There was no statistically significant difference 
between the two groups in AKI stage 2 and 
stage 3 (P = .461). While DEX did not reduce 28-
day mortality in patients with septic shock, the 
risk of 28 -day mortality in the DEX group was 
significantly higher at 62.8% in the non-septic 

(HR = 0.556, 95% CI: 0.317 to 0.975 ; P = .041). Linear 
regression plus bootstrap analysis compared the 
ICU length of stay between the two groups. No 
statistically significant difference was found in ICU 
length of stay between the two groups in either 
univariate analysis or multivariate analysis with 
the inclusion of covariates (both P > .05). Univariate 
logistic regression analysis showed that the rate of 
renal function recovery was significantly higher in 
patients receiving DEX than in those not receiving 
it (OR = 2.117, 95% CI: 1.1193 to 3.757; P = .001). 
After adjusting for the above key covariates, 
multivariate analysis still showed that the favorable 
association of renal function recovery was further 
strengthened in the DEX group (OR = 2.841, 95% 

Standardized % bias across covariates

-40 -20 0 20 40
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HR

MAP

eGFR

BUN
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Figure 2. The standardized mean difference between the two groups before and after PSM. After propensity score matching (1:1 
nearest neighbor matching, caliper value = 0.01), SMD of all covariates were less than 10%.
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shock group (HR = 0.372, 95% CI: 0.166 to 0.833; 
P = .016) (Figure 3). There was no statistically 
significant difference in the ICU length of stay 
between the two groups at different AKI stages or 
with or without septic shock (all P > .05).

Multivariate COX regression was adjusted to 
analyze the difference in 28-day mortality between 
subgroups. The 28-day mortality of AKI stage 1 
patients in the DEX group was 62.5% lower than 
that in the non-DEX group (HR = 0.375, 95% CI: 
0.151 to 0.931; P = .035). There was no significant 
difference in AKI stage 2 and AKI stage 3 between 
the two groups (P = .461). For patients with septic 
shock, DEX did not reduce 28-day mortality, but 
in the non-septic shock group, the risk of 28-day 
mortality in the DEX group was 62.8%, and the 
difference was statistically significant (HR = 0.372, 
95% CI: 0.166 to 0.833; P = .016) (Figure 4).

Multivariate logistic regression showed that 
AKI stage significantly modified the effect of DEX 
on renal function recovery (P-interaction = .005). 
Stratified analysis showed that in patients with AKI 
stage 1, DEX was independently associated with 
a significant increase in the rate of renal function 
recovery (adjusted OR = 4.814, 95% CI: 1.473 to 
15.735; P = .009); no significant independent effect 
of DEX was observed in patients with AKI stage 
2 (adjusted OR = 1.628, 95% CI: 0.517 to 5.126; 
P = .405); In patients with stage 3 AKI, the point 
estimate for DEX suggested a potential benefit 
(adjusted OR = 3.038), but the confidence interval 
(95% CI: 0.422 to 21.871) was wide and included 1, 
so the result did not reach statistical significance 
(P = .270). Septic shock status was also a significant 
modifier of the DEX effect (P-interaction = .006). 
In patients without septic shock,  DEX was 
independently associated with a significantly 
increased rate of renal function recovery (adjusted 
OR = 3.048, 95% CI: 1.291 to 7.198; P = .011). In 
patients with septic shock, DEX showed a strong 
trend toward benefit (adjusted OR = 3.966), but the 
result was marginally statistically significant (95% 
CI: 0.978 to 16.079; P = .054) (Table 3 and Figure 5).
DISCUSSION 

Sepsis-associated acute kidney injury (SA-AKI) is 
an important driver of high mortality in ICU patients, 
and its treatment strategy optimization urgently 
needs breakthroughs. This study systematically 
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evaluated the effect of dexmedetomidine on the 
prognosis of SA-AKI patients through a prospective 

observational design. After PSM correction for 
confounding, we found that : DEX significantly 

Variable OR (95% CI) P
Dexmedetomidine × AKI stage interaction 4.384 (1.551 to 12.394) .005

AKI stage 1 4.814 (1.473 to 15.735) .009
AKI stage 2 1.628 (0.517 to 5.126) .405
AKI stage 3 3.038 (0.422 to 21.871) .270

Dexmedetomidine × septic shock interaction 3.461 (1.429 to 8.383) .006
Septic shock 3.966 (0.978 t 16.079) .054
Non-septic shock 3.048 (1.291 to 7.198) .011

Table 3. Multivariate Logistic Regression Analysis of the Effect of DEX on Renal Function Recovery Rate in Patients with SA-AKI: 
Interaction Between AKI Stage and Septic Shock

Subgroup DEX (n) Non-DEX (n) HR (95% CI) P value

AKI stage

stage 1 8(16.33%) 19(38.0%) 0.375(0.151-0.931) 0.035

stage 2 8(22.86%) 13(43.33%) 0.704(0.257-1.923) 0.495

stage 3 3(16.67%) 8(36.36%) HR=3.967(0.520-30.227) 0.184

Septic shock

YES 6(15.79%) 37(45.95%) 0.888(0.314-2.505) 0.822

NO 13(20.31%) 23(35.38%) 0.372(0.166-0.833) 0.016

0.05 0.50 2.00 15.00

Hazard Ratio (HR)

Figure 3. Risk of 28-day mortality risk in two groups of SA-AKI patients according to AKI stage and whether they had septic shock.
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Figure 4. Comparison of ICU stay time between the two groups of SA-AKI patients with different AKI stages and whether they had 
septic shock: A) There was no significant difference in the length of ICU stay between the two groups of SA-AKI patients at different AKI 
stages (P > .05).
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reduced the 28-day all-cause mortality of SA-AKI 
patients (adjusted HR = 0.556), and this survival 
benefit was particularly significant in patients 
with non-septic shock (HR = 0.372) and AKI 
stage 1 patients (HR = 0.375); DEX significantly 
improved the renal function recovery rate (adjusted 
OR = 2.841), and the efficacy was significantly 
modified by AKI stage and shock status . AKI 
stage 1 patients benefited the most (OR = 4.814), 
non-septic shock patients showed a clear benefit 
(OR = 3.048), and a strong benefit trend was also 
observed in septic shock patients (OR = 3.966, 
P = .054); DEX did not significantly shorten ICU 
length of stay. These results provide high-quality 
evidence for the use of DEX in personalized sedation 
therapy for SA-AKI.

The survival benefit of DEX in patients with 
SA-AKI may be due to its multiple protective 
mechanisms. The pathophysiological mechanism 
of sepsis-induced AKI has been preliminarily 
explored. Multiple mechanisms may lead to the 
occurrence of SA-AKI, including systemic and 
renal inflammation in sepsis, renal hypoperfusion 
and microcirculatory dysfunction, complement 
activation, RAAS dysregulation, mitochondrial 
dysfunction, etc.,6 among which renal inflammatory 
response and microcirculatory dysfunction are 

crucial.16 Animal studies have shown that DEX 
prevents SA-AKI by inhibiting the expression of 
sepsis-induced inflammatory factors.10,17 The study 
by Yu-Chang et al. confirmed that DEX has the 
effect of improving the renal microcirculation of 
septic rats.18 Yuan Zhao et al. reported that DEX 
can protect LPS-induced acute kidney injury by 
affecting autophagy, apoptosis or ferroptosis.9,10,19,20 
In recent years, clinical studies have also shown 
the renal protective effect of DEX. DEX can 
improve the prognosis of SA-AKI by reducing the 
level of norepinephrine in the blood, improving 
microcirculatory disorders,  and weakening 
sympathetic nerve tension.14 

Several studies have shown that SA-AKI is 
associated with a higher mortality rate,6,21,22 but 
the effect of DEX on the prognosis of patients with 
sepsis is still uncertain. A large retrospective cohort 
study23 showed that DEX could reduce the 28-day 
mortality rate in mechanically ventilated patients 
with sepsis, but in another retrospective study of 
331 patients with sepsis, DEX had no statistically 
significant effect on the 30-day mortality rate 
in patients with sepsis.24 In another multicenter 
randomized controlled trial (DESIRE) of septic 
patients receiving mechanical ventilation, DEX 
had no statistically significant effect on the 28-day 
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Figure 5. Comparison of renal function recovery rates in the two groups of SA-AKI patients with different AKI stages and whether 
they had septic shock. In AKI stage 1 patients, DEX was independently associated with a significantly increased rate of renal function 
recovery (adjusted OR = 4.814, 95% CI: 1.473 to 15.735; P = .009) (95% CI: 1.291 to 7.198; P = .011).
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mortality of patients (23 vs. 31%; HR = 0.69, 95% 
CI: 0.38 to 1.22, P = .20).25 However, in a subgroup 
analysis of critically ill patients with APACHE II 
scores ≥ 23, DEX could reduce the 28-day mortality 
and hospital mortality of patients with sepsis (22 
vs. 42%, P = .03; 28% and 52%, P = .01).7 Consistent 
with our study, Hu’s retrospective study also found 
that DEX can reduce the in-hospital mortality 
of SA-AKI patients (28.3 vs. 41.3%, HR = 0.56; 
P < .001), and is beneficial to shorten the ICU 
stay and hospital stay of SA-AKI patients ( both 
P < .001). In addition, the renal function recovery 
rate in the DEX group was also higher (61.8 vs. 
55.8%, HR = 1.35, P = .01).14 The failure to shorten 
the ICU stay in our study may be due to the fact 
that the average age of the patients included 
in this study was higher ( 71.29 years old) and 
the high proportion of stage 1 in the AKI stage 
(48.33 %), which may weaken the improvement 
effect of DEX on hospital stay. In addition, our 
study found that DEX had a significant effect 
on SA-AKI. The 62.5% reduction in mortality in 
stage 1 patients confirms the importance of early 
intervention: at this stage, renal injury is primarily 
functional, and DEX may inhibit AKI progression 
by improving renal perfusion and alleviating 
subclinical damage. The survival benefit was 
even more significant in patients with non-septic 
shock (adjusted HR = 0.372), suggesting that DEX 
may exert a stronger protective effect in SA-AKI 
in the setting of non- septic shock by stabilizing 
hemodynamics and alleviating non-infectious 
inflammatory responses.

This study reported that DEX significantly 
improved the renal function recovery rate in SA-
AKI patients (adjusted OR = 2.841), and found 
key effect modifiers: the modifying effect of AKI 
stage (P-interaction = .005) and the modifying 
effect of shock state (P-interaction = .006). Among 
them, patients with AKI stage 1 benefited the most 
(adjusted OR = 4.814), which may be due to the 
fact that AKI stage 1 is mainly characterized by 
functional damage (insufficient renal perfusion, 
microcirculatory disorders), and DEX can reduce 
or even reverse early damage through α₂ receptor-
mediated vascular regulation and anti-inflammatory 
effects ; DEX can inhibit TLR4/ NOX4/ NF-κB 
pathway, activate Keap1-Nrf2 pathway, enhance 

AMPK/mTOR pathway, and other anti-oxidative 
stress, improve renal cortical perfusion, reduce 
renal damage, and promote its recovery.9 These 
mechanisms may play a key role in the reversible 
injury stage (AKI stage 1). The beneficial effect of 
DEX on the recovery of renal function in SA-AKI 
patients was weakened in AKI stages 2 and 3, 
and there was no statistical difference. This may 
be related to the irreversible increase in renal 
structural damage (such as tubular necrosis and 
interstitial fibrosis) in AKI stages 2 and 3, which 
makes recovery more difficult,26-28 suggesting 
that DEX still needs to be combined with renal 
repair strategies (such as stem cell therapy) in 
the sedation treatment of severe SA- AKI.29 In 
addition, the study showed that DEX has a clear 
benefit in non-septic shock SA-AKI (OR = 3.048), 
while the benefit in septic shock SA-AKI is not 
significant, which may be related to the vascular 
regulation and anti-inflammatory effects of 
DEX . However, patients with septic shock have 
more severe inflammation and poor vasodilation 
ability, and DEX is difficult to correct such severe 
pathophysiological changes. However, there is 
still great potential for patients with septic shock 
SA-AKI (OR = 3.966, P = .054). Although it did 
not reach statistical significance, the effect size 
suggests its clinical importance. This is different 
from the report by Lulan Li30 that DEX reduced 
the 90-day mortality rate in patients with septic 
shock (OR = 0.60, 95% CI: 0.37 to 0.94; P = .030). 
The complexity of the immune disorder in sepsis 
and the potential residual confounding in this 
study (such as pathogen virulence and antibiotic 
response) may have weakened the statistical power 
of our study.

In the study, DEX did not shorten the ICU stay 
of SA-AKI patients. It is possible that although 
DEX accelerates the recovery of renal function in 
SA-AKI patients, the overall recovery of critically 
ill patients is affected by the function of multiple 
organs, which is consistent with the findings of 
Hu et al.14 However, the mortality rate in the septic 
shock group was not significantly reduced. Severe 
sepsis is often complicated by immune paralysis and 
secondary infection. The immunomodulatory effect 
of DEX may have a “biphasic effect,” and caution 
is warranted regarding the risk of DEX-induced 
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bradycardia or hypotension, which could offset 
its benefits in hemodynamically unstable patients.

This study avoided recall bias associated with 
retrospective studies through a prospective design. 
Strict PSM matching (SMD < 10%, Rubin’s B < 30%) 
minimized confounding. Interaction analyses 
revealed a modifier effect of AKI stage and the 
presence of septic shock on the efficacy of DEX, 
promoting more precise treatment strategies for 
SA-AKI. However, this study was conducted in 
ICUs across three campuses of our hospital, not 
a truly multicenter study. Furthermore, the dose 
and duration of DEX were not analyzed, potentially 
leading to unmeasured confounding bias. Limited 
sample size in the subgroups of the study resulted 
in wide confidence intervals, requiring further 
validation in prospective, multicenter, and larger 
studies. Sedation in the non-DEX group was 
not performed using a single sedative agent, 
midazolam or propofol, potentially influencing the 
results. Furthermore, the study did not investigate 
long-term patient outcomes. Future studies may 
consider exploring the ultra-early application of 
DEX within 6 hours after the diagnosis of SA-AKI, 
which can be combined with new biomarkers 
(such as urinary NGAL and [IGFBP7·TIMP-2]) to 
dynamically evaluate the efficacy.31 More attention 
should be paid to the dosage and duration of DEX 
application in SA-AKI patients.

CONCLUSIONS
In summary, DEX significantly improves 

survival and renal function recovery in patients 
with SA-AKI, particularly those with stage 1 AKI 
and non-septic shock. The potentially significant 
benefit observed in patients with septic shock 
warrants further validation with a larger sample 
size. It is suggested that for hemodynamically 
stable patients with SA-AKI (especially those with 
KDIGO stage 1) requiring sedation, early use of 
dexmedetomidine may exert renal protection 
through multiple mechanisms, potentially becoming 
a key adjunctive strategy to improve prognosis.
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