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Abstract:

Objectives This study sought to estimate the effect of dexmedetomidine (DEX)
administration on acute kidney injury (AKI)-associated mortality in critically ill
patients.

Design A retrospective cohort study.

Setting The study sourced its data from the Multiparameter Intelligent Monitoring in
Intensive Care Database IV (MIMIC-1V), a comprehensive database of ICU patients.
Participants A total of 15754 critically ill patients with AKI were enrolled from the
MIMIC-IV database.

Primary and secondary outcome In-hospital mortality and 180-day mortality.
Results 15754 critically ill AKI patients were included in our analysis. We found that
DEX use decreased in-hospital mortality risk by 38% (HR: 0.62, 95% CI: 0.55-0.70).
A significant decrease in in-hospital mortality was observed following treatment with
DEX among critically ill patients with AKI stage 1 (15.6% vs. 10.7%, p<0.001), stage
2 (18.5% vs. 14.7%, p=0.017) but not stage 3 (27.6% vs. 26.6%, p = 0.848). Moreover,

the 180-day mortality was reduced at AKI stage 1 (24.7% vs. 18.2%) and stage 2 (28.3%

vs. 24.0%) but not stage 3 (39.1% vs. 38.3%)).

Conclusions Our retrospective cohort study suggests that DEX significantly correlates
with decreased risk-adjusted in-hospital and 180-day mortality in critically ill AKI
patients. Nonetheless, future randomized controlled trials (RCTs) are warranted to
validate our findings.

Keywords: Dexmedetomidine, AKI, Mortality, MIMIC-1V, Propensity score matching

Strengths and limitations of this study

e This study included 15754 patients, which is a very large sample size for a

clinical study of critically ill patients with AKI.
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e Additional confounding factors were adjusted and increased the reliability of
our results and conducted a subgroup analysis of the association between DEX
use and in-hospital mortality.

o This was a retrospective design and some data may be missing which slightly
offsets the results, and we expect to further RCTs in the future.

e The conclusions are qualitative, not quantitative.

Introduction

Over the past few decades, the prevalence of acute kidney injury (AKI) has
significantly increased and has gradually become a global health concern.! AKI is a
common comorbidity among severely ill patients that require intensive care. Indeed,
more than half of patients experience AKI during their stay in the intensive care unit
(ICU).2 AKI is related to adverse outcomes, increases CKD occurrence and kidney
replacement therapy, and raises the risk of short- and long-term deaths,? causing huge
social and economic burdens to patients and society. However, further research is
warranted to optimize the management of AKI.#

In the context of critical care, effective sedation is of utmost importance for
managing agitation and anxiety in patients.’ The primary objective of sedation in the
ICU is to achieve a state of calmness and cooperation in the patient, allowing for the
easy awakening and clear communication of needs, particularly concerning pain
management.® There is evidence to suggest that maintaining light sedation in patients
in the ICU can lead to better outcomes. Current guidelines recommend
dexmedetomidine (DEX) for sedation in an intensive care setting.” DEX is widely used
in ICU as a highly selective alpha-2 agonist.® An increasing body of evidence suggests
that DEX can inhibit the production of excess inflammation cytokine and protect renal
function, which may positively impact the prognosis of AKL’!! However, the
renoprotective effects of DEX in critically ill patients have not been explore, the current

literature consists mainly of basic-level studies or small sample population cohorts,
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with a paucity of large-scale research. Hence, the present study aims to investigate
DEX’s effect on AKI-related mortality in critically ill patients.
Methods
Data sources

The study sourced its data from the Multiparameter Intelligent Monitoring in
Intensive Care Database IV (MIMIC-IV), a comprehensive database of ICU patients.'?
We collected data on AKI patients from the MIMIC-IV database treated with or without
DEX. This database contains a publicly available and real-world clinical database of
patients at the Beth Israel Deaconess Medical Center from 2008 to 2019. Informed
consent of patients was not required in this study since confidential patient information
was already deleted. All reports followed the guidelines of Strengthening
Epidemiological Observation and Research Report (STROBE).!> A Collaborative
Institutional Training Initiative (CITI) license (Certificate No. 11326088) was obtained
by Wang W, who was entitled to extract data from the MIMIC-IV database in
accordance with the relevant regulations.
Participants

This study included patients who were admitted to the ICU and diagnosed with
acute kidney injury (AKI) according to the Kidney Disease Improving Global
Outcomes (KDIGO) criteria.!* The definition of baseline serum creatinine level (SCr)
in this study was based on two criteria: 1) the minimum SCr level recorded within 7
days before ICU admission, or 2) if there was no SCr data available before admission,
the first SCr level measured upon admission to the ICU was used as the baseline.!?
The study only considered data from the initial ICU admission for patients with multiple
ICU stays. The MIMIC IV 2.0 database only contains data on adults older than 18.
Patients who met any of the following criteria were excluded from the study: (1) death
within 48 hours after admission to the ICU, (2) ICU stays less than 48 hours, and (3)
missing more than 5% of potential risk variables that are associated with mortality.'®
Covariates

The study included demographic characteristics and clinical characteristics with

24-hour average values. The Sequential Organ Failure Assessment (SOFA) score,!” and
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Simplified Acute Physiology Score (SAPS) II,'® were calculated within the first 24 h

after the ICU admission. During ICU admission, treatment measures (mechanical

ventilation, continuous renal replacement therapy, vasopressors, sedative-analgesic

medications, antibiotic and glucocorticoid use) were acquired (Table 1). These

covariates, including clinical characteristics and basic demographic information, were

based on other relevant studies.!®
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Table 1 -
o
<
. .o . o)
Baseline characteristics for the two groups before and after matching. S
<
Characteristic Before PSM After PSM g
Non-DEX DEX SMD Non- DEX DEX SMD a
=
o
(n=12536) (n=3218) (0=3196) (n=3196) 3
S
Age (y) 69.00 [58.00,79.00]  63.00 [52.00, 0.377 64.00 [53.00,73.00]  63.00 [52.00, 0.018 -
(7]
3
73.00] 73.00] it
@
2
Gender 0.206 0.007 o
=]
Male 6903 (55.1) 2095 (65.1) 2088 (65.3) 2077 (65.0) =
X
Female 5633 (44.9) 1123 (34.9) 1108 (34.7) 1119 (35.0) Qg’_
[oX
Laboratory measurements %
3
Hemoglobin (g/dL) 10.50 [8.90, 12.00] 1040  [8.90, 0.012 10.40 [8.80, 12.10] 10.40 [8.90,12.20]  0.004 2
@
12.20] >
)
Platelet (10°/L) 188.00 [137.00, 174.00 0.146 175.35 [127.48, 173.90  [13031, 0.009 S
=]
@
247.54] [130.37, 229.91] 229.50] o
]
o
(%]
229.46 =z
] )
)
WBC (x10°) 11.10 [8.30, 14.70] 11.86  [9.00, 0.075 11.80 [8.70, 15.55] 11.86 [9.00, 15.48]  0.013 -
8
>
15.50] 5
=3
@
Creatinine (mg/dL) 1.10 [0.80, 1.60] 1.00  [0.80, 0.108 1.00 [0.70, 1.50] 1.00 [0.80, 1.50] 0.001 o
(%]
1.50]
BUN (mg/dL) 21.00[15.00,35.00]  19.00 [14.00, 0.177 19.00 [13.00,29.00]  19.00 [14.00,  0.006
28.06] 28.06]
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Lactate (mmol/L)

Vital signs

Weight (kg)

Temperature (°C)

Respiratory rate (bpm)

Heart rate (bpm)

MAP (mmHg)

Spo2 (%)

Ethnicity

White

other

Admission type

Emergency

other

Need of support

Vasopressors

MV

CRRT

Comorbidities  at

admission

Congestive heart failure

Cerebrovascular disease
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ICU

2.02[1.41,2.30]

80.80 [68.00, 96.00]

36.83 [36.57, 37.09]

18.83 [16.68, 21.64]

84.03 [74.35, 96.08]

75.49 [69.80, 82.95]

97.25 [95.77, 98.59]

8516 (67.9)

4020 (32.1)

6720 (53.6)

5816 (46.4)

1221 9.7)

2977 (23.7)

768 (6.1)

4314 (34.4)

2139 (17.1)

BMJ Open

183 [137,
2.43]
86.00 [71.60,
101.00]
3691 [36.71,
37.30]
19.09 [16.96,
21.89]
84.47 [7630,
96.94]
75.66 [70.74,
81.85]
97.60

[96.20,

98.77]

2039 (63.4)

1179 (36.6)

1369 (42.5)

1849 (57.5)

600 (18.6)
1069 (33.2)

367 (11.4)

951 (29.6)

504 (15.7)

0.051

0.095

0.289

0.069

0.074

0.004

0.131

0.096

0.223

0.257

0.211

0.187

0.104

0.038

1.88 [1.38,2.43]

85.00 [71.00, 100.00]

36.88 [36.66, 37.29]

18.97[16.88, 21.72]

84.74 [75.56, 97.25]

75.74 [70.47, 82.39]

97.72 [96.25, 98.93]

2048 (64.1)

1148 (35.9)

1393 (43.6)

1803 (56.4)

554 (17.3)

1122 (35.1)

333 (10.4)

924 (28.9)

506 (15.8)

1.83[1.37,2.43]

86.00

101.00]

36.91

37.29]

19.08

21.87]

84.41

96.85]

75.64

81.84]

97.61

98.77]

2030 (63.5)

1166 (36.5)

1365 (42.7)

1831 (57.3)

596 (18.6)

1068 (33.4)

363 (11.4)

948 (29.7)

502 (15.7)

[71.60,

[36.71,

[16.95,

[76.28,

[70.73,

[96.20,

0.019

0.041

0.033

0.031

0.007

0.021

0.031

0.012

0.018

0.034

0.036

0.03

0.017

0.003
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Chronic pulmonary

Renal disease

Liver disease

Diabetes

Severity of illness

SOFA score

Respiration

Cardiovascular

Renal

Nervous

Liver

Coagulation

SAPS II score

Sedative-analgesic

medications

Propofol

Midazolam

Fentanyl

AKI stage
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3331 (26.6)

3143 (25.1)

1701 (13.6)

4023 (32.1)

6.00 [3.00, 8.00]

0.00 [0.00, 2.00]

1.00 [1.00, 3.00]

1.00 [0.00, 2.00]

1.00 [0.00, 2.00]

0.00 [0.00, 0.00]

0.00 [0.00, 1.00]

39.00 [31.00, 48.00]

6289 (50.2)

3049 (24.3)

6018 (48.0)

6722 (53.6)

BMJ Open
914 (28.4)
602 (18.7)
488 (15.2)
984 (30.6)
8.00  [5.00,
11.00]
3.00  [0.00,
3.00]
1.00  [1.00,
4.00]
0.00  [0.00,
1.00]
200  [1.00,
3.00]
0.00  [0.00,
0.00]
0.00  [0.00,
1.00]
40.00  [32.00,
50.00]
2924 (90.9)
1262 (39.2)
2586 (80.4)
1826 (56.7)

0.041

0.154

0.046

0.033

0.451

0.596

0.29

0.11

0.343

0.008

0.156

0.089

0.997

0.324

0.717

0.063

901 (28.2)

610 (19.1)

504 (15.8)

971 (30.4)

7.00 [5.00, 11.00]

2.00 [0.00, 3.00]

1.00 [1.00, 4.00]

0.00 [0.00, 1.00]

2.00 [1.00, 3.00]

0.00 [0.00, 0.00]

0.00 [0.00, 1.00]

40.00 [31.00, 50.00]

2902 (90.8)

1234 (38.6)

2601 (81.4)

1812 (56.7)

907 (28.4)

598 (18.7)

487 (15.2)

979 (30.6)

8.00 [5.00, 11.00]

3.00 [0.00, 3.00]

1.00 [1.00, 4.00]

0.00 [0.00, 1.00]

2.00 [1.00, 3.00]

0.00 [0.00, 0.00]

0.00 [0.00, 1.00]

40.00 [32.00,

50.00]

2902 (90.8)

1246 (39.0)

2564 (80.2)

1810 (56.6)
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0.016 5
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(7]
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@
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o
o
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o
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0.001 2
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=)
5
«
0.003 >
S
=)
>
«
Q
>
o
25
3
<0.00 2
(9]
o
1 3
=3
o
0.008 =3
D
12
0.029
0.034

* (s3gv) Inaladns juswaublosug


http://bmjopen.bmj.com/

Page 9 of 28

oNOYTULT D WN =

BMJ Open
2 4593 (36.6) 1102 (34.2) 1123 (35.1) 1096 (34.3)
3 1221 (9.7) 290 (9.0) 261 (8.2) 290 (9.1)
Sepsis 8011 (63.9) 2590 (80.5) 0.377 2550 (79.8) 2568 (80.4)
Antibiotic 9852 (78.6) 3016 (93.7) 0.449 2991 (93.6) 2994 (93.7)
Glucocorticoid 2186 (17.4) 544 (16.9) 0.014 530 (16.6) 543 (17.0)
Outcome
In-hospital mortality 1930 (15.4) 432 (13.4) 563 (17.6) 431 (13.5)
180-day mortality 3725 (29.7) 704 (21.9) 868 (27.2) 703 (22.0)

0.014

0.004

0.011

Values are expressed as M+SD/median (IQR) or n (%).
PSM, Propensity Score Matching; DEX, Dexmedetomidine; SAPS, Simplified Acute Physiology Score; WBC, white blood cell; MAP,
Mean arterial pressure; SOFA, The Sequential Organ Failure Assessment; MV, Mechanical ventilation; CRRT, continuous renal

replacement therapy; AKI, Acute kidney disease.

Definitions and Outcomes

DEX use was defined as patients who received any dexmedetomidine treatment
throughout hospitalization in the ICU, whatever the dosage. The primary outcome was
in-hospital mortality and 180-day mortality of AKI patients in the ICU.

Statistical analysis

Our study presented continuous variables are described as mean * standard

deviaton for normally distributed or as the median and interquartile range (IQR) if not
normally distributed, while the t-test or Mann-Whitney U test was utilized for
comparison between groups, respectively. Categorical variables were presented using
numbers and percentages (%), and the chi-square test or Fisher’s exact test was adopted
from group comparisons. We used propensity score matching (PSM) by 1:1 nearest
neighbor matching to adjust the baseline difference between the groups. The caliper
value was set to 0.2 between matching participants. The standardized mean difference
(SMD) was calculated to determine the balance within the model (Table 1), and SMD
greater than 0.1 was considered unbalanced.?’

We used cox proportional hazards regression to assess the effect of DEX use on
in-hospital mortality and 180-day mortality. Parameters with a p-value < 0.1 during

univariate analysis and potential confounding factors were included in the multivariate

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

regression model. In the subgroup analysis, we classified patients based on age, gender,
AKI stage, and sepsis incidence to assess the reliability of our findings. We conducted
all statistical analyses using either R version 4.1.2, GraphPad Prism 6 software and

MedCalc 20.1. The significance level was set at P < 0.05.
Results

Baseline population characteristics

15754 individuals diagnosed with AKI after ICU admission within 48h were
selected for this analysis after excluding patients based on the exclusion criteria and
classified in non-dexmedetomidine (non-DEX, n=12536) and dexmedetomidine (DEX,
n=3218) groups (Fig.1). After PSM, the characteristics of 3196 patients in both groups
were comparable (SMD< 0.1) (Table 1).

As presented in table 1, there were meaningful differences in age, gender,
laboratory measurements, vital signs, admission type between the DEX group and the
non-DEX group in the whole cohort. DEX treatment was more common in men and
younger.

Primary Outcome

In-hospital mortality: We found that DEX use decreased in-hospital mortality risk
by 38% among critically ill patients with AKI (HR: 0.62, 95% CI: 0.55-0.70) during
PSM modeling and Cox proportional hazards regression (HR: 0.61, 95% CI: 0.55-0.68)
(Fig.2, Supplementary table 1). A significant decrease in in-hospital mortality was
observed among critically ill patients receiving DEX at AKI stage 1 (15.6% vs. 10.7%,
p< 0.001), stage 2 (18.5% vs. 14.7%, p= 0.017) but not stage 3 (27.6% vs. 26.6%, p=
0.848) (Fig.3).

180-day mortality: DEX use also reduced 180-day mortality risk by 22% among
critically ill patients with AKI (HR: 0.77, 95% CI: 0.69-0.85) during PSM modeling
and Cox proportional hazards regression (HR: 0.68, 95% CI: 0.63-0.74) (Fig.2,
Supplementary table 2). A significant decrease in 180-day mortality was observed

among critically ill patients receiving DEX at AKI stage 1 (24.7% vs. 18.2%, p<0.001),

stage 2 (28.3% vs. 24.0%, p=0.023) but not stage 3 (39.1% vs. 38.3%, p=10.861) (Fig.3).

We also investigated the in-hospital and 180-day survival in critically patients
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with AKI. The DEX group had significantly higher freedom from death at in-hospital
(86.5 vs. 82.4%, p <0.001) and 180-day (78.0 vs. 72.8%, p < 0.001) than the non-
DEX group, respectively (Fig.4).

Overall, the use of DEX had a significant beneficial effect on the in-hospital
mortality and 180-day mortality of AKI in critically ill patients.
Subgroup analysis

Subgroup analysis indicated that DEX use reduced in-hospital mortality of
critically ill patients with AKI (Supplementary figure 1). There were no interactions
between age, gender, sepsis, AKI stage, and DEX use, suggesting that these results were
comparable for all populations.

Discussion

The present study showed that DEX use in severely ill AKI patients was linked
with lower risk-adjusted in-hospital mortality and 180-day mortality. Consistent results
were observed in different models. During subgroup analysis, after stratification
according to age, gender, AKI stage, and sepsis, a strong correlation was still observed.
Overall, we provide preliminary evidence that DEX has a beneficial effect on the
prognosis of AKI in critically ill patients, providing the foothold to improve the
outcomes of this patient population.

Overwhelming literature substantiates that DEX can alleviate AKI caused by
several factors. Wang et al. previously uncovered that DEX could ameliorate AKI in
mice with sepsis by partially inhibiting oxidative stress and apoptosis by modulating
the p7SNTR/p38MAPK/JNK signaling pathways.?! Zhao et al. further substantiated
that DEX protected against lipopolysaccharide-induced AKI by promoting autophagy
mediated by PI3K/AKI/mTOR pathway inhibition.>?> A meta-analysis by Loomba et al.
demonstrated that DEX could confer postoperative renal protective effects with lower
NGAL levels and increased creatine clearance in patients who received DEX. These
effects correlated with reduced ICU length of stay and risk of AKI and mortality.?* Shan
et al. found that DEX could minimize AKI incidence in Stanford type B aortic
dissection (TBAD) patients after endovascular aortic repair (EVAR).>* A single-center

RCT of 108 patients* showed that prior administration of DEX within 24 hours after
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induction of anesthesia could reduce the incidence of AKI after aortic surgery under
cardiopulmonary bypass. An RCT by Tang et al.?¢ showed that DEX pretreatment
attenuated AKI in patients. Animal studies further indicated that DEX could reduce
cellular injury, improve renal function, and mitigate apoptosis in renal cells.
Furthermore, Liu et al. revealed that DEX infusion in ICU patients with septic shock
was linked to decreased AKI incidence and reduced ICU stay and CRRT performance.
It is highly conceivable that the mechanism is related to anti-inflammatory effects and
immunomodulation.?’

Inflammation is key to AKI pathogenesis, progression, and prognosis. An
increasing body of evidence suggests that DEX confers renoprotective effects and may
be involved in the regulation of inflammation.?®3° A meta-analysis by Ma et al.3! that
included 4842 patients showed that DEX decreased pro-inflammatory like cytokines
interleukin-6, C-reactive, tumor necrosis factor-o, and increased anti-inflammatory
cytokines like IL-10 in surgical patients. A sub-analysis of a multicenter RCT by Ohta
et al.>? suggested that sedation using DEX reduced inflammation in patients with sepsis
requiring mechanical ventilation. Animal studies have shown that DEX may have a
protective effect on cisplatin-induced AKI, and its potential mechanism may be related
to the regulation of apoptosis and inflammatory response.’? In addition, DEX can
ameliorate microcirculation disorders by decreasing norepinephrine levels in the blood
and increasing urine output and renal blood flow.3* Since our study did not collect
inflammatory indicators, the hypothesis that DEX may attenuate excessive
inflammation could not be confirmed, emphasizing the need for future studies.
Emerging evidence substantiates the benefits of DEX in AKI, but the prognosis and
follow-up of AKI in critically ill patients have been largely understudied. In the present
study, we consistently found that the in-hospital mortality of AKI patients in the DEX
group was significantly lower than in the non-DEX group. At the same time, we found
that the 180-day mortality of AKI patients was consistent with the in-hospital mortality,
suggesting that DEX use is associated with survival benefits in this particular patient
population. Our research provides a theoretical basis for clnicians to use DEX to

manage critically ill patients with AKI.
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1
2
3
4 Our subgroup analysis showed that DEX was effective in sepsis-associated-AKI
5 . . . . .
6 (SA-AKI) patients, consistent with the literature.’> Consistently, Hu et al. analyzed
7 . . .
8 2192 patients with SA-AKI and found that DEX use was related to decreased in-
10 hospital mortality and improved renal function recovery of SA-AKI in critically ill
:; patients. Unlike Hu’s study is that our study included all types of AKI populations in
:i the ICU. Our results showed that DEX use reduced in-hospital mortality of AKI in w
3
12 critically ill patients. Follow-up analysis showed that DEX use reduced the 180-day s
O
17 mortality of patients. Our findings suggest DEX is effective against sepsis-associated 8 ‘
18 g -
19 AKI and for AKI patients in general and improves the long-term prognosis. The role of 3
20 2
=, \
;; DEX on more types of AKI subgroups warrants further exploration in severely ill e
23 subjects. 3
24 c
25 Our research has several limitations. First, data acquired from this database was El
26 =
27 adopted to maximize generalizability and power. Accordingly, there was no formal E |
28 o m
D S
29 calculation of sample size in this study. Although the sample size of the subgroup was 28
30 ®a"
v S
g; comparatively larger compared to previous studies, it may also increase the risk of false g% :
. . . . . 53
33 positive results during multiple subgroup analyses. In addition, our study's retrospective T 0
34 5
35 nature may have limited our findings' accuracy, and there could be other unknown Qa";‘?_}
37 potential confounding factors that we were unable to control for. However, we adjusted 8
38 3@
39 for many confounding factors, and PSM was conducted. Moreover, data analyzed in g@
40 Q- -
41 this study were acquired from a single-center observation database, emphasizing the >
42 S
43 need for a multicenter RCT to increase the robustness of our findings. %j
44 . &
45 Conclusion o
46 a
47 This retrospective cohort study showed that dexmedetomidine administration ‘é
48 .. . . . . .. .. . )
49 significantly reduces risk-adjusted in-hospital and 180-day mortality in critically ill 2
(4]
(¢]
g? patients with AKI. However, further RCTs are needed to develop the robustness of our :5: |
a \
52 . S
53 findings. :
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Figure Legends:
Fig.1. Flowchart of patients selection for the study. MIMIC-IV: Medical Information Mart for

Intensive Care Database IV; ICU: intensive care unit.
Fig.2. Association between in-hospital mortality, 180-day mortality and dexmedetomidine use of
AKI patients evaluated by the Cox model. HR, hazard ratio; CI: confidence interval; Unadjusted:

without adjustment; Multivarable adjusted: adjusted for all the baseline variables shown in Table 1.
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PSM: propensity score matching.
Fig.3. In-hospital mortality and 180-day mortality of AKI in critically ill patients between the

dexmedetomidine and non-dexmedetomidine group in different AKI stage.

Fig.4. Freedom from death at in-hospital and 180-day in critically ill patients with AKI between the
two groups.

Supplementary figure 1. Subgroup analysis of the association between dexmedetomidine use and

in-hospital mortality.
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Fig.1. Flowchart of patients selection for the study. MIMIC-IV: Medical Information Mart for Intensive Care

Database IV; ICU: intensive care unit.
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Fig.2. Association between in-hospital mortality, 180-day mortality and dexmedetomidine use of AKI
patients evaluated by the Cox model. HR, hazard ratio; CI: confidence interval; Unadjusted: without
adjustment; Multivarable adjusted: adjusted for all the baseline variables shown in Table 1. PSM: propensity
score matching.

338x190mm (96 x 96 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 28

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| op anbiydeibol|qig sousby 1e GZoz ‘TT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON GT U0 §/9€/0-£202-uadolwa/ogTT 0T se paysiignd 1siiy :uado rING


http://bmjopen.bmj.com/

Page 21 of 28

oNOYTULT D WN =

BMJ Open
30 . 50 »
9 W Non-dexmedetomidine - B Non-dexmedstomidine
:_S Dexmedetomidine § 40 Dexmedetomidine
T 2 £
t [l * *
30 *
2 E £
E 10 : 20
g 3
g - 10
& -
o 0
Total Stage1 Stage2 Stage3 Total Stage1 Stage2 Stage3
AKI AK|

Fig.3. In-hospital mortality and 180-day mortality of AKI in critically ill patients between the
dexmedetomidine and non-dexmedetomidine group in different AKI stage.
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Fig.4. Freedom from death at in-hospital and 180-day in critically ill patients with AKI between the two
groups.
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Cox logistic regression analysis of in-hospital mortality (before PSM)

Univariable Multivariable

Variables OR (95%Cl) P value OR (95%Cl) P value

Need of support

Vasopressors 2.636 (2.415, <0.001 1.394 (1.251, 1.553) <0.001
2.877)

MV 4.108 (3.782, <0.001 4.090 (3.710, 4.509) <0.001
4.462)

CRRT 1.863 (1.680, <0.001 0.845 (0.750, 0.952) 0.006
2.065)

Comorbidities at ICU

admission

Congestive heart failure 1.151 (1.058, 0.001 1.229 (1.125, 1.342) <0.001
1.251)

Cerebrovascular disease 1.437 (1.307, <0.001 1.547 [1.403, 1.705] <0.001
1.581)

Chronic pulmonary 1.056 (0.965, 0.237
1.155)

Renal disease 1.101 (1.005, 0.040 1.025[0.928, 1.132] 0.629
1.206)

Liver disease 1.651 (1.505, <0.001 1.120 (1.009, 1.244) 0.033
1.812)

Diabetes 0.901 (0.825, <0.001 0.818 [0.746, 0.898] <0.001
0.984)

Severity of illness

SOFA score 1115  (1.105, <0.001 1.007 [0.993,1.021]  0.350
1.125)

SAPS Il score 1.033 (1.031, <0.001 1.018 (1.015, 1.021) <0.001
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1.036)
Sedative-analgesic
medications
Propofol 0.788
0857)
Midazolam 1.680
1.823)
Fentanyl 1.724
1.895)
AKI stage
AKI stage 1 Ref
AKI stage 2 1.142
1.217)
AKI stage 3 1.800
1.969)
Lactate (mmol/L) 1.314
1.337)
Sepsis 1.871
2.096)
Antibiotic 1.366
1.562)
Glucocorticoid 0.719
0.801)
DEX 0.585
0.650)

(0.725,

(1.547,

(1.568,

(1.071,

(1.646,

(1.292,

(1.670,

(1.191,

(0.645,

(0.526,

BMJ Open

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.465 (0.421, 0.513)

0.838 (0.758, 0.928)

1.309 (1.154, 1.486)

Ref

1.044 (0.955, 1.142)

1.048 (0.928, 1.183)

1.224 (1.199, 1.250)

1,574 (1.304, 1.901)

0.665 (0.533, 0.831)

0.709 (0.635, 0.791)

0.610 (0.546, 0.680)

<0.001

0.001

<0.001

0.342

0.453

<0.001

<0.001

<0.001

<0.001

<0.001

PSM, Propensity Score Matching; DEX, Dexmedetomidine; SAPS, Simplified Acute Physiology Score; SOFA, The Sequential Organ

Failure Assessment; MV, Mechanical ventilation; CRRT, continuous renal replacement therapy; AKI, Acute kidney disease.
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Supplementary table 2.

BMJ Open

Cox logistic regression analysis of 180-day mortality (before PSM)

Univariable Multivariable

Variables OR (95%Cl) P value OR (95%Cl) P value

Need of support

Vasopressors 2771 (2.579, <0.001 1.454 (1.331, 1.588) <0.001
2.977)

MV 2.626 (2.474, <0.001 2.565 (2.390, 2.752) <0.001
2.788)

CRRT 2.554 (2.345, <0.001 0.995 (0.899, 1.101) 0.920
2.783)

Comorbidities at ICU

admission

Congestive heart failure 1.318 (1.240, <0.001 1.194 (1.120, 1.273) <0.001
1.400)

Cerebrovascular disease 1.423 (1.324, <0.001 1.581 (1.469, 1.701) <0.001
1.530)

Chronic pulmonary 1.129 (1.058, <0.001 1.104 (1.033, 1.180) 0.004
1.204)

Renal disease 1.379 (1.293, <0.001 1.090 (1.017, 1.168) 0.015
1.472)

Liver disease 1.881 (1.749, <0.001 1.249 (1.152, 1.355) <0.001
2.022)

Diabetes 0.982 (0.922, 0.580
1.046)

Severity of illness

SOFA score 1.129 (1.121, <0.001 1.013 (1.001, 1.024) 0.029
1.136)

SAPS Il score 1.039 (1.037, <0.001 1.025 (1.023, 1.028) <0.001

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug

N


http://bmjopen.bmj.com/

oNOYTULT D WN =

1.041)
Sedative-analgesic
medications
Propofol 0.715
0.758)
Midazolam 1.809
1.923)
Fentanyl 1.492
1.586)
AKI stage
AKI stage 1 Ref
AKI stage 2 1.142
1.217)
AKI stage 3 1.800
1.969)
Lactate (mmol/L) 1.250
1.268)
Sepsis 2.060
2.215)
Antibiotic 1531
1.669)
Glucocorticoid 1.162
1.251)
DEX 0.693
0.751)

(0.674,

(1.703,

(1.404,

(1.071,

(1.646,

(1.232,

(1.915,

(1.404,

(1.079,

(0.639,

BMJ Open

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.448 (0.418, 0.482)

0.910 (0.841, 0.986)

1.242 (1.140, 1.352)

Ref

1.076 (1.009, 1.148)

1.097 (0.999, 1.204)

1.155 (1.134, 1.176)

1.664 (1.478, 1.874)

0.808 (0.703, 0.928)

1.072 (0.994, 1.156)

0.683 (0.626,0.744)

<0.001

0.021

<0.001

0.025

0.051

<0.001

<0.001

0.003

0.071

<0.001

PSM, Propensity Score Matching; DEX, Dexmedetomidine; SAPS, Simplified Acute Physiology Score; SOFA, The Sequential Organ

Failure Assessment; MV, Mechanical ventilation; CRRT, continuous renal replacement therapy; AKI, Acute kidney disease.
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Supplementary figure 1

Age

<60
Gender
Female
Male
AKI
Stage 1
Stage 2
Stage 3
Sepsis
Yes

No

BMJ Open

Subgroup No. of Patients

10953 ——

4801 —a—

6756 ——

8998 ——

8548 —a—

5695 ——

1511 —a—

10601 =

5153 —

Supplementary figure 1. Subgroup analysis of the association between dexmedetomidine use and

0.325 0.50.60.70.80.9 1
---No dexmedetomidine Better--->

<---Dexmedetomidine Better---

in-hospital mortality.

OR (95% ClI)

0.69 (0.60-0.78)

0.445 (0.36-0.55)

0.61 (0.53-0.71)

0.70 (0.59-0.83)

0.63 (0.53-0.74)
0.70 (0.58-0.85)

0.62 (0.47-0.81)

0.66 (0.59-0.74)

0.51 (0.34-0.77)

P for interaction

0.6

0.57

0.69

0.35
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 3
Methods
Study design 4 Present key elements of study design early in the paper
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 4
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and 5
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 4
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 4
confounding
(b) Describe any methods used to examine subgroups and interactions 4
(¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 6
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 6
(¢) Consider use of a flow diagram Yes
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 6
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Report numbers of outcome events or summary measures over time 6

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublosug

-


http://bmjopen.bmj.com/

Page 29 of 28

BMJ Open

Main results 16

oNOYTULT D WN =

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period

9 Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

12 Discussion
13 Key results 18

Summarise key results with reference to study objectives

14 Limitations 19

Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias

17 Interpretation 20

Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

19 Generalisability 21

Discuss the generalisability (external validity) of the study results

8.9

21 Other information

22 Funding 22

Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

26 *@Give information separately for exposed and unexposed groups.

30 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

31 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

32 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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Authors: Wenting Wang!, Yu Jin!, Peiyao Zhang!, Peng Gao', He Wang!, Jinping

Liu!*

Institutions: Department of Cardiopulmonary Bypass, State Key Laboratory of
Cardiovascular Disease, Fuwai Hospital, National Center for Cardiovascular
Diseases, Chinese Academy of Medical Sciences and Peking Union Medical College,

Beijing, China

Corresponding Author: Jinping Liu; Fuwai hospital, No.167, North Lishi Road,
Xicheng District, 100037, Beijing, China; E-mail: liujinping@fuwai.com; TEL: 010-
88396257, FAX: 010-88396257.

Abstract:

Objectives This study sought to estimate the effect of dexmedetomidine (DEX)
administration on mortality in critically ill patients with acute kidney injury (AKI).
Design A retrospective cohort study.

Setting The study sourced its data from the Multiparameter Intelligent Monitoring in
Intensive Care Database IV (MIMIC-1V), a comprehensive database of ICU patients.
Participants A total of 15754 critically ill patients with AKI were enrolled from the
MIMIC-IV database.

Primary and secondary outcome Primary outcome was in-hospital mortality and
secondary outcome was 180-day mortality.

Results 15754 critically ill AKI patients were included in our analysis. We found that
DEX use decreased in-hospital mortality risk by 38% (HR: 0.62, 95% CI: 0.55-0.70).
A significant decrease in in-hospital mortality was observed following treatment with

DEX among critically ill patients with AKI stage 1 (15.6% vs. 10.7%, p<0.001), stage
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2 (18.5% vs. 14.7%, p=0.017) but not stage 3 (27.6% vs. 26.6%, p = 0.848). Moreover,

the 180-day mortality was reduced at AKI stage 1 (24.7% vs. 18.2%) and stage 2 (28.3%

vs. 24.0%) but not stage 3 (39.1% vs. 38.3%)).

Conclusions Our retrospective cohort study suggests that DEX significantly correlates
with decreased risk-adjusted in-hospital and 180-day mortality in critically ill AKI
patients. Nonetheless, future randomized controlled trials (RCTs) are warranted to
validate our findings.

Keywords: Dexmedetomidine, AKI, Mortality, MIMIC-1V, Propensity score matching

Strengths and limitations of this study

e This study included 15754 patients, which is a very large sample size for a
clinical study of critically ill patients with AKI.

e Additional confounding factors were adjusted and increased the reliability of
our results and conducted a subgroup analysis of the association between DEX
use and in-hospital mortality.

o This was a retrospective design without long-term follow-up, so the results
may be biased.

o The data of this study was from a MIMIC-IV database, and some data may be

missing which slightly offsets the results.

Introduction

Over the past few decades, the prevalence of acute kidney injury (AKI) has
significantly increased and has gradually become a global health concern.! AKI is a
common comorbidity among severely ill patients that require intensive care. Indeed,

more than half of patients experience AKI during their stay in the intensive care unit
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(ICU).2 AKI is related to adverse outcomes, increases CKD occurrence and kidney
replacement therapy, and raises the risk of short- and long-term deaths,? causing huge
social and economic burdens to patients and society. However, further research is
warranted to optimize the management of AKI.#

In the context of critical care, effective sedation is of utmost importance for
managing agitation and anxiety in patients.’ The primary objective of sedation in the
ICU is to achieve a state of calmness and cooperation in the patient, allowing for the
easy awakening and clear communication of needs, particularly concerning pain
management.® There is evidence to suggest that maintaining light sedation in patients
in the ICU can lead to better outcomes. Current guidelines recommend
dexmedetomidine (DEX) for sedation in an intensive care setting.” DEX is widely used
in ICU as a highly selective alpha-2 agonist.® An increasing body of evidence suggests
that DEX can inhibit the production of excess inflammation cytokine and protect renal
function, which may positively impact the prognosis of AKIL’!! However, the
renoprotective effects of DEX in critically ill patients have not been explored, based on
the above characteristics of DEX, we assume that the use of DEX can reduce the
mortality rate of AKI patients. The current literature consists mainly of basic-level
studies or small samples of other population cohorts, with a paucity of large-scale
research!?-13, Hence, the present study aims to investigate DEX’s effect on AKI-related
mortality in critically ill patients based on a large sample of critical care public
databases.

Methods
Data sources

The study sourced its data from the Multiparameter Intelligent Monitoring in
Intensive Care Database IV (MIMIC-IV), a comprehensive database of ICU patients.'4
We collected data on AKI patients from the MIMIC-1V database treated with or without
DEX. This database contains a publicly available and real-world clinical database of
patients at the Beth Isracl Deaconess Medical Center from 2008 to 2019. Informed
consent of patients was not required in this study since confidential patient information

was already deleted. All reports followed the guidelines of Strengthening
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Epidemiological Observation and Research Report (STROBE).!> A Collaborative
Institutional Training Initiative (CITI) license (Certificate No. 11326088) was obtained
by Wang W, who was entitled to extract data from the MIMIC-IV database in
accordance with the relevant regulations.
Participants

This study included patients who were admitted to the ICU and diagnosed with
acute kidney injury (AKI) according to the Kidney Disease Improving Global
Outcomes (KDIGO) criteria.!® The definition of baseline serum creatinine level (SCr)
in this study was based on two criteria: 1) the minimum SCr level recorded within 7
days before ICU admission, or 2) if there was no SCr data available before admission,
the first SCr level measured upon admission to the ICU was used as the baseline.!”
The MIMIC IV 2.0 database only contains data on adults older than 18. Patients who
met any of the following criteria were excluded from the study: (1) death within 48
hours after admission to the ICU, (2) ICU stays less than 48 hours.
Covariates

The study included demographic characteristics and clinical characteristics with
24-hour average values. The Sequential Organ Failure Assessment (SOFA) score,'® and

Simplified Acute Physiology Score (SAPS) IL ' were calculated within the first 24 h

after the ICU admission. We collected the following clinical information of each patient:

demographics, laboratory measurements, vital signs, ethnicity, admission type, need of
support, comorbidities at ICU admission, severity of illness, sedative-analgesic
medications use, AKI stage, sepsis, antibiotic use, glucocorticoid use(Table 1). These
covariates, including clinical characteristics and basic demographic information, were
based on other relevant studies and clinical practice.?0-2!
Data definitions

Extracted data from MIMIC-IV on the first day of ICU admission, including age,
gender, laboratory measurements, vital signs, ethnicity, admission type, vasopressors,
mechanical ventilation (MV), continuous renal replacement therapy (CRRT),
comorbidities, SOFA score, SAPS II score. We also collected information on whether

DEX, propofol, midazolam, fentanyl, antibiotics, and glucocorticoids were used during
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ICU hospitalization. Sepsis was defined as a life-threatening organ dysfunction caused
by a dysregulation of host response to infection (Sepsis 3.0)?2, which refers to patients
with documented or suspected infections and acute changes in the SOFA score > 2
points.

DEX use was defined as patients who received any dexmedetomidine treatment
throughout hospitalization in the ICU.
Outcomes

In-hospital mortality refers to the death of patients during this hospitalization,

which was recorded by the hospital®?. In the MIMIC-IV database, this type of patients
will be marked with a ‘hospital expire flag’ to indicate the hospital death during this
hospitalization. If a patient has been hospitalized multiple times, we only select the first
check-in record. The primary outcome was in-hospital mortality and the second
outcome was 180-day mortality of AKI patients in the ICU.

Statistical analysis

Our study presented continuous variables described as mean+standard deviaton

for normally distributed or as the median and interquartile range (IQR) if not normally
distributed, while the t-test or Mann-Whitney U test was utilized for comparison
between groups, respectively. Categorical variables were presented using numbers and
percentages (%), and the chi-square test or Fisher’s exact test was adopted from group
comparisons. We used propensity score matching (PSM) by 1:1 nearest neighbor
matching to adjust the baseline difference between the groups. The caliper value was
set to 0.2 between matching participants. The standardized mean difference (SMD) was
calculated to determine the balance within the model (Table 1), and SMD greater than
0.1 was considered unbalanced.?*

We used Cox proportional hazards regression and binary logistic regression to
assess the effect of DEX use on in-hospital mortality and 180-day mortality. In the
subgroup analysis, we used binary logistic regression analysis of in-hospital mortality
to assess the effect of DEX use on in-hospital mortality in subgroup populations.

Parameters with a p-value< 0.1 during univariate analysis and potential confounding
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factors were included in the multivariate regression model. In the subgroup analysis,
we classified patients based on age, gender, AKI stage, and sepsis incidence to assess
the reliability of our findings. We conducted all statistical analyses using either R
version 4.1.2, GraphPad Prism 6 software, or MedCalc 20.1. The significance level was
set at p< 0.05.

Patient and public involvement

None.
Results

Baseline population characteristics

15754 individuals diagnosed with AKI after ICU admission within 48h were
selected for this analysis after excluding patients based on the exclusion criteria
(Figure 1). In the whole cohort, the median age of patients was 68 (57 + 78) years old,
with 8998 (57.1%) males and 6756 (42.9%) females. 8548 (54.3%) patients were
diagnosed with AKI stage 1, 5695 (36.1%) with AKI stage 2, and 1511 (9.6%) with
AKI stage 3.

In this study, patients were classified into non-dexmedetomidine (non-DEX,
n=12536) and dexmedetomidine (DEX, n=3218) groups. Compared with the non-DEX
group, the DEX group was younger (63 vs 69y, p<0.001), heavier weight (86.0 vs 80.8
kg, p< 0.001), higher wbc (11.9 vs 11.1 x10%, p< 0.001), temperature (36.9 vs 36.8 °C,
p<0.001), Spo2 (97.6 vs 97.3 %, p<0.001), sofa score (8.0 vs 6.0, p<0.001) and SAPS
IT score (40.0 vs 39.0, p< 0.001), faster respiratory rate (19.1 vs 18.8 bpm, p< 0.001)
and heart rate (84.5 vs 84.0 bpm, p= 0.001), lower platelet (174.0 vs 188.0 10°/L, p<
0.001), creatinine (1.0 vs 1.1 mg/dL, p< 0.001), bun (19.0 vs 21.0 mg/dL, p< 0.001),
lactate (1.83 vs 2.02 mmol/L, p=0.001), congestive heart failure (29.6% vs 34.4%, p<
0.001) and renal disease (18.7% vs 25.1%, p< 0.001), more female (65.1% vs 55.1%,
p< 0.001), white ethnicity (63.4% vs 67.9%, p< 0.001), emergency admission (42.5%
vs 53.6, p< 0.001), vasopressin use (18.6 vs 9.7 %, p< 0.001), MV (33.2% vs 23.7%,
p<0.001), CRRT (11.4% vs 6.1%, p< 0.001), chronic pulmonary (28.4% vs 26.6%, p=
0.039), liver disease (15.2% vs 13.6%, p= 0.021), propofol use (90.0% vs 50.2%, p<
0.001), midazolam use (39.2% vs 24.3%, p< 0.001) fentanyl use (80.4% vs 48.0, p<
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176 0.001) AKlIstage 1 (56.7% vs 53.6%, p= 0.006), sepsis (80.5% vs 63.9%, p< 0.001)

177  and antibiotics use (93.7% vs 78.6%, p< 0.001). After PSM, the characteristics of 3196

178  patients in both groups were comparable (SMD< 0.1) (Table 1).
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179 Table 1. Baseline characteristics for the two groups before and after matching.
Characteristic Before PSM After PSM
Non-DEX DEX SMD Non- DEX DEX SMD
i
o
(n=12536) (n=3218) (n=3196) (n=3196) =
o
®
Age (y) 69.00 [58.00, 79.00] 63.00 [52.00, 73.00] 0.377 64.00 [53.00, 73.00] 63.00 [52.00, 73.00] 0.018 g
<
o
Gender, male, n (%) 6903 (55.1) 2095 (65.1) 0.206 2088 (65.3) 2077 (65.0) 0.007 _8
<
Laboratory measurements ‘g_
Hemoglobin (g/dL) 10.50 [8.90, 12.00] 10.40 [8.90, 12.20] 0.012 10.40 [8.80, 12.10] 10.40 [8.90, 12.20] 0.004 a
c
2
Platelet (x10%/L) 188.00 [137.00, 247.54] 174.00 [130.37, 229.46] 0.146 175.35[127.48, 229.91] 173.90 [130.31, 229.50] 0.009 é
S
WBC (x10%) 11.10 [8.30, 14.70] 11.86 [9.00, 15.50] 0.075 11.80 [8.70, 15.55] 11.86 [9.00, 15.48] 0.013 E
)
3
Creatinine (mg/dL) 1.10 [0.80, 1.60] 1.00 [0.80, 1.50] 0.108 1.00 [0.70, 1.50] 1.00 [0.80, 1.50] 0.001 2
)
D
BUN (mg/dL) 21.00 [15.00, 35.00] 19.00 [14.00, 28.06] 0.177 19.00 [13.00, 29.00] 19.00 [14.00, 28.06] 0.006 8
=]
Lactate (mmol/L) 2.02[1.41, 2.30] 1.83 [1.37, 2.43] 0.051 1.88 [1.38,2.43] 1.83 [1.37, 2.43] 0.019 <
<
Vital signs %
a
o
Weight (kg) 80.80 [68.00, 96.00] 86.00 [71.60, 101.00] 0.095 85.00 [71.00, 100.00] 86.00 [71.60, 101.00] 0.041 %
3
Temperature (°C) 36.83 [36.57, 37.09] 36.91 [36.71, 37.30] 0.289 36.88 [36.66, 37.29] 36.91 [36.71, 37.29] 0.033 g
«
Respiratory rate (bpm) 18.83 [16.68, 21.64] 19.09 [16.96, 21.89] 0.069 18.97 [16.88, 21.72] 19.08 [16.95, 21.87] 0.031 >
)
Heart rate (bpm) 84.03 [74.35, 96.08] 84.47[76.30, 96.94] 0.074 84.74 [75.56, 97.25] 84.41 [76.28, 96.85] 0.007 =)
S
@
MAP (mmHg) 75.49 [69.80, 82.95] 75.66 [70.74, 81.85] 0.004 75.74 [70.47, 82.39] 75.64 [70.73, 81.84] 0.021 o
=]
o
Spo2 (%) 97.25[95.77, 98.59] 97.60 [96.20, 98.77] 0.131 97.72 [96.25, 98.93] 97.61 [96.20, 98.77] 0.031 %
5
Ethnicity, white, n (%) 8516 (67.9) 2039 (63.4) 0.096 2048 (64.1) 2030 (63.5) 0.012 =
g
Admission type, emergency,n 6720 (53.6) 1369 (42.5) 0.223 1393 (43.6) 1365 (42.7) 0.018 g
e
(%) o
iz
Need of support, n (%)
Vasopressors 1221 (9.7) 600 (18.6) 0.257 554 (17.3) 596 (18.6) 0.034
MV 2977 (23.7) 1069 (33.2) 0.211 1122 (35.1) 1068 (33.4) 0.036
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CRRT 768 (6.1) 367 (11.4) 0.187 333 (10.4) 363 (11.4) 0.030
Comorbidities at
admission, n (%)
Congestive heart failure 4314 (34.4) 951 (29.6) 0.104 924 (28.9) 948 (29.7) 0.017
Cerebrovascular disease 2139 (17.1) 504 (15.7) 0.038 506 (15.8) 502 (15.7) 0.003
Chronic pulmonary 3331(26.6) 914 (28.4) 0.041 901 (28.2) 907 (28.4) 0.004
Renal disease 3143 (25.1) 602 (18.7) 0.154 610 (19.1) 598 (18.7) 0.010
Liver disease 1701 (13.6) 488 (15.2) 0.046 504 (15.8) 487 (15.2) 0.015
Diabetes 4023 (32.1) 984 (30.6) 0.033 971 (30.4) 979 (30.6) 0.005
Severity of illness
SOFA score 6.00 [3.00, 8.00] 8.00 [5.00, 11.00] 0.451 7.00 [5.00, 11.00] 8.00 [5.00, 11.00] 0.027
SAPS II score 39.00 [31.00, 48.00] 40.00 [32.00, 50.00] 0.089 40.00 [31.00, 50.00] 40.00 [32.00, 50.00] 0.003
Sedative-analgesic
medications, n (%)
Propofol 6289 (50.2) 2924 (90.9) 0.997 2902 (90.8) 2902 (90.8) <0.001
Midazolam 3049 (24.3) 1262 (39.2) 0.324 1234 (38.6) 1246 (39.0) 0.008
Fentanyl 6018 (48.0) 2586 (80.4) 0.717 2601 (81.4) 2564 (80.2) 0.029
AKI stage, n (%) 0.063 0.034
1 6722 (53.6) 1826 (56.7) 1812 (56.7) 1810 (56.6)
2 4593 (36.6) 1102 (34.2) 1123 (35.1) 1096 (34.3)
3 1221 (9.7) 290 (9.0) 261 (8.2) 290 (9.1)
Sepsis, n (%) 8011 (63.9) 2590 (80.5) 0.377 2550 (79.8) 2568 (80.4) 0.014
Antibiotic, n (%) 9852 (78.6) 3016 (93.7) 0.449 2991 (93.6) 2994 (93.7) 0.004
Glucocorticoid, n (%) 2186 (17.4) 544 (16.9) 0.014 530 (16.6) 543 (17.0) 0.011
Outcome, n (%)
In-hospital mortality 1930 (15.4) 432 (13.4) 563 (17.6) 431 (13.5)
180-day mortality 3725(29.7) 704 (21.9) 868 (27.2) 703 (22.0)

180 Values are expressed as M=SD/median (IQR) or n (%).

181 PSM, Propensity Score Matching; DEX, Dexmedetomidine; SAPS, Simplified Acute Physiology Score; WBC, white blood cell; MAP,

182 Mean arterial pressure; SOFA, The Sequential Organ Failure Assessment; MV, Mechanical ventilation; CRRT, continuous renal

183 replacement therapy; AKI, Acute kidney disease.
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Primary Outcome
In-hospital mortality: We found that DEX use decreased in-hospital mortality risk
by 38% among critically ill patients with AKI (HR: 0.62, 95% CI: 0.55-0.70) during

PSM modeling. Moreover, Cox proportional hazards regression (HR: 0.61, 95% CI:

0.55-0.68) (Fig.2, Supplementary table 1) and binary logistic regression (OR: 0.64, 95%
CI: 0.56-0.73) (Supplementary table 2) were consistent with the trend of PSM modeling.

A significant decrease in in-hospital mortality was observed among critically ill patients
receiving DEX at AKI stage 1 (15.6% vs. 10.7%, p<0.001), stage 2 (18.5% vs. 14.7%,
p=0.017) but not stage 3 (27.6% vs. 26.6%, p= 0.848) (Fig.3).
Second Outcome

180-day mortality: DEX use also reduced 180-day mortality risk by 22% among
critically ill patients with AKI (HR: 0.77, 95% CI: 0.69-0.85) during PSM modeling.
Moreover, Cox proportional hazards regression (HR: 0.68, 95% CI: 0.63-0.74) (Fig.2,
Supplementary table 3) and binary logistic regression (OR: 0.64, 95% CI: 0.57-0.71)
(Supplementary table 4) were consistent with the trend of PSM modeling. A significant
decrease in 180-day mortality was observed among critically ill patients receiving DEX
at AKI stage 1 (24.7% vs. 18.2%, p< 0.001), stage 2 (28.3% vs. 24.0%, p= 0.023) but
not stage 3 (39.1% vs. 38.3%, p=0.861) (Fig.3).

We conducted a check on the goodness of fit of the model and found that p<
0.05, indicates a good fit of the model. We also investigated the in-hospital and 180-
day survival in critical patients with AKI. The DEX group had significantly higher
freedom from death at in-hospital (86.5 vs. 82.4%, p <0.001) and 180-day (78.0 vs.
72.8%, p < 0.001) than the non-DEX group, respectively (Fig.4).

Overall, the use of DEX had a significant beneficial effect on the in-hospital
mortality and 180-day mortality of AKI in critically ill patients.

Subgroup analysis

Subgroup analysis indicated that DEX use reduced in-hospital mortality of

critically ill patients with AKI (Supplementary Figure 1). There were no interactions

between age, gender, sepsis, AKI stage, and DEX use, suggesting that these results were
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comparable for all populations.
Discussion

The present study showed that DEX use in severely ill AKI patients was linked
with lower risk-adjusted in-hospital mortality and 180-day mortality. Consistent results
were observed in different models. During subgroup analysis, after stratification
according to age, gender, AKI stage, and sepsis, a strong correlation was still observed.
Overall, we provide preliminary evidence that DEX has a beneficial effect on the
prognosis of AKI in critically ill patients, providing the foothold to improve the
outcomes of this patient population.

Overwhelming literature substantiates that DEX can alleviate AKI caused by
several factors. Wang et al. previously uncovered that DEX could ameliorate AKI in
mice with sepsis by partially inhibiting oxidative stress and apoptosis by modulating
the p75NTR/p38MAPK/INK signaling pathways.?> Zhao et al. further substantiated
that DEX protected against lipopolysaccharide-induced AKI by promoting autophagy
mediated by PI3K/AKI/mTOR pathway inhibition.?¢ A meta-analysis by Loomba et al.
demonstrated that DEX could confer postoperative renal protective effects with lower
NGAL levels and increased creatine clearance in patients who received DEX. These
effects correlated with reduced ICU length of stay and risk of AKI and mortality.?’ Shan
et al. found that DEX could minimize AKI incidence in Stanford type B aortic
dissection (TBAD) patients after endovascular aortic repair (EVAR).?® A single-center
RCT of 108 patients?® showed that prior administration of DEX within 24 hours after
induction of anesthesia could reduce the incidence of AKI after aortic surgery under
cardiopulmonary bypass. An RCT by Tang et al.>* showed that DEX pretreatment
attenuated AKI in patients. Animal studies further indicated that DEX could reduce
cellular injury, improve renal function, and mitigate apoptosis in renal cells.
Furthermore, Liu et al. revealed that DEX infusion in ICU patients with septic shock
was linked to decreased AKI incidence and reduced ICU stay and CRRT performance.
It is highly conceivable that the mechanism is related to anti-inflammatory effects and
immunomodulation.3!

Inflammation is key to AKI pathogenesis, progression, and prognosis. An
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increasing body of evidence suggests that DEX confers renoprotective effects and may
be involved in the regulation of inflammation.3>3* A meta-analysis by Ma et al.?> that
included 4842 patients showed that DEX decreased pro-inflammatory like cytokines
interleukin-6, C-reactive, tumor necrosis factor-a, and increased anti-inflammatory
cytokines like IL-10 in surgical patients. A sub-analysis of a multicenter RCT by Ohta
et al.3¢ suggested that sedation using DEX reduced inflammation in patients with sepsis
requiring mechanical ventilation. Animal studies have shown that DEX may have a
protective effect on cisplatin-induced AKI, and its potential mechanism may be related
to the regulation of apoptosis and inflammatory response.?’ In addition, DEX can
ameliorate microcirculation disorders by decreasing norepinephrine levels in the blood
and increasing urine output and renal blood flow.?® Since our study did not collect
inflammatory indicators, the hypothesis that DEX may attenuate excessive
inflammation could not be confirmed, emphasizing the need for future studies.
Emerging evidence substantiates the benefits of DEX in AKI, but the prognosis and
follow-up of AKI in critically ill patients have been largely understudied. In the present
study, we consistently found that the in-hospital mortality of AKI patients in the DEX
group was significantly lower than in the non-DEX group. At the same time, we found
that the 180-day mortality of AKI patients was consistent with the in-hospital mortality,
suggesting that DEX use is associated with survival benefits in this particular patient
population. Our research provides a theoretical basis for clinicians to use DEX to
manage critically ill patients with AKI. In our research results, we also found that
propofol reduced the risk of in-hospital mortality and 180-day mortality, and we
speculate that this may be due to the renal protective effect of propofol3*-4°,

Our subgroup analysis showed that DEX was effective in sepsis-associated-AKI
(SA-AKI) patients, consistent with the literature.?! Consistently, Hu et al. analyzed
2192 patients with SA-AKI and found that DEX use was related to decreased in-
hospital mortality and improved renal function recovery of SA-AKI in critically ill
patients. Unlike Hu’s study is that our study included all types of AKI populations in
the ICU. Our results showed that DEX use reduced in-hospital mortality of AKI in

critically ill patients. Follow-up analysis showed that DEX use reduced the 180-day
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mortality of patients. Our findings suggest DEX is effective against sepsis-associated
AKI and for AKI patients in general and improves the long-term prognosis. The role of
DEX on more types of AKI subgroups warrants further exploration in severely ill
subjects. Our study found that using DEX in critically ill patients with AKI can reduce
in-hospital mortality and 180-day mortality. Shehabi et al.l*!l found that early use of
DEX sedation can reduce the 90-day mortality in elderly patients with critically ill
mechanical ventilation in the SPICE III trial, whether the patient has surgery or not. On
the contrary, a higher likelihood of an increase in 90-day mortality was observed in
younger patients of non-surgical status. However, it has not been thoroughly researched
for the use of DEX sedation in critically ill patients with AKI, and this study can serve
as a supplement to such patients in the SPICE III trial.

Our research has several limitations. First, data acquired from this database was
adopted to maximize generalizability and power. Accordingly, there was no formal
calculation of sample size in this study. Although the sample size of the subgroup was
comparatively larger compared to previous studies, it may also increase the risk of false
positive results during multiple subgroup analyses. Second, our study's retrospective
nature may have limited our findings' accuracy, and there could be other unknown
potentially confounding factors that we were unable to control for. Third, we adjusted
for many confounding factors, and PSM was conducted. Moreover, data analyzed in
this study were acquired from a single-center observation database, emphasizing the
need for a multicenter RCT to increase the robustness of our findings. Forth, due to the
lack of admission diagnosis recorded in the MIMIC database, it is difficult for us to
accurately identify the etiology of AKI in each patient. Therefore, the AKI patients
defined in this study are actually unselected AKI. Although it is difficult to determine
the exact cause of AKI and the reason why patients are admitted to the ICU, we have
made necessary adjustments for other confounding factors that affect patient mortality.
Our conclusion is stable and reliable, and may only apply to unselected AKI in critically
ill patients. Fifth, This study did not consider the dosage and duration of DEX use, and
further attention is needed in future studies.

Conclusion
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This retrospective cohort study showed that dexmedetomidine administration
significantly reduces risk-adjusted in-hospital and 180-day mortality in critically ill
patients with AKI. However, further RCTs are needed to develop the robustness of our

findings.
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Figure Legends:
Fig.1. Flowchart of patients selection for the study. MIMIC-IV: Medical Information Mart for

Intensive Care Database IV; ICU: intensive care unit.

Fig.2. Association between in-hospital mortality, 180-day mortality and dexmedetomidine use of
AKI patients evaluated by the Cox model. HR, hazard ratio; CI: confidence interval; Unadjusted:
without adjustment; Multivarable adjusted: adjusted for all the baseline variables shown in Table 1.
PSM: propensity score matching.

Fig.3. In-hospital mortality and 180-day mortality of AKI in critically ill patients between the

dexmedetomidine and non-dexmedetomidine group in different AKI stage.

Fig.4. Freedom from death at in-hospital and 180-day in critically ill patients with AKI between the
two groups.

Supplementary figure 1. Subgroup analysis of the association between dexmedetomidine use and

in-hospital mortality.
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Univariable Multivariable
Variables HR (95%Cl) P value HR (95%Cl) P value
Need of support
Vasopressors 2.636 (2.415,2.877)  <0.001 1.394 (1.251,1553)  <0.001
MV 4.108 (3.782, 4.462) <0.001 4.090 (3.710, 4.509) <0.001
CRRT 1.863 (1.680, 2.065) <0.001 0.845 (0.750, 0.952) 0.006
Comorbidities at ICU admission
Congestive heart failure 1.151 (1.058, 1.251) 0.001 1.229 (1.125, 1.342) <0.001
Cerebrovascular disease 1.437 (1.307, 1.581) <0.001 1.547 [1.403, 1.705] <0.001
Chronic pulmonary 1.056 (0.965, 1.155) 0.237
Renal disease 1.101 (1.005, 1.206) 0.040 1.025[0.928, 1.132] 0.629
Liver disease 1.651 (1.505, 1.812) <0.001 1.120 (1.009, 1.244) 0.033
Diabetes 0.901 (0.825, 0.984) <0.001 0.818 [0.746, 0.898] <0.001
Severity of illness
SOFA score 1.115 (1.105, 1.125) <0.001 1.007 [0.993, 1.021] 0.350
SAPS Il score 1.033 (1.031, 1.036) <0.001 1.018 (1.015, 1.021) <0.001
Sedative-analgesic medications
Propofol 0.788 (0.725, 0857) <0.001 0.465 (0.421, 0.513) <0.001
Midazolam 1.680 (1.547, 1.823) <0.001 0.838 (0.758, 0.928) 0.001
Fentanyl 1.724 (1.568, 1.895) <0.001 1.309 (1.154, 1.486) <0.001
AKI stage
AKI stage 1 Ref Ref
AKI stage 2 1.142 (1.071, 1.217) <0.001 1.044 (0.955,1.142)  0.342
AKI stage 3 1.800 (1.646, 1.969) <0.001 1.048 (0.928, 1.183) 0.453
Lactate (mmol/L) 1.314 (1.292, 1.337) <0.001 1.224 (1.199, 1.250) <0.001
Sepsis 1.871 (1.670,2.096)  <0.001 1574 (1.304,1.901)  <0.001
Antibiotic 1.366 (1.191, 1.562) <0.001 0.665 (0.533, 0.831) <0.001
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