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Subarachnoid hemorrhage (SAH) is a severe cerebrovascular disorder characterized by the sudden 
influx of blood into the subarachnoid space. The use of sedatives may be associated with the 
prognosis of SAH patients. We obtained SAH data from the MIMIC-IV database. The receiver operating 
characteristic curve, Delong test, and decision curve analysis were used to assess the predictive value 
of sedatives. Propensity score matching (PSM) method was applied to match samples at a 1:1 ratio. 
Logistic regression analysis, generalized linear regression analysis, and stratified analysis were used to 
investigate the association of the sedative with in-hospital mortality and length of hospital stay (LOS). 
Finally, a competing risk analysis was performed to evaluate the survival probability with two potential 
outcomes. Dexmedetomidine had a better prognosis value than Propofol and Midazolam. After PSM 
analysis, the Dexmedetomidine and the non-Dexmedetomidine groups had 248 samples each. The 
application of Dexmedetomidine reduced the risk of in-hospital mortality but might prolong the LOS. 
When considering in-hospital mortality as a competing risk factor for LOS, Dexmedetomidine was a 
protective factor for in-hospital mortality but had no significant relationship with LOS. In conclusion, 
treatment of Dexmedetomidine could reduce the risk of in-hospital mortality with satisfactory 
predictive efficiency.
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Subarachnoid hemorrhage (SAH) is a severe cerebrovascular disorder characterized by the sudden influx of 
blood into the subarachnoid space, leading to a rapid increase in intracranial pressure and posing a significant 
threat to the patient’s life1. The pathogenesis of SAH is complex and often associated with the rupture of 
cerebral aneurysms, vascular malformations, hypertension, and other factors2,3. Despite advancements in 
medical technology, diagnostic and therapeutic approaches for SAH continue to evolve, with advanced 
imaging techniques such as computed tomography scans, magnetic resonance imaging, and digital subtraction 
angiography enabling rapid and accurate diagnosis4–6. Surgery and endovascular treatments also offer more 
options for patients7,8. However, the morbidity and mortality rates of SAH remain high, particularly for patients 
with massive bleeding and rapidly deteriorating conditions, whose prognosis is often poor9. Recent studies have 
highlighted the importance of early intervention and aggressive management in improving outcomes for SAH 
patients10.

During the management of SAH, the care of patients is particularly critical. Sedative drugs are widely used in 
intensive care units (ICUs) to alleviate patient anxiety, pain, and discomfort, aiding patients in better cooperating 
with treatment11. The use of sedatives can reduce the patient’s stress response, lessen the physiological and 
psychological burden caused by pain and anxiety, and help maintain stable vital signs12. Nevertheless, the use 
of sedatives is controversial. On the one hand, excessive or inappropriate sedation may delay the recovery of 
consciousness and affect the assessment and recovery of neurological function13; on the other hand, appropriate 
sedation may help control intracranial pressure, reduce the occurrence of complications such as cerebral edema 
and vasospasm14,15. Therefore, the application of sedatives in SAH patients requires more refined management 
to ensure effective symptom control.

In this context, this study aims to explore the use of sedative drugs in SAH patients and their impact on 
clinical outcomes. By analyzing the use of sedatives, and the clinical responses of patients, we hope to provide 
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more scientific and personalized guidance for the treatment of SAH patients, thereby improving their prognosis 
and quality of life.

Methods
Study population and data collection
This retrospective cohort study was obtained from the Medical Information Mart for Intensive Care (MIMIC) IV 
database. According to the requirements of the MIMIC database, one author extracted the data using structure 
query language with Navicat after completing the Collaborative Institutional Training Initiative course and 
passing both the “Conflicts of Interest” and “Data or Specimens Only Research” exams.

A total of 2808 samples with SAH in MIMIC IV were finally screened and included according to the 
progress as shown in Fig. 1. The extracted data included: (1) demographics, including age (years) and gender; 
(2) the length of in-hospital stay (LOS, days), which is the difference between admission time and discharge 
time; (3) vital signs, such as heart rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), and 
percutaneous arterial oxygen saturation (SpO2); (4) laboratory indicators, including white blood cells (WBC), 
platelet count (PLT), creatinine, partial thromboplastin time (PTT); (5) severity of illness scores at admission, 
including the Simplified Acute Physiology Score II (SAPS II), Glasgow Coma Scale (GCS), and WFNS grade. 
(6) comorbidities, including cerebrovascular disease, chronic pulmonary disease, paraplegia, renal disease, 
malignant cancer, hyperlipemia, diabetes, and coronary heart disease; (7) treatment: sedative drugs, including 
Propofol, Midazolam, and Dexmedetomidine; mechanical ventilation; (8) etiology: traumatic brain injury and 
aneurysmal subarachnoid hemorrhage.

To avoid possible bias, variables were excluded if they had more than 20% missing values. Variables with less 
than 20% missing data were processed by multiple imputations using a random forest algorithm (trained by 
other non-missing variables) by the “mice” package of R software.

Exposure and outcomes
According to the use of sedative drugs, the patients were divided into seven groups. Three single drug 
groups: the patients were only treated with Propofol, Midazolam, or Dexmedetomidine. The combination of 
two drug groups: the patients were treated with Propofol + Midazolam, Propofol + Dexmedetomidine, or 
Midazolam + Dexmedetomidine. The last group was treated with three drugs.

Fig. 1.  Workflow of exclusion and inclusion as utilized to select the 527 patients.
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The primary endpoint of the present study was in-hospital all-cause mortality, and the second endpoint was 
LOS.

Statistical analysis
The statistical analysis of the data extracted from the MIMIC-IV database was conducted using SPSS (version 
19.0) and R software (version 4.1.3), with the aid of various packages specifically designed for biomedical 
research, such as ‘dplyr’ and ‘pROC’. Continuous variables were presented as mean (standard deviation) or 
median (interquartile range) depending on their distribution, as assessed by the Shapiro-Wilk test. Categorical 
variables were expressed as frequencies and percentages. To compare baseline characteristics between different 
groups, independent t-tests or Mann-Whitney U tests were used for continuous variables, and chi-square tests 
or Fisher’s exact tests were employed for categorical variables, as appropriate. To assess the discriminative ability 
of the sedatives, receiver operating characteristic (ROC) curves were constructed, and the area under the curve 
(AUC) was calculated. The Delong test was used to assess the difference in AUCs. Decision curve analysis (DCA) 
was also adopted to evaluate their clinical efficacy and select an optimal sedative.

Then, propensity score matching (PSM) was applied to minimize the imbalance of variables between the 
two sedative groups using the ‘Statsmodels’ package in Python. Patients were matched at a 1:1 ratio by the 
nearest neighbor matching method. Absolute standardized difference (ASD) was used to assess the balance of 
variables. ASD value was divided into four sections: <0.2, 0.2 ≤ ASD ≤ 0.5, 0.5 < ASD ≤ 0.8, and > 0.8, which 
respectively indicates excellent, good, sub-optimal, and poor balance between the two groups16. Adjusted 
variables: the variables significantly distributed between patients treated with or without Dexmedetomidine 
before PSM including SAPS II, PTT, cerebrovascular disease, hyperlipemia, gender, age, and WFNS grade 
were adjusted. Subsequently, logistic regression and generalized linear regression analyses were adopted to 
analyze the association of the sedative with in-hospital mortality and LOS. Crude model 1; model 2: adjusted 
for remaining unbalanced variables after PSM analysis; model 3: adjusted for balanced variables after PSM. 
Moreover, stratified analysis was conducted to compare the deaths and LOS between the two sedative groups. 
As a competing risk event, in-hospital death might shorten the LOS. Therefore, we employed the cumulative 
incidence function (CIF) and competing risk model to compare in-hospital mortality and LOS between groups 
using the ‘tidycmprsk’, ‘rms’, ‘survival’, and ‘ggsurvfit’ packages in R. The cumulative incidence of discharge from 
the hospital was determined by the Fine-Gray test with in-hospital mortality as a competing risk. Statistical 
significance was set at p < 0.05 for all analyses.

Results
Population and baseline characteristics
The baseline characteristics of patients with SAH are shown in Table S1 according to in-hospital mortality 
(yes or no). Patients in the death group had an older age but without gender differences. Compared to the 
survival group, the death group exhibited lower DBP, SpO2, and PLT levels, but higher creatinine and PTT 
levels (P < 0.05). Besides, there was an obvious increase in SAPS II in the death group. The death group was 
more likely to have cerebrovascular disease, renal disease, diabetes, and coronary heart disease (P < 0.05). 
Other factors were not differentially distributed in the two groups with no statistical significance (P > 0.05). No 
significant differences in sedative use were observed except for Dexmedetomidine, Propofol + Midazolam, and 
Midazolam + Dexmedetomidine. There were 52.323% Dexmedetomidine users in the survival group, while only 
28.814% of individuals in the death group used Dexmedetomidine (P < 0.05) (Table 1). Besides, the two groups 
had no significant difference in mechanical ventilation (Table 1).

The selection of key sedative drugs
Due to the limited number of patients receiving combined sedative drugs, the patients who were only treated 
with Dexmedetomidine, Propofol, and Midazolam were compared for further analysis. As shown in Fig. 2A, 
Dexmedetomidine had the highest AUC value (0.617), followed by Propofol (AUC = 0.534) and Midazolam 
(AUC = 0.532). Moreover, the Delong test results exhibited that the AUC of Dexmedetomidine in predicting 
in-hospital death of SAH was significantly better than Propofol and Midazolam. The P values from the Delong 
test are shown in Table 2. Similarly, the DCA curve showed that Dexmedetomidine had the best net benefits 
(Fig. 2B).

Comparison of characteristics between the original cohort and the adjusted cohort
The superior role of Dexmedetomidine in predicting in-hospital death of SAH triggered us to deep into its 
clinical function. Before PSM, it was obvious that patients treated with Dexmedetomidine were significantly 
younger than those without Dexmedetomidine treatment, and were more likely to be men (P < 0.05). Besides, 
more patients were diagnosed with cerebrovascular disease and hyperlipemia in the non-Dexmedetomidine 
group (P < 0.05). In addition, the patients treated with Dexmedetomidine had significantly lower PTT and SAPS 
II scores than the non-Dexmedetomidine group (P < 0.05) (Table 3). In addition, the non-Dexmedetomidine 
group had a lower proportion of WFNS grade IV-IV cases (P < 0.05). Therefore, we enrolled age, gender, 
cerebrovascular disease, hyperlipemia, PTT, SAPS II scores, and WFNS grade for PSM analysis to balance the 
variables between the two groups.

After PSM analysis, the ASD of WFNS grade, hyperlipemia, SAPS II, PTT, gender, and age was < 0.2, 
indicating excellent balance. Although significant differences in age, cerebrovascular disease, WFNS grade, and 
SAPS II still existed in the two groups, their ASDs were < 0.25 with good balance (Fig. S1). Other factors had no 
obvious difference between the two groups (all P > 0.05) (Table 4).
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Dexmedetomidine independently predicted primary and secondary outcomes
Then, we constructed three different models to assess the correlation between clinical characteristics and 
primary or secondary outcomes. The univariable analysis showed that Dexmedetomidine use was associated 
with a reduced risk of in-hospital mortality with an odds ratio of 0.381 (P < 0.001). After adjusting unbalanced 
factors in model 2, Dexmedetomidine use was an independent predictor for decreased in-hospital mortality 
(P < 0.05) (Table 5). However, the use of Dexmedetomidine increased the LOS of SAH patients in both crude 
and adjusted models (P < 0.001) (Table 5).

Name Propofol Midazolam Dexmedetomidine

Propofol / 0.969 < 0.001

Midazolam 0.969 / < 0.001

Dexmedetomidine < 0.001 < 0.001 /

Table 2.  Delong test (P-value) to compare the area under the curves between each two group.

 

Fig. 2.  The assessment of the clinical value of three sedative drugs. (A) The ROC curve of three sedative drugs 
in predicting in-hospital death of SAH. (B) The DCA curve of three sedative drugs in predicting the death of 
SAH. Model1 indicated Propofol; Model2 indicated Midazolam; Model3 indicated Dexmedetomidine. SAH 
subarachnoid hemorrhage, ROC receiver operating characteristic curve, AUC area under the curve, DCA 
decision curve analysis.

 

Group Survival (n = 409) Death (n = 118) P-value

Propofol, n (%)
No 174 (42.543) 42 (35.593) 0.176

Yes 235 (57.457) 76 (64.407)

Midazolam, n (%)
No 228 (55.746) 58 (49.153) 0.205

Yes 181 (44.254) 60 (50.847)

Dexmedetomidine, n (%)
No 195 (47.677) 84 (71.186) < 0.001

Yes 214 (52.323) 34 (28.814)

Pro + Mida, n (%)
No 392 (95.844) 106 (89.831) 0.012

Yes 17 (4.156) 12 (10.169)

Pro + Dex, n (%)
No 317 (77.506) 101 (85.593) 0.056

Yes 92 (22.494) 17 (14.407)

Mida + Dex
No 373 (91.198) 115 (97.458) 0.022

Yes 36 (8.802) 3 (2.542)

Pro + Mida + Dex, n (%)
No 371 (90.709) 108 (91.525) 0.786

Yes 38 (9.291) 10 (8.475)

Mechanical ventilation, n (%)
No 17 (4.156) 6 (5.085) 0.664

Yes 392 (95.844) 112 (94.915)

Table 1.  Sedative drug use and mechanical ventilation treatment of participants. Dex Dexmedetomidine, Mida 
Midazolam, Pro Propofol.
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Subgroup analysis
According to previous studies, SAPS II is one of the important indexes to judge the severity of SAH17. Thus, 
further analysis was performed with patients stratified into four groups according to SAPS II quartiles. The 
results showed that the in-hospital mortality in the Dexmedetomidine users was lower compared to non-
Dexmedetomidine users in the four SAPS II groups. Besides, among four SAPSII groups, the in-hospital 
mortality was highest in SAPSII quarter 1 whether patients were treated with Dexmedetomidine. As the SAPS 
II rose (except in quarter 1), the non-Dexmedetomidine group had increasing deaths (Fig. 3A-D). Whereas, the 
LOS in the Dexmedetomidine group was longer than the non-Dexmedetomidine group (all P < 0.05) (Fig. 4A-
D). Consistent with the regression results, the use of Dexmedetomidine might reduce in-hospital deaths but 
prolong the LOS.

Analysis of the competitive risk models
When taking in-hospital mortality as a competing risk factor, the CIF analysis exhibited that the cumulative 
incidence of in-hospital mortality was more than discharge within 50 days of admission (Fig.  5A). After 

Variable Group No-Dex (n = 279) Dex (n = 248) P-value

Age, median [IQR] 62.000 [52.000, 73.000] 58.000 [45.000, 70.000] 0.003

Gender, n (%)
Female 132(47.312) 94 (37.903) 0.029

Male 147 (52.688) 154 (62.097)

TBI, n (%)
No 266 (95.341) 239 (96.371) 0.555

Yes 13 (4.659) 9 (3.629)

aSHA, n (%)
No 265 (94.982) 232 (93.548) 0.478

Yes 14 (5.018) 16 (6.452)

Mechanical ventilation, n (%)
No 11 (3.943) 12 (4.839) 0.615

Yes 268 (96.057) 236 (95.161)

Cerebrovascular disease, n (%)
No 85 (30.466) 115 (46.371) < 0.001

Yes 194 (69.534) 133 (53.629)

Chronic pulmonary disease, n (%)
No 242 (86.738) 212 (85.484) 0.677

Yes 37 (13.262) 36 (14.516)

Paraplegia, n (%)
No 230 (82.437) 211 (85.081) 0.412

Yes 49 (17.563) 37 (14.919)

Renal disease n (%)
No 253 (90.681) 232 (93.548) 0.225

Yes 26 (9.319) 16 (6.452)

Malignant cancer, n (%)
No 264 (94.624) 237 (95.565) 0.619

Yes 15 (5.376) 11 (4.435)

Hyperlipemia, n (%)
No 191 (68.459) 193 (77.823) 0.016

Yes 88 (31.541) 55 (22.177)

Diabetes, n (%)
No 213 (76.344) 199 (80.242) 0.280

Yes 66 (23.656) 49 (19.758)

Coronary heart disease, n (%)
No 253 (90.681) 225 (90.726) 0.986

Yes 26 (9.319) 23 (9.274)

Heart rate, median [IQR] 67.000 [59.000, 76.000] 65.000 [57.000, 77.000] 0.607

SBP (mmHg), mean (± SD) 126.025 ± 21.168 128.563 ± 22.472 0.253

DBP (mmHg), median [IQR] 62.000 [54.000, 72.000] 63.000 [55.000, 72.000] 0.668

SpO2, median [IQR] 85.000 [76.000, 85.000] 85.000 [77.000, 85.000] 0.522

WBC (K/uL), median [IQR] 11.400 [9.200, 14.700] 11.400 [8.500, 14.000] 0.166

PLT (K/uL), median [IQR] 177.000 [134.000, 235.000] 190.000 [143.000, 242.000] 0.158

Creatinine (mg/dL), median [IQR] 0.900 [0.700, 1.100] 0.800 [0.600, 1.000] 0.113

PTT, median [IQR] 26.300 [24.200, 29.200] 25.700 [23.700, 27.700] 0.038

GCS, median [IQR] 10.000 [6.000, 14.000] 9.000 [7.000, 12.000] 0.082

WFNS grade, n (%)
Grade I-III 106 (37.993) 59 (23.790) < 0.001

Grade IV-V 173 (62.007) 189 (76.210)

SAPSII, median [IQR] 35.000 [28.000, 44.000] 33.000 [25.000, 40.000] < 0.001

Table 3.  Clinical characteristics between patients treated with or without Dexmedetomidine before PSM. 
PSM propensity score matching, TBI traumatic brain injury, aSAH aneurysmal subarachnoid hemorrhage, 
SBP systolic blood pressure, DBP diastolic blood pressure, SpO2 percutaneous arterial oxygen saturation, WBC 
white blood cells, PLT platelet count, PTT partial thromboplastin time, SAPS II Simplified Acute Physiology 
Score II, GCS Glasgow Coma Scale, SD standard deviation, IQR interquartile range.
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Crude model 1 Model 2 Model 3

Primary outcome Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Dexmedetomidine 0.381 (0.240, 0.595)*** 0.499 (0.303, 0.811)** 0.537 (0.279, 1.012)

Secondary outcome β (95% CI) β (95% CI) β (95% CI)

Dexmedetomidine 7.336 (4.399, 10.274)*** 6.748 (3.797, 9.700)*** 6.309 (2.689, 9.923)**

Table 5.  Primary and secondary outcome analysis with three different models. Crude model 1: no covariate 
was adjusted; model 2: adjusted for remaining unbalanced variables after PSM analysis; model 3: adjusted 
for balanced variables after PSM. **P < 0.01, ***P < 0.001. 95% CI 95% confidence interval, PSM propensity 
scoring match.

 

Variable Group No-Dex (n = 248) Dex (n = 248) P-value

Age, median [IQR] 62.000 [52.000, 73.000] 58.000 [45.000, 70.000] 0.011

Gender, n (%)
Female 113 (45.565) 94 (37.903) 0.084

Male 135 (54.435) 154 (62.097)

TBI, n (%)
No 236 (95.161) 239 (96.371) 0.504

Yes 12 (4.839) 9 (3.629)

aSHA, n (%)
No 237 (95.565) 232 (93.548) 0.322

Yes 11 (4.435) 16 (6.452)

Mechanical ventilation, n (%)
No 9 (3.629) 12 (4.839) 0.504

Yes 239 (96.371) 236 (95.161)

Cerebrovascular disease, n (%)
No 80 (32.258) 115 (46.371) 0.001

Yes 16 8(67.742) 133 (53.629)

Chronic pulmonary disease, n (%)
No 218 (87.903) 212 (85.484) 0.428

Yes 30 (12.097) 36 (14.516)

Paraplegia, n (%)
No 206 (83.065) 211 (85.081) 0.540

Yes 42 (16.935) 37 (14.919)

Renal disease n (%)
No 229 (92.339) 232 (93.548) 0.599

Yes 19 (7.661) 16 (6.452)

Malignant cancer, n (%)
No 236 (95.161) 237 (95.565) 0.831

Yes 12 (4.839) 11 (4.435)

Hyperlipemia, n (%)
No 177 (71.371) 193 (77.823) 0.099

Yes 71 (28.629) 55 (22.177)

Diabetes, n (%)
No 192 (77.419) 199 (80.242) 0.442

Yes 56 (22.581) 49 (19.758)

Coronary heart disease, n (%)
No 227 (91.532) 225 (90.726) 0.752

Yes 21 (8.468) 23 (9.274)

Heart rate, median [IQR] 67.000 [59.000, 76.000] 65.000 [57.000, 77.000] 0.870

SBP (mmHg), mean (± SD) 125.590 ± 20.651 128.563 ± 22.472 0.189

DBP (mmHg), median [IQR] 62.000 [54.000, 72.000] 63.000 [55.000, 72.000] 0.563

SpO2, median [IQR] 85.000 [78.000, 85.000] 85.000 [77.000, 85.000] 0.279

WBC (K/uL), median [IQR] 11.600 [9.300, 14.800] 11.400 [8.500, 14.000] 0.138

PLT (K/uL), median [IQR] 177.000 [139.000, 235.000] 190.000 [143.000, 242.000] 0.238

Creatinine (mg/dL), median [IQR] 0.900 [0.700, 1.100] 0.800 [0.600, 1.000] 0.183

PTT, median [IQR] 26.200 [24.000, 28.300] 25.700 [23.700, 27.700] 0.219

GCS, median [IQR] 9.000 [6.000, 13.000] 9.000 [7.000, 12.000] 0.418

WFNS grade, n (%) Grade I-III 84 (33.871) 59 (23.790) 0.013

Grade IV-V 164 (66.129) 189 (76.210)

SAPS II, median [IQR] 35.000 [28.000, 44.000] 33.000 [25.000, 40.000] 0.003

Table 4.  Clinical characteristics between patients treated with or without dexmedetomidine after PSM. TBI 
traumatic brain injury, aSAH aneurysmal subarachnoid hemorrhage, PSM propensity score matching, DEX 
Dexmedetomidine, SBP systolic blood pressure, DBP diastolic blood pressure, SpO2 percutaneous arterial 
oxygen saturation, WBC white blood cells, PLT platelet count, PTT partial thromboplastin time, SAPS II 
Simplified Acute Physiology Score II, GCS Glasgow Coma Scale, SD standard deviation, IQR interquartile 
range.
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the treatment of Dexmedetomidine was included in competitive risk models, the results showed that 
Dexmedetomidine use was significantly related to hospital mortality (P < 0.001), but not LOS (P = 0.750) 
(Table 6). Moreover, patients with Dexmedetomidine use had a lower cumulative incidence of hospital mortality 
than those without Dexmedetomidine use (Fig. 5B). These results indicated that Dexmedetomidine provides a 
protective effect on in-hospital mortality.

Dexmedetomidine dose and duration were related to LOS
To further investigate the value of Dexmedetomidine use in SAH patients, we analyzed the association of 
sedative drug dose and duration with in-hospital mortality and LOS. Dexmedetomidine dose and duration were 
not related to in-hospital mortality but were associated with LOS (Table 7). Since Midazolam and Propofol doses 
have been described by different scopes from the MIMIC database, which are not definitive, we only investigated 
the association of their duration with outcomes. As shown in Table 7, Midazolam duration was not significantly 
linked to both outcomes. Propofol duration was not related to in-hospitality but had a connection with LOS.

Discussion
Based on the MIMIC-IV database, this retrospective study sought to analyze the impact of Propofol, Midazolam, 
and Dexmedetomidine on the prognosis in SAH patients. Among the various medications, patients treated 
solely with Dexmedetomidine exhibited a remarkable reduction in in-hospital mortality.

In comparison with Propofol and Midazolam, Dexmedetomidine demonstrated a more effective ability 
for SAH prognosis. The widespread use of Dexmedetomidine in clinical settings has yielded remarkable 
outcomes. Evidence from animal experiments supported the protective effects of Dexmedetomidine on the 
brain18. Additionally, certain clinical studies indicated its potential protective role in patients with intracranial 
aneurysms19. These findings underscore the potential importance of Dexmedetomidine in SAH treatment. 
Further investigations revealed that patients with ischemic brain damage may benefit from Dexmedetomidine, 
as it reduces the release of neuroendocrine hormones and inflammatory cytokines, maintains intracranial 

Fig. 3.  The in-hospital deaths of subarachnoid hemorrhage patients treated by Dexmedetomidine or 
not. (A) SAPS II quarter (1) (B) SAPS II quarter (2) (C) SAPS II quarter (3) (D) SAPS II quarter 4.  DEX 
Dexmedetomidine.
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Outcome Statistic P-value

Discharge 0.100 0.750

In-hospital mortality 28.400 < 0.001

Table 6.  The association of Dexmedetomidine use with outcomes using competing risk model analysis.

 

Fig. 5.  The analysis of the competitive risk models based on outcomes and the use of Dexmedetomidine. 
(A) The cumulative incidence of in-hospital mortality and discharge for all subarachnoid hemorrhage (SAH) 
patients. (B) The cumulative incidence of in-hospital mortality and discharge for SAH patients treated with 
Dexmedetomidine or not. Yes: SAH patients were treated with Dexmedetomidine; No: SAH patients were 
treated without Dexmedetomidine.

 

Fig. 4.  The LOS of subarachnoid hemorrhage patients treated by Dexmedetomidine or not. (A) SAPS II 
quarter (1) (B) SAPS II quarter (2) (C) SAPS II quarter (3) (D) SAPS II quarter (4) DEX Dexmedetomidine, 
LOS length of in-hospital stays.
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metabolism, and protects the brain20–22. Inada et al. observed dose-dependent inhibition of tumor necrosis 
factor (TNF)-α and interleukin (IL)-6 production by Dexmedetomidine, along with a reduction in recruited 
white blood cells23. However, it was noted that the white blood cell levels did not significantly differ between 
patients treated with Dexmedetomidine and those without, suggesting that the function of Dexmedetomidine 
may operate through alternative pathways.

In addition to its anti-inflammatory properties, Dexmedetomidine also exhibited a crucial role in reducing 
blood flow and oxygen requirements18,24. Blood flow rate is a significant factor exacerbating the course of 
subarachnoid hemorrhage25, and increased blood pressure leads to heightened blood flow rates26. Konar 
et al. found that blood pressure could effectively predict the prognosis of SAH27. Moreover, a clinical study 
demonstrated a correlation between low blood pressure and cardiovascular complications2. Gao et al. identified 
that the use of Dexmedetomidine could significantly reduce injury to other organs28. In the present study, it was 
observed that blood pressure was significantly reduced in patients with in-hospital mortality compared to those 
without, accompanied by an increased incidence of coronary heart disease. This suggests a close relationship 
between blood pressure, the severity of SAH, and the incidence of coronary heart disease. However, further 
analysis revealed no significant difference in blood pressure between SAH patients treated with or without 
Dexmedetomidine, although the PTT was significantly reduced in patients treated with Dexmedetomidine. This 
indicates that the effects of Dexmedetomidine may directly impact the blood flow of SAH patients without 
affecting blood pressure.

In previous decades, severity scores such as APACHE II, SAPS II, GCS, and WFNS scale have been used to 
predict the prognosis of SAH patients29. A meta-analysis demonstrated that the GCS had a superior prognostic 
value compared to SAPS II for SAH patients30. However, SAPS II exhibited a significant predictive value for SAH 
patients in other studies31. Herein, it was observed that SAPS II significantly decreased after Dexmedetomidine 
treatment and had a more stable predictive value than the GCS score. Regression analysis revealed that 
Dexmedetomidine use may reduce the risk of in-hospital mortality but increase the LOS for SAH patients, 
triggering us to further investigate their relationships by using competing risk analysis. By taking in-hospital 
mortality as a competing outcome, the use of Dexmedetomidine was protective of in-hospital mortality, but 
not related to LOS. Based on these findings, it is inferred that Dexmedetomidine may reduce deaths of SAH by 
regulating blood coagulation.

For strengths, PSM analysis was adopted to balance the variables between the two groups and reduce bias. 
Both unbalanced and balanced factors were adjusted in the multivariable regression analysis to reveal the 
predictive value of Dexmedetomidine for SAH prognosis. In addition, we used competing risk analysis to process 
survival data and calculate the cumulative incidence of multiple potential outcomes with in-hospital mortality 
as the competing risk event by Fin-Gray test and explored the association of Dexmedetomidine use with the 
two outcomes. For limitations, the retrospective study yielded a correlation rather than causality. Therefore, the 
results should be further validated in a prospective study with an independent cohort. Besides, in vitro and in 
vivo experiments are required to explore the mechanism of how Dexmedetomidine reduces in-hospital deaths.

In conclusion, the sole use of Dexmedetomidine exhibited the best efficiency in predicting in-hospital 
mortality. Moreover, SAH patients who received Dexmedetomidine treatment had a reduced risk of in-hospital 
death. Our study helps to guide sedative use and improve the prognosis of SAH patients.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.

Received: 12 August 2024; Accepted: 24 November 2024

Variable Odds ratio (95% confidence interval) P-value

In-hospital mortality

 Dexmedetomidine dose (mg) 0.067 (0.002, 2,266) 0.134

 Dexmedetomidine duration (days) 0.925 (0.744, 1.104) 0.433

 Midazolam duration (days) 0.982 (0.811, 1.141) 0.830

 Propofol duration (days) 1.075 (0.989, 1.167) 0.083

Variable β (95% confidence interval) P-value

Length of hospital stay

 Dexmedetomidine dose (mg) 23.187 (3.200, 43.173) 0.024

 Dexmedetomidine duration (days) 2.046 (0.861, 3.230) 0.001

 Midazolam duration (days) 0.121 (-0.916, 1.157) 0.820

 Propofol duration (days) 0.793 (0.147, 1.439) 0.017

Table 7.  The association of sedative drug dose and duration with outcomes.
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