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Abstract
Background. Propofol and midazolam have been widely used in patients with sepsis. However, the effec-
tiveness of these drugs in reducing the duration of mechanical ventilation and the risk of mortality remains 
controversial.

Objectives. To investigate and compare effects of propofol and midazolam on 30-day mortality in patients 
with sepsis-associated encephalopathy (SAE).

Materials and methods. A retrospective cohort study was conducted on data from 952 adult patients with 
SAE extracted from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database. Univariable and 
multivariable Cox proportional hazard models were utilized to investigate the associations of propofol and 
midazolam with 30-day mortality; and univariable and multivariable logistic regression analyses were used 
to explore the relationships of propofol and midazolam with ventilation duration. The outcome measures were 
hazard ratios (HRs), odds ratios (ORs), and 95% confidence intervals (95% CIs). In addition, subgroup analyses 
of age, simplified acute physiological score (SAPS)-II, Charlson Comorbidity Index (CCI), and ventilation dura-
tion were also performed to further assess the associations of propofol and midazolam with 30-day mortality.

Results. Among eligible patients, 265 (27.84%) died within 30 days. After adjusting for covariates, treatment 
with propofol was associated with both lower risk of 30-day mortality (HR = 0.67, 95% CI: 0.51–0.88) and 
lower odds of prolonged ventilation duration (OR = 0.71, 95% CI: 0.53–0.96) compared to treatment with 
midazolam. Moreover, the negative association between treatment with propofol and 30-day mortality was 
also significant in subgroups of age ≥65 years, SAPS-II score ≥47, CCI score ≥3, and ventilation duration 
≥5 days (all p < 0.05).

Conclusions. Among patients with SAE, treatment with propofol was relatively more effective than treat-
ment with midazolam in reducing the risk of 30-day mortality and the duration of mechanical ventilation. 
However, the causal relationships of propofol and midazolam with prognosis in patients with SAE need 
further clarification.
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Background

Sepsis-associated encephalopathy (SAE) is  a  severe 
neurologic syndrome, namely the brain dysfunction oc-
curring during the course of sepsis.1 Sepsis-associated en-
cephalopathy significantly increased the length of hospital 
stay as well as the risk of short-term mortality in patients.2 
Evidence has suggested that even mild changes in con-
sciousness can result in a significant increase in mortal-
ity risk in patients with sepsis.3 Hence, it  is  important 
to explore factors influencing the short-term mortality 
risk in patients with SAE, which may help improve SAE 
prognoses.

Propofol and midazolam are commonly used sedatives 
in the intensive care units (ICUs),4 and they have been 
also widely used among sepsis patients.5–7 A meta-analysis 
showed that compared to midazolam, propofol reduced 
the length of ICU stay, mechanical ventilation time and 
extubation time among the ICU patients.4 Also, treatment 
with propofol has a significant advantage in the incidence 
of short-term postoperative cognitive dysfunction,8 e.g., 
patients treated with propofol had lower rates of delirium 
compared to those treated with midazolam.9 In addition, 
a recent study in children indicated that the application 
of  midazolam could increase the  risk of  SAE.10 How-
ever, whether propofol or midazolam is more suitable 
for patients with sepsis remains controversial, especially 
in the presence of SAE. To date, no studies have been con-
ducted to directly compare the effects of propofol and 
midazolam on the prognosis of SAE.

Objectives

This study was designed to  investigate associations 
of propofol and midazolam with 30-day mortality in pa-
tients with SAE, comparing effects of these 2 sedatives 
on short-term prognosis in patients with SAE, and to pro-
vide some references for choice of sedatives for patients 
with SAE in clinical practice.

Methods

Study participants

This is a retrospective cohort study. Data of partici-
pants were obtained from the Medical Information Mart 
for Intensive Care (MIMIC)-IV database in 2008–2019. 
The MIMIC database is  jointly published by the com-
putational physiology laboratory of the Massachusetts 
Institute of Technology (MIT; Cambridge, USA), Beth 
Israel Deaconess Medical Center (BIDMC; Boston, USA) 
and Philips Medical (Amsterdam, the Netherlands) since 
2001, which collects and sorts out information on clini-
cal diagnosis and treatment of more than 40,000 ICU 

patients. More details about the MIMIC database can be 
found elsewhere: https://mimic.mit.edu/docs/iv.

For participants screening, the inclusion criteria were: 
1) age ≥18 years, 2) diagnosed with SAE at the ICU ad-
mission and 3) treated with midazolam or propofol exclu-
sively as sedative. The exclusion criteria were: 1) not using 
mechanical ventilation, 2) having traumatic brain injury 
(TBI),11,12 ischemic/hemorrhagic stroke, intracranial infec-
tion or epilepsy, 3) chronic alcohol or drug abuse, 4) pre-
existing liver or kidney diseases affecting consciousness,13 
and 5) missing information on survival. Finally, 952 pa-
tients met the necessary criteria for inclusion in the study. 
The MIMIC database has obtained ethical approval from 
the relevant Institutional Review Boards (IRBs) (https://
mimic.mit.edu). Since the database is publicly available, 
ethical approval has been waived by our hospital’s IRB. 
Informed consent was not required due to the retrospec-
tive nature of the study.

Diagnosis of SAE

According to a previous study, SAE was defined as sep-
sis accompanied by a Glasgow Coma Scale (GCS) ≤14 
in  the  first 24  h  of  ICU admission or  delirium based 
on the International Classification of Diseases v. 9. (ICD-9) 
code (2930, 2931) and ICD-10 code (F05).14

Assessment of propofol 
and midazolam use

Records of the use of propofol or midazolam in patients 
with SAE were extracted from the MIMIC input event 
tables, with item ID 222168 for propofol and 221668 for 
midazolam.

Variables selection

We also extracted variables as potential confounding 
factors from the database, including race, age, gender, con-
gestive heart failure (CHF), peripheral vascular disease 
(PVD), chronic obstructive pulmonary disease (COPD), 
renal failure (RF), liver disease, hypertension, diabetes mel-
litus (DM), heart rate (HR), weight, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), temperature, 
respiratory rate (RR), oxygen saturation (SpO2), inspiratory 
oxygen concentration (FIO2), simplified acute physiological 
score (SAPS)-II, GCS, Charlson Comorbidity Index (CCI), 
red cell distribution width (RDW), white blood cell (WBC) 
count, platelet count, hemoglobin (HB), hematocrit, cre-
atinine (Cr), blood urea nitrogen (BUN), glucose, lactate, 
sodium (Na), bicarbonate, potassium (K), pH, chloride, 
international normalized ratio (INR), ventilation dura-
tion, prothrombin time (PT), vasopressors use, opiates use, 
norepinephrine use, and antibiotics use. In addition, only 
information on these variables was extracted from patients 
when they were first admitted to the ICU.

https://mimic.mit.edu/docs/iv
https://mimic.mit.edu
https://mimic.mit.edu
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Study outcomes

Primary study outcome was 30-day mortality, and 
the secondary study outcome was ventilation duration. 
The ventilation duration was divided into 2 categories ac-
cording to the median value, including <5 days and ≥5 days. 
The MIMIC followed up through information recorded 
in electronic medical charts and hospital department, 
or contacting with the patients (including family mem-
bers, attending healthcare workers and family physicians) 
via phone calls. In our study, the follow-up ended when 
patients died or 30 days after the ICU admission.

Statistical analyses

Non-normal data were described in median and quartiles 
(Me (Q₁, Q₃)), and Wilcoxon ran-sum tests were used for 
inter-group comparisons. The enumeration data were de-
scribed in terms of number of cases and composition ratio 
(n (%)). The χ2 test was used for comparison between groups.

The covariates screening process included 2 steps. First, 
variables significantly associated with 30-day mortality 
in patients with SAE were selected via univariable Cox 
proportional hazard model. Then, the selected variables 
were test using the best subset method, and those with 
the lowest Bayesian information criterion (BIC) values were 
chosen as the final covariates. Finally, the selected covari-
ables were further included in the adjustment of multivari-
ate models.

The screening of covariates associated with ventilation 
duration was similar to that associated with 30-day mor-
tality except using the univariable logistic regression.

Univariate and multivariate Cox proportional hazard 
models were established to explore the associations of pro-
pofol and midazolam with 30-day mortality, with haz-
ard ratios (HRs) and 95% confidence intervals (95% CIs). 
Model 1 was unadjusted. Model 2 was adjusted for the se-
lected covariates, including age, race, RR, temperature, 
SpO2, SAPS-II score, CCI score, RDW, WBC, BUN, lactate, 
chloride, INR, PT, vasopressor use, opiates use, and nor-
epinephrine use. Additionally, subgroup analysis of age, 
SAPS-II score, CCI score and ventilation duration were 
also performed to further assess these associations.

Univariate and multivariate logistic regression analyses 
were used to investigate the associations of propofol and 
midazolam with duration of ventilation in patients with 
SAE, with odds ratios (ORs) and 95% CIs as assessment 
indices. Model 1 was unadjusted. Model 2 was adjusted for 
selected covariates, including SpO2, SAPS-II, vasopressor 
use, norepinephrine use, and antibiotics use.

Two-sided p  <  0.05 was considered statistically sig-
nificant. Variables with missing values were removed 
if  the  proportion was  >20%; otherwise, they were in-
terpolated using a random forest interpolation method 
(Supplementary Table 1).15 Sensitivity analyses of patients’ 

characteristics before and after interpolation of missing 
data are shown in Supplementary Table 2. The associations 
of midazolam and propofol with 30-day mortality (Supple-
mentary Table 3) and duration of mechanical ventilation 
(Supplementary Table 4) in patients with SAE were also 
assessed using the original unimplemented data. Statisti-
cal analyses were performed using Python 3.9.12 (Python 
Software Foundation, Wilmington, USA) and R v. 4.3.1 
(2023-06-16 ucrt; R Foundation for Statistical Computing, 
Vienna, Austria).

Results

Characteristics of participants

Figure 1 shows inclusion and exclusion of research sub-
jects. There were 1,625 adult SAE patients who received 
treatment with propofol or midazolam in the database. 
Those who without mechanical ventilation use (n = 10), 
diagnosed as TBI (n = 118), ischemic/hemorrhagic stroke 
(n  =  343), epilepsy (n  =  78), or  intracranial infection 
(n = 12), with chronic alcohol or drug abuse (n = 34), with 
pre-existing liver/kidney disease affecting consciousness 
(n = 77), or lost to the follow-up (n = 1) were excluded. 
Finally, 952 were eligible.

Among the eligible participants, 265 (27.84%) died within 
30 days. The median age of total population was 70 years, 
and 546 (57.35%) were male. We compared the character-
istics of patients between the midazolam (n = 259) and 
propofol group (n = 693) (Table 1). Disease conditions (CHF 
and COPD), clinical indexes (HR, SBP, RR, SAPS-II, GCS, 
platelet, HB, hematocrit, Cr, BUN, glucose, pH, and PT) 
and treatments (ventilation duration, opiates use and nor-
epinephrine use) were all significantly different between 
the 2 groups (all p < 0.05).

Associations of midazolam and propofol 
with 30-day mortality

Before investigating relationships between different sed-
atives and 30-day mortality in patients with SAE, covari-
ates have been screened (Supplementary Table 3). As shown 
in Table 2, treatment with propofol was linked to lower 
30-day mortality risk (HR = 0.67, 95% CI: 0.51–0.88), com-
pared to treatment with midazolam after covariates adjust-
ment. Moreover, we assessed this relationship in subgroups 
of age, SAPS-II score, CCI, and ventilation duration (Fig. 2). 
The results showed that in aged ≥65 years (HR = 0.61, 
95% CI: 0.45–0.84), SAPS-II score ≥47 (HR = 0.55, 95% CI: 
0.40–0.75), CCI score ≥3 (HR = 0.63, 95% CI: 0.46–0.87) 
and ventilation duration ≥5 (HR = 0.58, 95% CI: 0.41–0.84) 
subgroups, treatment with propofol was also significantly 
linked to lower 30-day mortality risk comparing to treat-
ment with midazolam.
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Table 1. Characteristics of patients with SAE

Variables Total 
(n = 952)

Midazolam 
(n = 259)

Propofol 
(n = 693) Statistics p-value

Age [years], M (Q1, Q3) 70 (58, 79) 71 (57, 80) 69 (58, 78) W = 94,683.5 0.191

Gender, n (%)
female 406 (42.65) 120 (46.33) 286 (41.27)

χ² = 1.774 0.183
male 546 (57.35) 139 (53.67) 407 (58.73)

Race, n (%)

white 89 (9.35) 30 (11.58) 59 (8.51)

χ² = 4.116 0.249
black 110 (11.55) 27 (10.42) 83 (11.98)

others 119 (12.5) 26 (10.04) 93 (13.42)

unknown 634 (66.6) 176 (67.95) 458 (66.09)

CHF, n (%)
no 514 (53.99) 107 (41.31) 407 (58.73)

χ² = 22.329 <0.001
yes 438 (46.01) 152 (58.69) 286 (41.27)

Peripheral vascular disease, n (%)
no 788 (82.77) 220 (84.94) 568 (81.96)

χ² = 0.974 0.324
yes 164 (17.23) 39 (15.06) 125 (18.04)

COPD, n (%)
no 626 (65.76) 152 (58.69) 474 (68.4)

χ² = 7.471 0.006
yes 326 (34.24) 107 (41.31) 219 (31.6)

RF, n (%)
no 883 (92.75) 233 (89.96) 650 (93.8)

χ² = 3.571 0.059
yes 69 (7.25) 26 (10.04) 43 (6.2)

Liver disease, n (%)
no 775 (81.41) 213 (82.24) 562 (81.1)

χ² = 0.096 0.757
yes 177 (18.59) 46 (17.76) 131 (18.9)

Hypertension, n (%)
no 438 (46.01) 108 (41.7) 330 (47.62)

χ² = 2.427 0.119
yes 514 (53.99) 151 (58.3) 363 (52.38)

DM, n (%)
no 607 (63.76) 163 (62.93) 444 (64.07)

χ² = 0.062 0.804
yes 345 (36.24) 96 (37.07) 249 (35.93)

Weight [kg], M (Q1, Q3) 81.51 (69.85, 95.8) 81 (67.86, 94.8) 81.9 (70.51, 96.34) W = 86,539.5 0.396

HR [bpm], M (Q1, Q3) 92.5 (80, 109) 97 (83, 113) 90 (79, 107) W = 104,280.5 <0.001

SBP [mm Hg], M (Q1, Q3) 117.5 (102, 135) 115 (99.5, 132) 118 (103, 137) W = 82,825.5 0.067

DBP [mm Hg], M (Q1, Q3) 63 (52, 77) 63 (51, 77) 63 (52, 77) W = 86,520.5 0.393

RR [bpm], M (Q1, Q3) 20 (16, 24) 21 (18, 25.5) 19 (16, 24) W = 10,4311 <0.001

Temperature [°C], M (Q1, Q3) 36.72 (36.39, 37.11) 36.83 (36.33, 37.28) 36.7 (36.39, 37.06) W = 95,551.5 0.124

Adult patients with SAE were given midazolam
or propofol exclusively as sedative in the MIMIC-IV database

(n = 1,625) 

Eligible patients (n = 952)

Survival
(n = 687)

30-day mortality
(n = 265)

Excluded: 
1) Not using mechanical ventilation (n = 10),
2) Diagnosed as TBI (n = 118),
3) Diagnosed as ischemic/hemorrhagic stroke (n = 343),
4) Diagnosed as epilepsy (n = 78), 
5) Diagnosed as intracranial infection (n = 12),
6) Chronic alcohol or drug abuse (n = 34),
7) Pre-existing liver or kidney disease affecting consciousness (n = 77),
8) Lost to follow-up (n = 1)

Fig. 1. Process of participants selection

SAE – sepsis-associated encephalopathy; MIMIC – Medical 
Information Mart for Intensive Care; TBI – traumatic brain injury.
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Relationship between different sedatives 
and ventilation duration in SAE patients

In addition, we explored the associations of midazolam 
and propofol with ventilation duration in  patients with 
SAE. The  process of  covariates screening was shown 

in Supplementary Table 4. We found that treatment with pro-
pofol was associated with lower odds of long ventilation dura-
tion comparing to that with midazolam (OR = 0.71, 95% CI: 
0.53–0.96), indicating that treatment with propofol may be 
more effective than that with midazolam in improving ex-
cessive ventilation duration among SAE patients (Table 3).

Variables Total 
(n = 952)

Midazolam 
(n = 259)

Propofol 
(n = 693) Statistics p-value

SpO2 [%] M (Q1, Q3) 97 (94, 100) 97 (94.99, 100) 98 (94, 100) W = 88,773 0.794

FIO2 [%], M (Q1, Q3) 70 (50, 100) 70 (50, 100) 70 (50, 100) W = 88,510.5 0.737

SAPS-II score, M (Q1, Q3) 47 (37, 58) 51 (39.5, 67) 46 (36, 55) W = 107,765 <0.001

GCS score, M (Q1, Q3) 13 (9, 14) 13 (7, 14) 14 (10, 14) W = 74,421.5 <0.001

CCI score, M (Q1, Q3) 3 (2, 5) 3 (2, 5) 3 (2, 5) W = 92,261 0.501

RDW [%], M (Q1, Q3) 15.2 (14, 17) 15.3 (14, 17.1) 15.2 (14, 17) W = 89,004.5 0.845

Platelets [K/μL], M (Q1, Q3) 189 (127, 260.25) 217 (140, 286) 176 (124, 247) W = 106,038.5 <0.001

WBC [K/μL], M (Q₁, Q₃) 12.9 (8.78, 18.4) 13.4 (9, 20) 12.7 (8.7, 17.4) W = 96,670 0.067

HB [g/dL], M (Q1, Q3) 10 (8.4, 11.7) 10.2 (8.9, 11.9) 9.8 (8.2, 11.6) W = 100,815 0.003

Hematocrit [%], M (Q1, Q3) 30.7 (26, 35.92) 31.9 (27.55, 36.9) 30.1 (25.3, 35.6) W = 101,052.5 0.003

Cr [mg/dL], M (Q₁, Q₃) 1.2 (0.8, 1.9) 1.4 (0.9, 2.3) 1.2 (0.8, 1.8) W = 102,517 0.001

BUN [mg/dL], M (Q1, Q3) 27 (17–43) 32 (19.5–50) 24 (16–41) W = 105,882 <0.001

Glucose [mg/dL], M (Q₁, Q₃) 138 (108–174) 146 (109.5–194.5) 136 (108–170) W = 99,292 0.011

Lactate [mmol/L], M (Q1, Q3) 1.85 (1.4–3) 1.8 (1.32–2.89) 1.85 (1.4–3) W = 88,494.5 0.741

Bicarbonate [Eq/L], M (Q1, Q3) 22 (19–26) 22 (18–26) 22 (19–25) W = 86,390 0.374

Na [mEq/L], M (Q1, Q3) 138 (134–141) 138 (134–141) 138 (134–141) W = 90,778.5 0.784

K [mEq/L], M (Q1, Q3) 4.2 (3.7–4.8) 4.1 (3.6–4.8) 4.2 (3.8–4.8) W = 84,399.5 0.157

Chloride [mEq/L], M (Q1, Q3) 103 (99–108) 104 (98–108.5) 103 (99–107) W = 93,618 0.304

pH, M (Q1, Q3) 7.36 (7.29–7.42) 7.35 (7.26–7.41) 7.37 (7.29–7.42) W = 79,401 0.006

INR, M (Q₁, Q₃) 1.4 (1.2–1.8) 1.4 (1.2–1.9) 1.4 (1.2–1.7) W = 93,049 0.380

Pt [s], M (Q₁, Q₃) 15.4 (13.67–19.22) 15.52 (14.1–20.4) 15.34 (13.5–18.8) W = 98,135.5 0.026

Ventilation duration, n (%)
<5 468 (49.16) 110 (42.47) 358 (51.66)

χ² = 6.006 0.014
≥5 484 (50.84) 149 (57.53) 335 (48.34)

Vasopressor use, n (%)
no 215 (22.58) 57 (22.01) 158 (22.8)

χ² = 0.030 0.863
yes 737 (77.42) 202 (77.99) 535 (77.2)

Opiates use, n (%)
no 95 (9.98) 8 (3.09) 87 (12.55)

χ² = 17.764 <0.001
yes 857 (90.02) 251 (96.91) 606 (87.45)

Norepinephrine use, n (%)
no 393 (41.28) 84 (32.43) 309 (44.59)

χ² = 10.998 0.001
yes 559 (58.72) 175 (67.57) 384 (55.41)

Antibiotics use, n (%)
no 15 (1.58) 4 (1.54) 11 (1.59)

– 1.000
yes 937 (98.42) 255 (98.46) 682 (98.41)

Length of ICU stay [days], M (Q1, Q3) 9.25 (6.37–13.7) 9.26 (6.07–12.89) 9.25 (6.45–13.92) W = 87,244 0.508

Follow-up duration [days], M (Q1, Q3) 30 (22.51–30) 30 (14.55–30) 30 (30–30) W = 78,102 <0.001

30-day survival status, n (%)
survival 687 (72.16) 164 (63.32) 523 (75.47)

χ² = 13.254 <0.001
death 265 (27.84) 95 (36.68) 170 (24.53)

W – Wilcoxon rank sum test; Me – median; Q1 – 1st quartile; Q3 – 3rd quartile; SAE – sepsis-associated encephalopathy; SD – standard deviation; 
CHF – congestive heart failure; COPD – chronic obstructive pulmonary disease; RF – renal failure; DM – diabetes mellitus; HR – heart rate; SBP – systolic 
blood pressure; DBP – diastolic blood pressure; RR – respiratory rate; SAPS-II – Simplified Acute Physiological Score II; GCS – Glasgow Coma Scale; 
CCI – Charlson Comorbidity Index; RDW – red cell distribution width; WBC – white blood cell; HB – hemoglobin; Cr – creatinine; BUN – blood urea 
nitrogen; Na – sodium; K – potassium; INR – international normalized ratio; PT – prothrombin time; ICU – intensive care unit. SpO2 – oxygen saturation; 
FIO2 – inspiratory oxygen concentration.

Table 1. Characteristics of patients with SAE – cont.



L. Zhan et al. Propofol vs midazolam on 30-day mortality1472

Discussion

The current study explored the associations of propofol 
and midazolam with 30-day mortality in patients with SAE. 
The results suggested that patients with SAE treated with 
propofol had a lower risk of 30-day mortality compared 
to those treated with midazolam. This association was also 
significant in the subgroups of adults aged ≥65 years, SAPS-II 
score ≥47, CCI score ≥3, and ventilation duration ≥5. In ad-
dition, treatment with propofol was significantly associated 
with lower odds of long duration of ventilation in patients 
with SAE compared to patients treated with midazolam.

We believe our study is the first to explore and compare 
associations of propofol and midazolam with short-term 

mortality and ventilation duration in patients with SAE. 
Previous studies have discussed the effects of propofol 
and midazolam on  outcomes in  ICU patients. For in-
stance, a post hoc analysis of the DESIRE trial conducted 
by Miyagawa et al.16 found that patients with sepsis required 
mechanical ventilation during the acute phase. That study 
also found that sedation with midazolam was associated 
with an increased risk of coma and delirium compared 
to propofol. Another study in adult ICU patients showed 
that propofol was associated with improved clinical out-
comes compared to midazolam sedation, reducing extuba-
tion time and mechanical ventilation time in acute surgical 
patients and extubation time in critically ill patients.4 Yet 
another observational, propensity-matched study suggested 

Fig. 2. Association of midazolam and propofol with 30-day mortality in age, SAPS-II, CCI, and ventilation duration subgroups

SAPS -II – Simplified Acute Physiological Score II; CCI – Charlson Comorbidity Index; HR – hazard ratio; 95% CI – 95% confidence interval.

Table 2. Associations of midazolam and propofol with 30-day mortality 
in SAE patients

Sedatives
Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

Midazolam Ref – Ref –

Propofol 0.61 (0.47–0.78) <0.001 0.67 (0.51–0.88) 0.004

SAE – sepsis-associated encephalopathy; HR – hazard ratio; 
95% CI – 95% confidence interval; Ref – reference;  
Model 1 – crude model; The bold p-values are statistically significant.  
Model 2 – adjusted for age, race, respiratory rate, temperature, oxygen 
saturation, Simplified Acute Physiological Score II, Charlson Comorbidity 
Index, red cell distribution width, white blood cell, blood urea nitrogen, 
lactate, chloride, international normalized ratio, prothrombin time, 
vasopressor use, opiates use, and norepinephrine use.

Table 3. Associations of midazolam and propofol with ventilation 
duration in SAE patients

Sedatives
Model 1 Model 2

OR (95% CI) p-value OR (95% CI) p-value

Midazolam Ref – Ref –

Propofol 0.69 (0.52–0.92) 0.012 0.71 (0.53–0.96) 0.028

SAE – sepsis-associated encephalopathy; OR – odds ratio; 
95% CI – 95% confidence interval; Ref – reference;  
Model 1 – crude model; The bold p-values are statistically significant.  
Model 2 – adjusted for oxygen saturation, Simplified Acute Physiological 
Score II, vasopressor use, norepinephrine use, and antibiotics use.
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that, compared with midazolam, sedation with propofol 
reduced mortality and bleeding rates in patients with car-
diogenic shock.17 However, the associations of propofol and 
midazolam with short-term mortality in SAE have not been 
clarified. By observing negative associations of propofol 
treatment with 30-day mortality risk and prolonged dura-
tion of mechanical ventilation, our findings relatively filled 
a gap in the literature on patients with SAE. However, fur-
ther research is needed on the causal associations of mid-
azolam and propofol with ICU outcomes in this population.

The acute phase of SAE is characterized primarily by de-
lirium symptoms,18 which are associated with worse out-
comes.3 In ICU patients, maintaining light sedation was 
linked to increased survival and decreased delirium.19 Re-
searches suggested that midazolam could prolong the time 
to light sedation in comparison with propofol.20,21 Also, 
in the study by Miyagawa et al., midazolam produced sig-
nificantly deeper and more inappropriate sedation than pro-
pofol in the acute phase (day 3 of hospitalization), despite 
the use of light sedation protocols.16 Similarly, in our study 
population, the GCS score of patients in the midazolam 
group was significantly lower than that in the propofol group 
(10.61 vs 11.62). In fact, it has been reported that even mild 
alterations of the mental status (GCS of 13–14) have prog-
nostic potential towards a worse outcome in sepsis.3 Never-
theless, in the present study, we could not clarify the mech-
anism of the potential superior effect of propofol to that 
of midazolam on short-term mortality in SAE, and whether 
it was related to the mental status or delirium of the patients. 
In addition, neuroinflammation induced by microglial acti-
vation is closely linked to the development of SAE.22 Guan 
et al.23 suggested that propofol attenuated the inflammatory 
response by inhibiting metabolic reprogramming via down-
regulation of the ROS/PI3K/Akt/mTOR/HIF-1α signaling 
pathway. On the contrary, higher doses of midazolam may 
be an independent risk factor for sepsis-associated delirium 
among mechanically ventilated patients with sepsis.24 Ad-
ditionally, Sasabuchi et al.25 retrospectively analyzed 30-day 
mortality and intubation duration in children ventilated 
for ≥3 days and sedated with midazolam or propofol and 
showed that weaning from mechanical ventilation was 
slower in children sedated with midazolam than in those 
sedated with propofol. Further investigation is necessary 
to determine the specific mechanism that led to the selec-
tion of propofol sedation as the preferred option for patients 
with SAE over midazolam sedation.

Results of subgroup analysis showed that among patients 
with SAE aged ≥65 years, SAPS-II score ≥47, CCI score ≥3, 
or with ventilation duration ≥5, the association of pro-
pofol with lower 30-day mortality risk was also signifi-
cant. In fact, age (≥75 years) and SAPS-II score (≥23) were 
common risk factors for SAE.26 The progression of SAE 
and neurological deficits resulted from age-related recon-
struction of the brain tissue with senescence of astroglia.27 
In patients admitted to the ICU for sepsis, SAPS-II also 
showed good performance in predicting mortality. Our 

results suggest that in patients with SAE with older age 
or higher SAPS-II score, treatment with propofol may be 
a better choice to reduce short-term mortality than that 
with midazolam. The CCI seemed to be helpful for early 
identification of septic shock patients with poorer out-
comes.28 In our research, although the CCI score had no 
significant difference between the midazolam group and 
the propofol group (3.65 vs 3.56), it seemed that clinicians 
should consider propofol as the first choice of sedative. Me-
chanical ventilation is a cornerstone of sepsis treatment, 
and prolonged mechanical ventilation (exceeding 21 days) 
is associated with increased mortality rates of both in-
hospital and post-discharge.29 In the present study, 57.53% 
of patients in the midazolam group had a ventilation du-
ration ≥5 days, whereas the proportion in the propofol 
group was 48.34%. Duration of ventilation was not found 
to be significantly associated with 30-day mortality, but 
in the subgroup with duration of ventilation ≥5, the asso-
ciation between propofol and lower 30-day mortality risk 
was significant, suggesting that this potentially high-risk 
population should receive more attention.

Limitations

The current study was the first to explore effects of treat-
ment with 2 different sedatives on short-term mortality risk 
in patients with SAE. In statistical analyses, we have con-
sidered and evaluated important variables associated with 
sedation in SAE, including scores reflecting severity and 
prognosis of patients, comorbidities and multiple labora-
tory indicators. However, there were still some limitations. 
As a retrospective cohort study, it is difficult to avoid the in-
herent bias of this study design. Data in the MIMIC database 
were collected from a single medical center, which may limit 
the representativeness of the study sample, and therefore, 
large-scale multi-center studies are needed to further verify 
our findings. Besides, due to limitations of the MIMIC data-
base, we could not obtain the detailed sedation information, 
such as different drug dosages, treatment duration and daily 
sedation level data, which could cause some bias.

Conclusions

Sedation with propofol was a potentially better choice 
than midazolam for patients with SAE in clinical practice, 
which may reduce the risk of short-term mortality and 
prolonged duration of ventilation. However, the causal 
associations of propofol and midazolam with prognosis 
in SAE patients need to be further clarified.
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