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Background: Patients in the intensive care unit (ICU) are often under stress and fail to cooperate well with 
invasive treatments. Analgesia and sedation are of great significance for reducing the suffering of patients 
and ensuring the application and effectiveness of treatment. For better clinical choice, we aimed to explore 
the effect of the combination of propofol + fentanyl or midazolam + fentanyl on the short-term prognosis of 
hospitalized patients in the ICU.
Methods: According to the inclusion and exclusion criteria, we retrospectively included patients in the 
MIMIC-IV database receiving midazolam + fentanyl or propofol + fentanyl analgesic and sedative treatment 
using Structured Query Language (SQL) to extract clinical data from the MIMIC-IV database. The primary 
endpoint was the death rate within 28 days after the patient was admitted to the ICU. Doubly robust 
estimation was used to infer the relationship between sedation and analgesia and 28 days outcome. The 
gradient boosted model (GBM) was used to estimate the propensity score (PS) of the patient’s sedation and 
analgesia program, PS was used as the weight, and the inverse probabilities weighting (IPW) model was used 
to generate a weighted cohort.
Results: In total, 4,188 cases were included, with 2,174 (51.9%) in the propofol group and 2,014 (48.1%) 
in the midazolam group. In the PS score matching cohort, the 28-day mortality of patients in the midazolam 
group was 30.8%, and the 28-day mortality of patients in the propofol group was 25.5%. The adjusted odds 
ratio (OR) value was 1.421 [95% confidence interval (CI): 1.118–1.806, P<0.001]. Patients in the propofol 
group did not use vasoactive drugs for a longer period of time than the midazolam group, and patients in the 
propofol group received significantly more fluids than those in the midazolam group in the first three days 
after admission to the ICU.
Conclusions: Compared with midazolam combined with fentanyl, propofol combined with fentanyl for 
sedation and analgesia can reduce the risk of short-term death in ICU patients.
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Introduction

Severely ill patients are exposed to intense stress upon 
admission to the intensive care unit (ICU) or after admission 
but in a repeated and continuous stress environment for 
a period of time (1-3). Common causes of stress include: 
(I) the patient’s severe trauma or serious illness, which 
may lead to severe pain or impaired organ function; (II) 
environmental factors: the ICU ward is often illuminated 
for 24 hours, the patient does not have a three-meal 
rhythm, and the biological clock is disrupted. Meanwhile, 
there are various noises (machine sounds, alarms, shouts), 
as well as the rescue or death of patients in the same room, 
which, combined with their condition, can lead to a certain 
degree of sleep deprivation; (III) occult pain and various 
tubes (such as tracheal intubation, urinary catheters, gastric 
tubes, and various drainage tubes) cause trauma and pain to 
the corresponding parts, and long-term bed rest causes pain 
in the compressed region; (IV) fear, helplessness, and misses 
caused by the condition (2,3). For these reasons, severely 
ill patients tend to be under intense stress, triggering 
adverse reactions, such as irritability, resistance, anxiety, 
and depression, which may cause further deterioration 
of the condition and severely affect the treatment  
outcome (4). Therefore, many guidelines currently 
recommend that analgesia and sedation should be used as 
routine treatments for ICU patients, and it is recommended 
that appropriate analgesia be given at the same time or 
before sedation (5-7). Therefore, in ICU patients, analgesics 
and sedatives are often used in combination.

Previous study has shown that the use of different 
analgesic and sedative drugs has a variety of adverse 
reactions, especially for patients who already have 
consciousness disturbances and decreased cardiopulmonary 
function, which may not reduce short-term mortality 
but increase the risk of adverse reactions (8). In an open-
label, randomized study, Shehabi et al. found that early 
use of dexmedetomidine in ICU patients did not reduce 
the 90-day mortality rate, but the incidence of adverse 
reactions increased significantly (8). Therefore, a reasonable 
choice of sedation and analgesia is needed to reduce the 
incidence of adverse reactions. In the ICU, commonly 
used analgesics are divided into opioids and nonopioids. 
The commonly used sedatives include benzodiazepines, 
propofol and dexmedetomidine. In clinical practice, 
various combination schemes, such as propofol + fentanyl 
or midazolam + fentanyl, are often used, but the impact of 
these schemes on the short-term prognosis of severely ill 

patients is not currently clear, as study results have been 
inconsistent. The MIMIC-IV database is an open critical 
medicine database (9) jointly released by the Computational 
Physiology Laboratory of the Massachusetts Institute of 
Technology, Beth Israel Dikang Medical Center and Philips 
Medical under the funding of the National Institutes of 
Health (9). The latest version is currently MIMIC-IV. The 
database contains clinical real-world data of more than 
60,000 critically ill patients and is an important resource 
for retrospective research. The purpose of this study was 
to retrospectively analyze patient data in the MIMIC-
IV database to explore the impact of the combination of 
propofol + fentanyl or midazolam + fentanyl on the short-
term prognosis of hospitalized ICU patients.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-477/rc).

Methods

Study population 

This study was a retrospective study, and the research 
subjects were adult patients admitted to the ICU. Inclusion 
criteria included: (I) age ≥18 years; (II) first admission to 
the ICU (for patients who had been admitted to the ICU 
multiple times, only the first-time data were collected); 
(III) stay in the ICU  ≥24 h; (IV) after admission to the 
ICU, they received sedation + analgesia; (V) propofol or 
midazolam was used for sedation, and fentanyl was used 
for analgesia. Exclusion criteria included: (I) absence of 
important data, such as sequential organ failure assessment 
(SOFA) and simplified acute physiological score I (SAPS I); 
(II) lost to follow-up; (III) other sedation or analgesic drugs 
were used. All patient-related information in the MIMIC-
IV database was anonymous, and informed consent was not 
required. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). 

Data source 

The data of this study came from the MIMIC-IV database 
(https://mimic-iv.mit.edu/). The database collected 
hospitalization information of more than 60,000 patients 
admitted to the ICU of the Beth Israel Dikang Medical 
Center in the United States. Data included vital signs, 
medications, laboratory measurements, observations, 
records drawn by nursing staff, fluid balance, program 

https://atm.amegroups.com/article/view/10.21037/atm-22-477/rc
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codes, diagnostic codes, imaging reports, hospital stay and 
survival data.

Data extraction 

We used Structured Query Language (SQL) to extract 
the target data from the MIMIC-IV database for current 
analysis and propensity score matching analysis: age; 
gender; body weight; white blood cell count; hemoglobin; 
platelet count; blood urea nitrogen; blood creatinine; blood 
glucose; blood electrolytes including K+, Na+, Ca2+; blood 
gas test results such as HCO3

−; sequential organ failure score 
(SOFA); length of stay in the ICU; and death in the ICU; 
and information of comorbidities, including hypertension, 
coronary heart disease, chronic obstructive pulmonary 
disease, chronic kidney disease, and whether mechanical 
surgery was performed during ICU hospitalization. 
Ventilation, use of vasoactive drugs and renal replacement 
therapy, whether complicated by ventilator-related 
pneumonia, urinary tract infection, diabetic ketoacidosis, 
acute myocardial infarction, sedation, analgesic drugs were 
also measured. These data were all important indicators 
for ICU patients. Among these data, SOFA is an important 
indicator for assessing the likelihood and severity of sepsis. 
length of stay in the ICU and death were both important 
outcomes for studies on ICU patients. All laboratory test 
parameters were extracted from the results acquired within 
the first 24 hours after admission to the ICU (i.e., the 
baseline value) and the extreme values during the ICU stay 
period (i.e., the maximum value and minimum value).

Outcome 

The primary endpoint was mortality within 28 days after 
the admission to the ICU. Secondary endpoints included 
the number of days of without mechanical ventilation 
during 28 days after admission to the ICU, the number of 
days without vasoactive drug use, the maximum dose of 
norepinephrine, the fluid input volume of the patient in the 
first three days after admission to the ICU, the level and the 
rate of decrease of serum lactic acid, and the rate of decrease 
of creatinine. Calculation of the decrease in lactic acid and 
creatinine: for patients receiving sedation and analgesia, the 
last test result before treatment was used to subtract the first 
and second test results 24 hours and 48 hours after the end 
of treatment.

Statistical analysis 

SPSS software (version 23.0, IBM, Chicago, USA) was 
used to perform statistical analysis on all research data. 
Continuous variables were first tested for normality of 
distribution. If normally distributed, they were expressed as 
the means (standard deviation). The comparison between 
the two groups was conducted with an independent sample 
t-test; if they were nonnormally distributed, the median M 
(QL, QU) was used, and the Wilcoxon rank sum test was 
used for comparison between the two groups. Categorical 
variables were expressed as the number and percentages 
(n, %), and the comparisons between the two groups 
was conducted using χ2. Multivariate logistic regression 
analysis was used to analyze the risk factors related to 
death of patients within 28 days of admission to the ICU, 
and the variables that remained unbalanced between the 
groups with and without a TTE in the propensity score 
model were adjusted. Doubly robust estimation was used 
to infer the relationship between sedation and analgesia 
and patient endpoint events (10). The gradient boosted 
model (GBM) was used to estimate the propensity score 
(PS) of the patient’s sedation and analgesia program to 
minimize the imbalance of variables between the two 
sedation and analgesia programs. With PS as the weight, a 
weighted queue was generated using an inverse probability 
weighting (IPW) model (11). A two-sided P<0.05 indicated 
a statistically significant difference.

Results

General information 

According to the inclusion and exclusion criteria, 4188 
cases were extracted from the MIMIC-IV database  
(Figure 1) and divided into a propofol group and a 
midazolam group. There were 2,174 cases (51.91%) in the 
propofol group, 913 (42.00%) of which were female, and 
2,014 cases (48.09%) in the midazolam group, 856 (42.50%) 
of which were female. The SAPS score (20.04±4.85 vs. 
21.13±5.70, P<0.001), SOFA score (5.10±3.35 vs. 6.25±4.03, 
P<0.001) and Elixhauser score (6.89±7.96 vs. 11.20±9.12, 
P<0.001) of patients in the propofol group were lower 
than those in the midazolam group. The rate of patients 
receiving mechanical ventilation was significantly higher 
in the propofol group than in the midazolam group 
(99.60% vs. 76.90%, P<0.001), and there was no significant 
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difference in the rate of vasoactive medication (39.40% 
vs. 40.80%, P=0.358). The rate of stroke was higher than 
that of the midazolam group, and the rates of chronic 
heart failure, atrial fibrillation, decreased renal function, 
liver function impairment, chronic obstructive pulmonary 
disease, coronary heart disease and malignant tumors were 
lower in the propofol group than in the midazolam group 
(Table 1). For propensity score matching analysis, each 
group included 702 patients (Table 1).

Double robust analysis 

The results of PS analysis using GBM based on covariates 
are shown in Figure 2. From the figure, we can see the 
contribution of different covariates to the PS score. In this 
study, the covariates that had a greater contribution to PS 
included the use of ventilators, partial pressure of oxygen 
(PO2), blood urea nitrogen, troponin, and Elixhauser score. 
Based on this result, IPW was used to standardize the 
differences between the propofol and midazolam groups 
(Table 1). Many of the indicators were not significantly 
different between the two groups based on the PS score. 
The SAPS score, central venous pressure, blood BUN level 
and creatinine level were higher in the propofol group than 
in the midazolam group, while the hemoglobin level and 
oxygen pressure were lower than those in the midazolam 
group (Table 1). Further regression analysis adjusted the 

variables that were different between groups.

Endpoint analysis 

Double robust analysis showed that the propofol group 
had lower  risk of death within 28 days after admission 
to the ICU than the midazolam group. In the PS score 
compatibility cohort, the 28-day mortality of patients was 
30.8% and 25.5% in the midazolam group and the propofol 
group, respectively. The adjusted odds ration (OR) value 
was 1.421 [95% confidence interval (CI): 1.118–1.806, 
P<0.001]. Similarly, the analysis results of the other four 
models were consistent, suggesting that propofol was 
beneficial to reducing the risk of death during 28 days ICU 
stay (Table 2). The analysis of the secondary endpoints 
showed that patients in the propofol group did not use 
vasoactive drugs for a longer period of time than the 
midazolam group and that patients in the propofol group 
had significantly more fluid input than mimics in the first 
three days after admission to the ICU. For patients in the 
midazolam group, other secondary endpoints were not 
significantly different between the two groups (Table 3).

Discussion

Based on the MIMIC-IV database, this study retrospectively 
analyzed the effects of the propofol + fentanyl regimen and 

Adults first in ICU (n=38,553) 

Propofol group 

(n=2,174)

Midazolam group 

(n=2,014)

No anesthesia records (n=31,451) 

Anesthesia not in ICU (n=236)

Not midazolam or propofol (n=2,678)

Final cohort (n=4,188)

Figure 1 Flowchart of cases enrollment. ICU, intensive care unit.
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Table 1 Comparison of characteristics between the original cohort and the adjusted (weighted) cohort

Covariate
Original cohort PS matching cohort

Missing data
Propofol Midazolam SMD Propofol Midazolam SMD

n 2,174 2,014 702 702

Age 56.00 (20.54) 66.63 (16.81) 0.566 64.80 (16.85) 63.21 (17.15) 0.093 0%

Gender (female) 42.00% 42.50% 0.008 42.20% 47.40% 0.106 0%

Weight (kg) 83.65 (23.65) 80.18 (24.07) 0.145 84.09 (24.64) 82.22 (24.19) 0.077 6.40%

SAPS score 20.04 (4.85) 21.13 (5.70) 0.207 21.65 (5.40) 20.98 (4.94) 0.129 0%

SOFA score 5.10 (3.35) 6.25 (4.03) 0.309 6.22 (3.62) 6.00 (3.58) 0.062 0%

Elixhauser score 6.89 (7.96) 11.20 (9.12) 0.504 9.99 (8.40) 9.50 (8.51) 0.058 0%

MV use (1st 24 hours) 99.60% 76.90% 0.755 98.90% 99.40% 0.062 0%

VP use (1st 24 hours) 39.40% 40.80% 0.029 44.40% 42.60% 0.037 0%

Sedative use (1st 24 
hours)

91.50% 86.50% 0.16 85.80% 87.00% 0.037 0%

CHF 15.50% 32.50% 0.408 30.30% 28.80% 0.034 0%

AFIB 19.50% 32.40% 0.297 28.30% 24.10% 0.097 0%

Renal 6.60% 20.70% 0.419 12.80% 11.40% 0.044 0%

Liver 5.70% 11.70% 0.215 10.00% 9.10% 0.029 0%

COPD 10.30% 15.10% 0.147 16.80% 17.80% 0.026 0%

CAD 13.00% 26.90% 0.352 19.20% 22.20% 0.074 0%

Stroke 13.10% 4.30% 0.314 8.00% 7.30% 0.027 0%

Malignancy 16.70% 21.20% 0.113 20.10% 19.80% 0.007 0%

Day of ICU admission 0.131 0.186 0%

Sunday 14.30% 13.00% 11.00% 15.20%

Monday 13.90% 11.30% 14.20% 13.40%

Tuesday 13.50% 13.10% 16.10% 12.40%

Wednesday 15.70% 17.10% 18.50% 15.50%

Thursday 13.40% 16.50% 14.70% 15.70%

Friday 14.90% 13.40% 15.00% 15.00%

Saturday 14.40% 15.60% 10.50% 12.80%

Hour of ICU admission 0.364 0.172 0%

0 4.00% 4.50% 4.60% 5.30%

1 5.40% 3.30% 2.70% 2.80%

2 3.10% 6.30% 4.80% 4.00%

3 2.50% 2.30% 2.10% 2.30%

4 2.40% 2.50% 2.60% 3.30%

5 3.00% 2.20% 2.60% 3.00%

Table 1 (continued)
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Table 1 (continued)

Covariate
Original cohort PS matching cohort

Missing data
Propofol Midazolam SMD Propofol Midazolam SMD

6 2.00% 2.20% 2.10% 2.60%

7 1.50% 1.60% 1.70% 1.70%

8 2.20% 1.80% 1.60% 2.60%

9 3.00% 1.80% 2.10% 2.30%

10 4.30% 2.10% 2.40% 3.00%

11 4.00% 3.60% 4.30% 4.80%

12 3.80% 7.20% 3.80% 4.60%

13 3.30% 2.70% 2.80% 3.60%

14 4.20% 5.40% 5.40% 4.70%

15 4.70% 3.90% 5.40% 4.80%

16 4.70% 5.30% 5.70% 5.80%

17 5.10% 5.00% 5.80% 5.00%

18 6.00% 4.20% 5.70% 4.70%

19 9.40% 5.80% 5.80% 7.00%

20 6.00% 6.20% 6.80% 6.60%

21 5.80% 9.10% 6.40% 5.70%

22 4.60% 6.00% 6.30% 5.10%

23 4.90% 5.00% 6.30% 4.80%

MAP (mmHg) 84.43 (18.84) 81.73 (19.39) 0.141 81.78 (20.66) 82.88 (18.93) 0.055 0.20%

Heart rate (beat per 
minute)

91.14 (20.28) 94.16 (21.78) 0.143 95.09 (21.69) 94.26 (21.16) 0.038 0.20%

Temperature (℃) 36.66 (1.16) 36.63 (1.12) 0.021 36.60 (1.19) 36.65 (1.20) 0.044 2.10%

CVP (mmH2O) 12.46 (17.28) 12.99 (18.98) 0.029 14.03 (21.10) 13.09 (14.06) 0.052 60%

WBC (×109) 12.93 (7.99) 14.09 (15.25) 0.095 13.82 (10.24) 13.71 (8.62) 0.012 2.40%

Hemoglobin (g/L) 11.21 (2.27) 10.73 (2.21) 0.214 10.69 (2.15) 10.92 (2.13) 0.105 2.30%

Platelet (×109) 219.17 (113.76) 223.10 (133.61) 0.032 219.67 (128.19) 231.73 (130.82) 0.093 2.30%

Sodium (mmol/L) 138.69 (4.94) 139.20 (6.23) 0.091 138.37 (5.48) 138.53 (5.23) 0.03 1.60%

Potassium (mmol/L) 4.08 (0.85) 4.23 (0.81) 0.175 4.21 (0.76) 4.13 (0.77) 0.112 1.60%

Bicarbonate (mmHg) 22.95 (4.31) 22.35 (5.59) 0.12 22.30 (5.36) 22.38 (5.27) 0.014 1.90%

Chloride (mmol/L) 106.39 (5.91) 106.20 (7.38) 0.028 105.52 (6.68) 105.73 (6.57) 0.031 1.70%

Bun (mmol/L) 20.75 (17.10) 35.14 (27.62) 0.626 30.89 (23.72) 26.21 (19.94) 0.214 1.90%

Lactate (mmol/L) 2.98 (2.28) 2.72 (2.53) 0.109 2.90 (2.64) 2.80 (2.59) 0.038 28.50%

Creatinine (mmol/L) 1.14 (1.06) 1.63 (1.59) 0.362 1.58 (1.47) 1.37 (1.29) 0.155 1.90%

PH 7.36 (0.09) 7.34 (0.12) 0.19 7.34 (0.11) 7.34 (0.10) 0.009 16.50%

Table 1 (continued)
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Table 1 (continued)

Covariate
Original cohort PS matching cohort

Missing data
Propofol Midazolam SMD Propofol Midazolam SMD

PO2 (mmHg) 202.54 (121.93) 154.04 (123.12) 0.396 160.54 (110.52) 173.04 (112.73) 0.112 17.70%

PCO2 (mmHg) 41.55 (10.39) 42.58 (14.13) 0.083 42.77 (13.69) 42.04 (11.32) 0.058 17.70%

BNP (tested) 0.50% 2.30% 0.152 1.10% 2.10% 0.079 0%

Troponin (tested) 16.60% 38.80% 0.511 35.00% 33.20% 0.039 0%

MV, mechanical ventilation; VP, vasopressor; SAPS, simplified acute physiological score; SOFA, sequential organ failure score; CHF, 
chronic heart failure; AFIB, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; ICU, intensive 
care unit; CVP, central venous pressure; WBC, white blood cell; BUN, blood urea nitrogen; BNP, brain natriuretic peptide; SMD, 
standardized mean differences; MAP, mean arterial pressure.

midazolam + fentanyl regimen on the short-term prognosis 
of hospitalized patients in the ICU. Compared with 
midazolam combined with fentanyl, propofol combined 
with fentanyl reduced the 28-day risk of death in severely 
ill patients in the ICU. Further analysis revealed that the 
fluid input in the first three days after admission to the ICU 
was significantly higher in the propofol group than in the 
midazolam group, and the period of time without the use 
of vasoactive drugs was longer. There were no significant 
differences in the time of mechanical ventilation, dopamine 
use rate, SOFA score, norepinephrine measurement, or 
changes in serum lactic acid levels during the treatment 

process between the two groups.
Most patients in the intensive care unit require 

mechanical ventilation and other invasive treatments. 
However, these treatments themselves can cause stress, 
pain, discomfort, and even complications (12). Ensuring the 
effectiveness of mechanical ventilation and other treatments 
and improving the comfort of patients in the ICU are the 
main purposes of analgesia and sedation treatment, and 
it is also an important measure to improve the safety of 
the treatment process (13,14). However, analgesia and 
sedation therapy itself may also increase the risk of death 
and the risk of complications for patients. Some researchers 

cov inf
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Figure 2 Relative influence factor of covariates. The relative influence factor measures how discriminative the 40 covariates of the 
propensity score model were when predicting the likelihood of echocardiogram performance. BUN, blood urea nitrogen; MAP, mean 
arterial pressure; CVP, central venous pressure; AFIB, atrial fibrillation.
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worry that analgesia and sedation treatment will prolong 
the time of mechanical ventilation and ICU hospital stay. 
For this reason, a study found that no sedation treatment 
plan cannot reduce the 90-day mortality rate of patients 
receiving mechanical ventilation in the ICU (15). In this 
multicenter randomized controlled study, the researchers 
included 700 critically ill patients in a 1:1 ratio and divided 
them into a nonsedation group and a light sedation group. 
The results showed that the 90-day fatality rates of patients 
in the nonsedation group and the light sedation group were 
42.4% and 37.0%, respectively, with a difference of 5.4% 
(95% CI: −2.2%–12.2%, P=0.65). Meanwhile, there were 

no significant differences in the number of days that the two 
groups of patients were admitted to the ICU or the number 
of days on ventilator-assisted ventilation (15).

When choosing analgesia and sedation treatment plans, 
doctors should formulate individualized plans based on the 
patient’s state and monitor the patient’s response to the drug 
to make appropriate adjustments (16). In clinical practice, 
many types of drugs can be used for analgesia and sedation 
in the ICU. At present, the commonly used analgesics 
in clinical practice are mainly fentanyl, remifentanil and 
sufentanil, as well as nonopioid drugs, such as katamine, 
carbamezapine, gabapentin and paracetamol. Commonly 

Table 2 Primary outcome analysis with five different models

Models OR
CI

P value
2.5% 97.5%

Doubly robust with unbalanced covariates 1.667 1.170 2.376 <0.001

Doubly robust with all covariates 2.297 1.698 3.106 <0.001

Propensity score IPW 1.598 1.430 1.787 <0.001

Propensity score matching 1.421 1.118 1.806 <0.001

Multivariate 2.483 1.860 3.325 <0.001

OR, odds ratio; CI, confidence interval; IPW, inverse probabilities weighting.

Table 3 Secondary outcome analysis with propensity score-matched cohorts

Secondary outcome Propofol Midazolam SMD P value

n 702 702

Ventilation-free days in 28 days 18.00 (18.77) 17.03 (11.95) 0.062 0.241

Vasopressor-free days in 28 days 20.34 (13.62) 18.87 (12.76) 0.112 0.038

Dobutamine use 4.70% 4.10% 0.028 0.699

IV fluid day 1 (mL) 3,298.52 (3,697.72) 2,308.44 (3,683.45) 0.268 <0.001

IV fluid day 2 (mL) 1,624.34 (2,671.36) 1,145.48 (2,697.71) 0.178 <0.001

IV fluid day 3 (mL) 638.95 (2,566.95) 298.47 (2,486.63) 0.135 0.008

SOFA reduction day 2 −0.01 (3.97) 0.31 (3.98) 0.081 0.131

SOFA reduction day 3 0.42 (3.41) 0.68 (4.18) 0.069 0.194

Norepinephrine (maximum dosage mg/min) 1.58 (4.68) 1.86 (3.60) 0.067 0.198

Serum lactate reduction (48 hours) 0.87 (2.90) 0.71 (1.92) 0.068 0.735

Serum creatinine reduction (48 hours) 0.08 (0.93) 0.02 (0.83) 0.07 0.222

Serum lactate reduction (24 hours) 0.74 (3.02) 0.62 (1.56) 0.05 0.305

Serum creatinine reduction (24 hours) 0.03 (0.73) −0.02 (0.72) 0.071 0.343

SMD, standardized mean differences; IV, intravenous; SOFA sequential organ failure score.
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used sedative drugs are mainly propofol, dexmedetomidine, 
and midazolam. These analgesics and sedatives can be 
used in combination. Previous study has shown that 
propofol, midazolam, and dexmedetomidine have similar 
sedative effects on severely ill patients in the ICU, but 
midazolam is associated with longer mechanical ventilation  
times (17). Metomidine increases the risk of adverse 
reactions (17). Similar study has also found that, for patients 
with sepsis in the ICU, the use of dexmedetomidine during 
mechanical ventilation did not reduce mortality or shorten 
the duration of mechanical ventilation (18). Propofol is 
safe and effective and is widely used in clinical sedative 
treatment. It has the characteristics of quick recovery and 
better sedative and forgetting effects; compared with other 
traditional sedatives, it does not increase the incidence of 
cardiopulmonary complications (19). Propofol is widely 
used for sedative therapy in the ICU (20). Many studies 
have shown that, compared with midazolam, the prognosis 
of severely ill patients treated with propofol is better, 
including the duration of mechanical ventilation and 
tracheal removal in the ICU. Tube time is shorter (21,22), 
and propofol is associated with lower medical costs (23). 
This study included real-world cases with a large sample 
size, but the results were inconsistent with previous studies. 
The analysis results did not show that severely ill propofol-
treated ICU patients had shorter mechanical ventilation 
times and shorter tracheal extubation times. This may 
be related to the retrospective nature of the studies. In 
real-world clinical practice, doctors may not pay much 
attention to the time of mechanical ventilation and the 
time of extubation, as in randomized controlled studies. 
That is, in randomized controlled studies, doctors may be 
concerned about mechanical ventilation. More attention is 
given to the time of tracheal extubation, and the assessment 
is timelier. However, the results of this study show that 
the short-term mortality rate of ICU patients treated with 
propofol was lower. From this point of view, it is consistent 
with the results of previous studies; that is, compared with 
midazolam, propofol can improve the short-term prognosis 
of critically ill patients in the ICU.

Limitat ions  of  this  s tudy:  a l though this  s tudy 
retrospectively included a large sample size of real-
world cases for analysis, it still has inherent limitations of 
retrospective research. The analgesia and sedation regimens 
used by these patients may be related to the experience and 
tendencies of doctors and medical institutions, which may 
have caused bias in case selection. Second, some patients 
were excluded due to incomplete data, resulting in a 

decrease in the representativeness of the research samples. 
At the same time, unlike other studies, the primary endpoint 
of this study was death 28 days after admission to the ICU, 
while the endpoint of other previous studies was death at  
90 days. Therefore, this study lacks an assessment of the  
90-day outcome.
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