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Abstract
Background  Sepsis-associated encephalopathy (SAE) patients often experience changes in intracranial pressure and 
impaired cerebral autoregulation. Mean arterial pressure (MAP) plays a crucial role in cerebral perfusion pressure, but 
its relationship with mortality in SAE patients remains unclear. This study aims to investigate the relationship between 
MAP and the risk of 28-day and in-hospital mortality in SAE patients, providing clinicians with the optimal MAP target.

Methods  We retrospectively collected clinical data of patients diagnosed with SAE on the first day of ICU admission 
from the MIMIC-IV (v2.2) database. Patients were divided into four groups based on MAP quartiles. Kruskal-Wallis H 
test and Chi-square test were used to compare clinical characteristics among the groups. Restricted cubic spline and 
segmented Cox regression models, both unadjusted and adjusted for multiple variables, were employed to elucidate 
the relationship between MAP and the risk of 28-day and in-hospital mortality in SAE patients and to identify the 
optimal MAP. Subgroup analyses were conducted to assess the stability of the results.

Results  A total of 3,816 SAE patients were included. The Q1 group had higher rates of acute kidney injury and 
vasoactive drug use on the first day of ICU admission compared to other groups (P < 0.01). The Q1 and Q4 groups 
had longer ICU and hospital stays (P < 0.01). The 28-day and in-hospital mortality rates were highest in the Q1 group 
and lowest in the Q3 group. Multivariable adjustment restricted cubic spline curves indicated a nonlinear relationship 
between MAP and mortality risk (P for nonlinearity < 0.05). The MAP ranges associated with HRs below 1 for 28-day 
and in-hospital mortality were 74.6–90.2 mmHg and 74.6–89.3 mmHg, respectively.The inflection point for mortality 
risk, determined by the minimum hazard ratio (HR), was identified at a MAP of 81.5 mmHg. The multivariable adjusted 
segmented Cox regression models showed that for MAP < 81.5 mmHg, an increase in MAP was associated with a 
decreased risk of 28-day and in-hospital mortality (P < 0.05). In Model 4, each 5 mmHg increase in MAP was associated 
with a 15% decrease in 28-day mortality risk (HR: 0.85, 95% CI: 0.79–0.91, p < 0.05) and a 14% decrease in in-hospital 
mortality risk (HR: 0.86, 95% CI: 0.80–0.93, p < 0.05). However, for MAP ≥ 81.5 mmHg, there was no significant 
association between MAP and mortality risk (P > 0.05). Subgroup analyses based on age, congestive heart failure, use 
of vasoactive drugs, and acute kidney injury showed consistent results across different subgroups.Subsequent analysis 
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Background
Sepsis-associated encephalopathy (SAE) is a brain dys-
function caused by infection without direct central ner-
vous system infection, excluding other potential causes 
of brain dysfunction. The clinical manifestations of SAE 
can range from somnolence or delirium to severe cog-
nitive impairment and deep coma. In the intensive care 
unit (ICU), the incidence of SAE in sepsis patients could 
be as high as 43.6% [1]. This significantly affects patient 
outcomes, including long-term neurological dysfunction 
and high mortality rates.The pathophysiological mecha-
nisms of SAE are complex and not fully elucidated. It is 
currently believed to involve multiple potential mecha-
nisms, primarily including inflammatory responses, 
reduced cerebral blood flow (CBF), glial cell activation, 
blood-brain barrier dysfunction, and other factors [2–5]. 
Studies have shown that up to 50% of septic patients had 
impaired cerebral autoregulation [6], which reduces the 
brain’s ability to adapt to changes in systemic blood pres-
sure, subsequently affecting intracranial perfusion pres-
sure and reducing CBF. Given the critical role of reduced 
CBF in the pathogenesis of SAE, maintaining adequate 
intracranial perfusion pressure to improve CBF is crucial 
for managing SAE patients.

Optimal mean arterial pressure (MAP) is crucial for 
tissue and organ perfusion and is essential in manag-
ing sepsis, especially septic shock. Sepsis and septic 
shock management guidelines recommended maintain-
ing MAP ≥ 65 mmHg [7] to reduce organ damage and 
mortality risk. However, because organs have different 
anatomical and physiological characteristics and vary-
ing tolerance to ischemia and hypoxia, the optimal MAP 
should be adjusted based on the disease.MAP, a key 
parameter in determining intracranial perfusion pres-
sure, influences CBF, oxygenation, and metabolism of 
brain cells. Although some studies have explored the 
impact of MAP on neurological outcomes in critically ill 
patients, the results remain controversial. Some research 
indicated that lower MAP was associated with more neu-
rological sequelae and higher mortality in critically ill 
patients, likely due to brain hypoxia and damage caused 
by inadequate cerebral perfusion [8, 9]. Conversely, other 
studies suggested that excessively high MAP could lead 

to hyperperfusion, increased intracranial pressure, and 
potentially brain edema and further brain injury [10].

To date, there are no specific studies on the optimal 
MAP for SAE patients. Determining an appropriate 
MAP target is crucial for improving the prognosis of SAE 
patients. This study aims to investigate the relationship 
between different MAP levels and 28-day and in-hospital 
mortality risks in SAE patients. It provides clinical practi-
tioners with the optimal MAP for managing SAE.

Methods
Data sources
This retrospective study extracted all data from the 
MIMIC-IV (v2.2) database.The MIMIC-IV database is a 
publicly available critical care database that contains clin-
ical data from over 70,000 ICU admissions at the Beth 
Israel Deaconess Medical Center and the Massachusetts 
Institute of Technology, spanning from 2008 to 2019. 
This database includes comprehensive patient informa-
tion such as demographics, vital signs, laboratory results, 
imaging studies, and treatments. One of researchers 
has complied with the data usage agreement (certificate 
number: 53211641). The MIMIC-IV database used in this 
study was approved by the Institutional Review Boards 
(IRB) of the institution, with a waiver of informed con-
sent for patients and guardians.

Study population and important definitions
The definition of sepsis patients in this study was based 
on the third edition of the sepsis diagnostic criteria 
(sepsis 3.0), which combined Sequential Organ Fail-
ure Assessment (SOFA ≥ 2) and suspected or confirmed 
infection [7]. SAE was characterized by altered mental 
status due to sepsis, excluding other possible causes of 
altered mental status. In this study, altered mental sta-
tus referred to a Glasgow Coma Scale (GCS) score < 15 
or a delirium diagnosis (based on ICD-9 codes 2930 
and 2931) [11, 12]. Coma was defined as a GCS score ≤ 8 
points.Specifically, the inclusion and exclusion criteria 
for this study were as follows [13, 14]. The inclusion cri-
teria were: (1) diagnosed with sepsis on the first day of 
ICU admission; (2) admitted to the ICU for the first time; 
(3) had a GCS score < 15 or a diagnosis of delirium. The 
exclusion criteria were: (1) ICU stays less than 24 h; (2)

of SAE patients with septic shock also showed results similar to those of the original cohort.However, for comatose 
SAE patients (GCS ≤ 8), there was a negative correlation between MAP and the risk of 28-day and in-hospital mortality 
when MAP was < 81.5 mmHg, but a positive correlation when MAP was ≥ 81.5 mmHg in adjusted models 2 and 4.

Conclusion  There is a nonlinear relationship between MAP and the risk of 28-day and in-hospital mortality in SAE 
patients. The optimal MAP target for SAE patients in clinical practice appears to be 81.5 mmHg.
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primary hypertension; (3)patients with brain injuries 
not caused by sepsis, such as encephalitis, intracranial 
abscess, epilepsy, brain trauma, cerebral hemorrhage, 
cerebral infarction, other cerebrovascular diseases, men-
tal disorders, alcohol or drug dependence, hypoglyce-
mic coma, ischemic-hypoxic encephalopathy, metabolic 
encephalopathy, hypertensive encephalopathy, hepatic 
encephalopathy, or other encephalopathies.

Data extraction and variables
We used Navicat 16 and SQL (Structured Query Lan-
guage) to extract data from the MIMIC-IV (v2.2) data-
base. The extracted variables included demographic 
characteristics (gender, age, weight, and race), comorbid-
ities (congestive heart failure, chronic pulmonary disease, 
renal disease, severe liver disease, diabetes, malignant 
cancer, etc.), average vital signs within the first 24  h of 
ICU admission (heart rate, respiratory rate, temperature, 
mean arterial pressure), treatments (mechanical ven-
tilation, vasoactive drugs, renal replacement therapy), 
laboratory results (pH, PaO2, PaCO2, white blood cell 
count, hemoglobin, platelets, glucose, anion gap, calcium, 
sodium, potassium, creatinine, international normalized 
ratio, prothrombin time), and severity of illness scores 
(GCS, SOFA), and acute kidney injury(AKI) stage.

Endpoints
The primary endpoints were defined as the 28-day mor-
tality following ICU admission and the in-hospital 
mortality.

Statistical analyses
For continuous variables, the Shapiro-Wilk test was used 
to assess normality. Normally distributed data were pre-
sented as mean ± standard deviation, while non-normally 
distributed data were presented as median (interquartile 
range). Categorical variables were expressed as frequen-
cies or percentages. Based on the interquartile range 
of the MAP in the included population, subjects were 
divided into four groups. One-way ANOVA (for nor-
mally distributed variables), Kruskal-Wallis H test (for 
non-normally distributed variables), and Chi-square test 
(for categorical variables) were used to determine statisti-
cal differences between groups.

To investigate the relationship between MAP and 
28-day and in-hospital mortality in SAE patients, we 
used unadjusted and multivariable adjusted (variables 
in Table 1) restricted cubic splines(RCS) to fit MAP and 
incorporated it into the Cox proportional hazards model. 
By fitting the spline model, we captured the nonlinear 
relationship in the data. Based on our research objectives 
and clinical applicability, the inflection point was deter-
mined by identifying the minimum hazard ratio (HR) [15, 
16]. After identifying the inflection point, we divided the 

data into two segments and fitted four Cox proportional 
hazards models for each segment. First, MAP divided by 
5 was entered as a continuous variable into the model. 
Then, MAP was categorized into six groups based on 
10 mmHg increments or decrements around the inflec-
tion point and entered as a categorical variable into the 
models. The four Cox regression models included: Model 
1 (unadjusted); Model 2 adjusted for gender, age, weight, 
and race; Model 3 adjusted for Model 2 plus Charlson 
Comorbidity Index, AKI Stage, SOFA Score, and GCS; 
Model 4 adjusted for Model 3 plus number of vasoactive 
drugs, ventilation status, and renal replacement therapy.

To explore the stability of the results, segmented Cox 
regression analyses were conducted in SAE patients with 
shock and severe SAE (coma, GCS ≤ 8) to examine the 
relationship between MAP and 28-day and in-hospital 
mortality. Additionally, given that age, congestive heart 
failure, use of vasoactive drugs, and acute kidney injury 
were important confounders for 28-day and in-hospital 
mortality in SAE patients, we performed subgroup and 
interaction analyses using the adjusted Cox regression 
model (Model 4) to further evaluate the stability of the 
relationship between MAP and 28-day and in-hospital 
mortality. We selected confounders in the model based 
on clinical relevance and used variance inflation factors 
to control for multicollinearity.To avoid bias due to miss-
ing data, robust linear regression was used to impute 
multiple missing columns, and variables with more than 
30% missing values were excluded. Statistical analy-
ses were performed using R software (R version 4.3.3). 
A two-tailed P value < 0.05 was considered statistically 
significant.

Results
Baseline characteristics of patients
According to the inclusion and exclusion criteria (Fig. 1), 
3,816 patients were included in our study.Among these 
patients, 39.1% were male, and 68.8% were white. The 
median age was 70.04 years (IQR: 59.66, 79.85), and the 
median weight was 80.00  kg (IQR: 67.20, 95.00). The 
median Charlson Comorbidity Index was 5.00 (IQR: 
3.00, 7.00), the median GCS score was 14.00 (IQR: 10.00, 
14.00), and the median SOFA score was 6.00 (IQR: 
4.00, 8.00). Across the cohort, the MAP had a median 
of 74.72 mmHg (IQR: 69.60, 80.89).In terms of labora-
tory findings, patients in the Q1 group had significantly 
lower pH, PO2, glucose, sodium, calcium, and hemo-
globin levels (p < 0.01), and significantly higher anion 
gap, potassium, creatinine, INR, and PT levels (p < 0.01). 
Among all patients included, 57.7% (n = 2,200) experi-
enced acute kidney injury (AKI) on the first day of ICU 
admission, with a higher incidence in the Q1 group. 
Patients in the Q1 group also had higher usage of vasoac-
tive drugs (p < 0.01). The Q1 and Q4 groups had longer 
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Variables, n (%) Overall Mean arterial pressure (mmHg) P 
valueQ1( < = 69.6) Q2(69.6–74.7) Q3(74.7–80.9) Q4(> 80.9)

Patients 3,816 957 948 959 952
Age(years) 70.04(59.66, 79.85) 76.15 (65.54, 83.13) 71.43(61.89, 80.45) 68.61 (59.18, 77.39) 64.99 (53.35, 75.40) < 0.001
Sex, n (%) < 0.001
  Male 1492(39.1) 426(44.5) 351(37.0) 337(35.1) 378(39.7)
  Female 2324 (60.9) 531 (55.5) 597 (63.0) 622 (64.9) 574 (60.3)
Weight(kg) 80.00 (67.20, 95.00) 75.60(64.50, 90.70) 81.18 (69.57, 96.30) 81.60(68.93, 95.32) 80.00 (66.90, 95.20) < 0.001
Race, n (%) < 0.001
  White 2627 (68.8) 697 (72.8) 689 (72.7) 663 (69.1) 578 (60.7)
  Black 255 ( 6.7) 52 ( 5.4) 47 ( 5.0) 48 ( 5.0) 108 (11.3)
  Other 934 (24.5) 208 (21.7) 212 (22.4) 248 (25.9) 266 (27.9)
Comorbidities, n (%)
  Congestive heart failure 1091 (28.6) 366 (38.2) 250 (26.4) 255 (26.6) 220 (23.1) < 0.001
  Chronic pulmonary disease 934 (24.5) 273 (28.5) 224 (23.6) 211 (22.0) 226 (23.7) 0.006
  Renal disease 770 (20.2) 281 (29.4) 182 (19.2) 138 (14.4) 169 (17.8) < 0.001
  Severe liver disease 149 ( 3.9) 49 ( 5.1) 30 ( 3.2) 27 ( 2.8) 43 ( 4.5) 0.028
  Diabetes 1146 (30.0) 310 (32.4) 318 (33.5) 263 (27.4) 255 (26.8) 0.001
  Malignant cancer 654 (17.1) 196 (20.5) 150 (15.8) 140 (14.6) 168 (17.6) 0.004
Charlson comorbidity index 5.00(3.00, 7.00) 6.00 (4.00, 8.00) 5.00 (3.00, 7.00) 4.00 (3.00, 6.00) 4.00 (2.00, 7.00) < 0.001
Vital signs
  Temperature (℃) 36.82(36.57, 37.09) 36.79 (36.49, 37.06) 36.79 (36.56, 37.05) 36.84 (36.60, 37.09) 36.85 (36.61, 37.13) < 0.001
  Respiratory rate (bpm) 18.64(16.50, 21.61) 19.01(16.58, 22.13) 18.32 (16.35, 21.09) 18.28 (16.43, 20.85) 19.06 (16.72, 22.33) < 0.001
  Heart rate (bpm) 85.06 (76.19, 96.57) 83.86 (75.24, 94.55) 83.98 (76.14, 93.53) 85.24 (76.48, 96.94) 87.94 (76.93, 100.20) < 0.001
Laboratory tests
  PH 7.38 (7.35, 7.41) 7.37 (7.34, 7.40) 7.38 (7.35, 7.40) 7.39 (7.35, 7.41) 7.39 (7.36, 7.41) < 0.001
  PO2 (mmHg) 198.18 (132.77, 

224.11)
185.45 (121.00, 
214.86)

202.56 (138.98, 
242.16)

207.00 (148.08, 
249.00)

194.53 (127.94, 
217.70)

< 0.001

  PCO2 (mmHg) 40.70 (38.50, 42.50) 40.69 (39.00, 42.17) 40.69 (38.50, 43.07) 40.69 (37.95, 42.79) 40.78 (38.50, 42.00) 0.644
  Glucose(mg/dL) 130.65 (117.00, 

153.34)
129.43 (111.67, 
154.33)

130.29 (118.00, 
148.92)

130.00 (118.83, 
148.00)

133.79 (117.00, 
163.90)

< 0.001

  Anion gap (mmol/L) 13.50 (11.50, 16.00) 14.00 (12.00, 16.67) 13.00 (11.00, 15.50) 13.00 (11.00, 15.50) 14.00 (12.00, 16.42) < 0.001
  Sodium (mmol/L) 138.50 (136.00, 

140.50)
138.00 (135.50, 
140.33)

138.50 (136.31, 
140.37)

138.50 (136.50, 
140.33)

138.83 (136.33, 
141.33)

< 0.001

  Calcium (mg/dL) 8.24 (7.90, 8.60) 8.17 (7.73, 8.45) 8.24 (7.90, 8.50) 8.24 (7.90, 8.50) 8.30 (7.96, 8.75) < 0.001
  Potassium((mmol/L) 4.23 (3.92, 4.60) 4.27 (3.93, 4.70) 4.25 (4.00, 4.60) 4.23 (3.92, 4.53) 4.13 (3.85, 4.50) < 0.001
  White blood cell (×109 /L) 12.37 (9.05, 16.20) 12.41 (8.80, 16.68) 12.85 (9.42, 16.76) 12.30 (9.57, 16.07) 11.75 (8.45, 15.53) 0.001
  Hemoglobin (g/dL) 10.37 (9.20, 11.70) 9.80 (8.70, 11.00) 10.23 (9.13, 11.50) 10.55 (9.45, 11.80) 10.90 (9.59, 12.60) < 0.001
  Platelet (×109 /L) 174.90 (128.67, 

240.00)
172.33 (122.40, 
240.33)

167.50 (125.94, 
231.62)

168.00 (128.17, 
225.83)

195.00 (138.19, 
255.25)

< 0.001

  Creatinine (mg/dL) 1.00 (0.75, 1.48) 1.20 (0.83, 1.90) 0.95 (0.75, 1.40) 0.94 (0.73, 1.30) 0.90 (0.70, 1.35) < 0.001
  INR 1.30 (1.20, 1.48) 1.35 (1.20, 1.60) 1.30 (1.20, 1.47) 1.30 (1.20, 1.45) 1.23 (1.10, 1.40) < 0.001
  PT (seconds) 14.30 (13.07, 16.15) 14.85 (13.50, 17.50) 14.30 (13.20, 16.10) 14.15 (13.10, 15.83) 13.79 (12.50, 15.34) < 0.001
Treatment
Number of vasoactive drugs, 
n (%)

< 0.001

  0 1900 (49.8) 378 (39.5) 357 (37.7) 448 (46.7) 717 (75.3)
  1 1385 (36.3) 390 (40.8) 449 (47.4) 375 (39.1) 171 (18.0)
  2 379 ( 9.9) 130 (13.6) 104 (11.0) 97 (10.1) 48 ( 5.0)
  3 152 ( 4.0) 59 ( 6.2) 38 ( 4.0) 39 ( 4.1) 16 ( 1.7)
Ventilation status, n (%) 0.031
  Non-mechanical ventilation 385 (10.1) 97 (10.1) 76 ( 8.0) 90 ( 9.4) 122 (12.8)
  Noinvasive mechanical 
ventilation

2603 (68.2) 654 (68.3) 668 (70.5) 662 (69.0) 619 (65.0)

Table 1  Baseline characteristics of patients with SAE according to the mean arterial pressure
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ICU and hospital stays (p < 0.01). The 28-day mortality 
rate was 15.5% (n = 590) in all SAE patients, with rates 
of 23.8%, 13.9%, 11.4%, and 12.7% across the MAP quar-
tiles, respectively. The 28-day mortality and in-hospital 
mortality rates were highest in the Q1 group and lowest 
in the Q3 group (p < 0.01).Baseline demographic, clinical 
characteristics and outcome of the study patients strati-
fied by MAP quartiles, were shown in Table 1.

Nonlinear relationship between MAP and mortality risk in 
all patients
Using unadjusted and multivariable-adjusted (variables 
in Table 1,except outcome) restricted cubic splines (RCS) 
to model the relationship between MAP and the risk of 
28-day and in-hospital mortality, we found a nonlinear 
association (P < 0.05). After multivariable adjustment, 
the inflection point, determined by the minimum hazard 
ratio (HR) for mortality risk, was identified at a MAP of 
81.5 mmHg. The MAP ranges associated with HRs below 
1 for 28-day and in-hospital mortality were 74.6–90.2 
mmHg and 74.6–89.3 mmHg, respectively (Fig. 2).Based 
on this inflection point, we divided the data into two seg-
ments (MAP < 81.5 mmHg and MAP ≥ 81.5 mmHg) and 
fitted four Cox proportional hazards models for each seg-
ment. When MAP was entered as a continuous variable, 
results indicated that for MAP < 81.5 mmHg, an increase 
in MAP was associated with a decreased risk of 28-day 
ICU and in-hospital mortality (P < 0.05). In Model 4, for 
each 5 mmHg increase in MAP, the risk of 28-day ICU 
mortality decreased by 15% (HR: 0.85, 95% CI: 0.79–0.91, 
P < 0.01), and the risk of in-hospital mortality decreased 

by 14% (HR: 0.86, 95% CI: 0.80–0.93, P < 0.01). How-
ever, for MAP ≥ 81.5 mmHg, there was no significant 
association between MAP and the risk of 28-day ICU 
and in-hospital mortality (P > 0.05). Additionally, using 
81.5 mmHg as the inflection point, we categorized MAP 
into six groups based on 10 mmHg increments or decre-
ments and entered MAP as a categorical variable in the 
model (with 71.5–81.5 mmHg as the reference). Except in 
Model 3, where the MAP level of 91.5–101.5 mmHg was 
associated with a higher risk of 28-day ICU and in-hos-
pital mortality compared to 71.5–81.5 mmHg (P < 0.05), 
the results were consistent with those when MAP was 
treated as a continuous variable (Table 2).

Sensitivity analysis of MAP and mortality risk in SAE 
patients with septic shock or coma
To verify the stability of our results, we conducted fur-
ther segmented Cox regression analyses on SAE patients 
with septic shock (n = 2328) and coma (n = 793). In 
patients with septic shock, when MAP was < 81.5 mmHg, 
both unadjusted and adjusted models showed that the 
risk of 28-day ICU mortality and in-hospital mortal-
ity decreased as MAP increased (p < 0.05). In Model 4, 
for every 5 mmHg increase in MAP, the 28-day mortal-
ity risk in SAE patients with septic shock decreased by 
15% (HR: 0.85, 95% CI: 0.78–0.93, p < 0.01), and the in-
hospital mortality risk decreased by 14% (HR: 0.86, 95% 
CI: 0.79–0.94, p < 0.05). However, when MAP was ≥ 81.5 
mmHg, no significant association was observed between 
MAP and mortality risk in both unadjusted and adjusted 
models (p > 0.05). In patients with coma (GCS ≤ 8), when 

Variables, n (%) Overall Mean arterial pressure (mmHg) P 
valueQ1( < = 69.6) Q2(69.6–74.7) Q3(74.7–80.9) Q4(> 80.9)

  Invasive mechanical 
ventilation

828 (21.7) 206 (21.5) 204 (21.5) 207 (21.6) 211 (22.2)

Renal replacement therapy, 
n (%)

96 ( 2.5) 30 ( 3.1) 19 ( 2.0) 18 ( 1.9) 29 ( 3.0) 0.158

Disease score
  GCS 14.00 (10.00, 14.00) 14.00 (10.00, 14.00) 14.00 (10.00, 14.00) 14.00 (10.00, 14.00) 14.00 (9.00, 14.00) 0.03
  SOFA 6.00 (4.00, 8.00) 7.00 (4.00, 9.00) 6.00 (4.00, 8.00) 6.00 (4.00, 8.00) 5.00 (3.00, 7.00) < 0.001
  AKI stage, n (%) < 0.001
    0 1616 (42.3) 330 (34.5) 392 (41.4) 428 (44.6) 466 (48.9)
    1 833 (21.8) 230 (24.0) 208 (21.9) 212 (22.1) 183 (19.2)
    2 1245 (32.6) 351 (36.7) 321 (33.9) 296 (30.9) 277 (29.1)
    3 122 ( 3.2) 46 ( 4.8) 27 ( 2.8) 23 ( 2.4) 26 ( 2.7)
Outcome
  Los hospital(d) 7.53 (4.96, 12.56) 8.06 (4.88, 13.72) 7.08 (4.96, 12.06) 7.36 (4.85, 11.55) 7.75 (5.16, 13.26) 0.026
  Los icu(d) 2.51 (1.50, 4.63) 2.83 (1.72, 4.94) 2.37 (1.39, 4.12) 2.20 (1.34, 4.31) 2.93 (1.70, 4.97) < 0.001
  28-day mortality, n (%) 590 (15.5) 228 (23.8) 132 (13.9) 109 (11.4) 121 (12.7) < 0.001
  In-hospital mortality, n (%) 599 (15.7) 231 (24.1) 135 (14.2) 110 (11.5) 123 (12.9) < 0.001
Variables are presented as median (IQR) or n (%). SAE, sepsis associated encephalopathy; PH, potential of hydrogen; PO2, partial pressure of oxygen;

PCO2, partial pressure of carbon dioxide; INR, international normalized ratio; PT, prothrombin time; SOFA, Sequential Organ Failure Assessment; GCS, Glasgow score; 
Los, length of stay

Table 1  (continued) 
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MAP was < 81.5 mmHg, the risk of 28-day ICU and in-
hospital mortality decreased as MAP increased (p < 0.05). 
However, when MAP was ≥ 81.5 mmHg, in the adjusted 
Models 2 and 4, every 5 mmHg increase in MAP was 
associated with a 22% (HR: 1.22, 95% CI: 1.03–1.44, 
p < 0.05) and 28% (HR: 1.28, 95% CI: 1.05–1.56, p < 0.05) 
increase in 28-day mortality, respectively, and a 23% (HR: 
1.23, 95% CI: 1.04–1.45, p < 0.05) and 32% (HR: 1.32, 95% 
CI: 1.08–1.60, p < 0.05) increase in in-hospital mortality, 
respectively. In unadjusted Model 1 and adjusted Model 
3, no significant association was found between MAP 
and mortality risk in comatose patients (p > 0.05), as 
shown in Table 3.

Subgroup analyses of the association between MAP and 
mortality risk in all patients
Using the adjusted Model 4 Cox regression model, we 
performed subgroup and interaction analyses based on 

age, congestive heart failure, use of vasoactive drugs, 
and acute kidney injury to further assess the stability of 
the relationship between MAP and 28-day ICU and in-
hospital mortality. The study showed that when MAP 
was < 81.5 mmHg, an increase in MAP was associated 
with a decrease in 28-day ICU and in-hospital mortality 
risks across all subgroups (P < 0.05), except for patients 
with stage 0–1 acute kidney injury, where the association 
with in-hospital mortality did not reach statistical signifi-
cance (HR: 0.90, 95% CI: 0.8–1.01, p = 0.07). When MAP 
was ≥ 81.5 mmHg, no significant association was found 
between MAP and 28-day ICU or in-hospital mortality 
in any subgroup (P > 0.05). Interaction analysis revealed 
a significant interaction between MAP and the presence 
of heart failure on in-hospital mortality risk (P = 0.03), as 
shown in Table 4.

Fig. 1  Flow chart of study patients
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Table 2  Cox regression analyses for the association between MAP and mortality in all patients
Odds ratios (95% confidence interval)
Model 1 Model 2 Model 3 Model 4

28-day mortality
  As continuous variable(per 5mmHg increase)
    MAP < 81.5mmHg 0.69 (0.64 to 0.74)* 0.73 (0.68 to 0.79)* 0.85 (0.79 to 0.91)* 0.85 (0.79 to 0.91)*
    MAP ≥ 81.5mmHg 1.02 (0.90 to 1.15) 1.05 (0.92 to 1.19) 1.01 (0.89 to 1.15) 1.03 (0.90 to 1.18)
  As categorical variable(mmHg)
    ≤ 61.5 3.59 (2.66 to 4.83)** 2.87 (2.12 to 3.89)** 1.67 (1.22 to 2.28)** 1.67 (1.22 to 2.28)**
    61.5–71.5 1.75 (1.45 to 2.12)** 1.59 (1.31 to 1.92)** 1.24 (1.02 to 1.51)* 1.27 (1.05 to 1.54)*
    71.5–81.5 Reference Reference Reference reference
    81.5–91.5 1.08 (0.84 to 1.40) 1.12 (0.87 to 1.44) 1.24 (0.96 to 1.61) 1.14 (0.88 to 1.47)
    91.5−101.5 1.22 (0.81 to 1.85) 1.26 (0.83 to 1.91) 1.58 (1.03 to 2.42)* 1.41 (0.91 to 2.17)
    >101.5 1.00 (0.47 to 2.13) 1.14 (0.53 to 2.43) 1.26 (0.58 to 2.72) 1.17 (0.54 to 2.54)
Hospital mortality
  As continuous variable(per 5mmHg increase)
    MAP < 81.5mmHg 0.69 (0.65 to 0.74)* 0.74 (0.68 to 0.79)* 0.87 (0.80 to 0.93)* 0.86 (0.80 to 0.93)*
    MAP ≥ 81.5mmHg 1.05 (0.94 to 1.18) 1.09 (0.96 to 1.23) 1.05 (0.93 to 1.19) 1.08 (0.95 to 1.23)
  As categorical variable(mmHg)
    ≤ 61.5 3.64 (2.69 to 4.92)** 2.91 (2.15 to 3.96)** 1.86 (1.36 to 2.54)** 1.83 (1.34 to 2.50)**
    61.5–71.5 1.75 (1.44 to 2.12)** 1.59 (1.31 to 1.93)** 1.24 (1.02 to 1.51)* 1.27 (1.05 to 1.55)*
    71.5–81.5 Reference Reference Reference Reference
    81.5–91.5 1.10 (0.85 to 1.42) 1.14 (0.88 to 1.46) 1.27 (0.99 to 1.64) 1.16 (0.89 to 1.50)
    91.5−101.5 1.22 (0.81 to 1.86) 1.26 (0.83 to 1.92) 1.60 (1.05 to 2.45)* 1.41 (0.92 to 2.18)
    >101.5 0.72 (0.30 to 1.75) 0.82 (0.34 to 2.00) 0.88 (0.36 to 2.18) 0.82 (0.33 to 2.02)
**p < 0.01; *p<0.05. MAP, mean arterial pressure; Model 1: no covariates were adjusted

Model 2: adjusted for gender, age, weight, race

Model 3: adjusted for Model 2 + charlson comorbidity index, aki stage, sofa, gcs

Model 4: adjusted for Model 3 + number of vasoactive drugs, ventilation status, renal replacement therapy

Fig. 2  Unadjusted and multivariable-adjusted restricted cubic splines between mean arterial pressure(MAP) and mortality. (A): RCS curve of MAP and 
unadjusted HR (95% CI) for 28-day mortality; (B): RCS curve of MAP and unadjusted HR (95% CI) for hospital mortality; (C): RCS curve of MAP and multivari-
able-adjusted HR (95% CI) for 28-day mortality; (D):RCS curve of MAP and multivariable-adjusted HR (95% CI) for hospital mortality
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Discussion
This study analyzed 3,816 ICU patients with SAE and 
found a significant nonlinear association between MAP 
and the risk of 28-day and in-hospital mortality, even 
after multivariable adjustment. The lowest mortality 
risk was identified at a MAP of 81.5 mmHg. The MAP 
ranges associated with HRs below 1 for 28-day and in-
hospital mortality were 74.6–90.2 mmHg and 74.6–89.3 
mmHg, respectively. Segmented Cox regression analysis 
revealed that increasing MAP below 81.5 mmHg reduced 
both 28-day and in-hospital mortality risks. However, at 
MAP levels of 81.5 mmHg or higher, there was no sta-
tistically significant relationship between MAP and mor-
tality risk. Subgroup analyses by age, heart failure, acute 

kidney injury, and vasopressor use confirmed the stability 
of these findings. In comatose SAE patients, increasing 
MAP below 81.5 mmHg significantly reduced mortal-
ity risk, whereas MAP at or above 81.5 mmHg increased 
28-day and in-hospital mortality risks.

The optimal MAP for sepsis and septic shock patients 
has been a major focus in medical research [17, 18]. Ade-
quate MAP is essential for tissue and organ perfusion, 
with guidelines recommending a MAP of ≥ 65 mmHg 
[7]. Zhong et al. [19] found that among 14,031 sep-
sis patients, those with MAP over 65 mmHg had lower 
30-day, 60-day, and 100-day mortality rates and shorter 
ICU stays compared to those with MAP of 60–65 mmHg. 
Cao et al. [20]identified a nonlinear relationship between 

Table 3  Cox regression for MAP# and mortality in SAE with septic shock or coma
Odds ratios (95% confidence interval)
Total(N) Model 1 Model 2 Model 3 Model 4

28-day mortality in septic shock patients
  MAP < 81.5mmHg 2,020 0.69 (0.63 to 0.74)** 0.73 (0.67 to 0.79)** 0.81 (0.74 to 0.88)** 0.85 (0.78 to 0.93)**
  MAP ≥ 81.5mmHg 308 1.18 (0.97 to 1.43) 1.24 (1.01 to 1.54) 1.03 (0.83 to 1.26) 1.11 (0.88 to 1.41)
Hospital mortality in septic shock patients
  MAP < 81.5mmHg 2,020 0.69 (0.64 to 0.75)** 0.74 (0.68 to 0.80)** 0.83 (0.76 to 0.90)** 0.86 (0.79 to 0.94)*
  MAP ≥ 81.5mmHg 308 1.18 (0.98 to 1.43) 1.24 (1.01 to 1.53) 1.03 (0.85 to 1.26) 1.14 (0.90 to 1.44)
28-day mortality in coma patients
  MAP < 81.5mmHg 602 0.63 (0.54 to 0.74)** 0.70 (0.60 to 0.81)** 0.83 (0.70 to 0.97)* 0.81 (0.69 to 0.95)**
  MAP ≥ 81.5mmHg 191 1.16 (1.00 to 1.35) 1.22 (1.03 to 1.44)* 1.13 (0.94 to 1.37) 1.28 (1.05 to 1.56)*
Hospital mortality in coma patients
MAP < 81.5mmHg 602 0.64 (0.55 to 0.74)** 0.71 (0.61 to 0.82)** 0.83 (0.71 to 0.98)* 0.81 (0.69 to 0.95)*
MAP ≥ 81.5mmHg 191 1.17 (1.01 to 1.37) 1.23 (1.04 to 1.45)* 1.15 (0.95 to 1.39) 1.32 (1.08 to 1.60)*
**p < 0.01; *p<0.05. # (In this table, MAP represents per 5mmHg increase);

MAP, mean arterial pressure; SAE, sepsis associated encephalopathy

Model 1: no covariates were adjusted

Model 2: adjusted for gender, age, weight, race

Model 3: adjusted for Model 2 + charlson comorbidity index, aki stage, sofa, gcs

Model 4: adjusted for Model 3 + number of vasoactive drugs, ventilation status, renal replacement therapy

Table 4  Subgroup analyses of the association between MAP# and mortality risk in all patients
Adjusted OR (95% CI) for 28-day mortality Adjusted OR (95% CI) for hospital mortality
MAP < 81.5mmHg MAP ≥ 81.5mmHg P-interaction MAP < 81.5mmHg MAP ≥ 81.5mmHg P-interaction

Age (years) 0.24 0.04 0.12
  ≤ 65 0.84 (0.70 to 1.00)* 1.04 (0.87 to 1.24) 0.84 (0.71 to 1.00)* 1.15 (0.97 to 1.36)
  >65 0.85 (0.78 to 0.92)** 0.95 (0.76 to 1.18) 0.86 (0.80 to 0.94)** 0.95 (0.77 to 1.18)
Congestive heart failure 0.10 0.03
  No 0.87 (0.78 to 0.96)** 1.10 (0.94 to 1.28) 0.86 (0.78 to 0.96)** 1.10 (0.95 to 1.27)
  Yes 0.85 (0.76 to 0.95)** 0.90 (0.62 to 1.28) 0.84 (0.76 to 0.94)** 0.95 (0.69 to 1.33)
Vasoactive drugs 0.43 0.42
  No 0.83 (0.74 to 0.92)** 1.04 (0.89 to 1.22) 0.83 (0.74 to 0.93)** 1.02 (0.87 to 1.18)
  Yes 0.84 (0.75 to 0.93)** 1.06 (0.76 to 1.47) 0.84 (0.73 to 0.98)* 0.85 (0.48 to 1.49)
AKI stage
  0–1 0.88 (0.78 to 0.98)** 0.98 (0.81 to 1.19) 0.59 0.90 (0.80 to 1.01) 0.90 (0.75 to 1.09) 0.83
  2–3 0.83 (0.75 to 0.92)** 1.16 (0.93 to 1.45) 0.83 (0.75 to 0.92)** 1.14 (0.93 to 1.40)
**p < 0.01; *p<0.05. #(In this table, MAP represents per 5mmHg increase). MAP, mean arterial pressure; AKI, Acute Kidney Injury

Adjusted for gender, age, weight, race, charlson comorbidity index, aki stage, sofa, gcs, number of vasoactive drugs, ventilation status, renal replacement 
therapy(Model 4)
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MAP and 30-day mortality, with a turning point at 68.6 
mmHg. Below this point, MAP was negatively correlated 
with 30-day mortality; above this point, there was no sig-
nificant association. Conversely, Lamontagne et al. [21] 
found that permissive hypotension (MAP 60–65 mmHg) 
reduced vasopressor exposure and arrhythmia incidence 
without increasing mortality. The appropriate MAP for 
different diseases remains controversial [22], and due to 
physiological and anatomical differences among organs, 
the optimal MAP may vary [23]. Maiwall et al. [24]found 
no survival benefit in the higher MAP group compared to 
the lower MAP group in septic shock patients with cir-
rhosis, although the higher MAP group improved dialysis 
tolerance, lactate clearance, and renal recovery, and were 
associated with improved endothelial function markers. 
Zhu et al. [25] found that in hypertensive patients with 
septic shock, a lower MAP target (65–70 mmHg) com-
pared to a higher MAP target (75–80 mmHg) reduced 
inflammatory cytokine levels, fluid volume, and vaso-
pressor duration, while improving mesenteric blood 
flow and protecting gastrointestinal function. Khanna 
et al. [26] reported that in 2,833 postoperative surgical 
ICU patients, those with a MAP at the 25th percentile 
(78 mmHg) had a 23% higher risk of myocardial injury 
or death compared to those with a median MAP of 87 
mmHg. These studies suggested that optimal MAP var-
ied across diseases and significantly impacted outcomes 
in critically ill patients, necessitating research into dis-
ease-specific optimal MAPs.

There had been few studies on the optimal MAP for 
SAE. Animal studies suggested that correcting hypo-
tension with vasopressors during septic shock might 
improve cerebral oxygenation but not reverse cerebral 
microcirculation or metabolic changes [27]; other stud-
ies showed reduced small vessel perfusion during sepsis-
induced encephalopathy [28]. A preliminary study on 
six patients with extracranial sepsis using NIRS-derived 
cerebral oxygen saturation determined an optimal MAP 
range of 55 to 115 mmHg for SAE patients [29]. These 
studies, being either animal experiments or small-sample 
studies, had limited representativeness for determining 
the optimal MAP range.Our large-sample study used 
multivariable-adjusted segmented Cox regression mod-
els and restricted cubic spline analysis, revealing that in 
SAE patients with septic shock, MAP was negatively cor-
related with 28-day and in-hospital mortality risks below 
the inflection point, with no correlation above it. Our 
findings can guide the management of target MAP in 
patients with SAE combined with septic shock, including 
comprehensive management of fluid resuscitation, use of 
vasoactive drugs, and other aspects. Notably, our optimal 
MAP of 81.5 mmHg was slightly higher than 65 mmHg 
recommended by sepsis management guidelines, possibly 
due to differences in patient conditions and backgrounds 

across studies, as our study focused on SAE patients who 
were more sensitive to ischemia and hypoxia.

The impact of MAP on 28-day and in-hospital mor-
tality risk in SAE patients may be mediated through 
CBF regulation. Decreased CBF is a mechanism of SAE, 
varying with cerebral perfusion pressure (CPP), which 
is determined by the difference between MAP and intra-
cranial pressure (ICP) (i.e., CPP = MAP - ICP) [30, 31]. In 
normal physiological conditions, CBF has self-regulating 
ability, meaning it maintains a stable blood flow by alter-
ing the diameter of cerebral blood vessels [32].However, 
in SAE patients, this autoregulation may be impaired, 
making cerebral blood flow more sensitive to blood pres-
sure changes [29]. Crippa et al. [33] found altered cere-
bral hemodynamics, particularly CPP, in one-third of 
critically ill sepsis patients. Thus, appropriate MAP levels 
are crucial for maintaining cerebral perfusion and pre-
venting brain injury. Our study found that when MAP 
was below 81.5 mmHg, each 5 mmHg increase in MAP 
in the adjusted Model 4 reduced 28-day mortality risk by 
15% and in-hospital mortality risk by 14%, with similar 
trends in SAE patients with septic shock or coma. This 
suggests that SAE patients may rely on higher MAP to 
maintain stable CBF due to impaired autoregulation. Low 
MAP may reduce CBF, allowing inflammatory media-
tors to accumulate in brain tissue, directly causing cel-
lular damage and dysfunction; impaired clearance of 
metabolic byproducts (e.g., lactate) may exacerbate brain 
cell metabolic burden and damage; hypoxia in brain tis-
sue increases oxidative stress, generating more free 
radicals, leading to neuron death and worsening brain 
function; insufficient cerebral microvascular perfusion 
affects oxygen and nutrient supply, increases blood vis-
cosity and microthrombosis, further hindering cerebral 
blood flow, increasing brain injury and mortality risk [34, 
35]. This was similar to Erickson’s [9] study, where lower 
MAP within the first 12  h of PICU admission in chil-
dren with severe traumatic brain injury was associated 
with poor discharge outcomes. However, when MAP 
was 81.5 mmHg or higher, the association between MAP 
and mortality risk was not significant. Sensitivity analy-
sis revealed that in the adjusted Model 4, every 5 mmHg 
increase in MAP was associated with a 28% increase in 
28-day mortality and a 32% increase in in-hospital mor-
tality, suggesting limited benefits from further increasing 
MAP for cerebral perfusion. Excessively high MAP might 
increase cerebrovascular pressure and fluid overload, 
causing cerebral edema and hemorrhage, further dam-
aging brain function.In comatose SAE patients, analy-
sis showed a positive correlation between high MAP 
and mortality after the inflection point. This might be 
due to more severe impairment of cerebral autoregula-
tion in comatose patients [36]. Therefore, it was crucial 
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to maintain an appropriate MAP range in comatose SAE 
patients to avoid both low and high MAP.

Given that age, heart failure [37], use of vasopressors, 
and acute kidney injury were important confounders in 
assessing the relationship between MAP and mortality 
risk.Lamontagne et al. [38] conducted a multicenter study 
and found that for critically ill patients with vasodilatory 
shock, there was no statistical difference in hospital mor-
tality between lower (60–65 mmHg) and higher (75–80 
mmHg) MAP targets, with arrhythmia risks of 20% and 
36% and mortality rates of 30% and 33%, respectively. 
However, in patients aged 75 or older, a lower MAP tar-
get was associated with reduced hospital mortality (13% 
vs. 60%, p = 0.03). Zhao et al. [39]found that AKI inci-
dence might be related to MAP levels in sepsis patients. 
To ensure renal perfusion, hypertensive AKI patients 
might have required higher MAPs than non-hypertensive 
patients, at 70–80 mmHg and 65–73 mmHg, respec-
tively.Subgroup analysis of our study population yielded 
results similar to the original cohort. Although the over-
all results supported our conclusions, in patients with 
stage 0–1 AKI, the association between increased MAP 
and in-hospital mortality risk did not reach statistical sig-
nificance (HR: 0.90, 95% CI: 0.8–1.01, p = 0.07), possibly 
due to reduced sample size after subgrouping. Addition-
ally, interaction analysis between significant confounders 
and MAP revealed a significant interaction only for heart 
failure in the assessment of in-hospital mortality risk. 
This indicated that heart failure patients required special 
attention in blood pressure management. Heart failure 
affected cardiac pumping function, impacting systemic 
and cerebral perfusion, warranting further research.

Despite thoroughly examining the relationship between 
MAP and 28-day and in-hospital mortality rates, this 
study had limitations. Firstly, as a retrospective analysis, 
and in the absence of a gold standard for diagnosing SAE, 
we defined SAE based on previous literature as sepsis 
with a GCS score less than 15 or the presence of delirium, 
while excluding other causes of brain injury. Although 
this approach might have introduced selection bias, our 
study was conducted using a large public database and 
aligned with established SAE research criteria [13, 14]. 
Secondly, this study had some missing data for certain 
variables, and some covariates had too much missing 
data to be included in the analysis. However, we used 
robust linear regression to fill in multiple missing col-
umns, minimizing bias from missing data. We adjusted 
for many covariates to reduce confounding bias, and 
conducted sensitivity and subgroup analyses to enhance 
the reliability and generalizability of our results. Further-
more, the study lacked data on cranial TCD, EEG, cere-
bral oxygen monitoring, and cranial imaging. This made 
it hard to objectively assess how different blood pressure 
levels affected cerebral autoregulation and blood flow. 

Additionally, although our retrospective study had a large 
sample size, statistical significance may not fully reflect 
clinical relevance. Future research should focus on pro-
spective randomized controlled trials aimed at optimal 
MAP management strategies, incorporating multimodal 
brain function monitoring, to further improve clinical 
outcomes.

In conclusion
Taken together, this study demonstrated a nonlinear rela-
tionship between MAP and 28-day and in-hospital mor-
tality rates, suggesting that different MAP levels required 
different blood pressure management strategies. Clini-
cally, aiming for an optimal MAP of 81.5 mmHg was cru-
cial for improving survival rates in SAE. Further research 
on the pathophysiological mechanisms of SAE and bed-
side cerebral hemodynamic monitoring is needed to bet-
ter understand the relationship between MAP and SAE 
prognosis, thereby providing more effective treatment 
strategies for clinical practice.
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