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Abstract
Background  Base excess (BE) is associated with mortality from many diseases. However, the relationship between BE 
and mortality in patients with ischemic stroke remains uncertain. Our aim is to investigate the relationship between 
BE values upon admission to the ICU and mortality rates in critically ill stroke patients.

Methods  The current study enrolled 1,572 patients with ischemic stroke (863 males and 709 females). The 
associations of BE with intensive care unit (ICU), hospital, 28-day, and 1-year mortalities were assessed using 
multivariable logistic regression or Cox proportional hazards model. The potential impact of the Sequential Organ 
Failure Assessment (SOFA) score (< 5 or ≥ 5) on the prognostic value of BE was further evaluated with interaction and 
subgroup analyses.

Results  BE values less than − 3 mmol/L, greater than 3 mmol/L, and within − 3 to 3 mmol/L (normal BE) were 
observed in 316 (20.1%), 175 (11.1%), and 1,081 (68.8%) patients, respectively. The restricted cubic splines analyses 
revealed that a U-shaped curve between BE and the mortality risk. Multivariable analysis indicated that patients with 
low BE (<-3 mmol/L) had higher rates of ICU mortality (odds ratio [OR], 1.829; 95% confidence interval [CI], 1.281–
2.612; P = 0.001), hospital mortality (OR, 1.484; 95% CI, 1.077–2.045; P = 0.016), 28-day mortality (hazard ratio [HR], 1.522; 
95% CI, 1.200–1.929; P = 0.001), and 1-year mortality (HR, 1.399; 95% CI, 1.148–1.705; P = 0.001) than patients with 
normal BE. Subgroup analyses showed consistent results pertaining to SOFA scores ≥ 5.

Conclusions  In critically ill patients with ischemic stroke, an initial BE of <-3 mmol/L at ICU admission may indicate 
an increased risk of ICU, hospital, 28-day, and 1-year mortalities.
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Introduction
Stroke is the most common severe manifestation of cere-
brovascular disease and the leading cause of disability 
[1]. In 2019, there were 7.63  million cases of incident 
ischemic stroke, and 3.29  million deaths from ischemic 
stroke [2]. Stroke keeps the second material reason of 
death and disability worldwide [3, 4]. Studies suggest that 
acute stroke needing ICU admission is associated with a 
poor prognosis [5].

Previous studies have shown that acid-base imbalance 
is associated with poor prognosis in stroke patients [6]. 
Base excess (BE) refers to the acid consumption when 
titrating 1  L whole blood to neutral pH (pH = 7.4) at 37 
℃, under PCO2 = 40mmHg and complete oxygenation 
of hemoglobin [7]. The calculation formula for BE in 
clinical practice is as follows: BE = (HCO3

− - 24.8) + β 
(pH-7.40), where 24.8 and 7.40 are the reference, ideal 
HCO3

− (mmol/L) and pH values, and β is the buffer 
power (mmol/L) of non-carbonic weak acids [8]. Com-
pared with the normal range of BE (− 3 mmol/L ≤ BE ≤ 3 
mmol/L), low BE values represent metabolic acidosis, 
while high BE values represent metabolic alkalosis [9]. 
Previous studies have demonstrated that BE is related to 
mortality in patients with congestive heart failure (CHF) 
[10], acute kidney injury (AKI) [11], multiple trauma 
[12], and sepsis [13]. Among them, a U-shaped relation-
ship between BE and mortality risk has been reported in 
patients with CHF or AKI [10, 11]. However, the relation-
ship between BE and mortality in critically ill patients 
with ischemic stroke remains unclear. Being a crucial 
instrument for evaluating the acid-base equilibrium of 
patients within the intensive care unit, BE potentially 
correlates with unfavorable prognoses among stroke 
patients [14]. Delving into the correlation between BE 
levels upon ICU admission and the prognostic outcomes 
in stroke patients may contribute to refining patient 
care practices in clinical settings. Consequently, we per-
formed a retrospective observational cohort study of data 
in the Multiparameter Intelligent Monitoring in Intensive 
Care IV (MIMIC-IV) database to evaluate the correla-
tion between BE and mortality in patients with ischemic 
stroke in the ICU.

Methods
Study design
This was an observational, retrospective cohort study 
based on the data from the MIMIC-IV database (version 
2.2), authorized by the Institutional Review Boards (IRB) 
of Beth Israel Deaconess Medical Centre (Boston, MA) 
and Massachusetts Institute of Technology (MIT; Cam-
bridge, MA). As there is pre-existing institutional review 
board approval in the MIMIC-IV database, we were 
exempt from IRB approval from our institution. This 
database is a broad, freely available database containing 

health-related data of over 380,000 patients admitted to 
the Beth Israel Deaconess Medical Centre from 2008 to 
2019 [15]. To protect patient privacy, patients in the data-
base are anonymous [15]. All the authors completed the 
essential online training and gained permission to access 
the MIMIC database.

Study population
Patient information was gained from the MIMIC-IV 
database. The inclusion criteria were (1) first hospital 
admission, (2) age ≥ 18 years old. The exclusion criteria 
were (1) patients without a diagnosis of ischemic stroke, 
as defined by the International Classification of Diseases 
(ICD)-9 or ICD-10 codes, (2) patients without an initial 
BE at ICU admission, and (3) patients with ICU length of 
stay ≤ 24 h.

BE and outcomes
According to the first record of BE from arterial blood 
at ICU admission, the patients were divided into three 
groups: low BE group (BE < -3 mmol/L), normal BE 
group (-3 mmol/L ≤ BE ≤ 3 mmol/L), and high BE group 
(BE > 3 mmol/L). The central outcome indicators in our 
study were ICU and hospital mortalities. The second-
ary outcome indicator was 28-day mortality and 1-year 
mortality. ICU mortality referred to death before the first 
ICU discharge for all causes. Meanwhile, ICU, hospital, 
and 28-day mortalities were considered short-term mor-
tality, and 1-year mortality was considered long-term 
mortality.

Data extraction
All patient data were extracted from the MIMIC-IV data-
base: age, sex, ethnicity, length of ICU stay, Sequential 
Organ Failure Assessment (SOFA) score at admission, 
use of mechanical ventilation (invasive, and non-inva-
sive), medication from one day before admission to the 
time before the first measurement of BE (including 
vasopressors, vasodepressor, sedatives, anticoagulant, 
and mannitol), comorbidities (diabetes, hypertension, 
malignant neoplasm, heart failure, hyperlipemia, chronic 
hepatic failure, chronic respiratory failure, chronic kid-
ney disease, sepsis, disseminated intravascular coagula-
tion [DIC], pneumonia and diarrhea), first measurement 
of BE at ICU admission, and study outcomes (includ-
ing ICU death, hospital death, 28-day death and 1-year 
death). All the diseases were classified using the ICD-9 or 
ICD-10 codes. Data were obtained using SAS version 9.4 
(SAS Institute, Cary, NC).

Statistical analysis
Continuous variables were presented as medians and 
inter-quartile ranges (IQRs) and compared using the 
Kruskal–Wallis test. Categorical variables were presented 
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as frequencies with percentages and compared using 
the Chi-squared test. To assess the impact of BE on the 
outcomes, this study used univariable and multivariable 
logistic regression models for ICU mortality and hos-
pital mortality and Cox proportional hazards models 
for 28-day mortality and 1-year mortality. In multivari-
able regression analyses, four models were established 
to show the modeling process, which could support the 
stability of the association between the BE and mortal-
ity. Model 1 was adjusted for the SOFA score. Model 2 
was adjusted for the covariates included in model 1 plus 
age, sex, and ethnicity. Model 3 was adjusted for the 
covariates included in model 2 and the admission diag-
noses. Model 4 was adjusted for the covariates included 
in model 3 and the treatment measures. The R squares 
of each model is provided in supplementary table. The 
SOFA score is an indicator of organ dysfunction related 
to the prognosis of patients [16]. Interaction and sub-
group analyses were proceeded to confirm whether the 
impact of BE on mortality invariable in each subgroup 
(SOFA score [< 5 vs. ≥5]). In subgroup analysis, covariates 

include demographic characteristics and treatment mea-
sures. A two-sided P-value < 0.05 was considered statis-
tically significant. All data analyses were accomplished 
using SPSS version 18.0 (IBM Corp, Armonk, NY).

Result
Individual selection and baseline characteristics
From the 50,920 adult patients extracted from the 
MIMIC-IV database, exclude the following patients: 
47,664 without a diagnosis of ischemic stroke, 1,618 
without an initial BE at ICU admission, and 66 with ICU 
stays ≤ 24  h. Eventually, 1,572 patients were included 
(Fig. 1). A total of 570 patients (36.3%) experienced cere-
bral infarction as a result of precerebral artery occlusion, 
912 patients (58.0%) due to cerebral artery occlusion, 
and 185 patients (11.8%) due to various other factors, 
including cerebral venous thrombosis. The 1179 (75.0%) 
patients were aged ≥ 60 years, 863 (54.9%) were male, 
and 979 (62.3%) were White. The median (IQR) of SOFA 
score was 5 (3–7). The median (IQR) of BE at ICU admis-
sion was 0 (-3–2) mmol/L. The patients were divided 

Fig. 1  Participant selection. MIMIC-IV, Multiparameter Intelligent Monitoring in Intensive Care IV; BE, Base Excess; ICU, Intensive Care Unit
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into three groups according to the BE: <-3 mmol/L (316, 
20.1%), -3 to 3 mmol/L (1081, 68.8%), and > 3 mmol/L 
(175, 11.1%). The age (P = 0.029), SOFA score (P < 0.001), 
treatment measures (vasoactive drugs [P < 0.001], man-
nitol [P = 0.012], and mechanical ventilation [P = 0.017]), 
and diagnoses (hyperlipemia [P = 0.007], heart failure 
[P < 0.001], chronic kidney disease [P = 0.007], and sepsis 
[P < 0.001]) were significant different among the three 
groups (Table 1).

Association of BE with mortality
The low BE group showed higher ICU mortality and 
hospital mortality than the normal (24.4% versus 12.9%, 
P < 0.001, respectively; 30.7% versus 20.7%, P < 0.001, 
respectively) and high BE groups (24.4% versus 14.9%, 
P = 0.015, respectively; 30.7% versus 19.4%, P = 0.008, 
respectively) (Fig. 2-a, b). Kaplan–Meier survival curves 
showed that the survival probability of 28-day and 1-year 
were lower in the low BE group than in the normal BE 
group (P < 0.001; P < 0.001) (Fig. 2-c, d). To visualize the 

Table 1  Demographic characteristics of normal, low, and high BE groups
Characteristics Total (n = 1572) Base excess (mmol/L) P-value

-3–3 (n = 1081) < -3 (n = 316) > 3 (n = 175)
Base excess (mmol/L), median (IQR) 0 (-3–2) 0 (-1–1)* -6 (-9 – -5) 5 (4–7)* < 0.001
Stroke, n (%)
Due to occlusion of precerebral arteries 570 (36.30) 424 (39.20) 71 (22.50) 75 (42.90) < 0.001
Due to occlusion of cerebral arteries 912 (58.00) 610 (56.40) 205 (64.90) 97 (55.4) 0.021
Other cerebral infarction 185 (11.80) 121 (11.20) 53 (16.80) 11 (6.30) 0.001
Age, n (%) 0.029
Age ≥ 60 years 1179 (75.00) 812 (75.10) 224 (70.90) 143 (81.70)*

Age < 60 years 393 (25.00) 269 (24.90) 92 (29.10) 32 (18.30)*

Sex, n (%) 0.705
Male 863 (54.90) 598 (55.30) 167 (52.80) 98 (56.00)
Female 709 (45.10) 483 (44.70) 149 (47.20) 77 (44.00)
Ethnicity, n (%) 0.175
White 979 (62.30) 672 (62.20) 188 (59.50) 119 (68.00)
Other 593 (37.70) 409 (37.80) 128 (40.50) 56 (32.00)
SOFA score, median (IQR) 5 (3–7) 4 (3–6)* 8 (5–10) 4 (2–7) < 0.001
Treatment measures, n (%)
Vasoactive drugs 246 (15.60) 135 (12.50)* 96 (30.40) 15 (8.60) < 0.001
Sedative 594 (37.80) 400 (37.00) 134 (42.40) 60 (34.30) 0.131
Anticoagulant 94 (6.00) 65 (6.00) 14 (4.40) 15 (8.60) 0.179
Mannitol 29 (1.80) 23 (2.10)* 0 (0.00) 6 (3.40) 0.012
Mechanical ventilation 647 (41.20) 423 (39.10)* 152 (48.10) 72 (41.10) 0.017
Admission diagnosis, n (%)
Diabetes 554 (35.20) 376 (34.80) 108 (34.20) 70 (40.00) 0.369
Hyperlipemia 835 (53.10) 586 (54.20)* 145 (45.90) 104 (59.40) 0.007
Hypertension 1214 (77.20) 844 (78.10) 232 (73.40) 138 (78.90) 0.191
Malignant neoplasm 150 (9.50) 97 (9.00) 33 (10.40) 20 (11.40) 0.491
Heart failure 449 (28.60) 267 (24.70)* 113 (35.80) 69 (39.40)* < 0.001
Chronic hepatic failure 5 (0.30) 4 (0.40) 1 (0.30) 0 (0.00) 0.722
Chronic respiratory failure 3 (0.20) 2 (0.20) 1 (0.30) 0 (0.00) 0.741
Chronic kidney disease 322 (20.50) 199 (18.40)* 83 (26.30) 40 (22.90) 0.007
Sepsis 1134 (72.10) 748 (69.20)* 316 (83.50) 122 (69.70) < 0.001
DIC 21 (1.30) 12 (1.10) 7 (2.20) 2 (1.10) 0.313
Pneumonia 299 (19.00) 197 (18.20) 72 (22.80) 30 (17.10) 0.153
Diarrhea 65 (4.10) 42 (3.90) 16 (5.10) 7 (4.00) 0.649
Outcome, n (%)
ICU mortality 242 (15.40) 139 (12.90)* 77 (24.40) 26 (14.90)* < 0.001
Hospital mortality 355 (22.60) 224 (20.70)* 97 (30.70) 34 (19.40)* 0.001
28-day mortality 420 (26.70) 264 (24.40)* 117 (37.00) 39 (22.30) < 0.001
1-year mortality 624 (39.70) 389 (36.00)* 165 (52.20) 70 (40.00) < 0.001
SOFA: Sequential Organ Failure Asses; IQR, inter-quartile range; DIC, disseminated intravascular coagulation; ICU, intensive care unit
*Significantly different versus the low base excess group (P values < 0.05 are statistically significant)
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relationship between BE and mortalities, we use the 
restricted cubic splines (RCS) analyses. The RCS analy-
ses revealed that a U-shaped curve between BE and the 
mortality risk (Fig. 3). Further, the low BE group showed 
higher rates of ICU (odds ratio [OR], 2.183, 95% confi-
dence interval [CI], 1.597–2.984), hospital (OR, 1.695, 
95% CI, 1.280–2.244), 28-day (hazard ratio [HR], 1.664, 
95% CI, 1.339–2.069), and 1-year (HR, 1.678, 95% CI, 
1.399–2.014) mortality than the normal BE group in 
the univariable regression analyses. After multivariable 
adjustment, the outcomes were consistent with those 
gained in the univariable regression analyses (ICU mor-
tality: OR, 1.829 [95% CI, 1.281–2.612]; hospital mortal-
ity: OR, 1.484 [95% CI, 1.077–2.045]; 28-day mortality: 
HR, 1.522 [95% CI, 1.200–1.929]; 1-year mortality: HR, 
1.399 [95% CI, 1.148–1.705]) (Table  2). There is no sig-
nificant difference in the mortality rates between the nor-
mal BE group and the high BE group.

Sensitivity analyses for association of BE with ICU/
hospital/28-day/1-year mortality
The probable interaction effects of BE and diverse vari-
ables (SOFA score ≥ 5 [n = 861] and SOFA score < 5 
[n = 711], lactate level ≥ 2 mmol/L [n = 570], lactate 
level < 2 mmol/L [n = 807]) on mortality were appraised. 
The interaction effect between BE and SOFA score was 
only observed with the outcome of 28-day mortality (ICU 
mortality, Pinteraction = 0.269; hospital mortality, Pinteraction 
= 0.307; 28-day mortality, Pinteraction < 0.001; 1-year mor-
tality, Pinteraction = 0.223). No interaction effect between 
BE and lactate was observed (ICU mortality, Pinteraction = 
0.542; hospital mortality, Pinteraction = 0.158; 28-day mor-
tality, Pinteraction = 0.087; 1-year mortality, Pinteraction = 
0.096).

To validate our findings, we analyzed the association 
between BE and mortality in subgroup of SOFA score. 
In the subgroup analyses, the low BE group had a higher 
risk of ICU mortality (OR, 2.494, 95% CI, 1.653–3.762), 
hospital mortality (OR, 1.840, 95% CI, 1.276–2.652), 
28-day mortality (HR, 1.765, 95% CI, 1.332–2.338), 
and 1-year mortality (HR, 1.717, 95% CI, 1.363–2.163) 

Fig. 2  Comparison of ICU, hospital, 28-days and 1-year mortalities among different BE groups. ICU, Intensive Care Unit; BE, Base Excess
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than the normal BE group in the subgroup of SOFA 
score ≥ 5(Fig.  4). In the subgroup of SOFA score < 5, no 
significant difference in the mortality rates between the 
normal BE group and the low BE group (Fig. 4).

Discussion
We performed a retrospective cohort study to explore 
the association between BE and mortality in critically 
ill patients with ischemic stroke. Our study showed that 
patients with low BE values (<-3 mmol/L) had higher 
risks of ICU, hospital, 28-day, and 1-year mortalities 
than those with normal BE values (-3 mmol/L ≤ BE ≤ 3 
mmol/L). No significant difference in the mortality rates 
between the normal group and the high group.

The severity of the metabolic acid-base disorder can 
affect the regulation of cerebral blood flow, thereby 
affecting the prognosis of stroke patients [17]. Effective 
predictors are vital for managing stroke patients in the 
critical care unit [18]. BE is one of the common mark-
ers of acid–base balance disorders [7], serving as a useful 

biochemical marker of shock, which is an indicator for 
immediate physiological assessment and resuscitation 
initiation as well as a predictor of prognosis in many 
diseases [12, 19]. A retrospective study of 2441 patients 
with multiple traumas in the ICU indicated that BE was 
an independent predictor of 72-h mortality [20]. Another 
study also showed that BE was a suitable predictor of 
mortality in patients in the ICU for medical causes [21]. 
Previous studies have shown a U-shaped relationship 
between BE value and all-cause mortality in patients with 
congestive heart failure or acute kidney injury [10, 11]. 
Cheng et al. divided 14,238 ICU patients with AKI into 
five groups according to BE and found that compared 
with normal BE (− 3 to 3 mEq/L), both low BE (BE ≤ − 3 
mEq/L) and high BE (BE ≥ 9 mEq/L) increased the risk of 
30-day ICU mortality [11]. Another study used the group 
with 3 < BE ≤ 2 mEq/L as the reference population found 
that both low and high BE increased the risk of all-cause 
mortality in patients with CHF in the ICU [10]. However, 
the ability of BE value to predict outcomes in critically 

Fig. 3  The restricted spline curves for the association between BE change level and the incidence of outcomes in the whole population. OR, Odds Ratio; 
CI, Confidence Interval; ICU, Intensive Care Unit; HR, Hazard Ratio
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ill patients with ischemic stroke remains blurred. Owing 
to the intricate nature of severe patients’ conditions and 
the prevalence of various complications, multiple fac-
tors, including conditions like diabetes, can influence 
patients’ BE levels. To mitigate the influence of compli-
cations on research outcomes, we incorporate a com-
prehensive range of complications that may impact the 
research findings into the covariates. After adjusting for 
confounding factors, our results showed that low BE was 
associated with higher rates of ICU, hospital, 28-day, and 
1-year mortalities than normal BE.

The mechanism underlying the relationship between 
BE and ischemic stroke remains unclear. Previous stud-
ies have shown that when an ischemic stroke occurs, the 
presence of the thrombus decreases cerebral blood flow, 
resulting in acidosis due to a lack of glucose, production 
of lactate, and an increase in the level of carbon dioxide 

(CO2). The accumulation of acidic substances in the brain 
can promote edema and necrosis of nerve cells, result-
ing in the generation of proinflammatory cytokines that 
cause inflammation and oxidative stress [22, 23]. Brain 
acidosis also can also cause neuronal injury via gluta-
mate-induced neuronal apoptosis, wherein alterations in 
the functions of intracellular proteins eventually induce 
the death of neurons and glial cells [24–26]. Further-
more, acidosis induces the activation of neuronal acid-
sensing ion channel 1, which can cause neuronal death 
[27–29]. Pericytes, contractile cells that form an integral 
part of the blood–brain barrier, are destroyed by isch-
emia, potentially causing irreversible capillary constric-
tion and breakdown of the blood–brain barrier [30]. The 
exact biological mechanism underlying the association 
between metabolic acidosis and outcomes of patients 
with ischemic stroke remains to be elucidated.

Table 2  ORs and HRs with 95% CIs for the association between base excess and ICU/hospital/28-day/1-year mortality
Regression models Base excess (mmol/L)

-3–3 < -3 > 3
ICU mortality OR (95%CI) P-value OR (95%CI) P-value
Event, n (%) 139 (12.90) 77 (24.40) 26 (14.90)
Univariable model 1 (ref ) 2.183 (1.597–2.984) < 0.001 1.183 (0.752–1.860) 0.468
Multivariable Model 1 1 (ref ) 1.768 (1.263–2.475) 0.001 1.193 (0.757–1.880) 0.447
Multivariable Model 2 1 (ref ) 1.780 (1.264–2.507) 0.001 1.229 (0.775–1.949) 0.381
Multivariable Model 3 1 (ref ) 1.795 (1.266–2.546) 0.001 1.293 (0.809–2.066) 0.283
Multivariable Model 4 1 (ref ) 1.829 (1.281–2.612) 0.001 1.190 (0.737–1.921) 0.477
Hospital mortality OR (95%CI) P-value OR (95%CI) P-value
Event, n (%) 124 (20.70) 97 (30.70) 34 (19.40)
Univariable model 1 (ref ) 1.695 (1.280–2.244) < 0.001 0.923 (0.617–1.379) 0.695
Multivariable Model 1 1 (ref ) 1.448 (1.072–1.957) 0.016 0.928 (0.620–1.388) 0.715
Multivariable Model 2 1 (ref ) 1.454 (1.069–1.978) 0.017 0.938 (0.622–1.415) 0.760
Multivariable Model 3 1 (ref ) 1.460 (1.066–2.001) 0.019 0.955 (0.628–1.452) 0.829
Multivariable Model 4 1 (ref ) 1.484 (1.077–2.045) 0.016 0.877 (0.572–1.344) 0.547
28-day mortality HR (95%CI) P-value HR (95%CI) P-value
Event, n (%) 264 (24.40) 117 (37.00) 39 (22.30)
Univariable model 1 (ref ) 1.664 (1.339–2.069) < 0.001 0.901 (0.644–1.261) 0.543
Multivariable Model 1 1 (ref ) 1.499 (1.187–1.893) 0.001 0.908 (0.649–1.271) 0.573
Multivariable Model 2 1 (ref ) 1.489 (1.180–1.879) 0.001 0.895 (0.639–1.253) 0.517
Multivariable Model 3 1 (ref ) 1.482 (1.173–1.873) 0.001 0.928 (0.660–1.304) 0.668
Multivariable Model 4 1 (ref ) 1.522 (1.200-1.929) 0.001 0.884 (0.628–1.244) 0.480
1-year mortality HR (95%CI) P-value HR (95%CI) P-value
Event, n (%) 389 (36.00) 165 (52.20) 70 (40.00)
Univariable model 1 (ref ) 1.678 (1.399–2.014) < 0.001 1.104 (0.856–1.424) 0.446
Multivariable Model 1 1 (ref ) 1.468 (1.207–1.785) < 0.001 1.119 (0.867–1.443) 0.387
Multivariable Model 2 1 (ref ) 1.483 (1.221–1.802) < 0.001 1.079 (0.836–1.392) 0.559
Multivariable Model 3 1 (ref ) 1.405 (1.153–1.711) 0.001 1.052 (0.812–1.363) 0.701
Multivariable Model 4 1 (ref ) 1.399 (1.148–1.705) 0.001 1.051 (0.811–1.361) 0.707
Multivariable Model 1 was adjusted for the SOFA score

Multivariable Model 2 was adjusted for model 1 plus age, sex, and ethnicity

Multivariable Model 3 was adjusted for model 2 plus admission diagnoses including diabetes, hypertension, hyperlipemia, malignant neoplasm, chronic kidney 
disease, heart failure, chronic hepatic failure, chronic respiratory failure, sepsis, disseminated intravascular coagulation, pneumonia and diarrhea

Multivariable Model 4 was adjusted for model 3 plus treatment measures, including vasoactive drugs, sedatives, anticoagulants, mannitol, mechanical ventilation

ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment; OR, odds ratio; HR, hazard ratio; CI, confidence interval
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Fig. 4  Multivariate logistic regression analysis for BE change associated with mortality stratified by different subgroup. BE, Base Excess; SOFA, Sequential 
Organ Failure Assessment; ICU, Intensive Care Unit; OR, Odds Ratio; HR, Hazard Ratio; CI, Confidence Interval
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The SOFA score is used to assess the acute morbidity 
of critical illness at a population level and is considered 
a potent indicator of the risk of ICU mortality [31, 32]. 
Lactate level is perceived as a predictor of mortality in 
ICU patients [21, 33, 34]. To explore whether the results 
persisted when the clinical status severity changed, we 
conducted interaction by dividing the subjects into two 
groups according to their SOFA score on the first day 
of ICU admission (< 5 or ≥ 5) as well as into two groups 
according to their lactate levels (< 2 or ≥ 2 mmol/L). 
The blood lactate level serves as an indicator of tissue 
anaerobic metabolism. Prior research has demonstrated 
a correlation between elevated blood lactate levels and a 
reduction in BE [35]. But no interaction between lactate 
and BE was observed in the mortality of stroke patients, 
which may suggest that BE may be independent of lac-
tate in predicting the prognosis of stroke patients. We 
analyzed the association between BE and mortality in 
the subgroup of SOFA score. Our findings showed that in 
the presence of a high SOFA score, low BE (<-3 mmol/L) 
was strongly associated with high rates of ICU, hospi-
tal, 28-day and, 1-year mortalities. Therefore, the BE of 
patients with high SOFA scores should be closely moni-
tored in clinical practice.

This study has some limitations. First, the MIMIC-IV 
is a single-center database, hence, selection bias (i.e., 
Berkson’s bias) was inevitable. The recruited patients 
were from various ICUs, including coronary, medical, 
and surgical care ICUs. Various healthcare professionals 
may opt for distinct timings when conducting BE test-
ing on patients, potentially resulting in notable selection 
bias. Nevertheless, their data may mirror real situations 
of ICU patients. Furthermore, the MIMIC-IV database is 
deficient in imaging data for confirming the diagnosis of 
cerebral infarction in patients and records of commonly 
used treatment measures for cerebral infarction patients 
in clinical practice (such as interventional surgery). Sub-
sequent studies should focus on evaluating the influ-
ence of surgical and alternative treatment interventions 
on patient prognostication. Secondly, we only extracted 
records of the first measurement of BE at ICU admis-
sion without considering the first hospitalization record 
and changes afterward in BE. However, the first record of 
BE at ICU admission can allow prompt and convenient 
prediction of the prognoses of patients. Thirdly, although 
we adjusted our models for as many covariates as pos-
sible and processed a sequence of sensitivity analyses, 
given the retrospective design, some cofactors, such as 
the administration of bicarbonate, were not included. 
At last, in the regression analysis, the U-shaped rela-
tionship between BE and mortalities exhibited by the 
RCS curve did not appear, possibly due to the number 
of patients with BE > 3mmol/L being insufficient. In the 
future, multicenter prospective studies can demonstrate 

the association between BE and outcomes in critically ill 
patients with ischemic stroke.

Conclusion
BE of <-3 mmol/L at ICU admission may be correlated 
with high ICU, hospital, 28-day, and 1-year mortalities 
in patients with ischemic stroke. Patients with ischemic 
stroke who have high SOFA scores may need careful 
supervision when their initial BE value <-3 mmol/L.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-024-03763-4.

Supplementary Material 1

Acknowledgements
We appreciate the researchers at the MIT Laboratory for Computational 
Physiology and collaborating research groups to keep MIMIC-IV databases 
available.

Author contributions
Jueheng Liu wrote the main manuscript; Jueheng Liu, Jiamei Li and Xuting Jin 
conducted the data curation and analysis; Jueheng Liu and Jiamei Li prepared 
figures and tables; Jiajia Ren, Ruohan Li, Jingjing Zhang, Ya Gao, Xiaochuang 
Wang and Gang Wang revised the draft. All authors reviewed the manuscript.

Funding
This study was supported by the National Natural Science Foundation 
of China (81770057), the Top Young Talents Project of the “Special 
Support Program for High-Level Talents” in Shaanxi, China, and the Xi’an 
Jiaotong University Medical “Basic-Clinical” Integration Innovation Project 
(YXJLRH2022060).

Data availability
The data supporting the results of this study are from the MIMIC-IV database. 
https://doi.org/10.13026/6mm1-ek67.

Declarations

Ethics approval and consent to participate
As there is pre-existing institutional review board approval in the MIMIC-IV 
database, we were exempt from IRB approval from our institution.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 November 2023 / Accepted: 15 July 2024

References
1.	 Feske SK. Ischemic stroke. Am J Med. 2021;134:1457–64.
2.	 Global regional. National burden of stroke and its risk factors, 1990–2019: 

a systematic analysis for the global burden of Disease Study 2019. Lancet 
Neurol. 2021;20:795–820.

3.	 Feigin VL, Nguyen G, Cercy K, et al. Global, Regional, and Country-Specific 
Lifetime risks of Stroke, 1990 and 2016. N Engl J Med. 2018;379:2429–37.

4.	 Caprio FZ, Sorond FA. Cerebrovascular disease: primary and secondary Stroke 
Prevention. Med Clin N Am. 2019;103:295–308.

5.	 Carval T, Garret C, Guillon B, et al. Outcomes of patients admitted to the ICU 
for acute stroke: a retrospective cohort. BMC Anesthesiol. 2022;22:235.

https://doi.org/10.1186/s12883-024-03763-4
https://doi.org/10.1186/s12883-024-03763-4
https://doi.org/10.13026/6mm1-ek67


Page 10 of 10Liu et al. BMC Neurology          (2024) 24:351 

6.	 Martha SR, Collier LA, Davis SM, et al. Evaluation of sex differences in acid/
base and electrolyte concentrations in acute large vessel stroke. Exp Neurol. 
2020;323:113078.

7.	 Berend K. Diagnostic use of base excess in Acid-Base disorders. N Engl J Med. 
2018;378:1419–28.

8.	 Langer T, Brusatori S, Gattinoni L. Understanding base excess (BE): merits and 
pitfalls. Intensive Care Med. 2022;48:1080–3.

9.	 Juern J, Khatri V, Weigelt J. Base excess: a review. J Trauma Acute care Surg. 
2012;73:27–32.

10.	 Guo W, Peng C, Liu Q, et al. Association between base excess and mortality in 
patients with congestive heart failure. ESC Heart Fail. 2021;8:250–58.

11.	 Cheng Y, Zhang Y, Tu B, et al. Association between base excess and mortality 
among patients in ICU with acute kidney Injury. Front Med. 2021;8:779627.

12.	 Dunham MP, Sartorius B, Laing GL, Bruce JL, Clarke DL. A comparison of base 
deficit and vital signs in the early assessment of patients with penetrating 
trauma in a high burden setting. Injury. 2017;48:1972–77.

13.	 Seo MH, Choa M, You JS, et al. Hypoalbuminemia, low base excess values, 
and Tachypnea Predict 28-Day mortality in severe Sepsis and septic shock 
patients in the Emergency Department. Yonsei Med J. 2016;57:1361–9.

14.	 Tanemoto M. Diagnostic use of base excess in Acid-Base disorders. N Engl J 
Med. 2018;379:495.

15.	 Johnson A, Bulgarelli L, Pollard T, Horng S, Celi LA, Mark R. (2023). MIMIC-IV 
(version 2.2). PhysioNet.

16.	 Li J, Li R, Gao Y, et al. Nocturnal Mean arterial pressure rising is Associated with 
Mortality in the Intensive Care Unit: a retrospective cohort study. J Am Heart 
Association. 2019;8:e012388.

17.	 Caldwell HG, Carr J, Minhas JS, Swenson ER, Ainslie PN. Acid-base balance 
and cerebrovascular regulation. J Physiol. 2021;599:5337–59.

18.	 Wu S, Wu B, Liu M, et al. Stroke in China: advances and challenges in epidemi-
ology, prevention, and management. Lancet Neurol. 2019;18:394–405.

19.	 Davis JW, Dirks RC, Kaups KL, Tran P. Base deficit is superior to lactate in 
trauma. Am J Surg. 2018;215:682–85.

20.	 Qi J, Bao L, Yang P, Chen D. Comparison of base excess, lactate and pH pre-
dicting 72-h mortality of multiple trauma. BMC Emerg Med. 2021;21:80.

21.	 Schork A, Moll K, Haap M, Riessen R, Wagner R. Course of lactate, pH and base 
excess for prediction of mortality in medical intensive care patients. PLoS 
ONE. 2021;16:e0261564.

22.	 Martha SR, Fraser JF, Pennypacker KR. Acid-base and Electrolyte Changes 
Drive Early Pathology in ischemic stroke. Neuromol Med. 2019;21:540–45.

23.	 Shin TH, Lee DY, Basith S et al. Metabolome changes in cerebral ischemia. 
Cells. 2020; 9.

24.	 Bulli I, Dettori I, Coppi E et al. Role of Carbonic anhydrase in cerebral ischemia 
and carbonic anhydrase inhibitors as putative protective agents. Int J Mol Sci. 
2021; 22.

25.	 Okada Y, Sato-Numata K, Sabirov RZ, Numata T. Cell death induction and 
protection by activation of ubiquitously expressed Anion/Cation channels. 
Part 2: functional and molecular properties of ASOR/PAC Channels and their 
roles in cell volume dysregulation and Acidotoxic Cell Death. Front cell Dev 
Biology. 2021;9:702317.

26.	 Xue D, Wei C, Zhou Y, et al. TRIOL inhibits Rapid Intracellular Acidification 
and Cerebral Ischemic Injury: the role of glutamate in neuronal metabolic 
reprogramming. ACS Chem Neurosci. 2022;13:2110–21.

27.	 Benveniste M, Dingledine R. Limiting stroke-induced damage by targeting an 
acid channel. N Engl J Med. 2005;352:85–6.

28.	 Li MH, Leng TD, Feng XC, Yang T, Simon RP, Xiong ZG. Modulation of acid-
sensing Ion Channel 1a by intracellular pH and its role in ischemic stroke. J 
Biol Chem. 2016;291:18370–83.

29.	 Heusser SA, Pless SA. Acid-sensing ion channels as potential therapeutic 
targets. Trends Pharmacol Sci. 2021;42:1035–50.

30.	 Hall CN, Reynell C, Gesslein B, et al. Capillary pericytes regulate cerebral blood 
flow in health and disease. Nature. 2014;508:55–60.

31.	 Lambden S, Laterre PF, Levy MM, Francois B. The SOFA score-development, 
utility and challenges of accurate assessment in clinical trials. Critical care 
(London, England). 2019; 23: 374.

32.	 de Grooth HJ, Geenen IL, Girbes AR, Vincent JL, Parienti JJ, Oudemans-van 
Straaten HM. SOFA and mortality endpoints in randomized controlled trials: a 
systematic review and meta-regression analysis. Volume 21. London, England: 
Critical care; 2017. p. 38.

33.	 Morris KP, Kapetanstrataki M, Wilkins B, Slater AJ, Ward V, Parslow RC. Lactate, 
base excess, and the Pediatric Index of Mortality: exploratory study of an 
International, Multicenter dataset. Pediatr Crit care Medicine: J Soc Crit Care 
Med World Federation Pediatr Intensive Crit Care Soc. 2022;23:e268–76.

34.	 Kattan E, Hernández G. The role of peripheral perfusion markers and lactate 
in septic shock resuscitation. J Intensive Med. 2022;2:17–21.

35.	 Zander R. Base excess (BE): reloaded. Eur J Med Res. 2024;29:281.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Association between base excess and mortality in critically ill patients with ischemic stroke: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Study population
	﻿BE and outcomes
	﻿Data extraction
	﻿Statistical analysis

	﻿Result
	﻿Individual selection and baseline characteristics
	﻿Association of BE with mortality
	﻿Sensitivity analyses for association of BE with ICU/hospital/28-day/1-year mortality

	﻿Discussion
	﻿Conclusion
	﻿References


