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Abstract 

Background: Dehydrating therapy to relieve brain 

edema is one of main methods to treat acute intracranial 

hypertension (ICH) after spontaneous cerebral 

hemorrhage. However, little is known regarding how 

much the negative fluid balance should be and 

indications of optimal fluid status. This study was to 

investigate whether mild permissive hyperlactatemia  

within initial 3-day is an available indicator guiding 

fluid management in patients with acute ICH.  

Methods: Adult patients of spontaneous cerebral 

hemorrhage with ICH admitted to the ICU and receiving 

dehydrating agents were retrospectively analyzed. The 

daily serum lactate concentration was collected over the 
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first 3 days after admission. According to level of serum 

lactate, patients were divided into three groups (Normal-

lactate group: <2 mmol/L, Mild-lactate group: 2-3.5 

mmol/L, High-lactate group: >3.5 mmol/L 

respectively). And the main endpoint of this study was 

the 30-day mortality following ICU admission.  

 

Results: The mortality rate at 30 days in the high-

lactate group patients was significantly higher than that 

in the other two groups (normal-group and mild-lactate 

group), (26.4% vs (16.5% and 10.9%), P<0.01). 

Furthermore, compared with the normal-lactate group, 

the 30-day mortality rate was significantly lower (10.9% 

vs 16.5%, P<0.01), the Glasgow Coma (GCS) Score at 

7-day was better (10.8 ± 3.8 vs 8.3 ± 2.4, P=0.021), and 

the length of ICU stay was shorter (14.2 ± 7.3 vs 16.7 ± 

8.6 d, P=0.015) in the mild-lactate group.  

 

Conclusions: In this retrospective cohort, mild 

permissive hyperlactatemia (2-3.5 mmol/L) over the 

first 3 days as a reference range that can be used to 

optimize fluid management in patients with ICH who 

accept dehydrating therapy.  

 

Keywords: Intracerebral Hemorrhage; Intracranial 

Hypertension; Hyperlactatemia 

 

1. Introduction 

Acute intracranial hypertension is a life-threatening 

complication in patients with spontaneous intracerebral 

hemorrhage [1]. One of the main methods to treat acute 

intracranial hypertension (ICH) is dehydrating therapy, 

a method that actually reduces blood volume 

appropriately and maintains minimum fluid status to 

decrease intracranial pressure as much as possible [1, 2]. 

However, little is known about how much the negative 

fluid balance should be and the indicators for optimizing 

fluid management of ICH treatment. Lactate, a substrate 

of carbohydrate metabolism, is formed from pyruvate in 

the glycolysis pathway [3]. When the oxygen supply is 

scarce or interrupted, anaerobic metabolism 

predominates and serum lactate levels rise [4]. Elevation 

of serum lactate has been considered to be strong 

indicator of hypovolemia [5]. However, recent studies 

have shown that hyperlactatemia appeared in 40%-62% 

patients after neurosurgery, but didn’t correlate to 

systemic hypoperfusion in craniotomy patients [6]. Of 

those patients, elevated lactate was not associated with 

systemic complications such as myocardial infarction or 

mortality. Higher metabolic rate and oxygen demand of 

the brain may be explained for elevation of serum 

lactate in patients with spontaneous intracerebral 

hemorrhage [6]. Moreover, recent evidence suggests 

that the neurons may utilize lactate as an energy 

substrate [7]. Thus, we believe that the mild elevation of 

serum lactate is reasonable and beneficial for the 

patients with ICH who undergoing dehydration 

treatment. Our hypothesis is that early permissive mild 

elevation of serum lactate in those patients receiving 

dehydrating therapy could be a guiding goal to optimize 

fluid management. 

 

2. Methods 

2.1 Study design 

We performed a retrospective cohort analysis of 

consecutive patients admitted to the Department of 

Critical Care Medicine, Guangdong Provincial People’s 

Hospital, Guangdong Academy of Medical Sciences, 

P.R. China, between January 2016 and July 2019. The 

study protocol was approved by the Institute ethics 

committee and informed consent was waived as stated 

by the application. Exclusion criteria were: age 

below18, Comorbid conditions included preexisting 

liver disease, heart failure, kidney disease, and sepsis. 

Clinical and laboratory data at ICU were extracted, 

including age, sex, Acute Physiology and Chronic 

Health Evaluation (APACHEⅡ) score, Glasgow Coma 

Score (GCS), pre-existing diseases, arterial pH, PaO2, 
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creatinine, total bilirubin and lactate values. In addition, 

data of treatment during the initial 3 days of ICU stay 

were obtained, including types of dehydrating agent 

(including albumin), fluid balance (input and output), 

decompressive craniectomy and mechanical ventilation. 

We also collected the length of ICU stay and 30-day 

mortality. All the patients were divided into three 

groups (normal-lactate group: <2 mmol/L, mild-lactate 

group: 2-3.5 mmol/L, high-lactate group: >3.5 mmol/L 

respectively) according to the daily serum lactate level 

over the first 3-day after admission.  

 

2.2 Statistical analysis 

Data are the mean ± standard deviation, percentages, or 

medians (interquartile range). The unpaired t-test or 

Mann-Whitney test was used for unpaired comparisons 

as appropriate. The Fisher’s exact or chi-square test was 

used to examine differences between categorical 

variables. The cumulative incidence of 30-day mortality 

was estimated according to the Kaplan-Meier method, 

and the log-rank statistic was used for comparisons. The 

Cox proportional hazards regression model was used to 

determine which variables were related significantly to 

death during the follow-up. All statistical data were 

analysed by licensed IBM SPSS Statistics version 24 for 

Windows (SPSS Inc, Chicago, IL, USA). 

 

3. Results 

3.1 Cohort description 

Figure 1 demonstrates how cases were selected. A total 

of 390 patients were identified using the screening 

criteria. There were 41 patients death over the first 3-

day after admission. Patients with sepsis (n=11), 

cirrhosis (n=6), hepatitis (n=12), end stage renal disease 

(ESRD) or chronic kidney disease (CKD) (n=34), 

missing documentation (n=6), no lactate labs drawn 

(n=4) were excluded, and final 273 patients were 

analyzed. Table 1 shows the baseline characteristics of 

the three group patients. Although there was no 

significant difference of the fluid balance among the 

three groups, the amount of daily fluid input in the Mil-

lactate group was the least (P<0.01), and the Normal-

lactate and High-lactate group was similar. The serum 

lactate, creatinine, APACHEⅡscore, GCS score, and 

types of dehydrating agents at admission among the 

three group patients were not significant differences. 

 

3.2 Outcomes in patients with different goals of daily 

serum lactate level over the first 3-day 

Table 2 compares clinical outcomes in the three groups 

with different goals of daily serum lactate level over the 

first 3-day. The total 30-day mortality rate of this cohort 

study was 17.4% (48/273). Compared with the High-

lactate group patients, the 30-day mortality of patients 

in both Normal-lactate and Mild-lactate groups were 

significantly lower (26.4% vs (16.5% and 10.9%), 

P<0.01). Similar results of the length of ICU stay were 

shown among the three group patients (19.8 ± 9.1 vs 

(16.7 ± 8.6 and 14.2 ± 7.3), P=0.015). Moreover, the 30-

day mortality in Mild-lactate group was further 

deceased when compared with the Normal-lactate group 

patients (10.9% vs 16.5%, P<0.01). Similar results of 

the length of ICU stay among patients in the Normal-

lactate group, Mild-lactate group, and High-lactate 

group were displayed respectively (16.9 ± 10.6, 16.7 ± 

8.6, and 4.2 ± 7.3, P=0.015 ). The improvement of GCS 

score at day-7 was the highest in the Mild-lactate group 

(Mild-lactate:10.8 ± 3.8, Normal-lactate: 8.3 ± 2.4, 

High-lactate: 6.6 ± 3.6, P=0.021 ). 

 

3.3 Predictors associated with 30-day mortality 

In the univariate Cox hazard analysis of 30-day 

mortality, age (p=0.032), decompressive craniectomy 

(P<0.001), serum Na+ level (P=0.011), mechanical 

ventilation (P<0.001), serum lactate (P<0.001), 

APACHEⅡscore (P=0.002), GCS score (P=0.001), 

daily positive fluid balance (P<0.001), were found to be 

significant factors. The multivariate Cox hazard analysis 
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of these factors revealed that decompressive 

craniectomy (hazard ratio (HR)=0.866, 95% confidence 

interval (CI) 0.236-2.300, P<0.001), serum Na+ level 

(HR=3.55, 95%CI 2.161-7.910, P=0.011), serum lactate 

(HR=2.866, 95%CI 1.382-10.227, P<0.001), APACHE

Ⅱscore (HR=4.266, 95%CI 3.161-15.910, P=0.002), 

GCS score (HR=4.34, 95%CI 2.019-12.981, P=0.001), 

and daily positive fluid balance (HR=6.886, 95%CI 

3.161-16.910, P<0.001) were significant predictive 

factors for the occurrence of 30-day death. 

 

3.4 Kaplan-Meier survival analysis  

Figure 2 shows that there were 15, 10 and 15 patients 

 

 

 

death in the Normal-lactate, Mild-lactate and High-

lactate group, respectively during 30-day after 

admission. Of those deaths, 8 (53.3%) patients in 

Normal-lactate group, 3 (30%) patients in the Mild-

lactate group and 13 (56.5%) in the High-lactate group 

were focused within the first 9 days. Kaplan-Meier 

analysis indicated that the 30-day survival rates were 

significantly lower in patients in the Mild-lactate group 

than in those in both Normal-lactate and High-lactate 

groups (P=0.010, log-rank test). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Retrospective case selection. ESRD indicates endstage renal disease; CKD-chronic kidney disease. 

 

 

 

Patients with spontaneous intracerebral 

hemorrhage diagnoses 

n=390 

Excluded (n=41) 

• Death at the first 3-day  

Initial inclusion (n=349) 

Excluded (n=73) 

⚫ Sepsis (n=11) 

⚫ Cirrhosis (n=6) 

⚫ Hepatitis (n=12) 

⚫ ESRD or CKD (n=34) 

⚫ Missing documentation (n=6) 

⚫ No lactate labs drawn (n=4) 

 

Final inclusion (n=273) 
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Continuous variables were expressed as mean ± SD or median (25th percentile-75th percentile). Categorical variables 

were expressed as n (%). APACHEⅡ, acute physiology and chronic health evaluationⅡscore; GCS, Glasgow 

Coma Score. aNormal-lactate group was defined as daily serum lactate level <2 mmol/l within 3 days after 

admission, and Mild-lactate group was 2-3.5 mmol/l and High-lactate group was >3.5mmol/l respectively.) 

according to the serum lactate level after admission. bP for global comparisons among groups by Kruskal-Wallis and 

chi-squared tests for continuous and categorical variables, respectively. 

 

Table 1: Characteristics of Patient Cohort, Grouped by Different Level of Daily Serum Lactate within the first 3-

day. 

 

Variable All patients 

N=276 

Normal-

lactatea n=91 

Mild-lactatea  

n=98 

High-lactatea 

group n=87 

P valueb 

Age (y)  53.9 ± 10.6 53.8 ± 11.7 54.8 ± 12.1 52.9 ± 10.7 0.23 

Female sex，n (%) 135 (48.9) 45 (49.4) 47 (47.9) 43 (49.4) 0.21 

APACHEⅡscore  23.7 ± 10.9 22.6 ± 8.9 24.6 ± 9.7 23.9 ± 9.5 0.19 

GCS score 6.9 ± 3.1 7.1 ± 2.9 6.8 ± 2.4 6.9 ± 2.6 0.09 

Diabetes, n (%) 68 (24.6) 26 (28.6) 19 (19.4) 23 (26.4)  0.02 

Hypertension, n (%) 120 (43.4) 39 (42.8) 42 (42.8) 39 (44.8) 0.06 

Initial MAP, mmHg, 179.1 ± 43.7 178.6 ± 42.9 180.6 ± 33.7 176.6 ± 38.9 0.42 

Mechanical ventilation, n (%) 164 (59.4) 56 (61.5) 59 (60.2) 49 (56.32) 0.04 

decompressive craniectomy n (%) 71 (25.1) 23 (25.3) 26 (26.5) 22 (25.3) 0.91 

Baseline laboratory values 

Arterial pH 7.40 ± 2.4 7.39 ± 2.1 7.37 ± 2.1 7.41 ± 1.8 0.52 

PaO2/FiO2 309.3 ± 64.2 298.9 ± 54.1 321.2 ± 59.9 309.4 ± 60.1 0.39 

Serum Na+, (mmol/l) 142 ± 29.3 139.2 ± 24.1 140.3 ± 27.2 147.6 ± 25.9 0.01 

Haemoglobin, g/L 107.7 ± 26.9 110.6 ± 22.3 109.6 ± 21.9 102.6 ± 23.6 0.23 

Creatinine, μmol/L 100.6 ± 39.9 98.9 ± 29.3 101.6 ± 30.9 103.6 ± 32.4 0.65 

Total bilirubin, μmol/L 20.3 ± 10.4 20.1 ± 9.3 19.1 ± 8.4 22.1 ± 9.8 0.78 

Lactate, mmol/L 1.8 (0.8-4.0) 1.9 (1.1-3.5) 2.0 (0.9-3.6) 2.1 (1.0-3.9) 0.76 

Fluid data over the first 3-day, L 

daily fluid input 3.6 (2.0-7.6) 3.9 (2.1-5.6) 2.9 (2.0-4.2) 4.1 (3.0-6.2) <0.01 

daily fluid output 4.2 (2.9-7.8) 4.1 (2.3-5.9) 3.5 (2.3-5.2) 4.9 (3.1-6.1) <0.01 

Dehydrating agent 

Albumin use, n (%) 100 (36.2) 31 (34.1) 35 (35.7) 34 (39.1) 0.07 

Mannitol use, n (%) 240 (87.9) 80 (87.9) 84 (85.7) 76 (87.3) 0.87 

Hypertonic saline, n (%) 36 (13.1) 12 (13.2) 14 (12.3) 10 (11.5) 0.91 

Furosemide, n (%) 103 (37.7) 34 (37.4) 36 (36.7) 33 (37.9) 0.02 
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Outcome All patients 

N=276 

Normal-lactate 

n=91 

Mild-lactate 

n=98 

High-lactate 

n=87 

P value 

30-day mortality, n(%) 48 (17.4) 15 (16.5) 10 (10.9) 23 (26.4) <0.001 

GCS score at day-7 8.6 ± 3.7 8.3 ± 2.4 10.8 ± 3.8 6.6 ± 3.6 0.021 

Length of ICU stay, d 16.9 ± 10.6 16.7 ± 8.6 14.2 ± 7.3 19.8 ± 9.1 0.015 

Count variables shown with group percentage as n (%); continuous variables were expressed as mean ± SD. 

 

Table 2: Clinical Outcomes in patients with Different Goals of Daily Serum Lactate Level over the first 3-day. 

 

 

Decompressive craniectomy 

HR 95% CI P value 

0.866 0.236-2.300 <0.001 

Serum Na+ level 3.55 2.161-7.910 0.011 

Serum Lactate 2.866 1.382-10.227 <0.001 

APACHEⅡscore 4.266 3.161-15.910 0.002 

GCS score 4.34 2.019-12.981 0.01 

Daily positive fluid balance  6.886 3.161-16.910 <0.001 

 

Table 3: Multivariate Cox Hazard Regression Analysis of 30-day mortality. 

 

 

 

Figure 2: Kaplan-Meier survival curves comparing survival probability during 30 d following ICU admission 

among three groups of patients with acute intracranial hypertension induced by spontaneous intracerebral 

hemorrhage. 
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4. Discussion  

Dehydrating therapy to relieve brain edema is one of 

crucial approaches to treat ICH after spontaneous 

cerebral hemorrhage [1]. Nevertheless, how much the 

dehydration should be? To date, little evidence in the 

way of laboratory values to the brain evident on CT 

scans that can be used to guide the optimal dehydration 

amount. We retrospectively analyzed data and found 

that permissive mild hyperlactatemia with a range of 

2.0-3.5 mmol/l within the first 3-day after admission 

correlating with lower 30-day mortality, which could be 

a reference range to optimize fluid management for 

those acute intracranial hypertensive patients.Previous 

studies have established that serum lactate elevation was 

associated with inadequate tissue perfusion, particular 

the heart, liver and kidney [5, 8]. The correlation 

between elevated lactate at presentation and increased 

mortality has been known for decades and traditionally 

a threshold of 4 mmol/L has been used [9-11], other 

studies have showed that even modest increases in 

serum lactate with a threshold of 2.5 mmol/L are 

associated with poor outcome for septic patients [12, 

13]. In the present study, we set a threshold of 3.5 

mmol/L as remarkable high lactate and found that the 

30-day mortality of those patients was significant higher 

than that in patients with serum lactate less than 

3.5mmol/l, which is consistent with other findings [11].  

As mentioned above, elevation of lactate reveals poor 

outcome and our cohort study indicated that lactate level 

and other factors, including serum Na+ level, APACHE

Ⅱscore, GCS score, and daily positive fluid balance 

were significant predictive factors for 30-day death. 

Surprisingly, our study showed that mild serum lactate 

elevation with a range of 2-3.5 mmol/L displayed better 

outcomes, including 30-day mortality, GCS score and 

the length of ICU stay when compared with the normal 

lactate patients within the first 3 days after admission. 

Why does mild elevated lactate reduce the mortality of 

patients with ICH induced by spontaneous cerebral 

hemorrhage in the present study? Routinely, fluid 

infusion may be conducted when the serum lactate 

elevated [14], but it’s not always right for the patients 

with brain damaged. Compared with normal brain, the 

course of the glycolytic pathway from glucose to lactate 

differs after injury, and the injured brain can utilize 

lactate as an energy substrate [15-17]. Moreover, the 

whole body doesn’t exist hypovolemia in this condition. 

And brain edema could be more severe if large amount 

fluid infusing for the purpose of decreasing serum 

lactate level. That is, mild serum lactate elevation is 

beneficial for the patients receiving dehydrating 

therapy. Furthermore, Keri L.H.Carpenter [18] 

concluded that the concentration of lactate in the brain 

depends not only on lactate production, but also lactate 

consumption, which meant that serum lactate would 

transport to the injured brain. Interestingly, a recent 

study by Bouzat et al. [19] showed evidence for 

beneficial effects (judged by surrogate markers) 

resulting from intravenous lactate administration in 15 

TBI patients. Thus, combined literature reports and our 

findings, maintaining mild lactate elevation in the 

patients with ICH with the first 3 days can be used to 

optimize fluid management in patients with ICH who 

accept dehydrating therapy.  

There are, however, limitations, mainly inherent to the 

single-center retrospective study design with limited 

sample size. In addition, the serum lactate level may not 

optimal as it’s not calculated by large sample. 

Moreover, these results only apply to intensive care 

units with a similar patient profile. A prospective design 

needed to strengthen the reliability of results. 

5. Conclusions 

For ICU patients with ICH induced by spontaneous 

cerebral hemorrhage who accept dehydrating treatment, 

we found an optimal range from 2-3.5mmol/L of serum 
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lactate with the first 3 days after admission. Less or 

more of this range was associated with an increased risk 

of 30-day mortality. This study shows that the data 

obtained from point-of-care arterial blood gas analyser, 

which are frequently and easily checked at the bedside, 

allow for the determination of short time, which can be 

preferable when monitoring acute responses to 

treatment changes. To further improve the validity of 

these results, an external validation in other centers 

including an expansion of sample size is suggested. 
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