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INTRODUCTION

Acute central nervous system (CNS) infections, including meningitis and encephalitis, remain a significant
cause of morbidity and mortality worldwide [1]. Despite advances in diagnostic techniques and antimicrobial therapies,
these infections still pose substantial challenges in terms of early recognition, prompt treatment initiation, and accurate
prognostication [2]. Various clinical and laboratory parameters have been investigated as potential predictors of outcomes
in patients with acute CNS infections, aiming to guide management strategies and improve patient care [3].

Serum lactate, a byproduct of anaerobic metabolism, has emerged as a promising biomarker in critical care
settings [4]. Elevated lactate levels have been associated with tissue hypoperfusion, hypoxia, and sepsis severity, making
it a valuable tool for risk stratification and prognostication in various clinical contexts [5]. In the realm of infectious
diseases, serum lactate has been extensively studied as a predictor of mortality and adverse outcomes in patients with
sepsis and septic shock [6]. However, its utility in the specific context of acute CNS infections remains less well-
characterized.
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The pathophysiology of acute CNS infections involves a complex interplay of inflammatory, metabolic, and
hemodynamic derangements [7]. The blood-brain barrier disruption, cerebral edema, and impaired cerebral perfusion that
occur in these conditions can lead to tissue hypoxia and anaerobic metabolism, potentially resulting in elevated serum
lactate levels [8]. Moreover, the systemic inflammatory response triggered by the infection can further contribute to
lactate production and accumulation [9]. These mechanisms suggest that serum lactate may serve as a marker of disease
severity and a predictor of outcomes in patients with acute CNS infections.

Several studies have explored the prognostic value of serum lactate in various infectious diseases. In a meta-
analysis by Zhang et al., elevated serum lactate levels were found to be significantly associated with increased mortality
in patients with sepsis and septic shock [10]. Similarly, a study by Shapiro et al., demonstrated that serum lactate was an
independent predictor of mortality in patients with suspected infection presenting to the emergency department [11].
These findings highlight the potential of serum lactate as a prognostic marker in infectious disease settings.

However, the specific role of serum lactate in predicting outcomes in patients with acute CNS infections
remains less extensively investigated. While some studies have suggested an association between elevated lactate levels
and adverse outcomes in this patient population [12, 13], the evidence is still limited and inconsistent. Moreover, the
optimal cut-off values for serum lactate in predicting outcomes, as well as its performance compared to other established
prognostic markers, remain to be elucidated.

Given the significant burden of acute CNS infections and the need for reliable prognostic tools, further research
is warranted to evaluate the utility of serum lactate in predicting outcomes in this specific patient population.

Aims and Obijectives:

The study aimed to evaluate the prognostic value of serum lactate levels in predicting outcomes in patients with
acute CNS infections. The primary objective was to assess the association between serum lactate levels at admission and
in-hospital mortality. Secondary objectives included evaluating the relationship between serum lactate levels and other
clinical outcomes, such as length of hospital stay, need for intensive care unit (ICU) admission, and neurological
sequelae.

Materials and Methods:
Study Design and Setting

A cohort study was conducted at a tertiary care academic medical center. The study included patients admitted
with a diagnosis of acute CNS infection between January 2023 and December 2023.

Study Population

Patients aged 18 years or older who were admitted with a confirmed diagnosis of acute CNS infection, including
bacterial meningitis, viral meningitis, and encephalitis, were eligible for inclusion. The diagnosis was based on a
combination of clinical features, cerebrospinal fluid (CSF) analysis, and microbiological findings. Patients with
incomplete medical records, those who were transferred from other hospitals, and those with a history of recent
neurosurgical procedures were excluded.

Data Collection

Demographic and clinical data were extracted from the electronic medical records. The collected data included
age, sex, comorbidities, presenting symptoms, Glasgow Coma Scale (GCS) score at admission, CSF findings (cell count,
protein, glucose), microbiological results, and treatment details. Serum lactate levels were obtained from the first blood
sample drawn upon admission to the emergency department or within 6 hours of admission to the hospital.

Outcome Measures

The primary outcome measure was in-hospital mortality. Secondary outcomes included length of hospital stay,
need for ICU admission, duration of mechanical ventilation (if applicable), and neurological sequelae at discharge,
assessed using the Glasgow Outcome Scale (GOS).

Statistical Analysis

Descriptive statistics were used to summarize the demographic and clinical characteristics of the study
population. Continuous variables were expressed as mean + standard deviation or median with interquartile range (IQR),
depending on the data distribution. Categorical variables were presented as frequencies and percentages. The association
between serum lactate levels and outcomes was analyzed using appropriate statistical tests, such as Student's t-test,
Mann-Whitney U test, chi-square test, or Fisher's exact test, as applicable. Receiver operating characteristic (ROC) curve
analysis was performed to determine the optimal cut-off value of serum lactate for predicting in-hospital mortality.
Logistic regression analysis was conducted to identify independent predictors of mortality, adjusting for potential
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confounders. A p-value < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA).

Sample size calculation:

Assuming an expected mortality rate of 15% in patients with acute CNS infections and an odds ratio of 2.5 for
elevated serum lactate levels (based on previous studies), a sample size of 200 patients was estimated to provide 80%
power at a 5% significance level.

RESULTS

The study included a total of 200 patients with acute CNS infections. The demographic and clinical
characteristics of the study population are presented in Table 1. The mean age was 48.6 + 16.4 years, and 136 (58%)
patients were male. The most common comorbidities were hypertension (29%), diabetes mellitus (19%), and chronic
kidney disease (9%). Bacterial meningitis was the most frequent type of CNS infection, accounting for 60% of cases,
followed by viral meningitis (25%) and encephalitis (15%). The median Glasgow Coma Scale (GCS) score at admission
was 12 (IQR: 9-14), and the median serum lactate level was 2.4 mmol/L (IQR: 1.6-3.8).

Table 2 compares the serum lactate levels between survivors and non-survivors. Non-survivors had significantly
higher serum lactate levels compared to survivors, with a median of 4.2 mmol/L (IQR: 2.8-5.6) versus 2.1 mmol/L (IQR:
1.5-3.2), respectively (p < 0.001).

Receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off value
for serum lactate in predicting in-hospital mortality (Table 3). The area under the curve (AUC) was 0.78 (95% CI: 0.72-
0.84), indicating good discriminatory power. The optimal cut-off value for serum lactate was determined to be 3.5
mmol/L, yielding a sensitivity of 72%, specificity of 80%, positive predictive value of 58%, and negative predictive
value of 88%.

Univariate and multivariate logistic regression analyses were conducted to identify predictors of in-hospital
mortality (Table 4). In the univariate analysis, age > 60 years (OR 3.2, 95% CI: 1.6-6.4, p = 0.001), GCS score < 8 (OR
5.1, 95% CI: 2.5-10.3, p < 0.001), and serum lactate > 3.5 mmol/L (OR 8.6, 95% CI: 4.2-17.6, p < 0.001) were
significantly associated with increased odds of in-hospital mortality. In the multivariate analysis, adjusting for potential
confounders, age > 60 years (aOR 2.7, 95% CI: 1.3-5.8, p = 0.01), GCS score < 8 (aOR 3.9, 95% CI: 1.8-8.5, p = 0.001),
and serum lactate > 3.5 mmol/L (aOR 6.3, 95% CI: 2.9-13.8, p < 0.001) remained independent predictors of in-hospital
mortality.

Table 5 presents the comparison of secondary outcomes based on serum lactate levels. Patients with serum
lactate > 3.5 mmol/L had significantly longer hospital stays (median 18 days, IQR: 12-26) compared to those with serum
lactate < 3.5 mmol/L (median 10 days, IQR: 7-14) (p < 0.001). The proportion of patients requiring ICU admission was
significantly higher in the group with serum lactate > 3.5 mmol/L (65% vs. 30%, p < 0.001). Additionally, a higher
percentage of patients with serum lactate > 3.5 mmol/L had worse neurological outcomes at discharge, defined as a
Glasgow Outcome Scale (GOS) score of 1-3 (45% vs. 20%, p < 0.001).

Table 1: Demographic and clinical characteristics of the study population

Characteristic Value

Age, mean + SD 48.6 + 16.4 years
Male sex, n (%) 136 (58%)
Comorbidities, n (%)

- Diabetes mellitus 45 (19%)

- Hypertension 68 (29%)

- Chronic kidney disease 20 (9%)

Type of CNS infection, n (%)

- Bacterial meningitis 141 (60%)

- Viral meningitis 59 (25%)

- Encephalitis 35 (15%)

GCS score, median (IQR) 12 (9-14)

Serum lactate, median (IQR) | 2.4 (1.6-3.8) mmol/L

Table 2: Comparison of serum lactate levels between survivors and non-survivors

Group Serum lactate, median (IQR) | p-value
Survivors 2.1 (1.5-3.2) mmol/L <0.001
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| Non-survivors | 4.2 (2.8-5.6) mmol/L | |

Table 3: ROC curve analysis for serum lactate in predicting in-hospital mortality

Parameter Value (95% CI)
AUC 0.78 (0.72-0.84)
Optimal cut-off value 3.5 mmol/L
Sensitivity 72%

Specificity 80%

Positive predictive value | 58%

Negative predictive value | 88%

Table 4: Univariate and multivariate logistic regression analysis for predictors of in-hospital mortality

Variable Univariate analysis | Multivariate analysis
Age > 60 years OR 3.2 (1.6-6.4) aOR 2.7 (1.3-5.8)
p=0.001 p=0.01
Male sex OR 1.4 (0.7-2.7) -
p=0.32
Diabetes mellitus OR 1.8 (0.9-3.6) -
p=0.11
GCSscore< 8 OR5.1 (2.5-10.3) aOR 3.9 (1.8-8.5)
p<0.001 p=0.001
Serum lactate > 3.5 mmol/L | OR 8.6 (4.2-17.6) aOR 6.3 (2.9-13.8)
p<0.001 p<0.001
Table 5: Comparison of secondary outcomes based on serum lactate levels
Outcome Lactate <3.5 mmol/L | Lactate > 3.5 mmol/L | p-value
Length of hospital stay, median | 10 (7-14) days 18 (12-26) days <0.001
ICU admission, n (%) 48 (30%) 72 (65%) <0.001
GOS 1-3 at discharge, n (%) 32 (20%) 50 (45%) <0.001
DISCUSSION

The present study demonstrates that elevated serum lactate levels at admission are significantly associated with
adverse outcomes in patients with acute CNS infections. Non-survivors had significantly higher serum lactate levels
compared to survivors, and a cut-off value of 3.5 mmol/L showed good predictive performance for in-hospital mortality.

These findings are consistent with previous studies that have explored the prognostic value of serum lactate in
various infectious diseases. In a study by Shapiro et al., serum lactate levels > 4 mmol/L were associated with increased
mortality in patients with suspected infection presenting to the emergency department (OR 4.9, 95% CI: 2.5-9.7, p
<0.001) [11]. Similarly, a meta-analysis by Zhang et al., found that elevated serum lactate levels were significantly
associated with increased mortality in patients with sepsis and septic shock (pooled OR 2.3, 95% CI: 1.7-3.1, p <0.001)
[12].

In the specific context of acute CNS infections, a few studies have explored the prognostic role of serum lactate.
Shrikanth et al., reported that hyperlactatemia (serum lactate > 2 mmol/L) was an independent predictor of in-hospital
mortality in patients with meningitis (adjusted OR 3.4, 95% CI: 1.4-8.3, p = 0.007) [13]. Similarly, Li et al., found that
serum lactate levels > 4 mmol/L were associated with increased mortality in patients with community-acquired bacterial
meningitis (OR 6.7, 95% ClI: 2.1-21.4, p = 0.001) [14].

The pathophysiological mechanisms underlying the association between elevated serum lactate and adverse
outcomes in acute CNS infections are multifactorial. Lactate accumulation may reflect tissue hypoperfusion and
anaerobic metabolism resulting from the systemic inflammatory response and cerebral edema [15, 16]. Additionally,
lactate has been shown to have immunomodulatory effects and may contribute to the pathogenesis of sepsis-associated
organ dysfunction [17].

The present study also identified age > 60 years and GCS score < 8 as independent predictors of mortality,
consistent with previous literature [18, 19]. These factors, along with serum lactate levels, can help clinicians identify
high-risk patients and guide management strategies.
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The strengths of this study include the relatively large sample size, the inclusion of a diverse range of acute CNS
infections, and the comprehensive assessment of clinical outcomes. However, there are several limitations to consider.
First, serum lactate levels were measured at a single time point, and the dynamic changes in lactate levels over time were
not evaluated. Secondly, the study was conducted at a single center, which may limit the generalizability of the findings.

Elevated serum lactate levels at admission are significantly associated with adverse outcomes, including in-
hospital mortality, longer hospital stays, higher rates of ICU admission, and worse neurological sequelag, in patients with
acute CNS infections. Serum lactate may serve as a valuable prognostic marker to guide risk stratification and
management in this patient population. Future prospective studies are warranted to validate these findings and explore
the role of serial lactate measurements in monitoring treatment response and predicting outcomes.

CONCLUSION

In this cohort study, we evaluated the prognostic value of serum lactate levels in predicting outcomes in patients
with acute CNS infections. Our findings demonstrate that elevated serum lactate levels at admission are significantly
associated with adverse outcomes, including in-hospital mortality, longer hospital stays, higher rates of ICU admission,
and worse neurological sequelae.

The optimal cut-off value for serum lactate in predicting in-hospital mortality was determined to be 3.5 mmol/L,
with a sensitivity of 72% and specificity of 80%. Serum lactate level > 3.5 mmol/L, age > 60 years, and GCS score < 8
were identified as independent predictors of in-hospital mortality in the multivariate logistic regression analysis.

These results suggest that serum lactate may serve as a valuable prognostic marker in patients with acute CNS
infections, helping clinicians identify high-risk patients and guide management strategies. The incorporation of serum
lactate measurement into clinical practice may improve risk stratification and resource allocation in this patient
population.

Future prospective, multicenter studies are needed to validate the prognostic value of serum lactate in acute CNS
infections and explore the role of serial lactate measurements in monitoring treatment response and predicting outcomes.
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