
In-hospital Neurological Complications, Neuromonitoring, and 
Long-term Neurological Outcomes in Patients with Sepsis: A 
Systematic Review and Meta-analysis

Tracey H Fan, DO1,2, Lavienraj Premraj, BMsc3,4, Jacob Roberts, MD5, Melissa Lydston, 
MLS6, Chiara Robba, MD7,8, David Hager, MD9, Jose I. Suarez, MD10, Denise Battaglini, 
MD7,8, Sung-Min Cho, DO, MHS10

1. Department of Neurology, Neurocritical Care Division, Massachusetts General Hospital, 
Boston, MA

2. Department of Neurology, Brigham and Women’s Hospital, Harvard Medical School, Boston, 
MA

3. Griffith University School of Medicine, Gold Coast, Queensland, Australia

4. Critical Care Research Group, The Prince Charles Hospital, Chermside, Queensland, Australia.

5. School of Medicine, Johns Hopkins University, Baltimore, MD

6. Treadwell Virtual Library, Massachusetts General Hospital, Boston, MA

7. IRCCS Ospedale Policlinico San Martino, Genova, Italy.

8. Dipartimento di Scienze Chirurgiche e Diagnostiche Integrate, Università degli Studi di Genova, 
Genova, Italy

9. Division of Pulmonary and Critical Care Medicine, Johns Hopkins University, Baltimore, MD

10. Divisions of Neuroscience Critical Care and Cardiac Surgery, Departments of Neurology, 
Surgery, Anesthesiology and Critical Care Medicine, Johns Hopkins University, Baltimore, MD

Abstract

Objectives: Although delirium is well described in patients with sepsis, there are limited 

data on other neurological complications. We aimed to systematically review the prevalence, 

neuromonitoring tools, and neurocognitive outcomes in sepsis patients with neurological 

complications.

Data Sources: MEDLINE and six other databases (Embase, Web of Science, Cochrane 

CENTRAL, and ClinicalTrials.gov) were searched through January 2023.

Study Selection: Studies of adult patients with sepsis reported neurological complications, use of 

neuromonitoring tools, neuropathology, and cognitive outcomes.
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Data Extraction: Two independent reviewers extracted the data. Random-effect meta-analyses 

were used to pool data.

Data Synthesis: Seventy-four studies (n=146,855) were included. Neurological complications 

were reported in 38 studies (n=142,193) including septic encephalopathy [36%, 95% confidence 

interval (CI)=27–46%; I2=99%], ischemic stroke (5%, 95% CI=2.1–11.5; I2=99%), intracranial 

hemorrhage (2%, 95% CI=1.0–4.4%; I2=96%), seizures (1%, 95%CI=0.2–7%; I2=96%), posterior 

reversible encephalopathy syndrome (9%), and hypoxic-ischemic brain injury (7%). In the meta-

regression analysis, pulmonary infection, sepsis induced by a gram-positive organism, higher 

sequential organ failure assessment score, acute physiology and chronic health evaluation II score 

on admission, and longer intensive care unit length of stay were associated with higher risk of 

developing septic encephalopathy. Three studies (n=159) reported post-mortem neuropathological 

findings, acute brain injury was noted in 47% of patients. Twenty-six studies (n=1,358) reported 

the use of neuromonitoring tools, electroencephalogram was the most utilized tool for seizure 

detection. Transcranial Doppler and near infrared spectroscopy were used for monitoring cerebral 

hemodynamic changes to detect early ischemia. Six studies reported cognitive outcomes (n=415) 

up to 12 months post-discharge and cognitive impairment (≥ one domain) was reported in 30%.

Conclusions—In-hospital neurological complications are common in patients with sepsis. 

However, the mechanism and timing of those sepsis-associated complications are poorly 

understood and there are limited data on standardized neuromonitoring in this population.
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INTRODUCTION

Sepsis remains a leading cause of morbidity and mortality worldwide.1 End organ injury in 

sepsis occurs from a dysregulated inflammatory response to an infectious insult, resulting in 

organ hypoperfusion and tissue hypoxia.2,3 Animal studies showed endothelial dysfunction, 

microglial activation, and oxidative injury in the brain within 24 hours of sepsis onset.4 

Reported neurological complications of sepsis include prolonged alterations in level of 

consciousness, seizures, long-term cognitive impairment, and focal deficits from stroke or 

intracranial hemorrhage.2,3 These complications are associated with increased morbidity and 

mortality.5 However, treatments targeting the underlying mechanisms of acute brain injuries 

in sepsis are lacking, as are clear neuromonitoring strategies.

Although the association between sepsis and neurological complications, such as septic 

encephalopathy, has been well described, there are limited data characterizing the prevalence 

of other types of neurological complications, neuropathological findings, neuromonitoring 

strategies and long-term cognitive outcomes. In this study, we conduct a systemic review and 

meta-analysis to characterize the prevalence of neurological complications in patients with 

sepsis, neuropathological findings, and long-term cognitive outcomes in sepsis patients. The 

secondary objective was to investigate the existing neuromonitoring tools in this population.
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MATERIALS AND METHODS

The data that support the findings of this study are available from the corresponding author 

upon request. The corresponding author has full access to all the data in the study and takes 

responsibility for its integrity and the data analysis. Institutional review board review was 

not required for this study as it represents a secondary analysis of aggregated datasets and 

did not directly involve human subject research.

Search Strategy

This systematic review and meta-analysis was conducted according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.6 

Electronic searches for published literature were conducted by a medical librarian (M.L.) 

using Ovid MEDLINE (1946 to present), Embase.com (1947 to present), Web of Science 

(1900 to present), Cochrane Central Register of Controlled Trials via Ovid (1991 to present), 

and ClinicalTrials.gov (1999 to present). The searches were run until November 4th, 2021, 

and an update was run on January 4th, 2023. The search strategy incorporated controlled 

vocabulary and free-text synonyms for the concepts of sepsis, septic shock, and neurological 

complications. The full database search strategies are documented in Appendix A. No 

restrictions on language or any other search filters were applied. All identified studies were 

combined and de-duplicated using a single reference manager (EndNote) then uploaded 

into Covidence systematic review software. These results were then reviewed by the two 

members of the research team (T.H.F and J.R) for eligibility. All articles that met the 

inclusion criteria were retrieved and the full text reviewed. References of the included 

studies were screened. Appendix B provides the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) checklist.

Inclusion and Exclusion Criteria

All randomized controlled trials (RCTs) and observational studies that reported sepsis 

and/or septic shock in adult patients (≥ 18 years) and acute brain injuries, neurological 

complications, neuromonitoring were deemed eligible. Studies of patients with sepsis 

diagnosis based on any of the 3 versions of sepsis definitions (1991, 2001 and 2016) 

were considered eligible.7,8 We excluded case series/reports, editorials, commentaries, meta-

analysis articles, review articles, animal studies, articles not available in English, and articles 

with a pediatric population (age < 18). We also excluded articles without any description of 

neurological complications and if neurological complications occurred prior to the sepsis 

diagnosis. All articles were discussed among authors (T.H.F, and J. R.) before being 

excluded.

Study Selection and Data Extraction

Two reviewers (T.H.F, and J.R.) independently screened all studies based on study titles and 

abstracts. Disagreements were resolved through consensus or referral to a third reviewer 

(S.M.C.). Each study was evaluated independently. Data were extracted from eligible 

studies into a shared Excel spreadsheet (Microsoft®, Redmond, WA). Information collected 

included: patient characteristics (number of patients, age, sex, baseline co-morbidities), 

details of initial sepsis (cause, severity, organisms), prevalence or frequency of neurological 
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complications, acute brain injuries, types of neuromonitoring, neurocognitive outcomes, 

survival rates, and predictors of neurological complications.

Definitions of Outcomes

Primary outcomes were the occurrence of neurological complications and acute brain 

injuries in sepsis patients. Neurological complications of interest included: 1) ischemic 

stroke, 2) intracranial hemorrhage, 3) seizures, 4) hypoxic-ischemic brain injury, 5) 

posterior reversible encephalopathy syndrome, and 6) septic encephalopathy. Acute brain 

injuries are histologic evidence of brain injuries including gross or micro ischemic infarct, 

gross or micro hemorrhagic lesions, leukoencephalopathy, micro-abscesses, and vascular 

injuries. Septic encephalopathy was defined as cognitive and neuropsychiatric disorders with 

Glasgow Coma Score (GCS) < 15 or manifestations of delirium (including inattention, 

disorientation, altered thinking, decreased psychomotor activity, and/or agitation) +/− 

confirmed by the Confusion Assessment Method for the Intensive Care Unit or Intensive 

Care Delirium Screening Checklist after excluding other etiologies such as metabolic 

abnormalities, primary central nervous system disease.9 Secondary outcome includes 

mortality from hospital discharge to up to 90 days, risk factors associated with development 

of septic encephalopathy following sepsis, and neurocognitive outcomes.

Quality Assessment/Risk of Bias

Two investigators (T.H.F, and J.R.) independently reviewed and assessed each included 

study’s risk of bias. All RCTs were assessed with the Cochrane Risk of Bias assessment tool 

1.0 for RCTs, the following domains of bias were considered: selection (random sequence 

generation, allocation concealment), performance, detection (blinding of participants and 

personnel, and outcome assessment), attrition (incomplete outcome data), and selective 

outcome reporting.10 We explicitly judged the risk of bias in each criterion as “low,” “high,” 

or “unclear”.11 If at least one of the domains was rated as high, the trial was considered at 

high risk of bias. If all domains were judged as low, the trial was considered at low risk 

of bias. Prevalence studies on neurological complications were assessed using the risk of 

bias tool (Rob-PrevMH) developed by Tonia et al. based on two domains: selection bias 

and information bias with each criteria judged as “low,” “high,” or “unclear”. 11 A study 

was rated as low risk if all criteria were low risk. Observational studies of neuromonitoring 

tools were assessed with the Newcastle-Ottawa Scale (NOS).12 The NOS scores were based 

on three domains: patient selection, comparability, and assessment of outcome or exposure. 

Scores of 0–9 points were allocated to each study. Studies scoring 6 or more points were 

considered to be of high quality. Any disagreement was resolved in consensus with a third 

investigator (S.M.C.) for discrepancies.

Statistical Analysis

The preceding analysis was developed upon consultation with all authors. Analyses were 

computed with R studio statistical software (version 4.2.1). Data were expressed as 

mean (standard deviation, SD) for continuous variables and number (percentages, %) for 

categorical variables. Transformations from median (interquartile range, IQR) to estimated 

mean (SD) for use in the meta-analysis were performed as described by Furukawa et al.13
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Meta-analysis was conducted to obtain pooled prevalence estimates for acute brain injuries, 

neurological complications in sepsis patients, and relevant secondary outcomes. Pooled 

estimates were obtained using random-effects models, assuming an identity link for 

continuous variables and a logit link (GLM) for binary variables. Meta-analysis of relative 

risk (RR) was performed using the overall study effect size and study level moderator 

variables to estimate the risk of mortality and risk factors for septic encephalopathy. Using 

the ‘predict’ function, pooled and individual study estimates were adjusted for follow-up 

time. We used random-effects models to account for expected between-study heterogeneity. 

Between-study heterogeneity was assessed using the Cochrane Q test, tau, and the Higgins 

I2 statistic.14Confidence intervals (CIs) for binary outcomes were calculated using Wilson 

scores with between-study variation estimated using the Hartung–Knapp–Sidik–Jonkman 

method.15,16 Sensitivity analysis was performed to account for the differences in included 

study types, patients’ population, and impact of study published year due to changes in 

sepsis definition and changes in clinical practice impacting outcome.

RESULTS

The search yielded 5,345 citations after duplicates were removed. Following title and 

abstract screening, 391 articles were eligible for full-text review. Of these studies, 317 were 

excluded based on the exclusion criteria leaving the final 74 studies (n=146,855 patients). 

Figure 1 shows the flowchart of the selection process. The studies included 2 RCTs (n=35), 

48 prospective observational cohort studies (n=5,792), and 24 retrospective observational 

cohort studies (n=141,025). The references of the included studies are detailed in Appendix 

C.

Among 146,855 patients (median age=62 [57–66], 52% male), 79% suffered from severe 

sepsis or septic shock, and the overall survival was 73%. The most reported infection source 

for sepsis was pulmonary (35% of reported), followed by genitourinary infection (n=28% of 

reported). Table 1 summarizes the baseline characteristics of the sepsis patients included.

Risk of Bias Assessment

Both RCTs were judged to be at high risk for bias due to selection and performance bias 

(Supplemental Table 1). Sixteen out of forty-eight studies on the prevalence of neurological 

complications had an overall low risk of bias. Observational studies on neuromonitoring tool 

have a median NOS score of 6.5 (IQR 5–8). (Supplemental Table 2, 3).

Neurological Complications

Stroke.—Twelve studies (n=123,735) reported ischemic stroke (n=2,289) in sepsis patients. 

In the meta-analysis, the frequency of ischemic stroke was 5% among sepsis patients (95% 

CI=2.1–11.5%; I2=99%). Four studies (n=67,191) reported 2% of sepsis patients suffered 

from intracranial hemorrhage (95% CI=1.0–4.4%; I2=96%) (Figure 2).

Seizure.—Five studies (n=7,536) reported seizures (n=41). In a meta-analysis, the 

frequency of seizures was 1% (95% CI=0.2–7%; I2=96%) (Figure 2).
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Hypoxic-Ischemic Brain Injury.—Two studies (n=314) reported hypoxic-ischemic brain 

injury (n=22) in patients suffering from sepsis, with a frequency of 7% (Figure 2).

Posterior Reversible Encephalopathy Syndrome.—Only two studies (n=249) 

reported finding patients with posterior reversible encephalopathy syndrome following 

sepsis, with a frequency of 9% (n=22) (Figure 2).

The weighted analysis was not performed for the prevalence of posterior reversible 

encephalopathy syndrome and hypoxic-ischemic brain injury in sepsis patients due to small 

number of studies (<3 studies).

Septic Encephalopathy.—Thirty studies (n=21,401) reported 10,853 patients suffered 

from septic encephalopathy following sepsis diagnosis. In a meta-analysis, the frequency of 

septic encephalopathy was 36% (95%CI=27–46%; I2=99%; Figure 3). Supplemental table 4 

provided the detailed description of all the included studies on neurological complications, 

acute brain injuries, and cognitive outcomes.

Exploratory Analysis of Mortality Outcome and Risk Factors for Septic Encephalopathy

Nineteen studies (n=20,108) reported characteristics of patients with septic encephalopathy 

vs. those without. A meta-regression was performed and showed that patients who had 

pulmonary infection (relative risk [RR]=1.12, 95% CI=1.04–1.20), or sepsis from a gram-

positive organism (RR=1.06, 95% CI=1.02–1.09) were associated with a higher risk of 

developing septic encephalopathy (Supplemental Figure 1). Studies of patients with septic 

encephalopathy had a higher mean SOFA score (7 vs. 5, p=0.002), and APACHE II score 

(21 vs. 17, p=0.016) on admission and longer ICU length of stay (10 days vs. 5 days, 

p<0.001). However, the admission SAPS II, length of sedation, and mechanical ventilation 

did not differ between the two cohorts (Figure 4). Studies of patients who suffered from 

septic encephalopathy are at a higher risk of death compared to those without septic 

encephalopathy (78% vs. 55%, RR=1.64, 95% CI=1.1–2.4) after adjusting for follow-up 

time (Figure 5).

Neuropathological Findings

Three studies (n=159)17–19 evaluated septic patients’ brains through post-mortem autopsy. 

Forty-seven percent of the patients in these studies had histologic evidence of acute 

brain injuries, of which ischemic infarct was the most common finding (45%), followed 

by hemorrhagic lesion (26%), multifocal leukoencephalopathy (8%), and micro-abscesses 

(8%). One study assessed the association of sepsis with moderate-severe microvascular 

brain injury (defined as more than 2 microinfarcts [focal ischemic lesions found only 

on microscopic examination] anywhere in the brain). The authors found that 30% of 

included sepsis patients had evidence of microvascular brain injuries and are twice more 

likely to have microvascular brain injuries than patients without sepsis, which is strongly 

and independently associated with dementia.20 Erikson et al. found that 38% of sepsis 

patients included in the study had no expression of occludin in the endothelium of 

cerebral microvasculature, an evidence of damaged blood-brain barrier (BBB).17 Evidence 
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of diffuse intravascular coagulation with multiple fibrinous microthrombi causing diffuse 

small microinfarcts and hemorrhages was reported in the study by Sharshar et al.19

Cognitive Outcomes

Six studies (n=415)21–26 evaluated cognitive outcomes in sepsis survivors between up to 

1-year post-discharge. Among those, nearly one-third of the patients in these studies (n=124) 

reported cognitive impairment in at least one domain between 3 months up to 1-year 

post-discharge. The meta-regression analysis suggested a lower prevalence of cognitive 

impairment on longer-term follow-up (Supplemental Figure 2). Cognitive tests included the 

Hayling Sentence Completion test (measurement of executive function), Repeatable Battery 

for the Assessment of Neuropsychological Status, and the Neurocognitive effects test. Four 

studies (n=197)21–24 had volumetric brain magnetic resonance imaging (MRIs) performed 

between 1–6 months following the sepsis admission and found reduced brain volume in 

sepsis survivors compared to healthy controls. These changes were most notable in the 

hippocampus, caudate nuclei, putamen, thalamus, superior frontal lobe, and cerebellum 

regions. Longer duration of encephalopathy during index hospitalization was also associated 

with smaller brain volume on MRI and long-term cognitive impairment at 12 months.24 One 

study followed sepsis patients after discharge for up to 9 years and found 14% patients were 

subsequently diagnosed with various forms of dementia.27

Neuromonitoring

Twenty-six studies (n=1,358) reported the use of neuromonitoring tools in septic patients 

including near Infrared spectroscopy (NIRS) in 8 studies (n=124), electroencephalogram 

(EEG) in 7 studies (n=727), transcranial doppler (TCD) in 7 studies (n=214), 

optic nerve sheath diameter ultrasonography (ONSD) in one study (n=10), magnetic 

resonance angiogram (MRA) in one study (n=22), pupillometry in 2 studies (n=167), 

acoustocerebrography in one study(n=20) and somatosensory evoked potentials (SSEP) 

in one study (n=68). See Supplemental Table 5 for the detailed description of each 

neuromonitoring study.

EEG and TCDs were the most frequently utilized monitoring tools for sepsis patients. 

EEGs were helpful in identifying nonclinical seizures and those who are at risk for seizure 

based on certain EEG patterns such as lack of reactivity and the presence of periodic 

discharges, all of which were reported to be associated with higher mortality and worse 

outcome.28–32 Both TCD and NIRS were used in sepsis patients to assess changes in 

cerebral autoregulation /hemodynamic,33–36 vasomotor reactivity, 37 and cerebral emboli 

monitoring (TCD only).38 More than half of sepsis patients were found to have impaired 

cerebral autoregulation, which was an independent risk factor of septic encephalopathy,33,34 

and 3-month mortality.39 Similarly, Masse et al. found significantly increased cerebral 

blood flow in sepsis patients compared to controls with chronic hypertensions using 

MRA.40 Septic encephalopathy patients also had impaired cerebral vasomotor reactivity 

when compared to healthy controls.37 Regional cerebral desaturation detected on cerebral 

NIRS was associated with an increased risk of death but not the risk for delirium in 

sepsis patients.41 Neuromonitoring tools such as SSEP,42 ONSD,43 pupillometry-derived 

neurologic pupil index44 were used to assess cerebral autoregulation impairment and 
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predicted mortality in septic encephalopathy patients. Acoustocerebrography is a tool using 

multifrequency transcranial ultrasound to measure molecular acoustic changes in brain 

tissues to diagnose septic encephalopathy with a specificity of 89% and a sensitivity of 

75%.45

DISCUSSION

We performed a systematic review and meta-analysis to determine the prevalence and 

characteristics of neurological complications in sepsis. We included 38 studies involving 

142,193 sepsis patients, representing the largest systematic review and meta-analysis 

carried out for this purpose. Septic encephalopathy was the most reported neurological 

complication (36%) in patients with sepsis. In addition, patients with sepsis also suffered 

from ischemic stroke (5%), intracranial hemorrhage (2%), seizure (1%), posterior reversible 

encephalopathy syndrome, (9%) and hypoxic-ischemic brain injury (7%). Nearly half 

of patients in the included neuropathological studies had histological evidence of acute 

brain injuries (the majority being ischemic infarct). Despite the common occurrence 

of neurological complications and acute brain injuries in sepsis population, studies on 

understanding the mechanisms, and risk factors associated with neurological complications 

and acute brain injuries are scare. The standardized neuromonitoring strategies for early 

detection and prevention of acute brain injuries in this population is not currently 

established.

Although the exact mechanism of acute brain injuries associated with sepsis is unknown, the 

frequent occurrence of ischemic acute brain injuries raises questions about the impairment 

of cerebral perfusion in this population. A previous study noted impaired cerebral perfusion, 

decreased cerebral blood flow and alterations in the regulation of cerebral perfusion, 

including impaired CO2-reactivity and cerebrovascular pressure autoregulation among 

patients suffered from sepsis.46 Another study reported a high prevalence of watershed 

infarcts suggesting that significant hypotension might contribute to the occurrence of 

stroke.19,47 The risk of ischemic stroke or hypoxic-ischemic brain injury would be increased 

in sepsis patients with hypotension in conjunction with altered cerebral autoregulation 

capacity. These mechanisms may also explain the high prevalence of posterior reversible 

encephalopathy syndrome reported in this population as the result of blood brain barrier 

breakdown and the loss of cerebral autoregulation function.

The high prevalence of microvascular infarct and microhemorrhages in septic patients18,19 

suggests the possible role of cerebral microvascular injury in the pathophysiology of 

sepsis associated acute brain injuries. Microvascular injury can occur in the setting of 

sepsis-related coagulation derangement such as disseminated intravascular coagulation and 

endothelial activation. Microvascular brain injury and microinfarct are also one of the 

common pathologic changes seen in the aging brain and are associated with cognitive 

decline. Multiple studies have demonstrated that microinfarct burden is an independent 

risk factor for dementia.48,49 In our study, nearly one third of the sepsis survivors in the 

studies examined cognitive outcome suffered from long-term cognitive impairment. The 

high prevalence of microvascular injury may account for this finding.43 Prospective research 
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on MRI brain imaging of patients with sepsis may better characterize the impact of cerebral 

small vessel disease on cognitive outcomes.

Although septic encephalopathy was previously thought to be a reversible condition, recent 

studies report up to 40% of these patients experienced long-term cognitive impairment.50,51 

This raises concern that the duration of septic shock, the severity of sepsis, and ICU critical 

illness may also contribute to long-term cognitive impairment. Animal studies showed 

evidence of increased accumulation of Aβ and phosphorylated tau (p-tau) 30 days after the 

induction of sepsis in the brain of survivor animals as a result of neuroinflammation, which 

results in impaired behavioral learning and memory function.52–55These studies suggest 

sepsis-related neuroinflammation likely plays a direct role in long-term cognitive outcome 

and may provide a potential therapeutical approach to prevent or treat long-term cognitive 

impairments.

A strength of this study is the large number of cohorts included in the analysis which 

provided the latest information on the neuromonitoring and autopsy data in the sepsis 

population. However, our study has several limitations that need to be mentioned. First, 

we found substantial heterogeneity (I2>90%) in estimating the prevalence of neurological 

complications owing to the variabilities in the included studies. These variabilities 

include: 1) the differences in definition of neurological complications and included patient 

population; 2) potential selection bias as patients who undergone imaging studies, autopsy 

likely sicker compared to those did not; 3) observer bias between clinician’s interpretation 

of imaging and data while making diagnosis of a neurological complication; 4) the included 

studies have a wide range of timeframes, which may result in difference in prevalence 

of neurological complications due to changes in clinical practice; 5) a lack of detail 

on certain neurological complications in some of the studies can lead to inaccuracies 

in prevalence estimation. Sensitivity analyses adjusting for the study published year and 

study types did not alter our findings (Supplemental Table 6). Second, two studies 

Orhun et al.56 and Sharshar et al.57 included only patients with septic encephalopathy 

and patients with neurological signs that underwent MRI brain respectively. Sensitivity 

analysis excluding either study did not impact our results (Supplemental Table 6). Orhun 

et al. also reported frequencies of posterior reversible encephalopathy syndrome, this may 

result in overestimation of prevalence of posterior reversible encephalopathy syndrome in 

general population. Third, although our study summarized current available evidence on 

neuromonitoring technology in sepsis population, the relative value of these tools needs 

further validation before being incorporated into routine practice. Lastly, the retrospective 

nature of the study prevents us from inferring causality, and we are not able to determine the 

timing and risk factors associated with each neurological complication.

CONCLUSIONS

In-hospital neurological complications were common in patients with sepsis and 

neuropathological studies demonstrated almost half of septic patients have evidence of 

acute brain injuries, the majority of which are ischemic injuries. The mechanism and 

timing of sepsis associated acute brain injuries is poorly understood, partly due to the 

lack of standardized neuromonitoring and imaging protocol in this population. Despite 
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the significant heterogeneity, our study shed some light on future research directions 

on understanding the mechanisms of sepsis associated acute brain injuries, and better 

diagnostic/neuromonitoring strategies for early detection and making prevention possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points:

• Question:

How common are in-hospital neurological complications in patients suffered from sepsis 

and what are the long-term cognitive outcomes in sepsis survivors?

• Findings:

In this systematic review and meta-analysis of patients with sepsis, septic encephalopathy 

was the most reported neurological complications (36%). In addition, septic patients 

also suffered from ischemic stroke (5%), intracranial hemorrhage (2%), seizure (1%), 

posterior reversible encephalopathy syndrome (9%) and hypoxic-ischemic brain injury 

(7%). Nearly half (45%) of the sepsis patients among the neuropathological studies had 

histological evidence of acute brain injuries (the majority being ischemic infarct) and 

one third of the patients in the studies that examined cognitive outcome also reported 

long-term neurocognitive impairment.

• Meaning:

In-hospital neurological complications and acute brain injuries are common in patients 

with sepsis. However, the mechanism and timing of sepsis-associated complications are 

poorly understood.
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Figure 1. 
Study flowchart for literature search and selection of studies

*RCT: randomized controlled trial
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Figure 2. 
Weighted prevalence of acute ischemic stroke, intracranial hemorrhage, seizure, posterior 

reversible encephalopathy syndrome and hypoxic-ischemic encephalopathy among studies 

of patients with sepsis.
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Figure 3. 
Weighted prevalence of septic encephalopathy among studies of patients with sepsis.
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Figure 4. 
Meta-regression analysis of the risk factors associated with septic encephalopathy among 

studies of patients with sepsis.
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Figure 5. 
Comparison of relative risk of death of patients with and without septic encephalopathy 

adjusted for follow-up time (grey diamond) vs. unadjusted estimate (black square).
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Table 1.

Baseline Characteristics of Included Patients

Demographics All sepsis patients (n=146,855)

 Age 62 (57–66)

 Male 76,365 (52%)

Hospital Admission characteristics

 APACHE II 19 (15–22)

 SOFA score 6 (5.5–8.2)

 SAPA II 46 (43–58)

 Survival at discharge up to 30 days 15,224 (69%) *

Reported source of sepsis, n (%)

 Pulmonary 6,963 (35%)

 Genitourinary 5,571 (28%)

 Gastrointestinal/Biliary 4,262 (21%)

 *Other infection 3,835 (16%)

Types of organism, n (%)

 Gram-positive organism 5,208 (28%)

 Gram-negative, fungal 7,495 (41%)

 Not identified 5,757 (31%)

Types of acute brain injury, n (%)

 Septic encephalopathy 10,853 (83%)

 Ischemic Stroke 2,294 (18%)

 Intracranial Hemorrhage 607 (5%)

 Seizure 41 (0.3%)

 HIE, PRES 44 (0.4%)

*
Age, APACHE II, SOFA, SAPS score are reported in median with interquartile range. Number of male patients and survival at any time are 

reported in numbers of patients and percentage.

*
Number of patients survived after sepsis at discharge up to 30 days is based on numbers reported in 18 studies.

*
Other infection including unidentified source, skin, soft tissue, CNS, bone, surgical site.

*
The overall percentage does not add up to 1.0 due to some patients suffered from more than one neurological complication.

Abbreviations: APACHE, acute physiology chronic health evaluation; CNS, central nervous system; HIE, hypoxic ischemic encephalopathy; PRES, 
posterior reversible encephalopathy syndrome; SAPS, simplified acute physiology score; SOFA, sequential organ failure assessment.
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