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Abstract
Background: Sepsis-associated encephalopathy (SAE) is a common encephalopathy in ICU. We are to
definite whether SAE present an high prevalence rate and early risk factors for death in ICU 48 hours,
while to cognize its important of early prevention/ control.
Methods: We retrospectively enrolled patients with acute critically ill from ICU (January, 2015 to January,
2017). All patients were selected from onset to ICU ≤3 hours. The prevalence and some early risk factors
of death in SAE was estimated by using a continuous head and thorax /abdominal cavity CT scans.
Results: 748 critically ill adults were analyzed. The prevalence of sepsis within initial 48 hours was 40.4%
(302/748). The median time from infection to sepsis was 9 hours ( range, 1-48 ). The SAE (93.4%,
282/302) was diagnosed in sepsis patients, and most of them (96.8%) presented multiple organ
dysfunction syndromes (MODS). While the fatality of SAE was in 32.0% at initial 48 hours and 69.1% at
initial 14 days. Cox regression analysis, unused antibiotic within initial 3 hours (OR, 0.39; 95% CI, 0.220.89), severe inflammatory storm (OR, 0.70; 95% CI, 0.58- 0.94), lower GCS (OR, 2.7; 95% CI, 1.5-3.6), and
MODS (OR, 0.37; 95% CI, 0.26-0.96) were early risk factors for death in SAE. Early risk factors for
predicting SAE were related to severe inflammatory storm (OR, 3.10; 95% CI, 2.28-4.33), MODS (OR, 3.57;
95% CI, 2.73- 4.67), and unused antibiotics within initial 3 hours (OR, 0.25; 95% CI, 0.11-0.56).
Conclusions: SAE in ICU is an high prevalent acute brain dysfunction and most with MODS. The early bad
prognosis in SAE was related to the failure of early prevention and control.

Introduction
Sepsis as an most frequent complication in critically ill adults has been become the leading cause of
morbidity and mortality worldwide [1-4]. Moreover, a new sepsis-3 is defined sepsis as a life-threatening
organ dysfunction due to a dysregulated host response to infection [5]. To the best of our knowledge, the
human brain is very vulnerable to inflammatory storm. The brain may be the first organ to show a signs
of life-threatening organ dysfunction caused by infection if control infection is uncompleted at initial.
This brain dysfunction which is closely related to inflammatory storm caused by sepsis, is known as
“sepsis- associated encephalopathy (SAE)”. Although previous study shown that the prevalence and
mortality of SAE was almost up to 70.0% of sepsis in ICU [6], whether SAE in ICU initial 48 hours would
present an high rate of prevalence and early risk of death, which was still unknown. Our hypothesis was
that the critical ill adults in ICU within initial 48 hours would be having an high rate of prevalence from
community-acquired infection and early high risk of death in SAE. The aim of this study was to clear
whether SAE present an high prevalence and early risk factors for death in ICU 48 hours, while to cognize
its important of prevention/control for early infection.

Methods
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Study setting and population
This study was retrospectively recruited critically ill adults who were consecutively admitted or transferred
between January 2015 and January 2017, with the time ≤ 3 hours from onset to the ICU and a length of
stay more than 24 hours in affiliated Shuyang Hospital of Xuzhou Medical University in China. The study
was approved by the ethical committee on clinical research of the Affiliated Shuyang Hospital of Xuzhou
Medical University. Because the study involved only a review of records obtained as a part of routine
medical care, did not require all patients to write the information consent.

Patient identification
We examined the electronic medical records of these patients who were verified as having a critically ill
event with an available records. In oder to study these patients with community-acquired bacterial
infection, we selected the patients with time ≤ 3hours from critically ill event onset to the ICU. The
patients who were more than 3 hours from onset to the ICU were excluded. We also excluded those
possible critically ill due to the sudden infectious events caused by viral.

Definitions of SAE and inclusion criteria for sepsis/SAE
Sepsis-associated encephalopathy (SAE) is defined as a life- threatening acute brain dysfunction with or
without extracranial multiple organ dysfunction due to infection, which is mainly driven by inflammatory
storm (Fig. 1), SAE can range from delirium or confusion, and seizure or focal neurological sign, as well
as diffuse or multifocal neurological deficits, to stupor or coma.
We included adult critically ill patients with sepsis on the criteria of sepsis-3 (infection plus one or more
life-threatening organ dysfunction).[5] As SAE is a complex syndrome that involves the spread of
infection, the driving of inflammatory storm and related mechanisms, and the participation of primary
critically ill. Its complexity can cause a difficulty of identification. Thus, we consider that the diagnostic
criteria of SAE have to at least meet any two items of the following 4 items: (1) a sepsis patient with SAE
has to present a score on the GCS of < 15,or there’s a diffuse abnormal EEG/brain topographic map; (2) a
SAE has to present a clinical manifestation/images of inflammatory storm and one or more organ
dysfunction; (3) if a brain dysfunction with extracranial organ failure (especially multiple organ), this is
almost meet the diagnosis of SAE even if not testing the cytokine in CSF: and (4) only when a pure brain
dysfunction (without extracranial organ failure) is presented, the CSF analysis has to perform for rule out
a direct primary meningitis /encephalitis.

Identification of infection and organ dysfunction events
In the present study, we used a continuous head and thorax /abdominal cavity CT scans for almost all
critically ill patients on initial admission, this continuous CT scans is selected as a tool for screening early
infections and organ dysfunction events at initial or repeat CT within 48 hours. Thereafter, also following
the body fluid culture (including blood, sputum fluid, urine fluid, and cerebrospinal fluid ).

Page 3/16

Inflammatory storm (ie., cytokine storm) is clinically manifested as a systemic inflammatory response
syndrome (SIRS).[7] The SIRS levels (1–4),i.e., the severity-stratifying levels for patients with
inflammatory storm include 4 items as follow: (1) temperature > 38℃ or < 36℃; (2) heart rate > 90 beats
per minute; (3) tachypnea > 20 respirations per minute or Pco2 < 32 mmHg; (4) white blood cell count >
12.0 × 109/L or < 4.0 × 109/L, or > 10% band forms. The severity of inflammatory storm was assessed
(SIRS any1 item = mild; ≥ any 2 items = severe).
The SOFA scores were calculated for one or more organ dysfunction after critically ill event, which was
measured within 48 hours on the ICU admissions. The acute organ dysfunction is defined as equivalent
to a SOFA score ≥ 2 for a particular organ (on a scale from 0 to 4, with higher scores indicating with
multiple organ failure) [8].
We used the SOFA criteria (including the GCS scores or GCS motor [GCSm] score if the patients intubated)
for the brain to assess acute brain dysfunction: the GCS score = 10–14 scores indicate a mild brain
dysfunction, GCS = 6–9 scores(GCSm < 6) indicate a moderate-severe brain dysfunction (e.g., stupor or
coma), and GCS < 6 scores (GCSm < 3) with no autonomous breathing is identified to be an almost
irreversible brain dysfunction (e.g., deep coma or brain death).
Continuous CT scan of the head and chest/abdominal cavity is the most convenient method to monitor
the site of infection and acute organ dysfunction. It can detect an early infection of chest cavity
(pneumonia) and abdominal cavity (gallbladder/cholangitis, peritonitis, pancreatitis). Especially the head
CT scan, it is very helpful for the diagnosis of acute brain dysfunction. On the one hand, it can detect
vasogenic brain edema and cytotoxic brain edema. It can also detect focal/multifocal or diffuse brain
injury. On the other hand, it can reveal the diagnosis of primary causes (stroke, traumatic brain injury,
encephalitis and brain abscess). In addition, an head CT scan can also determine whether the patient has
life-threatening brain displacement or brain herniation.

Data collected
In addition to collect the cranial and thorax/abdominal cavity CT scans (at first 24 hours) findings, the
collected clinical profile for this study in ICU included the patient demographics, time from critically ill
event to infection, inflammatory storm (SIRS ≥ 2), initial GCS score ( or GCS motor score if the patients
intubated ), vital sign data, experimental/laboratorial data, SOFA score, using of antibiotics in initial 3
hours, mechanical ventilation, traditional treatment, length of stay (LOS) in the ICU, and outcomes.
The early outcome measures was mortality at the first 48 hours and at the initial 14 days. Death from
critically ill event with sepsis included cardiac respiratory arrest, irreversible brain failure, fatal septic
shock, fatal respiratory failure, severe MODS, and unexpected death. The outcome events were reviewed
by two of the investigators (the first and second author). To investigate the outcomes of patients at the
first 48 hours and at the initial 14 days, survival results were determined from the hospital records.

Statistical methods
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The results in each group were expressed as mean ± standard deviation (SD) or medians (IQR), and n (%)
for qualitative values. Fisher’s exact test and the Mann-Whitney U test were used to examine the
relationship between baseline patient variables. Continuous variables were compared using Student’s t
test. Multivariate-adjusted odds ratios (OR) and 95% confidence intervals (CIs) were estimated using a
logistic-regression model if they were significant in the univariate analysis, or Cox proportional hazards
model to examine sepsis baseline status and determine whether the variables played a role in the risk of
death events. Survival analysis was performed using the Kaplan–Meier curve method. Differences
between patients was considered significant if the p-value was < 0.05. Statistical calculations were
performed using a proprietary, computerized statistics package (SPSS 17.0.).

Results
Among 748 acute critically ill adult patients, 302 (40.4%) sepsis events were identified within initial 48
hours. The median time from onset to infection was 1 hour (range, 0.5–24). The median time from early
infection to sepsis was 9.0 hours ( range, 1–48 ). 282 SAE (93.4%) were diagnosed in sepsis. Among the
282 SAE patients, the median age was 59.9 years (range, 18–91 years), 63.2% were male, and the initial
median GCS score was 7(3–15) ( in the Supplementary Table 1). At initial admission, a score on the GCS
of 15 had 9 (3.2%) casees, but then 8 patients rapidly progressed to a score on the GCS of 13 to 6 and the
remaining case was also identified as SAE due to an abnormal EEG with a score on the GCS of 15
(Fig. 2). Thus, within initial 48 hours, the most common presenting symptom of SAE was consciousness
dysfunction (99.6%, range from delirium to coma), followed by severe inflammatory storm (97.5%) and
MODS ( 96.8% ). A pure or isolated brain dysfunction was rare in ICU (3.2%).
Patients data for acute critically ill with and without SAE are described in Table 1. We found that SAE
patients were more likely to present with a less median time from onset to ICU, lower GCS score, lower
MAP, higher SOFA score, severe inflammatory storm (SIRS ≥ 2), higher qSOFS score, acute lung injure
(ALI)/adult respiratory distress syndrome (ARDS), MODS, rapid heart rate, rapid respiratory, elevated WBC,
elevated blood glucose, elevated lactic acid, elevated C-reactive protein, acute pneumonia, central
herniation, and unused antibiotics treatment within initial 3 hours than those without sepsis (all p < 0.05).
Of note, by logistic regression analysis, early risk factors for critically ill patients with SAE are related to
severe inflammatory storm (OR, 3.10; 95% CI, 2.28–4.33), higher SOFA score (OR, 1.26; 95% CI, 1.11–
1.42), lower initial GCS (OR, 0.89; 95% CI, 0.83–0.96), MODS (OR, 3.57; 95% CI, 2.93–4.66), and unused
antibiotic treatment within initial 3 hours (OR, 0.25; 95% CI, 0.12–0.56).( Table 2)
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Table 1
Univariable analysis of patients with SAE and without SAE in initial 48 hours in ICU (n = 748)
with SAE in initial 48 h
(n = 282)

without SAE in initial 48 h
(n = 466)

P

Male gender, n (%)

167(59.2)

306(65.7)

0.085

Age (years,mean ± SD)

60.5 ± 15.2

59.6 ± 16.0

0.493

Median time from onset to ICU(h,
range)

1.1(2.7)

1.2(2.5)

6.5 ± 3.0

7.4 ± 3.1

<
0.001

109.3 ± 31.9

119.5 ± 27.6

19.9 ± 7.6

19.8 ± 5.3

36.4 ± 4.9

36.3 ± 5.6

Body temperature(℃, mean ± SD)

97.8 ± 24.1

83.6 ± 21.9

Heart rate(beats/min, mean ± SD)

14.3 ± 5.9

11.7 ± 4.6

275(97.5)

258(55.4)

9.9 ± 6.9

8.8 ± 3.3

3.4 ± 2.3

2.6 ± 2.1

39.3(0.1–207)

12.3(0.3128

<
0.001

4.6 ± 1.8

3.4 ± 1.5

0.002

1.4 ± 0.6

1.1 ± 0.4

231(81.9)

314(67.4)

<
0.001

2.4 ± 0.9

0.4 ± 1.0

221(78.4)

326(70.0)

ALI/ARDS(needing intubated), n
(%)

195(69.1)

288(61.8)

MODS (mean ± SD)

68 (24.1)

87(18.7)

Community-acquired acute
pneumonia, n, (%)

264(93.6)

391(83.9)

90(32.0)

98(21.0)

Variable

Initial GCS score (mean ± SD)
MAP(mmHg,mean ± SD)
Respiratory
rate(breaths/mim,mean ± SD)

9

leukocyte count (x10 /l, mean ±
SD)
Severe inflammatory storm, n (%)
Blood glucose (mmol/l, mean ±
SD)
Blood lactic acid (mmol/l, mean ±
SD)
C-reactive protein,(mg/L,range)
Initial SOFA score (mean ± SD)
qSOFA score(mean ± SD)

Value

<
0.001
<
0.001
0.022
0.805
<
0.001
<
0.001

<
0.005
<
0.001
0.001
<
0.001

Central herniation, n (%)

<
0.001

Uncal herniation, n (%)

0.013

Unused antibiotic in initial 3 hours,
Abbreviation:
ICU, intensive care unit; qSOFA, quick sequential organ failure assessment; sequential
n (%)
[sepsis-related] organ failure. GCS, Glasgow Coma Scale; ALI: acute lung injure; ARDS: adult
respiratory distress syndrome; MODS, multiple organ dysfuunction syndrome. MAP, mean arterial
Mortality in initial 48 hours,n (%)
blood pressure;
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Variable

with SAE in initial 48 h
(n = 282)

without SAE in initial 48 h
(n = 466)

P
Value
0.049
0.078
<
0.001
<
0.005

Abbreviation: ICU, intensive care unit; qSOFA, quick sequential organ failure assessment; sequential
[sepsis-related] organ failure. GCS, Glasgow Coma Scale; ALI: acute lung injure; ARDS: adult
respiratory distress syndrome; MODS, multiple organ dysfuunction syndrome. MAP, mean arterial
blood pressure;
Table 2
Logistic regression analysis to identify the early risk factors of SAE patients in initial 48 hours in ICU (n =
748)
Variable

OR

95% CI for OR

P Value

Severe inflammatory storm

3.101

2.282–4.333

< 0.001

Lower GCS scores

0.891

0.825–0.961

0.003

MODS

3.568

2.730–4.663

< 0.001

Early SOFA score

1.256

1.110–1.422

< 0.001

Unused antibiotics treatment in initial 3 hours

0.249

0.112–0.555

< 0.001

Abbreviations: GCS, Glasgow Coma Scale; ICU, intensive care unit MODS, multiple organ dysfunction
syndrome; SOFA, sequential [sepsis-related] organ failure assessment.
In 282 SAE, the risk of death was in 32.0% (90/282) at initial 48 hours and in 69.1% (195/282) at initial
14 days in ICU. Our data shown that no-survival SAE patients were significantly associated with the
community-acquired pneumonia, severe inflammatory storm, a lower GCS score, lower MAP, higher SOFA
score, higher qSOFA score, higher temperature, rapid respiratory, elevated heart rate, elevated lactic acid,
ALI/ARDS(requiring ventilation), central herniation, and unused antibiotic within initial 3 hours than those
survival SAE patients(all p < 0.05). (Table 3). However, Cox regression risk analysis demonstrated that an
adjusting and controlling factor for early survival in SAE was more likely to be related to unused antibiotic
treatment within initial 3 hours (OR, 0.39; 95% CI, 0.22–0.89; p = 0.021), severe inflammatory storm (OR,
0.70; 95% CI, 0.58–0.94), lower GCS (OR, 2.7; 95% CI, 1.5–3.6), and MODS (OR, 0.37; 95% CI, 0.26–0.96).
(Table 4).
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Table 3
Comparison of initial clinical conditions of SAE patients with survival and non-survival in initial 48 hrs in
ICU (n = 282)
Variable

Non-survival (n = 90)

Surviva

P

(n = 192)

Value

Male gender, n (%)

62(68.9)

124(64.6)

0.503

Age (years,mean ± SD

60.0 ± 16.4

55.5 ± 16.0

0.044

Initial GCS score (mean ± SD)

5.6 ± 2.8

6.7 ± 3.0

< 0.005

MAP(mmHg,mean ± SD)

105.0 ± 40.9

111 ± 27.9

0.140

Respiratory rate(breaths/mim,mean ± SD)

16.4 ± 8.7

20.8 ± 6.7

< 0.001

Body temperature(℃, mean ± SD)

37.3 ± 4.4

38.3 ± 1.2

0.004

Heart rate(beats/min, mean ± SD)

95.7 ± 24.9

98.1 ± 23.2

0.432

leukocyte count (x109/l, mean ± SD)

14.1 ± 0.7

14.1 ± 0.5

0.932

Blood glucose (mmol/l, mean ± SD)

8.9 ± 3.9

9.9 ± 8.1

0.977

Blood lactic acid (mmol/l, mean ± SD)

3.6 ± 2.7

3.2 ± 2.0

0.152

C-reactive protein,(mg/L,range)

97(63-169.3)

83.4(34.6-110.2)

0.073

Initial SOFA score (mean ± SD)

5.0 ± 2.1

4.3 ± 1.7

0.005

qSOFA score(mean ± SD)

1.4 ± 0.6

1.4 ± 0.6

0,940

Severe inflammatory storm, (mean ± SD)

2.7 ± 1.1

2.6 ± 1.0

0.028

ALI/ARDS ( intubated), n (%)

80(88.9)

151(78.6)

0.040

MODS(mean ± SD)

3.4 ± 1.0

2.3 ± 1.1

0.000

Central herniation, n (%)

65(72.2)

113(58.9)

0.032

Uncal herniation, n (%)

17(18.9)

52(27.1)

0.181

Unused antibiotic in initial 3 hours,n (%)

89(98.9)

175(91.1)

0.016

Abbreviation: ICU, intensive care unit; SOFA, sequential [sepsis-related] organ failure assessment;
qSOFA, quick sequential organ failure assessment; GCS, Glasgow Coma Scale; MAP, mean arterial
lood pressure; ALI: acute lung injure; ARDS: adult respiratory distress syndrome; MODS, multiple organ
dysfuunction syndrome.
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Table 4
Cox regression analysis in acute critically ill patients with SAE and without SAE initial 48 hrs in ICU (n =
282) .
Variable

OR

95% CI for OR

p value

Lower GCS score

2.675

1.526–3.557

0.000

Severe inflammatory storm

0.703

0.577–0.939

0.008

MODS

0.371

0.257–0.959

0.000

Unused antibiotic within initial 3 h

0.393

0.223–0.887

0.021

Abbreviations: ICU, intensive care unit.; GCS, Glasgow Coma Scale; MODS, multiple organ
dysfuunction syndrome.
Kaplan-Meier survival curves showed that early risk of bad survival in SAE at the initial 48 hours was
significantly associated with infection patients who unused antibiotics treatment within the first 3 hours
when compared with those used antibiotic treatment within first 3 hours (Log Rank, 6.7; p = 0.010).
(Fig. 3)
By Kaplan-Meier survival curves analysis, the early risk of bad outcome in SAE at the initial 14 days was
also significantly associated with infection patients who unused antibiotic treatment within first 3 hours
when compared with those used antibiotic treatment within first 3 hours (Log Rank, 15.0; p = 0.000).

Discussion
In this study, we found that the prevalence rate of SAE within initial 48 hours accounted for 93.4 % of
sepsis, and the main feature of SAE patients were presented with MODS (96.8%) driven by severe
inflammatory storm. Previous studies shown that the prevalence of SAE was 53.0% to 87.0% of sepsis
[9,10], and with 63% to 70% of hospital mortality [6,11]. However, our this study is clear: high prevalent
SAE is almost near the epidemic rate of sepsis, which indicated the SAE was a leading life-threatening
acute organ dysfunction and with 32.0% of fatality at initial 48 hours and 69.1% of fatality at initial 14
days.
Importantly, our study confirmed that the early risk factors for SAE were associated with a severe
inflammatory storm, early elevated SOFA score, lower GCS, MODS, and unused antibiotic within initial 3
hours in ICU. We found that severe inflammatory storm is a independent risk factor for SAE. Moreover,
above several risk factors had been recognized by previous studies [12-14]. However, by Cox regression
analysis, the above factors were related to bad survival in critically ill patients with SAE in addition to the
early elevated SOFA score.
Several possible interpretations for the SAE becoming an early with bad survival organ dysfunction are as
following. The first, the brain itself is a leading organ of host response to infection, which is believed to be
the blood-brain barrier (BBB) leakage due to an overwhelming in the pro-inflammatory cytokines and antiPage 9/16

inflammation factors released and resulted in severe inflammatory storm [15]. The severe inflammatory
storm is further responsible for these inflammation factors/toxins leak into the brain, and leading to the
brain edema and cerebral ischemic injure as well as cell death [15-19]. The second, our data shown that
78.0%-81.0 of SAE had acute pneumonia/ALI/ARDS within initial 2 days. Moreover, the acute
pneumonia/ALI play pivotal roles in the development of severe inflammatory storm in sepsis [10,21]. Like
the current outbreak COVID-19 pneumonia, the mechanisms of bacterial pneumonia is also related to the
angiotensin conversion enzyme 2 (ACE2) involved inflammatory response, leading to BBB leakage and
inflammatory storm [20,22]. The third, a life-threatening brain failure is almost involved to MODS, and
MODS (especially the brain) is the most vulnerable to hypoxia/ ischemia and oxidative stress caused by
severe inflammatory storm[19,21]. The previous studies indicated that sepsis with MODS was more likely
to exhibit a SAE [9,21,23,24].
By regression analysis, unused antibiotics treatment within initial 3 hours was estimated as an early risk
factor of high morbidity and mortality for SAE. Moreover, Kaplan-Meier survival curves analysis at initial
48 hours and at initial 14 days also indicated a risk of over 6 foldon-15foldon death for SAE due to
unused antibiotics treatment within initial 3 hours.
Although there is consensus which states that rapid antibiotics treatment for sepsis is need [25], the time
in rapid antibiotics treatment for sepsis is within initial 3 hours after infection onset [26]. In the present
study, we found that the median time from infection to sepsis was 9.0 hours, while the median time of
early infection events in patients with sepsis were in 1.0 hour after critically ill onset. Moreover, our most
sepsis patients within initial 1-3 hours after critically ill were rarely used a rapid antibiotic treatment,
leading to an high morbidity and high risk of death in sepsis. Thus, we believe that within initial 1 hour
after infection onset as the “golden hour” of rapid antibiotics treatment is optimal for survival sepsis,
rather than waited recognition sepsis because this “golden hour” of early prevent and control would be
delayed several hours and more.
The main strengths of our this study that early identification of SAE driven by inflammatory storm from
community-acquired infection (pneumonia) and for its an early rapid antibiotic treatment within initial 1.0
hour in ICU is established the importance of the topic as a problem to prevent and control the early
infection and to reduce the morbidity and mortality of SAE.
Some limitations of our study have to be addressed. Despite we use a strict diagnostic criteria for SAE, it
is not possible to fully meet these criteria due to retrospective analysis. First, about 7% of septic patients
in our series did not be meet the diagnosis of SAE. However, one of them has performed EEG examination
and be conformed the diagnosis of brain dysfunction. Moreover, a diffuse abnormal EEG in septic patient
with normal GCS has also been reported [27]. Therefore, those sepsis patients without by EEG
examination may be missed the diagnosis of SAE. Second, some SAE patients with severe persistent
inflammatory storms may have undetermined infection sites other than in lungs. In fact, It is not
uncommon to have two sites infection in SAE patients who were with uncontrollable inflammatory storm
or undergone an emergency craniotomy and extenal drainage. Moreover, we rarely do further examination
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for the cytokines in blood or in CSF. Thus, some laboratorial data of inflammatory storm was absented,
and a diagnosis of secondary CNS infection may be missed and lost the opportunity for intensive
treatment. Third, we focused our analysis in sepsis patients within initial 48 hours in ICU, but some
deceased cases(or abandoning treatment) missed the data of microbiologic proof due to less 48 hours
during ICU stay, which may be a cause of the positive microbiologic culture underestimated; and for the
same reason, we did not collected the data of delayed brain injure because an opportunity of repeat CT
scan has been lost. In addition, although the prognosis for sepsis was related to the early use of
antibiotics, we did not velify its link to organ failure. Therefore, further prospective studies are needed for
its some of the links.

Conclusions
SAE in ICU is an high prevalent and early life-threatening brain dysfunction. Severe inflammatory storm,
Lower GCS score, MODS, and unused antibiotic treatment within initial 3 hours in ICU was related to bad
outcome for SAE. It may be reduced the morbidity and mortality of SAE to use a rapid antibiotics
treatment in “golden hour” after the recognition of infection event.

Abbreviations
ICU, intensive care unit; SIRS, systemic inflammatory response syndrome; qSOFA, quick sequential organ
failure assessment; SOFA, sequential [sepsis-related] organ failure assessment; GCS, Glasgow Coma
Scale; ALI: acute lung injure; ARDS: adult respiratory distress syndrome; MODS, multiple organ
dysfuunction syndrome. MAP, mean arterial blood pressure;
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Figure 1
The pathophysiology of SAE. Lungs (pneumonia) /abdominal infection cause an inflammatory storm
and BBB leakage, leading to a life- threatening SAE and MODS. .

Figure 2
EEG showing a generalized theta waveforms from a 81-year-old male with septic shock with a GCS
scores=15. The images of patient showed bilateral acute pneumonia (A), a gallstone and cholecystitis
(B)，ischemic lesions on brain CT (C), and increased energy of theta band in both hemispheres on brain
topographic map (D), His blood culture was positive for klebsiella and he had to be diagnosed as SAE.
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Figure 3
Kaplan-Meier survival curves showed that early bad survival events in the initial 48 hours for SAE was
significantly related to early infection patients with or without antibiotic treatment within the first 3 hours
(Log Rank, 6.7; p=0.010).
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