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Abstract
Background: The prevalence of sepsis-associated brain dysfunction (SABD) in ICU patients with critically
ill remains unknown. We are to assess whether the prevalence of sepsis in ICU would present a high
prevalent life- threatening SABD. Methods: We enrolled acute critically ill adults patients from ICU (from
January 1, 2015, to January 1, 2017). All patients were selected from onset to ICU ≤3 hours and followed
up to 30 day for sepsis patients who were treated in initial 48 hours or more in ICU. The predictors and
risk of death of SABD was analyzed by multivariate models. Results: Of the 1349 ICU patients with acute
critically ill, 748 were enrolled. Among these, the prevalence of sepsis was 48.4% (362/748). The
prevalence of SABD accounted for 97.2% of sepsis (352/362), with fatality at initial 30 days was 73.6%.
We found that the strong clinical predictors or markers for SABD were a SIRS ≥2 (OR, 3.2; 95% CI, 1.7-
6.1), SOFA score ≥6 (OR, 3.0; 95% CI, 2.6-3.5), and qSOFA score ≥2 (OR, 0.34; 95% CI, 0.16-0.58). Cox
logistic adjusted analysis revealed that lower mean arterial pressure (MAP) (OR, 1.5; 95% CI, 1.0-1.7)
higher SOFA score (OR, 1.8; 95% CI, 1.1- 1.9), and unused a rapid antibiotics treatment in initial 3 hours
(OR, 0.7; 95% CI, 0.5-0.9) were the predictors of the risk of death among ICU patients with SABD.
Conclusions: SABD is a leading life-threatening organ dysfunction following critically ill in ICU, with an
high fatality. The predictors for worse survival SABD were related to the lower MAP, higher SOFA scores,
and unused a rapid antibiotic treatment within initial 3 hours.

Background
Key messages

This study is a �rst to report that 97.2% of sepsis patients in ICU had a SABD and with bad outcome.

For saving lives and reducing the prevalence of SABD, early identi�cation of suspected bacterial
infection event and for its an early rapid antibiotic treatment within initial 0.5-3 hours in ICU rather
than waited SABD diagnosed is very important.

Over the past decades, sepsis as an most prevalent major disease has been become the leading cause of
morbidity and mortality in ICUs worldwide[1-3]. The current estimates of 30 million new cases of sepsis
and more than 6 million deaths per year around the worldwide come from a systematic review[4]. A new
sepsis-3 is de�ned sepsis as a life-threatening organ dysfunction due to a dysregulated host response to
infection[1-3]. In fact, previous studies have shown that brain dysfunction caused by sepsis included the
following different terminologies: “sepsis-associated delirium (SAD)” [6], “sepsis- associated
encephalopathy (SAE)” [7 8], and “Septic encephalopathy” [9]. Actually, according to the new de�nition of
sepsis-3, all abovemetioned term can generally be called sepsis-associated brain dysfunction (SABD),
which range from initial delirium to �nal coma. The SAE as a mainstream of SABD has been reported
frequently. The prevalence and fatality rate of SAE was over 70% of septic patients in ICU[7,8,10].
Whereas, some epidemic studies of SAE showed that a low prevalence varies from 17.7% to 53% of
patients with sepsis in ICU, which is unfortunately ruled out stroke or traumatic patients[11,12]. Indeed,
acute stroke and traumatic brain injury is more likely to have a secondary sepsis[2,13-15]. However,
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whether the prevalence of sepsis in ICU patients with critically ill, including acute stroke and traumatic
brain injury, would present a leading high prevalence of SABD, which is still unknown. Our hypothesis was
that SABD as a commonest organ dysfunction of sepsis would be presented with a high prevalence and
high death risk among critically ill adults in ICU. The aim of this study was to investigate the prevalence
and risk factors for death of SABD among critically ill adults in a general ICU.

Methods
Study design and settings

This is a retrospective observational study to investigate the epidemiological characteristics of critically
ill adult patients with sepsis/SABD during 2 years period (January,2015-January,2017) in a general ICU in
a�liated Shuyang Hospital of Xuzhou Medical University in China. The study was approved by the local
ethical committee on clinical research of the hospital, and written informed consent was obtained from
the nearest relative or a person who had been designated to give consent on admission of the patient.

In this study population, the subjects included acute critically ill adult patients within 3 hours from onset
to the ICU, Patients who were more than 3 hours from onset to the ICU were excluded. We excluded the
critically ill patients in whom did not have data in their medical records due to either death or transport
out of the ICU (giving up treatment) within initial 3-6 hours. We also excluded those patients with a stay
due to post-surgery/intervention.

All patients with sepsis were identi�ed by the de�nition of sepsis-3 (infection plus one or more life-
threatening organ dysfunction). In this case, the SABD was identi�ed by following 3 criteria: (1) a SABD
has to present a score on the GCS of <15; (2) a SABD has to present a SIRS criteria ≥ 2 and one or more
organ dysfunction with evidence of infection; and (3) without evidence of direct meningitis/encephalitis
and effects of sedatives. But, patients with a score on the GCS of <15 and organ failure but no evidence
of infection were not considered sepsis. Based on the criteria for SABD in critically ill event, the study data
was divided into critically ill event with SABD group and without SABD group for analysis.

De�nitions

Based on the consensus of sepsis in 2016, sepsis is presented with one/more life-threatening organ
dysfunction due to a dysregulated host response to infection. Thus, the SABD is de�ned as an acute
 brain dysfunction caused by sepsis, which usually follow a critically ill in the ICU and without evidence of
direct meningitis/ encephalitis. This acute brain dysfunction due to sepsis can range from delirium or
confusion, and seizure or focal neurological sign, as well as diffuse or multifocal neurological de�cits, to
�nal life-threatening stupor or coma.

Infection is de�ned as a phenomenon of systemic in�ammatory reaction (or focal tissue in�ammation)
caused by the micro- organisms invading, settle down, or migrate to one or more elsewhere in the host.
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According to the standard de�nitions of the Centers for Disease Control and Prevention [16], infection is
classi�ed into community-acquired and nosocominal- acquired infection.

Clinical assessments

All demographic characteristics in patients were extracted from the ICU registration records. All clinical
and laboratory data were from the hospital medical database. Most of the patients who were performed a
brain CT scans were also underwent a chest CT scans on admission.

The con�rmed infection is based on Angus’ criteria(3). The site of infection can be de�ned by positive
body �uid culture (including blood, peritoneal or pleural �uid, sputum �uid, urine �uid, and cerebrospinal
�uid).

Because SIRS is a dysregulated host response to infection, we   used the SIRS criteria ≥ 2 for screening
early suspected infection event. Moreover, the SIRS ≥2 have been used to screen infection events by
previous studies[5,17,18]. The SIRS criteria as following: (1) temperature > 38℃ or < 36℃; (2) heart rate >
90 beats per minute;(3) tachypnea>20 respirations per minute or Pco2 <32mmHg; (4) white blood cell
count > 12.0×109/L or < 4.0×109/L, or > 10% band forms. However, in this study, an early suspected
bacterial infection event was identi�ed by the two of following three points: (1) patients presented with a
SIRS criteria ≥2, especially WBC over 12.0×109/L or > 80% neutrophils, or > 10% band forms; (2) the
infection site was identi�ed by early thorax/abdominal cavity CT scans or initial medical records; (3) no
evidence of sudden viral infectious disease or other non-bacterial infection events.

The SOFA scores were measured after critically ill event, which was assessed within 24 hours to 72 hours
or more later for the ICU admissions. The acute organ dysfunction was de�ned as a SOFA score ≥ 2 for a
particular organ (on a scale from 0 to 4, with > 4 scores indicating multi-organ failure) [19]. But, we used
the SOFA criteria (including the GCS score or GCS motor [GCSm] score when the patient intubated) for the
brain to assess acute brain dysfunction: the GCS =10-14 scores as a mild brain dysfunction, GCS = 6-9
scores (GCSm<6) as a moderate-severe brain dysfunction (e.g., stupor or coma), and GCS<6 scores
(GCSm<3) with no breathing as an almost irreversible brain dysfunction (e.g., deep coma or brain death).
The SOFA criteria for organ dysfunctions is shown in eTable 1 in the Supplement.

The CT scans ( repeat at least one brain CT scans after coma) was assessed for patients with acute
primary and secondary brain dysfunction. A downward displacement of the brain through the tentorial
opening was noted in both types of herniation. Central herniation refers to a compression of the central
diencephalon, radiological midline shift and peri-mesencephalic cistern compression, with clinical
lethargy or coma and abnormal branstem re�exes. Uncal herniation refers to an unilateraluncal gyrus
downward displacement and midbrain compression, radiological midbrain shift with third nerve
compression, as well as clinical coma, pupil asymmetry >2mm, and loss of reactivity to light.

Outcomes analysis
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The bad outcome measure was mortality at the �rst 30 days. Death from critically ill event with sepsis
included cardiac respiratory arrest, severe septic shock, severe respiratory failure, multiple organ
dysfunction syndrome (MODS), and unexpected death. Two authors (TDM and WSD) were to assess the
outcome events. To investigate the outcomes of patients at the 30 days on hospital stay, survival results
were determined from the hospital records. If the length of hospitalization was less than 30 days and
patient died after discharge, followed-up information was obtained from the patient's closest living
relative.

Statistical methods

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 risk ratios (OR) and 95% con�dence intervals (CIs) were estimated using a
logistic-regression model. If variables were signi�cant in the multivariate analysis, the diagnostic values
were con�rmed by the receiver operating characteristic (ROC) curves analysis. Cox proportional hazards
model were used to examine sepsis baseline status and to determine whether the variables played a role
in the risk of death events. Survival analysis was performed using the Kaplan–Meier method. Differences
between patients was considered signi�cant if the p-value was <0.05. Statistical calculations were
performed using a proprietary, computerized statistics package (SPSS 17.0.).

Results
A total of 1349 acute critically ill patients (over 18 years old) were admitted during this period. We
excluded the acute critically ill patients from onset to ICU over 3 hours (N=49), the patients without
medical data due to death (N=248) and transport out of the ICU due to abandoning treatment (N=87)
within initial 3-6 hours, the patients with a stay in ICU because of post-surgery/intervention (N=214), and
with direct meningitis/ encephalitis (N=3). Finally, 748 acute critically ill patients were included in our
study. Of them, 61.0% (456/748) critically ill patients were screened to an early suspected infection
events. The prevalence of sepsis was 48.4% (362/748).

Baseline characteristics of the observational study for acute critically ill in ICU patients are described in
Table 2 in the Supplement. Most of the patients (473/748) were males, with mean age of 59.9 years
(range, 18-91 years). The median time from onset to suspected infection was in 1 hour (range, 0.5-24)
and the median time from suspected infection event to sepsis/SABD event was in 9.0 hours (range, 1-
168). The initial median GCS scores was in 7 scores (range, 3-15).

The SABD accounted for 97.2% (352/362) of sepsis. The most common extracranial organ dysfunction
of sepsis was acute respiratory failure (81.5%, 287/362), followed by septic shock (40.9%,148/362),
acute liver failure (30.4%, 110/362), acute renal failure (25.1%, 91/362). The MODS accounted for 94.8%
(343/362).  Epidemiological trend of SABD was similar to sepsis, with a peak in the initial �rst days on
ICU and following weeks decreased over time (Figure 1).
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The univariate analysis of clinical characteristics in acute critically ill patients with and without SABD are
described in Table 1. We found that the GCS score did not differ between the groups at initial. Moreover.
We also found that there was signi�cantly difference in age, MAP, body temperature, heart rate,
respiratory rate, leukocyte count, qSOFA score, SIRS ≥2 criteria, lactic acid, SOFA score, central herniation,
no using antibiotics within initial 3 hs, mechanical ventilation, and LOS in ICU between the two groups (all
p<0.05). During 30 days follow-up, the mortality rate was also higher (73.6% vs. 45.9%,p=0.005) among
acute critically ill patients with SABD than those without SABD.

However, by multivariate logistic regression analysis, only SIRS ≥2 (OR, 3.16; 95% CI, 1.66-6.08 ), SOFA
score ≥6 (OR, 3.03; 95% CI, 2.57-3.54 ), and qSOFA score ≥2 (OR, 0.34; 95% CI, 0.16-0.58) were
established as strong predicting factors for acute critically ill patients with SABD (Table 2). The ROC
curves analysis for SIRS≥2, higher SOFA score, and higher qSOFA score in patients with SABD showed
that the area under the ROC curve (AUC) was 0,560 (p<0.005), 0.602 (p<0.001), and o.544 (p<0.05)
respectively (Table 3 in the Supplement).

When the signi�cant factors were selected into a Cox regression model, this model has shown that
independent factors that affected mortality in acute critically ill patient with SABD were only lower MAP
(OR, 1.50; 95% CI, 1.00-1.71 1, p=0.004) higher SOFA score (OR, 1.78; 95% CI, 1.15- 1.92, p<0.001), and
without using antibiotics treatment in initial 3 hours (OR, 0.68; 95% CI, 0.49-0.95, p=0.022) (Table 3).,

Kaplan-Meier curves indicate that acute critically ill patients with SABD at the �rst 30 days had a bad
outcomes when compared to those without SABD. The Log rank for bad survival was signi�cantly
associated with acute critically ill patients with SABD at the �rst 30 days (Log Rank, 4.5; p=0.033). (Figure
2)

Kaplan-Meier curves indicate that acute critically ill patients who did not undergo antibiotic treatment
within the �rst 3 hours had a bad outcome compared with those undergo antibiotic treatment within the
�rst 3 hours. The Log rank for bad survival was signi�cantly associated with acute critically ill patients
who did not undergo antibiotic treatment within the �rst 3 hours (Log Rank, 25.3; p<0.001). (Figure 3)

Discussion
This enough data observational study has mainly investigated the prevalence and risk factors for death
in patients with SABD in a general ICU, although several studies have been reported on the prevalence
and prognostic features for SAE in ICU[6,12,20]. Our current study shown that the prevalence of SABD
was similar to the epidemiological trend of sepsis itself, suggesting that the prevalence of SABD almost
represent the prevalence of sepsis.

However, critically ill patient with SABD remains a challenging diagnosis because of not be recognized
“gold standard” for identify SABD. Recently, a review article for recognizing SABD indicated that SABD is
a common acute brain dysfunction due to sepsis in the ICU[21]. Moreover, our study con�rmed that the
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median time of SABD onset is at 9 hours after critically ill onset to suspected infection event, supporting
that SABD is an acute brain dysfunction following critically ill in the ICU.

We used the multivariate logistic regression analysis to identify signi�cant risk factors from the
univariate analysis, and the results shown that only SIRS ≥2, higher SOFA scores, and higher qSOFA
scores were identi�ed as the powerful clinical predictors or markers for acute critically ill patients with
SABD in ICU, this was similar to previous studies[8,19,22,23]. Moreover, these �ndings were also
demonstrated by the ROC curves analysis.

Interestingly, we found that low GCS score did not differ between the groups at initial, but our study found
that SIRS ≥2 SOFA scores ≥6 and qSOFA score ≥2 contributed to a SABD in patients with critically ill
rather than alone low GCS score.

Importantly, Cox regression analysis indicated that the predictors for bad outcome in SABD were related
to the lower MAP, higher SOFA scores, and unused a rapid antibiotics treatment within  initial 3 hours in
ICU. Although the effect of the lower MAP and higher SOFA scores have been recognized[12,17,20],
especially higher SOFA scores for sepsis/SABD indicated MODS exist [12,19,20], which was more likely to
have a bad outcome or death[12,20,22,24]. However, this study shown that unused antibiotics treatment
in initial 3 hours had more higher risk on death. Although there is consensus which states that rapid
antibiotics treatment of sepsis is need[25], the time in rapid antibiotics treatment for sepsis is within 3
hours after SIRS onset [26]. Indeed, our patients within the �rst 3 hours following critically ill patients with
SIRS were rarely treated with antibiotics, which result in an increasing morbidity and high risk of death in
SABD. Therefore, when a suspected infection has been acquired in the community, a rapid antibiotic
treatment has to be started immediately within initial 0.5-3 hour in ICU.

The novelty of this study is a �rst to report that 97.2% of sepsis patients had a SABD with bad outcome,
and unused a rapid antibiotic treatment within the initial 0.5 to 3.0 hours after an early suspected
infection event plays a vital role in advancement of high morbidity and high risk of death in SABD. In
addition, this high prevalence of SABD with bad outcome can also be explained by the following several
points: (1) the low prevalence of SAE in the ICU was from a population without stroke or traumatic brain
injure[11,12], whereas, our current study is included these septic patients from stroke and trauma[2,13,15];
(2) our SABD patients were generally associated with a SIRS ≥2, which involves the pathogenesis of
SABD contributed by Bone [27], i.e., the cytokines lead to blood brain barrier leakage and cell death [28]. A
mixed SABD can be considered if accompanied by a primary brain injure; (3) most SABD in our series is
presented with MODS, and the previous studies also indicated that sepsis patients with MODS were more
likely to exhibit a SAE[12,21,29,30]. Therefore, early identi�cation of this suspected bacterial infection
event and for its a rapid antibiotic treatment within initial 0.5-3 hours in ICU is very important for saving
lives and reducing the prevalence of SABD.

Although our data is from a prospective registration and the data analysis is available, some limitations
have to be considered because of retrospective analysis. First, the studied population was from a single
center so it could be biased, However, this hospital ICU is a unique regional ICU (open a 17-bed) with an
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emergency center (a total of 10 ambulances) which was responsible for all critically ill referral in this
county. Thus, we believe that this sample is more likely to represent the true epidemic spectrum of critical
ill, suggesting that a biased may be very small. Next, the patients with SAE were usually associated with a
vasogenic brain edema or subcortical white matter ischemic lesions on imaging[31,32]. Although all of
patients were performed brain CT scans, CT is more likely to be less sensitive than MRI for assessment of
patients with septic brain lesions. However, MRI was less performed due to the limitation of objective
reasons in the present study. Therefore, further prospective brain MR studies are needed.

Conclusions
We found that 97% of patients with sepsis in ICU had a SABD, and with high mortality at initial 30 days.
The powerful clinical markers for SABD were SIRS criteria ≥2, higher SOFA score, and higher qSOFA
score. The predictors for bad outcome in SABD were related to the lower MAP, higher SOFA scores, and
unused a rapid antibiotic treatment within initial 3 hours in ICU. The golden time of rapid completion of
an antibiotic IV for saving SABD should be started immediately within the �rst 0.5-3 hour after the initial
suspected bacterial infection event rather than waited SAE dignosed.
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Tables
Table 1 Univariate analysis of clinical characteristics in patients with SABD and without
SABD in ICU (n=748) 

ariable
 

with SABD
(n=352)

 
WithoutSABD     (n=396)

 
p Value

 
ale gender (%)
ge (years, mean±SD)
cute stroke, n (%)
raumatic brain injure, n (%)
edian time from onset to ICU(h, range)
CS score (mean±SD)
AP (mean±SD)
ody temperature(℃, mean±SD)
eart rate(beats/min, mean±SD)
espiratory rate(breaths/mim,mean±SD)
ukocyte count (x109/l, mean±SD)
actic acid (mmol/L, mean±SD)
erum glucose (mmol/L,mean±SD)
OFA score (mean±SD)
edian qSOFA score(range)
IRS ≥2,n (%)
entral herniation, n (%)
ncal herniation, n (%)
nused antibiotic within initial 3 h, n (%)
echanical ventilation,n (%)

OS in ICU (mean±SD)
ortality at 30 days,n (%)

211(59.9)
58.4± 16.0
103 29.3
101 28.7
1.2(0.5-2.5)
6.8±3.1
100.3±31.8
37.8±3.8
107.2±23.3
21.1±8.6
13.8±5.7
3.2±2.3
9.5±6.4
8.4±1.9
2.0 (1-3)
237(67.3)
272(77.3)
89 (25.3)
307(87.2)
287(81.3)
6.6±7.0
259(73.6)

242(61.1)
61.4±15.3
160 40.4
106 26.8
1.1(0.5-2.8)
7.2±3.0
112.0±27.4
36.7±5.1
85.9±23.1
18.8±5.4
11.9±4.8
2.7±2.1
8.9±3.5
3.7±1.9
1.0 (0-2)
219(55.3)
233(58.8)
76 (19.2)
322(81.3)
298(75.3)
3.0±3.4
184(46.5)

0.224
0.011
0.935
0.567
0.057
0.052
0.000
0.000
0.000
0.000
0.000
0.001
0.118
0.000
0.000
0.001
0.038
0.052
0.028
0.041
0.000
0.000

Abbreviations: SABD:sepsis-associated brain dysfunction”ICU,  intensive care unit;  MAP,  mean arterial
pressure;  SIRS,  systemic inflammatory response syndrome;  GCS,  Glasgow Coma Scale;  SOFA,
Sequential [sepsis-related] Organ Function Assessment; LOS, length of stay;
 
 
 
 
Table 2 Logistic regression analysis  to identify the early predictors factors of SABD
patients in ICU (n=748)
riable

 
With SAE (n=352)

 
Without SAE (n=396) 

 
OR (95% CI)

 
P Value

 
RS ≥2,n (%)

OFA scorem( mean ±SD)
edian qSOFA score(range)
spiratory rate(mean ±SD)
ctic acid(mean ±SD)

OS in ICU(mean ±SD)

305(61.1)
8.4±1.9
2.0(1-3)
21±8.6
3.2±2.3
6.6±6.9

142(28.7)
3.7±1.9
1.0 (0-2)
18.8±5.4
2.7±2.1
3.0±3.4

3.16(1.66-6.08)
3.03(2.57-3.54)
0.34(0.16-0.58)
1.10(1.06-1.15)
0.91(0.78-0.98)
1.12(1.06-1.20)

<0.001
<0.001
<0.001
<0.001
0.017
<0.001

Abbreviations:  SABD:sepsis-associated brain dysfunction” SIRS,  systemic inflammatory response
syndrome;  qSOFA,  qick  Sequential [sepsis-related] Organ Function Assessment; SOFA, Sequential
[sepsis-related] Organ Function Assessment; LOS, length of stay; ICU, intensive care unit.
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Table 3 Cox regression analysis in acute critically ill patients with SABD and without
SABD in ICU (n=748) .

Variable
 

OR
 

95% CI for OR
 

p value
 

Lower MAP
Higher SOFA score
Unused antibiotic within initial 3h

1.50
1.78
0.68

1.00-1.71
1.15-1.92
0.49-0.95

<0.005
<0.001
<0.05

Abbreviations:  SABD:sepsis-associated brain dysfunction”  MAP,  mean arterial pressure;  SOFA,
Sequential [sepsis-related] Organ Function Assessment; ICU, intensive care unit.

Figures

Figure 1

Epidemiological trend of SABD was similar to sepsis, with a peak in the initial �rst day on ICU and
following weeks decreased over time.
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Figure 4

Kaplan-Meier survival curves that included critically ill patients with and without SABD events at the �rst
30 days, the worse survival was signi�cantly associated with critically ill patients with SABD events (Log
Rank, 4.5; p=0.033).
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Figure 6

Kaplan-Meier survival curves showed that included critically ill patients with and without undergo
antibiotic treatment within the �rst 3 hours following SABD. The worse survival at 30 days was
signi�cantly associated with SABD patients who did not undergo antibiotic treatment within the �rst 3
hours (Log Rank, 25.3; p<0.001).
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