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Abstract

Background: Sepsis-associated encephalopathy (SAE) is related to increased short-term mortality in patients with sepsis.
We aim to establish a user-friendly nomogram for individual prediction of 30-day risk of mortality in patients with SAE.

Methods: Data were retrospectively retrieved from the Medical Information Mart for Intensive Care (MIMIC Ill) open
source clinical database. SAE was defined by Glasgow Coma Score (GCS) < 15 or delirium at the presence of sepsis.
Prediction model with a nomogram was constructed in the training set by logistic regression analysis and then
undergone internal validation and sensitivity analysis.

Results: SAE accounted for about 50% in patients with sepsis and was independently associated with the 30-day
mortality of sepsis. Variables eligible for the nomogram included patient's age and clinical parameters on the first day of
ICU admission including the GCS score, lactate, bilirubin, red blood cell distribution width (RDW), mean value of
respiratory rate and temperature, and the use of vasopressor. Compared with Sequential Organ Failure Assessment (SOFA)
and Logistic Organ Dysfunction System (LODS), the nomogram exhibited better discrimination with an area under the
receiver operating characteristic curve (AUROC) of 0.763 (95%Cl 0.736-0.791, p < 0.001) and 0.753 (95%Cl 0.713-0.794, p <
0.001) in the training and validation sets, respectively. The calibration plot revealed an adequate fit of the nomogram for
predicting the risk of 30-day mortality in both sets. Regarding to clinical usefulness, the DCA of the nomogram exhibited
greater net benefit than SOFA and LODS in both of the training and validation sets. Besides, the nomogram exhibited
acceptable discrimination, calibration, and clinical usefulness in sensitivity analysis.

Conclusions: SAE is related to increased 30-day mortality of patients with sepsis. The nomogram presents excellent
performance in predicting 30-day risk of mortality in SAE patients, which can be used to evaluate the prognosis of
patients with SAE and may be more beneficial once specific treatments towards SAE are developed.
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Introduction

Sepsis-associated encephalopathy (SAE) is the dysfunc-
tion of brain that develops during the process of sepsis
without evidence of the central nervous system (CNS)
infection. It is tightly associated with long-term impair-
ment of behavior, memory, and cognitive function,
imposing heavy medical and financial burden on families
and society [1-3]. More harmfully, patients with SAE
tend to have higher short-term mortality than those with
sepsis alone. A landmark study conducted by LA et al.
demonstrated that encephalopathy is associated with
increased hospital mortality from 16% when the Glasgow
Coma Score (GCS) is 15 to 63% when GCS is between 3
and 8 [4]. Similar conclusions were drew from another
high-quality study performed by Sonneville et al., which
showed decreased 30-day survival rate from 67% when
GCS is 15 to 32% when GCS is between 3 and 8, and
even mild change in consciousness (defined by GCS of
13-14) is an independent risk factor for the 30-day
mortality with an hazard rate (HR) of 1.38 after adjusting
for confounding factors [5]. Except for these two high
quality studies, several other researches also reported
that SAE was responsible for increased short-term
mortality, prolonged hospitalization time, or overmuch
assumption of medical resources [6, 7]. Based on these,
identifying SAE patients with high risk of short-term
mortality is of great significance for that it may facilitates
timely medical intervention and improves the prognosis
of such patients. Therefore, the main objective of the
present study by a large clinical database is to evaluate
the impact of SAE on the 30-day mortality of patients
with sepsis and then develop a predictive nomogram to
individually predict the probability of 30-day death in
SAE patients.

Material and methods

Data source

We conducted an observational study by retrieving data
from the Medical Information Mart for Intensive Care
(MIMIC III) open source clinical database, which contains
de-identified health-related data of over forty thousand
patients who received treatment in critical care units of the
Beth Israel Deaconess Medical Center between June 2001
and October 2012 [8, 9]. The database is continuously
updated, and the newest version (MIMIC-III v1.4) was re-
leased on 2 September 2016, which enhanced data quality
and provided a large amount of additional data. We use the
MIMIC-III v1.4 in our study, and all data in it was classified
into 26 tables recording various individual information,
such as demographic characteristics, treatment measures,
nursing notes, and laboratory tests. Besides, it contains
prognostic data obtained from the hospital and laboratory
health record systems reporting the hospital mortality, or
from the Social Security Administration Death Master File

Page 2 of 12

recording the out-of-hospital survival data. The MIMIC III
database can be freely utilized after successful application
and ethical approval from the Institutional Review Boards
of both Beth Israel Deaconess Medical Center (Boston,
MA, USA) and the Massachusetts Institute of Technology
(Cambridge, MA, USA). Since all data are de-identified in
this database to remove patients’ information, the require-
ment for individual patient consent is not indispensable.

Study population and data extraction

PgAdmin (version 4.1, Bedford, USA) was used to run struc-
ture query language (SQL) and then to extract data from the
MIMIC III database. Six tables were occupied in our study,
including DIAGNOSES_ICD, ICUSTAYS, PATIENTS,
LABEVENTS, MICROBIOLOGYEVENTS, and PRESCRIP-
TIONS. We included adult patients (> 17 years of age) with
a diagnosis of sepsis according to the Third International
Consensus Definitions for Sepsis (Sepsis-3): (1) Patients with
infection confirmed by the positive results of microbial culti-
vation and (2) the Sequential Organ Failure Assessment
(SOFA) score > 2 [10]. Excluded were patients (1) with
primary brain injury (traumatic brain injury, ischemic stroke,
hemorrhagic stroke, epilepsy, or intracranial infection); (2)
with pre-existing liver or kidney failure affecting conscious-
ness; (3) with severe burn and trauma; (4) receiving cardiac
resuscitation recently; (5) with chronic alcohol or drug abuse;
(6 )with severe electrolyte imbalances or blood glucose
disturbances, including hyponatremia (< 120 mmol/l), hyper-
glycemia (> 180 mg/dl), or hypoglycemia (< 54 mg/dl); (7)
dying or leaving within 24 h since ICU admission; and (8)
without an evaluation of GCS. Eligible patients were included
into the final cohort for investigation. For the final cohort,
we retrospectively collected the following data: (1) demo-
graphic data including age, gender, and ethnicity; (2) 30-day
mortality, in which no patient was lost to follow-up during
30 days, and patients live longer than 30 days were recorded
as survival; (3) comorbidity as coded and defined in the
International Classification of Diseases, Ninth Revision (ICD-
9); (4) mean value of vital signs during the first 24 h of ICU
stay; (5) the first laboratory data since ICU admission; and
(6) site of infection and type of micro-organism. The severity
of illness and organ failure was assessed by modified forms
of the simplified acute physiology score (SAPSII) and sepsis-
related organ failure assessment (SOFA), respectively, on the
first day of ICU admission [11, 12]. The modified forms are
SAPSIland SOFA excluding the component of central
nervous system. Besides, we created another dataset for
sensitivity analysis based on the Martin’s criteria, a widely
used approach for identifying sepsis in administrative health
data [13] (Additional file 1: Figure S1).

Sepsis-associated encephalopathy
We defined SAE in the study as sepsis accompanied by
GCS < 14 on the first day of ICU admission or delirium
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according to the ICD-9 code (2930, 2931). The delirium
caused by alcohol or drug abuse, dimension, mental dis-
orders, and neurological diseases was excluded from the
definition of SAE. GCS was confirmed as an excellent
tool for characterizing SAE and distinguishing it from
sepsis [4] and for neurological evaluation of critically ill
patients [14]. For sedated or postoperative patients, we
adopted GCS measured before sedation or surgery.

Statistical analysis

Shapiro-Wilk tests were used to assess the distribution of
variables. Data were expressed as mean + standard devi-
ation (SD) for parametric continuous data and as median
(interquartile ranges) for non-parametric distribution.
Categorical data was expressed as number (percentages).
Parametric continuous variables were compared by using
unpaired Student’ ¢ test and non-parametric continuous
variables by Mann—Whitney U test. The chi-squared test
was adopted to assess the differences in categorical vari-
ables between groups.

Logistic regression analysis was used to identify risk
factors independently associated with the 30-day mortal-
ity of sepsis. Specifically, variables related to 30-day
death in univariate analysis (p < 0.1) were entered into
multivariate logistic regression analysis to calculate esti-
mated odds ratios (OR) and 95% confidence intervals
(95%CI), where significant level for independent risk
factors was p < 0.05. Collinearity between continuous
variables was tested by the variance inflation factor
(VIF), and an arithmetic square root of VIF < 2 was
considered as non-collinearity. Kaplan—Meier analysis
was conducted to visualize the probability of 30-day
survival between SAE and non-SAE cohorts, and log-
rank test was used to identify between-group difference.
Besides, propensity score match (PSM) was conducted
between the SAE and non-SAE cohorts, and then the
30-day survival was visualized by Kaplan—Meier analysis
and compared by log-rank test.

In the process of nomogram development, patients
with SAE were randomly distributed into a training set
and a validation set without replacement at a ratio of 7:
3. Logistic regression analysis following the steps men-
tioned above was conducted to identify independent risk
factors for the 30-day mortality of SAE. Then, a nomo-
gram in predicting the probability of 30-day death was
obtained by the training set according to Occam’s Law
of Razor, namely, the best model should be one that can
achieve the aim of study with fewer variables [15]. The per-
formance of the nomogram was evaluated and compared
with SOFA and Logistic Organ Dysfunction System
(LODS) [16] in both of the training and validation sets by
an area under the curve of the receiver operating character-
istic (AUROC) and by calibration with bootstrap method
with 1000 resampling. Besides, integrated discrimination
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improvement (IDI) was calculated to compare discrimin-
ation slopes and Brier score to evaluate model fitness [17].
DCA analysis was performed to evaluate the net benefit of
medical intervention conforming nomogram, SOFA, and
LODS at different threshold probabilities in the training
and validation sets. Sensitivity analyses were conducted in
two cohorts, namely, sensitivity-1 in the cohort diagnosed
by Martin’s criteria and sensitivity-2 in a subset (GCS 3-8)
of the cohort diagnosed by Sepsis-3.

Statistical analyses were performed using the R software
(version 3.6.1, R Foundation for Statistical Computing,
Vienna, Austria). Missing values were addressed with mul-
tiple imputation in the process of logistic regression and
model construction. The imputation technique involves
creating multiple copies of the data and replacing missing
values with imputed values through a suitable random sam-
ple from their predicted distribution. We used the “mice”
package of R to obtain 5 imputation datasets. A two-tailed
p value of < 0.05 was considered statistically significant. All
analyses were reported according to the Transparent
Reporting of a Multivariable Prediction Model for Individ-
ual Prognosis or Diagnosis (TRIPOD) guidelines [18].

Results

Characteristics of participants with sepsis

After screening by the inclusion and exclusion criteria, a
total of 4987 patients were included into the final cohort,
and SAE was observed in 2474 (49.6%) patients. Character-
istics at baseline and upon ICU admission of all partici-
pants and participants in SAE and non-SAE groups were
exhibited in Tables 1 and 2. Patients with SAE were older
than those without it, with a median age of 73 [58, 83] in
SAE patients and 68 [55, 79] in non-SAE ones. Patients
with SAE were more likely to admit into the medical inten-
sive care unit (MICU) and suffer from hypertension,
anemias, and history of neurological diseases, which mainly
included Parkinson’s disease, Huntington’s chorea, and
leukodystrophy. Besides, patients with SAE had lower level
of partial pressure of blood oxygen (PO?2), bilirubin, lactate,
prothrombin time (PT), and higher level of serium PH
value on the first day of ICU admission. The 30-day
mortality of SAE and non-SAE cohorts was 527 (21.30%)
and 449 (17.87%), respectively, with a statistical difference
of p = 0.003. Interestingly, except for CNS, the severity of
illness and organ failure was more serious in non-SAE
patients than that in SAE ones, with p < 0.001 in both of
the modified SAPSIIand SOFA. Besides, patients without
SAE exhibited higher frequent use of vasopressor and
longer hospital and ICU stay time in our study.

SAE is independently associated with the 30-day
mortality of patients with sepsis

After adjusting for baseline characteristics, vital signs,
laboratory tests, infection site, and microorganisms, the
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Table 1 Patients' baseline characteristics
Variable All patients, n = 4987 Non-SAE patients, n = 2513 SAE patients, n = 2474 P value
Age, years 70 [56, 81] 68 [55, 79] 73 [58, 83] < 0.001
Gender, male 2680 (53.74) 1434 (57.06) 1246 (50.36) < 0.001
Ethnicity, n (%) 0.002
White 3700 (74.19) 1845 (7342) 1855 (74.98)
Black 380 (7.62) 166 (6.61) 214 (8.65)
Hispanic or Latino 145 (2.91) 78 (3.10) 67 (2.71)
Asian 106 (2.13) 56 (2.23) 50 (2.02)
Others 656 (13.15) 368 (14.64) 288 (11.64)
Comorbidity, n (%)
Cardiovascular diseases 2772 (55.58) 1413 (56.23) 1359 (54.93) 0372
Peripheral vascular disease 552 (11.07) 299 (11.90) 253 (10.23) 0.066
Other neurological diseases 683 (13.70) 189 (7.52) 494 (19.97) < 0.001
Hypertension 2457 (49.27) 1181 (47.00) 1276 (51.58) 0.001
Chronic pulmonary disease 1136 (22.78) 593 (23.60) 543 (21.95) 0.176
Diabetes 909 (18.23) 449 (17.87) 460 (18.59) 0.530
Hypothyroidism 579 (11.61) 272 (10.82) 307 (12.41) 0.089
Liver disease 421 (844) 5 (8.56) 206 (8.33) 0.811
Coagulopathy 880 (17.65) 476 (18.94) 404 (16.33) 0017
Anemias 1303 (26.13) 625 (24.87) 678 (27.41) 0.045

Continuous data are presented as median (interquartile range), whereas categorical data are presented as frequency (percentage)

results of multivariate logistic regression revealed that
SAE was an independent risk factor for the 30-day mor-
tality of patients with sepsis [adjusted odd ratio (aOR) =
1.26, 95% CI 1.07-1.49, p = 0.005] (Additional file 2:
Table S1). Kaplan—Meier’s survival estimates of patients
according to the presence or absence of SAE at ICU
admission were presented in Additional file 3: Figure S2.
After conducting propensity score match (PSM) between
SAE and non-SAE groups according to the differences
in baseline characteristics and characteristics at ICU
admission (Additional file 4: Figure S3), Kaplan—Meier’s
survival analysis was conducted, and results were pre-
sented in Additional file 5: Figure S4. Results showed
that no matter performing PSM or not, significant differ-
ences were observed in 30-day survival between SAE
and non-SAE patients, with log-rank p = 0.0018 before
PSM and log-rank p < 0.0001 after PSM.

Development of a prediction nomogram in the training
set
Characteristics at baseline and upon ICU admission of
SAE patients and participants in the training set and val-
idation set were exhibited in Additional file 6: Table S2
and Additional file 7: Table S3. Results revealed that
both sets had no statistic difference in all the variables.
The risk factors related to 30-day mortality of SAE
identified by multivariable logistic regression were
shown in Table 3. The VIF was calculated, and no

continuous variables in Table 3 had an arithmetic square
root of VIF < 2. Furthermore, the correlation between
continuous variables was visualized in Additional file 8:
Figure S5, and linear correlation was not observed, indi-
cating that collinearity was not existed in the regression
model. Lung infection and catheter-related infection
were excluded from model development since these two
parameters depended on microbial culture, which is a
time-consuming process. The performances of the
remaining risk factors in Table 3 were then comprehen-
sively evaluated and finally, according to the Occam’s
Law of Razor, a model integrating age, lactate, bilirubin,
RDW, mean value of respiratory rate and temperature,
and the use of vasopressor was established for its similar
discrimination compared with the model including all
the risk factors (combined) in both of the training and
validation sets (Fig. 1). Based on this model, a nomo-
gram was plotted to predict the probability of 30-day
death of SAE (Fig. 2).

Validation of the prediction nomogram

We compared the nomogram with SOFA and LODS for
predicting 30-day risk of mortality in SAE patients, and
results were shown in Table 4. Results showed that the
AUROC of the nomogram was significantly higher than
that of SOFA and LODS in both of the training and
validation sets, indicating that the predictive nomogram
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Table 2 Patients’ characteristics at ICU admission
Variable All patients, n = 4987 Non-SAE patients, n = 2513 SAE patients, n = 2474 P value
Hospital stay time, days 11.50 [6.80, 19.90] 11.90 [7.10, 20.20] 10.95 [6:40, 19.60] < 0.001
ICU stay time, days 3.50 [1.90, 7.70] 3.90 [2.00, 9.00] 3.00[1.80, 6.30] < 0.001
30-day mortality, n (%) 976 (19.57) 449 (17.87) 527 (21.30) 0.003
Mechanical ventilation, n (%) 437 (8.76) 228 (9.07) 209 (8.45) 0.465
Vasopressor 1476 (29.60) 899 (35.77) 577 (23.32) < 0.001
First care unit, n (%) < 0.001
Cccu 576 (11.55) 343 (13.65) 233 (942)
CSRU 576 (11.55) 353 (14.05) 223 (9.01)
MICU 2459 (49.31) 1164 (46.32) 1295 (52.34)
SICU 773 (15.50) 360 (14.33) 413 (16.69)
TSICU 603 (12.09) 293 (11.66) 310 (12.53)
Severe Score®
Modified SOFA 4.60 + 2.87 521 £277 3.98 + 2.84 < 0.001
Modified SAPSII 3854 +12.04 39.63 £ 11.99 3744 +11.99 < 0.001
Vital signs®
Mean heartrate (min™") 89.27 £ 1633 8929 £ 16.12 89.25 + 16.54 0933
Mean arterial pressure (mmHg) 7446 + 991 7331 + 866 7563 + 1091 < 0.001
Mean respiratory rate (min™") 20.08 = 4.15 20.08 + 4.00 2007 + 431 0.948
Mean temperature (°C) 36.93 + 0.67 36.98 + 0.69 36.87 + 0.66 < 0.001
Mean SpO2 (%) 97.3 [96.0, 98.5] 97.3 [96.0, 98.5] 97.3 [96.0, 98.5] 0.092
Laboratory tests®
Lactate (mmol/L) 16 [1.1,24] 1.6 [1.1,25] 1.5[1.1,22] < 0.001
PCO, (mmHg) 40 [35.0, 46.5] 40 [35,46] 40 [3547] 0.898
PO, (mmHg) 110 [75, 195] 17[77,217] 103 [73, 175] < 0001
PH 7.371 £ 0.095 7.364 £ 0.098 7.378 £ 0.092 < 0.001
Creatinine (K/uL) 1.1[08,1.7] 1.1 (08, 1.7] 1.1 [0, 1.6] 0.002
BUN (K/uL) 23 [15, 37] 23 [16, 37] 23 [15, 38] 0.087
ALT® 1401.2,1.7] 141.2,17] 141.2,17] 0.224
ASTf 15013, 18] 15013, 18] 15013, 18] 0.208
Bilirubin (EU/dL) 06 [04, 1.2] 0.7 [04,1.3] 06 [04, 1.1] < 0001
Hemoglobin (g/dL) 1149 £ 2.23 1150 + 2.27 1149 + 2.19 0.890
Platelet (K/uL) 227 [159.5, 306.0] 220 [154, 304] 232 [167, 308] 0.003
Potassium (K/uL) 42 (38, 46] 4.1 [3.8,4.6) 42 (38, 4.7] 0.208
Sodium (K/uL) 138 [135, 141] 138 [135, 141] 138 [135, 141] 0.687
PT (s) 139 [129,16.2] 14.1 [13.0,16.3] 13.8 [12.8,16.0] < 0.001
RDW (%) 14.8 [13.7, 16.4] 14.8 [13.7, 16.5] 14.7 [13.7, 164] 0.359
WBC (K/uL) 10.70 [7.30, 15.25] 10.60 [7.30, 15.30] 10.80 [7.30, 11.50] 0.751
Lymphocyte (%) 94 [5.6, 16.0] 9.1 [54, 159] 96 [5.8,16.3] 0.086
Neutrophil (%) 81.2 [72, 88] 81.3[71.9, 88.0] 81.15 [72.13, 88.00] 0342
MCV (fL) 90 [86, 95] 90 [86, 94] 91 [86,95] 0.002
Infection site, n (%)
Urine 2221 (44.54) 997 (39.67) 1224 (4947) < 0001
Blood 1319 (26.45) 679 (27.02) 640 (25.87) 0374
Lung 1915 (38.40) 1090 (43.37) 825 (33.35) < 0.001
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Table 2 Patients’ characteristics at ICU admission (Continued)

Variable All patients, n = 4987 Non-SAE patients, n = 2513 SAE patients, n = 2474 P value
Catheter 249 (4.99) 135 (5.37) 114 (4.61) 0.241
Gastrointestinal tract 302 (6.06) 148 (5.89) 154 (6.22) 0.662
Abdominal cavity 113 (2.27) 58 (2.31) 55 (2.22) 0914
Skin/soft tissue 828 (16.60) 404 (16.08) 424 (17.14) 0332
Others 170 (341) 102 (4.06) 68 (2.75) 0.013

Microorganisms, n (%)

Gram-positive 2502 (50.17) 1237 (49.22) 1265 (51.13) 0.187
Gram-negative 1986 (39.82) 1002 (39.87) 984 (39.77) 0.966
Fungus 1522 (30.52) 823 (32.75) 699 (28.25) < 0.001

Parametric continuous data are presented as mean + standard deviation (SD), and non-parametric continuous data are presented as median (interquartile ranges),

whereas categorical data are presented as frequency (percentage)
bSevere score is calculated on the first day of each ICU patients’ stay
“Vital signs are calculated on the first 24 h of each ICU patients’ stay
9Laboratory tests recorded the first result of each patients’ ICU stay
€ALT in the table is the value after logarithmic transformation

fALT in the table is the value after logarithmic transformation

CCU coronary care unit, CSRU cardiac surgical intensive care unit, MICU medical intensive care unit, SICU surgical intensive care unit, TSICU trauma/surgical
intensive care unit, SOFA Sequential Organ Failure Assessment, SAPSII the simplified acute physiology score, RDW red blood cell distribution widths, MCV mean

corpuscular volume

had better discrimination than SOFA and LODS in
predicting the 30-day mortality of patients with SAE.
Calibration curves were depicted for both of the training
and validation sets, and the bias-corrected line is formed
using a bootstrap method. In both sets, the apparent curve
and bias-corrected curve slightly deviated from reference line,
but a good conformity between observation and prediction is
still observed (Fig. 3). The Brier score of the nomogram was

Table 3 Factors independently associated with 30-day mortality
of patients with SAE in the multivariate logistic analysis

Variables OR 95% Cl P value
Age (year) 1.04 1.03 1.05 < 0.001
GCS score 091 0.87 0.95 < 0.001
Lactate (mmol/L) 1.19 1.08 131 < 0.001
PO, (mmHg) 1.00 1.00 1.00 0.023
Sodium (K/uL) 0.97 0.94 0.99 0.009
Bilirubin (EU/dL) 1.05 1.01 1.10 0.013
RDW (%) 1.22 1.14 1.30 < 0.001
MCV (fL) 1.02 1.01 1.04 0.007
Mean heart rate (min-1) 1.01 1.00 1.02 0.019
Mean respiratory rate (min-1) 1.06 1.03 1.10 < 0.001
Mean temperature (°C) 0.69 0.55 0.86 < 0.001
Mean SpO2 (%) 092 0.87 0.98 0.008
Catheter-related infection 033 0.15 0.66 0.003
Lung infection 1.76 1.29 2.39 < 0.001
Vasopressor 1.59 118 2.15 0.003

GCS Glasgow Coma Score, RDW red blood cell distribution widths, MCV mean
corpuscular volume
Hosmer-Lemeshow test: p = 0.834

0.139 (95%CI 0.129-0.150) in the training set and 0.144
(95%CI 0.128-0.159) in the validation set, which were higher
than that of SOFA and LODS in both sets, indicating that
the nomogram had better calibration of prediction than
SOFA and LODS. Moreover, the IDI of the nomogram was
significantly higher than that of SOFA and LODS in both
sets, revealing that the nomogram could increase the predic-
tion probability of SOFA and LODS in the two sets.

Clinical use of the nomogram

With regard to clinical use, the DCA for nomogram was
depicted and compared with SOFA and LODS. In the
training set, medical intervention guided by the nomo-
gram could add more net benefit than SOFA and LODS
when the threshold probability (PT) > 0.1 (Fig. 4a). In
the validation set, treatment directed by nomogram
could gain more net benefit than SOFA and LODS when
PT was between 0.1 and 0.6 (Fig. 4b).

Sensitivity analysis

We conducted sensitivity analysis by including patients
with SAE diagnosed by the Martin’s criteria (sensitivity-1)
or patients with GCS of 3-8 in the dataset extracted by
Sepsis-3 (sensitivity-2). The discrimination, calibration,
and clinical usefulness of the nomogram were compared
with SOFA and LODS by using AUROC, calibration
curve, DCA curve, Brier index, and IDI (Additional file 9:
Figure S6; Additional file 10: Figure S7; Additional file 11:
Table S4). Results showed that the prediction nomogram
had better discrimination and calibration as well as more
clinical net benefit than SOFA and LODS in both of the
sensitivity analyses, which further consolidated the stable
and excellent predictive performance of the nomogram.
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Fig. 1 The ROC curve of the combined model, the prediction nomogram, SOFA, and LODS in the training set (a) and validation set (b). The
combined model is incorporated by all the independent risk variables. The prediction nomogram includes age, lactate, bilirubin, RDW, mean

value of respiratory rate and temperature, and the use of vasopressor

Discussion

In this retrospective analysis by the MIMIC III database,
we conducted logistic regression to recognize the risk
factors related to the 30-day mortality of patients with
SAE and predictors including age, lactate, bilirubin,
RDW, mean value of respiratory rate and temperature,
and the use of vasopressor that were identified and

integrated into a best-fit prediction model visualized as a
prediction nomogram. To the best of our knowledge,
this is the first study to evaluate the independent risk
factors associated with the 30-day mortality of SAE and
develop a nomogram to predict it.

EW et al. find that 20-50% of patients with sepsis have
delirium or impairment of consciousness, indicating that
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Fig. 2 Validated nomogram for predicting 30-day mortality of SAE. When using it, drawing a vertical line from each variables upward to the
points and then recording the corresponding points (i.e, “RDW = 14" = 20 points). The point of each variable was then summed up to obtain a
total score that corresponds to a predicted probability of 30-day death at the bottom of the nomogram
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Table 4 Comparison of models in predicting the 30-day mortality of SAE

Predictive Model AUROC P value DI P value Brier index P value
Training set Nomogram 0.763 [0.736-0.791] 0.139 [0.129-0.150]
SOFA 0.635 [0.602-0.667] < 0.001 0.126[0.106-0.145] < 0.001 0.161 [0.150-0.171] < 0.001
LODS 0.648 [0.617-0.679] < 0001 0.119[0.098-0.140] < 0.001 0.159 [0.149-0.170] < 0001
Validation set Nomogram 0.753 [0.713-0.794] 0.144 [0.128-0.159]
SOFA 0.666 [0.619-0.713] < 0.001 0.082[0.054-0.110] < 0.001 0.157 [0.141-0.174] < 0.001
LODS 0.681 [0.635-0.727] < 0.001 0.071[0.041-0.101] < 0.001 0.155 [0.139-0.172] < 0001

The P value was drew by comparing the results of nomogram with SOFA or LODS

SOFA Sequential Organ Failure Assessment, AUROC area under the receiver operating characteristic curve, ID/ integrated discrimination improvement

SAE is highly prevalent in the ICU and regraded to be the
most common encephalopathy in the surgical intensive
care unit [19]. CL et al. found that patients with acutely
altered mental status associated with sepsis have higher
mortality rates (49%) than septic patients with pre-existing
mental status changes (41%) or normal mental status
(26%) [6]. Since then, several other studies conducted in
different study cohorts further supported their conclusion
that SAE is closely related to the increased short-term
mortality of patients with sepsis [4, 5, 20]. Based on these,
two limitations seem obvious and need to be solved
urgently. One is that treatment towards SAE is still
challenging by the fact that the widely used guidelines of
sepsis listed a variety of evidence-based recommendations
for the treatment of sepsis, but none for SAE [21-23].
This predicament may reveal another limitation that clini-
cians do not pay enough attention to SAE, which can be
reflected by the fact that they seem to be overly optimistic
about prognosis and the therapeutic impact of treatment

in patients with sepsis [24—28]. Therefore, it is important
for clinicians to comprehensively evaluate the true risks of
mortality and objectively estimate the risks/benefits of
medical intervention in patients with sepsis to allow clini-
cians, patients, and their families the ability to carefully
evaluate the impact of potential treatment options, help
them to make medical decision together, and prevent
medical disputes. The prediction nomograms is therefore
essential to an improved risk stratification process of
sepsis and then useful to a clear statement of the condi-
tion by clinicians to the families of patients with SAE.
Further studies should focus on the pathogenesis of SAE
and the development of specific treatment to it, which
may further enhance the clinical usefulness of the nomo-
gram by reducing the mortality of SAE. As assessment
with a nomogram may be time consuming and compli-
cated to use in clinical practice, developing a software
which can be embedded into the electronic medical
system is our next work, which can guide clinicians for
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the timely treatment of SAE and reduce the mortality of
patients without increasing the working time and burden
of clinicians.

SOFA and LODS had been demonstrated to be useful
tools in predicting the short-term mortality of patients
with sepsis [10, 29], but whether they are applicable to
SAE is still unclear. Thus, we developed the current
predictive model in the datasets extracted by Sepsis-3
and compared its predictive performance with SOFA
and LODS in both of the datasets extracted by Sepsis-3
and by the Martin’s criteria. Results showed that SOFA
and LODS in discriminating SAE patients under the risk
of 30-day death were not so good as the results reported
in patients with sepsis in the previous studies, whereas
the prediction nomogram could improve the predictive
performance of SOFA and LODS and exhibited accept-
able discrimination and calibration. Besides, to validate
its clinical usefulness, decision curve analysis was
employed to account for both the benefits and the costs
of medical intervention to SAE patient guided by the
nomogram. Results revealed that interventions guided by
the current nomogram can add more net benefits than
SOFA and LODS.

RDW accounted for the biggest weight in the nomo-
gram, indicating that it is the most important predictor
and has the strongest power to predict 30-day mortality of
SAE patients. RDW is a measure of the size of circulating
erythrocytes and was routinely used in the differential
diagnosis of anemia. However, studies have revealed that
it is also useful in estimating the short-term mortality of
non-hematologic diseases, such as cardiovascular diseases
[30, 31], stroke [32], liver diseases [33, 34], and critical
illness [35]. Consistently, our study demonstrated that

RDW is an independent risk factor and potent predictor
for the 30-day mortality of SAE. The relationship between
RDW and the 30-day mortality of SAE was shown in
Additional file 12: Figure S8, indicating that the 30-day
mortality of SAE was positively associated with the level of
RDW. Mechanisms under the relationship between RDW
and the 30-day mortality of SAE remain largely unknown,
but several studies had revealed that the inflammatory
response during sepsis may contribute to the adverse
impact of RDW on the prognosis of SAE as RDW is posi-
tively associated with inflammatory markers, such as C-
reactive protein (CRP) and erythrocyte sedimentation rate
(ESR) [36—39]. Besides, oxidative stress may be another
reason to connect RDW with poor 30-day outcome be-
cause studies indicated that oxidative stress can increase
anisocytosis by disrupting erythropoiesis and altering the
circulating half-life of red blood cell, ultimately leading to
increased level of RDW [40, 41].

The diagnosis of sepsis remains controversial for that
the pathophysiology of sepsis is still not fully understood.
Both of Sepsis-3 and the systemic inflammatory response
syndrome (SIRS) definitions are currently used in clinical
practice to diagnose patients with sepsis [10, 12], but each
has its own defects. For Sepsis-3, the parameters needed
in SOFA are burdensome to collect and not usually avail-
able at the bedside to help with clinical decision-making.
qSOFA is simpler, but it was only validated outside the
ICU and not suitable to patients which already admitted
to an ICU. Besides, Sepsis-3 relies on the clinician’s
experience to identify suspected infection, which may not
be apparent early on, making it less sensitive than SIRS for
diagnosing early sepsis [42]. SIRS definition based on SIRS
to diagnose sepsis, but changes in white blood cell count,
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temperature, and heart rate only reflect inflammation, the
more dangerous host response to infection cannot be well
indicated by the criteria of SIRS, and studies has demon-
strated that SIRS criteria are present in many hospitalized
patients, including those who never develop infection and
never incur adverse outcomes [43]. Therefore, we estab-
lished two datasets in this study by extracting data from
patients with sepsis diagnosed by the Sepsis-3 criteria
(dataset-1) and Martin’s criteria (dataset-2), respectively.
Then, we developed the prediction nomogram in dataset-
1 and conducted sensitivity analysis in dataset-2. Results
showed that the nomogram exhibited stable and accept-
able predictive performance in both of the two datasets.
However, we are still cautious about the prediction effi-
ciency of the nomogram in the condition of Sepsis-3. In
Sepsis-3 [10, 29], infection is identified as patients who
had body fluids sampled for culture and received antibi-
otics, which required the combination of culture and anti-
biotic start time to occur within a specific time epoch,
namely, if the antibiotic was given first, the culture
sampling must have been obtained within 24 h. If the
culture sampling was first, the antibiotic must have been
ordered within 72 h, but it is difficult to extract data like
this in our study as culture sampling time is lacking in the
MIMIC 1II database. Consequently, we just include
patients with infection confirmed by the positive results of
microbial cultivation, which may result in the fact that the
dataset of our study is smaller than that extracted by the
definition of Sepsis-3. Therefore, further studies based on
our own data strictly extracted by Sepsis-3 should be
performed to further validate the predictive performance
of the nomogram in the condition of Sepsis-3.

Two points should be noted when using the nomo-
gram. First, as vital signs in our study are the mean
values of the first 24h of each ICU patient, and the
nomogram is not applicable to patients dying or leaving
within 24 h since ICU admission. Second, laboratory
tests in the nomogram are the first results since ICU ad-
mission; therefore, all the laboratory tests included in
the nomogram should be completed within the first 24 h
since ICU admission.

This study has some limitations: First, one of the chal-
lenges in studying SAE is that without specific diagnostic
method, it remains a rule-out definition, which may lead
to a high specificity, but relatively low sensitivity for the
diagnosis of SAE. Thus, the current nomogram can only
be used in SAE diagnosed by exclusion and may require
further modification once specific diagnostic methods
are developed. Second, the retrospective nature of this
observational study determined that unidentified con-
founding factors may affect the results if adding to the
model. Third, studies based on the results of brain MRI
have revealed that the impairment of cerebral white
matter in patients with critical illness are not only
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related to sequelae of the central nervous system but
also associated with increased mortality [44], but neuro-
imaging data was not included in the study, making it
impossible to assess the impact of organic lesion of brain
on outcome of SAE. Finally, as data in the MIMICIII
database is slightly old and we only conducted an
internal validation by this database, external validation
based on our own data should be performed in the fu-
ture study to further validate the robustness and
performance of the nomogram.

Conclusion

A prediction nomogram based on patients’ age, together
with the GCS score, lactate, bilirubin, RDW, mean value
of respiratory rate and temperature, and the use of
vasopressor on the first day of ICU admission can be
conveniently used to serve accurate prognostic prediction
in the 30-day mortality of SAE. This may be particularly
beneficial in preventing the deterioration of SAE once
specific treatments towards encephalopathy are developed
and finally improve the prognosis of SAE patients.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/540560-020-00459-y.

Additional file 1: Figure S1. Flowchart of data extraction. Patients with
sepsis were extracted from the MIMIC Il database by both of Sepsis-3
and the Martin’s criteria. Then, we excluded patients with comorbidities
that may have adverse impact on consciousness, or without a record of
GCS, or died within 24 hours since ICU admission. The order of exclusion
was consistent with what we performed by the SQL. After exclusion , pa-
tients remained in the “ Sepsis-3" cohort (blue) were picked out to make
up the final cohort and those with GCS 3-8 were used to develop the
nomogram and conducted sensitivity analysis, respectively. Besides, pa-
tients with SAE in the "Martin’s criteria” cohort (red) were picked out to
conduct sensitivity analysis.

Additional file 2: Table S1. Factors independently associated with 30-
day mortality of patients with sepsis in the multivariate logistic analysis.

Additional file 3: Figure S2. The Kaplan-Meier's survival estimated of
the 30-day survival probability of SAE and non-SAE patients. Results
showed that the 30-day survival of SAE patients were significantly lower
than that of non-SAE patients (Log-rank p = 0.0018).

Additional file 4: Figure S3. Propensity score match (PSM) between SAE
and non-SAE patients. The statistically different variables in baseline charac-

teristics and characteristics at ICU admission of patients with sepsis were ex-
hibited as the red dot (unmatched) and all of them were matched well and
similar between the two groups (green dot: matched) after PSM.

Additional file 5: Figure S4. The Kaplan-Meier's survival estimated of
the 30-day survival probability of SAE and non-SAE patients after PSM. Re-
sults showed that the 30-day survival of SAE patients were significantly
lower than that of non-SAE patients (Log-rank p < 0.0001).

Additional file 6: Table S2. Baseline characteristics of patients in the
training and validation sets®.

Additional file 7: Table S3. Characteristics at ICU admission in the
training and validation sets®

Additional file 8: Figure S5. The correlation between continuous
variables which were associated with the 30-day mortality of SAE patients
in the multivariable logistic regression. The figure exhibited that no linear
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correlation was existed among the continuous variables, indicating that
collinearity was not existed in the regression model.

Additional file 9: Figure S6. Sensitivity analysis conducted in patients in
the “Martin’s criteria” cohort. In the ROC curve, the AUROC of nomogram
was significantly higher than that of SOFA and LODS (A). In the calibration
curve, the apparent curve and bias-corrected curve were slightly deviated
from reference line, but a good conformity between observation and pre-
diction is observed (B). In the DCA curve, medical intervention guided by
the nomogram could add more net benefit than SOFA and LODS when the
threshold probability (PT) between 0.1 and 0.65.

Additional file 10: Figure S7. Sensitivity analysis conducted in patients
with GCS3-8 in the “Sepsis-3" cohort. In the ROC curve, the AUROC of
nomogram was higher than that of SOFA and LODS (A). In the calibration
curve, the apparent curve and bias-corrected curve were slightly deviated
from reference line, but a good conformity between observation and pre-
diction is still observed (B). In the DCA curve, medical intervention guided
by the nomogram could add more net benefit than SOFA and LODS
when the threshold probability (PT) between 0.1 and 0.6.

Additional file 11: Table S4. Comparison of models in predicting the
30-day mortality of SAE? (Sensitivity analysis).

Additional file 12: Figure S8. The relationship between the 30-day
mortality of SAE and the level of RDW. (A) The level of RDW in patients
with SAE who died or survived within 30-day since ICU admission. (B)
The Kaplan-Meier’s survival estimated of the 30-day survival probability of
SAE patients who were divided into two groups based on the upper limit
of reference interval.
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