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Abstract
Objectives: Sepsis is a major cause of death around the world. Complicated scoring systems 
require time to have data to predict short-term survival. Intensivists need a tool to predict 
survival in sepsis patients easily and quickly. Materials and Methods: This retrospective 
study reviewed the medical records of adult patients admitted to the surgical intensive care 
units between January 2009 and December 2011 in National Taiwan University Hospital. 
For this study, 739 patients were enrolled. We recorded the demographic and clinical 
variables of patients diagnosed with sepsis. A Cox proportional hazard model was used 
to analyze the survival data and determine significant risk factors to develop a prediction 
model. This model was used to create a nomogram for predicting the survival rate of sepsis 
patients up to 3 months. Results: The observed 28-day, 60-day, and 90-day survival rates 
were 71.43%, 52.53%, and 46.88%, respectively. The principal risk factors for survival 
prediction included age; history of dementia; Glasgow Coma Scale score; and lactate, 
creatinine, and platelet levels. Our model showed more favorable prediction than did Acute 
Physiology and Chronic Health Evaluation II and Sequential Organ Failure Assessment at 
sepsis onset (concordance index: 0.65 vs. 0.54 and 0.59). This model was used to create the 
nomogram for predicting the mortality at the onset of sepsis. Conclusion: We suggest that 
developing a nomogram with several principal risk factors can provide a quick and easy 
tool to early predict the survival rate at different intervals in sepsis patients.
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prediction at different intervals. Our primary aim was to create 
a quick nomogram for the early prediction of the 28-day 
survival rate up to 90-day at the onset of sepsis.

Materials and Methods
Patients and definitions

The model was developed according to the transparent 
reporting of a multivariable prediction model for individual 
prognosis or diagnosis (Transparent Reporting of a 
multivariable prediction model for Individual Prognosis Or 
Diagnosis, TRIPOD, and Strengthening the Reporting of 
Observational studies in Epidemiology, STROBE) checklist 
for prediction model development and validation. In this 
retrospective study, we reviewed the medical records of 

Introduction

Sepsis is a severe disease related to dysregulated host 
response to infections [1]. Despite the international 

Surviving Sepsis Campaign (SSC) guidelines, which were 
established to improve survival rates [2,3], sepsis is a major 
cause of multiple organ failure and death in critically ill 
patients [4,5]. The prognosis of sepsis has varied across 
different decades and countries[6] and is influenced by 
the site of infection, ethnicity differences, pathogens, and 
medical resources [7-9]. Several studies have reported the 
outcome of sepsis [10-12], and the survival rate in sepsis 
is related to comorbidities [7,11], severity score [7,11,13], 
organ dysfunction score [11,13,14], age, and lactate 
level [15,16]. There are several clinical scoring systems, 
such as Sequential Organ Failure Assessment (SOFA), which 
may predict survival [17-19]. However, it is complicated and 
time-consuming, and quick prediction tool is important for 
clinical physician. In this study, we analyzed risk factors using 
the database of a medical center in Taiwan and identified 
principal risk factors to develop our model for survival 
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patients with sepsis who were admitted to the multiple 
surgical intensive care units (SICUs) in National Taiwan 
University Hospital, Taiwan, which is a 1175 general-bed 
and 186 ICU-bed tertiary referral medical center, between 
January 2009 and December 2011. Sepsis patients who 
underwent either surgery or not were all screened according 
to sepsis definition. This study was approved by the 
Research Ethics Committee of National Taiwan University 
(IRB: 201305085RINC) and registered at ClinicalTrials.
gov on August 7, 2013 (NCT01919138). Patient informed 
consent was waived by the IRB because our study was a 
retrospective study. Sepsis patients are defined as patients 
with sepsis and sepsis-induced organ dysfunction according 
to the SSC guidelines [20]. We screened all the adult 
patients older than 18 years who were admitted to ICUs. 
We screened all data and modified the inclusion of sepsis 
patients according to new definition [1]. All sepsis patients 
received treatments according to the SSC guidelines [21]. 
Patients who met the diagnostic criteria of sepsis were 
enrolled into this study. Patients with missing data or those 
transferred from other hospitals were excluded.

Data collection and clinical outcome follow-up
Patients were followed up from the onset of sepsis to 

death or up to 1 year. When patients were discharged from 
the hospital, we tracked their status through telephone 
interviews in 2013, but follow-up data for 52 patients (7%) 
were unavailable because the data were censored. We 
recorded demographics, history, infection sites, laboratory 
test results, Acute Physiology and Chronic Health 
Evaluation (APACHE) II scores [22], SOFA scores [15], Pitt 
scores [19], Charlson Comorbidity Index (CCI) [23], ICU 
stay, and survival status up to 1 year. Twenty-three patients 
had SOFA score <2 and were excluded according to new 
definition of sepsis.

The history of the following variables was recorded: 
smoking without quitting within 6 months prior to the study; 
diabetes mellitus; hypertension; cerebrovascular accident; 
dementia; gastrointestinal disease; renal insufficiency 
with chronic kidney disease stage IV or V; liver cirrhosis 
with Child–Pugh class A, B, or C; cardiovascular disease; 
chronic obstructive pulmonary disease (COPD); acquired 
immune deficiency syndrome; organ transplantation; 
immunocompromised status; and cancer. Sepsis was defined as 
systemic inflammatory response syndrome plus sepsis-induced 
organ systemic dysfunction. Organ systemic failure was 
defined as altered mental status (Glasgow Coma Scale [GCS] 
score of <10 or 9T); respiratory failure with PaO2/fraction 
of inspired oxygen (FiO2) ratio of <300; renal dysfunction 
with urine output of <0.5 mL/Kg/h or creatinine level 
of >2 mg/dL, metabolic acidosis with hyperlactatemia (lactate 
level >2 mmol/L), and pH <7.3; liver dysfunction with 
bilirubin level of >4 mg/dL and coagulatory dysfunction with 
platelet count of <100 k/μL or a platelet count that decreased 
to <50% of the baseline count; international normalized ratio 
of >1.5; or activated partial thromboplastin time of >60 s [24]. 
We excluded patients who had SOFA score <2 to meet the 
new definition of sepsis in 2016. Hospital (general ward) and 
ICU stay were recorded.

Statistical analyses, parsimonious prediction model, 
and nomogram

Statistical analyses were performed using SPSS 
19 statistical software (IBM SPSS, Chicago, IL, USA) and 
R package 3.2.0. Original data were expressed as number 
and percentage (n [%]), mean ± standard deviation, and 
median (interquartile range) due to the different shapes of 
continuous data collected. We compared the demographic 
and clinical variables of sepsis patients using Student’s 
t-test, Mann–Whitney U-test, Chi-square test, and Fisher’s 
exact test. A Cox proportional hazard model was used to 
determine risk factors for mortality. On the basis of risk 
factors at onset, we attempted to establish a parsimonious 
prediction model. With the aim to develop an easy and 
quick application of the model, we tried to limit the 
number of risk factors to <7 for establishing the model. 
Compared with different models, our final model exhibited 
superior predictive ability, as indicated by the highest 
Harrell’s concordance index (C-index) and smallest Akaike 
information criterion (AIC) [25]. Moreover, the survival 
area under the receiver operating characteristic (ROC) curve 
was used to determine the predictive ability of our model 
by comparing it with APACHE II and SOFA scores at 
sepsis onset, 24th h, and 48th h using the indices. Finally, we 
incorporated our prediction model into a nomogram, and we 
could easily evaluate the survival of sepsis patients using 
the nomogram. The two-tailed P < 0.05 was considered 
statistically significant.

Results
Patient characteristics

The number of critically ill patients admitted to 
surgical ICU was 16,439, among which 950 patients 
met the diagnostic criteria of sepsis. In 188 patients, the 
onset of sepsis was not available; hence, in this study, 
739 patients were included, 23 patients with SOFA <2 
were excluded, and their data were analyzed [Figure 1]. 
Patient characteristics are listed in Tables 1 and 2. The 
number of male patients (68.2%) was twice of that 
of female patients (31.8%), and the average age was 
64.8 years. The common primary infection sites were the 
respiratory tract (46.7%), abdomen (39.1%), and wound 
infections (15.2%) [Table 1]. The mean CCI and Pitt scores 
were 4.1 and 2.5, respectively, at sepsis onset. The APACHE 
II score increased from sepsis onset (21.8 ± 6.9) to the 
24th h (27.2 ± 15.0) and decreased at the 48th h (21.7 ± 9.8). 
The SOFA score decreased from sepsis onset (8.0 ± 3.2) to 
the 24th h (7.1 ± 3.6) and increased at the 48th h (7.2 ± 3.9). 
The observed survival rate on the 28th day was 71.43%, 
which decreased to 46.88% on the 90th day [Table 2].

Mortality risk factors
Using the Cox proportional hazard analysis, we identified 

the risk factors according to patients’ characteristics and 
evaluated scores for all patients [Table 3]. According to the 
Cox proportional hazard analysis, the patients’ histories of 
dementia and liver cirrhosis were substantial risk factors. 
According to the Cox proportional hazard analysis, the 
patients’ histories of dementia and liver cirrhosis, clinical 
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measurements, body temperature, GCS, albumin, total 
bilirubin, aspartate transaminase, blood urine nitrogen (BUN), 

creatinine, WBC, hemoglobin, hematocrit, platelet, partial 
thromboplastin time (PTT), the FiO2, and lactate were the 
substantial risk factors [Table 3]. Moreover, the high APACHE 
II and SOFA scores at the 3 time points, quick SOFA (qSOFA) 
scores higher than 2, high Pitt score, and high CCI were found 
to be associated with high mortality [Table 4].

Survival model analysis
A univariate analysis revealed that age, history of 

dementia, GCS, lactate, creatinine, and platelet at sepsis 
onset were the principal risk factors, and we established 
the prediction model using these factors. The indicators at 
different time points (APACHE II and SOFA at sepsis onset, 
24th h, and 48th h), qSOFA score, Pitt score, and Charlson 
score were compared with our model [Table 3]. We employed 
the C-index and AIC to evaluate each model. At sepsis 
onset, our model showed more favorable prediction than did 
APACHE II and SOFA at sepsis onset (C-index: 0.65 vs. 
0.54 and 0.59). APACHE II and SOFA scores showed more 
favorable prediction at the 48th h than at sepsis onset and 
24th h [Table 4]. At sepsis onset, our model showed earlier 
and more favorable predictive ability of survival rate than 
did the individual indicators, such as APACHE II and SOFA 
scores (48 h), in the ROC, and more favorable predictive 
power and sensitivity were characterized [Figure 2]. To 
quantize the contribution of all factors, we visualized our 
model into a computable nomogram, as shown in Figure 3.

Discussion
Our results indicated that our model exhibited more 

favorable predictability than APACHE II and SOFA scores. 
The superior predictabilities of APACHE II and SOFA 
scores were observed at 48 h, but they were close to the 
predictability of our model at sepsis onset. Our model 
predicted survival 48 h earlier than did APACHE II and 
SOFA scores. Using our model, we developed a nomogram 
to help intensivists predict the survival rate at different 
intervals up to 3 months.

Table 1: Demographic data
Patient characteristics Value, n (%)
Number of patients 739
Female 235 (31.8)
Male 504 (68.2)
Age (years) 64.8±15.3
Past history

Smoking 99 (13.4)
Diabetes mellitus 205 (27.7)
Hypertension 328 (44.4)
Liver cirrhosis 54 (7.3)
Cardiovascular diseases 115 (15.6)
COPD 30 (4.1)
Renal insufficiency 129 (17.5)
Immunocompromise 62 (8.4)
CVA 53 (7.2)
Dementia 11 (1.5)
Cancers 268 (36.3)

Infection sites
Respiratory tract 345 (46.7)
Abdomen 289 (39.1)
Wound 112 (15.2)
Bloodstream 104 (14.1)
Urinary tract 84 (11.4)
Others 61 (8.3)

COPD: Chronic obstructive pulmonary disease, CVA: Cerebral vascular 
accident

Table 2: Severity, systemic failure, and mortality rate
Patient characteristics Value
Conditions at onset

CCI 4.1±3.4
APACHE II score 21.8±6.9
SOFA score 8.0±3.2
qSOFA score 1.4±0.8
Pitt’s score 2.5±2.0

Number of OSF, n (%)
1-3 348 (47.1)
4 or more 391 (21.8)

Conditions at 24 h
APACHE II score 27.2±15.0
SOFA score 7.1±3.6

Conditions at 48 h
APACHE II score 21.7±9.8
SOFA score 7.2±3.9

Outcomes
ICU stay (days [IQR]) 33 (17-60)
Hospital mortality, n (%) 393 (53.2)

Survival rate, days (%)
28 71.43
60 52.53
90 46.88
180 40.22
365 38.88

APACHE II: Acute Physiology and Chronic Health Evaluation II, 
CCI: Charlson comorbidity index, OSF: Organ systemic failure, 
SOFA: Sequential Organ Failure Assessment, qSOFA: Quick SOFA, 
ICU: Intensive care unit, IQR: Interquartile range

Figure 1: Flow diagram of the patient selection procedure
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The primary aim of this study was to develop a nomogram 
to quickly predict survival rates at different intervals through 
graphical calculations. To apply the nomogram [Figure 3], 
each risk factor was plotted on a horizontal scale, and 
we could draw a vertical line to the point reference line to 
obtain the corresponding points. After summing all points, 
we could draw a vertical line from the corresponding point 
of total points line down to the 4 survival reference lines to 
get the survival rate at different intervals. To the best of our 
knowledge, few studies have reported the 3-month survival 
prediction of sepsis using a nomogram. Current tools require 
algebraic equations and complicated factors to calculate the 
final result, and clinical caregivers require a long time to 
collect numerous and complicated data. The nomogram has 
been applied for the prediction and diagnosis of many diseases, 
such as sepsis, COPD, and heart failure [26-28]. Furthermore, 
the nomogram is highly convenient in resource-limited areas 
and in resource-rich area, and it can be interpreted into an 
Excel formula or electronic medical system.

Multiple factors, such as APACHE II and SOFA score, 
contribute to different scale systems. In our model, age, GCS, 
and creatinine are included in APACHE II, and platelet, GCS, 
and creatinine are included in SOFA. Increasing age was 
documented as a risk in our study, which is in agreement 
with the finding of other studies [14,29]. Dementia was 

related to sepsis mortality, which is supported by previous 
research [30,31]. Our study and other studies have all 
observed that dementia increases the mortality up to 1 year, 
but only few studies have reported a relation between sepsis 
and dementia [30,32,33]. Dementia patients often exhibit 
obscure symptoms that might delay diagnosis and treatment, 
resulting in high mortality. GCS is documented as a risk 
factor for sepsis and is included in both SOFA and APACHE 
II scales [34]. GCS was reported as an early-detected tool in 

Table 4: Comparison of different predictive model
HR 95% CI P C-index AIC

APACHE II
Onset 1.020 1.01-1.03 0.005 0.5364 5033
24th h 1.009 1.00-1.01 0.004 0.5686 5033
48th h 1.025 1.02-1.04 <0.001 0.5946 3662

SOFA
Onset 1.102 1.07-1.14 <0.001 0.5888 5003
24th h 1.105 1.08-1.13 <0.001 0.5942 4989
48th h 1.135 1.10-1.17 <0.001 0.6318 3613

qSOFA score
0 1 (reference) 0.5448 4868
1 1.199 0.85-1.69 0.300
2 1.535 1.09-2.16 0.014
3 1.688 1.08-2.63 0.021

Pitt score 1.085 1.03-1.14 0.001 0.5414 5030
CCI 1.052 1.02-1.08 <0.001 0.5315 5028
Study modela

Age 1.010 1.00-1.02 0.015 0.6499 3559
Lactate 1.065 1.04-1.09 <0.001
Platelet 0.998 1.00-1.00 <0.001
Dementia 3.655 1.59-8.38 0.002
Creatinine 1.081 1.02-1.14 0.005
GCS 0.975 0.95-1.00 0.073

aPrediction model built in this study. HR: Hazard ratio, CI: Confidence 
interval, C-index: Harrell’s Concordance index, AIC: Akaike information 
criterion, APACHE II: Acute Physiology and Chronic Health Evaluation 
II, SOFA: Sequential Organ Failure Assessment, qSOFA: Quick SOFA, 
CCI: Charlson comorbidity index, GCS: Glasgow Coma Scale

Table 3: Cox proportional hazard ratio of characteristics and 
measurements at onset

HR 95% CI P
Age 1.009 1.00-1.02 0.010
Past history

Liver cirrhosis 1.484 1.06-2.07 0.021
Cardiovascular diseases 1.076 0.83-1.39 0.579
COPD 1.142 0.70-1.86 0.592
Renal insufficiency 1.020 0.79-1.31 0.878
CVA 0.985 0.68-1.42 0.937
Dementia 2.485 1.28-4.82 0.007
Cancers 1.217 1.00-1.48 0.052

Vital signs and laboratory tests
Body temperature 0.884 0.83-0.94 <0.001
Mean arterial pressure 0.996 0.99-1.00 0.080
GCS 0.958 0.94-0.98 <0.001
Albumin 0.837 0.69-1.02 0.077
Total bilirubin 1.036 1.02-1.05 <0.001
AST 1.000 1.00-1.00 0.021
Creatinine 1.059 1.01-1.11 0.020
BUN 1.004 1.00-1.01 0.012
White blood cell count 1.002 1.00-1.01 0.076
Hb 0.929 0.89-0.97 0.001
Platelet count 0.998 1.00-1.00 <0.001
PTT 1.013 1.01-1.02 <0.001
INR 1.133 1.04-1.23 0.003
FiO2 1.824 1.20-2.78 0.005
Lactate level 1.082 1.06-1.11 <0.0001

HR: Hazard ratio, CI: Confidence interval, COPD: Chronic obstructive 
pulmonary disease, CVA: Cerebral vascular accident, AST: Aspartate 
transaminase, PTT: Partial thromboplastin time, INR: International 
normalized ratio, FiO2: Fraction of inspired oxygen, BUN: Blood urine 
nitrogen, Hb: Hemoglobin, GCS: Glasgow Coma Scale

Figure 2: Receiver operating characteristic of different estimations. Our model at 
sepsis onset shows more favorable predictive ability than do qSOFA, Pitt score, 
Charlson comorbidity index, and SOFA/APACHE II scores at the 48 h. APACHE 
II: Acute Physiology and Chronic Health Evaluation II, SOFA: Sequential Organ 
Failure Assessment score, qSOFA: Quick SOFA
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our and another study [35]. In our patients, the lactate level 
was determined as an obvious risk factor, and some studies 
have reported that the lactate level is valuable for determining 
the severity of sepsis [1,21,36]. Sepsis-related acute renal 
dysfunction is a well-known risk, and early hemodialysis 
improves the survival rate [11,37]. Creatinine, which indicates 
acute renal failure, was another risk factor observed in 
our and other studies [38,39]. Furthermore, sepsis-related 
thrombocytopenia might be the bone response to sepsis 
evolution, and improvement in the low platelet count might 
increase the survival rate [40,41].

In-hospital mortality is higher than some of previous 
studies, which ranges from 28% to 54.3% [6,8,10,42-46]. 
However, methodological differences with our study account 
for much of these differences. Vesteinsdottir et al. [44] 
reported a 28-day mortality of 24.6% and a 1-year mortality of 
40.4%, but their patients had a much lower APACHE II score. 
Blanco et al. [6] reported similar patients’ characteristics 
with ours. The mortality of hospital (47.9%) and 28-day 
mortality (54.3%) in their study was within the range of our 
study between severe sepsis group and septic shock group. 
The study by Angus et al. [8] reported hospital mortality of 
28.6%, but the proportion of organ failure might be the reason 
of lower mortality. Finfer et al. [43] patients were younger 
than others study, and their 28-day mortality was slight less 
than ours. Padkin et al. [42] reported that the patients who got 
the 24th-h of APACHE II ranging 23–55 had higher hospital 
mortality (68.7%), and this range of APACHE II score was 
similar to our study group. In Taiwan, a previous study by 
Shen et al. [45] reported a hospital mortality of 30.8%. 
However, they used ICD-9 code for patient group selection, 
and ICD-9 code might make different patient characteristics 
from ours, such as lower number of systemic organ failure.

Our study presented three limitations. First, it was a 
retrospective study; thus, extrapolating our results to the 
general population residing in different regions is difficult. 
Nevertheless, our results suggest that every hospital should 
create an optimal model using their database and develop a 
nomogram for predicting the survival rate of patients with 
sepsis. Second, we did not consider microbiological results 

as a risk factor, because many of our patients had multiple 
pathogens. Third, new clinical practice guidelines may 
affect the prediction of patient survival obtained using the 
developed nomogram [47]. Additional prospective studies 
should be conducted to investigate the predictive ability of this 
nomogram for the survival rate of patients with sepsis after it 
is adapted to new clinical practice guidelines.

Conclusions
We suggest that combining age, history of dementia, 

GCS, lactate, creatinine, and platelet in our model 
conferred it with earlier and more favorable predictive 
ability than a model incorporating only the APACHE II 
or SOFA score. The nomogram derived from the model 
offers a visualization tool for predicting the survival of 
patients with sepsis, and the properties of nomogram may 
offer an early and practical prediction method for low- and 
middle-income countries.
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