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Background: Several severity scales have been documented to predict the short-term mortality of septic 
patients. However, the predictive efficacies of different severity scales in the long-term mortality of the 
elderly have yet to be evaluated. 
Methods: In the retrospective study, a cohort of 4,370 elderly (≥65 years) septic patients admitted to the 
intensive care unit (ICU) were divided into three different age groups, i.e., the younger-old group (65 years ≤ 
age <75 years), the older-old group (75 years ≤ age <85 years) and the oldest-old group (age ≥85 years). Five 
scales, including the Simplified Acute Physiology Score II (SAPS II), the Oxford Acute Severity of Illness 
Score (OASIS), the Modified Logistic Organ Dysfunction System (MLODS), the Systemic Inflammatory 
Response Syndrome (SIRS) and Sequential Organ Failure Assessment (SOFA), were used for disease severity 
evaluations. The Kaplan-Meier survival curve, and the area under the receiver operating characteristic curve 
(AUC) were used to assess prognostic values of the long-term mortality of each severity scale. 
Results: Compared with patients in the oldest-old group, those in the younger-old and the older-old 
groups had higher scores of SAPS II and OASIS, indicating more serious illness and worse prognosis. The 
survival time of patients was inversely related to age; the mean survival time was the longest in the younger-
old group, followed by the older-old group and the oldest-old group. SAPS II had the best prognostic value 
(AUC: 0.648 for SAPS II, 0.579 for MLODS, 0.577 for SOFA, 0.612 for OASIS and 0.515 for SIRS, P<0.01) 
for the 4-year all-cause mortality. Elderly patients with an SAPS II score >43 had a lower survival rate 
regardless of age. 
Conclusions: The long-term mortality of elderly patients with sepsis is increased with age. SAPS II can 
better predict the long-term prognosis of elderly septic patients in ICU.

Keywords: Sepsis; elderly; the Simplified Acute Physiology Score II (SAPS II); long-term prognosis; intensive 

care unit (ICU)

Submitted Jul 02, 2020. Accepted for publication Nov 04, 2020.

doi: 10.21037/apm-20-1355

View this article at: http://dx.doi.org/10.21037/apm-20-1355

2397

https://crossmark.crossref.org/dialog/?doi=10.21037/apm-20-1355


2388 Jia et al. Mortality prediction of elderly septic patients

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(3):2387-2397 | http://dx.doi.org/10.21037/apm-20-1355

Introduction

More than half of the patients admitted to the intensive care 
unit (ICU) are older than 65 years (1,2). Sepsis is a medical 
emergency which may result in multiple organ dysfunction, 
accounting for more than 20% of ICU admissions with 
approximately 15% of all-cause in-hospital deaths (3,4). 
Among others, age is an important risk factor of sepsis (5). 
The incidence of sepsis increases with age, causing a sharp 
incidence particularly in people older than 80 years (5,6). Age 
is considered a risk factor for mortality in elderly patients 
admitted to ICU and is an independent predictor of mortality 
of patients with sepsis; the mortality of sepsis increases with 
age as well, especially for patients older than 65 years (7). 

Aging is associated with various biological changes, 
such as multiple organ aging, metabolic dysfunction, and 
immunosenescence, etc. (8,9). Immunosenescence, which 
is defined as the degeneration and dysregulation of the 
immune function because of aging, has been recognized 
as an important predisposing factor of sepsis in the 
elderly (10,11). On one hand, the senescent immunity 
exposes the elderly to infections, autoimmune disorders 
and malignancies, which act solely or in combination to 
increase the risk of sepsis (10). On the other hand, immune 
responses may be reduced by the aged immunity, yielding 
atypical clinical manifestations of infection and sepsis in the 
elderly, which may impede prompt diagnosis and treatment. 
Hence, the elderly have poorer prognosis than young 
patients with sepsis (12,13). Elderly septic patients may 
present different disease progression from young patients, 
which may decrease the accuracy of prognostic prediction 
by commonly used clinical tools. Therefore, early and 
accurate prognostic assessments of sepsis in elderly patients 
remain an unmet need. 

Several clinical biomarkers are potentially valuable to 
predict the short-term prognosis of elderly sepsis patients, 
including albumin, C-reactive protein, and procalcitonin 
(14,15). However, accuracy of single biomarker-based 
prognostication is limited due to the clinical heterogeneity 
of disease (16). In light of this limitation, severity scales 
combining several biomarkers and vital signs may provide 
an overall assessment of patients (17). Several severity scales 
are commonly used to evaluate the severity of disease in the 
ICU, including the Simplified Acute Physiology Score II 
(SAPS II) (18), the Oxford Acute Severity of Illness Score 
(OASIS) (19), the Modified Logistic Organ Dysfunction 
System (MLODS) (20), the Systemic Inflammatory 
Response Syndrome (SIRS) (21), and the Sequential Organ 

Failure Assessment (SOFA) (22). Although new severity 
scales including artificial intelligence models (23) have 
been frequently proposed (24,25), the accuracy is far from 
satisfactory (26,27). Researchers attempted to compare 
different clinical severity systems in elderly patients, while 
the results are inconsistent. A common drawback of such 
studies is the small sample size which renders stratified 
analysis impossible (13).

Long-term prognosis of sepsis is scarcely evaluated due 
to the difficulty of long-term follows-up and high research 
cost. After a septic episode, however, the risk of death driven 
by inflammation, age-related chronic diseases and sepsis 
related disabilities remains high for the elderly during a 
long period (28). In this regard, the prediction of long-term 
outcome for  elderly septic patients in the ICU is exclusively 
important for the medical decision-making pending 
discharge, e.g., discharged to community health care center 
for prolonged treatment or directly discharged home.

In this study, we used a large cohort of patients with 
sepsis to compare the predictive efficacies of different 
severity scales for a follow-up up to four years. Following 
the World Health Organizat ion (WHO) and the 
Organisation for Economic Co-operation and Development 
(OECD), “elderly” refers to an age of 65 years or more 
(1,29). We aim to validate which severity scale can better 
predict the long-term prognosis of elderly patients 
with sepsis in ICU. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at http://dx.doi.org/10.21037/apm-20-1355).

Methods

Data source

The Medical Information Mart for Intensive Care III 
(MIMIC-III) database is an open-access, single-center 
critical care database integrating the clinical data of patients 
admitted to the Beth Israel Deaconess Medical Center in 
Boston, United States from 2001 to 2012 (30). The database 
was approved by the Massachusetts Institute of Technology 
and the Institutional Review Boards. One researcher (LJ) 
has passed the Protecting Human Research Participants 
exam of National Institutes of Health (Record ID: 
27638410) and gained permissible access to the MIMIC-
III database. Because eighteen identifying data elements 
were removed from the MIMIC-III database (30) according 
to the Health Insurance Portability and Accountability Act 
(HIPAA) standards (www.hhs.gov), the approval of ethics 

http://dx.doi.org/10.21037/apm-20-1355
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committee and individual patient consents were waived. 
The demographic data, vital signs, laboratory data and 
other indices of 57,787 ICU patients were extracted from 
the database. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Inclusion and exclusion criteria 

Sepsis was diagnosed according to the Surviving Sepsis 
Campaign 2016 (31). Included subjects were those: (I) with 
first admission to the ICU during hospital stays; (II) aged 
≥65 years; (III) were followed for 4 years by the CareVue 
system (19). Patients missing >5% indices were not included 
in our study. From 57,787 ICU patients in the MIMIC-
III database, we excluded non-septic patients, non-elderly 
patients, subjects with incomplete data and those followed 
not by the CareVue system. Finally, 4,370 subjects were 
enrolled for analysis. The sample size was much larger 
than those of previous studies (32,33), which may ensure 
the effectiveness of our study. Age is an independent 
determining factor for long-term mortality, especially 
for the elderly. To exclude the interference of age-related 
natural death, we performed subgroup analysis according 
to the age. Since the ages of patients over 85 years old were 
anonymized (19), enrolled subjects were divided into three 
groups according to the age, namely the younger-old group 
(65 years ≤ age <75 years), the older-old group (75 years ≤ 
age <85 years) and the oldest-old group (age ≥85 years).

Data extraction

The Structured Query Language was used to extract 
data of each subject from the MIMIC-III database. The 
demographical data of gender, admission type, ethnicity, 
marriage, days of hospital stay and days of ICU stay were 
collected. We extracted important vital signs as well, 
including systolic blood pressure (SBP), diastolic blood 
pressure (DBP), heart rate (HR), respiratory rate (RR), body 
temperature and oxygen saturation. Comorbidities were 
defined as per the International Statistical Classification 
of Disease and Related Health Problems 10th Revision 
(ICD-10). Severity scale scores were calculated by SAPS II, 
OASIS, MLODS, SIRS and SOFA, respectively according 
to data of the first 24 hours after admission.

Outcomes

Four-year follow-up data were recorded by the CareVue 

system. The 4-year all-cause mortality was used as the 
long-term outcome to evaluate the predictive effect of each 
index. The endpoint was defined as all-cause death.

Statistical analysis

Categorical variables were expressed as percentages and 
analyzed with the Chi-squared test. Continuous variables 
were expressed as medians and quartiles and compared 
using the Student’s t-test. The linear regression model, 
the Kaplan-Meier (K-M) curve and the receiver operating 
characteristic (ROC) curve were used to assess the 
prognostic value of the long-term mortality of patients. We 
further calculated the area under the ROC curve (AUC) 
value of each severity scale to investigate their respective 
prognostic efficiency. The cut-off value of the severity 
scale with the highest AUC value would be calculated in 
the ROC curve to identify the risk group. The SPSS 22.0 
software (SPSS, IBM, NY, US) and the Medcalc 18.5.0 
software (MedCalc Software, Ostend, Belgium) were used 
to perform the statistical analyses. Statistical tests were 
two-tailed, and significance was set at P<0.05. Graphs were 
generated by Medcalc 18.5.0 and GraphPad Prism 7.0 
(GraphPad Software, California, US).

Results

Four thousand three hundred and seventy patients are 
finally enrolled 

The flow chart of participant enrollment was illustrated 
in Figure 1. A total of 4,370 elderly septic patients were 
finally enrolled for analysis (Table 1). Males accounted 
for 50.3% of all subjects. A majority of patients (91.1%) 
were admitted from the emergency room. About 74.7% of 
subjects were Caucasians, and 7.1% of subjects were Black. 
Vital signs and severity scale scores of patients during first  
24 hours after ICU admission were collected (Table 1). The 
leading comorbidities were congestive heart failure, chronic 
pulmonary disease and renal failure, which accounted for 
53.6%, 26.8 and 22.2%, respectively. For all patients, the 
median hospital stay and ICU stay were 11.8 (range, 0.1–
191.4) days and 4.40 (range, 0.2–100.1) days, respectively.

Four-year all-cause mortality of elderly septic patients in 
the ICU is increased with age

We compared the demographic data among different 
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Figure 1 Flowchart of subjects screening. Initially, 57,787 critically ill patients from the Medical Information Mart for Intensive Care III 
(MIMIC-III) database were selected. According to the Implementation of the International Statistical Classification of Disease and Related 
Health Problems 10th Revision, 42,581 non-septic patients were excluded. Then, we screened out 6,439 non-elderly patients and 92 patients 
without age information. Among the remaining 8,674 elderly patients, 92 subjects with wrong survival time and 4,102 patients followed not 
by the CareVue system were excluded. Finally, after screening out 110 patients lacking one or more clinical parameters, 4,370 subjects were 
enrolled for analysis.

57,787 hospital admissions were 
identified from the MIMIC-III database

42,581 patients were diagnosed with 
non-sepsis in ICU

92 patients had no record of age and 
6,439 patients aged under 65 were 

excluded

92 patients had missing survival time, 
and 4,102 cases followed by the Meta 

Vision System were excluded

65 subjects lacked data of temperature, 
1 lacked data of systolic blood pressure, 
35 lacked data of glucose, 4 lacked data 
of oxygen saturation and 5 lacked data 

of respiratory rate

15,205 patients were diagnosed with 
sepsis after within 48 hours after ICU 

admission

8,674 aged adults with sepsis were 
selected

4,480 subjects were screened for data 
integrity

4,370 subjects were finally enrolled

groups to identify the biomarkers related to age. Five 
severity scales were calculated as described above. Most of 
the parameters, except oxygen saturation, MLODS, SOFA, 
SIRS and the comorbidity of renal failure, were significantly 
different among groups (P<0.01, Table 1). Compared with 
patients in the oldest-old group, those in the younger-
old and the older-old groups had higher scores of SAPS II 
and OASIS (Table 1), indicating more serious illness and 
worse prognosis. The survival time of patients was inversely 
related to age; the mean survival time was the longest in the 
younger-old group, followed by the older-old group and the 
oldest-old group (P<0.01, Figure 2A). Likewise, the death 
rate was increased with age as per the K-M analysis (P<0.01, 
Figure 2B). Collectively, age appears to be an independent 
risk factor of mortality in elderly patients with sepsis.

SAPS II has the highest discriminatory power in predicting 
the long-term prognosis of elderly septic patients

The ROC analysis was performed to evaluate the 4-year 
prognostic value by the five commonly used severity scales 
(Figure 3). The AUC values of SAPS II for all patients 
was 0.648 (95% CI, 0.634–0.667), which was significantly 

higher than other severity scales (all P<0.01, Figure 3A and 
Table 2). The highest discriminatory power of SAPS II was 
also shown in the younger-old and the oldest-old groups 
with AUC values of 0.642 (95% CI, 0.617–0.666, Figure 3B 
and Table 2) and 0.649 (95% CI, 0.618–0.679, Figure 3D and 
Table 2) separately. For patients in the older-old group, the 
AUC value was higher than those in other groups, for SAPS 
II and OASIS, respectively (Figure 3C and Table 2). Taken 
together, SAPS II better predicts long-term prognosis of 
elderly septic patients.

Older age and SAPS II >43 predict a poor prognosis of 
elderly septic patients

As per the linear regression model, SAPS II was negatively 
correlated with survival time of elderly septic patients 
(r=−0.29, P<0.01, Figure 4A). Higher SAPS II scores denote 
shorter life expectancy. The cut-off value of SAPS II in 
the prediction of mortality was 43 with the sensitivity of 
57.6 and specificity of 65.3 as calculated by the ROC curve 
analysis. The four-year all-cause mortality of patients with 
an SAPS II score ≤43 was significantly lower than patients 
with an SAPS II score >43 (64.8% vs. 82.5%, P<0.01). We 



2391Annals of Palliative Medicine, Vol 10, No 3 March 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(3):2387-2397 | http://dx.doi.org/10.21037/apm-20-1355

Table 1 Characteristics of study subjects

Index
All subjects  
(N=4,370)

Age (year) 

65–<75 (N=1,527) 75–<85 (N=1,891) >85 (N=952) P

Male 2,200 (50.3%) 716 (46.9%) 999 (52.8%) 390 (41.0%) <0.01

Admission type

Emergency 3,982 (91.1%) 1,364 (89.3%) 1,715 (90.8%) 903 (94.9%) <0.01

Urgent 137 (3.1%) 58 (3.8%) 60 (3.2%) 19 (2.0%)

Elective 251 (5.7%) 105 (6.9%) 116 (6.1%) 30 (3.2%)

Ethnicity <0.01

White 3,264 (74.7%) 1,107 (72.5%) 1,397 (73.9%) 760 (79.8%)

Black 310 (7.1%) 147 (9.6%) 118 (6.2%) 45 (4.7%)

Asian 103 (2.4%) 39 (2.6%) 41 (2.2%) 23 (2.4%)

Others 693 (15.9%) 243 (15.3%) 335 (17.7%) 124 (13.0%)

Marriage <0.01

Married 2,066 (47.3%) 791 (59.8%) 961 (50.8%) 314 (33.0%)

Single 561 (12.8%) 261 (17.1%) 196 (10.4%) 104 (10.9%)

Others 1743 (39.9%) 475 (31.1%) 734 (38.8%) 534 (56.1%)

Baseline vital signs

Systolic blood pressure (mmHg) 113.1 (104.1, 126.4) 112.4 (104.2, 127.0) 113.7 (104.5, 127.1) 113.3 (102.5, 124.8) 0.01

Diastolic blood pressure (mmHg) 54.3 (48.6, 60.6) 55.8 (50.3, 62.6) 54.2 (48.4, 60.3) 52.0 (47.0, 57.7) <0.01

Heart rate (beats per minute) 85.0 (74.4, 96.0) 86.5 (75.6, 98.4) 84.6 (74.1, 94.7) 83.2 (72.9, 95.4) <0.01

Respiratory rate (breaths per minute) 19.2 (16.7, 22.4) 19.0 (16.6, 22.2) 19.2 (16.6, 22.2) 19.8 (17.0, 23.2) <0.01

Body temperature (℃) 36.8 (36.4, 37.3) 36.9 (36.4, 37.3) 36.8 (36.4, 37.3) 36.6 (36.2, 37.1) <0.01

Oxygen saturation (%) 97.6 (96.1, 98.8) 97.6 (96.2, 98.9) 97.7 (96.2, 98.8) 97.6 (96.1, 98.7) 0.299

Severity scale

SAPS II 44 [36, 53] 41 [34, 51] 45 [37, 54] 47 [39, 56] <0.01

MLODS 4 [2, 5] 4 [2, 5] 4 [2, 5] 4 [2, 5] 0.754

SOFA 5 [3, 7] 5 [3, 8] 5 [3, 7] 5 [3, 7] 0.302

OASIS 36 [31, 42] 34 [29, 41] 37 [31, 43] 38 [33, 43] <0.01

SIRS 3 [2, 4] 3 [2, 4] 3 [2, 4] 3 [2, 4] 0.300

Comorbidity

Chronic pulmonary disease 1,170 (26.8%) 433 (28.4%) 529 (28.0%) 208 (21.8%) <0.01

Congestive heart failure 2,344 (53.6%) 745 (48.8%) 1,010 (54.3%) 589 (61.9%) <0.01

Liver disease 172 (3.9%) 108 (7.1%) 56 (3.0%) 8 (0.8%) <0.01

Metastatic cancer 242 (5.5%) 104 (6.8%) 105 (5.6%) 33 (3.5%) <0.01

Renal failure 972 (22.2%) 351 (23.0%) 412 (21.8%) 209 (22.0%) 0.684

Time in hospital (day) 11.8 (6.7, 20.2) 13.6 (7.6, 23.1) 11.8 (6.8, 19.8) 9.4 (5.8, 16.0) <0.01

Time in ICU (day) 4.4 (2.1, 9.8) 5.1 (2.4, 11.7) 4.5 (2.1, 9.8) 3.4 (1.9, 7.2) <0.01

Data is expressed as median and 25th percentile to 75th percentile in parentheses. SAPS II, Simplified Acute Physiology and Chronic Health 
Evaluation II; MLODS, Modified Logistic Organ Dysfunction System; SOFA, Sequential Organ Failure Assessment; OASIS, Oxford Acute 
Severity of Illness Acore; SIRS, Aystemic Inflammatory Response Syndrome; ICU, intensive care unit.
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then compared the survival time of patients with an SAPS 
II score ≤43 and an SAPS II score >43 in each group. The 
result showed that elderly septic patients with an SAPS 
II score ≤43 had a longer survival time irrespective of age 
(P<0.01, Figure 4B). As per the K-M analysis, patients in the 
oldest-old group with an SAPS II score >43 had the highest 
risk of mortality (all P<0.01, Figure 4C).

Discussion

Age has long been identified as a risk factor of poor 
prognosis in septic patients. In this study, we used the data 
of a large cohort of elderly patients with sepsis admitted 
to the ICU to predict the long-term prognosis of these 

patients. We found that long-term mortality was increased 
with age. Among the five severity scales, i.e., SAPS II, 
SOFA, SIRS, OASIS and MLODS, SAPS II had the best 
prognostic value for the 4-year all-cause mortality. A cut-
off value of 43 appears able to better predict the long-term 
prognosis of patients.

The prognosis of the elderly with sepsis admitted to the 
ICU is usually poor (34). Older ages were closely related 
to poor outcomes leading to high mortality at all stages of 
sepsis (35). Age was also considered as the risk factor for 
hospital death (36). In our study, mortality of sepsis in the 
elderly was positively associated with age. The influence 
of age on mortality in elderly septic patients might be due 
to frailty, multiple chronic disorders, organ dysfunctions, 
polypharmacy and so forth (37). As for gender, no difference 
as to the incidence of sepsis was seen between males and 
females. In both the Norwegian and the Spanish cohorts, 
severe sepsis was observed to be more common in men 
(36,37), which might be related to the gender differences in 
levels of care, or responses to the sepsis (38). 

We compared five commonly used scales for long-term 
prognosis of elderly septic patients. Indeed, various factors 
may influence the selection of severity scales in the clinical 
practice, such as time consumed, cost spent, inter-rater 
reliability and so forth. Notwithstanding, in this study, we 
only focus on the effectiveness of prognostic prediction. 
Prognosis solely being taken into account, SAPS II 
appears superior to the other four scales. Although SAPS 
III has been developed for clinical research, its superiority 
has yet to be corroborated. Most researchers deem SAPS 
II efficient in the differentiation of survivors and non-
survivors in septic patients (32,33,39). For example, SAPS 
III is less efficient than SAPS II in predicting the mortality 
of ICU patients (32); SAPS II and SOFA performed 
comparably in the prognostication of 30-day mortality 
in septic patients (39). Indeed, SAPS II has been proved 
efficient to predict in-hospital mortality of critically ill 
patients but not long-term mortality (33). However, the 
above-mentioned study was based on a cohort of patients 
at all ages, instead of the elderly only. In our study, SAPS 
II shows superior prognostic efficiency to other scales. 
Comparison studies on commonly used severity scales in 
the elderly with sepsis are scarce. Literature searching on 
the PubMed yielded only one study in which Tiruvoipati 
et al. confirmed superior prognostic value of SAPS II to 
the Acute Physiology Age and Chronic Health Evaluation 
III score for in-hospital mortality in critically ill elderly 
patients with sepsis (40). Of note is that only those two 

Figure 2 Relationship between survival and age. Elderly septic 
patients were divided into the younger-old (65 years ≤ age  
<75 years), older-old (75 years ≤ age <85 years) and oldest-old 
(age ≥85 years). Survival time was compared among the three 
groups. The mean survival time of the younger-old patients was 
significantly longer than that of the oldest-old patients (P<0.01, A). 
The survival time was 431.2±559.0 days for the oldest-old group, 
536.6±616.7 days for the older-old group, and 658.4±638.7 days 
for the younger-old group. In the K-M analysis, the survival rate 
with time was the highest in the younger-old group and the lowest 
in the oldest-old (P<0.01, B).
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Figure 3 Receiver operating characteristic (ROC) curve analyses of predictors of elderly septic patients. The area under ROC curve (AUC) 
value of the Simplified Acute Physiology Score II (SAPS II), the Oxford Acute Severity of Illness Score (OASIS), the Modified Logistic 
Organ Dysfunction System (MLODS), the Systemic Inflammatory Response Syndrome (SIRS) and Sequential Organ Failure Assessment 
(SOFA) were compared. The highest discriminatory power of SAPS II was also shown in all patients (A), the younger-old (B) and the oldest-
old groups (D). And the second higher AUC value was OASIS. However, for the older-old patients, no significant difference of AUC values 
was found among SAPS II and OASIS (C).
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Table 2 Area under receiver operating characteristic curve (AUC) values of mortality and different severity scales

Severity 
Scale

All subjects (N=4,370) 65≤ age <75 (N=1,527) 75≤ age <85 (N=1,891) >85 (N=952)

AUC (95% CI) P AUC (95% CI) P AUC (95% CI) P AUC (95% CI) P

SAPS II 0.648 (0.634–0.667) 0.642 (0.617–0.666) 0.628 (0.605–0.649) 0.649 (0.618–0.679)

MLODS 0.579 (0.564–0.593) <0.01 0.584 (0.558–0.609) <0.01 0.565 (0.543–0.588) <0.01 0.614 (0.582–0.645) 0.042

SOFA 0.577 (0.562–0.591) <0.01 0.594 (0.569–0.619) <0.01 0.561 (0.538–0.584) <0.01 0.597 (0.565–0.629) 0.011

OASIS 0.612 (0.597–0.626) <0.01 0.601 (0.576–0.626) <0.01 0.605 (0.582–0.627) 0.075 0.580 (0.548–0.611) <0.01

SIRS 0.515 (0.500–0.530) <0.01 0.502 (0.477–0.528) <0.01 0.521 (0.499–0.544) <0.01 0.541 (0.508–0.573) <0.01

CI, confidence interval; SAPS II, Simplified Acute Physiology Score II; MLODS, Modified Logistic Organ Dysfunction System; SOFA, 
Sequential Organ Failure Assessment; OASIS, Oxford Acute Severity of Illness Score; SIRS, Systemic Inflammatory Response Syndrome.
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Figure 4 Relationship between the cut-off value of SAPS II and survival for elderly septic patients. In the linear regression model, the 
survival time was negatively correlated to the Simplified Acute Physiology Score II (SAPS II) for the elderly septic patients (r=−0.29, P<0.01, 
A). By the receiver operating characteristic curve, 43 was defined as the cut-off value of SAPS II. For all patients and each group, the survival 
time of patients with an SAPS II score ≤43 was much higher than that of patients with an SAPS II score >43 (B). Regardless of ages, septic 
patients with an SAPS II score ≤43 had the higher survival rate (P<0.01, C). 

severity scales were included for comparison in Tiruvoipati 
et al.’s study.

Usually patients with an SAPS II score over 52 have an 
in-hospital mortality of over 50% (41,42). In the present 
study, we found that 43 was the cut-off value of SAPS II 
to predict the survivorship of elderly septic patients, since 
patients with a SAPS II over 52 might die in short-term, 
which contributed less to the long-term prognosis. The 
K-M analysis showed that patients with an SAPS II score 
>43 had worse prognosis regardless of age, which means 
that SAPS II could be a more potent predictor than age. 
The cut-off value identified in our study was similar to that 
reported in hospital mortality of critically ill patients age 
over 90 (43). For patients of all ages, the cut-off value was 
49 with the sensitivity of 0.5 and specificity of 0.95 (44), 
which was higher than that in our study, probably owing to 
dysfunction and aging of multiple organs of aged patients. 
The specific cut-off value of the elderly may help physicians 
to identify patients at high risk so as to administer intensive 
care and treatment. Likewise, our results also provide 
evidence for physicians to provide appropriate post-hospital 
guidance to elderly septic patients. Raising awareness of 
early and effective rehabilitation for elderly patients with 
an SAPS score >43 may improve the life expectancy after 
discharge (45,46).

The large sample size with long-term follow-up data 
is the strength of our study. However, our study bears 
several limitations. First, direct cause of ICU admission and 
etiological data of sepsis in this cohort were unavailable, 
and hence stratified analysis was impossible. Second, all 
AUC values are lower than 0.8, indicating that common 

severity scales are inaccurate for elderly patients. Although 
the AUC values are not satisfactory, the results of 
comparisons among the commonly used scales urge further 
prospective studies and the development of novel scales in 
this population. Third, as with numerous assessments in the 
clinical practice, severity scales were used at single time-
points in our study, which might be confounded by various 
clinical interventions, such as levels of organ support and 
medications (26). Thus, standard criteria for the assessment 
and management of patients are necessary to minimize 
inter-patient variability (47,48). Fourth, the cut-off value of 
SAPS II was not validated in another cohort because of the 
retrospective nature of our study. Taken together, further 
prospective multi-center cohort studies are needed to verify 
the usefulness of SAPS II in the prognostication of elderly 
septic patients.

Conclusions

According to the clinical data of 4,370 elderly septic patients 
in the MIMIC-III database, SAPS II proved to be better as 
compared with MLODS, OASIS, SIRS and SOFA in the 
prediction the long-term mortality of patients. The value of 
43 was the cut-off value to discriminate the survivorship in 
the elderly with sepsis. 
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