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Abstract: Introduction: Sepsis is a significant and common cause of death and burden among critically ill patients, which has
increasing incidence and mortality in adults over 60 and advanced age. This study aimed to develop an easy-to-use
clinical tool for assessing 28-day mortality risk in older sepsis patients upon their initial assessment in the emergency
department (ED). Methods: A retrospective cohort study was conducted using electronic medical records of older (=60
years) ED patients with suspected sepsis from August 1, 2018, to December 31, 2018. A new prediction score was for-
mulated based on the logistic coefficients of clinical predictors through multivariable regression analyses. Then, the
score’s screening performance was evaluated and compared to existing scoring systems; Systemic Inflammatory Re-
sponse Syndrome (SIRS), quick Sequential Organ Failure Assessment (qQSOFA), National early warning score (NEWS),
and The Ramathibodi early warning score (REWS); using receiver operating characteristic curve analysis (AuROC). Re-
sults: The study included 599 patients with the mean age of 77.13 (range: 60-101) years (56.43% male) and an overall
28-day mortality rate of 7.01%. The newly developed prediction score had seven independent predictors of 28-day mor-
tality: malignancy, dependent status, heart rate, respiratory rate, oxygen saturation, consciousness, and lactate, which
demonstrated excellent discriminative ability (AuROC: 0.87, 95% confidence interval (CI): 0.82 - 0.92), significantly out-
performing SIRS (AuROC: 0.62), gSOFA (AuROC: 0.72), NEWS (AuROC: 0.74), and REWS (AuROC: 0.71), all with p-values
<0.01. The score allowed risk stratification into low-risk (positive likelihood ratio (LR+): 0.37, 95% CI: 0.24 - 0.58) and
high-risk (LR+: 4.14, 95% CI: 3.14 - 5.44) groups with sensitivity of 69.0% and specificity of 83.3% at a cut-off point of 6.
Conclusions: The novel prediction score demonstrates a remarkable ability to predict 28-day mortality risk in older sep-
sis patients during their initial ED assessment, offering potential for improved risk stratification and treatment guidance
in older patients.
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1. Introduction of sepsis in older adults was difficult due to unusual immune
and clinical presentation. This can delay diagnosis and allo-

The Population Reference Bureau reported that the number . . . .
cation of appropriate sepsis treatment to the patients.

of people with aging has increased worldwide (1). Sepsis . .

. . Several sepsis scoring systems were developed to assess the

was defined a syndrome of life-threatening organ dysfunc- . . . . .

. - : severity and mortality of sepsis including the Systemic In-
tion caused by dysregulated host response to infection (2).

Sepsis is a significant and common cause of death and bur-

den among critically ill patients, which has increasing inci-

dence and mortality in adults over 60 years old and those

flammatory Response Syndrome (SIRS), the Sequential Or-
gan Failure Assessment (SOFA), the quick SOFA (qSOFA),
Modified early waring score (MEWS), National early war-
ing score (NEWS), Ramathibodi early warning score (REWS),
with advanced age (3-5). Diagnosis and prognosis prediction g' ( ) . . y & . ( )

which was developed in our institution, Mortality in ED Sep-
sis (MEDS), The Predisposition, Infection, Response, Organ

dysfunction (PIRO), etc. However, all of them had poor to
*Corresponding Author: Chaiyaporn Yuksen; Department of Emergency

Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University, moderate accuracy for risk stratification in prEdICtlng mor-

Bangkok, 10400, Thailand. Email: chaipool0634@hotmail.com, ORCID ID: tality in older sepsis patients (6, 7).
0000-0002-4890-7176.

Zelis N. et al developed “the rise up score” that included age,
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>2 abnormal vital signs, serum albumin, blood urea nitro-
gen (BUN), lactate dehydrogenase (LDH), and bilirubin for
predicting 30-day mortality in older medical emergency de-
partment patients. They found that “the rise up score” was
very good with an area under the curve (AUC) of 0.84. They
aimed to make the score easy to apply using variables that
are readily available, but getting the blood chemistry (serum
albumin, BUN, LDH, and bilirubin) results take time (8).

On previous data, we explored readily available easy factors,
which predicted 28-day mortality of suspicious older (=60
years) sepsis patients in the emergency department (ED). We
found that comorbid malignancy, Oxygen saturation <93%,
and patient’s dependent status were significant prognostic
indicators (9). In this study, we aimed to develop a clinical
prediction tool that could be easily used for initial assess-
ment of suspicious older (=60 years) sepsis patients in emer-
gency department, in order to predict 28-day mortality.

2. Methods
2.1. Study design and setting

We performed a prognostic prediction research based on a
single-center, retrospective, cohort study in the Emergency
department of Ramathibodi Hospital, a tertiary university
Hospital, Bangkok, Thailand. A new prediction score was
formulated based on the logistic coefficients of clinical pre-
dictors through multivariable regression analyses. Then,
the score’s screening performance was evaluated and com-
pared to existing scoring systems; Systemic Inflammatory
Response Syndrome (SIRS), quick Sequential Organ Failure
Assessment (QSOFA), National early warning score (NEWS),
and the Ramathibodi early warning score (REWS); using area
under the receiver operating characteristic (AuROC) curve.
Informed consent was waived as the data were retrospec-
tively collected and were anonymous. This study was ap-
proved by the Committee on Human Rights Related to Re-
search, Faculty of Medicine Ramathibodi Hospital, Mahidol
University. (IRB COA. MURA2021/434 Date May 20, 2021.

2.2. Participants

We enrolled the older ED patients who were suspected of sep-
sis in emergency department during 1 August 2018 — 31 De-
cember 2018 (Figure 1). The older patients were aged equal
to or more than 60 years (3), suspected sepsis case was de-
fined as a patient who had the chief compliant of fever or
had signs of infection (3, 7, 10-12). The diagnosis of sep-
sis was made according to the International Classification of
Diseases, Tenth Revision (ICD 10) or on the results of blood
or body fluid culture (7, 10-12). Sepsis-induced hypotension
was defined as Mean Arterial Pressure (MAP) < 65 mm Hg in
patients diagnosed with sepsis, which responded (=65 mm
Hg) to initial fluid therapy. The diagnosis of septic shock in
patients who were diagnosed with sepsis was made based on
requirement of vasopressor for maintaining MAP = 65 mm
Hg (13).

We excluded patients who had received treatment at out-
patient unit or another hospital before transfer to Emer-
gency Department, the patients who had previously received
cardiopulmonary resuscitation in the same visit, and pa-
tients with missing data in the database of electronic medi-
cal record (EMR). The point of prediction was the time of pa-
tient’s visit at triage and performing point-of-care lactate test
during initial assessment in ED.

2.3. Data collection

We selected baseline characteristics and potential predic-
tive factors from our previous study (9). We collected them
from electronic medical records including age, gender, co-
morbidities such as hypertension, diabetes mellitus, malig-
nancy, pulmonary problems (defined as either chronic pul-
monary disease or interstitial disease), dependent status (de-
fined as at least one dependency to perform activities of daily
living (ADL)), the initial vital signs at triage in emergency de-
partment, such as systolic blood pressure (SBP), MAP, heart
rate (HR), temperature, respiratory rate (RR), oxygen satura-
tion (Sp02), consciousness, and initial serum lactate, based
on the performed point-of-care test (POCT). We calculated
SIRS, qSOFA, NEWS and REWS scores.

2.4. Outcomes

All patients were followed for 28-day mortality, which is de-
fined as all-cause mortality within 28 days of disease. We also
followed other outcomes including sepsis treatment bun-
dle in emergency department, ED disposition (intensive care
unit (ICU), Ward, discharge, referral, death), and length of
hospital stay.

2.5. Statistical analyses

Descriptive statistics were calculated for all clinical charac-
teristics and relevant variables. Continuous variables are pre-
sented as mean and standard deviation (SD) in data with a
normal distribution or median in non-parametric tests, and
were analyzed using independent t-test or Mann-Whitney U
test. Categorical data are presented as percentages and were
analyzed using chi-square test or Fisher’s exact test, as appro-
priate. All tests were two-sided, and values were considered
to be statistically significant with a P-value less than 0.05. We
performed all data analyses using Stata version 16 (StataCorp
LLC, College Station, TX, USA).

The sample size of this study was calculated based on our pi-
lot data, 329 patients were included (9), on AuROC = 0.86 with
8 parameters (comorbid malignancy, dependent status, body
temperature, respiratory rate, altered mental status, oxygen
saturation, heart rate, and lactate), assuming 0.05 acceptable
difference in apparent & adjusted R-squared, assuming 0.05
margin of error in estimation of intercept.

Events per Predictor Parameter (EPP) assumes prevalence of
28-day mortality = 0.11 in the STATA statistical program. Min-
imum sample size required for new model development was
357 with 40 events.
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2.6. Model development

Initial predictors of sepsis mortality were chosen based on
well-known sepsis scoring systems such as SIRS, qSOFA,
NEWS and REWS scores, which include SBP <90 mmHg, MAP
< 65 mmHg, HR =49, 50-119, =120 beat per minute (bpm),
body temp <36.0, 36.1-38.4, =38.5 Celsius, RR=24 bpm, oxy-
The cut
point of each parameter was modified from 4 sepsis scores.

gen saturation<93% and altered consciousness.

We also included candidate predictors from our previous
data and recent literature (14-17) in the developed model, in-
cluding age of 80 years and older, being male, comorbidities
such as hypertension, diabetes mellitus, malignancy, pul-
monary, dependent status, and lactate=4 mmol/L. We per-
formed exploratory analysis for 15 potential predictors by us-
ing univariable logistic regression then reported odds ratio
(OR); 95% confidence interval (CI) and P value, separately,
for each variable. Multivariable logistic regression analysis
was applied to identify an independent predictor of 28-day
mortality. Each predictor was categorized at a generally ac-
cepted cutoff point, according to the previous literature. We
used a backward elimination approach. The removal of non-
contributing predictors was based on clinical relevancy and
statistical significance. The reduced multivariable model was
evaluated in terms of calibration and discrimination. Mea-
surement of calibration was done with Hosmer-Lemeshow
goodness of fit statistics.

2.7. Score derivation and validation

Each final predictor was assigned with a specific score de-
rived from logistic regression coefficients of the multivariable
model. The regression coefficient of each item was divided by
the lowest coefficient, then rounded up to the nearest integer.
The total score was then categorized into 2 risk groups (low
and high risk) for applicability in clinical practice. Sensitiv-
ity, specificity, and positive likelihood ratio (LR+) were calcu-
lated to present predictive performance separately for each
risk category. The measurement of calibration and discrimi-
nation was also performed via score-based multivariable lo-
gistic model. Predictive performance was validated and com-
pared between newly-derived risk score and the other non-
parametric receiver operating characteristic (ROC) regres-
sion with 1,000 bootstrapped replicates.

3. Results

3.1. Baseline characteristics of studied cases

In this study, 605 older suspected sepsis patients were stud-
ied, 6 of whom were excluded because of receiving treat-
ment at out-patient unit before transfer. The remaining 599
patients with the mean age of 77.13 (range: 60-101) years
(56.43% male) met the eligibility criteria (7.01% 28-day mor-
tality rate). 572 patients were diagnosed with sepsis, 27 pa-
tients were diagnosed with other causes. The sepsis group
had 41 patients with non-survival on day 28. The non-sepsis
group had 1 patient with non-survival on day 28, the patients’
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flow chart is illustrated in Figure 1.

Candidate prognostic factors of older suspected sepsis pa-
tients in emergency department were shown in Tablel, com-
pared based on non-survivor and survivor status at day 28.
Male gender (38.10% vs. 57.81%, p = 0.02) and hypertension
(45.24% vs. 69.48%, p = 0.002) had significantly lower propor-
tions among 28-day non-survivors. Malignancy (59.52% vs.
23.70%, p <0.001) and dependent status (78.57% vs. 38.60%,
p <0.001) had significantly higher proportions in 28-day non-
survivors. Heart rate <49 bpm (2.38% vs. 0.18%, p =0.14);
50-119 bpm (54.76% vs. 81.51%, p <0.001); and =120 bpm
(42.86% vs. 18.31%, p <0.001) had higher proportions in 28-
day non-survivors. RR=24 bpm, oxygen saturation<93%, al-
teration of consciousness, and lactate =4 mmol/l had sig-
nificantly higher proportions in 28-day non-survivors than
28-day survivors (73.81% vs. 48.65%, =0.002), (59.52% vs.
27.29%, p <0.001), (50.00% vs. 20.83%, <0.001), (28.57% vs.
11.67%, p <0.01), respectively. Persons aged 80 years and
older, comorbid with diabetes mellitus, pulmonary prob-
lems, SBP <90 mmHg, MAP < 65 mmHg, and temperature
were similar between 28-day non-survivors and 28-day sur-
vivors.

3.2. Model development

Fifteen candidate predictors were simultaneously explored
under univariable and multivariable logistic regression (Ta-
ble 2). After backward elimination of non-contributive and
non-significant predictors one by one, statistically significant
predictors with P value of less than 0.100 were hypertension,
malignancy, dependent status, HR <49 bpm; 50-119 bpm,
=120 bpm, oxygen saturation<93%, lactate=4 mmol/l. We
excluded hypertension from the analysis because there is in-
sufficient literature supporting it as a protective factor (OR =
0.41). Including such variables might complicate the model
by introducing negative associations with predicted mortal-
ity. We added respiratory rate =24 bpm and alteration of
consciousness to the model due to clinical relevancy. Seven
predictors (Table 2) were left in the final reduced model,
which were malignancy comorbidity, dependent status, HR
<49 bpm; 50-119 bpm, and =120 bpm, respiratory rate =24
beat per minute, oxygen saturation<93%, alteration of con-
sciousness, and lactate=4 mmol/l. The logit coefficient of
each predictor was used as a weight for score transforma-
tion. We had assigned a weighted score to the predictor as
followes: 1 point for patients who had RR=24 bpm, alteration
of consciousness, and lactate=4 mmol/l; 2 points for patients
who had oxygen saturation<93%, HR= 120 bpm, and depen-
dent status; 3 points for patients who had comorbid malig-
nancy; and 5 points for patients who had HR< 49 bpm. The
newly-derived risk score was named Ramathibodi older sep-
sis score (ROSS). The ROSS ranged from a minimum of 0
point to a maximum of 15 points (Table 3). Sensitivity, speci-
ficity, and AuROC of prediction of 28-day mortality for each
score are reported in Table 4.

The ROSS could predict the 28-day mortality of older suspi-
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cious sepsis with good discriminative ability (AuROC: 0.87,
95% CI: 0.82-0.92- 0.90), which was significantly higher when
compared with SIRS (AuROC: 0.62, 95% CI: 0.53 - 0.71; P
<0.01), gSOFA (AuROC: 0.72, 95% CI: 0.66 - 0.79; P <0.01),
NEWS (AuROC: 0.74, 95% CI: 0.67 - 0.82; P <0.01), and REWS
(AuROC: 0.71, 95% CI: 0.62 - 0.80; P <0.01; Figure 2; supple-
mentary table 1).

After using cut point of low-high risk, ROSS =6 had moderate
discriminative ability (AuROC: 0.76, 95% CI: 0.69 - 0.83) but
still higher than SIRS=2 (AuROC: 0.55, 95% CI: 0.49 - 0.61; P
<0.01), gSOFA=2 (AuROC: 0.65, 95% CI: 0.57 - 0.72; P <0.01),
NEWS=5 (AuROC: 0.61, 95% CI: 0.57 - 0.66; P <0.01), and
REWS=4 (AuROC: 0.61, 95% CI: 0.55 - 0.68; P <0.01; Supple-
mentary figure 1).

3.3. Measures of calibration

Measures of calibration were visualized through calibration
plot, which showed that ROSS predicted 28-day mortality
of older suspected sepsis patients and the observed risk of
older suspected sepsis patients in the derivation cohort in-
creased concomitantly (Supplementary figure 2). Hosmer-
Lemeshow goodness of fit statistics also showed a non-
significant P of 0.93. We performed internal validation of the
score via nonparametric ROC with 1,000 bootstrap sampling,
internal validation showed an apparent AuROC of 0.88 (95%
CI: 0.83-0.92) with model optimism at 0.03 (range from 0.02
-0.11) C-statistic, Calibration in the large (CITL), and shrink-
age factors indicated good calibration performance (Supple-
mentary table 2).

The ROSS score predicted range of 28-day mortality probabil-
ity from 7.01% to 66.67%. The score was categorized into low-
risk and high-risk groups at the cut-off point of 6. Patients
with ROSS score lower than 6 would be classified as low-risk
patients, in whom 28-day mortality was 2.73% (13/477). Pa-
tients with higher ROSS score equal to or higher than 6 would
be classified as high-risk patients, in whom 28-day mortal-
ity was 23.77% (29/122) with 69.0% (52.9-82.4%) sensitivity,
83.3% (79.9-86.3%) specificity, and 4.14 (95% CI: 3.14-5.44)
positive likelihood ratio.

4, Discussion

Mortality in old and very old patients suffering from sepsis
were 11-13%, while septic shock was 30-40% (18) . A sep-
sis severity score that helps in the stratification of high-risk
patients in the ED may improve morbidity and mortality. Al-
though outcome studies of older sepsis in emergency depart-
ment were limited, several sepsis scores had been developed
for use in general population, especially in the ICU setting
(19).

The well-known scores (SIRS, gSOFA, NEWS, REWS) were
easy to calculate and readily available in the ED (20) but had
poor ability for risk stratification in predicting mortality in
older patients (6, 7). In our cohort study, the population from
the emergency department may have had a lower risk profile
compared to inpatients or those in the intensive care unit.

The overall 28-day mortality rate among older patients with
suspected sepsis was only 7%, which aligns with mortality
rates observed in the general sepsis population (ranging from
4-12%)(21, 22).

Our study demonstrated the developed prediction score and
compared it with the well-known scores. The ROSS had the
best predictive ability for 28-day mortality in suspicious older
sepsis with statistical significance followed by NEWS, qSOFA,
REWS and SIRS. The ROSS is composed of 7 parameters
“ABCDDDH”; A-alteration of consciousness, B-blood lactate
= 4 mmol/L, C-cancer, D-dyspnea (RR=24), D-desaturation
(oxygen < 93%), D-dependent status, and H-HR while the
NEWS is composed of 6 acute physiologic parameters includ-
ing RR, oxygen saturation, temperature, SBP, HR, and level of
consciousness with multiple-range score on 7 categories for
each parameter, which was not easy to use, just like REWS.
The qSOFA and SIRS are composed of less predictors; how-
ever, they were inferior to ROSS in prediction of 28-day mor-
tality in older suspected sepsis patients.

Our data is in concordance with the study by de Groot et
al. (6) that reported poor prognostic performance of pre-
dicted mortality for NEWS, qSOFA, modified early warning
score (MEWS) (AuROC: 0.57 (95%CI: 0.50-0.64), 0.60 (95%CI:
0.53-0.66), 0.56 (95%CI: 0.49-0.63)), and that by Boonmee
P et al., which reported poor prognostic performance of
gqSOFA regarding predicted mortality (AuROC: 0.55 (95%CI:
0.49-0.61)) (7).

Heart rate <49 bpm was the strongest parameter in ROSS.
Also, it was the parameter that had higher score in NEWS and
REWS using the cut point HR <39 bpm for 3 points, 40-49
bpm for 1 point, 100-109 bpm for 1 point, 110-129 bpm for
2 points, and =130 bpm for 1 point. Tachycardia was associ-
ated with poor prognosis in sepsis. However, Beesley et al.
(23) reported that relative bradycardia (approximate HR of
50-80 bpm) in patients with septic shock is associated with
lower mortality. Bradycardia showed a stronger, poorer out-
come than tachycardia.

Malignancy had the second highest score with 3 points in
ROSS. Patients with malignancy had more than ten times
higher risk of mortality than the general population in sepsis
according to the cancer types (24). However, the population
with malignancy is heterogeneous if we predicted mortality
stratified by type of cancer prognosis could be more accu-
rately predicted.

Dependent status was another parameter that was added to
the physiologic warning score with 2 points. Dependent sta-
tus was important in Geriatric-quick SOFA score (25) and
other previous studies (15, 26) for predicting mortality in
older patients. Dependent status might be more important
than comorbid illness and was an independent predictor of
outcome in older patients (15) .

Oxygen saturation<93% had 2 point in ROSS. The data sup-
ported the association of oxygen saturation 94%-98% with fa-
vorable outcomes (27) . Hypoxemia was associated with in-
creased mortality, while hyperoxia may be associated with
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a higher mortality (28). Lactate cut point =4 mmol/l was
a warning parameter (29). Point-of-care lactate was accu-
rate, efficient, timeless in sepsis patients; additionally, it was
available in ED and Emergency Medical Services (EMS) (30).
Lactate=4 mmol/l also increased prognostic performance in
ROSS model compared with the well-known physiologic sep-
sis scores.

High respiratory rate and alteration of consciousness were
included in SIRS, NEWS and REWS. Current data supported
that they were associated with sepsis-related mortality (31-
33). They were in concordance with the ROSS model. We
modified the cut-point of Respiratory rate =24 bpm from cut-
point of NEWS and REWS. Yang Y et al. reported that al-
teration of consciousness or sepsis associated encephalopa-
thy had excellent performance in predicting risk of sepsis
mortality (33). Preventing sepsis-associated encephalopathy,
early detection, and appropriate specific treatments towards
encephalopathy improved the patient’s prognosis.

The ROSS was categorized into low and high risk at the cut-
off point of 6 to be stratified on risk of sepsis mortality for
clinicians. Within 1 hour from presentation, bundle sep-
sis treatment, including fluid resuscitation, hemoculture, an-
timicrobial treatment, and lactate measurement, was applied
to all patients with suspected sepsis in ED, then we mon-
itored and observed the clinical response. In low-risk pa-
tients, if they had good response, and no abnormal phys-
iologic parameter was present we would observe them in
short stay, 48-72 hours, or discharge them from ED with early
follow-up within 72 hours. In high-risk patients, they should
be closely monitored, admitted to Indoor Patients Depart-
ment (IPD) or ICU, and receive prompt resuscitation if they
were deteriorating.

5. Strengths and limitation

The ROSS was composed of patient’s history (malignancy, de-
pendent status), physiologic parameters (HR, RR, oxygen sat-
uration, consciousness), and point-of-care laboratory (lac-
tate). The ROSS score was superior to qSOFA and other warn-
ing scores by added value of malignancy, dependent status,
and lactate. The independent prognosis factors were simple
and available in the initial phase of ED visit. Early categoriza-
tion of sepsis prognosis in ED with appropriate monitoring
and treatment may improve morbidity and survival outcome.
There are some limitations to this study. First, our study was
retrospective and conducted in a single, university hospital.
Thus, the results may not be generalizable. Second, we used
the population of patients aged =60 for the older definition.
Third, because we aimed to use simple and uncomplicated
factors at ED presentation, we might have eliminated some
comprehensive independent factors of older patients, which
were used in IPD or ICU based on previous publications.
Fourth, using different definitions for the suspected sepsis
patients, may have led to selection or misclassification bias.
Fifth, the ROSS model might be difficult to use in situations
of over-crowning of ED or insufficient health care providers.
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We should develop an application for easy and flexible use of
the ROSS.

We have planned further studies for external temporal val-
idation of the ROSS in predicting 28-day mortality of older
sepsis patients before applying it in clinical practice.

6. Conclusion

Our cohort study developed the Ramathibodi older sepsis
score (ROSS) based on seven independent predictors. The
ROSS score was shown to have good discriminative ability,
with easy to use and readily available components. The ROSS
score could be practically applied for risk stratification in pre-
dicting 28-day mortality in older sepsis patients in ED.
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gt EPH Comparing the baseline characteristics of studied sepsis patients between cases with and without 28-day survival

Variable Total (n=599) 28-day survival P value
No (n=42) Yes (n=557)

Age (year)

>80 259 (43.24) 18 (42.86) 241(43.27) 1.00

Gender

Male 338 (56.43) 16 (38.10) 322 (57.81) 0.02

Comorbidities

Hypertension 406 (67.78) 19 (45.24) 387 (69.48) 0.002

Diabetes mellitus 229 (38.23) 11 (26.19) 218 (39.14) 0.10

Malignancy 157 (26.21) 25 (59.52) 132 (23.70) <0.001

Pulmonary disease 125 (20.87) 13 (30.95) 112 (20.11) 0.11

Dependent status

Yes 248 (41.40) 33 (78.57) 215 (38.60) <0.001

Blood pressure (mmHg)

Systolic <90 50 (8.35) 6 (14.29) 44 (7.90) 0.15

MAP < 6 45 (7.51) 4(9.52) 41 (7.36) 0.55

Heart rate (/minute)

50-119 477 (79.63) 23 (54.76) 454 (81.51) <0.001

<49 2(0.33) 1(2.38) 1(0.18) 0.14

=120 120 (20.03) 18 (42.86) 102 (18.31) <0.001

Temperature (Celsius)

36.1-38.4 350 (58.43) 26 (61.90) 324 (58.17) 0.87

<36.0 25 (4.17) 2 (4.76) 23 (4.13) 0.69

>38.5 224 (37.40) 14 (33.33) 210 (37.70) 0.62

Respiratory rate (/minute)

>24 302 (50.42) 31 (73.81) 271 (48.65) <0.002

Oxygen saturation (%)

<93 177 (29.55) 25 (59.52) 152 (27.29) <0.001

Alteration of consciousness

Yes 137 (22.87) 21 (50.00) 116 (20.83) <0.001

Lactate (mmol/l)

=4 77 (12.85) 12 (28.57) 65 (11.67) 0.006

Data are presented as frequency (%). MAP: Mean arterial pressure.

R EHTEiIs AR ERE Pairwise test comparing the area under the ROC curves of each two sepsis scores for predicting 28-day mortality in
older suspected sepsis patients

ROSS SIRS qSOFA NEWS REWS
ROSS P <0.01 P <0.01 P <0.01 P <0.01
SIRS P<0.01 P=0.03 P<0.01 P=0.01
qSOFA P<0.01 P=0.03 P=0.58 P=0.78
NEWS P<0.01 P<0.01 P=0.58 P=0.37
REWS P<0.01 P=0.01 P=0.78 P=0.37

ROC: receiver operating characteristic; ROSS: Ramathibodi older sepsis score; SIRS: Systemic Inflammatory Response Syndrome;
qSOFA: quick Sequential Organ Failure Assessment; NEWS: National early waring score; REWS: Ramathibodi early warning score.

R EnielgaE P Internal validation model calibration parameters with 995 bootstrapping replications

Performance C-statistic CITL Shrinkage factor
Apparent 0.88 (0.83-0.92) 0.00 (-0.36 - 0.36) 0.91 (0.75-1.25)
Bootstrap 0.85 (0.81-0.90) 0.004 (-0.37 - 0.40) 0.89 (0.68-1.14)

Data are presented with 95% confidence intervals. CITL: Calibration in the large.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index




gE1NEPH Independent predictive factors of 28-day mortality in older sepsis patient in emergency department (n=599)

Archives of Academic Emergency Medicine. 2024; 12(1): e56

Variables Crude OR [95%CI] P value Multivariable OR [95%CI] |P value
Age (year)

>80 0.98 [0.52,1.85] 0.96 0.76 [0.31,1.80] 0.53
Gender

Male 0.45[0.23,0.86] 0.02 0.55[0.25,1.21] 0.14
Comorbidities

Hypertension 0.36 [0.19,0.68] 0.002 0.41 [0.17,0.98] 0.05
Diabetes mellitus 0.55[0.27,1.12] 0.10 1.10 [0.42,2.92] 0.84
Malignancy 4.73 [2.48,9.04] <0.001 4.90 [2.19,10.99] <0.001
Pulmonary disease 1.78 [0.90,3.54] 0.10 1.31 [0.55,3.13] 0.53
Dependent status

Yes 5.83[2.73,12.43] <0.001 4.60 [1.67,12.68] 0.003
Blood pressure (mmHg)

Systolic <90 1.94 [0.78,4.87] 0.16 4.04 [0.37,44.59] 0.25
MAP < 65 1.32 [0.45,3.89] 0.61 0.24 [0.02,2.13] 0.28
Heart rate (/minute)

50-119 Reference Reference

<49 19.74(1.20-325.67) 0.04 29.32[1.11,770.42] 0.04
=120 3.48(1.81-6.69) <0.001 2.58 [1.10-6.04] 0.03
Temperature (Celsius)

36.1-38.4 Reference Reference

<36.0 1.08(0.24-4.85) 0.92 1.49 [0.28,7.94] 0.64
>38.5 0.83(0.42-1.62) 0.59 1.03 [0.44,2.44] 0.94
Respiratory rate (/minute)

>24 2.97 [1.46,6.04] 0.003 2.04 [0.84,4.99] 0.12
Oxygen saturation (%)

<93 3.92 [2.05,7.46] <0.001 3.21 [1.42,7.24] 0.005
Alteration of consciousness

Yes 3.80 [2.01,7.20] <0.001 2.15[0.87,5.28] 0.09
Lactate (mmol/l)

>4 3.02 [1.47,6.20] 0.002 2.09 [0.83,5.24] 0.12

OR: Odds ratio; CI: confidence interval; MAP: Mean arterial pressure.

PRI ERH Regression coefficient for 28-day mortality derived from generalized linear model and scoring scheme for predicting 28-day mortality

Indicator Co* OR 95%CI P-value |T Co# Score&
Alteration of consciousness

Yes 0.676 1.97 0.84-4.60 0.12 1.05 1
02 Saturation

93% 1.15 3.16 1.47-6.78 0.003 1.79 2
Heart rate (/minute)

50-119 base base 0
49 3.09 21.96 1.06-453.44 0.05 4.81 5
=120 1.15 3.14 1.44-6.86 0.004 1.78 2
Lactate (mmol/l)

>4 0.75 2.12 0.91-4.96 0.08 1.17 1
Respiratory rate (/minute)

=24 0.64 1.90 0.82-4.40 0.13 1 1
Comorbid disease

Malignancy 1.70 5.49 2.58-11.67 <0.001 2.65 3
Dependent status

Yes 1.45 4.27 1.67-10.92 0.002 2.26 2

OR: Odds ratio; CI: confidence interval; *Co: Coefficients; #T Co: Transformed Coefficients; &: assigned score.
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PEVNEYY Screening performance characteristics of Ramathibodi older sepsis score (ROSS) for 28-day mortality of older sepsis patients in dif-

ferent cut-off points [95%CI]

Score | Mortality rate Sensitivity Specificity LR+ LR- AUC

=0 42/599 (7.0) 100.00 [91.59-100] 0.00 [0-0.66] NA NA NA

=1 42/514 (8.2) 100.00 [91.59-100] 15.26 [12.37-18.52] 1.18 [1.14-1.22] 0.00 0.58 [0.56-0.59]
=2 42/458 (9.2) 100.00 [91.59-100] 25.31 [21.75-29.14] 1.34 [1.28-1.41] 0.00 0.63 [0.61-0.64]
=3 42/389 (10.8) 100.00 [91.59-100] 37.70 [33.66-41.87] 1.61 [1.50-1.71] 0.00 0.50 [0.67-0.71]
=4 39/260 (15.0) 92.86 [80.52-98.50] 60.32 [56.12-64.41] 2.34 [2.05-2.67] 0.12[0.04-0.35] 0.77[0.72-0.81]
=5 35/260 (17.9) 83.33 [68.64-93.03] 71.27 [67.32-75.00] 2.90 [2.40-3.50] 0.23 [0.12-0.46] 0.77 [0.71-0.83]
=6 29/122 (23.8) 69.05 [52.91-82.38] 83.30 [79.94-86.31] 4.14 [3.14-5.44] 0.37 [0.24-0.58] 0.76 [0.69-0.83]
>7 23/64 (35.9) 54.76 [38.67-70.15] 92.64 [90.15-94.67] 7.44 [4.97-11.13] 0.49 [0.35-0.68] 0.74 [0.66-0.81]
=8 19/43 (44.2) 45.24 [29.85-61.33] 95.69 [93.66-97.22] 10.50 [6.28-17.55] 0.57 [0.43-0.75] 0.70 [0.63-0.78]
=9 15/25 (60.0) 35.71 [21.55-51.97] 98.20 [96.72-99.14] 19.89 [9.53-41.53] 0.65 [0.52-0.82] 0.67 [0.60-0.74]
=10 8/14 (57.1) 19.05 [8.60-34.12] 98.92 [97.67-99.60] 17.68 [6.43-48.60] 0.82[0.71-0.95] 0.59 [0.53-0.65]
=11 2/3 (66.67) 4.76 [0.58-16.16] 99.82 [99.00-100.00] | 26.52 [2.46-286.55] 0.95 [0.89-1.02] 0.52 [0.49-0.56]

CI: confidence interval; LR+: positive likelihood ratio; LR-: negative likelihood ratio; AUC: area under the curve;
NA: not available due to no value for some indicator.

Suspicious older (260 years) sepsis patients

visit Emergency Department

August 2018 —December 2018

Exclusion criteria
Received treatment at OPD
or other hospital before
transfer to ED (n = 6)

- Received CPR before in
Eligible criteria same visit.
599 cases - Missing data
All Non survival at 28day
n= 42 (7.01 %)

' )

Non-Sepsis
N =27 case

Diagnosis of sepsis
N =572 cases

|
l ! ! !

28-day Survival 28-day Mortality 28-day Survival 28-day Mortality
N=531 (92.83%) N=41 (7.12%) N=26 (96.30%) N=1 (3.70%)

Patients’ flow chart. OPD: outpatients’ unit; ED: emergency department; CPR: cardiopulmonary resuscitation.
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Area under the ROC curves of different models in predicting 28-day mortality. ROC: receiver operating characteristic; ROSS: Ra-
mathibodi older sepsis score; SIRS: Systemic Inflammatory Response Syndrome; qSOFA: quick Sequential Organ Failure Assessment; NEWS:
National early waring score; REWS: Ramathibodi early warning score.
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R DN s it BB Area under the ROC curves of different models for predicting 28-day mortality in their best cut-off points (ROSS=6,
SIRS=2, qSOFA=2, NEWS=5, REWS=4). ROC: receiver operating characteristic; ROSS: Ramathibodi older sepsis score; SIRS: Systemic Inflam-
matory Response Syndrome; qSOFA: quick Sequential Organ Failure Assessment; NEWS: National early waring score; REWS: Ramathibodi early
warning score.
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