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Abstract. – OBJECTIVE: The use of scor-
ing systems contributes to the faster identifica-
tion of septic patients, especially those at a high 
risk of a fatal outcome. The best scoring system 
does not exist, so the search for the optimal one 
is always current. The aim of this study is to es-
timate the prognostic value of the six scoring 
systems in predicting 24-hour mortality among 
septic patients presented at the emergency de-
partment. 

PATIENTS AND METHODS: An observation-
al retrospective study was conducted in the 
Emergency Triage Room (ETR) of the Emergen-
cy Center (EC) at the University Clinical Center 
of Serbia (UCCS) in Belgrade. Consecutive sep-
tic patients, according to the Sepsis-3 definition, 
with or without shock, presented to the ETR and 
then hospitalized in Intensive Care Units were 
included in the study. Mortality data within 24 h 
and on the 28th day were extracted from the Hos-
pital information system or the National mortali-
ty database. Scoring systems including sequen-
tial organ failure assessment (SOFA), quick se-
quential organ failure assessment (qSOFA), sys-
temic inflammatory response syndrome (SIRS), 
National early warning score (NEWS), sepsis pa-
tient evaluation in the emergency department 
(SPEED), and mortality in emergency depart-
ment sepsis (MEDS) were analyzed for all pa-
tients utilizing the available data. The prima-
ry outcome of this study was death within 24 
hours of triage. Receiver operating character-
istic (ROC) analysis was used to determine the 
most effective scoring system. Lactate was then 
added to this system to enhance its predictive 
accuracy.

RESULTS: Nineteen out of 120 patients in-
cluded in the study (15.8%) experienced death 
within 24 hours of triage. The twenty-eight-day 
mortality rate was 55%. SOFA score demon-
strated the highest predictive value for 24-hour 
mortality but was only moderately predictive 
overall, with an area under the receiver operat-

ing curve (AUC) of 0.755 (95% CI 0.625-0.885). 
SPEED, MEDS, and NEVS exhibited modest dis-
criminatory power [0.673 (95% CI 0.543-0.803), 
0.665 (95% CI 0.536-0.794), 0.630 (95% CI 0.528-
0.724)], while SIRS and qSOFA remained insig-
nificant in predicting 24-hour mortality. The pre-
dictive value of the SOFA score was increased 
by the addition of lactate (AUC 0.865, 95% CI 
0.736-0.995; p=0.0081). All scores demonstrat-
ed better and satisfactory predictive power for 
28-day mortality.

CONCLUSIONS: SOFA, with the addition of 
lactate, is a complex but reliable tool for the ear-
ly stratification of septic patients who are pre-
senting at an emergency department. 
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Introduction

Sepsis is a life-threatening medical emergen-
cy caused by a dysregulated host’s response to 
infection1. It implies organ dysfunction and can 
be complicated by septic shock2. Septic patients 
require admission to the intensive care unit and 
have a high risk of death3. Therefore, under-
standing the predictive mortality factors in these 
patients helps in the quick identification of the 
critically ill and the timely initiation of therapy.

The initial phase of resuscitation, which con-
sists of fluid administration, vasopressor initia-
tion, and antimicrobial therapy in these patients, 
should be started immediately1. Crystalloids 
should be administered promptly to correct tissue 
hypoperfusion in septic patients. However, three 
questions arise: which crystalloids, how many 
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crystalloids, and how to monitor the response to 
crystalloids? According to the Surviving Sepsis 
Campaign (SSC)1, balanced crystalloids have an 
advantage because they are associated with a 
smaller number of cases of acute kidney injury4 
and decreased mortality with their use5, but the 
BaSICS study6 did not confirm this. Additionally, 
the SSC states that 30 ml/kg should be adminis-
tered in the first three hours as a bolus, but it is 
unclear how to proceed with fluid resuscitation. 
Regardless of the type of crystalloids used, it 
is clear that fluid administration should be op-
timized to avoid over- or under-resuscitation, as 
both conditions make it impossible to maintain 
adequate tissue perfusion. Considering the fact 
that one-third of patients are unresponsive to 
fluid administration, fluid resuscitation should be 
individualized in the optimization phase in accor-
dance with the patient’s responsiveness7.

Static parameters such as systolic pressure, 
heart rate, mean arterial pressure, diuresis, and 
skin mottling are widely used in emergency 
departments (ED), but their prognostic value for 
fluid responsiveness is unreliable. Bedside echo-
cardiography can rapidly provide information 
about hemodynamic status, especially regard-
ing cardiac output, and it is suitable when the 
source of hemodynamic disorder is unknown7. 
Lactate levels are suggested by the SSC for this 
assessment, as well as capillary refill time1. Dy-
namic parameters such as central venous oxygen 
saturation or mixed venous oxygen saturation 
provide much more data than static indices7. 
Pulse pressure variation, stroke volume variation, 
and systolic pressure variation are more accurate 
in predicting fluid responsiveness, especially in 
mechanically ventilated patients with regular car-
diac rhythm8. Understanding these parameters, 
especially the dynamic ones, their advantages, 
and limitations allows for better management of 
fluid resuscitation along the thin line between 
over- and under-resuscitation of septic patients.

Timely initiation of vasopressors is the next 
crucial step in the initial management of septic 
patients. Although it may seem logical to initi-
ate vasopressors after full-volume resuscitation, 
recent studies9,10 have shown that early initiation 
is safe and associated with lower mortality. A 
diastolic blood pressure (DAP) ≤45 mmHg and 
a diastolic shock index (DSI), which represents 
the ratio between heart rate and DAP ≥2, suggest 
severe vasodilatation, indicating the need for 
vasopressor initiation11. Additionally, the combi-
nation of lactate levels and DSI serves as a useful 

tool for guiding the initiation of vasopressors12. It 
is well-established that the first vasopressor sug-
gested by the Surviving Sepsis Campaign (SSC) 
is norepinephrine, followed by vasopressin1.

Finally, the administration of broad-spectrum 
antibiotics is recommended by SSC, ideally with-
in the first hour of recognition in patients with 
possible septic shock and within the first 3 hours 
in patients with sepsis without shock1 Any delay 
in antimicrobials therapy is associated with an in-
creased risk of death13,14. Thus, antibiotics should 
be given as early as possible. Nevertheless, only 
the appropriate antibiotic reduces mortality15, and 
the experience of the doctor and their knowledge 
of the epidemiological landscape at the given mo-
ment, as well as the organization of the hospital 
and the availability of certain antibiotics in the 
emergency department, play a crucial role in the 
initial care of septic patients. 

The scoring system usage contributes to the 
faster identification of septic patients, especially 
those at a high risk of a fatal outcome. SOFA 
score became a part of the Sepsis-3 definition16, 
according to which acute change by 2 or more 
points suggests organ dysfunction and is associ-
ated with a 10% increase in in-hospital mortality. 
Due to its complexity, we have less utility of SO-
FA score in busy emergency departments com-
pared to the intensive care units. Also, the comor-
bidities in septic patients elevated initial SOFA 
score and thus complicate the interpretation of 
the findings. On the other hand, initial higher SO-
FA score values suggest higher 28-day mortality 
with better prognostic accuracy than qSOFA and 
SIRS17. Quick SOFA was derived from The Third 
International Sepsis Consensus in 201616 and was 
validated by Seymour et al18. Compared to SIRS, 
qSOFA is less reliable for screening septic pa-
tients19. Therefore, current recommendations1 of 
the Surviving Sepsis Campaign (SSC) are against 
using qSOFA as a single-screening tool for sepsis 
or septic shock. Nevertheless, qSOFA has better 
mortality prediction than SIRS19. 

Diagnostic scoring systems for sepsis, such as 
SIRS and NEWS, aim to quickly “rule in/rule 
out” sepsis among patients in the emergency de-
partment20-22. However, SIRS score is not a part of 
the Sepsis-3 definition because it is too sensitive 
and nonspecific20 while NEWS is part of the cur-
rent SSC recommendations1. 

Developed for use in the emergency depart-
ments, prognostic scoring systems, SPEED and 
MEDS have shown moderate to good accuracy 
in predicting mortality in septic patients in pre-
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vious studies23-25. Band proportion is a part of 
the MEDS score, and it is often difficult to ob-
tain in the emergency department which is why 
“abbreviated MEDS” is mostly used with similar 
accuracy25. Abbreviated MEDS was also used in 
this research. 

Therefore, the best scoring system does not ex-
ist, so the search for the optimal is always current. 
To the best of our knowledge, there are only a few 
papers dealing with 24-hour outcomes of septic 
patients. Also, there have been a few studies com-
paring the effectiveness of established scoring 
systems in predicting early death, namely death 
within 24 h of triage. In light of this, the goal of 
this study is to estimate the prognostic value of 
six scoring systems in predicting 24-hour mortal-
ity among septic patients presenting at an internal 
and surgery emergency department. 

Patients and Methods

An observational retrospective study was con-
ducted in the Emergency Triage Room (ETR) 
of the Emergency Center (EC) at the University 
Clinical Center of Serbia (UCCS) in Belgrade. It 
is the tertiary and largest Emergency Center in 
Serbia, with approximately 190,000 annual visits. 
ETR is the youngest department in EC, estab-
lished two years ago, where emergency physicians 
are employed. Surviving Sepsis Campaign (SSC) 
Recommendations1 are followed in the initial man-
agement of septic patients, but scoring systems for 
early patients’ stratification are not used. A total 
of 120 consecutive patients with sepsis, according 
to the Sepsis-3 definition16, with or without shock, 
were included in the study from January 1st, 2023, 
to June 30th, 2023. All patients were initially ad-
mitted to the ETR and then hospitalized in one 
of the Intensive Care Units of the EC. Exclusion 
criteria were age under 18, pregnant women, and 
patients transferred from other hospitals where 
they had been treated for infection or sepsis. All 
demographic and clinical characteristics, as well 
as vital parameter values, for the patients included 
in the study, were retrieved from the Hospital in-
formation system (HIS). Mortality data within 24 
h and on the 28th day were also extracted from the 
Hospital information system or from the National 
Mortality Database (electronic National Mortality 
Database - eNMD).

The primary outcome of this study was 24-hour 
mortality. Data were gathered from the HIS and 
eNMD and converted into numerical codes, or-

ganized in tables, and then checked for errors. 
The following data were collected: age, gender, 
presence of shock, fever, entering site of infec-
tions, white blood cell (WBC) count, hemoglo-
bin (Hgb), platelets (PLT), serum glucose (Gly), 
serum urea (sUr), serum creatinine (sCr), sodium 
(Na), potassium (K), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), C-reac-
tive protein (CRP), procalcitonin (PCT), oxygen 
saturation (sO2), mean arterial pressure (MAP), 
heart rate (HR), respiratory rate (RR), partial 
pressure of oxygen (pO2), lactate level (Lac), 
bicarbonate level (HCO3), Glasgow Coma Scale 
(GCS), time to admission (TTA), use of vasopres-
sors, respiratory deterioration (RespD), mental 
deterioration (MentD). 

Statistical Analysis
The scoring systems, including SOFA, qSOFA, 

SIRS, NEWS, SPEED, and MEDS, were manu-
ally computed for all patients utilizing the avail-
able data. Descriptive statistics were employed to 
characterize the data, with mean, median, stan-
dard deviation, and interquartile range used for 
continuous data, and frequencies and percentages 
used for categorical data.

A comparative analysis was undertaken to 
evaluate the difference in mean/median values 
of various laboratory and clinical parameters 
between individuals who experienced mortality 
within the first 24 hours and those who did not. 
To account for the assumption of normality, both 
the t-test and Mann-Whitney test were employed 
for continuous data, and the Chi-square test was 
utilized for categorical data. 

Receiver Operating Characteristic (ROC) curve 
analysis was conducted to determine the most 
effective scoring systems for predicting 24-hour 
mortality. Following the identification of the opti-
mal system, lactate was integrated into the model 
to assess its potential to improve prognostic ac-
curacy. The threshold for statistical significance 
was set at 0.05 (p<0.05). Statistical analyses were 
performed using SPSS version 18.0 (SPSS Inc., 
Chicago, IL, USA) and MedCalc v19.6.3 (MedCalc 
Software, Mariakerke, Belgium).

Results 

The mean age of the patients was 70.48±13.33, 
with 64 (53.3%) of them being male. Two thirds 
of patients were older than 65 (66.67%) and those 
older than 85 were 12.5%. Also, less than 11% of 
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participants were under the age of 55. Of all 120 
participants, 15.8% experienced death within 24 
h, and 55% of patients died by the 28th day. The 
baseline characteristics of the study group are 
summarized in Table I. 

The comparative analysis showed that patients 
who experienced death within both 24 hours 
and 28 days commonly had lower MAP, pH, 
and HCO3 levels. Patients who died in the first 
24 hours also had higher Lac (6.784±3.6734 vs. 

Table I. Baseline characteristics of patients.

 Variable  Mean±SD (median, IQR) or n (%) 

Age  70.48±13.33 (71.00, 19.00) 
Gender 
  Male  64 (53.3%)  
Shock  45 (37.5%) 
Fever 
  No fever  91 (75.8%)
  Subfebrile  17 (14.2%)
  Febrile  12 (10.0%) 
Entering site of infection  
  Urinary tract  32 (38.1%)
  Respiratory tract  18 (21.4%)
  Gastrointestinal tract  21 (25.0%)
  Skin 11 (13.1%)
  Other   2 (2.4%)
AVPU 
  A  85 (70.8%)
  V  21 (17.5%)
  P  14 (11.7%)
  U  0 (0%) 
WBC  18.708±12.3155 (15.95, 13.80)
Hgb 113.71±29.930 (113.00, 40.00)
Plt  194.57±132.534 (170.00, 138.00) 
Gly  9.46±7.5225 (7.20, 4.90) 
sUr  113.71±29.930 (113.00, 40.00) 
sCr  306.9667±258.60690 (249.00, 286.25)
Na  137.21±7.359 (137.00, 7.00)
K  5.850±12.2384 (4.200, 1.5) 
AST 201.63±740.068 (45.00, 64) 
ALT  137.38±521.716 (25.00, 35) 
CRP  253.738±121.6749 (252.000, 179.6) 
PCT  36.1895±60.03667 (12.6800, 40.84) 
sO2  91.58±8.132 (94.50, 7.00) 
MAP 75.30±22.018 (71.50, 33.00)
HR  100.58±22.655 (100.00, 24.00)
RR  22.96±3.973 (22.00, 6.00) 
pH  7.3248±0.18176 (7.3850, 0.24) 
pO2 10.4050±8.87143 (8.5950, 3.69) 
Lac  4.141±3.0648 (3.400, 3.4) 
HCO3  18.845±6.4457 (20.000, 9.0) 
GCS   13.47±2.226 (15.00, 3) 
TTA 5.616±4.3691 (4.250, 4.3) 
Vasopressor  46 (38.3%) 
RespD  62 (52.1%) 
MentD  64 (53.8%) 
Death 24 h 19 (15.8%) 
Death 28 d 66 (55.0%) 

AVPU – AVPU scale; A – awake; V – reacts to voice; P – reacts to pain; U – unresponsive; WBC – white blood cells; Hgb – 
hemoglobin; PLT – platelets; Gly – serum glucose; sUr – serum urea; sCr – serum creatinine; Na – sodium; K – potassium; AST 
– aspartate aminotransferase; ALT – alanine aminotransferase; CRP – C-reactive protein; PCT – procalcitonin; sO2 – oxygen 
saturation; MAP – mean arterial pressure; HR – heart rate; RR – respiratory rate; pO2 – partial pressure of oxygen; Lac – lactate 
level; HCO3 – bicarbonate level; GSC – Glasgow coma scale; TTA – time to admission; RespD – respiratory deterioration; MentD 
– mental deterioration. 
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3.644±2.6780) prolonged TTA (5.975±4.4731 vs. 
3.565±3.0838), and more frequently experienced 
shock (57.9% vs. 33.7%). For patients who died 
within 28 days, increased age (73.26±11.307 vs. 
67.02±14.884), sUr, sCr, RR, and lower GCS were 
observed. These patients were also more likely to 
have respiratory tract infections (34.9% vs. 7.3%). 
The variables that demonstrated statistically sig-
nificant differences between the two groups are 
presented in detail in Supplementary Table I.

The SOFA score showed the best discrimina-
tory power. SPEED, MEDS, and NEWS scores 
had moderate to modest predictive value, while 
SIRS and the qSOFA scores remained insignif-
icant in predicting 24-hour mortality (Figure 1 
and Table II).

The Youden criterion for lactate is set at 3.8 
mmol/l, as determined through ROC curve anal-
ysis. A composite variable named SOFA+LAC 
was created to analyze improvement with the 
addition of lactate to the SOFA score. In the 
construction of SOFA+LAC, the lactate variable 
was transformed to zero for values below 3.8 
mmol/l and to one for values equal to or higher 
than 3.8 mmol/l. Furthermore, the SOFA score 
was categorized into six groups, as illustrated in 
Table III.

The addition of lactate significantly improves 
the ability of the SOFA score to predict 24-hour 
mortality (Figure 2 and Table IV).

Regarding 28-day mortality, the scoring sys-
tems showed sensitivities and specificities, as 
shown in Figure 3.

All scores demonstrated satisfactory predictive 
power for 28-day mortality. The best predictive 
value is the SOFA score (Table V).

The Youden criterion for lactate is set at 3.2 
mmol/l, as determined through ROC curve anal-
ysis. The composite variable was created as in the 
24 h mortality prediction analysis.

Figure 1. ROC curve 24 h mortality. SIRS – systemic 
inflammatory response syndrome; qSOFA – quick sequential 
organ failure assessment; SOFA – sequential organ failure 
assessment; NEWS – National early warning score; SPEED 
– sepsis patient evaluation in the emergency department; 
meds – mortality in emergency department sepsis.

SIRS – systemic inflammatory response syndrome; qSOFA 
– quick sequential organ failure assessment; SOFA – se-
quential organ failure assessment; NEWS – National ear-
ly warning score; SPEED – sepsis patient evaluation in the 
emergency department; meds – mortality in emergency de-
partment sepsis.

Table II. AUC of scoring systems in the prediction of 24-
hour mortality.

 AUC (95% CI)  Sig. 

SIRS  0.626 (0.487-0.765)  .121 
qSOFA  0.583 (0.433-0.733)  .307 
SOFA  0.755 (0.625-0.885)  .000 
NEWS  0.630 (0.528-0.724)  .043 
SPEED  0.673 (0.543-0.803)  .033 
MEDS  0.665 (0.536-0.794)  .042 

Table III. Improvement in specificity of SOFA when lactate ≥3.8 mmol/l. 

                                      SOFA                                      SOFA+LAC 

 Sensitivity  Specificity  Sensitivity  Specificity 

0-1  100.0   0.0     
2-3   93.3   3.5     
4-5   93.3  14.0  86.7  69.8 
6-7   93.3  27.9  86.7  74.4 
8-9   93.3  39.5  86.7  80.2 
10-11   93.3  55.8  86.7  88.4 
12+   73.3  70.9  66.7  93.0 

SOFA – sequential organ failure assessment; LAC – lactate.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-114.pdf
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The predictive value of the composite variable 
SOFA+LAC is not significantly higher than the 
SOFA score itself in terms of 28-day mortality 
(Figure 4).

Discussion 

Our study confirmed that scoring systems, 
particularly the SOFA score, are powerful tools 
in predicting 24-hour mortality in septic patients 
presenting in the emergency department. Addi-
tionally, the inclusion of lactate further enhanced 
the predictive value of the SOFA score. Further-
more, all six scores demonstrated satisfactory 
predictive power for 28-day mortality.

Figure 2. ROC curve 24-h mortality SOFA and SO-
FA+LAC. SOFA – sequential organ failure assessment; LAC 
– lactate.

SOFA – sequential organ failure assessment; LAC – Lactate.

Table IV. AUC of SOFA and SOFA+LAC in predicting 24-h 
mortality.

 95% CI  Sig. 

SOFA 0.755 (0.625-0.885)  0.002 
SOFA+LAC  0.865 (0.736-0.995)  0.000 
Difference between areas 0.110, p=0.0081.

Figure 3. ROC curve 28-day mortality.

SIRS – systemic inflammatory response syndrome; qSOFA – 
quick sequential organ failure assessment; SOFA – sequential 
organ failure assessment; NEWS – National early warning 
score; SPEED – sepsis patient evaluation in the emergency de-
partment; meds – mortality in emergency department sepsis.

Table V. AUC of scoring systems in the prediction of 28-
day mortality.

 Variable  AUC (95% CI)  Sig. 

SOFA  0.852 (0.767-0.915)  0.000 
qSOFA  0.672 (0.572-0.762)  0.003 
SIRS  0.663 (0.562-0.754)  0.005 
SPEED  0.745 (0.648-0.826)  0.000 
MEDS  0.779 (0.685-0.855)  0.000 
NEWS  0.721 (0.619-0.824)  0.000 

Figure 4. ROC curve 28-day mortality SOFA and SO-
FA+LAC. SOFA – sequential organ failure assessment; LAC 
– Lactate.
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In this study, 24 h mortality was 15.8%, which 
is in line with the 9-18% range reported in a 
previous study26 although notably higher than in 
Javed et al27’s study, which reported 4.9%. 

This discrepancy could be explained by the 
significantly younger population in their study. 
In our study, less than 11% of participants were 
under the age of 55, compared to 34% in their 
study. Mortality rates tend to increase with age, 
with individuals over 85 facing a mortality rate 
five times higher than those aged 65-7428. Ad-
ditionally, our study noted a high proportion 
(57.9%) of patients in septic shock among those 
who died within 24 hours. The mortality rate for 
this subgroup reached up to 60% in the study by 
Vincent et al29.

Furthermore, the 28-day mortality in our study 
is notably high and stands at 55%. A systemat-
ic review and meta-analysis30, which included, 
among others, 19,343 participants from Europe, 
has shown a mortality rate of 23.58%, which 
is significantly lower compared to our study. 
One potential explanation for this discrepancy 
could be the disparity in healthcare expenditure. 
According to the World Bank31, the estimated 
healthcare expenditure per capita in Serbia in 
2020 was $672, a figure significantly lower than 
that of developed European countries. This is 
consistent with findings from a study by Shres-
tha et al32, which demonstrated that low-income 
countries tend to have significantly higher mor-
tality rates, with some reaching up to 80% com-
pared to high-income countries.

Finally, TTA was longer for non-survivors: 
6 hours (24-hour group) and 6.7 hours (28-day 
group) vs. 3.6 and 4.6 hours for survivors, respec-
tively. These exceed the SSC recommendations. 
As the study by Pruinelli et al33 shows, even a 
small delay in initial management could have 
significant survival implications. Early empirical 
administration of antibiotics has a favorable ef-
fect on patient outcomes13,14. However, our study 
did not evaluate the selection of antimicrobial 
therapy. It is worth noting that inadequate em-
pirical antibiotic therapy due to multi-resistant 
bacteria increases the risk of death15.

SIRS and qSOFA are the simplest scoring 
systems because they use a few parameters for 
calculating. In a meta-analysis by Serafim et al19, 
SIRS was significantly superior for sepsis screen-
ing and qSOFA was better in predicting hospital 
mortality7. In our study, both scoring systems re-
mained insignificant in predicting 24-hour mor-
tality. We investigated the most severe and most 

urgent group of patients who died within 24 h. 
Their clinical presentation at admission can be 
different, from non-specific to complex, because 
sepsis is a clinically heterogeneous syndrome, 
not only one uniform disease. It is expected that 
a small number of parameters for calculating the 
scores (only 3 parameters for qSOFA score) can-
not represent this subgroup well enough and can-
not give good predictive value in these patients. 
Also, in SIRS, one parameter is fever, which is 
a proven protective sign in septic patients34. In 
our study, 75.8% of patients were not febrile. 
The most urgent septic patients are often anergic 
and afebrile. Thus, SIRS is not a good tool for 
this group of patients. While qSOFA has been 
validated as a predictor of distant mortality, its 
predictive efficacy diminishes slightly when the 
prediction window is shorter compared to the 
findings of Brink et al35. In their study, the qSO-
FA score was less effective than NEWS in pre-
dicting 10-day mortality. It is not surprising that 
qSOFA remains insignificant in the assessment 
of 1-day mortality, as in our study. It should be 
emphasized that our study was conducted with a 
small number of patients and other research with 
a large volume is needed to confirm this. 

On the contrary, the most complex score, the 
SOFA score, which has less utility in emergency 
departments, showed the best predictive value of 
24-hour mortality in our study but a moderate 
discriminatory value in general (AUC 0.75 CI 
95% 0.625-0.885). Compared to other scores, the 
SOFA score was significantly better in predicting 
24-hour mortality than qSOFA. The initial high 
value of SOFA score, above 9 (Youden criterion) 
in this study, categorizes the most severe group 
of patients at high risk of early death. Javed et 
al27 also analyzed SOFA score and reported that 
modified SOFA is an independent predictor of 
early 24 h death. Modified SOFA is an adjusted 
SOFA score excluding the Glasgow coma scale 
from the calculation.

The discriminatory power of the SOFA score 
in our study is good to moderate, and in order to 
improve it, we added an initial lactate level to it. 
Lactate level at presentation, as well as clearance 
of lactate, is a predictor of in-hospital mortality27. 
Also, lactate is used routinely in ETR. Following 
that, a composite variable named SOFA+LAC was 
used. Improvement of SOFA score with the addi-
tion of lactate is significant (AUC SOFA+LAC 
0.865; the difference between areas p=0.0081). 
It means that a SOFA score above nine and an 
initial lactate level above 3.8 mmol/l accurately 
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identify patients at high risk of early death. Over-
all, the SOFA score is complex and robust for use 
in emergency departments, but it has significant 
prognostic power and can be applied in the ETR 
in the future without large investments. Also, 
SOFA+LAC could be a tool for early recognition 
of the most severe group of septic patients with a 
high risk of 24-hour death.

Regarding the 28-day mortality, all of the six 
scoring systems have shown satisfactory pre-
dictive value. SOFA score had the best predic-
tion of 28-day mortality (AUC 0.852, p=0.00), 
followed by MEDS, SPEED, and NEWS (AUC 
0.779, p=0.00; 0.745 p=0.00; 0.721 p=0.00). In 
addition, the SOFA score was significantly bet-
ter than other scores, except MEDS, in pairwise 
comparison. Similar results were obtained by 
Raiht et al17, where SOFA had better discrim-
inatory power than SIRS and qSOFA (SOFA 
AUC 0.75; SIRS AUC 0.58; qSOFA AUC 0.60). 
SOFA score should be repeated every 24 h, and 
acute change by two or more points of scores is 
associated with an increase in mortality. Also, 
changes in delta SOFA, the difference between 
the first calculated SOFA and after 24 h or 48 
h, correlate with changes in the patient’s con-
dition36. Repeated calculations of SOFA score 
are performed after hospitalization in intensive 
care units. Nevertheless, a high initial SOFA 
score value reliably represents the severity of 
the disease of septic patients at presentation. 
Also, the initial SOFA score is still import-
ant in the emergency department and crucial 
for emergency physicians when recognizing 
patients with a high risk of death. In support 
of that, the SOFA score was not improved by 
the addition of lactate when observing 28-day 
mortality. That means a good prediction of the 
SOFA score itself. 

Other scores, NEWS, SPEED, and MEDS, 
showed modest predictive value in predicting 
24-hour mortality, with AUC 0.63, 0.673, and 
0.0665, respectively. SPEED is more sensitive, 
followed by MEDS and NEWS, while NEWS 
is more specific compared to others. Our result 
is consistent with the study by Innocenti et al36, 
whose estimation of the MEDS score in predict-
ing 24-hour mortality is slightly better but still 
modest (AUC 0.674, 95% CI 0.633-0.715). 

All three scores (NEWS, SPEED, and MEDS) 
have shown better prediction of 28-day mortal-
ity compared to the 24-hour prediction (AUC 
NEWS 0.721; SPEED 0.745; MEDS 0.779).  The 
MEDS score, in particular, stood out in compar-

ison to the other two. Shankar et al23 have shown 
much better discriminatory power of SPEED and 
MEDS in predicting 28-day mortality than the 
results in our study [SPEED AUC 0.899 (95% 
CI 0.847-0.951); MEDS AUC 0.857 (95% CI 
0.793-0.92)]. MEDS score is more accurate in 
predicting the group of patients with a low risk 
of death24. All of our patients were hospitalized 
in intensive care units with a high mortality per-
centage, which reflects the severity of the study 
group. This may partly explain the difference in 
the predictive value of MEDS but not the differ-
ence in SPEED score. Our study is retrospective, 
and we plan to perform a prospective study with 
the same six scoring systems in order to have 
more comparable results. 

Limitations
This study has limitations. First, it was con-

ducted in a single medical center. Second, it has a 
retrospective design, and bias is possible. Third, 
the examined group is not large, and further pro-
spective research with a large number of patients 
is necessary.

Conclusions

The results of this research show that the 
SOFA score is the most accurate for assessing 
24-hour and 28-day mortality of all scores. By 
adding lactate levels, the prediction of early 
death of the SOFA score is significantly en-
hanced. Other scoring systems investigated in 
this research (SPEED, MEDS, NEWS) showed 
modest to moderate prediction of 24-hour and 
28-day mortality. SIRS and quick SOFA re-
mained insignificant in this research, especially 
in predicting 24-hour mortality. A prospective 
study evaluating these six scoring systems is 
needed in the future. 
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