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In the context of post-2016 redefinitions of sepsis and septic shock, this prospective, non-interventional single-center clinical
trial was carried out at St. Marina University Hospital, Varna, Bulgaria. The study encompassed 87 participants, approximately
45 of whom presented with sepsis and septic shock. Employing logistic regression, the study aimed to assess the predictive value
of the Systemic Inflammatory Response Syndrome (SIRS) and quick Sequential Organ Failure Assessment (qSOFA) criteria in
sepsis. Additionally, sensitivity and specificity were evaluated using ROC curve analysis. The findings revealed the substantial
predictive potential of both SIRS and gSOFA for septic patient mortality. Notably, the gSOFA score exhibited a significantly higher
likelihood (2.581 times, p = 0.0001, 95% CI 1.557 - 4.279) of predicting mortality compared to the SIRS scale (2.050-fold, p =
0.004, 95% CI 1.255 - 3.349). The study contributes to guiding the enhancement of patient care strategies, effortlessly aligning
with the core tenets of evidence-based nursing practices. Biomed Rev 2023; 34: 185-190

Keywords: SIRS, gSOFA, SOFA, National Early Warning Score, Sepsis, Mortality, Predictability

LIST OF ABBREVIATIONS USED NEWS — National Early Warning Score
MEWS — Modified Early Warning Score

SCCM - Society of Critical Care Medicine
ESICM — European Society of Intensive Care Medicine

Sepsis-3 — the Third International Consensus Definitions for
Sepsis and Septic Shock

SIRS — Systemic Inflammatory Response Syndrome

SOFA — Sequential Organ Failure Assessment IDSA — Infectious Diseases Society of America

ROC — Receiver Operating Characteristic

gSOFA — quick Sequential Organ Failure Assessment
AUC — Area under the curve

Received 23 October 2023, revised received 10 November 2023, accepted 11 November 2023.
*Correspondence to: Pavlina Peneva, MD, PhD

E-mails: p.peneva@abv.bg; Pavlina.Peneva@mu-varna.bg
//https://orcid.org/0000-0001-5306-4030



186

Peneva et al

BACKGROUND

Sepsis ranks among the principal contributors to critical illness
and global mortality. Over the last two decades, sepsis and septic
shock definitions have experienced evolution, leading to discrep-
ancies across documents and potential confusion (1). In2016, The
Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) introduced fresh terminology, fostering greater
uniformity for epidemiological investigations and clinical trials.
These refined definitions enable swifter recognition and more
timely management of patients afflicted by sepsis or septic shock
(2). The Surviving Sepsis Campaign (SSC) released updated
global adult sepsis guidelines in 2021, placing elevated emphasis
on post-intensive care unit (ICU) care for sepsis patients (3).

The previous consensus definitions of sepsis mandated an
infection along with two or more criteria from the systemic
inflammatory response syndrome (SIRS) (4, 5). SIRS criteria
encompassed fever or hypothermia (body temperature > 38
°C or<36 °C, respectively), leukopenia or leukocytosis
(leucocyte count > 12,000 cells/uL or <4000/uL), tachypnea
(respiratory rate >20 breaths per minute), and tachycardia
(heart rate > 90 beats per minute) (6 (6, 7).

In accordance with Sepsis-3, sepsis is delineated as life-
threatening organ dysfunction resulting from a disordered host
response to infection. This novel definition accentuates the
paramount importance of the nonhomeostatic host response
to infection, its potential fatality, and the urgency of recogni-
tion. Organ dysfunction is identified by an acute shift in the
total SOFA score >2 points due to the infection (2). SEPSIS-3
describes septic shock as a subset of sepsis wherein underly-
ing circulatory and cellular/metabolic anomalies significantly
escalate mortality risk. The 2021 SSC guidelines emphasize
post-ICU and hospital care for sepsis patients and exhibit
greater diversity in terms of geography and gender compared
to earlier documents (2, 3).

An escalation in the Sequential Organ Failure Assessment
(SOFA) score by two points or more corresponds to an in-
hospital mortality exceeding 10% (2, 8, 9). Increased SOFA
scores are indicative of heightened mortality likelihood. As
a screening tool for sepsis-related mortality in non-intensive
care settings, the quick Sequential Organ Failure Assessment
(qSOFA) score is introduced to swiftly identify patients at a
heightened risk of sepsis-related mortality.

Ongoing medical discourse revolves around the choice
between scoring systems for sepsis diagnosis: gSOFA or
SIRS. The question arises: Are qSOFA criteria superior to
SIRS criteria for pinpointing critically ill septic patients and
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predicting mortality? Additionally, do qSOFA criteria offer
heightened specificity in identifying patients necessitating a
higher level of care?

Emerging research suggests that the National Early Warning
Score (NEWS) and Modified Early Warning Score (MEWS)
exhibit superior accuracy. Despite the extensive adoption of
the Society of Critical Care Medicine (SCCM) and European
Society of Intensive Care Medicine (ESICM) definitions by
many countries, global unanimity remains elusive. Some
nations persist in upholding prior definitions of systemic
inflammatory response syndrome (SIRS), sepsis, and severe
sepsis. Accurate diagnosis and prompt sepsis recognition are
pivotal for effective patient management, driving enhanced
outcomes. However, both risk stratification in individuals with
acute infections and sepsis identification continue to challenge
clinicians® expertise (5-8, 10-12).

The Infectious Diseases Society of America (IDSA) has
raised concerns regarding guidelines that fail to acknowledge
the practical challenges clinicians encounter when diagnosing
sepsis. Ambiguity can arise about the presence of infection and
whether organ dysfunction is attributable to infection. Studies
indicate that up to 40% of sepsis diagnoses in patients admit-
ted to intensive care units are inaccurate, potentially leading
to unwarranted broad-spectrum antibiotic treatment for those
with less severe forms of sepsis (1, 13).

Given this backdrop, the present study undertakes a com-
prehensive comparative analysis to evaluate the diagnostic
efficacy of both gqSOFA and SIRS criteria for sepsis diagnosis,
as well as their prognostic utility for predicting 30-day mortal-
ity. The primary objective of this research is to meticulously
assess the specificity and predictive potential of the SIRS and
gSOFA scales in identifying septic patients, discerning the du-
ration of hospitalization, and forecasting mortality outcomes.
This investigation encompasses a follow-up period extending
up to day 30 to ensure a comprehensive understanding of the
studied parameters.

METHODS

A prospective, non-interventional single-center clinical trial
was conducted at University St. Marina Hospital in Varna to
investigate the association between sepsis criteria and mortal-
ity in patients with infections. Patients were recruited from
the Intensive Care Department and provided written consent
for participation. The study protocol was approved by the
Ethics Committee of the Clinical Trials at the Medical Uni-
versity, Varna, Bulgaria.
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A total of 82 patients (50 men, 32 women) with a mean age
of 63.7 £ 13.6 years were included in the study. Among them,
37 participants (22 men, 12 women) had infections but did not
meet the criteria for sepsis and were assigned to group I, with
amean age of 66.2 + 10.5. The remaining 45 patients met the
criteria for sepsis and were categorized as either sepsis without
septic shock (group II, n=26) or septic shock (group 111, n=19),
with mean ages of 61.3 £ 15.0 and 62.2 + 17.3, respectively.
The inclusion criteria for the study were the presence of
laboratory findings indicative of systemic exposure, age over
18 years, and the absence of malignancies. Exclusion criteria
included pregnancy, neoplasia, and age below 18.

Various clinical assessment techniques were employed in
the study. These included a thorough physical examination
focusing on pulmonary, cardiovascular, and mental health
status. Initial vital signs, such as heart rate and blood pressure,
were recorded. Blood samples were collected for analysis,
including peripheral blood count, biochemical parameters,
and coagulation parameters. Acid-base profiles with lactate
levels were assessed using a blood gas analyzer.

Additionally, qSOFA, SIRS, and SOFA scales were utilized
to evaluate the patients. The gSOFA and SIRS scales were
initially employed to assess all patients with infections, aiming
to identify those with severe infections and suspected sepsis
for early intervention. After obtaining laboratory results, the
full SOFA score was calculated, and patients were categorized
into the respective study groups. The score was determined
using an online calculator with established criteria. According
to the SEPSIS-3 recommendations, patients with infections
and a SOFA score of 2 or more points, or a 2-point change in
the presence of a history of organ failure, were classified as
septic. Patients without shock were considered septic if they
exhibited evidence of inflammation and new organ failure,
with a SOFA score >2 points. Septic shock was defined as
infection, a SOFA score >2 points, serum lactate levels over 2
mmol/L, hypotension, or the need for vasopressor medication
to maintain systolic blood pressure above 65 mmHg.

STATISTICAL ANALYSIS

Receiver operating characteristic (ROC) analyses and logistic
regression models were employed to assess the predictive
value of SIRS and qSOFA scores for mortality in sepsis and
septic shock patients. Differences in hospital stay between sep-
sis and septic shock patients were evaluated using independent
t-tests. Data analysis was performed using IBM SPSS v.24.
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RESULTS

Out of all patients who took part in the study, 11 (13.4%)
received a score of 1 point and 15, or 18.3%, received a score
of 2, based on the SIRS criterion. Patients with 3 points and 4
points (24 patients, 29.3% and 32 patients, 39%), respectively,
made up the two highest shares (Table 1).

Table 1. Patients’ characteristics

SIRS Patients with Sepsis/septic | Total number

(score) non-sepsis shock patients of patients
infections rated with SOFA (%)

1 11 0 11 (13.4%)
2 11 4 15 (18.3%)
3 9 15 24 (29.3%)
4 6 26 32(39.0%)
Total 37 45 82 (100 %)

Sepsis and septic shock predominated among patients
with SIRS scores of 3 and 4 (n=41; 91.1%), while non-septic
infections were the most common diagnosis for patients with
SIRS scores of 1 and 2. Only 4 of the septic patients (n=4, or
8.8%) received 2 points according to SIRS criteria (Table 2).

Table 2. Sepsis and septic shock patients rated by gSOFA

scale
Patients with | Sepsis/septic shock Total Sepsis
gqSOFA | non-sepsis | patients rated with | number of | patients
infections qSOFA patients (%)
0 15 0 15 18.3
1 11 8 19 23.1
2 9 14 23 28.0
3 2 23 25 30.5
Total 37 45 82 100.0

Our data analysis revealed distinct patterns in qSOFA scores
among individuals with and without sepsis. Specifically, pa-
tients without sepsis exhibited gSOFA scores ranging from 0 to
1, while those with sepsis and septic shock had scores between
2 and 3. Notably, a minority of septic patients (8 individuals)
received a qSOFA score of 1, indicating a potential hidden
condition during the initial screening. However, the majority
of septic patients (82.2%, n=37) were assigned qSOFA scores
of 2 and 3, suggesting a higher severity level.

Furthermore, our study demonstrated the significant pre-
dictive value of both SIRS and qSOFA scores in determining
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mortality among septic patients. Specifically, the qSOFA
score exhibited a 2.581 times higher likelihood of predicting
mortality in patients with sepsis and septic shock (p =0.0001,
95% CI 1.557 - 4.279). Similarly, the SIRS scale showed a
2,050-fold likelihood of predicting mortality (p = 0.004, 95%
CI 1.255 - 3.349). These findings highlight the clinical utility
of both scoring systems in identifying patients at higher risk
of mortality.

Regarding the length of hospital stays, our analysis did
not identify significant differences between patients with or
without sepsis, as evaluated by the SIRS and gSOFA scores (t
=7.349,p=0.0001). This suggests that the severity of sepsis,
as determined by these scoring systems, may not directly cor-
relate with the duration of hospitalization (Table 3).

Table 3. Average hospital stay of patients with or without
sepsis evaluated by SIRS and gSOFA

. . Number of |  Score Standard
Type of infection . L
patlents average dEVIatlon
Sepsis 45 3.4889 0.66134
SIRS S
Infection without | 22703 | 1.07105
sepsis
Sepsis 45 23333 | 076871
qSOFA i i
Infection without | ., 0.9459 | 094122
sepsis
Sepsis 45 111333 | 9.22102
Days of - -
hospital stay | Infection without| 57 9.8378 | 5.19355
sepsis

To assess the predictive accuracy of both SIRS and gSOFA
scores for 30-day mortality, we conducted ROC curve analysis

(Fig. 1).

Our findings demonstrated that both scoring systems
exhibited high accuracy in predicting mortality within this
timeframe, with sensitivities and specificities exceeding 80%.
For SIRS scores above 2.5 points, the sensitivity was 91% and
the specificity was 60% (AUC 0.80, 95% CI 0.712 - 0.907).
Additionally, for SIRS scores above 3.5 points, the sensitivity
decreased to 57.8%, while the specificity increased to 73.8%.
In terms of the SOFA score, a threshold of 1.5 points yielded
a sensitivity of 82.2% and a specificity of 70.3% (AUC 0.85,
95% CI1 0.770 - 0.934). However, when the qSOFA score was
set at 2.5 points, the sensitivity decreased to 51%, while the
specificity increased significantly to 95%.
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Figure 1. 30-day mortality predicted by SIRS and gSOFA.

ROC curve results highlighted the ability of both SIRS
and qSOFA scores to accurately predict 30-day mortality. The
findings suggest that a higher threshold for SIRS scores may
improve specificity, while a lower threshold for gSOFA scores
may enhance sensitivity (Figure 1).

DISCUSSION

The use of scoring systems such as SIRS and gSOFA in sepsis
has proven to be valuable in distinguishing septic from non-
septic patients and predicting mortality. Our study revealed
that both scoring systems exhibited a predictive probability
of over 80% for death by day 30, indicating their usefulness
in prognosticating patient outcomes (p <0.0001, 95% CI).

When applying the SIRS criteria with a threshold of >2.5
points, we observed a sensitivity of 91% and a specificity of
40.5%, with an AUC of 0.80 (95% CI - 0.712 - 0.907). On
the other hand, a qSOFA score of >1.5 points demonstrated a
sensitivity of 82.2% and a specificity of 70.3%, with an AUC
0f 0.85 (95% CI - 0.770 - 0.934). These findings indicate that
SIRS criteria are more sensitive in detecting septic patients,
while qSOFA criteria are more specific in predicting lethal
outcomes.

The implementation of the new criteria for detecting criti-
cally ill and septic patients using the SOFA score has led to
the emergence of advantages and disadvantages of qSOFA
and SIRS criteria. The question of whether the qSOFA score
is useful enough to identify septic individuals has been raised,
with conflicting views from different authors. In a retrospective
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follow-up study by the Khwannimit team in 2018, the SOFA
score demonstrated the highest predictive value for mortality,
followed by qSOFA and SIRS. The SOFA score also showed
superior predictive power for death in the ICU and organ
failure (13). These findings suggest that the SOFA score may
be a more reliable predictor of mortality and critical outcomes
in septic patients compared to gSOFA and SIRS. However,
further research is needed to fully understand the advantages
and limitations of each scoring system in sepsis evaluation.

In a separate study conducted by Goulden et al., the out-
comes of a retrospective cohort research comparing qSOFA,
SIRS, and NEWS (National Early Warning Score) as markers
of hospital mortality in the UK were evaluated. The findings
of this study demonstrated that both gSOFA and NEWS had
comparable predictive values, with qSOFA having an AUC of
0.62 (95% CI 0.59-0.66) and NEWS having an AUC of 0.65
(95% C10.61-0.68). These values were found to be better than
the predictive value of SIRS. This suggests that both gSOFA
and NEWS may be effective tools for predicting hospital
mortality, with similar performance to each other and superior
performance compared to SIRS (14).

The conflicting findings among studies highlight the com-
plexity of sepsis assessment and the need for a multidiscipli-
nary approach in patient care. It is crucial to consider other
factors and individual patient characteristics when making
clinical decisions. The ongoing research and analysis in this
field are essential to enhance our understanding of sepsis and
improve patient outcomes.

According to Haydar et al (15), the SOFA score is a bet-
ter predictor of sepsis mortality, although it takes longer to
determine in emergency rooms compared to SIRS criteria.
They conducted a follow-up study on patients suspected to
have sepsis and found that upon arrival at the emergency ward,
a higher percentage of patients met SIRS criteria (94.5%)
compared to gSOFA criteria (58.3%). The time taken to obtain
results for SIRS criteria was shorter, with a mean time of 47.1
minutes (95% CI 36.5 - 57.8), compared to 84.0 minutes (95%
CI 62.2 - 105.8) for the gSOFA score. The median time for
setting SIRS criteria was 12 minutes, while it was 29 minutes
for the gSOFA score. However, it is important to note that the
determination time for gSOFA could vary depending on the
organization of medical care and the availability of doctors in
different countries (15).

In a meta-analysis conducted by Jiang et al (10), it was
found that both qSOFA score >2 and SIRS score >2 were
strongly associated with mortality in ED patients with infec-
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tions. However, the study also highlighted the limitations of
qSOFA and SIRS as risk stratification tools for ED patients
with infections. When comparing the performance of gSOFA
and SIRS in predicting mortality, qSOFA scores >2 were more
specific, while SIRS scores >2 were more sensitive (10).

Usman et al. conducted a retrospective analysis comparing
SIRS, qSOFA, and the National Early Warning Score (NEWS)
for the identification of severe sepsis and septic shock during
ED triage. Their results indicated that gSOFA had the low-
est sensitivity and was considered a poor tool for ED sepsis
screening (11).

Serafim et al. reported higher sensitivity of the SIRS criteria
for sepsis in a systematic review and meta-analysis. They found
that gSOFA was a more accurate predictor of in-hospital mor-
tality. The authors suggested that using both scales may offer
a superior model for initial treatment in sepsis patients (16).

Lastly, our study found that the qSOFA score had a bet-
ter predictive value for detecting severe conditions in septic
patients and a greater likelihood of predicting death at a
30-day follow-up. However, a small percentage of septic
patients remained undiagnosed using qSOFA, despite scoring
3 or 4 points according to SIRS criteria. It is important to
maintain a high level of suspicion for sepsis in this group of
patients. Neither SIRS nor qSOFA are ideal screening tools
for sepsis, and clinicians should be aware of the limitations
of each. Further analysis and confirmation of the diagnosis
are necessary to initiate early therapy according to the SEP-
SIS-3 guidelines.

CONCLUSISON

The utilization of gSOFA and SIRS criteria as early detection
tools for sepsis, as well as for treatment decision-making,
plays a vital role in reducing mortality rates. However, it is
important for clinicians to recognize the limitations of both
SIRS and qSOFA as screening tools for sepsis. To achieve
better outcomes, such as a decrease in mortality and disability
rates and reduced psycho-trauma for patients and their fami-
lies, the simultaneous use of both scoring systems in clinical
practice can lead to a broader coverage of septic patients.
Furthermore, advancements in technology, particularly in
the fields of artificial intelligence and machine learning, hold
promise for facilitating easier sepsis diagnosis. A multidisci-
plinary approach is necessary to enhance our understanding
and effectively apply machine learning techniques for the early
recognition of sepsis.
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LIMITATIONS

The present study warrants acknowledgment of several in-
herent limitations. To begin, the study was constrained by
a relatively modest sample size and its exclusive focus on
the Intensive Care Unit of a single hospital. Additionally,
the patient selection process was purposive rather than rand-
omized, with a particular emphasis on monitoring alterations
in blood parameters during sepsis. Moreover, the sample did
not encompass all patients with sepsis; specific exclusions,
such as individuals with oncological diseases, were made.
These limitations collectively influence the generalizability
and breadth of the study‘s findings.
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