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Abstract 
Background: Multidrug-resistant (MDR) bacterial infection is a serious global health problem, especially 

in Intensive Care Units (ICUs). The ICU-SEPSA score was developed to predict mortality in patients with MDR 
infections. 

Objective: To evaluate the prognostic value of the ICU-SEPSA score for predicting mortality among ICU 
patients with MDR bacterial infections at Hue Central Hospital. 

Methods: We conducted a prospective observational study of 108 patients with MDR bacterial infections 
admitted to the ICU from June 2024 to June 2025. ICU-SEPSA was recorded at the time the index culture 
was identified. Univariate logistic regression examined the association between ICU-SEPSA and mortality. 
Discrimination was evaluated using receiver operating characteristic (ROC) analysis to determine the optimal 
cut-off, area under the curve (AUC), sensitivity, and specificity. An exploratory combined model with the 
Sequential Organ Failure Assessment (SOFA) score was derived using logistic regression, yielding a linear 
predictor SOFA + 1.104 × ICU-SEPSA. 

Results: The overall mortality was 77.8%. The mean ICU-SEPSA score at the time of culture isolation was 
7.0 ± 1.9. On univariate analysis, ICU-SEPSA predicted mortality (OR = 1.420; p < 0.001). At a cut-off value 
of 7.3, ICU-SEPSA demonstrated moderate discrimination (AUC = 0.686), with 56.0% sensitivity and 83.3% 
specificity. The exploratory combined model (SOFA + 1.104 × ICU-SEPSA) demonstrated better discrimination 
(AUC = 0.773); at a cut-off of 10.2, sensitivity was 95.2% and specificity 50.0%. 

Conclusions: The ICU-SEPSA score has prognostic value for mortality in ICU patients with MDR bacterial 
infections, and combining ICU-SEPSA with SOFA further improves predictive performance.
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1. INTRODUCTION
Antimicrobial resistance (AMR) is currently 

recognized as one of the most critical challenges 
in 21st-century medicine, with profound and long-
term consequences for global public health [1]. 
A 2019 report by the World Health Organization 
estimated that multidrug-resistant (MDR) bacterial 
infections are responsible for at least 700,000 deaths 
annually, with projections rising to 10 million deaths 
per year by 2050, potentially surpassing many 
non-communicable diseases as a leading cause of 
mortality [2,3]. Intensive Care Units (ICUs) represent 
high-risk settings, where critically ill patients—often 
characterized by immunosuppression, multiple 
comorbidities, invasive interventions, and advanced 
age—are particularly vulnerable to severe infections 
and increased mortality, especially in the context 

of MDR pathogens. Early identification of patients 
at high risk of poor outcomes is therefore essential 
to guide individualized treatment strategies and 
optimize resource allocation. Various prognostic 
models have been developed, including widely 
used scoring systems such as Sequential Organ 
Failure Assessment (SOFA) and Acute Physiology 
and Chronic Health Evaluation II (APACHE II). 
However, these conventional scores primarily 
focus on physiological derangements and organ 
dysfunction and do not specifically incorporate 
clinical characteristics associated with multidrug-
resistant (MDR) infections, such as host factors, 
infection sources, and antimicrobial resistance-
related challenges. Furthermore, previous studies 
have often focused on specific resistant pathogens, 
limiting the generalizability of their findings to the 
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broader population of patients with MDR bacterial 
infections [4-7]. The ICU-SEPSA score, developed 
specifically to assess mortality risk in patients 
with MDR infections, has demonstrated promising 
predictive performance across different risk groups 
[8]. Nevertheless, its applicability has not yet been 
evaluated in Vietnam. 

Therefore, this study aims to evaluate the 
prognostic value of the ICU-SEPSA score in predicting 
mortality among ICU patients with MDR bacterial 
infections.

2. METHODS
2.1. Study design
This single-center, prospective observational 

study was conducted in the Intensive Care Unit of 
Hue Central Hospital, a tertiary referral center in 
Vietnam, between June 2024 and June 2025. Adult 
patients (aged ≥18 years) with a confirmed diagnosis 
of multidrug-resistant (MDR) bacterial infection, 
defined according to antimicrobial susceptibility 
testing based on the European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID) 
criteria, were eligible for inclusion. Patients were 
excluded if essential clinical or laboratory data 
required to calculate the Sequential Organ Failure 
Assessment (SOFA) score or the Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score 
were unavailable. The study aimed to evaluate the 
prognostic performance of the ICU-SEPSA score in 
predicting mortality among ICU patients with MDR 
infections..

2.2. Sample size estimation
The required sample size was calculated using 

the formula for estimating a single proportion with a 
predefined relative precision:

where  n  represents the minimum sample 
size,  Z₁₋α/2  corresponds to the standard normal 
deviate at a two-sided significance level of 5% (Z = 
1.96),  p  is the expected proportion, and  ε  denotes 
the acceptable relative error.

Based on prior research by Sirichayanugul et al. 
(2022), the expected predictive accuracy was set 
at p = 0.8054 [8], with a relative error of ε = 0.1. The 
calculated minimum sample size was 93 patients. 

Ultimately, 108 patients were enrolled using a 
convenience sampling approach.

2.3. Definitions and Study variables 
Multidrug-resistant (MDR) infection was defined 

as resistance to at least one agent in three or more 
antimicrobial classes [8]. Immunosuppression was 
defined by the presence of immunosuppressive 
therapy, chemotherapy, prolonged corticosteroid 
use, acquired immunodeficiency syndrome (AIDS), 
chronic alcohol abuse, hemodialysis, or uncontrolled 
diabetes mellitus [10]. Comorbidities included 
major chronic conditions such as cardiovascular, 
respiratory, renal, hepatic, metabolic, neurological, 
and psychiatric diseases. Prior antibiotic exposure 
was defined as use within the preceding three 
months. Infection severity was classified according 
to Sepsis-3 criteria: sepsis was defined as suspected 
or confirmed infection with an increase in SOFA 
score ≥ 2 points, and septic shock as sepsis requiring 
vasopressors to maintain mean arterial pressure ≥65 
mmHg with lactate > 2 mmol/L despite adequate 
fluid resuscitation. The SOFA score assesses six 
organ systems (respiratory, coagulation, hepatic, 
cardiovascular, neurological, and renal). 

The primary variables were components of the 
ICU-SEPSA score recorded at the time of positive 
culture, including immunosuppression, chronic 
obstructive pulmonary disease, urinary tract 
infection, sepsis, mechanical ventilation, pneumonia, 
septic shock, and prior antibiotic exposure. The 
detailed components and scoring system of the 
ICU-SEPSA score are provided in Appendix 1. The 
SOFA score, APACHE II score, and the presence of 
multiple organ dysfunction were also assessed at 
the time of MDR pathogen identification. Secondary 
variables included demographic characteristics, 
comorbidities, clinical parameters, laboratory 
findings, use of invasive devices, infection severity, 
causative pathogens, and 28-day mortality.

2.4. Statistical analysis 
Statistical analyses were performed using SPSS 

software version 27.0 (IBM Corp., Armonk, NY, USA).
2.5. Research ethics
The study protocol was approved by the 

Biomedical Research Ethics Committee of University 
of Medicine and Pharmacy, Hue University (Approval 
No. H2024/224, approved on June 10, 2024).
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3. RESULTS 

Figure 1. Patient outcomes
The study cohort demonstrated a high mortality rate of 77.8% among patients with multidrug-resistant 

infections.
Table 1. Baseline characteristics of patients stratified by treatment outcomes

Facto Survivors
(n = 24)

Non-survivors
(n = 84) P-value

Age (years) 64.5 ± 17.9 69 ± 15.5 > 0.05
Male sex 18 (75%) 55 (65.5%) > 0.05
Comorbidities 21 (87.5%) 77 (91.7%) > 0.05
Invasive procedures 23 (95.8%) 74 (88.1%) > 0.05
Immunosupression 2 (8.3%) 23 (27.4%) > 0.05
White blood cell count (×10⁹/L)* 14.9 [11.9 - 18.5] 13.7 [9.4 - 19.5] > 0.05

Total bilirubin (µmol/L)* 13.4 [9.7 - 16.3] 11.6 [7.1 - 16.4] > 0.05

Creatinine (µmol/L)* 61.2 [43.6 - 108.0] 104.8 [58.7 - 199.3] < 0.05

PaO2/FiO2 ratio* 249.0 [196.0 - 317.0] 210.0 [147.3 - 294.8] > 0.05

Procalcitonin (ng/mL)* 0.5 [0.2 - 1.3] 1.9 [0.3 - 6.0] < 0.05

Lactate (mmol/L)* 2.1 [1.5 - 3.4] 2.6 [1.6 - 4.0] > 0.05

Antimicrobial 
resistance level

MDR 11 (45.8%) 8 (9.5%)

< 0.05XDR 6 (25.0%) 14 (16.7%)

PDR 7 (29.2%) 62 (73.8%)

Multiple organ dysfunction 4 (16.7%) 37 (44.0%) < 0.05

Infection severity
Mild infection 5 (20.8%) 0 (0%)

< 0.05Sepsis 13 (54.2%) 40 (47.6%)
Septic shock 6 (25.0%) 44 (52.4%)

SOFA score* 3.0 [2.0 - 7.6] 8.0 [5.0 - 11.0] < 0.05
APACHE II score* 11.5 [9.0 - 16.8] 24.0 [20.3 - 27.0] < 0.05
ICU-SEPSA score* 6.0 [5.0 - 6.5] 8.0 [6.0 - 8.5] < 0.05

Abbreviations: MDR, multidrug-resistant; XDR, extensively drug-resistant; PDR, pandrug-resistant; SOFA, Sequential 
Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation II; PaO₂/FiO₂, ratio of arterial 
oxygen partial pressure to fractional inspired oxygen.

Values are presented as mean ± standard deviation, median (IQR) or number (%), (a) t-test, (b) Mann-Whitney U test, 
(c) χ2 test.
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The non-survivor group had higher procalcitonin 
and creatinine levels, along with a greater incidence 
of multiple organ dysfunction compared to the 
survivor group (p < 0.05). Mortality increased 
with the degree of antimicrobial resistance, with 
rates of 9.5% in MDR, 16.7% in XDR, and 73.8% in 
PDR (p < 0.05). Greater infection severity was also 

associated with higher mortality: septic shock was 
observed in 52.4% of non-survivors versus 25.0% 
of survivors. Additionally, prognostic scores for 
mortality, including SOFA, APACHE II, and ICU-SEPSA, 
were significantly higher in the non-survivor group 
compared to the survivor group (p < 0.05).

Table 2. Predictive performance of ICU-SEPSA, SOFA, and APACHE II for mortality
AUC Cut-off Sensitivity (%) Specificity (%) 95% CI p-value

ICU-SEPSA 0.686 7.3 56.0 83.3 0.56 - 0.81 < 0.001
SOFA 0.763 3.5 89.3 54.2 0.65 - 0.88 < 0.001
APACHE II 0.960 17.5 94.0 87.5 0.92 - 1.00 < 0.001

Abbreviations: AUC, area under the curve; CI, confidence interval.
The optimal cut-off values of ICU-SEPSA, SOFA, 

and APACHE II for predicting mortality in patients 
with multidrug-resistant infections were 7.3, 3.5, 
and 17.5, respectively. ICU-SEPSA demonstrated 
an AUC of 0.686, with a sensitivity of 56.0% and 

specificity of 83.3%; SOFA showed an AUC of 0.763, 
with a sensitivity of 89.3% and specificity of 54.2%; 
while APACHE II exhibited the highest discriminative 
performance, with an AUC of 0.960, sensitivity of 
94.0%, and specificity of 87.5% (p < 0.001).

Table 3. Multivariable logistic regression analysis of ICU-SEPSA and SOFA 
  Regression coefficient (B) 95% CI  p-value

ICU-SEPSA 0,27 1,11 - 1,54 0,001
SOFA 0,29 1,03 - 1,76 0,030

Based on the regression coefficients, with ICU-SEPSA (B = 0.297) and SOFA (B = 0.269), a combined 
variable was derived as follows: SOFA + 1.104 × ICU-SEPSA, where 1.104 represents the ratio of the regression 
coefficients (0.297/0.269).

Table 4. Univariate logistic regression analysis of ICU-SEPSA, SOFA and APACHE II
Variable  Odds ratio (OR)  95% CI p-value

ICU-SEPSA 1.42 1.15 - 1.83 0.006
SOFA 1.33 1.13 - 1.57 < 0.001

APACHE II 1.88 1.38 - 2.58 < 0.001
ICU-SEPSA + SOFA 1.31 1.14 - 1.50 < 0.001

Univariate analysis demonstrated that ICU-SEPSA, SOFA, APACHE II, and the combined ICU-SEPSA + SOFA 
model were significant predictors of mortality in patients with multidrug-resistant infections (all p < 0.05).

Abbreviations:ROC, receiver operating characteristic.
Figure 2. ROC curve of ICU-SEPSA combined with SOFA for mortality prediction in patients with 

multidrug-resistant infections
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The combined ICU-SEPSA and SOFA model showed acceptable discriminative performance for mortality 
prediction (AUC = 0.773, p < 0.05). At a cut-off value of 10.2, it provided high sensitivity (95.2%) but moderate 
specificity (50.0%).

Table 6. Comparison of the predictive performance of different scoring systems for mortality
Comparision Z p-value

SOFA vs APACHE II -3.20 0.001

SOFA vs ICU-SEPSA 0.19 0.85
SOFA vs SOFA + ICU-SEPSA -0.45 0.65
ICU-SEPSA vs SOFA + ICU-SEPSA -0.61 0.54
APACHE II vs ICU-SEPSA 3.14 0.002
APACHE II vs SOFA + ICU-SEPSA 2.82 0.005

Following Holm–Bonferroni adjustment, DeLong test results demonstrated that the AUC of APACHE II 
had significantly discriminative performance compared with SOFA (Z = 3.41, p = 0.003), ICU-SEPSA (Z = 4.23, 
p < 0.001), and the combined SOFA–ICU-SEPSA model (Z = 3.45, p = 0.003).

4. DISCUSSION
This study included 108 patients with multidrug-

resistant infections admitted to the Intensive 
Care Unit and aimed to assess the prognostic 
performance of the ICU-SEPSA score in predicting 
mortality. The overall mortality rate observed in 
our cohort was 77.8%, which is markedly higher 
than previously reported rates, including 34.1% in 
the study by  Sirichayanugul et al  (2022) [8], 43.6% 
by Ahmed et al (2025) [11], and 22.6% by Dinh Phung 
Tran et al (2016) [12]. This high mortality rate may be 
explained by the severity of illness among critically 
ill patients admitted to a tertiary ICU, together with 
the high proportion of PDR infections among non-
survivors (73.8%) and the high prevalence of septic 
shock and multiple organ dysfunction in this cohort. 
In this context, many patients in both survivor and 
non-survivor groups presented with multiple MDR-
related risk factors, resulting in overlapping ICU-
SEPSA score distributions. Mortality was significantly 
associated with elevated serum creatinine, increased 
procalcitonin levels, the presence of multiple organ 
dysfunction, higher levels of antimicrobial resistance, 
greater infection severity, and increased SOFA, 
APACHE II, and ICU-SEPSA scores (p < 0.05).

The ICU-SEPSA score was found to be an 
independent predictor of mortality, with an odds ratio 
(OR) of 1.420 (p = 0.006). At a cut-off value of 7.3, it 
demonstrated moderate discriminative ability (AUC 
= 0.686), with a sensitivity of 56.0% and specificity 
of 83.3%. Both SOFA and APACHE II also showed 
significant prognostic value. SOFA was associated 
with mortality (OR = 1.33), yielding a sensitivity of 
83.3% and specificity of 62.5% at a threshold of 
3.5. In comparison, APACHE II exhibited a stronger 

association (OR = 1.88) and excellent discriminative 
performance (AUC = 0.96), with a sensitivity of 
94.0% and specificity of 87.5% at a cut-off of 17.5. 
These results are consistent with prior studies. For 
instance, Wei et al. (2022) reported optimal cut-off 
values of SOFA > 7 and APACHE II > 21 (p < 0.001) in 
patients with Acinetobacter baumannii infection, with 
SOFA (AUC = 0.909) slightly outperforming APACHE 
II (AUC = 0.895) and a strong correlation between 
the two scores (r² = 0.441) [13]. Similarly, Maia et al. 
(2020) identified both APACHE II (OR = 1.07; 95% CI: 
1.01–1.13) and SOFA (OR = 1.28; 95% CI: 1.09–1.50) 
as independent predictors of in-hospital mortality 
[14]. Importantly, the combination of ICU-SEPSA with 
SOFA was explored based on the complementary 
characteristics of these two scores. ICU-SEPSA 
incorporates clinical and background factors related 
to multidrug-resistant infections, whereas SOFA 
reflects the degree of organ dysfunction, which 
is a major determinant of mortality in critically ill 
patients. The combined model (SOFA + 1.104 × 
ICU-SEPSA) demonstrated an AUC of 0.773, with a 
sensitivity of 95.2% and a specificity of 50.0% at a cut-
off value of 10.2. Although this model showed higher 
sensitivity, its overall discriminative performance 
was not significantly superior to SOFA alone based on 
comparative ROC analysis. APACHE II demonstrated 
the highest discriminative performance in this 
cohort and remained significantly superior to ICU-
SEPSA, SOFA, and the combined model (p = 0.001, 
0.002, and 0.005, respectively). However, APACHE II 
is a comprehensive severity score requiring multiple 
physiological and laboratory parameters, whereas 
ICU-SEPSA was specifically developed to incorporate 
MDR-related clinical characteristics using a simpler 
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scoring approach. Therefore, ICU-SEPSA should not 
be considered a replacement for established severity 
scores but rather a potential complementary tool for 
risk assessment in patients with multidrug-resistant 
infections.

This study has some limitations, including a short 
study duration, small sample size, and single-center 
design at  Hue Central Hospital, which may limit 
statistical power and generalizability. In addition, 
the predominance of PDR infections among non-
survivors may represent a potential confounding 
factor, and further studies with larger cohorts 
are needed to determine whether ICU-SEPSA 
provides independent prognostic information after 
adjustment for antimicrobial resistance patterns.

5. CONCLUSION
The ICU-SEPSA score demonstrated prognostic 

value for mortality assessment in critically ill patients 
with multidrug-resistant infections; however, its 
performance was inferior to established severity 
scores. ICU-SEPSA may serve as a complementary 
MDR-specific risk assessment tool, particularly when 
combined with conventional severity evaluation.
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