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ABSTRACT 
Introduction: Sepsis remains a leading cause of death in intensive care units (ICUs). The 
cardiovascular component of the Sequential Organ Failure Assessment (SOFA) score 
relies on blood pressure and vasopressor requirements and may not capture myocardial 
dysfunction. This study evaluated whether adding echocardiographic parameters to SOFA 
improves the prediction of in-hospital mortality in sepsis. 
Methods: This ambispective cohort study enrolled 52 adults with Sepsis-3-defined sepsis 
in the ICU of H. Adam Malik General Hospital, Medan, Indonesia (retrospective: January 
2024–July 2025; prospective: August–November 2025), stratified equally by history of 
cardiac disease. SOFA scoring and transthoracic echocardiography (LVEF, LVOT VTI, 
E/A ratio, E/e′ ratio, TAPSE, stroke volume, cardiac output, and systemic vascular 
resistance) were performed within 24 hours of ICU admission or sepsis diagnosis. 
Associations with in-hospital mortality were assessed using logistic regression, and 
discrimination using receiver operating characteristic analysis. 
Results: In-hospital mortality was 65.4% (34/52). The mean age was 61.8 ± 13.5 years, 
65.4% were men, and pneumonia was the predominant infection source (78.8%). 
Mechanical ventilation was more frequent among non-survivors (85.3% vs. 50.0%; 
p=0.006). SOFA was associated with mortality (OR 1.389; 95% CI 1.029–1.875; 
p=0.032). TAPSE was the only echocardiographic parameter associated with mortality 
(OR 0.788; 95% CI 0.631–0.985; p=0.036). The area under the curve was 0.669 for SOFA, 
0.665 for TAPSE, and 0.708 for the combined SOFA–TAPSE model. 
Conclusion: Adding TAPSE to SOFA modestly improved mortality discrimination. 
Bedside assessment of right-ventricular function may complement organ failure scoring 
for early risk stratification in sepsis, pending external validation. 
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INTRODUCTION 
Sepsis is defined as life-threatening organ dysfunction caused by dysregulated host response to infection [1]. 
It remains one of the leading causes of death worldwide; the Global Burden of Disease analysis estimated 48.9 
million incident cases and 11.0 million sepsis-related deaths in 2017, and pooled data from high-income 
regions continue to show substantial short-term mortality, particularly in patients with septic shock [2,3]. The 
burden is disproportionately high in low- and middle-income countries, including Indonesia, where sepsis is 
associated with high mortality, prolonged hospitalization, and considerable health care costs [4]. Institutional 
data from the intensive care unit (ICU) of H. Adam Malik General Hospital, Medan, have also reported high 
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mortality rates among patients with sepsis, underscoring the need for early and reliable prognostic assessment 
in this setting [5]. 

The Sequential Organ Failure Assessment (SOFA) score is the most widely used instrument for 
quantifying organ dysfunction and estimating prognosis in critically ill patients [6]. An acute increase of at 
least two points from baseline is central to the Sepsis-3 definition [1]. Despite its clinical utility, the 
cardiovascular component of SOFA is derived mainly from mean arterial pressure and vasopressor 
requirements, parameters that were defined decades ago and no longer fully reflect contemporary 
hemodynamic management [7,8]. These variables are indirect markers of circulatory support rather than direct 
measures of cardiac performance, and they may fail to identify septic myocardial dysfunction involving either 
the left or right ventricle. Sepsis-induced cardiovascular dysfunction arises from a complex interplay of 
systemic inflammation, vasoplegia, endothelial injury, microcirculatory impairment, mitochondrial 
dysfunction, disturbed calcium handling, and reduced β-adrenergic responsiveness [9]. The resulting septic 
cardiomyopathy may manifest as left-ventricular systolic dysfunction, left-ventricular diastolic dysfunction, 
right-ventricular dysfunction, or combinations thereof. Because clinically relevant cardiac dysfunction may 
coexist with an apparently acceptable blood pressure, particularly under vasopressor support, direct evaluation 
of cardiac function could provide prognostic information complementary to pressure-based assessment [10]. 

Transthoracic echocardiography is a noninvasive, repeatable bedside technique that allows direct 
assessment of myocardial function and hemodynamic status in critically ill patients [11]. Commonly obtained 
measurements include left ventricular ejection fraction (LVEF), left ventricular outflow tract velocity–time 
integral (LVOT VTI), E/A and E/e′ ratios, stroke volume, cardiac output, systemic vascular resistance, and 
tricuspid annular plane systolic excursion (TAPSE) [12]. However, whether these parameters add incremental 
prognostic value to an established organ failure score remains uncertain, and evidence from Indonesian 
tertiary-care ICUs is scarce. Therefore, this study aimed to evaluate the association between early 
echocardiographic parameters and in-hospital mortality among patients with sepsis and to determine whether 
adding an echocardiographic parameter to the SOFA score improves mortality prediction. 
 
METHODS 
This analytic observational study used an ambispective cohort design and was conducted in the ICUs of H. 
Adam Malik General Hospital, a tertiary referral hospital in Medan, North Sumatra, Indonesia. Retrospective 
data were obtained from the medical records of patients treated between January 2024 and July 2025. 
Prospective enrollment was conducted from August to November 2025 or until the required sample size was 
reached. 

Eligible participants were adults aged ≥18 years with sepsis diagnosed according to the Sepsis-3 criteria, 
defined as suspected or documented infection accompanied by acute organ dysfunction, reflected by an 
increase of at least two SOFA points from baseline. All participants were required to have undergone 
transthoracic echocardiography within the first 24 hours after ICU admission or sepsis diagnosis. Patients were 
excluded if the echocardiographic image quality was inadequate for reliable assessment, if death occurred 
before the required clinical, laboratory, and echocardiographic data were completed, or if a known structural 
cardiac disorder substantially altered ventricular geometry or function, including significant valvular heart 
disease, non-septic cardiomyopathy, and congenital heart disease. A total of 52 participants were included 
using stratified consecutive sampling, comprising 26 patients with a documented history of cardiac disease 
and 26 without such a history. Demographic variables included age and sex. Clinical variables included 
comorbidities, source of infection, mean arterial pressure (MAP), heart rate, use of mechanical ventilation, and 
the vasoactive–inotropic score (VIS). The total SOFA score was recorded at the initial assessment. The primary 
outcome was in-hospital mortality, with patients classified as survivors or non-survivors at the end of 
hospitalization; time to death was recorded when applicable. 

Transthoracic echocardiography was performed within the first 24 hours. The recorded parameters were 
LVEF, LVOT VTI, E/A ratio, E/e′ ratio, TAPSE, stroke volume, cardiac output, and systemic vascular 
resistance. LVEF was measured using the biplane Simpson method when feasible. LVOT VTI was obtained 
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using pulsed-wave Doppler. TAPSE was measured using M-mode at the lateral tricuspid annulus in the apical 
four-chamber view, in accordance with standard transthoracic echocardiographic methodology. All 
examinations were assessed by a cardiologist with expertise in critical-care echocardiography. Categorical 
variables were summarized as frequencies and percentages. Continuous variables were tested for normality 
and expressed as mean ± standard deviation for normally distributed data or as median and interquartile range 
otherwise. Comparisons between survivors and non-survivors were performed using the independent-samples 
test or the Mann–Whitney U test for continuous variables and the chi-square or Fisher ’sexact test for 
categorical variables, as appropriate. Binary logistic regression was used to evaluate associations between 
candidate variables and in-hospital mortality, and the results were reported as odds ratios (ORs) with 95% 
confidence intervals (CIs). Variables that were clinically relevant or statistically significant in bivariate 
analysis were considered for multivariable analysis, accounting for potential confounders such as age, 
comorbidities, mechanical ventilation, and vasopressor use. Receiver operating characteristic (ROC) curve 
analysis was performed to assess discrimination, and the area under the curve (AUC) was calculated for SOFA, 
TAPSE, and the combined SOFA–TAPSE model. A two-sided p-value <0.05 was considered statistically 
significant. All analyses were conducted using SPSS (IBM Corp., Armonk, NY, USA). 

The study protocol was approved by the Health Research Ethics Committee of the Faculty of Medicine, 
Universitas Sumatera Utara/H. Adam Malik General Hospital, Medan. Written informed consent was obtained 
from the patients or their legally authorized representatives. 
 
RESULTS 
Table 1. Baseline Clinical and Echocardiographic Characteristics of the Study Population 

Variable Total (n=52) Survivors (n=18) Non-survivors (n=34) p-value 
Demographics 

Age, years 61.77 ± 13.49 64.89 ± 13.72 60.12 ± 13.27 0.229 
Male sex, n (%) 34 (65.4) 11 (61.1) 23 (67.6) 0.637 

Comorbidities 
Cardiovascular disease, n (%) 26 (50.0) 12 (66.7) 14 (41.2) 0.080 
Diabetes mellitus, n (%) 13 (25.0) 4 (22.2) 9 (26.5) 0.736 
Hypertension, n (%) 17 (32.7) 6 (33.3) 11 (32.4) 0.943 
Congestive heart failure, n 

(%) 
27 (51.9) 12 (66.7) 15 (44.1) 0.122 

COPD, n (%) 7 (13.5) 1 (5.6) 6 (17.6) 0.224 
Chronic kidney disease, n (%) 5 (9.6) 1 (5.6) 4 (11.8) 0.470 

Clinical and hemodynamic variables 
Mechanical ventilation, n (%) 38 (73.1) 9 (50.0) 29 (85.3) 0.006 
MAP, mmHg 85.92 ± 20.79 82.22 ± 20.05 87.88 ± 21.20 0.355 
Heart rate, beats/min 95.65 ± 19.35 93.39 ± 19.80 96.85 ± 19.29 0.544 
VIS 7 ± 10 1.5 ± 10 10 ± 33 0.376 
SOFA score 7 ± 4 6 ± 3 7 ± 3 0.023 

Echocardiographic parameters 
LVEF, % 49.5 ± 29 34 ± 34 51.5 ± 27 0.350 
E/A ratio 1.07 ± 0.8 1 ± 0.8 1.12 ± 0.8 0.500 
E/e′ ratio 10.10 ± 4.57 11.49 ± 4.19 11.20 ± 5.10 0.717 
TAPSE, mm 18 ± 5 19 ± 3 18 ± 5 0.027 
LVOT VTI, cm 17.18 ± 5.47 16.63 ± 5.62 17.47 ± 5.46 0.602 
RAP, mmHg 8 ± 5 8 ± 5 8 ± 5 0.169 
Stroke volume, mL 52.25 ± 29.33 47.10 ± 28.79 54.96 ± 30.85 0.608 
Cardiac output, mL/min 5066.59 ± 1523.65 4738.22 ± 1722.27 5240.44 ± 1403.49 0.262 
SVR, dyn·s·cm⁻⁵ 1247 ± 546 1239 ± 472 1285 ± 579 0.427 

Data are presented as n (%), mean ± standard deviation, or median ± interquartile range. Statistically significant p-values (<0.05) are 
bolded. COPD, chronic obstructive pulmonary disease; E/A, ratio of early to late transmitral flow velocity; E/e′, ratio of early 
transmitral flow velocity to early diastolic mitral annular velocity; LVEF, left ventricular ejection fraction; LVOT VTI, left ventricular 
outflow tract velocity–time integral; MAP, mean arterial pressure; RAP, right atrial pressure; SOFA, Sequential Organ Failure 
Assessment; SVR, systemic vascular resistance; TAPSE, tricuspid annular plane systolic excursion; VIS, vasoactive–inotropic score. 
 

A total of 52 patients with sepsis were analyzed. Of these, 18 (34.6%) survived to hospital discharge, 
and 34 (65.4%) died during hospitalization. The mean age was 61.77 ± 13.49 years, and 34 patients (65.4%) 
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were male. Pneumonia was the predominant source of infection, occurring in 41 patients (78.8%). 
Cardiovascular disease was present in 26 patients (50.0%), and congestive heart failure was recorded in 27 
patients (51.9%). Mechanical ventilation was used in 38 patients (73.1%) and was significantly more frequent 
among non-survivors than survivors (29/34 [85.3%] vs. 9/18 [50.0%]; p=0.006). The SOFA score was higher 
among non-survivors than survivors (7 vs. 6; p=0.023). No significant differences were observed between the 
outcome groups in terms of age, sex, diabetes mellitus, hypertension, chronic obstructive pulmonary disease, 
chronic kidney disease, MAP, or heart rate (Table 1). Among the echocardiographic parameters, only TAPSE 
differed significantly between the groups, being lower among non-survivors than survivors (18 vs. 19 mm; 
p=0.027). No significant differences were observed in LVEF, E/A ratio, E/e′ ratio, LVOT VTI, stroke volume, 
cardiac output, or systemic vascular resistance. 

In the logistic regression analysis, the SOFA score was significantly associated with in-hospital 
mortality (OR 1.389; 95% CI 1.029–1.875; p=0.032), indicating a 38.9% increase in the odds of death per one-
point increase in SOFA score. TAPSE was inversely associated with mortality (OR 0.788; 95% CI 0.631–
0.985; p=0.036), indicating that a lower right ventricular longitudinal systolic excursion was associated with 
a higher likelihood of death. No other clinical or echocardiographic parameters were significantly associated 
with mortality (Table 2). 
 
Table 2. Association between clinical and echocardiographic parameters and in-hospital mortality (binary logistic 
regression) 

Variable OR (95% CI) p-value 
Demographic characteristics 

Age (per 10 years) 0.752 (0.473–1.195) 0.228 
Male sex 0.752 (0.229–2.468) 0.638 

Comorbidities 
Hypertension 1.045 (0.310–3.524) 0.943 
Diabetes mellitus 0.794 (0.206–3.053) 0.736 
Chronic kidney disease 0.441 (0.046–4.273) 0.470 
Congestive heart failure 2.533 (0.770–8.336) 0.122 
Chronic pulmonary disease 0.275 (0.030–2.480) 0.224 

Hemodynamic parameters and severity scores 
Mean arterial pressure 1.014 (0.985–1.044) 0.351 
Heart rate 1.009 (0.980–1.040) 0.536 
SOFA score 1.389 (1.029–1.875) 0.032 
Vasoactive–inotropic score 1.011 (0.986–1.037) 0.378 

Left-ventricular systolic function 
LVEF 1.016 (0.983–1.050) 0.343 
LVOT VTI 1.029 (0.925–1.145) 0.594 
Stroke volume 1.009 (0.975–1.044) 0.601 
Cardiac output 1.000 (1.000–1.001) 0.259 
Systemic vascular resistance 1.000 (0.998–1.001) 0.422 

Left-ventricular diastolic function 
E/A ratio 1.434 (0.478–4.298) 0.520 
E/e′ ratio 0.975 (0.855–1.113) 0.711 

Right-ventricular systolic function 
TAPSE 0.788 (0.631–0.985) 0.036 

Note : CI, confidence interval; OR, odds ratio. Other abbreviations are listed in Table 1. Statistically significant p-values (<0.05) are 
shown in bold. 
 

The SOFA score showed moderate discrimination for in-hospital mortality (AUC 0.669; optimal cutoff 
≥8; sensitivity 47.1%; specificity 77.8%). TAPSE alone demonstrated comparable discrimination (AUC 0.665; 
cut-off ≤17.5 mm; sensitivity 44.1%; specificity 88.9%). The combined SOFA–TAPSE model yielded the 
highest discrimination (AUC 0.708; sensitivity 52.9%; specificity 77.8%), representing a moderate 
improvement over either measure alone (Table 3). 
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Table 3. Discriminative performance of the SOFA score, TAPSE, and the combined SOFA–TAPSE model for in-
hospital mortality 

Parameter AUC Cut-off Sensitivity Specificity p-value 
SOFA score 0.669 ≥8 47.1% 77.8% 0.02 
TAPSE 0.665 ≤17.5 mm 44.1% 88.9% 0.02 
Combined SOFA–TAPSE 0.708 >6.5 52.9% 77.8% 0.01 

Note: AUC, area under the receiver operating characteristic curve (C-statistic). Other abbreviations are listed in Table 1. 
 
DISCUSSION 
This study evaluated whether early echocardiographic assessment improves mortality prediction beyond the 
SOFA score in critically ill patients with sepsis. The principal findings were as follows: in-hospital mortality 
was high; the SOFA score was associated with in-hospital mortality; TAPSE was the only echocardiographic 
parameter significantly associated with the outcome; and combining TAPSE with SOFA increased the AUC 
from 0.669 to 0.708. 

The observed mortality of 65.4% reflects the severity of illness among patients admitted to the ICU of 
a tertiary referral hospital and is consistent with the high sepsis mortality previously reported in this institution 
and more broadly in Indonesia. Pneumonia was the dominant source of infection, highlighting the importance 
of respiratory infections as drivers of critical illness. Mechanical ventilation was significantly more common 
among non-survivors. Although ventilation itself is not necessarily a direct cause of death, its use generally 
reflects more severe respiratory failure and a greater overall disease burden. The association between a higher 
SOFA score and mortality is clinically plausible because the SOFA score integrates dysfunction across 
multiple organ systems and therefore reflects the cumulative burden of organ failure in sepsis [6]. However, 
the cardiovascular component of SOFA is based on blood pressure and vasopressor support and does not 
directly reflect myocardial performance [7,8]. A patient may maintain an apparently acceptable arterial 
pressure on vasopressors despite clinically important ventricular dysfunction, which supports the rationale for 
a complementary direct cardiovascular assessment [8]. In this cohort, TAPSE was the only echocardiographic 
parameter significantly associated with mortality. TAPSE quantifies longitudinal right-ventricular systolic 
function and is simple, reproducible, and readily obtainable at the bedside [11,12]. Right-ventricular 
dysfunction in sepsis may result from pulmonary vascular changes, hypoxic pulmonary vasoconstriction, acute 
respiratory distress syndrome, positive-pressure mechanical ventilation, increased pulmonary vascular 
resistance, and intrinsic impairment of myocardial contractility [13]. These mechanisms may reduce right-
ventricular output and, through ventricular interdependence, impair left-ventricular filling, thereby worsening 
systemic perfusion. The high prevalence of pneumonia and mechanical ventilation in our cohort may have 
amplified this pathway. Our findings are consistent with previous work linking right-ventricular dysfunction 
to increased mortality, including a prospective cohort of patients with early sepsis and septic shock and a meta-
analysis of 1,373 patients [14]. 

The absence of significant associations between mortality and LVEF, LVOT VTI, E/A ratio, E/e′ ratio, 
stroke volume, cardiac output, or systemic vascular resistance may have several explanations. Sepsis produces 
dynamic and heterogeneous hemodynamic phenotypes, and a single measurement may not capture an 
individual patient’s trajectory [15]. LVEF is highly load-dependent, particularly in distributive shock, and its 
relationship with mortality may be nonlinear, with both depressed and hyperdynamic function carrying 
prognostic significance [16]. Similarly, cardiac output may be normal or elevated during the hyperdynamic 
phase and decline later in the course of illness. Previous studies, including an Indonesian cohort of patients 
with septic shock, have reported heterogeneous prognostic findings for conventional echocardiographic 
measurements [17]. In addition, the limited sample size may have reduced statistical power to detect smaller 
effects of other parameters. The increase in AUC from 0.669 for SOFA alone to 0.708 for the combined SOFA–
TAPSE model suggests that direct assessment of right-ventricular function provides prognostic information 
that is not captured by the pressure-based cardiovascular component of SOFA. This concept aligns with recent 
work showing that extending the cardiovascular SOFA component with direct markers of cardiac dysfunction 
improves survival prediction in sepsis [8]. From a practical perspective, TAPSE requires minimal equipment 
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and training and can be incorporated into routine point-of-care ultrasound protocols, making it particularly 
attractive in resource-limited ICUs. 

Nevertheless, the improvement in discrimination was modest and should be interpreted cautiously. The 
study was not powered to establish clinical utility, and the combined model requires external validation before 
it can be recommended for routine decision-making. Echocardiography should therefore be regarded as an 
adjunct to, rather than a replacement for, comprehensive clinical assessment and established severity scores. 
The strengths of this study include the standardized acquisition of echocardiographic data within 24 hours of 
ICU admission or sepsis diagnosis, assessment by a single cardiologist experienced in critical-care 
echocardiography, and stratified sampling that ensured balanced representation of patients with and without 
pre-existing cardiac disease. Several limitations should be acknowledged. First, the sample size was small and 
derived from a single tertiary-care hospital, limiting statistical precision and generalizability. Second, the 
ambispective design may have introduced information and selection bias, as the completeness and quality of 
retrospective measurements may differ from those of prospective data. Third, echocardiography was 
performed at a single early time point; serial examinations may better characterize the dynamic nature of septic 
cardiovascular dysfunction. Fourth, calibration, internal validation, and decision-curve analysis of the 
combined model were not performed. Finally, residual confounding by illness severity, treatment timing, 
ventilator settings, fluid status, and vasopressor exposure cannot be excluded. 
 
CONCLUSION 
Among adult patients with sepsis admitted to the ICU, both the SOFA score and TAPSE were associated with 
in-hospital mortality, and TAPSE was the only echocardiographic parameter significantly associated with the 
outcome. Adding TAPSE to SOFA moderately improved mortality discrimination, increasing the AUC from 
0.669 to 0.708. Therefore, bedside echocardiographic assessment of right-ventricular function may 
complement standard organ-failure scoring in the early risk stratification of patients with sepsis. Larger, 
multicenter prospective studies incorporating serial echocardiography and formal model validation are 
warranted. 
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