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Abstract

Introduction: The cardiovascular component of the Sequential Organ Failure Assessment (SOFA) score does not correspond
with contemporary clinical practice in sepsis or identify impaired cardiac function. Our aim was to develop a modified cardio-
vascular SOFA component that reflects cardiac dysfunction and improves the SOFA score’s 30-day mortality discrimination.
Methods: A cohort of sepsis patients from a previous study was divided into a training (n = 250) and test cohort (n =253). Nine
widely available measures of cardiovascular function were screened for association with 30-day mortality using natural cubic
spline. High-sensitivity cardiac troponin T (hs-cTnT), N-terminal pro B-type natriuretic peptide (NT-proBNP) and heart rate
(HR) were transformed into ordinal variables (0-4 points). The presence of atrial fibrillation (AF) was assigned two points.
The SOFA score was extended by adding the variable points in different weights and combinations. The best-performing car-
diac-extended model (CE-SOFA) was evaluated in the test cohort. Improved prognostic discrimination and calibration were
assessed using logistic regression, area under receiver operating characteristic curves (AUC), Net Reclassification
Improvement (NRI) index, and DelLong and Hoshmer-Lemeshow tests.

Results: In the training cohort, all differently weighted and combined models using hs-cTnT, NT-proBNP and AF points added to
the SOFA score showed improved discriminative ability (AUC 0.67-0.75) compared to the SOFA score (AUC 0.62; NRI P<.001;
DelLong P <.001). In the test cohort, CE-SOFA demonstrated improved 30-day mortality discrimination compared to the SOFA
score (AUC 0.72 vs 0.68), exhibiting good calibration and significantly improved discrimination using the NRI index (P=.009) but
not the Delong test (P=.142).

Conclusions: The CE-SOFA model reflects cardiac dysfunction and improves 30-day mortality discrimination in sepsis. External
validation is the next step to further substantiate a revised cardiovascular component in a future SOFA 2.0.
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mortality.> However, it is well-established that mortality rates
correlate directly with the severity of individual organ dysfunc-
tion as well as the number of organ system failures.>>>° As a
result, the prognostic performance of the SOFA score has
been extensively assessed and consistently demonstrates com-
parable predictive performance to that of other well-established
prognostic scores.””* More recently, research has turned
towards examining the predictive ability of each separate
SOFA component, revealing that the sub-scores from the six dif-
ferent organ systems possess different prognostic abilities and
weights. 26210

In recent years, there has been growing acknowledgement of
the need to revise the SOFA score to align it with current
clinical practices and biomarker developments.”''™'* The car-
diovascular component, for example, no longer reflects contem-
porary recommendations for vasoactive agent administration in
septic or cardiogenic shock.'"'*!* Furthermore, studies have
indicated that measurements of mean arterial pressure (MAP)
alone do not adequately reflect cardiovascular dysfunc-
tion, 11:12:15-17

The clinical evaluation of organ dysfunction and failure
based on simple, continuous, widely available, and organ-
specific variables that can be followed over time was central
to the original SOFA conception.>>'?> While the creators of
the SOFA score emphasized that the criteria for each compo-
nent should not be considered definitive, they highlighted the
importance of retaining the fundamental principles of widely
available and organ-specific variables in future revisions.”''
The importance of retaining these fundamental characteristics
to ensure easy and economically feasible clinical implementa-
tion has been emphasised in the move towards an updated
SOFA 2.0."

This is an exploratory study in which we have screened and
evaluated widely available and simple measures and biomark-
ers of cardiovascular function using a cohort of critically ill
sepsis patients. We hypothesized that the addition of stratified
points for one or more cardiac-specific variables would
improve the current cardiovascular SOFA component’s ability
to reflect concurrent myocardial injury and dysfunction and
enhance the composite SOFA score’s 30-day mortality discrim-
ination in sepsis.

Methods
Derivation Cohort

The design, inclusion and exclusion criteria for the Sepsis and
Elevated Troponin (SET) study have been previously described
in detail."® Approval for the study protocol was obtained from
the Swedish Ethical Review Authority (2020-00137,
2021-03468). In summary, the cohort consisted of 586 adult
patients treated for sepsis at the Danderyd University
Hospital, Stockholm, Sweden between March 2012, and
September 2021. A flow chart describing the patient inclusion
process for the SET study is shown in Supplementary
Figure S1. Patients meeting the inclusion criteria were identified

retrospectively, and all: (i) required vasopressor support, (ii)
fulfilled the Sepsis-3 criteria for sepsis or septic shock® and
(iii) had at least one sampled high-sensitivity cardiac troponin
T (hs-cTnT) value following sepsis onset. All data were
extracted from hospital electronic health records (EHR)."®
Patients lacking sampled N-terminal pro B-type natriuretic
peptide (NT-proBNP) value (n=83) were then excluded from
the current study, resulting in a final study cohort of 503
patients.

Training and Test Cohorts

The primary endpoint was improved all-cause 30-day mortality
discrimination by the cardiac-extended SOFA models compared
with the reference SOFA score. Previous literature indicated that
the reference SOFA score would yield an anticipated area under
the receiver operator characteristic curve (AUC) score of 0.70 for
30-day mortality.”'>*° Based on this, the sample size calculation
determined that 227 subjects were required to achieve an AUC of
0.74, with a significance level of 5% and a power of 80%.

The derivation cohort was randomly divided into a training
cohort (n=250) and test cohort (n=253) using Microsoft
365 Excel®. All experimental analyses were performed in the
training cohort. The final model was analysed in the test
cohort once all results using the training cohort were completed.
Missing data in both cohorts were negligible.

Clinical Definitions

Sepsis onset was defined as the documented time in the EHR
when the patient’s vital signs became abnormal. The reference
SOFA score was the total SOFA score (the sum of all six SOFA
component sub-scores) calculated upon admission to either the
Intermediate Care Unit (IMCU) or the Intensive Care Unit
(ICU) following sepsis onset. Severity of illness was assessed
using the SOFA score, Acute Physiology and Chronic Health
Evaluation II score (APACHE II)*' and Kidney Disease:
Improving Global Outcomes (KDIGO) staging criteria.*>

Cardiac Biomarkers

Plasma hs-cTnT (Roche Diagnostics, Elecsys Assay>) and
plasma NT-proBNP (Roche Diagnostics, Elecsys Assay**) were
analysed at the Karolinska University Laboratory, Stockholm
using electrochemiluminescence technology. Hs-cTnT >15 ng/L
was defined as elevated.”> The absence of acute heart failure
was defined as NT-proBNP <300 ng.*® All laboratory values
included in the analysis were collected within two hours before
admission to the IMCU/ICU and up to 24 h after admission.
The first hs-cTnT and NT-proBNP values obtained within this
time frame were selected and used in all analyses.

Statistical Analysis

Demographics and other baseline characteristics are presented
as frequencies and percentages for categorical variables and
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the mean + standard deviation (SD) for continuous variables.
Non-normally distributed continuous and categorical variables
are summarised as the median value and interquartile range
(IQR). Statistical significance for the continuous variables
was assessed using one-way ANOVA for normally distributed
data and the Mann-Whitney U test for non-normally distributed
data. The Pearson Chi-Square test was employed for categorical
variables.

Step I: Cardiovascular Variable Selection and Transformation. We
used natural cubic spline transformation to model the effect of
nine continuous predictors of cardiovascular function on
30-day mortality: hs-cTnT; NT-proBNP; heart rate (HR); sys-
tolic blood pressure (SBP); diastolic blood pressure (DBP);
MAP (DBP+ 1/3[SBP-DBP]); pulse pressure (PP;
SBP-DBP); rate pressure product (RPP; HR X SBP) and pro-
portional pulse pressure (PPP; PP/SBP). The number of knots
for the natural cubic splines was determined by selecting a
degree of freedom, which in turn split the data into quantiles.
The choice of degree of freedom was based on minimizing the
Akaike Information Criterion (AIC). Due to their right-
skewed distributions, both hs-cTnT and NT-proBNP were
logarithmically transformed. The HR, SBP and DBP values
registered in the EHR upon admission to the IMCU/ICU
were analysed. The discriminative ability of each continuous
variable was evaluated using the AUC. The continuous vari-
ables demonstrating an association with 30-day mortality
were transformed into ordinal variables (point groups) using
logistic regression models. These variables were categorized
on a scale of 0 to 4 points, with cut-offs strategically posi-
tioned to achieve balanced effect size across the ordinal cate-
gories. Finally, we assessed the discriminative ability of
different electrocardiogram (ECG) characteristics using the
AUC.

Step 2: Point-Integrated Multivariable Logistic Regression Models.
We examined the individual predictive capability of the
present cardiovascular component for 30-day mortality using
multivariable logistic regression models that incorporated all
six SOFA components. The cardiovascular SOFA component
was then systematically substituted with each new variable’s
point group, and the independent predictive capability of each
was analysed.

Step 3: Extending the SOFA Score. The reference SOFA score
was extended by adding the new point groups in different
combinations. Different effect weightings were created by
doubling or tripling the assigned points thereby increasing a
variable’s relative weight within the experimental model.
Improved discrimination of 30-day mortality by the different
cardiac-extended SOFA models compared to the reference
SOFA score was evaluated using AUC. Pairwise statistical
comparisons of AUCs for different models were conducted
using the DeLong test.?” The Net Reclassification
Improvement (NRI) index was calculated to assess the
improved discriminative performance of the four

cardiac-extended SOFA score models with the highest AUC
compared with the reference SOFA score.?*°

Step 4: Internal Validation of CE-SOFA in the Test Cohort. The
best-performing cardiac-extended model (CE-SOFA) was
selected for testing in the test cohort and its improved discrim-
inatory performance was evaluated using both the DeLong test
and NRI index. The calibration of the CE-SOFA model was
assessed by plotting the observed proportion of events against
the predicted mean probabilities of the calculated CE-SOFA
points divided into quintiles. Goodness of fit was tested using
the Hosmer-Lemeshow test.*”

Two-sided P values <.05 were considered statistically signif-
icant. IBM SPSS Statistics ver. 27.0 software (IBM, Armonk,
NY) and R-4.2.2 were used for statistical analyses. This study
is reported in accordance with the TRIPOD data statement on
reporting guidelines for a prediction model study.

Results
Baseline Characteristics

The 30-day mortality rates were 32% (n=280) in the training
cohort and 30% (n=77) in the test cohort. ICU mortality
rates were 32% in the training cohort (n=79) and 31% (n=
78) in the test cohort. Non-survivors in both cohorts were
older, with a greater baseline burden of comorbidities and
higher severity of illness, as indicated by higher SOFA and
APACHE 1I scores, higher cardiac biomarker levels and
higher incidence of acute renal failure (Table 1). Additionally,
the prevalence of pre-existing and incidence of new-onset
atrial fibrillation (AF) were higher among non-survivors in
both cohorts.

Step |: Cardiovascular Variable Selection and
Transformation

Figure 1 shows the natural cubic spline curves modelling the
predictive ability for 30-day mortality by log hs-TnT- and log
NT-proBNP level. Both cardiac biomarkers displayed a
strong association between increasingly elevated plasma level
and increased 30-day mortality and were thus selected for
further analysis.

The natural cubic spline curves modelling the relationship
between 30-day mortality and SBP, DBP, MAP, HR, PP,
RPP and PPP are shown in Supplementary Figure S2.
Discriminative ability in all cases was poor (AUC 0.53-0.57).
We also analysed the association between the SBP, DBP,
HR, PP, RPP and PPP and 30-day mortality at (i) the point of
sepsis onset and (ii) on day 2 at 6 am and found no association
(Supplementary Figure S2). The decision to retain HR for
further analysis was made based on its status as a routine clin-
ical vital sign, and to enable further exploration of an alternative
physiological variable to MAP.

Among the ECG characteristics, only sinus rhythm and AF
exhibited 30-day mortality discriminative ability, achieving
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Figure |. Transforming the cardiovascular variables into ordinal variables. The left panels of A-C show the relationship between: (A) log
hs-cTnT, (B) log NT-proBNP and (C) heart rate (HR) and 30-day mortality using natural cubic spline. The middle panels of A-C show the mean
probability of death at 30 days with 95% Confidence Interval (Cl) for each ordinal category (0-4 points). The right panels of A-C display the
calculated value cut-offs and corresponding single, double and triple weighted points. (D) The left panel shows the mean risk estimate with 95%
Cl for atrial fibrillation (AF), while the right panel shows the assigned single and double AF-points.

AUCs of 0.63 and 0.61, respectively (Supplementary
Figure S3). Given the clinical significance and predictive
power of AF, we decided to include it as a variable for
further analysis. Pre-existing and new-onset AF were combined
into a single variable in our analyses for several reasons: both
types are linked to increased morbidity and mortality, and
both reflect cardiovascular instability.>'* Additionally, using
a single variable simplifies the scoring process and aligns
with clinical practice, where management of AF is similar
regardless of onset timing.

Hs-cTnT, NT-proBNP and HR were transformed into
ordinal variables. The final cut-off values and the resultant
hs-cTnT-points, NT-proBNP-points and HR-points are pre-
sented in Figure 1. The presence of AF was transformed into
a binary variable, with AF-points assigned as follows: patients

without AF (0 points), patients with pre-existing or new-onset
AF (2 points).

Step 2: Point-Integrated Multivariable Logistic Regression
Models

After adjustment for the other five SOFA score components, the
hs-cTnT-points, NT-proBNP-points, and AF-points were asso-
ciated with 30-day mortality, while the current cardiovascular
component and HR-points were not (Table 2). Furthermore,
the hs-cTnT-points, NT-proBNP-points and AF-points dis-
played a stronger independent association with mortality com-
pared to the other five SOFA components. These findings

remained consistent even when the potential confounders,
age, and sex, were included in the regression models
(Supplementary Table S1).

Step 3: Extending the SOFA Score

The AUC for each new point group added to the SOFA score
was calculated (Supplementary Figure S4). Upon pairwise com-
parison of the AUCs using the DeLong test, the 30-day mortal-
ity discrimination ability of the SOFA score significantly
improved with the addition of the As-cTnT-points (P<.001),
NT-proBNP-points (P =.005) or AF-points (P<.001) but not
with the HR-points (P=.929). To explore whether AF and
HR could act as covariates, their relationship with 30-day mor-
tality was tested in the same logistic regression model. AF was
associated with 30-day mortality (OR 1.9, P<.001), whereas
HR (OR 1.1, P=.674) was not. No further analysis was con-
ducted using the HR-points.

The extended SOFA score was further improved by varying
the relative weights of the hs-cTnT-, NT-proBNP- or AF-points
(Supplementary Figure S5). All extended SOFA score models,
featuring differently weighted combinations of single, double,
or triple hs-cTnT-, NT-proBNP- or AF-points significantly
improved the prediction of 30-day mortality compared to the
SOFA score alone (Supplementary Figures S6, S7 and S8).

Finally, four extended SOFA score models, with an AUC
ranging from 0.73 to 0.75 were selected (Models 1-4;
Figure 2). Upon pair-wise comparison using the DeLong test
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and NRI index, all four models displayed improved discrimina-
tive ability for 30-day mortality compared to the SOFA score
alone (Figure 2A). Furthermore, statistical significance was
evident in the NRI calculations among the four combined
models in all cases except between Model 2 and Model 4
(Figure 2B). Model 4, comprising the SOFA score + As-
cTnT-points + NT-proBNP-points + double AF-points, was
chosen as the final CE-SOFA model.

P-value
.005
075
.080
02
.096
623

)

OR (95% Cl)
43 (1.12-1.84)
30 (0.97-1.73)
24 (0.98-1.57)
48 (1.05-2.09)
28 (0.96-1.72)

091 (0.61-1.34)

Step 4: Internal Validation of CE-SOFA in the Test Cohort

In the test cohort, the AUC for the SOFA score (AUC 0.68)
exceeded that of the training cohort (AUC 0.62). The
CE-SOFA model exhibited significantly greater discriminative
ability than the SOFA score according to the NRI index,
though not confirmed by the DelLong test (Figure 3).
Calibration of the CE-SOFA model was good (Figure 3B),
and the Hosmer-Lemeshow test affirmed a high goodness of
fit. Supplementary Table S2 contains the CE-SOFA model
parameters integrated into the current SOFA score.
Supplementary Figure S9 and Figure S10 depict the distribution
of the SOFA score and the CE-SOFA model stratified for
30-day mortality in both cohorts.

P-value
004
051

<.001

(iv)

OR (95% CI)
46 (1.13-1.89)
27 (0.95-1.70)
20 (0.94-1.54)
47 (1.03-2.09)
37 (0.99-1.87)

4.15 (2.24-7.70)

P-value
<.001

78)
60)
38)
96)
86)

(iii)

OR (95% Cl)

Discussion

.68 (1.28-2.21)

This study aimed to augment the existing cardiovascular SOFA
component enabling the detection of myocardial injury and dys-
function, and to improve the discriminatory power of the com-
posite SOFA score for 30-day mortality. We assessed ten
widely available and simple variables indicative of cardiovascu-
lar dysfunction in a cohort of critically ill sepsis patients requir-
ing vasopressor support. While all physiological variables,
including MAP and HR, proved to be poor predictors of
30-day mortality, the presence of AF, along with measured
levels of hs-cTnT and NT-proBNP demonstrated individual dis-
criminatory abilities comparable to the composite SOFA score
itself. The CE-SOFA model, comprising the sum of the SOFA
score (with points for MAP +/- vasoactive agent), hs-
cTnT-points, NT-proBNP-points, and double AF-points, can
assess four aspects of cardiovascular dysfunction: hemody-
namic instability, acute myocardial injury, myocardial dysfunc-
tion and arrythmia, respectively. In the test cohort, CE-SOFA
showed promising results, demonstrating good calibration,
and improved discriminatory ability for 30-day mortality
using AUC and NRI index measures.

The ability to promptly initiate and sustain an effective acute
cardiovascular response, ensuring adequate organ perfusion, is
pivotal to the hospital course and survival of critically ill
patients. Since the introduction of the SOFA score, studies
have revealed that cardiovascular comorbidities are overrepre-
sented in sepsis patients, with up to 70% of those with septic
shock experiencing concurrent myocardial dysfunction.***>
Recent reports have also highlighted a notable incidence of
sepsis-related myocardial infarction and/or cardiogenic
shock.**® Myocardial dysfunction in cardiovascular failure

P-value
033
066
637
.003
04
<.001

(ii)

OR (95% Cl)
33 (1.02-1.72)
32 (0.98-1.76)
06 (0.82-1.38)
72 (1.20-2.47)
36 (1.00-1.86)

1.88 (1.43-2.46)

P-value
0.008
0.091
0.049
0.036
0.091
0.320

@

OR (95% Cl)
39 (1.09-1.77)
27 (0.96-1.68)
27 (1.00-1.60)
43 (1.02-2.01)
29 (0.96-1.73)

0.85 (0.62-1.17)

and their association with 30-day mortality with: (i) the current cardiovascular SOFA component. The cardiovascular SOFA component was then substituted with (i) the hs-cTnT-points; (iii)
|
|
|
|
|

the NT-proBNP-points; (iv) the AF-points and (v) the HR-points.

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; hs-cTnT, high-sensitive cardiac troponin T; HR, heart rate; NT-proBNP, N-terminal-pro B-type natriuretic peptide; OR, odds ratio, SOFA, Sequential

Table 2. Integrating the selected cardiovascular variables into the SOFA score in the training cohort. Multivariable logistic regression analysis of the six different SOFA score components
Organ Failure Assessment.

Neurological SOFA (0-4p)
Respiratory SOFA (0-4p)

Renal SOFA (0-4p)
Coagulation SOFA (0-4p)

Cardiovascular SOFA (0-4p)

hs-cTnT-points (0-4 p)
NT-proBNP-points (0-4 p)
AF-points (0 or 2p)

Hepatic SOFA (0-4p)
HR-points (0-2p)
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Figure 2. Receiver operating curves with (A) corresponding area under the curve (AUC) and 95% confidence interval (Cl) for the four
best-performing cardiac-extended SOFA score models, with results of the DelLong test and estimated net reclassification improvement (NRI)
index in the training cohort. (B) Comparison of the estimated discriminative ability among each of the four cardiac-extended SOFA score

models in the training cohort using the NRI index method.

cannot be discerned through MAP measurements alone; addi-
tional assessment using visual techniques or cardiac biomarkers
are often required to differentiate it from pathological vasodila-
tion and vasoplegia. Not all hospitals have readily available
trained medical professionals capable of performing acute echo-
cardiography or point of care ultrasound. However, cardiac bio-
markers are now widely used, offering the advantage of
longitudinal monitoring and the potential to guide personalized
investigation and treatment.

Recent publications have highlighted that the current cardio-
vascular SOFA component, which relies on MAP measure-
ments and the administration of vasoactive agents, may no
longer be as clinically relevant as it once was.”'''*!7 As the
approach to septic and cardiogenic shock therapy evolves
towards individualization, the predetermined allocation of car-
diovascular points for vasoactive agent administration may
become increasingly inappropriate.'*'> Furthermore, while
maintaining an adequate MAP to ensure perfusion pressure is
deeply rooted in clinical practice, an optimal “target” MAP
remains undetermined.*® Studies have reported conflicting find-
ings regarding the benefits of higher versus lower targets,
underscoring the significance of considering individual patient
factors, such as chronic arterial hypertension, when determining
the optimal MAP.**~*? Importantly, trials have shown that adher-
ing to MAP resuscitation targets does not always ensure adequate
regional blood flow and microcirculatory perfusion.****

In this study, we illustrate that extending the current
MAP-based cardiovascular SOFA component with assigned
points for cardiac biomarker levels improves its discriminative
ability. The internationally recommended cardiac biomarkers
hs-cTnT and NT-proBNP are extensively researched, validated,
and widely implemented assays used for assessing acute myo-
cardial injury and dysfunction, respectively.?*>*¢ These bio-
markers have become integral in evaluating cardiovascular
risk across various clinical contexts beyond myocardial infarc-
tion.2**347*® Numerous studies have underscored the strong
correlation between increasing levels of both biomarkers and
the severity of myocardial injury/dysfunction, as well as
higher mortality, irrespective of the underlying condi-
tion, !8:26:45:49-52 Furthermore, both cardiac biomarkers are
used clinically to track myocardial injury and dysfunction
over time which is an integral characteristic of the variables
making up each component of the SOFA score.**¢4°

In line with the performance by the cardiac biomarkers, the
addition of points for the presence of AF further improved the
prognostic discrimination of the composite SOFA-score for
short-term mortality in all our exploratory models. AF, the
most prevalent cardiac arrhythmia in critically ill patients, is a
well-established risk factor for adverse outcomes, including
prolonged hospital stays, cerebrovascular events and mortal-
i‘cy.31’5 3-55 Furthermore, the incidence of new-onset AF, affect-
ing around 14% of ICU patients, increases with illness
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Figure 3. Validation of the cardiac-extended SOFA (CE-SOFA) model in the test cohort. (A) Receiver operating curves with the
corresponding area under the curve (AUC) and 95% Confidence Interval (Cl) for the SOFA score and the final CE-SOFA model, with the
results of the DeLong test and estimated Net Reclassification Improvement (NRI) index. The CE-SOFA model (0-36 points) comprises the sum
of the SOFA score (0-24 points), hs-cTnT-points (0-4 points), NT-proBNP-points (0-4 points), and double AF-points (0 or 4 points). (B) Calibration of
the CE-SOFA model, reflecting the accuracy with which the new model estimates absolute risk. The error bars around the calibration curve
indicate the confidence intervals. The Hoshmer-Lemeshow test evaluates the goodness of fit between the predicted probability of 30-day
mortality by the CE-SOFA model divided into quintiles, and the observed probability; a small P-value suggests poor goodness of fit.

severity.’®>” The clinically adverse cardiovascular effects of
AF, such as irregular heart rate, tachycardia, loss of atrioventric-
ular synchrony, and potential underlying ventricular dysfunc-
tion, can all contribute to myocardial dysfunction and
adversely affect central hemodynamic status.’®>° Our findings
endorse its consideration for incorporation into a future cardio-
vascular SOFA component.

While the SOFA score provides valuable insight into the
extent of different organ dysfunction, its design does not
allow the differentiation of distinct sub-types of organ injury
and failure. Elevated serum creatinine levels alone are
unable to discriminate between prerenal and intrinsic renal
injury. Similarly, elevated cardiac biomarker levels, despite
correlating with severity of injury and dysfunction, often
stem from diverse causes, highlighting the need for personal-
ized clinical investigation. Importantly, their elevation may
reveal previously undetected cardiovascular diseases with
potentially significant clinical, therapeutic, and prognostic
implications.

It can be argued that the cardiovascular component is the
most critical among the six SOFA score components, as cardio-
vascular dysfunction can precipitate dysfunction in all other

organs. Giving greater proportional weight to the cardiovascu-
lar component in the CE-SOFA model resulted in a moderate
improvement in AUC compared to the current SOFA score.
However, in the context of critical care, even moderate
improvements in AUC can be clinically important, as small
enhancements in clinical and predictive accuracy can lead to
better patient outcomes through more timely and appropriate
interventions. By adding additional points to the SOFA score
and incorporating more detailed information about cardiovascu-
lar function, we enhance its predictive power and enable more
effective severity stratification. Future studies are needed to
show if this can be translated into more effective treatment
plans.

External validation in additional cohorts is necessary to sub-
stantiate our findings. This is a single-centre investigation, and
local treatment practices may limit the generalizability of our
results to other sepsis cohorts. Increasing the weight of a
single score component can reduce generalizability and compli-
cate the interpretation of the score for clinicians. The selection
of patients is a limitation of this study. All patients in our cohort
required vasopressor support at some point during their IMCU/
ICU stay, which may have introduced a degree of selection bias.
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Therefore, we cannot be certain that our results apply to sepsis
patients with less severe circulatory instability and myocardial
strain. Additionally, there may be selective mortality bias, as
patients who died before admission to the IMU/ICU were not
included.

In the test cohort, the CE-SOFA model did not significantly
improve discriminatory ability for 30-day mortality compared
to the SOFA-score when assessed using the DeLong test,
despite a notable difference in AUC. A plausible explanation
could be that both the NRI index and DeLong test evaluate
the same null hypothesis, but the DeLong test has the effect
of reducing the power to detect improvement in predictive
accuracy.®

It would have been desirable to have had repeated samples of
hs-cTnT and NT-proBNP to evaluate how the two cardiac bio-
markers perform over time. However, we only had two or more
samples of hs-cTnT and NT-proBNP in 65% and 24% of
patients in the training cohort, respectively and consequently,
such an analysis could not be performed. Finally, while
cardiac troponins and NT-proBNP are widely implemented bio-
markers in developed countries, their routine availability in less
developed countries may be limited by financial, infrastructural,
and logistical challenges.

Conclusions

The CE-SOFA model facilitates the reflection of myocardial
injury and dysfunction and improves 30-day mortality discrim-
ination compared to the SOFA score in a cohort of critically ill
sepsis patients. Prospective external validation of the CE-SOFA
model is the next step to further substantiate a revised cardio-
vascular component in a future SOFA 2.0.
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