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Abstract
In the context of sepsis, we tested the relationship between echocardiographic findings and Troponin, and their impact on 
prognosis. In this prospective study, we enrolled 325 septic patients (41% with shock), not mechanically ventilated, between 
October, 2012 and June, 2019 among those admitted to our High-Dependency Unit. By echocardiography within 24 h from 
the admission, sepsis-induced myocardial dysfunction (SIMD) was defined as left ventricular (LV) systolic dysfunction 
(speckle-tracking-based global longitudinal peak systolic strain, GLS, >  – 14%) and/or right ventricular (RV) systolic dys-
function (Tricuspid Annular Plane Systolic Excursion, TAPSE < 16 mm). Troponin I levels were measured upon admission 
(T0) and after 24 h (T1); it was considered normal if > 0.1 ng/mL. Mortality was assessed at day-7 and day-28 end-points. 
One-hundred and forty-two patients had normal Troponin level at T0 and T1 (G1), 69 had abnormal levels at T0 or T1 (G2) 
and 114 showed abnormal Troponin levels at both T0 and T1 (G3). Compared to G1, patients in G3 had worse LV and RV 
systolic function (GLS  – 11.6 ± 3.4% vs  – 14.0 ± 3.5%, p < 0.001; TAPSE 18 ± 0.5 vs 19 ± 0.5 mm, p = 0.047) and greater 
day-28 (34% vs 20%, p = 0.015) mortality. In a Cox survival analysis including age, Troponin and SOFA score, mortality 
was predicted by the presence of SIMD (RR 3.24, 95% CI 1.72–6.11, p < 0.001) with no contribution of abnormal Troponin 
level. While abnormal Troponin levels were associated with SIMD diagnosed by echocardiography, only the presence of 
SIMD predicted the short- and medium-term mortality rate, without an independent contribution of increased Troponin levels.
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Introduction

Cardiac Troponins are well-known markers of myocardial 
injury. Up to 60% of patients admitted to the Intensive Care 
Units (ICU) show an elevation in their level from non-cor-
onary causes [1]. In the presence of sepsis, the proportion 
of patients with a raised cardiac Troponin reaches the 80% 
[2] and its prognostic performance has already been inves-
tigated in numerous studies. Several authors demonstrated 
an association between elevated Troponin and an increased 

mortality rate [3–8], but the prognostic role of this bio-
marker remains a topic of debate [9–11].

Beyond its prognostic role, the accuracy of Troponin 
for the diagnosis of sepsis-induced myocardial dysfunction 
(SIMD) has been tested [12–14]. In septic patients, a new-
onset cardiac dysfunction occurs in about 60% of patients 
and may involve the left ventricle (LV), the right ventricle 
(RV) or both. The diagnosis of SIMD actually relies only 
on the echocardiographic evaluation, and the relationship 
between the presence of echocardiographically detectable 
myocardial systolic or diastolic dysfunction and the level 
of Troponin is actually a topic of debate. Several authors 
demonstrated the correlation between an increased level of 
cardiac biomarkers and an abnormal LV ejection fraction 
(EF) and indexes of diastolic dysfunction [15, 16]. De Geer 
et al. demonstrated a correlation between abnormal Global 
Longitudinal Strain (GLS), a measure of LV systolic func-
tion less load dependent, compared to conventional param-
eters, and an increased level of NTproBNP and Troponin 
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[17]. However, a defined cutoff level of Troponin on which 
to base the diagnosis of SIMD has never been defined.

The aims of the present study were: (1) to test the diag-
nostic accuracy of elevated Troponin I for the presence of 
SIMD, with identification of LV and RV systolic dysfunction 
respectively by GLS and Tricuspidal Annular Plane Systolic 
Excursion (TAPSE); and (2) to evaluate the prognostic value 
of Troponin I for the day-7 and day-28 mortality rates.

Methods

Study design and setting

The “Toscana – Area vasta—Centro” inter-institutional 
ethic committee approved the study (registration number 
OSS.13.031), which was conducted in accordance with the 
Helsinki Declaration of 1964 (revised 2008). All patients 
gave informed consent to enter the study.

In this observational prospective study, we included con-
secutive patients admitted to the Emergency Department—
High-Dependency Unit (ED-HDU) between October 2012 
and June 2019. Consecutive patients with diagnosis of sepsis 
were evaluated longitudinally to assess impact of Troponin 
vs echocardiographically defined myocardial systolic dys-
function on very short and short-term all-cause mortality. 
Sepsis diagnosis was based on 2001 criteria [18] for patients 
included until June 2016; since then, patients were selected 
based on Sepsis-3 criteria [19, 20].

We excluded patients in whom LV walls could not be 
evaluated through standard apical views, as well as those 
with left heart valvular disease more than moderate. Patients 
with chest pain and/or diagnostic ECG abnormalities for 
acute myocardial ischemia were excluded. No patient was 
on mechanical ventilation as ED-HDU is a sub-intensive 
care unit with advanced monitoring and treatments, exclud-
ing patients who needed invasive ventilators.

Criteria to define presence of coronary artery disease 
(CAD), chronic kidney disease (CKD), chronic obstruc-
tive pulmonary disease (COPD) and neoplasia have already 
been defined elsewhere [21]. A pre-existing LV or RV sys-
tolic dysfunction was defined in the presence of a previ-
ous imaging test in medical records. We collected clinical 
and laboratory data upon the admission to the ED (T0) and 
re-evaluated within 24 h from the admission (T1); at the 
same time intervals, the Sequential Organ Failure Assess-
ment (SOFA) score was calculated. SOFA score was 
dichotomized as < or ≥ 5, based on a previous report where 
we showed that a SOFA score > 5 was associated with a 
unfavorable prognosis in septic patients admitted to the ED-
HDU [22]. Age was dichotomized as < or ≥ 65 years, based 
on the standard cutoff to define elderly people. Troponin I 
was measured upon ED admission and after 24 h and it was 

considered normal if lower than 0.1 ng/mL, which is the 
conventional normal upper limit. Both T0 and T1 values 
were dichotomized based on the normal value. Thereafter, 
the study population was divided in three subgroups: (1) 
G1, patients with both T0 and T1 value in the normal range 
(< 0.1 ng/mL); 2) G2, patients with either T0 or T1 value in 
the abnormal range; (3) G3, patients with both values in the 
abnormal range (≥ 0.1 ng/mL). Treatments followed current 
guidelines [20].

Echocardiographic measurements

We performed the echocardiographic examination within 
24 h from the ED admission by a standardized protocol, 
following recommendations of the American and European 
Societies of Echocardiography.

We previously described the methodology of the acquisi-
tion of images [23, 24] and the modality of assessment of 
the left (LV) and right ventricular (RV) systolic function 
[25–27], as well as measurements of reproducibility [21]. 
LV systolic dysfunction was defined as LV GLS ≥  – 14%, 
based on the value with a 91% sensitivity and 75% speci-
ficity for 28-day mortality rate obtained by the Receiver-
Operating Characteristics (ROC) curves analysis [28].

Abnormal RV systolic function was defined as 
TAPSE < 16 mm [25]. Physicians fully trained in echocar-
diography (FI, VP) analyzed the images. SIMD was defined 
as LV GLS ≥  – 14% and/or TAPSE < 16 mm.

Outcomes

The end-points were day-7 and day-28 all-cause mortali-
ties. We traced medical records within the hospitalization. 
In case of discharge, we followed all patients by phone calls 
and chart reviews after hospital discharge, irrespective of 
re-hospitalizations. No patient was lost at follow-up.

Statistical analysis

We conducted statistical analyses using IBM SPSS software 
package (version 25). Data in table are mean values ± 1 
standard deviation of the mean or counts and percent. For 
continuous variables, the null hypothesis was tested using 
the Analysis of Variance (ANOVA) test with post hoc analy-
sis. Fisher exact test was used to compare counts in cross 
tables and the Bonferroni correction was applied for com-
parisons between three groups. Discrimination ability was 
tested by ROC curve analysis and the calculation of the Area 
under the Curve (AUC). Model discrimination was consid-
ered suboptimal for areas under the curve < 0.80. Survival 
analysis was performed by the Kaplan–Meier analysis to test 
the association of single variables with day-7 and day-28 
mortality rates. The variables, which showed a significant 
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association with an increased mortality, were analyzed with 
the multivariate Cox regression method. Two-tailed p < 0.05 
was used to reject the null hypotheses.

Results

The study cohort comprised 424 patients. From the entire 
cohort, 19 patients met exclusion criteria, 51 subjects had 
incomplete echocardiographic assessment of LV and RV 
function and 29 had known pre-existing LV and/or RV 
systolic dysfunction. Compared to patients included, those 
excluded showed a similar SOFA score (6.4 ± 2.2 versus 
5.5 ± 4.9, respectively, p > 0.1), a comparable proportion 
of patients with septic shock (41% vs 38%), an analogous 
proportion of all-cause death at day-7 (18% vs 16%) and 
day-28 (31 vs 30%, all p = NS) end-points. Therefore, the 
study population included 325 patients.

We compared patients included based on 2001 criteria 
(n = 149) and Sepsis-3 (n = 176). T0 SOFA (4, [2–6] in 
both groups), T1 SOFA (4, [2–6] in both groups) as well as 
day-7 and day-28 mortality rates (respectively, 17% vs 11% 
and 33% vs 25%, all p = NS) were similar regardless of the 
selection criteria and only 2 patients included in the first 
period had a T0 SOFA < 2. The study population included 
142 patients with normal Troponin level at T0 and T1 (G1 
group), 69 patients with abnormal Troponin level either at 
T0 or T1 (G2 group, 11 patients with abnormal Troponin 
at T0 and 63 at T1), and 114 patients with Troponin lev-
els increased both at T0 and T1 (G3 group). In Fig. 1, we 
showed the distribution of T0 and T1 Troponin values in the 
study population.

As reported in Table 1, no significant differences were 
found in terms of demographic data as well as previous med-
ical conditions among the three groups. Sources of infection 
were comparable among the three subgroups. SOFA score 
was lower in G1 than in the other groups. Systolic (SAP) and 
mean blood pressure (MAP) did not show significant differ-
ences between subgroups and a similar proportion of patients 
in each subgroup had a systolic pressure > 140 mmHg (T0: 
13% in G1, 12% in G2 and 16% in G3; T1: 17% in G1, 20% 
in G2 and 22% in G3, all p = NS). Patients in the 3 different 
subgroups received a similar amount of fluids as initial bolus 
and infusion rate. Only at T0, a lower percentage of patients 
in G1 received the treatment with high-dose vasopressors, 
compared to the other subgroups. Day-7 and day-28 mor-
tality rates were higher with sustained Troponin increasing 
(G3) compared to no-Troponin-raise (G1) subgroup, but the 
difference was significant only for day-28 mortality rate.

LV and RV parameters of systolic and diastolic function 
(Table 2) were worse among G3 patients compared to those 
in G1 and G2 subgroups. LV GLS had a mean value >  – 14% 
in all subgroups and differed significantly among them. 

Amino-terminal pro-brain natriuretic peptide (NTproBNP) 
was significantly higher in patients with abnormal levels of 
Troponin compared to those with normal levels.

In the whole study population, SIMD was detected in 
225 patients, 128 with isolated LV systolic dysfunction, 28 
with RV systolic dysfunction, and 69 with a biventricular 
dysfunction. SIMD was more prevalent among G3 patients 
(n = 96, 82%), compared to G1 (n = 85, 58%, p < 0.001 vs 
G3) and G2 (n = 44, 62%, p = 0.012 vs G3). Based on the 
ROC curves analysis, Troponin showed a just fair but signifi-
cant discrimination accuracy for SIMD (T0 Troponin: AUC 
0.66, 95% CI 0.58–0.73; T1 Troponin AUC 0.66, 95% CI 
0.60–0.72, all p < 0.001, Fig. 1 in Supplementary material).

The discrimination of day-7 and day-28 mortality rates 
was non-significant for T0 Troponin (day-7 mortality: AUC 
0.59, 95% CI 0.49–0.70, p = 0.07; day-28 mortality: AUC 
0.57, 95% CI 0.50–0.65, p = 0.06). It was suboptimal and 
comparable both for T1 Troponin level (day-7 mortality: 
AUC 0.64, 95% CI 0.54–0.74, p = 0.005; day-28 mortal-
ity: T1 Troponin AUC 0.62, 95% CI 0.55–0.69, p = 0.002, 

Fig. 1   Distribution of T0 and T1 Troponin values in the study popu-
lation
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Fig. 2) as well as for SIMD (day-7 mortality: AUC 0.61, 95% 
CI 0.53–0.69, p = 0.014; day-28 mortality AUC 0.61, 95% 
CI 0.55–0.68, p = 0.002, Fig. 2 in Supplementary material).

According to the Kaplan–Meier analysis, a Troponin 
level ≥ 0.1 ng/L (day-7 mortality: 84 vs 91%, p = 0.052; day-28 
mortality: 68 vs 78%, p = 0.042), as well as an age ≥ 65 years 
(day-7 mortality: 84 vs 94%, p = 0.023; day-28 mortality: 68 
vs 85%, p = 0.007), a SOFA score ≥ 5 (day-7 mortality: 82 vs 
95%, p = 0.001; day-28 mortality: 67 vs 81%, p = 0.007) and 
the presence of SIMD (day-7 mortality: 82 vs 95%, p = 0.002; 
day-28 mortality: 65 vs 87%, p < 0.001), were significantly 
associated with an increased short- and medium-term 

mortality rate (Fig. 2). When we introduced all these variables 
in a multivariable Cox survival analysis, the Troponin level did 
not retain an independent prognostic value (Table 3) while the 
presence of SIMD showed an independent relationship both 
with short- and medium-term mortality.

Discussion

In a population of septic patients, not mechanically venti-
lated, sustained increment of Troponin level in the first 24 h 
was fairly associated with the presence of SIMD defined 

Table 1   Clinical characteristics 
in the whole population and 
based on the presence of 
normal or abnormal T0 and T1 
Troponin levels

PMC previous medical conditions, COPD chronic obstructive pulmonary disease, CKD chronic kidney dis-
ease, CAD coronary artery disease, MAP mean arterial pressure, NA noradrenaline
* p < 0.05 between G1 and G2; °p < 0.05 between G1 and G3; §p < 0.05 between G2 and G3

] All
(n = 325)

G1
(n = 142)

G2
(n = 69)

G3
(n = 114)

Age (years) 73 ± 13 70 ± 14*° 76 ± 12 76 ± 11
Male gender (%) 181 (56%) 82 (58%) 35 (51%) 64 (56%)
PMC
Arterial hypertension (%) 174 (54%) 75 (53%) 31 (45%) 68 (60%)
Diabetes (%) 85 (26%) 40 (28%) 14 (20%) 31 (27%)
CAD 43 (13%) 18 (13%) 9 (13%) 16 (14%)
COPD (%) 56 (17%) 30 (21%) 12 (17%) 14 (12%)
CKD (%) 62 (19%) 23 (16%) 15 (22%) 24 (21%)
Liver disease (%) 18 (6%) 8 (6%) 5 (7%) 5 (4%)
Neoplasia (%) 97 (30%) 44 (31%) 24 (35%) 29 (25%)
Infection source
Pulmonary (%) 159 (49%) 71 (50%) 35 (51%) 53 (46%)
Urinary tract (%) 62 (19%) 25 (18%) 14 (20%) 23 (20%)
Abdominal (%) 38 (12%) 15 (11%) 5 (7%) 18 (16%)
Soft tissues (%) 15 (5%) 8 (6%) 2 (3%) 5 (4%)
Devices (%) 11 (3%) 9 (6%) 2 (3%) 0
Cardiac (%) 4 (1%) 1 (0.1%) 1 (0.1%) 2 (0.1%)
Unknown (%) 20 (6%) 6 (4%) 6 (9%) 8 (7%)
Sepsis severity
T0 SAP (mmHg) 109 ± 25 108 ± 24 107 ± 28 112 ± 25
T1 SAP (mmHg) 118 ± 22 117 ± 21 116 ± 22 119 ± 23
T0 MAP (mmHg) 77 ± 17 77 ± 17 76 ± 19 77 ± 17
T1 MAP (mmHg) 78 ± 14 78 ± 14 77 ± 14 78 ± 15
T0 SOFA 6 [4–8] 6[3–7]*° 7 [5–9] 6 [4–9]
T1 SOFA 6 [4–8] 5 [3–7]* 6 [4.8–9] 6 [4 ± 8]
Septic shock (%) 125 (38%) 44 (31%) 32 (46%) 49 (43%)
Day-7 mortality (%) 43 (13%) 13 (9%) 10 (14%) 20 (17%)
Day-28 mortality (%) 90 (28%) 29 (20%)° 22 (32%) 39 (34%)
Treatment
Fluid bolus (ml) 1336 ± 1305 1381 ± 1013 1302 ± 1237 1279 ± 950
Fluid infusion (ml/h) 105 ± 54 112 ± 60* 92 ± 44 104 ± 51
T0 High-dose NA (%) 77 (24%) 22 (15%)*° 21 (30%) 34 (30%)
T1 High-dose NA (%) 62 (19%) 21 (15%) 17 (25%) 24 (21%)
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by echocardiographic parameters. In a multivariable model, 
SIMD predicted independently the mortality in the short 
and medium term without a contribution of Troponin levels.

We defined LV systolic dysfunction by mean of GLS, a 
less load-dependent parameter compared to LV EF. Param-
eters of preload and afterload, including the amount of 
administered fluids, the E/e’ ratio, the collapsibility index 
of the inferior vena cava, as well as arterial pressure and the 
proportion of patients treated with high-dose noradrenaline, 
were similar in patients with normal or abnormal Troponin, 
while GLS was significantly more compromised in patients 
with increased levels of the biomarker. We already demon-
strated that a reduced LV systolic function defined by GLS 
was associated with an adverse short- and medium-term out-
come. RV systolic function was defined as reduced TAPSE, 
which already showed a good prognostic value. Therefore, 
we did not need to adopt different measures, not available at 

the bedside and difficult to use in an Emergency Medicine 
setting. Troponin level may be useful to predict prognosis 
among septic patients in the absence of echocardiography to 
define SIMD, but the latter seems to have a better associa-
tion with an unfavorable prognosis, independent to Troponin 
levels. We are aware that the prognostic discrimination abil-
ity was suboptimal for both parameters. During sepsis, the 
cardiovascular performance plays a pivotal but not unique 
prognostic role. Several different factors, including previous 
and concomitant medical conditions, age and the source of 
the infection heavily influence the possibility of the recov-
ery. SIMD showed a statistically significant correlation to 
prognosis, so that it might characterize a group of patients, 
but not describe precisely the prognosis in single patients.

The increase of Troponin levels among critically ill 
patients is known [4], in particular among septic patients 
[29]. Nevertheless, we demonstrated that a significant 

Table 2   Echocardiographic 
parameters and biomarkers 
in patients with normal or 
abnormal Troponin

All echocardiographic parameters and lactates are reported as mean ± SD; Troponin and NTproBNP are 
reported as median and interquartile range
* p < 0.05 between G1 and G2; °p < 0.05 between G1 and G3 mean values; §p < 0.05 between G2 and G3 
mean values
EDVI end-diastolic volume index, LV EF left ventricular ejection fraction, LV GLS LV Global Longitudi-
nal Strain, RV D1 right ventricular basal diameter, RV D3 right ventricular longitudinal diameter, TAPSE 
Tricuspidal Annular Plane Systolic Motion, TDI tissue Doppler imaging, TR tricuspidal regurgitation, VCI 
inferior vena cava

All patients
(n = 325)

G1
(n = 142)

G2
(n = 69)

G3
(N = 114)

Echocardiographic parameters
EDVI (ml/m2) 41 ± 16 41 ± 15 41 ± 19 42 ± 170
LV EF (%) 53 ± 14 56 ± 12° 56 ± 15§ 49 ± 16
LV GLS (%)  – 13.0 ± 3.5 – 14.0 ± 3.5° – 13.4 ± 3.3§  –  11.6 ± 3.4
RV D1 3.5 ± 0.7 3.4 ± 0.6 3.5 ± 0.8 3.6 ± 0.7
RV D3 7.6 ± 1.2 7.6 ± 1.1 7.3 ± 1.3 7.7 ± 1.1
TAPSE 1.8 ± 0.5 1.9 ± 0.5° 1.8 ± 0.5 1.8 ± 0.5
MV E/A 1.02 ± 0.49 1.00 ± 0.49 0.95 ± 0.38 1.10 ± 0.56
TDI S wave (cm/s) 7.9 ± 2.4 8.4 ± 2.6° 8.0 ± 2.2 7.4 ± 2.2
TDI E wave (cm/s) 8.4 ± 2.8 9.1 ± 2.7° 8.8 ± 2.8§ 7.4 ± 2.6
E/E’ ratio 9.5 ± 5.8 7.9 ± 3.4° 9.2 ± 5.8 11.7 ± 7.3
TR peak gradient (mmHg) 29 ± 9 28 ± 9 28 ± 9 30 ± 10
VCI max diameter (mm) 1.8 ± 0.5 1.9 ± 0.5 1.7 ± 0.6 1.9 ± 0.6
VCI collapsibility index (%) 26 ± 24 24 ± 23 27 ± 25 26 ± 25
Biomarkers
T0 NTproBNP (ng/L) 5810

[1647–16629]
3417°
[1221–8000]

5051§
[1107–17336]

11,906
[4053–27879]

T1 NTproBNP (ng/L) 6394
[2212–17115]

2895*°
[1601–7913]

6581§
[3010–19035]

14,707
[6245–28469]

T0 Lactate (meq/L) 3.1 ± 2.7 2.7 ± 2.0° 3.2 ± 2.8 3.6 ± 3.0
T1 Lactate (meq/L) 2.0 ± 2.3 1.7 ± 2.2 2.0 ± 1.5 2.5 ± 2.8
T0 Troponin (ng/mL) 0.07

[0.02–0.29]
0.02*°
[0.02–0.04]

0.07§
[0.03–0.14]

0.39
[0.20–1.28]

T1 Troponin (ng/mL) 0.10
[0.02–0.43]

0.02*°
[0.02–0.04]°

0.14§
[0.10–0.43]

0.52
[0.21–1.63]



	 Internal and Emergency Medicine

1 3

Fig. 2   Prognostic value of abnormal Troponin level and the presence of SIMD evaluated by Kaplan–Meier analysis
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portion of patients with SIMD had normal levels of Tro-
ponin, while SIMD affected prognosis independently of Tro-
ponins. LV/RV dysfunction in sepsis in the absence of a rise 
in Troponin levels could be equivalent to chronic disease, 
whereas increase in Troponin levels strongly suggests acute 
myocardial necrosis independent to pre-existing LV/RV dys-
function. We excluded patients with known pre-existing sys-
tolic dysfunction and previous medical conditions showed 
a similar distribution between subgroups. However, the 
prevalence of cardiovascular risk factors was considerable 
and similar between subgroups and we cannot exclude a sub-
clinical impairment of LV longitudinal function independent 
of the septic event. On the other hand, an underlying CAD, 
which becomes clinically evident only with a systolic dys-
function, in the absence of an elevation in Troponin levels, is 
as well an unexpected situation. The fact that Troponin does 
not predict the prognosis in a multivariable model, including 
RV/LV dysfunction, suggests that the presence of myocar-
dial dysfunction may be stronger than Troponin as global 
predictor of prognosis including dysfunction as comorbidity 
as well as acute injury.

Upon ED admission, compared to patients with normal 
Troponin levels, those with elevated levels showed higher 
lactate levels as well as an increased SOFA score. These 
data confirm the relevant role of hemodynamic and cytotoxic 
mechanisms in promoting sepsis-induced Troponin eleva-
tion. At the beginning of the disease, fluids imbalance with 
consequent tachycardia and hypotension, alongside hypox-
emia and reduced oxygen delivery, causes a reduced coro-
nary perfusion pressure and a demand–supply mismatch. In 
this phase of the disease, elevated lactate levels can be an 
expression of this imbalance. In the following phases of the 
resuscitation, elevated filling pressures and increased ven-
tricular wall stress can activate intracellular signaling cas-
cades, with consequent cardiac apoptosis, micronecrosis and 

increased levels of Troponin. On the other side, the release 
of cytokines, endotoxins and free radicals exerts a direct 
toxic effect on myocytes, with altered membrane permeabil-
ity and apoptosis [30].

The complex interplay between different mechanisms and 
their different prognostic weight could explain the limited 
prognostic value of this biomarker [4, 5, 8]. The earliest 
determination of Troponin lacked a significant prognostic 
value. A possible interpretation could be the different prog-
nostic weight of an increased level due to a fluid imbal-
ance in the first hours of the resuscitation, compared to an 
increased secretion due to persistently activated cytotoxic 
mechanisms, poorly responsive to the treatment [30].

This study has a number of limitations. It is a single-
center study and, due to the clinical setting where patients 
were managed, we did not include those who needed inva-
sive ventilation. We cannot exclude that different selection 
criteria would have changed our results; however, patients 
like those included in the present study are frequently 
encountered in the Emergency Medicine setting.

We defined LV systolic dysfunction based on LV GLS, 
a parameter less load-dependent compared to LV ejection 
fraction, that cannot be considered derived in common clin-
ical practice in the Emergency Department; however, we 
found that such a parameter performed bedside may offer 
useful prognostic indication among patients with sepsis not 
mechanically ventilated.

We are aware of several limitations of speckle-tracking 
methodology, especially the need of adequate image quality. 
However, the analysis could be performed in the majority of 
our study population and it gave relevant information from 
a prognostic point of view.

We based our definition of RV systolic dysfunction on 
TAPSE, which is load dependent: currently, assessment of 
RV GLS is not available in bedside setting in our clinical 

Table 3   Cox regression survival analysis for day-7 and day-28 mortality rates

SOFA Sequential Organ failure Assessment, SIMD sepsis-induced myocardial dysfunction, RR relative risk

Day-7 mortality rate

RR 95% CI p

Age ≥ 65 years – – 0.065
T1 SOFA score ≥ 5 3.08 1.20–7.89 0.019
T1 Troponin ≥ 0.1 ng/L – – .274
SIMD 3.72 1.32–10.49 0.013

Day-28 mortality rate

RR 95% CI p

Age ≥ 65 years 2.07 1.10–3.90 0.025
T1 SOFA score ≥ 5 – – 0.062
T1 Troponin ≥ 0.1 ng/L – – 0.160
SIMD 3.24 1.72–6.11  < 0.001
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scenario. A definition of RV dysfunction based on mul-
timodal approach, as recently shown by Vallabhajosyula 
et al. [31], could add further prognostic information, but 
it would be less applicable in the Emergency Medicine 
setting. We focused on relatively fast and widely diffused 
modality of RV function assessment.

We did not repeat an echocardiographic examination 
within 24–48 h after the first exam, as our Unit is located 
within the Emergency Department and patients have to be 
assigned to their final destination within 48 h. Therefore, 
in most of them, it was not possible to perform a second 
examination 24 h after the first one. We cannot exclude a 
possible evolution of the LV and RV dysfunction, but the 
focus of this paper was to find early and reliable param-
eters, to evaluate the cardiovascular involvement during 
sepsis and its prognostic value.

Conclusions

In a population of septic patients not on mechanical ven-
tilation, increased Troponin levels correlated with SIMD 
diagnosed by echocardiography. However, Troponin did 
not show an independent association with an increased 
mortality after adjustment for the presence of SIMD.
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