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Purpose: The early diagnosis of septic cardiomyopathy remains a challenge. The present work aims to evaluate the diagnostic and
prognostic value of plasma soluble triggering receptor expressed on myeloid cells-1 (STREM-1) levels in septic cardiomyopathy when
compared with traditional myocardial biomarkers.

Methods: In the 143 sepsis enrolled patients, 67 and 76 patients were classified as non-septic cardiomyopathy and septic cardiomyo-
pathy, respectively. Their blood samples were harvested up to 14th day after hospital admission for measurements of STREM-1 and
other biomarkers, such as N-terminal pronatriuretic peptide (NT-proBNP), highly sensitive troponin (TNT-HS), myoglobin (MYO),
creatine kinase isoenzyme (CK-MB), etc. All the data were collected at 8:00 a.m. The area under the receiver operating characteristic
curve was obtained to assess the diagnostic accuracy of those biomarkers. The Log rank test was utilized to evaluate the prognostic
value of STREM-1 on septic cardiomyopathy.

Results: Circulating STREM-1 showed a high specificity (88.1%) and moderate sensitivity (64.5%) to distinguish patients with septic
cardiomyopathy in the 143 septic patients. The diagnostic efficiency of STREM-1 was higher than inflammatory biomarkers and
traditional myocardial markers. Logistic regression revealed that plasma sSTREM-1 was an independent predictor of septic cardiomyo-
pathy. Furthermore, in the whole septic cardiomyopathy cohorts, the STREM-1 levels in the non-survivors were significantly higher
than those of survivors during ICU stay. In addition, the left ventricular systolic dysfunction had a high odds ratio (3.968) to predict
90-day mortality in septic patients with cardiomyopathy.

Conclusion: High plasma sTREM-1 level may be a diagnostic marker in predicting ICU poor outcome of patients with septic
cardiomyopathy.
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Introduction

Sepsis is a life-threatening condition with organ dysfunction including septic cardiomyopathy (SCM) induced by an
excessive host response to infection.! Septic cardiomyopathy is common in severe sepsis and septic shock patients. SCM
is characterized by reversible systolic and/or diastolic left ventricular (LV) dysfunction and/or right ventricular
dysfunction.? Approximately, 20-65% of patients with sepsis developed septic cardiomyopathy.® Patients with septic
cardiomyopathy have significantly higher mortality (70%) compared with septic patients without septic cardiomyopathy
(20%).** The mortality of those patients was reported to be two to three times higher when compared with those with
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septic shock alone in adult patients.® Indeed, a high mortality rate (higher than 80%) was documented in patients with
sepsis who had severe myocardial dysfunction.® However, septic cardiomyopathy is reversible at an early stage, and early
diagnosis and intervention of septic cardiomyopathy in sepsis patients may reduce mortality.” In sepsis, elevated BNP
and troponin is more reflective general critical illness®’ rather than SCM. The conventional myocardial markers in
identifying patients suspected to have septic cardiomyopathy is limited owing to the lack of specificity. Therefore, it
remains a challenging and yet an urgent need to explore better diagnostic and/or prognostic markers.

Triggering receptor expressed on myeloid cells-1 (TREM-1), a member of immunoglobulin superfamily, is mainly
expressed on the cell surfaces of neutrophils, macrophages and mature monocytes. Until now, the two isoforms of the
receptor, membrane-bound TREM-1 (mTREM-1) and soluble TREM-1 (sTREM-1) forms have been largely studied in

1.1 mTREM-1 forms to be oligomers, which lead to downstream signaling activation and proinflammatory

sepsis.
mediator release while STREM-1 has only the Ig-like domain that plays a vital role in antigen recognition, making it to be
a potential biomarker for disease diagnosis use.'?

Recent studies identified sSTREM-1 as an inflammatory marker or a prognostic marker of respiratory infections. For
example, serum sTREM-1 levels were high in elderly patients with ventilator-associated pneumonia, and its levels were
correlated with the severity of disease.'> !> In addition, sSTREM-1 was reported to be valuable both in the diagnosis of
acute bacterial infection-induced diarrhea and acute appendicitis in children.'®!” Furthermore, sSTREM-1 showed
diagnostic and prognostic values in both children and adults with sepsis.'®'® However, A meta-analysis demonstrated
that sSTREM-1 can be measurable in any kinds of sepsis patients on admission but its usefulness is not yet defined.”® In
addition, STREM-1 was also associated with development of acute and chronic cardiovascular diseases, such as
atherosclerosis and acute myocardial infarction (AMI)*' and its levels were strongly related with the severity of AMI
and cardiac dysfunction during sepsis.”*** It was found to be significantly associated with sepsis induced ventricular
dysfunction in our previous animal study.>* Therefore, STREM-1 for diagnostic and/or prognostic use needs to be verified
further. The aim of the present study was to access the usefulness of plasma STREM-1 when compared with traditional
myocardial markers in the diagnosis and/or prognosis of septic cardiomyopathy in patients with sepsis.

Methods

Study Design and Patient Population

This prospective cohort study protocol was reviewed and approved by the Ethics Committee of Affiliated Hospital of Guangdong
Medical University (No. PJ2020-081). The study was then conducted in accordance with the Declaration of Helsinki (as revised
in 2013). According to the guideline of 2016 Sepsis —3,”> 67 sepsis patients without septic cardiomyopathy (non-septic
cardiomyopathy group) and 76 sepsis patients with septic cardiomyopathy (septic cardiomyopathy group) were recruited to
the Department of Critical Care Medicine of the Affiliated Hospital of Guangdong Medical University, Zhanjiang, China,
between October 2020 to February 2022. All patients or their families agreed to participate in this study and their signed written
informed consent forms were obtained before recruitment. The inclusion criteria for the study were as follows: aged 18—75 years
old and their diagnosis complied with the 2016 Sepsis 3.0 standard. Exclusion criteria were set as follows: patients with
valvulopathy, chronic heart and renal failure, patients with acute coronary syndromes and/or hypertensive heart disease, non-
infectious shock, neutropenia, HIV infection, treatment with corticosteroids or immunosuppressive drugs within the last month,
or and patients stay in ICU less than 24 hours. The patients were treated according to the sepsis and septic shock guidelines.

Data Collection

Demographic and disease data of patients included age, gender, infection sites, microorganisms, liver and kidney functions,
coagulation indicators, PaO,, lactate level acute physiologic assessment and chronic health evaluation (APACHE) II scores,
and sequential organ failure assessment (SOFA) scores, Procalcitonin (PCT), complete blood count, N-Terminal prona-
triuretic peptide (NT-proBNP), Highly sensitive troponin (TNT-HS), Myoglobin (MYO), Creatine kinase isoenzyme (CK-
MB). These data recorded on post-admission day 1, 3, 7, and 14 were collected. Plasma was harvested at post-admission
day 1, 3, 7, and 14 and plasma IL-1p, IL-18, and sSTREM-1 were quantified with ELISA kits following the manufacturer’s
instructions (Jianglai, Shanghai, China). All the data was collected at 8:00 a.m.
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Echocardiography

Transthoracic echocardiography was done at post-admission day 1, 3, 7, and 14 with an ultrasound system (SONIMAGE
HS1, KONICA MINOLTA China, Shanghai, China). To reduce the heterogeneity, echocardiograms were recorded by the
same senior intensivist. Left ventricular ejection fraction (LVEF) was calculated using the Teichholz correction formula
from parasternal long-axis views. Left ventricular systolic dysfunction was grouped into two categories: mild systolic
dysfunction with LVEF less than 55% and severe dysfunction with LV systolic less than 45%.%°® Mitral inflow was
obtained via pulse-wave Doppler echocardiography using the sample volume between mitral leaflet tips during diastole
(E). Mitral annular tissue velocity (e') was obtained using tissue Doppler imaging with the sample volume on the septal
area of the mitral annulus during diastole. E/e’ >14 or/and ¢’ <10mm was used to judge to have left ventricular diastolic
dysfunction.”® The right ventricular function was assessed at end expiration in a multimodal fashion as per American
Society of Echocardiography guidelines (tricuspid annular plane systolic excursion TAPSE, lateral tricuspid annular
velocity s'. Right ventricular area changes FAC),** and RVFAC% <35% or/and TAPSE <17mm or/and s’ <10mm were
classified as right ventricular systolic dysfunction.” Tei index is a numeric value derived from the sum of isovolumetric
contraction and isovolumetric relaxation divided by total ejection time (Tei=ICT+IRT/ET), which is independent of heart
rate, preload and afterload making Tei index a facile parameter to assess overall myocardial performance.>' Tei index
>0.48 was defined as myocardial performance deterioration.

Diagnostic Criteria

Septic cardiomyopathy was diagnosed when patient met criteria 1 or/and criteria 2 of the definition:**° 1. Severe heart
dysfunction with LVEF <45%; 2. At least two of the following: (1) LVEF <55%; (2) Left ventricular diastolic
dysfunction (E/e”>14 or/and e¢'<10 mm); (3) Right ventricular systolic dysfunction (RVFAC% <35% or/and TAPSE
<17mm or/and s'" <10mm); (4)Tei index >0.48.

Statistical Analysis

The sample size was calculated based on our preliminary data, which showed that STREM-1 was 52.3pg/mL and
118.7pg/mL in SCM patients (n =10) and non-SCM patients at admission (n =10), respectively. To detect the significance
between the two groups with a desired power of 80% and type I error set at 0.05, then minimal n=49/group was required.
All data were analyzed with SPSS 25.0 software (IBM Corp, Armonk, NY, USA) and MedCalc 20.0 software (MedCalc
Software Ltd, Ostend, Belgium). Quantitative data with normal distributions are expressed as means + standard
deviations (SD); otherwise, expressed as the median (interquartile ranges). Data were then analysed with Student’s
t-test for group comparison, the Mann—Whitney (MW) test of the independent samples for inter-group comparison, or the
related sample Wilcoxon test was used for intra-group comparison as appropriate. Proportions and the differences in
proportions between groups were compared using a chi-square test. Receiver operating characteristics (ROC) curves was
used to evaluate diagnostic value of the biomarkers and the diagnostic efficacy of biomarkers were compared by z-test.
Besides, compared the multiple mortality of patients using the Log rank test. Multivariate logistic regression analysis was
used to further identify the independent predictor of septic cardiomyopathy and the 90 day mortality of septic
cardiomyopathy patients. A statistical significance was set when a p value less than 0.05.

Results

Baseline Characteristics

The routine laboratory measurements and clinical parameters of patients with septic cardiomyopathy (n = 76) and non-
septic cardiomyopathy (n = 67) are presented in Table 1. No significant difference was found in gender, age, infection
site, comorbidities, pathogenic microorganism, acute physiology and chronic health evaluation II (APACHE II) score,
sequential organ failure assessment (SOFA) score, blood creatinine, AST, ALT, lactate level, oxygenation index, SAP,
DAP, and MAP between the two groups (P > 0.05). The septic cardiomyopathy group had higher vasopressors usage than
that of the non-septic cardiomyopathy group (P =0.021). The respiratory system infection was the most common in whole
study population (n = 67, 46.9%) (Table 1).

Journal of Inflammation Research 2024:17 hetps: 7871

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yu et al

Dove

Table | Clinical Characteristics of Patients on the Day of Admission to ICU

Parameters Total Non-SCM Group SCM Group p value
Sample size (n, %) (143,100) (67,46.9) (76,53.1)

Age (years)® 58 (45~67) 58 (48.5~67) 58 (41.5~67.5) 0.597
Sex (male/female)® (108/35) (51/16) (57/19) 0.877
Initial sites of infection

Lung (n, %) (67, 46.9) (34, 50.7) (33, 43.4) 0.381
Gastrointestinal (n, %) (54, 37.8) (24, 35.8) (30, 39.5) 0.653
Skin and soft tissue (n, %) (11, 7.7) (5,7.5) 6,79 0.923
Blood infection (n, %) 6,4.2) (1, 1.2) (5, 6.6) 0.130
Others (n, %) (10, 9.5) (3, 4.5) 7,9.2) 0.268
Organism

G+ bacterium (n,%) (30, 21.0) (14, 21.0) (16, 21.1) 0.982
G- bacterium (n,%) (54, 37.8) (25, 37.3) (29, 38.2) 0917
Fungi (n,%) (8, 5.6) 4, 6.0) (4,5.3) 0.854
Mixed (n,%) (39, 27.3) (16, 23.9) (23, 34.3) 0.392
None detected (n,%) 9, 6.3) (5,7.5) (4,5.3) 0.589
Comorbidities

Hypertension (n,%) (20, 14.0) 9, 134) (1, 14.5) 0.858
Diabetes mellitus (n,%) (24, 16.8) (14, 20.9) (10, 13.2) 0.217
Cancer (n,%) 3,21 (1, 1.5) (2, 2.6) 0.635
Cerebral vascular disease (n,%) (8, 5.6) (3, 4.5) (5, 6.6) 0.585
APACHEII score 19 (15~24) 19 (15~24) 20 (16~24) 0413
SOFA score 13 (10~17) 13 (10~16) 14 (10.5~17) 0.363
Scr (umol/L) 95 (64~192) 105 (62~173.5) 92.5 (68~222.5) 0.865
ALT (U/L) 28.8 (13.5~65.5) 25.7 (11.9~42.9) 33.9 (14.4~126.6) 0.115
AST (U/L) 46.1 (22.2~122.1) 49.8 (18.9~82.6) 45.8 (27.4~188.3) 0.094
PO2/FiO2 (mmHg) 226.6 (175~292.7) 245 (188~310.9) 210 (161.5~210) 0.071
Lactate (mmol/L) 2.1 (1.5~3.5) 2.1 (1.4~3.1) 2.1 (1.6~3.9) 0.178
Vasopressor (n,%) (91, 63.6) (36, 53.7) (55, 72.3) 0.021*
SAP (mmHg) 98 (91~111) 99 (92~113) 97 (89~109) 0.070
DAP (mmHg) 52 (46~59) 51 (45~60) 53 (47~59) 0.304
MAP (mmHg) 67 (62~76.5) 68 (62~78) 67 (62~74) 0.640

Notes: “refers to the counting data, expressed in the quartile range; ®represents measurement data. * P<0.05, P<0.05 means

statistically significant.

Abbreviations: SCM, Septic cardiomyopathy; APACHEII score, Acute Physiology and Chronic Health Evaluation Il score; SOFA
score, Sepsis-related Organ Failure Assessment score; Scr, Serum creatinine; AST, Aspartate aminotransferase; ALT, Alanine
aminotransferase; PO2/FiO2, Oxygen partial pressure/Inhaled oxygen concentration; SAP, Systolic arterial pressure; DAP,

Diastolic arterial pressure; MAP, Mean arterial pressure.

Laboratory Biomarkers

Plasma IL-18 and IL-1p in the septic cardiomyopathy group were considerably increased than those in the non-septic
cardiomyopathy group on the 1st and 3rd days of admission (P < 0.005) (Figure 1A and B). At the early stage of admission,
PCT in the septic cardiomyopathy group was higher than those in the non-septic cardiomyopathy group (P <0.05) (Figure 1C).
The plasma sSTREM-1 level in the septic cardiomyopathy group was significantly increased when compared with those in the
non-septic cardiomyopathy group at admission day 1 (median 263.5 vs 82.3 pg/mL, P <0.001), 3 (median 230.2 vs 75.8 pg/
mL, P <0.001), 7 (median 167.3 vs 84.7 pg/mL, P < 0.001), and 14 (median 118.2 vs 66.6 pg/mL, P < 0.005) (Figure 1D).
However, there were no significant differences among the MYO, CK-MB, TNT-HS, and NT-proBNP concentration between

the non-septic cardiomyopathy and septic cardiomyopathy patients (Supplementary Figure SIA-D).
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Figure | Changes in Laboratory biomarkers in patients with Non-SCM and SCM after admission to ICU. (A) IL-18. (B) IL-1B. (C) PCT. (D) sTREM-I. ** P<0.01, ***
P<0.005, **** P<0.001. ns indicates no statistical significance.
Abbreviations: IL-18, Interleukin|8; IL-1B, Interleukin-IB; PCT, Procalcitonin; sTREM-1, soluble myeloid cells trigger receptor-1.

Cardiac Function

Compared both groups, the septic cardiomyopathy group demonstrated a rather low LVEF on admission day 1 (median
63.1% vs 55.8%, P < 0.001) and day 3 (median 62.3% vs 56.3%, P < 0.001) (Figure 2A). We had three indicators (RVFAC
%, TAPSE, s’) that reflect right ventricular systolic dysfunction and they were significant differences between the non-septic
cardiomyopathy and septic cardiomyopathy groups. RVFAC% was lower in patients with septic cardiomyopathy than those
with non-septic cardiomyopathy (RVFAC%: day 1: 47.7% vs 38.3%, P < 0.001; day 3: 47.5% vs 40.3%, P < 0.001). The
levels of TAPSE in the non-septic cardiomyopathy group were higher than those in the septic cardiomyopathy group
(TAPSE: day 1: 19.7mm vs 16.2mm, P < 0.001; day 3: 19.6mm vs 16.6mm, P < 0.001; day 7: 18.8mm vs 17.8mm, P =
0.009; day 14: 19.8mm vs 17.9mm, P = 0.001). At the same time, s’ was lower in patients with septic cardiomyopathy
(s’: day 1: 14.2cm/s vs 13.0cm/s, P = 0.009; day 3: 14.1cm/s vs 13.2cm/s, P = 0.001) (Figure 2B-D). Furthermore, the Tei
index of patients with septic cardiomyopathy was significantly higher than that of the non-septic cardiomyopathy group on
admission day 1 (median 0.41 vs 0.48, P < 0.001), 3 (median 0.41 vs 0.47, P < 0.001), and 7 (median 0.42 vs 0.43, P <
0.001) (Figure 2E). Besides, on the day of admission, e’ in the septic cardiomyopathy group were lower than those in the
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Figure 2 Changes in echocardiography in patients with Non-SCM and SCM after admission to ICU. (A) EF. (B) RVFAC. (C) TAPSE. (D) s'. (E) Tei Index. (F) e". (G) E/e’. Tei
Index=(ICT+IRT)/ET. * P<0.05, ** P<0.01, *** P<0.005, **** P<0.001. ns indicates no statistical significance.

Abbreviations: e, mitral annulus early diastolic velocity; E, mitral annulus diastolic blood flow velocity; EF, ejection fraction; ET, ejection time; ICT, isovolumetric
contraction time; IRT, isovolumic relaxation time; RVFAC, right ventricular fractional area changes; s, tricuspid annular peak systolic velocity; TAPSE, tricuspid annular plane
systolic excursion.

non-septic cardiomyopathy group (median 9.lcm/s vs 8.4cm/s,P < 0.05) (Figure 2F). Only E/ ¢’ showed no significant
differences between the two groups (Figure 2G).

Diagnosis of Septic Cardiomyopathy

We analyzed all patients’ biomarker concentration on the day they were admitted. The receiver operating characteristic
(ROC) curve were established to assess septic cardiomyopathy with serum sTREM-1 levels, inflammatory biomarkers
and traditional myocardial markers. The AUCs of sTREM-1, TNT-HS, CK-MB, MYO and NT-proBNP were 0.824,
0.547, 0.556, 0.545 and 0.514, respectively (Figure 3A). The AUCs of PCT, IL-1p and IL-18 were 0.630, 0.674, and
0.573, respectively (Figure 3B). The optimal sSTREM-1 cut-off value to predict septic cardiomyopathy was 172.6 pg/mL,
which had 64.5% sensitivity and 88.1% specificity (P < 0.0001). Moreover, The AUCs of sTREM-1 and other
biomarkers were compared by Z-test, the diagnostic efficacy of sSTREM-1 of septic cardiomyopathy were superior to
traditional myocardial markers and inflammatory biomarkers (Table S1). When analyzed separately for each category of
heart dysfunction, sSTREM-1 levels also has certain diagnostic value for left ventricular systolic dysfunction (P < 0.001),
right ventricular systolic dysfunction (P < 0.001) and left ventricular diastolic dysfunction (P = 0.0419) (Figure 3C).
Multivariate logistic regression analysis demonstrated that serum sTREM-1 level was an independent predictor of septic
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Figure 3 (A) ROC curves of soluble biomarkers for diagnosing septic cardiomyopathy. CK-MB, creatine kinase isoenzyme; (B) ROC curves of infection indicators and
inflammatory biomarkers for diagnosing septic cardiomyopathy. (C) ROC curves of sSTREM-I for diagnosing left ventricular systolic dysfunction (LVSD), right ventricular
systolic dysfunction (RVSD) and left ventricular diastolic dysfunction (LVDD). P<0.05 means statistically significant.

Abbreviations: MYO, myoglobin; NT-proBNP, N-Terminal pronatriuretic peptide; STREM-1, soluble myeloid cells trigger receptor-1; TNT-HS, highly sensitive troponin.
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Table 2 Logistics Analysis of Septic Cardiomyopathy

Events

Variable OR value | p value 95% ClI

Age (years) 1.003 0.842 0.974~1.033
Sex (male/female) | 0.939 0.899 0.354~2.494
sTREM-I (pg/mL) | 1.009 <0.000 [**** | ],005~1.012
PCT (ng/mL) 1.005 0.434 0.992~1.019
IL-1B (pg/mL) 1.016 0.020%* 1.003~1.030
IL-18 (pg/mL) 1.001 0.698 0.997~1.004
Septic shock 2,634 0.046* 1.015~6.833

Note: * P<0.05, *** P<0.001.
Abbreviations: sTREM-I, Soluble myeloid cells trigger receptor-1; PCT,
Procalcitonin; IL-1B, Interleukin-If; IL-18, Interleukin|8.

cardiomyopathy with an odds ratio (OR) of 1.009 (95% CI 1.005-1.012). Similar to the sSTREM-1, higher IL-1f level had
a significant detrimental effect on sepsis patient (OR 1.016, 95% CI 1.003—1.030). Meanwhile, septic shock (OR 2.634,
95% CI 1.015-6.833) was significantly associated with an increased risk of septic cardiomyopathy (Table 2).

Mortality of Patients with or Without Cardiomyopathy

To study the differences in mortality between patients with non-septic cardiomyopathy and those with septic cardiomyo-
pathy, ICU mortality, 28-day mortality and 90-day mortality of the patients were analyzed by log-rank, and the Kaplan-
Meier survival curve was established. Log rank tests showed no difference between 28-day and 90-day mortality between
the two group, but the ICU mortality rate in the septic cardiomyopathy group was significantly higher than that in the
non-septic cardiomyopathy group (P < 0.05) (Figure 4A—C). To evaluate the association between sTREM-1 levels and
ICU mortality in the septic cardiomyopathy patients, the plasma sTREM-1 concentrations of patients with septic
cardiomyopathy were divided into four segments according to interquartile range. These are Quartile 1: < 116.1 pg/
mL, Quartile 2: 116.1-263.5 pg/mL, Quartile 3: 263.5-515.7 pg/mL and Quartile 4: > 515.7 pg/mL. The total cohort ICU
mortality was increased with the highest-level STREM-1 concentration (P < 0.05) (Figure 5). However, multivariate
analysis showed that the left ventricular systolic dysfunction remained an independent predictor of mortality at 90 days
(Left ventricular systolic dysfunction: OR = 3.968, 95% CI 1.068-14.751, P < 0.05) (Table 3).

Discussion

Our study indicated that the high level of sSTREM-1 is a sensitive biomarker to distinguish between patients with or with
cardiomyopathy and it is associated with high mortality in septic patients with cardiomyopathy. Our work suggests that
sTREM-1 may be diagnostic and/or prognostic marker of septic cardiomyopathy. The utility of STREM-1 integrated with

echocardiography may be a useful and better approach for the diagnosis and prognosis of septic cardiomyopathy
clinically.

100

>
w

(@)

" — nonSCMgroup
?: 75 o —— non-SCM group sf — non-SCM group § 75 : — — SCM group
g — SCM group s SCM group H
2 s0 3 @ 50
2 °
2 z 2
= P=0.723 z i
3 =
E® g E 21 . p0007
3 3 3
(days)
o (days) (days) ¢
0 7 14 21 28 0 18 36 54 72 50 0 0 5 10 15 20 25
NO. at Risk e NO. at Risk Tane NO. at Risk e
non-SCM group 67 61 58 54 48 non-SCM group 67 56 47 46 45 42 non-SCMgroup 67 51 25 12 5 3
SCMgroup 76 70 62 58 55 SCMgroup 76 61 52 51 50 42 SCMgroup 76 66 38 17 7 5
28-day mortality 90-day mortality ICU mortality

Figure 4 Mortality of non-septic cardiomyopathy and septic cardiomyopathy patient. (A) Cumulative survival of 28-day mortality. (B) Cumulative survival of 90-day
mortality. (C) Cumulative survival of ICU mortality.
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Figure 5 Cumulative survival of ICU mortality by sTREM-I concentration. (Quartile I: < 16.1 pg/mL, Quartile 2: 116.1-263.5 pg/mL, Quartile 3: 263.5-515.7 pg/mL,
Quartile 4: > 515.7 pg/mL). ns means no statistical significance compare with the first quartile. *P<0.05 means statistical significance compare with the first quartile.

Septic cardiomyopathy is a common complication following sepsis that exacerbates poor prognosis.>> Sepsis-induced
myocardial dysfunction can be manifested as left ventricular systolic dysfunction, left ventricular diastolic dysfunction
and right ventricular dysfunction, alone or in combination. The diagnostic criteria for septic cardiomyopathy currently are
mainly based on LVEF. However, there is no consensus regarding the cut-off value for LVEF for patients with or without
septic cardiomyopathy. For example, LVEF <45% was used in some studies as the diagnostic criterion while others used
LVEF <50%.%2**> Our diagnostic criteria, based on previous studies and American Society of Echocardiography
guidelines, included systolic and/or diastolic left ventricular dysfunction and/or right ventricular dysfunction.

Although transthoracic echocardiography has advantages in assessing myocardial dysfunction, complicated data and
procedures limit its wide use in practice. Laboratory biomarkers for the diagnosis of septic cardiomyopathy are,
therefore, urgently needed. Elevated plasma troponin in patients with sepsis was associated with left ventricular systolic
dysfunction and worse prognosis in patients with sepsis.’® The peak troponin also correlates with SCM diagnosis.”’
Besides, Kada et al*® reported that BNP may predict clinical outcomes and myocardial dysfunction. However, the causes
of increased troponin and BNP levels in severe sepsis and septic shock are multifactorial. Therefore, troponin and BNP
lack specificity in predicting septic cardiomyopathy.®® sSTREM-1 emerges as a useful diagnostic and prognostic marker of
septic cardiomyopathy. When LVEF <50% and cardiac function index <4.1 L/min as diagnostic criteria were used, the
study of 84 patients with sepsis showed that sSTREM-1 was negatively correlated with LVEF, CFI, CI, GEF and dP/dt

Table 3 Logistics Analysis of 90-Day Mortality in Patient with SCM

Variable OR value | p value | 95% CI

Left ventricular systolic dysfunction 3.968 0.040* 1.068~14.751
Left ventricular diastolic dysfunction 3.000 0.090 0.844~10.665
Right ventricular systolic dysfunction 1.775 0.671 0.126~25.034
Myocardial performance index increased | 1.102 0.879 0.314~3.871
Septic shock 4.208 0.050 1.003~17.662
sTREM-I (pg/mL) 1.002 0.396 0.997~1.008

Note: *P<0.05.
Abbreviations: SCM, Septic cardiomyopathy; sTREM-I, Soluble myeloid cells trigger receptor-1.
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Max.*® In our prospective observational study, 53.1% of patients had cardiac function dysfunction in sepsis. Additionally,
we measured plasma STREM-1 concentrations and similar to previous animal experiments,*” sSTREM-1 levels were
significantly higher in the septic cardiomyopathy patients than the non-septic cardiomyopathy patients. The multivariable
analysis demonstrated that STREM-1 was an independent predictor of septic cardiomyopathy in patients with sepsis,
indicating that STREM-1 is closely related to the myocardial dysfunction development in sepsis patients. The optimal
cut-off points of sSTREM-1 for detecting patients with septic cardiomyopathy was 172.6 pg/mL with sensitivity of 64.5%
and specificity of 88.1% as reported here. Our study suggests that sSTREM-1 level may be promising in identifying
sepsis-induced myocardial dysfunction with a moderate risk of missed diagnosis. Interestingly, our data showed that
diagnostic value of sSTREM-1 for systolic dysfunction was greater than that of diastolic function. When the relationship
between STREM-1 level and ICU mortality was analyzed, sSTREM-1 was an independent predictor. Liang et al*' also
reported that hospital mortality was higher in the septic cardiomyopathy patients compared with the non- septic
cardiomyopathy patients which may be related to the uncontrollable inflammatory storms in the late stages of septic
cardiomyopathy.*?

The novelty of the current work was that sSTREM-1 in diagnosing septic cardiomyopathy integrated with systolic and/
or diastolic left ventricular dysfunction and/or right ventricular dysfunction while previous studies were mainly focused
on the left ventricular systolic dysfunction. The data reported in the present study are more sensitive and reliable due to
the more rigorous transthoracic echocardiography monitoring. The limitation of this study is that the sample size is
relatively small and more studies are needed to further clarify the usefulness of sTREM-1 in predicting septic
cardiomyopathy development and its associated outcome. Second, we did not measure TNF-a, another key inflammatory
cytokine. Third, we did not track long-term survival in the SCM and SCM groups. Despite these limitations, we still
believe that our findings advance potential laboratory markers for diagnosing SCM.

Conclusion
In summary, the elevated sSTREM-1 level on admission was an independent predictor of septic cardiomyopathy and ICU
mortality. However, caution should be taken until further studied data are available.

Abbreviations

CK-MB, Creatine kinase isoenzyme; ET, Ejection Time; FAC, Right Ventricular Area Changes; ICU, Intensive Care
Unit; IL-1f, Interleukin-1f; IL-18, Interleukinl8; ICT, Isovolumetric Contraction Time; IRT, Isovolumetric Relaxation
Time; LVEF, Left Ventricular Ejection Fraction; MYO, Myoglobin; NT-proBNP, N-Terminal pronatriuretic peptide; PCT,
Procalcitonin; SCM, Septic Cardiomyopathy; sTREM-1, Soluble Triggering Receptor Expressed on Myeloid Cells-1;
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