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Abstract
While both sepsis-induced myocardial dysfunction (SIMD) and stress-induced cardiomyopathy (SICMP) are common in patients with |
sepsis, the pathogenesis of the 2 diseases is different, and they require different treatment strategies. Thus, we aimed to investigate
risk factors and outcomes between the 2 diseases.

This retrospective study enrolled patients diagnosed with sepsis or septic shock, admitted to intensive care unit via emergency
department in Korea University Anam Hospital, and who underwent transthoracic echocardiography within the first 24 hours of
admission.

In all, 25 patients with SIMD and 27 patients with SICMP were enrolled. Chronic obstructive pulmonary disease and a history of
heart failure (HF) were more prevalent in both the SIMD and SICMP groups than in the control group. In the SIMD and SICMP groups,
levels of inflammatory cytokines were similar. Serum troponin level was significantly elevated in the SICMP and SIMD group
compared to the control group. N-terminal pro-brain natriuretic peptide (NT pro-BNP) level was significantly elevated in the SIMD
group compared to the SICMP group or control group. The in-hospital mortality rate in the SIMD and SICMP group was about 40%,
showing increased trends compared with the control group. The in-hospital mortality rate was significantly increased in SIMD group
with EF<30% than in SICMP group with EF<30%. In multiple logistic regression analysis, a past history of diabetes mellitus (DM) and
HF was significantly associated with the incidence of SIMD. Younger age, elevated levels of NT pro-BNP, and positive result of blood
culture also showed significant odds ratio regard to the occurrence of SIMD. However, only elevated lactate and troponin level were
positively associated with the incidence of SICMP.

The SIMD and SICMP had different risk factors. The risk factors of SIMD were younger age, history of DM, history of HF, elevated
NT pro-BNP, and positive result of blood culture. The elevated levels of lactate and troponin were identified as risk factors of SICMP.
More importantly, in-hospital mortality rate from SIMD and SICMP showed increased trend and worse outcome in SIMD group with
reduced EF<30%. Thus, developing SIMD or SICMP reflected poor prognosis in sepsis or septic shock.

Abbreviations: COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, EF = gjection fraction, HF = heart failure,
NT pro-BNP = N-terminal pro-brain natriuretic peptide, PaO, = partial pressure of oxygen, PaCO, = partial pressure of carbon
dioxide, SICMP = stress-induced cardiomyopathy, SIMD = sepsis-induced myocardial dysfunction, SOFA = sepsis-related organ

failure assessment, TTE = transthoracic echocardiography.
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1. Introduction

Sepsis-induced myocardial dysfunction (SIMD) is a reversible
myocardial depression caused by sepsis and characterized by left
ventricular dilation, depressed ejection fraction (EF), and a
recovery period of seven to 10 days.'"*! Although several studies
have reported that endotoxins, inflammatory cytokines, and
nitric oxide are related to the pathogenesis of SIMD, the
condition is still not completely understood.”** The incidence of
SIMD has been reported at 18 % to 65%, and the mortality rate is
40% to 70%." As response to fluid resuscitation and inotropic
agents decreases, SIMD is considered to be a major risk
associated with sepsis but long-term outcome is favorable.!
Stress-induced cardiomyopathy (SICMP), also known as
Takotsubo cardiomyopathy, is a dysfunction of the left
ventricular apex that presents as hypokinesia, akinesia, or
dyskinesia of the midsegments, with or without apical involve-
ment beyond a single coronary vascular distribution.!®! The
etiology of SICMP is elevated catecholamine release, and most
cases are preceded by instances of emotional or physical stress or
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acute medical conditions!”! SICMP is prevalent in patients with
sepsis, and a previous analysis reported that sepsis is the most
frequent cause of SICMP.®®! Although the in-hospital mortality
rate due to SICMP is favorable in patients without sepsis, the
mortality in patients with sepsis increases by more than 20%
depending on the underlying patient condition.”>!!

The natural courses of SIMD and SICMP are somewhat similar
in that most patients exhibit complete recovery over several days
to weeks.[''l However, while both SIMD and SICMP are
common in patients with sepsis, the pathogenesis of these 2
diseases is different, and each may need a different treatment
strategy. First of all, myocardial injury detected by cardiac
troponin enzyme in both diseases or hypotension can mimic acute
coronary syndrome and be unnecessarily connected to invasive
strategy.l'?! In addition, some investigators considered that
SIMD is a partially protective process and inotropes are
potentially harmful."3! Consequently, recognition of SIMD or
SICMP in early stage is important to manage properly. To date,
their clinical features remain unclear, and there are currently no
known clinical characteristics that can be used to distinguish
between the 2 diseases. Therefore, we retrospectively compared
the risk factors and outcomes of SIMD and SICMP in patients
with sepsis or septic shock.

2. Methods

2.1. Study patients and design

Patients aged 20 to 100 years were eligible for this study if they
were: diagnosed with sepsis or septic shock and admitted to the
intensive care unit (ICU) via the emergency department (ED). A
total of 730 patients admitted to the ICU via the ED at Korea
University Anam Hospital between January 2012 and February
2015 were screened for inclusion (Fig. 1). The following patients
were excluded: patients whose diagnostic criteria did not fulfill
sepsis or septic shock; those whose final diagnosis was lung
disease; those with myocardial infarction; those with valvular
heart diseases; those with structural heart diseases; or those with
a lack of transthoracic echocardiography (TTE) data or TTE that
was obtained only after the first 24 hours of admission. This study
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was a retrospective study approved by the Korea University
Hospital Institute Review Board.

2.2. Endpoints

The primary endpoint of this study was to compare risk factors
between SIMD and SICMP. The secondary endpoints were length
of in-hospital stay, in-hospital mortality rate, and readmission
rate for SIMD or SICMP. Factors contributing to the incidence of
SIMD or SICMP were also analyzed.

2.3. Variable definitions

Sepsis was defined according to the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-
3).'" In the emergency department, the quick sepsis-related
organ failure assessment (qSOFA) was used to identify
patients with sepsis, who were defined as those with an
infection who had at least 2 of the following criteria: a
respiratory rate of 22 breaths/min or greater, altered mentali-
ty, or systolic blood pressure of 100 mm Hg or less. Septic
shock was defined as the need for a vasopressor in order to
maintain a mean arterial blood pressure of 65 mm Hg or
greater and a serum lactate level higher than 2 mmol/L in the
absence of hypovolemia.

SIMD was defined as an EF <50% and a >10% decrease in the
patient’s baseline EF; this conditions usually resolves within 2
weeks in patients with sepsis or septic shock.''>1®! If the baseline
EF was unknown, we defined SIMD as an EF <50% and a >10%
decrease in the patient’s initial EF assessed on admission. The
definition of recovery was an improvement in EF to the baseline
level within 2 weeks. SICMP was defined as the presence of
hypokinesia of the mid-to-apical segments, apical ballooning,
and hyperkinesia of the basal walls. SICMP was diagnosed
according to the criteria suggested by Mayo Clinic or Kawai
et al.l'”'81 The control group included patients who did not show
SIMD, SICMP, or any structural/valvular heart diseases.
Inotropic agents, such as norepinephrine and epinephrine, were
administered if the patient’s vital signs were unstable before TTE,
in accordance with the Sepsis-3 consensus.

730 patients with sepsis or septic shock underwent screening

401 Were excluded
124 Did not meet inclusion criteria
29 did not meet sepsis criteria
74 were admitted due to lung diseases
21 were admitted due to cardiac disease
277 Had one or more exclusions
43 myocardial infarction
21 valvular heart diseases
7 other structural heart disease
11 lack of baseline or follow-up transthoracic echocardiography
40 delayed transthoracic echocardiography after 24 hours
155 lack of any transthoracic echocardiography

[ 325 Patients with

protocol eligibility |

!

]

jon (n=25) | [

d myocardial dysfi

Stress-induced cardiomyopathy (n=27) | |

Normal heart function (n=273)

r

| Primary endpoint

Risk factors and outcomes between Sepsis-induced myocardial dysfunction and stress-induced cardiomyopathy

Figure 1. Study protocol. Patients diagnosed with sepsis or septic shock and admitted to the ICU via the ED were eligible. A total of 730 patients admitted to the
ICU via the ED were screened for inclusion at Korea University Anam Hospital between January 2012 and February 2015. ED=emergency department, ICU =

intensive care unit.
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All clinical data were collected from the electronic medical
records written by the residents or the attending physicians in
each patient’s department. TTE was performed by 4 well-trained
technicians who had each performed at least 1000 such
procedures in the past. EF was measured using the modified
Simpson method. Two independent echocardiologists blinded to
clinical data reviewed TTE images and diagnosed the SIMD or
SICMP. Atypical cases who both SIMD and SICMP were possible
were excluded from the study and the patients who were clearly
differentiated from SIMD or SICMP were enrolled.

2.4. Propensity score matching

To balance the distribution of baseline characteristics, we used
propensity score matching. We estimated a propensity score for
each study patient using the multivariable logistic regression
model. In the model, potential confounders and variables
associated with SIMD and SICMP, such as age, sex, hyperten-
sion, diabetes mellitus (DM), chronic obstructive pulmonary
disease (COPD), coronary artery disease, history of heart failure
(HF), and use of inotropes were included. We then created an
exchangeable comparison group of the patients with SIMD by
matching each patients with SICMP. Our propensity score model
discriminated well between the SIMD and SICMP groups. The
model was fit to the data during all steps of the regression
analyses (relative multivariate imbalance L1 after matching=
0.48). We then used the propensity score to match each patients
with SIMD to another SICMP patients. We matched 25 of SIMD
patients to another 25 of SICMP patients who had a similar
propensity score. Our assessment of the covariate balance after
matching focused on these standardized differences. After
matching, the mean propensity score for the patients with SIMD
was 0.48 and SICMP was 0.48.

2.5. Statistical analysis

Data were expressed as mean +standard deviation for continu-
ous variables and as the number and percentage of patients for
categorical variables. Fisher’s exact test or chi-square test was
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used for categorical variables, and Wilcoxon signed-rank test was
used for continuous variables. We calculated the odds ratios
(ORs) and 95% confidence intervals (95% ClIs) for SIMD or
SICMP compared to control group according to various risk
factors using multiple logistic regression analysis. All possible
confounding variables such as age, sex, source of infection,
underling comorbidities, heart rate, level of white blood count,
erythrocyte sedimentation rate, C-reactive protein, procalcitonin,
lactate, troponin, and NT pro-BNP, atrial fibrillation on
admission, cardiomegaly, use of inotropic agents, and positive
blood culture were included for association with SIMD or
SICMP. SPSS ver. 23.0 (SPSS Inc., Chicago, IL) was used for all
statistical analyses. A P value<.05 was considered to be
statistically significant.

3. Results

3.1. Patient characteristics

Among the 451 patients who underwent TTE and who were
diagnosed with sepsis in this study, 25 were diagnosed with
SIMD and 27 were diagnosed with SICMP. Therefore, the
incidence of SIMD and SICMP was 5.5% and 6.0%, respectively,
in the eligible patients. The baseline patient characteristics of
mean age, sex, source of infection, and medical histories were
similar between the SIMD and SICMP groups (Table 1). COPD
and history of HF were more prevalent in both the SIMD and
SICMP groups than in the control group. Furthermore, history of
HF in SIMD group was significantly prevalent than in SICMP

group.

3.2. Comparisons of clinical parameters

In the SIMD and SICMP groups, levels of inflammatory cytokines
such as erythrocyte sedimentation rate, C-reactive protein,
procalcitonin, and lactate on admission were similar. (Table 2).
The pH and PaO, were significantly lower in SICMP group than
in SIMD. Serum troponin level was significantly elevated in the
SICMP and SIMD group compared to the control group. There

Baseline patient characteristics.

Sepsis-induced myocardial Stress-induced Control P value comparing P value comparing P value comparing
Variable dysfunction (n=25) cardiomyopathy (n=27) (n=273) SIMD and control SICMP and control SIMD and SICMP
Age, years 70.6+14.7 74.5+10.1 71.8+11.8 65 .25 27
Male sex 15 (60.0%) 13 (48.1%) 127 (46.5%) 22 .99 42
Sources of infection 15 54 81
Respiratory 19 (76.0%) 18 (66.7%) 170 (62.3%)
Urinary tract 2 (8.0%) 4 (14.8%) 62 (22.7%)
Intra-abdominal 1 (4.0%) 2 (7.4%) 26 (9.5%)
Musculoskeletal/soft tissue 3 (12.0%) 3 (11.1%) 5 (5.5%)
Medical history
Hypertension 12 (48.0%) 13 (48.4%) 154 (56.4%) 53 42 .99
Diabetes mellitus 13 (562.0%) 7 (25.9%) 90 (33.0%) .08 52 .09
COPD 4 (16.0%) 5 (18.5%) 2 (4.4%) .04 .01 .99
Coronary artery diseases 2 (8.0%) 4 (14.8%) 4 (5.1%) .63 .07 .67
Heart failure 13 (52.0%) 6 (22.2%) 23 (8.4%) <.001 .03 .04
Atrial fibrillation 4 (16.0%) 2 (79.4%) 20 (7.3%) 13 .99 A1
Liver cirrhosis 0 (0.0%) 0 (0.0%) 6 (2.2%) .99 .99 NA
Chronic kidney disease 1 (4.0%) 3 (11.1%) 20 (7.3%) .99 45 61
Malignancy 2 (8.0%) 5 (18.5%) 23 (8.4%) .99 15 42

Values are presented as mean + standard deviation or n (%).

COPD =chronic obstructive pulmonary disease, SICMP = stress-induced cardiomyopathy, SIMD = sepsis-induced myocardial dysfunction.
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Comparison of parameters among the sepsis-induced myocardial dysfunction, stress-induced cardiomyopathy, and control groups.

Sepsis-induced myocardial Stress-induced Control P value comparing P value comparing P value comparing
Variable dysfunction (n=25) cardiomyopathy (n=27) (n=273) SIMD and control ~ SICMP and control SIMD and SICMP
On admission
Heart rate, beats/min 112.0+315 112.0+18.0 103.9+22.9 11 .08 .99
Respiratory rate, breaths/min 28.2+9.9 26.7+7.9 25.7+6.5 .08 46 .55
Body temperature, °C 345+105 37.5+1.2 37.2+2.6 21 .57 15
pH 7.37+0.15 7.31+0.16 7.37+0.11 77 .01 12
PaC0,, mmHg 26.4+4.9 33.4+17.3 33.0+205 A .92 .06
Pa0,, mmHg 70.5+36.2 109.9+63.3 87.5+53.6 12 .04 .01
Hemoglobin, g/dL 10.3+2.2 1.2+17 11.0+£19 .08 73 13
White blood cell, cells/mm® 10,770+4,789 11,637 +5,564 12,291 +5,829 21 .58 .55
Blood urea nitrogen, mg/dL 29.4+22.3 28.6+12.4 27.0+22.9 .62 72 .88
Creatinine, mg/dL 1.28+0.94 1.35+0.76 1.16+0.85 .50 .28 .79
Erythrocyte sedimentation rate, mm/h 26.1+18.6 28.3+244 291252 .56 .87 72
C-reactive protein, mg/L 141.7+113.8 130.7+124.1 142.2+103.8 .98 .59 74
Procalcitonin, ng/mL 7.16+12.80 6.84+17.38 8.30+17.04 75 .67 .94
Lactate, mg/dL 2.98+2.54 413+2.98 3.23+3.07 .75 .31 27
CK-MB, UL 3.78+4.57 481711 3.94+8.54 .93 .61 .54
Troponin, ng/mL 0.68+1.10 3.45+10.56 0.23+0.56 <.001 <.001 .20
NT pro-BNP, pg/mL 11,191.0+10,966.1 8,036.5+8,971.4 4,301.3+7,134.4 <.001 .21 .29
Atrial fibrillation 9 (36.1%) 2 (8.3%) 39 (16.4%) .02 .39 .02
Mental change 12 (48.0%) 14 (51.9%) 128 (46.9%) .99 .69 .99
Cardiomegaly on CXR 9 (36.0%) 7 (25.9%) 57 (21.4%) 13 .63 .55
Use of inotropic agents 10 (40.0%) 16 (59.3%) 122 (44.7%) .68 .16 27
Positive blood culture 6 (24.0%) 3(11.1%) 71 (26.0%) .99 .10 .28
SOFA score 5022 49+21 58+26 27 .16 .80
Echocardiographic findings
Base ejection fraction (%) 536+7.4 53.6+8.2 56.1+12.8 62 .68 .99
Ejection fraction (%) 36.6+9.7 39.3+11.0 59.1+4.0 <.001 <.001 .36
LV ejection time 232.5+36.5 215.7+£32.7 236.9+33.2 77 19 .39
LV velocity time integral 1253+33 10.0+2.7 15.2+6.0 25 .05 15
LV end-diastolic dimension 475+5.9 46.4+5.7 43.4+54 .002 .01 49
LV end-systolic dimension 35.4+6.81 339+75 26.7+5.0 <.001 <.001 45
E 721151 72.7+22.6 82.0+27.0 20 23 .94
A 8414287 79.4+20.7 67.3+27.3 A7 .18 .66
Deceleration time 143.9+61.8F 166.3+68.1 184.5+50.8 .005 18 .35
F 59+28 48+2.4 58+2.1 .98 .04 23
A 7.3+3.1 8.5+39 14.8+66.6 .75 71 A7
EE 11.9+5.9 13.9+7.6 13.0£6.7 .55 .61 43
RV dysfunction 4 (16.0%) 10 (37.0%) 0 (0.0%) .02 <.001 13
Estimated PA pressure 36.1+7.9 39.0+11.2 38.9+10.0 27 .98 .38

Values are presented as mean + standard deviation or n (%).
CK-MB =creatine kinase myocardial band, CXR=chest x-ray, LV=Ieft ventricular, NT pro-BNP = N-terminal pro-brain natriuretic peptide, PA=pulmonary artery, PaCO, = partial pressure of carbon dioxide,

Pa0, = partial pressure of oxygen, RV=right ventricle, SOFA = sepsis-related organ failure assessment.

was no significant difference in troponin level between the SICMP
and SIMD groups. N-terminal pro-brain natriuretic peptide (NT
pro-BNP) level was significantly elevated in the SIMD group
compared to the SICMP group or control group. Additionally,
the number of patients who needed inotropic agents was higher in
the SICMP group than in the SIMD group. The incidence of atrial
fibrillation on admission was higher in the SIMD group than in
the SICMP group or control. After propensity score matching,
baseline characteristics between the 2 groups were similar
(Table 3). There were no significantly different parameters on
admission except PaO, level and incidence of atrial fibrillation on
admission in matched population.

3.3. Comparisons of clinical outcomes

The in-hospital mortality rate in the SIMD group was 40%,
which was an increased trend compared with the rate in the
control group (P=.08) (Table 4). Also, the in-hospital mortality
rate in the SICMP group was 37.0%, which was also an increased
trend compared with the rate in the control group (P=.10). The
in-hospital mortality rate was significantly increased in SIMD
group with EF < 30% than in SICMP group with EF < 30%.

3.4. Predictors for SIMD or SICMP

In multiple logistic regression analysis, a past history of DM and
HF was significantly associated with the incidence of SIMD
(Table 5). Younger age, elevated levels of NT pro-BNP, and
positive result of blood culture also showed significant ORs
regard to the occurrence of SIMD. However, only elevated lactate
and troponin level were positively associated with the incidence
of SICMP.

4. Discussion

This retrospective study investigated the risk factor and outcomes
of SIMD and SICMP in patients with sepsis or septic shock. The
risk factors of SIMD were younger age, a history of DM and HF,
elevated NT pro-BNP, and positive result of blood culture. The
elevated levels of lactate and troponin were identified as risk
factors of SICMP. Propensity score-matching analysis showed
that prediction for developing SIMD or SICMP in patients with
similar comorbidities was difficult. Inflammatory cytokines and
SOFA score were similar among SIMD, SICMP, and control
groups. More importantly, in-hospital mortality rate from SIMD
and SICMP showed increased trends and worse outcome in
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Comparison of characteristics among the sepsis-induced myocardial dysfunction and stress-induced cardiomyopathy in propensity
score-matched group.

Sepsis-induced myocardial Stress-induced
Variable dysfunction (n=23) cardiomyopathy (n=23) P value
Age, years 70.4+15.3 73.7+9.0 .38
Male sex 14 (60.9%) 11 (47.8%) .55
Sources of infection 48
Respiratory 18 (78.3%) 15 (65.2%)
Urinary tract 2 (8.7%) 3 (13.0%)
Intra-abdominal 0 (0.0%) 2 (8.7%)
Musculoskeletal/soft tissue 3 (13.0%) 3 (12.0%)
Medical History
Hypertension 10 (43.5%) 12 (52.2%) 77
Diabetes mellitus 11 (47.8%) 8 (34.8%) .55
COPD 4 (17.4%) 5 (21.7%) .99
Coronary artery diseases 1 (4.3%) 4 (17.4%) .35
Heart failure 12 (52.2%) 7 (30.4%) 23
Atrial fibrillation 4 (17.4%) 2 (8.7%) .67
Liver cirrhosis 0 (0.0%) 0 (0.0%) NA
Chronic kidney disease 1 (4.3%) 2 (8.7%) .99
Malignancy 2 (8.7%) 4 (17.4%) .67
On admission
Heart rate, beats/min 112.8+32.6 112.3+16.3 .95
Respiratory rate, breaths/min 28.5+10.2 27.7+8.2 .75
Body temperature, °C 34.2+109 37.4+1.2 16
pH 7.38+0.15 7.30+0.16 .08
PaC0,, mmHg 26.3+5.1 33.6+185 .08
Pa0,, mmHg 73.0+36.8 110.7 £62.2 .02
Hemoglobin, g/dL 10.3+2.2 11.4+1.8 .06
White blood cell, cells/mm® 10,826 +4,998 12,517 +5,703 .29
Blood urea nitrogen, mg/dL 29.2+23.2 29.3+12.6 .96
Creatinine, mg/dL 1.26+1.00 1.39+0.78 .62
Erythrocyte sedimentation rate, mm/h 25.4+18.9 255+20.4 .98
C-reactive protein, mg/L 132.0+1111 136.6+122.4 .89
Procalcitonin, ng/mL 6.91+13.11 7.37+18.73 .92
Lactate, mg/dL 3.29+2.55 4.01+3.18 .54
CK-MB, UL 3.41+4.53 478+7.40 45
Troponin, ng/mL 0.55+1.02 3.57+11.33 21
NT pro-BNP, pg/mL 11,128.8+11,087.7 8,301.1+9,480.1 .39
Atrial fibrillation 9 (42.9%) 2 (9.5%) .03
Mental change 11 (47.8%) 11 (47.8%) .99
Cardiomegaly on CXR 8 (34.8%) 8 (34.8%) .99
Use of inotropic agents 8 (34.8%) 14 (60.9%) 14
Positive blood culture 5 (21.7%) 3 (13.0%) .70
SOFA score 49+21 4.8+2.1 .89
Echocardiographic findings
Base ejection fraction (%) 54.4+6.6 52.8+8.6 .61
Ejection fraction (%) 37.2+9.2 382+12.3 74
LV ejection time 232.5+36.4 215.7+32.7 .39
LV velocity time integral 12.53+3.3 9.96+2.72 15
LV end-diastolic dimension 472+5.6 46.8+6.3 .82
LV end-systolic dimension 34.8+6.3 34.6+8.6 .94
E 721+15.1 71.5+23.8 .93
A 84.1+28.7 79.5+22.6 .69
Deceleration time 155.0+47.8 1701 +71.8 .52
=4 6.3+2.4 46+24 .07
A 8.3+09 8.0+4.1 81
B 129+49 14.0+8.1 .65
RV dysfunction 4 (17.4%) 10 (43.5%) 11
Estimated PA pressure 36.2+7.9 39.1+12.1 45

Values are presented as mean +standard deviation or n (%).
CK-MB =creatine kinase myocardial band, CXR = chest x-ray, LV = left ventricular, NT pro-BNP = N-terminal pro-brain natriuretic peptide, PA=pulmonary artery, Pa0, = partial pressure of oxygen, PaCO, =
partial pressure of carbon dioxide, RV =right ventricle, SOFA = sepsis-related organ failure assessment.
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Comparison of outcomes among the sepsis-induced myocardial dysfunction, stress-induced cardiomyopathy, and control groups.

Sepsis-induced Stress-induced

myocardial cardiomyopathy Control P value comparing P value comparing P value comparing
Variable dysfunction (n=25) (n=27) (n=273) SIMD and control SICMP and control SIMD and SICMP
Length of in-hospital 20.8+26.0 36.4+63.9 30.2+35.0 19 43 .26
stay, days
In-hospital mortality rate 10 (40.0%) 10 (37.0%) 62 (22.7%) .08 10 .99
In use of inotropic agents 4/10 (40.0%) 5/16 (31.3%) 29/122 (23.8%) 27 54 .69
In EF < 30% 5/6 (83.3%)* 0/4 (0.0%) .048
Readmission rate 10 (40.0%) 6 (22.2%) 89 (32.6%) .51 .39 23
In use of inotropic agents 4/10 (40.0%) 4/16 (20.0%) 43/122 (35.2%) 74 .58 .66
In EF < 30% 1/6 (16.7%) 2/4 (50.0%) .50

Values are presented as mean + standard deviation or n (%).

EF =ejection fraction, SICMP = stress-induced cardiomyopathy, SIMD = sepsis-induced myocardial dysfunction.

SIMD group with reduced EF < 30%. From these findings, SIMD
and SICMP had different risk factors and developing SIMD or
SICMP reflected poor prognosis.

Several studies have investigated the clinical parameters of
SIMD or SICMP. Known risk factors for SICMP include female
gender, elevated troponin levels, and prior use of catecholamin-
ergic drugs.!'”! Elevated troponin levels are especially associated
with SICMP, with a sensitivity of nearly 100% in diagnosing
SICMP.?Y In addition, B-type natriuretic peptide levels have
predictive value in identifying regional wall motion abnormalities
in iatrogenic catecholamine-induced cardiomyopathy.*"! In
cases of SIMD, elevated levels of NT pro-BNP and troponin
are known risk factors in patients with septic shock, but other

parameters are not well recognized.”>?3! The increase in the
troponin levels is not clearly understood in SIMD but is probably
due to a loss of cardiomyocyte membrane integrity and a
subsequent troponin leakage.”* In this study, younger age, a
history of DM, or HF, elevated NT pro-BNP, and positive result
of blood culture were considered candidate risk factors for SIMD.
Obviously, a history of HF contributes to future cardiac events,
particularly to myocardial dysfunction, in the context of both
diseases.'®*%! A history of DM can be a preceding risk of SIMD
in that these diseases are well-known risk factors for cardiomy-
opathies.*>! In contrast, only elevated of lactate and troponin
levels were significantly associated with the occurrence of
SICMP. In a previous study, younger age, a history of HF and

Predictors for sepsis-induced myocardial dysfunction or stress-induced cardiomyopathy compared to control group.

Sepsis-induced myocardial dysfunction

Stress-induced cardiomyopathy

Variables OR 95% ClI P for trend OR 95% ClI P for trend
Age 0.88 0.81-0.95 .001 0.99 0.83-1.19 .94
Male sex 0.51 0.03-8.52 64 20.83 0.31-1396.9 16
Source of infection

Respiratory 1 1

Urinary tract 0.56 0.01-25.3 77 0.89 0.01-78.87 .96

Intra-abdominal 0.96 0.01-235.06 .99 NA NA .99
Musculoskeletal/soft tissue 5.51 0.06-557.09 A7 NA NA .99
Hypertension 0.1 0.01-1.98 14 0.30 0.01-8.06 A7
Diabetes mellitus 7.10 1.37-36.89 .02 0.88 0.05-17.42 .88
COPD 33.33 0.37-3015.73 13 1.76 0.01-594.2 .85
Coronary artery disease 1.89 0.02-233.44 .80 0.72 0.04-13.09 .83
Heart failure 6.48 1.09-38.48 .04 7.76 0.16-387.17 .30
Atrial fibrillation 1.73 0.03-122.29 .80 4.96 0.06-976.13 A7
Chronic kidney disease NA NA .99 34.14 0.88-1332.1 .06
Heart rate 1.00 0.95-1.04 .86 0.98 0.92-1.04 46
White blood count 0.86 0.64-1.14 29 1.13 0.89-1.43 .32
Erythrocyte sedimentation rate 0.99 0.94-1.04 67 1.03 0.97-1.09 .38
C-reactive protein 1.00 0.99-1.01 .59 0.99 0.99-1.01 44
Procalcitonin 1.04 0.95-1.14 .36 0.96 0.84-1.10 .56
Lactate 0.93 0.61-1.42 75 1.34 1.02-1.76 .04
Troponin 1.67 0.42-6.71 A7 1.89 1.23-2.89 .004
NT pro-BNP/1000 1.12 1.06-1.23 .02 1.18 0.92-1.43 a7
Atrial fibrillation on admission 1.86 0.13-26.72 .65 0.03 0.003-3.35 14
Cardiomegaly on CXR 0.26 0.01-6.20 40 1.61 0.04-60.61 .80
Use of inotropic agents 0.08 0.01-2.86 a7 0.86 0.06-11.73 91
Positive blood culture 0.10 0.01-0.78 .03 0.16 0.02-1.67 12

Values are adjusted for age, sex, source of infection, white blood cell count, erythrocyte sedimentation rate, C-reactive protein level, procalcitonin level, lactate level, and positive blood culture.
BNP =brain natriuretic peptide, COPD = chronic obstructive pulmonary disease, CXR=chest x-ray, NT pro-BNP =N-terminal pro-brain natriuretic peptide.
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coronary artery disease were suggested as risk factors for
SIMD."®! The findings of younger age and a history of HF were
consistent with our study. Of note, our findings had a strength in
that we included all possible cofoundings and analyzed risk
factors for SIMD or SICMP. With knowledge of these risk
factors, the prediction of SIMD and SIMCP could be made in
order to avoid unnecessary, invasive diagnostic methods, such as
coronary angiography. However, although there were significant
differences in underlying co-morbidities for SIMD and SICMP,
propensity score-matching analysis showed that prediction for
developing SIMD or SICMP in patients with similar comorbid-
ities was difficult.

In our study, inflammatory cytokines such as erythrocyte
sedimentation rate, C-reactive protein, procalcitonin, lactate, and
even SOFA score were similar among 3 groups. Previous study
showed that C-reactive protein and Acute Physiology and Chronic
Health Evaluation II score (APACHE II) were higher in the SIMD
group than in the SIMD group, suggesting that SIMD could low the
mortality rate and induce a paradoxical result.!'® An increased
incidence of SIMD in younger and normotensive patients might be
related to the protective adaptation seen in SIMD. Myocardial
dysfunction in sepsis can develop due to compensatory measures of
the heart to reduce the increased energy consumption caused by
dysfunctional mitochondria.*®! These results and theories were
opposite findings from our study. Of note, in-hospital mortality
rates in the SIMD and SICMP groups showed increased trends
compared with the control group, in accordance with the results of
previous studies.!"™%*”2°l' A meta-analysis demonstrated that
lower EF of SIMD did not have a protective role.**! The mortality
rate in patients with SIMD has reported to be 40% to 70%, and
that in patients with SICMP was more than 20%. Even though
SIMD develops to protect heart function via reducing the response
to catecholamine in sepsis, the presence of SIMD itself reflects the
severity of the disease and is one of the contributing factors to
increased mortality. In addition, patients with decreased EF < 30%
in SIMD showed significantly increased in-hospital morality.
Therefore, meaning of developing SIMD should be further
confirmed. Similarly, SICMP in patients with sepsis is not
favorable and should be attended to. Because the etiology of
SIMD is not fully understood, definite treatment strategy was not
validated. Inotropic agents, such as dobutamine, have been
highlighted for their ability to alleviate SIMD. Nonetheless,
dobutamine should be administered cautiously in patients with
sepsis. Because the bacterial growth and virulence are associated
with catecholamines from inotropes, dobutamine can adversely
affect patient outcomes.'**" As there is no proven treatment for
SIMD, further study is needed to investigate the efficacy of
levosimendan or mechanical support with extracorporeal mem-
brane oxygenation.®?! A meta-analysis reported that levosimen-
dan reduced mortality compared to standard inotropic therapy
possibly because it does not stimulate B-adrenergic receptor.** In
SICMP, supportive care is a crucial strategy during the acute
phase.**! Hypotension developed with a mid-ventricular obstruc-
tion caused by the systolic anterior motion of the anterior mitral
leaflet and the juxtaposition of the septum to the mitral chordal
apparatus might need to be treated with beta-blockers and
phenylephrine.** There is also a concern that excessive increases
in catecholamine level due to inotropic agents during sepsis can
create adverse effects, but patients with severe left ventricular
dysfunction might need inotropic agents. In fact, the in-hospital
mortality rate in SIMD group treated with inotropes was similar
with in SIMD group treated without inotropes or SICMP group in
this study. Although need for inotropes partly reflected the severity
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of cardiac dysfunction, it did not increase the in-hospital mortality.
Because patients of this study were treated according to early goal
directed therapy, all the patients treated with inotropes received
norepinephrine at first. Accordingly, the influence of different
inotropes to clinical outcomes could not be assessed. To confirm
our findings, a larger prospective cohort study is warranted.

4.1. Study limitations

The present study has several limitations. First, its retrospective
design precluded conclusions about causal relationships. Second,
the size of the study population was small. Small population made
the wide confidence intervals and big odds ratio to be cautiously
interpreted. Thus, further larger prospective studies and interven-
tion trials should be undertaken to establish a causal association
between risk factors and sepsis/stress-induced cardiomyopathy.

5. Conclusions

The SIMD and SICMP had different risk factors. The risk factors
of SIMD were younger age, history of DM, history of HF,
elevated NT pro-BNP, and positive result of blood culture. The
elevated levels of lactate and troponin were identified as risk
factors of SICMP. Inflammatory cytokines and SOFA score were
similar among SIMD, SICMP, and control groups. More
importantly, in-hospital mortality rate from SIMD and SICMP
showed increased trend and worse outcome in SIMD group with
reduced EF < 30%. Thus, developing SIMD or SICMP reflected
poor prognosis in sepsis or septic shock.
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