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Abstract. The present study aimed to determine the clinical 
significance of heart‑type fatty acid‑binding protein (H‑FABP) 
in patients with sepsis‑induced cardiac dysfunction. A total of 
30 healthy subjects served as the control group and 80 patients 
with sepsis were recruited for the present single‑center 
prospective observational study for the final analysis. Among 
these patients, 50 developed cardiac dysfunction, while no 
cardiac dysfunction was detected in the remaining 30 patients. 
Echocardiography was performed on days 1, 3, 7 and 10 of 
hospitalization. Routine blood biochemistry, serum H‑FABP, 
N‑terminal pro‑brain natriuretic peptide (NT‑proBNP) 
and troponin I were also analyzed. Alterations in cardiac 
biomarkers and echocardiography results were compared 
between patients with sepsis who did and who did not develop 
any cardiac dysfunction to determine the time of the occur‑
rence of sepsis‑induced cardiac dysfunction. Furthermore, 
the significance of H‑FABP in the prediction of the 28‑day 
mortality rate was evaluated using binary logistic regression 
analysis for sepsis and receiver operating characteristic (ROC) 
curve analysis. In addition, the specificity and sensitivity of 
H‑FABP in the prediction of sepsis‑induced cardiac dysfunc‑
tion were verified using ROC curve analysis. For patients with 
cardiac dysfunction, the levels of cardiac output (CO), stroke 
volume (SV), mitral early diastolic peak velocity to mitral atrial 
systolic peak velocity ratio (E/A) and left ventricle ejection 
fraction (LVEF) were relatively decreased, while the levels of 
H‑FABP and NT‑proBNP were markedly increased compared 
with patients with sepsis and without cardiac dysfunction. CO 

and SV initially increased and subsequently decreased. EF 
was elevated, and E/A initially decreased and subsequently 
increased. Furthermore, H‑FABP and NT‑proBNP decreased 
in sepsis patients with cardiac dysfunction. The results of the 
ROC curve and binary logistic regression analyses suggest 
that H‑FABP was associated with the 28‑day prognosis for 
patients with sepsis. An H‑FABP level of >35.7 ng/ml was able 
to predict the 28‑day mortality for patients with sepsis, with an 
area under the curve (AUC) of 0.680. Furthermore, >30.3 ng/ml 
was the threshold for the prediction of sepsis‑induced cardiac 
dysfunction, and the sensitivity and specificity were 76.27 
and 61.76%, respectively, with an AUC of 0.673. In summary, 
patients with sepsis had an increased risk of cardiac insuffi‑
ciency on days 7‑10 of hospitalization. In addition, H‑FABP 
may serve as an indicator to predict the prognosis of patients 
with sepsis in the short term, which has a certain significance 
in the diagnosis of sepsis‑induced cardiac dysfunction.

Introduction

Sepsis is a type of organ dysfunction that poses a threat to 
human life and is induced by the imbalanced response of the 
host to confirmed or suspected infection (1). Septic shock, 
which is a subtype of sepsis, has been recognized as a specific 
process of sepsis development (2). There are millions of new 
sepsis patients every year worldwide. Among these patients, 
~1/4 die (1,3). Sepsis is characterized by high cost of medical 
treatment, high mortality and high morbidity, and it frequently 
results in organ dysfunction. Specifically, the heart is the organ 
frequently affected by sepsis. Cardiac dysfunction induced 
by sepsis is the leading cause of death (4). Of note, cardiac 
dysfunction usually occurs in sepsis patients, which gives 
rise to reduced systemic perfusion of the organ and in turn 
enhances disease progression (5,6). For patients who die due to 
septic shock and severe sepsis, most succumb due to damage to 
the cardiovascular system, and ~40% of patients who survive 
sepsis develop myocardial damage (7). Furthermore, these 
conditions worsen when cardiac dysfunction occurs earlier, 
along with a higher death rate (8). Thus, it would be favorable 
to accurately identify sepsis‑induced cardiac dysfunction early 
for improving the prognosis of these patients.
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Transthoracic echocardiography (TTE) has become a 
vital approach to evaluate the cardiac function of patients in 
the clinic. In addition, it is the leading technique for the diag‑
nosis of cardiac insufficiency (9,10). According to previous 
studies, a left ventricular ejection fraction (LVEF) of <50% 
may be utilized to determine sepsis‑induced cardiac dysfunc‑
tion (11,12). However, other investigators have discovered that 
~1/2 of patients with sepsis and cardiac dysfunction exhibit a 
normal ejection fraction based on an LVEF of ≤50% (6). At 
present, N‑terminal pro‑brain natriuretic peptide (NT‑proBNP) 
is used as the ‘gold standard’ for the diagnosis of heart failure 
(HF) in adults (13). The serum level of NT‑proBNP is altered 
with changes in cardiac function. As suggested by previous 
studies, for patients with sepsis, cardiac insufficiency is a type 
of reversible functional alteration (14,15). Thus, NT‑proBNP 
may serve as an indicator for the differentiation of patients 
with normal LVEF from patients with sepsis. However, 
apart from cardiac function, elevated NT‑proBNP levels 
with sepsis are impacted by various factors in such patients. 
Sepsis‑induced cardiac dysfunction is generally diagnosed on 
the basis of clinical signs, symptoms and assisted examina‑
tion, combined with LVEF or NT‑proBNP. As a marker for 
myocardial damage, heart‑type fatty acid‑binding protein 
(H‑FABP) has recently become a research hotspot. H‑FABP 
is better than conventional cardiac markers for the early diag‑
nosis of acute myocardial damage due to higher sensitivity and 
specificity (16,17). Furthermore, H‑FABP has a close correla‑
tion with the severity of sepsis and may serve as a candidate 
cardiac marker for the diagnosis of sepsis‑induced cardiac 
dysfunction (17‑19). In the present study, TTE, as well as the 
dynamic changes of H‑FABP and NT‑proBNP, were explored 
in patients with sepsis to determine the precise time of the 
occurrence of sepsis‑induced cardiac dysfunction and the 
clinical significance of H‑FABP for diagnosis.

Materials and methods

Study subjects. Between October 2016 and February 2018, a 
total of 94 inpatients with sepsis aged ≥18 years were recruited 
from the intensive care unit (ICU) of the First Affiliated 
Hospital of Shihezi University (Shihezi, China) in accordance 
with Sepsis 3.0 (20). Among these patients, 80 were finally 
enrolled in the present study as the sepsis group. A total of 
30 healthy volunteers who had normal physical examina‑
tions were included as the control group. None of the patients 
screened had arrhythmia, organic heart disease (HD), recent 
cardiovascular or cerebrovascular diseases or chronic renal 
insufficiency. In addition, none of the enrolled patients were 
hospitalized for <3 days for any different reasons. For these 
patients, organic HDs referred to the following diseases: 
Ischemic cardiomyopathy, old myocardial infarction (MI) 
and acute MI; primary cardiomyopathy (including restrictive, 
hypertrophic and dilated cardiomyopathy); metabolic cardio‑
myopathy (e.g., alcoholic, hyperthyroid, anemic and uremic 
cardiomyopathy); congenital HD; valvular HD; and infective 
endocarditis and myocarditis (Fig. 1).

Diagnostic standards. The diagnostic standards for sepsis were 
as follows: i) Patients at the ICU with suspected or confirmed 
sepsis infection with a Sequential Organ Failure Assessment 

(SOFA) score of ≥2 points were diagnosed as having sepsis (1) 
(Table SI); and ii) in patients without suspected or confirmed 
ICU infection, the quick SOFA score (including a systolic 
blood pressure of ≤100 mmHg, an altered conscious state and a 
respiratory rate of ≥22 beats/min) was assessed and sepsis was 
diagnosed when the patient was positive for at least two items.

The diagnostic standards for cardiac dysfunction were as 
follows: By an experienced clinician, cardiac insufficiency 
was determined according to the imaging data and the signs 
and clinical symptoms of patients combined with the LVEF or 
NT‑proBNP values. As recommended in the 2017 Guidelines 
for Heart Failure Management by the American Heart 
Association (AHA), American College of Cardiology (ACC) 
and Heart Failure Society Of America (HFSA) (13), acute 
HF was diagnosed in the case of NT‑pro BNP >1,800 pg/ml 
(>75 years), NT‑pro BNP >900 pg/ml (50‑75 years) and NT‑pro 
BNP >450 pg/ml (<50 years); acute HF was excluded when 
NT‑pro BNP was <300  pg/ml; chronic HF was excluded 
when NT‑pro BNP was <125 pg/ml; and systemic dysfunc‑
tion was suspected when LVEF was <50%. According to the 
2016 American Society of Echocardiography (ASE) and the 
European Association of Cardiovascular Imaging (EACVI) 
guidelines for diastolic function of the left ventricle examined 
by echocardiography, an E/A of <0.8 was considered as an 
indicator of diastolic dysfunction in the left ventricle (21).

Variables in the study. The baseline patient characteristics, 
including gender and age, were recorded. At the same time, the 
24 small‑order SOFA and the Acute Physiology and Chronic 
Health Evaluation II (APACHE II) scores of patients with 
sepsis were determined upon admission (22), according to the 
results of the laboratory tests and the clinical symptoms. The 
SOFA and APACHE II scores were recorded.

These sepsis patients were hospitalized at the Department of 
Clinical Laboratory of the First Affiliated Hospital of Shihezi 
University (Shihezi, China) for 1, 3, 7 and 10 days. Healthy 
subjects were assigned to the control group and their relevant 
information was collected on the day of the physical examina‑
tion. A CELL‑DYN Ruby was utilized to measure the neutrophil 
and white blood cell (WBC) percentages. Furthermore, the level 
of creatine kinase‑MB (CK‑MB) was determined using the 
2700 automatic biochemical analyzer (Olympus Corporation), 
and the level of cardiac troponin I (cTnI) was measured by 
the automatic enzyme immunoassay device AIA‑360 (Tosoh 
Corporation) using a fluorescence magnetic microparticle 
enzyme technique. In addition, the NT‑proBNP and procalci‑
tonin (PCT) contents were measured using the Roche Cobas 
8000 by electrochemiluminescence. Next, cubital venous 
samples were collected at specific time‑points after fasting. 
ELISA was performed with the ELX800 microplate reader at 
the Key Laboratory of Xinjiang Endemic and Ethnic Diseases 
(Shihezi, China). H‑FABP was measured using the H‑FABP 
test kit (cat. no. E‑EL‑H1431c; Elabscience), according to the 
manufacturer's protocol. To obtain the results for the H‑FABP 
test, the optical density value at 450 nm was determined using 
the ELX800 microplate reader (Bioelisa; Biokit). Finally, the 
serum levels of H‑FABP were acquired.

Heart ultrasound was performed using the Philips IE33 
(Philips Healthcare) by one experienced sonographer who was 
trained at TTE, and the following indicators were recorded: 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  20:  58,  2020 3

End‑systolic volume (ESV), end‑diastolic volume (EDV), 
LVEF, cardiac output (CO), stroke volume (SV), mitral atrial 
systolic peak velocity (A), mitral early diastolic peak velocity 
(E), E/A ratio (E/A), diastolic pulmonary venous peak velocity 
(D), systolic pulmonary venous peak velocity (S) and the S/D 
ratio (S/D).

Clinical evaluation. A total of 80 patients with sepsis were 
monitored for a period of 28 days following enrollment. In the 
present study, the endpoints were deemed survival and death, 
and these were examined on days 1, 3, 7, 10 and 28 during the 
study process.

Statistical analysis. SPSS 20.0 (IBM Corp.) was utilized for 
all statistical analyses. The measurement values are presented 
as the mean ± standard deviation, while abnormally distrib‑
uted values are presented as the median (interquartile range). 
Normality distribution of the variables was tested using the 
1‑sample Kolmogorov‑Smirnov test. Continuous variables 
were compared using Student's t‑test or the Mann‑Whitney 
U test between groups, depending on distribution. Categorical 
variables were analyzed using the χ2 test. The data were 
compared between two groups and a t‑test was performed in 
the presence of homogeneous variance in the measurement 
data, while the Wilcoxon rank‑sum test was utilized in the 

Figure 1. Flowchart of the screening process. ICU, intensive care unit; EF, ejection fraction; qSOFA, quick Sequential Organ Failure Assessment; NT‑pro BNP, 
N‑terminal pro‑brain natriuretic peptide.
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case of heterogeneous variance. For data with heterogeneous 
variance, the Kruskal‑Wallis test was used for comparison 
of multiple groups, followed by Dunn's post‑hoc test, while 
the Mann‑Whitney U‑test was used for comparison of two 
groups. Categorical data were examined by the χ2 test. 
Repeated‑measures analysis of variance was employed 
to analyze the repeated measurement data. Spearman's 
rank correlation was applied in the correlation analysis. 
Furthermore, binary logistic regression was used to assess 
cardiac dysfunction and determine the 28‑day death rate. At 
the same time, the best threshold was confirmed using receiver 
operating characteristic (ROC) curve analysis. P<0.05 was 
considered to indicate statistical significance.

Results

General patient features. There were no significant differences 
in age or gender between the control group and the sepsis group. 
The APACHE II scores of patients in the sepsis group were 
significantly higher than those in the control group (Table I).

The sepsis group was further divided into two groups 
based on the presence or absence of cardiac insufficiency: The 

sepsis without cardiac dysfunction group and the sepsis with 
cardiac dysfunction group. The common features, including 
age and gender, were not statistically significant between 
these two groups. In addition, compared with patients with 
sepsis and normal heart function, the 28‑day death rate and 
APACHE II score were increased in patients with sepsis and 
cardiac dysfunction, but there was no statistically significant 
difference (P>0.05). Compared with patients with no cardiac 
dysfunction, the SOFA score increased among patients with 
sepsis‑induced cardiac dysfunction (P=0.037). However, the 
difference in infection source was not statistically significant 
between these two groups (P=0.384; Table II).

Laboratory parameters. The WBC, neutrophil ratio (N%), 
PCT, NT‑proBNP, cTnI and H‑FABP of patients in the sepsis 
group were higher than those of healthy subjects in the control 
group (P<0.05) on days 1, 3, 7 and 10. Furthermore, the serum 
CK‑MB was higher than that in the control group on days 1 
and 3 (P<0.05), but there was no significant difference between 
groups on days 7 and 10 (P>0.05; Table III).

The following results were obtained from the 
repeated‑measures analysis of the laboratory test data for 

Table I. General characteristics of all patients of the present study.

Variable	 Control (n=30)	 Sepsis (n=80)	 t/χ2	 P‑value

Sex (male/female)	 14/16	 51/29	   3.738	   0.053 
Age (years)	 65.90±12.17	   71.11±14.24	   1.775	   0.079 
APACHEII score	 4.00±1.53	 15.19±5.95	 10.123	 <0.001 
SOFA score	 ‑	   5.54±3.62	 ‑	 ‑

Values are expressed as the mean ± standard deviation or n. APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential 
Organ Failure Assessment. 

Table II. General characteristics of patients with  sepsis by cardiac dysfunction in the present study.

	 Sepsis with cardiac	 Sepsis without cardiac
Variables	 dysfunction (n=50)	 dysfunction (n=30)	 t/χ2	 P‑value

Age (years)	     71.52±15.496	     70.43±12.091	 0.328	 0.743
Sex (male/female)	 29/21	 8/22	 1.908	 0.231
APACHEII score (1st day ICU)	 15.98±6.57	 13.83±4.56	 1.575	 0.119
SOFA score (1st day ICU)	   6.12±4.09	   4.57±2.45	 2.126	 0.037
28‑day mortality	 13 (26.0)	 3 (10.0)	 1.870	 0.143
Source of infection			   5.269	 0.384
  Abdominal	 8	 3		
  Pulmonary	 35	 25		
  Urinary	 3	 0		
  Central nervous system	 0	 1		
  Blood	 1	 0		
  Skin or soft tissue	 3	 1		

Values are expressed as the mean ± standard deviation or n (%). APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential 
Organ Failure Assessment; ICU, intensive care unit.
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sepsis with or without cardiac dysfunction in these two 
groups. The H‑FABP, WBC, CK‑MB and N% at various 
time‑points were higher in patients with cardiac dysfunc‑
tion than in patients without cardiac dysfunction (P<0.05). 
Regardless of the time‑point, the H‑FABP, CK‑MB and N% 
of patients with sepsis‑induced cardiac dysfunction were 
higher than in those without cardiac dysfunction (P<0.05); the 
WBC increased among patients with sepsis‑induced cardiac 
dysfunction, but the difference was not statistically significant 
(P>0.05), and the WBC, N%, CK‑MB and H‑FABP exhib‑
ited no significant differences among the different groups 
and the different time‑points (P>0.05). For various groups 
and at various time‑points, PCT increased in patients with 
sepsis‑induced cardiac dysfunction (P<0.05), and the differ‑
ences were significant (P<0.05). Furthermore, the cTnI levels 
at various time‑points and among various groups increased 
in patients with sepsis‑induced cardiac dysfunction, but the 
difference was not statistically significant (P>0.05), and 
no significant difference was detected among the different 
groups and different time‑points (P>0.05). Furthermore, PCT 
exhibited significant differences among the different groups 
and different time‑points (P<0.05), but the other indicators 
were not significantly different among the different groups 
and different time‑points (P>0.05; Table  IV). NT‑proBNP 
was increased among patients with sepsis‑induced cardiac 
dysfunction in various groups and at various time‑points 
(P<0.001; Table V).

Echocardiography. According to the echocardiographic 
indicators of the sepsis group at different time‑points, the 
ultrasound indicators of EDV, SV and EF at days 7 and 10; 
CO and E/A at day 10; and E at day 7 in the sepsis group were 
compared with those in the control group, and the differences 
were not statistically significant (P>0.05). However, for the 
other time‑points, the differences were statistically significant 
(P<0.05; Table VI).

According to the repeated‑measures analysis of the echo‑
cardiography results, the differences in EF, ESV, CO, SV, E/A, 
A, E, S/D, D and S at various time‑points were statistically 
significant between the sepsis with cardiac dysfunction group 
and the sepsis without cardiac dysfunction group (P<0.05). 
Furthermore, the differences in EF, ESV, CO, SV, D and S 
were statistically significant between groups, regardless of 
the time‑point (P<0.05). In addition, there were significant 
differences among ESV, EDV, D, S, A and S/D at the different 
time‑points and between the different groups (P<0.05), while 
none were obtained for EF, SV, E, CO and E/A (P>0.05; 
Tables VII and VIII).

The trends for ESV, EDV, CO, SV, E/A and EF suggested 
that ESV and EDV decreased, which was distinct on day 10 
among patients with sepsis‑induced cardiac dysfunction. 
These two indicators reached their minimum on day 7 in 
patients with sepsis and no cardiac dysfunction but increased 
on day 10. The SV among patients with sepsis‑induced cardiac 
dysfunction reached its maximum on day 7 but decreased 
on day 10. The EF gradually increased among patients with 
sepsis‑induced cardiac dysfunction. The EF reached its 
maximum on day 7 among patients with sepsis and no cardiac 
dysfunction but decreased to the initial level on day 10. The 
E/A ratios in the two groups decreased. These levels reached a 
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minimum on day 7 and were further elevated on day 10. The 
E/A among patients with sepsis‑induced cardiac dysfunction 
did not increase to the normal level on day 10 (Fig. 2).

Correlation analysis. The following results were acquired 
through the correlation analysis (Fig. S1). NT‑proBNP was 
positively correlated with H‑FABP (r=0.403; P<0.001) and 
cTnI (r=0.0.573; P<0.001) but was negatively correlated with 
EF (r=‑0.495; P<0.001) and E/A (r=‑0.195; P=0.001). H‑FABP 
was positively correlated with cTnI (r=0.252; P<0.001) but was 
negatively correlated with EF (r=‑0.202; P=0.001) and E/A 
(r=‑0.141; P=0.019).

ROC curve and binary logistic regression analyses for the 
28‑day mortality rate among patients with sepsis. Each ultra‑
sound or laboratory indicator was analyzed and the occurrence 
of cardiac dysfunction was also determined. The results of the 
logistic regression analysis suggested that CK‑MB, A, HF and 
H‑FABP were associated with the 28‑day death rate of patients 
with sepsis (P<0.05). However, the differences in the AUC of 
CK‑MB and A were not statistically significant, based on the 
ROC curve analysis (P>0.05). The threshold for H‑FABP was 

35.7 ng/ml, with a specificity and sensitivity of 53.00 and 76.60%. 
An HF value >0 indicated that the patient had HF. Specificity and 
sensitivity values were 40.1 and 80.9% (Fig. 3; Table IX).

Diagnosis of cardiac dysfunction induced by sepsis. In 
the ROC curve analysis for NT‑proBNP to identify cardiac 
dysfunction, the best threshold level was determined as 
861.7 pg/ml (specificity, 89.22%; sensitivity, 83.62%; 95% 
CI, 0.876, 0.945; AUC, 0.915). For EF, the best threshold was 
determined as 58.8% (specificity, 89.20%; sensitivity, 62.10%; 
95% CI, 0.698, 0.802; AUC, 0.753), and for H‑FABP, the best 
threshold was determined as 30.3 ng/ml (specificity, 61.76%; 
sensitivity, 76.27%; 95% CI, 0.615, 0.728; AUC, 0.673; Fig. 4).

Discussion

In the present study, alterations in echocardiography results 
were compared among patients with sepsis with or without 
cardiac dysfunction. These results suggested that patients 
with sepsis have an increased risk of cardiac insufficiency on 
days 7‑10 after treatment. H‑FABP was identified as a useful 
tool to predict the prognosis of patients with sepsis in the 

Table IV. Repeated‑measures analysis of laboratory indicators of sepsis with or without cardiac dysfunction.

Group/day	 WBC (x109/l)	 N %	 PCT (ng/ml)	 cTnI (ng/ml)	 CK‑MB (U/l)	 H‑FABP (ng/ml)

Sepsis with cardiac						    
dysfunction
  1	 12.32±7.12	  84.12±13.94	 26.705±54.08a	 0.515±1.974	    32.84±36.82a	 41.08±11.75a

  3	 10.71±5.10	 82.34±8.08a	 11.54±26.50	 0.533±1.327	   22.98±16.81	 38.17±10.32a

  7	   9.37±4.68	 79.00±8.89a	 1.97±4.47	 0.125±0.207	 16.11±7.80	 36.21±10.32a

  10	   9.80±4.39	 76.11±10.76	 1.13±2.82	 0.124±0.240	   18.42±16.08	 32.84±14.29a

Sepsis without cardiac						    
dysfunction
  1	 10.90±6.34	 80.62±10.39	 5.40±14.40	 0.219±0.429	 17.77±8.01	 34.02±17.27
  3	   8.52±4.17	 76.96±10.85	 1.89±4.58	 0.191±0.379	   16.93±17.32	 30.97±12.33
  7	   8.44±3.98	 71.73±11.29	 0.70±1.25	 0.062±0.141	 14.43±4.14	 29.78±13.21
  10	   8.70±2.96	 72.65±11.16	 0.467±1.05	 0.075±0.199	 13.05±3.68	 21.54±11.40
Statistical						    
comparison: Time
  F	   7.253 	 15.306 	 8.736 	 2.775 	 6.580 	 11.584 
  P‑value	   0.002 	 <0.001 	 0.003 	 0.091 	 0.003 	 <0.001 
Statistical comparison: 
Time x group						    
  F	 10.110 	   0.880 	 4.049 	 0.680 	 2.449 	   0.758 
  P‑value	   0.651 	   0.432 	 0.042 	 0.440 	 0.097 	   0.501 
Statistical comparison: 
Group						    
  F	   2.512 	   6.973 	 4.639 	 1.444 	 5.868 	 17.303 
  P‑value	   0.117 	   0.010 	 0.034 	 0.233 	 0.018 	 <0.001

aP<0.05 vs. group with sepsis without cardiac dysfunction at the same time‑point. Statistical comparisons for Time: Regardless of grouping, 
comparison of different measurement times; Time x Group: Comparison of time and group interaction; Group: Regardless of measurement 
time, comparison between different groups. 1, 3, 7 and 10 correspond with the duration of hospitalization in days. WBC, white blood cells; N%, 
neutrophil ratio; PCT, procalcitonin; cTnI, cardiac troponin I; H‑FABP, heart‑type fatty acid‑binding protein.
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short‑term. In addition, an H‑FABP of >30.3 ng/ml was able 
to determine the occurrence of cardiac dysfunction among 
patients with sepsis.

The present results suggest that CO, EF and SV decrease 
in patients with sepsis‑induced cardiac dysfunction when 
compared with patients without cardiac dysfunction. In addi‑
tion, the differences in EF on days 1 and 10 and in CO on 
days 1 and 7 were not statistically significant between these 
two groups. This indicates that heart function compensation 
occurs after active treatment in patients in an early stage 
of sepsis, and this is associated with early cardiac sepsis 
through a self‑regulatory mechanism. This is referred to as 
the Frank‑Starling mechanism, which is a filling force mech‑
anism based on a positive association between the distension 
of the ventricular chamber and its force of ejection (23,24). 
Furthermore, the increase in venous return dilates the 
ventricle(s), stretches the myocardium and increases the 
contractility of the muscle, efficiently regulating the stroke 
volume. Furthermore, the sympathetic‑adrenal axis is excited 
to release excessive catecholamines, and the secretion of 
renin‑angiotensin is increased, along with enhanced heart 
pumping function and myocardial contractility (25), finally 
attaining normal or greater cardiac output (26). Patients with 

sepsis‑induced cardiac insufficiency receive active treat‑
ment to maintain the normal CO level and retain systemic 
organ perfusion, but their cardiac functions are not evidently 
enhanced. When heart function is not persistently improved, 
the disease in patients with sepsis is aggravated, they 
gradually enter the refractory phase and the systolic residual 
blood volume in the left ventricle and peripheral resistance 
decrease, while EF returns to the normal level or increases. 
The present study revealed that the E/A among patients 
with sepsis‑induced cardiac dysfunction was minimized on 
day 7 and had not returned to the normal level on day 10, 
suggesting that the diastolic function of the left ventricle in 
patients with sepsis transitioned on day 7 and the recovery 
of diastolic function may be slow when compared with that 
of systolic function. Parker et al (27) examined the results of 
radionuclide scanning of 20 patients with septic shock and 
discovered that cardiac function was temporarily lowered in 
13 patients with normal initial myocardial function. Of note, 
the myocardial function recovery pattern on days 7‑10 was 
of crucial importance to survival. Thus, the cardiac function 
recovery time is expected to be on days 7‑10 for patients 
with sepsis, which is associated with the prognosis of these 
patients.

Table V. Comparison of N‑terminal pro‑brain natriuretic peptide (pg/ml) between sepsis with cardiac function group and sepsis 
without cardiac dysfunction group.

Day	 Sepsis with cardiac dysfunction	 Sepsis without cardiac dysfunction	 Z	 P‑value

  1	 5505 (2189.0, 8020.0)	 671 (353.0, 813.0)	 ‑7.067	 <0.001 
  3	 2197.5 (1317.0, 6261.0)	 441 (229.0, 640.5)	 ‑5.965	 <0.001 
  7	 2753.5 (826.0, 4976.0)	 279.5 (119.6, 300.5)	 ‑6.285	 <0.001 
10	 2044.1 (589.8, 4541.0)	 284.3 (153.0, 316.0)	 ‑5.588	 <0.001 

Values are expressed as median (interquartile range).

Table VI. Comparison of echocardiographic indicators between control and sepsis groups.

	 Sepsis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Echocardiography	 Control	 1st day	 3rd day	 7th day	 10th day	 χ2

EDV (ml)	 117.62±30.11	 137.19±41.84	 130.01±22.31	 124.03±30.43a	 115.23±20.78a	 33.08
ESV (ml)	 42.55±16.07	 61.54±33.10	 55.91±17.30	 51.50±22.10	 44.88±9.701	 47.211
SV (ml)	 76.72±17.71	 79.15±28.55	 78.28±16.88	 77.03±17.46a	 70.35±15.66a	 8.571
EF (%)	 64.76±7.09	 57.49±9.97	 60.32±7.38	 62.25±8.09a	 61.32±5.33a	 26.464
CO (l/min)	 5.81±1.47	 7.10±2.81	 7.12±1.45	 6.65±2.07	 5.75±1.54a	 27.245
E (m/sec)	 0.710±0.121	 0.749±0.100	 0.795±0.101	 0.700±0.146a	 0.815±0.265	 138.184
A (m/sec)	 0.740±0.092	 0.954±0.196	 1.032±0.100	 1.026±0.177	 1.033±0.303	 113.440
E/A	 0.959±0.050	 0.866±0.127	 0.875±0.118	 0.770±0.164	 0.879±0.289a	 137.240
S (m/sec)	 0.590±0.122	 0.413±0.058	 0.405±0.036	 0.401±0.079	 0.420±0.073	 80.389
D (m/sec)	 0.440±0.113	 0.530±0.077	 0.522±0.072	 0.500±0.085	 0.476±0.772	 74.266
S/D	 1.34±0.013	 0.78±0.07	 0.79±0.12	 0.81±0.14	 0.91±0.24	 105.339

aP<0.05 compared with the control group at baseline in the sepsis group. EDV, end‑diastolic volume; ESV, end‑systolic volume; SV, stroke 
volume; EF, left ventricle ejection fraction; CO, cardiac output; E, mitral early diastolic peak velocity; A, mitral atrial systolic peak velocity; 
E/A, ratio of E/A; S, systolic pulmonary venous peak velocity; D, diastolic pulmonary venous peak velocity; S/D, ratio of S/D.
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NT‑proBNP has become a vital indicator to assess changes 
in cardiac function. In addition, NT‑proBNP is a critical 
factor in the evaluation and serological diagnosis according 
to global HF guidelines (13). Khoury et al (28) suggested that 
NT‑proBNP may serve as an independent factor to predict the 
short‑term or long‑term death rate of inpatients with sepsis. 
Lin et al (29) performed a study on 21 pediatric patients with 
sepsis and reported that an NT‑proBNP of >1,268 ng/l may 
be used to predict the incidence of cardiac insufficiency in 
such patients. Furthermore, NT‑proBNP may be an important 
reference for the diagnosis of sepsis in patients with cardiac 
insufficiency. FABP is a cytosolic protein that has a vital role 
in the metabolism, transport and uptake of fatty acids (30). 
Typically, H‑FABP is specific for myocardial cells and is 
detected in serum in the case of myocardial damage due to 
different reasons (31). In addition, H‑FABP may predict even 
small amounts of myocardial damage (32,33). These present 
findings suggest that H‑FABP >35.7 ng/ml may predict a dismal 
prognosis for patients with sepsis in the short term, which is 
consistent with the results reported by other studies. performed 
a study on 295 patients with sepsis and reported that H‑FABP 
may serve as an independent factor to predict the 28‑day 
death rate and organ dysfunction in such patients. Jo et al (34) 
investigated 99 patients with sepsis and reported that H‑FABP 
Chen and Li (18) >40 ng/ml was an independent factor that 
predicted the death of patients with sepsis, and H‑FABP 
>40 ng/ml also increased the risk of death by 5.57‑fold at the 
28‑day follow‑up. Thus, H‑FABP is closely correlated with the 
severity of sepsis, which is a risk factor for a dismal prognosis 
of patients with sepsis (17,18). Fan et al (35) reported that the 
serum H‑FABP levels in mice with sepsis‑induced myocardial 
injury evidently increased compared with those in mice with no 
myocardial injury. Furthermore, the H‑FABP level decreased as 
cardiac function improved. However, no existing study has been 
performed to examine the association between sepsis‑induced 
cardiac dysfunction and H‑FABP in humans.

According to the present results, H‑FABP exhibited a 
positive correlation with NT‑proBNP (r=0.403; P<0.001) and 
cTnI (r=0.252; P<0.001). Furthermore, the H‑FABP, cTnI and 
NT‑proBNP levels in patients with sepsis‑induced cardiac 
dysfunction were increased relative to those in patients with 
sepsis without cardiac dysfunction. These results suggest that 
patients with sepsis and severe myocardial damage have an 
increased risk of cardiac insufficiency. On the other hand, the 
present results indicate that the H‑FABP, cTnI and NT‑proBNP 
levels in patients with sepsis and cardiac insufficiency 
peaked on the first day. Subsequently, the H‑FABP gradually 
decreased, regardless of the presence or absence of cardiac 
dysfunction. On the 10th day, the H‑FABP in sepsis patients 
without HF evidently increased when compared with that in 
patients without HF, suggesting that various changes in heart 
function occurred in patients with sepsis on days 7‑10. The 
cTnI and H‑FABP levels in patients with sepsis were higher on 
day 10 of hospitalization, which indicates that a longer time is 
required to recover the damage to myocardial cells following 
myocardial injury in patients with sepsis, regardless of the 
improved heart function.

Patients with sepsis and cardiac insufficiency have a 
poor response to liquid volume (36). Hence, increased fluid 
resuscitation is required during the retreatment process, as 
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Figure 2. Changes in ultrasound indexes EDV, ESV, SV, CO, EF and E/A over time. EDV, end‑diastolic volume; ESV, end‑systolic volume; SV, stroke volume; 
EF, left ventricle ejection fraction; CO, cardiac output; E, mitral early diastolic peak velocity; A, mitral atrial systolic peak velocity; E/A, ratio of E/A.

Table VIII. Echocardiography repeated measures analysis of variance statistical results.

	 Time	 Time x group	 Group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑
Echocardiography	 F	 P‑value	 F	 P-value	 F	 P‑value

EDV (ml)	 7.974 	 <0.001 	 4.263 	 0.013 	 1.444 	 0.233 
ESV (ml)	 8.306 	 <0.001 	 3.615 	 0.031 	 4.663 	 0.034 
SV (ml)	 5.511 	 0.002 	 1.246 	 0.294 	 11.852 	 0.001 
EF (%)	 8.512 	 <0.001 	 2.365 	 0.082 	 17.110 	 <0.001
CO (l/min)	 9.515 	 <0.001 	 1.861 	 0.142 	 9.951 	 0.002 
E (m/sec)	 6.792 	 0.002 	 0.813 	 0.433 	 0.488 	 0.487 
A (m/sec)	 5.917 	 0.003 	 6.936 	 0.001 	 0.956 	 0.331 
E/A	 8.438 	 0.001 	 0.265 	 0.693 	 0.028 	 0.868 
S (m/sec)	 4.488 	 0.007 	 23.142 	 <0.001 	 7.242 	 0.009 
D (m/sec)	 12.145 	 <0.001	 32.123 	 <0.001 	 11.185 	 0.001 
S/D	 8.102 	 0.001 	 7.927 	 0.001 	 0.102 	 0.750

Time: Regardless of grouping, comparison of different measurement times; Time x Group: Comparison of time and group interaction; Group: 
Regardless of measurement time, comparison between different groups. EDV, end‑diastolic volume; ESV, end‑systolic volume; SV, stroke 
volume; EF, left ventricle ejection fraction; CO, cardiac output; E, mitral early diastolic peak velocity; A, mitral atrial systolic peak velocity; 
E/A, ratio of E/A; S, systolic pulmonary venous peak velocity; D, diastolic pulmonary venous peak velocity; S/D, ratio of S/D.
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well as the use of vasoactive drugs. Therefore, patients with 
sepsis and cardiac insufficiency have a heavy volume load, 
which increases the concentration of NT‑proBNP in the 
blood. The present study also revealed that inflammatory 
indicators were higher in the sepsis with cardiac dysfunction 
group than in the sepsis with normal heart function group, 
indicating that sepsis with heart dysfunction has a more 
serious inflammatory response and that inflammatory cells 
and mediators directly or indirectly induce cardiac toxicity, 
causing NT‑proBNP to increase (26,37). A study performed 
with the use of myocardial radionuclides in patients with 
septic shock revealed that the 7‑ to 10‑day repair time of 
myocardial injury is important for the prognosis of patients 
with sepsis due to myocardial injury caused by septic shock. 
This indicates that the recovery time for myocardial injury 
in patients with sepsis may be within 7‑10 days. Therefore, 
NT‑proBNP may still be high in patients with sepsis and 
cardiac insufficiency at 10 days.

The alterations in cardiac markers and the echocardiography 
results of patients with sepsis suggest that such patients have an 
increased risk of cardiac insufficiency on days 7‑10 of hospitaliza‑
tion. Lorts et al (38) suggested that patients with sepsis have the 
highest risk of cardiac dysfunction on days 5‑7 of hospitalization. 

Therefore, day 7 of hospitalization is a vital time‑point to examine 
the changes in heart function in patients with sepsis.

According to the present results, ~58.8% of patients with 
sepsis (n=47) suffered from diastolic dysfunction in the left 
ventricle, while only 3 (3.8%) had systolic dysfunction in the 
ventricle and 10 (12.5%) had diastolic and systolic dysfunction 
in the left ventricle. This suggests that patients with sepsis have a 
higher risk of diastolic dysfunction than of systolic dysfunction. 
Furthermore, studies suggested that the serum H‑FABP concen‑
tration in patients with sepsis is significantly higher than that 
in healthy subjects. Regardless of the type of cardiac dysfunc‑
tion that occurred in patients with sepsis, the serum H‑FABP 
concentration at various time‑points was higher in patients with 
sepsis with cardiac dysfunction than in patients with sepsis 
without cardiac dysfunction. The correlation analysis revealed 
that H‑FABP was negatively correlated with EF (r=‑0.202, 
P=0.001) and E/A (r=‑0.141, P=0.019), further indicating that 
the level of H‑FABP increased in the case of either systolic 
dysfunction or diastolic dysfunction. These results suggest that 
the serum levels of H‑FABP may be used to assess dysfunction 
in the left ventricle in patients with sepsis.

Kandil  et  al  (39) investigated 49  patients with sepsis 
and discovered that the BNP content in those patients was 

Figure 3. Receiver operating characteristic curves for independent predictors of 28‑day mortality. AUC, area under the curve; H‑FABP, heart‑type fatty 
acid‑binding protein; CK‑MB, creatine kinase‑MB; s, second; A, mitral atrial systolic peak velocity; HF, heart failure.
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apparently increased when compared with that in patients 
with early sepsis with positive BNP, indicating that the BNP 
level in patients with sepsis increases during circulatory 
dysfunction. Furthermore, Landesberg et al (40) investigated 
256 patients with septic shock and severe sepsis and discov‑
ered that NT‑proBNP and high‑sensitive troponin T (hs‑TnT) 
were markedly increased in groups of patients with sepsis that 
survived or died, with data in the latter group being significantly 
higher compared with former group. In addition, relative to 
patients with normal diastolic and systolic functions, patients 
with an e'‑wave of <8 cm/sec, EF ≤50% or e'‑wave <8 cm/sec 
and EF ≤50% combined had higher levels of NT‑proBNP and 

hs‑TnT. Furthermore, the cTnI and NT‑proBNP levels were 
apparently increased in patients with sepsis‑induced cardiac 
dysfunction compared with those in patients without cardiac 
dysfunction. The results of the ROC curve analysis for the 
diagnosis of sepsis‑induced cardiac dysfunction revealed that 
HF may be considered to be present in patients with sepsis 
and NT‑proBNP >861.7 pg/ml. The specificity, sensitivity and 
AUC (with 95% CI) were 89.22, 83.62% and 0.915 (0.876, 
0.945), respectively. In addition, the specificity, sensitivity and 
AUC (with 95% CI) for the diagnosis of cardiac dysfunction 
in patients with sepsis and EF ≤58.8% were 89.20, 62.10% 
and 0.753 (0.698, 0.826), respectively. EF and NT‑proBNP 

Table IX. Binary logistic regression analysis for parameters affecting 28‑day mortality.

Variable	 b	 SE	 Wald χ2	 P‑value	 OR	 95% CI

A (m/sec)	 1.784 	 0.859 	 4.317	 0.038 	 5.957	 (1.106, 32.069)
PCT (ng/ml)	 ‑0.280 	 0.019	 2.282 	 0.131 	 0.972	 (0.937, 1.008)
CK‑MB (U/l)	 0.016 	 0.008 	 4.036	 0.045	 1.016	 (1.000, 1.032)
H‑FABP (ng/ml)	 0.063	 0.015	 17.272 	 <0.001	 1.065	 (1.034, 1.097)
NT‑proBNP (pg/ml)	 0.000 	 0.000	 3.647 	 0.056	 0.999	 (0.999, 1.000)
HF	 1.090 	 0.445 	 5.999 	 0.014	 2.975	 (1.243, 7.120)
Constant	 ‑6.528	 1.226	 28.349	 <0.001	 0.001	 ‑

The constant was calculated via logistic regression by SPSS. A, mitral atrial systolic peak velocity; PCT, procalcitonin; CK‑MB, creatine 
kinase‑MB; H‑FABP, heart‑type fatty acid‑binding protein; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; HF, heart failure. b, regres‑
sion coefficient; SE, standard error; Wald χ2, χ2 value of Wald statistic; OR, odds ratio; 95% CI, 95% confidence interval.

Figure 4. Receiver operating characteristic curves for NT‑proBNP, EF and H‑FABP levels for the diagnosis of cardiac dysfunction in sepsis. EF, ejection 
fraction; H‑FABP, heart‑type fatty acid‑binding protein; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide.
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have higher specificity but lower sensitivity in the diagnosis 
of sepsis‑induced cardiac dysfunction. Thus, these results have 
clinical significance in the detection of cardiac dysfunction 
in patients with sepsis. A diagnosis of sepsis‑induced cardiac 
dysfunction may be indicated if H‑FABP >30.3 ng/ml, and 
the specificity, sensitivity and AUC (with 95% CI) were 61.7, 
76.27% and 0.673 (0.615, 0.728), respectively. The specificity 
and sensitivity of H‑FABP in the diagnosis of sepsis‑induced 
cardiac dysfunction remain poor, which may be ascribed to 
the increased fat catabolism and glycogen at sepsis onset. The 
free fatty acid levels increased, which may directly result in 
elevated H‑FABP levels (41). In addition, H‑FABP is mainly 
excreted via renal excretion (42). As a result, in the case of 
decreased renal function associated with sepsis, the H‑FABP 
level was elevated. Thus, patient conditions should be compre‑
hensively assessed when H‑FABP is applied in the diagnosis of 
cardiac insufficiency for patients with sepsis.

Studies have indicated that the occurrence of HF is a risk 
factor for 28‑day mortality in patients with sepsis, with an odds 
ratio of 2.975 (95% CI: 1.243, 7.120), indicating that patients 
with cardiac insufficiency have a poor short‑term prognosis. 
This may be because early fluid resuscitation is recommended 
for sepsis treatment and patients with cardiac insufficiency 
have poorer fluid response, heavier fluid load and receive 
more vasoactive drugs, but systemic tissue perfusion may not 
significantly improve during treatment. Furthermore, organ 
function is continuously impaired and even fails, which in 
turn causes multiple organ dysfunction syndrome, making the 
treatment of patients with sepsis more difficult and worsening 
the prognosis. However, studies have suggested that, although 
the mortality of patients with sepsis and cardiac insufficiency 
is higher than that of normal cardiac function, the difference 
was not statistically significant and this is considered to be 
associated with the small sample size of the present study.

Acute systolic HF is inherent in patients with sepsis, but 
diastolic HF almost never occurs unless HF has occurred in the 
past. Of note, in the present study, the EF values were normal, 
while the E/A values were abnormal in the patients with sepsis 
and HF, and in those with sepsis and no HF, but the differ‑
ence was not significant. According to the Evaluation of Left 
Ventricular Diastolic Function by Echocardiography guide‑
lines from the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging (43), the E 
peak gradually decreases with age, while the A peak gradu‑
ally increases with age and the E/A ratio gradually decreases. 
The Echocardiography Examination Guideline for patients of 
Chinese ethnicities in 2018 also revealed similar results (44), 
which may be ascribed to the normal aging‑induced increase 
in left ventricular wall stiffness, the reduction in myocardial 
elongation length and the weakened or non‑weakened early 
diastolic aspiration. As a result, the heart filling pressure is 
upregulated, ventricular diastolic function is reduced, the 
ventricular isovolumic relaxation time is extended and the E 
peak decreases. Accordingly, to maintain the normal level of 
cardiac output, the late ventricular diastolic filling volume 
increases and the A peak becomes elevated. In addition, the 
cause of such serial changes may be CAD or other subclinical 
diseases, especially in elderly subjects with sub‑health status. 
Therefore, the elderly cardiac function pattern may manifest as 
mild diastolic dysfunction when compared with that of young 

patients. Furthermore, the guidelines (43) suggested that E/A 
≥0.8, E/ early diastolic mitral annular velocity (e') <10, peak 
tricuspid regurgitation (TR) velocity (m/sec) <2.8 and left 
atrial volume index at the normal range may possibly indicate 
normal ventricular diastolic function. The subjects enrolled in 
the present study were older but had little healthcare‑associated 
knowledge, and they did not undergo regular physical examina‑
tions. Thus, it was not possible to definitely exclude potential 
CADs. E/A<1 was obtained in the sepsis with normal cardiac 
function group, which may be associated with aggressive 
liquid resuscitation and the use of anti‑infective agents during 
the sepsis treatment process, in addition to the age factor. 
Furthermore, 7‑10 days of anti‑infective treatment was recom‑
mended in the Sepsis Diagnosis and Treatment Guideline for 
patients with sepsis or septic shock, which is similar to the 
result that 7‑10 days is the transition point of cardiac function 
in patients with sepsis (1). This is considered to be associated 
with the alleviation or elimination of inflammation suppression 
or injury on myocardial cells, thereby achieving an effective 
anti‑infective treatment. Similarly, certain studies reported 
that patients with sepsis may develop simple diastolic dysfunc‑
tion (45); that is, patients have a normal EF while E/A<1. At the 
same time, the physical examination results suggest that 0.8<E/
A<1. Accordingly, patients with sepsis may have a normal EF 
value when E/A<1.

Certain limitations of the present study should be pointed 
out. First, the sample size of the present study was small due 
to its single‑center nature. Furthermore, the patients with 
sepsis had unstable vital signs and were critically ill upon 
admission. Hence, the patients always need emergent treat‑
ment and it was difficult to collect heart ultrasound data 
prior to treatment. Furthermore, the alterations in cardiac 
markers and heart ultrasound findings in patients with sepsis 
were monitored and more precise and creditable results were 
obtained when compared to those acquired from prior studies, 
which pertain to the cardiac function of patients with sepsis. 
In addition, prior studies have not sufficiently focused on 
sepsis‑induced cardiac dysfunction and H‑FABP in patients. 
Instead, these studies mainly focused on disease severity and 
patient prognosis.

In conclusion, patients with sepsis have an increased risk 
of cardiac insufficiency on days 7‑10. H‑FABP may serve as 
an indicator to estimate the prognosis of patients with sepsis in 
the short term, which is of certain significance in the diagnosis 
of sepsis‑induced cardiac dysfunction.
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